




2022

CURRENT
Medical Diagnosis
& Treatment

S I X T Y - F I R S T  E D I T I O N

Edited by

Maxine A. Papadakis, MD
Professor of Medicine, Emeritus

Department of Medicine

University of California, San Francisco

Stephen J. McPhee, MD
Professor of Medicine, Emeritus

Division of General Internal Medicine

Department of Medicine

University of California, San Francisco

Michael W. Rabow, MD
Professor of Medicine and Urology

Division of Palliative Medicine

Department of Medicine

University of California, San Francisco

Associate Editor

Kenneth R. McQuaid, MD
Professor of Medicine

Department of Medicine

University of California, San Francisco

With Associate Authors

New York Chicago San Francisco Athens London Madrid Mexico City

Milan New Delhi Singapore Sydney Toronto

a LANGE medical book

CMDT2022_FM_pi-xx.indd 1 02/07/21 7:10 PM



Copyright © 2022 by McGraw Hill. All rights reserved. Except as permitted under the United States Copyright Act of 1976,

no part of this publication may be reproduced or distributed in any form or by any means, or stored in a database or retrieval

system, without the prior written permission of the publisher.

ISBN: 978-1-26-426939-6

MHID: 1-26-426939-0

The material in this eBook also appears in the print version of this title: ISBN: 978-1-26-426938-9,

MHID: 1-26-426938-2.

eBook conversion by codeMantra

Version 1.0

All trademarks are trademarks of their respective owners. Rather than put a trademark symbol after every occurrence of a

trademarked name, we use names in an editorial fashion only, and to the benet of the trademark owner, with no intention of

infringement of the trademark. Where such designations appear in this book, they have been printed with initial caps.

McGraw-Hill Education eBooks are available at special quantity discounts to use as premiums and sales promotions or for

use in corporate training programs. To contact a representative, please visit the Contact Us page at www.mhprofessional.com.

Notice

Medicine is an ever-changing science. As new research and clinical experience broaden our knowledge, changes in treat-

ment and drug therapy are required. The authors and the publisher of this work have checked with sources believed to be

reliable in their efforts to provide information that is complete and generally in accord with the standards accepted at the

time of publication. However, in view of the possibility of human error or changes in medical sciences, neither the authors

nor the publisher nor any other party who has been involved in the preparation or publication of this work warrants that the

information contained herein is in every respect accurate or complete, and they disclaim all responsibility for any errors or

omissions or for the results obtained from use of the information contained in this work. Readers are encouraged to conrm

the information contained herein with other sources. For example and in particular, readers are advised to check the product

information sheet included in the package of each medication they plan to administer to be certain that the information con-

tained in this work is accurate and that changes have not been made in the recommended dose or in the contraindications for

administration. This recommendation is of particular importance in connection with new or infrequently used medications.

TERMS OF USE

This is a copyrighted work and McGraw-Hill Education and its licensors reserve all rights in and to the work. Use of this

work is subject to these terms. Except as permitted under the Copyright Act of 1976 and the right to store and retrieve one

copy of the work, you may not decompile, disassemble, reverse engineer, reproduce, modify, create derivative works based

upon, transmit, distribute, disseminate, sell, publish or sublicense the work or any part of it without McGraw-Hill Education’s

prior consent. You may use the work for your own noncommercial and personal use; any other use of the work is strictly

prohibited. Your right to use the work may be terminated if you fail to comply with these terms.

THE WORK IS PROVIDED “AS IS.” McGRAW-HILL EDUCATION AND ITS LICENSORS MAKE NO GUARAN-

TEES OR WARRANTIES AS TO THE ACCURACY, ADEQUACY OR COMPLETENESS OF OR RESULTS TO BE

OBTAINED FROM USING THE WORK, INCLUDING ANY INFORMATION THAT CAN BE ACCESSED THROUGH

THE WORK VIA HYPERLINK OR OTHERWISE, AND EXPRESSLY DISCLAIM ANY WARRANTY, EXPRESS OR

IMPLIED, INCLUDING BUT NOT LIMITED TO IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS

FOR A PARTICULAR PURPOSE. McGraw-Hill Education and its licensors do not warrant or guarantee that the functions

contained in the work will meet your requirements or that its operation will be uninterrupted or error free. Neither McGraw-

Hill Education nor its licensors shall be liable to you or anyone else for any inaccuracy, error or omission, regardless of cause,

in the work or for any damages resulting therefrom. McGraw-Hill Education has no responsibility for the content of any

information accessed through the work. Under no circumstances shall McGraw-Hill Education and/or its licensors be liable

for any indirect, incidental, special, punitive, consequential or similar damages that result from the use of or inability to use

the work, even if any of them has been advised of the possibility of such damages. This limitation of liability shall apply to

any claim or cause whatsoever whether such claim or cause arises in contract, tort or otherwise.



Contents

Authors v
Preace xiii

Year in Review: Key Clinical Updates in CMDT 2022

1. Disease Prevention & Health Promotion 1

Michael Pignone, MD, MPH, & René Salazar, MD

2. Common Symptoms 15

Paul L. Nadler, MD, & Ralph Gonzales, MD, MSPH

3. Preoperative Evaluation &
Perioperative Management 41

Hugo Q. Cheng, MD

4. Geriatric Disorders 51

G. Michael Harper, MD, Leah J. Witt, MD, &
C. Seth Landefeld, MD

5. Palliative Care & Pain Management 68

Michael W. Rabow, MD, Steven Z. Pantilat, MD,
Ann Cai Shah, MD, Lawrence Poree, MD, MPH, PhD,
& Scott Steiger, MD

6. Dermatologic Disorders 99

Kanade Shinkai, MD, PhD, & Lindy P. Fox, MD

7. Disorders of the Eyes & Lids 167

Jacque L. Duncan, MD, Neeti B. Parikh, MD, &
Gerami D. Seitzman, MD

8. Ear, Nose, & Throat Disorders 201

Lawrence R. Lustig, MD, & Joshua S. Schindler, MD

9. Pulmonary Disorders 242

Meghan E. Fitzpatrick, MD, Niall T. Prendergast,
MD, & Belinda Rivera-Lebron, MD, MS, FCCP

10. Heart Disease 323

Thomas M. Bashore, MD, Christopher B. Granger,
MD, Kevin P. Jackson, MD, & Manesh R. Patel, MD

11. Systemic Hypertension 443

Michael Sutters, MD, MRCP (UK)

12. Blood Vessel & Lymphatic Disorders 475

Warren J. Gasper, MD, James C. Iannuzzi, MD, MPH,
& Meshell D. Johnson, MD

13. Blood Disorders 502

Lloyd E. Damon, MD, & Charalambos Babis
Andreadis, MD, MSCE

14. Disorders of Hemostasis, Thrombosis, &
Antithrombotic Therapy 548

Andrew D. Leavitt, MD, &
Erika Leemann Price, MD, MPH

15. Gastrointestinal Disorders 582

Kenneth R. McQuaid, MD

16. Liver, Biliary Tract, & Pancreas
Disorders 677

Lawrence S. Friedman, MD

17. Breast Disorders 741

Armando E. Giuliano, MD, FACS, FRCSEd, &
Sara A. Hurvitz, MD, FACP

18. Gynecologic Disorders 768

Jill Long, MD, MPH, MHS, FACOG, & Katerina
Shvartsman, MD, FACOG

19. Obstetrics & Obstetric Disorders 799

Vanessa L. Rogers, MD, & Scott W. Roberts, MD

20. Rheumatologic, Immunologic,
& Allergic Disorders 825

Jinoos Yazdany, MD, MPH, & Rebecca L. Manno,
MD, MHS

21. Electrolyte & AcidBase Disorders 884

Nayan Arora, MD, & J. Ashley Jefferson, MD, FRCP

22. Kidney Disease 912

Tonja C. Dirkx, MD, & Tyler B. Woodell, MD, MCR

23. Urologic Disorders 952

Mathew Sorensen, MD, MS, FACS, Thomas J. Walsh,
MD, MS, & Maahum A. Haider, MD, MPH

24. Nervous System Disorders 978

Vanja C. Douglas, MD, &
Michael J. Aminoff, MD, DSc, FRCP

iii

CMDT2022_FM_pi-xx.indd 3 02/07/21 7:10 PM



iv CMDT 2022

25. Psychiatric Disorders 1054

Kristin S. Raj, MD, Nolan Williams, MD, &
Charles DeBattista, DMH, MD

26. Endocrine Disorders 1110

Paul A. Fitzgerald, MD

27. Diabetes Mellitus & Hypoglycemia 1212

Umesh Masharani, MB, BS, MRCP (UK)

28. Lipid Disorders 1256

Michael J. Blaha, MD, MPH

29. Nutritional Disorders & Obesity 1267

Katherine H. Saunders, MD, & Leon I. Igel, MD,
FACP, FTOS

30. Common Problems in Infectious
Diseases & Antimicrobial Therapy 1288

Peter V. Chin-Hong, MD, & B. Joseph
Guglielmo, PharmD

31. HIV Infection & AIDS 1331

Mitchell H. Katz, MD

32. Viral & Rickettsial Infections 1374

Eva Clark, MD, PhD, Christine Akamine, MD, &
Wayne X. Shandera, MD

33. Bacterial & Chlamydial Infections 1459

Bryn A. Boslett, MD, & Rachel Bystritsky, MD

34. Spirochetal Infections 1498

Susan S. Philip, MD, MPH

35. Protozoal & Helminthic Infections 1515

Philip J. Rosenthal, MD

36. Mycotic Infections 1553

Stacey R. Rose, MD, & Richard J. Hamill, MD

37. Disorders Related to Environmental
Emergencies 1566

Jacqueline A. Nemer, MD, FACEP, & Marianne A.
Juarez, MD

38. Poisoning 1582

Craig Smollin, MD

39. Cancer 1612

Sunny Wang, MD, Tiffany O. Dea, PharmD, BCOP,
Lawrence S. Friedman, MD, Carling Ursem, MD,
Kenneth R. McQuaid, MD, & George R. Schade, MD

40. Genetic & Genomic Disorders 1676

Reed E. Pyeritz, MD, PhD

41. Orthopedic Disorders & Sports
Medicine 1685

Anthony Luke, MD, MPH, & C. Benjamin Ma, MD

42. Sexual & Gender, & Minority Health 1719

Patricia A. Robertson, MD, Nicole Rosendale, MD,
Juno Obedin-Maliver, MD, MPH, MAS, Kevin L. Ard,
MD, MPH, Kenneth H. Mayer, MD, & Madeline B.
Deutsch, MD, MPH

e1. AntiInfective Chemotherapeutic &
Antibiotic Agents Online*

Katherine Gruenberg, PharmD, & B. Joseph
Guglielmo, PharmD

e2. Diagnostic Testing & Medical
Decision Making Online*

Chuanyi Mark Lu, MD

e3. Information Technology in Patient
Care Online*

Russ Cucina, MD, MS

e4. Integrative Medicine Online*

Darshan Mehta, MD, MPH

e5. Podiatric Disorders Online*

Monara Dini, DPM, & Charles B. Parks, DPM

e6. Women’s Health Issues Online*

Brigid Dolan, MD, MEd, & Judith Walsh, MD, MPH

e7. Appendix: Therapeutic Drug Monitoring,
Laboratory Reference Intervals, &
Pharmacogenetic Tests Online*

Chuanyi Mark Lu, MD

Index 1741

CONTENTS

*Free access to online chapters at www.accessmedicine.com/cmdt

CMDT2022_FM_pi-xx.indd 4 02/07/21 7:10 PM



Authors

v

N. Franklin Adkinson Jr., MD
Proessor o Medicine, Division o Allergy & Clinical

Immunology, Department o Medicine, Johns Hopkins
Asthma & Allergy Center, Baltimore, Maryland

adkinso@jhmi.edu
Allergic & Immunologic Disorders (in Chapter 20)

Christine Akamine, MD
Fellow, Section o Inectious Diseases, Department o

Medicine, Baylor College o Medicine, Houston, Texas
akamine@bcm.edu
Viral & Rickettsial Infections

Michael J. Aminoff, MD, DSc, FRCP
Distinguished Proessor and Endowed Chair in

Parkinson’s Disease Research, Department o
Neurology, University o Caliornia, San Francisco;
Attending Physician, University o Caliornia Medical
Center, San Francisco

michael.amino@ucs.edu
Nervous System Disorders

Charalambos Babis Andreadis, MD, MSCE
Proessor o Clinical Medicine, Division o Hematology/

Oncology, Department o Medicine, University o
Caliornia, San Francisco

Charalambos.Andreadis@ucs.edu
Blood Disorders

Kevin L. Ard, MD, MPH
Faculty, Division o Inectious Diseases, Massachusetts

General Hospital; Medical Director, National
LGBTQIA+ Health Education Center, Fenway Institute;
Instructor in Medicine, Harvard Medical School,
Boston, Massachusetts

kard@mgh.harvard.edu
Sexual & Gender Minority Health

Nayan Arora, MD
Assistant Proessor, Division o Nephrology, Department

o Medicine, University o Washington, Seattle,
Washington

narora@uw.edu
Electrolyte & Acid-Base Disorders

Antoine Azar, MD
Assistant Proessor o Medicine, Division o Allergy &

Clinical Immunology, Johns Hopkins Asthma &
Allergy Center, Baltimore, Maryland

aazar4@jhmi.edu
Allergic & Immunologic Disorders (in Chapter 20)

David M. Barbour, PharmD, BCPS
Pharmacist, Denver, Colorado
dbarbour99@gmail.com
Drug References

Thomas M. Bashore, MD
Proessor o Medicine; Senior Vice Chie, Division o

Cardiology, Department o Medicine, Duke University
Medical Center, Durham, North Carolina

thomas.bashore@duke.edu
Heart Disease

Michael J. Blaha, MD, MPH
Proessor o Medicine, Division o Cardiology,

Department o Medicine; Director o Clinical Research,
Ciccarone Center or the Prevention o Cardiovascular
Disease; Johns Hopkins University School o Medicine,
Baltimore, Maryland

mblaha1@jhmi.edu
Lipid Disorders

Bryn A. Boslett, MD
Assistant Proessor, Division o Inectious Diseases,

Department o Medicine, University o Caliornia,
San Francisco

Bryn.Boslett@ucs.edu
Bacterial & Chlamydial Infections

Rachel Bystritsky, MD
Assistant Proessor, Division o Inectious Diseases,

Department o Medicine, University o Caliornia,
San Francisco

Rachel.Bystritsky@ucs.edu
Bacterial & Chlamydial Infections

Hugo Q. Cheng, MD
Clinical Proessor o Medicine, Division o Hospital

Medicine, Department o Medicine, University o
Caliornia, San Francisco

quinny.cheng@ucs.edu
Preoperative Evaluation & Perioperative Management

Mike Kai Wick Cheng, MD
Clinician Educator Fellow, Division o General Internal

Medicine, Department o Medicine, University o
Caliornia, San Francisco

References

Peter V. ChinHong, MD
Proessor o Medicine, Division o Inectious Diseases,

Department o Medicine, University o Caliornia,
San Francisco

peter.chin-hong@ucs.edu
Common Problems in Infectious Diseases & Antimicrobial

Therapy

Eva Clark, MD, PhD
Assistant Proessor o Medicine, Section o Inectious

Diseases, Department o Medicine, Baylor College o
Medicine, Houston, Texas

eva.clark@bcm.edu
Viral & Rickettsial Infections

CMDT2022_FM_pi-xx.indd 5 02/07/21 7:10 PM



vi CMDT 2022 AUTHORS

Russ Cucina, MD, MS
Proessor o Hospital Medicine, Department o Medicine;

Chie Health Inormation Oicer, UCSF Health
System; University o Caliornia, San Francisco

russ.cucina@ucs.edu
CMDT Online—Information Technology in Patient Care

Lloyd E. Damon, MD
Proessor o Clinical Medicine, Division o Hematology/

Oncology, Department o Medicine; Director o
Quality or the Adult Hematologic Malignancies and
Blood and Marrow Transplantation Program,
University o Caliornia, San Francisco

lloyd.damon@ucs.edu
Blood Disorders

Tiffany O. Dea, PharmD, BCOP
Oncology Pharmacist, Veterans Aairs Health Care

System, San Francisco, Caliornia; Adjunct Proessor,
Thomas J. Long School o Pharmacy and Health
Sciences, Stockton, Caliornia

tiany.dea@va.gov
Cancer

Charles DeBattista, DMH, MD
Proessor o Psychiatry and Behavioral Sciences,

Department o Psychiatry and Behavioral Sciences;
Director, Depression Clinic and Research Program;
Director o Medical Student Education in Psychiatry,
Stanord University School o Medicine, Stanord,
Caliornia

debattista@stanord.edu
Psychiatric Disorders

Madeline B. Deutsch, MD, MPH
Associate Proessor o Clinical Family & Community

Medicine, Department o Family & Community
Medicine; Medical Director, UCSF Transgender Care,
University o Caliornia, San Francisco

Madeline.Deutsch@ucs.edu
Sexual & Gender Minority Health

Monara Dini, DPM
Associate Clinical Proessor o Orthopedics, Department

o Orthopedic Surgery, University o Caliornia,
San Francisco

monara.dini@ucs.edu
CMDT Online—Podiatric Disorders

Tonja C. Dirkx, MD
Associate Proessor o Medicine, Division o Nephrology,

Department o Medicine, Oregon Health & Science
University, Portland, Oregon; Chie, Nephrology
Section, Portland Veterans Aairs Health Care System

dirkxt@ohsu.edu
Kidney Disease

Brigid Dolan, MD, MEd
Associate Proessor o Medicine and Medical Education,

Division o General Internal Medicine and Geriatrics,
Department o Medicine, Northwestern University
Feinberg School o Medicine

brigid.dolan@northwestern.edu
CMDT Online—Women’s Health Issues

Vanja C. Douglas, MD
Sara & Evan Williams Foundation Endowed

Neurohospitalist Chair, Proessor o Clinical
Neurology, Department o Neurology, University o
Caliornia, San Francisco

Vanja.Douglas@ucs.edu
Nervous System Disorders

Jacque L. Duncan, MD
Proessor o Clinical Ophthalmology, Department o

Ophthalmology, University o Caliornia, San Francisco
jacque.duncan@ucs.edu
Disorders of the Eyes & Lids

Paul A. Fitzgerald, MD
Clinical Proessor o Medicine, Division o Endocrinology,

Department o Medicine, University o Caliornia,
San Francisco

paul.itzgerald@ucs.edu
Endocrine Disorders

Meghan E. Fitzpatrick, MD
Assistant Proessor o Medicine, Division o Pulmonary

and Critical Care Medicine, Department o Medicine,
University o Pittsburgh School o Medicine,
Pittsburgh, Pennsylvania

itzpatrickme2@upmc.edu
Pulmonary Disorders

Lindy P. Fox, MD
Proessor o Dermatology, Department o Dermatology,

University o Caliornia, San Francisco
Lindy.Fox@ucs.edu
Dermatologic Disorders; Callosities & Corns of Feet or Toes

(CMDT Online—Podiatric Disorders)

Lawrence S. Friedman, MD
Proessor o Medicine, Harvard Medical School; Proessor

o Medicine, Tuts University School o Medicine,
Boston, Massachusetts; The Anton R. Fried, MD, Chair,
Department o Medicine, Newton-Wellesley Hospital,
Newton, Massachusetts; Assistant Chie o Medicine,
Massachusetts General Hospital, Boston

lriedman@partners.org
Liver, Biliary Tract, & Pancreas Disorders; Hepatobiliary

Cancers (in Chapter 39)

Warren J. Gasper, MD
Associate Proessor o Clinical Surgery, Division o

Vascular and Endovascular Surgery, Department o
Surgery, University o Caliornia, San Francisco

warren.gasper@ucs.edu
Blood Vessel & Lymphatic Disorders

CMDT2022_FM_pi-xx.indd 6 02/07/21 7:10 PM



viiCMDT 2022AUTHORS

Armando E. Giuliano, MD, FACS, FRCSEd
Chie o Surgical Oncology, Department o Surgery,

Cedars-Sinai Medical Center, Los Angeles, Caliornia
armando.giuliano@cshs.org
Breast Disorders

Ralph Gonzales, MD, MSPH
Proessor o Medicine, Division o General Internal

Medicine, Department o Medicine; Associate Dean,
Clinical Innovation and Chie Innovation Oicer,
UCSF Health; University o Caliornia, San Francisco

ralph.gonzales@ucs.edu
Common Symptoms

Christopher B. Granger, MD
Proessor o Medicine, Division o Cardiology,

Department o Medicine; Director, Cardiac Care Unit,
Duke University Medical Center, Duke Clinical
Research Institute, Durham, North Carolina

christopher.granger@dm.duke.edu
Heart Disease

Katherine Gruenberg, PharmD, MAEd
Assistant Proessor, School o Pharmacy, University o

Caliornia, San Francisco
Katherine.Gruenberg@ucs.edu
CMDT Online—Anti-Infective Chemotherapeutic &

Antibiotic Agents

B. Joseph Guglielmo, PharmD
Proessor and Dean, School o Pharmacy, University o

Caliornia, San Francisco
BJoseph.Guglielmo@ucs.edu
Common Problems in Infectious Diseases & Antimicrobial

Therapy; CMDT Online—Anti-Infective
Chemotherapeutic & Antibiotic Agents

Maahum A. Haider, MD, MPH
Assistant Proessor o Urology, Department o Urology,

University o Washington, Seattle; Puget Sound
Veterans Aairs Health Care System

maahum@uw.edu
Urologic Disorders

Richard J. Hamill, MD
Proessor o Medicine, Division o Inectious Diseases,

Departments o Medicine and Molecular Virology &
Microbiology, Baylor College o Medicine, Houston,
Texas; Sta Physician, Inectious Diseases Section,
Michael E. DeBakey Veterans Aairs Medical Center

rhamill@bcm.edu
Mycotic Infections

G. Michael Harper, MD
Proessor, Division o Geriatrics, Department o Medicine,

University o Caliornia, San Francisco School o
Medicine; San Francisco Veterans Aairs Health Care
System, San Francisco, Caliornia

Michael.Harper@ucs.edu
Geriatric Disorders

Annsa C. Huang, MD
Clinical Fellow, Division o Gastroenterology and

Hepatology, Department o Medicine, University o
Caliornia, San Francisco

References

Sara A. Hurvitz, MD, FACP
Proessor o Medicine; Division o Hematology/Oncology,

Department o Internal Medicine; Director, Breast
Oncology Program, University o Caliornia,
Los Angeles

shurvitz@mednet.ucla.edu
Breast Disorders

James C. Iannuzzi, MD, MPH
Assistant Proessor o Surgery, Division o Vascular and

Endovascular Surgery, Department o Surgery,
University o Caliornia, San Francisco

james.iannuzzi@ucs.edu
Blood Vessel & Lymphatic Disorders

Leon I. Igel, MD, FACP, FTOS
Assistant Proessor o Clinical Medicine, Division o

Endocrinology, Diabetes and Metabolism, Department
o Medicine, Weill Cornell Medical College, New York,
New York

lei9004@med.cornell.edu
Nutrition, Nutritional Disorders, & Obesity

Kevin P. Jackson, MD
Associate Proessor o Medicine, Division o Cardiology,

Department o Medicine; Director o
Electrophysiology, Duke Raleigh Hospital, Duke
University Medical Center, Durham, North Carolina

k.j@duke.edu
Heart Disease

J. Ashley Jefferson, MD, FRCP
Proessor o Medicine, Division o Nephrology,

Department o Medicine; Section Head, Nephrology,
University o Washington Medical Center, Seattle,
Washington

jashleyj@uw.edu
Electrolyte & Acid-Base Disorders

Jane Jih, MD, MPH, MAS
Associate Proessor, Division o General Internal

Medicine, Department o Medicine, University o
Caliornia, San Francisco

References

Meshell D. Johnson, MD
Proessor o Medicine, Chie, Division o Pulmonary,

Critical Care, and Sleep Medicine, San Francisco
Veterans Aairs Health Care System; Associate Chair
or Diversity, Equity, and Inclusion, Department o
Medicine, University o Caliornia, San Francisco

meshell.johnson@ucs.edu
Blood Vessel & Lymphatic Disorders; Alcohol Use Disorder

(Alcoholism) (in Chapter 25)

CMDT2022_FM_pi-xx.indd 7 02/07/21 7:10 PM



viii CMDT 2022 AUTHORS

Marianne A. Juarez, MD
Assistant Clinical Proessor, Department o Emergency

Medicine, University o Caliornia, San Francisco
Marianne.Juarez@ucs.edu
Disorders Related to Environmental Emergencies

Mitchell H. Katz, MD
President and Chie Executive Oicer o NYC Health +

Hospitals, New York, New York
mitchell.katz@nychhc.org
HIV Infection & AIDS

Tejaswi Kompala, MD
Assistant Proessor, Division o Endocrinology and

Metabolism, Department o Medicine, University o
Caliornia, San Francisco

References

C. Seth Landefeld, MD
Proessor o Medicine; Chair, Department o Medicine

and Spencer Chair in Medical Science Leadership,
University o Alabama at Birmingham

sethlandeeld@uab.edu
Geriatric Disorders

Andrew D. Leavitt, MD
Proessor, Departments o Medicine (Hematology) and

Laboratory Medicine; Medical Director, UCSF Adult
Hemophilia Treatment Center, University o Caliornia,
San Francisco

andrew.leavitt@ucs.edu
Disorders of Hemostasis, Thrombosis, & Antithrombotic

Therapy

Mary E. Lohman, MD
Resident, Department o Dermatology, University o

Caliornia, San Francisco
References

Jill Long, MD, MPH, MHS, FACOG
Medical Oicer, Contraceptive Development Program,

National Institute o Child Health and Human
Development, Bethesda, Maryland

Jilleb75@yahoo.com
Gynecologic Disorders

Chuanyi Mark Lu, MD
Proessor and Vice Chair, Department o Laboratory

Medicine, University o Caliornia, San Francisco;
Chie, Lab Medicine Service, Veterans Aairs Health
Care System, San Francisco, Caliornia

mark.lu@va.gov
CMDT Online—Diagnostic Testing & Medical Decision

Making; CMDT Online—Appendix: Therapeutic Drug
Monitoring, Laboratory Reference Intervals, &
Pharmacogenetic Testing

Anthony Luke, MD, MPH
Benio Distinguished Proessor in Sports Medicine,

Department o Orthopaedics; Director, UCSF Primary
Care Sports Medicine; Director, Human Perormance
Center at the Orthopaedic Institute, University o
Caliornia, San Francisco

anthony.luke@ucs.edu
Orthopedic Disorders & Sports Medicine

Lawrence R. Lustig, MD
Howard W. Smith Proessor and Chair, Department o

Otolaryngology—Head & Neck Surgery, Columbia
University Irving Medical Center & New York
Presbyterian Hospital, New York, New York

lrl2125@cumc.columbia.edu
Ear, Nose, & Throat Disorders

C. Benjamin Ma, MD
Proessor and Vice Chairman o Adult Clinical

Operations, Department o Orthopaedic Surgery,
University o Caliornia, San Francisco

MaBen@orthosurg.ucs.edu
Orthopedic Disorders & Sports Medicine

Rebecca L. Manno, MD, MHS
Adjunct Assistant Proessor, Division o Rheumatology,

Johns Hopkins University School o Medicine,
Baltimore, Maryland

rmanno3@jhmi.edu
Rheumatologic, Immunologic, & Allergic Disorders

Umesh Masharani, MB, BS, MRCP (UK)
Proessor o Medicine, Division o Endocrinology and

Metabolism, Department o Medicine, University o
Caliornia, San Francisco

umesh.masharani@ucs.edu
Diabetes Mellitus & Hypoglycemia

Kenneth H. Mayer, MD
Proessor o Medicine, Harvard Medical School; Co-Chair

and Medical Research Director, The Fenway Institute;
Director o HIV Prevention Research, Beth Israel
Deaconess Medical Center, Boston, Massachusetts

kmayer@enwayhealth.org
Sexual & Gender Minority Health

Richard W. Mclean I, MD
Fellow, Division o Gastroenterology, Department o

Medicine, University o Caliornia, San Francisco
References

Kenneth R. McQuaid, MD
Proessor o Medicine, Marvin H. Sleisenger Endowed

Chair and Vice-Chairman, Department o Medicine,
University o Caliornia, San Francisco; Chie, Medical
Service, San Francisco Veterans Aairs Medical Center

Kenneth.McQuaid@ucs.edu
Gastrointestinal Disorders; Alimentary Tract Cancers

(in Chapter 39)

CMDT2022_FM_pi-xx.indd 8 02/07/21 7:10 PM



ixCMDT 2022AUTHORS

Darshan Mehta, MD, MPH
Assistant Proessor o Medicine, Harvard Medical School;

Medical Director, Benson-Henry Institute or Mind-
Body Medicine, Massachusetts General Hospital;
Director, Oice or Well-Being, Center or Faculty
Development, Massachusetts General Hospital;
Director o Education, Osher Center or Integrative
Medicine, Harvard Medical School and Brigham and
Women’s Hospital; Boston, Massachusetts

dmehta@partners.org
CMDT Online—Integrative Medicine

Paul L. Nadler, MD
Clinical Proessor o Medicine; Division o General

Internal Medicine, Department o Medicine; Director,
Screening and Acute Care Clinic; University o
Caliornia, San Francisco

Paul.Nadler@ucs.edu
Common Symptoms

Jacqueline A. Nemer, MD, FACEP
Proessor o Emergency Medicine; Department o

Emergency Medicine; Director o Telemedicine;
Medical Director, Clinical Documentation Integrity,
Department o Quality, University o Caliornia,
San Francisco

jacqueline.nemer@ucs.edu
Disorders Related to Environmental Emergencies

Juno ObedinMaliver, MD, MPH, MAS
Assistant Proessor, Department o Obstetrics and

Gynecology; Founder and Investigator, Lesbian, Gay,
Bisexual, and Transgender Medical Education Research
Group, Stanord University School o Medicine,
Stanord, Caliornia

junoom@stanord.edu
Sexual & Gender Minority Health

Steven Z. Pantilat, MD
Proessor o Medicine, Department o Medicine;

Kates-Burnard and Hellman Distinguished Proessor
o Palliative Care; Chie, Division o Palliative
Medicine, University o Caliornia, San Francisco

steve.pantilat@ucs.edu
Palliative Care & Pain Management

Neeti B. Parikh, MD
Assistant Proessor o Ophthalmology, Department o

Ophthalmology, University o Caliornia, San Francisco
Neeti.Parikh@ucs.edu
Disorders of the Eyes & Lids

Anna Parks, MD
Fellow, Division o Hematology and Oncology,

Department o Medicine, University o Caliornia,
San Francisco

References

Charles B. Parks, DPM, FACFAS
Assistant Clinical Proessor, Chie o Podiatric Surgery

Division, Department o Orthopedic Surgery,
University o Caliornia, San Francisco

Charles.Parks@ucs.edu
CMDT Online—Podiatric Disorders

Manesh R. Patel, MD
Richard Stack Distinguished Proessor o Medicine;

Chie, Division o Cardiology, Department o
Medicine, Duke University, Durham, North Carolina

manesh.patel@duke.edu
Heart Disease

Susan S. Philip, MD, MPH
Assistant Clinical Proessor, Division o Inectious

Diseases, Department o Medicine, University o
Caliornia, San Francisco; Disease Prevention and
Control Branch, Population Health Division,
San Francisco Department o Public Health,
San Francisco, Caliornia

susan.philip@sdph.org
Spirochetal Infections

Michael Pignone, MD, MPH
Proessor o Medicine; Chair, Department o Medicine,

Dell Medical School, The University o Texas at Austin
pignone@austin.utexas.edu
Disease Prevention & Health Promotion

Lawrence Poree, MD, MPH, PhD
Proessor o Anesthesia and Pain Medicine, Department

o Anesthesia & Perioperative Care, University o
Caliornia, San Francisco

Lawrence.Poree@ucs.edu
Palliative Care & Pain Management

Niall T. Prendergast, MD
Fellow, Division o Pulmonary, Allergy and Critical Care

Medicine, Department o Medicine, University o
Pittsburgh School o Medicine, Pittsburgh,
Pennsylvania

niall.prendergast@gmail.com
Pulmonary Disorders

Erika Leemann Price, MD, MPH
Associate Clinical Proessor, Department o Medicine,

University o Caliornia, San Francisco; Associate Chie
o Sta or Quality, Saety, and Value, San Francisco
Veterans Aairs Health Care System

erika.price@ucs.edu
Disorders of Hemostasis, Thrombosis, & Antithrombotic

Therapy

CMDT2022_FM_pi-xx.indd 9 02/07/21 7:10 PM



x CMDT 2022 AUTHORS

Reed E. Pyeritz, MD, PhD
William Smilow Proessor o Medicine and Genetics,

Emeritus, Raymond and Ruth Perelman School o
Medicine o the University o Pennsylvania,
Philadelphia

reed.pyeritz@pennmedicine.upenn.edu
Genetic & Genomic Disorders

Michael W. Rabow, MD
Proessor o Clinical Medicine and Urology, Division o

Palliative Medicine, Department o Medicine; Helen
Diller Family Chair in Palliative Care; Director,
Symptom Management Service, Helen Diller Family
Comprehensive Cancer Center, University o
Caliornia, San Francisco

Mike.Rabow@ucs.edu
Palliative Care & Pain Management

Kristin S. Raj, MD
Clinical Assistant Proessor o Psychiatry, Department o

Psychiatry and Behavioral Sciences, Stanord
University School o Medicine, Stanord, Caliornia

kraj@stanord.edu
Psychiatric Disorders

Belinda RiveraLebron, MD, MSCE
Associate Proessor o Medicine, Division o Pulmonary,

Allergy and Critical Care Medicine, Department o
Medicine, University o Pittsburgh School o
Medicine, Pittsburgh, Pennsylvania

riveralebronbn@upmc.edu
Pulmonary Disorders

Scott W. Roberts, MD
Proessor o Obstetrics and Gynecology, Department o

Obstetrics and Gynecology, University o Texas
Southwestern Medical Center, Dallas, Texas

scott.roberts@utsouthwestern.edu
Obstetrics & Obstetric Disorders

Patricia A. Robertson, MD
Proessor o Obstetrics and Gynecology, Department o

Obstetrics, Gynecology, and Reproductive Sciences,
University o Caliornia, San Francisco

Patricia.Robertson@ucs.edu
Sexual & Gender Minority Health

Vanessa Laibl Rogers, MD
Proessor o Obstetrics and Gynecology, Department o

Obstetrics and Gynecology; Chie, Division o
Education and Faculty Development, University o
Texas Southwestern Medical Center, Dallas, Texas

vanessa.rogers@utsouthwestern.edu
Obstetrics & Obstetric Disorders

Stacey R. Rose, MD, FACP
Assistant Proessor o Internal Medicine, Division o

Inectious Diseases, Department o Medicine;
Assistant Dean o Clinical Curriculum, Baylor College
o Medicine, Houston, Texas

srrose@bcm.edu
Mycotic Infections

Nicole Rosendale, MD
Assistant Proessor o Neurology, Neurohospitalist

Division, Department o Neurology, University o
Caliornia, San Francisco

nicole.rosendale@ucs.edu
Sexual & Gender Minority Health

Philip J. Rosenthal, MD
Proessor o Medicine, Department o Medicine,

University o Caliornia, San Francisco; Associate
Chie, Division o HIV, Inectious Diseases, and
Global Medicine, Zuckerberg San Francisco
General Hospital

philip.rosenthal@ucs.edu
Protozoal & Helminthic Infections

Luis Alberto Rubio, MD, MHS
Clinical Fellow, Division o Inectious Diseases,

Department o Medicine, University o Caliornia,
San Francisco

References

René Salazar, MD
Proessor o Internal Medicine and Medical Education,

Department o Medicine; Assistant Dean or
Diversity, Dell Medical School, The University o
Texas at Austin

rene.salazar@austin.utexas.edu
Disease Prevention & Health Promotion

Katherine H. Saunders, MD
Assistant Proessor o Clinical Medicine, Division o

Endocrinology, Diabetes and Metabolism,
Department o Medicine, Weill Cornell Medicine,
New York, New York

kph2001@med.cornell.edu
Nutrition, Nutritional Disorders, & Obesity

George R. Schade, MD
Associate Proessor o Urology, Department o Urology,

University o Washington, Seattle
grschade@uw.edu
Cancers of the Genitourinary Tract (in Chapter 39)

Joshua S. Schindler, MD
Associate Proessor o Otolaryngology, Department o

Otolaryngology, Oregon Health & Science University,
Portland, Oregon; Medical Director, OHSU-
Northwest Clinic or Voice and Swallowing

schindlj@ohsu.edu
Ear, Nose, & Throat Disorders

Gerami D. Seitzman, MD
Associate Proessor o Ophthalmology, Department o

Ophthalmology, Francis I. Proctor Foundation,
University o Caliornia, San Francisco

gerami.seitzman@ucs.edu
Disorders of the Eyes & Lids

CMDT2022_FM_pi-xx.indd 10 02/07/21 7:10 PM



xiCMDT 2022

Ann Cai Shah, MD
Assistant Clinical Proessor o Anesthesia and Pain

Medicine, Department o Anesthesia and Perioperative
Care, University o Caliornia, San Francisco

Palliative Care & Pain Management

Wayne X. Shandera, MD
Associate Proessor o Medicine, Emeritus, Department o

Medicine, Baylor College o Medicine, Houston, Texas
shandera@bcm.tmc.edu
Viral & Rickettsial Infections

Kanade Shinkai, MD, PhD
Proessor o Dermatology, Department o Dermatology,

University o Caliornia, San Francisco
Kanade.Shinkai@ucs.edu
Dermatologic Disorders; Callosities & Corns of Feet or Toes

(CMDT Online—Podiatric Disorders)

Katerina Shvartsman, MD, FACOG
Associate Proessor o Obstetrics and Gynecology,

Department o Obstetrics and Gynecology, Uniormed
Services University, Bethesda, Maryland

Gynecologic Disorders

Craig Smollin, MD
Proessor o Emergency Medicine, Department o

Emergency Medicine, University o Caliornia,
San Francisco; Medical Director, Caliornia Poison
Control System—San Francisco Division

Craig.Smollin@ucs.edu
Poisoning

Mathew Sorensen, MD, MS, FACS
Associate Proessor o Urology, Department o Urology,

University o Washington, Seattle; Residency Program
Director, Department o Urology; Director,
Comprehensive Metabolic Stone Clinic, Puget Sound
Veterans Aairs Health Care System

mathews@uw.edu
Urologic Disorders

Scott Steiger, MD
Associate Proessor o Clinical Medicine and Psychiatry,

Division o General Internal Medicine, Department o
Medicine, University o Caliornia, San Francisco;
Deputy Medical Director, Opiate Treatment Outpatient
Program, Division o Substance Abuse and Addiction
Medicine, Department o Psychiatry, Zuckerberg
San Francisco General Hospital

scott.steiger@ucs.edu
Palliative Care & Pain Management

Michael Sutters, MD, MRCP (UK)
Attending Nephrologist, Virginia Mason Medical Center,

Seattle, Washington; Ailiate Assistant Proessor o
Medicine, Division o Nephrology, University o
Washington School o Medicine, Seattle, Washington

michael.sutters@vmmc.org
Systemic Hypertension

Philip Tiso, MFA
Principal Editor, Division o General Internal Medicine,

University o Caliornia, San Francisco
References

Carling Ursem, MD
Assistant Proessor, Division o Hematology and

Oncology, Department o Medicine, University o
Caliornia, San Francisco; Sta Physician, Veterans
Aairs Health Care System, San Francisco

Carling.Ursem@ucs.edu
Alimentary Tract Cancers (in Chapter 39)

Jonathan A. Waitman, MD
Assistant Proessor o Medicine, Division o

Endocrinology, Diabetes and Metabolism, Department
o Medicine, Weill Cornell Medicine, New York,
New York

jaw2016@med.cornell.edu
Nutritional Support (in Chapter 29)

Judith Walsh, MD, MPH
Proessor o Clinical Medicine, Division o General

Internal Medicine, Women’s Health Center o
Excellence, University o Caliornia, San Francisco

Judith.Walsh@ucs.edu
CMDT Online—Women’s Health Issues

Thomas J. Walsh, MD, MS
Proessor o Urology, Department o Urology, University

o Washington School o Medicine, Seattle, Washington
walsht@uw.edu
Urologic Disorders

Jackie Wang, MD
Resident, Department o Psychiatry and Behavioral

Sciences, Stanord University, Stanord, Caliornia
References

Sunny Wang, MD
Associate Proessor o Clinical Medicine, Department o

Medicine, University o Caliornia, San Francisco;
Chie, Division o Hematology and Oncology,
San Francisco Veterans Aairs Health Care System

sunny.wang@ucs.edu
Cancer

Nolan Williams, MD
Assistant Proessor o Psychiatry and Behavioral Sciences,

Department o Psychiatry; Director o Brain
Stimulation Laboratory, Stanord University School o
Medicine, Stanord, Caliornia

nolanw@stanord.edu
Psychiatric Disorders

CMDT2022_FM_pi-xx.indd 11 02/07/21 7:10 PM



xii CMDT 2022 AUTHORS

Leah J. Witt, MD
Assistant Proessor, Division o Geriatrics and Division o

Pulmonary, Critical Care, Allergy and Sleep Medicine,
Department o Medicine, University o Caliornia,
San Francisco

Leah.Witt@ucs.edu
Geriatric Disorders

Tyler B. Woodell, MD, MCR
Assistant Proessor o Medicine, Division o Nephrology-

Hypertension, Department o Medicine, University o
Caliornia, San Diego

twoodell@ucsd.edu
Kidney Disease

Jinoos Yazdany, MD, MPH
Alice Betts Endowed Proessor, Department o Medicine,

University o Caliornia, San Francisco; Chie o
Division o Rheumatology, Zuckerberg San Francisco
General Hospital

Jinoos.Yazdany@ucs.edu
Rheumatologic, Immunologic, & Allergic Disorders

CMDT2022_FM_pi-xx.indd 12 02/07/21 7:10 PM



xiii

Preface

Current Medical Diagnosis & Treatment 2022 (CMDT 2022) is the 61st edition o this single-source reerence or practitio-
ners o adult medicine in both hospital and ambulatory settings. The book emphasizes the practical eatures o clinical
diagnosis and patient management in all ields o internal medicine and in specialties o interest to primary care practitio-
ners and to subspecialists who provide general care.

Our students have inspired us to look at issues o race and justice, which surely impact people’s health. We have thereore
reviewed the contents o our work with the goal o ensuring that it relects the dignity and equality that every patient
deserves.

INTENDED AUDIENCE FOR CMDT

House oicers, medical students, and all other health proessions students will ind the descriptions o diagnostic and
therapeutic modalities, with citations to the current literature, o everyday useulness in patient care.

Internists, amily physicians, hospitalists, nurse practitioners, physician assistants, and all primary care providers o
adult medicine will appreciate CMDT as a ready reerence and reresher text. Physicians in other specialties, pharmacists,
and dentists will ind the book a useul basic medical reerence text. Nurses, nurse practitioners, and physician assistants
will welcome the ormat and scope o the book as a means o quickly reerencing medical diagnosis and treatment
modalities.

Patients and their amily members who seek inormation about the nature o speciic diseases and their diagnosis and
treatment may also ind this book to be a valuable resource.

NEW IN THIS EDITION OF CMDT

• INNOVATIVE TABLE highlighting the “Year in Review: Key Clinical Updates in CMDT 2022,” individually listed with
page numbers and reerence citations, or easy access to signiicant changes in this edition

• American College o Cardiology/American Heart Association guidelines or managing valvular heart disease and
algorithms detailing interventions or primary and secondary mitral regurgitation, aortic valve stenosis, and aortic
regurgitation

• American College o Cardiology/American Heart Association guidelines or diagnosing and treating hypertrophic
cardiomyopathy

• European Society o Cardiology guidelines or adult congenital disease

• Vericiguat receives FDA approval or treating heart ailure

• New section on managing supine hypertension in patients with orthostatic hypertension

• Tables outlining causes o secondary hypertension and the impact o liestyle modiications on hypertension

• Role o renal sympathetic nerve ablation as an alternative or adjunctive modality in the treatment o hypertension

• Table outlining updated classiication o pulmonary hypertension

• Luspatercept has been FDA approved or transusion-dependent beta-thalassemia

• Sacituzumab govitecan (TRODELVY) is the irst antibody-drug conjugate approved or triple-negative breast cancer

• Atezolizumab and bevacizumab have emerged as irst-line treatments or hepatocellular carcinoma

• The US Multi-Society Task Force Guideline provides recommendations or repeat colonoscopy

• Extensive revision o Electrolyte & Acid-Base Disorders chapter

• Integration o material regarding SARS-CoV-2 throughout the text, eg, in a new section discussing its eects on the
kidney

• Phexxi (a vaginal pH regulator gel containing lactic acid-citric acid-potassium bitartrate) is now FDA approved as a
contraceptive gel

• Cabotegravir, an HIV integrase inhibitor medication, has been approved or use in the United States, Canada, and in the
European Union. Given intramuscularly with rilpivirine (each in its own site), they are the irst once-monthly mainte-
nance regimen or patients with virally suppressed HIV inection

• Fostemsavir and ibalizumab are FDA approved or adults with multidrug-resistant HIV who are not responding to their
existing regimen

• Online images in Dermatologic Disorders, Eye & Eye Lid Disorders, Blood Disorders, and Blood Vessel & Lymphatic
Disorders chapters
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OUTSTANDING FEATURES OF CMDT

• Medical advances up to time o annual publication

• Detailed presentation o internal medicine disciplines, plus primary care topics in gynecology, obstetrics, dermatology,
ophthalmology, otolaryngology, psychiatry, neurology, toxicology, urology, geriatrics, orthopedics, women’s health,
sexual and gender minority health, preventive medicine, and palliative care

• Concise ormat, acilitating eicient use in any practice setting

• More than 1000 diseases and disorders

• Updates on SARS-CoV-2 virus and COVID-19, HIV/AIDS, Ebola virus, Zika virus, and other newly emerging inections

• Speciic disease prevention inormation

• Easy access to medication dosages, with trade names indexed and current costs updated in each edition

• Recent reerences, with unique identiiers (PubMed, PMID numbers) or rapid downloading o article abstracts and, in
some instances, ull-text reerence articles

E-CHAPTERS, CMDT ONLINE, & AVAILABLE APPS

Seven e-chapters listed in the Table o Contents can be accessed at www.AccessMedicine.com/CMDT. These online-only
chapters (available without need or subscription) include

• Anti-Inective Chemotherapeutic & Antibiotic Agents

• Diagnostic Testing & Medical Decision Making

• Inormation Technology in Patient Care

• Integrative Medicine

• Podiatric Disorders

• Women’s Health Issues

• Appendix: Therapeutic Drug Monitoring, Laboratory Reerence Intervals, & Pharmacogenetic Testing

Institutional or individual subscriptions to AccessMedicine also have ull electronic access to CMDT 2022.
Subscribers to CMDT Online receive ull electronic access to CMDT 2022 as well as

• An expanded, dedicated media gallery

• Quick Medical Diagnosis & Treatment (QMDT)—a concise, bulleted version o CMDT 2022

• Guide to Diagnostic Tests—or quick reerence to the selection and interpretation o commonly used diagnostic tests

• CURRENT Practice Guidelines in Primary Care—delivering concise summaries o the most relevant guidelines in
primary care

• Diagnosaurus—consisting o 1000+ dierential diagnoses

CMDT 2022, QMDT, Guide to Diagnostic Tests, and Diagnosaurus are also available as individual apps or your smartphone
or tablet and can be ound in the Apple App Store and Google Play.
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SPECIAL RECOGNITION: DAVID B. HELLMANN, MD, MACP

With this edition o CMDT, we thank and say goodbye to Dr. David B. Hellmann, a 30-year contributor to the “Rheumatologic,
Immunologic, & Allergic Disorders” chapter. For a dozen o those years, Dr. Hellmann coauthored this chapter with Dr. John B.
Imboden, Jr., and together they served as coeditors o another McGraw-Hill textbook, Current Rheumatology Diagnosis &
Treatment.

Dr. Hellmann, a graduate o Yale College, received his medical degree rom Johns
Hopkins School o Medicine, his internal medicine training on the Osler Service at
Hopkins, and completed his ellowship in rheumatology at the University o
Caliornia San Francisco. A practicing rheumatologist, Dr. Hellmann has been recog-
nized as one o America’s top doctors and has received multiple local and national
teaching and service awards. He has published over 200 papers in peer-reviewed
journals and books. Now the Aliki Perroti Proessor o Medicine at Johns Hopkins
School o Medicine, Dr. Hellmann irst served as the Program Director or the Osler
Medical Training Program at the Johns Hopkins Hospital. From 2000 to 2021, he
served as Chairman o the Department o Medicine at Johns Hopkins Bayview
Medical Center and became Vice Dean or that campus in 2005.

In 2004, David launched the Center or Innovative Medicine at the Johns Hopkins
Bayview campus to bring together and to support people dedicated to promoting the
ideal o Medicine as a public trust. This Center has (1) redesigned the Bayview inter-
nal medicine training to emphasize knowing the patient as a person; (2) created an
Academy o Clinical Excellence; (3) increased the diversity o house sta and aculty
leadership; (4) partnered with community centers, religious organizations, and
schools to promote public health and wellness; and (5) established a novel Precision
Medicine Center o Care at Bayview.

David has also served as Governor or the Maryland Chapter o the American College o Physicians, as a Director o the
American Board o Internal Medicine, as a member o the American Internal Medicine Board Foundation, and as editor o
Medicine (Baltimore).

He and his wie, Linda, live in Baltimore and enjoy ballroom dancing. They have two children and our granddaughters.
We wish David the very best or continuing his work in the Vasculitis Center he ounded at Hopkins Bayview to care or

patients with this complex disorder and or continuing his leadership o the Academy o Clinical Excellence in the Center
or Innovative Medicine. As his editors, we have been exceedingly grateul or David’s comprehensive and timely annual
updates. It has been a sincere pleasure to work with him on CMDT or the past 30 years, and we have thoroughly enjoyed
our requent conversations with him. Thank you, David. We will miss working with you!

ACKNOWLEDGMENTS

We wish to thank our authors or participating once again in the annual updating o this important book. We are especially
grateul to Asha N. Chesnutt, MD, Mark S. Chesnutt, MD, Patricia A. Cornett, MD, John B. Imboden, Jr., MD, C. Bree
Johnson, MD, MPH, Tracy Minichiello, MD, Kevin A. Ostrowski, MD, Thomas J. Prendergast, MD, and Brian S. Schwartz,
MD, who are leaving CMDT this year. We have all beneited rom their clinical wisdom and commitment.

We also wish to extend our heartelt gratitude to Eva Clark, MD, PhD, and to Wayne Shandera, MD, or authoring the
new section on the Severe Acute Respiratory Syndrome—Coronavirus 2019 (SARS-CoV-2) in the Viral chapter o this
year’s print edition o CMDT and or providing ongoing, current, and expert updates on this topic in CMDT Online.

Many students and physicians have contributed useul suggestions to this and previous editions, and we are grateul. We
continue to welcome comments and recommendations or uture editions in writing or via electronic mail. The editors’
e-mail addresses are below and author e-mail addresses are included in the Authors section.

Maxine A. Papadakis, MD

Maxine.Papadakis@ucs.edu

Stephen J. McPhee, MD

Stephen.McPhee@ucs.edu

Michael W. Rabow, MD

Mike.Rabow@ucs.edu

Kenneth R. McQuaid, MD

Kenneth.McQuaid@ucs.edu

San Francisco, Caliornia
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With enormous gratitude and respect, we dedicate this 61st
anniversary edition o Current Medical Diagnosis & Treatment to all
health care proessionals and staf who have cared or patients with
COVID-19. We honor their competence, their humanity, and their

bravery.
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º
GENERAL APPROACH TO THE PATIENT

he medical interview serves several functions. It is used to
collect information to assist in diagnosis (the “history” of
the present illness), to understand patient values, to assess
and communicate prognosis, to establish a therapeutic
relationship, and to reach agreement with the patient about
further diagnostic procedures and therapeutic options. It
also serves as an opportunity to influence patient behavior,
such as in motivational discussions about smoking cessa-
tion or medication adherence. Interviewing techniques
that avoid domination by the clinician increase patient
involvement in care and patient satisfaction. Effective
clinician-patient communication and increased patient
involvement can improve health outcomes.

» Patient Adherence

For many illnesses, successful prevention and treatment
depends on difficult fundamental behavioral changes,
including altering diet, taking up exercise, giving up smok-
ing, cutting down drinking, wearing masks to prevent infec-
tion, and adhering to medication regimens that are often
complex. Adherence is a problem in every practice; up to
50% of patients fail to achieve full adherence, and one-third
never take their medicines. Many patients with medical
problems, even those with access to care, do not seek appro-
priate care or may drop out of care prematurely. Adherence
rates for short-term, self-administered therapies are higher
than for long-term therapies and are inversely correlated
with the number of interventions, their complexity and
cost, and the patient’s perception of overmedication.

As an example, in HIV-infected patients, adherence to
antiretroviral therapy is a crucial determinant of treatment
success. Studies have unequivocally demonstrated a close
relationship between patient adherence and plasma HIV
RNA levels, CD4 cell counts, and mortality. Adherence
levels of more than 95% are needed to maintain virologic
suppression. However, studies show that 40% of patients

1Michael Pignone, MD, MPH1

René Salazar, MD

Disease Prevention &

Health Promotion

1Dr. Pignone is a former member of the US Preventive Services
ask Force (USPSF). Te views expressed in this chapter are his
and Dr. Salazar’s and not necessarily those of the USPSF.

are less than 90% adherent and that adherence tends to
decrease over time.

Patient reasons for suboptimal adherence include sim-
ple forgetfulness, being away from home, being busy, and
changing daily routine. Other reasons include psychiatric
disorders (depression or substance misuse), uncertainty
about the effectiveness of treatment, lack of knowledge
about the consequences of poor adherence, regimen com-
plexity, and treatment side effects. he rising costs of medi-
cations, including generic drugs, and the increase in
patient cost-sharing burden, have made adherence even
more difficult, particularly for those with lower incomes.

Patients seem better able to take prescribed medications
than to adhere to recommendations to change their diet,
exercise habits, or alcohol intake or to perform various self-
care activities (such as monitoring blood glucose levels at
home). For short-term regimens, adherence to medications
can be improved by giving clear instructions. Writing out
advice to patients, including changes in medication, may
be helpful. Because low functional health literacy is com-
mon (almost half of English-speaking US patients are
unable to read and understand standard health education
materials), other forms of communication—such as illus-
trated simple text, videotapes, or oral instructions—may be
more effective. For non–English-speaking patients, clini-
cians and health care delivery systems can work to provide
culturally and linguistically appropriate health services.

o help improve adherence to long-term regimens,
clinicians can work with patients to reach agreement on
the goals for therapy, provide information about the regi-
men, ensure understanding by using the “teach-back”
method, counsel about the importance of adherence and
how to organize medication-taking, reinforce self-
monitoring, provide more convenient care, prescribe a
simple dosage regimen for all medications (preferably one
or two doses daily), suggest ways to help in remembering
to take doses (time of day, mealtime, alarms) and to keep
appointments, and provide ways to simplify dosing (medi-
cation boxes). Single-unit doses supplied in foil wrappers
can increase adherence but should be avoided for patients
who have difficulty opening them. Medication boxes with
compartments (eg, Medisets) that are filled weekly are use-
ful. Microelectronic devices can provide feedback to show
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patients whether they have taken doses as scheduled or to
notify patients within a day if doses are skipped. Remind-
ers, including cell phone text messages, are another effec-
tive means of encouraging adherence. he clinician can
also enlist social support from family and friends, recruit
an adherence monitor, provide a more convenient care
environment, and provide rewards and recognition for the
patient’s efforts to follow the regimen. Collaborative pro-
grams in which pharmacists help ensure adherence are also
effective. Motivational interviewing techniques can be
helpful when patients are ambivalent about their therapy.

Adherence is also improved when a trusting doctor-
patient relationship has been established and when patients
actively participate in their care. Clinicians can improve
patient adherence by inquiring specifically about the behav-
iors in question. When asked, many patients admit to
incomplete adherence with medication regimens, with
advice about giving up cigarettes, or with engaging only in
“safer sex” practices. Although difficult, sufficient time must
be made available for communication of health messages.

Medication adherence can be assessed generally with a
single question: “In the past month, how often did you take
your medications as the doctor prescribed?” Other ways of
assessing medication adherence include pill counts and
refill records; monitoring serum, urine, or saliva levels of
drugs or metabolites; watching for appointment nonatten-
dance and treatment nonresponse; and assessing predict-
able drug effects, such as weight changes with diuretics or
bradycardia from beta-blockers. In some conditions, even
partial adherence, as with drug treatment of hypertension
and diabetes mellitus, improves outcomes compared with
nonadherence; in other cases, such as HIV antiretroviral
therapy or tuberculosis treatment, partial adherence may
be worse than complete nonadherence.

» Guiding Principles of Care

Ethical decisions are often called for in medical practice, at
both the “micro” level of the individual patient-clinician
relationship and at the “macro” level of the allocation of
resources. Ethical principles that guide the successful
approach to diagnosis and treatment are honesty, benefi-
cence, justice, avoidance of conflict of interest, and the
pledge to do no harm. Increasingly, Western medicine
involves patients in important decisions about medical
care, eg, which colorectal screening test to obtain or which
modality of therapy for breast cancer or how far to proceed
with treatment of patients who have terminal illnesses (see
Chapter 5).

he clinician’s role does not end with diagnosis and
treatment. he importance of the empathic clinician in
helping patients and their families bear the burden of seri-
ous illness and death cannot be overemphasized. “o cure
sometimes, to relieve often, and to comfort always” is a
French saying as apt today as it was five centuries ago—as
is Francis Peabody’s admonition: “he secret of the care of
the patient is in caring for the patient.” raining to improve
mindfulness and enhance patient-centered communica-
tion increases patient satisfaction and may also improve
clinician satisfaction.

Table 1–1. Leading causes of death in the

United States, 2018.

Category Estimate

All causes 2,839,205

1. Diseases of the heart 655,381

2. Malignant neoplasms 599,274

3. Unintentional injuries 167,127

4. Chronic lower respiratory diseases 159,486

5. Cerebrovascular diseases 147,810

6. Alzheimer disease 122,019

7. Diabetes mellitus 84,946

8. Influenza and pneumonia 59,120

9. Nephritis, nephrotic syndrome,

and nephrosis

51,386

10. Intentional self-harm (suicide) 48,344

Data from National Center for Health Statistics 2020.

Cutler RL et al. Economic impact of medication non-adherence
by disease groups: a systematic review. BMJ Open. 2018;
8:e016982. [PMID: 29358417]

Daliri S et al. Medication-related interventions delivered both in
hospital and following discharge: a systematic review and
meta-analysis. BMJ Qual Saf. 2021;30:146. [PMID: 32434936]

Kini V et al. Interventions to improve medication adherence: a
review. JAMA. 2018;320:2461. [PMID: 30561486]

Spaan P et al. Psychosocial interventions enhance HIV medica-
tion adherence: a systematic review and meta-analysis. J
Health Psychol. 2020;25:1326. [PMID: 29417851]

º
HEALTH MAINTENANCE & DISEASE
PREVENTION

Preventive medicine can be categorized as primary, sec-
ondary, or tertiary. Primary prevention aims to remove or
reduce disease risk factors (eg, immunization, giving up or
not starting smoking). Secondary prevention techniques
promote early detection of disease or precursor states (eg,
routine cervical Papanicolaou screening to detect carci-
noma or dysplasia of the cervix). ertiary prevention mea-
sures are aimed at limiting the impact of established
disease (eg, partial mastectomy and radiation therapy to
remove and control localized breast cancer).

ables 1–1 and 1–2 give leading causes of death in the
United States and estimates of deaths from preventable
causes. Recent data suggest increased mortality rates, driven
by increases in suicide and substance misuse and its sequelae.
Unintentional injuries, including deaths from opioid-related
overdoses, have become the third leading cause of death in
the United States. Non-Hispanic Whites with a high school
education or less have suffered disproportionately.

Many effective preventive services are underutilized,
and few adults receive all of the most strongly recom-
mended services. Several methods, including the use of
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provider or patient reminder systems (including interac-
tive patient health records), reorganization of care environ-
ments, and possibly provision of financial incentives to
clinicians (though this remains controversial), can increase
utilization of preventive services, but such methods have
not been widely adopted.

Borsky A et al. Few Americans receive all high-priority, appro-
priate clinical preventive services. Health Aff. (Millwood).
2018;37:925. [PMID: 29863918]

Levine DM et al. Quality and experience of outpatient care in the
United States for adults with or without primary care. JAMA
Intern Med. 2019;179:363. [PMID: 30688977]

US Burden of Disease Collaborators. he state of US health,
1990–2016: burden of diseases, injuries, and risk factors
among US states. JAMA. 2018;319:1444. [PMID: 29634829]

Woolf SH et al. Life expectancy and mortality rates in the United
States, 1959–2017. JAMA. 2019;322:1996. [PMID: 31769830]

Xu JQ et al. Mortality in the United States, 2018. NCHS Data
Brief, no 355. Hyattsville, MD: National Center for Health
Statistics. 2020.

PREVENTION OF INFECTIOUS DISEASES

Much of the decline in the incidence and fatality rates
of infectious diseases is attributable to public health
measures—especially immunization, improved sanitation,
and better nutrition.

Immunization remains the best means of preventing
many infectious diseases. Recommended immunization
schedules for children and adolescents can be found
online at http://www.cdc.gov/vaccines/schedules/hcp/
child-adolescent.html, and the schedule for adults is at
http://www.cdc.gov/vaccines/schedules/hcp/adult.html
(see also Chapter 30). Substantial morbidity and mortality
from vaccine-preventable diseases, such as hepatitis A,
hepatitis B, influenza, and pneumococcal infections, con-
tinue to occur among adults. Increases in the number of

vaccine-preventable diseases in the United States (eg,
regional epidemics) highlight the need to understand the
association of vaccine refusal and disease epidemiology.

Evidence suggests annual influenza vaccination is safe
and effective with potential benefit in all age groups, and
the Advisory Committee on Immunization Practices
(ACIP) recommends routine influenza vaccination for all
persons aged 6 months and older, including all adults. An
alternative high-dose inactivated vaccine is available for
adults 65 years and older.

Routine use of 23-valent pneumococcal polysaccha-
ride vaccine (PPSV23) is recommended for adults aged 65
and older. If PPSV23 was administered prior to age 65 years,
administer one dose PPSV23 at least 5 years after previous
dose. A shared clinical decision-making approach is rec-
ommended for use of 13-valent pneumococcal conjugate
vaccine (PCV13) in average-risk individuals aged 65 and
older.

he ACIP recommends routine use of a single dose of
tetanus, diphtheria, and five-component acellular pertus-
sis vaccine (Tdap) for adults aged 19–64 years to replace
the next booster dose of tetanus and diphtheria toxoids
vaccine (Td).

Hepatitis B vaccine administered as a three-dose series
is recommended for all children aged 0–18 years and high-
risk individuals (ie, health care workers, injection drug
users, people with end-stage renal disease). he ACIP rec-
ommends vaccination for hepatitis B in diabetic patients
aged 19–59 years. he hepatitis B vaccine should also be
considered in diabetic persons age 60 and older.

Human papillomavirus (HPV) virus-like particle
(VLP) vaccines have demonstrated effectiveness in pre-
venting persistent HPV infections and thus may impact
the rate of cervical intraepithelial neoplasia (CIN) II–III.
he ACIP recommends routine HPV vaccination for
children and adults aged 9–26 years. Shared decision-
making is recommended for some individuals between 27
and 45 years of age (vaccine is not licensed for adults older
than 45 years).

Persons traveling to countries where infections are
endemic should take the precautions described in Chapter
30 and at https://wwwnc.cdc.gov/travel/destinations/list.
Immunization registries—confidential, population-based,
computerized information systems that collect vaccination
data about all residents of a geographic area—can be used
to increase and sustain high vaccination coverage.

Globally, coronavirus disease 2019 (COVID-19) has
resulted in over 1.2 million deaths in 2020. COVID-19 is
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). he impact on frontline workers, includ-
ing health care workers, has been substantial, and the
pandemic has revealed profound inequities in health and
health care. In the United States, the COVID-19 mortality
rates are higher in Blacks, Latinx, and Native Americans
compared to Whites. Several vaccines for SARS-CoV-2 are
now available and mass vaccination programs began in
early 2021.

he US Preventive Services ask Force (USPSF) rec-
ommends behavioral counseling for adolescents and adults
who are sexually active and at increased risk for sexually

Table 1–2. Leading preventable causes of death in the

United States, 2017.

Category Estimate

Dietary risks 503,390

High systolic blood pressure 454,346

Tobacco 437,706

High fasting plasma glucose 420,192

High BMI 408,831

High LDL cholesterol 221,557

Impaired kidney function 173,378

Air pollution 107,506

Alcohol use 104,536

Drug use 104,440

Low physical activity 70,844

Occupational risks 63,580

BMI, body mass index; LDL, low-density lipoprotein.

Data from the US Burden of Disease Collaborators, 2019.
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transmitted infections. Sexually active women aged
24 years or younger and older women who are at increased
risk for infection should be screened for chlamydia and
gonorrhea. Screening HIV-positive men or men who have
sex with men for syphilis every 3 months is associated with
improved syphilis detection.

HIV infection remains a major infectious disease
problem in the world. he CDC recommends universal
HIV screening of all patients aged 13–64, and the USPSF
recommends that clinicians screen adolescents and adults
aged 15–65 years. Clinicians should integrate biomedical
and behavioral approaches for HIV prevention. In addi-
tion to reducing sexual transmission of HIV, initiation of
antiretroviral therapy reduces the risk for AIDS-defining
events and death among patients with less immunologi-
cally advanced disease.

Daily preexposure prophylaxis (PrEP) with the fixed-
dose combination of tenofovir disoproxil 300 mg and
emtricitabine 200 mg (ruvada) should be considered for
people who are HIV-negative but at substantial risk for
HIV infection. Studies of men who have sex with men sug-
gest that PrEP is very effective in reducing the risk of con-
tracting HIV. Patients taking PrEP should be encouraged
to use other prevention strategies, such as consistent con-
dom use and choosing less risky sexual behaviors (eg, oral
sex), to maximally reduce their risk. Postexposure pro-
phylaxis (PEP) with combinations of antiretroviral drugs
is widely used after occupational and nonoccupational
contact, and may reduce the risk of transmission by
approximately 80%. PEP should be initiated within
72 hours of exposure.

In immunocompromised patients, live vaccines are
contraindicated, but many killed or component vaccines
are safe and recommended. Asymptomatic HIV-infected
patients have not shown adverse consequences when given
live MMR and influenza vaccinations as well as tetanus,
hepatitis B, Haemophilus influenzae type b, and pneumo-
coccal vaccinations—all should be given. However, if
poliomyelitis immunization is required, the inactivated
poliomyelitis vaccine is indicated. In symptomatic HIV-
infected patients, live-virus vaccines, such as MMR, should
generally be avoided, but annual influenza vaccination is
safe.

Herpes zoster, caused by reactivation from previous
varicella zoster virus infection, affects many older adults
and people with immune system dysfunction. It can cause
postherpetic neuralgia, a potentially debilitating chronic
pain syndrome. he ACIP recommends the herpes zoster
subunit vaccine (HZ/su; Shingrix) be used for the preven-
tion of herpes zoster and related complications in immu-
nocompetent adults age 50 and older and in individuals
who previously received Zostavax.

Centers for Disease Control and Prevention (CDC). Pneumo-
coccal vaccination. https://www.cdc.gov/vaccines/schedules/
hcp/imz/adult.html

Centers for Disease Control and Prevention (CDC). Recom-
mended Adult Immunization Schedule for ages 19 years or
older, United States, 2020. https://www.cdc.gov/vaccines/
schedules/hcp/imz/adult.html

Chou R et al. Epidemiology of and risk factors for coronavirus
infection in health care workers: a living rapid review. Ann
Intern Med. 2020;173:120. [PMID: 32369541]

PREVENTION OF CARDIOVASCULAR DISEASE

Cardiovascular diseases (CVDs), including coronary
heart disease (CHD) and stroke, represent two of the
most important causes of morbidity and mortality in
developed countries. Several risk factors increase the risk
for coronary disease and stroke. hese risk factors can be
divided into those that are modifiable (eg, lipid disorders,
hypertension, cigarette smoking) and those that are not
(eg, age, sex, family history of early coronary disease).
Impressive declines in age-specific mortality rates from
heart disease and stroke have been achieved in all age
groups in North America during the past two decades, in
large part through improvement of modifiable risk fac-
tors: reductions in cigarette smoking, improvements in
lipid levels, and more aggressive detection and treatment
of hypertension. his section considers the role of screen-
ing for cardiovascular risk and the use of effective thera-
pies to reduce such risk. Key recommendations for
cardiovascular prevention are shown in able 1–3. Guide-
lines encourage regular assessment of global cardiovascu-
lar risk in adults 40–79 years of age without known CVD,
using standard cardiovascular risk factors. he role of
nontraditional risk factors for improving risk estimation
remains unclear.

Cho L et al. Summary of updated recommendations for primary
prevention of cardiovascular disease in women: JACC State-
of-the-Art Review. J Am Coll Cardiol. 2020;75:2602. [PMID:
32439010]

Lin JS et al. Nontraditional risk factors in cardiovascular
disease risk assessment: a systematic evidence report for
the US Preventive Services ask Force [Internet].
Rockville, MD: Agency for Healthcare Research and Quality
(US); 2018 Jul. https://www.ncbi.nlm.nih.gov/books/
NBK525925/ [PMID: 30234933]

Wall HK et al. Vital signs: prevalence of key cardiovascular dis-
ease risk factors for Million Hearts 2022—United States,
2011–2016. MMWR Morb Mortal Wkly Rep. 2018;67:983.
[PMID: 30188885]

» Abdominal Aortic Aneurysm

One-time screening for abdominal aortic aneurysm (AAA)
by ultrasonography is recommended by the USPSF (B
recommendation) in men aged 65–75 years who have ever
smoked. One-time screening for AAA is associated with a
relative reduction in odds of AAA-related mortality over
12–15 years (odds ratio [OR] 0.65 [95% confidence inter-
val [CI] 0.57–0.74]) and a similar reduction in AAA-
related ruptures (OR 0.62 [95% CI 0.55–0.70]). Women
who have never smoked and who have no family history of
AAA do not appear to benefit from such screening (D
recommendation); the current evidence for women who
have ever smoked or who have a family history of AAA is
insufficient to assess the balance of risks versus benefits
(I recommendation) (able 1–3).
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Table 1–3. Expert recommendations for cardiovascular risk prevention methods: US Preventive Services Task Force

(USPSTF).1

Prevention Method Recommendation/[Year Issued]

Screening for
abdominal aortic
aneurysm (AAA)

Recommends one-time screening for AAA by ultrasonography in men aged 65–75 years who have ever smoked. (B)
Selectively offer screening for AAA in men aged 65–75 years who have never smoked. (C)
Current evidence is insufficient to assess the balance of benefits and harms of screening for AAA in women aged

65–75 years who have ever smoked or have a family history of AAA. (I)
Recommends against routine screening for AAA in women who have never smoked and have no family history of AAA.

(D)
[2019]

Aspirin use Recommends initiating low-dose aspirin use for the primary prevention of cardiovascular disease (CVD) and colorectal
cancer (CRC) in adults aged 50–59 years who have a 10% or greater 10-year CVD risk, are not at increased risk for
bleeding, have a life expectancy of at least 10 years, and are willing to take low-dose aspirin daily for at least 10 years.
(B)

The decision to initiate low-dose aspirin use for the primary prevention of CVD and CRC in adults aged 60–69 years who
have a 10% or greater 10-year CVD risk should be an individual one. Persons who are not at increased risk for bleed-
ing, have a life expectancy of at least 10 years, and are willing to take low-dose aspirin daily for at least 10 years are
more likely to benefit. Persons who place a higher value on the potential benefits than the potential harms may
choose to initiate low-dose aspirin. (C)

The current evidence is insufficient to assess the balance of benefits and harms of initiating aspirin use for the primary
prevention of CVD and CRC in adults younger than 50 years or older than age 70. (I)

[2016]

Blood pressure
screening

The USPSTF recommends screening for high blood pressure in adults aged 18 years or older. The USPSTF recommends
obtaining measurements outside of the clinical setting for diagnostic confirmation before starting treatment. (A)

[2015]

Serum lipid screen-
ing and use of
statins for
prevention

The USPSTF recommends that adults without a history of CVD use a low- to moderate-dose statin for the prevention of
CVD events and mortality when all of the following criteria are met: (1) they are aged 40–75 years; (2) they have one
or more CVD risk factors (ie, dyslipidemia, diabetes mellitus, hypertension, or smoking); and (3) they have a calculated
10-year risk of a cardiovascular event of 10% or greater.

Identification of dyslipidemia and calculation of 10-year CVD event risk requires universal lipids screening in adults aged
40–75 years. See the “Clinical Considerations”section of the USPSTF recommendations1 for more information on lipids
screening and the assessment of cardiovascular risk. (B)

The USPSTF concludes that the current evidence is insufficient to assess the balance of benefits and harms of initiating
statin use for the primary prevention of CVD events and mortality in adults aged 76 years and older without a history
of heart attack or stroke. (I)

[2016]

Counseling about
healthful diet and
physical activity
for CVD
prevention

Recommends offering or referring adults who are overweight or obese and have additional CVD risk factors to intensive
behavioral counseling interventions to promote a healthful diet and physical activity for CVD prevention. (B)

[2014]
Recommends that primary care professionals individualize the decision to offer or refer adults without obesity who do

not have hypertension, dyslipidemia, abnormal blood glucose levels, or diabetes to behavioral counseling to promote
a healthful diet and physical activity. (C)

[2017]

Screening for diabe-
tes mellitus

Recommends screening for abnormal blood glucose as part of cardiovascular risk assessment in adults aged
40–70 years who are overweight or obese. Clinicians should offer or refer patients with abnormal blood glucose to
intensive behavioral counseling interventions to promote a healthful diet and physical activity. (B)

[2015]

Screening for smok-
ing and counsel-
ing to promote
cessation

Recommends that clinicians ask all adults about tobacco use, advise them to stop using tobacco, and provide behavioral
interventions and US Food and Drug Administration (FDA)–approved pharmacotherapy for cessation to adults who
use tobacco. (A)

[2015]

1US Preventive Services Task Force recommendations available at http://www.uspreventiveservicestaskforce.org/BrowseRec/Index/browse-
recommendations.
Recommendation A: The USPSTF strongly recommends that clinicians routinely provide the service to eligible patients. (The USPSTF found
good evidence that the service improves important health outcomes and concludes that benefits substantially outweigh harms.)
Recommendation B: The USPSTF recommends that clinicians routinely provide the service to eligible patients. (The USPSTF found at least fair
evidence that the service improves important health outcomes and concludes that benefits substantially outweigh harms.)
Recommendation C: The USPSTF makes no recommendation for or against routine provision of the service.
Recommendation D: The USPSTF recommends against routinely providing the service to asymptomatic patients. (The USPSTF found at least
fair evidence that the service is ineffective or that harms outweigh benefits.)
Recommendation I: The USPSTF concludes that the evidence is insufficient to recommend for or against routinely providing the service.
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Guirguis-Blake JM et al. Primary care screening for abdominal
aortic aneurysm: updated evidence report and systematic
review for the US Preventive Services ask Force. JAMA.
2019;322:2219. [PMID: 31821436]

US Preventive Services ask Force, Owens DK et al. Screening
for abdominal aortic aneurysm: US Preventive Services ask
Force Recommendation Statement. JAMA. 2019;322:2211.
[PMID: 31821437]

Ying AJ et al. Abdominal aortic aneurysm screening: a system-
atic review and meta-analysis of efficacy and cost. Ann Vasc
Surg. 2019;54:298. [PMID: 30081169]

» Cigarette Smoking

Cigarette smoking remains the most important cause of
preventable morbidity and early mortality. In 2015,
there were an estimated 6.4 million premature deaths in
the world attributable to smoking and tobacco use;
smoking is the second leading cause of disability-
adjusted life-years lost. Cigarettes are responsible for
one in every five deaths in the United States, or over
480,000 deaths annually. Annual cost of smoking-
related health care is approximately $130 billion in the
United States, with another $150 billion in productivity
losses. Fortunately, US smoking rates have been declin-
ing; in 2015, 15.1% of US adults were smokers, and by
2018, 13.7% were smokers. Global direct health care costs
from smoking in 2012 were estimated at $422 billion, with
total costs of over $1.4 trillion.

Over 41,000 deaths per year in the United States are
attributable to environmental tobacco smoke.

Smoking cessation reduces the risks of death and of
myocardial infarction in people with coronary artery dis-
ease; reduces the rate of death and acute myocardial infarc-
tion in patients who have undergone percutaneous
coronary revascularization; lessens the risk of stroke; and is

associated with improvement of chronic obstructive pul-
monary disease symptoms. On average, women smokers
who quit smoking by age 35 add about 3 years to their
life expectancy, and men add more than 2 years to theirs.
Smoking cessation can increase life expectancy even for
those who stop after the age of 65.

Although tobacco use constitutes the most serious
common medical problem, it is undertreated. Almost 40%
of smokers attempt to quit each year, but only 4% are suc-
cessful. Persons whose clinicians advise them to quit are
1.6 times as likely to attempt quitting. Over 70% of smokers
see a physician each year, but only 20% of them receive any
medical quitting advice or assistance.

Factors associated with successful cessation include
having a rule against smoking in the home, being older,
and having greater education. Several effective clinical
interventions are available to promote smoking cessation,
including counseling, pharmacotherapy, and combinations
of the two.

Helpful counseling strategies are shown in able 1–4.
Additionally, a system should be implemented to identify
smokers, and advice to quit should be tailored to the
patient’s level of readiness to change. All patients trying to
quit should be offered pharmacotherapy (able 1–5) except
those with medical contraindications, women who are
pregnant or breast-feeding, and adolescents. Weight gain
occurs in most patients (80%) following smoking cessa-
tion. Average weight gain is 2 kg, but for some (10–15%),
major weight gain—over 13 kg—may occur. Planning for
the possibility of weight gain, and means of mitigating it,
may help with maintenance of cessation.

Several pharmacologic therapies shown to be effective
in promoting cessation are summarized in able 1–5. Nico-
tine replacement therapy doubles the chance of successful
quitting. he nicotine patch, gum, and lozenges are

Table 1–4. Inquiries to help in support of smoking cessation.

Component Helpul Clinician Statements and Inquiries

Communicate your caring and concern “I am concerned about the effects of smoking on your health…

• and want you to know that I am willing to help you to quit.”

• and so how do you feel about quitting?”

• do you have any fears or ambivalent feelings about quitting?”

Encourage the patient to talk about the

quitting process

“Tell me…

• why do you want to quit smoking?”

• when you tried quitting smoking in the past, what sort of difficulties did you encounter?”

• were you able to succeed at all, even for a while?”

• what concerns or worries do you have about quitting now?”

Provide basic information about smoking

(eg, its addictive nature) and successful

quitting (eg, nature and time course of

withdrawal)

“Did you know that…

• the nicotine in cigarette smoke is highly addictive?”

• within a day of stopping, you will notice nicotine withdrawal symptoms, such as

irritability and craving?”

• after you quit, any smoking (even a single puff) makes it likely that you will fully relapse

into smoking again?”

Encourage the patient to make a quit attempt “I want you to reassure you that…

• as your clinician, I believe you are going to be able to quit.”

• there are now available many effective smoking cessation treatments.”

• more than half the people who have ever smoked have now successfully quit.”
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Table 1–5. Medications for tobacco dependence and smoking cessation.

Drug Some Formulations Usual Adult Dosage1,2

Cost

30 days

Nicotine Replacement Therapies (NRTs)

Nicotine transdermal patch3 – generic

(NicoDerm CQ)

7, 14, 21 mg/24-h patches 1 patch/day4 $57.40

Nicotine polacrilex gum3 – generic

(Nicorette gum)

2, 4 mg/pieces 8–24 pieces/day4,5,6 $63.12

Nicotine polacrilex lozenge3,7 – generic

(Nicorette lozenge)

2, 4 mg/lozenges 8–20 lozenges/day4,5,8 $66.24

Nicotine oral inhaler – Nicotrol 10 mg cartridges9 4–16 cartridges/day4 $551.11

Nicotine nasal spray – Nicotrol NS 200 sprays/10 mL bottles (0.5 mg/spray) 2 sprays 8–40×/day (max 10 sprays/h)3 $578.66

(4-bottle

package)

Dopaminergic-Noradrenergic Reuptake Inhibitor

Bupropion SR – generic 100, 150, 200 mg SR tablets10 150 mg orally once daily × 3 days, then

150 mg orally twice daily

$108.60

Nicotinic Receptor Partial Agonist

Varenicline tartrate – Chantix 0.5, 1 mg tablets 0.5 mg orally once daily × 3 days, then

0.5 mg twice daily on days 4–7, then

1 mg twice daily

$585.60

SR, sustained-release.
1Dosage reductions may be needed for liver or kidney impairment.
2Patients should receive a minimum of 3–6 months of effective therapy. In general, the dosage of NRTs can be tapered at the end of treat-

ment; bupropion SR and varenicline can usually be stopped without a gradual dosage reduction, but some clinicians recommend a taper.
3Available over the counter for persons ≥ 18 years old.
4See expanded table for dosage titration instructions, available at: medicalletter.org/TML-article-1576c.
5Avoid eating or drinking within 15 minutes of using a gum or lozenge.
6A second piece of gum can be used within 1 hour. Continuously chewing one piece after another is not recommended.
7Also available in a mini-lozenge.
8Maximum of 5 lozenges in 6 hours or 20 lozenges/day. Use of more than 1 lozenge at a time or continuously using one after another is

not recommended.
9Each cartridge delivers 4 mg of nicotine.
10Only the generic 150-mg SR tablets are FDA-approved as a smoking cessation aid.

Modified, with permission, from Drugs for smoking cessation. Med Lett Drugs Ther. 2019 Jul 15;61(1576):105–10. http://www.medicalletter.org.

Average wholesale price (AWP, for AB-rated generic when available) for quantity listed. Source: IBM Micromedex Red Book (electronuc ver-

sion) IBM Watson Health, Greenwood Villae, CO, Available at https://micromedexsolutions.com, accessed March 27, 2021. AWP may not

accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.

available over the counter and nicotine nasal spray and
inhalers by prescription. he sustained-release antidepres-
sant drug bupropion (150–300 mg/day orally) is an effec-
tive smoking cessation agent and is associated with minimal
weight gain, although seizures are a contraindication. It
acts by boosting brain levels of dopamine and norepineph-
rine, mimicking the effect of nicotine. Varenicline, a partial
nicotinic acetylcholine-receptor agonist, has been shown
to improve cessation rates; however, its adverse effects,
particularly its effects on mood, are not completely under-
stood and warrant careful consideration. No single phar-
macotherapy is clearly more effective than others, so
patient preferences and data on adverse effects should be
taken into account in selecting a treatment. Combination
therapy is more effective than a single pharmacologic
modality. he efficacy of e-cigarettes in smoking cessation
has not been well evaluated, and some users may find them
addictive. Recent reports of “vaping-related” lung disease

should prompt additional caution in the use of unregu-
lated nicotine delivery devices for smoking cessation
(see Chapter 9).

Clinicians should not show disapproval of patients who
fail to stop smoking or who are not ready to make a quit
attempt. houghtful advice that emphasizes the benefits of
cessation and recognizes common barriers to success can
increase motivation to quit and quit rates. An upcoming
medical procedure or intercurrent illness or hospitalization
may motivate even the most addicted smoker to quit.

Individualized or group counseling is very cost effec-
tive, even more so than treating hypertension. Smoking
cessation counseling by telephone (“quitlines”) and text
messaging–based interventions have both proved effective.
An additional strategy is to recommend that any smoking
take place outdoors to limit the effects of passive smoke on
housemates and coworkers. his can lead to smoking
reduction and quitting.
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Public policies, including higher cigarette taxes and
more restrictive public smoking laws, have also been
shown to encourage cessation, as have financial incentives
directed to patients.

Anonymous. Drugs for smoking cessation. Med Lett Drugs
her. 2019;61:105. [PMID: 31381546]

Black N et al. Behaviour change techniques associated with
smoking cessation in intervention and comparator groups of
randomized controlled trials: a systematic review and meta-
regression. Addiction. 2020;115:2008. [PMID: 32196796]

Centers for Disease Control and Prevention (CDC). Current
cigarette smoking among adults in the United States.
2020 December 10. https://www.cdc.gov/tobacco/data_
statistics/fact_sheets/adult_data/cig_smoking/index.htm

Hollands GJ et al. Interventions to increase adherence to medi-
cations for tobacco dependence. Cochrane Database Syst Rev.
2019;8:CD009164. [PMID: 31425618]

ibuakuu M et al. National trends in cessation counseling, pre-
scription medication use, and associated costs among US
adult cigarette smokers. JAMA Netw Open. 2019;2:e194585.
[PMID: 31125108]

Villanti AC et al. Smoking-cessation interventions for U.S. young
adults: updated systematic review. Am J Prev Med.
2020;59:123. [PMID: 32418800]

» Lipid Disorders

Higher low-density lipoprotein (LDL) cholesterol concen-
trations and lower high-density lipoprotein (HDL) levels are
associated with an increased risk of CHD (see Chapter 28).
Measurement of total and high-density lipoprotein choles-
terol levels can help assess the degree of CHD risk. he best
age to start screening is controversial, as is its frequency.
Cholesterol-lowering therapy reduces the relative risk of
CHD events, with the degree of reduction proportional to
the reduction in LDL cholesterol achieved, at least at LDL
levels greater than 100 mg/dL. he absolute benefits of
screening for—and treating—abnormal lipid levels depend
on the presence and level of other cardiovascular risk factors,
including hypertension, diabetes mellitus, smoking, age, and
sex. If other risk factors are present, atherosclerotic CVD
risk is higher and the potential benefits of therapy are
greater. Patients with known CVD are at higher risk and
have larger benefits from reduction in LDL cholesterol. he
optimal risk threshold for initiating statins for primary pre-
vention remains somewhat controversial, although most
guidelines now suggest statin therapy when the 10-year
atherosclerotic cardiovascular risk is greater than 10%.

Evidence for the effectiveness of statin-type drugs is
better than for the other classes of lipid-lowering agents or
dietary changes specifically for improving lipid levels. Mul-
tiple large, randomized, placebo-controlled trials have
demonstrated important reductions in total mortality,
major coronary events, and strokes with lowering levels of
LDL cholesterol by statin therapy for patients with known
CVD. Statins also reduce cardiovascular events for patients
with diabetes mellitus. For patients with no previous his-
tory of cardiovascular events or diabetes, meta-analyses
have shown important reductions of cardiovascular events.

Newer antilipidemic monoclonal antibody agents (eg,
evolocumab and alirocumab) lower LDL cholesterol by
50–60% by binding proprotein convertase subtilisin kexin

type 9 (PCSK9), which decreases the degradation of LDL
receptors. PCSK9 inhibitors also decrease Lp(a) levels. hese
newer agents are very expensive so are often used mainly in
high-risk patients when statin therapy does not reduce the
LDL cholesterol sufficiently at maximally tolerated doses or
when patients are intolerant of statins. So far, few side effects
have been reported with PCSK9 inhibitor use.

Guidelines for statin and PCSK9 therapy are discussed
in Chapter 28.

Mortensen MB et al. Elevated LDL cholesterol and increased risk
of myocardial infarction and atherosclerotic cardiovascular
disease in individuals aged 70–100 years: a contemporary
primary prevention cohort. Lancet. 2020;396:1644. [PMID:
33186534]

Navarese EP et al. Association between baseline LDL-C level and
total and cardiovascular mortality after LDL-C lowering: a
systematic review and meta-analysis. JAMA. 2018;319:1566.
[PMID: 29677301]

US Preventive Services ask Force. Statin use for the primary
prevention of cardiovascular disease in adults: US Preventive
Services ask Force Recommendation Statement. JAMA.
2016;316:1997. [PMID: 27838723]

» Hypertension

According to the American Heart Association, over
133 million US adults have hypertension, of which approx-
imately 83 million are eligible for pharmacologic treat-
ment. Of these 83 million, hypertension is treated in only
about 66% and well controlled in only about 30% (see
Chapter 11). In every adult age group, higher values of
systolic and diastolic blood pressure carry greater risks of
stroke and heart failure. Systolic blood pressure is a better
predictor of morbid events than diastolic blood pressure.
Home monitoring is better correlated with target organ
damage than clinic-based values. Clinicians can apply spe-
cific blood pressure criteria, such as those of the Joint
National Committee or American Heart Association
guidelines, along with consideration of the patient’s cardio-
vascular risk and personal values, to decide at what levels
treatment should be considered in individual cases.

Primary prevention of hypertension can be accom-
plished by strategies aimed at both the general population
and special high-risk populations. he latter include per-
sons with high-normal blood pressure or a family history of
hypertension, Blacks, and individuals with various behav-
ioral risk factors, such as physical inactivity; excessive con-
sumption of salt, alcohol, or calories; and deficient intake of
potassium. Effective interventions for primary prevention
of hypertension include reduced sodium and alcohol con-
sumption, weight loss, and regular exercise. Potassium
supplementation lowers blood pressure modestly, and a diet
high in fresh fruits and vegetables and low in fat, red meats,
and sugar-containing beverages also reduces blood pres-
sure. Interventions of unproven efficacy include pill supple-
mentation of potassium, calcium, magnesium, fish oil, or
fiber; macronutrient alteration; and stress management.

Improved identification and treatment of hypertension
is a major cause of the recent decline in stroke deaths as well
as the reduction in incidence of heart failure–related hospi-
talizations. Because hypertension is usually asymptomatic,
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screening is strongly recommended to identify patients for
treatment. Elevated office readings should be confirmed
with repeated measurements, ideally from ambulatory
monitoring or home measurements. Despite strong recom-
mendations in favor of screening and treatment, hyperten-
sion control remains suboptimal. An intervention that
included both patient and provider education was more
effective than provider education alone in achieving con-
trol of hypertension, suggesting the benefits of patient
participation; another trial found that home monitoring
combined with telephone-based nurse support was more
effective than home monitoring alone for blood pressure
control. Pharmacologic management of hypertension is
discussed in Chapter 11.

Bundy JD et al. Comparison of the 2017 ACC/AHA Hyperten-
sion Guideline with earlier guidelines on estimated reduc-
tions in cardiovascular disease. Curr Hypertens Rep.
2019;21:76. [PMID: 31473837]

Fryar CD et al. Hypertension prevalence and control among
adults: United States, 2015–2016. NCHS Data Brief. 2017;
(289):1–8. [PMID: 29155682]

Ritchey MD et al. Potential need for expanded pharmacologic
treatment and lifestyle modification services under the 2017
ACC/AHA Hypertension Guideline. J Clin Hypertens
(Greenwich). 2018;20:1377. [PMID: 30194806]

Whelton PK et al. ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/
ASH/ASPC/NMA/PCNA guideline for the prevention, detec-
tion, evaluation, and management of high blood pressure in
adults: a report of the American College of Cardiology/
American Heart Association ask Force on Clinical Practice
Guidelines. Hypertension. 2018;71:1269. [PMID: 29133354]

» Chemoprevention

Regular use of low-dose aspirin (81–325 mg) can reduce
cardiovascular events but increases gastrointestinal bleeding.
Aspirin may also reduce the risk of death from several com-
mon types of cancer (colorectal, esophageal, gastric, breast,
prostate, and possibly lung). he potential benefits of aspirin
may exceed the possible adverse effects among middle-aged
adults who are at increased cardiovascular risk, which can be
defined as a 10-year risk of greater than 10%, and who do
not have an increased risk of bleeding. A newer trial in older
healthy adults did not find clear benefit from aspirin for
reduction of cardiovascular events and saw an increase in
all-cause mortality with aspirin. herefore, aspirin should
not be routinely initiated in healthy adults over age 70.

Nonsteroidal anti-inflammatory drugs may reduce the
incidence of colorectal adenomas and polyps but may also
increase heart disease and gastrointestinal bleeding, and
thus are not recommended for colon cancer prevention in
average-risk patients.

Antioxidant vitamin (vitamin E, vitamin C, and beta-
carotene) supplementation produced no significant
reductions in the 5-year incidence of—or mortality from—
vascular disease, cancer, or other major outcomes in high-
risk individuals with coronary artery disease, other
occlusive arterial disease, or diabetes mellitus.

Gaziano JM. Aspirin for primary prevention: clinical consider-
ations in 2019. JAMA. 2019;321:253. [PMID: 30667488]

Huang WY et al. Frequency of intracranial hemorrhage with
low-dose aspirin in individuals without symptomatic cardio-
vascular disease: a systematic review and meta-analysis.
JAMA Neurol. 2019;76:906. [PMID: 31081871]

Marquis-Gravel G et al. Revisiting the role of aspirin for the
primary prevention of cardiovascular disease. Circulation.
2019;140:1115. [PMID: 31545683]

Patrono C et al. Role of aspirin in primary prevention of cardiovas-
cular disease. Nat Rev Cardiol. 2019;16:675. [PMID: 31243390]

Zheng SL et al. Association of aspirin use for primary prevention
with cardiovascular events and bleeding events: a systematic
review and meta-analysis. JAMA. 2019;321:277. [PMID:
30667501]

PREVENTION OF OSTEOPOROSIS

See Chapter 26.
Osteoporosis, characterized by low bone mineral den-

sity, is common and associated with an increased risk of
fracture. he lifetime risk of an osteoporotic fracture is
approximately 50% for women and 30% for men. Osteopo-
rotic fractures can cause significant pain and disability. As
such, research has focused on means of preventing osteo-
porosis and related fractures. Primary prevention strategies
include calcium supplementation, vitamin D supplementa-
tion, and exercise programs. he effectiveness of calcium
and vitamin D for fracture prevention remain controver-
sial, particularly in noninstitutionalized individuals.

Screening for osteoporosis on the basis of low bone
mineral density is recommended for women over age 65,
based on indirect evidence that screening can identify
women with low bone mineral density and that treatment
of women with low bone density with bisphosphonates is
effective in reducing fractures. However, real-world adher-
ence to pharmacologic therapy for osteoporosis is low:
one-third to one-half of patients do not take their medica-
tion as directed. Screening for osteoporosis is also recom-
mended in younger women who are at increased risk. he
effectiveness of screening in men has not been established.
Concern has been raised that bisphosphonates may
increase the risk of certain uncommon atypical types of
femoral fractures and rare osteonecrosis of the jaw, making
consideration of the benefits and risks of therapy impor-
tant when considering osteoporosis screening.

US Preventive Services ask Force. Screening for osteoporosis to
prevent fractures: US Preventive Services ask Force recom-
mendation statement. JAMA. 2018;319:2521. [PMID:
29946735]

US Preventive Services ask Force. Vitamin D, calcium, or com-
bined supplementation for the primary prevention of fractures
in community-dwelling adults: US Preventive Services ask
Force recommendation statement. JAMA. 2018;319:1592.
[PMID: 29677309]

Yedavally-Yellayi S et al. Update on osteoporosis. Prim Care.
2019;46:175. [PMID: 30704657]

PREVENTION OF PHYSICAL INACTIVITY

Lack of sufficient physical activity is the second most
important contributor to preventable deaths, trailing only
tobacco use. he US Department of Health and Human
Services and the CDC recommend that adults (including
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older adults) engage in 150 minutes of moderate-intensity
(such as brisk walking) or 75 minutes of vigorous-intensity
(such as jogging or running) aerobic activity or an equiva-
lent mix of moderate- and vigorous-intensity aerobic activ-
ity each week. In addition to activity recommendations, the
CDC recommends activities to strengthen all major muscle
groups (abdomen, arms, back, chest, hips, legs, and shoul-
ders) at least twice a week.

Patients who engage in regular moderate to vigorous
exercise have a lower risk of myocardial infarction, stroke,
hypertension, hyperlipidemia, type 2 diabetes mellitus, diver-
ticular disease, and osteoporosis. Regular exercise may also
have a positive effect on executive function in older adults.

In longitudinal cohort studies, individuals who report
higher levels of leisure-time physical activity are less likely
to gain weight. Conversely, individuals who are overweight
are less likely to stay active. However, at least 60 minutes of
daily moderate-intensity physical activity may be necessary
to maximize weight loss and prevent significant weight
regain. Moreover, adequate levels of physical activity
appear to be important for the prevention of weight gain
and the development of obesity.

Physical activity can be incorporated into any person’s
daily routine. For example, the clinician can advise a
patient to take the stairs instead of the elevator, to walk or
bike instead of driving, to do housework or yard work, to
get off the bus one or two stops earlier and walk the rest of
the way, to park at the far end of the parking lot, or to walk
during the lunch hour. he basic message should be the
more the better, and anything is better than nothing.

When counseling patients, clinicians should advise
patients about both the benefits and risks of exercise, pre-
scribe an exercise program appropriate for each patient,
and provide advice to help prevent injuries and cardiovas-
cular complications.

Although primary care providers regularly ask patients
about physical activity and advise them with verbal coun-
seling, few providers provide written prescriptions or per-
form fitness assessments. ailored interventions may
potentially help increase physical activity in individuals.
Exercise counseling with a prescription, eg, for walking at
either a hard intensity or a moderate intensity with a high
frequency, can produce significant long-term improve-
ments in cardiorespiratory fitness. o be effective, exercise
prescriptions must include recommendations on type, fre-
quency, intensity, time, and progression of exercise and
must follow disease-specific guidelines. Several factors
influence physical activity behavior, including personal,
social (eg, family and work), and environmental (eg, access
to exercise facilities and well-lit parks) factors. Walkable
neighborhoods around workplaces support physical activ-
ity such as walking and bicycling. A community-based
volunteer intervention resulted in increased walking activ-
ity among older women, who were at elevated risk for both
inactivity and adverse health outcomes.

Broad-based interventions targeting various factors are
often the most successful, and interventions to promote
physical activity are more effective when health agencies
work with community partners, such as schools, businesses,
and health care organizations. Enhanced community

awareness through mass media campaigns, school-based
strategies, and policy approaches are proven strategies to
increase physical activity.

Chen F et al. Effects of exercise training interventions on
executive function in older adults: a systematic review and
meta-analysis. Sports Med. 2020;50:1451. [PMID: 32447717]

Jeong SW et al. Mortality reduction with physical activity in
patients with and without cardiovascular disease. Eur Heart J.
2019;40:3547. [PMID: 31504416]

PREVENTION OF OVERWEIGHT & OBESITY

Obesity is now a true epidemic and public health crisis that
both clinicians and patients must face. Normal body
weight is defined as a body mass index (BMI), calculated as
the weight in kilograms divided by the height in meters
squared, of less than 25; overweight is defined as a BMI =
25.0–29.9, and obesity as a BMI greater than 30.

Risk assessment of the overweight and obese patient
begins with determination of BMI, waist circumference for
those with a BMI of 35 or less, presence of comorbid condi-
tions, and a fasting blood glucose and lipid panel. Obesity
is clearly associated with type 2 diabetes mellitus, hyper-
tension, hyperlipidemia, cancer, osteoarthritis, cardiovas-
cular disease, obstructive sleep apnea, and asthma.

Obesity is associated with a higher all-cause mortality
rate. Data suggest an increase among those with grades 2
and 3 obesity (BMI more than 35); however, the impact on
all-cause mortality among overweight (BMI 25–30) and
grade 1 obesity (BMI 30–35) is questionable. Persons with
a BMI of 40 or higher have death rates from cancers that
are 52% higher for men and 62% higher for women than
the rates in men and women of normal weight.

Prevention of overweight and obesity involves both
increasing physical activity and dietary modification to
reduce caloric intake. Adequate levels of physical activity
appear to be important for the prevention of weight gain
and the development of obesity. Physical activity programs
consistent with public health recommendations may pro-
mote modest weight loss (~2 kg); however, the amount of
weight loss for any one individual is highly variable.

Clinicians can help guide patients to develop personal-
ized eating plans to reduce energy intake, particularly by
recognizing the contributions of fat, concentrated carbohy-
drates, and large portion sizes (see Chapter 29). Patients
typically underestimate caloric content, especially when
consuming food away from home. Providing patients with
caloric and nutritional information may help address the
current obesity epidemic.

Commercial weight loss programs are effective in pro-
moting weight loss and weight loss management. A ran-
domized controlled trial of over 400 overweight or obese
women demonstrated the effectiveness of a free prepared
meal and incentivized structured weight loss program
compared with usual care.

Weight loss strategies using dietary, physical activity,
or behavioral interventions can produce significant
improvements in weight among persons with prediabetes
and a significant decrease in diabetes incidence. Lifestyle
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interventions including diet combined with physical
activity are effective in achieving weight loss and reduc-
ing cardiometabolic risk factors among patients with
severe obesity.

Bariatric surgical procedures, eg, adjustable gastric band,
sleeve gastrectomy, and Roux-en-Y gastric bypass, are
reserved for patients with morbid obesity whose BMI exceeds
40, or for less severely obese patients (with BMIs between 35
and 40) with high-risk comorbid conditions such as life-
threatening cardiopulmonary problems (eg, severe sleep
apnea, Pickwickian syndrome, and obesity-related cardiomy-
opathy) or severe diabetes mellitus. In selected patients, sur-
gery can produce substantial weight loss (10–159 kg) over
1–5 years, with rare but sometimes severe complications.
Nutritional deficiencies are one complication of bariatric
surgical procedures and close monitoring of a patient’s meta-
bolic and nutritional status is essential.

Finally, clinicians seem to share a general perception
that almost no one succeeds in long-term maintenance of
weight loss. However, research demonstrates that approxi-
mately 20% of overweight individuals are successful at
long-term weight loss (defined as losing 10% or more of
initial body weight and maintaining the loss for 1 year or
longer).

Ryan DH et al. Guideline recommendations for obesity manage-
ment. Med Clin North Am. 2018;102:49. [PMID: 29156187]

Walsh K et al. Health advice and education given to overweight
patients by primary care doctors and nurses: a scoping litera-
ture review. Prev Med Rep. 2019;14:100812. [PMID: 30805277]

CANCER PREVENTION

» Primary Prevention

Primary prevention of skin cancer consists of restricting
exposure to ultraviolet light by wearing appropriate cloth-
ing, and use of sunscreens. Persons who engage in regular
physical exercise and avoid obesity have lower rates of
breast and colon cancer. Prevention of occupationally
induced cancers involves minimizing exposure to carcino-
genic substances, such as asbestos, ionizing radiation, and
benzene compounds. Chemoprevention has been widely
studied for primary cancer prevention (see earlier Chemo-
prevention section and Chapter 39). Use of tamoxifen,
raloxifene, and aromatase inhibitors for breast cancer pre-
vention is discussed in Chapters 17 and 39. Hepatitis B
vaccination can prevent hepatocellular carcinoma (HCC).
Screening and treatment of hepatitis C is another strategy
to prevent HCC (see Chapter 16); new recommendations
have extended the population eligible for screening. he
use of HPV vaccine to prevent cervical and possibly anal
cancer is discussed earlier in this chapter. HPV vaccines
may also have a role in the prevention of HPV-related head
and neck cancers. he USPSF recommends genetic coun-
seling and, if indicated after counseling, genetic testing for
women whose family or personal history is associated with
an increased risk of harmful mutations in the BRCA 1/2
gene. Guidelines for optimal cancer screening in adults
over the age of 75 are unsettled; thus, an individualized

approach that considers differences in disease risk rather
than chronological age alone is recommended.

Athanasiou A et al. HPV vaccination and cancer prevention. Best
Pract Res Clin Obstet Gynaecol. 2020;65:109. [PMID: 32284298]

US Preventive Services ask Force; Owens DK et al. Risk assess-
ment, genetic counseling, and genetic testing for BRCA-related
cancer: US Preventive Services ask Force Recommendation
Statement. JAMA. 2019;322:652. [PMID: 31429903]

» Screening & Early Detection

Screening prevents death from cancers of the breast, colon,
and cervix. Current cancer screening recommendations
from the USPSF are available online at https://www.
uspreventiveservicestaskforce.org/BrowseRec/Index/
browse-recommendations. Despite an increase in rates of
screening for breast, cervical, and colon cancer over the last
decade, overall screening for these cancers is suboptimal.

hough breast cancer mortality is reduced with mam-
mography screening, screening mammography has both
benefits and downsides. Clinicians should discuss the risks
and benefits with each patient and consider individual
patient preferences when deciding when to begin screening
(see Chapters 17 and e6).

Digital breast tomosynthesis (three-dimensional mam-
mography) integrated with digital mammography increases
cancer detection rates compared to digital mammography
alone; however, the extent of improved detection and
impact on assessment outcomes need further exploration.
MRI is not currently recommended for general screening,
and its impact on breast cancer mortality is uncertain; nev-
ertheless, the American Cancer Society recommends it for
women at high risk (20–25% or more), including those with
a strong family history of breast or ovarian cancer. Screen-
ing with both MRI and mammography might be superior to
mammography alone in ruling out cancerous lesions in
women with an inherited predisposition to breast cancer.

Screening for testicular cancers among asymptomatic
adolescent or adult males is not recommended by the
USPSF. Prostate cancer screening remains controversial,
since no completed trials have answered the question of
whether early detection and treatment after screen detec-
tion produce sufficient benefits to outweigh harms of treat-
ment. For men between the ages of 55 and 69, the decision
to screen should be individualized and include a discussion
of its risks and benefits with a clinician. he USPSF rec-
ommends against PSA-based prostate cancer screening for
men older than age 70 years (grade D recommendation).

Annual or biennial fecal occult blood testing reduces
mortality from colorectal cancer. Fecal immunochemical
tests (FI) are superior to guaiac-based fecal occult blood
tests (gFOB) in detecting advanced adenomatous polyps
and colorectal cancer, and patients are more likely to favor
FI over gFOB. Randomized trials using sigmoidoscopy
as the screening method found 20–30% reductions in mor-
tality from colorectal cancer. Colonoscopy has also been
advocated as a screening examination. C colonography
(virtual colonoscopy) is a noninvasive option in screening
for colorectal cancer. It has been shown to have a high safety
profile and performance similar to colonoscopy. Current
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guidelines consistently recommend screening for adults
50–75 years of age; some guidelines suggest starting at age
45 due to the increasing incidence of early-onset colorectal
cancer.

he USPSF recommends screening for cervical cancer
in women aged 21–65 years with a Papanicolaou smear
(cytology) every 3 years or, for women aged 30–65 years
who desire longer intervals, screening with cytology and
HPV testing every 5 years. he American Cancer Society
recommends screening for people aged 25–65 years with
primary HPV testing every 5 years. he USPSF recom-
mends against screening in women younger than 21 years
of age and average-risk women over 65 with adequate nega-
tive prior screenings. Receipt of HPV vaccination has no
impact on screening intervals.

Women whose cervical specimen HPV tests are positive
but cytology results are otherwise negative should repeat
co-testing in 12 months (option 1) or undergo HPV-
genotype–specific testing for types 16 or 16/18 (option 2).
Colposcopy is recommended in women who test positive
for types 16 or 16/18. Women with atypical squamous cells
of undetermined significance (ASCUS) on cytology and a
negative HPV test result should continue routine screening
as per age-specific guidelines.

In a randomized, controlled trial, transvaginal ultra-
sound combined with serum cancer antigen 125 (CA-
125) as screening tools to detect ovarian cancer did not
reduce mortality. Furthermore, complications were asso-
ciated with diagnostic evaluations to follow up false-pos-
itive screening test results. hus, screening for ovarian
cancer with transvaginal ultrasound and CA-125 is not
recommended.

he USPSF recommends offering annual lung cancer
screening with low-dose C to current smokers aged 50
to 80 years and 20-pack-year smoking history or to smok-
ers who quit within the past 15 years. Screening should
stop once a person has not smoked for 15 years or a health
problem that significantly limits life expectancy has
developed. Screening should not be viewed as an alterna-
tive to smoking cessation but rather as a complementary
approach.

Fontham EH et al. Cervical cancer screening for individuals at
average risk: 2020 guideline update from the American Cancer
Society. CA Cancer J Clin. 2020;70:321. [PMID: 32729638]

Qaseem A et al. Screening for breast cancer in average-risk
women: a guidance statement from the American College of
Physicians. Ann Intern Med. 2019;170:547. [PMID: 30959525]

Qaseem A et al. Screening for colorectal cancer in asymptomatic
average-risk adults: a guidance statement from the American
College of Physicians. Ann Intern Med. 2019;171:643. [PMID:
31683290]

US Preventive Services ask Force; Curry SJ et al. Screening for
cervical cancer: US Preventive Services ask Force recommen-
dation statement. JAMA. 2018;320:674. [PMID: 30140884]

US Preventive Services ask Force; Grossman DC et al. Screening
for ovarian cancer: US Preventive Services ask Force
recommendation statement. JAMA. 2018;319:588. [PMID:
29450531]

US Preventive Services ask Force; Grossman DC et al. Screening
for prostate cancer: US Preventive Services ask Force recom-
mendation statement. JAMA. 2018;319:1901. [PMID: 29801017]

US Preventive Services ask Force; Krist AH. Screening for lung
cancer: US Preventive Services ask Force Recommendation
Statement. JAMA. 2021;325:962. [PMID: 33687470]

PREVENTION OF INJURIES & VIOLENCE

Injuries remain the most important cause of loss of poten-
tial years of life before age 65. Homicide and motor vehicle
accidents are a major cause of injury-related deaths among
young adults, and accidental falls are the most common
cause of injury-related death in older adults. Approximately
one-third of all injury deaths include a diagnosis of trau-
matic brain injury, which has been associated with an
increased risk of suicide.

Although motor vehicle accident deaths per miles driven
have declined in the United States, there has been an
increase in motor vehicle accidents related to distracted
driving (using a cell phone, texting, eating). For 16- and
17-year-old drivers, the risk of fatal crashes increases with
the number of passengers.

Men ages 16–35 are at especially high risk for serious
injury and death from accidents and violence, with Blacks
and Latinos at greatest risk. Deaths from firearms have
reached epidemic levels in the United States. Having a gun
in the home increases the likelihood of homicide nearly
threefold and of suicide fivefold. Educating clinicians to
recognize and treat depression as well as restricting access to
lethal methods have been found to reduce suicide rates.

In addition, clinicians should try to educate their patients
about always wearing seat belts and safety helmets, about the
risks of using cellular telephones or texting while driving and
of drinking and driving—or of using other intoxicants
(including marijuana) or long-acting benzodiazepines and
then driving—and about the risks of having guns in the home.

Clinicians have a critical role in the detection, preven-
tion, and management of intimate partner violence (see
Chapter e6). he USPSF recommends screening women
of childbearing age for intimate partner violence and pro-
viding or referring women to intervention services when
needed. Inclusion of a single question in the medical
history—“At any time, has a partner ever hit you, kicked
you, or otherwise physically hurt you?”—can increase iden-
tification of this common problem. Assessment for abuse
and offering of referrals to community resources create the
potential to interrupt and prevent recurrence of domestic
violence and associated trauma. Clinicians should take an
active role in following up with patients whenever possible,
since intimate partner violence screening with passive refer-
rals to services may not be adequate.

Physical and psychological abuse, exploitation, and
neglect of older adults are serious, underrecognized prob-
lems; they may occur in up to 10% of elders. Risk factors for
elder abuse include a culture of violence in the family; a
demented, debilitated, or depressed and socially isolated
victim; and a perpetrator profile of mental illness, alcohol or
drug abuse, or emotional and/or financial dependence on
the victim. Clues to elder mistreatment include the patient’s
ill-kempt appearance, recurrent urgent-care visits, missed
appointments, suspicious physical findings, and implausible
explanations for injuries.
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Feltner C et al. Screening for intimate partner violence, elder
abuse, and abuse of vulnerable adults: evidence report and
systematic review for the US Preventive Services ask Force.
JAMA. 2018;320:1688. [PMID: 30357304]

Jin J. JAMA Patient Page. Screening for intimate partner violence,
elder abuse, and abuse of vulnerable adults. JAMA. 2018;320:
1718. [PMID: 30357300]

Lutgendorf MA. Intimate partner violence and women’s health.
Obstet Gynecol. 2019;134:470. [PMID: 31403968]

Mercier É et al. Elder abuse in the out-of-hospital and emergency
department settings: a scoping review. Ann Emerg Med. 2020;
75:181. [PMID: 31959308]

PREVENTION OF SUBSTANCE USE DISORDER:
ALCOHOL & ILLICIT DRUGS

Unhealthy alcohol use is a major public health problem in
the United States, where approximately 51% of adults
18 years and older are current regular drinkers (at least 12
drinks in the past year). he 2015–2020 US Dietary
Guidelines for Americans recommends that if alcohol is
consumed, it should be consumed in moderation—up to
one drink per day for women and two drinks per day for
men—and only by adults of legal drinking age. he spec-
trum of alcohol use disorders includes alcohol dependence,
harmful pattern use of alcohol, and entities such as alcohol

intoxication, alcohol withdrawal, and several alcohol-
induced mental disorders. he ICD-11 includes a new cat-
egory: hazardous alcohol use. Categorized as a risk factor,
hazardous alcohol use is a pattern of alcohol use that appre-
ciably increases the risk of physical or mental health harm-
ful consequence to the user.

Underdiagnosis and undertreatment of alcohol misuse
is substantial, both because of patient denial and lack of
detection of clinical clues.

As with cigarette use, clinician identification and
counseling about unhealthy alcohol use are essential. he
USPSF recommends screening adults aged 18 years and
older for unhealthy alcohol use. he National Institute on
Alcohol Abuse and Alcoholism recommends the follow-
ing single-question screening test (validated in primary
care settings): “How many times in the past year have you
had X or more drinks in a day?” (X is 5 for men and 4 for
women, and a response of more than 1 time is considered
positive.)

hose who screen positive on the single-item question-
naire should complete the Alcohol Use Disorder Identifica-
tion est (AUDI), which consists of questions on the
quantity and frequency of alcohol consumption, on alcohol
dependence symptoms, and on alcohol-related problems
(able 1–6).

Table 1–6. Screening for alcohol abuse using the Alcohol Use Disorder Identification Test (AUDIT).

(Scores or response categories are given in parentheses. Scores range rom 0 to 40, with a cutof score o 5 or more indicating hazard-

ous drinking, harmul drinking, or alcohol dependence.)

1. How oten do you have a drink containing alcohol?

(0) Never (1) Monthly or less (2) Two to four times a month (3) Two or three times a week (4) Four or more times a week

2. How many drinks containing alcohol do you have on a typical day when you are drinking?

(0) 1 or 2 (1) 3 or 4 (2) 5 or 6 (3) 7 to 9 (4) 10 or more

3. How oten do you have six or more drinks on one occasion?

(0) Never (1) Less than monthly (2) Monthly (3) Weekly (4) Daily or almost daily

4. How oten during the past year have you ound that you were not able to stop drinking once you had started?

(0) Never (1) Less than monthly (2) Monthly (3) Weekly (4) Daily or almost daily

5. How oten during the past year have you ailed to do what was normally expected o you because o drinking?

(0) Never (1) Less than monthly (2) Monthly (3) Weekly (4) Daily or almost daily

6. How oten during the past year have you needed a irst drink in the morning to get yoursel going ater a heavy drinking session?

(0) Never (1) Less than monthly (2) Monthly (3) Weekly (4) Daily or almost daily

7. How oten during the past year have you had a eeling o guilt or remorse ater drinking?

(0) Never (1) Less than monthly (2) Monthly (3) Weekly (4) Daily or almost daily

8. How oten during the past year have you been unable to remember what happened the night beore because you had been

drinking?

(0) Never (1) Less than monthly (2) Monthly (3) Weekly (4) Daily or almost daily

9. Have you or has someone else been injured as a result o your drinking?

(0) No  (2) Yes, but not in the past year  (4) Yes, during the past year

10. Has a relative or riend or a doctor or other health worker been concerned about your drinking or suggested you cut down?

(0) No  (2) Yes, but not in the past year  (4) Yes, during the past year

Adapted, with permission, from Babor TF, Higgins-Biddle JC, Saunders JB, Montiero MG. AUDIT. The Alcohol Use Disorders Identification Test.

Guidelines for Use in Primary Health Care, 2nd ed. Geneva, Switzerland: World Health Organization; 2001.
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Clinicians should provide those who screen positive for
hazardous or risky drinking with brief behavioral counsel-
ing interventions to reduce alcohol misuse. Use of screening
procedures and brief intervention methods (see Chapter 25)
can produce a 10–30% reduction in long-term alcohol
use and alcohol-related problems. hose whose AUDI
scores suggest alcohol use disorder (AUDI > 12) should
undergo more extensive evaluation and potential referral
for treatment.

Several pharmacologic agents are effective in reducing
alcohol consumption.

Prescription and nonprescription opioid-based drug
abuse, misuse, and overdose has reached epidemic propor-
tions in the United States. Deaths due to opioid overdose
have dramatically increased. Opioid risk mitigation strate-
gies include use of risk assessment tools, treatment agree-
ments (contracts), and urine drug testing. Additional
strategies include establishing and strengthening prescrip-
tion drug monitoring programs, regulating pain manage-
ment facilities, and establishing dosage thresholds requiring
consultation with pain specialists. Medication-assisted
treatment, the use of medications with counseling and
behavioral therapy, is effective in the prevention of opioid
overdose and substance abuse disorders. Methadone,
buprenorphine, and naltrexone are FDA approved for use in
medication-assisted treatment. Buprenorphine has poten-
tial as a medication to ameliorate the symptoms and signs
of withdrawal from opioids and is effective in reducing
concomitant cocaine and opioid abuse. he risk of overdose
is lower with buprenorphine than methadone, and it is
preferred for patients at high risk for methadone toxicity
(see Chapter 5). he FDA supports greater access to nalox-
one and is currently exploring options to make naloxone
more available to treat opioid overdose. (See Chapter 5.)

Use of illegal drugs—including cocaine, methamphet-
amine, and so-called designer drugs—either sporadically

or episodically remains an important problem. Lifetime
prevalence of drug abuse is approximately 8% and is gener-
ally greater among men, young and unmarried individuals,
Native Americans, and those of lower socioeconomic sta-
tus. As with alcohol, drug abuse disorders often coexist with
personality disorders, anxiety disorders, and other substance
abuse disorders. Abuse of anabolic-androgenic steroids has
been associated with use of other illicit drugs, alcohol, and
cigarettes and with violence and criminal behavior.

Clinical aspects of substance abuse are discussed in
Chapter 25.

Hepner KA et al. Rates and impact of adherence to recommended
care for unhealthy alcohol use. J Gen Intern Med. 2019;34:256.
[PMID: 30484101]

Saunders JB et al. Alcohol use disorders in ICD-11: past, present,
and future. Alcohol Clin Exp Res. 2019;43:1617. [PMID:
31194891]

Substance Abuse and Mental Health Services Administration
(SAMHSA). Medication-Assisted reatment (MA). https://
www.samhsa.gov/medication-assisted-treatment

US Food and Drug Administration. FDA approves first generic
naloxone nasal spray to treat opioid overdose. 2019 Apr 19.
https://www.fda.gov/news-events/press-announcements/
fda-approves-first-generic-naloxone-nasal-spray-treat-opioid-
overdose

US Preventive Services ask Force Evidence Syntheses, formerly
Systematic Evidence Reviews; Carrie D et al. Screening for
unhealthy drug use in primary care in adolescents and adults,
including pregnant persons: Updated Systematic Review for
the US Preventive Services ask Force [Internet]. Rockville
(MD): Agency for Healthcare Research and Quality (US); 2020
Jun. Report No.: 19-05255-EF-1. [PMID: 32550673]

US Preventive Services ask Force Evidence Syntheses, formerly
Systematic Evidence Reviews; Chou R et al. Interventions for
unhealthy drug use—supplemental report: a systematic review
for the U.S. Preventive Services ask Force [Internet]. Rock-
ville (MD): Agency for Healthcare Research and Quality (US);
2020 Jun. Report No.: 19-05255-EF-2. [PMID: 32550674]
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COUGH

E S S E N T I A L  I N Q U I R I E S

» Age, occupational history, environmental exposures,
risk of coronavirus disease 2019 (COVID-19)
(see Chapter 32), and duration of cough.

» Use of tobacco, cannabis, e-cigarettes (vaping).

» Dyspnea (at rest or with exertion).

» Vital signs (heart rate, respiratory rate, body tem-
perature); pulse oximetry.

» Chest examination.

» Chest radiography, especially when unexplained
cough lasts longer than 3–6 weeks.

» General Considerations

Cugh is the mst mmn symptm fr whih patients seek
medial attentin. Cugh adversely affets persnal and
wrk-related interatins, disrupts sleep, and ften auses
dismfrt f the thrat and hest wall. Mst peple seeking
medial attentin fr aute ugh desire symptm relief; few
are wrried abut serius illness. Cugh results frm stimula-
tin f mehanial r hemial afferent nerve reeptrs in the
brnhial tree. Effetive ugh depends n an intat afferent–
efferent reflex ar, adequate expiratry and hest wall musle
strength, and nrmal muiliary prdutin and learane.

» Clinical Findings

A. Symptoms

Distinguishing acute (less than 3 weeks), persistent
(3–8 weeks), and chronic (mre than 8 weeks) ugh
illness syndrmes is a useful first step in evaluatin.
Pstinfetius ugh lasting 3–8 weeks has als been
referred t as subacute ugh t distinguish this mmn,
distint linial entity frm aute and hrni ugh.

1. Acute cough—In healthy adults, mst aute ugh
syndrmes are due t viral respiratry trat infetins.

Additinal features f infetin suh as fever, nasal nges-
tin, and sre thrat help nfirm this diagnsis. Dyspnea
(at rest r with exertin) may reflet a mre serius ndi-
tin, and further evaluatin shuld inlude assessment f
xygenatin (pulse ximetry r arterial bld gas measure-
ment), airflw (peak flw r spirmetry), and pulmnary
parenhymal disease (hest radigraphy). The timing and
harater f the ugh are nt very useful in establishing
the ause f aute ugh syndrmes, althugh ugh-
variant asthma shuld be nsidered in adults with prmi-
nent nturnal ugh, and persistent ugh with phlegm
inreases the likelihd f hrni bstrutive pulmnary
disease (COPD). The presene f psttussive emesis r
inspiratry whp in adults mdestly inreases the likeli-
hd f pertussis, and the absene f parxysmal ugh
and the presene f fever derease its likelihd. Unm-
mn auses f aute ugh shuld be suspeted in thse
with heart disease (heart failure [HF]) r hay fever (allergi
rhinitis) and thse with upatinal risk fatrs (suh as
farmwrkers).

2. Persistent and chronic cough—Cugh due t aute respi-
ratry trat infetin reslves within 3 weeks in the vast
majrity (mre than 90%) f patients. Pertussis shuld be
nsidered in adlesents and adults wh have persistent r
severe ugh lasting mre than 3 weeks, wh have nt
reently been bsted with Tdap, and wh have been expsed
t a persn with nfirmed pertussis. It shuld als be n-
sidered in seleted gegraphi areas where its prevalene
apprahes 20% (althugh its exat prevalene is diffiult t
asertain due t the limited sensitivity f diagnsti tests).

When angitensin-nverting enzyme (ACE) inhibitr
therapy, aute respiratry trat infetin, and hest radi-
graph abnrmalities are absent, mst ases f persistent
and hrni ugh are due t (r exaerbated by) pstnasal
drip (upper airway ugh syndrme), asthma, r gastr-
esphageal reflux disease (GERD), r sme mbinatin f
these three entities. Apprximately 10% f ases are aused
by nnasthmati esinphili brnhitis. A histry f nasal
r sinus ngestin, wheezing, r heartburn shuld diret
subsequent evaluatin and treatment, thugh these ndi-
tins frequently ause persistent ugh in the absene f
typial symptms. Dyspnea at rest r with exertin is nt
mmnly reprted amng patients with persistent ugh;

2Paul L. Nadler, MD

Ralph Gonzales, MD, MSPH

Common Symptoms
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dyspnea requires assessment fr hrni lung disease, HF,
anemia, pulmnary emblism, r pulmnary hypertensin.

Brnhgeni arinma is suspeted when ugh is
ampanied by unexplained weight lss, hemptysis, and
fevers with night sweats, partiularly in persns with sig-
nifiant tba r upatinal expsures (asbests,
radn, diesel exhaust, and metals). Persistent and hrni
ugh ampanied by exessive muus seretins
inreases the likelihd f COPD, partiularly amng
smkers, r f brnhietasis if ampanied by a histry
f reurrent r mpliated pneumnia; hest radigraphs
are helpful in diagnsis. Chrni ugh with dry eyes may
represent Sjögren syndrme. A hrni dry ugh may be
the first symptm f idipathi pulmnary fibrsis.

B. Physical Examination

Examinatin an diret subsequent diagnsti testing fr
aute ugh. Pneumnia is suspeted when aute ugh is
ampanied by vital sign abnrmalities (tahyardia,
tahypnea, fever). Findings suggestive f airspae nsli-
datin (rakles, dereased breath sunds, fremitus,
egphny) are signifiant preditrs f mmunity-
aquired pneumnia but are present in a minrity f ases.
Purulent sputum is assiated with baterial infetins in
patients with strutural lung disease (eg, COPD, ysti
fibrsis), but it is a pr preditr f pneumnia in the
therwise healthy adult. Wheezing and rhnhi are fre-
quent findings in adults with aute brnhitis and d nt
indiate nslidatin r adult-nset asthma in mst ases.

Examinatin f patients with persistent ugh shuld
lk fr evidene f hrni sinusitis, ntributing t
pstnasal drip syndrme r asthma. Physial examinatin
may help distinguish COPD frm HF. In patients with
ugh and dyspnea, a nrmal math test (ability t blw
ut a math frm 25 m away) and maximum laryngeal
height greater than 4 m (measured frm the sternal
nth t the riid artilage at end expiratin) substan-
tially derease the likelihd f COPD. Similarly, nrmal
jugular venus pressure and n hepatjugular reflux
derease the likelihd f biventriular HF.

C. Diagnostic Studies

1. Acute cough—Chest radigraphy shuld be nsid-
ered fr any adult with aute ugh whse vital signs are
abnrmal r whse hest examinatin suggests pneum-
nia. The relatinship between speifi linial findings
and the prbability f pneumnia is shwn in Table 2–1.
A large, multienter randmized linial trial fund that
elevated serum C-reative prtein (levels greater than
30 mg/dL) imprves diagnsti auray f linial pre-
ditin rules fr pneumnia in adults with aute ugh;
serum pralitnin had nly marginal utility. A meta-
analysis fund that lung ultrasngraphy had better au-
ray than hest radigraphy fr the diagnsis f adult
mmunity-aquired pneumnia. Lung ultrasngraphy
had a pled sensitivity f 0.95 (95% nfidene interval
[CI], 0.93–0.97) and a speifiity f 0.90 (95% CI, 0.86–0.94).
Chest radigraphy had a pled sensitivity f 0.77 (95%
CI, 0.73–0.80) and a speifiity f 0.91 (95% CI, 0.87–0.94).

In patients with dyspnea, pulse ximetry and peak flw help
exlude hypxemia r bstrutive airway disease. Hwever,
a nrmal pulse ximetry value (eg, greater than 93%) des
nt rule ut a signifiant alvelar–arterial (A–a) gradient
when patients have effetive respiratry mpensatin.
During dumented utbreaks, linial diagnsis f influ-
enza has a psitive preditive value f ~70%; this usually
bviates the need fr rapid diagnsti tests. The initial
evaluatin f ugh in immunmprmised patients is
generally similar t that in immunmpetent patients with
ntable exeptins. Fr example, tuberulsis must be n-
sidered in HIV-infeted patients with unexplained ugh in
areas with a high prevalene f tuberulsis regardless f
radigraphi findings.

2. Persistent and chronic cough—Chest radigraphy is
indiated when ACE inhibitr therapy–related and pstin-
fetius ugh are exluded. If pertussis is suspeted,
plymerase hain reatin testing shuld be perfrmed n
a naspharyngeal swab r nasal wash speimen—althugh
the ability t detet pertussis dereases as the duratin f
ugh inreases. When the hest film is nrmal, pstnasal
drip, asthma, r GERD are the mst likely auses. The pres-
ene f typial symptms f these nditins direts further
evaluatin r empiri therapy, thugh typial symptms are

Table 2–1. Positive and negative likelihood ratios for
history, physical examination, and laboratory findings
in the diagnosis of pneumonia.

Finding

posiiv

Likliood

rio

Ngiv

Likliood

rio

Mdicl isoy

Fever 1.7–2.1 0.6–0.7

Chills 1.3–1.7 0.7–0.9

pysicl xminion

Tachypnea (RR > 25

breaths/min)

1.5–3.4 0.8

Tachycardia (> 100 beats/

min in two studies or

> 120 beats/min in one study)

1.6–2.3 0.5–0.7

Hyperthermia (> 37.8°C) 1.4–4.4 0.6–0.8

Cs xminion

Dullness to percussion 2.2–4.3 0.8–0.9

Decreased breath sounds 2.3–2.5 0.6–0.8

Crackles 1.6–2.7 0.6–0.9

Rhonchi 1.4–1.5 0.8–0.9

Egophony 2.0–8.6 0.8–1.0

Lbooy findings

Leukocytosis (> 11,000/mcL

[11 × 109/L] in one study or

≥ 10,400/mcL [10.4 × 109/L]

in another study)

1.9–3.7 0.3–0.6

RR, respiratory rate.
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ften absent. Definitive tests fr determining the presene
f eah are available (Table 2–2). Hwever, empiri treat-
ment with a maximum-strength regimen fr pstnasal drip,
asthma, r GERD fr 2–4 weeks is ne remmended
apprah sine dumenting the presene f pstnasal drip,
asthma, r GERD des nt mean they are the ause f the
ugh. Alternative apprahes t identifying patients wh
have asthma with its rtisterid-respnsive ugh
inlude examining indued sputum fr inreased esin-
phil unts (greater than 3%) r prviding an empiri trial
f prednisne, 30 mg daily rally fr 2 weeks.

Nnasthmati esinphili brnhitis an be diagnsed
with indued sputum analysis after the exlusin f ther
auses fr hrni ugh by linial, radilgi, and lung
funtin assessment. The ugh usually respnds well t
inhaled rtisterids.

Spirmetry may help measure large airway bstrutin
in patients wh have persistent ugh and wheezing and
wh are nt respnding t asthma treatment. When empiri
treatment trials are nt suessful, additinal evaluatin
with pH manmetry, endspy, barium swallw, sinus CT,
r high-reslutin hest CT may identify the ause.

» Differential Diagnosis

A. Acute Cough

Aute ugh may be a symptm f aute respiratry trat
infetin, COVID-19, asthma, allergi rhinitis, HF, and
ACE inhibitr therapy, as well as many less mmn auses.

B. Persistent and Chronic Cough

Causes f persistent ugh inlude envirnmental exp-
sures (igarette smke, air pllutin), upatinal exp-
sures, pertussis, pstnasal drip, asthma (inluding
ugh-variant asthma), GERD, COPD, hrni aspiratin,
brnhietasis, esinphili brnhitis, tuberulsis r
ther hrni infetin, interstitial lung disease, and brn-
hgeni arinma. COPD is a mmn ause f persis-
tent ugh amng patients lder than 50 years. Persistent
ugh may als be due t smati ugh syndrme (previ-
usly alled “psyhgeni ugh”) r ti ugh (previusly
alled “habit ugh”), r val fld dysfuntin.

» Treatment

A. Acute Cough

Treatment f aute ugh shuld target the underlying
etilgy f the illness, the ugh reflex itself, and any addi-
tinal fatrs that exaerbate the ugh. Cugh duratin is
typially 1–3 weeks, yet patients frequently expet ugh t
last fewer than 10 days. Limited studies n the use f dex-
trmethrphan suggest a minr r mdest benefit.

When influenza is diagnsed (inluding H1N1 influ-
enza), ral seltamivir r zanamivir r intravenus pera-
mivir are equally effetive (1 less day f illness) when
initiated within 30–48 hurs f illness nset; treatment is
remmended regardless f illness duratin when patients
have severe, mpliated, r prgressive influenza and in
patients requiring hspitalizatin. In Chlamydophila- r
Mycoplasma-dumented infetin r utbreaks, first-line
antibitis inlude erythrmyin r dxyyline. Antibit-
is d nt imprve ugh severity r duratin in patients
with unmpliated aute brnhitis. In patients with
brnhitis and wheezing, inhaled beta-2-agnist therapy
redues severity and duratin f ugh. In patients with
aute ugh, treating the ampanying pstnasal drip
(with antihistamines, dengestants, saline nasal irrigatin,
r nasal rtisterids) an be helpful. A Chrane review
(n = 163) fund deine t be n mre effetive than pla-
eb in reduing ugh symptms.

B. Persistent and Chronic Cough

Evaluatin and management f persistent ugh ften
require multiple visits and therapeuti trials, whih fre-
quently lead t frustratin, anger, and anxiety. When pertus-
sis infetin is suspeted early in its urse, treatment with a
marlide antibiti (see Chapter 33) is apprpriate t redue
rganism shedding and transmissin. When pertussis has
lasted mre than 7–10 days, antibiti treatment des nt
affet the duratin f ugh, whih an last up t 6 mnths.
Early identifiatin, revainatin with Tdap, and treatment
are enuraged fr adult patients wh wrk r live with per-
sns at high risk fr mpliatins frm pertussis (pregnant
wmen, infants [partiularly yunger than 1 year], and
immunsuppressed individuals).

Table 2–2 utlines empiri treatments fr persistent
ugh. There is n evidene t guide hw lng t ntinue
treatment fr persistent ugh due t pstnasal drip,
asthma, r GERD. Studies have nt fund a nsistent
benefit f inhaled rtisterid therapy in adults with
persistent ugh. Azithrmyin three times a week fr 8
weeks did nt imprve ugh in patients withut asthma.

When empiri treatment trials fail, nsider ther
auses f hrni ugh suh as bstrutive sleep apnea,
tnsillar r uvular enlargement, and envirnmental fungi.
The small perentage f patients with idipathi hrni
ugh shuld be managed in nsultatin with an tlar-
ynglgist r a pulmnlgist; nsider a high-reslutin
CT san f the lungs. Treatment ptins inlude nebu-
lized lidaine therapy and mrphine sulfate, 5–10 mg
rally twie daily. Sensry dysfuntin f the laryngeal
branhes f the vagus nerve may ntribute t persistent
ugh syndrmes and may help explain the effetiveness f

Table 2–2. Empiric therapy or definitive testing for
persistent cough.

Suscd

Condiion

S 1 (emiic

ty)

S 2 (Dfiniiv

tsing)

Postnasal drip Therapy for allergy or

chronic sinusitis

Sinus CT scan; ENT

referral

Asthma Beta-2-agonist Spirometry; consider

methacholine chal-

lenge if normal

GERD Lifestyle and diet

modifications with

or without proton

pump inhibitors

Esophageal pH

monitoring

ENT, ear, nose, and throat; GERD, gastroesophageal reflux disease.
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gabapentin in patients with hrni ugh. Balfen may
have similar neurmdulatry atin and benefit as
gabapentin.

Speeh pathlgy therapy mbined with pregabalin
has sme benefit in hrni refratry ugh. In patients
with reflex ugh syndrme, therapy aimed at shifting the
patient’s attentinal fus frm internal stimuli t external
fal pints an be helpful. Prtn pump inhibitrs are nt
effetive n their wn; mst benefit appears t me frm
lifestyle mdifiatins and weight redutin.

» When to Refer

• Failure t ntrl persistent r hrni ugh fllwing
empiri treatment trials.

• Patients with reurrent symptms shuld be referred t
an tlarynglgist, pulmnlgist, r gastrenterlgist.

» When to Admit

• Patient at high risk fr tuberulsis fr whm mpli-
ane with respiratry preautins is unertain.

• Need fr urgent brnhspy, suh as suspeted fr-
eign bdy.

• Smke r txi fume inhalatinal injury.

• Gas exhanged is impaired by ugh.

• Patients at high risk fr bartrauma (eg, reent
pneumthrax).

Hill AT et al; CHEST Expert Cugh Panel. Adult utpatients
with aute ugh due t suspeted pneumnia r influenza:
CHEST Guideline and Expert Panel Reprt. Chest.
2019;155:155. [PMID: 30296418]

Malesker MA et al; CHEST Expert Cugh Panel. Chrni ugh
due t stable hrni brnhitis: CHEST Expert Panel Reprt.
Chest. 2020;158:705. [PMID: 32105719]

Smith MP et al; CHEST Expert Cugh Panel. Aute ugh due
t aute brnhitis in immunmpetent adult utpatients:
CHEST Expert Panel Reprt. Chest. 2020;157:1256. [PMID:
32092323]

Tran BB et al. Cugh: a pratial and multifaeted apprah t
diagnsis and management. Med Clin Nrth Am. 2020;104:45.
[PMID: 31757237]

DYSPNEA

E S S E N T I A L  I N Q U I R I E S

» Fever, cough, risk of COVID-19 (see Chapter 32),
and chest pain.

» Vital sign measurements; pulse oximetry.

» Cardiac and chest examination.

» Chest radiography and arterial blood gas mea-
surement in selected patients.

» General Considerations

Dyspnea is a subjetive experiene r pereptin f unm-
frtable breathing. There is a lak f empiri evidene n

the prevalene, etilgy, and prgnsis f dyspnea in gen-
eral pratie. The relatinship between level f dyspnea
and the severity f underlying disease varies widely amng
individuals. Dyspnea an result frm nditins that
inrease the mehanial effrt f breathing (eg, asthma,
COPD, restritive lung disease, respiratry musle weak-
ness), nditins that prdue mpensatry tahypnea
(eg, hypxemia, aidsis), primary pulmnary vasulpa-
thy (pulmnary hypertensin), r psyhgeni nditins.
The fllwing fatrs play a rle in hw and when dyspnea
presents in patients: rate f nset, previus dyspnea, medi-
atins, mrbidities, psyhlgial prfile, and severity
f underlying disrder.

» Clinical Findings

A. Symptoms

The duratin, severity, and peridiity f dyspnea influene
the temp f the linial evaluatin. Rapid nset r severe
dyspnea in the absene f ther linial features shuld raise
nern fr pneumthrax, pulmnary emblism, r
inreased left ventriular end-diastli pressure (LVEDP).
Spntaneus pneumthrax is usually ampanied by
hest pain and urs mst ften in thin, yung males and
in thse with underlying lung disease. Pulmnary emb-
lism shuld always be suspeted when a patient with new
dyspnea reprts a reent histry (previus 4 weeks) f pr-
lnged immbilizatin r surgery, estrgen therapy, r
ther risk fatrs fr deep venus thrmbsis (DVT) (eg,
previus histry f thrmbemblism, aner, besity,
lwer extremity trauma) and when the ause f dyspnea is
nt apparent. Silent myardial infartin, whih urs
mre frequently in diabeti persns and wmen, an result
in inreased LVEDP, aute HF, and dyspnea.

Ampanying symptms prvide imprtant lues t
auses f dyspnea. When ugh and fever are present, pul-
mnary disease (partiularly infetin) is the primary
nern; myarditis, periarditis, and septi embli an
present in this manner. Chest pain shuld be further har-
aterized as aute r hrni, pleuriti r exertinal.
Althugh aute pleuriti hest pain is the rule in aute
periarditis and pneumthrax, mst patients with pleu-
riti hest pain in the utpatient lini have pleurisy due t
aute viral respiratry trat infetin. Peridi hest pain
that preedes the nset f dyspnea suggests myardial
ishemia r pulmnary emblism. When assiated with
wheezing, mst ases f dyspnea are due t aute brnhi-
tis; hwever, ther auses inlude new-nset asthma, fr-
eign bdy, and val fld dysfuntin. Interstitial lung
disease and pulmnary hypertensin shuld be nsidered
in patients with symptms (r histry) f nnetive tissue
disease. Pulmnary lymphangiti arinmatsis shuld be
nsidered if a patient has a malignany, espeially breast,
lung, r gastri aner.

When a patient reprts prminent dyspnea with mild
r n ampanying features, nsider nnardipulm-
nary auses f impaired xygen delivery (anemia, methe-
mglbinemia, yanide ingestin, arbn mnxide
pisning), metabli aidsis, pani disrder, neurmus-
ular disrders, and hrni pulmnary emblism.
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Platypnea-rthdexia syndrme is haraterized by
dyspnea and hypxemia n sitting r standing that
imprves in the reumbent psitin. It may be aused by
an intraardia shunt, pulmnary vasular shunt (inlud-
ing hepatpulmnary syndrme), r ventilatin-perfusin
mismath. Hyperthyridism an ause dyspnea frm
inreased ventilatry drive, respiratry musle weakness,
r pulmnary hypertensin. Patients in whm mderate t
severe SARS-CV-2 disease develps, there is typially
4–10 days f upper respiratry infetin symptms fl-
lwed by a preipitus inrease in dyspnea.

B. Physical Examination

A fused physial examinatin shuld inlude evaluatin
f the head and nek, hest, heart, and lwer extremities.
Visual inspetin f the patient an suggest bstrutive
airway disease (pursed-lip breathing, use f aessry
respiratry musles, barrel-shaped hest), pneumthrax
(asymmetri exursin), r metabli aidsis (Kussmaul
respiratins). Patients with impending upper airway
bstrutin (eg, epiglttitis, freign bdy) r severe asthma
exaerbatin smetimes assume a tripd psitin. Fal
wheezing raises the suspiin fr a freign bdy r ther
brnhial bstrutin. Maximum laryngeal height (the
distane between the tp f the thyrid artilage and the
suprasternal nth at end expiratin) is a measure f
hyperinflatin. Obstrutive airway disease is virtually nn-
existent when a nnsmking patient yunger than age
45 years has a maximum laryngeal height greater than 4 m.

Fatrs inreasing the likelihd f bstrutive airway
disease inlude patient histry f mre than 40 pak-years
smking (adjusted likelihd rati [LR]+ 11.6; LR– 0.9),
patient age 45 years r lder (LR+ 1.4; LR– 0.5), and maxi-
mum laryngeal height greater than r equal t 4 m (LR+
3.6; LR– 0.7). With all three f these fatrs present, the
LR+ rises t 58.5 and the LR– falls t 0.3.

Absent breath sunds suggest a pneumthrax. An
aentuated pulmni mpnent f the send heart
sund (lud P2) is a sign f pulmnary hypertensin and
pulmnary emblism.

Clinial preditrs f inreased LVEDP in dyspnei
patients with n prir histry f HF inlude tahyardia,
systli hyptensin, jugular venus distentin, hepatjugu-
lar reflux, bibasilar rakles, third heart sund, lwer extrem-
ity edema, and hest film findings f pulmnary vasular
redistributin r ardimegaly. When nne is present, there
is a very lw prbability (less than 10%) f inreased LVEDP,
but when tw r mre are present, there is a very high prb-
ability (greater than 90%) f inreased LVEDP.

C. Diagnostic Studies

Causes f dyspnea that an be managed withut hest radi-
graphy are few: anemia, arbn mnxide pisning, and
ingestins ausing lati aidsis and methemglbinemia.
The diagnsis f pneumnia shuld be nfirmed by hest
radigraphy in mst patients, and elevated bld levels f
pralitnin r C-reative prtein an supprt the diag-
nsis f pneumnia in equival ases r in the presene f
interstitial lung disease. Cnversely, a lw pralitnin

an help exlude pneumnia in dyspnei patients present-
ing with HF.

Chest radigraphy is fairly sensitive and speifi fr
new-nset HF (represented by redistributin f pulmnary
venus irulatin) and an help guide treatment f
patients with ther ardia diseases. NT-prBNP an assist
in the diagnsis f HF.

Lung ultrasngraphy is superir t hest radigraphy
in deteting pulmnary edema due t aute dempen-
sated HF amng adult patients presenting with dyspnea
and in the diagnsis f pneumnia in patients admitted t
an aute geriatri ward. End-expiratry hest radigraphy
enhanes detetin f small pneumthraes.

A nrmal hest radigraph has substantial diagnsti
value. When there is n physial examinatin evidene f
COPD r HF and the hest radigraph is nrmal, the majr
remaining auses f dyspnea inlude pulmnary emblism,
Pneumocystis jirovecii infetin (the initial radigraph may
be nrmal in up t 25%), upper airway bstrutin, freign
bdy, anemia, and metabli aidsis. If a patient has tahy-
ardia and hypxemia but a nrmal hest radigraph and
eletrardigram (ECG), then tests t exlude pulmnary
embli, anemia, r metabli aidsis are warranted. High-
reslutin hest CT is partiularly useful in the evaluatin
f interstitial and alvelar lung disease. Helial (“spiral”) CT
is useful t diagnse pulmnary emblism sine the images
are high reslutin and require nly ne breathhld by the
patient, but t minimize unneessary testing and radiatin
expsure, the liniian shuld first nsider a linial dei-
sin rule (with r withut D-dimer testing) t estimate the
pretest prbability f a pulmnary emblism. It is apprpri-
ate t freg CT sanning in patients with very lw prba-
bility f pulmnary emblus when ther auses f dyspnea
are mre likely (see Chapter 9).

Labratry findings suggesting inreased LVEDP
inlude elevated serum B-type natriureti peptide (BNP r
NT-prBNP) levels. BNP has been shwn t reliably diag-
nse severe dyspnea aused by HF and t differentiate it
frm dyspnea due t ther nditins.

Arterial bld gas measurement may be nsidered if
linial examinatin and rutine diagnsti testing are
equival. With tw ntable exeptins (arbn mnxide
pisning and yanide txiity), arterial bld gas mea-
surement distinguishes inreased mehanial effrt auses
f dyspnea (respiratry aidsis with r withut hypx-
emia) frm mpensatry tahypnea (respiratry alkalsis
with r withut hypxemia r metabli aidsis) and
frm psyhgeni dyspnea (respiratry alkalsis). Carbn
mnxide and yanide impair xygen delivery with mini-
mal alteratins in P2; perent arbxyhemglbin identi-
fies arbn mnxide txiity. Cyanide pisning shuld
be nsidered in a patient with prfund lati aidsis
fllwing expsure t burning vinyl (suh as a theater fire
r industrial aident). Suspeted arbn mnxide pi-
sning r methemglbinemia an als be nfirmed with
venus arbxyhemglbin r methemglbin levels.
Venus bld gas testing is als an ptin fr assessing
aid-base and respiratry status by measuring venus pH
and Pco2 but is unable t prvide infrmatin n xygen-
atin status. T rrelate with arterial bld gas values,
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venus pH is typially 0.03–0.05 units lwer, and venus
Pco2 is typially 4–5 mm Hg higher than arterial samples.

Beause arterial bld gas testing is impratial in mst
utpatient settings, pulse oximetry has assumed a entral
rle in the ffie evaluatin f dyspnea. Oxygen saturatin
values abve 96% almst always rrespnd with a P2
greater than 70 mm Hg, whereas values less than 94% may
represent linially signifiant hypxemia. Imprtant
exeptins t this rule inlude arbn mnxide txiity,
whih leads t a nrmal xygen saturatin (due t the
similar wavelengths f xyhemglbin and arbxyhem-
glbin), and methemglbinemia, whih results in an
xygen saturatin f abut 85% that fails t inrease with
supplemental xygen. A delirius r btunded patient with
bstrutive lung disease warrants immediate measurement
f arterial bld gases t exlude hyperapnia and the need
fr intubatin, regardless f the xygen saturatin. If a
patient reprts dyspnea with exertin, but resting ximetry
is nrmal, assessment f desaturatin with ambulatin (eg,
a brisk walk arund the lini) an be useful fr nfirming
impaired gas exhange. Persns with COVID-19 may have
lw xygen saturatin with minimal dyspnea and prfund
desaturatin with minimal exertin.

A study fund that fr adults withut knwn ardia r
pulmnary disease reprting dyspnea n exertin, spirm-
etry, NT-prBNP, and CT imaging were the mst infrma-
tive tests.

Episdi dyspnea an be hallenging if an evaluatin
annt be perfrmed during symptms. Life-threatening
auses inlude reurrent pulmnary emblism, myardial
ishemia, and reative airway disease. When assiated
with audible wheezing, val fld dysfuntin shuld be
nsidered, partiularly in a yung wman wh des nt
respnd t asthma therapy. Spirmetry is very helpful in
further lassifying patients with bstrutive airway disease
but is rarely needed in the initial r emergent evaluatin f
patients with aute dyspnea.

» Differential Diagnosis

Urgent and emergent nditins ausing aute dyspnea
inlude pneumnia, COPD, asthma, pneumthrax, pulm-
nary emblism, ardia disease (eg, HF, aute myardial
infartin, valvular dysfuntin, arrhythmia, intraardia
shunt), pleural effusin, COVID-19, diffuse alvelar hemr-
rhage, metabli aidsis, yanide txiity, methemglbin-
emia, and arbn mnxide pisning. Chrni dyspnea
may be aused by interstitial lung disease, pulmnary hyper-
tensin, r pulmnary alvelar prteinsis.

» Treatment

The treatment f urgent r emergent auses f dyspnea
shuld aim t relieve the underlying ause. Pending diagn-
sis, patients with hypxemia shuld be immediately prvided
supplemental xygen unless signifiant hyperapnia is pres-
ent r strngly suspeted pending arterial bld gas mea-
surement. Dyspnea frequently urs in patients nearing the
end f life. Opiid therapy, anxilytis, and rtisterids
an prvide substantial relief independent f the severity f
hypxemia. Hwever, inhaled piids are nt effetive.

Oxygen therapy is mst benefiial t patients with
signifiant hypxemia (Pao2 less than 55 mm Hg) (see
Chapter 5). In patients with severe COPD and hypxemia,
xygen therapy imprves exerise perfrmane and mr-
tality. Pulmnary rehabilitatin prgrams are anther
therapeuti ptin fr patients with mderate t severe
COPD r interstitial pulmnary fibrsis. In patients with
respiratry musle weakness pst strke, high-intensity
hme-based training f respiratry musles may imprve
their strength and endurane and redue dyspnea. Nnin-
vasive ventilatin may be nsidered fr patients with
dyspnea aused by an aute COPD exaerbatin.

» When to Refer

• Fllwing aute stabilizatin, patients with advaned
COPD shuld be referred t a pulmnlgist, and
patients with HF r valvular heart disease shuld be
referred t a ardilgist.

• Cyanide txiity r arbn mnxide pisning shuld
be managed in njuntin with a txilgist.

• Lung transplantatin an be nsidered fr patients
with advaned interstitial lung disease.

» When to Admit

• Impaired gas exhange frm any ause r high risk f
pulmnary emblism pending definitive diagnsis.

• Suspeted yanide txiity r arbn mnxide
pisning.

Crsn-Knwles DR et al. In utpatients, lw r mderate lini-
al pretest prbability with prbability-defined D-dimer ut
pints ruled ut PE. Ann Intern Med. 2020;172:JC47. [PMID:
32311731]

Layden JE et al. Pulmnary illness related t e-igarette use in
Illinis and Wisnsin—preliminary reprt. N Engl J Med.
2020;382:903. [PMID: 31491072]

Maw AM et al. Diagnsti auray f pint-f-are lung ultras-
ngraphy and hest radigraphy in adults with symptms
suggestive f aute dempensated heart failure: a systemati
review and meta-analysis. JAMA Netw Open. 2019;2:e190703.
[PMID: 30874784]

Pan CX et al. Management f respiratry symptms in thse with
serius illness. Med Clin Nrth Am. 2020;104:455. [PMID:
32312409]

HEMOPTYSIS

E S S E N T I A L  I N Q U I R I E S

» Fever, cough, and other symptoms of lower respi-
ratory tract infection.

» Smoking history.

» Nasopharyngeal or gastrointestinal bleeding.

» Chest radiography and complete blood count (and,
in some cases, international normalized ratio [INR]).
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» General Considerations

Hemptysis is the expetratin f bld that riginates
belw the val flds. It is mmnly lassified as trivial,
mild, r massive—the latter defined as mre than 200–600 mL
(abut 1–2 ups) in 24 hurs. Massive hemptysis an be
usefully defined as any amunt that is hemdynamially
signifiant r threatens ventilatin. Its in-hspital mrtal-
ity was 6.5% in ne study. The initial gal f management
f massive hemptysis is therapeuti, nt diagnsti.

The auses f hemptysis an be lassified anatmially.
Bld may arise frm the trahea due t malignant invasin;
frm the airways in COPD, brnhietasis, brnhial Dieula-
fy disease, and brnhgeni arinma; frm the pulm-
nary vasulature in left ventriular failure, mitral stensis,
pulmnary emblism, pulmnary arterial hypertensin, tel-
angietasias, arterivenus malfrmatins, and multiple pul-
mnary artery aneurysms; frm the systemi irulatin in
intralbar pulmnary sequestratin, artbrnhial fistula; r
frm the pulmnary parenhyma in pneumnia, fungal
infetins, inhalatin f rak aine, granulmatsis with
plyangiitis, r Takayasu arteritis with pulmnary arteritis.
Diffuse alvelar hemrrhage—manifested by alvelar infil-
trates n hest radigraphy—is due t small vessel bleeding
usually aused by autimmune r hematlgi disrders, r
rarely preipitated by hypertensive emergeny r warfarin
therapy. Mst ases f hemptysis presenting in the utpatient
setting are due t infetin (eg, aute r hrni brnhitis,
pneumnia, tuberulsis, aspergillsis). Hemptysis due t
lung aner inreases with age, ausing up t 20% f ases
amng lder adults. Pulmnary venus hypertensin (eg,
mitral stensis, pulmnary emblism) auses hemptysis in
less than 10% f ases. Mst ases f hemptysis that have n
visible ause n CT san r brnhspy will reslve within
6 mnths withut treatment, with the ntable exeptin f
patients at high risk fr lung aner (smkers lder than
40 years). Iatrgeni hemrrhage may fllw transbrnhial
lung bipsies, antiagulatin, r pulmnary artery rupture
due t distal plaement f a balln-tipped atheter. Obstru-
tive sleep apnea may be a risk fatr fr hemptysis. Amylidsis
f the lung an ause hemptysis, as an endmetrisis. N
ause is identified in up t 15–30% f ases.

» Clinical Findings

A. Symptoms

Bld-tinged sputum in the setting f an upper respiratry
trat infetin in an therwise healthy, yung (age under
40 years) nnsmker des nt warrant an extensive diag-
nsti evaluatin if the hemptysis subsides with reslu-
tin f the infetin. Hwever, hemptysis is frequently a
sign f serius disease, espeially in patients with a high
prir prbability f underlying pulmnary pathlgy.
Hemptysis is the nly symptm fund t be a speifi
preditr f lung aner. There is n value in distinguish-
ing bld-streaked sputum and ugh prdutive f bld
during evaluatin; the gal f the histry is t identify
patients at risk fr ne f the disrders listed earlier. Perti-
nent features inlude duratin f symptms, presene f
respiratry infetin, and past r urrent tba use.

Nnpulmnary sures f hemrrhage—frm the sinuses
r the gastrintestinal trat—must be exluded.

B. Physical Examination

Elevated pulse, hyptensin, and dereased xygen satura-
tin suggest large-vlume hemrrhage that warrants emer-
gent evaluatin and stabilizatin. The nares and rpharynx
shuld be arefully inspeted t identify a ptential upper
airway sure f bleeding. Chest and ardia examinatin
may reveal evidene f HF r mitral stensis.

C. Diagnostic Studies

Diagnsti evaluatin shuld inlude a hest radigraph and
mplete bld unt. Kidney funtin tests, urinalysis, and
agulatin studies are apprpriate in speifi irumstanes.
Hematuria that ampanies hemptysis may be a lue t
Gdpasture syndrme r vasulitis. Flexible brnhspy
reveals endbrnhial aner in 3–6% f patients with
hemptysis wh have a nrmal (nn-lateralizing) hest
radigraph. Nearly all these patients are smkers ver the age
f 40, and mst will have had symptms fr mre than
1 week. High-reslutin hest CT san mplements brn-
hspy; it an visualize unsuspeted brnhietasis and
arterivenus malfrmatins and will shw entral end-
brnhial aners in many ases. It is the test f hie fr
suspeted small peripheral malignanies. Helial pulmnary
CT angigraphy (CTA) is the initial test f hie fr evaluat-
ing patients with suspeted pulmnary emblism, althugh
autin shuld be taken t avid large ntrast lads in
patients with even mild hrni kidney disease (serum re-
atinine greater than 2.0 g/dL r rapidly rising reatinine in
nrmal range). Helial CT sanning an be avided in
patients wh are at “unlikely” risk fr pulmnary emblism
using the Wells sre r PERC rule fr pulmnary emblism
and the sensitive D-dimer test (see Chapter 9). Ehardig-
raphy may reveal evidene f HF r mitral stensis.

» Treatment

Management f mild hemptysis nsists f identifying
and treating the speifi ause. Massive hemptysis is life-
threatening. The airway shuld be prteted with endtra-
heal intubatin, ventilatin ensured, and effetive
irulatin maintained. If the latin f the bleeding site
is knwn, the patient shuld be plaed in the deubitus
psitin with the invlved lung dependent. Unntrllable
hemrrhage warrants rigid brnhspy and surgial
nsultatin. In stable patients, flexible brnhspy may
lalize the site f bleeding, and angigraphy an emblize
the invlved brnhial arteries. Emblizatin is effetive
initially in 85% f ases, althugh rebleeding may ur in
up t 20% f patients during the fllwing year. The ante-
rir spinal artery arises frm the brnhial artery in up t
5% f peple, and paraplegia may result if it is inadver-
tently annulated and emblized.

One duble-blind, randmized ntrlled trial m-
pared treatment with inhalatins f tranexami aid (an
antifibrinlyti drug) versus plaeb (nrmal saline) in
patients hspitalized with mild hemptysis (less than 200 mL
f expetrated bld per 24 hurs). Cmpared t
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patients reeiving plaeb (nrmal saline), mre patients
treated with tranexami aid experiened reslutin f
hemptysis within 5 days f admissin (96% versus 50%;
P < 0.0005). In additin, mean hspital length f stay was
shrter fr the tranexami aid grup, and fewer patients
required invasive predures (interventinal brnhspy,
angigraphi emblizatin) t ntrl the hemrrhage.
Anther randmized study fund that mpared t the n-
trl grup, patients given tranexami aid n admissin had
signifiantly lwer in-hspital mrtality (11.5% versus 9.0%).

» When to Refer

• Patients shuld be referred t a pulmnlgist when
brnhspy f the lwer respiratry trat is needed.

• Patients shuld be referred t an tlarynglgist when
an upper respiratry trat bleeding sure is identified.

• Patients with severe agulpathy mpliating man-
agement shuld be referred t a hematlgist.

» When to Admit

• T stabilize bleeding press in patients at risk fr r
experiening massive hemptysis.

• T rret disrdered agulatin (using ltting fa-
trs r platelets, r bth) r t reverse antiagulatin.

• T stabilize gas exhange.

Davidsn K et al. Managing massive hemptysis. Chest.
2020;157:77. [PMID: 31374211]

Han K et al. Brnhial artery emblizatin fr hemptysis in
primary lung aner: a retrspetive review f 84 patients. J
Vas Interv Radil. 2019;30:428. [PMID: 30819488]

Kinshita T et al. Effet f tranexami aid n mrtality in
patients with haemptysis: a natinwide study. Crit Care.
2019;23:347. [PMID: 31694697]

Nasser M et al. Alvelar hemrrhage in vasulitis (primary and
sendary). Semin Respir Crit Care Med. 2018;39:482. [PMID:
30404115]

Wand O et al. Inhaled tranexami aid fr hemptysis treatment:
a randmized ntrlled trial. Chest. 2018;154:1379. [PMID:
30321510]

CHEST PAIN

E S S E N T I A L  I N Q U I R I E S

» Pain onset, character, location/size, duration, peri-
odicity, and exacerbators; shortness of breath.

» Vital signs; chest and cardiac examinations.

» Electrocardiography and biomarkers of myocar-
dial necrosis in selected patients.

» General Considerations

Chest pain (r hest dismfrt) an ur as a result f
ardivasular, pulmnary, pleural, r musulskeletal
disease; esphageal r ther gastrintestinal disrders;
herpes zster; aine use; r anxiety states. The frequeny

and distributin f life-threatening auses f hest pain,
suh as aute rnary syndrme (ACS), periarditis, ar-
ti dissetin, vasspasti angina, pulmnary emblism,
pneumnia, and esphageal perfratin, vary substantially
between linial settings.

Systemi lupus erythematsus, rheumatid arthritis,
redued estimated glmerular filtratin rate, and HIV
infetin are nditins that nfer a strng risk f r-
nary artery disease. Preius ACS may represent aute
thrmbsis independent f underlying atherslerti dis-
ease. In patients aged 35 years r yunger, risk fatrs fr
ACS are besity, hyperlipidemia, and smking.

Chest pain harateristis that an lead t early diagn-
sis f aute myardial infartin d nt differ in frequeny
r strength f assiatin between men and wmen.
Beause pulmnary emblism an present with a wide vari-
ety f symptms, nsideratin f the diagnsis and rigr-
us risk fatr assessment fr venus thrmbemblism
(VTE) is ritial. Classi VTE risk fatrs inlude aner,
trauma, reent surgery, prlnged immbilizatin, preg-
nany, ral ntraeptives, and family histry and prir
histry f VTE. Other nditins assiated with inreased
risk f pulmnary emblism inlude HF and COPD. Sikle
ell anemia an ause aute hest syndrme. Patients with
this syndrme ften have hest pain, fever, and ugh.

» Clinical Findings

A. Symptoms

Myardial ishemia is usually desribed as a dull, ahing
sensatin f “pressure,” “tightness,” “squeezing,” r “gas,”
rather than as sharp r spasmdi. Pain reahing maxi-
mum intensity in sends is unmmn. Ishemi symp-
tms usually subside within 5–20 minutes but may last
lnger. Prgressive symptms r symptms at rest may
represent unstable angina. Prlnged hest pain episdes
might represent myardial infartin, althugh up t ne-
third f patients with aute myardial infartin d nt
reprt hest pain. When present, pain due t myardial
ishemia is mmnly ampanied by a sense f anxiety
r uneasiness. The latin is usually retrsternal r left
prerdial. Beause the heart laks smati innervatin,
preise lalizatin f pain due t ardia ishemia is dif-
fiult; the pain is mmnly referred t the thrat, lwer
jaw, shulders, inner arms, upper abdmen, r bak. Ish-
emi pain may be preipitated r exaerbated by exertin,
ld temperature, meals, stress, r mbinatins f these
fatrs and is usually relieved by rest. Hwever, many epi-
sdes d nt nfrm t these patterns, and atypial pre-
sentatins f ACS are mre mmn in lder adults,
wmen, and persns with diabetes mellitus. Other symp-
tms that are assiated with ACS inlude shrtness f
breath; dizziness; a feeling f impending dm; and vagal
symptms, suh as nausea and diaphresis. In lder per-
sns, fatigue is a mmn presenting mplaint f ACS.

There are gender differenes in the pereptin and pre-
senting symptms f yung patients with aute myardial
infartin. Wmen were mre likely than men t present
with three r mre assiated symptms (eg, epigastri
symptms, palpitatins, and pain r dismfrt in the jaw,
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nek, arms, r between the shulder blades; 61.9% fr
wmen versus 54.8% fr men, P < 0.001). In adjusted analy-
ses, wmen with an ST-segment-elevatin aute myardial
infartin were mre likely than men t present withut
hest pain (dds rati, 1.51; 95% CI, 1.03–2.22). In mpari-
sn with men, wmen were mre likely t pereive symp-
tms as stress/anxiety (20.9% versus 11.8%, P < 0.001) but
less likely t attribute symptms t musle pain (15.4% ver-
sus 21.2%, P = 0.03.)

One analysis fund the fllwing linial features t be
assiated with aute myardial infartin: (1) frm the
histry: hest pain that radiates t the left, right, r bth
arms (LR+ 2.3, 2.9, 7.1); diaphresis (LR+ 2.0); and nausea
and vmiting (LR+ 1.9); (2) frm the physial examinatin:
third heart sund (LR+ 3.2), systli bld pressure less than
r equal t 80 mm Hg (LR + 3.1), pulmnary rakles (LR+
2.1); and (3) frm the eletrardigram: any ST-segment
elevatin greater than r equal t 1 mm (LR+ 11.2), any ST
depressin (LR+ 3.2), any Q wave (LR+ 3.9), any ndutin
defet (LR+ 2.7), and new ndutin defet (LR+ 6.3).

A meta-analysis fund the linial findings and risk fa-
trs mst suggestive f ACS were prir abnrmal stress test
(speifiity, 96%; LR, 3.1 [95% CI, 2.0–4.7]), peripheral arte-
rial disease (speifiity, 97%; LR, 2.7 [95% CI, 1.5–4.8]), and
pain radiatin t bth arms (speifiity, 96%; LR, 2.6 [95%
CI, 1.8–3.7]). The ECG findings assiated with ACS were
ST-segment depressin (speifiity, 95%; LR, 5.3 [95% CI,
2.1–8.6]) and any evidene f ishemia (speifiity, 91%; LR,
3.6 [95% CI, 1.6–5.7]). Risk sres derived frm bth the
Histry, Eletrardigram, Age, Risk Fatrs, Trpnin
(HEART) trial and Thrmblysis in Myardial Infartin
(TIMI) trial perfrmed well in deteting ACS (LR, 13 [95%
CI, 7.0–24] fr HEART sre f 7–10, and LR, 6.8 [95% CI,
5.2–8.9] fr TIMI sre f 5–7).

Hypertrphy f either ventrile r arti stensis may
als give rise t hest pain with less typial features. Periar-
ditis prdues pain that may be greater when supine than
upright and inreases with breathing, ughing, r swallw-
ing. Pleuriti hest pain is usually nt ishemi, and pain n
palpatin may indiate a musulskeletal ause. Arti dis-
setin lassially prdues an abrupt nset f tearing pain
f great intensity that ften radiates t the bak; hwever,
this lassi presentatin urs in a small prprtin f
ases. Anterir arti dissetin an als lead t myardial
r erebrvasular ishemia.

In pulmnary emblism, hest pain is present in abut
75% f ases. The hief bjetive in evaluating patients with
suspeted pulmnary emblism is t assess the patient’s
linial risk fr VTE based n medial histry and assi-
ated symptms and signs (see abve and Chapter 9). Rup-
ture f the thrai esphagus iatrgenially r sendary t
vmiting is anther ause f hest pain.

B. Physical Examination

Findings n physial examinatin an asinally yield
imprtant lues t the underlying ause f hest pain; hw-
ever, a nrmal physial examinatin shuld never be used as
the sle basis fr ruling ut mst diagnses, partiularly
ACS and arti dissetin. Vital signs (inluding pulse xim-
etry) and ardipulmnary examinatin are always the first

steps fr assessing the urgeny and temp f the subsequent
examinatin and diagnsti wrkup. Althugh hest pain
that is reprduible r wrsened with palpatin strngly
suggests a musulskeletal ause, up t 15% f patients with
ACS will have reprduible hest wall tenderness. Pinting
t the latin f the pain with ne finger has been shwn t
be highly rrelated with nnishemi hest pain.

Arti dissetin an result in differential bld pres-
sures (greater than 20 mm Hg), pulse amplitude defiits, and
new diastli murmurs. Althugh hypertensin is nsid-
ered the rule in patients with arti dissetin, systli bld
pressure less than 100 mm Hg is present in up t 25% f
patients.

A ardia fritin rub represents periarditis until prven
therwise. It an best be heard with the patient sitting fr-
ward at end-expiratin. Tampnade shuld be exluded in
all patients with a linial diagnsis f periarditis by assess-
ing pulsus paradxus (a derease in systli bld pressure
greater than 10 mm Hg during inspiratin) and inspetin
f jugular venus pulsatins. Subutaneus emphysema is
mmn fllwing ervial esphageal perfratin but
present in nly abut ne-third f thrai perfratins (ie,
thse mst mmnly presenting with hest pain).

The absene f abnrmal physial examinatin findings
in patients with suspeted pulmnary emblism usually
serves t increase its likelihd, althugh a nrmal physial
examinatin is als mpatible with the muh mre m-
mn nditins f pani/anxiety disrder and musulskel-
etal disease.

C. Diagnostic Studies

Unless a mpeting diagnsis an be nfirmed, an ECG is
warranted in the initial evaluatin f mst patients with
aute hest pain t help exlude ACS. In a study f 11 emer-
geny departments in Italy, 67% f patients with nfirmed
ACS had new-nset alteratins f the ECG (mpared with
nly 6.2% amng nn-ACS patients). ST-segment elevatin
is the ECG finding that is the strngest preditr f aute
myardial infartin; hwever, up t 20% f patients with
ACS an have a nrmal ECG.

In the emergeny department, patients with suspeted
ACS an be safely remved frm ardia mnitring if they
are pain-free at initial physiian assessment and have a nr-
mal r nnspeifi ECG. This deisin rule had 100% sensi-
tivity fr serius arrhythmia (95% CI, 80–100%). Clinially
stable patients with ardivasular disease risk fatrs, nr-
mal ECG, nrmal ardia bimarkers, and n alternative
diagnses (suh as typial GERD r sthndritis) shuld
be fllwed up with a timely exerise stress test that inludes
perfusin imaging. Hwever, mre than 25% f patients with
stable hest pain referred fr nninvasive testing will have
nrmal rnary arteries and n lng-term linial events.
The ECG an als prvide evidene fr alternative diagnses,
suh as periarditis and pulmnary emblism. Chest radig-
raphy is ften useful in the evaluatin f hest pain and is
always indiated when ugh r shrtness f breath am-
panies hest pain. Findings f pneummediastinum r new
pleural effusin are nsistent with esphageal perfratin.
Stress ehardigraphy is useful in risk stratifying patients
with hest pain, even amng thse with signifiant besity.
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Diagnsti prtls using a single high-sensitivity tr-
pnin assay mbined with a standardized linial assess-
ment are an effiient strategy t rapidly determine whether
patients with hest pain are at lw risk and may be dis-
harged frm the emergeny department. Six established
risk sres are (1) the mdified Gldman Risk Sre, (2)
TIMI Risk Sre, (3) Glbal Registry f Aute Cardia
Events (GRACE) Risk Sre, (4) HEART Risk Sre, (5)
Vanuver Chest Pain Rule, and (6) the Eurpean Siety f
Cardilgy (ESC) 0/1-h algrithm. A study mparing
these risk sres (nt inluding the ESC algrithm) fr pre-
diting aute myardial infartin within 30 days reprted
a sensitivity f 98% (whih rrelates with a negative pre-
ditive value f greater than r equal t 99.5%). Patients
eligible fr disharge (abut 30%) were thse with a TIMI
sre f less than r equal t 1, mdified Gldman sre f
less than r equal t 1 with nrmal high-sensitivity trp-
nin T, TIMI sre f 0, r HEART sre f less than r equal
t 3 with nrmal high-sensitivity trpnin I. In Blak
patients with average ardivasular risk, HEART sre is a
better preditive tl fr 6-week majr adverse ardia
events (MACE) when mpared t TIMI sre. Six-week
MACE amng patients with lw-t-mderate risk based n
HEART sre was 3.11 (95% CI, 1.43–6.76; P = 0.004).

While sme studies f high-sensitivity ardia trpnin
suggest that it may be the best ardia bimarker, it may nt
utperfrm nventinal trpnin assays if an apprpriate
utff is used.

Patients wh arrive at the emergeny department with
hest pain f intermediate r high prbability fr ACS with-
ut eletrardigraphi r bimarker evidene f a my-
ardial infartin an be safely disharged frm an
bservatin unit after stress ardia MRI. Sixty-fur–slie
rnary CTA is an alternative t stress testing in the emer-
geny department fr deteting ACS amng patients with
nrmal r nnspeifi ECG and nrmal bimarkers. A
meta-analysis f nine studies fund ACS in 10% f patients,
and an estimated sensitivity f CTA fr ACS f 95% and
speifiity f 87%, yielding a negative LR f 0.06 and a psi-
tive LR f 7.4.

Cmputed tmgraphy–derived fratinal flw reserve
(FFRCT) in aute hest pain has higher speifiity fr ana-
tmi and physilgi assessment f rnary artery sten-
sis mpared with rnary CTA.

Crnary CTA applied early in the evaluatin f sus-
peted ACS des nt identify mre patients with signifiant
rnary artery disease requiring rnary revasulariza-
tin, shrten hspital stay, r allw fr mre diret dis-
harge frm the emergeny department mpared t
high-sensitivity trpnins. Thus, funtinal testing appears
t be the best initial nninvasive test in symptmati
patients with suspeted rnary artery disease. CTA is an
ptin fr patients wh d nt have aess t funtinal
testing.

Fr patients at lw risk fr ACS, an initial diagnsti
strategy f stress ehardigraphy r ardivasular mag-
neti resnane is assiated with similar ardia event
rates, but a substantially lwer invasive testing rate.

A minimal-risk mdel develped by the PROMISE
investigatrs inludes 10 linial variables that rrelate

with nrmal rnary CTA results and n linial events:
(1) yunger age; (2) female sex; (3) raial r ethni minr-
ity; (4–6) n histry f hypertensin, diabetes, r dyslipid-
emia; (7) n family histry f premature rnary artery
disease; (8) never smking; (9) symptms unrelated t
physial r mental stress; and (10) higher high-density lip-
prtein hlesterl level. In the PROMISE trial, wmen had
higher rates f nrmal nninvasive testing mpared with
men, but wmen with abnrmalities n suh testing were
less likely t be referred fr atheterizatin r t reeive
statin therapy.

In the evaluatin f pulmnary emblism, diagnsti
test deisins and results must be interpreted in the ntext
f the linial likelihd f VTE. A negative D-dimer test is
helpful fr exluding pulmnary emblism in patients with
lw linial prbability f VTE (3-mnth inidene =
0.5%); hwever, the 3-mnth risk f VTE amng patients
with intermediate and high risk f VTE is suffiiently high
in the setting f a negative D-dimer test (3.5% and 21.4%,
respetively) t warrant further imaging given the life-
threatening nature f this nditin if left untreated. CTA
(with helial r multidetetr CT imaging) has replaed
ventilatin-perfusin sanning as the preferred initial diag-
nsti test, having apprximately 90–95% sensitivity and
95% speifiity fr deteting pulmnary emblism (m-
pared with pulmnary angigraphy). Hwever, fr patients
with high linial prbability f VTE, lwer extremity ultra-
sund r pulmnary angigram may be indiated even with
a nrmal helial CT.

Pani disrder is a mmn ause f hest pain, aunt-
ing fr up t 25% f ases that present t emergeny depart-
ments and a higher prprtin f ases presenting in
primary are ffie praties. Features that rrelate with an
inreased likelihd f pani disrder inlude absene f
rnary artery disease, atypial quality f hest pain,
female sex, yunger age, and a high level f self-reprted
anxiety. Depressin is assiated with reurrent hest pain
with r withut rnary artery disease (dds rati, 2.11;
95% CI, 1.18–3.79).

» Treatment

Treatment f hest pain shuld be guided by the underlying
etilgy. The term “nnardia hest pain” is used when a
diagnsis remains elusive after patients have undergne an
extensive wrkup. Almst half reprted symptm imprve-
ment with high-dse prtn pump inhibitr therapy. Relief
f nstipatin may be therapeuti in prtn pump inhibi-
tr refratry nnardia hest pain. A meta-analysis f 15
trials suggested mdest t mderate benefit fr psyhlgi-
al (espeially gnitive-behaviral) interventins. It is
unlear whether triyli r seletive sertnin reuptake
inhibitr antidepressants have benefit in nnardia hest
pain. Hypntherapy may ffer sme benefit.

» When to Refer

• Refer patients with prly ntrlled, nnardia hest
pain t a pain speialist.

• Refer patients with sikle ell anemia t a hematlgist.
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» When to Admit

• Failure t adequately exlude life-threatening auses f
hest pain, partiularly myardial infartin, disset-
ing arti aneurysm, pulmnary emblism, and esph-
ageal rupture.

• High risk f pulmnary emblism and a psitive sensi-
tive D-dimer test.

• TIMI sre f 1 r mre, HEART sre greater than 3,
abnrmal ECG, and abnrmal 0- and 2-hur trpnin
tests.

• Pain ntrl fr rib frature that impairs gas exhange.

Alderwish E et al. Evaluatin f aute hest pain: evlving para-
digm f rnary risk sres and imaging. Rev Cardivas
Med. 2019;20:231. [PMID: 31912714]

Bautz B et al. High-risk hief mplaints I: Chest pain—the big
three (an update). Emerg Med Clin Nrth Am. 2020;38:453.
[PMID: 32336336]

MCarthy CP et al. Myardial injury in the era f high-sensitivity
ardia trpnin assays: a pratial apprah fr liniians.
JAMA Cardil. 2019;4:1034. [PMID: 31389986]

Yang S et al. The rle f rnary CT angigraphy fr aute hest
pain in the era f high-sensitivity trpnins. J Cardivas
Cmput Tmgr. 2019;13:267. [PMID: 31235403]

PALPITATIONS

E S S E N T I A L  I N Q U I R I E S

» Forceful, rapid, or irregular beating of the heart.

» Rate, duration, and degree of regularity of heart-
beat; age at first episode.

» Factors that precipitate or terminate episodes.

» Light-headedness or syncope; neck pounding.

» Chest pain; history of myocardial infarction or
structural heart disease.

» General Considerations

Palpitatins are defined as an unpleasant awareness f the
freful, rapid, r irregular beating f the heart. They are
the primary symptm fr apprximately 16% f patients
presenting t an utpatient lini with a ardia m-
plaint. In an bservatinal hrt study f palpitatins at
an utpatient ardia unit, ardia arrhythmias were the
ause f palpitatins in 81% f ases. Palpitatins repre-
sent 5.8 f every 1000 emergeny department visits, with
an admissin rate f 24.6%. While palpitatins are usually
benign, they are asinally the symptm f a life-threat-
ening arrhythmia. T avid missing a dangerus ause f
the patient’s symptm, liniians smetimes pursue
expensive and invasive testing when a nservative diag-
nsti evaluatin is ften suffiient. The nverse is als
true. Table 2–3 lists histry, physial examinatin, and
ECG findings suggesting a ardivasular ause fr the
palpitatins.

» Clinical Findings

A. Symptoms

Guiding the patient thrugh a areful desriptin f their
palpitatins may indiate a mehanism and narrw the dif-
ferential diagnsis. Pertinent questins inlude the age at first
episde; preipitants; and rate, duratin, and degree f regu-
larity f the heartbeat during the subjetive palpitatins. Pal-
pitatins lasting less than 5 minutes and a family histry f
pani disrder redue the likelihd f an arrhythmi ause
(LR+ = 0.38 and LR+ = 0.26, respetively). T better under-
stand the symptm, the examiner an ask the patient t “tap
ut” the rhythm with his r her fingers. The irumstanes
assiated with nset and terminatin an als be helpful in
determining the ause. Palpitatins that start and stp
abruptly suggest supraventriular r ventriular tahyardias.
Terminatin f palpitatins using vagal maneuvers (eg, Val-
salva maneuver) suggests supraventriular tahyardia.

Three mmn desriptins f palpitatins are (1)
“flip-flpping” (r “stp and start”), ften aused by pre-
mature ntratin f the atrium r ventrile, with the
pereived “stp” frm the pause fllwing the ntratin,
and the “start” frm the subsequent freful ntratin;
(2) rapid “fluttering in the hest,” with regular “fluttering”
suggesting supraventriular r ventriular arrhythmias
(inluding sinus tahyardia) and irregular “fluttering”
suggesting atrial fibrillatin, atrial flutter, r tahyardia
with variable blk; and (3) “punding in the nek” r nek
pulsatins, ften due t “annn” A waves in the jugular
venus pulsatins that ur when the right atrium n-
trats against a lsed triuspid valve.

Palpitatins assiated with hest pain suggest ishemi
heart disease, r if the hest pain is relieved by leaning
frward, periardial disease. Palpitatins assiated with
light-headedness, presynpe, r synpe suggest hypten-
sin and may signify a life-threatening ardia arrhythmia.
Palpitatins that ur regularly with exertin suggest a
rate-dependent bypass trat r hypertrphi ardimypa-
thy. If a benign etilgy annt be asertained at the initial
visit, then ambulatry mnitring r prlnged ardia
mnitring in the hspital might be warranted.

Table 2–3. Palpitations: Patients at high risk for a
cardiovascular cause.

hisoicl isk fcos

Family history of significant arrhythmias

Personal or family history of syncope or resuscitated sudden

death

History of myocardial infarction (and likely scarred myocardium)

Palpitations that occur during sleep

anomic bnomliis

Structural heart disease such as dilated or hypertrophic

cardiomyopathies

Valvular disease (stenotic or regurgitant)

eCG findings

Long QT syndrome

Bradycardia

Second- or third-degree heart block

Sustained ventricular arrhythmias
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Nnardia symptms shuld als be eliited sine the
palpitatins may be aused by a nrmal heart respnding
t a metabli r inflammatry nditin. Weight lss sug-
gests hyperthyridism. Palpitatins an be preipitated by
vmiting r diarrhea that leads t eletrlyte disrders and
hypvlemia. Hyperventilatin, hand tingling, and ner-
vusness are mmn when anxiety r pani disrder is
the ause f the palpitatins. Palpitatins assiated with
flushing, episdi hypertensin, headahes, anxiety, and
diaphresis may be aused by a phehrmytma r
paraganglima.

A family histry f palpitatins r sudden death sug-
gests an inherited etilgy suh as lng QT syndrme r
Brugada syndrme. Chagas disease may ause palpitatins
and aute myarditis. Yunger patients shuld be asked
abut nsumptin f “energy drinks.” Finally, dual use f
igarettes and e-igarettes may ause palpitatins.

B. Physical Examination

Careful ardivasular examinatin an find abnrmalities
that an inrease the likelihd f speifi ardia arrhyth-
mias. The midsystli lik f mitral valve prlapse an
suggest the diagnsis f a supraventriular arrhythmia.
The harsh hlsystli murmur f hypertrphi ardimy-
pathy, whih urs alng the left sternal brder and
inreases with the Valsalva maneuver, suggests atrial fibril-
latin r ventriular tahyardia. A resend mid-diastli
murmur may be aused by an atrial myxma. The presene
f dilated ardimypathy, suggested n examinatin by a
displaed and enlarged ardia pint-f-maximal impulse,
inreases the likelihd f ventriular tahyardia and
atrial fibrillatin. In patients with hrni atrial fibrillatin,
in-ffie exerise (eg, a brisk walk in the hallway) may
reveal an intermittent aelerated ventriular respnse.
The liniian shuld als lk fr signs f hyperthyridism
(eg, tremulusness, brisk deep tendn reflexes, r fine
hand tremr), r signs f stimulant drug use (eg, dilated
pupils r skin r nasal septal perfratins). Visible nek
pulsatins (LR+, 2.68; 95% CI, 1.25–5.78) in assiatin
with palpitatins inrease the likelihd f atriventriular
ndal reentry tahyardia.

C. Diagnostic Studies

1. ECG—A 12-lead ECG shuld be perfrmed n all
patients reprting palpitatins. Althugh in mst instanes
a speifi arrhythmia will nt be deteted n the traing, a
areful evaluatin f the ECG an help the liniian dedue
a likely etilgy in ertain irumstanes.

Fr instane, bradyarrhythmias and heart blk an be
assiated with ventriular etpy r esape beats that may
be experiened as palpitatins. Evidene f prir myar-
dial infartin n ECG (eg, Q waves) inreases the patient’s
risk f nnsustained r sustained ventriular tahyardia.
Ventriular preexitatin (Wlff-Parkinsn-White syn-
drme) is suggested by a shrt PR interval (less than 0.20 ms)
and delta waves (upslping PR segments). Left ventriular
hypertrphy with deep septal Q waves in I, AVL, and V4
thrugh V6 is seen in patients with hypertrphi bstru-
tive ardimypathy. The presene f left atrial enlargement

as suggested by a terminal P-wave fre in V1 mre nega-
tive than 0.04 mse and nthing in lead II reflets an
inreased risk f atrial fibrillatin. A prlnged QT interval
and abnrmal T-wave mrphlgy suggest the lng QT
syndrme, and an inreased risk f ventriular tahyardia.
Persistent ST-segment elevatins in ECG leads V1–V3
(partiularly with a ved r saddle-bak pattern) suggest
Brugada syndrme.

2. Monitoring devices—Fr high-risk patients (Table 2–3),
further diagnsti studies are warranted. A stepwise
apprah has been suggested—starting with ambulatry
mnitring devies (ambulatry ECG mnitring if the
palpitatins are expeted t ur within the subsequent
72-hur perid, event mnitring if less frequent). An
implantable lp rerder an be used fr extended mni-
tring if linial suspiin is high, espeially if there is
synpe. A single-lead, lightweight, ntinuusly rerd-
ing ambulatry adhesive path mnitr (Zi Path) wrn
fr 14–21 days inreases diagnsti yield while reduing
st f diagnsis in patients with reurrent unexplained
palpitatins. Inpatient ntinuus mnitring is indiated
if serius arrhythmias are strngly suspeted despite nr-
mal findings n the ambulatry mnitring; invasive ele-
trphysilgi testing shuld be dne if the ambulatry r
inpatient mnitr rerds a wrrisme arrhythmia.

In patients with a prir myardial infartin, ambula-
try ardia mnitring r signal-averaged ECG is an
apprpriate next step t help exlude ventriular tahyar-
dia. ECG exerise testing is apprpriate in patients with
suspeted rnary artery disease and in patients wh have
palpitatins with physial exertin. Ehardigraphy is
useful when physial examinatin r ECG suggests stru-
tural abnrmalities r dereased ventriular funtin.

» Differential Diagnosis

When assessing a patient with palpitatins in an urgent
are setting, the liniian must asertain whether the
symptms represent (1) a signifiant ardivasular dis-
ease, (2) a ardia manifestatin f a systemi disease suh
as thyrtxisis, (3) an arrhythmia that is minr and
transient, r (4) a benign smati symptm that is ampli-
fied by the patient’s underlying psyhlgial state.

Patients with palpitatins wh seek medial attentin in
an emergeny department instead f a medial lini are
mre likely t have a ardia ause (47% versus 21%),
whereas psyhiatri auses are mre mmn amng thse
wh seek attentin in ffie praties (45% versus 27%). In
a study f patients wh went t a university medial lini
with the hief mplaint f palpitatins, auses were ar-
dia in 43%, psyhiatri in 31%, and misellaneus in 10%.

Cardia arrhythmias that an result in symptms f
palpitatins inlude sinus bradyardia; sinus, supraven-
triular, and ventriular tahyardia; premature ventriular
and atrial ntratins; sik sinus syndrme; and advaned
atriventriular blk.

Cardia nnarrhythmi auses f palpitatins inlude
valvular heart diseases, suh as arti regurgitatin r ste-
nsis, atrial r ventriular septal defet, ardimypathy,
ngenital heart disease, periarditis, arrhythmgeni right
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ventriular ardimypathy, and atrial myxma. Mitral
valve prlapse is nt assiated with arrhythmi events, but
ventriular arrhythmias are frequent in mitral annulus
disjuntin.

The mst mmn psyhiatri auses f palpitatins
are anxiety and pani disrder. The release f atehl-
amines during a signifiant stress r pani attak an trig-
ger an arrhythmia. Asking a single questin, “Have yu
experiened brief perids, fr sends r minutes, f an
verwhelming pani r terrr that was ampanied by
raing heartbeats, shrtness f breath, r dizziness?” an
help identify patients with pani disrder.

Misellaneus auses f palpitatins inlude fever,
dehydratin, hypglyemia, anemia, thyrtxisis, mas-
tytsis, and phehrmytma. Drugs suh as aine,
alhl, affeine, pseudephedrine, and illiit ephedra an
preipitate palpitatins, as an presriptin mediatins,
inluding digxin, amitriptyline, erythrmyin and ther
drugs that prlng the QT interval, lass 1 antiarrhythmis,
dihydrpyridine alium hannel blkers, phenthi-
azines, thephylline, and beta-agnists.

» Treatment

After ambulatry mnitring, mst patients with palpita-
tins are fund t have benign atrial r ventriular etpy
r nnsustained ventriular tahyardia. In patients with
struturally nrmal hearts, these arrhythmias are nt ass-
iated with adverse utmes. Abstentin frm affeine
and tba may help. Often, reassurane suffies. If nt,
r in very symptmati patients, a trial f a beta-blker
may be presribed. A three-sessin urse f gnitive-
behaviral therapy that inludes sme physial ativity has
prven effetive fr patients with benign palpitatins with
r withut hest pain. Fr treatment f speifi atrial r
ventriular arrhythmias, see Chapter 10.

» When to Refer

• Fr eletrphysilgi studies.

• Fr advie regarding treatment f atrial r ventriular
arrhythmias.

» When to Admit

• Palpitatins assiated with synpe r near-synpe,
partiularly when the patient is aged 75 years r lder
and has an abnrmal ECG, hematrit less than 30%,
shrtness f breath, respiratry rate higher than 24/min,
r a histry f HF.

• Patients with risk fatrs fr a serius arrhythmia.

Franis-Pasual J et al. Diagnsti yield and enmi assess-
ment f a diagnsti prtl with systemati use f an exter-
nal lp rerder fr patients with palpitatins. Rev Esp
Cardil (Engl Ed). 2019;72:473. [PMID: 29805092]

Giada F et al. Clinial apprah t patients with palpitatins.
Card Eletrphysil Clin. 2018;10:387. [PMID: 29784490]

MLellan AJ et al. Apprah t palpitatins. Aust J Gen Prat.
2019;48:204. [PMID: 31256490]

LOWER EXTREMITY EDEMA

E S S E N T I A L  I N Q U I R I E S

» History of venous thromboembolism.

» Symmetry of swelling.

» Pain.

» Change with dependence.

» Skin findings: hyperpigmentation, stasis dermatitis,
lipodermatosclerosis, atrophie blanche, ulceration.

» General Considerations

Aute and hrni lwer extremity edema present impr-
tant diagnsti and treatment hallenges. Lwer extremi-
ties an swell in respnse t inreased venus r lymphati
pressures, dereased intravasular nti pressure,
inreased apillary leak, and lal injury r infetin.
Chronic venous insufficiency is by far the mst mmn
ause, affeting up t 2% f the ppulatin, and the ini-
dene f venus insuffiieny has nt hanged ver the
past 25 years. Venus insuffiieny is a mmn mplia-
tin f DVT; hwever, nly a small number f patients with
hrni venus insuffiieny reprt a histry f this disr-
der. Venus uleratin mmnly affets patients with
hrni venus insuffiieny, and its management is labr-
intensive and expensive. Nrmal lwer extremity venus
pressure (in the eret psitin: 80 mm Hg in deep veins,
20–30 mm Hg in superfiial veins) and ephalad venus
bld flw require mpetent biuspid venus valves,
effetive musle ntratins, nrmal ankle range f
mtin, and nrmal respiratins. When ne r mre f
these mpnents fail, venus hypertensin may result.
Chrni expsure t elevated venus pressure by the pst-
apillary venules in the legs leads t leakage f fibringen
and grwth fatrs int the interstitial spae, leukyte
aggregatin and ativatin, and bliteratin f the utane-
us lymphati netwrk.

» Clinical Findings

A. Symptoms and Signs

1. Unilateral lower extremity edema—Amng mmn
auses f unilateral lwer extremity swelling, DVT is the
mst life-threatening. Clues suggesting DVT inlude a his-
try f aner, reent limb immbilizatin, r nfinement
t bed fr at least 3 days fllwing majr surgery within the
past mnth (Table 2–4). Adults with varise veins have a
signifiantly inreased risk f DVT. Lwer extremity swell-
ing and inflammatin in a limb reently affeted by DVT
uld represent antiagulatin failure and thrmbus
reurrene but mre ften are aused by postphlebitic
syndrome with valvular inmpetene. Other auses f a
painful, swllen alf inlude ellulitis, musulskeletal dis-
rders (Baker yst rupture [“pseudthrmbphlebitis”]),
gastrnemius tear r rupture, alf strain r trauma, and
left mmn ilia vein mpressin (May-Thurner
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syndrme), as well as ther sites f nnthrmbti venus
utflw bstrutin, suh as the inguinal ligament, ilia
bifuratin, and ppliteal fssa.

2. Bilateral lower extremity edema—Bilateral invlve-
ment and signifiant imprvement upn awakening favr
systemi auses (eg, venus insuffiieny) and an be pre-
senting symptms f vlume verlad (HF, irrhsis, kid-
ney disease [eg, nephrti syndrme]). The mst frequent
symptm f hrni venus insuffiieny is the sensatin
f “heavy legs,” fllwed by ithing. Chrni expsure t
elevated venus pressure aunts fr the brawny, fibrti
skin hanges bserved in patients with hrni venus
insuffiieny as well as the predispsitin tward skin
uleratin, partiularly in the medial mallelar area. Pain,
partiularly if severe, is unmmn in unmpliated
venus insuffiieny.

Lwer extremity swelling is a familiar mpliatin f
therapy with alium hannel blkers (partiularly fel-
dipine and amldipine), piglitazne, gabapentin, and
minxidil. Prlnged airline flights (lnger than 10 hurs)
are assiated with edema even in the absene f DVT.

B. Physical Examination

Physial examinatin shuld inlude assessment f the
heart, lungs, and abdmen fr evidene f pulmnary

hypertensin (primary r sendary t hrni lung dis-
ease), HF, r irrhsis. The skin findings related t hrni
venus insuffiieny depend n the severity and hrniity
f the disease, ranging frm hyperpigmentatin and stasis
dermatitis t abnrmalities highly speifi fr hrni
venus insuffiieny: lipdermatslersis (thik, brawny
skin; in advaned ases, the lwer leg resembles an inverted
hampagne bttle) and atrphie blanhe (small, depig-
mented maules within areas f heavy pigmentatin). The
size f bth alves shuld be measured 10 m belw the
tibial tubersity and pitting and tenderness eliited. Swell-
ing f the entire leg r f ne leg 3 m mre than the ther
suggests deep venus bstrutin. The left alf is nrmally
slightly larger than the right as a result f the left mmn
ilia vein ursing under the arta.

A shallw, large, mdestly painful uler lated ver the
medial mallelus is a hallmark f hrni venus insuffi-
ieny, whereas small, deep, and mre painful ulers are mre
apt t be due t arterial insuffiieny, vasulitis, r infetin.
Diabeti vasular ulers, hwever, may be painless. When an
uler is n the ft r abve the mid-alf, auses ther than
venus insuffiieny shuld be nsidered.

The physial examinatin is usually inadequate t distin-
guish lymphedema frm venus insuffiieny. Only the
Kapsi-Stemmer sign (the inability t pinh r pik up a fld
f skin at the base f the send te beause f its thikness)
was a signifiant preditr f lymphedema (dds rati, 7.9;
P = 0.02).

C. Diagnostic Studies

Patients withut an bvius ause f aute lwer extremity
swelling (eg, alf strain) shuld have an ultrasund per-
frmed, sine DVT is diffiult t exlude n linial grunds.
A preditin rule allws a liniian t exlude a lwer extrem-
ity DVT in patients withut an ultrasund if the patient has
lw pretest prbability fr DVT and a negative sensitive
D-dimer test (the “Wells preditin rule”) (Chapter 9).

The diagnsti study f hie t detet hrni venus
insuffiieny due venus inmpetene is duplex ultras-
ngraphy. Assessment f the ankle-brahial pressure index
(ABPI) is imprtant in the management f hrni venus
insuffiieny, sine peripheral arterial disease may be exa-
erbated by mpressin therapy. Cautin is required in
interpreting the results f ABPI in lder patients and dia-
beti patients due t the dereased mpressibility f their
arteries. A urine dipstik test that is strngly psitive fr
prtein an suggest nephrti syndrme, and a serum re-
atinine an help estimate kidney funtin. Lymphsintig-
raphy an be used t nfirm a linial suspiin f
lymphedema.

» Treatment

Treatment f lwer extremity edema shuld be guided by the
underlying ause. See relevant hapters fr treatment f edema
in patients with HF (Chapter 10), nephrsis (Chapter 22),
irrhsis (Chapter 16), and lymphedema and venus stasis
ulers (Chapter 12). Edema resulting frm alium hannel
blker therapy respnds t nmitant therapy with ACE
inhibitrs r angitensin reeptr blkers.

Table 2–4. Risk stratification of adults referred for
ultrasound to rule out DVT.

S 1:

Sco 1 oin fo c

Untreated malignancy

Paralysis, paresis, or recent plaster immobilization

Recently bedridden for > 3 days due to major surgery within

4 weeks

Localized tenderness along distribution of deep venous system

Entire leg swelling

Swelling of one calf > 3 cm more than the other (measured

10 cm below tibial tuberosity)

Ipsilateral pitting edema

Collateral superficial (nonvaricose) veins

Previously documented DVT

S 2:

Subc 2 oins if lniv dignosis s qul o g

likliood n DVt

S 3:

Obin snsiiv D-dim fo sco ≥ 0

Sco D-Dim posiiv1 D-Dim Ngiv

0–1 Obtain ultrasound Ultrasound not required

≥ 2 Obtain ultrasound

DVT, deep venous thrombosis.
1”Positive” is above local laboratory threshold based on specific test

and patient age.
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In patients with hrni venus insuffiieny withut a
mrbid vlume verlad state (eg, HF), it is best t avid
diureti therapy. These patients have relatively dereased
intravasular vlume, and administratin f diuretis may
first enhane sdium retentin thrugh inreased sere-
tin f renin and angitensin and then result in aute kid-
ney injury and liguria. Instead, the mst effetive
treatment invlves (1) leg elevatin, abve the level f the
heart, fr 30 minutes three t fur times daily, and during
sleep; (2) mpressin therapy; and (3) ambulatry exer-
ise t inrease venus return thrugh alf musle
ntratins.

A wide variety f stkings and devies are effetive in
dereasing swelling and preventing uler frmatin. They
shuld be put n with awakening, befre hydrstati fres
result in edema. T ntrl mild edema, 20–30 mm Hg
mpressin is usually suffiient, whereas 30–40 mm Hg
mpressin is usually required t ntrl mderate t
severe edema assiated with uler frmatin. T maintain
imprvement, nsider swithing frm an elasti stking
t ne made f inelasti grsgrain material. Patients with
dereased ABPI shuld be managed in nert with a vas-
ular surgen. Cmpressin stkings (12–18 mm Hg at
the ankle) are effetive in preventing edema and asymp-
tmati thrmbsis assiated with lng airline flights in
lw- t medium-risk persns, and mpressin therapy
dereases reurrene f ellulitis amng patients with
hrni venus insuffiieny. Supprt stkings are rem-
mended fr pregnant wmen during air travel. Fr lymph-
edema, bandaging systems applied twie weekly an be
effetive. Multi-mpnent mpressin bandaging may
ffer additinal benefit. Shrt-term manual lymphati
drainage treatment may imprve hrni venus insuffi-
ieny severity, symptms, and quality f life. Fr patients
with redued mbility and leg edema, intermittent pneu-
mati mpressin treatment an redue edema and
imprve ankle range f mtin.

Lipsutin, sutin-assisted lipetmy, and subuta-
neus drainage may have treatment benefit if nservative
measures fail in treatment f lymphedema.

» When to Refer

• Refer patients with hrni lwer extremity uleratins
requiring speialist wund are.

• Refer patients with nephrti syndrme t a
nephrlgist.

• Refer patients with existing severe arterial insuffi-
ieny (laudiatin) that wuld mpliate treatment
with mpressin stkings t a vasular surgen.

» When to Admit

• Pending definitive diagnsis in patients at high risk fr
DVT despite nrmal lwer extremity ultrasund.

• Severe, aute swelling raising nern fr an impending
mpartment syndrme.

• Severe edema that impairs ability t ambulate r per-
frm ativities f daily living.

Bnkemeyer Millan S et al. Venus ulers: diagnsis and treat-
ment. Am Fam Physiian. 2019;100:298. [PMID: 31478635]

Chpard R et al. Diagnsis and treatment f lwer extremity
venus thrmbemblism: a review. JAMA. 2020;324:1765.
[PMID: 33141212]

Mansilha A. Early stages f hrni venus disease: medial
treatment alne r in additin t endvenus treatments. Adv
Ther. 2020;37:13. [PMID: 31981108]

Mffatt CJ et al. Prevalene and risk fatrs fr hrni edema in
U.K. mmunity nursing servies. Lymphat Res Bil. 2019;
17:147. [PMID: 30995181]

Webb E et al. Cmpressin therapy t prevent reurrent ellulitis
f the leg. N Engl J Med. 2020;383:630. [PMID: 32786188]

FEVER & HYPERTHERMIA

E S S E N T I A L  I N Q U I R I E S

» Age; injection substance use.

» Localizing symptoms; weight loss; joint pain.

» Immunosuppression or neutropenia; history of
cancer, risk of COVID-19 (see Chapter 32).

» Medications.

» Travel.

» General Considerations

The average nrmal ral bdy temperature taken in mid-
mrning is 36.7°C (range 36–37.4°C). This range inludes
a mean and 2 standard deviatins, thus enmpassing 95%
f a nrmal ppulatin (nrmal diurnal temperature varia-
tin is 0.5–1°C).

The nrmal retal r vaginal temperature is 0.5°C
higher than the ral temperature, and the axillary tempera-
ture is 0.5°C lwer. Hwever, a nrmal bdy temperature
based n a peripheral thermmeter (tympani membrane,
tempral artery, axillary, ral) des nt always exlude the
presene f a fever. T exlude a fever, a retal temperature
is mre reliable than an ral temperature (partiularly in
patients wh breathe thrugh their muth, wh are tahy-
pnei, r wh are in an intensive are unit setting where a
retal temperature prbe an be plaed t detet fever).

Fever is a regulated rise t a new “set pint” f bdy tem-
perature in the hypthalamus indued by pyrgeni yt-
kines. These ytkines inlude interleukin-1 (IL-1), tumr
nersis fatr (TNF), interfern-gamma, and interleukin-6
(IL-6). The elevatin in temperature results frm either
inreased heat prdutin (eg, shivering) r dereased heat
lss (eg, peripheral vasnstritin). Bdy temperature in
ytkine-indued fever seldm exeeds 41.1°C unless there
is strutural damage t hypthalami regulatry enters.

» Clinical Findings

A. Fever

Fever as a symptm prvides imprtant infrmatin abut
the presene f illness—partiularly infetins—and abut
hanges in the linial status f the patient. Fever may be
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mre preditive f bateremia in elderly patients. The fever
pattern, hwever, is f marginal value fr mst speifi
diagnses exept fr the relapsing fever f malaria, br-
relisis, and asinal ases f lymphma, espeially
Hdgkin disease. Furthermre, the degree f temperature
elevatin des nt neessarily rrespnd t the severity f
the illness. Fever, with rash and esinphilia, defines the
drug reatin with esinphilia and systemi symptms
(DRESS) syndrme.

In general, the febrile respnse tends t be greater in
hildren than in adults. In lder persns, nenates, and
persns reeiving ertain mediatins (eg, nnsteridal
anti-inflammatry drugs [NSAIDs], rtisterids), a
nrmal temperature r even hypthermia may be bserved.
Markedly elevated bdy temperature may result in pr-
fund metabli disturbanes. High temperature during
the first trimester f pregnany may ause birth defets,
suh as anenephaly. Fever inreases insulin requirements
and alters the metablism and dispsitin f drugs used fr
the treatment f the diverse diseases assiated with fever.

The sure f fever varies by ppulatin and setting. In
a study invlving patients wh underwent shulder arthr-
plasty, fever was dumented in 92 patients. Amng these
92 patients, an infetius ause was fund in nly 6
patients. In the neurintensive are unit, fever an ur
diretly frm brain injury (alled “entral fever”). One
mdel predited “entral fever” with 90% prbability if
a patient met all f the fllwing riteria: (1) less than
72 hurs f neurlgi intensive are unit admissin;
(2) presene f subarahnid hemrrhage, intraventriular
hemrrhage, r brain tumr; (3) absene f infiltrate n
hest radigraph; and (4) negative ultures. Pralitnin
and C-reative prtein may have sme utility in differenti-
ating infetius and entral fever in the ICU.

Fever may als be mre mmn in patients with ther
frms f trauma. In a study enrlling 268 patients, inlud-
ing patients with multiple injuries (n = 59), islated head
injuries (n = 97), islated bdy injuries (n = 100), and
minr trauma (n = 12), the inidene f fever was similar in
all grups irrespetive f injury (11–24%). In all grups,
there was a signifiant assiatin between the presene f
early fever and death in the hspital (6–18% versus 0–3%),
as well as lnger median intensive are unit stays (3–7 days
versus 2–3 days). Spinal rd injury may ause fever by the
lss f supraspinal ntrl f the sympatheti nervus sys-
tem and defetive thermregulatin due t lss f
sensatin.

Amng pregnant wmen, the prevalene f intrapartum
fever f 38°C r greater in pregnanies f 36 weeks’ gesta-
tin r mre is 6.8% (r 1 in 15 wmen in labr), but the
nenatal sepsis rate amng affeted mthers is 0.24% (r
less than 1 in 400 babies). This finding alls int questin
the need fr universal labratry wrk, ultures, and anti-
biti treatment pending ulture results fr this newbrn
ppulatin.

There is inreasing evidene that pstperative atele-
tasis des nt ause fever. Hwever, febrile nnhemlyti
transfusin reatin is mmn, urring in abut 1% f
transfusin episdes, and is mediated by prinflammatry
ytkines elabrated by dnr leukytes during strage.

B. Hyperthermia

Hyperthermia—nt mediated by ytkines—urs when
bdy metabli heat prdutin (as in thyrid strm) r
envirnmental heat lad exeeds nrmal heat lss apaity
r when there is impaired heat lss (eg, heat strke). Bdy
temperature may rise t levels (mre than 41.1°C) apable
f prduing irreversible prtein denaturatin and resul-
tant brain damage; n diurnal variatin is bserved.

Malignant catatonia is a disrder nsisting f ata-
tni symptms, hyperthermia, autnmi instability, and
altered mental status.

Neuroleptic malignant syndrome, a variant f malig-
nant atatnia, is a rare and ptentially lethal idisynrati
reatin t neurlepti mediatins, partiularly halperi-
dl and fluphenazine; hwever, it has als been reprted
with the atypial neurleptis (suh as lanzapine r ris-
peridne) (see Chapter 25). Serotonin syndrome resem-
bles neurlepti malignant syndrme but urs within
hurs f ingestin f agents that inrease levels f ser-
tnin in the entral nervus system, inluding sertnin
reuptake inhibitrs, mnamine xidase inhibitrs, triy-
li antidepressants, meperidine, dextrmethrphan, br-
mriptine, tramadl, lithium, and psyhstimulants
(suh as aine, methamphetamine, and MDMA) (see
Chapter 38). Clnus and hyperreflexia are mre mmn
in sertnin syndrme, whereas “lead pipe” rigidity is
mre mmn in neurlepti malignant syndrme. Neur-
lepti malignant and sertnin syndrmes share mmn
linial and pathphysilgi features with malignant
hyperthermia of anesthesia (see Chapter 38).

C. Fever of Undetermined Origin

See Fever f Unknwn Origin, Chapter 30.

» Treatment

Mst fever is well tlerated. When the temperature is less
than 40°C, symptmati treatment nly is required. The
treatment f fever with antipyretis des nt appear t
affet mrtality f ritially ill patients r affet the number
f intensive are unit–free days. A temperature greater than
41°C is likely t be hyperthermia rather than ytkine-
mediated fever, and emergent management is indicated.
(See Heat Strke, Chapter 37.)

A. General Measures for Removal of Heat

Regardless f the ause f the fever, alhl spnges, ld
spnges, ie bags, ie-water enemas, and ie baths will
lwer bdy temperature (see Chapter 37). They are mre
useful in hyperthermia, sine patients with ytkine-
related fever will attempt t verride these therapies.

B. Pharmacologic Treatment of Fever

1. Antipyretic drugs—Antipyreti therapy is nt needed
exept fr patients with marginal hemdynami status.
Early administratin f aetaminphen t treat fever due
t prbable infetin did nt affet the number f intensive
are unit–free days. Aspirin r aetaminphen, 325–650 mg
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every 4 hurs, is effetive in reduing fever. These drugs are
best administered arund the lk, rather than as needed,
sine “as needed” dsing results in peridi hills and
sweats due t flutuatins in temperature aused by vary-
ing levels f drug.

2. Antimicrobial therapy—Antibaterial and antifungal
prphylati regimens are remmended nly fr
patients expeted t have less than 100 neutrphils/mL
fr mre than 7 days, unless ther fatrs inrease risks
fr mpliatins r mrtality. Hwever, empiri antibi-
ti therapy is smetimes warranted. Even befre infe-
tin an be dumented, prmpt brad-spetrum
antimirbials are indiated fr febrile patients wh have
hemdynami instability, severe neutrpenia (neutr-
phils less than 500/mL), asplenia (surgial r frm
sikle ell disease), r immunsuppressin (frm HIV
infetin [see Chapter 31] r frm mediatins suh as
systemi rtisterids, azathiprine, ylsprine)
(Tables 30–4 and 30–5).

Febrile neutrpeni patients shuld reeive initial dses
f empiri antibaterial therapy within an hur f triage
and shuld either be mnitred fr at least 4 hurs t
determine suitability fr utpatient management r be
admitted t the hspital (see Infetins in the Immun-
mprmised Patient, Chapter 30). Inpatient treatment is
standard t manage febrile neutrpeni episdes, althugh
arefully seleted patients may be managed as utpatients
after systemati assessment beginning with a validated risk
index (eg, Multinatinal Assiatin fr Supprtive Care
in Caner [MASCC] sre r Taltt rules). In the MASCC
index alulatin, lw-risk fatrs inlude the fllwing:
age under 60 years (2 pints), burden f illness (5 pints fr
n r mild symptms and 3 pints fr mderate symp-
tms), utpatient status (3 pints), slid tumr r hemat-
lgi malignany with n previus fungal infetin (4
pints), n COPD (4 pints), n dehydratin requiring
parenteral fluids (3 pints), and systli bld pressure
greater than 90 mm Hg (5 pints). Patients with MASCC
sres 21 r higher r in Taltt grup 4 (presentatin as an
utpatient withut signifiant mrbidity r unntrlled
aner), and withut ther risk fatrs, an be managed
safely as utpatients.

The arefully seleted utpatients determined t be at
lw risk by MASCC sre (partiularly in mbinatin
with a nrmal serum C-reative prtein level) r by Taltt
rules an be managed with an ral flurquinlne plus
amxiillin/lavulanate (r lindamyin, if peniillin aller-
gi), unless flurquinlne prphylaxis was used befre
fever develped. Fr treatment f fever during neutrpenia
fllwing hemtherapy, utpatient parenteral antimir-
bial therapy an be prvided effetively and safely in lw-
risk patients with a single agent suh as efepime,
piperaillin/tazbatam, imipenem, merpenem, r
dripenem. High-risk patients shuld be referred fr inpa-
tient management with mbinatin parenteral antimir-
bial therapy based n speifi risk fatrs suh as
pneumnia-ausing pathgens r entral line–assiated
bldstream infetins (see Infetins in the Immunm-
prmised Patient and Table 30–5 in Chapter 30 and see
Infetins in Chapter 39).

If a fungal infetin is suspeted in patients with pr-
lnged fever and neutrpenia, flunazle is an equally
effetive but less txi alternative t amphteriin B.

C. Treatment of Hyperthermia

Disntinuatin f the ffending agent is mandatry.
Treatment f neurlepti malignant syndrme inludes
dantrlene in mbinatin with brmriptine r levdpa
(see Chapter 25). Treatment f sertnin syndrme
inludes administratin f a entral sertnin reeptr
antagnist—yprheptadine r hlrprmazine—alne r
in mbinatin with a benzdiazepine (see Chapter 38). In
patients fr whm it is diffiult t distinguish whih syn-
drme is present, treatment with a benzdiazepine may be
the safest therapeuti ptin.

» When to Admit

• Presene f additinal vital sign abnrmalities r evi-
dene f end-rgan dysfuntin in linial ases when
early sepsis is suspeted.

• Fr measures t ntrl a temperature higher than 41°C
r when fever is assiated with seizure r ther mental
status hanges.

• Heat strke (see Chapter 37).

• Malignant atatnia; neurlepti malignant syndrme; ser-
tnin syndrme; malignant hyperthermia f anesthesia.

Cpeland-Halperin LR et al. Clinial preditrs f psitive pst-
perative bld ultures. Ann Surg. 2018;267:297. [PMID:
27893534]

Evans EM et al. The assiatin f fever and antipyreti media-
tin with utmes in mehanially ventilated patients: a
hrt study. Shk. 2019;52:152. [PMID: 31058720]

Hinsn HE et al. Early fever after trauma: des it matter? J Trauma
Aute Care Surg. 2018;84:19. [PMID: 28640776]

Lng B et al. Onlgi emergenies: the fever with t few neu-
trphils. J Emerg Med. 2019;57:689. [PMID: 31635928]

Ülger F et al. Nn-infetius fever after aute spinal rd injury in
the intensive are unit. J Spinal Crd Med. 2019;42:310.
[PMID: 29027499]

Yang M et al. Serum pralitnin as an independent diagnsti
marker f bateremia in febrile patients with hematlgi
malignanies. PLS One. 2019;14:e0225765. [PMID: 31821331]

INVOLUNTARY WEIGHT LOSS

E S S E N T I A L  I N Q U I R I E S

» Age; caloric intake; secondary confirmation (eg,
changes in clothing size).

» Fever; change in bowel habits.

» Substance abuse.

» Age-appropriate cancer screening history.

» General Considerations

Bdy weight is determined by a persn’s alri intake,
absrptive apaity, metabli rate, and energy lsses.
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Bdy weight nrmally peaks by the fifth r sixth deade
and then gradually delines at a rate f 1–2 kg per deade.
In NHANES II, a natinal survey f mmunity-dwelling
elders (aged 50–80 years), reent invluntary weight lss
(mre than 5% usual bdy weight) was reprted by 7% f
respndents, and this was assiated with a 24% higher
mrtality. In pstmenpausal wmen, unintentinal
weight lss was assiated with inreased rates f hip and
vertebral fratures.

» Etiology

Invluntary weight lss is regarded as linially signifiant
when it exeeds 5% r mre f usual bdy weight ver a 6-
t 12-mnth perid. It ften indiates serius physial r
psyhlgial illness. Physial auses are usually evident
during the initial evaluatin. The mst mmn auses are
aner (abut 30%), gastrintestinal disrders (abut 15%),
and dementia r depressin (abut 15%). Nearly half f
patients with Parkinsn disease have weight lss assiated
with disease prgressin. When an adequately nurished–
appearing patient mplains f weight lss, inquiry shuld
be made abut exat weight hanges (with apprximate
dates) and abut hanges in lthing size. Family members
an prvide nfirmatin f weight lss, as an ld du-
ments suh as driver’s lienses. A mild, gradual weight lss
urs in sme lder individuals beause f dereased
energy requirements. Hwever, rapid invluntary weight
lss is preditive f mrbidity and mrtality. In additin t
varius disease states, auses in lder individuals inlude
lss f teeth and nsequent diffiulty with hewing, medi-
atins interfering with taste r ausing nausea, alhlism,
and sial islatin. Amng Blaks at an adult day health
enter, 65% had a signifiant nutritinal disrder: 48.5%
reprted invluntary weight lss r gain, 21% ate fewer than
tw meals daily, and 41.2% had tth lss r muth pain.

» Clinical Findings

One the weight lss is established, the histry, mediatin
prfile, physial examinatin, and nventinal labratry
and radilgi investigatins (eg, mplete bld unt,
liver bihemial tests, kidney panel, serlgi tests inlud-
ing HIV, thyrid-stimulating hrmne [TSH] level, uri-
nalysis, feal ult bld test, and hest radigraphy)
usually reveal the ause. Age-apprpriate aner sreening
shuld be mpleted as remmended by guidelines (eg,
Papanilau smear, mammgraphy, feal ult bld
test [FOBT]/sreening lnspy/flexible sigmids-
py, pssibly prstate-speifi antigen [PSA]) (Chapter 1).
Whle-bdy CT imaging is inreasingly used fr diagnsis;
ne study fund its diagnsti yield t be 33.5%. When
these tests are nrmal, the send phase f evaluatin
shuld fus n mre definitive gastrintestinal investiga-
tin (eg, tests fr malabsrptin, endspy). Hwever,
ne prspetive ase study in patients with unintentinal
weight lss shwed that lnspy did nt find lre-
tal aner if weight lss was the sle indiatin fr the test.

If the initial evaluatin is unrevealing, fllw-up is pref-
erable t further diagnsti testing. Death at 2-year fllw-
up was nt nearly as mmn in patients with unexplained

invluntary weight lss (8%) as in thse with weight lss
due t malignant (79%) and established nnmalignant
diseases (19%). Psyhiatri nsultatin shuld be nsid-
ered when there is evidene f depressin, dementia,
anrexia nervsa, r ther emtinal prblems. Ultimately,
in apprximately 15–25% f ases, n ause fr the weight
lss an be fund.

» Differential Diagnosis

Malignany, gastrintestinal disrders (prly fitting den-
tures, avities, swallwing r malabsrptin disrders,
panreati insuffiieny), HF, psyhlgial prblems
(dementia, depressin, parania), endrine disrders
(hyperthyridism, hypthyridism, hyperparathyridism,
hypadrenalism), eating prblems (dietary restritins,
lak f mney fr fd), sial prblems (alhl use dis-
rder, sial islatin), and mediatin side effets are all
established auses.

» Treatment

Weight stabilizatin urs in mst surviving patients with
bth established and unknwn auses f weight lss
thrugh treatment f the underlying disrder and alri
supplementatin. Nutrient intake gals are established in
relatin t the severity f weight lss, in general ranging
frm 30 t 40 kal/kg/day. In rder f preferene, rute f
administratin ptins inlude ral, temprary nasjeju-
nal tube, r perutaneus gastri r jejunal tube. Parenteral
nutritin is reserved fr patients with serius assiated
prblems. A variety f pharmalgi agents have been
prpsed fr the treatment f weight lss. These an be
ategrized int appetite stimulants (rtisterids, pr-
gestatinal agents, annabinids, and sertnin antag-
nists); anabli agents (grwth hrmne, ghrelin, and
teststerne derivatives); and antiatabli agents (mega-3
fatty aids, pentxifylline, hydrazine sulfate, and thalid-
mide). There is n evidene that appetite stimulants
derease mrtality, and they may have severe adverse side
effets. Exerise training may prevent r even reverse the
press f musle wasting in HF (“ardia ahexia”). Pr-
tein supplementatin mbined with resistane exerise
training and aerbi ativity may prevent aging-related
musle mass attenuatin and funtinal perfrmane.
Sme patients with aner-assiated weight lss may ben-
efit frm nutritinal assessment and interventin as
dereased fd intake may be playing a rle.

» When to Refer

• Weight lss aused by malabsrptin.

• Persistent nutritinal defiienies despite adequate
supplementatin.

• Weight lss as a result f anrexia r bulimia.

» When to Admit

• Severe prtein-energy malnutritin, inluding the syn-
drmes f kwashirkr and marasmus.

• Vitamin defiieny syndrmes.
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• Cahexia with antiipated prgressive weight lss se-
ndary t unmanageable psyhiatri disease.

• Careful eletrlyte and fluid replaement in prtein-
energy malnutritin and avidane f “re-feeding
syndrme.”

Dunne RF et al. Cahexia and sarpenia in lder adults with
aner: a mprehensive review. Caners (Basel). 2019;11:1861.
[PMID: 31769421]

Gh Y et al. Diagnsti utility f whle bdy CT sanning in
patients with unexplained weight lss. PLS One. 2018;13:
e0200686. [PMID: 30052642]

Peixt da Silva S et al. Caner ahexia and its pathphysilgy:
links with sarpenia, anrexia and asthenia. J Cahexia Sar-
penia Musle. 2020;11:619. [PMID: 32142217]

Trné Caht J et al. Islated invluntary weight lss: epidemil-
gy and preditive fatrs f malignany. Med Clin (Bar).
2019;152:384. [PMID: 30297253]

Valentva M et al. Cardia ahexia revisited: the rle f wasting
in heart failure. Heart Fail Clin. 2020;16:61. [PMID: 31735316]

FATIGUE

E S S E N T I A L  I N Q U I R I E S

» Weight loss; fever.

» Sleep-disordered breathing.

» Medications; substance use.

» General Considerations

Fatigue, as an islated symptm, aunts fr 1–3% f
visits t generalists. The symptm f fatigue is ften prly
desribed and less well defined by patients than symptms
assiated with speifi dysfuntin f rgan systems.
Fatigue r lassitude and the lsely related mplaints f
weakness, tiredness, and lethargy are ften attributed t
verexertin, pr physial nditining, sleep distur-
bane, besity, undernutritin, and emtinal prblems. A
histry f the patient’s daily living and wrking habits may
bviate the need fr extensive and unprdutive diagnsti
studies.

» Clinical Findings

Clinially relevant fatigue is mpsed f three majr m-
pnents: generalized weakness (diffiulty in initiating
ativities); easy fatigability (diffiulty in mpleting ativi-
ties); and mental fatigue (diffiulty with nentratin and
memry). Imprtant diseases that an ause fatigue inlude
hyperthyridism and hypthyridism, HF, infetins
(endarditis, hepatitis), COPD, interstitial lung disease,
end-stage renal disease, sleep apnea, anemia, autimmune
disrders, multiple slersis, irritable bwel syndrme,
Parkinsn disease, erebral vasular aident, and aner.
Slutin-fused therapy has a signifiant initial benefiial
effet n the severity f fatigue and quality f life in
patients with quiesent inflammatry bwel disease.

Alhl use disrder, vitamin C defiieny (survy), side
effets frm mediatins (eg, sedatives and beta-blkers),
and psyhlgial nditins (eg, insmnia; depressin;
anxiety; pani attaks; dysthmia; and smati symptm
disrder, frmerly alled smatizatin disrder) may be the
ause. Cmmn utpatient infetius auses inlude mn-
nulesis and sinusitis. These nditins are usually assi-
ated with ther harateristi signs, but patients may
emphasize fatigue and nt reveal their ther symptms
unless diretly asked. The lifetime prevalene f signifiant
fatigue (present fr at least 2 weeks) is abut 25%. Fatigue f
unknwn ause r related t psyhiatri illness exeeds that
due t physial illness, injury, alhl, r mediatins.

Althugh frequently assiated with Lyme disease,
severe fatigue as a lng-term sequela is rare.

» Treatment

Management f fatigue invlves identifiatin and treat-
ment f nditins that ntribute t fatigue, suh as an-
er, pain, depressin, disrdered sleep, weight lss, and
anemia. Resistane training and aerbi exerise lessens
fatigue and imprves perfrmane fr a number f hrni
nditins assiated with a high prevalene f fatigue,
inluding HF, COPD, arthritis, and aner. Cntinuus
psitive airway pressure is an effetive treatment fr
bstrutive sleep apnea. Psyhstimulants suh as methyl-
phenidate have shwn innsistent results in randmized
trials f treatment f aner-related fatigue. Mdafinil and
armdafinil appear t be effetive, well-tlerated agents in
HIV-psitive patients with fatigue and as adjuntive agents
in patients with depressin r biplar disrder with fatigue.
Teststerne replaement in hypandrgeni men ver age
65 had n signifiant benefits fr walking distane r vital-
ity, as assessed by the Funtinal Assessment f Chrni
Illness Therapy-Fatigue sale. But men reeiving the tests-
terne reprted slightly better md and lwer severity f
depressive symptms than thse reeiving plaeb. Meth-
ylphenidate, as well as gnitive-behaviral therapy, may
imprve mental fatigue and gnitive funtin in patients
with traumati brain injury. Vitamin D treatment signifi-
antly imprved fatigue in kidney transplantatin patients
as well as in therwise healthy persns with vitamin D
defiieny. Internet-based gnitive-behaviral therapy
is effetive in reduing severe fatigue in breast aner sur-
vivrs. Therapeuti Care (a mplementary mediine
mdality that uses aupressure) redues fatigue in sme
patients with breast aner reeiving hemtherapy. Six
weeks f Swedish massage therapy redued fatigue in
female breast aner survivrs wh had surgery plus radia-
tin and/r hemtherapy/hempreventin. There is lim-
ited and preliminary evidene that rasagiline, mdafinil,
and dxepin are assiated with imprvement f fatigue in
Parkinsn disease.

The treatment f sublinial hypthyridism is unlikely
t benefit symptms f fatigue. The TRUST study fund
that treatment f sublinial hypthyridism with levthy-
rxine did nt imprve symptms f fatigue as measured
by the Tiredness sre (3.2 ± 17.7 in plaeb grup and 3.8
in levthyrxine grup ± 18.4, respetively; between-grup
differene, 0.4; 95% CI, –2.1 t +2.9). Oral melatnin des
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nt imprve fatigue in patients with advaned aner.
Exeeding the RDA fr prtein intake des nt inrease
musle r physial funtin, nr augment anabli
respnse t teststerne in lder men.

» When to Refer

• Infetins nt respnsive t standard treatment.

• Diffiult-t-ntrl hyperthyridism r hypthyridism.

• Severe psyhlgial illness.

• Malignany.

» When to Admit

• Failure t thrive.

• Fatigue severe enugh t impair ativities f daily living.

Kinkead B et al. Massage therapy dereases aner-related
fatigue: results frm a randmized early phase trial. Caner.
2018;124:546. [PMID: 29044466]

Twisk FNM. Myalgi enephalmyelitis, hrni fatigue syn-
drme, and hrni fatigue: three distint entities requiring
mplete different apprahes. Curr Rheumatl Rep. 2019;
21:27. [PMID: 31073713]

ACUTE HEADACHE

E S S E N T I A L  I N Q U I R I E S

» Age > 40 years.

» Rapid onset and severe intensity (ie, “thunderclap”
headache), trauma, onset during exertion.

» Fever, vision changes, neck stiffness.

» HIV infection.

» Current or past history of hypertension.

» Neurologic findings (mental status changes,
motor or sensory deficits, loss of consciousness).

» General Considerations

Headahe is a mmn reasn that adults seek medial are.
In the United States, it aunts fr apprximately 13 millin
visits eah year t physiians’ ffies, urgent are linis, and
emergeny departments. It is the fifth mst mmn reasn
fr emergeny department visits, and send mst mmn
reasn fr neurlgi nsultatin in the emergeny depart-
ment. A brad range f disrders an ause headahe (see
Chapter 24). This setin deals nly with aute nntrau-
mati headahe in adults and adlesents. The hallenge
in the initial evaluatin f aute headahe is t identify
whih patients are presenting with an unmmn but life-
threatening nditin; apprximately 1% f patients seek-
ing are in emergeny department settings and nsiderably
less in ffie pratie settings fall int this ategry.

Diminutin f headahe in respnse t typial migraine
therapies (suh as sertnin reeptr antagnists r

ketrla) des nt rule ut ritial nditins suh as
subarahnid hemrrhage r meningitis as the underlying
ause. A “sentinel headahe” befre a subarahnid hemr-
rhage is a sudden, intense, persistent headahe different
frm previus headahes; it preedes subarahnid hemr-
rhage by days r weeks and urs in 15–60% f patients
with spntaneus subarahnid hemrrhage.

» Clinical Findings

A. Symptoms

A areful histry and physial examinatin shuld aim t
identify auses f aute headahe that require immediate
treatment. These auses an be bradly lassified as immi-
nent r mpleted vascular events (intraranial hemr-
rhage, thrmbsis, avernus sinus thrmbsis, vasulitis,
malignant hypertensin, arterial dissetin, erebral
venus thrmbsis, transient ishemi attak, r aneu-
rysm), infections (absess, enephalitis, r meningitis),
intracranial masses ausing intraranial hypertensin,
preeclampsia, and carbon monoxide poisoning. Having
the patient arefully desribe the nset f headahe an be
helpful in diagnsing a serius ause.

Reprt f a sudden-nset headahe that reahes maxi-
mal and severe intensity within sends r a few minutes is
the lassi desriptin f a “thunderlap” headahe; it
shuld preipitate wrkup fr subarahnid hemrrhage,
sine the estimated prevalene f subarahnid hemr-
rhage in patients with thunderlap headahe is 43%.

Thunderlap headahe during the pstpartum perid
preipitated by the Valsalva maneuver r reumbent psi-
tining may indiate reversible erebral vasnstritin
syndrme r irreversible erebral venus sinus thrmbsis.
Venus-speifi imaging sequenes may be needed fr
diagnsis. Other histrial features that raise the need fr
diagnsti testing inlude headahe brught n by ugh,
exertin, r sexual ativity.

The medial histry an als guide the need fr addi-
tinal wrkup. Under mst irumstanes (inluding a
nrmal neurlgi examinatin), new headahe in a
patient lder than 50 years r with HIV infetin warrants
immediate neurimaging (Table 2–5). When the patient
has a histry f hypertensin—partiularly unntrlled
hypertensin—a mplete searh fr ther features f
“malignant hypertensin” is apprpriate t determine the
urgeny f ntrl f hypertensin (see Chapter 11). Head-
ahe and hypertensin assiated with pregnany may be
due t preelampsia. Episdi headahe assiated with the
triad f hypertensin, palpitatins, and sweats is suggestive
f phehrmytma. In the absene f thunderlap
headahe, advaned age, and HIV infetin, a areful
physial examinatin and detailed neurlgi examinatin
will usually determine auity f the wrkup and need fr
further diagnsti testing. A histry nsistent with hyper-
agulability is assiated with an inreased risk f erebral
venus thrmbsis.

Symptms an als be useful fr diagnsing migraine
headahe in the absene f the “lassi” migraine pattern f
sintillating stma fllwed by unilateral headahe, ph-
tphbia, and nausea and vmiting (Table 2–6).
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The presene f three r mre f these symptms (nausea,
phtphbia, phnphbia, and exaerbatin by physial
ativity) an establish the diagnsis f migraine (in the
absene f ther linial features that warrant neurimag-
ing studies), and the presene f nly ne r tw symptms
(prvided ne is nt nausea) an help rule ut migraine. A
systemati list alled the SNNOOP10 has been develped
as a sreening methd fr sendary auses f headahe
(Table 2–7).

B. Physical Examination

Critial mpnents f the physial examinatin f the
patient with aute headahe inlude vital signs, neurlgi
examinatin, and visin testing with funduspi examina-
tin. The finding f fever with aute headahe warrants
additinal maneuvers t eliit evidene f meningeal
inflammatin, suh as Kernig and Brudzinski signs. The
absene f jlt aentuatin f headahe annt aurately
rule ut meningitis. Patients lder than 60 years shuld be
examined fr salp r tempral artery tenderness.

Careful assessment f visual auity, ular gaze, visual
fields, pupillary defets, pti disks, and retinal vein pulsa-
tins is ruial. Diminished visual auity is suggestive f
glauma, tempral arteritis, r pti neuritis. Ophthal-
mplegia r visual field defets may be signs f venus sinus
thrmbsis, tumr, r aneurysm. Afferent pupillary defets
an be due t intraranial masses r pti neuritis. In the
setting f headahe and hypertensin, retinal ttn wl
spts, flame hemrrhages, and disk swelling indiate aute
severe hypertensive retinpathy. Ipsilateral ptsis and mi-
sis suggest Hrner syndrme and in njuntin with aute
headahe may signify artid artery dissetin. Finally,
papilledema r absent retinal venus pulsatins are signs f
elevated intraranial pressure—findings that shuld be fl-
lwed by neurimaging prir t perfrming lumbar pun-
ture (Table 2–5). On nnmydriati fundspy, up t 8.5%
f patients wh arrive at the emergeny department m-
plaining f headahe had abnrmalities; althugh few had
ther signifiant physial examinatin findings, 59% f
them had abnrmal neurimaging studies.

Cmplete neurlgi evaluatins are als ritial
and shuld inlude assessment f mental status, mtr and
sensry systems, reflexes, gait, erebellar funtin, and
prnatr drift. Any abnrmality n neurlgi evaluatin
(espeially mental status) warrants emergent neurimaging
(Table 2–5).

C. Diagnostic Studies

Neurimaging is summarized in Table 2–5. Under mst
irumstanes, a nnntrast head CT is suffiient t
exlude intraranial hypertensin with impending hernia-
tin, intraranial hemrrhage, and many types f intrara-
nial masses (ntable exeptins inlude lymphma and
txplasmsis in HIV-psitive patients, herpes simplex
enephalitis, and brain absess). When needed, a ntrast
study an be rdered t fllw a nrmal nnntrast study.
A nrmal neurimaging study des nt exlude subarah-
nid hemrrhage and shuld be fllwed by lumbar pun-
ture. One study supprted a hange f pratie wherein a
lumbar punture an be withheld when a head CT san
was perfrmed less than 6 hurs after headahe nset and
shwed n evidene f subarahnid hemrrhage (nega-
tive preditive value 99.9% [95% CI, 99.3–100.0%]).

In patients fr whm there is a high level f suspiin fr
subarahnid hemrrhage r aneurysm, a nrmal CT and
lumbar punture shuld be fllwed by angigraphy within
the next few days (prvided the patient is medially stable).

Lumbar punture is als indiated t exlude infetius
auses f aute headahe, partiularly in patients with fever
r meningeal signs. Cerebrspinal fluid tests shuld ru-
tinely inlude Gram stain, white bld ell unt with dif-
ferential, red bld ell unt, gluse, ttal prtein, and
baterial ulture. In apprpriate patients, als nsider
testing erebrspinal fluid fr VDRL (syphilis), rypt-
al antigen (HIV-psitive patients), aid-fast baillus stain
and ulture, and mplement fixatin and ulture fr -
idiidmysis. Strage f an extra tube with 5 mL f
erebrspinal fluid is als prudent fr nduting unantii-
pated tests in the immediate future. Plymerase hain

Table 2–5. Clinical features associated with acute
headache that warrant urgent or emergent
neuroimaging.

pio o lumb uncu

Abnormal neurologic examination

Abnormal mental status

Abnormal funduscopic examination (papilledema; loss of

venous pulsations)

Meningeal signs

emgn (conduc io o lving offic o mgncy

dmn)

Abnormal neurologic examination

Abnormal mental status

“Thunderclap” headache

Ugn (scduld io o lving offic o mgncy

dmn)

HIV-positive patient1

Age > 50 years (normal neurologic examination)

1Use CT with or without contrast or MRI if HIV positive.

Data from American College of Emergency Physicians. Clinical

policy: critical issues in the evaluation and management of

patients presenting to the emergency department with acute

headache. Ann Emerg Med. 2002;39:108–22.

Table 2–6. Summary likelihood ratios (LRs) for individ-
ual clinical features associated with migraine
diagnosis.

Clinicl Fu Lr+ (95% CI) Lr– (95% CI)

Nausea 19 (15–25) 0.19 (0.18–0.20)

Photophobia 5.8 (5.1–6.6) 0.24 (0.23–0.26)

Phonophobia 5.2 (4.5–5.9) 0.38 (0.36–0.40)

Exacerbation by

physical activity

3.7 (3.4–4.0) 0.24 (0.23–0.26)

CI, confidence interval.
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reatin tests fr speifi infetius pathgens (eg, herpes
simplex 2) shuld als be nsidered in patients with evi-
dene f entral nervus system infetin but n identifi-
able pathgen.

The Ottawa subarahnid hemrrhage linial deisin
rule had 100% sensitivity (and 13–15% speifiity in differ-
ent studies) in prediting subarahnid hemrrhage.
Arding t it, patients wh seek medial attentin in an
emergeny department mplaining f an aute nntrau-
mati headahe shuld be evaluated fr subarahnid
hemrrhage if they have ne r mre f the fllwing fa-
trs: age 40 years r lder, nek pain r stiffness, witnessed
lss f nsiusness, nset during exertin, thunderlap
headahe (instantly peaking pain), r limited nek flexin
n examinatin.

In additin t neurimaging and lumbar punture,
additinal diagnsti tests fr exlusin f life-threatening
auses f aute headahe inlude erythryte sedimenta-
tin rate (tempral arteritis; endarditis), urinalysis
(malignant hypertensin; preelampsia), and sinus CT
(baterial sinusitis, independently r as a ause f venus
sinus thrmbsis).

» Treatment

Treatment shuld be direted at the ause f aute head-
ahe. In patients in whm migraine r migraine-like head-
ahe has been diagnsed, early treatment with ketrla
(ral, nasal, r intramusular), dihydrergtamine, las-
miditan, ubrgepant, r triptans (ral, nasal, subutane-
us) an ften abrt r prvide signifiant relief f
symptms (see Chapter 24). Intravenus prhlrperazine
plus diphenhydramine was mre effetive fr migraine
pain relief than intravenus hydrmrphne in the emer-
geny department. There appears t be n benefit f
adding intravenus diphenhydramine t intravenus
metlpramide. Prhlrperazine appears t be superir
t ketamine fr the treatment f benign headahes in the
emergeny department. Sumatriptan may be less effetive
as immediate therapy fr migraine attaks with aura m-
pared t attaks withut aura. There may be a rle fr ral
rtisterids t prevent rebund headahe after emer-
geny department disharge, but in ne study, lng-ating
intramusular methylprednislne aetate did nt derease
the frequeny f pst-emergeny department disharge

Table 2–7. SNNOOP10 list of “red” flags for secondary causes of headache.

Sign o Symom rld Scondy hdcs

Systemic symptoms1 Headache attributed to infection, nonvascular intracranial disorders, carcinoid,

or pheochromocytoma

Neoplasm in history Neoplasms of the brain; metastasis

Neurologic deficit/dysfunction Headaches attributed to vascular, nonvascular intracranial disorders; brain

abscess and other infections

Onset of headache is sudden or abrupt Subarachnoid hemorrhage and other headache attributed to cranial or cervical

vascular disorders

Older age (> 50 years) Giant cell arteritis and other headache attributed to cranial or cervical vascular

disorders; neoplasms and other nonvascular intracranial disorders

Pattern change or recent onset of headache Neoplasms, headaches attributed to vascular, nonvascular intracranial disorders

Positional headache Intracranial hypertension or hypotension

Precipitated by sneezing, coughing, or exercise Posterior fossa malformations; Chiari malformation

Papilledema Neoplasms and other nonvascular intracranial disorders; intracranial

hypertension

Progressive headache and atypical presentations Neoplasms and other nonvascular intracranial disorders

Pregnancy or puerperium Headaches attributed to cranial or cervical vascular disorders; postdural punc-

ture headache; hypertension-related disorders (eg, preeclampsia); cerebral

sinus thrombosis; hypothyroidism; anemia; diabetes mellitus

Painful eye with autonomic features Pathology in posterior fossa, pituitary region, or cavernous sinus; Tolosa-Hunt

syndrome (severe, unilateral headaches with orbital pain and ophthalmople-

gia due to extraocular palsies); other ophthalmic causes

Posttraumatic onset of headache Acute and chronic posttraumatic headache; subdural hematoma and other

headache attributed to vascular disorders

Immune system pathology, eg, HIV Opportunistic infections

Painkiller overuse or new drug at onset of headache Medication overuse headache; drug incompatibility

1”Orange” flag for isolated fever alone.

Reproduced, with permission, from Do TP et al. Red and orange flags for secondary headaches in clinical practice: SNNOOP10 list.

Neurology. 2019;92:134.
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headahe days mpared with ral dexamethasne. Paren-
teral mrphine and hydrmrphne are best avided as
first-line therapy.

Subanestheti ketamine infusins may be benefiial in
individuals with hrni migraine and new daily persistent
headahe that has nt respnded t ther aggressive treat-
ments. Peripheral nerve blks may be a safe and effetive
way t treat headahes in lder adults. Surgial dempres-
sin f peripheral ranial and spinal nerves at trigger sites
have been used t treat migraine. Nninvasive vagus nerve
stimulatin has shwn prmise in the management f
migraine and aute luster headahes.

High-flw xygen therapy may als prvide effetive
treatment fr all headahe types in the emergeny depart-
ment setting (eg, benefitting lder patients with luster
headahes). Peripheral nerve blks fr treatment-refratry
migraine may be an effetive therapeuti ptin in preg-
nany. The ral 5-HT1F reeptr agnist, lasmiditan, has
been apprved fr the aute treatment f migraine with r
withut aura in adults. The CGRP mnlnal antibdies
(erenumab, fremanezumab, galanezumab) have been
apprved fr preventin f migraine. Galanezumab has
ativity against luster headahe.

Regular exerise may have a prphylati effet n
migraine frequeny; hwever, new, intense exerise an
trigger migraine.

» When to Refer

• Frequent migraines nt respnsive t standard therapy.

• Migraines with atypial features.

• Chrni daily headahes due t mediatin veruse.

» When to Admit

• Need fr repeated dses f parenteral pain mediatin.

• T failitate an expedited wrkup requiring a sequene
f neurimaging and predures.

• T mnitr fr prgressin f symptms and t btain
neurlgi nsultatin when the initial emergeny
department wrkup is innlusive.

• Pain severe enugh t impair ativities f daily living r
impede fllw-up appintments r nsultatins.

• Patients with subarahnid hemrrhage, intraranial
mass, r meningitis.

Burh R. Migraine and tensin-type headahe: diagnsis and
treatment. Med Clin Nrth Am. 2019;103:215. [PMID:
30704678]

Diamanti S et al. Leading symptms in erebrvasular diseases:
what abut headahe? Neurl Si. 2019;40:147. [PMID:
30891639]

D TP et al. Red and range flags fr sendary headahes in
linial pratie: SNNOOP10 list. Neurlgy. 2019;92:134.
[PMID: 30587518]

Guryildirim M et al. Aute headahe in the emergeny setting.
Radigraphis. 2019;39:1739. [PMID: 31589569]

Sjulstad AS et al. What is urrently the best investigatinal
apprah t the patient with sudden-nset severe headahe?
Headahe. 2019;59:1834. [PMID: 31710108]

Wu WT et al. The Ottawa subarahnid hemrrhage linial
deisin rule fr lassifying emergeny department headahe
patients. Am J Emerg Med. 2020;38:198. [PMID: 30765279]

DYSURIA

E S S E N T I A L  I N Q U I R I E S

» Fever; new back or flank pain; nausea or vomiting.

» Vaginal discharge.

» Pregnancy risk.

» Structural abnormalities.

» Instrumentation of urethra or bladder.

» General Considerations

Dysuria (painful urinatin) is a mmn reasn fr adults
and adlesents t seek urgent medial attentin.

An inflammatry press (eg, urinary trat infetin
[UTI], autimmune disrder) underlies mst auses f
dysuria. In wmen, ystitis will be diagnsed in up t
50–60% f ases. Cystitis has an inidene f 0.5–0.7% per
year in sexually ative yung wmen. The key bjetive in
evaluating wmen with dysuria is t exlude serius upper
urinary trat disease, suh as aute pyelnephritis, and
sexually transmitted diseases. In elderly men, dysuria may
be a symptm f prstatitis. In ntrast, in yunger men,
urethritis aunts fr the vast majrity f ases f dysuria.
Male ylists had n wrse sexual r urinary funtins
than swimmers r runners, but ylists were mre prne t
urethral striture.

» Clinical Findings

A. Symptoms

Well-designed hrt studies have shwn that sme
wmen an be reliably diagnsed with unmpliated ys-
titis withut a physial examinatin r urinalysis, and
randmized ntrlled trials shw that telephne manage-
ment f unmpliated ystitis is safe and effetive. An
inreased likelihd f ystitis is present when wmen
reprt multiple irritative viding symptms (dysuria,
urgeny, frequeny), fever, r bak pain (psitive LRs =
1.6–2.0). A hrt study fund that the symptm f dys-
uria mst reliably predited a ulture-psitive UTI. Inquir-
ing abut symptms f vulvvaginitis is imperative. When
wmen reprt dysuria and urinary frequeny, and deny
vaginal disharge and irritatin, the LR fr ulture-
nfirmed ystitis is 24.5. In ntrast, when vaginal dis-
harge r irritatin is present, as well as dysuria r urinary
frequeny, the LR is 0.7. Grss hematuria in wmen with
viding symptms usually represents hemrrhagi ystitis
but an als be a sign f bladder aner (partiularly in
lder patients) r upper trat disease. Failure f hematuria
t reslve with antibiti treatment shuld prmpt further
evaluatin f the bladder and kidneys. Chlamydial
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infetin shuld be strngly nsidered amng wmen
aged 25 years r yunger wh are sexually ative and seek-
ing medial attentin fr a suspeted UTI fr the first time
r wh have a new partner.

Beause fever and bak pain, as well as nausea and vm-
iting, are nsidered harbingers f (r linial riteria fr)
aute pyelnephritis, wmen with these symptms shuld
usually be examined by a liniian prir t treatment in
rder t exlude existent ursepsis, hydrnephrsis, r
nephrlithiasis that wuld affet management deisins.
Risk fatrs fr aute pyelnephritis amng wmen
18–49 years f age relate t sexual behavirs (frequent
sexual interurse [3 times per week r mre], new sexual
partner in previus year, reent spermiide use), as well as
diabetes mellitus and reent UTI r inntinene.

Finally, pregnany, underlying strutural fatrs (ply-
ysti kidney disease, nephrlithiasis, neurgeni bladder),
immunsuppressin, diabetes mellitus, and a histry f
reent bladder r urethral instrumentatin usually alter the
treatment regimen (antibiti hie r duratin f treat-
ment, r bth) fr ystitis. Presene f UTI during preg-
nany is strngly assiated with preelampsia (partiularly
UTI during the third trimester).

B. Physical Examination

Fever, tahyardia, r hyptensin suggests the pssibility
f ursepsis and ptential need fr hspitalizatin. A
fused examinatin in wmen, in unmpliated irum-
stanes, uld be limited t asertainment f stvertebral
angle tenderness and t a lwer abdminal and pelvi
examinatin if the histry suggests vulvvaginitis r
erviitis.

C. Diagnostic Studies

1. Urinalysis—Urinalysis is prbably verutilized in the
evaluatin f dysuria. The prbability f ulture-nfirmed
UTI amng wmen with a histry and physial examina-
tin mpatible with unmpliated ystitis is abut
70–90%. Urinalysis is mst helpful in atypial presentatins
f ystitis. Dipstik detetin (greater than trae) f leuk-
ytes, nitrites, r bld supprts a diagnsis f ystitis.
When bth leukyte and nitrite tests are psitive, the LR is
4.2, and when bth are negative, the LR is 0.3. The negative
preditive value f urinalysis is nt suffiient t exlude
ulture-nfirmed UTI in wmen with multiple and typial
symptms, and randmized trial evidene shws that anti-
biti treatment is benefiial t wmen with typial symp-
tms and negative urinalysis dipstik tests. Mirspy f
unspun urine may als be helpful in diagnsis and redues
unneessary use f antibitis. The mbinatin f urgeny,
dysuria, and pyuria assessed with the high-pwer bjetive
(40×) fr pus ells (mre than 1 pus ell/7 high-pwer
fields) had a psitive preditive value f 71 and LR f 2.97.

2. Urine culture—Urine ulture shuld be nsidered fr
all wmen with upper trat symptms (prir t initiating
antibiti therapy), as well as thse with dysuria and a nega-
tive urine dipstik test. In symptmati wmen, a lean-
ath urine ulture is nsidered psitive when 102–103

lny-frming units/mL f a urpathgeni rganism are
deteted. The benefit f DNA next-generatin sequening
and expanded quantitative urine ulture is being studied,
and in a reent study, multiplex plymerase hain reatin
analysis was fund t be as benefiial as a urine ulture.

3. Renal imaging—When severe flank r bak pain is pres-
ent, the pssibility f mpliated kidney infetin (peri-
nephri absess, nephrlithiasis) r f hydrnephrsis
shuld be nsidered. Renal ultrasund r CT sanning
shuld be dne t rule ut absess and hydrnephrsis. T
exlude nephrlithiasis, nnntrast helial CT sanning is
mre aurate than intravenus urgraphy and is the diag-
nsti test f hie. In a meta-analysis, the psitive and
negative LRs f helial CT sanning fr diagnsis f neph-
rlithiasis were 23.2 and 0.05, respetively.

» Differential Diagnosis

The differential diagnsis f dysuria in wmen inludes
aute ystitis, aute pyelnephritis, vaginitis (Candida, ba-
terial vaginsis, Trichomonas, herpes simplex), urethritis/
erviitis (Chlamydia, gnrrhea), and interstitial ystitis/
painful bladder syndrme. Pelvi ngestin syndrme
(dilated and refluxing pelvi veins) may als ause dysuria
and pelvi pain.

Nulei aid amplifiatin tests frm first-vid urine r
vaginal swab speimens are highly sensitive fr deteting
hlamydial infetin. Other infetius pathgens assiated
with dysuria and urethritis in men inlude Mycoplasma
genitalium and Enterbateriaeae.

» Treatment

Definitive treatment is direted t the underlying ause f
the dysuria. An evidene-infrmed algrithm fr managing
suspeted UTI in wmen is shwn in Figure 2–1. This alg-
rithm supprts antibiti treatment f mst wmen with
multiple and typial symptms f UTI withut perfrming
urinalysis r urine ulture. Antibiti seletin shuld be
guided by lal resistane patterns and expert-panel linial
pratie guidelines; majr ptins fr unmpliated ysti-
tis inlude nitrfurantin, ephalsprins, iprflxain,
fsfmyin, and trimethprim-sulfamethxazle. Five days
f nitrfurantin resulted in a signifiantly greater likeli-
hd f linial and mirbilgi reslutin than single-
dse fsfmyin.

In a study f 47 patients with UTIs due t multidrug-
resistant bateria, treatment with fsfmyin resulted in
linial ure rates f 87% and 94% at 48 hurs and 14 days,
respetively.

Arding t the Amerian Aademy f Pediatris’ Cm-
mittee n Drugs, antibitis that are usually aeptable when
treating wmen wh are breastfeeding inlude trimethprim-
sulfamethxazle (unless G6PD defiieny is present), amx-
iillin, nitrfurantin, iprflxain, and flxain.
Plazmiin, a nvel neglyside, is FDA apprved fr the
treatment f adults with mpliated urinary trat infetins
wh have limited r n alternative treatment ptins.

In men, prlnged treatment f UTIs (mre than
7 days) ut f nern fr delayed learane f infetin
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within the prstate des nt appear t redue early r late
reurrenes. A 5-day urse f flurquinlnes in utpa-
tient men with UTI is as effetive as a 10-day urse.

Symptmati relief an be prvided with phenazpyri-
dine, a urinary analgesi that is available ver the unter;
it is used in mbinatin with antibiti therapy (when a
UTI has been nfirmed) but fr n mre than 2 days.
Patients shuld be infrmed that phenazpyridine will
ause range/red dislratin f their urine and ther
bdy fluids (eg, sme ntat lens wearers have reprted
dislratin f their lenses). Rare ases f methemgl-
binemia and hemlyti anemia have been reprted, usually
with verdses r underlying kidney dysfuntin. NSAIDs
have als been shwn t be f symptmati benefit, but less
effetive than antibiti therapy. Althugh sme wmen
rever frm unmpliated UTI when treated with
NSAIDs alne (53% in a Nrwegian study), the rate f

prgressin t pyelnephritis was substantial. Delayed
antibiti therapy in elderly patients with UTI leads t a
substantially higher rate f bldstream infetins and all-
ause mrtality. If a brad-spetrum antibiti was initially
presribed empirially fr UTI and urine ulture results
return establishing effiay f a narrw-spetrum antibi-
ti, treatment shuld be “de-esalated” t the narrw-
spetrum antimirbial. Amng premenpausal wmen
with reurrent UTIs, inreased daily water nsumptin
dereased the mean number f ystitis episdes ver a
12-mnth perid (1.7 [95% CI, 1.5–1.8] in the inreased
water nsumptin grup mpared with 3.2 [95% CI,
3.0–3.4] in the ntrl grup) and redued the number r
antibiti presriptins reeived (1.9 [95% CI, 1.7–2.2] and
3.6 [95% CI, 3.3–4.0], respetively). In patients with
asymptmati renal aluli and reurrent UTIs, stne
extratin eliminated infetins in 50% f wmen.

Eligible woman between the ages of 18 and 55 telephones or

presents to clinic with predominant symptoms of dysuria or

urinary urgency; she suspects she has a UTI.

Does patient meet any of the

exclusion criteria?1 Patient excluded from the pathway
Yes

No

No

Yes
Schedule visit with a health care provider

Patient offered the option of either an

office visit with a health care provider

or telephone management.

Does the patient request an office

visit?

Prescribe one from the following list:

1. Nitrofurantoin monohydrate/macrocrystals (100 mg

two times a day for 5 days); or

2. Fosfomycin tromethamine (3 g once); or

3. Ciprofloxacin (250 mg orally twice a day for 3

days); or

4. Trimethoprim-sulfamethoxazole double-strength

(two times a day for 3 days)

1Primary exclusion criteria include documented fever 38°C; symptoms of dysuria or urgency ≥ 7 days; symptoms

of vaginitis present; abdominal pain, nausea, or vomiting; gross hematuria in patients older than 50 years;

immunosuppression (eg, current use of chemotherapeutic agents); diabetes mellitus; known pregnancy; chronic

renal or urologic abnormalities, other than stress urinary incontinence (eg, polycystic kidney disease, neurogenic

bladder, renal failure); recent or persistent urinary stones; urinary catheterization or other urologic

procedure ≤ 2 wk ago; discharge from hospital or nursing home ≤ 2 wk ago; treatment for

UTI ≤ 2 wk ago; recurrent symptomatic UTI.

▲ Figure 2–1. Proposed algorithm for evaluating women with symptoms of acute urinary tract infection (UTI).
(Data from Gupta K et al; Infectious Diseases Society of America; European Society for Microbiology and Infectious Diseases.
International clinical practice guidelines for the treatment of acute uncomplicated cystitis and pyelonephritis in women:
A 2010 update by the Infectious Diseases Society of America and the European Society for Microbiology and Infectious
Diseases. Clin Infect Dis. 2011;52:e103.)
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In ases f interstitial ystitis/painful bladder syndrme
(see Chapter 23), patients will ften respnd t a multi-
mdal apprah that may inlude urethral/vesiular
dilatin, bifeedbak, gnitive-behaviral therapy, antide-
pressants, dietary hanges, vaginal emllients, and ther
supprtive measures. Vaginal estrgen effetively relieves
urinary urgeny and frequeny as well as reurrent UTIs
related t vulvvaginal atrphy f menpause (als knwn
as geniturinary syndrme f menpause).

A meta-analysis fund that antibiti treatment fr
mst peple with asymptmati bateriuria is nt benefi-
ial and may be harmful. Antibiti treatment benefits
bth pregnant wmen with asymptmati bateriuria as
well as persns abut t underg urlgi surgery. The
USPSTF remmends sreening pregnant wmen fr
asymptmati bateriuria by btaining a urine ulture (B
remmendatin). The USPSTF remmends against
sreening fr asymptmati bateriuria in nnpregnant
adults (D remmendatin).

There were n differenes in the prevalene f pstp-
erative UTI in wmen wh had mixed-flra n prepera-
tive urine ultures mpared t thse with n grwth n
preperative urine ultures.

» When to Refer

• Anatmi abnrmalities leading t repeated urinary
infetins.

• Infetins assiated with nephrlithiasis.

• Persistent interstitial ystitis/painful bladder syndrme.

» When to Admit

• Severe pain requiring parenteral mediatin r impair-
ing ambulatin r urinatin (suh as severe primary
herpes simplex genitalis).

• Dysuria assiated with urinary retentin r
bstrutin.

• Pyelnephritis with ureteral bstrutin.

• Symptms and signs suggesting ursepsis.

Alidjanv JF et al. Reliability f symptm-based diagnsis f
unmpliated ystitis. Url Int. 2019;102:83. [PMID:
30419565]

Aslam S et al. Reurrent urinary trat infetins in adult wmen.
JAMA. 2020;323:658. [PMID: 31995139]

Chu CM et al. Diagnsis and treatment f urinary trat infetins
arss age grups. Am J Obstet Gynel. 2018;219:40. [PMID:
29305250]

Klman KB. Cystitis and pyelnephritis: diagnsis, treatment,
and preventin. Prim Care. 2019;46:191. [PMID: 31030820]

Maki DG. USPSTF remmends sreening fr asymptmati
bateriuria in pregnant wmen but nt nnpregnant adults.
Ann Intern Med. 2020;172:JC14. [PMID: 32066147]

Trni J et al. The hallenge f asymptmati bateriuria and
symptmati urinary trat infetins in patients with neur-
geni lwer urinary trat dysfuntin. J Url. 2020;203:579.
[PMID: 31526261]
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EVALUATION OF THE ASYMPTOMATIC PATIENT

Patients without significant medical problems—especially
those under age 50—are at very low risk for perioperative
complications. Their preoperative evaluation should
include a history and physical examination; emphasis
should be on a pharmacologic history and assessment of
functional status, exercise tolerance, and cardiopulmonary
status to look for unrecognized disease that may require
further evaluation prior to surgery. In addition, a directed
bleeding history (Table 3–1) should be taken to uncover
coagulopathy that could contribute to excessive surgical
blood loss. Routine preoperative laboratory tests in asymp-
tomatic healthy patients under age 50 have not been found
to help predict or prevent complications. Even elderly
patients undergoing minor or minimally invasive proce-
dures (such as cataract surgery) are unlikely to benefit from
preoperative screening tests.

Martin SK et al. Routine preoperative laboratory tests for elective
surgery. JAMA. 2017;318:567. [PMID: 28787493]

CARDIAC RISK ASSESSMENT & REDUCTION
IN NONCARDIAC SURGERY

The most important perioperative cardiac complications
are myocardial infarction (MI) and cardiac death; postop-
erative myocardial injury is a major predictor of mortality.
Other complications include heart failure (HF), arrhyth-
mias, and unstable angina. The principal patient-specific

risk factor for cardiac complications is the presence of end-
organ cardiovascular disease. This includes not only coro-
nary artery disease and HF but also cerebrovascular disease
and chronic kidney disease. Diabetes mellitus, especially if
treated with insulin, is considered a cardiovascular disease
equivalent that increases the risk of cardiac complications.
Major abdominal, thoracic, and vascular surgical proce-
dures (especially abdominal aortic aneurysm repair) carry
a higher risk of postoperative cardiac complications, likely
due to their associated major fluid shifts, hemorrhage, and
hypoxemia. These risk factors were identified in a vali-
dated, multifactorial risk prediction tool: the Revised
Cardiac Risk Index (RCRI) (Table 3–2). The American
College of Surgeons’ National Surgical Quality Improve-
ment Program (NSQIP) risk prediction tool uses patient
age, the location or type of operation, serum creatinine
greater than 1.5 mg/dL (132.6 mcmol/L), dependency in
activities of daily living, and the patient’s American Society
of Anesthesiologists physical status classification as predic-
tors for postoperative MI or cardiac arrest. An online risk
calculator using the NSQIP tool can be found at http://
www.qxmd.com/calculate-online/cardiology/gupta-peri-
operative-cardiac-risk. The American College of Cardiol-
ogy and American Heart Association endorse both
prediction tools. Patients with two or more RCRI predic-
tors or a risk of perioperative MI or cardiac arrest in excess
of 1% as calculated by the NSQIP prediction tool are
deemed to be at elevated risk for cardiac complications.

Limited exercise capacity (eg, the inability to walk for
two blocks at a normal pace or climb a flight of stairs with-
out resting) also predicts higher cardiac risk. Emergency
operations are also associated with greater cardiac risk but
should not be delayed for extensive cardiac evaluation.
Instead, patients facing emergency surgery should be
medically optimized for surgery as quickly as possible and
closely monitored for cardiac complications during the
perioperative period.

» Role of Preoperative Noninvasive
Ischemia Testing

Most patients can be accurately risk-stratified by history
and physical examination. A resting electrocardiogram

3Hugo Q. Cheng, MD

Preoperative Evaluation &
Perioperative Management

Table 31. Directed bleeding history: Findings
suggestive of a bleeding disorder.

Unprovoked bruising on the trunk of > 5 cm in diameter

Frequent unprovoked epistaxis or gingival bleeding

Menorrhagia with iron deficiency

Hemarthrosis with mild trauma

Prior excessive surgical blood loss or reoperation for bleeding

Family history of abnormal bleeding

Presence of severe kidney or liver disease

Use of medications that impair coagulation, including nutritional

supplements and herbal remedies
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(ECG) should be obtained in patients with at least one
RCRI predictor prior to major surgery but generally omit-
ted in asymptomatic patients undergoing minor opera-
tions. Additional noninvasive stress testing rarely improves
risk stratification or management, especially in patients
without cardiovascular disease undergoing minor opera-
tions, or who have at least fair functional capacity. Stress
testing has more utility in patients with elevated risk
scores on clinical prediction tools, especially if they have
poor functional status. In these patients, the absence of
ischemia on dipyridamole scintigraphy or dobutamine
stress echocardiography is reassuring; in contrast, exten-
sive inducible ischemia predicts a high risk of cardiac
complications, particularly with vascular surgery, which
may not be modifiable by either medical management or
coronary revascularization. The predictive value of an
abnormal stress test result for nonvascular surgery patients
is less well established. An approach to perioperative car-
diac risk assessment and management in patients with
known or suspected stable coronary artery disease is
shown in Figure 3–1.

» Role of Cardiac Biomarkers

Preoperative B-type natriuretic peptide (BNP) or N-terminal
fragment of proBNP (NT-proBNP) levels directly correlate
with the risk for perioperative cardiac complications, and
their measurement may improve risk assessment. A meta-
analysis of 2179 patients found that BNP greater than or
equal to 92 mg/L or NT-proBNP greater than or equal to
300 ng/L before noncardiac surgery were associated with a
fourfold increase in 30-day mortality and MI. American
and European cardiology society guidelines are equivocal

about the use of biomarkers to enhance risk prediction; the
Canadian Cardiovascular Society, however, strongly rec-
ommends measuring BNP or NT-proBNP levels prior to
major noncardiac surgery in patients older than 65 years
and younger patients with cardiovascular disease or a
RCRI score greater than or equal to 1.

» Perioperative Management of Patients
with Coronary Artery Disease

Patients with acute coronary syndromes require immediate
management of their cardiac disease prior to any preopera-
tive evaluation (see Chapter 10).

A. Medications

1. Antianginal medications—Preoperative antianginal
medications, including beta-blockers, calcium channel
blockers, and nitrates, should be continued throughout the
perioperative period. Several trials have shown that initia-
tion of beta-blockers before major noncardiac surgery
reduces the risk of nonfatal MI. However, in the largest
trial, a high, fixed dose of metoprolol succinate increased

total mortality and the risk of stroke. Because of the uncer-
tain benefit-to-risk ratio, initiation of perioperative beta-
blockade should be considered only in patients with a high
risk of cardiac complications. If used, beta-blockers should
be started well in advance of surgery, to allow time to
gradually titrate up the dose without causing excessive
bradycardia or hypotension. They should not be started on
the day of surgery. Possible indications and starting doses
for prophylactic beta-blockade are presented in Table 3–3.
See Hypertension section, below, regarding perioperatively
holding antihypertensive medications for patients with
hypertension who do not have coronary artery disease.

2. Statins—Several randomized trials found that HMG-
CoA reductase inhibitors (statins) prevent MI in patients
undergoing noncardiac surgery. Safety concerns, such as
liver failure or rhabdomyolysis, have not materialized in
these studies. It is unclear how far in advance of surgery
statins must be started and what doses are needed to see
benefits. However, based on treatment protocols used in
clinical trials, at least a moderate statin dose (eg, atorvastatin
20 mg or fluvastatin 80 mg orally daily) should be consid-
ered in all patients undergoing vascular surgery and other
patients deemed to be at high risk for cardiac complications,
regardless of lipid levels, and initiated at least 30 days before
surgery if possible. Patients already taking statins should
continue these agents during the perioperative period.

3. Aspirin—In patients without coronary stents, initiation
of aspirin therapy before noncardiac surgery is not recom-
mended because it did not reduce cardiac risk and caused
increased bleeding in a large, randomized trial. Holding
long-term prophylactic aspirin therapy in such patients
does not increase cardiac risk.

B. Coronary Revascularization

Patients who have previously had coronary artery bypass
grafting (CABG) surgery or percutaneous coronary

Table 32. Revised Cardiac Risk Index (RCRI).

Indndn pdicos of posoiv Cdic Comlicions

Intrathoracic, intraperitoneal, or suprainguinal vascular surgery

History of ischemic heart disease

History of heart failure

Insulin treatment for diabetes mellitus

Serum creatinine level > 2 mg/dL (> 176.8 mcmol/L)

History of cerebrovascular disease

Scoing (Numb of

pdicos psn)

risk of Mjo Cdic

Comlicions1

None 0.4%

One 1%

Two 2.4%

More than two 5.4%

1Cardiac death, myocardial infarction, or nonfatal cardiac arrest.

Data from Devereaux PJ et al. Perioperative cardiac events in

patients undergoing noncardiac surgery: a review of the mag-

nitude of the problem, the pathophysiology of the events

and methods to estimate and communicate risk. CMAJ. 2005;

173:627.
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No Go to surgery

Yes

Step 1: Assess risk with Revised Cardiac Risk Index (RCRI) or National Surgical

Quality Improvement Program Myocardial Infarction and Cardiac Arrest (NSQIP MICA)

calculator. Are there ≥ 2 RCRI predictors or ≥ 1% risk of MICA?
No Go to surgery

Go to surgery

Yes

Step 2: Assess functional capacity.

Is exercise capacity limited (unable to perform > 4 METS [eg, walk 2 blocks or climb 1–2
flights of stairs without symptoms])?

No

Yes

Step 3: Determine whether stress test result will change management.

Will result affect decision to perform surgery, change medical management, or lead to

invasive cardiac procedure (see Step 5)?

Go to surgeryNo

Yes

Step 4: Perform and interpret stress test.

Are there high-risk stress test results, such as extensive ischemic potential?

Go to surgeryNo

Step 5: Possible interventions:

• Modify or cancel surgery

• Optimize medical treatment of cardiac disease

• Consider starting a beta-blocker

• Perform coronary artery angiography or revascularization only if independent indications

are present

Notes:

Step 2: Reasonable to avoid stress test in patients with excellent functional capacity (> 10 METs) and not unreasonable

to avoid stress test in patients with moderate or good functional capacity (4–10 METs); patients with unknown

functional capacity should be considered unable to perform 4 METs.

Step 3: Regardless of decision to perform stress test, patients should receive optimal guideline-concordant medical

therapy.

Step 4: Pharmacologic stress test preferred due to assumption of poor exercise capacity.

Step 5: Possible indications for beta-blockers include ≥ 3 RCRI predictors, ischemia on stress test, or indications

independent of surgery.

▲ Figure 3–1. Approach to cardiac evaluation in stable patients undergoing major elective surgery. METs, metabolic
equivalents.

Table 33. Indications for prophylactic perioperative
beta-blockade.1

Strong indications Patient already taking beta-blocker to

treat ischemia, arrhythmia, or

hypertension

Possible indications Patient with myocardial ischemia detected

on preoperative stress testing

Patient has ≥ 3 Revised Cardiac Risk Index

predictors (see Table 3–2)

1Initial dose recommendations: atenolol 25 mg orally daily, biso-

prolol 2.5 mg orally daily, or metoprolol tartrate 25 mg orally

twice daily. The dose of beta-blocker should be carefully titrated to

keep heart rate < 70 beats per minute and systolic blood pressure

> 100 mm Hg. Avoid initiating beta-blockade on the day of surgery.

interventions (PCI) have a relatively low risk of cardiac
complications when undergoing subsequent noncardiac
surgery. However, a trial that randomized over 500 patients
with angiographically proven coronary artery disease to
either coronary revascularization (with either CABG or
PCI) or medical management alone before vascular sur-
gery found no difference in postoperative MI, 30-day mor-
tality, and long-term mortality. Thus, preoperative CABG
or PCI should be performed only when patients have
guideline-concordant indications independent of the
planned noncardiac operation. In addition, surgical
patients who have undergone recent coronary stenting are
at high risk for stent thrombosis, especially if antiplatelet
therapy is stopped prematurely. Therefore, elective surgery
should be deferred for at least 30 days after placement of a
bare-metal stent and ideally for 6 months after placement of
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a drug-eluting stent. If this delay poses significant risks, such
as in patients undergoing an operation for cancer, surgery
could be considered 3 months after drug-eluting stent
implantation. Antiplatelet agents should be continued peri-
operatively if possible or resumed as soon as possible after
surgery. The patient, surgeon, anesthesiologist, and cardiolo-
gist should discuss risks and benefits of delaying surgery and
management options for dual antiplatelet therapy.

» Heart Failure & Left Ventricular
Dysfunction

Elective surgery should be postponed until decompen-
sated HF (manifested by an elevated jugular venous
pressure, an audible third heart sound, or evidence of
pulmonary edema) has been brought under control. In
patients with compensated HF, the risk of perioperative
cardiac complications is similar in patients with ischemic
or nonischemic cardiomyopathy. HF with reduced ejection
fraction likely confers more risk than HF with preserved
ejection fraction. Guidelines recommend preoperative
echocardiography in patients without known HF who have
unexplained dyspnea and in patients with known HF with
clinical deterioration. A small observational study found
that routine echocardiography in patients with suspected
heart disease or those aged 65 years or older prior to emer-
gency noncardiac surgery frequently led to a change in
diagnosis or management plan. While this is not an estab-
lished practice, preoperative echocardiography should be
considered when there is uncertainty about the patient’s
cardiac status.

Patients receiving diuretics and digoxin should have
serum electrolyte and digoxin levels measured prior to
surgery because abnormalities in these levels may increase
the risk of perioperative arrhythmias. Clinicians must be
cautious not to give too much diuretic, since the volume-
depleted patient will be much more susceptible to intraop-
erative hypotension. The surgeon and anesthesiologist
should be made aware of the presence and severity of left
ventricular dysfunction so that appropriate decisions can
be made regarding perioperative fluid management and
intraoperative monitoring.

» Postoperative Myocardial Infarction

In a large cohort study, postoperative MI (defined by a
combination of ECG abnormality and cardiac enzyme ele-
vation) typically occurred within 3 days of surgery and was
asymptomatic in the majority of cases. Clinical findings
that should prompt its consideration include unexplained
hypotension, hypoxemia, and delirium. Postoperative MI
is associated with increased mortality, even when asymp-
tomatic. Elevated postoperative troponin levels correlate
directly with mortality risk, even in patients without ECG
abnormalities or other findings of myocardial ischemia.
The Canadian Cardiovascular Society advocates routine
screening of high-risk patients, while American and
European guidelines remain equivocal. It remains unclear
how asymptomatic postoperative MI or troponin elevation
should be managed, but optimizing secondary cardiac risk
reduction strategies is reasonable.

» Valvular Heart Disease

If the nature or severity of valvular lesions is unknown, or
if there has been a recent change in clinical status, echocar-
diography should be performed prior to noncardiac sur-
gery. In addition, patients with known or suspected stenotic
or regurgitant valvular disease that is moderately severe or
worse should undergo echocardiography within 1 year
before surgery. Candidates for valvular intervention inde-
pendent of the planned noncardiac surgery should have the
valve correction procedure performed first. Patients with
uncorrected critical or symptomatic aortic stenosis are at
particular risk for cardiac complications. They should
undergo surgery only after consultation with a cardiologist
and anesthesiologist. Patients with mitral stenosis require
heart rate control to prolong diastolic filling time. Regurgi-
tant valvular lesions are generally less problematic during
surgery because the vasodilatory effect of anesthetics pro-
motes forward flow. Patients with aortic or mitral regurgi-
tation likely benefit from afterload reduction and careful
attention to volume status, but negative chronotropes
should be avoided to reduce the regurgitant volume.

» Arrhythmias

The finding of a rhythm disturbance on preoperative eval-
uation should prompt consideration of further cardiac
evaluation, particularly when the finding of structural
heart disease would alter perioperative management.
Patients with a rhythm disturbance without evidence of
underlying heart disease are at low risk for perioperative
cardiac complications. While long-term antiarrhythmic
medications should be continued perioperatively, there is
no evidence that the use of medications to suppress an
asymptomatic arrhythmia alters perioperative risk.

Patients with symptomatic arrhythmias should not
undergo elective surgery until their cardiac condition has
been addressed. Adequate rate control of atrial fibrillation
or other supraventricular arrhythmias should be estab-
lished prior to surgery. Symptomatic ventricular tachycar-
dia must be thoroughly evaluated and controlled prior to
surgery. Patients who have independent indications for a
permanent pacemaker or implanted defibrillator should
have it placed prior to noncardiac surgery. The anesthesi-
ologist must be notified that a patient has an implanted
pacemaker or defibrillator to prevent device malfunction
from intraoperative electrocautery.

» Hypertension

No evidence supports delaying surgery in order to better
control mild to moderate hypertension (systolic blood
pressure below 180 mm Hg and diastolic blood pressure
below 110 mm Hg). Severe hypertension (systolic pressure
greater than 180 mm Hg or a diastolic pressure greater than
110 mm Hg) appears to be an independent predictor of
perioperative cardiac complications, including MI and HF.
It is reasonable to consider delaying surgery in patients
with such severe hypertension until blood pressure can be
controlled, although it is not known whether the risk of
cardiac complications is reduced with this approach.
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Most medications for chronic hypertension should gen-
erally be continued up to and including the day of surgery.
Cardiology societies’ guidelines differ in their recommen-
dation on whether to continue or hold angiotensin-
converting enzyme inhibitors and angiotensin receptor
blockers on the day of surgery. Continuation increases the
risk of intraoperative and postoperative hypotension,
whereas holding these agents increases postoperative
hypertension. Diuretic agents are frequently held on the
day of surgery to prevent hypovolemia and electrolyte dis-
orders if they are not needed to control HF; however, the
benefit of this practice is uncertain.

Patients without chronic hypertension may manifest
hypertension after surgery, and patients being treated for
hypertension often experience decreased control of their
blood pressure. Potential causes include elevated sympa-
thetic tone due to injury or pain, volume overload from
intravenous fluids, hypercarbia, urine retention, and with-
holding long-term antihypertensive medications. Before
initiating postoperative medical management of hyperten-
sion, reversible contributors should be addressed.

Duceppe E et al. Canadian Cardiovascular Society guidelines on
perioperative cardiac risk assessment and management for
patients who undergo noncardiac surgery. Can J Cardiol.
2017;33:17. [PMID: 27865641]

Tateosian VS et al. Preoperative cardiac evaluation for noncardiac
surgery. Anesthesiol Clin. 2018;36:509. [PMID: 30390775]

PULMONARY EVALUATION IN NON–LUNG
RESECTION SURGERY

Pneumonia and respiratory failure requiring prolonged
mechanical ventilation are the most important postopera-
tive pulmonary complications. The occurrence of these
complications has been associated with a significant
increase in mortality and hospital length of stay. Pulmo-
nary thromboembolism is another serious complication;
prophylaxis against venous thromboembolic disease is
detailed in Table 14–14.

» Risk Factors for the Development of
Postoperative Pulmonary Complications

Procedure-related risk factors for postoperative pulmonary
complications include location of surgery (highest rates
occur in cardiac, thoracic, and upper abdominal cases), pro-
longed anesthesia, and emergency cases. Operations not
requiring general anesthesia tend to have lower rates of post-
operative pulmonary complications; laparoscopic procedures
tend to have lower risk than comparable open procedures.

A summary of patient-specific risk factors for pulmo-
nary complications is presented in Table 3–4. Advanced
age appears to confer increased risk. The presence and
severity of systemic disease of any type is associated with
pulmonary complications. In particular, patients with
chronic obstructive pulmonary disease (COPD) or HF
have at least twice the risk of postoperative pulmonary
complications compared with patients without these con-
ditions. As with preoperative cardiac risk assessment,
physical debility and poor functional capacity predict

higher risk of postoperative pulmonary complications. A
risk calculator for predicting postoperative respiratory
failure based on the NSQIP patient database is available
(http://www.qxmd.com/calculate-online/respirology/
postoperative-respiratory-failure-risk-calculator).

» Pulmonary Function Testing &
Laboratory Studies

The main role for preoperative pulmonary function testing
(PFT) is to identify pulmonary disease in patients with
unexplained symptoms prior to major abdominal or car-
diothoracic surgery. In patients with diagnosed lung dis-
ease, PFT often add little information above clinical
assessment. Chest radiographs in unselected patients also
rarely add clinically useful information. The benefit of
polysomnography to diagnose obstructive sleep apnea
prior to bariatric surgery is unproven. Arterial blood gas
measurement is not routinely recommended except in
patients with known lung disease and suspected hypox-
emia or hypercapnia.

» Preoperative Risk Reduction

Retrospective studies have shown that smoking cessation
reduced the incidence of pulmonary complications, but
only if it was initiated at least 1–2 months before surgery. A
meta-analysis of randomized trials found that preoperative
smoking cessation programs reduced both pulmonary and
surgical wound complications, especially if smoking cessa-
tion was initiated at least 4 weeks prior to surgery. The
preoperative period may be an optimal time to initiate
smoking cessation efforts. A systematic review found that
smoking cessation programs started in a preoperative
evaluation clinic increased the odds of abstinence at
3–6 months by nearly 60%.

» Postoperative Risk Reduction

Postoperative risk reduction strategies have centered on
promoting lung expansion through the use of incentive
spirometry, continuous positive airway pressure (CPAP),
intermittent positive-pressure breathing (IPPB), and deep
breathing exercises. Although trial results have been mixed,
all these techniques have been shown to reduce the

Table 34. Clinical risk factors for postoperative pul-
monary complications.

Upper abdominal or cardiothoracic surgery

Prolonged anesthesia time (> 4 hours)

Emergency surgery

Age > 60 years

Chronic obstructive pulmonary disease

Heart failure

Severe systemic disease

Tobacco use (> 20 pack-years)

Impaired cognition or sensorium

Functional dependency or prior stroke

Preoperative sepsis

Low serum albumin level

Obstructive sleep apnea
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incidence of postoperative atelectasis and, in a few studies,
to reduce the incidence of other postoperative pulmonary
complications. In most comparative trials, these methods
were equally effective. Given the higher cost of CPAP and
IPPB, incentive spirometry and deep breathing exercises
are the preferred methods for most patients. Multi-
component respiratory care programs may be particularly
beneficial. One program termed “I COUGH”—an acro-
nym for Incentive spirometry, Coughing and deep breath-
ing, Oral care, Understanding (patient education), Get out
of bed (early ambulation), and Head of bed elevation—
reduced the rates of pneumonia and unplanned intubation
after general and vascular surgery.

Lumb AB. Pre-operative respiratory optimisation: an expert
review. Anaesthesia. 2019;74:43. [PMID: 30604419]

Selzer A et al. Preoperative pulmonary evaluation. Med Clin
North Am. 2019;103:585. [PMID: 30955524]

EVALUATION OF THE PATIENT WITH
LIVER DISEASE

Patients with serious liver disease are at increased risk for
perioperative morbidity, and decompensated liver disease
is associated with an extremely high perioperative mortal-
ity. Appropriate preoperative evaluation requires consider-
ation of the effects of anesthesia and surgery on
postoperative liver function and of the complications
associated with anesthesia and surgery in patients with
preexisting liver disease.

» Risk Assessment in Surgical Patients with
Liver Disease

Screening unselected patients with liver biochemical tests
has a low yield and is not recommended. Patients with
suspected or known liver disease based on history or physi-
cal examination, however, should have measurement of
liver enzyme levels as well as tests of hepatic synthetic
function performed prior to surgery.

Elective surgery in patients with acute viral or alcoholic
hepatitis should be delayed until the acute episode has
resolved. In three small series of patients with acute viral
hepatitis who underwent abdominal surgery, the mortality
rate was roughly 10%. Similarly, patients with undiagnosed
alcoholic hepatitis had high mortality rates when undergo-
ing abdominal surgery. In the absence of cirrhosis or syn-
thetic dysfunction, chronic viral hepatitis is unlikely to
increase risk significantly. Similarly, nonalcoholic fatty
liver disease without cirrhosis probably does not pose a
serious risk in surgical patients.

In patients with cirrhosis, postoperative complication
rates correlate with the severity of liver dysfunction. Tra-
ditionally, severity of dysfunction has been assessed with
the Child-Pugh score (see Chapter 16). A conservative
approach would be to avoid elective surgery in patients
with Child-Pugh class C cirrhosis and pursue it with great
caution in class B patients. The Model for End-stage Liver
Disease (MELD) score, based on serum bilirubin and
creatinine levels, and the prothrombin time expressed as
the international normalized ratio (INR), also predicted

surgical mortality and outperformed the Child-Pugh clas-
sification in some studies. A web-based risk assessment
calculator incorporating age and MELD score can predict
both perioperative and long-term mortality (https://www.
mayoclinic.org/medical-professionals/model-end-stage-
liver-disease/post-operative-mortality-risk-patients-
cirrhosis). Generally, a MELD score less than 10 predicts
low risk, whereas a score greater than 16 portends high
mortality after elective surgery.

When surgery is elective, controlling ascites, encepha-
lopathy, and coagulopathy preoperatively is prudent. Asci-
tes is a particular problem in abdominal operations, where
it can lead to wound dehiscence and hernias. Great care
should be taken when using analgesics and sedatives, since
these can worsen hepatic encephalopathy; in general, short-
acting agents and lower doses should be used. Postoperative
constipation should be aggressively treated because it can
precipitate encephalopathy. Kidney function and volume
status need to be closely monitored to prevent acute kidney
injury and volume overload, which are common complica-
tions in these patients. Patients with coagulopathy should
receive vitamin K and may need fresh frozen plasma trans-
fusion at the time of surgery; however, transfusing to a
specific INR target for cirrhosis is discouraged.

Northup PG et al. AGA Clinical Practice Update: surgical risk
assessment and perioperative management in cirrhosis. Clin
Gastroenterol Hepatol. 2019;17:595. [PMID: 30273751]

PREOPERATIVE HEMATOLOGIC EVALUATION

Three of the more common clinical situations faced by the
medical consultant are the patient with anemia, the assess-
ment of bleeding risk, and the perioperative management
of long-term anticoagulation.

The main goals of the preoperative evaluation of the
anemic patient are to determine the need for preoperative
diagnostic evaluation and the need for transfusion. When
feasible, the diagnostic evaluation of the patient with
previously unrecognized anemia should be done prior to
surgery because certain types of anemia (particularly
those due to sickle cell disease, hemolysis, and acute
blood loss) have implications for perioperative manage-
ment. These types of anemia are typically associated with
an elevated reticulocyte count. Preoperative anemia is
associated with higher perioperative morbidity and mor-
tality. It is not known whether raising preoperative hemo-
globin level to specific targets will improve postoperative
outcomes. The clinician determining the need for preop-
erative transfusion in an individual patient must consider
factors other than the absolute hemoglobin level, including
the presence of cardiopulmonary disease, the type of sur-
gery, and the likely severity of surgical blood loss. The few
studies that have compared different postoperative transfu-
sion thresholds failed to demonstrate improved outcomes
with a more aggressive transfusion strategy. Based on avail-
able evidence, the AABB (formerly American Association
of Blood Banks) recommends transfusion for a hemoglo-
bin level less than 8 g/dL (80 g/L) or for symptomatic ane-
mia in patients undergoing orthopedic or cardiac surgery.
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The most important component of the bleeding risk
assessment is a directed bleeding history (see Table 3–1).
Patients who provide a reliable history of no abnormal
bleeding on directed bleeding history and have no sugges-
tion of abnormal bleeding on physical examination are at
very low risk for having an occult bleeding disorder. Labo-
ratory tests of hemostatic parameters in these patients are
generally not needed. When the directed bleeding history
is unreliable or incomplete, or when abnormal bleeding is
suggested, a formal evaluation of hemostasis should be
done prior to surgery and should include measurement of
the prothrombin time, activated partial thromboplastin
time, and platelet count (see Chapter 13).

Patients receiving long-term oral anticoagulation are at
risk for thromboembolic complications when an opera-
tion requires interruption of this therapy. However,
“bridging anticoagulation,” where unfractionated or low-
molecular-weight heparin is administered parenterally
while oral anticoagulants are held, has not been shown to
be beneficial and can increase bleeding. A cohort study
found that direct-acting oral anticoagulants (DOACs)
could be safely managed without bridging by using a pro-
tocol based on the patient’s kidney function where the

DOACs are withheld several days prior to surgery and
restarted 24–48 hours after surgery if hemostasis appears
adequate (Table 3–5). A randomized trial of bridging anti-
coagulation in surgical patients taking warfarin for atrial
fibrillation demonstrated no difference in thromboembo-
lism. Bleeding complications were twice as common in
patients who received bridging anticoagulation. Most
experts recommend bridging therapy only in patients at
high risk for thromboembolism. An approach to periop-
erative anticoagulation management with warfarin is shown
in Table 3–6, but the recommendations must be considered
in the context of patient preference and hemorrhagic risk.

Doherty JU et al. 2017 ACC Expert consensus decision pathway
for periprocedural management of anticoagulation in patients
with nonvalvular atrial fibrillation. A report of the American
College of Cardiology Clinical Expert Consensus Document
Task Force. J Am Coll Cardiol. 2017;69:871. [PMID: 28081965]

Douketis JD et al. Perioperative management of patients with
atrial fibrillation receiving a direct oral anticoagulant. JAMA
Intern Med. 2019;179:1469. [PMID: 31380891]

Shander A et al. How I treat anemia in the perisurgical setting.
Blood. 2020;136:814. [PMID: 32556314]

Table 35. Recommendations for perioperative management of direct-acting oral anticoagulants.

Dug nd Kidny Funcion Ls Dos Bfo pocdu rsum Mdicion

Dabigatran with normal creatinine clearance

(> 50 mL/min/1.73 m2 [0.83 mL/s/m2]);

rivaroxaban, apixaban, edoxaban

2 days before procedure with low risk of

bleeding or 3 days before procedure

with high risk of bleeding

If hemostasis adequate, resume 24 hours after

procedure with low risk of bleeding or

48–72 hours after procedure with high risk of

bleeding

Dabigatran with reduced creatinine clear-

ance (30–50 mL/min/1.73 m2 [0.5–0.83

mL/s/m2])

3 days before procedure with low risk of

bleeding or 5 days before procedure

with high risk of bleeding

Table 36. Recommendations for management of perioperative anticoagulation with warfarin.

tombombolic risk wiou anicogulion rcommndion

Low (eg, atrial fibrillation with CHADS
2

score 0–4,1

mechanical bileaflet aortic valve prosthesis, or single

venous thromboembolism > 3 months ago without

hypercoagulability condition2)

Stop warfarin 5 days before surgery

Measure INR the day before surgery to confirm that it is acceptable (< 1.6 for

most operations)

Resume warfarin when hemostasis permits

No bridging with parenteral anticoagulants before or after surgery

hig (eg, either atrial fibrillation or mechanical heart

valve with stroke < 3 months prior, atrial fibrillation

with CHADS
2

score 5 or 6, mechanical mitral valve

prosthesis, caged-ball or tilting disk valve prosthesis,

or venous thrombosis < 3 months ago or associated

with hypercoagulability condition2)

Stop warfarin 5 days before surgery

Begin bridging with therapeutic dose UFH infusion or LMWH 2 days after stop-

ping oral anticoagulation

Administer last dose of LMWH 24 hours before surgery; discontinue UFH 4–6 hours

before surgery

Measure INR the day before surgery to confirm that it is acceptable (< 1.6 for

most operations)

Resume warfarin when hemostasis permits

If hemostasis permits, resume bridging with therapeutic dose UFH infusion or

LMWH beginning 48–72 hours after surgery and continuing until the INR is

therapeutic

11 point each for heart failure, hypertension, diabetes mellitus, and age > 75 years, and 2 points for stroke or transient ischemic attack.
2Patients should receive venous thromboembolism prophylaxis after surgery (see Chapter 14).

INR, international normalized ratio; LMWH, low-molecular-weight heparin; UFH, unfractionated heparin.
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NEUROLOGIC EVALUATION

Delirium can occur after any major operation but is par-
ticularly common after hip fracture repair and cardiovascu-
lar surgery, where the incidence is 30–60%. Postoperative
delirium has been associated with higher rates of major
postoperative cardiac and pulmonary complications,
poor functional recovery, increased length of hospital
stay, increased risk of subsequent dementia and func-
tional decline, and increased mortality. The American
Geriatrics Society recommends screening preoperative
patients for these delirium risk factors: age greater than
65 years, chronic cognitive impairment or dementia, severe
illness, poor vision or hearing, and the presence of infection.
Patients with any of these risk factors should be enrolled in
a multi-component, nonpharmacologic delirium prevention
program after surgery, which includes interventions such as
reorientation, sleep hygiene, bowel and bladder care, mobi-
lization and physical therapy, and the elimination of unnec-
essary medications. Moderate-quality evidence supports the
use of these nonpharmacologic interventions.

Only a minority of patients with postoperative delirium
will have a single, reversible etiology for their condition (see
Delirium, Chapter 4). Evaluation of delirious patients
should exclude electrolyte derangements, occult urinary
tract infection, and adverse effects from psychotropic medi-
cations such as opioids, sedatives, anticholinergic agents,
and antispasmodics. Conservative management includes
reassuring and reorienting the patient; eliminating
unneeded medications, intravenous lines, and urinary cath-
eters; and keeping the patient active during the day while
allowing uninterrupted sleep at night. Use of multimodal
postoperative analgesic strategies can reduce or avoid the
need for opioids. When agitation jeopardizes patient or
provider safety, neuroleptic agents given at the lowest effec-
tive dose for the shortest duration needed are preferred over
the use of benzodiazepines or physical restraints.

Stroke complicates less than 1% of all surgical procedures
but may occur in 1–6% of patients undergoing cardiac or
carotid artery surgery. Most of the strokes in cardiac surgery
patients are embolic in origin, and about half occur within
the first postoperative day. A retrospective analysis found
that patients who had previously suffered a stroke had an
18% risk of MI, recurrent stroke, or cardiac death if they
underwent noncardiac surgery within 3 months of the
stroke. This risk declined over time and reached its nadir
9 months after the stroke, suggesting a benefit to delaying
elective surgery.

Symptomatic carotid artery stenosis is associated with a
high risk of stroke in patients undergoing cardiac surgery.
In general, patients with independent indications for cor-
rection of carotid stenosis should have the procedure done
prior to elective surgery. In contrast, most studies suggest
that asymptomatic carotid bruits and asymptomatic carotid
stenosis are associated with little or no increased risk of
stroke in surgical patients.

Jin Z et al. Postoperative delirium: perioperative assessment,
risk reduction, and management. Br J Anaesth. 2020;125:492.
[PMID: 32798069]

Hood R et al. Peri-operative neurological complications. Anaes-
thesia. 2018;73:67. [PMID: 29313909]

MANAGEMENT OF ENDOCRINE DISEASES

» Diabetes Mellitus

Poor preoperative glycemic control, as indicated by an
elevated hemoglobin A

1c
level, is associated with a greater

risk of surgical complications, particularly infections.
However, a strategy of delaying surgery until glycemic con-
trol improves has not been rigorously studied. The ideal
postoperative blood glucose target is also unknown. Based
on trials that showed increased mortality in hospitalized
patients randomized to tight control, the American College
of Physicians recommends maintaining serum glucose
between 140 mg/dL and 200 mg/dL (7.8–11.1 mmol/L),
whereas the British National Health Service guidelines
recommend a range of 108–180 mg/dL (6–10 mmol/L).

The goal of management for all diabetic patients is the
prevention of severe hyperglycemia or hypoglycemia in the
perioperative period. In addition, patients with type 1 dia-
betes are at risk for developing ketoacidosis. Increased
secretion of cortisol, epinephrine, glucagon, and growth
hormone during and after surgery causes insulin resistance
and hyperglycemia in diabetic patients. Conversely,
reduced caloric intake after surgery and frequent, unpre-
dictable periods of fasting increase the risk for hypoglyce-
mia. Thus, all surgical diabetic patients require frequent
blood glucose monitoring. Ideally, patients with diabetes
should undergo surgery early in the morning. The specific
pharmacologic management of diabetes during the periop-
erative period depends on the type of diabetes (insulin-
dependent or not), the level of glycemic control, and the
type and length of surgery.

A. Diabetes Controlled by Diet

For people with diabetes controlled with diet alone, no
special precautions must be taken unless diabetic control is
markedly disturbed by the procedure. If this occurs, small
doses of short-acting insulin as needed will correct the
hyperglycemia.

B. Diabetes Treated With Oral Hypoglycemic
Agents

Oral hypoglycemic agents should be held on the day of
surgery. They should not be restarted after surgery until
oral intake is adequate and unlikely to be interrupted. If
there is significant hyperglycemia, small doses of short-
acting insulin are given as needed. If this approach does
not provide adequate control, an insulin infusion should be
started in the manner indicated below. Postoperative kid-
ney function should be checked with a serum creatinine
level prior to restarting metformin.

C. Diabetes Treated With Insulin

The protocol used to control glucose depends on (1) the
kind of diabetes (type 1 or type 2); (2) whether it is minor
surgery (lasting less than 2 hours and patient able to eat
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afterward) or major surgery (lasting more than 2 hours,
with invasion of a body cavity, and patient not able to eat
afterward); and (3) the preoperative insulin regimen (basal
bolus or premixed insulin twice a day or premeal bolus only
or regular insulin before meals and NPH at bedtime).

1. Preoperative insulin regimen—For patients with either
type 1 or type 2 diabetes who are receiving insulin, a com-
mon practice is to reduce the last preoperative dose of long-
acting, basal insulin by 30–50% and hold short-acting
nutritional insulin.

2. Perioperative insulin regimen—Patients with type 1
diabetes must receive some insulin to prevent the develop-
ment of diabetic ketoacidosis. Consultation with an endo-
crinologist or hospitalist should be strongly considered
when a patient with type 1 diabetes mellitus undergoes
major surgery. Major surgical procedures in patients with
type 1 diabetes lasting more than 2 hours usually require an
insulin infusion. Many patients with type 2 diabetes who are
taking insulin do well perioperatively without insulin for a
few hours, but some will also need insulin infusion to main-
tain adequate glycemic control. An insulin infusion is a
complex procedure for a high-risk medication and involves
extensive monitoring, dose titrations, and contingency
plans. There are a number of algorithms available for insulin
infusions (http://ucsfinpatientdiabetes.pbworks.com).

3. Postoperative insulin regimen—After surgery, when a
patient with either type 1 or type 2 diabetes has resumed
adequate oral intake, subcutaneous administration of insu-
lin can be restarted and intravenous administration of
insulin and dextrose can be stopped 30 minutes after the
first subcutaneous dose. Insulin needs may vary in the first
several days after surgery because of continuing postopera-
tive stresses and because of variable caloric intake. In this
situation, multiple doses of short-acting insulin plus some
long-acting basal insulin, guided by blood glucose determi-
nations, can keep the patient in acceptable metabolic con-
trol. Use of correctional insulin only (without basal or
nutritional insulin) after surgery is discouraged. A trial
comparing correctional insulin with basal-bolus dosing
found that the latter strategy led to fewer postoperative
complications.

» Glucocorticoid Replacement

Hypotension or shock resulting from primary or secondary
adrenocortical insufficiency is rare, and the practice of
administering supraphysiologic “stress-dose” glucocorti-
coid perioperatively has not been well studied. A guideline
from rheumatology and orthopedic surgery societies rec-
ommends that patients taking glucocorticoids continue
their regimen when undergoing arthroplasty and not
receive “stress-dose” glucocorticoids. Another approach is
to administer stress-dose glucocorticoids to any patient
who has received the equivalent of at least 7.5 mg of predni-
sone daily for 3 weeks within the past year when they
undergo major surgery. A commonly used stress-dose regi-
men is hydrocortisone 100 mg intravenously daily, divided
every 8 hours, beginning before induction of anesthesia and
stopped after 24 hours without tapering. Patients who have

been taking less than 5 mg of prednisone daily and those
receiving alternate-day glucocorticoid dosing are unlikely
to require supplemental coverage.

» Thyroid Disease

Severe symptomatic hypothyroidism has been associated
with perioperative complications, including intraoperative
hypotension, HF, cardiac arrest, and death. Elective surgery
should be delayed in patients with severe hypothyroidism
until adequate thyroid hormone replacement can be
achieved. Patients with symptomatic hyperthyroidism are at
risk for perioperative thyroid storm and should not undergo
elective surgery until their thyrotoxicosis is controlled; an
endocrinologist should be consulted if emergency surgery
is needed. Patients with mild hypothyroidism (median
thyroid-stimulating hormone level 8.6 milli-international
units/L) tolerate surgery well, with only a slight increase in
the incidence of intraoperative hypotension; surgery need
not be delayed for the month or more required to ensure
adequate thyroid hormone replacement.

Duggan EW et al. Perioperative hyperglycemia management: an
update. Anesthesiology. 2017;126:547. [PMID: 28121636]

Freudzon L. Perioperative steroid therapy: where’s the evidence?
Curr Opin Anaesthesiol. 2018;31:39. [PMID: 29227289]

KIDNEY DISEASE

The development of acute kidney injury in patients
undergoing general surgery is an independent predictor
of mortality, even if mild or if kidney dysfunction
resolves. The mortality associated with the development of
perioperative acute kidney injury that requires dialysis
exceeds 50%. Risk factors associated with postoperative
deterioration in kidney function are shown in Table 3–7.
Several medications, including “renal-dose” dopamine,
mannitol, N-acetylcysteine, and clonidine, have not been
proved effective in clinical trials to preserve kidney func-
tion during the perioperative period and should not be

Table 37. Risk factors for the development of acute
kidney injury after general surgery.1

Age > 55 years

Male sex

Chronic kidney disease

Heart failure

Diabetes mellitus

Hypertension

Ascites

Intraperitoneal surgery

Emergency surgery

1Presence of 5 or more risk factors is associated with > 3% risk of

creatinine elevation > 2 mg/dL (176.8 mcmol/L) above baseline or

requirement for dialysis.

Reproduced, with permission, from Kheterpal S et al. Development

and validation of an acute kidney injury risk index for patients

undergoing general surgery: results from a national data set.

Anesthesiology. 2009;110:505.
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used for this indication. Maintenance of adequate intra-
vascular volume is likely to be the most effective method
to reduce the risk of perioperative deterioration in kid-
ney function. Exposure to renal-toxic agents, such as
nonsteroidal anti-inflammatory drugs and intravenous
contrast, should be minimized or avoided. Angiotensin-
converting enzyme inhibitors and angiotensin receptor
blockers reduce renal perfusion and may increase the risk
of perioperative acute kidney injury. Although firm evi-
dence is lacking, it may be useful to temporarily discon-
tinue these medications in patients at risk for perioperative
acute kidney injury.

Although the mortality rate for elective major surgery is
low (1–4%) in patients with dialysis-dependent chronic
kidney disease, the risk for perioperative complications,
including postoperative hyperkalemia, pneumonia, fluid
overload, and bleeding, is substantially increased. Postop-
erative hyperkalemia requiring emergent hemodialysis has
been reported to occur in 20–30% of these patients.
Patients should undergo dialysis preoperatively within
24 hours before surgery, and their serum electrolyte levels
should be measured just prior to surgery and monitored
closely during the postoperative period.

Zarbock A et al. Update on perioperative acute kidney injury.
Anesth Analg. 2018;127:1236. [PMID: 30138176]

ANTIBIOTIC PROPHYLAXIS OF SURGICAL
SITE INFECTIONS

Surgical site infection is estimated to occur in roughly 4%
of general or vascular operations. Although the type of
procedure is the main factor determining the risk of

developing a surgical site infection, certain patient factors
have been associated with increased risk, including diabe-
tes mellitus, older age, obesity, smoking, heavy alcohol
consumption, admission from a long-term care facility,
and multiple medical comorbidities. For most major pro-
cedures, the use of prophylactic antibiotics has been
demonstrated to reduce the incidence of surgical site
infections. Several general conclusions can be drawn from
studies of different antibiotic regimens for surgical proce-
dures. First, substantial evidence suggests that a single dose
of an appropriate intravenous antibiotic—or combination
of antibiotics—is as effective as multiple-dose regimens
that extend into the postoperative period. Second, for most
procedures, a first-generation cephalosporin (eg, cefazolin
2 g intravenously) is as effective as later-generation agents.
Third, prophylactic antibiotics should be given intrave-
nously at induction of anesthesia or roughly 30–60 minutes
prior to the skin incision.

Guidelines for antibiotic prophylaxis against infective
endocarditis in patients undergoing invasive procedures
are presented in Chapter 33. Given the lack of evidence for
antibiotic prophylaxis against prosthetic joint infection
before dental procedures, guidelines from the American
Academy of Orthopedic Surgeons and the American
Dental Association recommend against this practice.

Berríos-Torres SI et al; Healthcare Infection Control Practices
Advisory Committee. Centers for Disease Control and Pre-
vention guideline for the prevention of surgical site infection,
2017. JAMA Surg. 2017;152:784. [PMID: 28467526]

Liu Z et al. Intraoperative interventions for preventing surgical
site infection: an overview of Cochrane Reviews. Cochrane
Database Syst Rev. 2018;2:CD012653. [PMID: 29406579]
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GENERAL PRINCIPLES OF GERIATRIC CARE

The following principles help in caring for older adults:

1. Many disorders are multifactorial in origin and are best
managed by multifactorial interventions.

2. Diseases often present atypically or with nonspecific
symptoms (eg, confusion, functional decline).

3. Not all abnormalities require evaluation and treatment.

4. Complex medication regimens, adherence problems,
and polypharmacy are common challenges.

5. Multiple chronic conditions often coexist and should be
managed in concert with one another.

COMPREHENSIVE ASSESSMENT
OF THE OLDER ADULT

In addition to conventional assessment of symptoms, dis-
eases, and medications, comprehensive assessment addresses
three topics: prognosis, values and preferences, and ability
to function independently. Comprehensive assessment is
warranted before major clinical decisions are made.

» Assessment of Prognosis

When an older person’s life expectancy is longer than
10 years (ie, 50% of similar persons live longer than
10 years), it is reasonable to consider effective tests and
treatments much as they are considered in younger persons.
When life expectancy is less than 10 years (and especially
when it is much less), choices of tests and treatments
should be made based on their ability to affect a clinical
outcome that is valued by the patient in the context of their
estimated life expectancy. The relative benefits and harms
of tests and treatments often change as prognosis worsens,
and net benefit (benefits minus harms) often worsens.

When an older patient’s clinical situation is dominated
by a single disease process (eg, lung cancer metastatic to
brain), prognosis can be estimated well with a disease-spe-
cific instrument. Even in this situation, however, prognosis
generally worsens with age (especially over age 90 years)
and with the presence of serious age-related conditions,
such as dementia, malnutrition, or functional impairment.

When an older patient’s clinical situation is not domi-
nated by a single disease process, prognosis can be esti-
mated initially by considering basic demographic and
health elements (Figure 4–1). For example, less than 25% of
men aged 95 will live 5 years, whereas nearly 75% of women
aged 70 will live 10 years. The prognosis for older persons
living at home can be estimated by considering age, sex,
comorbid conditions, and function. The prognosis is worse
for older persons discharged from the hospital than for
those living at home and can be estimated by considering
sex, comorbid conditions, and function at discharge. A
compilation of indices with online calculators that allow for
estimating prognosis in multiple clinical settings can be
found at ePrognosis (https://eprognosis.ucsf.edu).

» Assessment of Values & Preferences

Although patients vary in their values and preferences,
many frail older patients prioritize maintaining their inde-
pendence over prolonging survival. Values and preferences
are determined by speaking directly with a patient or, when
the patient cannot express preferences reliably, with the
patient’s surrogate.

In assessing values and preferences (ie, what matters
most to patients), it is important to keep in mind the
following:

1. Patients are experts about their preferences for out-
comes and experiences; however, they often do not have
adequate information to make and express informed
preferences for specific tests or treatments.

2. Patients’ preferences often change over time. For exam-
ple, some patients find living with a disability more
acceptable than they thought before experiencing it.

» Assessment of Function

People often lose function in multiple domains as they age,
with the result that they may not be able to do some activities
as quickly or capably and may need assistance. Assessment
of function improves prognostic estimates. Assessment of
function is essential to determine an individual’s needs in
the context of his or her values and preferences and the
possible effects of recommended treatment.

4G. Michael Harper, MD

Leah J. Witt, MD

C. Seth Landefeld, MD

Geriatric Disorders
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About one-fourth of patients over age 65 and half of
persons older than 85 need help performing their basic
activities of daily living (ADLs: bathing, dressing, eating,
transferring from bed to chair, continence, toileting) or
instrumental activities of daily living (IADLs: transpor-
tation, shopping, cooking, using the telephone, managing
money, taking medications, housecleaning, laundry).

Functional screening should include assessment of
ADLs and IADLs and questions to detect weight loss, falls,
incontinence, depressed mood, self-neglect, fear for per-
sonal safety, and common serious impairments (eg, hear-
ing, vision, cognition, and mobility). Standard functional
screening measures may not be useful in capturing subtle
impairments in highly functional independent older adults.
One technique for these patients is to identify and ask
about a target activity, such as bowling or gardening, regu-
larly. Difficulty with or discontinuation of the particular
activity may indicate new or worsening impairment (such
as cognitive impairment, urinary incontinence, or hearing
loss). Additional gentle questioning or assessment may
help uncover such changes.

» Frailty

Frailty is a syndrome characterized by loss of physiologic
reserve and dysregulation across multiple systems, ulti-
mately resulting in greater risk of poor health outcomes.
Estimates of its prevalence in community-dwelling older
adults range from 5% to 17%. Elements of frailty include
weakness (grip strength), slow gait speed, decreased
physical activity, weight loss, and exhaustion or low
energy. While there is not one universally agreed upon
definition or assessment tool for frailty, generally an indi-
vidual is defined as frail when three or more of the above
features are present. Persons with frailty are at increased
risk for falls, hospitalization, functional decline, poorer
outcomes associated with medical interventions (eg, sur-
gery, dialysis, chemotherapy), and death. Exercise, partic-
ularly strength and resistance training, can increase
walking speed and improve function. There is evidence
that optimal nutrition, particularly higher levels of protein
intake, may be associated with reduced incidence of frailty.
However, once frailty is established, the treatment is largely
supportive, multifactorial, and individualized based on
patient goals, life expectancy, and chronic conditions.
Sometimes, transitioning a patient to a comfort-focused or
hospice approach is the most appropriate clinical interven-
tion when irreversible complications from frailty develop.

Garrard JW et al. Comprehensive geriatric assessment in primary
care: a systematic review. Aging Clin Exp Res. 2020;
32:197. [PMID: 30968287]

Pilotto A et al. A multidimensional approach to frailty in older
people. Ageing Res Rev. 2020;60:101047. [PMID: 32171786]

MANAGEMENT OF COMMON GERIATRIC
PROBLEMS

1. Dmni

E S S E N T I A L S  O F  D I A G N O S I S

» Progressive decline of intellectual function.

» Acquired deficits in one or more cognitive
domains severe enough to cause impairment of
function.

» Not due to delirium or another mental disorder.

» General Considerations

Dementia is an acquired, persistent, and progressive
impairment in intellectual function, with compromise
of one or more cognitive domains. The Diagnostic and
Statistical Manual of Mental Disorders, 5th edition, identi-
fies these domains (with example deficits) as: (1) complex
attention (easily distracted, difficulty performing calcula-
tions), (2) executive function (poor abstraction, mental
flexibility, planning, and judgment), (3) learning and
memory (difficulty recalling items from a list, forgetting
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▲ Figure 4–1. Median life expectancy of older men
and women. (Data derived from Arias E. United States Life

Tables, 2011. Natl Vital Stat Rep. 2015;64(11):1–63.)
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recent events), (4) language (word finding and object
naming difficulty), (5) perceptual-motor function (diffi-
culty navigating in known environments, copying a draw-
ing), and (6) social cognition (change in personality,
trouble reading social cues). The diagnosis of dementia
requires a significant decline in function that is severe
enough to result in the loss of independence in IADLs.

While dementia prevalence doubles every 5 years in the
older population, reaching 30–50% at age 85, the prevalence
among US adults 65 years or older has been declining. This
improvement has been attributed to higher education levels
and better control of cardiovascular risk factors. Alzheimer
disease accounts for roughly two-thirds of dementia cases
in the United States, with vascular dementia (either alone or
combined with Alzheimer disease) and Lewy body demen-
tia accounting for much of the rest.

Depression and delirium are also common in older
adults, may coexist with dementia, and may also present
with cognitive impairment. Major depressive disorder may
occur in up to 20–50% of patients with dementia, and
because they share common features, distinguishing the
two can prove difficult. Delirium, characterized by acute
confusion, occurs much more commonly in patients with
underlying dementia.

» Clinical Findings

A. Screening

1. Cognitive impairment—According to the US Preven-
tive Services Task Force (USPSTF), there is insufficient
evidence to recommend for or against screening all older
adults for cognitive impairment. While there is logic in the
argument that early detection may improve future plan-
ning and patient outcomes, empiric evidence that demon-
strates a clear benefit for either patients or caregivers is
lacking. It is important to note, however, that the Medicare
Annual Wellness Visit mandates that clinicians assess
patients for cognitive impairment based on the clinician’s
observations and reports from others.

At-home genetic testing for a susceptibility gene that is
associated with late-onset Alzheimer disease (APOE-e4)
has US Food and Drug Administration approval. While the
presence of the APOE-e4 allele increases the risk of devel-
oping Alzheimer disease, quantifying such risk for an indi-
vidual is difficult. Because it is possible to have one or two
copies of the APOE-e4 allele and not develop Alzheimer
disease or to have no copies and yet still become stricken,
genetic testing is not widely recommended and, if consid-
ered, should not proceed without genetic counseling.

When there is suspicion of cognitive impairment, sev-
eral cognitive tests have been validated for clinical use. The
mini-cog is a combination of a three-item word recall with
a clock drawing task, and it can be completed in 3 minutes.
When a patient fails this simple test, further cognitive
evaluation with a standardized instrument is warranted.
The Montreal Cognitive Assessment (MoCA©) is a
30-point test that takes about 10 minutes to administer and
examines several areas of cognitive function. A score below
26 has a sensitivity of 0.94 or more and a specificity of 0.60
or less. Free downloadable versions in multiple languages

are available at http://www.mocatest.org. As of 2021, com-
pletion of a training and certification program is required
to gain access to the test.

2. Decision-making capacity—Older adults with cognitive
impairment commonly face serious medical decisions, and
the clinicians involved in their care must ascertain whether
the capacity exists to make medical decisions. While no
single test of capacity exists, the following five elements
should be considered in a thorough assessment: (1) ability
to express a choice; (2) understanding relevant information
about the risks and benefits of planned therapy and the
alternatives (including no treatment), in the context of
one’s values; (3) comprehension of the problem and its
consequences; (4) ability to reason; and (5) consistency of
choice. A patient’s choice should follow from an under-
standing of the consequences.

Sensitivity must be used in applying these five compo-
nents to people of various cultural backgrounds. Decision-
making capacity varies over time. Furthermore, the
capacity to make a decision is a function of the decision in
question. A woman with mild dementia may lack the
capacity to consent to coronary artery bypass grafting yet
retain the capacity to designate a surrogate decision maker.

B. Symptoms and Signs

Most patients with dementia can be identified in a primary
care setting after completion of a history (often requiring
collateral information), a physical examination, and cogni-
tive testing. The clinician can gather additional informa-
tion about the type of dementia by asking about (1) the rate
of progression of the deficits as well as their nature (includ-
ing any personality or behavioral change); (2) the presence
of other neurologic and psychiatric symptoms, particularly
motor problems and psychotic symptoms; (3) risk factors
for HIV; (4) family history of dementia; and (5) medica-
tions, with particular attention to recent changes.

Workup is directed at identifying any potentially
reversible causes of dementia. However, such cases are rare.
For a detailed description of the symptoms and signs of
different forms of dementia, see Chapter 24.

C. Physical Examination

The neurologic examination emphasizes assessment of
mental status but should also include evaluation for sen-
sory deficits, previous strokes, parkinsonism, and periph-
eral neuropathy. The examination should focus on
identifying comorbid conditions that may aggravate the
individual’s disability. For a detailed description of the
neuropsychological assessment, see Chapter 24.

D. Laboratory Findings

Laboratory studies should include a complete blood count
and serum electrolytes, calcium, creatinine, glucose,
thyroid-stimulating hormone (TSH), and vitamin B

12
lev-

els. While hypothyroidism or vitamin B
12

deficiency may
contribute to the cognitive impairment, treating these
conditions typically does not reverse the dementia. HIV
and rapid plasma reagin (RPR) tests, a heavy metal screen,
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and liver biochemical tests may be informative in selected
patients but are not part of routine testing. For a detailed
description of laboratory findings, see Chapter 24.

E. Imaging

Most patients should receive neuroimaging as part of the
workup to rule out subdural hematoma, tumor, previous
stroke, and hydrocephalus (usually normal pressure).
Those who are younger; those who have focal neurologic
symptoms or signs, seizures, or gait abnormalities; and
those with an acute or subacute onset are most likely to
have positive findings and most likely to benefit from MRI
scanning. In older patients with a more classic picture of
Alzheimer disease for whom neuroimaging is desired, a
noncontrast CT scan is sufficient. For a detailed descrip-
tion of imaging, see Chapter 24.

» Differential Diagnosis

Older individuals experience occasional difficulty retrieving
items from memory (usually word-finding difficulty) and
experience a slowing in their rate of information processing.
In the amnestic type of mild cognitive impairment, a
patient complains of memory problems, demonstrates mild
deficits (most commonly in short-term memory) on formal
testing, but the impairment does not significantly impact
function. Annual dementia conversion rates vary from less
than 5% to 20%. No medications have been demonstrated to
delay the progression of mild cognitive impairment to
Alzheimer disease. An elderly patient with intact cognition
but with severe impairments in vision or hearing commonly
becomes confused in an unfamiliar medical setting and
consequently may be falsely labeled as demented.

Delirium can be distinguished from dementia by its
acute onset, fluctuating course, and deficits in attention
rather than memory. Many medications have been associ-
ated with delirium and other types of cognitive impairment
in older patients. Anticholinergic agents, hypnotics, neuro-
leptics, opioids, nonsteroidal anti-inflammatory drugs
(NSAIDs), antihistamines (both H

1
- and H

2
-antagonists),

and corticosteroids are just some of the medications that
have been associated with cognitive impairment in elders.

» Treatment

Patients and families should be made aware of the Alzheimer’s
Association (http://www.alz.org) as well as the wealth of
helpful community and online resources and publications
available. Caregiver support, education, and counseling
may prevent or delay nursing home placement. Education
should include the manifestations and natural history of
dementia as well as the availability of local support services,
such as respite care. Exercise should be a component of
treatment as evidence suggests physical activity may have
beneficial effects on cognition and physical function.

A. Cognitive Impairment

1. Acetylcholinesterase inhibitors—Donepezil, galan-
tamine, and rivastigmine are acetylcholinesterase inhibi-
tors approved for the treatment of Alzheimer disease.

These medications produce a modest improvement in
cognitive function that is not likely to be detected in rou-
tine clinical encounters, and they have not convincingly
been shown to delay functional decline or institutionaliza-
tion. There is insufficient evidence to recommend their use
in mild cognitive impairment to slow the progression
toward dementia.

Starting (and maximum) doses are donepezil, 5 mg orally
once daily (maximum 10 mg once daily); galantamine, 4 mg
orally twice daily (maximum 12 mg twice daily); extended-
release galantamine, 8 mg orally once daily (maximum 24 mg
once daily); rivastigmine, 1.5 mg orally twice daily (maxi-
mum 6 mg twice daily); and rivastigmine transdermal patch,
4.6 mg/24 h (maximum 13.3 mg/24 h for severe disease).
Dosages are increased as tolerated at no less than 4-week
intervals. Donepezil is also available in a 23-mg tablet, but
this higher dose is associated with greater frequency of side
effects without appreciable increase in benefit. The most
bothersome side effects of acetylcholinesterase inhibitors
include diarrhea, nausea, anorexia, weight loss, and syncope.
As dementia progresses, some patients with moderate to
severe cognitive impairment may continue to experience
subjective benefits from acetylcholinesterase inhibitors, but
the medication should be discontinued in those patients who
have had no apparent benefit, who experience side effects, or
for whom the financial outlay is a burden. While there are no
published guidelines that describe what constitutes an ade-
quate treatment trial, evaluation after 2 months at the highest
tolerated dose is reasonable.

2. Memantine—In clinical trials, patients with moderate
to severe Alzheimer disease have been shown to have sta-
tistical benefit from the use of memantine (5 mg orally
daily to 10 mg twice daily), an N-methyl-D-aspartate
(NMDA) antagonist. Long-term and meaningful func-
tional outcomes have yet to be demonstrated, and evidence
suggests there is no clinically meaningful benefit to giving
memantine in combination with an acetylcholinesterase
inhibitor. Evidence does not support the use of memantine
in other forms of dementia.

B. Behavioral Problems

1. Nonpharmacologic approaches—Behavioral problems
in patients with dementia are often best managed nonphar-
macologically. Initially, it should be established that the
problem is not unrecognized delirium, pain, urinary
obstruction, or fecal impaction. Determining whether the
caregiver or institutional staff can tolerate the behavior is
also helpful, since it is often easier to find ways to accom-
modate to the behavior than to modify it. If not, the care-
giver should keep a brief log in which the behavior is
described along with antecedent events and consequences.
This may uncover patterns that delineate precipitants of
the behavior or perhaps that the behavior is somehow
being rewarded. Caregivers are taught to use simple lan-
guage when communicating with the patient, to break
down activities into simple component tasks, and to use a
“distract, not confront” approach when the patient seems
disturbed by a troublesome issue. Additional steps to
address behavioral problems include providing structure
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and routine, discontinuing all medications except those
considered absolutely necessary, and correcting, if possible,
sensory deficits.

2. Pharmacologic approaches—There is no clear consen-
sus about pharmacologic approaches to the treatment of
behavioral problems in patients who have not benefited
from nonpharmacologic therapies. Pharmacologic treat-
ment should be reserved for those patients who pose an
imminent danger to others or themselves or when symp-
toms are substantially distressing to the patient.

Despite evidence of harm and recommendations against
their use, antipsychotic medications have remained a
mainstay for the treatment of behavioral disturbances,
particularly agitation and aggression, largely because of the
lack of alternatives. The atypical antipsychotic agents (eg,
risperidone, olanzapine, quetiapine, aripiprazole) are
increasingly becoming the first choice because of an overall
better side-effect profile compared to typical agents (eg,
haloperidol) but should be used with caution in patients
with vascular risk factors due to an increased risk of stroke;
they can also cause weight gain and are also associated with
hyperglycemia in diabetic patients and are considerably
more expensive. Both typical and atypical antipsychotics
increase mortality compared with placebo when used to
treat elderly patients with dementia and behavioral distur-
bances. Starting and target dosages should be much lower
than those used in schizophrenia (eg, haloperidol, 0.5–2 mg
orally; risperidone, 0.25–2 mg orally).

Citalopram at a dose of 30 mg daily may improve symp-
toms of agitation; however, according to the US Food and
Drug Administration, the maximum recommended dose is
20 mg daily for patients older than 60 years because of the
risk of QT prolongation and associated dysrhythmia. Thus,
while citalopram may be used to treat agitation, safe and
effective dosing for patients older than age 60 has not been
established. In the specific instance of patients with Lewy
body dementia, treatment with acetylcholinesterase inhibi-
tors has been shown to improve behavioral symptoms.
Valproate medications have been used in the treatment of
agitated and physically aggressive behavior, but evidence
demonstrates no identifiable benefit.

C. Driving

Although drivers with dementia are at an increased risk for
motor vehicle accidents, many patients continue to drive
safely well beyond the time of initial diagnosis, making the
timing of when to recommend that a patient stop driving
particularly challenging.

There is no clear-cut evidence to suggest a single best
approach to determining an individual patient’s capability,
and there is no accepted “gold-standard” test. The result is
that clinicians must consider several factors upon which to
base their judgment. For example, determining the severity
of dementia can be useful. Patients with very mild or mild
dementia according to the Clinical Dementia Rating Scale
were able to pass formal road tests at rates of 88% and 69%,
respectively. Experts agree that patients with moderately
severe or more advanced dementia should be counseled
to stop driving. Although not well studied, clinicians

should also consider the effects of comorbid conditions
and medications and the role each may play in contributing
to the risk of driving by a patient with dementia. Assess-
ment of the ability to carry out IADLs may also assist in the
determination of risk. Finally, in some cases of mild
dementia, referral may be needed to a driver rehabilitation
specialist for evaluation. Although not standardized, this
evaluation often consists of both off- and on-road testing.
Experts recommend such an evaluation for patients with
mild dementia, for those with dementia for whom new
impairment in driving skills is observed, and for those with
significant deficits in cognitive domains, such as attention,
executive function, and visuospatial skills.

Clinicians must also be aware of the reporting require-
ments in their individual jurisdictions. When a clinician
has made the decision to report an unsafe driver to the
Department of Motor Vehicles, he or she must consider the
impact of a potential breach in confidentiality and must
weigh and address, in advance when possible, the conse-
quences of the loss of driving independence.

D. Advance Financial Planning

Difficulty in managing financial affairs often develops
early in the course of dementia. Although expertise is not
expected, clinicians should have some proficiency to
address financial concerns. Just as clinicians counsel
patients and families about advance care planning, the
same should be done to educate about the need for advance
financial planning and to recommend that patients com-
plete a durable power of attorney for finance matters
(DPOAF) while the capacity to do so still exists.

No gold-standard test is available to identify when a
patient with dementia no longer has financial capacity. How-
ever, the clinician should be on the lookout for signs that a
patient is either at risk for or actually experiencing financial
incapacity. Because financial impairment can occur when
dementia is mild, making that diagnosis should alone be
enough to warrant further investigation. Questioning patients
and caregivers about late, missed, or repeated bill payments,
unusual or uncharacteristic purchases or gifts, overdrawn
bank accounts, or reports of missing funds can provide evi-
dence of suspected financial impairment. Patients with
dementia are also at increased risk for becoming victims of
financial abuse, and some answers to these same questions
might also be signs of potential exploitation. When financial
abuse is suspected, clinicians should be aware of the report-
ing requirements in their local jurisdictions.

» Prognosis

Life expectancy after a diagnosis of Alzheimer disease is
typically 3–15 years; it may be shorter than previously
reported. Other neurodegenerative dementias, such as Lewy
body dementia, show more rapid decline. Hospice care is
often appropriate for patients with end-stage dementia.

» When to Refer

Referral for neuropsychological testing may be helpful to
distinguish dementia from depression, to diagnose demen-
tia in persons of very poor education or very high
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premorbid intellect, and to aid diagnosis when impairment
is mild.

McCollum L et al. Cognitive impairment evaluation and manage-
ment. Med Clin North Am. 2020;104:807. [PMID: 32773047]

Phillips NA et al. Special issues on using the Montreal Cognitive
Assessment for telemedicine assessment during COVID-19.
J Am Geriatr Soc. 2020;68:942. [PMID: 32253754]

Smith EE et al. Canadian Consensus Conference on Diagnosis
and Treatment of Dementia (CCCDTD)5: guidelines for
management of vascular cognitive impairment. Alzheimers
Dement (N Y). 2020;6:e12056. [PMID: 33209971]

Tung EE et al. Approach to the older adult with new cognitive
symptoms. Mayo Clin Proc. 2020;95:1281. [PMID: 32498781]

2. Dssion

E S S E N T I A L S  O F  D I A G N O S I S

» May manifest in older adults as physical com-
plaints (eg, fatigue, anhedonia) rather than com-
plaints of depressed mood.

» Often undertreated in older adults. Approximately
one-third of those treated with an antidepressant
will achieve remission, and two-thirds will need
additional treatment.

» General Considerations

Major depressive disorder has prevalence rates of approxi-
mately 2% among community-dwelling adults aged
55 years and older. Prevalence rises with increasing age as
well as conditions such as chronic illness, multimorbidity,
cognitive impairment, and functional impairment. Major
depressive disorder is less common in older adults than
younger adults, but depressive symptoms (not meeting cri-
teria for major depressive disorder) are common and pres-
ent in up to 15% of older adults. Depression is more
common among hospitalized and institutionalized elders.
Older single men have the highest rate of completed sui-
cides of any demographic group.

New incidence of depressive symptoms may be an early
sign of cognitive impairment in older adults; therefore,
evaluation of depression should include cognitive assess-
ment. Older patients with depression and depressive symp-
toms who have comorbid conditions (eg, heart failure) are
at higher risk for hospitalization, tend to have longer hos-
pital stays, and have worse outcomes than patients without
depression.

» Clinical Findings

The Patient Health Questionnaire-2 (PHQ-2) is highly
sensitive for detecting major depression in persons over
age 65. Positive responses should be followed up with
more comprehensive, structured interviews, such as the
PHQ-9.

Evaluation of depression should include a careful
review of substances that can contribute to depressive

symptoms, such as medications (eg, benzodiazepines) and
alcohol/illicit drugs. A thorough review of the medical his-
tory is critical, since many medical problems can cause
fatigue, lethargy, or hypoactive delirium, all of which may
be mistaken for depression.

» Treatment

First-line treatment is the same for older adults as it is for
younger adults; psychotherapy and selective serotonin
reuptake inhibitor (SSRI) medications are the mainstays of
treatment. Adjunctive treatment may include psychosocial
interventions, increased physical activity, reduction of sub-
stance use (eg, alcohol), reduction of potentially contribut-
ing medications, or electroconvulsive therapy. Depressed
older adults may do better with a collaborative or multidis-
ciplinary care model that includes socialization and other
support elements. In older patients with depressive symp-
toms who do not meet criteria for major depressive disor-
der, nonpharmacologic treatments are indicated.

Choice of antidepressant agent is usually based on side-
effect profile, cost, and patient-specific factors, such as
presenting symptoms and comorbidities. SSRIs are used
as first-line agents because they are relatively well-
tolerated and have good evidence to support efficacy (see
Table 25–7). Older adults are more susceptible to SSRI-
induced hyponatremia, falls, and osteoporosis. Serotonin-
norepinephrine reuptake inhibitors (eg, duloxetine and
venlafaxine) lead to more adverse events versus placebo
than do SSRIs. Non-SSRI agents, such as mirtazapine and
duloxetine, may be chosen for patients with additional
indications. Mirtazapine may be useful for patients with
weight loss, anorexia, or insomnia. Duloxetine is useful in
patients who also have neuropathic pain. Regardless of the
medication chosen, many experts recommend starting
elders at a relatively low dose, titrating to full dose slowly,
and continuing for a longer trial (at least 8 weeks) before
trying a different medication. Titration to full dose is criti-
cal to achieve efficacy of treatment. Of note, the maximum
citalopram dose for older adults is 20 mg orally daily, due
to dose-dependent QT prolongation.

One-third of older adults achieve remission after ade-
quate treatment with first-line SSRI treatment. For the
remainder, referral to a mental health specialist is indicated.
For those who do not achieve remission, augmentation
therapy (eg, with lithium, methylphenidate, or aripiprazole)
can enhance clinical response. Esketamine, the S-enantiomer
of ketamine, is approved for treatment-resistant depression,
but studies of its safety and efficacy did not include adults
older than age 65. For patients with severe or catatonic
depression, electroconvulsive therapy has high rates of
efficacy (60–80%) and should be considered.

Pharmacologic treatment for the first episode of depres-
sion should continue for 1 year after remission. Clinicians
and patients should share in decision-making regarding
maintenance therapy for depression, since risk of major
depressive disorder recurrence is high. This decision
should weigh how long-term pharmacotherapy may con-
tribute to polypharmacy and adverse effects in the land-
scape of their patient’s comorbidities and medication
regimen.
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» When to Refer

• Any patient who might be considered for electrocon-
vulsive therapy should be referred for psychiatric
evaluation.

• Consider referral for patients who have mania, psycho-
sis, catatonia, or treatment-resistant depression.

» When to Admit

Consider psychiatric evaluation and admission for patients
who have psychosis, suicidality, homicidality, catatonia,
grave disability, or self-neglect.

Haigh EAP et al. Depression among older adults: a 20-year update
on five common myths and misconceptions. Am J Geriatr
Psychiatry. 2018;26:107. [PMID: 28735658]

Krishnamoorthy Y et al. Diagnostic accuracy of various forms of
geriatric depression scale for screening of depression among
older adults: systematic review and meta-analysis. Arch
Gerontol Geriatr. 2020;87:104002. [PMID: 31881393]

Meyer JP et al. Electroconvulsive therapy in geriatric psychiatry: a
selective review. Clin Geriatr Med. 2020;36:265. [PMID:
32222301]

Sobieraj DM et al. Adverse effects of pharmacologic treatments of
major depression in older adults. J Am Geriatr Soc. 2019;67:
1571. [PMID: 31140587]

Zhang H et al. Comparison of the Geriatric Depression Scale-15
and the Patient Health Questionnaire-9 for screening depres-
sion in older adults. Geriatr Gerontol Int. 2020;20:138. [PMID:
31820572]

3. Dliium

E S S E N T I A L S  O F  D I A G N O S I S

» Rapid onset and fluctuating course.

» Primary deficit in attention rather than memory.

» May be hypoactive or hyperactive.

» Dementia frequently coexists.

» General Considerations

Delirium is an acute, fluctuating disturbance of conscious-
ness, associated with a change in cognition or development
of perceptual disturbances (see also Chapter 25). It is the
pathophysiologic consequence of an underlying general
medical condition, such as infection, coronary ischemia,
hypoxemia, or metabolic derangement. Delirium occurs in
29–64% of hospitalized older adults, persists in 25% or more,
and is associated with worse clinical outcomes (higher in-
hospital and postdischarge mortality, longer lengths of stay,
delayed and limited recovery of physical function, greater
probability of placement in a nursing facility).

Although the acutely agitated elderly patient often
comes to mind when considering delirium (hyperactive
delirium), many episodes are subtler. Such hypoactive
delirium may be suspected only if one notices new cogni-
tive slowing or inattention.

Cognitive impairment is an important risk factor for
delirium. Other risk factors include severe illness, poly-
pharmacy, use of psychoactive medications, sensory
impairment, depression, and alcoholism.

» Clinical Findings

Several bedside instruments are available for the assess-
ment of delirium (http://www.hospitalelderlifeprogram.
org/delirium-instruments/). The confusion assessment
method (CAM) requires (1) acute onset and fluctuating
course and (2) inattention and either (3) disorganized
thinking or (4) altered level of consciousness. The 3D CAM
(3-minute diagnostic CAM) is particularly useful for clini-
cal assessment of delirium.

A key component of a delirium workup is review of
medications because polypharmacy, the addition of a new
medication, an increase in dose of a medication, or the
discontinuation of a medication known to cause with-
drawal symptoms are all associated with the development
of delirium. Medications that are particularly likely to
increase the risk of delirium include sedative/hypnotics,
anticholinergics, opioids, benzodiazepines, and H

1
- and

H
2
-antihistamines.
Evaluation of most patients should include a complete

blood count; blood urea nitrogen (BUN); serum electro-
lytes, creatinine, glucose, calcium, albumin, and liver bio-
chemical tests; urinalysis; and ECG. In selected cases,
serum magnesium, medication levels, arterial blood gas
measurements, blood cultures, chest radiography, urinary
toxin screen, and lumbar puncture may be helpful. When
delirium develops during a hospitalization in the absence
of trauma or new localizing neurologic signs, a head CT is
rarely revealing.

» Prevention

The best evidence for prevention comes from nonpharma-
cologic multicomponent interventions. These components
include improving cognition (frequent reorientation, activ-
ities, socialization with family and friends when possible),
sleep (massage, noise reduction, minimizing interruptions
at night), mobility (early initiation of rehabilitation services
as appropriate), vision (visual aids and adaptive equip-
ment), hearing (portable amplifiers, cerumen disimpac-
tion), and hydration status (volume repletion). No
medications, including antipsychotics, have been consis-
tently shown to prevent delirium or improve outcomes
such as length of stay or mortality should delirium develop.

» Treatment

Management of established episodes of delirium combines
the elements of preventive interventions with reassurance
and reorientation, treatment of underlying causes, elimi-
nating unnecessary medications, and avoidance of indwell-
ing catheters and restraints. Antipsychotics have long been
a mainstay of delirium treatment in hospitalized adults, but
evidence is accumulating that they offer little to no benefit
and can cause harm. Data from a 2019 systematic review of
haloperidol and second-generation antipsychotics found
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no difference in delirium severity or duration, hospital
length of stay, or mortality when compared to placebo. QT
interval prolongation was more common in the antipsy-
chotic group, but there was no difference in extrapyramidal
effects. Evidence for other potential outcomes was insuffi-
cient to assess. Benzodiazepines should be avoided except
in the circumstance of alcohol or benzodiazepine with-
drawal. In ventilated patients in the intensive care unit
setting, dexmedetomidine or propofol (or both) may also
be useful alternatives or adjuncts to antipsychotic therapy
in patients with delirium.

Most episodes of delirium clear in a matter of days after
correction of the precipitant, but some patients suffer epi-
sodes of much longer duration, and a significant percent-
age never return to their former baseline level of
functioning.

» When to Refer

If an initial evaluation does not reveal the cause of delirium
or if entities other than delirium are in the differential
diagnosis, referral to a neuropsychologist, neurologist, or
geropsychiatrist should be considered.

» When to Admit

Patients with delirium of unknown cause should be admit-
ted for an expedited workup if consistent with the patient’s
goals of care.

Hshieh TT et al. Delirium in the elderly. Clin Geriatr Med.
2020;36:183. [PMID: 32222295]

Kotfis K et al. COVID-19: ICU delirium management during
SARS-CoV-2 pandemic. Crit Care. 2020;24:176. [PMID:
32345343]

Mart MF et al. Prevention and management of delirium in the
intensive care unit. Semin Respir Crit Care Med. 2021;42:112.
[PMID: 32746469]

Rieck KM et al. Delirium in hospitalized older adults. Hosp Pract
(1995). 2020;48:3. [PMID: 31874064]

Salvi F et al. Non-pharmacological approaches in the prevention
of delirium. Eur Geriatr Med. 2020;11:71. [PMID: 32297241]

4. Immobiliy

Mobility limitations are common in older adults and are
associated with increased rates of morbidity, hospitaliza-
tion, disability, and mortality. Hospital-associated bed rest
is a common precipitant of immobility and functional
decline. Among hospitalized medical patients over age 70,
about 10% experience a decline in function, and those who
experience critical illness are particularly at high risk.

The hazards of bed rest in older adults are multiple,
serious, quick to develop, and slow to reverse. Within days
of being confined to bed, deconditioning of the cardiovas-
cular system occurs. This involves fluid shifts, decreased
cardiac output, decreased peak oxygen uptake, increased
resting heart rate, and postural hypotension. More striking
changes occur in skeletal muscle, resulting in loss of
strength and function. Pressure injuries, venous thrombo-
embolism, and falls are additional serious outcomes of
immobility and deconditioning.

» Prevention & Treatment

Physical activity should be encouraged for all elders, par-
ticularly sedentary elders. Physical activity is associated
with a myriad of health benefits in older adults. Structured
physical activity programs may help reduce mobility-
related disability among community-dwelling elders.

When immobilization cannot be avoided, several mea-
sures can be used to minimize its consequences. To reduce
the risks of contracture and weakness, range-of-motion
and strengthening exercises should be started immediately
and continued as long as the patient is in bed. Avoiding
restraints and discontinuing intravenous lines and urinary
catheters will increase opportunities for early mobility.
Graduated ambulation should begin as soon as it is feasible.
Among hospitalized elders, exercise protocols can improve
functional outcomes. Prior to discharge, physical therapists
can recommend appropriate exercises and assistive devices;
after discharge, they can recommend safety modifications
and maintenance exercises. Severe functional disability
impeding the ability to care for oneself independently often
leads to discharge to an acute or subacute rehabilitation
facility. Recovery from these illness-related deconditioning
takes weeks to months, and in many cases full recovery to
the pre-illness physical condition does not occur.

Flint LA et al. Rehabbed to death. N Engl J Med. 2019;380:408.
[PMID: 30699322]

Martínez-Velilla N et al. Effect of exercise intervention on func-
tional decline in very elderly patients during acute hospital-
ization: a randomized clinical trial. JAMA Intern Med.
2019;179:28. [PMID: 30419096]

Pahor M et al. Impact and lessons from the Lifestyle Interven-
tions and Independence for Elders (LIFE) clinical trials of
physical activity to prevent mobility disability. J Am Geriatr
Soc. 2020;68:872. [PMID: 32105353]

5. Flls & Gi Disods

Annually, about one-third of people over age 65 fall, and
the frequency of falls increases markedly with advancing
age. About 10% of falls result in serious injuries. Complica-
tions from falls (eg, hip fracture, subdural hematoma) are
the leading cause of death from injury in persons over age
65, and fall-associated mortality is increasing.

Every older person should be asked about falls. Assess-
ment of patients who fall should include postural blood
pressure and pulse; cardiac examination; evaluations of
strength, range of motion, cognition, and proprioception;
and examination of feet and footwear. A thorough gait
assessment should be performed in all older people. Gait
and balance can be readily assessed by the “Up and Go
Test,” in which the patient is asked to stand up from a sit-
ting position without use of hands, walk 10 feet, turn
around, walk back, and sit down. Patients who take less
than 10 seconds are usually normal, while patients who
take longer than 13.5 seconds are considered at increased
risk for falling. The ability to recognize common patterns
of gait disorders is an extremely useful clinical skill to
develop. Examples of gait abnormalities and their causes
are listed in Table 4–1.
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» Causes of Falls

Balance and ambulation require a complex interplay of
cognitive, neuromuscular, and cardiovascular function.
With age, balance mechanisms can become compromised,
reaction time slows, and postural sway increases. These
changes predispose the older person to a fall when chal-
lenged by an additional insult to any of these systems.

Falls in older people are rarely due to a single cause, and
effective intervention entails a comprehensive assessment
of the patient’s intrinsic deficits (eg, diseases and medica-
tions), the activity engaged in at the time of the fall, and
environmental obstacles (Table 4–2).

Intrinsic deficits are those that impair sensory input,
judgment, blood pressure regulation, reaction time, and
balance and gait. Dizziness may be closely related to the

Table 4–1. Evaluation of gait abnormalities.

Gi abnomliy possibl Cuss

Inability to stand without use of hands Deconditioning

Myopathy (hyperthyroidism, alcohol, statin-induced)

Hip or knee pain

Unsteadiness upon standing Orthostatic hypotension

Balance problem (peripheral neuropathy, vision problem, vestibular, other central nervous

system causes)

Generalized weakness

Stagger with eyes closed Often indicates that vision is compensating for another deficit

Short steps Weakness

Parkinson disease or related condition

Asymmetry Cerebrovascular accident

Focal pain or arthritis

Wide-based gait Fear, balance problems

Flexed knees Contractures, quadriceps weakness

Slow gait Fear of falling, weakness, deconditioning, peripheral vascular disease, chronic obstructive

pulmonary disease, heart failure, angina pectoris

Table 4–2. Fall risk factors, targeted interventions, and best evidence for fall prevention.

to Consid fo all pins

Exercise or physical therapy Tai Chi, gait training, balance training, strength training

Multifactorial intervention Home safety assessment, medication review, review of specific conditions

(below), advice on appropriate footwear, vision check, adaptive aids as

appropriate, physical therapy or exercise as appropriate

Condiion tgd Invnion

Postural hypotension (> 20 mm Hg drop in systolic blood

pressure, or systolic blood pressure < 90 mm Hg)

Behavioral recommendations, such as hand clenching, elevation of head of

bed; discontinuation or substitution of high-risk medications

Use of benzodiazepine or sedative/hypnotic agent Education about sleep hygiene; discontinuation or substitution of medications

Use of multiple prescription medications Review of medications with a focus on discontinuation (deprescribing)

Environmental hazards Removal or mitigation of hazards; installation of safety equipment (eg, grab

bars)

Gait impairment Gait training, assistive devices, balance or strengthening exercises

Impairment in transfer or balance Balance exercises, training in transfers, environmental alterations (eg, grab bars)

Impairment in leg or arm muscle strength or limb range of

motion

Exercise with resistance bands or putty, with graduated increases in resistance

Vision impairment Cataract surgery or other interventions as appropriate (eg, corrective lenses)

Inability to get up after a fall Medic-alert system, physical therapy training for strategies

High-risk footwear Education on appropriate footwear (eg, avoid slippers, high heels)
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deficits associated with falls and gait abnormalities. While
it may be impossible to isolate a sole “cause” or a “cure” for
falls, gait abnormalities, or dizziness, it is often possible to
identify and ameliorate some of the underlying contribu-
tory conditions and improve the patient’s overall
function.

Medication use is one of the most common, significant,
and reversible causes of falling. A meta-analysis found that
sedative/hypnotics, antidepressants, and benzodiazepines
were the classes of medications most likely to be associated
with falling. The use of multiple medications simultane-
ously has also been associated with an increased fall risk.
Other often overlooked but treatable contributors include
postural hypotension (including postprandial, which peaks
30–60 minutes after a meal), insomnia, use of multifocal
lenses, and urinary urgency.

Since most falls occur in or around the home, a visit by
a visiting nurse, physical therapist, or health care provider
for a home safety evaluation may be beneficial in identify-
ing environmental obstacles and is generally reimbursed by
third-party payers, including Medicare.

» Complications of Falls

The most common fractures resulting from falls are of the
wrist, hip, and vertebrae. There is a high mortality rate
(approximately 20% in 1 year) in elderly women with hip
fractures, particularly if they were debilitated prior to the
time of the fracture. Fear of falling again is a common, seri-
ous, but treatable factor in the older person’s loss of confi-
dence and independence. Referral to a physical therapist
for gait training with special devices is often all that is
required.

Chronic subdural hematoma is an easily overlooked
complication of falls that must be considered in any elderly
patient presenting with new neurologic symptoms or signs,
including evidence of new cognitive impairment. Head-
ache and known history of trauma may both be absent.

Patients who are unable to get up from a fall are at risk
for dehydration, electrolyte imbalance, pressure injuries,
rhabdomyolysis, and hypothermia.

» Prevention & Management

Exercise is the intervention that is most consistently
reported to reduce the risk of falls. Balance focused exer-
cises (eg, Tai Chi), gait, and strength training appear to be
more effective for fall prevention than general exercise
programs (Table 4–2).

Multifactorial interventions appear to have a small ben-
efit in preventing falls. These interventions include an
assessment of potentially modifiable risk factors and tai-
lored interventions to reduce risk. Emphasis is placed on
treating all contributory medical conditions, minimizing
environmental hazards, and eliminating medications
where the harms may outweigh the benefits (eg,
sedative-hypnotics).

The USPSTF recommends against vitamin D supple-
mentation to prevent falls in community-dwelling adults.
Vitamin D supplementation might be considered for high-risk
individuals (eg, institutionalized elders) on a case-by-case

basis. High-dose vitamin D (60,000 international units per
month) has been shown to increase the incidence of falls.

Assistive devices, such as canes and walkers, are useful
for many older adults but are often used incorrectly. Canes
should be used on the “good” side. The height of walkers
and canes should generally be about the level of the wrist.
Physical therapists are invaluable in assessing the need for
an assistive device, selecting the best device, and training a
patient in its correct use.

Eyeglasses, particularly bifocal or graduated lenses, may
increase the risk of falls, particularly in the early weeks of
use. Patients should be counseled about the need to take
extra care when new eyeglasses are being used.

Patients with repeated falls are often reassured by the
availability of telephones at floor level, a mobile telephone
on their person, or a lightweight radio call system. Their
therapy should also include training in techniques for aris-
ing after a fall.

» When to Refer

Patients with a recent history of falls should be referred for
physical therapy, eye examination, and home safety
evaluation.

» When to Admit

If the patient has new falls that are unexplained, particu-
larly in combination with a change in the physical exami-
nation or an injury requiring surgery, hospitalization
should be considered.

Ganz DA et al. Prevention of falls in community-dwelling older
adults. N Engl J Med. 2020;382:734. [PMID: 32074420]

Liu-Ambrose T et al. Effect of a home-based exercise program
on subsequent falls among community-dwelling high-risk
older adults after a fall: a randomized clinical trial. JAMA.
2019;321:2092. [PMID: 31162569]

Pahor M. Falls in older adults: prevention, mortality, and costs.
JAMA. 2019;321:2080. [PMID: 31162553]

Senderovich H et al. Do exercises prevent falls among older
adults: where are we now? A systematic review. J Am Med Dir
Assoc. 2020;21:1197. [PMID: 32646820]

US Preventive Services Task Force; Grossman DC et al. Interven-
tions to prevent falls in community-dwelling older adults: US
Preventive Services Task Force recommendation statement.
JAMA. 2018;319:1696. [PMID: 29710141]

6. Uiny Inconinnc

E S S E N T I A L S  O F  D I A G N O S I S

» Involuntary loss of urine.

» Stress incontinence: leakage of urine upon cough-
ing, sneezing, or standing.

» Urge incontinence: urgency and inability to delay
urination.

» Overflow incontinence: variable presentation.
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» General Considerations

Urinary incontinence in older adults is common, and
interventions can improve most patients. Many patients do
not voluntarily disclose their experience with urinary
incontinence to their health care providers, making it all
the more important for providers to inquire. A simple
question about involuntary leakage of urine is a reasonable
annual screen: “Do you have a problem with urine leaks or
accidents?”

» Classification

A. Transient Causes

Use of the mnemonic “DIAPPERS” may be helpful in
remembering the categories of “transient” urinary
incontinence.

1. Delirium—A clouded sensorium impedes recognition of
both the need to void and the location of the nearest toilet.
Delirium is the most common cause of incontinence in
hospitalized patients.

2. Infection—Symptomatic urinary tract infection can
cause or contribute to urgency and incontinence. Asymp-
tomatic bacteriuria does not.

3. Atrophic urethritis and vaginitis—Atrophic urethritis and
vaginitis can usually be diagnosed presumptively by the pres-
ence of vaginal mucosal telangiectasia, petechiae, erosions,
erythema, or friability. Urethral inflammation, if symptom-
atic, may contribute to incontinence in some women.

4. Pharmaceuticals—Medications are one of the most
common causes of transient incontinence. Typical offend-
ing agents include potent diuretics, anticholinergics, psy-
chotropics, opioid analgesics, alpha-blockers (in women),
alpha-agonists (in men), and calcium channel blockers.

5. Psychological factors—Severe depression with psycho-
motor retardation may impede the ability or motivation to
reach a toilet.

6. Excess urinary output—Excess urinary output may
overwhelm the ability of an older person to reach a toilet in
time. In addition to diuretics, common causes include
excess fluid intake; metabolic abnormalities (eg, hypergly-
cemia, hypercalcemia, diabetes insipidus); and peripheral
edema (when previously dependent legs assume a horizon-
tal position in bed).

7. Restricted mobility—(See Immobility, above.) If mobil-
ity cannot be improved, access to a urinal or commode (eg,
at the bedside) may improve continence.

8. Stool impaction—This is a common cause of urinary
incontinence in hospitalized or immobile patients. Although
the mechanism is still unknown, a clinical clue to its pres-
ence is the onset of both urinary and fecal incontinence.

B. Established Causes

Causes of “established” incontinence should be addressed
after any “transient” causes have been managed
appropriately.

1. Detrusor overactivity (urge incontinence)—Detrusor
overactivity refers to uninhibited bladder contractions that
cause leakage. It is the most common cause of established
incontinence in older adults, accounting for two-thirds of
cases. Women will complain of urinary leakage after the
onset of an intense urge to urinate that cannot be fore-
stalled. In men, the symptoms are similar, but detrusor
overactivity commonly coexists with urethral obstruction
from benign prostatic hyperplasia. Because detrusor over-
activity also may be due to bladder stones or tumor, the
abrupt onset of otherwise unexplained urge incontinence—
especially if accompanied by perineal or suprapubic dis-
comfort or sterile hematuria—should be investigated by
urine cytology and cystoscopy.

2. Urethral incompetence (stress incontinence)—Ure-
thral incompetence is the second most common cause of
established urinary incontinence in older women. In men,
it most commonly occurs after radical prostatectomy.
Stress incontinence is characterized by instantaneous leak-
age of urine in response to an increase in intra-abdominal
pressure. It commonly coexists with detrusor overactivity
causing “mixed” incontinence. Typically, urinary loss
occurs with laughing, coughing, or lifting heavy objects. To
test for stress incontinence, have the patient relax her
perineum and cough vigorously (a single cough) while
standing with a full bladder. Instantaneous leakage indi-
cates stress incontinence. A delay of several seconds or
persistent leakage suggests that the problem is instead
caused by an uninhibited bladder contraction induced by
coughing.

3. Overflow incontinence—Urethral obstruction (due to
prostatic enlargement, urethral stricture, bladder neck con-
tracture, or prostatic cancer) is a common cause of estab-
lished incontinence in older men but is rare in older
women. It can present as dribbling incontinence after void-
ing, urge incontinence due to detrusor overactivity, or
overflow incontinence due to urinary retention. Detrusor
underactivity is less common but can also cause overflow
incontinence. It may be idiopathic or have an identifiable
cause including medications and sacral lower motor nerve
dysfunction. When it causes incontinence, detrusor under-
activity is associated with urinary frequency, nocturia, and
frequent leakage of small volumes. Although the measure-
ment of postvoid residual (PVR) volume is not considered
standard in the evaluation of urinary incontinence, it
should be measured when overflow is suspected. No stan-
dardized cutoff has been established for PVR, but it is
generally above 200 mL in overflow incontinence and can
be measured using portable ultrasound.

» Treatment

A. Transient Causes

Each identified transient cause should be treated regardless
of whether an established cause coexists. For patients with
urinary retention induced by an anticholinergic agent,
discontinuation of the medication should first be consid-
ered. If this is not feasible, substituting a less anticholiner-
gic agent may be useful.
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B. Established Causes

1. Detrusor overactivity—The cornerstone of treatment is
bladder training. Patients start by voiding on a schedule
based on the shortest interval recorded on a bladder
record. They then gradually lengthen the interval between
voids by 30 minutes each week using relaxation techniques
to postpone the urge to void. Lifestyle modifications,
including weight loss and caffeine reduction, may also
improve incontinence symptoms. For cognitively impaired
patients and nursing home residents who are unable to
manage on their own, timed and prompted voiding initi-
ated by caregivers is effective. Pelvic floor muscle (“Kegel”)
exercises can reduce the frequency of incontinence epi-
sodes when performed correctly and sustained.

If behavioral approaches prove insufficient, several
FDA-approved antimuscarinic agents may provide addi-
tional benefit. Available regimens of these agents include
short-acting tolterodine, 1–2 mg orally twice a day; long-
acting tolterodine, 2–4 mg orally daily; short-acting oxybu-
tynin, 2.5–5 mg orally twice or three times a day;
long-acting oxybutynin, 5–15 mg orally daily; oxybutynin
transdermal patch, 3.9 mg/day applied twice weekly; oxy-
butynin 10% transdermal gel, 100 mg applied daily; fes-
oterodine, 4–8 mg orally once daily; trospium chloride,
20 mg orally once or twice daily; long-acting trospium
chloride, 60 mg orally daily; darifenacin, 7.5–15 mg orally
daily; and solifenacin, 5–10 mg orally daily. All of these
agents appear to have similar efficacy and side-effect pro-
files (eg, delirium/cognitive impairment, dry mouth, con-
stipation, urinary retention). Long-acting and topical
preparations are generally better tolerated.

The beta-3-agonists mirabegron, 25–50 mg orally
daily, and vibegron, 75 mg orally once daily, are FDA
approved for overactive bladder symptoms, which include
urge urinary incontinence. In trials comparing mirabegron
with antimuscarinic agents, the efficacy and safety profiles
have been comparable, with less dry mouth reported in
persons who received mirabegron. The experience accru-
ing among adults over the age of 70 shows that adherence
rates may be superior to the antimuscarinic medications.

An alternative to oral agents is an injection of onabotu-
linum toxin A into the detrusor muscle. While effective, it
can lead to urinary retention and the need for
self-catheterization.

The combination of behavioral therapy and antimusca-
rinics appears to be more effective than either alone,
although one study in a group of younger women showed
that adding behavioral therapy to individually titrated
doses of extended-release oxybutynin was no better than
with medication treatment alone.

In men with both benign prostatic hyperplasia and
detrusor overactivity and with PVR of 150 mL or less, an
antimuscarinic agent added to an alpha-blocker may pro-
vide additional relief of lower urinary tract symptoms.

2. Urethral incompetence (stress incontinence)—Life-
style modifications, including limiting caffeine and fluid
intake, may be helpful for some women, particularly
women with mixed stress/urge incontinence; strong evi-
dence supports weight loss in obese women. Pelvic floor

muscle exercises are effective for women with mild to
moderate stress incontinence. Instruct the patient to pull in
the pelvic floor muscles and hold for 6–10 seconds and to
perform three sets of 8–12 contractions daily. Benefits may
not be seen for 6 weeks. Pessaries or vaginal cones may be
helpful in some women but should be prescribed only by
providers who are experienced with using these modalities.

No medications are approved for the treatment of stress
incontinence, and a clinical practice guideline from the
American College of Physicians recommends against phar-
macologic treatment. Although a last resort, surgery is the
most effective treatment for stress incontinence; cure rates
as high as 96% can result, even in older women.

3. Overflow incontinence—Most men with overflow
incontinence from obstructive uropathy will first undergo
bladder decompression with intermittent or indwelling
catheterization followed by initiation of alpha-blocking
agents (eg, terazosin, 1–10 mg orally daily; prazosin,
1–5 mg orally twice daily; or tamsulosin, 0.4–0.8 mg orally
daily taken 30 minutes after a meal). Finasteride, 5 mg
orally daily, can provide additional benefit in men with an
enlarged prostate. If medical therapy fails to allow for ade-
quate bladder emptying, surgical decompression can be an
option. A variety of nonsurgical techniques make decom-
pression feasible even for frail men. For the nonoperative
candidate with urinary retention, intermittent or indwelling
catheterization is used. For the patient with a poorly con-
tractile bladder, augmented voiding techniques (eg, double
voiding, suprapubic pressure) can prove effective. If further
emptying is needed, intermittent or indwelling catheteriza-
tion is the only option. Antibiotics should be used only for
symptomatic urinary tract infection or as prophylaxis
against recurrent symptomatic infections in a patient using
intermittent catheterization; they should not be used as
prophylaxis in a patient with an indwelling catheter.

» When to Refer

• Men with urinary obstruction who do not respond to
medical therapy should be referred to a urologist.

• Women who do not respond to medical and behavioral
therapy should be referred to a urogynecologist or
urologist.

Sung VW et al. Effect of behavioral and pelvic floor muscle
therapy combined with surgery vs surgery alone on inconti-
nence symptoms among women with mixed urinary inconti-
nence: the ESTEEM randomized clinical trial. JAMA.
2019;322:1066. [PMID: 31529007]

Vaughan CP et al. Urinary incontinence in women. Ann Intern
Med. 2020;172:ITC17. [PMID: 32016335]

7. Involuny Wig Loss

» General Considerations

Aging, even in the absence of disease, is associated with
reduced appetite. Involuntary weight loss affects substantial
numbers of older adults. Most studies of involuntary weight
loss in community-dwelling older adults define it as loss of 5%
of body weight in 6 months or 10% of body weight in 1 year.
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» Clinical Findings

The many potential causes of involuntary weight loss
include medical conditions (60–70%; eg, cancer cachexia,
chronic heart failure) and psychiatric conditions (10–20%;
eg, depression), but in up to 25% of cases the cause of
weight loss cannot be identified. Social factors, such as
access to food and dental health, should be investigated.
The clinical evaluation should search for symptoms and
signs that could point to a potential cause (eg, abdominal
pain to peptic ulcer disease; tachycardia to hyperthyroid-
ism). When the history, physical examination, and basic
laboratory studies do not suggest a possible diagnosis, addi-
tional evaluation (eg, total body CT scan) is usually low
yield. When no other cause is identified, the frailty syn-
drome should be considered in the differential diagnosis.

» Treatment

Initial treatment should focus on identifying medical
causes of involuntary weight loss while also addressing and
improving social barriers, such as social isolation and
access to food. Social meals can improve intake and nutri-
tion. Oral nutritional supplements of 200–1000 kcal/day
can increase weight and improve outcomes in malnour-
ished hospitalized older adults but have not been shown to
have benefits in community-dwelling older adults. Sodium-
containing flavor enhancers (eg, iodized salt) can improve
food intake without adverse health effects when there is no
contraindication to their use. Megestrol acetate as an appe-
tite stimulant has not been shown to increase lean body
mass or lengthen life among elders and has significant side
effects. For those patients with advanced dementia, percu-
taneous liquid artificial nutrition (“tube feeding”) is not
recommended, but rather assiduous hand feeding may
allow maintenance of weight and provide more comfort.

Clegg ME et al. Optimizing nutrition in older people. Maturitas.
2018;112:34. [PMID: 29704915]

8. pssu Injuy

E S S E N T I A L S  O F  D I A G N O S I S

» Examine at-risk patients on admission to the hospi-
tal and daily thereafter.

» Pressure injury is classified into one of six
categories:

● Stage 1: Non-blanchable erythema of intact skin

● Stage 2: Partial-thickness skin loss with exposed
dermis

● Stage 3: Full-thickness skin loss

● Stage 4: Full-thickness skin and tissue loss

● Unstageable: Obscured full-thickness skin and
tissue loss

● Deep tissue: Persistent non-blanchable, deep red,
maroon, or purple discoloration

» General Considerations

The National Pressure Injury Advisory Panel changed the
term “pressure ulcer” to “pressure injury” to more accu-
rately reflect the fact that stage 1 and deep tissue injury
describe damage to intact skin, compared to the ulcers
described in the other four stages. Most pressure injuries
develop during a hospital stay for an acute illness. The
primary risk factor for pressure injuries is immobility.
Other contributing risk factors include reduced sensory
perception, moisture (urinary and fecal incontinence),
poor nutritional status, and friction and shear forces.

Deep tissue and unstageable pressure injury are included
in the six pressure injury stages. An area of purple or
maroon discolored intact skin or blood-filled blister is char-
acteristic of deep tissue injury. The area may be preceded by
tissue that is painful, firm, mushy, boggy, warmer, or cooler
compared with adjacent tissue. Ulcers in which the base is
covered by slough (yellow, tan, gray, green, or brown) or
eschar (tan, brown, or black) are considered unstageable.

Older adults admitted to hospitals and nursing homes
should be assessed for their risk of developing pressure
injuries, and several risk assessment instruments can be
used, including the Braden Scale and the Norton score.

» Prevention

Using specialized support surfaces (including mattresses,
beds, and cushions), patient repositioning, optimizing
nutritional status, reducing shear and friction forces, and
moisturizing sacral skin are strategies that have been
shown to reduce pressure injury. For moderate- to high-
risk patients, mattresses or overlays that reduce tissue pres-
sure below that of a standard mattress appear to be
superior to standard mattresses.

» Evaluation

Evaluation of pressure injuries should include patient’s risk
factors and goals of care; injury stage, size, and depth;
absence or presence (and type) of exudate; appearance of
the wound bed and possible surrounding infection; and
sinus tracking, or cellulitis.

» Treatment

High-quality evidence that rigorously examines the effec-
tiveness of various treatments remains limited. Clinicians
should therefore focus on the principles of wound care,
including pressure reduction, removing necrotic debris,
and maintaining a moist wound bed that will promote
healing and formation of granulation tissue. The type of
dressing that is recommended depends on the location and
depth of the wound, whether necrotic tissue or dead space
is present, and the amount of exudate (Table 4–3). Pressure-
reducing devices (eg, air-fluid beds and low-air-loss beds)
are associated with improved healing rates. Although poor
nutritional status is a risk factor for the development of
pressure injury, the evidence that nutritional supplementa-
tion helps correct pressure injury is limited.

Providers can become easily overwhelmed by the array
of products available for the treatment of established
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pressure injuries. Most institutions should designate a
wound care expert or team to select a streamlined wound
care product line that has simple guidelines. In a patient
with end-stage disease who is receiving end-of-life care,
appropriate treatment might be directed toward palliation
only (including minimizing dressing changes and odors)
rather than efforts directed at healing.

» Complications

Bacteria contaminate all chronic pressure injuries with
skin loss, but it can be difficult to identify those wounds
that are infected. Suspicion for infection should rise if
there is pain, increased or foul-smelling wound drainage,
erythema of the skin around the wound, or if the wound
will not heal. Fever and leukocytosis are other indicators
of systemic infection but are not always present. Culture
from a superficial swab adds little valuable diagnostic
information. For nonhealing infected wounds without
evidence of systemic involvement, topical antiseptics (eg,
silver sulfadiazine) are recommended and may need to be
accompanied by debridement of necrotic tissue. When
systemic infections such as cellulitis and osteomyelitis are
present, oral or parenteral antibiotics are warranted and
medication choice should be guided by tissue culture, but
obtaining this can be painful and it is not always readily
available.

» When to Refer

• Pressure injuries that are large or nonhealing should be
referred to a plastic or general surgeon or dermatologist
for biopsy, debridement, and possible skin grafting.

• For hospitalized patients or residents of skilled nursing
facilities in whom pressure injuries develop, early
involvement of a wound care specialist is crucial.

» When to Admit

Patients with pressure injury should be admitted if the
primary residence is unable to provide adequate wound
care or pressure reduction, or if the wound is infected or
requires complex or surgical care.

Gillespie BM et al. Repositioning for pressure injury prevention
in adults. Cochrane Database Syst Rev. 2020;6:CD009958.
[PMID: 32484259]

Moore Z et al. Prevention of pressure ulcers among individuals
cared for in the prone position: lessons for the COVID-19
emergency. J Wound Care. 2020;29:312. [PMID: 32530776]

9. pmcoy & polymcy

E S S E N T I A L S  O F  D I A G N O S I S

» Older adults experience more adverse drug events
than younger patients. Evaluate for dose reduc-
tion or drug avoidance based on kidney function,
comorbidities, and other medication use.

» The AGS Beers Criteria list is useful for identifying
high-risk medications for older adults. Particular
caution/avoidance should be used in prescribing
benzodiazepines and other sedative-hypnotic
medications.

» General Considerations

More adverse drug events occur in older adults compared
to younger patients for many reasons, including changing
drug metabolism in the kidney or liver or both, drug inter-
action with comorbid conditions, and interactions between
multiple medications. Polypharmacy itself is associated
with adverse health outcomes, including falls, impaired
cognition, hospitalizations, and death.

Medication metabolism is often impaired in older
adults due to decreased glomerular filtration rate, reduced
hepatic clearance, and changes in body composition (eg,
lean body mass). Most emergency hospitalizations for
adverse medication events among older adults result from
commonly prescribed medications used alone or in
combination.

» Precautions in Prescribing Medications

Most medications prescribed for chronic disease manage-
ment should be initiated at the low end of the usual adult
dosage range, with slow increases in dosage until a

Table 4–3. Pressure injury dressings and other
measures.

Injuy ty Dssing ty nd Considions

Stage 1 Polyurethane film

Hydrocolloid wafer

Semipermeable foam dressing

Stage 2 Hydrocolloid wafers

Semipermeable foam dressing

Polyurethane film

Stages 3 and 4 For highly exudative wounds, use highly

absorptive dressing or packing, such as

calcium alginate

Wounds with necrotic debris must be

debrided

Debridement can be autolytic, enzymatic, or

surgical

Shallow, clean wounds can be dressed with

hydrocolloid wafers, semipermeable

foam, or polyurethane film

Deep wounds can be packed with gauze; if

the wound is deep and highly exudative,

an absorptive packing should be used

Heel injury Do not remove eschar on heel pressure

injury because it can help promote heal-

ing (eschar in other locations should be

debrided)

Unstageable Debride if appropriate before deciding on

further therapy

Deep tissue injury Offload pressure to the affected area
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therapeutic level is reached or intolerable side effects
develop. At the same time, it is imperative that a medica-
tion’s therapeutic dose be achieved, since older adults are at
risk for undertreatment of conditions such as depression, if
the starting dose is not increased with careful monitoring.

Optimal medication adherence is less likely with
increasing numbers of pills and doses, high cost, poor
communication about medication changes as well as
expected benefits and side effects; other factors affecting
adherence include cognitive impairment, insurance issues,
and psychosocial barriers. When possible, the clinician
should simplify both dosing schedules with the fewest
number of pills and doses (combination formulations can
be useful in this regard, though perhaps complicating
future dose adjustments) as well as modes of administra-
tion (eg, oral, ocular, transdermal, subcutaneous, inhala-
tional). Other helpful medication management techniques
include use of a single pharmacy, use of pillboxes or
pharmacy-packaged medication sets, clarity about the pre-
scriber of each medication (and ideally use of fewer pre-
scribers), infrequent medication changes, and clear
instructions about all medication changes using the “teach-
back” method of patient communication. Clinicians should
ask patients about their ability to afford their medications,
and counsel patients about strategies for cost containment
(eg, switching to a more affordable Medicare Part D plan
during open enrollment and interrogating drug formular-
ies for low-cost alternatives).

The patient or caregiver should bring in all medications
at each visit in order to achieve an accurate medication
reconciliation and reinforce reasons for medication use,
dosage, frequency of administration, and possible adverse
effects. Patients should also bring all supplements and
over-the-counter medications used, including analgesics
and sleep aids. Medication reconciliation is particularly
important if the patient sees multiple clinicians. Clinicians
should be aware of the “prescribing cascade” in which a
medication is prescribed to counter the side effect of
another medication.

The risk of toxicity goes up with the number of medica-
tions prescribed. Certain combinations of medications (eg,
warfarin and many antibiotics, angiotensin-converting
enzyme inhibitors and NSAIDs, opioids and sedative-
hypnotics) are particularly likely to cause drug-drug inter-
actions and should be monitored carefully.

Trials of medication discontinuation (deprescribing)
should be considered when the original indication is
unclear or the patient is having side effects. Medication
discontinuation is particularly important in patients with
limited life expectancy who may be experiencing increas-
ing burdens from polypharmacy and modest, if any,
benefits from the medication (eg, bisphosphonates, antili-
pemics). Clinical tools such as “STOPP/START” and the
AGS Beers Criteria can inform safe medication prescribing
for older adults.

» When to Refer

• Refer patients with polypharmacy or poor medication
adherence to a clinical pharmacist, when available.

• Refer homebound patients with poor medication
adherence and suboptimal chronic disease manage-
ment to a home health nurse for medication reconcilia-
tion and teaching.

Fick DM et al. American Geriatrics Society 2019 Updated AGS
Beers Criteria® for potentially inappropriate medication use in
older adults. J Am Geriatr Soc. 2019;67:674. [PMID: 30693946]

Nicosia FM et al. What is a medication-related problem? A quali-
tative study of older adults and primary care clinicians. J Gen
Intern Med. 2020;35:724. [PMID: 31677102]

Thevelin S et al. Potentially inappropriate prescribing and
related hospital admissions in geriatric patients: a compara-
tive analysis between the STOPP and START criteria versions
1 and 2. Drugs Aging. 2019;36:453. [PMID: 30694444]

10. Vision Imimn

Visual impairment due to age-related refractive error
(“presbyopia”), macular degeneration, cataracts, glaucoma,
or diabetic retinopathy is associated with several negative
physical and mental health outcomes. These include falls,
impaired mobility, and reduced quality of life. While the
2016 USPSTF guideline and 2018 Cochrane Review con-
clude that there is insufficient evidence for routine visual
impairment screening, the American Academy of Oph-
thalmology recommends a complete eye examination
every 1–2 years after age 65. Serious and correctable vision
disorders are prevalent and morbid enough that it is rea-
sonable for most elders to undergo a comprehensive eye
examination by an ophthalmologist or optometrist every
1–2 years. Eye examinations should certainly be prioritized
for patients with new or recurring falls, changes in vision,
and conditions with risk of eye complications (eg, diabetes
mellitus, thyroid disease). Patients with significant visual
loss should be referred to low-vision community programs
for support and assessment for assistive devices.

Clarke EL et al. Community screening for visual impairment in
older people. Cochrane Database Syst Rev. 2018;2:CD001054.
[PMID: 29460275]

Ehrlich JR et al. Prevalence of falls and fall-related outcomes in
older adults with self-reported vision impairment. J Am Geriatr
Soc. 2019;67:239. [PMID: 30421796]

11. hing Imimn

Hearing loss in older adults is very common yet often
undertreated. Over one-third of persons older than age 65
and half of those older than age 85 have some degree of
hearing loss. Hearing loss is associated with social isola-
tion, depression, disability, cognitive impairment and
accelerated cognitive decline, hospitalization, and nursing
home placement. Hearing loss is undertreated because it is
underrecognized by clinicians and hearing assistive devices
are expensive and not typically covered by insurance.

Although the USPSTF found insufficient evidence for
routine hearing screening, clinicians should periodically
ask patients about hearing loss and refer them to audiology
if hearing loss is suspected. A reasonable clinical screen is
to ask patients if they have noticed any hearing impair-
ment. Those who answer “yes” should be referred
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for audiometry. For those who answer “no” but in whom
hearing loss is still suspected, further in-office screening
can be performed using the whispered voice test. To deter-
mine the degree to which hearing impairment interferes
with functioning, the provider may ask patients if they
become frustrated when conversing with family members,
have challenges understanding conversations, are embar-
rassed when meeting new people, or have difficulty watch-
ing television. Caregivers or family members can provide
important collateral information regarding potential
hearing loss and the impact of hearing loss on social
interactions.

Hearing loss assistive devices and technology include
hearing aids, cochlear implants, sound amplification for
telephones and televisions, speech to text software, smart
phone applications, hearing loops, and alerting devices to
inform hearing-impaired people of an event such as a fire
alarm. Hearing amplification and cochlear implantation
improve hearing-related quality of life and reduce depres-
sive symptoms. Compliance with hearing amplification can
be a challenge because of the high device cost, dissatisfac-
tion with performance, and stigma associated with hearing
aid use. Newer digital devices may perform better but are
considerably more expensive. US federal law allows for the
sale of over-the-counter devices that can be purchased
directly without a prescription from a clinician. These
devices are most appropriate for patients with mild to
moderate hearing loss. Cochlear implantation is an under-
utilized treatment that is recommended for older adults
with profound sensory hearing loss. It improves under-
standing of speech and quality of life. Portable hearing
amplifiers (eg, “pocket talkers”) are low-cost hand-held
devices with a headset for the patient and microphone to
amplify sound for the speaker. These devices are particu-
larly useful to communicate with hearing-impaired patients
in clinic and inpatient settings. In order to facilitate suc-
cessful communication with hearing-impaired patients,
providers should face toward patients when speaking,
speak at a moderate pace and in a low tone, and practice
the “teachback” method in order to assess that information
was adequately transmitted.

Alattar AA et al. Hearing impairment and cognitive decline in
older, community-dwelling adults. J Gerontol: Series A.
2020;75:567. [PMID: 30753308]

Carlson ML. Cochlear implantation in adults. N Engl J Med.
2020;382:1531. [PMID: 32294347]

12. eld Mismn & Slf-Nglc

Elder abuse is defined as “acts whereby a trusted person
causes or creates risk of harm to an older adult.” Self-
neglect is the most common form of elder abuse and
occurs among all demographic strata. In the United States,
about 10% of adults over age 60 have experienced some
sort of abuse or neglect in the previous year. Financial
abuse is on the rise, and older adults with cognitive impair-
ment are particularly vulnerable. Each year, at least 5% of
elders are victims of financial abuse or scams.

Elder abuse risk factors include limited social support
and poor physical health. Clues to the presence of elder

mistreatment or self-neglect include observing that the
patient’s behavior changes in the presence of the caregiver,
delays between injury occurrence and treatment seeking,
inconsistencies between an observed injury and its associ-
ated explanation, lack of appropriate clothing or hygiene,
and unfilled prescriptions. Elder abuse and self-neglect can
cause many health consequences, such as long-term care
placement, anxiety, depression, and death.

While the USPSTF has not endorsed any screening
tools to identify elder abuse, clinicians caring for older
adults should maintain a high index of suspicion and meet
with patients without the presence of caregivers on occa-
sion. In these encounters, clinicians can ask questions
about the caregiver relationship, and directly question
about possible mistreatment and neglect, if suspected
(Table 4–4).

When self-neglect is suspected, it is critical to establish
whether a patient has decision-making capacity regarding
the suspected neglectful behavior. A patient who has full
decision-making capacity should be provided help and
support but can choose to live in conditions of self-neglect,
providing that the public is not endangered by their
actions. In contrast, a patient who lacks decision-making
capacity and lives in conditions of self-neglect requires
more aggressive intervention, such as in-home help, con-
servatorship, or placement in a supervised setting. Cogni-
tive assessment may provide some insight into whether
cognitive impairment is contributing to self-neglect, but
these tools are not designed to assess decision-making
capacity. A standardized tool, such as the “Aid to Capacity
Evaluation,” is easy to administer, has good performance
characteristics for determining decision-making capacity,
and is available free online at http://www.jcb.utoronto.ca/
tools/documents/ace.pdf.

» When to Refer

• Refer older adults suffering from suspected elder abuse
or self-neglect to Adult Protective Services, as required

Table 4–4. Phrases and actions that may be helpful in
situations of suspected abuse or neglect.

Qusions fo  eld

1. Has anyone hurt you?

2. Are you afraid of anybody?

3. Is anyone taking or using your money without your

permission?

Qusions fo  Cgiv

1. Are your relative’s needs more than you can handle?

2. Are you worried that you might hit your relative?

3. Have you hit your relative?

If bus is suscd

Tell the patient that you are concerned, want to help, and will call

Adult Protective Services for further assistance

Document any injuries

Document the patient’s words

Document whether the patient has decision-making capacity

using a tool such as “Aid to Capacity Evaluation”
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by law in most states (consult the National Center on
Elder Abuse at https://ncea.acl.gov/)

• Refer to a mental health professional for evaluation in
cases in which decision-making capacity is unclear or if
untreated mental illness is suspected to play a role in
self-neglect.

» When to Admit

• Admit older adults who would be unsafe in the com-
munity when an alternative plan cannot be put into
place in a timely manner. In cases of self-neglect,

surrogate decision-makers need to be identified and
conservatorship may need to be pursued for safe dis-
charge planning.

Curry SJ et al. Screening for intimate partner violence, elder
abuse, and abuse of vulnerable adults: US Preventive Services
Task Force final recommendation statement. JAMA.
2018;320:1678. [PMID: 3035730]

DeLiema M et al. Financial fraud among older Americans: evi-
dence and implications. J Gerontol B Psychol Sci Soc Sci.
2020;75:861. [PMID: 30561718]

Van Den Bruele AB et al. Elder abuse. Clin Geriatr Med.
2019;35:103. [PMID: 30390976]
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º
PALLIATIVE CARE

DEFINITION & SCOPE

Pllitive cre is edicl cre focused on iproving qulity
of life for people living with serious illness. Serious illness
is defined s “ condition tht crries  high risk of ortl-
ity, negtively ipcts qulity of life nd dily function,
nd/or is burdensoe in syptos, tretents or cre-
giver stress.” Pllitive cre ddresses nd trets syptos,
supports ptients’ filies nd loved ones, nd through
cler couniction helps ensure tht cre ligns with
ptients’ preferences, vlues, nd gols. Ner the end of life,
pllitive cre y becoe the sole focus of cre, but pl-
litive cre alongside cure-focused tretent or disese
ngeent is beneficil throughout the course of  seri-
ous illness, regrdless of its prognosis.

Pllitive cre includes ngeent of physicl syp-
tos, such s pin, dyspne, nuse nd voiting, consti-
ption, deliriu, nd gittion; eotionl distress, such
s depression, nxiety, nd interpersonl strin; nd
existentil distress, such s spiritul crisis. While plli-
tive cre is  edicl subspecilty recognized by the
Aericn Bord of Medicl Specilties (“specilty plli-
tive cre”) nd is typiclly provided by n interdisciplin-
ry te of experts, all clinicins should hve the skills
to provide “generlist” or “priry pllitive cre”
including nging pin; treting dyspne; identifying
ood disorders; counicting bout prognosis nd
ptient preferences for cre; nd helping ddress spiritul
distress. The fourth edition of the Ntionl Consensus
Project’s Clinicl Prctice Guidelines for Qulity Plli-
tive Cre ephsizes tht pllitive cre is the responsi-
bility of ll clinicins nd disciplines cring for people
with serious illness, in ll helth cre settings (including
hospitls, priry cre nd specilty clinics, nursing
hoes, nd the counity).

The scope of priry pllitive cre nd the idel ti-
ing to begin specilty pllitive cre for ptients with differ-
ent illnesses is n evolving re of prctice.

During ny stge of illness, ptients should be screened
routinely for syptos. Any syptos tht cuse signifi-
cnt suffering re  edicl eergency tht should be

5 Michael W. Rabow, MD
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Palliative Care & Pain
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nged ggressively with frequent elicittion nd res-
sessent s well s individulized tretent. While
ptients t the end of life y experience  host of dis-
tressing syptos, pin, dyspne, nd deliriu re
ong the ost fered nd burdensoe. Mngeent of
these coon syptos is described lter in this
chpter.

The ethicl principle of “double effect” rgues tht the
potentil to hsten iinent deth is cceptble if it coes
s the known but unintended consequence of  priry
intention to provide cofort nd relieve suffering. Rn-
doized studies hve shown tht pllitive cre provided
longside disese-focused tretent cn iprove qulity of
life, proote sypto ngeent, nd even prolong life
in soe situtions.

As is true for clinicins of ll edicl specilties, pl-
litive cre clinicins nd the systes of cre for people
with serious illness in the United Sttes re influenced by
systeic rcil bis. Prctitioners ust work to identify
nd rectify injustice in how ptient syptos re ssessed
nd treted s well s in how pllitive cre services re
offered.

Gärtner J et l. Erly pllitive cre: pro, but plese be precise!
Oncol Res Tret. 2019;42:11. [PMID: 30685764]

Hung YL et l. Review rticle: End-of-life cre for older people
in the eergency deprtent:  scoping review. Eerg Med
Austrls. 2020;32:7. [PMID: 31820582]

Kluger BM et l. Coprison of integrted outptient pllitive
cre with stndrd cre in ptients with Prkinson disese nd
relted disorders:  rndoized clinicl tril. JAMA Neurol.
2020;77:551. [PMID: 32040141]

Mechler K et l. Pllitive cre pproch to chronic diseses: end
stges of hert filure, chronic obstructive pulonry disese,
liver filure, nd renl filure. Pri Cre. 2019;46:415. [PMID:
31375190]

Ornstein KA et l. Evlution of rcil disprities in hospice use
nd end-of-life tretent intensity in the REGARDS cohort.
JAMA Netw Open. 2020;3:e2014639. [PMID: 32833020]

Ruiz M et l. Role of erly pllitive cre interventions in he-
tologicl lignncies nd bone rrow trnsplnt ptients:
brriers nd potentil solutions. A J Hosp Pllit Cre.
2018;35:1456. [PMID: 29699418]

Zhou K et l. Pllitive cre in hert filure:  et-nlysis of
rndoized controlled trils. Herz. 2019;44:440. [PMID:
29468259]
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PALLIATION OF COMMON NONPAIN
SYMPTOMS

DYSPNEA

Dyspne is the subjective experience of difficulty brething
nd y be chrcterized by ptients s tightness in the
chest, shortness of breth, brethlessness, or  feeling of
suffoction. Up to hlf of people t the end of life y
experience severe dyspne.

Tretent of dyspne is first directed t the cuse (see
Chpter 9) if  workup is consistent with the ptient’s gols.
Dyspne responds to opioids, which hve been proven
effective in ultiple rndoized trils. Strting doses re
typiclly lower thn would be necessry for the relief of
oderte pin. Iedite-relese orphine given orlly
(2–4 g every 4 hours) or intrvenously (1–2 g every
4 hours) trets dyspne effectively. Sustined-relese or-
phine given orlly t 10 g dily is sfe nd effective for
ost ptients with ongoing dyspne. Mny ptients who
becoe seriously ill with COVID-19 experience dyspne
nd y require opioids s well s suppleentl oxygen.
Suppleentl oxygen y be useful for the dyspneic
ptient who is hypoxic with ny illness. Fresh ir fro 
window or fn y provide relief for dyspneic ptients who
re not necessrily hypoxic. Judicious use of noninvsive
ventiltion, including high-flow oxygen vi nsl cnnul,
s well s nonphrcologic relxtion techniques, such s
edittion nd guided igery, y be beneficil for soe
ptients. Benzodizepines y be useful djuncts for tret-
ent of dyspne-relted nxiety.

NAUSEA & VOMITING

Nuse nd voiting re coon nd distressing syp-
tos. As with pin, the ngeent of nuse y be
optiized by regulr dosing nd often requires ultiple
edictions trgeting one or ore of the four jor inputs
to the voiting center (see Chpter 15).

Vomiting associated with opioids is discussed below.
Nsogstric suction y provide rpid, short-ter relief
for vomiting associated with constipation (in ddition to
lxtives), gastroparesis, or gastric outlet or bowel
obstruction. Prokinetic gents, such s etoclopride
(5–20 g orlly or intrvenously four ties  dy), cn be
helpful in the setting of prtil gstric outlet obstruction.
Trnsderl scopoline (1.5-g ptch every 3 dys) cn
reduce peristlsis nd crping pin, nd H

2
-blocking

edictions cn reduce gstric secretions. High-dose cor-
ticosteroids (eg, dexethsone, 20 g orlly or intrve-
nously dily in divided doses) cn be used in refrctory
cses of nuse or voiting or when it is due to bowel
obstruction or increased intracranial pressure. Mlignnt
bowel obstruction in people with dvnced cncer is  poor
prognostic sign nd surgery is rrely helpful.

Vomiting due to disturbance of the vestibular appa-
ratus y be treted with nticholinergic nd ntihist-
inic gents (including diphenhydrine, 25 g orlly or
intrvenously every 8 hours, or scopoline, 1.5-g ptch
every 3 dys).

Benzodizepines (eg, lorzep, 0.5–1.0 g given
orlly every 6–8 hours) cn be effective in preventing the
anticipatory nuse nd nxiety ssocited with cheo-
therpy. For eetogenic cheotherpy, therpy includes
cobintions of 5-HT

3
-ntgonists (eg, ondnsetron,

grnisetron, dolsetron, or plonosetron), neurokinin-1
receptor ntgonists (eg, prepitnt, fosprepitnt, or
rolpitnt), the N-receptor ntgonist netupitnt cobined
with plonosetron (NEPA), olnzpine, dexethsone,
nd prochlorperzine. In ddition to its effect on ood,
irtzpine, 15–45 g orlly nightly, y help with nu-
se nd iprove ppetite. Finlly, dronbinol (2.5–20 g
orlly every 4–6 hours) cn be helpful in the ngeent
of nuse nd voiting. Ptients report relief fro edicl
cnnbis, lthough the tetrhydrocnnbinol (THC) or
cnnbidiol (CBD) strins tht re ost effective rein
uncler.

CONSTIPATION

Given the frequent use of opioids, poor dietry intke,
physicl inctivity, nd lck of privcy, constiption is 
coon proble in seriously ill nd dying ptients. Clini-
cins ust inquire bout ny difficulty with hrd or infre-
quent stools. Constiption is n esily preventble nd
tretble cuse of discofort, distress, nd nuse nd
voiting (see Chpter 15).

Constiption y be prevented or relieved if ptients
cn increse their ctivity nd their intke of fluids. Siple
considertions, such s privcy, undisturbed toilet tie,
nd  bedside coode rther thn  bedpn, y be
iportnt for soe ptients.

A prophylactic bowel regimen with a stimulant laxa-
tive (senna or bisacodyl) should be started when opioid
treatment is begun. Tble 15–4 lists other gents (includ-
ing osotic lxtives such s polyethylene glycol nd lctu-
lose) tht cn be dded s needed. Docuste,  stool
softener, is not recoended becuse it does not dd
benefit beyond stiulnt lxtives. Peripherlly cting u-
receptor ntgonists (including the orl gents nloxegol
nd nldeedine, nd the subcutneous ethylnltrex-
one) re recoended to tret opioid-induced constip-
tion in lxtive-refrctory opioid-induced constiption.
Evidence is insufficient to recoend lubiprostone or
pruclopride for opioid-induced constiption. Ptients
who report being constipted nd then hve dirrhe typi-
clly re pssing liquid stool round ipcted stool.

FATIGUE

Ftigue is the ost coon coplint ong people with
cncer. Anei, hypothyroidis, hypogondis, cognitive
nd functionl ipirent, nd lnutrition cn contrib-
ute to ftigue nd should be corrected if possible (nd
desired by the ptient). Becuse pin, depression, nd
ftigue often coexist, pin nd depression should be n-
ged ppropritely in ptients with ftigue. Ftigue fro
ediction dverse effects nd polyphrcy is coon
nd should be ddressed. For nonspecific ftigue, physicl
ctivity, exercise, nd physicl rehbilittion re sfest nd
y be ost effective. Although psychostiulnts, such s
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ethylphenidte (5–10 g orlly in the orning nd
fternoon) or odfinil (100–200 g orlly in the orn-
ing), re coonly used to nge cncer-relted ftigue,
strong evidence for effectiveness is lcking. Aericn
ginseng (Panax quinquefolius) hs been shown to be effec-
tive for cncer-relted ftigue but y hve n estrogenic
effect. Corticosteroids y hve  short-ter benefit.
Cffeinted beverges cn help.

DELIRIUM & AGITATION

Mny ptients die in  stte of deliriu— wxing nd wn-
ing in level of consciousness nd  chnge in cognition tht
develops over  short tie nd is nifested by isinterpre-
ttions, illusions, hllucintions, sleep-wke cycle disrup-
tions, psychootor disturbnces (eg, lethrgy, restlessness),
nd ood disturbnces (eg, fer, nxiety). Deliriu y be
hyperctive, hypoctive, or ixed. Agitted deliriu t the
end of life hs been clled terminal restlessness.

Soe ptients with deliriu y pper “plesntly
confused,” lthough it is difficult to know wht ptients
experience. In the bsence of obvious distress in the ptient,
 decision by the ptient’s fily nd clinicins not to tret
deliriu y be prudent. Agitted deliriu t the end of
life, however, is often distressing to ptients nd fily nd
requires tretent. Deliriu y interfere with the fily’s
bility to interct with the ptient nd y prevent  ptient
fro being ble to recognize nd report iportnt syp-
tos. Coon reversible cuses of deliriu include uri-
nry retention, constiption, nticholinergic edictions,
nd pin; these should be ddressed whenever possible.
There is no evidence tht dehydrtion cuses or tht hydr-
tion relieves deliriu. Creful ttention to ptient sfety
nd nonphrcologic strtegies to help the ptient rein
oriented (clock, clendr, filir environent, ressur-
nce nd redirection fro cregivers) y be sufficient to
prevent or nge ild deliriu. A rndoized tril of
plcebo copred to risperidone or hloperidol in delirious
ptients deonstrted increased ortlity with neurolep-
tics. Thus, neuroleptic agents generally should be avoided.
When gitted deliriu is refrctory to other tretents
nd reins intolerble, however, especilly t the end of
life, neuroleptic gents (eg, hloperidol, 1–10 g orlly,
subcutneously, intrusculrly, or intrvenously twice or
three ties  dy, or risperidone, 1–3 g orlly twice  dy)
or frnk sedtion y be required.

Keeley P et l. Sypto burden nd clinicl profile of COVID-
19 deths:  rpid systetic review nd evidence sury.
BMJ Support Pllit Cre. 2020;10:381. [PMID: 32467101]

Nvri RM et l. Olnzpine for the tretent of dvnced
cncer-relted chronic nuse nd/or voiting:  rndoized
pilot tril. JAMA Oncol. 2020;6:895. [PMID: 32379269]

Nikooie R et l. Antipsychotics for treting deliriu in hospitl-
ized dults:  systetic review. Ann Intern Med. 2019;
171:485. [PMID: 31476770]

Ro VL et l. Medicl ngeent of opioid-induced constip-
tion. JAMA. 2019;322:2241. [PMID: 31682706]

Verberkt CA et l. Effect of sustined-relese orphine for
refrctory brethlessness in chronic obstructive pulonry
disese on helth sttus:  rndoized clinicl tril. JAMA
Intern Med. 2020;180:1306. [PMID: 32804188]

CARE OF PATIENTS AT ThE END OF LIFE

In the United Sttes, ore thn 2.8 illion people die ech
yer. Cring for ptients t the end of life is n iportnt
responsibility nd  rewrding opportunity for clinicins.
Fro the edicl perspective, the end of life y be defined
s tht tie when deth—whether due to terinl illness or
cute or chronic illness—is expected within hours to onths
nd cn no longer be resonbly forestlled by edicl
intervention. Pllitive cre t the end of life focuses on
relieving distressing syptos nd prooting qulity of life,
s it does in ll other stges of illness. For ptients t the end
of life, pllitive cre y becoe the sole focus of cre.

Enuel EJ. The sttus of end-of-life cre in the United Sttes:
the glss is hlf full. JAMA. 2018;320:239. [PMID: 30027232]

» Prognosis at the End of Life

Clinicins ust help ptients understnd when they re
pproching the end of life. Most ptients, nd their fily
cregivers, wnt ccurte prognostic infortion. This
infortion influences ptients’ tretent decisions, y
chnge how they spend their reining tie, nd does not
negtively ipct ptient survivl. One-hlf or ore of
cncer ptients do not understnd tht ny tretents
they ight be offered re pllitive nd not curtive.

While certin diseses, such s cncer, re ore e-
nble to prognostic estites, the other coon cuses of
deth—including hert disese, stroke, chronic lung dis-
ese, deenti, nd, ost recently, COVID-19—hve ore
vrible trjectories nd difficult-to-predict prognoses.
Even for ptients with cncer, clinicin estites of prog-
nosis re often inccurte nd generlly overly optiistic.
The dvent of new nticncer tretents including iu-
notherpy nd trgeted therpies hs de prognosis ore
chllenging in soe cncers. Nonetheless, clinicl experi-
ence, epideiologic dt, guidelines fro professionl
orgniztions, nd coputer odeling nd prediction
tools (eg, the Pllitive Perfornce Scle or http://
eprognosis.ucsf.edu) y be used to help offer ptients
ore relistic estites of prognosis. Clinicins cn lso
sk theselves “Would I be surprised if this ptient died in
the next yer?” to deterine whether  discussion of prog-
nosis would be pproprite. If the nswer is “no,” then the
clinicin should initite  discussion. Recognizing tht
ptients y hve different levels of cofort with prognos-
tic infortion, clinicins cn introduce the topic by si-
ply sying, “I hve infortion bout the likely tie course
of your illness. Would you like to tlk bout it?”

Chu C et l. Prognostiction in pllitive cre. Clin Med (Lond).
2019;19:306. [PMID: 31308109]

Hui D et l. Prognostiction in dvnced cncer: updte nd
directions for future reserch. Support Cre Cncer.
2019;27:1973. [PMID: 30863893]

» Expectations About the End of Life

Deth is often regrded by clinicins, ptients, nd filies
s  filure of edicl science. This ttitude cn crete or
heighten  sense of guilt bout the filure to prevent dying.
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Both the generl public nd clinicins often view deth s
n eney to be bttled furiously in hospitls rther thn s
n inevitble outcoe to be experienced s  prt of life t
hoe. As  result, ost people in the United Sttes die in
hospitls or long-ter cre fcilities even though they y
hve wished otherwise. There is  trend of fewer deths in
hospitls nd ore deths t hoe or in other counity
settings.

Relieving suffering, providing support, nd helping the
ptient ke the ost of their life should be foreost con-
sidertions, even when the clinicin nd ptient continue
to pursue cure of potentilly reversible disese. Ptients t
the end of life nd their filies identify  nuber of ele-
ents s iportnt to qulity end-of-life cre: nging
pin nd other syptos dequtely, voiding inppropri-
te prolongtion of dying, counicting clerly, preserv-
ing dignity, prepring for deth, chieving  sense of
control, relieving the burden on others, nd strengthening
reltionships with loved ones.

» Communication & Care of the Patient

Cring for ptients t the end of life requires the se skills
clinicins use in other tsks of edicl cre: dignosing
tretble conditions, providing ptient eduction, fcilitt-
ing decision king, nd expressing understnding nd
cring. Couniction skills re vitlly iportnt nd cn
be iproved through trining. Higher-qulity couni-
ction is ssocited with greter stisfction nd wreness
of ptient wishes. Clinicins ust becoe proficient t
delivering serious news nd then deling with its conse-
quences (Tble 5–1). Srtphone nd Internet couni-
ction resources re vilble to support clinicins (www.
vitltlk.org), nd evidence suggests tht couniction
checklists nd guides cn be effective. When the clinicin
nd ptient do not shre  coon lnguge, the use of 
professionl interpreter is needed to fcilitte cler co-
uniction nd help broker culturl issues.

Three further obligtions re centrl to the clinicin’s
role t this tie. First, he or she ust work to identify,
understnd, nd relieve physicl, psychologicl, socil, nd
spiritul distress or suffering. Second, clinicins cn serve
s fcilittors or ctlysts for hope. While hope for  pr-
ticulr outcoe such s cure y fde, it cn be refocused
on wht is still possible. Although  ptient y hope for 
“ircle,” other ore likely hopes cn be encourged nd

supported, including hope for relief of pin, for reconcili-
tion with loved ones, for discovery of ening, nd for
spiritul growth. With such questions s “Wht is still pos-
sible now for you?” nd “When you look to the future, wht
do you hope for?” clinicins cn help ptients uncover
hope, explore eningful nd relistic gols, nd develop
strtegies to chieve the.

Finlly, dying ptients’ feelings of isoltion nd fer
dend tht clinicins ssert tht they will cre for the
ptient throughout the finl stge of life. The promise of
nonabandonment is the centrl principle of end-of-life cre
nd is  clinicin’s pledge to serve s  cring prtner, 
resource for cretive proble solving nd relief of suffer-
ing,  guide during uncertin ties, nd  witness to the
ptient’s experiences—no tter wht hppens. Clinicins
cn sy to  ptient, “I will cre for you whtever
hppens.”

Pldino J et l. Evluting n intervention to iprove cou-
niction between oncology clinicins nd ptients with life-
liiting cncer:  cluster rndoized clinicl tril of the
Serious Illness Cre Progr. JAMA Oncol. 2019;5:801.
[PMID: 30870556]

» Caring for the Family

Clinicins ust be ttuned to the potentil ipct of ill-
ness on the ptient’s fily, including greter physicl
cregiving responsibilities nd finncil burdens s well s
higher rtes of nxiety, depression, chronic illness, nd
even ortlity. The thretened loss of  loved one y cre-
te or revel dysfunctionl or pinful fily dynics.
Fily cregivers, ost often woen, coonly provide
the bulk of cre for ptients t the end of life, yet their work
is often not dequtely cknowledged, supported, or co-
pensted. Clinicins should recognize tht in ny cses
ptients nd their filies re the unit of cre. Siply
cknowledging nd prising the cregiver cn provide
uch needed nd pprecited support.

Clinicins cn help filies confront the iinent loss
of  loved one but often ust negotite id coplex nd
chnging fily needs. Identifying  spokesperson for the
fily, conducting fily eetings, llowing ll to be
herd, nd providing tie for consensus y help the clini-
cin work effectively with the fily. Teleedicine llows
fily ebers to prticipte in edicl visits even if they
re fr wy. Providing good pllitive cre to the ptient
cn reduce the risk of depression nd coplicted grief in
loved ones fter the ptient’s deth. Pllitive cre support
directly for cregivers iproves cregiver depression.

Durepos P et l. Wht does deth prepredness en for fily
cregivers of persons with deenti? A J Hosp Pllit Cre.
2019;36:436. [PMID: 30518228]

» Clinician Self-Care

Mny clinicins find cring for ptients t the end of life to
be one of the ost rewrding spects of prctice. However,
working with the dying is lso sd nd cn invoke feelings
of grief nd loss in clinicins. Clinicins ust be ble to

Table 5–1. Suggestions for the delivery of serious
news.

Prepare an appropriate place and time.

Address basic information needs.

Be brief and direct; avoid jargon and euphemisms.

Allow for silence and expression of emotions.

Assess and validate patient reactions.

Respond to immediate discomforts and risks.

Listen actively and express empathy.

Achieve a common perception of the problem.

Reassure that care will continue.

Ensure follow-up and make specific plans for the future.
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tolerte its uncertinty, biguity, nd existentil chl-
lenges. Clinicins lso need to recognize nd respect their
own liittions, ttend to their own needs, nd work in
sustinble helth cre systes in order to void being
overburdened, overly distressed, or eotionlly depleted.

Horn DJ et l. Burnout nd self cre for pllitive cre prctitio-
ners. Med Clin North A. 2020;104:561. [PMID: 32312415]

Medisuskite A et l. Reducing burnout nd nxiety ong doc-
tors: rndoized controlled tril. Psychitry Res. 2019;274:383.
[PMID: 30852432]

Zntt F et l. Resilience in pllitive helthcre professionls: 
systetic review. Support Cre Cncer. 2020;28:971. [PMID:
31811483]

» Decision Making, Advance Care Planning,
& Advance Directives

The ide tht ptients ust choose between qulity nd
quntity of life is n outoded concept tht presents
ptients with  flse choice. Clinicins should discuss with
ptients tht n pproch tht provides concurrent plli-
tive nd disese-focused cre is the one ost likely to
chieve iproveents in both qulity and quntity of life.
Ptients deserve to hve their helth cre be consistent with
their vlues, preferences, nd gols of cre. Unfortuntely,
soe evidence suggests tht end-of-life cre for soe
ptients is deterined ore by locl vilbility of services
nd physicin cofort thn by ptient wishes. Well-
infored, copetent dults hve  right to refuse life-
sustining interventions, even if this would result in deth.
In order to proote ptient utonoy, clinicins re obli-
gted to infor ptients bout the risks, benefits, ltern-
tives, nd expected outcoes of edicl interventions,
such s crdiopulonry resuscittion (CPR), echnicl
ventiltion, hospitliztion nd ICU cre, nd rtificil
nutrition nd hydrtion.

Advance directives re orl or written stteents de
by ptients when they re copetent tht project their
utonoy into the future nd re intended to guide cre
should they lose the bility to ke nd counicte their
own decisions. Advnce directives re n iportnt prt of
advance care planning—defined by n interntionl
Delphi pnel s “ process tht supports dults t ny ge or
stge of helth in understnding nd shring their personl
vlues, life gols, nd preferences regrding future edicl
cre. The gol of dvnce cre plnning is to help ensure
tht people receive edicl cre tht is consistent with
their vlues, gols nd preferences during serious nd
chronic illness.” Advnce directives tke effect when the
ptient cn no longer counicte his or her preferences
directly. While orl stteents bout these tters re
ethiclly binding, they re not leglly binding in ll sttes.
Stte-specific dvnce directive fors re vilble fro 
nuber of sources, including the Ntionl Hospice Plli-
tive Cre Orgniztion (nhpco.org/dvncedirective).

Clinicins should fcilitte the process for ll ptients—
idelly, well before the end of life—to consider their prefer-
ences, to ppoint  surrogte, to tlk to tht person bout
their preferences, nd to coplete  forl dvnce direc-
tive. There re nuerous resources tht cn be helpful,

such s https://prepreforyourcre.org. Most ptients with
 serious illness hve lredy thought bout end-of-life
issues, wnt to discuss the with their clinicin, wnt the
clinicin to bring up the subject, nd feel better for hving
hd the discussion. Ptients who hve such discussions
with their clinicins re ore stisfied with their clinicin,
re perceived by their fily s hving  better qulity of
life t the end of life, re less likely to die in the hospitl,
nd re ore likely to utilize hospice cre. The loved ones
of ptients who engge in dvnce cre plnning discus-
sions re less likely to suffer fro depression during
bereveent. In the United Sttes, Medicre provides py-
ent to clinicins for hving dvnce cre plnning discus-
sions with ptients.

One type of dvnce directive is the Durable Power of
Attorney for Health Care (DPOA-HC) tht llows the
ptient to designte  surrogte decision ker. The
DPOA-HC is prticulrly useful becuse it is often difficult
to nticipte wht specific decisions will need to be de.
The responsibility of the surrogte is to provide “substi-
tuted judgent”—to decide s the patient would, not s the
surrogate wnts. Clinicins should encourge ptients to
tlk with their surrogtes bout their preferences generlly
nd bout scenrios tht re likely to rise, such s the need
for echnicl ventiltion in  ptient with end-stge
ephyse or in ny ptient with possible SARS-CoV-2
infection. In the bsence of  designted surrogte, clini-
cins usully turn to fily ebers or next of kin. Regu-
ltions require helth cre institutions to infor ptients of
their rights to forulte n dvnce directive. Physician
(or Medical) Orders for Life-Sustaining Treatment
(POLST or MOLST) or Physician (or Medical) Orders
for Scope of Treatment (POST or MOST) fors re clini-
cin orders tht docuent ptient preferences nd cco-
pny ptients wherever they re cred for—hoe, hospitl,
or nursing hoe. They re vilble in ost sttes nd used
to copleent dvnce directives for ptients pproching
the end of life.

Culey CE et l. DNR, DNI, nd DNO? J Pllit Med. 2020;23:829.
[PMID: 31718398]

Ki JW et l. Copletion rte of physicin orders for life-
sustining tretent for ptients with etsttic or recurrent
cncer:  preliinry, cross-sectionl study. BMC Pllit
Cre. 2019;18:84. [PMID: 31640677]

Lee RY et l. Assocition of Physicin Orders for Life-Sustining
Tretent with ICU dission ong ptients hospitlized
ner the end of life. JAMA. 2020;323:950. [PMID: 32062674]

Perse W et l. Advnce cre plnning in the context of clinicl
deteriortion:  systetic review of the literture. Pllit
Cre. 2019;12:1178224218823509. [PMID: 30718959]

» Do Not Attempt Resuscitation Orders

Becuse the “defult” in US hospitls is tht ptients will
undergo CPR in the event of crdiopulonry rrest, s
prt of dvnce cre plnning, clinicins should elicit
ptient preferences bout CPR. Most ptients nd ny
clinicins overestite the chnces of success of CPR. Only
bout 17% of ll ptients who undergo CPR in the hospitl
survive to hospitl dischrge nd, ong people with ul-
tisyste orgn filure, etsttic cncer, nd sepsis, the
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likelihood of survivl to hospitl dischrge following CPR
is virtully nil. Ptients y sk their hospitl clinicin to
write n order tht CPR not be ttepted should they
experience crdic rrest. Although this order initilly ws
referred to s  “DNR” (do not resuscitate) order, ny
clinicins prefer the ter “DNAR” (do not attempt resus-
citation) to ephsize the low likelihood of success. Soe
clinicins nd institutions use n order to “Allow Natural
Death” for situtions in which deth is iinent nd the
ptient wishes to receive only those interventions tht will
proote cofort.

For ost ptients t the end of life, decisions bout CPR
y not be bout whether they will live but bout how they
will die. Clinicins should correct the isconception tht
withholding CPR in pproprite circustnces is tnt-
ount to “not doing everything” or “just letting soeone
die.” While respecting the ptient’s right to ke the
decision—nd keeping in ind their own bises nd
prejudices—clinicins should offer explicit recoend-
tions bout DNAR orders nd protect dying ptients nd
their filies fro feelings of guilt nd fro the sorrow
ssocited with vin hopes. Clinicins should discuss wht
interventions will be continued nd strted to proote
qulity of life rther thn focusing only on wht interven-
tions will be stopped or not begun. For ptients with
iplnted crdioverter defibrilltors (ICDs), clinicins
ust lso ddress the issue of turning off these devices,
while leving the pceker function on, s deth
pproches to prevent the uncoon but distressing sit-
ution of the ICD dischrging during the dying process.

» Hospice & Other Palliative Care Services

In the United Sttes, hospice is  specific type of pllitive
cre service tht coprehensively ddresses the needs of
the dying, focusing on their cofort while not ttepting
to prolong their life or hsten their deth. In the
United Sttes, 48.2% of people with Medicre who die use
hospice, ost t hoe or in  nursing hoe where they cn
be cred for by their fily, other cregivers, nd visiting
hospice stff. Hospice cre cn lso be provided in institu-
tionl residences nd hospitls. As is true of ll types of
pllitive cre, hospice ephsizes individulized ttention
nd hun contct (though liited by COVID-19 sfety
concerns) nd uses n interdisciplinry te pproch.
Hospice cre cn include rrnging for respite for fily
cregivers nd ssisting with referrls for legl, finncil,
nd other services. Ptients in hospice require  physicin,
preferbly their priry cre clinicin or specilist, to
oversee their cre.

In the United Sttes, hospice cre ws used by 1.55 il-
lion Medicre beneficiries in 2018 (the ost recent yer for
which there re published dt), bout 30% of who hd
cncer. Hospice is rted highly by filies nd hs been
shown to increse ptient stisfction nd to decrese fily
cregiver ortlity. In 2018, 51% of hospice ptients died t
hoe; 30% died in  skilled nursing fcility. Despite evi-
dence tht suggests tht hospice cre does not shorten length
of life, hospice cre tends to be engged very lte, often ner
the very end of life. In 2018, the en verge length of sty

in hospice cre in the United Sttes ws 90 dys, but the
edin length of sty ws 18 dys. Overll, 54% of ptients
died within 30 dys of enrolling in  hospice, nd 28% of
ptients died within 7 dys of strting hospice.

In the United Sttes, ost hospice orgniztions require
clinicins to estite the ptient’s prognosis to be less thn
6 onths, since this is  criterion for eligibility under the
Medicre hospice benefit nd is typiclly the se for other
insurnce coverge. Mny ptients wit to enroll in hospice
until they hve decided with certinty tht they no longer
wish to pursue curtive intent tretent. This pproch
contributes to lte referrls nd to ny ptients issing
out on vluble hospice services. Ptients cn be encour-
ged to enroll in hospice while they re still deciding bout
further curtive intent tretent nd cn disenroll if they
decide to pursue it.

» Cultural Issues

The individul ptient’s experience of dying occurs in the
context of  coplex interction of personl, philosophic,
nd culturl vlues. Vrious religious, ethnic, gender, clss,
nd culturl trditions influence  ptient’s style of co-
uniction, cofort in discussing prticulr topics, expec-
ttions bout dying nd edicl interventions, nd ttitudes
bout the pproprite disposition of ded bodies. While
there re differences in beliefs regrding dvnce directives,
utopsy, orgn dontion, hospice cre, nd withdrwl of
life-sustining interventions ong ptients of different
ethnic groups, clinicins should be creful not to ke
ssuptions bout individul ptients. Clinicins ust
pprecite tht pllitive cre is susceptible to the se
explicit nd iplicit bises docuented in other edicl
disciplines. Being sensitive to  person’s culturl beliefs nd
respecting trditions re iportnt responsibilities of the
clinicin cring for  ptient t the end of life. A clinicin
y sk  ptient, “Wht do I need to know bout you nd
your beliefs tht will help e tke cre of you?” nd “How
do you del with these issues in your fily?”

Abdullh R et l. Preferences nd experiences of Musli ptients
nd their filies in Musli-jority countries for end-of-life
cre:  systetic review nd thetic nlysis. J Pin Syp-
to Mnge. 2020;60:1223. [PMID: 32659320]

Acquviv KD. LGBT-Inclusive Hospice and Palliative Care: A
Practical Guide to Transforming Professional Practice. Hr-
rington Prk Press, LLC. New York, NY, 2017.

De Souz J et l. Perspectives of elders nd their dult children of
Blck nd inority ethnic heritge on end-of-life convers-
tions:  et-ethnogrphy. Pllit Med. 2020;34:195. [PMID:
31965907]

Mthew-Geevrughese SE et l. Culturl, religious, nd spiritul
issues in pllitive cre. Pri Cre. 2019;46:399. [PMID:
31375189]

Wng SY et l. Rcil differences in helth cre trnsitions nd
hospice use t the end of life. J Pllit Med. 2019;22:619.
[PMID: 30615546]

» Nutrition & Hydration

People pproching the end of life often lose their ppetite
nd ost stop eting nd drinking in their lst dys. Clini-
cins should explin to filies tht the dying ptient is not
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suffering fro hunger or thirst; rther, the discontinution
of eting nd drinking is prt of dying. The norexi-
cchexi syndroe frequently occurs in ptients with
dvnced cncer, nd cchexi is coon nd  poor prog-
nostic sign in ptients with hert filure. Seriously ill people
often hve no hunger despite not eting t ll nd the ssoci-
ted ketonei cn produce  sense of well-being, nlge-
si, nd ild euphori. Although it is uncler to wht extent
withholding hydrtion t the end of life cretes n unco-
fortble senstion of thirst, ny such senstion is usully
relieved by siply oistening the dry outh with ice chips,
hrd cndy, swbs, or popsicles. Although this norl pro-
cess of diinishing orl intke nd ccopnying weight
loss is very coon, it cn be distressing to ptients nd
filies who y ssocite the offering of food with co-
pssion nd love nd lck of eting with distressing iges
of strvtion. In response, ptients nd filies often sk
bout suppleentl enterl or prenterl nutrition.

Suppleentl rtificil nutrition nd hydrtion offer no
benefit to those t the end of life nd rrely chieve ptient
nd fily gols. The Aericn Geritrics Society reco-
ends ginst liquid rtificil nutrition (“tube feeding”) in
people with dvnced deenti becuse it does not provide
ny benefit. Furtherore, enterl feeding y cuse nuse
nd voiting in ill ptients nd cn led to dirrhe in the
setting of lbsorption. Artificil nutrition nd hydrtion
y increse orl nd irwy secretions s well s increse
the risk of choking, spirtion, nd dyspne; scites, ede,
nd effusions y be worsened. In ddition, liquid rtificil
nutrition by nsogstric nd gstrostoy tubes nd pren-
terl nutrition ipose risks of infection, epistxis, pneuo-
thorx, electrolyte iblnce, nd spirtion—s well s the
need to physiclly restrin the delirious ptient to prevent
dislodgent of tubes nd ctheters.

Individuls t the end of life hve  right to voluntrily
refuse ll nutrition nd hydrtion. Becuse they y hve
deep socil nd culturl significnce for ptients, filies,
nd clinicins theselves, decisions bout rtificil nutri-
tion nd hydrtion re not siply edicl. Eliciting per-
ceived gols of rtificil nutrition nd hydrtion nd
correcting isperceptions cn help ptients nd filies
ke cler decisions.

Hoffn MR. Trcheostoies nd PEGs: when re they relly
indicted? Surg Clin North A. 2019;99:955. [PMID:
31446920]

Myers T et l. Interntionl review of ntionl-level guidelines
on end-of-life cre with focus on the withholding nd with-
drwing of rtificil nutrition nd hydrtion. Geritr Geron-
tol Int. 2019;19:847. [PMID: 31389113]

» Withdrawal of Curative Efforts

Requests fro ppropritely infored nd copetent
ptients or their surrogtes for withdrwl of life-sustining
interventions ust be respected. Liittion of life-sustining
interventions prior to deth is coon prctice in ICUs
in the United Sttes. The withdrwl of life-sustining
interventions, such s echnicl ventiltion, ust be
pproched crefully to void ptient suffering nd distress
for those in ttendnce. Clinicins should educte the

ptient nd fily bout the expected course of events nd
the difficulty of deterining the precise tiing of deth
fter withdrwl of interventions. Sedtive nd nlgesic
gents should be dinistered to ensure ptient cofort
even t the risk of respirtory depression or hypotension.
While “deth rttle,” the sound of ir flowing over irwy
secretions, is coon in ctively dying ptients nd cn be
distressing to filies, it is doubtful tht it cuses disco-
fort to the ptient. Turning the ptient cn decrese the
sound of deth rttle. There is no evidence tht ny edi-
ctions reduce deth rttle, nd suctioning should be
voided since it cn cuse ptient discofort.

McPherson K et l. Liittion of life-sustining cre in the criti-
clly ill:  systetic review of the literture. J Hosp Med.
2019;14:303. [PMID: 30794145]

Reignier J et l. Withholding nd withdrwing life-support in
dults in eergency cre: joint position pper fro the
French Intensive Cre Society nd French Society of Eer-
gency Medicine. Ann Intensive Cre. 2019;9:105. [PMID:
31549266]

» Physician-Assisted Death

Physicin-ssisted deth is the leglly snctioned process
by which ptients who hve  terinl illness y request
nd receive  prescription fro  physicin for  lethl dose
of ediction tht they theselves would self-dinister
for the purpose of ending their own life. Terinology for
this prctice vries. “Physicin-ssisted deth” is used here
to clrify tht  willing physicin provides ssistnce in
ccordnce with the lw (by writing  prescription for 
lethl ediction) to  ptient who kes  request for it
nd who eets specific criteri. Ptients, fily ebers,
nonedicl nd edicl orgniztions, clinicins, lw-
kers, nd the public frequently use other ters, such s
“physicin or edicl id in dying,” “id in dying,” “deth
with dignity,” or “physicin-ssisted suicide.” Use of the lt-
ter ter is discourged becuse when this ction is tken
ccording to the lw, it is not considered suicide nd people
who re ctively suicidl re not eligible for this process.

Although public nd stte support for physicin-
ssisted deth hs grown in the United Sttes, physicin-
ssisted deth reins n re of debte. As of 2019,
physicin-ssisted deth hs been leglized with creful
restriction nd specific procedures for residents in eight US
sttes (Oregon, Wshington, Veront, Colordo, Hwii,
Mine, New Jersey, nd Cliforni) nd in the District of
Colubi, king it vilble to 22% of the US popultion.
The Supree Court in Montn ruled tht the stte consti-
tution does not br physicin-ssisted deth. Interntion-
lly, physicin-ssisted deth (nd/or euthnsi, the
dinistrtion  lethl dose of ediction by  clinicin)
is legl in nine countries (the Netherlnds, Belgiu,
Luxebourg, Switzerlnd, Colobi, Cnd, Gerny,
Jpn, nd the Austrlin stte of Victori). The current US
stte lws peritting it generlly require physicin certifi-
ction of  terinl disese with  prognosis of 6 onths
or less nd require the individul to be n dult resident of
the stte, to be physiclly cpble of self-dinistering the
ediction, nd cpble of king nd counicting
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their own helth cre decisions. Any clinicin tht prtici-
ptes in physicin-ssisted deth should be filir with
the lws governing its use in their jurisdiction nd seek
recoendtions nd help with writing the pproprite
prescription.

Requests for physicin-ssisted deth re reltively rre
nd ultitely use of the prescribed ediction leds to
less thn 0.5% of ll deths in the United Sttes. Ptient
otivtions for physicin-ssisted deth generlly revolve
round preserving dignity, self-respect, nd utonoy
(control), nd intining personl connections t the end
of life rther thn experiencing intolerble pin or suffer-
ing. Soe ptients who hve requested ediction to self-
dinister for  physicin-ssisted deth lter withdrw
their request when provided pllitive cre interventions.

Ech clinicin ust decide his or her personl pproch
in cring for ptients who sk bout physicin-ssisted
deth. Regrdless of the clinicin’s personl feelings bout
the process, the clinicin cn respond initilly by exploring
the ptient’s resons nd concerns tht propted the
request. During the dilog, the clinicin should infor the
ptient bout pllitive options, including hospice cre;
ccess to expert sypto ngeent; nd psychologicl,
socil, nd spiritul support, s needed, nd provide res-
surnce nd coitent to ddress future probles tht
y rise. For clinicins who object to physicin-ssisted
deth on orl or ethicl grounds, referrl to nother clini-
cin y be necessry nd y help the ptient void feel-
ing bndoned. Tht clinicin ust be willing to provide
the prescription for lethl ediction, to cre for the ptient
until deth, to sign the deth certificte listing the underly-
ing terinl condition s the cuse of deth, nd in soe
jurisdictions to coplete  ndtory follow-up for.

Downr J et l. Erly experience with edicl ssistnce in dying
in Ontrio, Cnd:  cohort study. CMAJ. 2020;192:E173.
[PMID: 32051130]

Gerson SM et l. Medicl id in dying, hstened deth nd sui-
cide:  qulittive study of hospice professionls’ experiences
fro Wshington Stte. J Pin Sypto Mnge. 2020;59:679.
[PMID: 31678464]

Gruenewld DA et l. Options of lst resort: pllitive sedtion,
physicin id in dying, nd voluntry cesstion of eting nd
drinking. Med Clin North A. 2020;104:539. [PMID:
32312414]

Ptel T. Clinicin responses to legl requests for hstened deth:
 systetic review nd et-synthesis of qulittive reserch.
BMJ Support Pllit Cre. 2021;11:59. [PMID: 32601150]

Russell JA. Physicin-hstened-deth in ptients with progres-
sive neurodegenertive or neurousculr disorders. Sein
Neurol. 2018;38:522. [PMID: 30321890]

» Ethical & Legal Issues

Clinicins’ cre of ptients t the end of life is guided by the
se ethicl nd legl principles tht infor other types of
edicl cre. Foreost ong these re (1) truth-telling,
(2) nonleficence, (3) beneficence, (4) utonoy, (5)
confidentility, nd (6) procedurl nd distributive justice.
Iportnt ethicl principles y coe into conflict when
cring for ptients. For exple, ny tretents tht

proote beneficence nd utonoy, such s surgery or
bone rrow trnsplnttion, y violte the clinicin’s
obligtion for nonleficence; thus, blncing the benefits
nd risks of tretents is  fundentl ethicl responsi-
bility. While in the vst jority of cses clinicins nd
ptients nd filies will gree on the ppropriteness of
nd decisions to withdrw life-sustining interventions, in
rre cses, such s CPR in ultisyste orgn filure, clini-
cins y deterine unilaterally tht  prticulr interven-
tion offers no possibility of benefit nd thus need not be
done. In such cses, the clinicin’s intention to withhold
CPR should be counicted to the ptient nd fily
nd docuented, nd the clinicin ust consult with
nother clinicin not involved in the cre of the ptient. If
differences of opinion persist bout the ppropriteness of
prticulr cre decisions, consulttion with n institutionl
ethics coittee should be sought. Becuse such unilterl
ctions violte the utonoy of the ptient, clinicins
should rarely resort to the. Studies confir tht ost
disgreeents between ptients nd filies nd clinicins
cn be resolved with good couniction. Although clini-
cins nd fily ebers often feel differently bout with-
holding versus withdrwing life-sustining interventions,
there is consensus ong ethicists, supported by legl
precedent, of their ethicl equivlence.

Chess F et l. Ethicl nd legl considertions in end-of-life
cre. Pri Cre. 2019;46:387. [PMID: 31375188]

Rodrigues P et l. Pllitive sedtion for existentil suffering: 
systetic review of rguent-bsed ethics literture. J Pin
Sypto Mnge. 2018;55:1577. [PMID: 29382541]

» Psychological, Social, & Spiritual Issues

Dying is not exclusively or even pririly  bioedicl
event. It is n intite personl experience with profound
psychologicl, interpersonl, nd existentil enings. For
ny people t the end of life, the prospect of ipending
deth stiultes  deep nd urgent ssessent of their
identity, the qulity of their reltionships, the ening nd
purpose of their life, nd their legcy.

A. Psychological Challenges

In 1969, Dr. Elisbeth Kübler-Ross identified five psycho-
logicl rections or ptterns of eotions tht ptients t the
end of life y experience: denil nd isoltion, nger, br-
gining, depression, nd cceptnce. Most ptients will
experience these rections throughout the course of illness
but not in n orderly progression. In ddition to these five
rections re the perpetul chllenges of nxiety nd fer of
the unknown. Siple infortion, listening, ssurnce, nd
support y help ptients with these psychologicl chl-
lenges. Ptients nd filies rnk eotionl support s one
of the ost iportnt spects of good end-of-life cre.
Psychotherpy nd group support y be beneficil s well.

Despite the significnt eotionl stress of fcing deth,
clinicl depression is not norl t the end of life nd
should be treted. Cognitive nd ffective signs of depres-
sion, such s feelings of worthlessness, hopelessness, or
helplessness, y help distinguish depression fro the low

CMDT22_Ch05_p0068-p0098.indd 75 29/06/21 8:21 PM



ChAPTER 576 CMDT 2022

energy nd other vegettive signs coon with dvnced
illness. Although trditionl ntidepressnt tretents such
s selective serotonin reuptke inhibitors re effective, ore
rpidly cting edictions, such s dextrophetine
(2.5–7.5 g orlly t 8 am nd noon) or ethylphenidte
(2.5–10 g orlly t 8 am nd noon), y be prticulrly
useful when the end of life is ner or while witing for
nother ntidepressnt ediction to tke effect. Ketine
is now pproved, with restrictions, s  tretent for
depression nd psychedelics re being explored s rpid-
onset tretent for nxiety nd depression t the end of life.
Soe reserch suggests  ortlity benefit fro treting
depression in the setting of serious illness.

B. Social Challenges

At the end of life, ptients should be encourged to tke
cre of personl, professionl, nd business obligtions.
These tsks include copleting iportnt work or per-
sonl projects, distributing possessions, writing  will, nd
king funerl nd buril rrngeents. The prospect of
deth often propts ptients to exine the qulity of
their interpersonl reltionships nd to begin the process
of sying goodbye (Tble 5–2). Concern bout estrnged
reltionships or “unfinished business” with significnt oth-
ers nd interest in reconcilition y becoe prount
t this tie.

C. Spiritual Challenges

Spiritulity includes the ttept to understnd or ccept
the underlying ening of life, one’s reltionships to one-
self nd other people, one’s plce in the universe, one’s leg-
cy, nd the possibility of  “higher power” in the universe.
People y experience spiritulity s prt of or distinct
fro prticulr religious prctices or beliefs.

Unlike physicl ilents, such s infections nd frc-
tures, which usully require  clinicin’s intervention to be
treted, the ptient’s spiritul concerns often require only 
clinicin’s ttention, listening, nd witness. Clinicins cn
inquire bout the ptient’s spiritul concerns nd sk
whether the ptient wishes to discuss the. For exple,
sking, “How re you within yourself?” or “Are you t
pece?” counictes tht the clinicin is interested in the
ptient’s whole experience nd provides n opportunity for
the ptient to shre perceptions bout his or her inner life.
Questions tht ight constitute n existentil “review of
systes” re presented in Tble 5–3. Forl legcy work
nd dignity therpy hve been shown to be effective in
iproving qulity of life nd spiritul well-being.

Attending to the spiritul concerns of ptients clls for
listening to their stories. Storytelling gives ptients the
opportunity to verblize wht is eningful to the nd to
leve soething of theselves behind— legcy, the pro-
ise of being reebered. Storytelling y be fcilitted by
suggesting tht the ptient shre his or her life story with
fily ebers, ke n udio or video recording, sse-
ble  photo lbu, orgnize  scrpbook, or write or dictte
n utobiogrphy.

The end of life offers n opportunity for psychologicl,
interpersonl, nd spiritul developent nd  chnce to
experience nd chieve iportnt gols. Individuls y
grow—even experience  heightened sense of well-being or
trnscendence—in the process of dying. Through listening,
support, nd presence, clinicins y help foster this lern-
ing nd be  ctlyst for this trnsfortion. Rther thn
thinking of dying siply s the terintion of life, clini-
cins nd ptients y be guided by  developentl
odel of life tht recognizes  series of lifelong develop-
entl tsks nd lndrks nd llows for growth t the
end of life.

Puchlski CM et l. Spiritul considertions. Hetol Oncol
Clin North A. 2018;32:505. [PMID: 29729785]

Wholihn D. Psychologicl issues of ptient trnsition fro
intensive cre to pllitive cre. Crit Cre Nurs Clin North
A. 2019;31:547. [PMID: 31685121]

TASKS AFTER DEATH

After the deth of  ptient, the clinicin is clled upon to
perfor  nuber of tsks, both required nd reco-
ended. The clinicin ust plinly nd directly infor
the fily of the deth, coplete  deth certificte, con-
tct n orgn procureent orgniztion, nd request n
utopsy. Providing words of sypthy nd ressurnce,
tie for questions nd initil grief nd, for people who die
in the hospitl or other helth cre fcility,  quiet privte
roo for the fily to grieve is pproprite nd uch
pprecited.

Table 5–2. Five statements often necessary for the
completion of important interpersonal relationships.

1. “Forgive me.”

2. “I forgive you.”

3. “Thank you.”

4. “I love you.”

5. “Goodbye.”

(An expression of regret)

(An expression of acceptance)

(An expression of gratitude)

(An expression of affection)

(Leave-taking)

Source: Byock I. Dying Well: Peace and Possibilities at the End of Life. New

York: Riverhead Books, an imprint of Penguin Group (USA) LLC, 1997.

Table 5–3. An existential review of systems.

Intrapersonal

“What does your illness/dying mean to you?”

“What do you think caused your illness?”

“How have you been healed in the past?”

“What do you think is needed for you to be healed now?”

“What is right with you now?”

“What do you hope for?”

“Are you at peace?”

Interpersonal

“Who is important to you?”

“To whom does your illness/dying matter?”

“Do you have any unfinished business with significant others?”

Transpersonal

“What is your source of strength, help, or hope?”

“Do you have spiritual concerns or a spiritual practice?”

“If so, how does your spirituality relate to your illness/dying, and

how can I help integrate your spirituality into your health care?”

“What do you think happens after we die?”

“What do you think is trying to happen here?”
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» The Pronouncement & Death Certificate

In the United Sttes, stte policies direct clinicins to con-
fir the deth of  ptient in  forl process clled “pro-
nounceent.” The dignosis of deth is typiclly esy to
ke, nd the clinicin need only verify the bsence of
spontneous respirtions nd crdic ctivity by uscultt-
ing for ech for 1 inute. A note describing these findings,
the tie of deth, nd tht the fily hs been notified is
entered in the ptient’s edicl record. In ny sttes,
when  ptient whose deth is expected dies outside of the
hospitl (t hoe or in prison, for exple), nurses y
be uthorized to report the deth over the telephone to 
physicin who ssues responsibility for signing the
deth certificte within 24 hours. For trutic deths,
soe sttes llow eergency edicl technicins to pro-
nounce  ptient ded t the scene bsed on clerly
defined criteri nd with physicin telephonic or rdio
supervision.

While the pronounceent y often see like n
wkwrd nd unnecessry forlity, clinicins y use
this tie to ressure the ptient’s loved ones t the bedside
tht the ptient died pecefully nd tht ll pproprite
cre hd been given. Both clinicins nd filies y
use the ritul of the pronounceent s n opportunity to
begin to process eotionlly the deth of the ptient.

Physicins re leglly required to report certin deths
to the coroner nd to ccurtely report the underlying
cuse of deth on the deth certificte. This reporting is
iportnt both for ptients’ filies (for insurnce pur-
poses nd the need for n ccurte fily edicl history)
nd for the epideiologic study of disese nd public
helth. For exple, it is iportnt to understnd the
nuber of deths due to COVID-19 nd for clinicins to
ccurtely report this cuse of deth. The physicin should
be specific bout the jor cuse of deth being the condi-
tion without which the ptient would not hve died (eg,
“decopensted cirrhosis”) nd its contributory cuse (eg,
“heptitis B nd heptitis C infections, chronic lcoholic
heptitis, nd lcoholis”) s well s ny ssocited condi-
tions (eg, “cute kidney injury”)—nd not siply put down
“crdic rrest” s the cuse of deth. In relevnt cses, it is
prohibited (in soe jurisdictions) to list either “physicin-
ssisted deth” (or ny synonyous ter) or the edic-
tion used to ccoplish it (eg, secobrbitl) on the deth
certificte; insted, the clinicin prescribing the lethl dose
of ediction for this purpose nd following the ptient
until deth ust (in ost jurisdictions) coplete nd sub-
it  follow-up for nd list the cuse of deth s the
underlying condition tht led to deth.

Htno Y et l. Physicin behvior towrd deth pronounceent
in pllitive cre units. J Pllit Med. 2018;21:368. [PMID:
28945507]

» Autopsy & Organ Donation

Discussing the options nd obtining consent for utopsy
nd orgn dontion with ptients prior to deth is  good
prctice s it dvnces the principle of ptient utonoy
nd lessens the responsibilities of distressed fily

ebers during the period ieditely following the
deth. In the United Sttes, federl regultions require tht
 designted representtive of n orgn procureent org-
niztion pproch the fily bout orgn dontion becuse
designted orgn trnsplnt personnel re ore experi-
enced nd successful thn treting clinicins t obtining
consent for orgn dontion fro surviving fily e-
bers. While ost people in the United Sttes support the
dontion of orgns for trnsplnts, orgn trnsplnttion is
severely liited by the vilbility of donor orgns. The
filies of donors experience  sense of rewrd in contrib-
uting, even through deth, to the lives of others.

The results of n utopsy y help surviving fily
ebers nd clinicins understnd the exct cuse of 
ptient’s deth nd foster  sense of closure. Despite the
use of ore sophisticted dignostic tests, the rte of
unexpected findings t utopsy hs reined stble, nd
thus, n utopsy cn provide iportnt helth infor-
tion to filies. Pthologists cn perfor utopsies with-
out interfering with funerl plns or the ppernce of the
decesed. A clinicin–fily conference to review the
results of the utopsy provides  good opportunity for
clinicins to ssess how well filies re grieving nd to
nswer questions.

Buj LM et l. The iportnce of the utopsy in edicine: per-
spectives of pthology collegues. Acd Pthol. 2019;6:
2374289519834041. [PMID: 30886893]

» Follow-Up & Grieving

Proper cre of ptients t the end of life includes following
up with surviving fily ebers fter the ptient hs
died. Contcting loved ones by telephone or video tele-
edicine technology enbles the clinicin to ssuge ny
guilt bout decisions the fily y hve de, ssess
how filies re grieving, ressure the bout the nture
of norl grieving, nd identify coplicted grief or
depression. Clinicins cn recoend support groups
nd counseling s needed. A crd or telephone cll fro
the clinicin to the fily dys to weeks fter the ptient’s
deth (nd perhps on the nniversry of the deth)
llows the clinicin to express concern for the fily nd
the decesed. For ptients dying during the COVID-19
pndeic, physicl closeness, leve-tking, nd bereve-
ent rituls hve been constrined by the need for socil
distncing.

After  ptient dies, clinicins lso grieve. Although
clinicins y be reltively unffected by the deths of
soe ptients, other deths y cuse feelings of sdness,
loss, nd guilt. These eotions should be recognized s the
first step towrd processing nd heling the. Ech clini-
cin y find personl or counl resources tht help
with the process of grieving. Shedding ters, shring with
collegues, tking tie for reflection, nd engging in tr-
ditionl or personl ourning rituls ll y be effective.
Attending the funerl of  ptient who hs died cn be 
stisfying personl experience tht is lost universlly
pprecited by filies nd tht y be the finl eleent
in cring well for people t the end of life.
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Johnnsen M et l. Psychologicl interventions for grief in dults:
 systetic review nd et-nlysis of rndoized con-
trolled trils. J Affect Disord. 2019;253:69. [PMID: 31029856]

Wllce CL et l. Grief during the COVID-19 pndeic: consid-
ertions for pllitive cre providers. J Pin Sypto Mn-
ge. 2020;60:e70. [PMID: 32298748]

º
PAIN MANAGEMENT

TAXONOMY OF PAIN

The Interntionl Assocition for the Study of Pin (IASP)
defines pain s n unplesnt sensory nd eotionl experi-
ence ssocited with, or resebling tht ssocited with,
ctul or potentil tissue dge. Acute pain resolves within
the expected period of heling nd is self-liited. Chronic
pain persists beyond the expected period of heling nd is
itself  disese stte. In generl, chronic pin is defined s
extending beyond 3–6 onths, lthough definitions vry in
ters of the tie period fro initil onset of nociception.
Cancer pain is in its own specil ctegory becuse of the
unique wys neoplsi nd its therpies (such s surgery,
cheotherpy, or rdition therpy) cn led to burdensoe
pin. Finlly, relted to cncer pin, there is pain at the end
of life, for which esures to llevite suffering y tke
priority over prooting restortion of function.

Pin is  worldwide burden; cross the globe; one in five
dults suffers fro pin. In 2010, ebers fro 130 coun-
tries signed the Declrtion of Montrel stting tht ccess
to pin ngeent is  fundentl hun right. The
first CDC guidelines on opioid prescribing for chronic
pin, including chronic noncncer pin, cncer pin, nd
pin t the end of life, were published in Mrch of 2016,
nd continue to be updted.

Centers for Disese Control nd Prevention (CDC). CDC guide-
line for prescribing opioids for chronic pin. 2019 Aug 28.
https://www.cdc.gov/drugoverdose/prescribing/guideline
.htl

Dowell D et l. No shortcuts to sfer opioid prescribing. N Engl
J Med. 2019;380:2285. [PMID: 31018066]

Ntionl Institutes of Helth (NIH). Ntionl Institute on Drug
Abuse. Opioid Crisis nd Pin Mngeent. 2020 Jul 1.
https://www.drugbuse.gov/nided-edicl-helth-
professionls/opioid-crisis-pin-ngeent

ACUTE PAIN

Acute pin resolves within the expected period of heling
nd is self-liited. Coon exples include pin fro
dentl cries, kidney stones, surgery, or tru. Mnge-
ent of cute pin depends on coprehending the type of
pin (sotic, viscerl, or neuropthic) nd on under-
stnding the risks nd benefits of potentil therpies. At
ties, treting the underlying cuse of the pin (eg, dentl
cries) y be ll tht is needed, nd phrcologic ther-
pies y not be required for dditionl nlgesi. On the
other hnd, not relieving cute pin cn hve consequences
beyond the iedite suffering. Indequtely treted
cute pin cn develop into chronic pin in soe ptients.
This trnsition fro cute to chronic pin (so-clled

“chronifiction” of pin) depends on the pin’s cuse, type,
nd severity nd on the ptient’s ge, psychologicl sttus,
nd genetics, ong other fctors. This trnsition is n re
of incresing study becuse chronic pin leds to significnt
societl costs beyond the individul’s experiences of suffer-
ing, helplessness, nd depression. Eerging studies hve
shown tht incresed intensity nd durtion of cute pin
y be correlted with  higher incidence of chronic pin,
nd regionl nesthesi, ketine, gbpentinoids, nd
cyclooxygense (COX) inhibitors y be helpful for preven-
tion of chronic postsurgicl pin. These pproches re
prticulrly iportnt given concerns tht exposure to opi-
oids in the periopertive period cn led to chronic opioid
dependence beyond the iedite postopertive period.

The Oxford Legue Tble of Anlgesics is  useful guide;
for exple, it lists the nuber-needed-to-tret for specific
doses of vrious edictions to relieve cute pin. Nonsteroi-
dl nti-infltory drugs (NSAIDs) or COX inhibitors
re t the top of the list, with the lowest nuber-needed-to-
tret. These edictions cn be delivered vi orl, intrus-
culr, intrvenous, intrnsl, rectl, nd other routes of
dinistrtion. They generlly work by inhibiting COX-1
nd -2 nd therefore reduce the levels of prostglndins
involved in infltory nociception (eg, PGI2 nd PGE2).
These oxygense enzyes lso deterine levels of other
brekdown products such s other prostglndins, thro-
boxne, nd prostcyclins tht ply  role in renl, gstroin-
testinl, nd crdiovsculr hoeostsis. For this reson, the
priry liittion of the COX inhibitors is their side effects
of gstritis; kidney dysfunction; bleeding; hypertension; nd
crdiovsculr dverse events, such s yocrdil infrction
or stroke. Ketorolc is pririly  COX-1 inhibitor tht hs
n nlgesic effect s potent s orphine t the pproprite
dosge. Like ost phrcologic therpies, the liittion of
COX inhibitors is tht they hve  “ceiling” effect, ening
tht beyond  certin dose, there is no dditionl benefit.

Acetinophen (prcetol) is effective s  sole gent,
or in cobintion with  COX inhibitor or n opioid in
cute pin. Its echnis of ction reins undeterined
but is thought to ct centrlly through echniss such
s the prostglndin, serotonergic, nd opioid pthwys. It is
one of the ost widely used nd best tolerted nlgesics; its
priry liittion is heptoxicity when given in high doses
or to ptients with underlying ipired liver function.

Postopertively, patient-controlled analgesia (PCA)
with intrvenous orphine, hydroorphone, or nother
opioid cn chieve nlgesi fster nd with less dily
ediction requireent thn with stndrd “s needed” or
even scheduled interittent dosing. PCA hs been dpted
for use with orl nlgesic opioid edictions nd for
neurxil delivery of both opioids nd locl nesthetics in
the epidurl nd intrthecl spces. The gol of PCA is to
intin  ptient’s pls concentrtion of opioid in the
“therpeutic window,” between the iniu effective
nlgesic concentrtion nd  toxic dose.

In order to prevent opioid use disorder nd prolonged
inpproprite opioid use, ultiodl nlgesi (including
regionl nesthesi) hs been eployed to decrese the
need for postopertive opioids. Ptients y undergo
either neurxil nesthesi with n epidurl ctheter, for
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exple, or regionl nesthesi with  nerve block with or
without  ctheter. These techniques re effective for both
intropertive pin nd postopertive pin ngeent
nd cn diinish the need for both intropertive nd
postopertive opioids.

Helnder EM et l. Multiodl nlgesi, current concepts, nd
cute pin considertions. Curr Pin Hedche Rep.
2017;21:3. [PMID: 28132136]

Sll C et l. Acute postopertive pin ngeent. Br J Surg.
2020;107:e70. [PMID: 31903595]

Tubog TD. Overview of ultiodl nlgesi initited in the
periopertive setting. J Perioper Prct. 2020:1750458920928843.
[PMID: 32508237]

CHRONIC NONCANCER PAIN

Chronic noncncer pin y begin s cute pin tht then
fils to resolve nd extends beyond the expected period of
heling or it y be  priry disese stte, rther thn the
sypto residul fro nother condition. Coon ex-
ples of chronic noncncer pin include chronic low-bck
pin nd rthrlgis (often sotic in origin), chronic
bdoinl pin nd pelvic pin (often viscerl in origin),
nd chronic hedches, peripherl neuropthy, nd posther-
petic neurlgi (neuropthic origin). Chronic noncncer
pin is coon, with the World Helth Orgniztion
estiting  worldwide prevlence of 20%. In the
United Sttes, 11% of dults suffer fro chronic noncncer
pin, nd the Institute of Medicine estites tht it costs
$635 billion nnully in tretent nd lost productivity costs.

Chronic noncncer pin requires interdisciplinry
ngeent. Generlly, no one therpy by itself is suffi-
cient to nge such chronic pin. Physicl or functionl
therpy nd cognitive behviorl therpy hve been shown
to be the ost effective for treting chronic noncncer
pin, but other odlities including phrcologic therpy,
interventionl odlities, nd copleentry/integrtive
pproches re useful in cring for ffected ptients.

Chronic low-back pain is one exple of  coon
chronic noncncer pin. It cuses ore disbility globlly
thn ny other condition. Chronic low-bck pin includes
spondylosis, spondylolisthesis, nd spinl cnl stenosis
(Chpter 24), nd the “filed bck surgery syndroe,” 
ter used to refer to ptients in who chronic pin devel-
ops nd/or persists fter lubr spine surgery. Also
referred to s the post-linectoy pin syndroe, it cn
ffect 10–40% of ptients fter lubr spine surgery.

The iportnce of clinicins knowing the ny cuses
of chronic low-bck pin nd, in prticulr, understnding
how ntoic structures relte to one nother nd how
they cn cuse the different types of low-bck pin, hs
been highlighted by the epideic of opioid buse in the
United Sttes since the yer 2000. In fct, evidence-bsed
prctice does not support the use of prolonged opioid
therpy for chronic low-bck pin.

Krebs EE et l. Effect of opioid vs nonopioid edictions on
pin-relted function in ptients with chronic bck pin or
hip or knee osteorthritis pin: the SPACE rndoized clini-
cl tril. JAMA. 2018;319:872. [PMID: 29509867]

Qsee A et l. Nonphrcologic nd phrcologic nge-
ent of cute pin fro non-low bck, usculoskeletl
injuries in dults:  clinicl guideline fro the Aericn Col-
lege of Physicins nd Aericn Acdey of Fily Physi-
cins. Ann Intern Med. 2020;173:739. [PMID: 32805126]

Zho L et l. Tretent of discogenic low bck pin: current
tretent strtegies nd future options— literture review.
Curr Pin Hedche Rep. 2019;23:86. [PMID: 31707499]

CANCER PAIN

Cncer pin deserves its own ctegory becuse it is unique
in cuse nd in therpies. Cncer pin consists of both
cute pin nd chronic pin fro the neopls itself nd
fro the therpies ssocited with it, such s surgery, che-
otherpy, rdition, nd iunotherpy. In ddition,
ptients with cncer pin y lso hve cute or chronic
non–cncer-relted pin, nd this possibility should not be
overlooked when tking cre of cncer ptients.

Cncer pin includes sotic pin (eg, neoplstic inv-
sion of tissue such s pinful fungting chest wll sses in
brest cncer), viscerl pin (eg, pinful heptoegly
fro liver etstses, stretching the liver cpsule), neuro-
pthic pin (eg, neoplstic invsion of scrl nerve roots),
or pin fro  prneoplstic syndroe (eg, peripherl
neuropthy relted to nti-Hu ntibody production).
Cheotherpy cn cuse peripherl neuropthies, rdi-
tion cn cuse neuritis or skin llodyni, nd surgery cn
cuse persistent postsurgicl pin syndroes such s
post-stectoy or post-thorcotoy pin syndroes.

Generlly, ptients with cncer pin do not exhibit 
single type of pin—they y hve ultiple resons for
pin nd thus benefit fro  coprehensive nd ulti-
odl strtegy. The WHO Anlgesic Ldder, first published
in 1986, suggests strting ediction tretent with nono-
pioid nlgesics, then wek opioid gonists, followed by
strong opioid gonists. While opioid therpy cn be helpful
for  jority of ptients living with cncer pin, therpy
ust be individulized depending on the individul ptient,
their fily, nd the clinicin. For exple, if one of the
gols of cre is to hve  lucid nd coherent ptient, opioids
y not be the optil choice; interventionl therpies
such s iplntble devices y be n option, weighing
their risks nd costs ginst their potentil benefits. Alter-
ntively, in dying ptients, provided there is creful docu-
enttion of continued, renewed, or ccelerting pin, use
of opioid doses exceeding those recoended s stndrd
for cute (postopertive) pin is cceptble.

One of the unique chllenges in treting cncer pin is
tht it is often  “oving trget,” with disese progression
nd iproveents in disese progression or worsening
pin directly steing fro cheotherpy, rdition, or
iunotherpy. Therefore, frequent djustents y be
required to ny phrcologic regien. Interventionl
pproches such s celic plexus neurolysis nd intrthecl
therpy re well-studied nd y be pproprite both for
nlgesi s well s reduction of side effects fro systeic
edictions. Rdition therpy (including single-frction
externl be tretents) or rdionuclide therpy (eg,
strontiu-89), which is to decrese the size of both

CMDT22_Ch05_p0068-p0098.indd 79 29/06/21 8:21 PM



ChAPTER 580 CMDT 2022

priry nd etsttic disese, is one of the unique
options for ptients with pin fro cncer.

Bolnd EG et l. Cnnbinoids for dult cncer-relted pin:
systetic review nd et-nlysis. BMJ Support Pllit
Cre. 2020;10:14. [PMID: 31959586]

Creskey H et l. Interventionl nesthetic ethods for pin in
hetology/oncology ptients. Hetol Oncol Clin North
A. 2018;32:433. [PMID: 29729779]

Lu J et l. Interventionl nesthesi nd pllitive cre collbo-
rtion to nge cncer pin:  nrrtive review. Cn J
Anesth. 2020;67:235. [PMID: 31571119]

Mgee D et l. Cncer pin: where re we now? Pin Mng.
2019;9:63. [PMID: 30516438]

Mercdnte S et l. The use of lterntive therpies in conjunc-
tion with opioids for cncer pin. Expert Rev Anticncer
Ther. 2019;19:697. [PMID: 31298971]

Swr RA et l. Adult Cncer Pin, Version 3.2019, NCCN
Clinicl Prctice Guidelines in Oncology. J Ntl Copr Cnc
Netw. 2019;17:977. [PMID: 31390582]

PAIN AT THE END OF LIFE

Pin is wht ny people sy they fer ost bout dying, nd
pin t the end of life is consistently undertreted. Up to 75%
of ptients dying of cncer, hert filure, chronic obstructive
pulonry disese, AIDS, or other diseses experience pin.
In the United Sttes, the Joint Coission includes pin
ngeent stndrds in its reviews of helth cre

orgniztions nd, in 2018, it begn ndting tht ech
hospitl hve  designted leder in pin ngeent.

The rtio of risk versus benefit chnges in end-of-life
pin ngeent. Hrs fro the use of opioid nlge-
sics, including deth, eg, fro respirtory depression
(rre), re perhps less of  concern in ptients pproch-
ing the end of life. In ll cses, clinicins ust be prepred
to use pproprite doses of opioids in order to relieve this
distressing sypto for these ptients. Typiclly, for ongo-
ing cncer pin,  long-cting opioid nlgesic cn be given
round the clock with  short-cting opioid ediction s
needed for “brekthrough” pin.

PRINCIPLES OF PAIN MANAGEMENT

The experience of pin is unique to ech person nd influ-
enced by ny fctors, including the ptient’s prior experi-
ences with pin, ening given to the pin, eotionl
stresses, nd fily nd culturl influences. Pin is  sub-
jective nd ulti-fceted phenoenon, nd clinicins cn-
not relibly detect its existence or quntify its severity
without sking the ptient directly. A brief ens of ssess-
ing pin nd evluting the effectiveness of nlgesi is to
sk the ptient to rte the degree of pin long  nueric
or visul pin scle (Tble 5–4), ssessing trends over tie.
Clinicins should sk bout the nture, severity, tiing,

Table 5–4. Pain assessment scales.

A. Numeric Rating Scale

No pain

0  1  2  3  4  5  6  7  8  9  10

Worst pain None, mild, moderate, severe

B. Numeric Rating Scale Translated into Word and Beavior Scales

Pain Intensity Word Scale Nonverbal Beaviors

0 No pain Relaxed, calm expression

1–2 Least pain Stressed, tense expression

3–4 Mild pain Guarded movement, grimacing

5–6 Moderate pain Moaning, restlessness

7–8 Severe pain Crying out

9–10 Excruciating pain Increased intensity of above

C. Wong-Baker FACES Pain Rating Scale1

0

No hurt

1

Hurts

Little Bit

2

Hurts

Little More

3

Hurts

Even More

4

Hurts

Whole Lot

5

Hurts

Worst

1Especially useful for patients who cannot read English (and for pediatric patients).

© 1983 Wong-Baker FACES Foundation. www.WongBakerFACES.org. Used with permission. Originally published in Whaley & Wong’s Nursing

Care of Infants and Children (Mosby Elsevier).
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loction, qulity, nd ggrvting nd relieving fctors of
the pin.

Generl guidelines for dignosis nd ngeent of
pin re recoended for the tretent of ll ptients with
pin but clinicins ust coprehend tht such guidelines
y not be suited for every individul. Becuse of pin’s
coplexity, it is iportnt to understnd benefits nd risks
of tretent with growing evidence for ech ptient. Distin-
guishing between nociceptive (sotic or viscerl) nd
neuropthic pin is essentil to proper ngeent.

In ddition, while clinicins should seek to dignose the
underlying cuse of pin nd then tret it, they ust bl-
nce the burden of dignostic tests or therpeutic interven-
tions with the ptient’s suffering. For exple, single-frction
rdition therpy for pinful bone etstses or nerve
blocks for neuropthic pin y obvite the need for ongo-
ing tretent with nlgesics nd their side effects. Regrd-
less of decisions bout seeking nd treting the underlying
cuse of pin, every ptient should be offered propt pin
relief.

The i of effective pin ngeent is to eet specific
gols, such s preservtion or restortion of function or
qulity of life, nd this i ust be discussed between clini-
cin nd ptient, s well s their fily. For exple, soe
ptients y wish to be copletly free of pin even t
the cost of significnt sedtion, while others will wish to
control pin to  level tht still llows xil cognitive
functioning.

Whenever possible, the orl route of nlgesic dinis-
trtion is preferred becuse it is esier to nge t hoe,
is not itself pinful, nd iposes no risk fro needle expo-
sure. In unique situtions, or ner the end of life, trnsder-
l, subcutneous, rectl, nd intrvenous routes of
dinistrtion re used; intrthecl dinistrtion is used
when necessry.

Finlly, pin ngeent should not utoticlly
indicte opioid therpy. While soe individuls fre better
with opioid therpy in specific situtions, this does not
en tht opioids re the nswer for every ptient. There
re situtions where opioids ctully ke the qulity of
life worse for individuls, due to  lck of dequte nlge-
sic effect or due to their side effects.

» Barriers to Good Care

One brrier to good pin control is tht ny clinicins hve
liited trining nd clinicl experience with pin nge-
ent nd thus re reluctnt to ttept to nge severe
pin. Lck of knowledge bout the proper selection nd dos-
ing of nlgesic edictions crries with it ttendnt nd
typiclly exggerted fers bout the side effects of pin
edictions. Consulttion with  pllitive cre or  pin
ngeent specilist y provide dditionl expertise.

PhARMACOLOGIC PAIN MANAGEMENT
STRATEGIES

Pin generlly cn be well controlled with nonopioid nd
opioid nlgesic edictions, copleented by nonphr-
cologic djunctive nd interventionl tretents. For

ild to oderte pin, cetinophen, spirin, nd
NSAIDs (lso known s COX inhibitors) y be sufficient.
For oderte to severe pin, especilly for those with cute
pin, short courses of opioids re soeties necessry; for
those with cncer pin or pin fro dvnced, progressive
serious illness, opioids re generlly required nd interven-
tionl odlities should be considered. In ll cses, the
choice of n nlgesic ediction ust be guided by cre-
ful ttention to the physiology of the pin nd the benefits
nd risks of the prticulr nlgesic being considered.

» Acetaminophen, Aspirin, Celecoxib, &
NSAIDs (COX Inhibitors)

Tble 5–5 provides coprison infortion for cetin-
ophen, spirin, the COX-2 inhibitor celecoxib nd the
NSAIDs. An pproprite dose of cetinophen y be
just s effective n nlgesic nd ntipyretic s n NSAID
but without the risk of gstrointestinl bleeding or ulcer-
tion. Acetinophen cn be given t  dosge of 500–
1000 g orlly every 6 hours, not to exceed 4000 g/dy
xiu for short-ter use. Totl cetinophen doses
should not exceed 3000 g/dy for long-ter use or
2000 g/dy for older ptients nd for those with liver
disese. Heptotoxicity is of prticulr concern becuse of
how coonly cetinophen is lso n ingredient in
vrious over-the-counter edictions nd becuse of fil-
ure to ccount for the cetinophen dose in cobintion
cetinophen-opioid edictions such s Vicodin or
Norco. The FDA hs liited the ount of cetinophen
vilble in soe cobintion nlgesics (eg, in cetin-
ophen plus codeine preprtions).

Aspirin (325–650 g orlly every 4 hours) is n effec-
tive nlgesic, ntipyretic, nd nti-infltory edic-
tion. Gstrointestinl irrittion nd bleeding re side
effects tht re lessened with enteric-coted forultions
nd by concoitnt use of proton pup inhibitor edic-
tion. Bleeding, llergy, nd n ssocition with Reye syn-
droe in children nd dolescents further liit its use.

NSAIDs re ntipyretic, nlgesic, nd nti-infltory.
Tretent with NSAIDs increses the risk of gstrointesti-
nl bleeding 1.5 ties; the risks of bleeding nd nephrotox-
icity re both incresed in elderly ptients. Gstrointestinl
bleeding nd ulcertion y be prevented with either the
concurrent use of proton pup inhibitors (eg, oeprzole,
20–40 g orlly dily) or the use of celecoxib (100 g orlly
dily to 200 g orlly twice dily), the only COX-2 inhibi-
tor vilble. Celecoxib nd the NSAIDs cn led to fluid
retention, kidney injury, nd excerbtions of hert filure
nd should be used with cution in ptients with tht condi-
tion. Topicl forultions of NSAIDs (such s diclofenc
1.3% ptch or 1% gel), plced over the pinful body prt for
tretent of usculoskeletl pin, re ssocited with less
systeic bsorption nd fewer side effects thn orl din-
istrtion nd re likely underutilized in ptients t risk for
gstrointestinl bleeding.

Noori SA et l. Nonopioid versus opioid gents for chronic neu-
ropthic pin, rheutoid rthritis pin, cncer pin nd low
bck pin. Pin Mng. 2019;9:205. [PMID: 30681031]
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Table 5–5. Acetaminophen, aspirin, and useful nonsteroidal anti-inflammatory drugs and COX inhibitors.

Medication

(alpabetic order)

Usual Dose for

Adults ≥ 50 kg

Usual Dose

for Adults

< 50 kg1 Cost per Unit

Cost for

30 Days2 Comments3

Acetaminophen

(Ofirmev)

1000 mg intrave-

nously every

6–8 hours

$48.00 per vial of

1000 mg

$5760.00

Acetaminophen or

paracetamol4

(Tylenol, Datril, etc)

325–500 mg orally

every 4 hours or

500–1000 mg orally

every 6 hours, up to

2000–4000 mg/day

10–15 mg/kg

every 4 hours

orally;

15–20 mg/kg

every 4 hours

rectally, up to

2000–3000

mg/day

$0.02/500 mg (oral)

OTC; $0.43/650 mg

(rectal) OTC

$3.60 (oral);

$77.40

(rectal)

Not an NSAID because it lacks

peripheral anti-inflammatory

effects. Equivalent to aspirin

as analgesic and antipyretic

agent.

Limit dose to 4000 mg/day in

acute pain, and to 3000 mg/

day in chronic pain. Limit

doses to 2000 mg/day in

older patients and those with

liver disease.

Be mindful of multiple sources

of acetaminophen as in com-

bination analgesics, cold rem-

edies, and sleep aids.

Aspirin5 325–650 mg orally

every 4 hours

10–15 mg/kg

every 4 hours

orally;

15–20 mg/kg

every 4 hours

rectally

$0.01/325 mg OTC;

$1.51/600 mg

(rectal) OTC

$3.60 (oral);

$271.80

(rectal)

Available also in enteric-coated

oral form that is more slowly

absorbed but better

tolerated.

Celecoxib4 (Celebrex) 200 mg orally once

daily (osteoarthri-

tis); 100–200 mg

orally twice daily

(RA)

100 mg orally

once or

twice daily

$4.37/100 mg;

$7.57/200 mg

$227.10 OA;

$454.20 RA

Cyclooxygenase-2 inhibitor. No

antiplatelet effects. Lower

doses for elderly who weigh

< 50 kg. Lower incidence of

endoscopic gastrointestinal

ulceration than NSAIDs. Not

known if true lower incidence

of gastrointestinal bleeding.

Celecoxib is contraindicated

in sulfonamide allergy.

Diclofenac (Flector) 1.3% topical patch

applied twice daily

$14.92/patch $895.20 Apply patch to most painful

area. Diclofenac 1% gel is

available over the counter.

Diclofenac (Voltaren,

Cataflam, others)

50–75 mg orally two

or three times daily;

1% gel 2–4 g four

times daily

$0.95/50 mg;

$1.14/75 mg;

$0.52/g gel

$85.50;

$102.60;

$249.60 gel

May impose higher risk of hepa-

totoxicity. Enteric-coated

product; slow onset. Topical

formulations may result in

fewer side effects than oral

formulations.

Diclofenac sustained

release (Voltaren-

XR, others)

100–200 mg orally

once daily

$2.70/100 mg $162.00

Etodolac (Lodine,

others)

200–400 mg orally

every 6–8 hours

$1.32/400 mg $158.40

Ibuprofen (Caldolor) 400–800 mg intrave-

nously every

6 hours

$22.99/800 mg vial $2758.80

Ibuprofen (Motrin,

Advil, Rufen, others)

400–800 mg orally

every 6 hours

10 mg/kg orally

every

6–8 hours

$0.27/600 mg Rx;

$0.02/200 mg OTC

$37.40; $3.60 Relatively well tolerated and

inexpensive.

(continued)
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Table 5–5. Acetaminophen, aspirin, and useful nonsteroidal anti-inflammatory drugs and COX inhibitors.

Medication

(alpabetic order)

Usual Dose for

Adults ≥ 50 kg

Usual Dose

for Adults

< 50 kg1 Cost per Unit

Cost for

30 Days2 Comments3

Indomethacin

(Indocin, Indometh,

others)

25–50 mg orally two

to four times daily

$0.38/25 mg;

$0.64/50 mg

$45.60; $76.80 Higher incidence of dose-related

toxic effects, especially gas-

trointestinal and bone mar-

row effects.

Ketorolac

tromethamine

10 mg orally every

4–6 hours to a

maximum of

40 mg/day orally

$2.16/10 mg Not

recom-

mended

Short-term use (< 5 days) only;

otherwise, increased risk of

gastrointestinal side effects.

Ketorolac

tromethamine6

60 mg intramuscularly

or 30 mg intrave-

nously initially,

then 30 mg every

6 hours intramus-

cularly or

intravenously

$1.45/30 mg Not

recom-

mended

Intramuscular or intravenous

NSAID as alternative to opi-

oid. Lower doses for elderly.

Short-term use (< 5 days)

only.

Magnesium salicylate

(various)

325–650 mg orally

every 6 hours

$0.25/325 mg OTC $60.00

Meloxicam (Mobic) 7.5 mg orally every

12 hours

$2.78/7.5 mg $166.80 Intermediate COX-2/COX-1 ratio

similar to diclofenac.

Nabumetone

(Relafen)

500–1000 mg orally

once daily (max

dose 2000 mg/day)

$1.30/500 mg;

$1.45/750 mg

$78.00; $87.00 May be less ulcerogenic than

ibuprofen, but overall side

effects may not be less.

Naproxen (Naprosyn,

Anaprox, Aleve

[OTC], others)

250–500 mg orally

every 6–8 hours

5 mg/kg every

8 hours

$1.19/500 mg Rx;

$0.04/220 mg OTC

$142.80; $3.60

OTC

Generally well tolerated. Lower

doses for elderly.

1Acetaminophen and NSAID dosages for adults weighing < 50 kg should be adjusted for weight.
2Average wholesale price (AWP, for AB-rated generic when available) for quantity listed. Source: IBM Micromedex Red Book (electronic ver-

sion) IBM Watson Health. Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com, accessed March 27, 2021. AWP

may not accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.
3The adverse effects of headache, tinnitus, dizziness, confusion, rashes, anorexia, nausea, vomiting, gastrointestinal bleeding, diarrhea,

nephrotoxicity, visual disturbances, etc, can occur with any of these drugs. Tolerance and efficacy are subject to great individual variations

among patients. Note: All NSAIDs can increase serum lithium levels.
4Acetaminophen and celecoxib lack antiplatelet effects.
5May inhibit platelet aggregation for 1 week or more and may cause bleeding.
6Has the same gastrointestinal toxicities as oral NSAIDs.

COX, cyclooxygenase; OA, osteoarthritis; OTC, over the counter; RA, rheumatoid arthritis; Rx, prescription.

» Opioids

A. A Shared Decision-Making Approach to
Clinical Opioid Use

For ny ptients t the end of life, opioids re the in-
sty of pin ngeent (Tbles 5–6 nd 5–7). Opioids re
pproprite for nging severe pin t the end of life due
to ny cuse, including neuropthic pin, cncer pin, nd
pin fro other serious illnesses. Using opioids long-ter
in other settings requires creful considertion.

In n effort to tret chronic pin ore ggressively, cli-
nicins in the United Sttes drticlly incresed the
prescription of opioids beginning in the id-1990s nd

peking in 2012. More ttention to treting chronic non-
cncer pin undoubtedly iproved the lives of ny
ptients, but the increse in prescribed opioids hd  dele-
terious effect on the helth of the popultion s  whole.
The incresed popultion exposure to prescription opioids
ppers to hve expnded the rket for illicit opioids
(heroin, fentnyl nd its derivtives), with concoitnt
increse in opioid use disorder nd in opioid overdoses,
which cused ore thn 50,000 deths in 2019. The CDC
ned both isuse of prescription edictions nd opioid
overdoses s epideics in the United Sttes nd relesed guide-
lines in 2016 to liit the risks of prescribed opioids (https://
www.cdc.gov/drugoverdose/prescribing/resources.htl).

(continued)
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Table 5–6. Opioids.

Medication

Approximate Equianalgesic Dose (compared to morpine

30 mg orally or 10 mg intravenously/subcutaneously)1

Usual Starting Dose

Adults ≥ 50 kg Body Weigt Adults < 50 kg Body Weigt

Oral Parenteral Oral Parenteral Oral Parenteral

Opioid Agonists2,3

Buprenorphine parenteral4

(Buprenex)

300 mcg intravenously

slowly once, may be

repeated after

30–60 minutes once; or

600 mcg intramuscularly

once

300 mcg intravenously

slowly once, may be

repeated after

30–60 minutes once; or

600 mcg intramuscularly

once; $14.34/300 mcg

Buprenorphine

transdermal4 (BuTrans)

Not available Not available Not available orally.

Transdermal doses available: 5, 10,

and 20 mcg/h. Initiate 5 mcg/h

patch for opioid-naïve patients

(may currently be using nonopi-

oid analgesics); $114.77/10

mcg/h.

Not available Not available Not available

Buprenorphine sublingual4

(Belbuca)

Sublingual strip approved for

pain

In opioid-naive or opioid-intolerant

patients, individualize dose every

12 hours. Start: 75 mcg buccally

every 12–24 hours for at least

4 days, then increase to 150 mcg

buccally every 12 hours, then

may increase by no more than

150 mcg buccally every 12 hours

no more frequently than every

4 days.

Maximum: 900 mcg/12 hours;

$7.33/75 mcg.

Fentanyl Not available 100 mcg every hour Not available 50–100 mcg intravenously/

intramuscularly every

hour or 0.5–1.5 mcg/

kg/h intravenous infu-

sion; $0.80/100 mcg

Not available 0.5–1 mcg/kg intrave-

nously every

1–4 hours or

1–2 mcg/kg intrave-

nously × 1, then

0.5–1 mcg/kg/h

infusion

Fentanyl oral transmucosal

(Actiq); buccal (Fentora)

Not available Not available 200 mcg transmucosal; 100 mcg

buccal; $18.80/200 mcg trans-

mucosal; $94.98/200 mcg buccal

Not available Not available Not available

C
M

D
T

2
2

_
C

h
0

5
_

p
0

0
6

8
-p

0
0

9
8

.in
d

d
 

8
4

2
9

/0
6

/2
1

 
8

:2
1

 P
M



P
A

L
LIA

T
IV

E
 C

A
R

E
 &

 P
A

IN
 M

A
N

A
G

E
M

E
N

T
8

5
C

M
D

T
 2

0
2

2

Fentanyl transdermal Conversion to fentanyl patch is

based on total daily dose of

oral morphine2: morphine

60–134 mg/day orally =

fentanyl 25 mcg/h patch;

morphine 135–224 mg/day

orally = fentanyl 50 mcg/h

patch; morphine 225–314

mg/day orally = fentanyl

75 mcg/h patch; and mor-

phine 315–404 mg/day orally =

fentanyl 100 mcg/h patch

Not available Not available orally

12.5–25 mcg/h patch every
72 hours; $8.56/25 mcg/h

Not available 12.5–25 mcg/h

patch every
72 hours

Not available

Hydrocodone, extended

release (Zohydro ER)

20 mg1 Not available 10 mg every 12 hours;

$12.00/10 mg

Not available Not available Not available

Hydromorphone5 (Dilaudid) 7.5 mg every 3–4 hours 1.5 mg every 3–4 hours 1–2 mg every 3–4 hours;

$0.42/2 mg

1.5 mg every 3–4 hours;

$1.02/2 mg

0.06 mg every

3–4 hours

0.015 mg/kg every

3–4 hours

Hydromorphone extended

release (Exalgo)

45–60 mg every 24 hours Not available 8 mg every 24 hours; $9.24/8 mg Not available Not available Not available

Levorphanol 4 mg every 6–8 hours Not available 4 mg every 6–8 hours; $53.40/2 mg Not available 0.04 mg/kg

every

6–8 hours

Not available

Meperidine6 (Demerol) 300 mg every 2–3 hours; usual

dose 50–150 mg every

3–4 hours

100 mg every 3 hours Not recommended 100 mg every 3 hours;

$7.60/100 mg

Not

recom-

mended

0.75 mg/kg every

2–3 hours

Methadone (Dolophine,

others)

10–20 mg every 6–8 hours

(when converting from

< 100 mg long-term daily

oral morphine7)

5–10 mg every 6–8 hours 5–20 mg every 6–8 hours;

$0.31/10 mg

2.5–10 mg every 6–8 hours;

$21.00/10 mg

0.2 mg/kg

every

6–8 hours

0.1 mg/kg every

6–8 hours

Morphine5 immediate

release (morphine sulfate

tablets, Roxanol liquid)

30 mg every 3–4 hours (around-

the-clock dosing); 60 mg

every 3–4 hours (single or

intermittent dosing)

10 mg every 3–4 hours 4–8 mg every 3–4 hours; used for

breakthrough pain in patients

already taking controlled-release

preparations; $0.49/15 mg tab;

$0.67/20 mg liquid

10 mg every 3–4 hours;

$4.66/10 mg

0.3 mg/kg

every

3–4 hours

0.1 mg/kg every

3–4 hours

Morphine controlled release

(MS Contin)

90–120 mg every 12 hours Not available 15–60 mg every 12 hours;

$1.50/30 mg

Not available Not available Not available

Morphine extended release

(Kadian)

180–240 mg every 24 hours Not available 20–30 mg every 24 hours; $5.69/30

mg

Not available Not available Not available

(continued)
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Oxycodone (Roxicodone,

OxyIR)

20–30 mg every 3–4 hours Not available 5–10 mg every 3–4 hours; $0.15/5

mg

Not available 0.2 mg/kg

every 3–4

hours

Not available

Oxycodone controlled

release (Oxycontin)

40 mg every 12 hours Not available 20–40 mg every 12 hours;

$9.93/20 mg

Oxymorphone5,8 oral, imme-

diate release (Opana)

10 mg every 6 hours Not available 5–10 mg every 6 hours; $1.26/5 mg Not available

Combination Opioid Agonist–Nonopioid Preparations

Codeine9,10 (with aspirin or

acetaminophen)11

180–200 mg every 3–4 hours;

commonly available dose in

combination with acetamino-

phen, 15–60 mg of codeine

every 4–6 hours

130 mg every 3–4 hours 60 mg every 4–6 hours;

$0.35/60 mg

60 mg every 2 hours intra-

muscularly/subcutane-

ously; not available in

the United States

0.5–1 mg/kg

every 3–4

hours

Not recommended

Hydrocodone8 (in Lortab,

others)11

30 mg every 3–4 hours Not available 10 mg every 3–4 hours;

$0.41/5 mg

Not available 0.2 mg/kg

every 3–4

hours

Not available

Oxycodone10 (in Percodan,

others)11

30 mg every 3–4 hours Not available 10 mg every 3–4 hours;

$0.08/5 mg

Not available 0.2 mg/kg

every 3–4

hours

Not available

Combination Opioid Agonist–Norepineprine Reuptake Inibitor Preparations

Tapentadol (Nucynta) Not known Not known Start 50–100 mg once, may repeat

dose in 1 hour. Can increase to

50–100 mg every 4 hours. Maxi-

mum daily dose 600 mg;

$14.36/100 mg.

Not available  Not available

Tapentadol, extended

release (Nucynta ER)

Not known Not known Start 50 mg orally every 12 hours.

Can increase by 50-mg incre-

ments twice daily every 3 days

to dose of 100–250 mg twice

daily; $18.36/100 mg.

Not available  Not available

Table 5–6. Opioids.

Medication

Approximate Equianalgesic Dose (compared to morpine

30 mg orally or 10 mg intravenously/subcutaneously)1

Usual Starting Dose

Adults ≥ 50 kg Body Weigt Adults < 50 kg Body Weigt

Oral Parenteral Oral Parenteral Oral Parenteral
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Tramadol (Ultram) Not known Not known Start 25 mg orally daily. Can

increase by 25 mg every 3 days

to 25 mg orally 4 times daily,

then may increase by 50 mg/day

every 3 days to 100 mg orally 4

times daily. Limit of 300 mg/day

in patients > 75 years old;

$0.83/50 mg.

Not available  Not available

1Published tables vary in the suggested doses that are equianalgesic to morphine. Clinical response is the criterion that must be applied for each patient; titration to clinical efficacy is necessary.

Because there is not complete cross-tolerance among these drugs, it is usually necessary to use a lower than equianalgesic dose initially when changing drugs and to retitrate to response.
2Conversion is conservative; therefore, do not use these equianalgesic doses for converting back from fentanyl patch to other opioids because they may lead to inadvertent overdose. Patients may

require breakthrough doses of short-acting opioids during conversion to transdermal fentanyl.
3Several significantly more potent formulations of buprenorphine are available but generally reserved for the treatment of opioid use disorder with or without comorbid constant pain, most often by

pain management specialists: a sublingual tablet (Subutex and others) or a sublingual film (Suboxone and others) in which the buprenorphine is combined with naloxone; a subdermal implant of

buprenorphine alone (Probuphine); and a subcutaneous depot injection (Sublocade). Each of these is used in maintenance treatment to reduce problematic use of other opioids. See text.
4In opioid-experienced patients, taper current opioids to 30 mg/day oral morphine equivalent prior to starting buprenorphine. Thereafter, buprenorphine dosing schedule depends on prior current

oral morphine equivalent:

< 30 mg/day, 75 mcg buccally every 12 hours;

30–89 mg/day, 150 mcg buccally every 12 hours;

90–160 mg/day, 300 mcg buccally every 12 hours;

In all patients, use same dose escalation and maximum dose as shown for opioid-naïve patients.
5Caution: For morphine, hydromorphone, and oxymorphone, rectal administration is an alternative route for patients unable to take oral medications. Equianalgesic doses may differ from oral and

parenteral doses. A short-acting opioid should normally be used for initial therapy.
6Not recommended for chronic pain. Doses listed are for brief therapy of acute pain only. Switch to another opioid for long-term therapy.
7Methadone conversion varies depending on the equivalent total daily dose of morphine. Consult with a pain management or palliative care expert for conversion.
8Caution: Recommended doses do not apply to adult patients with kidney or liver impairment or other conditions affecting drug metabolism.
9Caution: Individual doses of codeine above 60 mg often are not appropriate because of diminishing incremental analgesia with increasing doses but continually increasing nausea, constipation, and

other side effects.
10Caution: Doses of aspirin and acetaminophen in combination products must also be adjusted to the patient’s body weight.
11Caution: Monitor total acetaminophen dose carefully, including any OTC use. Total acetaminophen dose maximum 3 g/day. If liver impairment or heavy alcohol use, maximum is 2 g/day. Available

dosing formulations of these combination medications are being adjusted to reflect increased caution about acetaminophen toxicity. Acetaminophen doses in a single combination tablet or capsule

will be limited to no more than 325 mg.

Note: Average wholesale price (AWP, generic when available) for quantity listed. Source: IBM Micromedex Red Book (electronic version) IBM Watson Health. Greenwood Village, CO, USA. Available at

https://www.micromedexsolutions.com, accessed March 27, 2021. AWP may not accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.
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Table 5–7. Opioids advantages and disadvantages.

Medication Potential Advantages Potential Disadvantages

Opioid Agonists

Buprenorphine transdermal (BuTrans) 7-day analgesia; may be initiated in opioid-

naïve patients with 5 mcg/h.

Can titrate up dose by 5 mcg/h after 72 hours,

to a maximum dose of 20 mcg/h.

Buprenorphine sublingual (Belbuca)  Used by pain management specialists.

Do no cut, chew, swallow strip. Taper slowly to

discontinue.

Use lowest effective dose, shortest effective treat-

ment duration. Titrate slowly in patients age

> 65 years.

Fentanyl Possibly less neuroexcitatory effects, including

in kidney failure.

Fentanyl oral transmucosal (Actiq);

buccal (Fentora)

For pain breaking through long-acting opioid

medication.

Transmucosal and buccal formulations are not

bioequivalent; there is higher bioavailability in

buccal formulation.

Fentanyl transdermal Stable medication blood levels. Not for use in opioid-naïve patients. Minimum

starting dose is 25 mcg/h patch in patients who

have been taking stable dose of opioids for at

least 1 week at the equivalent of at least 60 mg/

day of oral morphine.

Hydrocodone, extended release

(Zohydro ER)

Available as an extended-release formulation

without acetaminophen.

Hydromorphone (Dilaudid) Similar to morphine. Available in injectable

high-potency preparation, rectal

suppository.

Short duration.

Hydromorphone extended release

(Exalgo)

Similar to morphine. Taper dose 25–50% every 2–3 days to 8 mg/day

to discontinue.

Levorphanol Longer acting than morphine sulfate.

Meperidine (Demerol) Use only when single-dose, short-duration

analgesia is needed, as for outpatient proce-

dures like colonoscopy. Not recommended

for chronic pain or for repeated dosing.

Short duration. Normeperidine metabolite accu-

mulates in kidney failure and other situations,

and in high concentrations may cause irritability

and seizures.

Methadone (Dolophine, others) Somewhat longer acting than morphine. Use-

ful in cases of intolerance to morphine.

May be particularly useful for neuropathic

pain. Available in liquid formulation.

Analgesic duration shorter than plasma duration.

May accumulate, requiring close monitoring

during first weeks of treatment. Equianalgesic

ratios vary with opioid dose. Risk of QT prolon-

gation at doses > 100–150 mg/day. Baseline

ECG recommended.

Morphine immediate release

(morphine sulfate tablets,

Roxanol liquid)

Standard of comparison; multiple dosage

forms available.

No unique problems when compared with other

opioids.

Active metabolite accumulates in kidney

dysfunction.

Morphine extended release (Kadian) Once-daily dosing possible.

Oxycodone (Roxicodone, OxyIR) Similar to morphine.

Oxycodone controlled release

(Oxycontin)

Physical and chemical pill formulation to deter

misuse (injection or intranasal administration).

Oxymorphone oral, immediate

release (Opana)

Taking with food can increase serum levels by 50%.

Equianalgesic dosing conversion range is wide.

Combination Opioid Agonist–Nonopioid Preparations

Codeine (with aspirin or

acetaminophen)

Similar to morphine. Closely monitor for efficacy as patients vary in their

ability to convert the prodrug codeine to

morphine.

(continued)
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Table 5–7. Opioids advantages and disadvantages.

Medication Potential Advantages Potential Disadvantages

Hydrocodone (in Lortab, others)  Combination with acetaminophen limits dosage

titration.

Oxycodone (in Percodan,

Percocet, and others)

Similar to morphine. Combination with aspirin and acetaminophen

limits dosage titration.

Combination Opioid Agonist–Norepineprine Reuptake Inibitor Preparations

Tapentadol (Nucynta)  Avoid in severe kidney or liver impairment.

Tapentadol, extended release

(Nucynta ER)

Avoid in severe kidney or liver impairment.

Tramadol (Ultram)  If creatinine clearance < 30, limit to 200 mg/day;

with cirrhosis, limit to 100 mg/day.

Also in 2016, the US Surgeon Generl directly ppeled
to prescribing physicins to focus on cobting the opi-
oid epideic nd issued  report titled “Fcing Addiction
in Aeric” (https://ddiction.surgeongenerl.gov/sites/
defult/files/surgeon-generls-report.pdf). The CDC
lter issued  follow up clrifiction to their guidelines to
encourge clinicins nd insurers to void the unin-
tended consequence of denying opioids to ptients with
cncer, sickle cell disese, nd other conditions not tr-
geted in the guidelines for chronic, noncncer pin. As of
lte 2020, experts recoend prescribing  liited sup-
ply of opioids to ptients with severe, cute pin (frc-
ture, postopertive), voiding initition of opioids for
chronic noncncer pin, creful onitoring of ptients
lredy on opioid therpy for chronic noncncer pin,
nd evidence-bsed tretent of opioid use disorder if it
is dignosed.

Tking the pproch of crefully evluting benefits nd
risks in individul cses llows the opportunity for shred
decision king between ptient nd clinicin. Clinicl
trils do suggest ore hrs thn benefits for the popul-
tion of people prescribed opioids for chronic noncncer
pin. Observtionl dt indicte tht when ptients tking
high doses of opioids long-ter reduce their doses, their
pin does not get worse nd y ctully iprove. It is
incubent upon the clinicin to provide frnk dvice to
ptients prescribed long-ter opioids for chronic noncn-
cer pin nd to offer sfer lterntives when the benefit is
insufficient or the risks re too high.

B. Assessing Benefits of Opioids

Opioids hve long been known to be effective in nging
cute pin. The potentil benefits of dily opioid therpy
for ptients with chronic noncncer pin re less ipres-
sive. For exple, reserch deonstrtes tht the benefi-
cil effect of opioids for chronic noncncer pin is odest
in gnitude nd liited in durtion. No esures hve
been identified to predict  good response. For ptients
lredy receiving dily, long-ter opioid therpy, clini-
cins should discuss these odest benefits to help
set relistic gols of therpy (eg, oving fro n verge
pin level of  “7” to  “4”) (see Tble 5–4). Mny experts

recoend developing  specific gol of iproved func-
tion (eg, return to work or to n exercise regien) nd
trcking the ptient’s progress towrd chieving this gol.

For the ny ptients who do not hve specific esur-
ble gols, onitoring response to tretent over tie cn
be difficult. A useful trcking esure derived fro the
Brief Pin Inventory nd vlidted for use in priry cre
is the “PEG,” which directs ptients to quntify on  scle
of 0–10 the following three outcoes over the lst week:
verge pin intensity, how uch the pin hs ffected
their enjoyent of life, nd how uch their pin hs
ipcted their generl ctivity. Ptients who do not prog-
ress towrd their gol or whose PEG scores rein high
over tie re not responding to opioids, nd clinicins
should reconsider the originl dignosis nd use other
odlities (both phrcologic nd nonphrcologic)
to provide nlgesi. Without  cler nlgesic benefit fro
opioids for chronic noncncer pin, the risks predointe,
nd the ineffective therpy should be discontinued in 
ptient-centered nner.

C. Formulations and Regimens

Full opioid gonists such s orphine, hydroorphone,
oxycodone, ethdone, fentnyl, hydrocodone, trdol,
nd codeine re used ost coonly (Tble 5–6). Hydro-
codone nd codeine re typiclly cobined with cet-
inophen or n NSAID, lthough cetinophen in
these cobintions is restricted to 300–325 g per unit
dose due to the risk of heptotoxicity. Extended-relese
hydrocodone without cetinophen is lso vilble.
Short-cting forultions of orl orphine sulfte (strt-
ing dosge 4–8 g orlly every 3–4 hours), hydroor-
phone (1–2 g orlly every 3–4 hours), or oxycodone
(5 g orlly every 3–4 hours) re useful for severe cute
pin not controlled with other nlgesics. The trnsuco-
sl interedite-relese fentnyl products, such s orl
trnsucosl fentnyl (200 cg orlet dissolved in the
outh) or buccl fentnyl (100 cg dissolved in the
outh), cn be used for treting ptients with cancer pain
tht breks through long-cting edictions, or it cn be
dinistered before ctivity known to cuse ore pin
(such s burn wound dressing chnges).

(continued)
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Clinicins prescribing opioids ust understnd the
concept of equianalgesic dosing. The dosges of ny full
opioid gonists used to control pin cn be converted into
n equivlent dose of ny other opioid. This pproch is
helpful in estiting the pproprite dose of  long-cting
opioid bsed on the ount of short-cting opioid required
over the preceding dys. For exple, 24-hour opioid
requireents estblished using short-cting opioid edi-
ctions cn be converted into equivlent dosges of long-
cting edictions or forultions. Cross-tolernce is
often incoplete, however, so generlly only two-thirds to
three-qurters of the full, clculted equinlgesic dosge
is dinistered initilly when switching between opioid
forultions.

For chronic stble cancer pin, long-acting medications
re preferred, such s orl sustined-relese forultions of
orphine (one to three ties  dy), hydroorphone (once
dily), oxyorphone (two ties  dy), oxycodone (two or
three ties  dy), hydrocodone (two ties  dy), or
ethdone (three or four ties  dy), ll of which hve
long hlf-lives. However, in chronic noncancer pin, long-
cting full opioid gonists increse risks of copliction
(see section Coon Side Effects of Opioids, below) with-
out deonstrble iproveent in pin control.

The prtil gonist buprenorphine is effective in the
tretent of oderte to severe chronic pin nd is vil-
ble in prenterl, trnsderl, nd buccl forultions.
Attrctive benefits of buprenorphine copred to other
opioids include its long hlf-life, lower risk of sedtion nd
respirtory depression during tretent, nd lower likeli-
hood of withdrwl upon discontinution. When using
forultions indicted for pin, the risk of the prtil go-
nist precipitting withdrwl is low, nd other opioids y
still be used in conjunction s needed.

The parenteral forultion of buprenorphine
(Buprenex) cn be used for ore cute pin in settings
where ore rpid onset or higher pek is required. The
usul dosges re 300 cg intrvenously once (y be
repeted once fter 30–60 inutes) or s 600 cg intrus-
culrly once. The transdermal patch of buprenorphine
(BuTrns) is vilble in dosges of 5, 10, nd 20 cg/h. The
buccal buprenorphine strip forultion (Belbuc) is soe-
ties used by pin ngeent specilists for oderte to
severe constnt pin. It cn be ore frequently uptitrted
since it is given twice dily. Depending on the ptient’s cur-
rent opioid usge, it cn be strted t 75–300 cg once or
twice dily, then esclted by 150- to 450-cg doses twice
dily to  xiu of 900 cg twice dily.

In ddition, buprenorphine coes in significntly ore
potent forultions generlly reserved for the tretent of
opioid use disorder with or without coorbid constnt
pin:  sublingual tablet (Subutex nd others),  sublin-
gual film (Suboxone nd others) in which the buprenor-
phine is cobined with nloxone,  subdermal implant of
buprenorphine lone (Probuphine), nd subcutaneous
depot injections (Sublocde, Brixdi). These re used in
intennce tretent to reduce probletic use of other
opioids but should be considered for off-lbel nlgesic use
in ptients who hve been intined on high doses of

other opioids, lthough observtionl evidence indictes
tht ost ptients experience iproveent in their pin
control fter trnsition.

Methadone deserves specil considertion ong the
long-cting opioids becuse it is inexpensive, vilble in 
liquid forultion, nd y hve dded efficcy for neuro-
pthic pin. However, equinlgesic dosing is coplex
becuse it vries with the ptient’s dose, nd cution ust
be used t higher ethdone doses (generlly ore thn
100–150 g/dy) becuse of the risk of QT prolongtion.
These dditionl risks hve led ny guidelines to reco-
end ginst the prescription of ethdone by nonexperts,
except t the end of life where cofort is the only gol.

Transdermal fentanyl is only pproprite to use with
ptients lredy tolernt to other opioids for t lest 1 week
t  dose equivlent to t lest 60 g/dy of orl orphine
(equivlent to  trnsderl fentnyl 25 cg/h ptch
pplied topiclly every 72 hours). Therefore, it should not
be used in the postopertive setting. It should not be the
first opioid used with ny ptient. Since trnsderl fen-
tnyl cn require 24–48 hours to chieve  phrcologic
“stedy stte,” ptients should be wened off their current
opioid nd given short-cting opioids while witing the
full nlgesic effect of  newly prescribed trnsderl fen-
tnyl ptch. Chnges in dose of trnsderl fentnyl
should be de no ore frequently thn every 6 dys.

While soe clinicins inexperienced with the nge-
ent of severe pin t the end of life y be ore cofort-
ble prescribing cobined nonopioid-opioid gents, full
gonist opioids re typiclly  better choice in ptients with
such severe pin becuse the dose of opioid is not liited
by the toxicities of the cetinophen, spirin, or NSAID
coponent of cobintion preprtions. In end-of-life
cre, there y be no xil llowble or effective dose
for full opioid gonists, but for ptients with longer life
expectncy or for ptients suffering fro chronic noncn-
cer pin, expert guidelines recoend voiding long-ter
opioids when possible, nd liiting totl dily dose to less
thn the equivlent of 90 g of orphine. When titrting,
clinicins should confir tht incresing doses of opioid
provide dditionl pin relief nd reeber tht not ll
pin is opioid sensitive nd tht certin types of pin, such
s neuropthic pin, y respond better to gents other
thn opioids, or to cobintions of opioids with conlge-
sic edictions for neuropthic pin (see below).

In cncer pin, filure of  previously effective opioid
dose to dequtely relieve the pin is usully due to wors-
ening of the underlying condition, such s cncer growth
or new etstsis. In this cse, for oderte unrelieved
pin, the dose of opioid cn be incresed by 25–50%. For
severe unrelieved pin, incresing by 50–100% y be
pproprite. The frequency of dosing should be djusted so
tht pin control is continuous. Long-ter dosing y
then be djusted by dding the verge dily ount of
short-cting opioid necessry for brekthrough pin over
the preceding 72–96 hours to the long-cting ediction
dose. In estblishing or reestblishing dequte dosing,
frequent ressessents of the ptient’s pin nd ediction
side effects re necessry.
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In noncncer pin, indequte pin relief is not neces-
srily ssocited with worsening disese. Clinicins should
evlute with creful physicl exintion nd judicious
use of dvnced iging tests; they should reconsider the
success of the opioid in nging the pin condition. For
such ptients tking long-ter opioid therpy, the dose
increses described bove would be inpproprite.

D. Common Side Effects of Opioids

At higher doses or with long-ter use of opioids, ptients
y experience incresing difficulty with the side effects.
Opioid-relted constipation should be nticipted nd
prevented in ll ptients. Constiption is coon t ny dose
of opioid, nd tolernce to this side effect does not develop
over tie. Prescribing  bowel regien (see Chpter 15) to
 ptient tking opioids long ter is  qulity of cre e-
sure supported by the Ntionl Qulity Foru.

Sedation cn be expected with opioids, lthough toler-
nce to this effect nd to side effects other thn constip-
tion typiclly develops within 24–72 hours t  stble dose.
Sedtion typiclly ppers well before significnt respir-
tory depression. If tretent for sedtion is desired, dex-
trophetine (2.5–7.5 g orlly t 8 am nd noon) or
ethylphenidte (2.5–10 g orlly t 8 am nd noon) y
be helpful. Cffeinted beverges cn lso eliorte
inor opioid sedtion. For ptients with noncncer pin
who experience sedtion, decresing the vilble dose is
recoended.

Opioid-induced neurotoxicity, including yoclonus,
hyperlgesi, deliriu with hllucinosis, nd seizures, y
develop in ptients who tke high doses of opioids for 
prolonged period. Opioid-induced hyperlgesi ppers to
be  result of chnges in both the peripherl nd centrl
nervous systes such tht typiclly benign or even sooth-
ing stiuli (eg, light ssge) y be perceived s pinful
(llodyni); incresing the opioid dose y excerbte the
proble. Opioid-induced neurotoxicity syptos typi-
clly resolve fter lowering the dose or switching opioids
(“opioid rottion”). While witing for the level of the
offending opioid to fll in ptients receiving end-of-life
cre, low doses of clonzep, bclofen, or gbpentin
y be helpful for treting yoclonus; hloperidol y be
useful for treting deliriu. Avoiding or correcting dehy-
drtion y be helpful for voiding opioid-induced
neurotoxicity.

Nausea y occur with initition of opioid therpy nd
resolve fter  few dys. Notbly, unrelieved constiption
y be  ore likely cuse of nuse in the setting of opi-
oid use thn opioid-induced nuse. Severe or persistent
nuse despite tretent of constiption cn be nged
by switching opioids or by giving hloperidol, 0.5–4 g
orlly, subcutneously, or intrvenously every 6 hours or
prochlorperzine, 10 g orlly or intrvenously or 25 g
rectlly every 6 hours. Ondnsetron, 4–8 g orlly or
intrvenously every 6 hours, lso relieves nuse but cn
contribute to constiption. Mirtzpine nd edicl cn-
nbis y ech hve  role in treting opioid-induced
nuse. Most ntieetic tretents cn contribute to
sedtion.

The risk of respiratory depression with opioids y be
decresed by inititing the opioid drug t  low dose nd
titrting it upwrd slowly, tking dvntge of physiologic
tolerance. Ptients t prticulr risk for respirtory depres-
sion include those with obstructive or centrl sleep pne,
chronic obstructive pulonry disese, nd bseline CO

2

retention; those with liver or kidney or cobined liver-
kidney filure; nd those with drenl insufficiency or
frnk yxede. Yet, even ptients with severe pulonry
disese nd obstructive sleep pne cn tolerte low-dose
opioids, lthough these ptients should be onitored
crefully. Hospitlized ptients with these conditions who
require incresed doses of opioids should be onitored
with continuous pulse oxietry.

While physiologic tolerance (requiring incresing dos-
ge to chieve the se nlgesic effect) nd dependence
(requiring continued dosing to prevent syptos of edi-
ction withdrwl) re expected with regulr opioid use,
the use of opioids t the end of life for relief of pin nd
dyspne is not generlly ssocited with  risk of psycho-
logicl addiction (use of  substnce despite negtive
helth or socil consequences, crvings to use  substnce,
copulsive use or loss of control over level or durtion of
use). If opioid use disorder is dignosed in  ptient, then
the pproprite tretent is opioid gonist therpy with
either ethdone or buprenorphine, often ccopnied
by psychosocil interventions. Ptients with opioid use
disorder or other substnce use disorders y need pin
relief nd y benefit fro dditionl opioids, but their
pin control will be indequte without proper tretent
of the substnce use disorder. Incresingly, clinicins re
recognizing  for of “refrctory” or “coplicted” physi-
cl dependence—without behviors typicl of ddiction—
s nother copliction ssocited with longer durtion of
opioid nd higher dose.

Additionl dverse side effects of long-ter opioid use
include hypogonadism, falls, fractures, nd difficult
interactions with the health care system. Finlly, diver-
sion of ediction fro ptients to who they re pre-
scribed into other hnds is n dditionl risk tht ust be
considered when prescribing long-ter opioids. Diver-
sion cn represent opportunis, eg, when  ptient sells
ediction in order to ke oney. In ddition, fily
ebers (including children), cquintnces, or strngers
y stel or extort ediction for their own use or on-
etry gin.

E. Limiting Risks of Opioids

A nuber of interventions hve been used in n effort to
liit the risks of opioids for ptients with chronic noncn-
cer pin, but dt deonstrting the effectiveness of such
esures re liited. At the popultion level, reductions in
ortlity fro prescription drug overdose hve been sso-
cited with reductions in the nuber of prescriptions for
opioids. Nevertheless, nerly ll edicl society consensus
pnels nd expert guidelines recoend using risk ssess-
ent tools, ptient-provider greeents, urine drug test-
ing, dose liittions, liits on the use of soe edictions,
nd ediction tretents of opioid use disorder.
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1. Risk assessment tool—No highly predictive odels
dequtely predict hrs or benefits fro long-ter opi-
oids for chronic noncncer pin. Nevertheless, ost pub-
lished guidelines recoend using n instruent like the
Opioid Risk Tool (vilble t https://www.drugbuse.gov/
sites/defult/files/files/OpioidRiskTool.pdf) to deterine
how closely to onitor ptients who re receiving opioids
long ter, or whether to offer long-ter opioids t ll.

2. Patient-provider agreements—These docuents of
infored consent hve  odest effect, with  7–23%
reduction in berrnt behviors reported. They do repre-
sent n opportunity for the clinicin to discuss explicitly
the risks nd benefits of opioids for chronic noncncer
pin, protocols nd procedurl requireents for refills nd
onitoring, nd consequences of worrisoe behviors.

3. Urine drug testing—Urine drug testing is  toxicology
tool borrowed fro ddiction tretent progrs with
gols of liiting diversion nd identifying risky secondry
drug use. Guidelines recoend ore frequent urine
drug testing with ny incresed risk s deterined by dose,
risk ssessent tool, or recent behvior. It is ipertive
tht clinicins choose the tests ppropritely nd under-
stnd the liittions of toxicology testing when using this
tool. Universl testing is recoended, given provider
inbility to judge isuse of ediction nd docuented
rcil bises in onitoring.

4. Dose limitations—Risk of overdose increses pproxi-
tely linerly with dose in observtionl studies. The
CDC considers doses bove the equivlent of 50 g of
orphine per dy to be risky, nd specificlly recoends
ginst prescribing ore thn 120 g of orphine per dy.
To void withdrwl, clinicins ust be cutious when
tpering  ptient’s long-ter dose. No dt support one
tpering regien over nother, but for ptients tking opi-
oids for yers, the CDC recoends no ore thn 
onthly decrese of 10% of the originl dily dose.

5. Special medication limitations—Mny guidelines reco-
end tht the prescription of ethdone nd fentnyl be
liited to pin ngeent, ddiction, or pllitive cre
specilists. Becuse of the incresing incidence of opioid over-
doses, recent professionl guidelines recoend ginst
concurrent prescription of opioids with benzodizepines.

6. Antidote to overdose—Distributing nloxone,  quick-
onset opioid-receptor ntgonist, hs long been known to
reduce overdose deths in people who use heroin. More
recently, prescribing nloxone to ptients tking opioids
for chronic noncncer pin hs been deonstrted to
reduce rtes of opioid overdose deths. Educting both
ptients nd their cregivers on the use of “rescue” nlox-
one is iportnt, since those experiencing sedtion nd
respirtory suppression fro opioid overdose will not be
ble to self-dinister the nloxone. In ddition to pre-
loded needle-tipped syringes, intrnsl nd intruscu-
lr utoinjector nloxone preprtions re pproved for
sle in the United Sttes, where n incresing nuber of
sttes uthorize phrcies to dispense nloxone in the
bsence of  prescription. CDC guidelines recoend,

nd soe stte lws require, prescribing nloxone for ny
ptient with history of overdose, substnce use disorder,
concoitnt benzodizepine use, or dily doses bove
50 g orphine equivlent.

7. Medication treatment of opioid use disorder—Soe
ptients who hve been treted with long-ter opioids will
develop n opioid use disorder, nd when this dignosis is
de, their opioid ngeent should trnsition to
pproprite tretent with ethdone or buprenorphine
intennce. Both of these options hve deonstrted 
ortlity benefit for ptients with opioid ddiction.
Depending on jurisdiction, restrictions on how these—or
other opioid gonist—tretents re delivered will pply.

Bldwin GT et l. Continued increses in overdose deths
relted to synthetic opioids: iplictions for clinicl prctice.
JAMA. 2021;325:1151. [PMID: 33571368]

George B et l. Opioids in cncer-relted pin: current sitution
nd outlook. Support Cre Cncer. 2019;27:3105. [PMID:
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Mckey K et l. Benefits nd hrs of long-ter opioid dose
reduction or discontinution in ptients with chronic pin: 
rpid review. J Gen Int Med. 2020;35:935. [PMID: 33145689]

Olsen Y et l. Overcoing brriers to tretent of opioid use
disorder. JAMA. 2021;325:1149. [PMID: 33630021]

Tucker HR et l. Hrs nd benefits of opioids for ngeent
of non-surgicl cute nd chronic low bck pin:  systetic
review. Br J Sports Med. 2020;54:664. [PMID: 30902816]

Weier MB et l. Reoving one brrier to opioid use
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» Medications for Neuropathic Pain

When tking  ptient’s history, listening for pin descrip-
tions such s “burning,” “shooting,” “pins nd needles,” or
“electricity,” nd for pin ssocited with nubness is
essentil becuse such  history suggests neuropthic pin.
Studies re ixed with regrd to efficcy of opioids for
neuropthic pin. However,  nuber of nonopioid edi-
ctions hve lso been found to be effective in rndoized
trils (Tble 5–8). Successful ngeent of neuropthic
pin often requires the use of ore thn one effective
ediction. Since these edictions bind to receptors on 
lrge vriety of neurons, they often hve centrl nervous
syste side effects. These side effects often liit reching
therpeutic doses nd y be the reson for higher nu-
bers needed to tret (NNT 4–7) s copred to NSAIDs
(NNT 2–4) (Tble 5–9).

The clciu chnnel lph2-delt lignds, gbpentin
nd pregblin, re first-line therpies for neuropthic
pin. Both edictions hve no significnt ediction
interctions. However, they cn cuse sedtion, dizziness,
txi, nd gstrointestinl side effects. Both gbpentin
nd pregblin require dose djustents in ptients with
kidney dysfunction. Gbpentin should be strted t low
dosges of 100–300 g orlly once dily nd titrted
upwrd by 300 g/dy every 4–7 dys by dding dditionl
doses throughout the dy with  typicl effective dose of
1800–3600 g/dy in three divided doses. Pregblin
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Table 5–9. Medications used for treatment of peripheral
neuropathic pain.

Type of Medication

Numbers Needed to Treat

(NNT) for Periperal Neurop-

aties Compared to NSAIDs

Tricyclic antidepressants 2.1

Opioids 2.6

Cannabinoids 3.4

Pregabalin 4.5

Tramadol 4.9

Duloxetine 5.1

Capsaicin 0.04% 6.2

Gabapentin 6.5

SSRIs 6.8

NSAIDs, nonsteroidal anti-inflammatory drugs; SSRIs, selective sero-

tonin reuptake inhibitors.

Data from Moulin D et al; Canadian Pain Society. Pharmacological

management of chronic neuropathic pain: revised consensus state-

ment from the Canadian Pain Society. Pain Res Manag. 2014;19:328.

Table 5–8. Pharmacologic management of neuropathic pain.

Medication1 Starting Dose Typical Dose

Antidepressants2

Nortriptyline 10 mg orally at bedtime 10–150 mg orally at bedtime

Amitriptyline 10 mg orally at bedtime 10–150 mg orally at bedtime

Desipramine 12.5 mg orally at bedtime 12.5–250 mg orally at bedtime (can be divided into

two doses)

Calcium Cannel Alpa2-Delta Ligands

Gabapentin3 100–300 mg orally once to three times daily 300–1200 mg orally three times daily

Pregabalin4 50 mg orally three times daily 50–150 mg orally three times daily

Selective Serotonin Norepineprine Reuptake Inibitors

Duloxetine 30–60 mg orally daily or 20 mg orally twice daily in elders 60–120 mg orally daily

Venlafaxine5 75 mg orally daily divided into two or three doses 150–225 mg orally daily divided into two or three

doses

Opioids (see Table 5–6) (see Table 5–6)

Topical and Oter Medications

Lidocaine transdermal 4% or 5% patch applied daily, for a maximum of 12 hours 1–3 patches applied daily for a maximum of 12 hours

Diclofenac transdermal 1.3% patch or 1% gel Patch applied twice daily or gel applied three times

daily

Tramadol

hydrochloride6

50 mg orally four times daily 100 mg orally two to four times daily

1Begin at the starting dose and titrate up every 4 or 5 days. Within each category, drugs listed in order of prescribing preference.
2Begin with a low dose. Use the lowest effective dose. Pain relief may be achieved at doses below antidepressant doses, thereby minimizing

adverse side effects. Do not combine with serotonin or norepinephrine reuptake inhibitors.
3Common side effects include nausea, somnolence, and dizziness. Must adjust dose for kidney impairment.
4Common side effects include dizziness, somnolence, peripheral edema, and weight gain. Must adjust dose for kidney impairment.
5Caution: Can cause hypertension and ECG changes. Consider obtaining baseline ECG and monitor.
6Tramadol is classified by the DEA as a Schedule IV controlled substance.

should be strted t 40–150 g/dy in two or three divided
doses. If necessry, the dose of pregblin cn be titrted
upwrd to 300–600 g/dy in two or three divided doses.
Both edictions re reltively sfe in ccidentl overdose
nd y be preferred over tricyclic ntidepressnts (TCAs)
for  ptient with  history of hert filure or rrhythi or
if there is  risk of suicide. Prescribing both gbpentin nd
n opioid for neuropthic pin y provide better nlge-
si t lower doses thn if ech is used s  single gent.

The serotonin norepinephrine reuptke inhibitors
(SNRIs) duloxetine nd venlfxine re lso first-line tret-
ents for neuropthic pin. Ptients should be dvised to
tke duloxetine on  full stoch becuse nuse is  co-
on side effect. Duloxetine y provide incresed benefit
for neuropthic pin up to  totl dily dose of 120 g,
beyond the 60-g liit used for depression. Duloxetine
generlly should not be cobined with other serotonin or
norepinephrine uptke inhibitors, but it cn be cobined
with gbpentin or pregblin. Lower doses of venlfxine
hve ore serotonin thn norepinephrine ctivity; there-
fore, higher doses y be required to tret neuropthic
pin. Becuse venlfxine cn cuse hypertension nd
induce ECG chnges, ptients with crdiovsculr risk
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fctors should be crefully onitored when strting this
ediction. Desvenlfxine, the ctive etbolite of venl-
fxine, is lso vilble nd y be tolerted better thn
venlfxine.

TCAs re nother clss of edictions for neuropthic
pin tht work through the norepinephrine nd serotonin
pthwys. Aong the TCAs tht re effective for neuro-
pthic pin, nortriptyline nd desiprine re preferred
over itriptyline becuse they cuse less orthosttic
hypotension nd hve fewer nticholinergic effects. Strt
with  low dosge (10–25 g orlly dily) nd titrte
upwrd in 10-g increents every 4 or 5 dys iing to
use the lowest effective dose nd to titrte up to  xi-
u of no greter thn 100 g dily. It y tke severl
weeks for  TCA to hve its full nlgesic effect for neuro-
pthic pin. Becuse TCAs nd SNRIs both work through
the serotonin nd norepinephrine pthwys, they generlly
should not be co-prescribed, prticulrly due to concerns
for the serotonin syndroe.

Topicl edictions, such s lidocine 5% ptch nd
cpsicin 8% ptches, re considered second-line therpies.
The lidocine 5% ptch is prticulrly effective in posther-
petic neurlgi nd y be effective in other types of locl-
ized neuropthic pin. Due to its reltively inil dverse
effects, it is coonly used despite being considered sec-
ond line. Topicl lidocine 4% ptches nd cre re vil-
ble over the counter. Other edictions effective for
neuropthic pin include trdol nd tpentdol, both of
which re opioids with norepinephrine ctivity. Medicl
cnnbis strins high in cnnbidiol hve proven efficcy
for soe types of neuropthic pin.

Alles SRA et l. Etiology nd phrcology of neuropthic pin.
Phrcol Rev. 2018;70:315. [PMID: 29500312]

Szok D et l. Therpeutic pproches for peripherl nd centrl
neuropthic pin. Behv Neurol. 2019;2019:8685954. [PMID:
31871494]

» Adjuvant Pain Medications & Treatments

If pin cnnot be controlled without intolerble ediction
side effects, clinicins should consider using lower doses of
ultiple edictions, which is done coonly for neuro-
pthic pin, rther thn lrger doses of one or two
edictions.

For etsttic bone pin, the nti-infltory effect
of NSAIDs cn be helpful. Furtherore, bisphosphontes
(such s pidronte nd zoledronic cid) nd receptor
ctivtor of NF-kpp-B lignd (RANKL) inhibitors (such
s denosub) y relieve such bone pin, lthough they
re generlly ore useful for prevention of bone etst-
ses thn for nlgesi.

Corticosteroids, such s dexethsone, prednisone,
nd ethylprednisolone, cn be helpful for ptients with
hedche due to incresed intrcrnil pressure, pin
fro spinl cord copression, etsttic bone pin, nd
neuropthic pin due to invsion or infiltrtion of nerves
by tuor. Becuse of the side effects of long-ter cortico-
steroid dinistrtion, they re ost pproprite for
short-ter use nd in ptients with end-stge disese.
Low-dose intrvenous, orl, buccl, nd nsl ketine

hs been used successfully for neuropthic nd other pin
syndroes refrctory to opioids, lthough reserch dt
re liited.

Michelet D et l. Ketine for chronic non-cncer pin:  et-
nlysis nd tril sequentil nlysis of rndoized con-
trolled trils. Eur J Pin. 2018;22:632. [PMID: 29178663]

INTEGRATIVE ThERAPIES & OThER
PAIN MANAGEMENT

Nonphrcologic nd noninterventionl therpies re
vluble in treting pin. In fct, physicl or functionl
therpy nd cognitive behviorl therpy hve been shown
to be the ost effective for ngeent of chronic pin. In
prticulr, cognitive behviorl therpy hs been proven
effective in ultiple rndoized controlled studies s 
priry evidence-bsed tretent for chronic pin. Hot or
cold pcks, ssge, nd physicl therpy cn be helpful
for usculoskeletl pin. Siilrly, integrtive edicine
therpies of cupuncture, chiroprctic cre, biofeedbck,
edittion, usic therpy, guided igery, cognitive dis-
trction, nd fring y be of help in treting pin.
Becuse ood nd psychologicl issues ply n iportnt
role in the ptient’s perception of nd response to pin,
psychotherpy, support groups, pryer, nd pstorl coun-
seling cn lso help in pin ngeent. Depression nd
nxiety, which y be instigted by chronic pin or y
lter the response to pin, should be treted ggressively
with ntidepressnts nd nxiolytics.

Urits I et l. An updte on cognitive therpy for the ngeent
of chronic pin:  coprehensive review. Curr Pin Hedche
Rep. 2019;23:57. [PMID: 31292747]

Zho M et l. Acupressure therpy for cute nkle sprins: 
rndoized clinicl tril. PM R Phys Med Rehb. 2018;10:36.
[PMID: 28634002]

SELECTED INTERVENTIONAL MODALITIES
FOR PAIN RELIEF

Pin ngeent specilists re physicins who hve co-
pleted  residency in nesthesiology, physicl edicine nd
rehbilittion, neurology, internl edicine, eergency
edicine, or psychitry nd usully lso  fellowship in
pin ngeent to lern ediction ngeent nd
interventionl techniques for cute, chronic, nd cncer
pin. Interventionl pin ngeent odlities per-
fored by pin ngeent specilists involve neuro-
odultion of specific trgets to llevite pin. The
procedures they perfor include percutneous needle
injection of locl nesthetics nd/or corticosteroids, rdio-
frequency (therl) lesioning, cryotherpy, cheicl neu-
rolysis, or surgicl iplnttion of intrthecl ediction
delivery pup systes or neurostiultion devices. While
invsive procedures crry their own inherent risks such s
bleeding or infection, they cn drsticlly reduce or even
obvite the need for conventionl phrcologicl ther-
pies tht y hve side effects or be burdensoe to the
individul.
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Table 5–11. Agents used1 in neuromodulatory
therapies.

Voltage-gated sodium cannel blockade—local anestetics

Lidocaine

Mepivacaine

Bupivacaine

Ropivacaine

Corticosteroids

Triamcinolone

Methylprednisolone

Dexamethasone

Opioids

Morphine

Hydromorphone

Fentanyl

Adjuvants

Clonidine

Dexmedetomidine

Others

Cemical neurolysis

Alcohol

Phenol

Glycerol

Termal neurolysis

Radiofrequency ablation

Cryoanalgesia

Neurostimulation

Various patterns, frequency, amplitude, pulse width

1Injected or applied.

List is not comprehensive but includes most commonly used

agents.

For soe ptients,  nerve block, such s  celic plexus
block for pin fro pncretic cncer, cn provide substn-
til relief. Intrthecl pups y be ost useful for
ptients with severe pin responsive to opioids but who
require such lrge doses tht systeic side effects (eg, sed-
tion, urinry retention, nd constiption) becoe liiting.
In the pllitive cre setting, these pups re pproprite
when life expectncy is long enough to justify the disco-
fort nd cost of surgicl iplnttion.

Clinicins do not need to know ll the detils of inter-
ventionl pin procedures but should consider referring
their ptients to pin ngeent specilists if such pro-
cedures y be beneficil. For exple,  coon ques-
tion is whether prolonged opioid therpy with its inherent
risks is better thn n injection or n iplnted device.
Beyond knowing the benefits nd risks, fiscl consider-
tions y be key.

Tbles 5–10 nd 5–11 list the procedures nd the gents
typiclly used in interventionl pin odlities.

INTRATHECAL DRUG DELIVERY SYSTEM

A. Indications

Intrthecl drug delivery therpy is indicted for ptients
with both lignnt nd nonlignnt pin nd hs been
shown to be effective, cost-effective, nd sfe. It is generlly
ccepted tht intrthecl opioids hve  100- to 300-fold

Table 5–10. Interventional techniques for chronic pain
by anatomic location.

Neuraxial

Intrathecal

Epidural (caudal, lumbar, thoracic, cervical; interlaminar vs

transforaminal)

Paraneuraxial (planar blockade)

Paravertebral (intercostal)

Transversus abdominis plane/quadratus lumborum

Pectoralis and serratus anterior

Periperal nerve (perineural blockade)

Brachial plexus and branches

Lumbar plexus and branches

Joints

Intra-articular injections

Joint denervation procedures

Sympatetic ganglion

Gasserian ganglion

Sphenopalatine ganglion

Cervical sympathetic blockade (stellate ganglion)

Lumbar sympathetic blockade

Celiac plexus

Superior hypogastric plexus

Ganglion impar

Continuous neuraxial drug delivery

Epidural (tunneled catheter, port)

Intrathecal (implanted intrathecal pump)

Neurostimulation

Dorsal column stimulation (spinal cord stimulation)

Dorsal root ganglion stimulation

Peripheral nerve or field stimulation

efficcy copred with orl opioids; therefore, the best
cndidtes y be ptients with good nlgesic benefit
fro opioids but burdensoe side effects. Coon
indictions include cncer pin, chronic low-bck pin
(in prticulr, post-linectoy syndroe), coplex
regionl pin syndroe, nd other cuses of neuropthic
pin. In  rndoized controlled tril copring intr-
thecl therpy with coprehensive ediction nge-
ent in cncer pin, intrthecl therpy ws shown to be
superior in both nlgesi s well s to hve fewer side
effects. Due to the cost of iplnting the device s well s
the recovery tie needed fro surgicl iplnttion, it is
recoended tht ptients hve  life expectncy of t
lest 2–3 onths.

B. Procedure

Intrthecl drug delivery systes consist of  pup with 
drug reservoir, typiclly iplnted in the bdoinl wll,
connected to  ctheter tht delivers edictions into the
intrthecl spce. Initil percutneous triling is indicted
for ptients with noncncer or cncer pin; such percut-
neous triling y consist of either epidurl or intrthecl
delivery of bolus or continuous ediction to deterine
efficcy nd side effect profiles of plnned therpeutic
gent(s). Soe cncer ptients y not undergo  tril to
void delying finl iplnttion. Subsequent iplnttion
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of n intrthecl drug delivery syste involves two inci-
sions: one in the spine to ccoodte the ctheter nd
nchor, nd nother in the lower bdoinl region to cre-
te  pocket to hold the pup. The ctheter is tunneled
through the lower bdoinl nd flnk subcutneous tis-
sues to connect to the pup. Both tril nd iplnttion
re typiclly perfored under sedtion with locl nes-
thetic infiltrtion; spinl nesthesi delivered fro the
pup itself cn lso be utilized for pup iplnttion.
Soe ptients y require generl nesthesi to tolerte
the iplnttion procedure.

C. Medications Used

According to the Polynlgesic Conference Consensus
(PACC) guidelines for both lignnt nd nonlignnt
pin, first-line intrthecl delivery edictions include
onotherpy with either orphine or ziconotide,  cl-
ciu chnnel inhibitor. However, the PACC guidelines lso
stte tht de fcto prctice includes cobintion therpy
with opioids (eg, fentnyl, hydroorphone) nd locl nes-
thetic (eg, bupivcine) nd y include other edictions
(eg, bclofen or clonidine). Respirtory depression nd
sedtion re two of the ost concerning side effects of
ny intrthecl edictions. Ziconotide y cuse yo-
sitis nd polyrthrlgis s well s psychitric nd neuro-
logic dverse effects (it is contrindicted in ptients with
preexisting psychosis). Side effects of orphine nd fen-
tnyl include nuse, ede, constiption, urinry reten-
tion, nd pruritus.

D. Advantages and Disadvantages

The in dvntge of intrthecl delivery therpy is
trgeted delivery of ediction to the spinl cord with
incresed efficcy nd diinished side effects copred
with systeic nlgesic edictions. Intrthecl therpy
hs been found to be effective with decresed side effects
nd iproved nlgesi in 80% of cncer ptients. The
incresed efficcy is due to the 100- to 300-fold incresed
concentrtion of intrthecl drug copred with sys-
teic ediction. However, intrthecl therpy requires
regulr pup refills nd y be coplicted by infec-
tions, ctheter or pup lfunctions requiring surgicl
revision, or developent of ctheter tip grnulos,
potentilly leding to indequte nlgesi or neurologic
deficits. Pup btteries y lst fro 5 yers to 10 yers
depending on usge. Ftlities surrounding intrthecl
therpy hve been linked to respirtory depression;
ptients ust be onitored for respirtory depression
or sedtion when inititing or incresing intrthecl
therpeutic gents. Soe intrthecl pups need to be
eptied prior to MRI; due to the gnetic forces of the
MRI, the entirety of the drug reservoir could indver-
tently open. Therefore, it is criticl tht the type of pup
is known prior to plcing the ptient nd pup in n
MRI chine. Additionlly, nticogulnts nd NSAIDs
need to be stopped prior to pup iplnttion nd need
to be held briefly fter the iplnttion s well; this te-
porry cesstion iposes the risk of potentilly cusing
blood clots.

E. Alternatives

For ptients with liited life expectncy, continuous epi-
durl drug delivery vi n externl pup or subcutneous
port y be ore pproprite. Systeic ediction deliv-
ered orlly, intrvenously, topiclly, or even by  subcutne-
ous infusion (s in pllitive cre settings) re lterntives
to intrthecl therpy.

Abd-Elsyed A et l. Intrthecl drug delivery for chronic pin
syndroes:  review of considertions in prctice nge-
ent. Pin Physicin. 2020;23:E591. [PMID: 33185379]

Sindt JE et l. Initition of intrthecl drug delivery drticlly
reduces systeic opioid use in ptients with dvnced cncer.
Neuroodultion. 2020;23:978. [PMID: 32459393]

Sindt JE et l. The rte of infectious coplictions fter intrthe-
cl drug delivery syste iplnt for cncer-relted pin is low
despite frequent concurrent nticncer tretent or leukope-
ni. Anesth Anlg. 2020;131:280. [PMID: 31990731]

Soer B et l. Long-ter outcoe nd dverse events of intr-
thecl opioid therpy for nonlignnt pin syndroe. Pin
Prct. 2020;20:8. [PMID: 31291509]

Spiegel MA et l. Evlution of n intrthecl drug delivery pro-
tocol leds to rpid reduction of systeic opioids in the
oncologicl popultion. J Pllit Med. 2021;24:418. [PMID:
32640912]

SPINAL STIMULATION

A. Indications

Spinl stiultion trgets neuropthic pin in the trunk
nd libs, such s filed bck surgery syndroe, coplex
regionl pin syndroe, nd rdiculopthy. There is lso
growing literture round its use for neuropthic pin
ssocited with cncer.

B. Procedure

Neurostiultion devices consist of n iplntble pulse
genertor typiclly plced in the flnk or bdoen just
under the skin nd n rry of electricl contcts on sll
cylindricl or pddle leds plced in the epidurl spce.
Neurostimulation devices trnsit electricl pulses to the
spinl cord or dorsl root gnglion to block pin trnsis-
sion. Pddle leds require neurosurgicl iplnttion with
linotoy (nd generl nesthesi), while percutneous
wire leds y be iplnted under sedtion. Ptients
undergo  3- to 7-dy tril during which the leds re
ttched to n externl bttery source nd undergo pro-
gring with different pulse wvefors to ssess ther-
peutic efficcy prior to surgicl iplnttion of pernent
leds nd iplntble pulse genertor.

C. Frequencies Used

Trditionl neurostiultion resulted in presthesis tht
were used to sk pin. It ws presued tht these pres-
thesis were the result of stiultion of the dorsl colun
xons. Recent studies hve reveled tht nlgesi cn be
obtined independent of presthesis by ltering  vriety of
spinl cord stiultion preters, including constnt high-
frequency stiultion nd burst high-frequency stiul-
tion. More recent double-blind, rndoized, controlled
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trils hve reveled tht both functionl sttus nd pin
scores could be significntly iproved in spinl cord stiu-
ltion systes tht were cpble of dpting the output to
the ptient’s individul neurl response in  closed loop
fshion. For ore focl neuropthic pin conditions such s
postopertive inguinl nerve injuries or thorcic post her-
petic neurlgis, stiultion of the dorsl root gnglion is
ble to provide focl nlgesi. These newer, ore verstile
systes deliver presthesi-free nlgesi with nlgesic
response rtes tht hve stedily incresed fro bout 50%
with the trditionl devices to bout 80%. The newer devices
lso hve greter longevity nd ost re MRI coptible.

D. Advantages and Disadvantages

Spinl cord stiultion is  reversible technology tht y
provide superior nlgesic efficcy while eliinting the
need for systeic edictions. Current literture suggests
spinl cord stiultion is efficcious in 80–90% of well-
selected ptients, such s those with neuropthic low-bck
pin due to post-linectoy syndroe. In fct, spinl
cord stiultion hs now dvnced to  higher position in
the tretent continuu; it cn be considered before using
long-ter oderte doses of systeic opioids. On the
other hnd, becuse it is  surgicl procedure, it y be
ssocited with coplictions, such s infection, led
igrtion, device lfunction, or neurologic deficits.
While MRIs were contrindicted with soe older sys-
tes, ost newer systes llow for liited MRI iging.
Btteries y require dily chrging but typiclly do not
require replceent for 5–10 yers. Siilr to intrthecl
pups, nticogulnts nd NSAIDs need to be stopped
prior to iplnttion of spinl cord stiultion devices
becuse of the potentil risks (eg, bleeding). The iplnt-
ing surgeon, prescribing physicin, nd ptient need to
discuss the benefits nd risks before proceeding.

E. Alternatives

In ddition to ediction ngeent for pin, two neu-
roodultory techniques y serve s lterntives to dor-
sl horn nd dorsl root gnglion stiultion. Peripherl
nerve stiultion is n eerging technology; it trgets
peripherl nerves using  siilr syste of  led con-
nected to  pulse genertor. It y be ost pproprite
when there is  very specific neurologic trget. Trnscut-
neous electricl nerve stiultors (TENS) nd systeic
phrcologic therpies re lterntives.

Deer TR et l. A systetic literture review of spine neuro-
stiultion therpies for the tretent of pin. Pin Med.
2020;21:1421. [PMID: 32034422]

Hofeister M et l. Effectiveness of neurostiultion technolo-
gies for the ngeent of chronic pin:  systetic review.
Neuroodultion. 2020;23:150. [PMID: 31310417]

Lefucheur JP et l. Evidence-bsed guidelines on the therpeu-
tic use of repetitive trnscrnil gnetic stiultion (rTMS):
n updte (2014–2018). Clin Neurophysiol. 2020;131:474.
[PMID: 31901449]

Leung et l. Left dorsolterl prefrontl cortex rTMS in llevit-
ing MTBI relted hedches nd depressive syptos. Neu-
roodultion. 2018;21:390. [PMID: 28557049]

Mekhil N et l. Long-ter sfety nd efficcy of closed-loop
spinl cord stiultion to tret chronic bck nd leg pin
(Evoke):  double-blind, rndoised, controlled tril. Lncet
Neurol. 2020;19:123. [PMID: 31870766]

Mekhil N et l. Choice of spinl cord stiultion versus tr-
geted drug delivery in the ngeent of chronic pin: 
predictive forul for outcoes. Reg Anesth Pin Med. 2020.
[Epub hed of print] [PMID: 31932490]

Moisset X et l. Neurostiultion ethods in the tretent of
chronic pin. J Neurl Trns (Vienn). 2020;127:673.
[PMID: 31637517]

CELIAC PLEXUS BLOCK & NEUROLYSIS

A. Indications

A celic plexus block refers to injection of  long-cting
nesthetic (eg, bupivcine) with or without  corticoste-
roid (eg, ethylprednisolone); with steroids, the block cn
provide relief for  few weeks to onths. Celic plexus
neurolysis involves injection of  neurolytic gent (eg, lco-
hol or phenol); it y provide pin relief ore consistently
for 2–6 onths. The ost coon indiction is pncre-
tic cncer pin, but it cn be used for pin fro other
lignncies (eg, stoch, liver, spleen, kidney, nd gs-
trointestinl trct) or fro chronic pncretitis. Multiple
rndoized controlled trils nd et-nlyses hve
shown superiority of celic plexus neurolysis to ediction
ngeent for pncretic cncer, but evidence of its effi-
ccy for chronic pncretitis is ore ixed.

B. Procedure

The ost coon pproch is  percutneous posterior
pproch under fluoroscopy guidnce, with bilterl nee-
dles trgeted to the celic plexus t the level of T12–L1.
Alterntively, ultrsound, CT, or endoscopic guidnce cn
be used. Minil sedtion is required for the percutneous
pproches, while hevy sedtion or generl nesthesi
y be required for endoscopic guidnce.

C. Medications Used

Cheicl neurolysis with lcohol or phenol is used to
extend the durtion of the nlgesi to 2 or ore onths
copred to  block with locl nesthetic (eg, bupivcine)
nd corticosteroid (eg, ethylprednisolone), which pro-
duces n nlgesic durtion of weeks to onths. For
cheicl neurolysis, lcohol is used ost often becuse it
does not require copounding, nd iportntly hs 
lower chnce of pernent neurologic dge copred
with phenol; however, it is ore pinful on injection.

D. Advantages and Disadvantages

The priry dvntge is iproved nlgesi without need
for systeic edictions nd their untowrd effects. Neuro-
lytic celic plexus blockde is effective in 70–80% of ptients.
Coon side effects of celic plexus interventions include
trnsient hypotension nd trnsient dirrhe. Trnsient or
pernent spinl cord dge is rre, lthough there is n
incresed risk of its occurrence with plexus (cheicl) neu-
rolysis copred with plexus (nesthetic) block.
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E. Alternatives

Stndrd pin ngeent is with orl or trnsderl
systeic nlgesic (eg, opioid) ediction. Intrthecl
therpy is lso n lterntive, especilly for cncer pin.

Ashlock K. Celic plexus block: ngeent of bdoinl pin
in ptients with lte-stge cncer. Clin J Oncol Nurs.
2018;22:663. [PMID: 30451994]

Creskey H et l. Interventionl nesthetic ethods for pin in
hetology/oncology ptients. Hetol Oncol Clin North
A. 2018;32:433. [PMID: 29729779]

Filippidis DK et l. Percutneous neurolysis for pin nge-
ent in oncologicl ptients. Crdiovsc Intervent Rdiol.
2019;42:791. [PMID: 30783779]

Lu J et l. Interventionl nesthesi nd pllitive cre collbo-
rtion to nge cncer pin:  nrrtive review. Cn J
Anesth. 2020;67:235. [PMID: 31571119]

Schdev AH et l. Celic plexus block nd neurolysis:  review.
Gstrointest Endosc Clin N A. 2018;28:579. [PMID:
30241645]

EPIDURAL CORTICOSTEROID INJECTION

A. Indications

Epidurl corticosteroid injections re indicted for ptients
with chronic neck pin, low-bck pin, nd rdiculr pin
resulting fro centrl or neuroforinl stenosis in the
cervicl, thorcic, or luboscrl region. Both centrl nd
neuroforinl stenosis y be cused by degenertive
disk disese, disk hernition, or fcet rthropthy. Epidurl
corticosteroid injections re reltively sfe nd re ppropri-
te fter conservtive esures, such s physicl therpy
nd nlgesic edictions, hve been tried nd found
unsuccessful.

B. Procedure

Fluoroscopy is typiclly used to ssist with visulizing the
bony lndrks; either n interlinr or  trnsforinl
pproch cn be used. Interlinr ccess is obtined by
plcing  needle between the lin of djcent vertebrl
levels, wheres trnsforinl ccess is obtined by inserting
 needle through the neuroforen to ccess the epidurl
spce. These needle insertion procedures cn be perfored
with topicl locl nesthetic or with inil sedtion.

C. Medications Used

Typiclly,  prticulte corticosteroid such s ethylpred-
nisolone is used lone or in cobintion with  locl nes-
thetic. For the trnsforinl pproch, where vsculr
ccess is ore of  concern,  nonprticulte corticosteroid
such s dexethsone y be preferred.

D. Advantages and Disadvantages

Epidurl corticosteroid injections re dvntgeous for
ptients who hve not responded to conservtive therpy,
re not surgicl cndidtes, or do not wish to be surgicl
cndidtes. The best evidence of the effectiveness of
epidurl corticosteroid injections is the short-ter

iproveent of rdiculopthy in both the lubr nd
cervicl regions. In  Cochrne nlysis, side effects were
noted in 10–24% of surgicl cses but no side effects were
reported for ny conservtive tretents. Disdvntges
include possible postdurl puncture hedche, trnsient
wekness, nd, rrely, pernent neurologic deficits. Ptients
who re receiving systeic nticogultion y need to
hold their nticogulnts before receiving corticosteroid
injections, which could increse their risk of crdiovscu-
lr events; these cses should be discussed with the clini-
cin nging the nticogultion prior to perforing ny
epidurl corticosteroid injections.

E. Alternatives

Alterntives include conservtive therpy, such s orl
nlgesic ediction ngeent, physicl therpy, pin
psychology, cupuncture, nd surgery.

House LM et l. Cervicl epidurl steroid injection: techniques
nd evidence. Phys Med Rehbil Clin N A. 2018;29:1.
[PMID: 29173656]

River CE. Lubr epidurl steroid injections. Phys Med Reh-
bil Clin N A. 2018;29:73. [PMID: 29173666]

Yng S et l. Epidurl steroid injection versus conservtive tret-
ent for ptients with luboscrl rdiculr pin. Medicine
(Bltiore). 2020;99:e21283. [PMID: 32791709]

Zin F et l. Surgicl versus non-surgicl tretent for lubr
spinl stenosis. Cochrne Dtbse Syst Rev. 2016;2016:
CD010264. [PMID: 26824399]

» When to Refer

Ptients should be referred to pin ngeent specilists
if they hve:

• Pin tht does not respond to opioids t typicl doses or
cuses jor dverse effects t typicl doses.

• Pin tht cnnot be controlled expeditiously or sfely by
other clinicins.

• Neuropthic pin tht does not respond to first-line
tretents.

• Coplex ediction ngeent tht uses buprenor-
phine or ethdone.

• Severe pin fro lignncy, including priry dis-
ese (eg, pncretic cncer) or etsttic disese (eg,
bony etstses).

» When to Admit

• Severe excerbtion of pin not responsive to previous
stble orl opioids given round-the-clock plus brek-
through doses.

• Pin tht is so severe tht it cnnot be controlled t
hoe.

• Uncontrollble side effects fro opioids, including nu-
se, voiting, yoclonus, nd ltered entl sttus.

• Need for  surgicl procedure, such s iplnttion of
n intrthecl drug delivery pup or neurostiultion
device.
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INTRODUCTION

Dermatologic diseases are diagnosed by the types of lesions
they cause. To make a diagnosis: (1) identify the type of
lesion(s) the patient exhibits by morphology establishing a
differential diagnosis (Table 6–1); and (2) obtain the ele-
ments of the history, physical examination, and appropriate
laboratory tests to confirm the diagnosis. Specific clinical
situations, such as an immunocompromised or critically ill
patient, lead to different diagnostic considerations.

PRINCIPLES OF DERMATOLOGIC THERAPY

» Frequently Used Treatment Measures

A. Bathing

Soap should be used only in the axillae and groin and on the
feet by persons with dry or inflamed skin. Soaking in water
for 10–15 minutes before applying topical corticosteroids or
emollient enhances their efficacy (Soak and Smear).

B. Topical Therapy

Nondermatologists should become familiar with a repre-
sentative agent in each category for each indication (eg,
topical corticosteroid, topical retinoid, etc).

1. Corticosteroids—Topical corticosteroid creams, lotions,
ointments, gels, foams, and sprays are presented in Table 6–2.
Topical corticosteroids are divided into classes based on
potency. Agents within the same class are equivalent thera-
pies; however, prices of topical corticosteroids vary dra-
matically. For a given agent, higher lipophilicity (greasiness)
corresponds with increased potency; ie, triamcinolone 0.1%
ointment is more potent than triamcinolone 0.1% cream
which in turn is more potent than triamcinolone 0.1%
lotion. The potency of a topical corticosteroid may be dra-
matically increased by occlusion (covering with a water-
impermeable barrier) for at least 4 hours. Depending on the
location of the skin condition, gloves, plastic wrap, moist
pajamas covered by dry pajamas (wet wraps), or plastic
occlusive suits for patients can be used. Caution should be
used in applying topical corticosteroids to areas of thin skin
(face, genitals, skin folds). Topical corticosteroid use on the

eyelids may result in glaucoma or cataracts. One may esti-
mate the amount of topical corticosteroid needed by using
the “rule of nines” (as in burn evaluation; see Figure 37–2).
Approximately 20–30 g is needed to cover the entire body
surface of an adult. Systemic absorption does occur with
topical corticosteroids, but complications of systemic corti-
costeroids are rare.

2. Emollients for dry skin “moisturizers”—Dry skin is a
result of abnormal function of the epidermis. Emollients
restore the epidermis by promoting keratinocyte differen-
tiation and by producing innate antimicrobials; some
restore skin barrier lipids, including ceramides. Ointments
and creams, rather than lotion, are the best moisturizers.
Emollients are most effective when applied to wet skin. If
the skin is too greasy after application, pat dry with a damp
towel. Plain petrolatum is allergen-free and can be used if
allergic contact dermatitis to topical products is suspected.

The scaly appearance of dry skin may be improved by
emollients with concomitant use of keratolytics including
urea, lactic acid, or glycolic acid–containing products pro-
vided no inflammation (erythema or pruritus) is present.

3. Drying agents for weepy dermatoses—If the skin is
weepy from infection or inflammation, drying agents may
be beneficial. The best drying agent is water, applied as
repeated compresses for 15–30 minutes, alone or with alu-
minum salts (Burow solution, Domeboro tablets).

4. Topical antipruritics—Lotions that contain 0.5% each of
camphor and menthol (Sarna) or pramoxine hydrochloride
1% (with or without 0.5% menthol, eg, Prax, PrameGel,
Aveeno Anti-Itch lotion) are effective antipruritic agents.
Hydrocortisone, 1% or 2.5%, may be incorporated for its
anti-inflammatory effect (Pramosone cream, lotion, or oint-
ment). Doxepin cream 5% reduces pruritus but may cause
drowsiness. Pramoxine and doxepin are most effective when
applied with topical corticosteroids. Topical capsaicin and
lidocaine can be effective in some forms of neuropathic itch.

C. Systemic Antipruritic Drugs

1. Antihistamines and antidepressants—H1-blockers are
the agents of choice for pruritus due to histamine, such as
urticaria. Otherwise, they appear to benefit itchy patients

6Kanade Shinkai, MD, PhD

Lindy P. Fox, MD

Dermatologic Disorders

CMDT22_Ch06_p0099-p0166.indd 99 29/06/21 8:26 PM



Chapter 6100 CMDT 2022

Table 6–1. Morphologic categorization of skin lesions and diseases.

Pigmented Freckle, lentigo, seborrheic keratosis, nevus, blue nevus, halo nevus, atypical nevus, melanoma

Scaly Psoriasis, dermatitis (atopic, stasis, seborrheic, chronic allergic contact or irritant contact), xerosis (dry skin),

lichen simplex chronicus, tinea pedis/cruris/corporis, tinea versicolor, secondary syphilis, pityriasis rosea,

discoid lupus erythematosus, exfoliative dermatitis, actinic keratoses, Bowen disease, Paget disease,

drug eruption

Vesicular Herpes simplex, varicella, herpes zoster, pompholyx (vesicular dermatitis of palms and soles), vesicular

tinea, autoeczematization, dermatitis herpetiformis, miliaria crystallina, scabies, photosensitivity, acute

contact allergic dermatitis, drug eruption

Weepy or encrusted Impetigo, acute contact allergic dermatitis, any vesicular dermatitis

Pustular Acne vulgaris, acne rosacea, folliculitis, candidiasis, miliaria pustulosa, pustular psoriasis, any vesicular der-

matitis, drug eruption

Figurate (“shaped”) erythema Urticaria, erythema multiforme, erythema migrans, cellulitis, erysipelas, erysipeloid, arthropod bites

Bullous Impetigo, blistering dactylitis, pemphigus, pemphigoid, porphyria cutanea tarda, drug eruptions, ery-

thema multiforme, toxic epidermal necrolysis

Papular hykoic: warts, corns, seborrheic keratoses

pul-viol: lichen planus, drug eruptions, Kaposi sarcoma, lymphoma cutis, Sweet syndrome

Fls-colod, umbilicd: molluscum contagiosum

ply: basal cell carcinoma, intradermal nevi

Smll, d, inflmmoy: acne, rosacea, miliaria rubra, candidiasis, scabies, folliculitis

Pruritus1 Xerosis, scabies, pediculosis, lichen planus, lichen simplex chronicus, bites, systemic causes, anogenital

pruritus

Nodular, cystic Erythema nodosum, furuncle, cystic acne, follicular (epidermal) inclusion cyst, metastatic tumor to skin

Photodermatitis Drug eruption, polymorphic light eruption, lupus erythematosus

Morbilliform Drug eruption, viral infection, secondary syphilis

Erosive Any vesicular dermatitis, impetigo, aphthae, lichen planus, erythema multiforme, intertrigo

Ulcerated Decubiti, herpes simplex, skin cancers, parasitic infections, syphilis (chancre), chancroid, vasculitis, stasis,

arterial disease, pyoderma gangrenosum

1Not a morphologic class but included because it is one of the most common dermatologic presentations.

Table 6–2. Useful topical dermatologic therapeutic agents.1

agn

Fomulions, Sngs,

nd pics2

Fquncy of

alicion

poncy

Clss

Common

Indicions Commns

Coicosoids (Lisd in Od of Incsing poncy)

Hydrocortisone

acetate

Cream 1%: $5.59/28.4 g

Ointment 1%: $3.91/40 g

Solution 1%: $7.34/44 mL

Twice daily Low Seborrheic

dermatitis

Pruritus ani

Intertrigo

Not the same as valerate or

hydrocortisone butyrate

Not for poison oak OTC lotion

(Aquanil HC), OTC solution

(Scalpicin)

Cream 2.5%: $11.01/30 g  As for 1%

hydrocortisone

Perhaps better for pruritus ani

Not clearly better than 1%

More expensive

Not OTC

Alclometasone

dipropionate

(Aclovate)

Cream 0.05%: $48.08/15 g

Ointment 0.05%:

$20.00/15 g

Twice daily Low As for hydrocortisone More efficacious than

hydrocortisone

Perhaps causes less atrophy

Desonide Cream 0.05%: $21.60/15 g

Ointment 0.05%:

$23.25/15 g

Lotion 0.05%:

$222.92/60 mL

Twice daily Low As for hydrocortisone

For lesions on face or

body folds resis-

tant to

hydrocortisone

More efficacious than

hydrocortisone

Can cause rosacea or atrophy

Not fluorinated

(continued)
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(continued)

Table 6–2. Useful topical dermatologic therapeutic agents.1

agn

Fomulions, Sngs,

nd pics2

Fquncy of

alicion

poncy

Clss

Common

Indicions Commns

Clocortolone

(Cloderm)

Cream 0.1%: $322.47/45 g Three times

daily

Medium Contact dermatitis

Atopic dermatitis

Does not cross-react with other

corticosteroids chemically

and can be used in patients

allergic to other

corticosteroids

Prednicarbate

(Dermatop)

Emollient cream 0.1%:

$137.10/60 g

Ointment 0.1%: $30.00/15 g

Twice daily Medium As for triamcinolone May cause less atrophy

No generic formulations

Preservative-free

Triamcinolone

acetonide

Cream 0.1%: $3.89/15 g

Ointment 0.1%: $5.57/15 g

Lotion 0.1%: $42.42/60 mL

Twice daily Medium Eczema on extensor

areas

Used for psoriasis

with tar

Seborrheic dermatitis

and psoriasis on

scalp

Caution in body folds, face

Economical in 0.5-lb and 1-lb

sizes for treatment of large

body surfaces

Economical as solution for scalp

Cream 0.025%: $15 g

Ointment 0.025%:

$10.40/80 g

Twice daily Medium As for 0.1% strength Possibly less efficacy and few

advantages over 0.1%

formulation

Fluocinolone

acetonide

Cream 0.025%: $33.77/15 g

Ointment 0.025%:

$33.77/15 g

Twice daily Medium As for triamcinolone

Solution 0.01%:

$180.00/60 mL

Twice daily Medium As for triamcinolone

Mometasone

furoate (Elocon)

Cream 0.1%: $26.85/15 g

Ointment 0.1%:

$23.85/15 g

Lotion 0.1%:

$55.45/60 mL

Once daily Medium As for triamcinolone Often used inappropriately on

the face or on children

Not fluorinated

Desoximetasone Cream 0.05%: $62.43/15 g

Cream 0.25%: $49.80/15 g

Gel 0.05%: $298.38/60 g

Ointment 0.25%:

$18.00/15 g

Twice daily High As for triamcinolone Comparable potency to

fluocinonide

Suggested for use when allergic

contact dermatitis to topical

corticosteroid is suspected;

ointment useful when allergic

contact dermatitis to propyl-

ene glycol is suspected

Diflorasone

diacetate

Cream 0.05%: $209.68/15 g

Ointment 0.05%:

$209.68/15 g

Twice daily High Nummular dermatitis

Allergic contact

dermatitis

Lichen simplex

chronicus

Fluocinonide

(Lidex)

Cream 0.05%: $45.55/15 g

Gel 0.05%: $59.56/15 g

Ointment 0.05%:

$28.50/15 g

Solution 0.05%:

$97.19/60 mL

Twice daily High As for

betamethasone

Gel useful for poison

oak

Economical generics

Lidex cream can cause stinging

on eczema

Lidex emollient cream preferred

Betamethasone

dipropionate

(Diprolene)

Cream 0.05%: $41.60/15 g

Ointment 0.05%:

$50.45/15 g

Lotion 0.05%:

$45.00/60 mL

Twice daily Ultra-high For lesions resistant

to high-potency

corticosteroids

Lichen planus

Insect bites

Economical generics available

(continued)
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Table 6–2. Useful topical dermatologic therapeutic agents.1

agn

Fomulions, Sngs,

nd pics2

Fquncy of

alicion

poncy

Clss

Common

Indicions Commns

Clobetasol propio-

nate (Temovate)

Cream 0.05%:

$114.75/15 g

Ointment 0.05%:

$155.45/15 g

Lotion 0.05%:

$289.28/60 mL

Twice daily Ultra-high As for betametha-

sone dipropionate

Somewhat more potent than

diflorasone

Limited to 2 continuous weeks

of use

Limited to 50 g or less per week

Cream may cause stinging; use

“emollient cream” formulation

Generic available

Halobetasol propi-

onate (Ultravate)

Cream 0.05%: $45.84/15 g

Ointment 0.05%: $15 g

Twice daily Ultra-high As for clobetasol Same restrictions as clobetasol

Cream does not cause stinging

Compatible with calcipotriene

(Dovonex)

Flurandrenolide

(Cordran)

Tape: $857.28/24” × 3” roll

Lotion 0.05%:

$360.00/120 mL

Every 12 hours Ultra-high Lichen simplex

chronicus

Tape version protects the skin

and prevents scratching

Nonsoidl ani-inflmmoy agns (Lisd albiclly)

Crisaborole

(Eucrisa)

Ointment 2%: $806.17/60 g Twice daily N/A Atopic dermatitis Steroid substitute not causing

atrophy or striae

May sting or burn on initial

application

Pimecrolimus3

(Elidel)

Cream 1%: $608.71/60 g Twice daily N/A Atopic dermatitis Steroid substitute not causing

atrophy or striae

Tacrolimus3

(Protopic)

Ointment 0.1%:

$325.20/60 g

Ointment 0.03%:

$325.20/60 g

Twice daily N/A Atopic dermatitis Steroid substitute not causing

atrophy or striae

Burns in ≥ 40% of patients with

eczema

anibioics (fo acn) (Lisd albiclly)

Clindamycin

phosphate

Solution 1%: $28.94/30 mL

Gel 1%: $54.00/30 mL

Lotion 1%: $115.38/60 mL

Pledget 1%: $50.58/60

Twice daily N/A Mild papular acne Lotion is less drying than solu-

tion, gel, or pledgets for

patients with sensitive skin

Recommend use with benzoyl

peroxide to avoid antibiotic

resistance from

monotherapy

Clindamycin/

Benzoyl peroxide

(BenzaClin)

Gel: $90.00/25 g

Gel: $156.00/50 g

Twice daily N/A As for benzamycin No generic

More effective than either

agent alone

Dapsone Gel 5%: $585.60/60 g Once daily N/A Mild papulopustular

acne

More expensive, well tolerated

Recommend use with benzoyl

peroxide to avoid antibiotic

resistance from

monotherapy

Erythromycin Solution 2%: $47.63/60 mL

Gel 2%: $60.48/30 g

Pledget 2%: $92.65/60

Twice daily N/A As for clindamycin Many different manufacturers

Economical

Recommend use with benzoyl

peroxide to avoid antibiotic

resistance from

monotherapy

Erythromycin/Ben-

zoyl peroxide

(Benzamycin)

Gel: $199.08/23.3 g

Gel: $75.00/46.6 g

Twice daily N/A As for clindamycin

Can help treat come-

donal acne

No generic

More expensive

More effective than other

topical antibiotics

Main jar requires refrigeration

(continued)

(continued)
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Table 6–2. Useful topical dermatologic therapeutic agents.1

agn

Fomulions, Sngs,

nd pics2

Fquncy of

alicion

poncy

Clss

Common

Indicions Commns

anibioics (fo Imigo)

Mupirocin

(Bactroban)

Ointment 2%: $25.00/22 g

Cream 2%: $245.16/15 g

Three times

daily

N/A Impetigo, folliculitis Because of cost, use limited to

tiny areas of impetigo

Used in the nose twice daily for

5 days to reduce staphylococ-

cal carriage

Retapamulin

(Altabax)

Ointment 1%: $389.38/15 g Twice daily N/A Impetigo For Staphylococcus aureus or

Streptococcus pyogenes

infection

Typically reserved for mupirocin-

resistant infections

anifungls: Imidzols (Lisd albiclly)

Clotrimazole Cream 1%: $5.70/15 g OTC

Solution 1%: $45.10/10 mL

Twice daily N/A Dermatophyte and

Candida infections

Available OTC

Inexpensive generic cream

available

Econazole

(Spectazole)

Cream 1%: $30.04/15 g Once daily N/A As for clotrimazole Somewhat more effective

than clotrimazole and

miconazole

Ketoconazole

(Nizoral)

Cream 2%: $30.90/15 g Once daily N/A As for clotrimazole Somewhat more effective than

clotrimazole and miconazole

Miconazole Cream 2%: $7.20/30 g OTC Twice daily N/A As for clotrimazole As for clotrimazole

Oxiconazole

(Oxistat)

Cream 1%: $614.73/30 g

Lotion 1%: $771.91/30 mL

Twice daily N/A As for clotrimazole

Sertaconazole

(Ertaczo)

Cream 2%: $1079.41/60 g Twice daily N/A Refractory tinea

pedis

By prescription

More expensive

Sulconazole

(Exelderm)

Cream 1%: $72.38/15 g

Solution 1%: $416.66/30 mL

Twice daily N/A As for clotrimazole No generic

Somewhat more effective than

clotrimazole and miconazole

O anifungls (Lisd albiclly)

Butenafine

(Mentax)

Cream 1%: $8.01/12 g OTC Once daily N/A Dermatophytes Fast response; high cure rate;

expensive

Available OTC

Ciclopirox (Loprox)

(Penlac)

Cream 0.77%: $51.10/30 g

Lotion 0.77%: $48.80/30 g

Solution 8%: $52.95/6.6 mL

Twice daily N/A As for clotrimazole No generic

Somewhat more effective than

clotrimazole and miconazole

Efinaconazole

(Jublia)

Solution 10%: $772.34/4 mL Once daily for

48 weeks

N/A Onychomycosis No generic; more effective

than ciclopirox for nail

disease

Naftifine (Naftin) Cream 1%: $375.38/60 g

Gel 1%: $472.63/60 mL

Once daily N/A Dermatophytes No generic

Somewhat more effective than

clotrimazole and miconazole

Tavaborole

(Kerydin)

Solution 5%: $616.42/4 mL Once daily for

48 weeks

N/A Onychomycosis No generic available

Terbinafine

(Lamisil)

Cream 1%: $8.72/12 g OTC Once daily N/A Dermatophytes Fast clinical response

OTC

aniuiics (Lisd albiclly)

Camphor/menthol

(Sarna)

Lotion 0.5%/0.5%:

$8.28/222 mL

Two to three

times daily

N/A Mild eczema, xerosis,

mild contact

dermatitis

(continued)

(continued)
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Table 6–2. Useful topical dermatologic therapeutic agents.1

agn

Fomulions, Sngs,

nd pics2

Fquncy of

alicion

poncy

Clss

Common

Indicions Commns

Capsaicin (various) Cream 0.025–0.1%

Cream 0.025%:

$9.95/60 g

Cream 0.075%:

$10.39/56 g

Three to four

times daily

N/A Topical antipruritic,

best used for neu-

ropathic itching

Burning/stinging with initial

application that subsides

with consistent ongoing use

Doxepin (Zonalon) Cream 5%: $722.32/45 g Four times daily N/A Topical antipruritic,

best used in com-

bination with

appropriate topi-

cal corticosteroid

to enhance

efficacy

Can cause sedation

Pramoxine hydro-

chloride (Prax)

Lotion 1%: $19.64/120 mL

OTC

Four times daily N/A Dry skin, varicella,

mild eczema, pru-

ritus ani

OTC formulations (Prax, Aveeno

Anti-Itch Cream or Lotion;

Itch-X Gel)

By prescription mixed with 1%

or 2% hydrocortisone

1For a given agent, higher lipophilicity (greasiness) corresponds with increased potency; for example, triamcinolone 0.1% ointment is more

potent than triamcinolone 0.1% cream, which in turn is more potent than triamcinolone 0.1% lotion.
2Average wholesale price (AWP, for AB-rated generic when available) for quantity listed. AWP may not accurately represent the actual phar-

macy cost because wide contractual variations exist among institutions. Source: IBM Micromedex. Red Book (electronic version). Watson

Health, Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com/ (cited March 27, 2021).
3Topical tacrolimus and pimecrolimus should be used only when other topical treatments are ineffective. Treatment should be limited to

an area and duration to be as brief as possible. Treatment with these agents should be avoided in persons with known immunosuppression,

HIV infection, bone marrow and organ transplantation, or lymphoma; those at high risk for lymphoma; and those with a prior history of

lymphoma.

N/A, not applicable; OTC, over-the-counter.

only by their sedating effects. Hydroxyzine 25–50 mg
orally at night is a typical dose. Sedating and nonsedating
antihistamines are of limited value for the treatment of
pruritus associated with inflammatory skin disease. Prefer-
able agents include antidepressants (such as doxepin, mir-
tazapine, and paroxetine) and agents that act either directly
on the neurons that perceive or modulate pruritus (such as
gabapentin, pregabalin, and duloxetine).

2. Systemic corticosteroids—(See Chapter 26.)

Andrade A et al. Interventions for chronic pruritus of unknown
origin. Cochrane Database Syst Rev. 2020;1:CD013128.
[PMID: 31981369]

McEwen MW et al. Drugs on the horizon for chronic pruritus.
Dermatol Clin. 2018;36:335. [PMID: 29929605]

van Zuuren EJ et al. Emollients and moisturisers for eczema.
Cochrane Database Syst Rev. 2017;2:CD012119. [PMID:
28166390]

» Sunscreens

Protection from ultraviolet light reduce the incidence of
sunburn, actinic keratoses, melanoma, and some non-
melanoma skin cancers when initiated at any age and in
any skin type. The best protection is shade, but protective
clothing, avoidance of direct sun exposure during the peak
hours of the day, and daily use of sunscreens are important.

Fair-complexioned persons should use a sunscreen
daily with a sun protective factor (SPF) of at least 30. Clini-
cians should reinforce regular sunscreen use and reapplica-
tion every few hours or more depending on exercise level
and exposure to water. Sunscreens with protection against
UVA as well as UVB are helpful in managing photosensi-
tivity disorders. Aggressive sunscreen use should be
accompanied by vitamin D supplementation in persons at
risk for osteopenia. Health implications of systemic absorp-
tion of chemical sunscreens are unknown.

Henrikson NB et al. Behavioral counseling for skin cancer pre-
vention: evidence report and systematic review for the US
Preventive Services Task Force. JAMA. 2018;319:1143. [PMID:
29558557]

Matta MK et al. Effect of sunscreen application on plasma con-
centration of sunscreen active ingredients: a randomized clini-
cal trial. JAMA. 2020;323:256. [PMID: 31961417]

Yeager DG et al. What’s new in photoprotection: a review of new
concepts and controversies. Dermatol Clin. 2019;37:149.
[PMID: 30850037]

» Complications of Topical
Dermatologic Therapy

Complications of topical therapy include allergy, irritation,
and other side effects. Reactions may result from the active or
inactive ingredients, including fragrances and preservatives.

(continued)
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A. Allergy

Of the topical antibiotics, neomycin and bacitracin have
the greatest potential for sensitization. Diphenhydramine,
benzocaine, vitamin E, aromatic oils, preservatives, fra-
grances, tea tree oil, and even the topical corticosteroids
themselves can cause allergic contact dermatitis.

B. Irritation

Preparations of tretinoin, benzoyl peroxide, and other acne
medications should be applied sparingly to the skin.

C. Other Side Effects

Topical corticosteroids may induce acne-like lesions on the
face (steroid rosacea) and atrophic striae in body folds.

º
COMMON DerMatOSeS

pIGMeNteD LeSIONS

MELANOCYTIC NEVI (Normal Moles)

In general, a benign mole is a small (less than 6 mm) mac-
ule or papule with a well-defined border and homogeneous
beige or pink to dark brown pigment. They represent
benign melanocytic growths.

Moles have a typical natural history. Early in life, moles
often appear as flat, small, brown lesions and are termed
“junctional nevi” because the nevus cells are at the junction of
the epidermis and dermis. Over time, these moles enlarge and
often become raised, reflecting the appearance of a dermal
component, giving rise to “compound nevi” (Figure 6–1).
Moles may darken and grow during pregnancy. As White
patients enter their eighth decade, most moles have lost their
junctional component and dark pigmentation. At every stage
of life, normal moles should be well demarcated, symmetric,
and uniform in contour and color. Regular mole screening is

not an evidence-based recommendation for all adults,
although rates of screening continue to rise.

Stefanaki C et al. Clinical and dermoscopic characteristics of
congenital melanocytic naevi. J Eur Acad Dermatol Venereol.
2018;32:1674. [PMID: 29633355]

ATYPICAL NEVI

The term “atypical nevus” or “atypical mole” has sup-
planted “dysplastic nevus.” The diagnosis of atypical
moles is made clinically and not histologically. Moles
should be removed only if they are suspected to be mela-
nomas. Dermoscopy by a trained clinician may be a use-
ful tool in the evaluation of atypical nevi. Clinically, these
moles are large (6 mm or more in diameter), with an ill-
defined, irregular border and irregularly distributed pig-
mentation (Figure 6–2). It is estimated that 5–10% of the
White population in the United States has one or more
atypical nevi, for which recreational sun exposure is a pri-
mary risk in nonfamilial settings. There is an increased risk
of melanoma in patients with 50 or more nevi with one or
more atypical moles and one mole at least 8 mm or larger and
patients with any number of definitely atypical moles. These
patients should be educated in how to recognize changes in
moles and be monitored every 6–12 months by a clinician.
Kindreds with familial melanoma (numerous atypical nevi
and a family history of two first-degree relatives with mela-
noma) require closer attention, since their risk of developing
single or multiple melanomas approaches 50% by age 50.

Kim CC et al; Pigmented Lesion Subcommittee, Melanoma Pre-
vention Working Group. Risk of subsequent cutaneous mela-
noma in moderately dysplastic nevi excisionally biopsied but
with positive histologic margins. JAMA Dermatol. 2018;154:
1401. [PMID: 30304348]

Rishpon A et al. Melanoma risk stratification of individuals with
a high-risk naevus phenotype—a pilot study. Australas J Der-
matol. 2019;60:e292. [PMID: 30941757]

▲ Figure 6–1. Benign, compound nevus on the back.
(Used, with permission, from Richard P. Usatine, MD, in
Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley HS. The
Color Atlas and Synopsis of Family Medicine, 3rd ed.
McGraw-Hill, 2019.)

▲ Figure 6–2. Atypical (dysplastic) nevus on the chest.
Note irregular border and variegation in color. (Used,
with permission, from Richard P. Usatine, MD, in Usatine
RP, Smith MA, Mayeaux EJ Jr, Chumley H. The Color Atlas of
Family Medicine, 2nd ed. McGraw-Hill, 2013.)
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BLUE NEVI

Blue nevi are small, slightly elevated, blue-black lesions
(Figure 6–3) that favor the dorsal hands. They are common
in persons of Asian descent and may be single or multiple.
If the lesion has remained unchanged for years, it may be
considered benign, since malignant blue nevi are rare.
However, blue-black papules and nodules that are new or
growing must be evaluated to rule out nodular melanoma.

Baykal C et al. The spectrum of benign dermal dendritic mela-
nocytic proliferations. J Eur Acad Dermatol Venereol.
2019;33:1029. [PMID: 30767282]

FRECKLES & LENTIGINES

Freckles (ephelides) and lentigines are flat brown macules,
typically between 3 mm and 5 mm in diameter. Freckles
first appear in young children, darken with ultraviolet
exposure, and fade with cessation of sun exposure. They
are determined by genetic factors. In adults, lentigines

gradually appear in sun-exposed areas, particularly the
face, dorsal hands, upper back, and upper chest, starting
in the fourth to fifth decade of life, and are associated
with photoaging as well as estrogen and progesterone
use. They may have a very irregular border (inkspot len-
tigines). They do not fade with cessation of sun exposure.
They should be evaluated like all pigmented lesions: if
the pigmentation is homogeneous and they are symmet-
ric and flat, they are most likely benign. They can be
treated with topical retinoids such as 0.1% tretinoin or
0.1% adapalene, hydroquinone, laser/light therapy, or
cryotherapy.

Bagatin E et al. Comparable efficacy of adapalene 0.3% gel and
tretinoin 0.05% cream as treatment for cutaneous photoaging.
Eur J Dermatol. 2018;28:343. [PMID: 30105991]

SEBORRHEIC KERATOSES

Seborrheic keratoses are benign papules and plaques,
beige to brown or even black, 3–20 mm in diameter,
with a velvety or warty surface (Figure 6–4). They
appear to be stuck or pasted onto the skin. They are
extremely common—especially in older adults—and may
be mistaken for melanomas or other types of cutaneous
neoplasms. No treatment is needed. They may be frozen
with liquid nitrogen or curetted if itchy or inflamed but
usually recur after treatment.

Wollina U. Recent advances in managing and understanding
seborrheic keratosis. F1000Res. 2019;8:F1000 Faculty Rev-
1520. [PMID: 31508199]

▲ Figure 6–3. Blue nevus on the left cheek, a darkly
pigmented blue-black macule with some resemblance
to a melanoma due to its dark pigmentation. (Used, with
permission, from Richard P. Usatine, MD, in Usatine RP,
Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas and
Synopsis of Family Medicine, 3rd ed. McGraw-Hill, 2019.)

▲ Figure 6–4. Seborrheic keratosis with light pigmen-
tation, with waxy, dry, “stuck-on,” appearance. (Used,
with permission, from Richard P. Usatine, MD, in Usatine
RP, Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas
and Synopsis of Family Medicine, 3rd ed. McGraw-Hill, 2019.)

CMDT22_Ch06_p0099-p0166.indd 106 29/06/21 8:26 PM



DerMatOLOGIC DISOrDerS 107CMDT 2022

MALIGNANT MELANOMA

E S S E N T I A L S  O F  D I A G N O S I S

» May be flat or raised with irregular borders.

» Examination may show varying colors, including
red, white, black, and blue.

» Should be suspected in any pigmented skin lesion
with recent change in appearance.

» Less than 30% develop from existing moles.

» General Considerations

Malignant melanoma, the fifth most common of all can-
cers in the United States, is the leading cause of death due
to skin disease and has doubled in incidence over the past
30 years. In 2019, approximately 100,350 new melanomas
were diagnosed in the United States, with approximately
60% in men. In 2019, melanoma caused an estimated 6850
deaths (two-thirds in men). The lifetime risk of melanoma
is 2% in Whites and 0.1–0.5% in non-Whites. One in four
cases occurs before age 40. Increased detection of early
melanomas has led to increased survival, but fatalities con-
tinue to increase, especially in men older than 70 years.

Tumor thickness is the single most important prognos-
tic factor. Ten-year survival rates related to melanoma
thickness are less than 1 mm, 95%; 1–2 mm, 80%; 2–4 mm,
55%. With lymph node involvement, the 5-year survival
rate is 62%; with distant metastases, it is 16%.

» Clinical Findings

Primary malignant melanomas may be classified into vari-
ous clinicohistopathologic types, including lentigo maligna
melanoma (arising on chronically sun-exposed skin of
older individuals); superficial spreading malignant mela-
noma (two-thirds of all melanomas arising on intermit-
tently sun-exposed skin); nodular malignant melanoma;
acral-lentiginous melanomas (arising on palms, soles, and
nail beds); ocular melanoma; and malignant melanomas
on mucous membranes. These different types of melanoma
appear to have different oncogenic mutations, which may
be important in the treatment of patients with advanced
disease. Less than 30% of melanomas develop from exist-
ing moles. Clinical features of pigmented lesions suspicious
for melanoma are an irregular, notched border where the
pigment appears to be spreading into the normal sur-
rounding skin and irregular surface topography (ie, partly
raised and partly flat) (Figure 6–5). Color variegation is
present and is an important indication for referral. A useful
mnemonic is the ABCDE rule: Asymmetry, Border irregu-
larity, Color variegation, Diameter greater than 6 mm, and
Evolution. The history of a changing mole (evolution,
including bleeding and ulceration) is the single most
important historical reason for close evaluation and pos-
sible referral. A mole that appears distinct from the
patient’s other moles deserves special scrutiny—the “ugly
duckling sign.” A patient with a large number of moles is

statistically at increased risk for melanoma and deserves
annual total body skin examination by a primary care clini-
cian or dermatologist, particularly if the lesions are atypical
in appearance.

While superficial spreading melanoma is largely a dis-
ease of Whites, persons of other races are at risk for this
and other types of melanoma, particularly acral lentiginous
melanomas. These occur as dark, irregularly shaped lesions
on the palms and soles and as new, often broad and soli-
tary, darkly pigmented, longitudinal streaks in the nails,
typically with involvement of the proximal nail fold. Acral
lentiginous melanoma may be a difficult or delayed diag-
nosis because benign pigmented lesions of the hands, feet,
and nails occur commonly in more darkly pigmented
persons, and clinicians may hesitate to biopsy these sites.
Clinicians should give special attention to new or changing
lesions in these areas.

» Treatment

Treatment starts with complete excision of the melanoma
with a normal margin. After histologic diagnosis, reexci-
sion is recommended with margins dictated by the thick-
ness of the tumor. Recommended surgical margins are
0.5–1 cm for melanoma in situ, 1 cm for lesions less than
1 mm in thickness, and 1–2 cm for lesions more than 1 mm
in thickness.

Referral of intermediate-risk and high-risk patients to
centers with expertise in melanoma is strongly recom-
mended. Sentinel lymph node biopsy (selective lymphad-
enectomy) using preoperative lymphoscintigraphy and
intraoperative lymphatic mapping is effective for staging
melanoma patients with intermediate risk without clinical
adenopathy and is recommended for all patients with

▲ Figure 6–5. Malignant melanoma. Note the classic
“ABCDE” features: asymmetry, irregular border, multiple
colors, diameter greater than 6 mm, and evolution or
change. (Used, with permission, from Richard P. Usatine,
MD, in Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley HS.
The Color Atlas and Synopsis of Family Medicine, 3rd ed.
McGraw-Hill, 2019.)
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lesions over 1 mm in thickness or with high-risk histologic
features (ulceration). This procedure may not confer a
survival advantage. Identifying the oncogenic mutations in
patients with advanced melanoma may dictate targeted
therapy, most commonly to specific BRAF mutations.
Additionally, immunotherapy treatments directed toward
immune costimulatory molecules such as PD-1 can acti-
vate systemic immune-directed destruction of metastatic
melanoma.

Amaria RN et al. Neoadjuvant systemic therapy in melanoma:
recommendations of the International Neoadjuvant Mela-
noma Consortium. Lancet Oncol. 2019;20:e378. [PMID:
31267972]

Coit DG et al. Cutaneous Melanoma, Version 2.2019, NCCN
Clinical Practice Guidelines in Oncology. J Natl Compr Canc
Netw. 2019;17:367. [PMID: 30959471]

Michielin O et al. Cutaneous melanoma: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann
Oncol. 2019;30:1884. [PMID: 31566661]

Swetter SM et al. Guidelines of care for the management of
primary cutaneous melanoma. J Am Acad Dermatol. 2019;
80:208. [PMID: 30392755]

SCaLING DISOrDerS

ATOPIC DERMATITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Pruritic, xerotic, exudative, or lichenified eruption
on face, neck, upper trunk, wrists, and hands and
in the antecubital and popliteal folds.

» Personal or family history of atopy (eg, asthma,
allergic rhinitis, atopic dermatitis).

» Tendency to recur.

» Onset in childhood most common; onset after age
30 is uncommon.

» General Considerations

Atopic dermatitis (also known as eczema) has distinct pre-
sentations in people of different ages and races. Diagnostic
criteria for atopic dermatitis must include pruritus, typical
morphology and distribution (flexural lichenification,
hand eczema, nipple eczema, and eyelid eczema in adults),
onset in childhood, and chronicity. Also helpful are (1) a
personal or family history of atopy (asthma, allergic rhini-
tis, atopic dermatitis), (2) xerosis-ichthyosis, (3) facial pal-
lor with infraorbital darkening, (4) elevated serum IgE, and
(5) repeated skin infections.

» Clinical Findings

A. Symptoms and Signs

Itching is a key clinical feature and may be severe and pro-
longed. Ill-defined, scaly, red plaques affect the face, neck,

and upper trunk. The flexural surfaces of elbows and knees
are often involved. In chronic cases, the skin is dry and
lichenified. In dark-skinned patients with severe disease,
pigmentation may be lost in lichenified areas. During acute
flares, widespread redness with weeping, either diffusely or
in discrete plaques, is common. Since virtually all patients
with atopic dermatitis have skin disease before age 5, a new
diagnosis of atopic dermatitis in an adult over age 30 should
be made only after consultation with a dermatologist.

B. Laboratory Findings

Food allergy is an uncommon cause of flares of atopic der-
matitis in adults. Eosinophilia and increased serum IgE
levels may be present.

» Differential Diagnosis

Atopic dermatitis must be distinguished from irritant or
allergic contact dermatitis triggered by an external agent.
Seborrheic dermatitis is less pruritic, with frequent scalp
and central face involvement, greasy and scaly lesions, and
responds quickly to therapy. Psoriasis is marked by sharply
demarcated thickly scaled plaques on elbows, knees, scalp,
and intergluteal cleft. Secondary staphylococcal or herpetic
infections may exacerbate atopic dermatitis and should be
considered during hyperacute, weeping flares of atopic
dermatitis. An infra-auricular fissure is a cardinal sign of
secondary infection.

» Treatment

Patient education regarding gentle skin care and exactly
how to use medications is critical to successful manage-
ment of atopic dermatitis.

A. General Measures

Atopic patients have hyperirritable skin. Anything that
dries or irritates the skin may trigger dermatitis. Atopic
individuals are sensitive to low humidity and often flare in
the winter. Adults with atopic disorders should not bathe
more than once daily. Soap should be confined to the arm-
pits, groin, scalp, and feet. Washcloths and brushes should
not be used. After rinsing, the skin should be patted dry
(not rubbed) and then immediately—within minutes—
covered with a thin film of an emollient or a corticosteroid
as needed. Plain petrolatum can be used if contact derma-
titis resulting from additives in medication is suspected.
Skin may be irritated by rough fabrics, including wools and
acrylics. Cottons are preferable, but synthetic blends also
are tolerated. Other triggers may include sweating, oint-
ments, and heat.

B. Local Treatment

Corticosteroids should be applied sparingly to the derma-
titis once or twice daily and rubbed in well. Their potency
should be appropriate to the severity of the dermatitis. In
general, for treatment of lesions on the body (excluding
genitalia, axillary or crural folds), one should begin with
triamcinolone 0.1% or a stronger corticosteroid, then taper
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to hydrocortisone or another slightly stronger mild corti-
costeroid (alclometasone, desonide). It is vital that
patients taper off corticosteroids and substitute emol-
lients as the dermatitis clears to avoid side effects of
corticosteroids. Tapering is also important to avoid der-
matitis flares that may follow abrupt cessation. Tacrolimus
ointment (Protopic 0.03% or 0.1%), pimecrolimus cream
(Elidel 1%), and crisaborole (Eucrisa 2%) can be effective
in managing atopic dermatitis when applied twice daily.
Burning with application occurs in about 50% of patients
using Protopic and 10–25% using Elidel but may resolve
with continued treatment. These noncorticosteroid medi-
cations prevent complications of long-term corticosteroid
use, including atrophy or striae. They are safe for applica-
tion on the face and eyelids but are more expensive than
generic topical corticosteroids.

There is a Food and Drug Administration (FDA) black box
warning for both topical tacrolimus and pimecrolimus due to
concerns about the development of T-cell lymphoma. The
agents should be used sparingly and only in locations where
less expensive corticosteroids cannot be used. They should be
avoided in patients at high risk for lymphoma (ie, those with
HIV, iatrogenic immunosuppression, or prior lymphoma).

The treatment of atopic dermatitis is dictated by the
pattern of the dermatitis—acute/weepy, subacute/scaly, or
chronic/lichenified.

1. Acute weeping lesions—Staphylococcal or herpetic
superinfection should be excluded by bacterial or viral
culture, or both. Use water or aluminum subacetate solu-
tion (Domeboro or burow solution), or colloidal oatmeal
as a bath or as wet dressings for 10–30 minutes two to four
times daily. Lesions on extremities may be bandaged for
protection at night. Use high-potency corticosteroids after
soaking but spare the face and body folds. Tacrolimus is
usually not tolerated at this stage. Systemic corticosteroids
may be required. An allergic or irritating contactant should
also be considered when acute weeping lesions are present,
since contact dermatitis is more likely to develop in atopic
patients.

2. Subacute or scaly lesions—The lesions are dry but still
red and pruritic. Mid- to high-potency corticosteroids in
ointment form should be continued until skin lesions are
cleared and itching is decreased substantially. At that point,
patients should begin a 2- to 4-week taper from twice-daily
to daily dosing with topical corticosteroids to reliance on
emollients, with occasional use of corticosteroids only to
inflamed areas. It is preferable to switch to daily use of a
low-potency corticosteroid instead of further tapering the
frequency of usage of a more potent corticosteroid. Tacro-
limus and pimecrolimus may be substituted if corticoste-
roids cannot be stopped completely.

3. Chronic, dry, lichenified lesions—Thickened and usu-
ally well demarcated, they are best treated with high-
potency to ultra–high-potency corticosteroid ointments.
Nightly occlusion for 2–6 weeks may enhance the initial
response. Adding tar preparations, such as liquor carbonis
detergens 10% in Aquaphor or 2% crude coal tar may be
beneficial.

4. Maintenance treatment—Once symptoms have
improved, constant application of effective moisturizers is
recommended to prevent flares. In patients with moderate
disease, use of topical anti-inflammatories only on week-
ends or three times weekly can prevent flares.

C. Systemic and Adjuvant Therapy

Systemic corticosteroids are indicated only for severe acute
exacerbations. Oral prednisone dosages should be high
enough to suppress the dermatitis quickly, usually starting
with 1 mg/kg daily. The dosage is then tapered off over a
period of 2–4 weeks. Owing to the chronic nature of atopic
dermatitis and the side effects of long-term systemic corti-
costeroids, ongoing use of these agents is not recom-
mended for maintenance therapy. Bedtime doses of
hydroxyzine, diphenhydramine, or doxepin may be helpful
via their sedative properties to mitigate perceived pruritus.
Phototherapy can be an important adjunct for severely
affected patients. Dupilumab is a targeted immunomodula-
tor with minimal systemic adverse effects and requires
minimal laboratory monitoring. Oral cyclosporine, myco-
phenolate mofetil, methotrexate, tofacitinib, or azathioprine
may also be used for the most severe and recalcitrant cases.

» Complications of Treatment

The clinician should monitor for skin atrophy. Fissures,
crusts, erosions, or pustules may indicate staphylococcal or
herpetic infection clinically. Eczema herpeticum (herpes
simplex superinfection) is manifested by monomorphic
vesicles, crusts, or scalloped erosions superimposed on
atopic dermatitis or other extensive eczematous processes
and is treated with oral or intravenous acyclovir. Systemic
antistaphylococcal antibiotics—such as a first-generation
cephalosporin or doxycycline if methicillin-resistant
Staphylococcus aureus is suspected—should be given only if
indicated and guided by bacterial culture. Cultures to
exclude methicillin-resistant S aureus are recommended.
In this setting, continuing and augmenting the topical anti-
inflammatory treatment often improves the dermatitis
despite the presence of infection.

» Prognosis

Atopic dermatitis runs a chronic or intermittent course.
Affected adults may have only hand dermatitis. Prognostic
factors for persistence into adulthood include generalized
disease or onset early in childhood and asthma. Only
40–60% of these patients have lasting remissions.

Faiz S et al. Effectiveness and safety of dupilumab for the treat-
ment of atopic dermatitis in a real-life French multicenter
adult cohort. J Am Acad Dermatol. 2019;81:143. [PMID:
30825533]

Thyssen JP et al. Clinical management of atopic dermatitis in
adults: mapping of expert opinion in 4 Nordic countries using
a modified Delphi process. Acta Derm Venereol. 2020;100:
adv00015. [PMID: 31709450]

Wollenberg A et al. Consensus-based European guidelines for
treatment of atopic eczema (atopic dermatitis) in adults and
children: part II. J Eur Acad Dermatol Venereol. 2018;32:850.
[PMID: 29878606]
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LICHEN SIMPLEX CHRONICUS
(Circumscribed Neurodermatitis)

E S S E N T I A L S  O F  D I A G N O S I S

» Chronic itching and scratching.

» Lichenified lesions with exaggerated skin lines
overlying a thickened, well-circumscribed, scaly
plaque.

» Predilection for nape of neck, wrists, external sur-
faces of forearms, lower legs, and genitals.

» General Considerations

Lichen simplex chronicus represents a self-perpetuating
scratch-itch cycle that is hard to disrupt.

» Clinical Findings

Intermittent itching incites the patient to scratch the lesions
and may interfere with sleep. Dry, hypertrophic, lichenified
plaques appear on the neck, wrists, ankles, or perineum
(Figure 6–6). The patches are rectangular, thickened, and
hyperpigmented. The skin lines are exaggerated.

» Differential Diagnosis

This disorder can be differentiated from plaque-like lesions
such as psoriasis (redder lesions having whiter scales on
the elbows, knees, and scalp and nail findings), lichen pla-
nus (violaceous, usually smaller polygonal papules), and
nummular (coin-shaped) dermatitis. Lichen simplex
chronicus may complicate chronic atopic dermatitis or
scabetic infestation.

» Treatment

For lesions in extragenital regions, ultra-high potency topi-
cal corticosteroids are effective, with or without occlusion,

when used twice daily for several weeks (Table 6–2). In
some patients, flurandrenolide (Cordran) tape may be
effective, since it prevents scratching and rubbing of the
lesion. The injection of triamcinolone acetonide suspen-
sion (5–10 mg/mL) into the lesions may occasionally be
curative. Continuous occlusion with a flexible hydrocolloid
dressing for 7 days at a time for 1–2 months may also be
helpful. Dupilumab is a new treatment option for general-
ized disease or prurigo nodularis, its related condition. For
genital lesions, see the section Pruritus Ani.

» Prognosis

The disease tends to remit during treatment but may recur
or develop at another site.

Calugareanu A et al; French Group of Research and Study in
Atopic Dermatitis (Groupe de Recherche sur l’Eczéma
Atopique, GREAT) from the French Society of Dermatology
(SFD). Effectiveness and safety of dupilumab for the treat-
ment of prurigo nodularis in a French multicenter adult
cohort of 16 patients. J Eur Acad Dermatol Venereol.
2020;34:e74. [PMID: 31529718]

Qureshi AA et al. A systematic review of evidence-based
treatments for prurigo nodularis. J Am Acad Dermatol. 2019;
80:756. [PMID: 30261199]

PSORIASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Silvery scales on bright red, well-demarcated
plaques, usually on the knees, elbows, and scalp.

» Nails: pitting and onycholysis (separation of the
nail plate from the bed).

» Mild itching is common.

» May be associated with psoriatic arthritis.

» Histopathology helpful.

» General Considerations

Psoriasis is a common benign, chronic inflammatory skin
disease with both a genetic basis and known environmental
triggers. Injury or irritation of normal skin tends to induce
lesions of psoriasis at the site (Koebner phenomenon).
Obesity worsens psoriasis, and significant weight loss may
lead to substantial improvement. Psoriasis has several
variants—the most common is the plaque type and hand
involvement is also common. Eruptive (guttate) psoriasis
consisting of numerous, smaller lesions 3–10 mm in
diameter occurs occasionally after streptococcal pharyngitis.
Rarely, life-threatening forms (generalized pustular and
erythrodermic psoriasis) may occur.

» Clinical Findings

There are often no symptoms, but itching may occur and
be severe. Favored sites include the scalp, elbows, knees,

▲ Figure 6–6. Lichen simplex chronicus on the hand.
(Used, with permission, from Lindy Fox, MD.)
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palms and soles, and nails. The lesions are red, sharply
defined plaques covered with silvery scale (Figure 6–7).
The glans penis and vulva may be affected. Occasionally,
only the flexures (axillae, inguinal areas) are involved
(termed inverse psoriasis). Fine stippling (“pitting”) in the
nails is highly suggestive of psoriasis (Figure 6–8) as is
onycholysis. The combination of red plaques with silvery
scales on elbows and knees, with scaliness in the scalp or
nail findings, is diagnostic. Patients with psoriasis often
have a pink or red intergluteal fold. Not all patients have
findings in all locations. Some patients have mainly hand
or foot dermatitis with minimal findings elsewhere. There
may be associated arthritis that is most commonly distal
and oligoarticular, although the rheumatoid variety with a
negative rheumatoid factor may occur. The psychosocial
impact of psoriasis is a major factor in determining the
treatment of the patient.

» Differential Diagnosis

Psoriasis lesions are well demarcated and affect extensor
surfaces—in contrast to atopic dermatitis, with poorly
demarcated plaques in flexural distribution. In body folds,
scraping and culture for Candida and examination of scalp
and nails will distinguish inverse psoriasis from intertrigo
and candidiasis. Dystrophic changes in nails may mimic
onychomycosis, and a potassium hydroxide (KOH) prepa-
ration or fungal culture is valuable in diagnosis. The cuta-
neous features of reactive arthritis, pityriasis rosea, systemic
lupus erythematosus, and syphilis mimic psoriasis.

» Treatment

There are many therapeutic options in psoriasis to be cho-
sen according to the extent (body surface area [BSA]
affected) and the presence of other findings (for example,
arthritis). Certain medications, such as beta-blockers, anti-
malarials, statins, lithium, and prednisone taper may flare
or worsen psoriasis. Patients with moderate to severe pso-
riasis should be managed by or in conjunction with a
dermatologist.

A. Limited Disease

For patients with large plaques and less than 10% of the
BSA involved, the easiest regimen is to use a high-potency
to ultra–high-potency topical corticosteroid cream or oint-
ment. It is best to restrict the ultra–high-potency cortico-
steroids to 2–3 weeks of twice-daily use and then use them
in a pulse fashion three or four times on weekends or
switch to a mid-potency corticosteroid. Topical corticoste-
roids rarely induce a lasting remission. Initially, patients
may be treated with twice-daily topical corticosteroids plus
a vitamin D analog (calcipotriene ointment 0.005% or cal-
citriol ointment 0.003%) twice daily. This rapidly clears the
lesions; eventually, the topical corticosteroids are stopped,
and once- or twice-daily application of the vitamin D ana-
log is continued long-term. Calcipotriene usually cannot
be applied to the groin or face because of irritation. Treat-
ment of extensive psoriasis with vitamin D analogs may
result in hypercalcemia, so that the maximum dose for
calcipotriene is 100 g/week and for calcitriol it is 200 g/week.
Calcipotriene is incompatible with many topical cortico-
steroids (but not halobetasol), so if used concurrently, it
must be applied at a different time. For patients with
numerous small papules and plaques, such as guttate pso-
riasis, phototherapy is the best therapy.

For thick plaques on the scalp, start with a tar shampoo,
used daily if possible. Additional treatments include 6%
salicylic acid gel (eg, Keralyt), P & S solution (phenol, min-
eral oil, and glycerin), or fluocinolone acetonide 0.01% in
oil (Derma-Smoothe/FS) under a shower cap at night, and
shampoo in the morning. In order of increasing potency,
triamcinolone 0.1%, fluocinolone, betamethasone dipro-
pionate, amcinonide, and clobetasol are available in solu-
tion form for use on the scalp twice daily. Tacrolimus
ointment 0.1% or 0.03% or pimecrolimus cream 1% may be
effective in intertriginous, genital, and facial psoriasis,
where potent corticosteroids are not recommended due to
skin atrophy.

▲ Figure 6–7. Extensive plaque psoriasis involving
trunk of person with dark skin type. (Used, with permis-
sion, from Kanade Shinkai, MD.)

▲ Figure 6–8. Nail pitting due to psoriasis in a patient
with dark skin. (Used, with permission, from Richard P.
Usatine, MD, in Usatine RP, Smith MA, Mayeaux EJ Jr,
Chumley HS. The Color Atlas and Synopsis of Family
Medicine, 3rd ed. McGraw-Hill, 2019.)
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B. Moderate Disease

Psoriasis affecting 10–30% of the patient’s BSA is fre-
quently treated with UV phototherapy, either in a medical
office or via a home light unit. Systemic agents listed below
may also be used.

C. Moderate to Severe Disease

If psoriasis in a given location is severe or involves more
than 30% of the body surface, it is difficult to treat with
topical agents. These patients may be best managed in
partnership with a dermatologist, especially when consid-
ering systemic therapy. The treatment of choice is outpa-
tient narrowband UVB (NB-UVB) three times weekly.
Clearing occurs in an average of 7 weeks, and maintenance
may be required.

Psoralen plus UVA (PUVA) photochemotherapy may
be effective even in patients who have not responded to
standard NB-UVB treatment. Long-term use of PUVA
(greater than 250 doses) is associated with an increased
risk of skin cancer (especially squamous cell carcinoma
and perhaps melanoma) in persons with fair complexions.
Thus, periodic examination (every 3–6 months) of the skin
is imperative.

Methotrexate is effective for severe psoriasis in doses up
to 25 mg once weekly according to published protocols.
Long-term methotrexate use may be associated with cir-
rhosis. After receiving a 3.5–4-g cumulative dose, the
patient should be referred to a hepatologist for evaluation.
Administration of folic acid, 1–2 mg daily, can eliminate
nausea caused by methotrexate without compromising
efficacy.

Acitretin, a synthetic retinoid, is most effective for pus-
tular psoriasis in oral dosages of 0.5–0.75 mg/kg/day. Liver
enzymes and serum lipids must be checked periodically.
Because acitretin is a teratogen and persists for 2–3 years in
fat, women of childbearing age must wait at least 3 years
after completing acitretin treatment before considering
pregnancy. When used as single agents, retinoids will flat-
ten psoriatic plaques, but will rarely result in complete
clearing. Retinoids find their greatest use when combined
with phototherapy—either UVB or PUVA, with which they
are synergistic.

Cyclosporine dramatically improves psoriasis and may
be used to control severe cases. Rapid relapse (rebound)
frequently occurs after cessation of therapy, so another
agent must be added if cyclosporine is stopped. The tumor
necrosis factor (TNF) inhibitors etanercept (Enbrel), inf-
liximab (Remicade), and adalimumab (Humira) are effec-
tive in pustular and chronic plaque psoriasis and are also
effective for the associated arthritis. Infliximab provides
the most rapid response and can be used for severe pustu-
lar or erythrodermic flares. Etanercept is used more fre-
quently for long-term treatment at a dose of 50 mg
subcutaneously twice weekly for 3 months, then 50 mg
once weekly. All three TNF inhibitors can also induce or
worsen psoriasis. IL-12/23 monoclonal antibodies
(ustekinumab [Stelara], guselkumab), Janus kinase inhibi-
tors (tofacitinib, approved for use in rheumatoid arthritis
but with strong data supporting its use in psoriasis), and

IL-17 monoclonal antibodies (secukinumab, brodalumab,
and ixekizumab) may be the most effective treatments
among biologics. The oral phosphodiesterase 4 inhibitor
apremilast is an approved option for plaque-type psoriasis
with minimal immunosuppressive effects and requires no
laboratory monitoring.

» Prognosis

The course of psoriasis may be chronic and unpredictable,
and it may be refractory to treatment. Patients (especially
those older than 40 years) should be monitored for meta-
bolic syndrome, which correlates with the severity of their
skin disease. Complications of systemic therapy occur and
active monitoring for infection is needed.

Armstrong AW et al. Comparison of biologics and oral treatments
for plaque psoriasis: a meta-analysis. JAMA Dermatol.
2020;156:256. [PMID: 32022825]

Armstrong AW et al. Pathophysiology, clinical presentation, and
treatment of psoriasis: a review. JAMA. 2020;323:1945.
[PMID: 32427307]

Menter A et al. Joint AAD-NPF guidelines of care for the man-
agement and treatment of psoriasis with biologics. J Am Acad
Dermatol. 2019;80:1029. [PMID: 30772098]

Elmets CA et al. Joint AAD-NPF guidelines of care for the man-
agement and treatment of psoriasis with awareness and atten-
tion to comorbidities. J Am Acad Dermatol. 2019;80:1073.
[PMID: 30772097]

PITYRIASIS ROSEA

E S S E N T I A L S  O F  D I A G N O S I S

» Oval, fawn-colored, scaly eruption following cleav-
age lines of trunk.

» Herald patch precedes eruption by 1–2 weeks.

» Occasional pruritus.

» General Considerations

Pityriasis rosea is a common mild, acute inflammatory
disease that is 50% more common in females. Young adults
are principally affected, mostly in the spring or fall. Con-
current household cases have been reported.

» Clinical Findings

Itching is common but usually mild. The diagnosis is made
by finding one or more classic lesions, such as oval, fawn-
colored plaques up to 2 cm in diameter. The centers of a
few lesions may have a characteristic crinkled or “cigarette
paper” appearance and a collarette scale, ie, a thin bit of
scale that is bound at the periphery and free in the center.
Lesions follow cleavage lines on the trunk (so-called
Christmas tree pattern, Figure 6–9), and the proximal por-
tions of the extremities are often involved. A variant that
affects the flexures (axillae and groin), so-called inverse
pityriasis rosea, and a papular variant, especially in Black
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patients, also occur. An initial lesion (“herald patch”) that
is often larger than the later lesions often precedes the
general eruption by 1–2 weeks. The eruption usually lasts
6–8 weeks and heals without scarring.

» Differential Diagnosis

Serologic testing for syphilis should be performed unless
perfectly typical pityriasis rosea lesions are present. Palmar
and plantar or mucous membrane lesions or adenopathy
are features suggestive of secondary syphilis. Tinea corpo-
ris may present with a few red, slightly scaly plaques.
Rarely, there are more than a few plaques, but the number
of plaques do not compare to the number seen in pityriasis
rosea. A potassium hydroxide examination should be per-
formed to exclude a fungal cause. Seborrheic dermatitis on
occasion presents on the body with poorly demarcated
patches over the sternum, in the pubic area, and in the axil-
lae. Tinea versicolor lacks the typical collarette rimmed
lesions. Guttate or plaque psoriasis is an important diag-
nostic consideration and biopsy can help differentiate these
from pityriasis rosea. Certain medications and immuniza-
tions rarely may induce a skin eruption mimicking pityria-
sis rosea.

» Treatment

Pityriasis rosea often requires no treatment unless patients
are symptomatic. In darker-skinned individuals, more
aggressive management may be indicated because dyspig-
mentation of lesions may result. Oral acyclovir may
improve the rash appearance. While well-designed clinical

trials have not demonstrated highly effective treatments,
most dermatologists recommend UVB treatments or a
short course of prednisone for severe or severely symptom-
atic cases. For mild to moderate cases, topical corticoste-
roids of medium strength (triamcinolone 0.1%) and oral
antihistamines may be used if pruritus is bothersome. The
role of macrolide antibiotics is not evidence based.

» Prognosis

Pityriasis rosea is usually an acute self-limiting illness that
typically disappears in about 6 weeks, although prolonged
variants have been reported.

Contreras-Ruiz J et al. Interventions for pityriasis rosea.
Cochrane Database Syst Rev. 2019;2019:CD005068. [PMID:
31684696]

SEBORRHEIC DERMATITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Dry scales and underlying erythema.

» Scalp, central face, presternal, interscapular areas,
umbilicus, and body folds.

» General Considerations

Seborrheic dermatitis is an acute or chronic papulosqua-
mous dermatitis that often coexists with psoriasis and is
associated with inflammation due to Malassezia species.

» Clinical Findings

The scalp, face, chest, back, umbilicus, eyelid margins,
genitalia, and body folds have dry scales (dandruff) or oily
yellowish scurf (Figure 6–10). Pruritus is a variable finding.
Patients with Parkinson disease, HIV-infected patients,
and patients who become acutely ill often have seborrheic
dermatitis.

» Differential Diagnosis

There is a spectrum from seborrheic dermatitis to scalp
psoriasis. Extensive seborrheic dermatitis may simulate
intertrigo in flexural areas, but scalp, face, and sternal
involvement suggests seborrheic dermatitis.

» Treatment

A. Seborrhea of the Scalp

Shampoos that contain zinc pyrithione or selenium are
used daily if possible. These may be alternated with keto-
conazole shampoo (1% or 2%) used twice weekly. A com-
bination of shampoos is used in refractory cases. Tar
shampoos are also effective for milder cases and for scalp
psoriasis. Topical corticosteroid solutions or lotions are
then added if necessary and are used twice daily. (See treat-
ment for scalp psoriasis, above.)

▲ Figure 6–9. Pityriasis rosea with scaling lesions fol-
lowing skin lines and resembling a Christmas tree.
(Used, with permission, from EJ Mayeaux, MD, in Usatine
RP, Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas
and Synopsis of Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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B. Facial Seborrheic Dermatitis

The mainstay of therapy is a mild corticosteroid (hydro-
cortisone 1%, alclometasone, desonide) used intermit-
tently and not near the eyes. If the disorder cannot be
controlled with intermittent use of a mild topical cortico-
steroid alone, ketoconazole 2% cream is added twice
daily. Topical tacrolimus and pimecrolimus are steroid-
sparing alternatives.

C. Seborrheic Dermatitis of Nonhairy Areas

Low-potency corticosteroid creams—ie, 1% or 2.5% hydro-
cortisone, desonide, or alclometasone dipropionate—are
highly effective.

D. Seborrhea of Intertriginous Areas

Apply low-potency corticosteroid lotions or creams twice
daily for 5–7 days and then once or twice weekly for main-
tenance as necessary. Selenium lotion, ketoconazole, or
clotrimazole gel or cream may be a useful adjunct. Tacroli-
mus or pimecrolimus topically may avoid corticosteroid
atrophy in chronic cases.

E. Involvement of Eyelid Margins

“Marginal blepharitis” usually responds to gentle cleaning
of the lid margins nightly as needed, with undiluted baby
shampoo or eyelid cleanser using a cotton swab.

» Prognosis

The tendency is for lifelong recurrences. Individual out-
breaks may last weeks, months, or years.

▲ Figure 6–10. Close-up of seborrheic dermatitis
showing flaking skin and erythema around the beard
region. (Reproduced with permission from Richard P.
Usatine, MD in Usatine RP, Mayeaux EJ Jr, Chumley HS.
The Color Atlas and Synopsis of Family Medicine, 3rd ed.
McGraw-Hill, 2019.)

Borda LJ et al. Treatment of seborrheic dermatitis: a comprehen-
sive review. J Dermatolog Treat. 2019;30:158. [PMID: 29737895]

Elgash M et al. Seborrheic dermatitis in skin of color: clinical con-
siderations. J Drugs Dermatol. 2019;18:24. [PMID: 30681789]

FUNGAL INFECTIONS OF THE SKIN

The diagnosis of fungal infections of the skin is based on the
location and characteristics of the lesions and on the follow-
ing laboratory examinations: (1) Direct demonstration of
fungi in 10% KOH evaluation of suspected lesions. “If it’s
scaly, scrape it” is a time-honored maxim (Figure 6–11).
(2) Cultures of organisms from skin scrapings. (3) Histologic
sections of biopsies stained with periodic acid-Schiff tech-
nique may be diagnostic if scrapings and cultures are
falsely negative.

» Principles of Treatment

A diagnosis should always be confirmed by KOH prepara-
tion, culture, or biopsy. Many other diseases cause scaling,
and use of an antifungal agent without a firm diagnosis
makes subsequent diagnosis more difficult. In general,
fungal infections are treated topically except for those with
extensive involvement or involving the nails or hair folli-
cles. In these situations, oral agents may be useful, with
special attention to their side effects and complications,
including hepatic toxicity.

Budding

yeast

Pseudohyphae

▲ Figure 6–11. KOH preparation of fungus demon-
strating pseudohyphae and budding yeast forms.
(Reproduced, with permission, from Nicoll D et al. Guide to
Diagnostic Tests, 7th ed. McGraw-Hill, 2017.)
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» General Measures & Prevention

Since moist skin favors the growth of fungi, dry the skin
carefully after perspiring heavily or after bathing. The use
of a hair dryer on a low setting may be helpful. Antifungal
or drying powders may be useful with the exception of
powders containing corn starch, which may exacerbate
fungal infections. The use of topical corticosteroids for
other diseases may be complicated by intercurrent tinea or
candidal infection, and topical antifungals are often used in
intertriginous areas with corticosteroids to prevent this.

1. tin Coois o tin Cicin

E S S E N T I A L S  O F  D I A G N O S I S

» Ring-shaped lesions with an advancing scaly bor-
der and central clearing or scaly patches with a
distinct border.

» Microscopic examination of scrapings or culture
confirms the diagnosis.

» General Considerations

The lesions are often on exposed areas of the body such as
the face and arms. A history of exposure to an infected pet
(who may have scaly rash or patches of alopecia) may occa-
sionally be obtained, usually indicating Microsporum infec-
tion. Trichophyton rubrum is the most common pathogen,
usually representing extension onto the trunk or extremi-
ties of tinea cruris, pedis, or manuum.

» Clinical Findings

A. Symptoms and Signs

Itching may be present. In classic lesions, rings of erythema
have an advancing scaly border and central clearing.

B. Laboratory Findings

The diagnosis should be confirmed by KOH preparation or
culture.

» Differential Diagnosis

Positive fungal studies distinguish tinea corporis from
other skin lesions with annular configuration, such as the
annular lesions of psoriasis, lupus erythematosus, syphilis,
granuloma annulare, and pityriasis rosea. Psoriasis has
typical lesions on elbows, knees, scalp, and nails. Second-
ary syphilis is often manifested by characteristic palmar,
plantar, and mucous membrane lesions. Tinea corporis
rarely has the large number of symmetric lesions seen in
pityriasis rosea. Granuloma annulare lacks scale.

» Complications

Complications include extension of the disease down the
hair follicles (which presents as papules and pustules and
requires systemic antifungals to cure) and pyoderma.

» Prevention

Treat infected household pets (Microsporum infections). To
prevent recurrences, the use of foot powder and keeping
feet dry by wearing sandals, or changing socks can be
useful.

» Treatment

A. Local Measures

Tinea corporis responds to most topical antifungals,
including terbinafine, butenafine, econazole, miconazole,
and clotrimazole, most of which are available over the
counter in the United States (see Table 6–2). Terbinafine
and butenafine require shorter courses and lead to the
most rapid response. Treatment should be continued for
1–2 weeks after clinical clearing. Betamethasone dipro-
pionate with clotrimazole (Lotrisone) is not recom-
mended. Long-term improper use may result in side
effects from the high-potency corticosteroid component,
especially in body folds.

B. Systemic Measures

Itraconazole as a single weeklong pulse of 200 mg orally
daily is effective in tinea corporis. Terbinafine, 250 mg
orally daily for 1 month, is an alternative.

» Prognosis

Tinea corporis usually responds promptly to conservative
topical therapy or to an oral agent within 4 weeks.

May PJ et al. Treatment, prevention and public health manage-
ment of impetigo, scabies, crusted scabies and fungal skin
infections in endemic populations: a systematic review. Trop
Med Int Health. 2019;24:280. [PMID: 30582783]

2. tin Cuis (Jock Ic)

E S S E N T I A L S  O F  D I A G N O S I S

» Marked itching in intertriginous areas, usually
sparing the scrotum.

» Peripherally spreading, sharply demarcated, cen-
trally clearing erythematous lesions.

» May have associated tinea infection of feet or
toenails.

» Laboratory examination with microscope or cul-
ture confirms diagnosis.

» General Considerations

Tinea cruris lesions are confined to the groin and gluteal
cleft. Intractable pruritus ani may occasionally be caused
by a tinea infection.
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» Clinical Findings

A. Symptoms and Signs

Itching may be severe, or the rash may be asymptomatic.
The lesions have sharp margins, cleared centers, and active,
spreading scaly peripheries. Follicular pustules are some-
times encountered. The area may be hyperpigmented on
resolution.

B. Laboratory Findings

Hyphae can be demonstrated microscopically in KOH
preparations or skin biopsy. The organism may be cultured.

» Differential Diagnosis

Tinea cruris must be distinguished from other lesions
involving the intertriginous areas, such as candidiasis, seb-
orrheic dermatitis, intertrigo, psoriasis of body folds
(“inverse psoriasis”), and erythrasma (corynebacterial
infection of intertriginous areas). Candidiasis is generally
bright red and marked by satellite papules and pustules
outside of the main border of the lesion. Candida typically
involves the scrotum. Seborrheic dermatitis also often
involves the face, sternum, axillae, and genitalia (but not the
crural folds). Intertrigo tends to be less red, less scaly, and
present in obese individuals in moist body folds with less
extension onto the thigh. “Inverse psoriasis” is character-
ized by distinct plaques. Other areas of typical psoriatic
involvement should be checked, and the KOH examination
will be negative. Erythrasma is best diagnosed with Wood
(ultraviolet) light—a brilliant coral-red fluorescence is seen.

» Treatment

A. General Measures

Drying powder (eg, miconazole nitrate [Zeasorb-AF]) can
be dusted into the involved area in patients with excessive
perspiration or occlusion of skin due to obesity as a preven-
tive measure but is less helpful for treatment.

B. Local Measures

Any of the topical antifungal preparations listed in Table
6–2 may be used. Terbinafine cream is curative in over 80%
of cases after once-daily use for 7 days.

C. Systemic Measures

One week of either itraconazole, 200 mg orally daily, or
terbinafine, 250 mg orally daily, can be effective.

» Prognosis

Tinea cruris usually responds promptly to topical or sys-
temic treatment but often recurs.

Rajagopalan M et al. Expert Consensus on The Management of
Dermatophytosis in India (ECTODERM India). BMC Der-
matol. 2018;18:6. [PMID: 30041646]

3. tin Mnuum & tin pdis
(tin of plms & Sols)

E S S E N T I A L S  O F  D I A G N O S I S

» Most often presents with asymptomatic scaling.

» May progress to fissuring or maceration in toe
web spaces.

» May be a portal of entry for bacteria causing lower
extremity cellulitis.

» Itching, burning, and stinging of interdigital web;
scaling palms and soles; vesicles on soles in inflam-
matory cases.

» KOH preparation or fungal culture of skin scapings
is usually positive.

» General Considerations

Tinea of the feet (athlete’s foot) is an extremely common
acute or chronic dermatosis. Most infections are caused by
Trichophyton species.

» Clinical Findings

A. Symptoms and Signs

The presenting symptom may be itching, burning, or sting-
ing. Pain may indicate secondary infection with complicat-
ing cellulitis. Interdigital tinea pedis is the most common
predisposing cause of lower extremity cellulitis in healthy
individuals. Regular examination of the feet of diabetic
patients for evidence of scaling and fissuring and treatment
of any identified tinea pedis may prevent complications.
Tinea pedis has several presentations that vary with the
location. On the sole and heel, tinea may appear as chronic
noninflammatory scaling, occasionally with thickening
and fissuring. This may extend over the sides of the feet in
a “moccasin” distribution (Figure 6–12). The KOH
preparation is usually positive. Tinea pedis often appears as

▲ Figure 6–12. Tinea pedis in the moccasin distribu-
tion. (Used, with permission, from Richard P. Usatine, MD,
in Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley HS.
The Color Atlas and Synopsis of Family Medicine, 3rd ed.
McGraw-Hill, 2019.)
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a scaling or fissuring of the toe webs, often with maceration
(Figure 6–13). As the web spaces become more macerated,
the KOH preparation and fungal culture are less often posi-
tive because bacterial species begin to dominate. Finally,
there may also be vesicles, bullae, or generalized exfoliation
of the skin of the soles, or nail involvement in the form of
discoloration, friability, and thickening of the nail plate.

B. Laboratory Findings

KOH and culture do not always demonstrate pathogenic
fungi from macerated areas.

» Differential Diagnosis

Another skin condition involving the same areas is interdigi-
tal erythrasma (use Wood light). Psoriasis may be a cause of
chronic scaling on the palms or soles and may cause nail
changes. Repeated fungal cultures should be negative, and
the condition will not respond to antifungal therapy. Con-
tact dermatitis will often involve the dorsal surfaces and
will respond to topical or systemic corticosteroids. Vesicular
lesions should be differentiated from pompholyx (dyshidrosis)
and scabies by proper scraping of the roofs of individual
vesicles. Rarely, gram-negative organisms may cause toe web
infections, manifested as an acute erosive flare of interdigital
disease. This entity is treated with aluminum salts and imid-
azole antifungal agents or ciclopirox. Candida may also
cause erosive interdigital disease.

» Prevention

The essential factor in prevention is personal hygiene.
Wear open-toed sandals if possible. Use of sandals in com-
munity showers and bathing places is often recommended,
though the effectiveness of this practice has not been stud-
ied. Careful drying between the toes after showering is
essential. A hair dryer used on low setting may be helpful.

Socks should be changed frequently, and absorbent non-
synthetic socks are preferred. Apply dusting and drying
powders as necessary. The use of powders containing anti-
fungal agents (eg, Zeasorb-AF) or long-term use of anti-
fungal creams may prevent recurrences of tinea pedis.

» Treatment

A. Local Measures

1. Macerated stage—Treat with aluminum subacetate
solution soaks for 20 minutes twice daily. Broad-spectrum
antifungal creams and solutions (containing imidazoles or
ciclopirox) (Table 6–2) will help combat diphtheroids and
other gram-positive organisms present at this stage and
alone may be adequate therapy. If topical imidazoles fail,
1 week of once-daily topical allylamine treatment (terbin-
afine or butenafine) will often result in clearing.

2. Dry and scaly stage—Use any of the antifungal agents
listed in Table 6–2. The addition of urea 10–20% lotion or
cream may increase the efficacy of topical treatments in
thick (“moccasin”) tinea of the soles.

B. Systemic Measures

Itraconazole, 200 mg orally daily for 2 weeks or 400 mg
daily for 1 week, or terbinafine, 250 mg orally daily for
2–4 weeks, may be used in refractory cases. If the infection
is cleared by systemic therapy, the patient should be
encouraged to begin maintenance with topical therapy,
since recurrence is common.

» Prognosis

For many individuals, tinea pedis is a chronic affliction,
temporarily cleared by therapy only to recur. Treatment of
tinea pedis or manuum without systemic treatment of
affected nails may result in recurrent skin disease.

Goiset A et al. Characteristics, associated diseases, and manage-
ment of gram-negative toe-web infection: a French experi-
ence. Acta Derm Venereol. 2019;99:1121. [PMID: 31502652]

4. tin Vsicolo (piyisis Vsicolo)

E S S E N T I A L S  O F  D I A G N O S I S

» Velvety, tan, pink, or white macules or white mac-
ules that do not tan with sun exposure.

» Fine scales that are not visible but are seen by
scraping the lesion.

» Central upper trunk the most frequent site.

» Yeast and short hyphae observed on microscopic
examination of scales.

» General Considerations

Tinea versicolor is a mild, superficial Malassezia infection
of the skin (usually of the upper trunk). This yeast is

▲ Figure 6–13. Tinea pedis in the interdigital space
between fourth and fifth digits. The differential diagno-
sis includes a bacterial primary or secondary infection
with gram-negative organisms. (Used, with permission,
from Richard P. Usatine, MD, in Usatine RP, Smith MA,
Mayeaux EJ Jr, Chumley HS. The Color Atlas and Synopsis
of Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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a colonizer of all humans, which accounts for the high
recurrence rate after treatment. The eruption is often called
to patients’ attention by the fact that the involved areas will
not tan, and the resulting hypopigmentation may be mis-
taken for vitiligo. A hyperpigmented form is not
uncommon.

» Clinical Findings

A. Symptoms and Signs

Lesions are asymptomatic, but a few patients note itching.
The lesions are velvety, tan, pink, or white macules or thin
papules that vary from 4 mm to 5 mm in diameter to large
confluent areas. The lesions initially do not look scaly, but
scales may be readily obtained by scraping the area. Lesions
may appear on the trunk, upper arms, neck, and groin.

B. Laboratory Findings

Large, blunt hyphae and thick-walled budding spores
(“spaghetti and meatballs”) are seen on KOH. Fungal cul-
ture is not useful.

» Differential Diagnosis

Vitiligo usually presents with larger periorificial and
acral lesions and is also characterized by total (not partial)
depigmentation. Vitiligo does not scale. Pink and red-
brown lesions on the chest are differentiated from sebor-
rheic dermatitis of the same areas by the KOH
preparation.

» Treatment & Prognosis

A. Initial Treatment

Topical treatments include selenium sulfide lotion, which
may be applied from neck to waist daily and left on for
5–15 minutes for 7 days; this treatment is repeated weekly
for a month. Ketoconazole shampoo, 1% or 2%, lathered
on the chest and back and left on for 5 minutes may also
be used weekly for treatment. Clinicians must stress to
the patient that the raised and scaly aspects of the rash are
being treated; the alterations in pigmentation may take
months to fade or fill in.

A regimen of two doses of oral fluconazole, 300 mg,
14 days apart, is first-line treatment; the risk of hepatitis is
minimal. Additional doses may be required in severe cases
or humid climates. Ketoconazole is no longer recom-
mended as first-line treatment because of the risk of drug-
induced hepatitis.

B. Maintenance Therapy

Topical treatments as described above can be used for
maintenance therapy. Selenium sulfide lotion should be
used monthly, and ketoconazole shampoo, 1% or 2%, may
be used to prevent recurrence. Imidazole creams, solutions,
and lotions (eg, clotrimazole or miconazole) are quite
effective for localized areas but are too expensive for use
over large areas, such as the chest and back. Without main-
tenance therapy, recurrences will occur in over 80% of
“cured” cases over the subsequent 2 years.

Hudson A et al. JAMA patient page. Tinea versicolor. JAMA.
2018;320:1396. [PMID: 30285180]

Saleem MD et al. Acquired disorders with hypopigmentation: a
clinical approach to diagnosis and treatment. J Am Acad
Dermatol. 2019;80:1233. [PMID: 30236514]

CUTANEOUS LUPUS ERYTHEMATOSUS

E S S E N T I A L S  O F  D I A G N O S I S

» Localized violaceous red plaques, usually on the
head (discoid lupus erythematosus) or the trunk
(chronic cutaneous lupus erythematosus).

» Scaling, follicular plugging, atrophy, dyspigmenta-
tion, and telangiectasia of involved areas.

» Photosensitivity.

» Distinctive histology.

» General Considerations

Common forms of cutaneous lupus include chronic cutane-
ous lupus erythematosus (CCLE), typically chronic scarring
(discoid) lupus erythematosus (DLE), and erythematous
nonscarring red plaques of subacute cutaneous lupus ery-
thematosus (SCLE). All occur most frequently in photoex-
posed areas. Permanent hair loss and loss of pigmentation
are common sequelae of discoid lesions. Systemic lupus
erythematosus (SLE) is discussed in Chapter 20. Patients
with SLE may have DLE or SCLE lesions.

» Clinical Findings

A. Symptoms and Signs

Symptoms are usually mild. In DLE, the lesions consist of
violaceous red, well-localized, single or multiple plaques,
5–20 mm in diameter, usually on the face, scalp, and exter-
nal ears (conchal bowl). In discoid lesions, there is atrophy,
telangiectasia, central depigmentation or scarring, a hyper-
pigmented rim, and follicular plugging. On the scalp, sig-
nificant permanent hair loss may occur. In SCLE, the
lesions are erythematous annular or psoriasiform plaques
up to several centimeters in diameter and favor the upper
chest and back.

B. Laboratory Findings

In patients with DLE, SLE should be considered if the fol-
lowing findings are present: positive antinuclear antibody
(ANA), other positive serologic studies (eg, anti-double-
stranded DNA or anti-Smith antibody), high erythrocyte
sedimentation rate, proteinuria, hypocomplementemia,
widespread lesions (not localized to the head), nail fold
changes (dilated or thrombosed nail fold capillary loops),
or arthralgias with or without arthritis. Patients with
marked photosensitivity and symptoms otherwise sugges-
tive of lupus may have negative ANA tests but are positive
for antibodies against Ro/SSA or La/SSB (SCLE).
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» Differential Diagnosis

The diagnosis is based on the clinical appearance con-
firmed by skin biopsy in all cases. In DLE, the scales are dry
and “thumbtack-like” and can thus be distinguished from
those of seborrheic dermatitis and psoriasis. Older lesions
have hyperpigmented borders, depigmented central scar-
ring, or areas of hair loss that will also differentiate lupus
from these diseases. Ten percent of patients with SLE have
discoid skin lesions, and 5% of patients with discoid lesions
have SLE. A number of medications may induce SCLE with
a positive Ro/SSA.

» Treatment

A. General Measures

Use photoprotective clothing and broad-spectrum sun-
block of SPF of 30 or more daily. UVA coverage is essential
in photosensitive patients. Avoid using radiation therapy or
medications that are potentially photosensitizing when
possible.

B. Local Treatment

For limited lesions, the following should be tried before
systemic therapy: high-potency corticosteroid creams
applied each night and covered with airtight, thin, pliable
plastic film (eg, Saran Wrap); Cordran tape; or ultra–high-
potency corticosteroid cream or ointment applied twice
daily without occlusion.

C. Local Infiltration

Triamcinolone acetonide suspension, 2.5–10 mg/mL, may
be injected into the lesions of DLE once a month.

D. Systemic Treatment

1. Antimalarials—These medications should be used only
when the diagnosis is secure because they have been asso-
ciated with flares of psoriasis, which may be in the differ-
ential diagnosis.

a. Hydroxychloroquine sulfate—Daily dose of no
more than 5 mg/kg orally (real-weight) for several months
may be effective and is often used prior to chloroquine. A
minimum 3-month trial is recommended. Screening for
ocular toxicity is needed.

b. Chloroquine sulfate—250 mg orally daily may be
effective in some cases when hydroxychloroquine is not.

2. Isotretinoin—Isotretinoin, 1 mg/kg/day orally, is effec-
tive in hypertrophic DLE lesions.

3. Thalidomide—Thalidomide is effective in refractory
cases in doses of 50–300 mg orally daily. Monitor for neu-
ropathy. Lenalidomide (5–10 mg orally daily) may also be
effective with less risk for neuropathy.

Isotretinoin, thalidomide, and lenalidomide are terato-
gens and should be used with appropriate contraception
and monitoring in women of childbearing age.

» Prognosis

The disease is persistent but not life-endangering unless
systemic lupus is present. Treatment with one or more
antimalarials is effective in more than half of cases. Patients
with cutaneous lupus erythematosus should be examined
and tested annually (complete blood count and urinalysis)
to screen for early signs of systemic involvement. Although
the only morbidity may be cosmetic, this can have signifi-
cant quality of life impact in more darkly pigmented
patients with widespread disease. Scarring alopecia can be
prevented or lessened with close attention and aggressive
therapy. Over years, DLE tends to become inactive. Drug-
induced SCLE usually resolves over months when the
inciting medication is stopped.

Chasset F et al. Current concepts and future approaches in the
treatment of cutaneous lupus erythematosus: a comprehen-
sive review. Drugs. 2019;79:1199. [PMID: 31228033]

Fairley JL et al. Management of cutaneous manifestations of
lupus erythematosus: a systematic review. Semin Arthritis
Rheum. 2020;50:95. [PMID: 31526594]

CUTANEOUS T-CELL LYMPHOMA
(Mycosis Fungoides)

E S S E N T I A L S  O F  D I A G N O S I S

» Localized or generalized erythematous scaling
patches that progress to plaques and nodules.

» Sometimes associated with pruritus, lymph-
adenopathy.

» Distinctive histology.

» General Considerations

Mycosis fungoides is a cutaneous T-cell lymphoma that
begins on the skin and may remain there for years or
decades. It may progress to systemic disease, including
Sézary syndrome (erythroderma with circulating malignant
T cells).

» Clinical Findings

A. Symptoms and Signs

Localized or generalized erythematous scaly patches or
plaques are present usually on the trunk. Plaques are almost
always over 5 cm in diameter. Pruritus is a frequent com-
plaint and can be severe. The lesions often begin as nonde-
script or nondiagnostic patches, and it is not unusual for the
patient to have skin lesions for more than a decade before
the diagnosis can be confirmed. Follicular involvement with
hair loss is characteristic of mycosis fungoides, and its pres-
ence should raise the suspicion of mycosis fungoides for any
pruritic eruption. In more advanced cases, tumors appear.
Local or diffuse lymph node enlargement may be due to
benign expansion of the node (dermatopathic lymphade-
nopathy) or involvement with mycosis fungoides.
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B. Laboratory Findings

Diagnosis is based on skin biopsy though numerous biop-
sies may be required before the diagnosis can be con-
firmed. In more advanced disease, circulating malignant
T cells (Sézary cells) can be detected in the blood (T-cell
gene rearrangement test). Eosinophilia may be present.

» Differential Diagnosis

Mycosis fungoides may be confused with psoriasis, drug
eruption, photoallergy, eczematous dermatitis, syphilis, or
tinea corporis. Histologic examination can distinguish
these conditions.

» Treatment

The treatment of mycosis fungoides is complex. Early and
aggressive treatment has not been proven to cure or pre-
vent disease progression. Skin-directed therapies, includ-
ing topical corticosteroids, topical mechlorethamine,
bexarotene gel, and UV phototherapy, are used initially. If
the disease progresses, PUVA plus retinoids, PUVA plus
interferon, extracorporeal photopheresis, bexarotene, his-
tone deacetylase inhibitors (romidepsin or vorinostat),
targeted immunomodulators (brentuximab, mogamuli-
zumab), and total skin electron beam treatment are used.

» Prognosis

Mycosis fungoides is usually slowly progressive (over
decades). Prognosis is better in patients with patch or
plaque stage disease and worse in patients with erythro-
derma, tumors, and lymphadenopathy. Survival is not
reduced in patients with limited patch disease. Elderly
patients with limited disease commonly die of other causes.
Overly aggressive treatment may lead to complications and
premature demise.

Larocca C et al. Mycosis fungoides and Sézary syndrome: an
update. Hematol Oncol Clin North Am. 2019;33:103. [PMID:
30497668]

Peterson E et al. Cutaneous T cell lymphoma: a difficult diagnosis
demystified. Dermatol Clin. 2019;37:455. [PMID: 31466586]

EXFOLIATIVE DERMATITIS
(Exfoliative Erythroderma)

E S S E N T I A L S  O F  D I A G N O S I S

» Scaling and erythema over most of the body.

» Itching, malaise, fever, chills, weight loss.

» General Considerations

Erythroderma describes generalized redness and scaling
of the skin of more than 30% BSA. A preexisting dermatosis
is the cause of exfoliative dermatitis in two-thirds of
cases, including psoriasis, atopic dermatitis, contact der-
matitis, pityriasis rubra pilaris, and seborrheic dermatitis.

Reactions to topical or systemic medications account for
about 15% of cases, cancer (paraneoplastic symptom of
lymphoma, solid tumors, and most commonly, cutaneous
T-cell lymphoma) for about 10%, and 10% are idiopathic.
Widespread scabies is an important diagnostic consider-
ation since patients with erythrodermic presentation are
highly contagious. At the time of acute presentation, with-
out a clear-cut prior history of skin disease or medication
exposure, it may be impossible to make a specific diagnosis
of the underlying condition, and diagnosis may require
continued observation.

» Clinical Findings

A. Symptoms and Signs

Symptoms may include itching, weakness, malaise, fever,
and weight loss. Chills are prominent. Erythema and scaling
are widespread. Loss of hair and nails can occur. Generalized
lymphadenopathy may be due to lymphoma or leukemia or
may be reactive. The mucosae are typically spared.

B. Laboratory Findings

A skin biopsy is required and may show changes of a specific
inflammatory dermatitis or cutaneous T-cell lymphoma.
Peripheral leukocytes may show clonal rearrangements of
the T-cell receptor in Sézary syndrome.

» Complications

Protein and electrolyte loss as well as dehydration may
develop in patients with generalized inflammatory exfolia-
tive erythroderma; sepsis may occur.

» Treatment

A. Topical Therapy

Home treatment is with cool to tepid baths and application
of mid-potency corticosteroids under wet dressings or with
the use of an occlusive plastic suit. If the condition becomes
chronic and unmanageable in an outpatient setting, the
patient should be hospitalized.

B. Specific Measures

Stop all medications, if possible. Systemic corticosteroids
may provide marked improvement in severe or fulminant
exfoliative dermatitis, but long-term therapy should be
avoided (see Chapter 26). For cases of psoriatic erythro-
derma and pityriasis rubra pilaris, acitretin, methotrexate,
cyclosporine, or a TNF inhibitor may be indicated. Eryth-
roderma secondary to lymphoma or leukemia requires
specific topical or systemic chemotherapy. Suitable antibi-
otic medications with coverage for Staphylococcus should
be given when there is evidence of bacterial infection.

» Prognosis

Careful follow-up is necessary because identifying the
cause of exfoliative erythroderma early in the course of the
disease may be impossible. Most patients improve or
recover completely but some may require long-term
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therapy. Deaths are rare in the absence of cutaneous T-cell
lymphoma. A minority of patients will suffer from undi-
minished erythroderma for indefinite periods.

Inamadar AC et al. The rash that becomes an erythroderma.
Clin Dermatol. 2019;37:88. [PMID: 30981298]

MISCELLANEOUS SCALING DERMATOSES

Isolated scaly patches may represent actinic (solar) kerato-
ses, nonpigmented seborrheic keratoses, or Bowen or Paget
disease.

1. acinic Koss

Actinic keratoses are small (0.2–0.6 cm) macules or papules—
flesh-colored, pink, or slightly hyperpigmented—that feel like
sandpaper and are tender to palpation. They occur on sun-
exposed parts of the body in persons of fair complexion.
Actinic keratoses are considered premalignant, but 1:1000
lesions per year progress to squamous cell carcinoma.

Application of liquid nitrogen provides rapid eradica-
tion of lesions, which crust and disappear in 10–14 days.
“Field treatment” with a topical agent to an anatomic area
where the actinic keratoses are most prevalent (eg, fore-
head, dorsal hands, etc) can be considered in patients with
multiple lesions in one region. Fluorouracil cream is the
most effective topical agent used for field treatment;
imiquimod and ingenol mebutate are also effective, as is
photodynamic therapy. Combination therapy may be clini-
cally beneficial. Any lesions that persist should be evalu-
ated for possible biopsy.

Jansen MHE et al. Randomized trial of four treatment approaches
for actinic keratosis. N Engl J Med. 2019;380:935. [PMID:
30855743]

Heppt MV et al. Cryosurgery combined with topical interven-
tions for actinic keratosis: a systematic review and meta-
analysis. Br J Dermatol. 2019;180:740. [PMID: 30447074]

Heppt MV et al. Efficacy of photodynamic therapy combined
with topical interventions for the treatment of actinic kerato-
sis: a meta-analysis. J Eur Acad Dermatol Venereol.
2019;33:863. [PMID: 30710390]

2. Bown Diss & pg Diss

Bowen disease (intraepidermal squamous cell carcinoma)
can develop on sun-exposed and non–sun-exposed skin.
The lesion is usually a small (0.5–3 cm), well-demarcated,
slightly raised, pink to red, scaly plaque and may resemble
psoriasis or a large actinic keratosis. Lesions may progress
to invasive squamous cell carcinoma. Excision or other
definitive treatment such as topical treatment (fluorouracil
or imiquimod) or photodynamic therapy is indicated.

Extramammary Paget disease, a manifestation of
intraepidermal carcinoma or underlying genitourinary or
gastrointestinal cancer, resembles chronic eczema and usu-
ally involves apocrine areas such as the genitalia. Mam-
mary Paget disease of the nipple, a unilateral or rarely
bilateral red scaling plaque that may ooze, is associated
with an underlying intraductal mammary carcinoma (see
Figure 17–3). While these lesions appear as red patches and

plaques in fair-skinned persons, in darker-skinned indi-
viduals, hyperpigmentation may be prominent.

Edey KA et al. Interventions for the treatment of Paget’s disease
of the vulva. Cochrane Database Syst Rev. 2019;6:CD009245.
[PMID: 31167037]

Merritt BG et al. Extramammary Paget disease. Dermatol Clin.
2019;37:261. [PMID: 31084720]

INTERTRIGO

Intertrigo is caused by the macerating effect of heat, mois-
ture, and friction. It is especially likely to occur in obese
persons and in humid climates. The symptoms are itching,
stinging, and burning. The body folds develop fissures,
erythema, maceration, and superficial denudation. Candi-
diasis may complicate intertrigo. “Inverse psoriasis,” sebor-
rheic dermatitis, tinea cruris, erythrasma, and candidiasis
must be ruled out.

Maintain hygiene in the area, and keep it dry. Com-
presses may be useful acutely. Hydrocortisone 1% cream
plus an imidazole or clotrimazole 1% cream is effective.
Recurrences are common.

Kottner J et al. Prevalence of intertrigo and associated factors: a
secondary data analysis of four annual multicentre prevalence
studies in the Netherlands. Int J Nurs Stud. 2020;104:103437.
[PMID: 32105975]

VeSICULar DerMatOSeS

HERPES SIMPLEX
(Cold or Fever Sore; Genital Herpes)

E S S E N T I A L S  O F  D I A G N O S I S

» Recurrent small grouped vesicles (especially orola-
bial and genital) on an erythematous base.

» May follow minor infections, trauma, stress, or sun
exposure.

» Regional tender lymphadenopathy may occur.

» Direct fluorescent antibody tests are positive.

» General Considerations

Over 85% of adults have serologic evidence of herpes sim-
plex type 1 (HSV-1) infections, most often acquired
asymptomatically in childhood. Occasionally, primary
infections may be manifested as severe gingivostomatitis.
Thereafter, the patient may have recurrent self-limited
attacks, provoked by sun exposure, orofacial surgery, fever,
or a viral infection.

About 25% of the US population has serologic evidence
of infection with herpes simplex type 2 (HSV-2). HSV-2
causes lesions whose morphology and natural history are
similar to those caused by HSV-1 but are typically located
on the genitalia or buttocks of both sexes. The infection is
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acquired by sexual contact. In monogamous heterosexual
couples where one partner has HSV-2 infection, serocon-
version of the noninfected partner occurs in 10% over a
1-year period. Up to 70% of such infections appeared to be
transmitted during periods of asymptomatic shedding.
Genital herpes may also be due to HSV-1.

» Clinical Findings

A. Symptoms and Signs

The principal symptoms are burning and stinging. Neural-
gia may precede or accompany attacks. The lesions consist
of small, grouped vesicles on an erythematous base that
can occur anywhere but that most often occur on the ver-
milion border of the lips (Figure 6–14), the penile shaft, the
labia, the perianal skin, and the buttocks. Any erosion or
fissure in the anogenital region can be due to herpes sim-
plex. Regional lymph nodes may be swollen and tender.
The lesions usually crust and heal in 1 week. Immunosup-
pressed patients may have unusual variants, including ver-
rucous or nodular herpes lesions at typical sites of
involvement. Lesions of herpes simplex must be distin-
guished from chancroid, syphilis, pyoderma, or trauma.

B. Laboratory Findings

Direct fluorescent antibody slide tests offer rapid, sensitive
diagnosis. Viral culture or polymerase chain reaction (PCR)
may also be helpful. Herpes serology is not used in the diag-
nosis of an acute genital ulcer. Specific HSV-2 serology by
Western blot assay or enzyme-linked immunosorbent assay
(ELISA) can determine who is HSV-infected and potentially
infectious, but routine HSV-2 screening is not recom-
mended by the United States Preventive Services Task Force.

» Complications

Complications include pyoderma, eczema herpeticum,
herpetic whitlow, herpes gladiatorum (epidemic herpes

transmitted by contact), proctitis, esophagitis, neonatal
infection, keratitis, and encephalitis.

» Treatment

A. Systemic Therapy

Three systemic agents are available for the treatment of
acute herpes infections: acyclovir, valacyclovir, and famci-
clovir. All three agents are very effective, and when used
properly, virtually nontoxic. Only acyclovir is available for
intravenous administration. In the immunocompetent,
with the exception of severe orolabial herpes, only genital
disease is treated.

1. For first clinical episode—Recommended treatment for
the first clinical episodes of herpes simplex includes acy-
clovir, 400 mg orally five times daily (or 800 mg three times
daily); valacyclovir, 1000 mg orally twice daily; or famciclo-
vir, 250 mg orally three times daily; treatment is for
7–10 days, depending on the severity of the outbreak.

2. For mild recurrences—Most cases do not require ther-
apy. Pharmacotherapy of recurrent HSV is of limited
benefit, reducing the average outbreak by only 12–24 hours.
To be effective, the treatment must be initiated by the
patient at the first sign of recurrence. If treatment is
desired, recurrent genital herpes outbreaks may be treated
with 3 days of valacyclovir, 500 mg orally twice daily, 5 days
of acyclovir, 200 mg orally five times a day, or 5 days of
famciclovir, 125 mg orally twice daily. Valacyclovir, 2 g
twice daily for 1 day, and famciclovir, 1 g once or twice in
1 day, are equally effective short-course alternatives and
can abort impending recurrences of both orolabial and
genital herpes. The addition of a potent topical corticoste-
roid three times daily reduces the duration, size, and pain
of orolabial herpes treated with an oral antiviral agent.

3. For frequent or severe recurrences—Suppressive treat-
ment reduces recurrences by 85%, viral shedding by more
than 90%, and the risk of transmission by 50%. The recom-
mended suppressive doses, taken continuously, are acyclo-
vir, 400 mg orally twice daily; valacyclovir, 500 mg orally
once daily; or famciclovir, 125–250 mg orally twice daily.
Pritelivir, 100 mg orally once daily, may have superior
reduction of viral shedding in HSV-2 compared to valacy-
clovir, 500 mg orally once daily. Long-term suppression
appears safe, and after 5–7 years a substantial proportion of
patients can discontinue treatment.

Sunscreens are useful adjuncts in preventing sun-
induced HSV-1 recurrences. A preventive antiviral medica-
tion should be started beginning 24 hours prior to ultraviolet
light exposure, dental surgery, or orolabial cosmetic sur-
gery. The use of latex condoms and patient education have
proved effective in reducing genital herpes transmission in
some but not all studies. No single or combination interven-
tion absolutely prevents transmission.

B. Local Measures

In general, topical therapy has only limited efficacy and is
generally not recommended because evidence shows that it
only minimally reduces skin healing time.

▲ Figure 6–14. Orolabial herpes simplex showing
deroofed blisters (ulcer). (Used, with permission, from
Richard P. Usatine, MD, in Usatine RP, Smith MA, Mayeaux
EJ Jr, Chumley HS. The Color Atlas and Synopsis of Family
Medicine, 3rd ed. McGraw-Hill, 2019.)
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» Prognosis

Aside from the complications described above, recurrent
attacks last several days, and patients recover without sequelae.

Crimi S et al. Herpes virus, oral clinical signs and QoL: systematic
review of recent data. Viruses. 2019;11:463. [PMID: 31117264]

HERPES ZOSTER (Shingles)

See Chapter 32.

POMPHOLYX

E S S E N T I A L S  O F  D I A G N O S I S

» Pruritic “tapioca” vesicles of 1–2 mm on the palms,
soles, and sides of fingers.

» Vesicles may coalesce to form multiloculated
blisters.

» Scaling and fissuring may follow drying of the
blisters.

» Appearance in the third decade, with lifelong
recurrences.

» General Considerations

Pompholyx, or vesiculobullous dermatitis of the palms and
soles, is formerly known as dyshidrosis or dyshidrotic eczema.
About half of patients have an atopic background, and many
patients report flares with stress. Patients with widespread
dermatitis due to any cause may develop pompholyx-like
eruptions as a part of an autoeczematization response.

» Clinical Findings

Small clear vesicles resembling grains of tapioca stud the skin
at the sides of the fingers and on the palms (Figure 6–15) and
may also affect the soles, albeit less frequently. They may be
associated with intense itching. Later, the vesicles dry and the
area becomes scaly and fissured.

» Differential Diagnosis

Unroofing the vesicles and examining the blister roof with
a KOH preparation will reveal hyphae in cases of bullous
tinea. Patients with inflammatory tinea pedis may have a
vesicular autoeczematization of the palms. Nonsteroidal
anti-inflammatory drugs (NSAIDs) may produce an erup-
tion very similar to that of vesiculobullous dermatitis on
the hands.

» Prevention

There is no known way to prevent attacks if the condition
is idiopathic. About one-third to one-half of patients with
vesiculobullous hand dermatitis have a relevant contact
allergen, especially nickel. Patch testing and avoidance of
identified allergens can lead to improvement.

» Treatment

Topical and systemic corticosteroids help some patients
dramatically; however systemic corticosteroids are gener-
ally not appropriate therapy. A high-potency topical corti-
costeroid used early may help abort the flare and ameliorate
pruritus. Topical corticosteroids are also important in treat-
ing the scaling and fissuring that are seen after the vesicular
phase. Oral alitretinoin may be effective. It is essential that
patients avoid anything that irritates the skin; they should
wear cotton gloves inside vinyl gloves when doing dishes or
other wet chores and use a hand cream after washing the
hands. Patients respond to PUVA therapy and injection of
botulinum toxin into the palms as for hyperhidrosis.

» Prognosis

For most patients, the disease is an inconvenience. For
some, vesiculobullous hand eczema can be incapacitating.

Agner T et al. Hand eczema: epidemiology, prognosis and pre-
vention. J Eur Acad Dermatol Venereol. 2020;34:4. [PMID:
31860734]

Elsner P et al. Hand eczema: treatment. J Eur Acad Dermatol
Venereol. 2020;34:13. [PMID: 31860736]

Lee GR et al. Current and emerging therapies for hand eczema.
Dermatol Ther. 2019;32:e12840. [PMID: 30693618]

PORPHYRIA CUTANEA TARDA

E S S E N T I A L S  O F  D I A G N O S I S

» Noninflammatory blisters on sun-exposed sites,
especially the dorsal surfaces of the hands.

» Hypertrichosis, skin fragility.

» Associated liver disease.

» Elevated urine porphyrins.

▲ Figure 6–15. Severe pompholyx. (Used, with permis-
sion, from Richard P. Usatine, MD, in Usatine RP, Smith MA,
Mayeaux EJ Jr, Chumley HS. The Color Atlas and Synopsis
of Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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» General Considerations

Porphyria cutanea tarda is the most common type of por-
phyria. Cases are sporadic or hereditary. The disease is
associated with ingestion of certain medications (eg, estro-
gens) and alcoholic liver disease, hemochromatosis, or
hepatitis C.

» Clinical Findings

A. Symptoms and Signs

Patients complain of painless blistering and fragility of
the skin of the dorsal surfaces of the hands (Figure 6–16).
Facial hypertrichosis and hyperpigmentation are
common.

B. Laboratory Findings

Urinary uroporphyrins are elevated twofold to fivefold
above coproporphyrins. Patients may also have abnormal
liver biochemical tests, evidence of hepatitis C infection,
increased liver iron stores, and hemochromatosis gene
mutations.

» Differential Diagnosis

Skin lesions identical to those of porphyria cutanea tarda
may be seen in patients who undergo dialysis and in those
who take certain medications (tetracyclines, voriconazole,
and NSAIDs, especially naproxen). In this so-called pseu-
doporphyria, the biopsy results are the same as those asso-
ciated with porphyria cutanea tarda, but urine porphyrins
are normal.

» Prevention

Barrier sun protection with clothing is required. Although
the lesions are triggered by sun exposure, the wavelength of
light triggering the lesions is beyond that absorbed by
sunscreens.

» Treatment

Stopping all triggering medications and substantially
reducing or stopping alcohol consumption alone may lead
to improvement in most cases. Phlebotomy at a rate of
1 unit every 2–4 weeks will gradually lead to improvement.
Very low-dose antimalarial medication (as low as 200 mg
of hydroxychloroquine orally twice weekly), alone or in
combination with phlebotomy, increases porphyrin excre-
tion and improves the skin disease. Deferasirox, an iron
chelator, can also be beneficial. Treatment is continued
until the patient is asymptomatic. Urine porphyrins may be
monitored.

» Prognosis

Most patients improve with treatment. Sclerodermoid skin
lesions may develop on the trunk, scalp, and face.

Singal AK. Porphyria cutanea tarda: recent update. Mol Genet
Metab. 2019;128:271. [PMID: 30683557]

DERMATITIS HERPETIFORMIS

Dermatitis herpetiformis is an uncommon disease mani-
fested by pruritic papules, vesicles, and papulovesicles
mainly on the elbows, knees, buttocks, posterior neck,
and scalp. It appears to have its highest prevalence in
Northern Europe and is associated with HLA antigens
-B8, -DR3, and -DQ2. The histopathology is distinctive.
Circulating antibodies to tissue transglutaminase are
present in 90% of cases. NSAIDs may cause flares.
Patients have gluten-sensitive enteropathy, but nonder-
matologic disease is subclinical in the great majority.
However, ingestion of gluten is the cause of dermatitis
herpetiformis, and strict long-term avoidance of dietary
gluten may eliminate the need for treatment or decrease
the dose of dapsone (initial treatment dose is 100–200 mg
orally daily) required to control the disease. Patients with
dermatitis herpetiformis are at increased risk for develop-
ment of gastrointestinal lymphoma, and this risk is reduced
by a gluten-free diet.

Salmi TT. Dermatitis herpetiformis. Clin Exp Dermatol.
2019;44:728. [PMID: 31093998]

WeepING Or CrUSteD LeSIONS

IMPETIGO

E S S E N T I A L S  O F  D I A G N O S I S

» Superficial blisters filled with purulent material
that rupture easily.

» Crusted superficial erosions.

» Positive Gram stain and bacterial culture.

▲ Figure 6–16. Porphyria cutanea tarda of hands in
patient with darker skin. (Used, with permission, from
Kanade Shinkai, MD.)

CMDT22_Ch06_p0099-p0166.indd 124 29/06/21 8:27 PM



DerMatOLOGIC DISOrDerS 125CMDT 2022

» General Considerations

Impetigo is a contagious and autoinoculable infection of
the skin (epidermis) caused by staphylococci or streptococci.

» Clinical Findings

A. Symptoms and Signs

The lesions consist of macules, vesicles, bullae, pustules,
and honey-colored crusts that when removed leave
denuded red areas (Figure 6–17). The face and other
exposed parts are most often involved. Ecthyma is a deeper
form of impetigo caused by staphylococci or streptococci,
with ulceration and scarring that occurs frequently on the
extremities.

B. Laboratory Findings

Gram stain and culture confirm the diagnosis. In temper-
ate climates, most cases are associated with S aureus infec-
tion. Streptococcus species are more common in tropical
infections.

» Differential Diagnosis

The main differential diagnoses, especially of honey-colored
crusting, are acute allergic contact dermatitis and herpes
simplex. Contact dermatitis may be suggested by the history
or by linear distribution of the lesions, and culture should
be negative for staphylococci and streptococci. Herpes
simplex infection usually presents with grouped vesicles or
discrete erosions and may be associated with a history of
recurrences. Viral cultures are positive.

» Treatment

Soaks and scrubbing can be beneficial, especially in unroof-
ing lakes of pus under thick crusts. Topical agents, such as
mupirocin, ozenoxacin, and retapamulin, are first-line
treatment options for infections limited to small areas. In

widespread cases, or in immunosuppressed individuals,
systemic antibiotics are indicated. Cephalexin, 250 mg
orally four times daily, is usually effective. Doxycycline,
100 mg orally twice daily, is a reasonable alternative.
Community-associated methicillin-resistant S aureus
(CA-MRSA) may cause impetigo, for which initial treat-
ment may include doxycycline (100 mg orally twice daily)
or trimethoprim-sulfamethoxazole (TMP-SMZ, double-
strength tablet orally twice daily). Recurrent impetigo is
associated with nasal carriage of S aureus and is treated
with rifampin, 300 mg orally twice daily for 5 days. Intra-
nasal mupirocin ointment twice daily for 14 days elimi-
nates most MRSA strains. Bleach baths (¼ to ½ cup per
20 liters of bathwater for 15 minutes three to five times
weekly) for all family members and the use of dilute house-
hold bleach to clean showers and other bath surfaces may
help reduce the spread. Infected individuals should not
share towels with household members. Among hospital-
ized patients colonized with MRSA, decolonization with
chlorhexidine washes combined with nasal mupirocin for
5 days twice per month for 6 months resulted in 30% lower
risk of MRSA infection than education alone.

Galli L et al; Italian Pediatric Infectious Diseases Society; Italian
Pediatric Dermatology Society. Common community-
acquired bacterial skin and soft-tissue infections in children:
an intersociety consensus on impetigo, abscess, and cellulitis
treatment. Clin Ther. 2019;41:532. [PMID: 30777258]

Huang SS et al; Project CLEAR Trial. Decolonization to reduce
postdischarge infection risk among MRSA carriers. N Engl J
Med. 2019;380:638. [PMID: 30763195]

CONTACT DERMATITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Erythema and edema, with pruritus, vesicles, bul-
lae, weeping, or crusting.

» Iin conc dmiis: occurs only in area of
direct contact with irritant.

» allgic conc dmiis: extends beyond area
of direct contact with allergen; positive patch
test.

» General Considerations

Contact dermatitis (irritant or allergic) is an acute or
chronic dermatitis that results from direct skin contact with
chemicals or allergens. Eighty percent of cases are due to
excessive exposure to or additive effects of universal irri-
tants (eg, soaps, detergents, organic solvents) and are called
irritant contact dermatitis. The most common causes of
allergic contact dermatitis are poison ivy or poison oak,
topically applied antimicrobials (especially bacitracin and
neomycin), anesthetics (benzocaine), preservatives, jewelry
(nickel), rubber, essential oils, propolis (from bees), vitamin
E, and adhesive tape. Occupational exposure is an impor-
tant cause of allergic contact dermatitis.

▲ Figure 6–17. Typical honey-crusted plaque on the
lip of an adult with impetigo. (Used, with permission,
from Richard P. Usatine, MD, in Usatine RP, Smith MA,
Mayeaux EJ Jr, Chumley HS. The Color Atlas and Synopsis of
Family Medicine, 3rd ed. McGraw-Hill, 2019.)

CMDT22_Ch06_p0099-p0166.indd 125 29/06/21 8:27 PM



Chapter 6126 CMDT 2022

» Clinical Findings

A. Symptoms and Signs

1. Allergic contact dermatitis—The acute phase is charac-
terized by intense pruritus, tiny vesicles, and weepy and
crusted lesions. The lesions, distributed on exposed parts
or in unusual asymmetric patterns, consist of erythema-
tous macules, papules, and vesicles and may occur beyond
the contact area, distinguishing it from irritant dermatitis.
The affected area may also be edematous and warm,
simulating—and at times complicated by—bacterial or
viral infection. The pattern of the eruption may be diag-
nostic (eg, typical linear streaked vesicles on the extremi-
ties in poison oak or ivy dermatitis [Figure 6–18]). The
location will often suggest the cause: scalp involvement
suggests hair dyes or shampoos; face involvement suggests
creams, cosmetics, soaps, shaving materials, nail polish;
and neck involvement suggests jewelry, hair dyes. Reac-
tions may not develop for 48–72 hours after exposure.

2. Irritant contact dermatitis—The rash is erythematous
and scaly (but less likely vesicular) and occurs only in the
direct sites of contact with the irritant. Resolving or
chronic contact dermatitis presents with scaling, erythema,
and possibly thickened skin. Itching, burning, and stinging
may be severe in both allergic and irritant contact

dermatitis. Reactions may develop within 24 hours of con-
tact exposure.

B. Laboratory Findings

Gram stain and culture will rule out impetigo or secondary
infection (impetiginization). After the episode of allergic
contact dermatitis has cleared, patch testing may be useful
if the triggering allergen is not known.

» Differential Diagnosis

Asymmetric distribution, blotchy erythema around the
face, linear lesions, and a history of exposure help distin-
guish acute contact dermatitis from other skin lesions. The
most commonly mistaken diagnosis is impetigo, herpetic
infection, or cellulitis. Chronic allergic contact dermatitis
must be differentiated from scabies, particularly if itching
is generalized; atopic dermatitis; and pompholyx.

» Prevention

Prompt removal of the causative oil by washing with liquid
soap may be effective if done within 30 minutes after expo-
sure to poison oak or ivy. Goop (oil remover) and Tecnu
(chemical inactivator) are also effective but much more
expensive without increased efficacy. Over-the-counter
barrier creams may be effective when applied prior to
exposure and prevent/reduce the severity of the dermatitis.

The mainstay of prevention is identification of the agent
causing the dermatitis and strict avoidance of exposure or
use of protective clothing and gloves. Some allergens will
transmit through latex gloves. In industry-related cases,
prevention may require moving or retraining the worker.

» Treatment

A. Overview

Localized involvement (except on the face) can often be
managed solely with topical agents. While local measures
are important, severe or widespread involvement is diffi-
cult to manage without systemic corticosteroids because
even the highest-potency topical corticosteroids seem not
to work well on vesicular and weepy lesions. Irritant con-
tact dermatitis is treated by protection from the irritant
and use of topical corticosteroids as for atopic dermatitis
(described above). The treatment of allergic contact der-
matitis is detailed below.

B. Local Measures

1. Acute weeping dermatitis—Gentle cleansing and dry-
ing compresses (such as Domeboro) are recommended.
Calamine lotion or zinc oxide paste may be used between
wet dressings, especially for involvement of intertriginous
areas or when oozing is not marked. Lesions on the
extremities may be bandaged with wet dressings for
30–60 minutes several times a day. High-potency topical
corticosteroids in gel or cream form (eg, fluocinonide,
clobetasol, or halobetasol) may help suppress acute contact
dermatitis and relieve itching. This treatment should be
followed by tapering of the number of applications per day

▲ Figure 6–18. Allergic contact dermatitis to an adhe-
sive dressing in patient with darker skin. Key features
are erythematous papules with impetigo-like honey-
colored crusting. (Used, with permission, from Kanade
Shinkai, MD.)

CMDT22_Ch06_p0099-p0166.indd 126 29/06/21 8:27 PM



DerMatOLOGIC DISOrDerS 127CMDT 2022

or use of a mid-potency corticosteroid, such as triamcino-
lone 0.1% cream to prevent rebound of the dermatitis. A
soothing formulation is 2 oz of 0.1% triamcinolone acetonide
cream in 7.5 oz Sarna lotion (0.5% camphor, 0.5% menthol,
0.5% phenol) mixed by the patient.

2. Subacute dermatitis subsiding—Mid-potency
(triamcinolone 0.1%) to high-potency corticosteroids
(clobetasol, fluocinonide, desoximetasone) are the mainstays
of therapy.

3. Chronic dermatitis dry and lichenified—High-
potency to superpotency corticosteroids are used in oint-
ment form. Occlusion may be helpful on the hands.

C. Systemic Therapy

For acute severe cases, prednisone may be given orally for
12–21 days. Prednisone, 60 mg for 4–7 days, 40 mg for
4–7 days, and 20 mg for 4–7 days, without a further taper
is one useful regimen. The key is to use enough corticoste-
roid (and as early as possible) to achieve a clinical effect
and to taper slowly over 2–3 weeks to avoid rebound.

» Prognosis

Allergic contact dermatitis is self-limited if reexposure is
prevented but often takes 2–3 weeks for full resolution.
Removal of the causative agent is paramount to avoid
recurrences.

Alinaghi F et al. Prevalence of contact allergy in the general
population: a systematic review and meta-analysis. Contact
Dermatitis. 2019;80:77. [PMID: 30370565]

Bains SN et al. Irritant contact dermatitis. Clin Rev Allergy
Immunol. 2019;56:99. [PMID: 30293200]

Nassau S et al. Allergic contact dermatitis. Med Clin North Am.
2020;104:61. [PMID: 31757238]

pUStULar DISOrDerS

ACNE VULGARIS

E S S E N T I A L S  O F  D I A G N O S I S

» Almost universal in puberty; may begin in preme-
narchal girls and present or persist into the fourth
or fifth decade.

» Comedones are the hallmark. Severity varies from
comedonal to papular or pustular inflammatory
acne to cysts or nodules.

» Face, neck, and upper trunk may be affected.

» Scarring may be a sequela of the disease or pick-
ing by the patient.

» General Considerations

Acne vulgaris is polymorphic. Open and closed comedo-
nes, papules, pustules, and cysts are found.

In younger persons, acne vulgaris is more common and
more severe in males. It does not always clear spontaneously
when maturity is reached. Twelve percent of women and 3%
of men over age 25 have acne vulgaris. This rate does not
decrease until the fourth or fifth decade of life. The skin
lesions parallel sebaceous activity. Pathogenic events include
plugging of the infundibulum of the follicles, retention of
sebum, overgrowth of the acne bacillus (Cutibacterium
acnes) with resultant release of and irritation by accumu-
lated fatty acids, and foreign-body reaction to extrafollicu-
lar sebum. Antibiotics may help control acne because of
their antibacterial or anti-inflammatory properties.

Hyperandrogenism may be a cause of acne in women
and may or may not be accompanied by hirsutism or
irregular menses. Polycystic ovary syndrome (PCOS) is the
most common identifiable cause. Acne may develop in
patients who use systemic corticosteroids or topical fluori-
nated corticosteroids on the face. Acne may be exacerbated
or caused by cosmetic creams or oils.

» Clinical Findings

There may be mild tenderness, pain, or itching. The lesions
occur mainly over the face, neck, upper chest, back, and
shoulders. Comedones (tiny, flesh-colored, white or black
noninflamed superficial papules that give the skin a rough
texture or appearance) are the hallmark of acne vulgaris.
Inflammatory papules, pustules, ectatic pores, acne cysts,
and scarring are also seen (Figure 6–19).

Acne may have different presentations at different ages.
Preteens often present with comedones as their first
lesions. Inflammatory lesions in young teenagers are often
found in the middle of the face, extending outward as the
patient becomes older. Women in their third and fourth
decades (often with no prior history of acne) commonly
present with papular lesions on the chin and jawline.

» Differential Diagnosis

In adults, rosacea presents with papules and pustules in the
middle third of the face, but absence of truncal

▲ Figure 6–19. Acne vulgaris. Extensive comedones
and hyperpigmented macules are present in patient
with dark skin. (Used, with permission, from Kanade
Shinkai, MD.)
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involvement, telangiectasia, flushing, and the absence of
comedones distinguish rosacea from acne vulgaris. A pus-
tular eruption on the face in patients receiving antibiotics
or with otitis externa should be investigated with culture to
rule out a gram-negative folliculitis. Pustules on the face
can also be caused by tinea infections. Lesions on the back
are more problematic. When they occur alone, staphylo-
coccal folliculitis, miliaria (“heat rash”) or, uncommonly,
Malassezia (Pityrosporum) folliculitis should be suspected.
Bacterial culture, trial of an antistaphylococcal antibiotic,
and observing the response to therapy will help in the dif-
ferential diagnosis. In patients with HIV infection, follicu-
litis is common and may be either staphylococcal folliculitis
or eosinophilic folliculitis (typically pruritic tumid papules
on the face and neck).

» Complications

Cyst formation, pigmentary changes, scarring, and poor
quality of life may result.

» Treatment

A. General Measures

1. Education of the patient—Education on proper use of
medications and cosmetics is paramount. Because lesions
take 4–6 weeks to improve, clinical improvement should be
measured by the number of new lesions forming after
6–8 weeks of therapy. Additional time (3–4 months) will be
required to see improvement on the back and chest, as
these areas are slowest to respond. Avoid topical exposure
to oils, cocoa butter (theobroma oil), and greases in cos-
metics, including hair products. Scarring may occur with
or without the patient manipulating the lesions. It is essen-
tial that the patient be educated in a supportive way about
this complication. Anxiety and depression are common in
patients with excoriated acne.

2. Diet—A low glycemic diet has been associated with
improvement and lower incidence of acne. This improve-
ment was associated with a reduction in insulin resistance.
Hyperinsulinemia has also been associated with acne in
both eumenorrheic women and individuals with PCOS.

B. Comedonal Acne

Treatment of acne is based on the type and severity of
lesions. Comedones require treatment different from that
of pustules and cystic lesions. In assessing severity, take the
sequelae of the lesions into account. An individual who
gets only a few new lesions per month that scar or leave
postinflammatory hyperpigmentation must be treated
much more aggressively than a comparable patient whose
lesions clear without sequelae. Hygiene plays little role in
acne treatment, and a mild soap is almost always recom-
mended. The agents effective in comedonal acne are listed
below in the order in which they should be tried.

1. Topical retinoids—Tretinoin is very effective for com-
edonal acne or for treatment of the comedonal compo-
nent of more severe acne, but its usefulness is limited by

irritation. Start with 0.025% cream (not gel) and have the
patient use it at first twice weekly at night, increasing
frequency to nightly as tolerated. A few patients cannot
tolerate this low-strength preparation more than three
times weekly, which may still promote improvement. A
lentil-sized amount is sufficient to cover the entire face.
To avoid irritation, have the patient wait 20 minutes after
washing to apply. For patients irritated by standard treti-
noin preparations, other options are adapalene gel 0.1%
and reformulated tretinoin (Renova, Retin A Micro,
Avita). Although the absorption of tretinoin is minimal,
its use during pregnancy is contraindicated. Patients
should be warned that their acne may flare in the first
4 weeks of treatment.

2. Benzoyl peroxide—Benzoyl peroxide products are
available in concentrations of 2.5%, 4%, 5%, 8%, and 10%,
but 2.5% is as effective as 10% and less irritating. In gen-
eral, water-based and not alcohol-based gels should be
used to decrease irritation. Single formulations of benzoyl
peroxide in combination with several other topical agents,
including adapalene and topical antibiotics (erythromycin,
clindamycin phosphate), are available.

C. Papular or Cystic Inflammatory Acne

Brief treatment (3 weeks to 3 months) with topical or oral
antibiotics is the mainstay for treatment of inflammatory
acne that does not respond to topical therapy with reti-
noids or benzoyl peroxide. Topical clindamycin phosphate
and erythromycin are used only for mild papular acne or
for patients who refuse or cannot tolerate oral antibiotics.
To decrease resistance, benzoyl peroxide should be used in
combination with the topical antibiotic.

1. Mild acne—The first choice of topical antibiotics in
terms of efficacy and relative lack of induction of resistant
C acnes is the combination of erythromycin or clindamycin
with benzoyl peroxide topical gel or wash (Table 6–2).
These may be used once or twice daily. The addition of
tretinoin cream or gel at night may increase improvement,
since it works via a different mechanism. Topical retinoids
ideally are used as a long-term maintenance therapy.

2. Moderate acne—Common oral antibiotics used for
acne include doxycycline (100 mg twice daily), minocy-
cline (50–100 mg once or twice daily), TMP-SMZ (one
double-strength tablet twice daily), or a cephalosporin
(cefadroxil or cephalexin 500 mg twice daily), which
should be used in combination with benzoyl peroxide to
minimize development of antibiotic resistance. It may take
3 months or more for truncal acne to resolve with oral
antibiotic treatment. In general, discontinuing antibiotics
immediately without adjunctive topical therapy results in
prompt recurrence. Topical retinoids are excellent for long-
term maintenance following antibiotics. Subantimicrobial
dosing of doxycycline (40–50 mg orally daily) can be used
in patients who require long-term systemic therapy. Com-
bination oral contraceptives or spironolactone (50–200 mg
orally daily) are highly effective alternatives in women with
treatment-resistant acne. Tetracycline, minocycline, and
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doxycycline are contraindicated in pregnancy, but certain
oral erythromycins or cephalosporins may be used.

3. Severe acne —

a. Isotretinoin—A vitamin A analog, isotretinoin is
used for the treatment of severe acne that has not responded
to conventional therapy. An oral dosage of 0.5–1 mg/kg/day
for 20 weeks for a cumulative dose of at least 120 mg/kg is
usually adequate for severe cystic acne. If the severe acne is
not adequately controlled by antibiotics, patients should be
offered isotretinoin therapy before they experience signifi-
cant scarring. Isotretinoin is absolutely contraindicated dur-
ing pregnancy because of its teratogenicity. Two forms of
effective contraception must be used; abstinence is an
acceptable alternative. Informed consent must be obtained
before its use, and patients must be enrolled in a monitor-
ing program (iPledge). In addition to its teratogenicity,
isotretinoin has numerous serious side effects and should
only be prescribed by clinicians (usually dermatologists)
well aware of these issues. Cheilitis, dry skin, and photo-
sensitivity are almost universal side effects. Consider
ordering laboratory tests, including total cholesterol levels,
triglyceride levels, and liver enzyme tests (particularly ala-
nine aminotransferase, which is the most liver-specific
enzyme), in patients before treatment and after achieving
therapeutic dosing; monitoring through the entire treat-
ment may not be high value.

Abnormal laboratory tests, especially elevated liver
enzymes and triglyceride levels, return to normal quickly
upon conclusion of therapy. The medication may induce long-
term remissions in 40–60%, or acne may recur that is more
easily controlled with conventional therapy. Occasionally, a
second course is needed if acne does not respond or recurs.

b. Intralesional injection—Intralesional injection of
dilute suspensions of triamcinolone acetonide (2.5 mg/mL,
0.05 mL per lesion) will often hasten the resolution of
deeper papules and occasional cysts.

c. Scar revision—Cosmetic improvement may be
achieved by excision and punch-grafting of deep scars and
by physical or chemical abrasion of inactive acne lesions,
particularly flat, superficial scars.

» Prognosis

Acne vulgaris eventually remits spontaneously, but when
this will occur cannot be predicted. The condition may
persist throughout adulthood and may lead to severe scar-
ring if left untreated. Patients treated with antibiotics con-
tinue to improve for the first 3–6 months of therapy.
Relapse during treatment may suggest the emergence of
resistant C acnes. The disease is chronic and tends to flare
intermittently in spite of treatment. Remissions following
systemic treatment with isotretinoin may be lasting in up
to 60% of cases. Relapses after isotretinoin usually occur
within 3 years and require a second course in up to 20% of
patients. Immediate relapse after isotretinoin discontinua-
tion may suggest hyperandrogenism or other underlying
hormonal disorders in a female patient.

Costa CS et al. Oral isotretinoin for acne. Cochrane Database
Syst Rev. 2018;11:CD009435. [PMID: 30484286]

Kolli SS et al. Topical retinoids in acne vulgaris: a systematic
review. Am J Clin Dermatol. 2019;20:345. [PMID: 30674002]

Zaenglein AL. Acne vulgaris. N Engl J Med. 2018;379:1343.
[PMID: 30281982]

ROSACEA

E S S E N T I A L S  O F  D I A G N O S I S

» A chronic disorder affecting the face.

» Neurovascular component: erythema and telangi-
ectasis and a tendency to flush easily.

» Acneiform component: papules and pustules may
be present.

» Glandular component: sebaceous hyperplasia and
fibrosis of affected areas (eg, rhinophyma).

» General Considerations

Rosacea is a common condition that presents in adulthood.
The pathogenesis of this chronic disorder is not known.
Topical corticosteroids applied to the face can induce
rosacea-like conditions.

» Clinical Findings

Patients frequently report flushing or exacerbation of their
rosacea due to heat, hot drinks, spicy food, sunlight, exer-
cise, alcohol, emotions, or menopausal flushing. The
cheeks, nose, chin, and ears—at times the entire face—may
be affected. No comedones are seen. In its mildest form,
erythema and telangiectasias are seen on the cheeks.
Inflammatory papules may be superimposed on this back-
ground and may evolve to pustules (Figure 6–20). Associ-
ated seborrhea may be found. The patient often complains
of burning or stinging with episodes of flushing and
extremely cosmetic-intolerant skin. Patients may have
associated ophthalmic disease, including blepharitis, kera-
titis, and chalazion, which often requires topical or sys-
temic antibiotic or immunosuppressive therapy.

» Differential Diagnosis

Rosacea is distinguished from acne by the presence of the
neurovascular component and the absence of comedones.
Lupus is often misdiagnosed, but the presence of pustules
excludes that diagnosis.

» Treatment

Educating patients to avoid the factors they know to pro-
duce exacerbations is important. Patients should wear a
broad-spectrum mineral-based sunscreen; zinc- or tita-
nium-based sunscreens are tolerated best. Medical man-
agement is most effective for the inflammatory papules
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and pustules and the erythema that surrounds them.
Rosacea is usually a lifelong condition, so maintenance
therapy is required. Most treatments target the papulopus-
tular and cystic components. Only certain topical agents
(brimonidine and oxymetazoline) and laser benefit ery-
thema. Telangiectasias are benefited by laser therapy, and
phymatous overgrowth of the nose can be treated by surgi-
cal reduction. Rhinophyma must be managed using surgi-
cal reduction.

A. Local Therapy

Avoidance of triggers (especially alcohol and spicy or hot
foods) and drinking ice water may be effective in reducing
facial erythema and flushing. Metronidazole (cream, gel, or
lotion), 0.75% applied twice daily or 1% applied once daily,
and ivermectin 1% cream applied once daily are effective
topical treatments. Another effective treatment includes
topical clindamycin (solution, gel, or lotion) 1% applied
twice daily. Response is noted in 4–8 weeks. Sulfur-sodium
sulfacetamide-containing topicals are helpful in patients
only partially responsive to topical antibiotics. Topical reti-
noids can be carefully added for maintenance. Topical bri-
monidine tartrate gel 0.33% or oxymetazoline 1% cream
can temporarily reduce the erythema, and laser treatment
has longer-term benefit for erythema.

B. Systemic Therapy

Oral tetracyclines should be used when topical therapy is
inadequate. Minocycline or doxycycline, 50–100 mg orally
once or twice daily, is effective. Metronidazole or amoxicil-
lin, 250–500 mg orally twice daily, or rifaximin, 400 mg
orally three times daily (for 10 days), may be used in refrac-
tory cases. Side effects are few, although metronidazole
may cause a disulfiram-like effect when the patient ingests
alcohol and neuropathy with long-term use. Long-term
maintenance with subantimicrobial dosing of minocycline
or doxycycline is recommended once the initial flare of
rosacea has resolved. Isotretinoin may succeed where
other measures fail. A dosage of 0.5 mg/kg/day orally for
12–28 weeks is recommended, although very low-dose
isotretinoin may also be effective. See precautions above.

» Prognosis

Rosacea tends to be a persistent process. With the regimens
described above, it can usually be controlled adequately.

Alexis AF et al. Global epidemiology and clinical spectrum of
rosacea, highlighting skin of color: review and clinical prac-
tice experience. J Am Acad Dermatol. 2019;80:1722. [PMID:
30240779]

van Zuuren EJ et al. Interventions for rosacea based on the phe-
notype approach: an updated systematic review including
GRADE assessments. Br J Dermatol. 2019;181:65. [PMID:
30585305]

FOLLICULITIS (Including Sycosis)

E S S E N T I A L S  O F  D I A G N O S I S

» Itching and burning in hairy areas.

» Pustule surrounding and including the hair follicle.

» General Considerations

Folliculitis has multiple causes. It is frequently caused by
staphylococcal infection and may be more common in the
diabetic patient. When the lesion is deep-seated, chronic,
and recalcitrant on the head and neck, it is called sycosis.

Gram-negative folliculitis, which may develop during
antibiotic treatment of acne, may present as a flare of acne
pustules or nodules. Klebsiella, Enterobacter, Escherichia
coli, and Proteus have been isolated from these lesions.

Hot tub folliculitis (Pseudomonas folliculitis), caused by
Pseudomonas aeruginosa, is characterized by pruritic or
tender follicular, pustular lesions occurring within 1–4 days
after bathing in a contaminated hot tub, whirlpool, or
swimming pool. Flu-like symptoms may be present. Rarely,
systemic infections may result. Neutropenic patients
should avoid these exposures.

Nonbacterial folliculitis may also be caused by friction
and oils. Occlusion, perspiration, and chronic rubbing (eg,
from tight jeans or other heavy fabrics on the buttocks and
thighs) can worsen this type of folliculitis.

▲ Figure 6–20. Rosacea in a 34-year-old woman show-
ing erythema, papules, and pustules covering much of
the face. (Used, with permission, from Richard P. Usatine,
MD, in Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley HS.
The Color Atlas and Synopsis of Family Medicine, 3rd ed.
McGraw-Hill, 2019.)
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▲ Figure 6–21. Bacterial folliculitis. Hair emanating
from the center of the pustule is the clinical hallmark of
folliculitis. (Used, with permission, from Richard P. Usatine,
MD, in Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley HS.
The Color Atlas and Synopsis of Family Medicine, 3rd ed.
McGraw-Hill, 2019.)

Steroid acne may be seen during topical or systemic
corticosteroid therapy and presents as eruptive monomor-
phous papules and papulopustules on the face and trunk. It
responds to topical benzoyl peroxide.

Eosinophilic folliculitis is a sterile folliculitis that pres-
ents with urticarial papules with prominent eosinophilic
infiltration. It is most common in immunosuppressed
patients, especially those with AIDS. It may appear first
with institution of highly active antiretroviral therapy
(ART) and be mistaken for a drug eruption.

Pseudofolliculitis is caused by ingrowing of tightly
curled hairs in the beard area. In this entity, the papules
and pustules are located at the side of and not in follicles. It
may be treated by growing a beard, by using chemical
depilatories, or by shaving with a foil-guard razor. Medi-
cally indicated laser hair removal is dramatically beneficial
in patients with pseudofolliculitis and can be done on
patients of any skin color.

Malassezia (Pityrosporum) folliculitis presents as 1- to
2-mm pruritic pink papulopustules on the upper trunk,
hairline, and arms. It is often pruritic and tends to develop
during periods of excessive sweating. It can also occur in
immunosuppressed patients.

Demodex folliculitis is caused by the mite Demodex
folliculorum. It presents as 1–2 mm papules and pus-
tules on an erythematous base, often on the background
of rosacea-like changes, in patients who have not
responded to conventional treatment for rosacea. It is
more common in immunosuppressed patients. KOH
from the pustules will demonstrate Demodex folliculo-
rum mites.

» Clinical Findings

The symptoms range from slight burning and tenderness
to intense itching. The lesions consist of pustules of hair
follicles (Figure 6–21).

» Differential Diagnosis

It is important to differentiate bacterial from nonbacterial
folliculitis. The history is important for pinpointing the
causes of nonbacterial folliculitis, and a Gram stain and
culture are indispensable. One must differentiate folliculitis
from acne vulgaris or pustular miliaria (heat rash) and
from infections of the skin, such as impetigo or fungal
infections, especially Malassezia (Pityrosporum) folliculitis.
Pseudomonas folliculitis is often suggested by the history of
hot tub use. Eosinophilic folliculitis in AIDS often requires
biopsy for diagnosis.

» Complications

Abscess formation is the major complication of bacterial
folliculitis.

» Prevention

Correct any predisposing local causes, such as oils or fric-
tion. Be sure that the water in hot tubs and spas is treated
properly. If staphylococcal folliculitis is persistent, treat-
ment of nasal or perineal carriage with rifampin, 600 mg
daily for 5 days, or with topical mupirocin ointment 2%
twice daily for 5 days, may help. Prolonged oral clindamy-
cin, 150–300 mg/day for 4–6 weeks, or oral TMP-SMZ
given 1 week per month for 6 months can be effective in
preventing recurrent staphylococcal folliculitis and furun-
culosis. Bleach baths (¼ to ½ cup per 20 liters of bathwater
for 15 minutes three to five times weekly) may reduce
cutaneous staphylococcal carriage and not contribute to
antibiotic resistance. Control of blood glucose in diabetes
may reduce infections.

» Treatment

A. Local Measures

Anhydrous ethyl alcohol containing 6.25% aluminum
chloride, applied three to seven times weekly to lesions,
may be helpful, especially for chronic frictional folliculitis
of the buttocks. Topical antibiotics are generally ineffective
if bacteria have invaded the hair follicle but may be prophy-
lactic if used as an aftershave in patients with recurrent
folliculitis after shaving.

B. Specific Measures

Pseudomonas folliculitis clears spontaneously in non-
neutropenic patients if the lesions are superficial. It may
be treated with ciprofloxacin, 500 mg orally twice daily for
5 days.

Systemic antibiotics are recommended for bacterial fol-
liculitis due to other organisms. Extended periods of treat-
ment (4–8 weeks or more) with antistaphylococcal
antibiotics are required if infection has involved the scalp
or densely hairy areas, such as the axilla, beard, or groin
(see Table 30–4).

Gram-negative folliculitis in acne patients may be
treated with isotretinoin in compliance with all precautions
discussed above (see Acne Vulgaris).
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Eosinophilic folliculitis may be treated initially by the
combination of potent topical corticosteroids and oral anti-
histamines. In more severe cases, treatment is with one of
the following: topical permethrin (application for 12 hours
every other night for 6 weeks); itraconazole, 200–400 mg
orally daily; UVB or PUVA phototherapy; or isotretinoin,
0.5 mg/kg/day orally for up to 5 months. A remission may
be induced by some of these therapies, but long-term treat-
ment may be required.

Malassezia (Pityrosporum) folliculitis is treated with
topical sulfacetamide lotion twice a day, alone or in combi-
nation with itraconazole or fluconazole.

Demodex folliculitis can be treated until cleared with
topical 5% permethrin applied every other night; oral
ivermectin, 200 mcg/kg once weekly; oral metronidazole,
500 mg once daily or 250 mg three times daily; or oral
ivermectin and metronidazole.

» Prognosis

Bacterial folliculitis is occasionally stubborn and persistent,
requiring prolonged or intermittent courses of antibiotics.

Chaitidis N et al. Oral treatment with/without topical treatment
vs topical treatment alone in Malassezia Folliculitis patients: a
systematic review and meta-analysis. Dermatol Ther.
2020;33:e13460. [PMID: 32319163]

Jacob S et al. Treatment of Demodex-associated inflammatory
skin conditions: a systematic review. Dermatol Ther.
2019;32:e13103. [PMID: 31583801]

Nussbaum D et al. Pseudofolliculitis barbae: a review of current
treatment options. J Drugs Dermatol. 2019;18:246. [PMID:
30909328]

MILIARIA (Heat Rash)

E S S E N T I A L S  O F  D I A G N O S I S

» Burning, itching, superficial aggregated small ves-
icles, papules, or pustules on covered areas of the
skin, usually the trunk.

» More common in hot, moist climates.

» Rare forms associated with fever and even heat
prostration.

» General Considerations

Miliaria occurs most commonly on the trunk and intertrigi-
nous areas. A hot, moist environment is the most frequent
cause. Occlusive clothing, fever while bedridden, and medi-
cations that enhance sweat gland function (eg, clonidine,
beta-blockers, opioids) may increase the risk. Plugging of the
ostia of sweat ducts occurs, with ultimate rupture of the
sweat duct, producing an irritating, stinging reaction.

» Clinical Findings

The usual symptoms are burning and itching. The histo-
logic depth of sweat gland obstruction determines the

clinical presentation: miliaria crystallina in the superficial
(subcorneal) epidermis, miliaria rubra in the deep epider-
mis, and miliaria profunda in the dermis. The lesions
consist of small (1–3 mm) nonfollicular lesions. Subcor-
neal thin-walled, discrete clear fluid-filled vesicles are
termed “miliaria crystallina.” When fluid is turbid and
lesions present as vesicopustules or pustules, they are called
miliaria pustulosa. Miliaria rubra (prickly heat) presents as
pink papules. Miliaria profunda presents as nonfollicular
skin-colored papules that develop after multiple bouts of
miliaria rubra. In a hospitalized patient, the reaction virtu-
ally always affects the back.

» Differential Diagnosis

Miliaria is to be distinguished from a drug eruption and
folliculitis.

» Prevention

Use of a topical antibacterial preparation, such as chlorhex-
idine, prior to exposure to heat and humidity may help
prevent the condition. Frequent turning or sitting of the
hospitalized patient may reduce miliaria on the back.

» Treatment

The patient should keep cool and wear light clothing. A
mid-potency corticosteroid (triamcinolone acetonide,
0.1%) in a lotion or cream may be applied two to four times
daily. Secondary infections (superficial pyoderma) are
treated with appropriate antistaphylococcal antibiotics.
Anticholinergic medications (eg, glycopyrrolate 1 mg
orally twice a day or topically applied) may be helpful in
severe cases.

» Prognosis

Miliaria is usually a mild disorder, but severe forms (tropi-
cal anhidrosis and asthenia) result from interference with
the heat-regulating mechanism.

Wat M et al. Clear vesicular eruption in the intensive care unit.
JAAD Case Rep. 2019;5:754. [PMID: 31516988]

MUCOCUTANEOUS CANDIDIASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Severe pruritus of vulva, anus, or body folds.

» Superficial denuded, beefy-red areas with or with-
out satellite vesicopustules.

» Whitish curd-like concretions on the oral and vagi-
nal mucous membranes.

» Yeast and pseudohyphae on microscopic exami-
nation of scales or curd.
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» General Considerations

Mucocutaneous candidiasis is a superficial fungal infec-
tion that may involve almost any cutaneous or mucous
surface. It is particularly likely to occur in diabetic
patients, during pregnancy, in obese persons, and in the
setting of immunosuppression. Systemic antibiotics, oral
corticosteroids, hormone replacement therapy, and oral
contraceptive agents may be contributory. Oral and inter-
digital candidiasis may be the first sign of HIV infection
(see Chapter 31). Denture use predisposes the elderly to
infection.

» Clinical Findings

A. Symptoms and Signs

Itching may be intense. Burning is reported, particularly
around the vulva and anus. The lesions consist of superfi-
cially denuded, beefy-red areas in the depths of the body
folds, such as in the groin and the intergluteal cleft, beneath
the breasts, at the angles of the mouth, in the webspaces of
digits, and in the umbilicus. The peripheries of these
denuded lesions are superficially undermined, and there
may be satellite vesicopustules. Whitish, curd-like concre-
tions may be present on mucosal lesions (Figure 6–22).
Paronychia may occur.

B. Laboratory Findings

Clusters of budding yeast and pseudohyphae can be seen
under high power (400×) when skin scales or curd-like
lesions are mounted in 10% KOH. Culture can confirm the
diagnosis.

» Differential Diagnosis

Intertrigo, seborrheic dermatitis, tinea cruris, “inverse pso-
riasis,” and erythrasma involving the same areas may
mimic mucocutaneous candidiasis.

» Complications

Systemic invasive candidiasis with candidemia may occur
in patients who are immunosuppressed or receiving broad-
spectrum antibiotic or intravenous hypertonic glucose
solutions (eg, hyperalimentation). There may or may not
be clinically evident mucocutaneous candidiasis.

» Treatment

A. General Measures

Affected parts should be kept dry and exposed to air as
much as possible. Water immersion should be minimized
and gloves should be worn for those with infected nails
or digital skin. If possible, discontinue systemic antibiot-
ics. For treatment of systemic invasive candidiasis, see
Chapter 36.

B. Local Measures

1. Nails and paronychia—Apply clotrimazole solution 1%
twice daily. Thymol 4% in ethanol applied once daily is an
alternative.

2. Skin—Apply either nystatin ointment or clotrimazole
cream 1%, with hydrocortisone cream 1–2.5%, twice daily.
Gentian violet 0.5% solution is economical and highly
effective in treating mucocutaneous candidiasis, but the
purple discoloration may represent a cosmetic issue. Severe
or widespread cutaneous disease responds to fluconazole,
100–200 mg orally daily, for 1 week.

3. Vulvar and anal mucous membranes—For vaginal
candidiasis, single-dose fluconazole (150 mg orally) is
effective. Intravaginal clotrimazole, miconazole, tercon-
azole, or nystatin may also be used. Long-term suppres-
sive therapy may be required for recurrent or “intractable”
cases. Non-albicans candidal species may be identified
by culture in some refractory cases and may respond to
oral itraconazole, 200 mg twice daily for 2–4 weeks.

4. Balanitis—This is most frequent in uncircumcised
men, usually caused by Candida. Topical nystatin ointment
is the initial treatment if the lesions are mildly erythema-
tous or superficially erosive. Soaking with dilute 5% alumi-
num acetate for 15 minutes twice daily may quickly relieve
burning or itching. Chronicity and relapses, especially after
sexual contact, suggest reinfection from a sexual partner
who should be treated. Severe purulent balanitis is usually
due to bacteria. If it is so severe that phimosis occurs, oral
antibiotics—some with activity against anaerobes—are
required; if rapid improvement does not occur, urologic
consultation is indicated.

5. Mastitis—Lancinating breast pain and nipple dermatitis
in breast-feeding women may be a manifestation of
Candida colonization/infection of the breast ducts. Topical
nystatin cream and clotrimazole 0.1% cream are safe
during lactation. Topical gentian violet 0.5% daily for 7 days
is also useful. Oral fluconazole, 200 mg daily for 2 weeks, is
effective and also safe during lactation.

▲ Figure 6–22. Oral mucosal candidiasis. (Used with
permission from Sol Silverman, Jr, DDS, Public Health
Image Library, CDC.)
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» Prognosis

Cases of cutaneous candidiasis range from the easily cured
to the intractable and prolonged.

Taudorf EH et al. Cutaneous candidiasis—an evidence-based
review of topical and systemic treatments to inform clinical
practice. J Eur Acad Dermatol Venereol. 2019;33:1863.
[PMID: 31287594]

Watchorn RE et al. Genital diseases in the mature man. Clin
Dermatol. 2018;36:197. [PMID: 29566924]

Yano J et al. Current patient perspectives of vulvovaginal
candidiasis: incidence, symptoms, management and post-
treatment outcomes. BMC Womens Health. 2019;1948.
[PMID: 30925872]

erYtheMaS

REACTIVE ERYTHEMAS

1. Uici & angiodm

E S S E N T I A L S  O F  D I A G N O S I S

» Evanescent wheals or hives with or without
angioedema.

» Intense itching; very rarely, pruritus may be absent.

» Urticaria is divided into acute and chronic forms.

» Most episodes are acute and self-limited
(1–2 weeks).

» Chronic urticaria (lasting > 6 weeks) may have an
autoimmune basis.

» General Considerations

Urticaria involves hives, angioedema or both. It may be
acute (less than 6 weeks’ duration) or chronic (more than
6 weeks’ duration). Chronic urticaria is further divided into
chronic spontaneous urticaria and chronic inducible urti-
caria. Chronic inducible urticaria is reproducibly triggered
by specific exposures. Examples include cholinergic urti-
caria, solar urticaria, cold urticaria, dermatographism, and
delayed pressure urticaria. True urticaria should be differ-
entiated from diseases that present with similar lesions that
are not true urticaria (eg, adult-onset Still disease, urticarial
vasculitis, and cryopyrin-associated periodic syndromes).
Some patients with chronic spontaneous urticaria demon-
strate autoantibodies directed against mast cell IgE recep-
tors. In general, a careful history and physical examination
are helpful but extensive costly workups are not indicated.

» Clinical Findings

A. Symptoms and Signs

Lesions are itchy, red swellings of a few millimeters to
many centimeters (Figure 6–23). The morphology of the
lesions may vary over a period of minutes to hours, resulting

in geographic or bizarre patterns. Individual lesions in true
urticaria last less than 24 hours and often only 2–4 hours.
Angioedema is involvement of deeper subcutaneous tissue
with swelling of the lips, eyelids, palms, soles, and genitalia.
Angioedema is no more likely than urticaria to be associ-
ated with systemic complications, such as laryngeal edema
or hypotension. Dermatographism is induced by scratching
and can be elicited during the clinic visit by scratching the
patient’s skin. The wheals of cholinergic urticaria are 2–3 mm
in diameter with a large surrounding red flare.

B. Laboratory Findings

The most common causes of acute urticaria are foods,
upper respiratory infections, and medications. The cause of
chronic spontaneous urticaria is often not found. Although
laboratory studies are not generally helpful in the evalua-
tion of acute or chronic urticaria, a complete blood count
with differential, erythrocyte sedimentation rate, C-reactive
protein, thyroid-stimulating hormone, and liver biochemi-
cal tests may be appropriate for some patients with chronic
urticaria. Elevated inflammatory markers suggest an alter-
nate diagnosis. In patients with individual lesions that
persist past 24 hours, skin biopsy may confirm neutro-
philic urticaria or urticarial vasculitis. A functional ELISA
test looking for antibodies against the high-affinity recep-
tor for IgE (Fc-Epislon RI) can detect patients with an
autoimmune basis for their chronic urticaria.

» Differential Diagnosis

Papular urticaria resulting from insect bites persists for
days. A central punctum can usually be seen. Streaked

▲ Figure 6–23. Urticaria. (Used, with permission, from
TG Berger, MD, Dept Dermatology, UCSF.)
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urticarial lesions may be seen in the 24–48 hours before
blisters appear in acute allergic plant dermatitis, eg, poison
ivy, oak, or sumac. Urticarial responses to heat, sun, water,
and pressure are quite rare. Urticarial vasculitis is defined
as cutaneous vasculitis where the skin lesions clinically
mimic urticaria. Lesions last longer than 24 hours and
often sting or burn rather than itch. Patients do not
respond to antihistamines. Urticarial vasculitis may be
caused by viral hepatitis and may be seen as part of serum
sickness. In hereditary angioedema, there is generally a
positive family history and gastrointestinal or respiratory
symptoms. Wheals are not part of the syndrome, and
lesions are not pruritic.

» Treatment

A. General Measures

A detailed search by history for a cause of urticaria should
be undertaken, so that treatment can be tailored to include
the provocative condition. The etiology of acute urticaria is
found in less than half of cases. The etiology of chronic
urticaria is found in even fewer cases. Patients with chronic
autoimmune urticaria may have other autoimmune dis-
eases and be more difficult to treat. In cases of chronic
inducible urticaria, exposure to physical factors, such as
heat, cold, sunlight, pressure, heat induced by exercise,
excitement, and hot showers, should be modulated.

B. Systemic Treatment

The mainstay of treatment initially includes H1-antihistamines.
Initial therapy is hydroxyzine, 10–25 mg orally two or three
times daily, or as a single nightly dose of 50–75 mg to
reduce daytime sedation. Cyproheptadine, 4 mg orally four
times daily, may be especially useful for cold urticaria.
Second-generation H1-antihistamines are added if the
generic sedating antihistamines are not effective. Options
include fexofenadine, 180 mg orally once daily; or cetiri-
zine or loratadine, 10 mg orally daily. Higher doses of sec-
ond-generation antihistamines may be required (up to four
times the standard recommended dose) and increase the
likelihood of response to therapy to 60%. Combining anti-
histamines (eg, fexofenadine plus cetirizine) at these higher
doses can be done safely to achieve remission in refractory
cases, since less than 40% of cases of chronic urticaria
respond to standard to H1 blockade.

Doxepin (a tricyclic antidepressant with potent antihis-
taminic properties), 10–75 mg orally at bedtime, can be
very effective in chronic urticaria. It has anticholinergic
side effects.

If a skin biopsy of a lesion of chronic urticaria identifies
neutrophils as a significant component of the inflamma-
tory infiltrate, dapsone or colchicine (or both) may be
useful.

Asymptomatic foci of infection—sinusitis, vaginal candi-
diasis, cholecystitis, and intestinal parasites—may rarely
cause chronic urticaria. Although systemic corticosteroids
in a dose of about 40 mg daily will usually suppress acute and
chronic urticaria, the use of corticosteroids is rarely indi-
cated and, once withdrawn, the urticaria virtually always
returns. Instead of instituting systemic corticosteroids,

consultation should be sought from a dermatologist or an
allergist with experience in managing severe urticaria.
Omalizumab is approved for the treatment of refractory
chronic urticaria and should be considered when severe
chronic urticaria fails to respond to high-dose
antihistamines.

C. Local Treatment

Local treatment is rarely rewarding.

» Prognosis

Acute urticaria usually lasts only a few days to weeks. Half
of patients whose urticaria persists for longer than 6 weeks
will have it for years.

Antia C et al. Urticaria: a comprehensive review: epidemiology,
diagnosis, and work-up. J Am Acad Dermatol. 2018;79:599.
[PMID: 30241623]

Kaplan AP. Diagnosis, pathogenesis, and treatment of chronic
spontaneous urticaria. Allergy Asthma Proc. 2018;39:184.
[PMID: 29669665]

Kolkhir P et al. New treatments for chronic urticaria. Ann
Allergy Asthma Immunol. 2020;124:2. [PMID: 31446134]

Maurer M et al. Ligelizumab for chronic spontaneous urticaria.
N Engl J Med. 2019;381:1321. [PMID: 31577874]

Zuberbier T et al. The EAACI/GA2LEN/EDF/WAO guideline
for the definition, classification, diagnosis and management
of urticaria. Allergy. 2018;73:1393. [PMID: 29336054]

2. eym Mulifom/Svns-Jonson
Syndom/toxic eidml Ncolysis

E S S E N T I A L S  O F  D I A G N O S I S

eym mulifom

» Herpes simplex is most common cause.

» Cutaneous lesions are true three ring targets.

» Presents on the extensor surfaces, palms, soles, or
mucous membranes.

» Disease remains localized.

Svns-Jonson syndom nd oxic idml

ncolysis

» Stevens-Johnson syndrome: Less than 10% BSA
detachment.

» Stevens-Johnson syndrome/toxic epidermal necrol-
ysis overlap: 10–30% BSA detachment.

» Toxic epidermal necrolysis: Greater than 30% BSA
detachment.

» Medications are most common cause.

» Cutaneous lesions are targetoid but often not true
three ring targets.

» Favors the trunk.

» Involves two or more mucous membranes.

» May progress to significant BSA involvement and
may be life-threatening.
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» General Considerations

Erythema multiforme is an acute inflammatory skin dis-
ease that was traditionally divided clinically into minor and
major types based on the clinical findings. Approximately
90% of cases of erythema multiforme minor follow out-
breaks of herpes simplex, and so it is preferably termed
“herpes-associated erythema multiforme.” The term “ery-
thema multiforme major” has largely been abandoned.

Stevens-Johnson syndrome (SJS) is defined as atypical
target lesions with less than 10% BSA detachment; toxic
epidermal necrolysis (TEN) is defined as lesions with
greater than 30% BSA detachment; and patients with SJS/
TEN overlap have between 10% and 30% BSA detachment.
The abbreviation SJS/TEN is often used to refer to these
three variants of what is considered one syndrome. SJS/TEN
is characterized by toxicity and involvement of two or more
mucosal surfaces (often oral and conjunctival but can
involve any mucosal surface, including respiratory epithe-
lium). SJS/TEN is most often caused by oral or, less com-
monly, topical medications, especially sulfonamides,
NSAIDs, allopurinol, and anticonvulsants. In certain races,
polymorphisms of antigen-presenting major histocompat-
ibility (MHC) loci increase the risk for the development of
SJS/TEN. Mycoplasma pneumoniae may trigger a mucocu-
taneous reaction with skin and oral lesions closely resem-
bling SJS in children/young adults, which tends not to
progress to TEN-like disease and carries an overall good
prognosis.

» Clinical Findings

A. Symptoms and Signs

A classic target lesion, as in herpes-associated erythema
multiforme, consists of three concentric zones of color
change, most often found acrally on the hands, feet, elbows,
and knees (Figure 6–24). SJS/TEN presents with raised

purpuric target-like lesions, with only two zones of color
change and a central blister, or nondescript reddish or pur-
puric macules favoring the trunk and proximal upper
extremities (Figure 6–25). Pain on eating, swallowing, and
urination can occur if relevant mucosae are involved.

B. Laboratory Findings

Skin biopsy is diagnostic. Direct immunofluorescence stud-
ies are negative. Blood tests are not useful for diagnosis.

» Differential Diagnosis

Urticaria and drug eruptions are the chief entities that
must be differentiated from erythema multiforme. In true
urticaria, lesions are not purpuric or bullous, last less than
24 hours, and respond to antihistamines. Urticaria multi-
forme is a distinct eruption in infants and young children
and presents with fever and targetoid urticarial plaques.
The differential diagnosis of SJS/TEN includes autoim-
mune bullous diseases (eg, pemphigus vulgaris, bullous
pemphigoid, and linear IgA bullous dermatosis), acute
systemic lupus erythematosus, vasculitis, and Sweet syn-
drome. The presence of a blistering eruption requires
biopsy and dermatologic consultation for appropriate diag-
nosis and treatment.

» Complications

The tracheobronchial mucosa, conjunctiva, and genital
and urethral mucosa may be involved and may result in
scarring in severe cases. Ophthalmologic consultation is
required if ocular involvement is present because vision loss
is the major consequence of SJS/TEN.

» Treatment

A. General Measures

Toxic epidermal necrolysis is best treated in an acute care
environment, which may include an ICU or a burn unit.
Patients should be admitted if mucosal involvement inter-
feres with hydration and nutrition or extensive blistering

▲ Figure 6–24. Erythema multiforme with classic tar-
get lesions. Note the three zones of color change. (Used,
with permission, from Richard P. Usatine, MD, in Usatine
RP, Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas
and Synopsis of Family Medicine, 3rd ed. McGraw-Hill, 2019.)

▲ Figure 6–25. Stevens-Johnson syndrome. (Used, with
permission, from TG Berger, MD, Dept Dermatology, UCSF.)
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develops. Open lesions should be managed like second-
degree burns. Immediate discontinuation of the inciting
medication (before blistering occurs) is a significant pre-
dictor of outcome. Delay in establishing the diagnosis and
inadvertently continuing the offending medication results
in higher morbidity and mortality.

B. Specific Measures

Oral and topical corticosteroids are useful in the oral
variant of erythema multiforme. Oral acyclovir prophy-
laxis of herpes simplex infections may be effective in
preventing recurrent herpes-associated erythema multi-
forme minor.

The most important aspect of treatment for SJS/TEN is
to stop the offending medication and to move patients with
greater than 25–30% BSA involvement to an appropriate
acute care environment. Nutritional and fluid support and
high vigilance for infection are the most important aspects
of care. Reviews of systemic treatments for SJS and TEN
have been conflicting. Some data support the use of high-
dose corticosteroids. If corticosteroids are to be tried, they
should be used early, before blistering occurs, and in high
doses (prednisone, 1–2 mg/kg/day). Intravenous immuno-
globulin (IVIG) (1 g/kg/day for 4 days) used early in the
course has resulted in decreased mortality in some studies.
Cyclosporine (3–5 mg/kg/day for 7 days) may also be effec-
tive. Etanercept is the treatment of choice in some centers.

C. Local Measures

Topical corticosteroids are not very effective in this disease
(except the oral variant).

» Prognosis

Erythema multiforme minor usually lasts 2–6 weeks and
may recur. SJS/TEN may be serious with a mortality of 30%
in cases with greater than 30% BSA involvement.

Micheletti RG et al. Stevens-Johnson syndrome/toxic epidermal
necrolysis: a multicenter retrospective study of 377 adult
patients from the United States. J Invest Dermatol. 2018;
138:2315. [PMID: 29758282]

Noe MH et al. Development and validation of a risk prediction
model for in-hospital mortality among patients with Stevens-
Johnson syndrome/toxic epidermal necrolysis-ABCD-10.
JAMA Dermatol. 2019;155:448. [PMID: 30840032]

Seminario-Vidal L et al. Society of Dermatology Hospitalists
supportive care guidelines for the management of Stevens-
Johnson syndrome/toxic epidermal necrolysis in adults. J Am
Acad Dermatol. 2020;82:1553. [PMID: 32151629]

Trayes KP et al. Erythema multiforme: recognition and manage-
ment. Am Fam Physician. 2019;100:82. [PMID: 31305041]

Zhang S et al. Biologic TNF-alpha inhibitors in the treatment of
Stevens-Johnson syndrome and toxic epidermal necrolysis: a
systemic review. J Dermatolog Treat. 2020;31:66. [PMID:
30702955]

3. eym Migns

Erythema migrans is a unique cutaneous eruption that
characterizes the localized or generalized early stage of

Lyme disease (caused by Borrelia burgdorferi) (Figure 6–26)
(See also Chapter 34).

INFECTIOUS ERYTHEMAS

1. eysils

E S S E N T I A L S  O F  D I A G N O S I S

» Edematous, circumscribed, hot, erythematous
area, with raised advancing border.

» Central face or lower extremity frequently involved.

» Pain and systemic toxicity may be striking.

» General Considerations

Erysipelas is a superficial form of cellulitis that is caused by
beta-hemolytic streptococci.

» Clinical Findings

A. Symptoms and Signs

The symptoms are pain, malaise, chills, and moderate
fever. A bright red spot appears and then spreads to form
a tense, sharply demarcated, glistening, smooth, hot
plaque. The sharp margin characteristically makes notice-
able advances in days or even hours (Figure 6–27). The
lesion is edematous with a raised edge and may pit slightly
with the finger. Vesicles or bullae occasionally develop on
the surface. The lesion does not usually become pustular
or gangrenous and heals without scar formation. The dis-
ease may complicate any break in the skin that provides a

▲ Figure 6–26. Erythema migrans due to Borrelia

burgdorferi (Lyme disease). (Used, with permission, from
Thomas Corson, MD, in Usatine RP, Smith MA, Mayeaux EJ
Jr, Chumley HS. The Color Atlas and Synopsis of Family
Medicine, 3rd ed. McGraw-Hill, 2019.)
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portal of entry for the organism. On the face, erysipelas
begins near a fissure at the angle of the nose. On the lower
extremity, tinea pedis with interdigital fissuring is a com-
mon portal of entry.

B. Laboratory Findings

Leukocytosis is almost invariably present; blood cultures
may be positive.

» Differential Diagnosis

Erysipeloid is a benign bacillary infection by Erysipelothrix
rhusiopathiae that produces cellulitis of the skin of the fin-
gers or the backs of the hands in fishermen and meat
handlers.

» Complications

Unless erysipelas is promptly treated, death may result
from bacterial dissemination, particularly in older adults.

» Treatment

Intravenous antibiotics effective against group A beta-
hemolytic streptococci and staphylococci should be con-
sidered, but outpatient treatment with oral antibiotics has
demonstrated equal efficacy. Oral regimens include a
7-day course with penicillin VK (250 mg), dicloxacillin
(250 mg), or a first-generation cephalosporin (250 mg)
four times a day. Alternatives in penicillin-allergic patients
are clindamycin (250 mg twice daily orally for 7–14 days)
or erythromycin (250 mg four times daily orally for
7–14 days), the latter only if the infection is known to be
due to streptococci.

» Prognosis

With appropriate treatment, rapid improvement is
expected. The presence of lymphedema carries the greatest
risk of recurrence.

2. Clluliis

E S S E N T I A L S  O F  D I A G N O S I S

» Edematous, expanding, erythematous, warm
plaque with or without vesicles or bullae.

» Lower leg is frequently involved.

» Pain, chills, and fever are commonly present.

» Septicemia may develop.

» General Considerations

Cellulitis, a diffuse spreading infection of the dermis
and subcutaneous tissue, is usually on the lower leg
(Figure 6–27) and most commonly due to gram-positive
cocci, especially group A beta-hemolytic streptococci and
S aureus. Rarely, gram-negative rods or even fungi can
produce a similar picture. In otherwise healthy persons, the
most common portal of entry for lower leg cellulitis is toe
web intertrigo with fissuring, usually a complication of
interdigital tinea pedis. Other diseases that predispose to
cellulitis are prior episodes of cellulitis, chronic edema,
venous insufficiency with secondary edema, lymphatic
obstruction, saphenectomy, and other perturbations of the
skin barrier. Bacterial cellulitis is almost never bilateral.

» Clinical Findings

A. Symptoms and Signs

Cellulitis begins as a tender small patch. Swelling, ery-
thema, and pain are often present. The lesion expands over
hours, so that from onset to presentation is usually 6 to
36 hours. As the lesion grows, the patient becomes more ill
with progressive chills, fever, and malaise. Lymphangitis
and lymphadenopathy are often present. If septicemia
develops, hypotension may develop, followed by shock.

B. Laboratory Findings

Leukocytosis or at least a neutrophilia (left shift) may be
present from early in the course. Blood cultures are positive
in only 4% of patients. If a central ulceration, pustule, or
abscess is present, culture may be of value. Aspiration of
the advancing edge has a low yield (less than 20%) and is
usually not performed. In immunosuppressed patients, or
if an unusual organism is suspected and there is no locu-
lated site to culture, a full-thickness skin biopsy should be
sent for routine histologic evaluation and for culture (bac-
terial, fungal, and mycobacterial). If a primary source for
the infection is identified (wound, leg ulcer, toe web inter-
trigo), cultures from these sites isolate the causative patho-
gen in half of cases and can be used to guide antibiotic
therapy.

» Differential Diagnosis

Two potentially life-threatening entities that can mimic
cellulitis (ie, present with a painful, red, swollen lower

▲ Figure 6–27. Cellulitis. (Used, with permission, from
Lindy Fox, MD.)
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extremity) include deep venous thrombosis and necrotiz-
ing fasciitis. The diagnosis of necrotizing fasciitis should
be suspected in a patient who has a toxic appearance, bul-
lae, crepitus or anesthesia of the involved skin, overlying
skin necrosis, and laboratory evidence of rhabdomyolysis
(elevated creatine kinase) or disseminated intravascular
coagulation. While these findings may be present with
severe cellulitis and bacteremia, it is essential to rule out
necrotizing fasciitis because rapid surgical debridement is
essential. Other noninfectious skin lesions that may
resemble cellulitis are termed “pseudocellulitis.” Diseases
in this differential include sclerosing panniculitis, an
acute, exquisitely tender red plaque on the medial lower
legs above the malleolus in patients with venous stasis or
varicosities, and acute severe contact dermatitis on a limb,
which produces erythema, vesiculation, and edema, as
seen in cellulitis, but with itching instead of pain. Bilat-
eral lower leg bacterial cellulitis is exceedingly rare, and
other diagnoses, especially severe stasis dermatitis (see
Figure 12–2), should be considered in this setting. Severe
lower extremity stasis dermatitis usually develops over
days to weeks rather than hours as with cellulitis. It is also
not as tender to palpation as cellulitis. Cryptococcal cel-
lulitis in the organ transplant recipient is often bilateral.
The ALT-70 is a predictive model to diagnose cellulitis or
a cellulitis mimic and to provide guidance about when a
dermatology consultation is needed. The ALT-70 variables
are asymmetry (3 points), leukocytosis of 10,000/mcL
(10 × 109/L) or more at presentation (2 points), tachycar-
dia above 90 beats per minute (1 point), and age 70 years or
older (1 point). An ALT-70 score above 5 points carries
more than an 82% chance of a true cellulitis while a score
below 2 points suggests a greater than 83% chance of a cel-
lulitis mimicker.

» Treatment

Intravenous or parenteral antibiotics may be required for
the first 2–5 days, with adequate coverage for Streptococcus
and Staphylococcus. Methicillin-susceptible S aureus
(MSSA) can be treated with nafcillin, cefazolin, clindamy-
cin, dicloxacillin, cephalexin, doxycycline, or TMP-SMZ.
If MRSA is suspected or proven, treatment options
include vancomycin, linezolid, clindamycin, daptomycin,
doxycycline, or TMP-SMZ. In mild cases or following the
initial parenteral therapy, oral dicloxacillin or cepha-
lexin, 250–500 mg four times daily for 5–10 days, is usu-
ally adequate. In patients in whom intravenous treatment
is not instituted, the first dose of oral antibiotic can be
doubled to achieve high blood levels rapidly. In patients
with recurrent lower leg cellulitis (three to four episodes
per year), oral penicillin 250 mg twice daily or oral
erythromycin 250–500 mg twice daily can decrease the
risk of recurrence. Prior episodes of cellulitis, lymph-
edema, chronic venous insufficiency, peripheral vascular
disease, and deep venous thrombosis are associated with
an increased risk of recurrent cellulitis. Additional mea-
sures to prevent recurrences include compression, treating
toe web intertrigo and tinea pedis, and controlling venous
insufficiency.

» When to Admit

• Severe local symptoms and signs.

• Signs of sepsis.

• Elevated white blood cell count of 10,000/mcL (10 × 109/L)
or more with marked left shift. Failure to respond to oral
antibiotics.

Eriksson BKG et al. Frequent colonization of betahaemolytic
streptococci at various body sites including the perineum and
anal canal during erysipelas and cellulitis. Infect Dis (Lond).
2019;51:534. [PMID: 31088328]

Klotz C et al. Adherence to antibiotic guidelines for erysipelas or
cellulitis is associated with a favorable outcome. Eur J Clin
Microbiol Infect Dis. 2019;38:703. [PMID: 30685804]

Ko LN et al. Clinical usefulness of imaging and blood cultures in
cellulitis evaluation. JAMA Intern Med. 2018;178:994. [PMID:
29610842]

Patel M et al. The red leg dilemma: a scoping review of the chal-
lenges of diagnosing lower limb cellulitis. Br J Dermatol.
2019;180:993. [PMID: 30422315]

Webb E et al. Compression therapy to prevent recurrent cellulitis
of the leg. N Engl J Med. 2020;383:630. [PMID: 32786188]

BLISterING DISeaSeS

Some autoimmune skin disorders are characterized by
formation of bullae or blisters. The most common of these
diseases are pemphigus and its variants and bullous pem-
phigoid and its variants. Other less common disorders
include dermatitis herpetiformis and linear IgA bullous
dermatosis.

PEMPHIGUS

E S S E N T I A L S  O F  D I A G N O S I S

» Relapsing crops of bullae, often fragile and lead-
ing to erosions.

» Often preceded by mucous membrane bullae,
erosions, and ulcerations.

» Superficial detachment of the skin after pressure
or trauma variably present (Nikolsky sign).

» Acantholysis on biopsy.

» Immunofluorescence studies and serum ELISA for
pathogenic antibodies are confirmatory.

» General Considerations

Pemphigus is an uncommon intraepidermal blistering dis-
ease occurring on skin and mucous membranes. It is
caused by autoantibodies to adhesion molecules expressed
in the skin and mucous membranes. The bullae appear
spontaneously and are tender and painful when they rup-
ture. Drug-induced pemphigus has been reported. There
are several forms of pemphigus: pemphigus vulgaris and its
variant, pemphigus vegetans; and the more superficially
blistering pemphigus foliaceus and its variant, pemphigus
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erythematosus. All forms may present at any age but most
commonly in middle age. The vulgaris form begins in the
mouth in over 50% of cases. The foliaceus form may be
associated with other autoimmune diseases or may be
drug-induced. Paraneoplastic pemphigus, a unique form of
the disorder, is associated with numerous types of benign
and malignant neoplasms, most frequently chronic lym-
phocytic leukemia, Castleman disease, B cell lymphoma,
plasmacytoma, and thymoma.

» Clinical Findings

A. Symptoms and Signs

Pemphigus is characterized by an insidious onset of flaccid
bullae, crusts, and erosions in crops or waves (Figure 6–28).
In pemphigus vulgaris, lesions often appear first on the oral
mucous membranes. These rapidly become erosive. The
scalp is another site of early involvement. Rubbing a cotton
swab or finger laterally on the surface of uninvolved skin
may cause easy separation of the epidermis (Nikolsky
sign). Downward pressure on a fresh bulla may cause lat-
eral spread (Asboe-Hansen sign). Pemphigus vegetans
presents as erosive vegetating plaques, most often in inter-
triginous areas. Pemphigus foliaceus is a superficial form of
pemphigus where cutaneous lesions present as flaccid bul-
lae that quickly evolve into superficial erosions and thin
pink plaques with overlying scale. Mucosal lesions are rare
in pemphigus foliaceus. Pemphigus erythematosus has
overlapping features of pemphigus foliaceus and lupus
erythematosus. It presents with flaccid bullae that develop
overlying scale and crust in a photodistributed area. Again,
mucosal lesions are rare. Paraneoplastic pemphigus is his-
tologically and immunologically distinct from other forms
of the disease. Oral lesions predominate and cutaneous
erythematous plaques resembling erythema multiforme

are characteristic. Survival rates are low because of the
underlying malignancy.

B. Laboratory Findings

The diagnosis is made by light microscopy, direct and indi-
rect immunofluorescence (IIF) microscopy, and ELISA
assays to detect autoantibodies to intercellular adhesion
molecules (desmoglien 3 and 1).

» Differential Diagnosis

Blistering diseases include erythema multiforme
(Figure 6–24), SJS/TEN, drug eruptions, bullous impetigo,
contact dermatitis, dermatitis herpetiformis, and bullous
pemphigoid, but flaccid blisters are not typical of these
diseases, and acantholysis is not seen on biopsy. All these
diseases have clinical characteristics and immunofluores-
cence test results that distinguish them from pemphigus.
Pemphigus foliaceus must be distinguished from subacute
cutaneous lupus erythematosus.

» Complications

Secondary infection commonly occurs; this is a major
cause of morbidity and mortality. Disturbances of fluid,
electrolyte, and nutritional intake can occur as a result of
painful oral ulcers.

» Treatment

A. General Measures

Patients with severe disease should be hospitalized at bed
rest and provided intravenous antibiotics and feedings as
indicated. Anesthetic troches used before eating ease pain-
ful oral lesions.

B. Systemic Measures

Pemphigus requires systemic therapy as early in its course
as possible. Initial therapy is with prednisone, 60–80 mg
orally daily. In all but the mildest cases, a steroid-sparing
agent is added from the beginning, since the disease course
is long and the steroid-sparing agents take several weeks to
exert their activity. Rituximab (1 g intravenously on days 1
and 15 as induction therapy followed by 500 mg intrave-
nously every 6 months as maintenance therapy) is FDA
approved for the treatment of pemphigus vulgaris, associ-
ated with induction of a complete remission, and consid-
ered by many experts to be first-line therapy. Repeated
courses are efficacious and well tolerated in patients who
do not achieve complete remission or relapse. Azathioprine
(2–4 mg/kg orally daily) or mycophenolate mofetil
(1–1.5 g orally twice daily) are other therapeutic options.
In refractory cases, monthly IVIG (2 g/kg intravenously
over 3–4 days), pulse intravenous corticosteroids, cyclo-
phosphamide, or plasmapheresis can be used.

C. Local Measures

In patients with limited disease, skin and mucous mem-
brane lesions should be treated with topical corticosteroids.

▲ Figure 6–28. Pemphigus vulgaris on the back with
crusted and intact bullae. (Used, with permission, from
Eric Kraus, MD, in Usatine RP, Smith MA, Mayeaux EJ Jr,
Chumley HS. The Color Atlas and Synopsis of Family
Medicine, 3rd ed. McGraw-Hill, 2019.)
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Complicating infection requires appropriate systemic and
local antibiotic therapy.

» Prognosis

Without antibiotic or corticosteroid treatment, the disease
is fatal within 5 years. The course now tends to be chronic
in most patients; however, up to one-third experience
remission. Infection is the most frequent cause of death,
usually from S aureus septicemia.

Bilgic A et al. What is novel in the clinical management of pemphi-
gus. Expert Rev Clin Pharmacol. 2019;12:973. [PMID: 31550941]

Pollmann R et al. Pemphigus: a comprehensive review on patho-
genesis, clinical presentation and novel therapeutic approaches.
Clin Rev Allergy Immunol. 2018;54:1. [PMID: 29313220]

Schmidt E et al. Pemphigus. Lancet. 2019;394:882. [PMID:
31498102]

BULLOUS PEMPHIGOID

Bullous pemphigoid is a relatively benign pruritic disease
characterized by tense blisters in flexural areas, usually
remitting in 5 or 6 years, with a course characterized by
exacerbations and remissions. Most affected persons are
over the age of 60 and men are affected twice as frequently
as women. The appearance of blisters may be preceded by
pruritic urticarial or edematous lesions for months. Oral
lesions are present in one-third. The disease may occur in
various forms, including localized, vesicular, vegetating,
erythematous, erythrodermic, and nodular. Drugs may
induce bullous pemphigoid.

The diagnosis is made by biopsy with direct immuno-
fluorescence examination and serum antibody testing.
Light microscopy shows a subepidermal blister. With
direct immunofluorescence, IgG and C3 are found at the
dermal-epidermal junction. ELISA tests for bullous pem-
phigoid antibodies (BP 180 or BP 230) are 87% sensitive
and 95% specific. If the patient has mild disease, ultrapo-
tent topical corticosteroids may be adequate. Prednisone
(0.75 mg/kg orally daily) is often used to achieve rapid
control of more widespread disease. Tetracycline (500 mg
orally three times daily) or doxycycline (100 mg orally
twice a day), alone or combined with nicotinamide—not
nicotinic acid or niacin—(up to 1.5 g orally daily), may
control the disease in patients who cannot use corticoste-
roids or may allow for decreasing or eliminating corticoste-
roids after control is achieved. Dapsone (50–200 mg orally
daily) is particularly effective in mucous membrane pem-
phigoid. If these medications are not effective, methotrex-
ate (5–25 mg orally weekly), azathioprine (2–4 mg/kg
orally daily), or mycophenolate mofetil (1–1.5 g orally
twice daily) may be used as steroid-sparing agents. Intrave-
nous immunoglobulin, rituximab, and omalizumab have
been used with success in refractory cases.

Kremer N et al. Rituximab and omalizumab for the treatment of
bullous pemphigoid: a systematic review of the literature. Am
J Clin Dermatol. 2019;20:209. [PMID: 30421306]

Lamberts A et al. Nonbullous pemphigoid: a systematic review.
J Am Acad Dermatol. 2018;78:989. [PMID: 29102490]

Ujiie H et al; Committee for Guidelines for the Management of
Pemphigoid Diseases. Japanese guidelines for the manage-
ment of pemphigoid (including epidermolysis bullosa
acquisita). J Dermatol. 2019;46:1102. [PMID: 31646663]

papULeS

WARTS

E S S E N T I A L S  O F  D I A G N O S I S

» Verrucous papules anywhere on the skin or mucous
membranes, usually no > 1 cm in diameter.

» Prolonged incubation period (average 2–18 months).

» Spontaneous “cures” of common warts in 50% at
2 years.

» “Recurrences” (new lesions) are frequent.

» General Considerations

Warts (common, plantar, and genital [condylomata acumi-
nata]) are caused by human papillomaviruses (HPVs).
Typing of HPV lesions is not a part of standard medical
evaluation except in the case of anogenital dysplasia.

» Clinical Findings

There are usually no symptoms. Tenderness on pressure
occurs with plantar warts; itching occurs with anogenital
warts (Figure 6–29). Flat warts are most evident under
oblique illumination. Periungual warts may be dry, fis-
sured, and hyperkeratotic and may resemble hangnails.
Plantar warts resemble plantar corns or calluses.

» Differential Diagnosis

Some warty-looking lesions are actually seborrheic kerato-
sis, hypertrophic actinic keratoses or squamous cell carci-
nomas. Some genital warty lesions are condylomata lata of
secondary syphilis. Molluscum contagiosum lesions are
pearly with a central dell. In AIDS, wart-like lesions may be
caused by varicella zoster virus.

» Prevention

Administration of a vaccine against certain anogenital
HPV types (including 6, 11, 16, 18, 31, 33, 45, 52, and 58)
can prevent infection with these wart types and reduce
anogenital, oropharyngeal, and cervical cancer. It is recom-
mended for teenagers and young adults, men who have
sex with men, and immunocompromised patients (see
Chapters 1 and 18). There may be a role for adjuvant
vaccination in HPV-infected patients.

» Treatment

Treatment is aimed at inducing “wart-free” intervals for as
long as possible without scarring, since no treatment can
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guarantee a remission or prevent recurrences. In immuno-
compromised patients, the goal is to control the size and
number of lesions present. Certain types (HPV 1) are more
responsive to treatment than others (eg, HPV 2, HPV 27).

A. Treatment of Nongenital Warts

For common warts of the hands, patients are usually
offered liquid nitrogen or keratolytic agents. The former
may work in fewer treatments but requires office visits and
is painful.

1. Liquid nitrogen—Liquid nitrogen cryotherapy is applied
to achieve a thaw time of 30–45 seconds. Two freeze-thaw
cycles are given every 2–4 weeks for several visits. Scarring
will occur if it is used incorrectly. Liquid nitrogen may
cause permanent depigmentation in darkly pigmented
individuals.

2. Keratolytic agents and occlusion—Salicylic acid prod-
ucts may be used against common warts or plantar warts.
They are applied, then occluded. Plantar warts may be
treated by applying a 40% salicylic acid plaster after paring.
The plaster may be left on for 5–6 days, then removed, the
lesion pared down, and another plaster applied. Although it
may take weeks or months to eradicate the wart, the
method is safe and effective with almost no side effects.

Chronic occlusion alone with water-impermeable tape
(duct tape, adhesive tape) is less effective than cryotherapy.

3. Operative removal—Plantar warts may be removed by
blunt dissection.

4. Laser therapy—The CO2 laser can be effective for treat-
ing recurrent warts, periungual warts, plantar warts, and
genital warts. It leaves open wounds that must fill in with
granulation tissue over 4–6 weeks and is best reserved for
warts resistant to all other modalities. Lasers may also be
used every 3–4 weeks to ablate common, plantar, facial,
and anogenital warts but are not more effective than cryo-
therapy in controlled trials. Photodynamic therapy can be
considered in refractory widespread flat warts.

5. Immunotherapy—Squaric acid dibutylester may be
applied 1–5 times weekly in a concentration of 0.2–2%
directly to the warts to induce a mild contact dermatitis.
Between 60% and 80% of warts clear over 10–20 weeks.
Injection of Candida antigen starting at 1:50 dilution and
repeated every 3–4 weeks may be similarly effective in
stimulating immunologic regression of common and plan-
tar warts.

6. Other agents—Bleomycin (1 unit/mL), injected into
common and plantar warts has been shown to have a high cure
rate. It should be used with caution on digital warts because
of the potential complications of Raynaud phenomenon,
nail loss, and terminal digital necrosis. 5-Fluorouracil 5%
cream applied once or twice daily, usually with occlusion,
has similar efficacy to other treatment methods.

7. Physical modalities—Soaking warts in hot (42.2°C)
water for 10–30 minutes daily for 6 weeks has resulted in
involution in some cases.

B. Treatment of Genital Warts

1. Liquid nitrogen—Cryotherapy is first-line clinician-
applied surgical treatment for genital warts. Liquid
nitrogen cryotherapy is applied to achieve a thaw time of
30–45 seconds. Two freeze-thaw cycles are given every
2–4 weeks for several visits. Scarring will occur if it is used
incorrectly. Liquid nitrogen may cause permanent depig-
mentation in pigmented individuals.

2. Podophyllum resin—For genital warts, the purified
active component of the podophyllum resin, podofilox, is
applied by the patient twice daily 3 consecutive days a week
for cycles of 4–6 weeks. It is less irritating and more effec-
tive than “clinician-applied” podophyllum resin. After a
single 4-week cycle, 45% of patients were wart-free but 60%
relapsed at 6 weeks. Thus, multiple cycles of treatment are
often necessary. Patients unable to obtain the take-home
podofilox may be treated in the clinician’s office by paint-
ing each wart carefully (protecting normal skin) every
2–3 weeks with 25% podophyllum resin (podophyllin) in
compound tincture of benzoin.

3. Imiquimod—A 5% cream of this local interferon inducer
has moderate activity in clearing external genital warts.

▲ Figure 6–29. Condylomata acuminata around the
clitoris, labia minor, and opening of the vagina. (Used,
with permission, from Richard P. Usatine, MD, in Usatine
RP, Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas
and Synopsis of Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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Treatment is once daily on 3 alternate days per week.
Response may be slow. Complete clearing of lesions occurs
in 77% of women and 40% of men with 13% recurrences in
the short term.

Although imiquimod is considerably more expensive
than podophyllotoxin, it is the “patient-administered”
treatment of choice for external genital warts in women
due to its high response rate and safety. In men, podophyl-
lin resin remains the preferred initial treatment due to its
more rapid response, lower cost, and similar efficacy;
imiquimod is used for recurrences or refractory cases.
Imiquimod has no demonstrated efficacy for—and should
not be used to treat—plantar or common warts.

4. Sinecatechins—Derived from green tea extract, sinecat-
echins (10% or 15%) is FDA approved for the treatment
of anogenital warts. Application three times daily for
16 weeks achieves clearance rates from 40% to 81%, with
the 15% formulation resulting in higher efficacy.

5. Operative removal—For pedunculated or large genital
warts, snip biopsy (scissors) removal followed by light
electrocautery is more effective than cryotherapy.

6. Laser therapy—See Treatment of Nongenital Warts, above.
For genital warts, it has not been shown that laser therapy is
more effective than electrosurgical removal. Photodynamic
therapy can be considered in refractory genital warts.

» Prognosis

There is a striking tendency to develop new lesions. Warts
may disappear spontaneously or may be unresponsive to
treatment. Combining therapies (eg, liquid nitrogen plus
immunotherapy) may improve therapeutic response.

Bertolotti A et al. Local management of anogenital warts in
immunocompetent adults: systematic review and pooled
analysis of randomized-controlled trial data. J Am Acad
Dermatol. 2019;81:1203. [PMID: 30978422]

Jung JM et al. Topically applied treatments for external genital
warts in nonimmunocompromised patients: a systematic
review and network meta-analysis. Br J Dermatol. 2020;183:24.
[PMID: 31675442]

O’Mahony C et al. Position statement for the diagnosis and man-
agement of anogenital warts. J Eur Acad Dermatol Venereol.
2019;33:1006. [PMID: 30968980]

Salman S et al. Intralesional immunotherapy for the treatment of
warts: a network meta-analysis. J Am Acad Dermatol. 2019;
80:922. [PMID: 30003983]

MOLLUSCUM CONTAGIOSUM

Molluscum contagiosum, caused by a poxvirus, presents as
single or multiple dome-shaped, waxy papules 2–5 mm in
diameter that are umbilicated (Figure 6–30). Lesions at
first are firm, solid, and flesh-colored but upon reaching
maturity become soft, whitish, or pearly gray and may sup-
purate. The principal sites of involvement are the face,
lower abdomen, and genitals.

The lesions are autoinoculable and spread by wet skin-
to-skin contact. In sexually active individuals, they may be

confined to the penis, pubis, and inner thighs and are con-
sidered a sexually transmitted infection.

Molluscum contagiosum is common in patients with
AIDS, usually with a helper T-cell count less than 100/mcL
(0.1 × 109/L). Extensive lesions tend to develop over the
face and neck as well as in the genital area.

The diagnosis is easily established in most instances
because of the distinctive central umbilication of the dome-
shaped lesion. Estimated time to remission is 13 months.
The best treatment is by curettage or applications of liquid
nitrogen as for warts—but more briefly. When lesions are
frozen, the central umbilication often becomes more
apparent. Light electrosurgery with a fine needle is also
effective. Cantharadin (applied in the office and then
washed off by the patient 4 hours later) is a safe and effec-
tive option. Another treatment option is 10% or 15% potas-
sium hydroxide solution applied twice daily until lesions
clear. Salicylic acid, podophyllotoxin, tretinoin, and
imiquimod are additional treatment options. Physical
destruction with pulsed dye laser or via extraction of mol-
luscum bodies with a comedone extractor or currette is
also effective. Lesions are difficult to eradicate in patients
with AIDS unless immunity improves; however, with
highly effective antiretroviral treatment, molluscum will
usually spontaneously clear.

Meza-Romero R et al. Molluscum contagiosum: an update and
review of new perspectives in etiology, diagnosis, and treat-
ment. Clin Cosmet Investig Dermatol. 2019;12:373. [PMID:
31239742]

Teixidó C et al. Efficacy and safety of topical application of 15%
and 10% potassium hydroxide for the treatment of Molluscum
contagiosum. Pediatr Dermatol. 2018;35:336. [PMID:
29479727]

Vakharia PP et al. Efficacy and safety of topical cantharidin treat-
ment for molluscum contagiosum and warts: a systematic
review. Am J Clin Dermatol. 2018;19:791. [PMID: 30097988]

▲ Figure 6–30. Umbilicated—molluscum. (Used, with
permission, from Richard P. Usatine, MD, in Usatine RP,
Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas and
Synopsis of Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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BASAL CELL CARCINOMA

E S S E N T I A L S  O F  D I A G N O S I S

» Pearly papule, erythematous patch > 6 mm, or
nonhealing ulcer in sun-exposed areas (face,
trunk, lower legs).

» History of bleeding.

» Fair-skinned person with a history of sun exposure
(often intense, intermittent).

» General Considerations

Basal cell carcinomas are the most common form of cancer.
They occur on sun-exposed skin in otherwise normal, fair-
skinned individuals; ultraviolet light is the cause. Basal cell
carcinomas can be divided into clinical and histologic
subtypes, which determine both clinical behavior and
treatment. The clinical subtypes include superficial, nodu-
lar, pigmented, and morpheaform. The histologic subtypes
include superficial, nodular, micronodular, and infiltrative.
Morpheaform, micronodular, and infiltrative basal cell
carcinomas are not amenable to topical therapy or electro-
desiccation and curettage and typically require surgical
excision or Mohs micrographic surgery. Because a second
basal cell carcinoma develops in up to half of patients, skin
examination is required at least yearly to detect new or
recurrent lesions. Nicotinamide, 500 mg orally twice daily,
can decrease the rate of development of basal cell carcino-
mas by 20% in high-risk groups.

» Clinical Findings

The most common presentation is a papule or nodule
that may have a central scab or erosion (Figure 6–31).

Occasionally the nodules have stippled pigment (pig-
mented basal cell carcinoma). Intradermal nevi without
pigment on the face of older White individuals may
resemble basal cell carcinomas. Basal cell carcinomas grow
slowly, attaining a size of 1–2 cm or more in diameter,
usually only after years of growth. There is a waxy, “pearly”
appearance, with telangiectatic vessels easily visible. It
is the pearly or translucent quality of these lesions that is
most diagnostic, a feature best appreciated if the skin is
stretched. On the back and chest, basal cell carcinomas
appear as reddish, somewhat shiny, scaly thin papules or
plaques. Morpheaform basal cell carcinomas are scar-like
in appearance. Basal cell carcinomas are more common
and more likely to recur in immunosuppressed patients,
including those with non-Hodgkin lymphoma and those
who have undergone solid organ or allogeneic hematopoi-
etic stem cell transplantation.

» Treatment

Lesions suspected to be basal cell carcinomas should be
biopsied by shave or punch biopsy. Therapy is then aimed
at eradication with minimal cosmetic deformity. The histo-
pathologic classification of basal cell carcinomas deter-
mines therapy. Imiquimod (applied topically 5 nights per
week for 6–10 weeks depending on patient reaction) and
5-fluorouracil (applied topically twice daily for up to
12 weeks) may be appropriate for select patients with
superficial basal cell carcinomas, but the treated area must
be observed for evidence of complete cure. Superficial or
nodular type lesions can be treated with curettage and
electrodesiccation, excision, or Mohs micrographic sur-
gery, while those that are classified as micronodular or
infiltrative should be treated with excision or Mohs micro-
graphic surgery depending on the size and location of the
lesion.

Surgical excision has a recurrence rate of 5% or less.
The technique of three cycles of curettage and electrodesic-
cation depends on the skill of the operator and is not rec-
ommended for head and neck lesions or basal cell
carcinomas with morpheaform, infiltrative, or micronodu-
lar histopathology. After 4–6 weeks of healing, it leaves a
broad, hypopigmented, at times hypertrophic scar.

Mohs micrographic surgery—removal of the tumor fol-
lowed by immediate frozen section histopathologic exami-
nation of margins with subsequent reexcision of
tumor-positive areas and final closure of the defect—gives
the highest cure rates (98%) and results in least tissue loss.
It is an appropriate therapy for tumors of the eyelids, naso-
labial folds, canthi, external ear, and temple; for recurrent
lesions; where tissue sparing is needed for cosmesis; and
for those with morpheaform, infiltrative, or micronodular
histopathology in certain locations.

Photodynamic therapy and topical application of a pho-
tosensitizing agent followed by irradiation by a light source
(typically blue or red), may be appropriate for some super-
ficial and small nodular basal cell carcinomas.

Radiotherapy is effective and sometimes appropriate for
older individuals (over age 65), but recurrent tumors after
radiation therapy are more difficult to treat and may be

▲ Figure 6–31. Pearly nodular basal cell carcinoma on
the face of a 52-year-old woman present for 5 years.
(Used, with permission, from Richard P. Usatine, MD, in
Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley HS. The
Color Atlas and Synopsis of Family Medicine, 3rd ed.
McGraw-Hill, 2019.)
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▲ Figure 6–32. Squamous cell carcinoma: an irregular-
shaped pink plaque with overlying hemorrhagic crust in
a chronically sun-exposed area. (Used, with permission,
from Richard P. Usatine, MD, in Usatine RP, Smith MA,
Mayeaux EJ Jr, Chumley H. The Color Atlas of Family
Medicine, 2nd ed. McGraw-Hill, 2013.)

more aggressive. Radiation therapy is the most expensive
method to treat basal cell carcinoma and should be used
only if other treatment options are not appropriate.

Hedgehog pathway inhibitors (vismodegib, sonidegib)
are reserved for the treatment of advanced or metastatic
basal cell carcinoma or in patients with extensive tumor
burden (eg, basal cell nevus syndrome).

Higgins S et al. Review of nonmelanoma skin cancer in African
Americans, Hispanics, and Asians. Dermatol Surg. 2018;44:
903. [PMID: 29746428]

Lang BM et al. S2k Guidelines for cutaneous basal cell
carcinoma—part 1: epidemiology, genetics and diagnosis.
J Dtsch Dermatol Ges. 2019;17:94. [PMID: 30592557]

Lang BM et al. S2k Guidelines for cutaneous basal cell
carcinoma—part 2: treatment, prevention and follow-up.
J Dtsch Dermatol Ges. 2019;17:214. [PMID: 30762963]

Peris K et al; European Dermatology Forum (EDF), the
European Association of Dermato-Oncology (EADO) and
the European Organization for Research and Treatment of
Cancer (EORTC). Diagnosis and treatment of basal cell
carcinoma: European consensus-based interdisciplinary
guidelines. Eur J Cancer. 2019;118:10. [PMID: 31288208]

Wong E et al. Mohs micrographic surgery. Facial Plast Surg Clin
North Am. 2019;27:15. [PMID: 30420068]

SQUAMOUS CELL CARCINOMA

E S S E N T I A L S  O F  D I A G N O S I S

» Nonhealing ulcer or warty nodule.

» Skin damage due to long-term sun exposure.

» Common in fair-skinned organ transplant
recipients.

Squamous cell carcinoma usually occurs subsequent to
prolonged sun exposure on exposed parts in fair-
skinned individuals who sunburn easily and tan poorly.
It may arise from an actinic keratosis. The lesions appear
as small red, conical, hard nodules that occasionally
ulcerate (Figure 6–32). In actinically induced squamous
cell cancers, rates of metastasis are estimated from retro-
spective studies to be 3–7%. Squamous cell carcinomas
of the ear, temple, lip, oral cavity, tongue, and genitalia
have much higher rates of recurrence or metastasis and
require special management. Patients with multiple squa-
mous cell carcinomas (especially more than 10) have
higher rates of local recurrence and nodal metastases.
Nicotinamide, 500 mg orally twice daily, can decrease the
rate of development of squamous cell carcinomas by 30%
in high-risk groups.

Squamous cell carcinoma in situ can be treated with
imiquimod or 5-fluorouracil (in similar dosing as for
superficial basal cell carcinoma) or curettage and elec-
trodessication. The preferred treatment for invasive squa-
mous cell carcinoma is excision or Mohs micrographic
surgery. Mohs micrographic surgery is recommended for

high-risk lesions (lips, temples, ears, nose), recurrent
tumors, aggressive histologic subtypes (perineural or peri-
vascular invasion), large lesions (greater than 1.0 cm on
face, greater than 2.0 cm on trunk or extremities), immu-
nosuppressed patients, lesions developing within a scar,
and tumors arising in the setting of genetic diseases. Fol-
low-up for squamous cell carcinoma must be more fre-
quent and thorough than for basal cell carcinoma, starting
at every 3 months, with careful examination of lymph
nodes for 1 year, then twice yearly thereafter.

Transplant patients with squamous cell carcinomas
represent a highly specialized patient population. Bio-
logic behavior of skin cancer in organ transplant recipi-
ents may be aggressive, and careful management is
required. Multiple squamous cell carcinomas are very
common on the sun-exposed skin of organ transplant
patients. The tumors begin to appear after 5 years of
immunosuppression. Regular dermatologic evaluation
in at-risk organ transplant recipients is recommended.
Other forms of immunosuppression, such as allogeneic
hematopoietic stem cell transplants, chronic lympho-
cytic leukemia, HIV/AIDS, and chronic iatrogenic
immunosuppression, may also increase skin cancer risk
and be associated with more aggressive skin cancer
behavior.
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VIOLaCeOUS tO pUrpLe papULeS &
NODULeS

LICHEN PLANUS

E S S E N T I A L S  O F  D I A G N O S I S

» Pruritic, violaceous, flat-topped papules with fine
white streaks and symmetric distribution.

» Lacy or erosive lesions of the buccal, vulvar, and
vaginal mucosa; nail dystrophy.

» Commonly seen along linear scratch marks (Koeb-
ner phenomenon) on anterior wrists, penis, and
legs.

» Diagnostic histopathology.

» General Considerations

Lichen planus is an inflammatory pruritic disease of the skin
and mucous membranes characterized by distinctive pap-
ules with a predilection for the flexor surfaces and trunk.
The three cardinal findings are typical skin lesions, mucosal
lesions, and histopathologic features of band-like infiltration
of lymphocytes in the upper dermis. Lichenoid drug erup-
tions can resemble lichen planus clinically and histologically.
The most common medications include sulfonamides, tetra-
cyclines, quinidine, NSAIDs, beta-blockers, and hydrochlo-
rothiazide. Hepatitis C infection is found with greater
frequency in lichen planus patients than in controls. Allergy
to mercury and other metal-containing amalgams can trig-
ger oral lesions identical to lichen planus.

» Clinical Findings

The lesions are violaceous, flat-topped, angulated papules,
up to 1 cm in diameter, discrete or in clusters (Figure 6–33),

▲ Figure 6–33. Lichen planus. (Used, with permission,
from TG Berger, MD, Dept Dermatology, UCSF.)

with very fine white streaks (Wickham striae) on the flexor
surfaces of the wrists and ankles; on lower back; and on
mucous membranes, including the penis, lips, tongue, buc-
cal, vulvar, vaginal, esophageal, and anorectal mucosa.
Itching is mild to severe. The papules may become bullous
or eroded. The disease may be generalized. Mucous mem-
brane lesions have a lacy white network overlying them
that may be confused with leukoplakia. The presence of
oral and vulvovaginal lichen planus in the same patient is
common. Patients with both these mucous membranes
involved are at much higher risk for esophageal lichen pla-
nus. The Koebner phenomenon (appearance of lesions in
areas of trauma) may be seen.

A special form of lichen planus is the erosive or ulcer-
ative variety, a major problem in the mouth or genitalia.
Squamous cell carcinoma develops in up to 5% of patients
with erosive oral or genital lichen planus and may occur in
esophageal lichen planus. There is also an increased risk of
squamous cell carcinoma developing in lesions of hyper-
trophic lichen planus on the lower extremities.

» Differential Diagnosis

Lichen planus must be distinguished from similar lesions
produced by medications and other papular lesions, such
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as psoriasis, lichen simplex chronicus, graft-versus-host
disease, and syphilis. Lichen planus on the mucous mem-
branes must be differentiated from leukoplakia. Erosive
oral lesions require biopsy and often direct immunofluo-
rescence for diagnosis since lichen planus may simulate
other erosive diseases, especially autoimmune blistering
diseases that involve the oral mucosa.

» Treatment

A. Topical Therapy

Superpotent topical corticosteroids applied twice daily are
most helpful for localized disease in nonflexural areas.
Alternatively, high-potency corticosteroid cream or oint-
ment may be used nightly under thin, pliable plastic film.

Topical tacrolimus appears effective in oral and vaginal
erosive lichen planus, but long-term therapy is required to
prevent relapse. If tacrolimus is used, lesions must be
observed carefully for development of squamous cell carci-
noma. Since absorption can occur through mucous mem-
branes, serum tacrolimus levels should be checked at
least once if widespread mucosal application (more than
5–10 cm2) is used. If the erosive oral lichen planus lesions
are adjacent to a metal-containing amalgam, removal of
the amalgam may result in clearing of the erosions.

B. Systemic Therapy

NB-UVB, bath PUVA, oral PUVA, and the combination of
an oral retinoid plus PUVA (re-PUVA) are all forms of
phototherapy that can improve lichen planus. Hydroxy-
chloroquine, 200 mg orally twice daily, acitretin 10–25 mg
orally daily, cyclosporine 3–5 mg/kg orally, and mycophe-
nolate mofetil, 1 g orally twice daily, can also be effective in
mucosal and cutaneous lichen planus. Apremilast, 30 mg
twice daily, has reported efficacy in case series. Corticoste-
roids may be required in severe cases or in circumstances
where the most rapid response to treatment is desired.
Unfortunately, relapse almost always occurs as the cortico-
steroids are tapered, making systemic corticosteroid ther-
apy an impractical option for the management of chronic
lichen planus.

» Prognosis

Lichen planus is a benign disease, but it may persist for
months or years and may be recurrent. Hypertrophic
lichen planus and oral lesions tend to be especially persis-
tent, and neoplastic degeneration has been described in
chronically eroded lesions.

González-Moles MÁ et al. Malignant transformation risk of
oral lichen planus: a systematic review and comprehensive
meta-analysis. Oral Oncol. 2019;96:121. [PMID: 31422203]

Husein-ElAhmed H et al. Lichen planus: a comprehensive
evidence-based analysis of medical treatment. J Eur Acad
Dermatol Venereol. 2019;33:1847. [PMID: 31265737]

Thandar Y et al. Treatment of cutaneous lichen planus (part 2):
a review of systemic therapies. J Dermatolog Treat. 2019;
30:633. [PMID: 30451042]

Tziotzios C et al. Lichen planus and lichenoid dermatoses: clini-
cal overview and molecular basis. J Am Acad Dermatol.
2018;79:789. [PMID: 30318136]

Tziotzios C et al. Lichen planus and lichenoid dermatoses: con-
ventional and emerging therapeutic strategies. J Am Acad
Dermatol. 2018;79:807. [PMID: 30318137]

KAPOSI SARCOMA

» General Considerations

Human herpes virus 8 (HHV-8), or Kaposi sarcoma–
associated herpes virus, is the cause of all forms of Kaposi
sarcoma. Kaposi sarcoma occurs in several forms. Classic
Kaposi sarcoma occurs in older men, has a chronic clinical
course, and is rarely fatal. Endemic Kaposi sarcoma
occurs in an often aggressive form in young Black men of
equatorial Africa. Iatrogenic Kaposi sarcoma occurs in
patients receiving immunosuppressive therapy and
improves upon decreasing immunosuppression. Although
antiretroviral therapy has reduced the prevalence of HIV-
related Kaposi sarcoma, Kaposi sarcoma continues to
occur in both well controlled HIV infection or AIDS.

Red or purple plaques or nodules on cutaneous or
mucosal surfaces are characteristic. Marked edema may
occur with few or no skin lesions. Kaposi sarcoma com-
monly involves the gastrointestinal tract and can be
screened for by fecal occult blood testing. In asymptomatic
patients, these lesions are not sought or treated. Pulmonary
Kaposi sarcoma can present with shortness of breath,
cough, hemoptysis, or chest pain; it may be asymptomatic,
appearing only on chest radiograph. Bronchoscopy may be
indicated. The incidence of AIDS-associated Kaposi sar-
coma is diminishing. However, chronic Kaposi sarcoma can
develop in patients with HIV infection, high CD4 counts,
and low viral loads. In this setting, the Kaposi sarcoma usu-
ally resembles the endemic form, being indolent and local-
ized. At times, however, it can be clinically aggressive. The
presence of Kaposi sarcoma at the time of antiretroviral
initiation is associated with Kaposi sarcoma–immune
reconstitution inflammatory syndrome, which has an espe-
cially aggressive course in patients with visceral disease.

» Treatment

For Kaposi sarcoma in elders, palliative local therapy with
intralesional chemotherapy or radiation is usually all that is
required. In the setting of iatrogenic immunosuppression,
the treatment of Kaposi sarcoma is primarily reduction of
doses of immunosuppressive medications. In AIDS-
associated Kaposi sarcoma, the patient should first be
given ART. Other therapeutic options include cryotherapy
or intralesional vinblastine (0.1–0.5 mg/mL) for cosmeti-
cally objectionable lesions; radiation therapy for accessible
and space-occupying lesions; and laser surgery for certain
intraoral and pharyngeal lesions. Systemic therapy is indi-
cated in patients with skin disease that is symptomatic or
asymptomatic but cosmetically unacceptable or those with
advanced cutaneous, oral visceral, or nodal disease. ART
plus chemotherapy appears to be more effective than ART
alone (see Table 39–3). First-line systemic therapies include
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liposomal doxorubicin and paclitaxel. Other therapeutic
options include pomalidomide, etoposide, gemcitabine,
imatinib, interferon alpha-2b, thalidomide, vinorelbine,
bleomycin plus vincristine, bevacizumab, and lenalidomide.

Cesarman E et al. Kaposi sarcoma. Nat Rev Dis Primers.
2019;5:9. [PMID: 30705286]

Galanina N et al. Successful treatment of HIV-associated Kaposi
sarcoma with immune checkpoint blockade. Cancer Immu-
nol Res. 2018;6:1129. [PMID: 30194084]

Reid E et al. AIDS-Related Kaposi Sarcoma, Version 2.2019,
NCCN Clinical Practice Guidelines in Oncology. J Natl
Compr Canc Netw. 2019;17:171. [PMID: 30787130]

Yarchoan R et al. HIV-associated cancers and related diseases. N
Engl J Med. 2018;378:1029. [PMID: 29539283]

prUrItUS

Pruritus is the sensation that provokes a desire to scratch.
Pruritus as a medical complaint is 40% as common as low
back pain. Elderly Asian men are most significantly
affected, with 20% of all health care visits in Asian men
over the age of 65 involving the complaint of itch. The
quality of life of a patient with chronic pruritus is the same
as a patient undergoing hemodialysis.

Dry skin is the first cause of itch that should be
sought, since it is common and easily treated. The next step
in evaluation is deciding whether a primary skin lesion with
associated pruritus is present or absent. Examples of pri-
mary cutaneous pruritic diseases include scabies, atopic
dermatitis, insect bites, pediculosis, contact dermatitis,
drug reactions, urticaria, psoriasis, lichen planus, and fiber-
glass dermatitis, all of which have recognizable morpholo-
gies. The treatment of an underlying primary skin condition
usually results in control of the associated pruritus.

Persistent pruritus not explained by cutaneous disease
or association with a primary skin eruption should prompt
a staged workup for systemic causes. Common causes of
pruritus associated with systemic diseases include endo-
crine disorders (eg, hypothyroidism, hyperthyroidism, or
hyperparathyroidism), psychiatric disturbances, lym-
phoma, leukemia, and other internal malignant disorders,
iron deficiency anemia, HIV, hypercalcemia, cholestasis,
and some neurologic disorders. Calcium channel blockers
can cause pruritus with or without eczema, even years after
they have been started, and it may take up to 1 year for
pruritus to resolve after the calcium channel blocker has
been stopped.

» Treatment

The treatment of chronic pruritus can be frustrating. Most
cases of pruritus are not mediated by histamine, hence the
poor response of many patients to antihistamines. Emol-
lients for dry skin are listed in Table 6–2. Emollient creams
(preferred over lotions) should be generously applied from
neck to toe immediately after towel drying and again one
more time per day. Neuropathic pruritus responds to neu-
rally acting agents, such as gabapentin (starting at 300 mg
orally at around 4 PM and a second dose of 600 mg orally

at bedtime) or pregabalin (150 mg orally daily). Combina-
tions of antihistamines, sinequan, gabapentin, pregabalin,
mirtazapine, and opioid antagonists can be attempted in
refractory cases. In cancer-associated and other forms of
pruritus, aprepitant 80 mg orally daily for several days can
be dramatically effective. Pruritus in conjunction with ure-
mia and hemodialysis and to a lesser degree the pruritus of
liver disease may be helped by phototherapy with ultravio-
let B or PUVA. Gabapentin or mirtazapine may relieve the
pruritus of chronic kidney disease. Il-31 blockade (nemoli-
zumab), Il-4 blockade (dupilumab), and inhibition of the
Janus kinase pathway (tofacitinib) have shown some effi-
cacy in the treatment of chronic pruritus.

» Prognosis

Elimination of external factors and irritating agents may
give complete relief. Pruritus accompanying a specific skin
disease will subside when the skin disease is controlled.
Pruritus accompanying serious internal disease may not
respond to any type of therapy.

Cao T et al. Chronic pruritus in the geriatric population. Derma-
tol Clin. 2018;36:199. [PMID: 29929593]

Fowler E et al. Chronic itch management: therapies beyond
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Immunol. 2019;123:1585. [PMID: 30685562]
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guidelines for the investigation and management of general-
ized pruritus in adults without an underlying dermatosis,
2018. Br J Dermatol. 2018;178:34. [PMID: 29357600]

Shevchenko A et al. Causes, pathophysiology, and treatment of
pruritus in the mature patient. Clin Dermatol. 2018;36:140.
[PMID: 29566918]

Weisshaar E et al. S2k Guideline on Chronic Pruritus. Acta
Derm Venereol. 2019;99:469. [PMID: 30931482]

ANOGENITAL PRURITUS

E S S E N T I A L S  O F  D I A G N O S I S

» Anogenital itching, chiefly nocturnal.

» Skin findings are highly variable, ranging from
none to excoriations and inflammation of any
degree, including lichenification.

» General Considerations

Anogenital pruritus may be due to a primary inflamma-
tory skin disease (intertrigo, psoriasis, lichen simplex
chronicus, seborrheic dermatitis, lichen sclerosus), con-
tact dermatitis (soaps, wipes, colognes, douches, and topi-
cal treatments), irritating secretions (diarrhea, leukorrhea,
or trichomoniasis), infections (candidiasis, dermatophy-
tosis, erythrasma), or oxyuriasis (pinworms). Erythrasma
(Figure 6–34) is diagnosed by coral-red fluorescence with
Wood light and cured with erythromycin. Squamous cell
carcinoma of the anus and extramammary Paget disease
are rare causes of genital pruritus.
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In pruritus ani, hemorrhoids are often found, and leak-
age of mucus and bacteria from the distal rectum onto the
perianal skin may be important in cases in which no other
skin abnormality is found.

Many women experience pruritus vulvae. Pruritus vul-
vae does not usually involve the anal area, though anal itch-
ing may spread to the vulva. In men, pruritus of the scrotum
is most commonly seen in the absence of pruritus ani.

Up to one-third of unidentified causes of anogenital
pruritus may be due to nerve impingements of the lumbo-
sacral spine, so evaluation of lumbosacral spine disease is
appropriate if no skin disorder is identified and topical
therapy is ineffective.

» Clinical Findings

A. Symptoms and Signs

The only symptom is itching. Physical findings are usually
not present, but there may be erythema, fissuring, macera-
tion, lichenification, excoriations, or changes suggestive of
candidiasis or tinea.

B. Laboratory Findings

Microscopic examination or culture of tissue scrapings
may reveal yeasts or fungi. Stool examination may show
pinworms. Radiologic studies may demonstrate lumbar-
sacral spinal disease.

» Differential Diagnosis

The etiologic differential diagnosis consists of Candida
infection, parasitosis, local irritation from contactants or
irritants, nerve impingement, and other primary skin dis-
orders of the genital area, such as psoriasis, seborrhea,
intertrigo, or lichen sclerosus.

» Prevention

Instruct the patient in proper anogenital hygiene after
treating systemic or local conditions.

» Treatment

Treating constipation, preferably with high-fiber manage-
ment (psyllium), may help. Instruct the patient to use
very soft or moistened tissue or cotton after bowel move-
ments and to clean the perianal area thoroughly with cool
water if possible. Women should use similar precautions
after urinating. Patch testing reveals clinically relevant
allergy in about 20% of patients, often to methylchlo-
roisothiazolinone or methylisothiazolinone, preservatives
commonly found in “baby wipes” and other personal care
products.

Pramoxine cream or lotion or hydrocortisone-
pramoxine (Pramosone), 1% or 2.5% cream, lotion, or
ointment, is helpful for anogenital pruritus and should be
applied after a bowel movement. Topical doxepin cream
5% is similarly effective but may be sedating. Topical cal-
cineurin inhibitors (tacrolimus 0.03%) improve pruritus
ani in patients with atopic dermatitis. Underclothing
should be changed daily, and in men, the seam of their
“boxers” should not rub against or contact the scrotum.
Balneol Perianal Cleansing Lotion or Tucks premoistened
pads, ointment, or cream may be very useful for pruritus
ani. About one-third of patients with scrotal or anal pru-
ritus will respond to capsaicin cream 0.006%. In cases
where underlying spinal neurologic disease is suspected,
gabapentin or pregabalin may be helpful. The use of high-
potency topical corticosteroids should be avoided in the
genital area.

» Prognosis

Although benign, anogenital pruritus is often persistent
and recurrent.

Alani A et al. Vulvar itch. BMJ. 2019;364:183. [PMID: 30733221]
Cohee MW et al. Benign anorectal conditions: evaluation and

management. Am Fam Physician. 2020;101:24. [PMID:
31894930]

Foley CC et al. Understanding the role of cutaneous allergy test-
ing in anogenital dermatoses: a retrospective evaluation of
contact sensitization in anogenital dermatoses. Int J Derma-
tol. 2019;58:806. [PMID: 30724346]

Savas JA et al. Female genital itch. Dermatol Clin. 2018;36:225.
[PMID: 29929595]

SCABIES

E S S E N T I A L S  O F  D I A G N O S I S

» Generalized very severe itching; infestation usu-
ally spares the head and neck.

» Burrows, vesicles, and pustules, especially on fin-
ger webs and in wrist creases.

» Mites, ova, and brown dots of feces (scybala) visi-
ble microscopically.

» Red papules or nodules on the scrotum and on
the penile glans and shaft are pathognomonic.

▲ Figure 6–34. Erythrasma of the axilla. (Used, with
permission, from Richard P. Usatine, MD, in Usatine RP,
Smith MA, Mayeaux EJ Jr, Chumley H. The Color Atlas of
Family Medicine, 2nd ed. McGraw-Hill, 2013.)
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» General Considerations

Scabies is caused by infestation with Sarcoptes scabiei, affect-
ing over 200 million people worldwide. Close physical con-
tact for 15–20 minutes with an infected person is the typical
mode of transmission. However, scabies may be acquired by
contact with the bedding of an infested individual. Facility-
associated scabies is common, primarily in long-term care
facilities, and misdiagnosis is common. Index patients are
usually elderly and immunosuppressed. When these patients
are hospitalized, hospital-based epidemics can occur and are
difficult to eradicate when health care workers become
infected and spread the infestation to other patients.

» Clinical Findings

A. Symptoms and Signs

Itching is almost always present and can be severe. The
lesions consist of generalized excoriations with small
pruritic vesicles, pustules, and “burrows” in the interdigi-
tal spaces of the hands and feet, on the heels of the palms,
wrists (Figure 6–35), elbows, umbilicus, around the axil-
lae, on the areolae in women, or on the penile shaft and
scrotum in men. The burrow appears as a short irregular
mark, 2–3 mm long and the width of a hair. Characteris-
tic nodular lesions may occur on the scrotum or penis
and along the posterior axillary line. The infestation usu-
ally spares the head and neck (though these areas may be
involved in infants, older adults, and patients with AIDS).

Hyperkeratotic or crusted scabies presents as thick
flaking scale. These areas contain millions of mites, and
these patients are highly infectious. Pruritus is often
absent. Patients with widespread hyperkeratotic scabies
are at risk for superinfection with S aureus, which in some
cases progresses to sepsis if left untreated. Crusted scabies
is the cause of 83% of scabies outbreaks in institutions.

B. Laboratory Findings

The diagnosis should be confirmed by microscopic dem-
onstration of the organism, ova, or feces in a mounted

specimen, examined with tap water, mineral oil, or KOH.
Best results are obtained when multiple lesions are scraped,
choosing the best unexcoriated lesions from interdigital
webs, wrists, elbows, or feet. A No. 15 blade is used to
scrape each lesion until it is flat. Patients with crusted/
hyperkeratotic scabies must be evaluated for immunosup-
pression (especially HIV and HTLV-1 infections) if no
iatrogenic cause of immunosuppression is present. Patients
with hyperkeratotic scabies and associated bacterial super-
infection may have laboratory findings consistent with
infection and, if severe, sepsis.

» Differential Diagnosis

Scabies must be distinguished from the various forms of
pediculosis, from bedbug and flea bites, and from other
causes of pruritus.

» Treatment & Prognosis

Treatment is aimed at killing scabies mites and controlling
the dermatitis, which can persist for months after effective
eradication of the mites. Bedding and clothing should be
laundered or cleaned or set aside for 14 days in plastic bags.
High heat (60°C) is required to kill the mites and ova.
Treatment is aimed at all infected persons in a family or
institutionalized group. Otherwise, reinfestations will
likely occur, which is why scabies in nursing home patients,
institutionalized or mentally impaired patients, and AIDS
patients may be much more difficult to treat.

1. Permethrin 5% cream—Treatment with permethrin, a
highly effective and safe agent, consists of a single applica-
tion from the neck down for 8–12 hours then washed off,
repeated in 1 week. Patients often continue to itch for sev-
eral weeks after treatment. Use of triamcinolone 0.1%
cream helps resolve the dermatitis.

Pregnant patients should be treated only if they have
documented scabies themselves. Permethrin 5% cream once
for 12 hours—or 5% or 6% sulfur in petrolatum applied
nightly for 3 nights from the collarbones down—may be used.

Most failures in normal persons are related to incorrect
use or incomplete treatment of the housing unit. In these
cases, repeat treatment with permethrin once weekly for
2 weeks, with re-education regarding the method and
extent of application, is suggested.

2. Ivermectin—In immunocompetent individuals, 200 mcg/kg
orally is effective in about 75% of cases with a single dose
and 95% of cases with two doses 2 weeks apart. Since the
drug is not ovicidal, the second dose theoretically kills eggs
that might have hatched after the first dose was given.

Ivermectin is often used in combination with perme-
thrin. In immunosuppressed persons and those with
crusted (hyperkeratotic) scabies, multiple doses of iver-
mectin (every 2 weeks for 2 or 3 doses) plus topical therapy
with permethrin every 3 days to once weekly, depending
on degree of involvement, may be effective when topical
treatment and oral therapy alone fail. A topical keratolytic
(urea) should be used to help remove the scale of hyper-
keratotic scabies, thereby decreasing the mite load.

▲ Figure 6–35. Scabies. A polymorphic eruption of
papulovesicles and excoriated papules scattered on the
chest. (Used, with permission, from Kanade Shinkai, MD.)

CMDT22_Ch06_p0099-p0166.indd 150 29/06/21 8:28 PM



DerMatOLOGIC DISOrDerS 151CMDT 2022

Ivermectin can be beneficial in mass treatment to eradi-
cate widespread infection. In endemic areas, mass inter-
vention with ivermectin is effective in controlling both
scabies and associated bacterial infections.

If secondary pyoderma is present, it is treated with sys-
temic antibiotics. Staphylococcal superinfection may lead
to sepsis. In areas where nephritogenic streptococcal
strains are prevalent, infestation with scabies or exposure
to scabies-infested dogs may be followed by acute post-
streptococcal glomerulonephritis.

Persistent pruritic post-scabietic papules may be treated
with mid- to high-potency corticosteroids or with intrale-
sional triamcinolone acetonide (2.5–5 mg/mL).

Aussy A et al; investigators from the Normandy Association of
Medical Education in Dermatology. Risk factors for treatment
failure in scabies: a cohort study. Br J Dermatol. 2019;180:888.
[PMID: 30376179]

Chandler DJ et al. A review of scabies: an infestation more than
skin deep. Dermatology. 2019;235:79. [PMID: 30544123]

Engelman D et al. Consensus criteria for the diagnosis of scabies:
a Delphi study of international experts. PLoS Negl Trop Dis.
2018;12:e0006549. [PMID: 29795566]

Engelman D et al. The public health control of scabies: priorities
for research and action. Lancet. 2019;394(10192):81. [PMID:
31178154]

Thomas C et al. Ectoparasites: scabies. J Am Acad Dermatol.
2020;82:533. [PMID: 31310840]

PEDICULOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Pruritus with excoriation.

» Nits on hair shafts; lice on skin or clothes.

» Occasionally, sky-blue macules (maculae ceruleae)
on the inner thighs or lower abdomen in pubic
lice infestation.

» General Considerations

Pediculosis is a parasitic infestation of the skin of the scalp,
trunk, or pubic areas. Body lice usually occur among peo-
ple who live in overcrowded dwellings with inadequate
hygiene facilities. Pubic lice may be sexually transmitted.
Head lice may be transmitted by shared use of hats or
combs. Adults in contact with children with head lice fre-
quently acquire the infestation.

There are three different varieties (1) pediculosis capi-
tis, caused by Pediculus humanus var capitis (head louse);
(2) pediculosis corporis, caused by Pediculus humanus var
corporis (body louse); and (3) pediculosis pubis, caused by
Phthirus pubis (pubic louse, “crabs”).

Head and body lice are similar in appearance and are
3–4 mm long. The body louse can seldom be found on the
body, because the insect comes onto the skin only to feed
and must be looked for in the seams of the clothing. Trench
fever, relapsing fever, and typhus are transmitted by the

body louse in countries where those diseases are endemic.
In the United States, Bartonella quintana, the organism that
causes trench fever, has been found in lice infesting the
homeless population.

» Clinical Findings

In body lice infestations, itching may be very intense, and
scratching may result in deep excoriations, especially over
the upper shoulders, axillae, posterior flanks, and neck. In
some cases, only itching is present, with few excoriations
seen. Pyoderma (bacterial infection of the skin) may be the
presenting sign. Diagnosis is made by examining the seams
of clothing for nits and lice. Head lice presents as scalp
pruritus often accompanied by erosions on the occipital
scalp, posterior neck, and upper back. Diagnosis is made by
finding lice on the scalp or small nits resembling pussy wil-
low buds on the scalp hairs close to the skin. Nits are easiest
to see above the ears and at the nape of the neck. Pubic lice
infestations are occasionally generalized, particularly in
hairy individuals; the lice may even be found on the eye-
lashes and in the scalp. Diagnosis is made by finding lice or
nits on pubic hair, body hair, or eyelashes.

» Differential Diagnosis

Head lice infestation must be distinguished from sebor-
rheic dermatitis, body lice infestation from scabies and
bedbug bites, and pubic lice infestation from anogenital
pruritus and eczema.

» Treatment

1. Pediculosis capitis—Permethrin 1% cream rinse (Nix)
is a topical over-the-counter pediculicide and ovicide. It is
applied to the scalp and hair and left on for 8 hours before
being rinsed off. Although it is the treatment of choice for
head lice, permethrin resistance is common. Malathion
lotion 1% (Ovide) is very effective, but it is highly volatile
and flammable, so application must be done in a well-
ventilated room or out of doors. Topical ivermectin 0.5%
lotion, benzyl alcohol 5%, Oxyphthirine® lotion, spinosad
0.9% suspension, dimethicone, and abametapir 0.74%
lotion are additional agents that appear to have efficacy
against pediculosis capitis; of these, topical ivermectin is
the most effective. All infested persons in a household,
school, or other facility should ideally be treated at the
same time. Other than topical ivermectin, topical thera-
pies should be repeated 7–9 days after the initial treat-
ment. For involvement of eyelashes, petrolatum is applied
thickly twice daily for 8 days, and remaining nits are
then plucked off. Systemic treatment options, often used
in combination with topical agents, are oral ivermectin
(200 mcg/kg orally, repeated in 7 days) (for children older
than 5 years and more than 15 kg) and oral TMP-SMZ
(10 mg TMP/kg/day and 50 mg SMZ/kg/day divided twice
daily for 10 days).

2. Pediculosis corporis—Body lice are treated by disposing
of the infested clothing and addressing the patient’s social
situation.
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3. Pediculosis pubis—Application of permethrin rinse 1%
for 10 minutes or permethrin cream 5% for 8 hours to the
pubis is effective. Sexual contacts should be treated. Clothes
and bedclothes should be washed and dried at high
temperature.

Bowles VM et al. Clinical studies evaluating abametapir lotion,
0.74%, for the treatment of head louse infestation. Pediatr
Dermatol. 2018;35:616. [PMID: 29999197]

Coates SJ et al. Ectoparasites: pediculosis and tungiasis. J Am
Acad Dermatol. 2020;82:551. [PMID: 31306729]

Gunning K et al. Lice and scabies: treatment update. Am Fam
Physician. 2019;99:635. [PMID: 31083883]

Huntington MK et al. Infectious disease: bedbugs, lice, and
mites. FP Essent. 2019;476:18. [PMID: 30615406]

Sanchezruiz WL et al. Oral ivermectin for the treatment of head
lice infestation. Am J Health Syst Pharm. 2018;75:937. [PMID:
29789316]

SKIN LESIONS DUE TO OTHER ARTHROPODS

E S S E N T I A L S  O F  D I A G N O S I S

» Localized urticarial papules with pruritus.

» Lesions in linear groups of three (“breakfast, lunch,
and dinner”) are characteristic of bedbugs.

» Furuncle-like lesions containing live arthropods.

» Tender erythematous patches that migrate (“larva
migrans”).

» General Considerations

Some arthropods (eg, mosquitoes and biting flies) are
readily detected as they bite. Many others are not because
they are too small, because there is no immediate reaction,
or because they bite during sleep. Reactions are allergic and
may be delayed for hours to days. Patients are most apt to
consult a clinician when the lesions are multiple and pruri-
tus is intense.

Many persons react most severely to their earliest con-
tacts with an arthropod, thus presenting with pruritic
lesions when traveling, moving into new quarters, etc.
Body lice, fleas, bedbugs, and mosquitoes should be con-
sidered. Bedbug exposure typically occurs in hotels and
in housing with inadequate hygiene but also occurs in sta-
ble domiciles. Spiders are often incorrectly believed to be
the source of bites, but they rarely attack humans. However,
the brown recluse spider (Loxosceles laeta, L reclusa) may
cause severe necrotic reactions and death due to intravas-
cular hemolysis, and the black widow spider (Latrodectus
mactans) may cause severe systemic symptoms and death.
(See also Chapter 38.) The majority of patient-diagnosed,
clinician-diagnosed, and even published cases of brown
recluse spider bites (or loxoscelism) are incorrect, espe-
cially if made in areas where these spiders are not endemic.
Many of these lesions are actually due to CA-MRSA.

In addition to arthropod bites, the most common
lesions are venomous stings (wasps, hornets, bees, ants,

scorpions) or bites (centipedes), furuncle-like lesions due
to fly maggots or sand fleas in the skin, and a linear creep-
ing eruption due to a migrating larva.

» Clinical Findings

The diagnosis may be difficult when the patient has not
noticed the initial attack but suffers a delayed reaction.
Individual bites are often in clusters and tend to occur
either on exposed parts (eg, midges and gnats) or under
clothing, especially around the waist or at flexures (eg,
small mites or insects in bedding or clothing). The reaction
is often delayed for 1–24 hours or more. Pruritus is almost
always present and may be all but intolerable once the
patient starts to scratch. Secondary infection may follow
scratching. Urticarial wheals are common. Papules may
become vesicular. The diagnosis is aided by searching for
exposure to arthropods and by considering the patient’s
occupation and recent activities.

The principal arthropods are as follows:

1. Fleas: Fleas are bloodsucking ectoparasites that feed on
dogs, cats, humans, and other species. Flea saliva pro-
duces papular urticaria in sensitized individuals. To
break the life cycle of the flea, one must treat the home
and pets, using quick-kill insecticides, residual insecti-
cides, and a growth regulator.

2. Bedbugs: In crevices of beds or furniture; bites tend to
occur in lines or clusters. Papular urticaria is a character-
istic lesion of bedbug (Cimex lectularius) bites. Bedbugs
are not restricted to any socioeconomic group and are a
major health problem in some major metropolitan areas,
especially in commercial and residential hotels.

3. Ticks: Usually picked up by brushing against low vege-
tation.

4. Chiggers or red bugs: These are larvae of trombiculid
mites. A few species confined to particular regions and
locally recognized habitats (eg, berry patches, wood-
land edges, lawns, brush turkey mounds in Australia,
poultry farms) attack humans, often around the waist,
on the ankles, or in flexures, raising intensely itching
erythematous papules after a delay of many hours. The
red chiggers may sometimes be seen in the center of
papules that have not yet been scratched.

5. Bird and rodent mites: Larger than chiggers, bird mites
infest birds and their nests. Bites are multiple anywhere
on the body. Room air conditioning units may suck in
bird mites and infest the inhabitants of the room.
Rodent mites from mice or rats may cause similar
effects. If the domicile has evidence of rodent activity,
then rodent mite dermatitis should be suspected, as the
mites are rarely found. Pet rodents or birds may be
infested with mites, maintaining the infestation.

6. Mites in stored products: These are white and almost
invisible and infest products, such as copra, vanilla
pods, sugar, straw, cottonseeds, and cereals. Persons
who handle these products may be attacked, especially
on the hands and forearms and sometimes on the feet.

7. Caterpillars of moths with urticating hairs: The hairs
are blown from cocoons or carried by emergent moths,
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causing severe and often seasonally recurrent outbreaks
after mass emergence. The gypsy moth is a cause in the
eastern United States.

8. Tungiasis: Tungiasis is due to the burrowing flea
known as Tunga penetrans and is found in Africa, the
West Indies, and South and Central America. The
female burrows under the skin, sucks blood, swells to
0.5 cm, and then ejects her eggs onto the ground.
Ulceration, lymphangitis, gangrene, and septicemia
may result, in some cases with lethal effect. Simple sur-
gical removal is usually performed.

» Prevention

Arthropod infestations are best prevented by avoidance of
contaminated areas, personal cleanliness, and disinfection
of clothing, bedclothes, and furniture as indicated. Chig-
gers and mites can be repelled by permethrin applied to the
head and clothing. (It is not necessary to remove clothing.)
Bedbugs are no longer repelled by permethrin and can
survive for up to 1 year without feeding. Aggressive clean-
ing, usually requiring removal of the affected occupant
from the domicile, may be necessary to eradicate bedbug
infestation in a residence.

» Treatment

Living arthropods should be removed carefully with twee-
zers after application of alcohol and preserved in alcohol for
identification. In endemic Rocky Mountain spotted fever
areas, ticks should not be removed with the bare fingers.

Corticosteroid lotions or creams are helpful for the
associated pruritus. Topical antibiotics may be applied if
secondary infection is suspected. Localized persistent
lesions may be treated with intralesional corticosteroids.

Stings produced by many arthropods may be alleviated
by applying papain powder (Adolph’s Meat Tenderizer)
mixed with water, or aluminum chloride hexahydrate
(Xerac AC).

Extracts from venom sacs of bees, wasps, yellow jackets,
and hornets are available for immunotherapy of patients at
risk for anaphylaxis.

Kamath S et al. Infestations, bites, and insect repellents. Pediatr
Ann. 2020;49:e124. [PMID: 32155278]

Parola P et al. Bedbugs. N Engl J Med. 2020;382:2230. [PMID:
32492304]

INFLaMMatOrY NODULeS

ERYTHEMA NODOSUM

E S S E N T I A L S  O F  D I A G N O S I S

» Painful nodules without ulceration on anterior
aspects of legs.

» Slow regression over several weeks to resemble
contusions.

» Women are predominantly affected by a ratio of
10:1 compared to men.

» Some cases associated with infection, inflam-
matory bowel disease, or medication exposure.

» Evaluation for underlying cause is essential.

» General Considerations

Erythema nodosum is a symptom complex of panniculitis
characterized by tender, erythematous nodules that
appear most commonly on the extensor surfaces of the
lower legs. It usually lasts about 6 weeks and may recur.
Most cases are idiopathic in nature. However, erythema
nodosum can be considered a skin sign of systemic dis-
ease. Evaluation and management include making the
diagnosis, treating the symptoms, and searching for an
underlying cause. The disease may be associated with
various infections—streptococcosis, primary coccidioi-
domycosis, other deep fungal infections, tuberculosis,
Yersinia pseudotuberculosis and Y enterocolitica infection,
diverticulitis, or syphilis. It may accompany sarcoidosis,
Behçet disease, and inflammatory bowel disease. Ery-
thema nodosum may be associated with pregnancy or with
use of oral contraceptives.

» Clinical Findings

A. Symptoms and Signs

The subcutaneous swellings are exquisitely tender and may
be preceded by fever, malaise, and arthralgia. They are
most often located on the anterior surfaces of the legs
below the knees but may occur on the arms, trunk, and
face. The lesions, 1–10 cm in diameter, are at first pink to
red; with regression, all the various hues seen in a contu-
sion can be observed (Figure 6–36) but, as a rule, the
lesions do not ulcerate.

B. Laboratory Findings

Evaluation of patients presenting with acute erythema
nodosum should include a careful history (including medi-
cation exposures) and physical examination. Significant
findings include a history of prior upper respiratory infec-
tion, diarrheal illness, exposure to tuberculosis, or symp-
toms of any deep fungal infection endemic to the area. All
patients should get a chest radiograph, a purified protein
derivative or blood interferon gamma release assay (such
as QuantiFERON) (see Pulmonary Tuberculosis in
Chapter 9), and two consecutive ASO/DNAse B titers at
2- to 4-week intervals. Coccidioidomycosis should be
looked for in patients from endemic areas. If no underlying
cause is found, only a small percentage of patients will go
on to develop a significant underlying illness (usually sar-
coidosis) over the next year.

» Differential Diagnosis

Unlike other forms of panniculitis, a defining feature of
erythema nodosum is that it does not ulcerate. Erythema
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induratum from tuberculosis is seen on the posterior sur-
faces of the legs and may ulcerate. Lupus panniculitis pres-
ents as tender nodules in fatty areas of the buttocks and
posterior arms and heals with depressed scars. In polyar-
teritis nodosa, the subcutaneous nodules are often associ-
ated with fixed livedo reticularis. In its late stages, erythema
nodosum must be distinguished from simple bruises and
contusions.

» Treatment

The underlying cause should be identified and treated.
Primary therapy is with NSAIDs in usual doses. Saturated
solution of potassium iodide, 5–15 drops three times daily,
results in prompt involution in many cases. Complete bed
rest may be advisable if the lesions are painful. Systemic
therapy directed against the lesions themselves may
include corticosteroid therapy (see Chapter 26) (unless
contraindicated by associated infection), dapsone, colchi-
cine, or hydroxychloroquine.

» Prognosis

The lesions usually disappear after about 6 weeks but may
recur.

Inamadar AC et al. The rash with painful and erythematous
nodules. Clin Dermatol. 2019;37:129. [PMID: 30981293]

Leung AKC et al. Erythema nodosum. World J Pediatr.
2018;14:548. [PMID: 30269303]

FURUNCULOSIS (Boils) & CARBUNCLES

E S S E N T I A L S  O F  D I A G N O S I S

» Extremely painful inflammatory abscess based on
a hair follicle.

» Coagulase-positive S aureus is the causative
organism.

» Predisposing condition (diabetes mellitus, HIV
disease, injection drug use) sometimes present.

» General Considerations

A furuncle (boil) is a deep-seated infection (abscess)
caused by S aureus that involves the hair follicle and adja-
cent subcutaneous tissue. The most common sites of
occurrence are the hairy parts exposed to irritation and
friction, pressure, or moisture. Because the lesions are
autoinoculable, they are often multiple. Diabetes mellitus
(especially if using insulin injections), injection drug use,
allergy injections, and HIV disease all increase the risk of
staphylococcal infections by increasing the rate of carriage.
Certain other exposures including hospitalization, athletic
teams, prisons, military service, and homelessness may
also increase the risk of infection.

A carbuncle consists of several furuncles developing
in adjoining hair follicles and coalescing to form a con-
glomerate, deeply situated mass with multiple drainage
points.

Recurrent furunculosis (three or more episodes in
12 months) tends to occur in those with direct contact with
other infected individuals, especially family members.

» Clinical Findings

A. Symptoms and Signs

Pain and tenderness may be prominent. The abscess is
either rounded or conical. It gradually enlarges, becomes
fluctuant, and then softens and opens spontaneously after
a few days to 1–2 weeks to discharge a core of necrotic tis-
sue and pus. The inflammation occasionally subsides
before necrosis occurs.

B. Laboratory Findings

There may be slight leukocytosis. Pus can be cultured to
rule out MRSA or other bacteria. Culture of the anterior

▲ Figure 6–36. Erythema nodosum. (Used, with per-
mission, from TG Berger, MD, Dept Dermatology, UCSF.)
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nares and anogenital area (including the rectum to test
for gastrointestinal carriage) may identify chronic staph-
ylococcal carriage in cases of recurrent cutaneous
infection.

» Differential Diagnosis

The most common entity in the differential is an inflamed
epidermal inclusion cyst that suddenly becomes red, ten-
der, and expands greatly in size over one to a few days. The
history of a prior cyst in the same location, the presence of
a clearly visible cyst orifice, and the extrusion of malodor-
ous cheesy material (rather than purulent material) helps
in the diagnosis. Tinea profunda (deep dermatophyte
infection of the hair follicle) may simulate recurrent furun-
culosis. Furunculosis is also to be distinguished from deep
mycotic infections, such as sporotrichosis; from other
bacterial infections, such as anthrax and tularemia (rare);
from atypical mycobacterial infections; and from acne
cysts. Hidradenitis suppurativa (acne inversa) presents
with recurrent tender, sterile abscesses in the axillae and
groin, on the buttocks, or below the breasts. The presence
of old scars or sinus tracts plus negative cultures suggests
this diagnosis.

» Complications

Serious and sometimes fatal complications of staphylococ-
cal infection such as septicemia can occur.

» Prevention

Identifying and eliminating the source of infection is criti-
cal to prevent recurrences after treatment. The source
individual may have chronic dermatitis or be an asymp-
tomatic carrier of MRSA. Nasal carriage of MRSA and the
number of children in a household are risk factors for
transmission between household members. Local mea-
sures, such as meticulous handwashing; no sharing of
towels, clothing, and personal hygiene products; avoiding
loofas or sponges in the bath or shower; changing under-
wear, sleepwear, towels, and washcloths daily; aggressive
scrubbing of showers, bathrooms, and surfaces with bleach;
bleach baths (¼–½ cup per 20 liters of bathwater for
15 minutes three to five times weekly), 4% chlorhexidine
washes, and isolation of infected patients who reside in
institutions to prevent spread are all effective measures.

» Treatment

A. Specific Measures

Incision and drainage is recommended for all loculated
suppurations and is the mainstay of therapy. Systemic anti-
biotics are usually given. Patients who receive antibiotics
(specifically, TMP-SMZ [160/800 or 320/1600 mg orally
twice a day for 10 days or 7 days, respectively] or clindamy-
cin [300 mg orally three times daily for 10 days]) at the
time of drainage have higher cure and lower reinfection
rates. Other oral antibiotic options include dicloxacillin or

cephalexin, 1 g daily in divided doses for 10 days. For sus-
pected MRSA, doxycycline 100 mg twice daily, TMP-SMZ
double-strength one tablet twice daily, clindamycin
150–300 mg twice daily, and linezolid 400 mg twice daily
for 7–10 days are effective. Recurrent furunculosis may be
effectively treated with a combination of cephalexin
(250–500 mg orally four times daily) or doxycycline (100 mg
orally twice daily) for 2–4 weeks plus either rifampin (300 mg
orally twice daily for 5 days) or long-term clindamycin
(150–300 mg orally daily for 1–2 months). Shorter courses
of antibiotics (7–14 days) plus longer-term daily 4%
chlorhexidine whole body washing and intranasal, axilla,
and anogenital mupirocin or retapamulin may also cure
recurrent furunculosis. Oral vancomycin (1 g twice daily
for 5 days) can treat gastrointestinal carriage of S aureus.
Family members, pets, and intimate contacts may need
evaluation for staphylococcal carrier state and perhaps
concomitant treatment. Stopping high-risk behavior, such
as injection drug use, can also prevent recurrence.

B. Local Measures

Immobilize the part and avoid overmanipulation of
inflamed areas. Use moist heat to help larger lesions “local-
ize.” Use surgical incision and drainage after the lesions are
“mature.”

» Prognosis

Recurrent crops may occur for months or years.

Nowicka D et al. Staphylococcus aureus and host immunity in
recurrent furunculosis. Dermatology. 2019;235:295. [PMID:
30995649]

epIDerMaL INCLUSION CYSt

E S S E N T I A L S  O F  D I A G N O S I S

» Firm dermal papule or nodule.

» Overlying black comedone or “punctum.”

» Expressible foul-smelling cheesy material.

» May become red and drain, mimicking an abscess.

» General Considerations

Epidermal inclusion cysts (EICs) are common, benign
growths of the upper portion of the hair follicle. They are
common in Gardner syndrome and may be the first sign of
the condition.

EICs favor the face and trunk and may complicate
nodulocystic acne vulgaris. Individual lesions range in size
from 0.3 cm to several centimeters. An overlying pore or
punctum is characteristic. Dermoscopy can aid in observ-
ing a tiny punctum when not visible to the naked eye.
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Lateral pressure may lead to extrusion of a foul-smelling,
cheesy material.

» Differential Diagnosis

EICs are distinguished from lipomas by being more super-
ficial (in the dermis, not the subcutaneous fat) and by their
overlying punctum. Many other benign and malignant
tumors may superficially resemble EICs, but all lack the
punctum.

» Complications

EICs may rupture, creating an acute inflammatory nodule
very similar to an abscess. Cultures of the expressed mate-
rial will be sterile.

» Treatment

Treatment is not required if asymptomatic. Small (1–3 cm)
lesions can be treated with a punch incision and removal of
cystic contents. Inflamed lesions may be treated with inci-
sion and drainage or intralesional triamcinolone aceto-
mide 5–10 mg/mL. For large or symptomatic cysts, surgical
excision is curative.

Cheeley J et al. Comparison of elliptical excision versus punch
incision for the treatment of epidermal inclusion cysts: a
prospective, randomized study. J Am Acad Dermatol. 2018;
79:360. [PMID: 29229572]

phOtODerMatItIS

E S S E N T I A L S  O F  D I A G N O S I S

» Painful or pruritic erythema, edema, or vesicula-
tion on sun-exposed surfaces (face, neck, hands,
and “V” of the chest).

» Inner upper eyelids and area under the chin are
spared.

» General Considerations

Photodermatitis is a cutaneous reaction to ultraviolet
radiation. It comprises four groups: (1) primary, idiopathic
immunologically mediated photodermatoses; (2) drug- or
chemical-induced photodermatoses; (3) dermatoses that
are worsened or aggravated by ultraviolet exposure; and (4)
genetic diseases with mutations predisposing to
photodermatitis.

Primary photodermatoses include polymorphic light
eruption, chronic actinic dermatitis, and actinic prurigo.
Drug- or chemical-induced photodermatitis may be
either exogenous or endogenous in origin. Porphyria
cutanea tarda and pellagra are examples of endogenous

phototoxic dermatoses. Exogenous drug- or chemical-
induced photodermatitis manifests either as phototoxicity
(a tendency for the individual to sunburn more easily than
expected) or as photoallergy (a true immunologic reac-
tion that presents with dermatitis). Drug-induced photo-
toxicity is triggered by UVA. Contact photosensitivity
may occur with plants, perfumes, and sunscreens. The
sunscreen oxybenzone (a benzophenone) is a common
cause of photoallergic dermatitis. Dermatoses that are
worsened or aggravated by ultraviolet exposure include
systemic lupus erythematosus and dermatomyositis. Three
percent of persons with atopic dermatitis, especially mid-
dle-aged women, are photosensitive.

» Clinical Findings

A. Symptoms and Signs

The acute inflammatory phase of phototoxicity, if severe
enough, is accompanied by pain, fever, gastrointestinal
symptoms, malaise, and even prostration. Signs include
erythema, edema, and possibly vesiculation and oozing on
exposed surfaces. Peeling of the epidermis and pigmentary
changes often result. The key to diagnosis is localization of
the rash to photoexposed areas, though eruptions may
become generalized with time to involve photoprotected
areas. The lower lip may be affected.

B. Laboratory Findings

Blood and urine tests are generally not helpful unless por-
phyria cutanea tarda is suggested by the presence of blister-
ing, scarring, milia (white cysts 1–2 mm in diameter) and
skin fragility of the dorsal hands, and facial hypertrichosis.
Eosinophilia may be present in chronic photoallergic
responses.

» Differential Diagnosis

The differential diagnosis is long. If a clear history of the use
of a topical or systemic photosensitizer is not available and if
the eruption is persistent, then a workup including biopsy
and light testing may be required. Photodermatitis must be
differentiated from contact dermatitis that may develop from
one of the many substances in sunscreens or suntan lotions,
as these may often have a similar distribution. Sensitivity to
actinic rays may also be part of a more serious condition,
such as porphyria cutanea tarda or lupus erythematosus.
These disorders are diagnosed by appropriate blood or urine
tests. The most common medications causing a phototoxic
reaction are vemurafenib, NSAIDs, voriconazole, tetracy-
clines, quinolones, hydrochlorothiazide, amiodarone, and
chlorpromazine. Other potent photosensitizers include
TMP/SMZ, quinine or quinidine, griseofulvin, eculizumab,
topical and systemic retinoids (tretinoin, isotretinoin, acitre-
tin), and calcium channel blockers. Polymorphous light
eruption (PMLE) is a common idiopathic photodermatitis
and often has its onset in the third to fourth decades, except
in Native Americans and Latinos, in whom it may present in
childhood. PMLE is chronic in nature. Transitory periods of
spontaneous remission do occur.
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» Complications

Some individuals continue to chronically react to light
even when they no longer exposed to photosensitizing
medications.

» Prevention

While sunscreens are useful agents in general and should
be used by persons with photosensitivity, patients may
react to such low amounts of energy that sunscreens
alone may not be sufficient. Sunscreens with an SPF of
30–60 and broad UVA coverage, containing dicamphor
sulfonic acid (Mexoryl SX), avobenzone (Parasol 1789),
titanium dioxide, and micronized zinc oxide, are espe-
cially useful in patients with photoallergic dermatitis.
Photosensitivity due to porphyria is not prevented by
sunscreens and requires barrier protection (clothing) to
prevent outbreaks.

» Treatment

A. Specific Measures

Medications should be suspected in cases of photosensitiv-
ity even if the particular medication (such as hydrochloro-
thiazide) has been used for months.

B. Local Measures

When the eruption is vesicular or weepy, treatment is simi-
lar to that of any acute dermatitis, using cooling and sooth-
ing wet dressings.

Sunscreens should be used as described above. Mid-
potency to high-potency topical corticosteroids are of
limited benefit in phototoxic reactions but may help in
PMLE and photoallergic reactions. Since the face is often
involved, close monitoring for corticosteroid side effects is
recommended.

C. Systemic Measures

Aspirin may have some value for fever and pain of acute
sunburn. Systemic corticosteroids in doses as described for
acute contact dermatitis may be required for severe photo-
sensitivity reactions. Otherwise, different photodermatoses
are treated in specific ways.

Patients with severe photoallergy may require immu-
nosuppressives, such as azathioprine, in the range of
50–300 mg/day, or cyclosporine, 3–5 mg/kg/day.

» Prognosis

The most common phototoxic sunburn reactions are usu-
ally benign and self-limited. PMLE and some cases of
photoallergy can persist for years.

Blakely KM et al. Drug-induced photosensitivity—an update:
culprit drugs, prevention and management. Drug Saf. 2019;
42:827. [PMID: 30888626]

Gutierrez D et al. Photodermatoses in skin of colour. J Eur Acad
Dermatol Venereol. 2018;32:1879. [PMID: 29888465]

Hinton AN et al. Feeling the burn: phototoxicity and photoal-
lergy. Dermatol Clin. 2020;38:165. [PMID: 31753189]

ULCerS

LEG ULCERS SECONDARY TO VENOUS
INSUFFICIENCY

E S S E N T I A L S  O F  D I A G N O S I S

» History of varicosities, thrombophlebitis, or post-
phlebitic syndrome.

» Irregular ulceration, often on the medial lower
legs above the malleolus.

» Edema of the legs, varicosities, hyperpigmenta-
tion, red and scaly areas (stasis dermatitis), and
scars from old ulcers support the diagnosis.

» General Considerations

Patients at risk may have a history of venous insufficiency,
family history, varicosities, obesity, or genetic diseases that
predispose to venous insufficiency (see Chronic Venous
Insufficiency, Chapter 12). The left leg is usually more
severely affected than the right.

» Clinical Findings

A. Symptoms and Signs

Classically, chronic edema is followed by a dermatitis,
which is often pruritic. These changes are followed by
hyperpigmentation, skin breakdown, and eventually scle-
rosis of the skin of the lower leg (Figure 6–37). Red, pru-
ritic patches of stasis dermatitis often precede ulceration
(Figure 12–2). The ulcer base may be clean, but it often
has a yellow fibrin eschar that may require surgical
removal (Figure 6–38). Ulcers that appear on the feet, toes,
or above the knees should be approached with other diag-
noses in mind.

▲ Figure 6–37. Venous stasis ulcer. (Used, with permis-
sion, from Lindy Fox, MD.)
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B. Laboratory Findings

Because venous insufficiency plays a role in 75–90% of
lower leg ulcerations, testing of venous competence is a
required part of a leg ulcer evaluation even when no
changes of venous insufficiency are present (see Chapter 12).
Doppler examination is usually sufficient (except in the
diabetic patient) to evaluate venous competence. Arterial
insufficiency may coexist with venous disease. An ankle/
brachial index (ABI) less than 0.7 indicates the presence of
significant arterial disease and requires vascular surgery
consultation.

» Differential Diagnosis

The differential includes vasculitis, pyoderma gangreno-
sum, arterial ulcerations, infection, trauma, skin cancer,
arachnid bites, and sickle cell anemia. When the diagnosis
is in doubt, a punch biopsy from the border (not base) of
the lesion may be helpful.

» Prevention

Compression stockings to reduce edema are the most
important means of prevention. Compression should
achieve a pressure of 30 mm Hg below the knee and 40 mm
Hg at the ankle. The stockings should not be used in
patients with arterial insufficiency with an ABI less than
0.7. Pneumatic sequential compression devices may be of
great benefit when edema is refractory to standard com-
pression dressings.

» Treatment

A. Local Measures

Clean the base of the ulcer with saline or cleansers, such as
Saf-Clens®. A curette or small scissors can be used to
remove the yellow fibrin eschar; local anesthesia may be
used if the areas are very tender.

Overall, there is little evidence to support topical antibi-
otics for the treatment of venous insufficiency ulcerations.

Metronidazole gel is used to reduce bacterial growth and
odor. Silver impregnated dressings may aid in healing. Red
dermatitic skin is treated with a medium- to high-potency
corticosteroid ointment such as triamcinolone acetonide
0.1% ointment. The ulcer is then covered with an occlusive
hydroactive dressing (DuoDerm® or Cutinova®) or a poly-
urethane foam (Allevyn) followed by an Unna zinc paste
boot. This is changed weekly. The ulcer should begin to
heal within weeks, and healing should be complete within
4–6 months. If the patient has no history of skin cancer in
the area, becaplermin (Regranex) may be applied to ulcers
that are not becoming smaller or developing a granulating
base. Some ulcerations require skin grafting.

No topical intervention has evidence to suggest that it
will improve healing of arterial leg ulcers.

B. Systemic Therapy

Pentoxifylline, 400 mg orally three times daily adminis-
tered with compression dressings, is beneficial in accelerat-
ing healing of venous insufficiency leg ulcers. Zinc
supplementation is occasionally beneficial in patients with
low serum zinc levels.

In the absence of cellulitis, there is no role for systemic
antibiotics in the treatment of venous insufficiency ulcers.
The diagnosis of cellulitis in the setting of a venous insuf-
ficiency ulcer can be very difficult. Surface cultures are of
limited value. Cellulitis should be considered in the follow-
ing settings: (1) expanding warmth and erythema sur-
rounding the ulceration, with or without (2) increasing
pain of the ulceration. The patient may also report
increased exudate from the ulceration, but this without the
other cardinal findings of cellulitis does not confirm the
diagnosis of cellulitis. If cellulitis accompanies the ulcer,
oral antibiotics are recommended: dicloxacillin, 250 mg
four times a day, or levofloxacin, 500 mg once daily for
1–2 weeks, is usually adequate. Routine use of antibiotics
and treating bacteria isolated from a chronic ulcer without
clinical evidence of infection is discouraged. If the ulcer
fails to heal or there is a persistent draining tract in the
ulcer, underlying osteomyelitis should be sought.

» Prognosis

The combination of limited debridement, compression
dressings or stockings, and moist dressings will heal the
majority of venous stasis ulcers within an average of
18 months. These modalities need to be applied at least
80% of the time to optimize ulcer healing. Topical growth
factors, antibiotics, debriding agents, and xenografts and
autografts can be considered in recalcitrant cases but are
not required in most patients. Exercise in combination
with compression therapy has an adjuvant role in promot-
ing the healing of venous ulcerations. The failure of venous
insufficiency ulcerations to heal is most often related to
inconsistent use of basic treatment methods. Ongoing con-
trol of edema is essential to prevent recurrent ulceration.
The use of compression stockings following ulcer healing
is critical to prevent recurrence, with recurrence rates
2–20 times higher if patients do not comply with compres-
sion stocking use. Patients with an ABI below 0.5 or refractory

▲ Figure 6–38. Ulcer—venous stasis ulcer. (Used, with
permission, from Richard P. Usatine, MD, in Usatine RP,
Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas and
Synopsis of Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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ulcerations (or both) should be considered for surgical
procedure (artery-opening procedures or ablation of the
incompetent superficial vein). Early endovenous ablation
has been shown to improve healing in patients with venous
insufficiency ulcers.

Gohel MS et al. A randomized trial of early endovenous ablation
in venous ulceration. N Engl J Med. 2018;378:2105. [PMID:
29688123]

Jull A et al. Prescribed exercise with compression vs compression
alone in treating patients with venous leg ulcers: a systematic
review and meta-analysis. JAMA Dermatol. 2018;154:1304.
[PMID: 30285080]

Khoobyari S et al. Utility of skin biopsy and culture in the diag-
nosis and classification of chronic ulcers: a single-institution,
retrospective study. Am J Dermatopathol. 2019;41:343.
[PMID: 30461422]

Norman G et al. Dressings and topical agents for treating venous
leg ulcers. Cochrane Database Syst Rev. 2018;6:CD012583.
[PMID: 29906322]

Rabe E et al. Indications for medical compression stockings in
venous and lymphatic disorders: an evidence-based consen-
sus statement. Phlebology. 2018;33:163. [PMID: 28549402]

Raffetto JD. Pathophysiology of chronic venous disease and venous
ulcers. Surg Clin North Am. 2018;98:337. [PMID: 29502775]

º
MISCeLLaNeOUS DerMatOLOGIC
DISOrDerS1

PIGMENTARY DISORDERS

Although the color of skin may be altered by many diseases
and agents, the vast majority of patients have either an
increase or decrease in pigment secondary to an inflamma-
tory disease, such as acne or atopic dermatitis.

Other pigmentary disorders include those resulting
from exposure to exogenous pigments, such as caroten-
emia, argyria, and tattooing. Other endogenous pigmen-
tary disorders are attributable to metabolic substances (eg,
hemosiderin [iron]) in purpuric processes, to homogen-
tisic acid in ochronosis, and bile pigments.

» Classification

Disorders of hyperpigmentation or hypopigmentation may
be considered to be primary or secondary to other disor-
ders. Depigmentation, the absence of all pigment, should
be differentiated from hypopigmentation, in which the
affected skin is lighter than baseline skin color, but not
completely devoid of pigment.

The evaluation of pigmentary disorders is helped by
Wood light, which accentuates epidermal pigmentation in
hyperpigmented disorders and highlights complete loss of
pigment in depigmentating disorders. Depigmentation, as
seen in vitiligo, enhances with Wood light examination,
whereas postinflammatory hypopigmentation does not.

A. Primary Pigmentary Disorders

1. Hyperpigmentation—The disorders in this category
are nevoid, congenital, or acquired. Nevoid and congenital

▲ Figure 6–39. Depigmented—vitiligo. (Used, with
permission, from Richard P. Usatine, MD, in Usatine RP,
Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas and
Synopsis of Family Medicine, 3rd ed. McGraw-Hill, 2019.)1Hirsutism is discussed in Chapter 26.

disorders include pigmented nevi, mosaic hyperpigmenta-
tion, ephelides (juvenile freckles), and lentigines (senile
freckles). Hyperpigmentation due to systemic diseases may
be seen in in association with Addison disease, vitamin B12
deficiency, hemochromatosis, and Wilson disease. Melasma
(chloasma) occurs as patterned hyperpigmentation of the
face, most commonly as a direct effect of estrogens. It may
occur during pregnancy, exposure to oral contraceptives,
or be idiopathic. Although more common in women,
melasma affects both sexes and all races.

2. Hypopigmentation and depigmentation—Depigment-
ing disorders in this category are vitiligo, albinism, and
piebaldism. In vitiligo, pigment cells (melanocytes) are
destroyed (Figure 6–39). Vitiligo, present in approximately
1% of the population, may be associated with other autoim-
mune disorders, such as autoimmune thyroid disease, per-
nicious anemia, diabetes mellitus, and Addison disease.

B. Secondary Pigmentary Disorders

Any damage to the skin (irritation, allergy, infection, exco-
riation, burns, or dermatologic therapy, such as chemical
peels and freezing with liquid nitrogen) may result in
hyperpigmentation or hypopigmentation. Several disor-
ders of clinical importance are described below.

1. Hyperpigmentation—The most common type of sec-
ondary hyperpigmentation occurs after another inflamma-
tory dermatologic condition, such as acne, lichen planus, or
eczema, and is most commonly seen in moderately com-
plexioned persons (Asians, Hispanics, and light-skinned
Black individuals). It is called post-inflammatory hyperpig-
mentation. Hemosiderin deposition, as in stasis dermatitis,
may lead to hyperpigmentation that is red-brown in color.

Pigmentation may be produced by certain medications,
eg, chloroquine, chlorpromazine, minocycline (Figure 6–40),
and amiodarone. Fixed drug eruptions to phenolphthalein
(in laxatives), TMP-SMZ, NSAIDs, and tetracyclines also
lead to hyperpigmentation, typically in annular patches.
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2. Hypopigmentation—Hypopigmentation may complicate
atopic dermatitis, lichen planus, psoriasis, discoid lupus, and
lichen simplex chronicus. It may also be posttraumatic or
iatrogenic (eg, due to the use of superpotent topical cortico-
steroids) or both. Clinicians must exercise special care in
using liquid nitrogen on any patient with olive or darker com-
plexions, since doing so may result in hypopigmentation or
depigmentation, at times permanent. Intralesional or intra-
articular injections of high concentrations of corticosteroids
may also cause localized temporary hypopigmentation.

» Complications

Actinic keratoses and skin cancers are more likely to
develop in persons with vitiligo. Severe emotional trauma
may occur in extensive vitiligo and other types of hypopig-
mentation and hyperpigmentation, particularly in natu-
rally dark-skinned persons.

» Treatment & Prognosis

A. Hyperpigmentation

Therapeutic bleaching preparations generally contain
hydroquinone. Hydroquinone has occasionally caused
unexpected hypopigmentation, hyperpigmentation, or
even secondary ochronosis and pigmented milia, particu-
larly with prolonged use.

The role of exposure to ultraviolet light cannot be
overstressed as a factor promoting or contributing to
most disorders of hyperpigmentation, and such

exposure should be minimized. Melasma, ephelides, and
postinflammatory hyperpigmentation may be treated with
varying success with 4% hydroquinone and a sunscreen
containing UVA photoprotectants (Avobenzone, Mexoryl,
zinc oxide, titanium dioxide). Tretinoin cream, 0.025–
0.05%, may be added. Adjuvant topical options for melasma
include kojic acid, ascorbic acid, cysteamine, niacinamide,
and azelaic acid. Superficial melasma responds well to topi-
cal therapy, but if there is predominantly dermal deposi-
tion of pigment (does not enhance with Wood light), the
prognosis is poor. Response to therapy may take months
and requires avoidance of sunlight. Hyperpigmentation
often recurs after treatment if the skin is exposed to ultra-
violet light. Tranexamic acid, 250 mg twice a day for
8–12 weeks, is an oral treatment for melasma. It should not
be used in patients with hypercoagulability. Acne with
postinflammatory hyperpigmentation responds well to
azelaic acid and tretinoin, since both address acne and
hyperpigmentation. Solar lentigines respond to liquid
nitrogen application. Tretinoin 0.1% cream or tazarotene
0.1% used over 10 months can fade solar lentigines, facial
hyperpigmentation, and postinflammatory hyperpigmen-
tation. Lasers are available for the removal of epidermal
and dermal pigment and should be considered for patients
whose responses to medical treatment are inadequate.

B. Hypopigmentation

In secondary hypopigmentation, repigmentation may
occur spontaneously. Cosmetics such as Covermark and
Dermablend are highly effective for concealing disfiguring
patches. Therapy of vitiligo is long and tedious, and the
patient must be strongly motivated. If less than 20% of the
skin is involved (most cases), topical tacrolimus 0.1% twice
daily is the first-line therapy. A superpotent corticosteroid
may also be used, but local skin atrophy from prolonged
use may ensue. With 20–25% involvement, narrowband
UVB or oral PUVA is the best option. Severe phototoxic
response (sunburn) may occur with PUVA. The face and
upper chest respond best, and the fingertips and the genital
areas do not respond as well to treatment. Years of treat-
ment may be required. There is evidence that topical or
systemic JAK inhibitors (tofactinib, ruxolitinib) may be
effective in some patients with recalcitrant vitiligo.

Austin E et al. Topical treatments for melasma: a systematic review
of randomized controlled trials. J Drugs Dermatol. 2019;18:S15
45961619P1156X. [PMID: 31741361]

Chang HC et al. The effectiveness of topical calcineurin inhibitors
compared with topical corticosteroids in the treatment of vitil-
igo: a systematic review and meta-analysis. J Am Acad Derma-
tol. 2020;82:243. [PMID: 31408687]

Ciechanowicz P et al. JAK-inhibitors in dermatology: current evi-
dence and future applications. J Dermatolog Treat. 2019;30:648.
[PMID: 30433838]

Del Rosario E et al. Randomized, placebo-controlled, double-blind
study of oral tranexamic acid in the treatment of moderate-to-
severe melasma. J Am Acad Dermatol. 2018;78:363. [PMID:
28987494]

Kaufman BP et al. Postinflammatory hyperpigmentation: epide-
miology, clinical presentation, pathogenesis and treatment.
Am J Clin Dermatol. 2018;19:489. [PMID: 29222629]

▲ Figure 6–40. Minocycline hyperpigmentation.
(Used, with permission, from Lindy Fox, MD.)
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Kwon SH et al. Melasma: updates and perspectives. Exp Derma-
tol. 2019;28:704. [PMID: 30422338]

Zubair R et al. What’s new in pigmentary disorders. Dermatol
Clin. 2019;37:175. [PMID: 30850040]

ALOPECIA

» Classification

Alopecias are divided into scarring and nonscarring forms.
When evaluating a patient who complains of hair loss, it is
most important to determine if follicular markings (the
opening where hair exits the skin) are present or absent.
Present follicular markings suggest a nonscarring alopecia;
absent follicular markings suggest a scarring alopecia.

» Nonscarring Alopecia

Nonscarring alopecia may occur in association with vari-
ous systemic diseases, such as SLE, secondary syphilis,
hyperthyroidism or hypothyroidism, iron deficiency ane-
mia, vitamin D deficiency, and pituitary insufficiency.
Prompt and adequate control of the underlying disorder
usually leads to hair regrowth. Specific types of nonscar-
ring alopecia are described below.

Androgenetic alopecia, the most common form of
alopecia, is of genetic predetermination. In men, the
earliest changes occur at the anterior portions of the
calvarium on either side of the “widow’s peak” and on
the crown (vertex). The extent of hair loss is variable and
unpredictable. Minoxidil 5% is available over the counter
and can be recommended for persons with recent onset
(less than 5 years) and smaller areas of alopecia. Approxi-
mately 40% of patients treated twice daily for a year will
have moderate to dense growth. Finasteride (Propecia),
1 mg orally daily, has similar efficacy and may be additive
to minoxidil.

Androgenetic alopecia also occurs in women. Classi-
cally, there is retention of the anterior hairline while there
is diffuse thinning of the vertex scalp hair and a widening
of the part. Treatment includes topical minoxidil (5% once
daily) and, in women not of childbearing potential, finaste-
ride at doses up to 2.5 mg/day orally. A workup consisting
of determination of serum testosterone, DHEAS, iron, total
iron-binding capacity, thyroid function tests, vitamin D
level, and a complete blood count will identify most other
causes of hair thinning in premenopausal women. Women
who complain of thin hair but show little evidence of alo-
pecia need follow-up, because more than 50% of the scalp
hair can be lost before the clinician can perceive it.

Telogen effluvium is a transitory increase in the num-
ber of hairs in the telogen (resting) phase of the hair growth
cycle. This may occur spontaneously; appear at the termi-
nation of pregnancy; be precipitated by “crash dieting,”
high fever, stress from surgery, shock, malnutrition, or iron
deficiency; or be provoked by hormonal contraceptives.
Whatever the cause, telogen effluvium usually has a latent
period of 4 months. The prognosis is generally good. The
condition is diagnosed by the presence of large numbers of
hairs with white bulbs coming out upon gentle tugging of

the hair. Counts of hairs lost by the patient on combing or
shampooing often exceed 150 per day, compared to an
average of 70–100. If iron deficiency is suspected, a serum
ferritin should be obtained, and any value less than 40 ng/mL
followed with supplementation.

Alopecia areata is of unknown cause but is believed to
be an immunologic process. Typically, there are patches
that are perfectly smooth and without scarring. Tiny hairs
2–3 mm in length, called “exclamation hairs,” may be seen.
Telogen hairs are easily dislodged from the periphery of
active lesions. The beard, brows, and lashes may be
involved. Involvement may extend to all of the scalp hair
(alopecia totalis) or to all scalp and body hair (alopecia
universalis). Severe forms may be treated by systemic cor-
ticosteroid therapy, although recurrences follow discon-
tinuation of therapy. Alopecia areata is occasionally
associated with autoimmune disorders, including Hashi-
moto thyroiditis, pernicious anemia, Addison disease, and
vitiligo. Additional comorbidities may include SLE, atopy,
and mental health disease.

Intralesional corticosteroids are frequently effective for
alopecia areata. Triamcinolone acetonide in a concentra-
tion of 2.5–10 mg/mL is injected in aliquots of 0.1 mL at
approximately 1- to 2-cm intervals, not exceeding a total
dose of 30 mg per month for adults. Alopecia areata is usu-
ally self-limiting, with complete regrowth of hair in 80% of
patients with focal disease. Some mild cases are resistant to
treatment, as are the extensive totalis and universalis types.
Support groups for patients with extensive alopecia areata
are beneficial. Oral JAK inhibitors (ruxolitinib, tofacitinib)
are therapeutic options for patients with highly morbid
disease, although relapse is the rule once the medication
has been stopped. Efficacy of topical JAK inhibitors for
alopecia areata is under investigation.

In trichotillomania (the pulling out of one’s own hair),
the patches of hair loss are irregular, with short, growing
hairs almost always present, since they cannot be pulled
out until they are long enough. The patches are often uni-
lateral, occurring on the same side as the patient’s domi-
nant hand. The patient may be unaware of the habit.
N-acetylcysteine (1200–2400 mg orally per day for 12 weeks)
may be effective.

» Scarring Cicatricial Alopecia

Cicatricial alopecia may occur following any type of
trauma or inflammation that may scar hair follicles. Exam-
ples include chemical or physical trauma, bacterial or fun-
gal infections, severe herpes zoster, chronic discoid lupus
erythematosus (DLE), systemic sclerosis (scleroderma),
and excessive ionizing radiation. The specific cause is often
suggested by the history, the distribution of hair loss, and
the appearance of the skin, as in DLE. Specific dermato-
logic diseases of the scalp that result in scarring alopecia
include lichen planopilaris, frontal fibrosing alopecia, dis-
secting cellulitis of the scalp, and folliculitis decalvans.
Biopsy is useful in the diagnosis of scarring alopecia, but
specimens must be taken from the active border and not
from the scarred central zone. Scarring alopecias are irre-
versible and permanent. It is important to diagnose and
treat the scarring process as early in its course as possible.
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NAIL DISORDERS

1. Moologic Nil abnomliis

» Classification

Acquired nail disorders may be classified as local or associ-
ated with systemic or generalized skin diseases.

A. Local Nail Disorders

1. Onycholysis (distal separation of the nail plate from the
nail bed, usually of the fingers) is caused by excessive
exposure to water, soaps, detergents, alkalies, and
industrial cleaning agents. Candidal infection of the
nail folds and subungual area, nail hardeners, drug-
induced photosensitivity, hyperthyroidism, hypothy-
roidism, and psoriasis may cause onycholysis.

2. Distortion of the nail, including nail splitting, occurs as
a result of chronic inflammation or infiltration of the
nail matrix underlying the eponychial fold. Such
changes may be caused by impingement on the nail
matrix by inflammatory diseases (eg, psoriasis, lichen
planus, eczema), warts, tumors, or cysts.

3. Discoloration and crumbly thickened nails are noted in
dermatophyte infection and psoriasis.

4. Allergic reactions (to resins in undercoats and polishes
or to nail glues) are characterized by onycholysis or by
grossly distorted, hypertrophic, and misshapen nails.

5. Paronychia is inflammation of the lateral or proximal
nail folds. Acute paronychia presents as a painful ery-
thematous papulonodule or frank abscess of the nail fold
and is most commonly due to infection with S aureus
(Figure 6–41). Chronic paronychia is most often caused
by irritation from water or chemicals with resultant
inflammation and possible Candida superinfection.

B. Nail Changes Associated with Systemic
or Generalized Skin Diseases

1. Beau lines (transverse furrows) affect all nails and clas-
sically develop after a serious systemic illness.

2. Atrophy of the nails may be related to trauma or to
vascular or neurologic disease.

3. Clubbed fingers may be due to the prolonged hypox-
emia associated with cardiopulmonary disorders
(Figure 6–42) (see Chapter 9).

▲ Figure 6–41. Acute paronychia. (Used, with permis-
sion, from E.J. Mayeaux Jr, MD, in Usatine RP, Smith MA,
Mayeaux EJ Jr, Chumley HS. The Color Atlas and Synopsis
of Family Medicine, 3rd ed. McGraw-Hill, 2019.)

▲ Figure 6–42. Clubbing of the finger in a 31-year-old
man with congenital heart disease. Note the thickening
around the proximal nail folds. (Used, with permission,
from Richard P. Usatine, MD, in Usatine RP, Smith MA,
Mayeaux EJ Jr, Chumley HS. The Color Atlas and Synopsis
of Family Medicine, 3rd ed. McGraw-Hill, 2019.)

4. Spoon nails may be seen in anemic patients.

5. Stippling or pitting of the nails is seen in psoriasis, alo-
pecia areata, and hand eczema (Figure 6–8).

6. Nail hyperpigmentation may be caused by many che-
motherapeutic agents, but especially the taxanes.

» Differential Diagnosis

Onychomycosis may cause nail changes identical to those
seen in psoriasis. Careful examination for more
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characteristic lesions elsewhere on the body is essential to
the diagnosis of the nail disorders. Cancer should be sus-
pected (eg, Bowen disease or squamous cell carcinoma) as
the cause of any persistent solitary subungual or periun-
gual lesion.

» Complications

Toenail changes may lead to an ingrown nail—in turn
often complicated by bacterial infection and occasionally
by exuberant granulation tissue. Poor manicuring and
poorly fitting shoes may contribute to this complication.
Cellulitis may result.

» Treatment & Prognosis

Treatment consists usually of careful debridement and
manicuring and, above all, reduction of exposure to irri-
tants (soaps, detergents, alkali, bleaches, solvents, etc).
Longitudinal grooving due to temporary lesions of the
matrix, such as warts, synovial cysts, and other impinge-
ments, may be cured by removal of the offending lesion.

Acute paronychia is treated with topical antibiotics and
drainage of the abscess, if present. To incise and drain an
acute staphylococcal paronychia, insert a flat metal spatula
or sharpened hardwood stick into the nail fold where it
adjoins the nail. This will release pus from a mature lesion.

Treatment of chronic paronychia includes minimizing
wetwork and toxic contactants, wearing gloves while per-
forming tasks that expose the skin to water, minimizing
trauma to the nail folds, and a combination of topical corti-
costeroids and an anticandidal twice daily to the affected
area.

2. tin Unguium (Onycomycosis)

Tinea unguium is a trichophyton infection of one or more
(but rarely all) fingernails or toenails. The species most
commonly found is T rubrum. “Saprophytic” fungi may
rarely cause onychomycosis (less than 5% of cases). Evi-
dence supporting a genetic defect in the innate and adap-
tive immune system may explain why some people suffer
from chronic tinea pedis and onychomycosis.

The nails are lusterless, brittle, and hypertrophic, and
the substance of the nail is friable. Laboratory diagnosis
is mandatory since only 50% of dystrophic nails are due
to dermatophytosis. Portions of the nail should be
clipped, digested with 10% KOH, and examined under
the microscope for hyphae. Fungi may also be cultured
from debris collected from underneath the nail plate.
Periodic acid-Schiff stain of a histologic section of the
nail plate also demonstrates the fungus readily. Each
technique is positive in only 50% of cases so several dif-
ferent tests may need to be performed. Periodic acid-
Schiff staining of nail plate coupled with fungal culture
has a sensitivity of 96%.

Onychomycosis is difficult to treat because of the long
duration of therapy required and the frequency of recur-
rences. Fingernails respond more readily than toenails. For
toenails, treatment is indicated for patients with discomfort,
inability to exercise, diabetes, and immune compromise.

In general, systemic therapy is required to effectively
treat nail onychomycosis. Although historically topical
therapy has had limited value, evidence suggests that efina-
conazole 10% performs better than other topical treatment
options. Tavaborole 5% solution is also approved for the
treatment of onychomycosis, but its clearance rates do not
appear to be as good as those of efinaconazole. Adjunctive
value of surgical procedures is unproven, and the efficacy
of laser treatments is lacking, especially with regard to
long-term cures.

Fingernails can virtually always be cured, and toenails
are cured 35–50% of the time and are clinically improved
about 75% of the time. In all cases, before treatment, the
diagnosis should be confirmed. The costs of the various
treatment options should be known and the most cost-
effective treatment chosen. Medication interactions must
be avoided. Ketoconazole, due to its higher risk for hepato-
toxicity, is not recommended to treat any form of onycho-
mycosis. For fingernails, ultramicronized griseofulvin
250 mg orally three times daily for 6 months can be effec-
tive. Alternative treatments are (in order of preference) oral
terbinafine, 250 mg daily for 6 weeks; oral itraconazole,
200–400 mg daily for 7 days each month for 2 months; and
oral itraconazole, 200 mg daily for 2 months. Off-label use
of fluconazole, 150–400 mg once weekly for 6–9 months,
can also be effective, but there is limited evidence for this
option. Once clear, fingernails usually remain free of dis-
ease for some years.

Onychomycosis of the toenails does not respond to
griseofulvin therapy. The best treatment, which is also FDA
approved, is oral terbinafine 250 mg daily for 12 weeks.
Pulse terbinafine therapy with two cycles of 4 weeks on and
4 weeks off may be as efficacious as continuous oral ther-
apy. Liver biochemical tests, complete blood count, and
kidney function should be performed before oral therapy.
Because the risk of idiosyncratic injury is very low (transa-
minitis occurs in less than 0.5% of patients) and the pre-
sentation of drug-induced liver injury is usually
symptomatic (jaundice, malaise, abdominal pain), routine
hepatic monitoring in healthy adults without known
hepatic disease is not required. The dose might need
adjustment in patients with reduced creatinine clearance.
Itraconazole, 200 mg daily for 12 weeks, or pulse oral
itraconazole, 200 mg twice daily for 1 week per month for
3 months, is inferior to standard terbinafine treatments,
but it is an acceptable alternative for those unable to take
terbinafine. The courses of terbinafine or itraconazole may
need to be repeated 6 months after the first treatment cycle
if fungal cultures of the nail are still positive. Fluconazole
may be used off label at 150 mg weekly until the nail has
grown out completely (12–18 month for toenails).

Gupta AK et al. A practical guide to curing onychomycosis: how
to maximize cure at the patient, organism, treatment, and
environmental level. Am J Clin Dermatol. 2019;20:123.
[PMID: 30456537]

Lipner SR et al. Onychomycosis: clinical overview and diagnosis.
J Am Acad Dermatol. 2019;80:835. [PMID: 29959961]

Lipner SR et al. Onychomycosis: treatment and prevention of
recurrence. J Am Acad Dermatol. 2019;80:853. [PMID:
29959962]
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Maddy AJ et al. What’s new in nail disorders. Dermatol Clin.
2019;37:143. [PMID: 30850036]

Ricardo JW et al. Safety of current therapies for onychomycosis.
Expert Opin Drug Saf. 2020;19:1395. [PMID: 32990062]

DRUG ERUPTION (Dermatitis Medicamentosa)

E S S E N T I A L S  O F  D I A G N O S I S

» Usually, abrupt onset of widespread, symmetric
erythematous eruption.

» May mimic any inflammatory skin condition.

» Constitutional symptoms (malaise, arthralgia,
headache, and fever) may be present.

» General Considerations

Rashes are among the most common adverse reactions
to medications and occur in 2–3% of hospitalized
patients. There are multiple different types of cutaneous
reactions to medications. Penicillins, cephalosporins,
and NSAIDs are the most common cause of urticarial
drug eruptions. Antibiotics, anticonvulsants, allopuri-
nol, and NSAIDs are common causes of maculopapular
or morbilliform reactions. Drug-induced hypersensitiv-
ity reaction (DIHS) (also known as drug eruption with
eosinophilia and systemic symptoms [DRESS]) is most
often caused by anticonvulsants, allopurinol, and sulfon-
amides. SJS and TEN most commonly occur in response
to antibiotics, sulfonamides, anticonvulsants, allopuri-
nol, and NSAIDs. Phenolphthalein, pyrazolone deriva-
tives, tetracyclines, NSAIDs, TMP-SMZ, and barbiturates
are the major causes of fixed drug eruptions. Calcium
channel blockers are a common cause of pruritus and ecze-
mas in older adults.

Certain genetic polymorphisms of antigen-presenting
major histocompatibility (MHC) loci increase the risk
for the development of severe drug eruptions, including
SJS/TEN and DIHS. Pharmacogenetic testing can help
predict who is at risk for and therefore should avoid certain
medication exposures.

» Clinical Findings

A. Symptoms and Signs

Drug eruptions are generally classified as “simple” or “com-
plex,” referring to the risk of morbidity and mortality asso-
ciated with the specific eruption. Simple morbilliform or
maculopapular drug eruptions involve an exanthem, usu-
ally appear in the second week of medication therapy, and
have no associated constitutional symptoms or abnormal
laboratory findings. Complex drug eruptions include
DIHS and SJS/TEN.

DIHS occurs later than the simple morbilliform drug
eruptions with signs and symptoms developing 2–6 weeks
after the medication has been started and has associated
constitutional symptoms and abnormal laboratory findings.

These may include fevers, chills, hematologic abnormalities
(especially eosinophilia and atypical lymphocytosis), and
abnormal liver or kidney function. Coexistent reactivation
of certain viruses, especially HHV-6, but also Epstein-Barr
virus, cytomegalovirus, HHV-7, and parvovirus B19, may
be present and may be important in the pathogenesis of
these complex drug eruptions. Table 6–3 summarizes the
types of skin reactions, their appearance and distribution,
and the common offenders in each case.

B. Laboratory Findings

Routinely ordered blood work is of no value in the diagno-
sis of simple drug eruptions, except upon initial evaluation
to ensure that there is no systemic involvement. In complex
drug eruptions, the complete blood count, liver biochemical
tests, and kidney function tests should be monitored. Skin
biopsies may be helpful in making the diagnosis. Serum
PCR for HHV-6, HHV-7, Epstein-Barr virus, cytomegalovi-
rus, and parvovirus B19 is performed in some centers.

» Differential Diagnosis

Observation after discontinuation, which may be a slow
process, helps establish the diagnosis. Rechallenge, though
of theoretical value, may pose a danger to the patient and is
best avoided.

» Complications

Some cutaneous drug reactions may be associated with
visceral involvement. The organ systems involved depend
on the individual medication or drug class. Most common
is an infectious mononucleosis-like illness and hepatitis
associated with administration of anticonvulsants. Myo-
carditis may be a serious complication of drug-induced
hypersensitivity syndrome and may present acutely or
months after initial rash onset. Months after recovering
from DIHS, patients may suffer hypothyroidism.

» Treatment

A. General Measures

Systemic manifestations are treated as they arise (eg, ane-
mia, icterus, purpura). Antihistamines may be of value in
urticarial and angioneurotic reactions. Epinephrine 1:1000,
0.5–1 mL intravenously or subcutaneously, should be used
as an emergency measure. In DIHS, corticosteroids are
typically required; the most common regimen is oral pred-
nisone, 1–1.5 mg/kg/day tapering slowly over a minimum
of 6 weeks, since rapid taper leads to rebound and more
recalcitrant disease. In the case of allopurinol-induced
DIHS, starting a steroid-sparing agent (eg, mycophenolate
mofetil) at the time of prednisone initiation is recom-
mended because allopurinol-induced DIHS tends to
rebound after corticosteroid discontinuation. Treatment in
this special case often takes up to 12 months.

B. Local Measures

SJS/TEN with extensive blistering eruptions resulting in ero-
sions and superficial ulcerations demands hospitalization
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Table 6–3. Skin reactions due to systemic medications.

rcion anc Disibuion nd Commns Common Offnds

Allergic vasculitis The primary lesion is typically a

2–3 mm purpuric papule.

Other morphologies include

urticaria that lasts over 24

hours, vesicles, bullae, or

necrotic ulcers.

Most severe on the legs. Sulfonamides, phenytoin,

propylthiouracil.

Drug exanthem Morbilliform, maculopapular,

exanthematous reactions.

The most common skin reaction to

medications. Initially begins on

trunk 7–10 days after the medi-

cation has been started. Spreads

to extremities and begins to clear

on the trunk over 3–5 days. In

previously exposed patients, the

rash may start in 2–3 days. Fever

may be present.

Antibiotics (especially ampicillin

and TMP-SMZ), sulfonamides

and related compounds

(including thiazide diuretics,

furosemide, and sulfonylurea

hypoglycemic agents), and

barbiturates.

Drug-related subacute cuta-

neous lupus

erythematosus

(Drug-induced SLE rarely

produces a skin reaction)

May present with a photosensi-

tive rash, annular lesions, or

psoriasis on upper trunk.

Less severe than SLE, sparing the

kidneys and central nervous sys-

tem. Recovery often follows med-

ication withdrawal.

Diltiazem, etanercept, hydrochlo-

rothiazide, infliximab, lisinopril,

terbinafine.

Erythema nodosum Inflammatory cutaneous

nodules.

Usually limited to the extensor

aspects of the legs. May be

accompanied by fever, arthral-

gias, and pain.

Oral contraceptives.

Exfoliative dermatitis and

erythroderma

(Drug-induced hypersensi-

tivity syndrome)

Red and scaly. Entire skin surface. Typically associ-

ated with elevated liver biochem-

ical tests, eosinophilia, and acute

kidney injury. Eruption begins

between 2 and 6 weeks after first

dose of medication.

Allopurinol, sulfonamides, isonia-

zid, anticonvulsants, or

carbamazepine.

Fixed drug eruptions Single or multiple demarcated,

round, erythematous plaques

that often become

hyperpigmented.

Recur at the same site when the

medication is repeated. Hyper-

pigmentation, if present, remains

after healing.

Antimicrobials, analgesics (acet-

aminophen, ibuprofen, and

naproxen), barbiturates, heavy

metals, antiparasitic agents,

antihistamines,

phenolphthalein.

Lichenoid and lichen

planus–like eruptions

Pruritic, erythematous to viola-

ceous polygonal papules that

coalesce or expand to form

plaques.

May be in photo- or nonphotodis-

tributed pattern.

Carbamazepine, furosemide,

hydroxychloroquine, phenothi-

azines, beta-blockers, quinidine,

quinine, sulfonylureas, tetracy-

clines, thiazides, and

triprolidine.

Photosensitivity: increased

sensitivity to light, often

of ultraviolet A wave-

lengths, but may be due

to UVB or visible light as

well

Sunburn, vesicles, papules in

photodistributed pattern.

Exposed skin of the face, the neck,

and the backs of the hands and,

in women, the lower legs. Exag-

gerated response to ultraviolet

light.

Sulfonamides and sulfonamide-

related compounds (thiazide

diuretics, furosemide, sulfonyl-

ureas), tetracyclines, phenothi-

azines, sulindac, amiodarone,

voriconazole, and NSAIDs.

Pigmentary changes Flat hyperpigmented areas. Forehead and cheeks (chloasma,

melasma). The most common

pigmentary disorder associated

with drug ingestion. Improve-

ment is slow despite stopping

the medication.

Oral contraceptives are the usual

cause. Diltiazem causes facial

hyperpigmentation that may

be difficult to distinguish from

melasma.

Blue-gray discoloration. Light-exposed areas. Chlorpromazine and related

phenothiazines.

(continued)
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and nursing care as for burn patients. See Erythema Multi-
forme/Stevens-Johnson Syndrome/Toxic Epidermal Necrol-
ysis, above.

» Prognosis

Drug rash usually disappears upon withdrawal of the
medication and proper treatment. DIHS may be associated
with autoimmune phenomena, including abnormal thy-
roid function. This can occur months after the hypersensi-
tivity syndrome has resolved.

Table 6–3. Skin reactions due to systemic medications.

rcion anc Disibuion nd Commns Common Offnds

Brown or blue-gray

pigmentation.

Generalized. Heavy metals (silver, gold,

bismuth, and arsenic).

Blue-black patches on the shins.  Minocycline, chloroquine.

Blue-black pigmentation of the

nails and palate and depig-

mentation of the hair.

Chloroquine.

Slate-gray color. Primarily in photoexposed areas. Amiodarone.

Brown discoloration of the nails. Especially in more darkly pigmented

patients.

Hydroxyurea.

Pityriasis rosea–like

eruptions

Oval, red, slightly raised patches

with central scale.

Mainly on the trunk. Barbiturates, bismuth, captopril,

clonidine, methopromazine,

metoprolol, metronidazole,

and tripelennamine.

Psoriasiform eruptions Scaly red plaques. May be located on trunk and

extremities. Palms and soles may

be hyperkeratotic. May cause

psoriasiform eruption or worsen

psoriasis.

Antimalarials, lithium,

beta-blockers, and TNF

inhibitors.

SJS/TEN Target-like lesions.

Bullae may occur.

Mucosal involvement.

Usually trunk and proximal

extremities.

Sulfonamides, anticonvulsants,

allopurinol, NSAIDs, lamotrigine.

Urticaria Red, itchy wheals that vary in size

from < 1 cm to many centime-

ters. May be accompanied by

angioedema.

Chronic urticaria is rarely caused by

medications.

Acute urticaria: penicillins, NSAIDs,

sulfonamides, opioids, and salic-

ylates. Angioedema is common

in patients receiving ACE inhibi-

tors and angiotensin receptor

blockers.

ACE, angiotensin-converting enzyme; NSAIDs, nonsteroidal anti-inflammatory drugs; SJS/TEN, Stevens-Johnson syndrome/toxic epidermal

necrolysis; SLE, systemic lupus erythematosus; TMP-SMZ, trimethoprim-sulfamethoxazole; TNF, tumor necrosis factor.

(continued)

Brockow K et al. EAACI position paper on how to classify cuta-
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REFRACTIVE ERRORS

Refractive error is the most common cause of reduced
clarity of vision (visual acuity).

Use of a pinhole will overcome most refractive errors
and thus allows their identification as a cause of reduced
visual acuity. Refractive error can be treated with glasses,
contact lenses, or surgery.

» Treatment

A. Contact Lenses

An estimated 40.9 million US adults wear contact lenses,
mostly for correction of refractive errors, though decorative-
colored contact lenses are used.

The major risk from contact lens wear is corneal infec-
tion, potentially a blinding condition. Such infections
occur more often with soft lenses, particularly extended
wear, for which there is at least a fivefold increase in risk of
corneal infection compared with daily wear. Decorative
contact lenses have a high prevalence of microbial con-
tamination. Contact lens wearers should be made aware of
the risks they face and ways to minimize them, such as
avoiding overnight wear or use of lenses past their replace-
ment date and maintaining meticulous lens hygiene,
including not using tap water or saliva for lens cleaning.
Contact lenses should be removed whenever there is ocular
discomfort or redness.

Razmaria AA. JAMA patient page. Proper care of contact lenses.
JAMA. 2015;314:1534. [PMID: 26462011]

B. Surgery

Various surgical techniques are available to reduce refrac-
tive errors, particularly nearsightedness. Laser corneal
refractive surgery reshapes the middle layer (stroma) of the
cornea with an excimer laser. Other refractive surgery
techniques are extraction of the clear crystalline lens with
insertion of a single vision, multifocal, or accommodative
intraocular lens as occurs after cataract extraction; inser-
tion of an intraocular lens without removal of the crystal-
line lens (phakic intraocular lens); intrastromal corneal

ring segments (INTACS); collagen cross-linking; laser
thermal keratoplasty; and conductive keratoplasty (CK).

Wilkinson JM et al. Refractive eye surgery: helping patients make
informed decisions about LASIK. Am Fam Physician. 2017;95:
637. [PMID: 28671403]

C. Reduction of Rate of Progression
of Nearsightedness

The rate at which nearsightedness progresses can be reduced
by topical atropine and pirenzepine, a selective muscarinic
antagonist; rigid contact lens wear during sleep (orthokera-
tology); and various types of soft contact lenses and specta-
cles, but their long-term efficacy and safety are uncertain.

» When to Refer

Any contact lens wearer with an acute painful red eye must
be referred emergently for ophthalmologic evaluation.

DISORDERS OF THE LIDS &
LACRIMAL APPARATUS

1. Hodolum

Hordeolum is an acute infection that is commonly due to
Staphylococcus aureus. It is characterized by a localized red,
swollen, acutely tender area on the upper or lower lid.
Internal hordeolum is a meibomian gland abscess that usu-
ally points onto the conjunctival surface of the lid; external
hordeolum, or stye, is usually smaller and on the lid margin
and is an abscess of the gland of Zeis.

Warm compresses are helpful. Incision may be indi-
cated if resolution does not begin within 48 hours. An
antibiotic ointment (bacitracin or erythromycin) applied to
the lid every 3 hours may be beneficial during the acute
stage. Internal hordeolum may lead to generalized cellulitis
of the lid.

2. Chlzion

Chalazion is a common granulomatous inflammation of a
meibomian gland that may follow an internal hordeolum.
It is characterized by a hard, nontender swelling on the

7Jacque L. Duncan, MD
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upper or lower lid with redness and swelling of the adjacent
conjunctiva. Initial treatment is with warm compresses. If reso-
lution has not occurred by 2–3 weeks, incision and curettage is
indicated. Corticosteroid injection may also be effective.

3. Blhiis

Blepharitis is a common chronic bilateral inflammatory
condition of the lid margins. Anterior blepharitis involves
the lid skin, eyelashes, and associated glands. It may be
ulcerative because of infection by staphylococci, or sebor-
rheic in association with seborrhea of the scalp, brows, and
ears. Posterior blepharitis results from inflammation of the
meibomian glands. There may be bacterial infection, par-
ticularly with staphylococci, or primary glandular dysfunc-
tion, which is strongly associated with acne rosacea.

» Clinical Findings

Symptoms are irritation, burning, and itching. In anterior
blepharitis, the eyes are “red-rimmed” and scales or col-
lerettes can be seen clinging to the lashes. In posterior
blepharitis, the lid margins are hyperemic with telangiecta-
sias, and the meibomian glands and their orifices are
inflamed. The lid margin is frequently rolled inward to
produce a mild entropion, and the tear film may be frothy
or abnormally greasy.

Blepharitis is a common cause of recurrent conjunctivi-
tis. Both anterior and, especially, posterior blepharitis may
be complicated by hordeola or chalazia; abnormal lid or
lash positions, producing trichiasis; epithelial keratitis of
the lower third of the cornea; marginal corneal infiltrates;
and inferior corneal vascularization and thinning.

» Treatment

Anterior blepharitis is usually controlled by eyelid hygiene.
Warm compresses help soften the scales and warm the mei-
bomian gland secretions. Eyelid cleansing can be achieved
by gentle eyelid massage and lid scrubs with baby shampoo
or 0.01% hypochlorous acid. In acute exacerbations, an
antibiotic eye ointment, such as bacitracin or erythromycin,
is applied daily to the lid margins.

Mild posterior blepharitis may be controlled with regu-
lar meibomian gland expression and warm compresses.
Inflammation of the conjunctiva and cornea is treated with
long-term low-dose oral antibiotic therapy, eg, tetracycline
(250 mg twice daily for 2–4 weeks), doxycycline (100 mg
daily for 2–4 weeks), minocycline (50–100 mg daily for
2–4 weeks) erythromycin (250 mg three times daily for
2–4 weeks), or azithromycin (500 mg daily for 3 days in three
cycles with 7-day intervals). Short-term (5–7 days) topical
corticosteroids, eg, prednisolone, 0.125% twice daily, may
also be indicated. Topical therapy with antibiotics, such as
ciprofloxacin 0.3% ophthalmic solution twice daily, may be
helpful but should be restricted to short courses of 5–7 days.

Amescua G et al; American Academy of Ophthalmology Pre-
ferred Practice Pattern Cornea and External Disease Panel.
Blepharitis Preferred Practice Pattern®. Ophthalmology.
2019;126:P56. [PMID: 30366800]

4. enoion & ecoion

Entropion (inward turning of usually the lower lid) occurs occa-
sionally in older people as a result of degeneration of the lid
fascia or may follow extensive scarring of the conjunctiva and
tarsus. Surgery is indicated if the lashes rub on the cornea. Botu-
linum toxin injections may also be used for temporary correc-
tion of the involutional lower lid entropion of older people.

Ectropion (outward turning of the lower lid) is common
with advanced age. Surgery is indicated if there is excessive
tearing, exposure keratitis, or a cosmetic problem.

5. tumos

Lid tumors are usually benign. Basal cell carcinoma is the
most common malignant tumor. Squamous cell carcinoma,
meibomian gland carcinoma, and malignant melanoma
also occur. Surgery for any lesion involving the lid margin
should be performed by an ophthalmologist or suitably
trained plastic surgeon to avoid deformity of the lid. Histo-
pathologic examination of eyelid tumors should be routine,
since 2% of lesions thought to be benign clinically are found
to be malignant. Medications such as vismodegib (an oral
inhibitor of the hedgehog pathway), imiquimod (an immu-
nomodulator), and 5-fluorouracil occasionally are used
instead of or as an adjunct to surgery for some basal and
squamous cell carcinomas.

6. Dcyocysiis

Dacryocystitis is infection of the lacrimal sac usually due to
congenital or acquired obstruction of the nasolacrimal
system. It may be acute or chronic and occurs most often
in infants and in persons over 40 years. It is usually unilat-
eral. Infection is typically with S aureus and streptococci in
acute dacryocystitis and Staphylococcus epidermidis, strep-
tococci, or gram-negative bacilli in chronic dacryocystitis.

Acute dacryocystitis is characterized by pain, swelling,
tenderness, and redness in the tear sac area; purulent mate-
rial may be expressed. In chronic dacryocystitis, tearing and
discharge are the principal signs, and mucus or pus may
also be expressed.

Acute dacryocystitis responds well to systemic antibi-
otic therapy. To relieve the underlying obstruction, surgery
is usually done electively but may be performed urgently in
acute cases. The chronic form may be kept latent with sys-
temic antibiotics, but relief of the obstruction is the only
cure. In adults, the standard procedure is dacryocystorhi-
nostomy, which involves surgical exploration of the lacri-
mal sac and formation of a fistula into the nasal cavity and,
if necessary, supplemented by nasolacrimal intubation.

Congenital nasolacrimal duct obstruction is common
and often resolves spontaneously. It can be treated by prob-
ing the nasolacrimal system, supplemented by nasolacrimal
intubation or balloon catheter dilation, if necessary; dac-
ryocystorhinostomy is rarely required.

CONJUNCTIVITIS

Conjunctivitis is inflammation of the mucous membrane
that lines the surface of the eyeball and inner eyelids. It may
be acute or chronic. Most cases are due to viral or bacterial
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(including gonococcal and chlamydial) infection. Other
causes include keratoconjunctivitis sicca, allergy, chemical
irritants, and trauma. The mode of transmission of infec-
tious conjunctivitis is usually via direct contact of contami-
nated fingers or objects to the fellow eye or to other
persons. It may also be spread through respiratory secre-
tions or contaminated eye drops.

Conjunctivitis must be differentiated from acute uve-
itis, acute glaucoma, and corneal disorders (Table 7–1).

1. Vil Conjunciviis

Adenovirus is the most common cause of viral conjunctivi-
tis. There is usually sequential bilateral disease with copious
watery discharge and a follicular conjunctivitis. Infection
spreads easily. Epidemic keratoconjunctivitis, which may
result in decreased vision from corneal subepithelial infil-
trates, is usually caused by adenovirus types 8, 19, and 37.
The active viral conjunctivitis lasts up to 2 weeks, with the
immune-mediated keratitis occurring later. Infection with
adenovirus types 3, 4, 7, and 11 is typically associated with
pharyngitis, fever, malaise, and preauricular adenopathy
(pharyngoconjunctival fever). The disease usually lasts
10 days. Contagious acute hemorrhagic conjunctivitis (see
Chapter 32) may be caused by enterovirus 70 or coxsackie-
virus A24. Viral conjunctivitis from herpes simplex virus
(HSV) is typically unilateral and may be associated with lid
vesicles.

Except for HSV infection for which treatment with
topical (eg, ganciclovir 0.15% gel) and/or systemic (eg, oral
acyclovir, valacyclovir) antivirals is recommended
(Table 32–1), there is no specific treatment for contagious
viral conjunctivitis. Artificial tears and cold compresses
may help reduce discomfort. The use of topical antibiotics
and steroids in the acute infection is discouraged. Frequent
hand and linen hygiene is encouraged to minimize spread.

Varu DM et al; American Academy of Ophthalmology Preferred
Practice Pattern Cornea and External Disease Panel. Con-
junctivitis Preferred Practice Pattern®. Ophthalmology. 2019;
126:P94. [PMID: 30366797]

2. Bcil Conjunciviis

The organisms isolated most commonly in bacterial con-
junctivitis are staphylococci, including methicillin-resistant
S aureus (MRSA); streptococci, particularly Streptococcus
pneumoniae; Haemophilus species; Pseudomonas; and
Moraxella. All may produce purulent discharge and eyelid
matting. Blurring of vision and discomfort are mild. In
severe (hyperpurulent) cases, examination of stained con-
junctival scrapings and cultures is recommended, particu-
larly to identify gonococcal infection that requires emergent
treatment.

The disease is usually self-limited, lasting about
10–14 days if untreated. Most topical antibiotics hasten
clinical remission. This infection is typically self-limited,
and no topical antibiotic has proven superiority over another.

A. Gonococcal Conjunctivitis

Gonococcal conjunctivitis, usually acquired through contact
with infected genital secretions, typically causes copious
purulent discharge. It is an ophthalmologic emergency
because corneal involvement may rapidly lead to perfora-
tion. The diagnosis should be confirmed by stained smear
and culture of the discharge. Systemic treatment is required
with a single 1-g dose of intramuscular ceftriaxone plus
azithromycin 1000 mg orally (see Chapter 33). Fluoroqui-
nolone resistance is common. Eye irrigation with saline may
promote resolution of conjunctivitis. Topical antibiotics
such as erythromycin and bacitracin may be added. Other
sexually transmitted diseases, including chlamydiosis,

Table 7–1. The inflamed eye: differential diagnosis of common causes.

acu Conjunciviis

acu anio Uviis

(Iiis)

acu angl-Closu

Glucom

Conl tum o

Infcion

Incidence Extremely common Common Uncommon Common

Discharge Moderate to copious None None Watery or purulent

Vision No effect on vision Often blurred Markedly blurred Usually blurred

Pain Mild Moderate Severe Moderate to severe

Conjunctival injection Diffuse Mainly circumcorneal Mainly circumcorneal Mainly circumcorneal

Cornea Clear Usually clear Cloudy Clarity change related to

cause

Pupil size Normal Small Moderately dilated Normal or small

Pupillary light response Normal Poor None Normal

Intraocular pressure Normal Usually normal but may

be elevated

Markedly elevated Normal

Smear Causative organisms No organisms No organisms Organisms found only in

corneal infection
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syphilis, and HIV infection, should be considered. Routine
treatment for chlamydial infection is recommended.

B. Chlamydial Keratoconjunctivitis

1. Trachoma—Trachoma is the most common infectious
cause of blindness worldwide, with approximately 40 million
people affected and 1.2 million blind. Recurrent episodes
of infection in childhood manifest as bilateral follicular
conjunctivitis, epithelial keratitis, and corneal vasculariza-
tion (pannus). Scarring (cicatrization) of the tarsal con-
junctiva leads to entropion and trichiasis in adulthood with
secondary central corneal scarring.

Immunologic tests or polymerase chain reaction (PCR)
on conjunctival samples will confirm the diagnosis but
treatment should be started on the basis of clinical find-
ings. A single 1-g dose of oral azithromycin is the preferred
drug for mass treatment campaigns. Improvements in
hygiene and living conditions probably have contributed
more to the marked reduction in the prevalence of tra-
choma during the past 30 years. Local treatment is not
necessary. Surgical treatment includes correction of lid
deformities and corneal transplantation.

Godwin W et al. Trachoma prevalence after discontinuation of
mass azithromycin distribution. J Infect Dis. 2020;221:S519.
[PMID: 32052842]

2. Inclusion conjunctivitis—The eye becomes infected
after contact with genital secretions infected with chla-
mydia. The disease starts with acute redness, discharge,
and irritation. Examination shows follicular conjunctivitis
with mild keratitis. A nontender preauricular lymph node
can often be palpated. Healing usually leaves no sequelae.
Diagnosis can be rapidly confirmed by immunologic tests
or PCR on conjunctival samples. Treatment is with a single
dose of azithromycin, 1 g orally. All cases should be
assessed for genital tract infection and other sexually trans-
mitted diseases.

3. Dy eys

Dry eye, a common and chronic disorder, is an umbrella
term that describes a condition of tear film instability
and associated ocular and visual complaints. Dry eye is
more common in women than men and increases with
age. Hypofunction of the lacrimal glands, causing loss of
the aqueous component of tears (keratoconjunctivitis
sicca), may be due to aging, hereditary disorders, sys-
temic disease (eg, Sjögren syndrome), or systemic drugs.
Excessive evaporation of tears may be due to environ-
mental factors (eg, excessive screen time, windy climate)
or abnormalities of the lipid component of the tear
film, as in blepharitis. Mucin deficiency may be due to
vitamin A deficiency or conjunctival scarring from tra-
choma, Stevens-Johnson syndrome, mucous membrane
pemphigoid, graft-versus-host disease, chemical burns, or
topical drug toxicity.

» Clinical Findings

The patient complains of dryness, redness, foreign body
sensation, and variable vision. In severe cases, there is per-
sistent marked discomfort, with photophobia, difficulty in
moving the lids, and excessive mucus secretion. In many
cases, gross inspection reveals no abnormality, but on slit-
lamp examination there are abnormalities of tear film sta-
bility and reduced tear volume. In more severe cases,
damaged corneal and conjunctival cells stain with fluores-
cein and lissamine green. In the most severe cases, there is
marked conjunctival injection, mucoid discharge, loss of
the normal conjunctival and corneal luster, and epithelial
keratopathy that stains with fluorescein and may progress
to frank ulceration. The Schirmer test, which measures the
rate of production of the aqueous component of tears, may
be helpful.

» Treatment

Aqueous deficiency can be treated with artificial tears
drops or ointments. The simplest preparations are physio-
logic (0.9%) or hypo-osmotic (0.45%) solutions of sodium
chloride, which can be used as frequently as every half-
hour, but in most cases are needed only three or four times
a day. More prolonged duration of action can be achieved
with drop preparations containing a mucomimetic such as
hydroxypropyl methylcellulose (HPMC) or carboxymeth-
ylcelluose (carmellose). If there is tenacious mucus, muco-
lytic agents (eg, acetylcysteine 10% or 20%, 1 drop six times
daily) may be helpful.

Artificial tear preparations are generally safe and, in
most cases, are used three or four times a day. However,
preservatives included in some preparations to maintain
sterility are potentially toxic and allergenic and may cause
ocular surface toxicity in frequent users. Such reactions
may be misinterpreted as a worsening of the dry eye state
requiring more frequent use of the artificial tears and lead-
ing in turn to further deterioration, rather than being rec-
ognized as a need to change to a preservative-free
preparation. Preservative-free preparations are recom-
mended for any frequency of use greater than four times a
day. Eye drops claiming to “get the red out” are not recom-
mended as they cause toxicity and rebound hyperemia
with prolonged use.

Dry eye is considered an inflammatory ocular surface
disease. Accordingly, disease modification may require
episodic treatment with low potency corticosteroid drops.
All patients using topical corticosteroids should have their
intraocular pressure monitored by eye care professionals.
Corticosteroid-sparing anti-inflammatory drops such as
the calcineurin inhibitor cyclosporine 0.05% ophthalmic
emulsion (Restasis) and the integrin antagonist lifitegrast
5% are commonly used with no universal consensus of
efficacy. Lacrimal punctal occlusion by canalicular plugs or
cautery is useful in severe cases.

Blepharitis is treated as described above.

de Paiva CS et al. Topical cyclosporine A therapy for dry eye syn-
drome. Cochrane Database Syst Rev. 2019;9:CD010051.
[PMID: 31517988]
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Gonzales JA. . .Seitzman GD et al. Ocular clinical signs and diag-
nostic tests most compatible with keratoconjunctivitis sicca: a
latent class approach. Cornea. 2020;39:1013. [PMID: 32251167]

4. allgic ey Diss

Allergic eye disease is common and takes a number of dif-
ferent forms but all are expressions of atopy, which may
also manifest as atopic asthma, atopic dermatitis, or allergic
rhinitis.

» Clinical Findings

Symptoms include itching, tearing, redness, stringy dis-
charge, and occasionally, photophobia and visual loss.

Allergic conjunctivitis is common. It may be seasonal
(hay fever), developing usually during the spring or sum-
mer, or perennial. Clinical signs include conjunctival
hyperemia and edema (chemosis), the latter at times being
marked and sudden in onset. Vernal keratoconjunctivitis
also tends to occur in late childhood and early adulthood.
It is usually seasonal, with a predilection for the spring.
Large “cobblestone” papillae are noted on the upper tarsal
conjunctiva. There may be follicles at the limbus. Atopic
keratoconjunctivitis is a more chronic disorder of adult-
hood. Both the upper and the lower tarsal conjunctivas
exhibit a papillary conjunctivitis. Severe cases demonstrate
conjunctival fibrosis, resulting in forniceal shortening and
entropion with trichiasis. Corneal involvement, including
refractory ulceration, is frequent during exacerbations of
both vernal and severe atopic keratoconjunctivitis. The lat-
ter may be complicated by herpes simplex keratitis.

» Treatment

A. Mild and Moderately Severe
Allergic Eye Disease

Topical anti-inflammatory agents include mast cell stabiliz-
ers and antihistamines (Table 7–2). Mast cell stabilization
takes longer to act than antihistamines but can be useful
for prophylaxis. Topical vasoconstrictors, such as ephed-
rine, naphazoline, tetrahydrozoline, and phenylephrine,
alone or in combination with antihistamines, are available
as over-the-counter medications and not typically used
because of limited efficacy, rebound hyperemia, and fol-
licular conjunctivitis. Systemic antihistamines (eg, lorata-
dine 10 mg orally daily) may be useful in prolonged atopic
keratoconjunctivitis. In allergic conjunctivitis, specific
allergens may be avoidable.

B. Acute Exacerbations and
Severe Allergic Eye Disease

Topical corticosteroids (Table 7–2) are essential to control
acute exacerbations of both vernal and atopic keratocon-
junctivitis. Corticosteroid-induced side effects should be
monitored by eye care professionals and include cataracts,
glaucoma, and exacerbation of herpes simplex keratitis.
The lowest potency corticosteroid that controls ocular
inflammation should be used. Topical cyclosporine or
tacrolimus is also effective. Systemic corticosteroid or

other immunosuppressant therapy may be required in
severe atopic keratoconjunctivitis.

Beck KM, Seitzman GD et al. Ocular co-morbidities of atopic
dermatitis. part I: associated ocular diseases. Am J Clin
Dermatol. 2019;20:797. [PMID: 31359350]

Beck KM, Seitzman GD et al. Ocular co-morbidities of atopic
dermatitis. part II: ocular disease secondary to treatments.
Am J Clin Dermatol. 2019;20:807. [PMID: 31352589]

PINGUECULA & PTERYGIUM

Pinguecula is a yellowish, elevated conjunctival nodule in
the area of the palpebral fissure. It is common in persons
over age 35 years. Pterygium is a fleshy, triangular
encroachment of the conjunctiva onto the cornea and is
usually associated with prolonged exposure to wind, sun,
sand, and dust. Pinguecula and pterygium are often bilat-
eral and occur more frequently on the nasal side of the
conjunctiva.

Pingueculae rarely grow but may become inflamed
(pingueculitis). Pterygia become inflamed and may grow.
Treatment is rarely required for inflammation of pinguec-
ula or pterygium, and artificial tears are often beneficial.

The indications for excision of pterygium are growth
that threatens vision by encroaching on the visual axis,
marked induced astigmatism, or severe ocular irritation.

CORNEAL ULCER

Corneal ulcers are most commonly due to infection by
bacteria, viruses, fungi, or amoebas. Noninfectious
causes—all of which may be complicated by infection—
include neurotrophic keratitis (resulting from loss of cor-
neal sensation), exposure keratitis (due to inadequate lid
closure), severe dry eye, severe allergic eye disease, and
inflammatory disorders that may be purely ocular or part
of a systemic vasculitis. Delayed or ineffective treatment of
corneal ulceration may lead to devastating consequences
with corneal scarring and rarely intraocular infection.
Prompt referral is essential.

Patients complain of pain, photophobia, tearing, and
reduced vision. The conjunctiva is injected, and there may
be purulent or watery discharge. The corneal appearance
varies according to the underlying cause.

» When to Refer

Any patient with an acute painful red eye and corneal
abnormality should be referred emergently to an ophthal-
mologist. Contact lens wearers with acute eye pain, redness,
and decreased vision should be referred immediately.

INFECTIOUS KERATITIS

1. Bcil Kiis

Risk factors for bacterial keratitis include contact lens
wear—especially overnight wear—and corneal trauma,
including refractive surgery. The pathogens most commonly
isolated are staphylococci, including MRSA; streptococci;
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Table 7–2. Topical ophthalmic agents (selected list).

agn Cos/Siz1 rcommndd rgimn Indicions

anibioic agns

Amikacin 2.5% (fortified) solution Compounding pharmacy

Azithromycin (AzaSite) $247.45/2.5 mL 1 drop two times daily for 2 days, then

once daily for 5 days

Bacterial conjunctivitis

Bacitracin 500 units/g ointment (various)2 $118.44/3.5 g Apply 0.5 inch into lower conjunctival

sac or to eyelids three to four times

daily for 7–10 days

Bacterial conjunctivitis,

blepharitis, sty

Bacitracin/Polymyxin ointment

(Polysporin, AK-Poly)

$25.70/3.5 g Apply 0.5 inch into lower conjunctival

sac and then three to four times

daily, then as required

Corneal abrasion

Following corneal foreign

body removal

Besifloxacin ophthalmic suspension,

0.6% (Besivance)

$228.35/5 mL 1–2 drops every 2 hours while awake

for 2 days, then every 4 hours for

5 days

1 drop every hour during the day and

every 2 hours during the night for

48 hours, then gradually reduce

Bacterial conjunctivitis

Bacterial keratitis

Ciprofloxacin HCl 0.3% solution (Ciloxan) $10.20/5 mL 1–2 drops every 2 hours while awake

for 2 days, then every 4 hours for

5 days

1 drop every hour during the day and

every 2 hours during the night for

48 hours, then gradually reduce

Bacterial conjunctivitis

Bacterial keratitis

Ciprofloxacin HCl 0.3% ointment $257.23/3.5 g Apply 0.5 inch into lower conjunctival

sac three times daily for 2 days,

then two times daily for 5 days

Bacterial conjunctivitis

Erythromycin 0.5% ointment (various) $17.96/3.5 g 1-cm ribbon up to six times daily Bacterial infection of the

conjunctiva or lid margin

Fusidic acid 1% gel (Fucithalmic) Not available in

United States

1 drop two times daily Bacterial conjunctivitis,

blepharitis, sty, keratitis

Gatifloxacin 0.5% solution (Zymaxid) $118.16/2.5 mL 1 drop every 2 hours while awake, up

to eight times on day 1, then two

to four times daily while awake,

days 2–7

1 drop every hour during the day and

every 2 hours during the night for

48 hours, then gradually reduce

Bacterial conjunctivitis

Bacterial keratitis

Gentamicin sulfate 0.3% solution

(various)

$19.18/5 mL 1–2 drops every 4 hours up to 2 drops

every hour for severe infections

Ocular surface infection

Gentamicin sulfate 0.3% ointment

(various)

$35.44/3.5 g Apply 0.5 inch into lower conjunctival

sac two to three times daily

Ocular surface infection

Gentamicin sulfate 1.5% (fortified

preparation)

Compounding pharmacy 1 drop every hour during the day and

every 2 hours during the night for

48 hours, then gradually reduce

Bacterial keratitis

Levofloxacin 0.5% solution (various) $75.00/5 mL 1–2 drops every 2 hours while awake

for 2 days (maximum eight times

per day), then every 4 hours for

5 days (maximum four times per day)

1 drop every hour during the day and

every 2 hours during the night for

48 hours, then gradually reduce

Bacterial conjunctivitis

Bacterial keratitis

Moxifloxacin 0.5% solution (Vigamox) $167.35/3 mL 1 drop three times daily for 7 days

1 drop every hour during the day and

every 2 hours during the night for

48 hours, then gradually reduce

Bacterial conjunctivitis

Bacterial keratitis

(continued)
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Table 7–2. Topical ophthalmic agents (selected list).

agn Cos/Siz1 rcommndd rgimn Indicions

Neomycin/Polymyxin B/Gramicidin

(Neosporin)

$61.26/10 mL 1–2 drops every 4 hours for 7–10 days

or more frequently, as required

Ocular surface infection

Norfloxacin 0.3% solution Not available in

United States

1 drop every hour during the day and

every 2 hours during the night for

48 hours, then gradually reduce

Ocular surface infection

Bacterial keratitis

Ofloxacin 0.3% solution (Ocuflox) $20.94/5 mL 1–2 drops every 2–4 hours for 2 days,

then four times daily for 5 days

1 drop every hour during the day and

every 2 hours during the night for

48 hours, then gradually reduce

Bacterial conjunctivitis

Bacterial keratitis

Polymyxin B 10,000 U/mL/Trimethoprim

sulfate 1 mg/mL (Polytrim)4
$12.87/10 mL 1 drop every 3 hours for 7–10 days

(maximum of 6 doses per day)

Ocular surface infection

Propamidine isethionate 0.1% solution Not available in the

United States

1–2 drops every 2–4 hours for 2 days,

then four times daily for 5 days

Ocular surface infection

(including Acantham-

oeba keratitis)

Propamidine isethionate 0.1% ointment Not available in the

United States

Apply 0.5 inch into lower conjunctival

sac up to four times daily

Sulfacetamide sodium 10% solution

(various)

$55.65/15 mL 1 or 2 drops every 2–3 hours initially;

taper by increasing time intervals as

condition responds; usual duration

7–10 days

Bacterial infection of the

conjunctiva or lid

margin

Sulfacetamide sodium 10% ointment

(various)

$65.86/3.5 g Apply 0.5 inch into lower conjunctival

sac once every 3–4 hours and at

bedtime; taper by increasing time

intervals as condition responds;

usual duration 7–10 days

Bacterial infection of the

conjunctiva or lid

margin

Tobramycin 0.3% solution (various) $6.25/5 mL 1–2 drops every 4 hours for a mild to

moderate infection or hourly until

improvement (then reduce prior to

discontinuation) for a severe

infection

Tobramycin 1.5% (fortified) solution Compounding pharmacy 1 drop every hour during the day

and every 2 hours during the

night for 48 hours, then gradually

reduce

Bacterial keratitis

Tobramycin 0.3% ointment (Tobrex) $257.23/3.5 g Apply 0.5 inch into lower conjunctival

sac two to three times daily for a

mild to moderate infection or every

3–4 hours until improvement (then

reduce prior to discontinuation) for

a severe infection

anifungl agns

Amphotericin 0.1–0.5% solution Compounding pharmacy

Natamycin 5% suspension (Natacyn) $430.18/15 mL 1 drop every 1–2 hours initially Fungal blepharitis, conjunc-

tivitis, keratitis

Voriconazole 1% solution Compounding pharmacy

anivil agns

Acyclovir 3% ointment (Zovirax) Not available in

United States

Five times daily Herpes simplex virus

keratitis

Ganciclovir 0.15% gel (Zirgan) $473.62/5 g Five times daily Herpetic keratitis

(continued)

(continued)
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Table 7–2. Topical ophthalmic agents (selected list).

agn Cos/Siz1 rcommndd rgimn Indicions

Trifluridine 1% solution (Viroptic) $178.28/7.5 mL 1 drop onto cornea every 2 hours

while awake for a maximum daily

dose of 9 drops until resolution

occurs; then an additional 7 days of

1 drop every 4 hours while awake

(minimum five times daily)

Herpes simplex virus

keratitis

ani-Inflmmoy agns

anihismins5

Emedastine difumarate 0.05% solution

(Emadine)

Not available in the

United States

1 drop four times daily Allergic eye disease

Levocabastine (Livostin) Not available in

United States

1 drop twice daily

Ms cll sbilizs

Cromolyn sodium 4% solution (Crolom) $37.20/10 mL 1 drop four to six times daily

Lodoxamide tromethamine 0.1% solution

(Alomide)

$205.28/10 mL 1 or 2 drops four times daily

(up to 3 months)

Nedocromil sodium 2% solution (Alocril) $269.41/5 mL 1 drop twice daily

Pemirolast potassium 0.1% solution

(Alamast)

Not available in the

United States

1 drop four times daily

Combind nihismins nd ms cll sbilizs

Alcaftadine 0.25% ophthalmic solution

(Lastacaft)

$283.99/3 mL 1 drop once daily

Azelastine HCl 0.05% ophthalmic

solution (Optivar)

$102.90/6 mL 1 drop two to four times daily

(up to 6 weeks)

Bepotastine besilate 1.5% solution

(Bepreve)

$554.52/10 mL 1 drop twice daily

Epinastine hydrochloride 0.05% ophthal-

mic solution (Elestat)

$106.95/5 mL 1 drop twice daily (up to 8 weeks)

Ketotifen fumarate 0.025% solution

(Zaditor)

OTC $7.79/5 mL 1 drop two to four times daily

Olopatadine hydrochloride 0.1% solution

(Patanol)

$108.00/5 mL 1 drop twice daily

Nonsoidl ni-inflmmoy gns

Bromfenac 0.09% solution (Xibrom) $213.69/1.7 mL 1 drop to operated eye twice daily

beginning 24 hours after cataract

surgery and continuing through

first 2 postoperative weeks

Treatment of postoperative

inflammation following

cataract extraction

Diclofenac sodium 0.1% solution

(Voltaren)

$17.50/5 mL 1 drop to operated eye four times

daily beginning 24 hours after sur-

gery and continuing through first

2 postoperative weeks.

Treatment of postoperative

inflammation following

cataract extraction and

laser corneal surgery

Flurbiprofen sodium 0.03% solution

(various)

$51.50/2.5 mL 1 drop every half hour beginning

2 hours before surgery; 1 drop to

operated eye four times daily

beginning 24 hours after cataract

surgery

Inhibition of intraoperative

miosis; treatment of cys-

toid macular edema and

inflammation after cata-

ract surgery

Indomethacin 1% solution (Indocid) Not available in

United States

1 drop four times daily Treatment of allergic eye

disease, postoperative

inflammation following

cataract extraction and

laser corneal surgery

(continued)

(continued)
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Table 7–2. Topical ophthalmic agents (selected list).

agn Cos/Siz1 rcommndd rgimn Indicions

Ketorolac tromethamine 0.5% solution

(Acular)

$105.50/5 mL 1 drop four times daily Treatment of allergic eye

disease, postoperative

inflammation following

cataract extraction and

laser corneal surgery

Nepafenac 0.1% suspension (Nevanac) $325.96/3 mL 1 drop to operated eye three times

daily beginning 24 hours after cata-

ract surgery and continuing

through first 2 postoperative weeks

Treatment of postoperative

inflammation following

cataract extraction

Coicosoids6

Dexamethasone sodium phosphate 0.1%

solution (various)

$21.10/5 mL 1 or 2 drops as often as indicated by

severity; use every hour during the

day and every 2 hours during the

night in severe inflammation; taper

off as inflammation decreases

Treatment of steroid-

responsive inflammatory

conditions

Dexamethasone sodium phosphate

0.05% ointment

Compounding pharmacy Apply thin coating on lower conjuncti-

val sac three or four times daily

Fluorometholone 0.1% suspension

(various)7

$170.50/10 mL 1 or 2 drops as often as indicated by

severity; use every hour during the

day and every 2 hours during the

night in severe inflammation; taper

off as inflammation decreases

Fluorometholone 0.25% suspension

(FML Forte)7
$404.22/10 mL 1 drop two to four times daily

Fluorometholone 0.1% ointment

(FML S.O.P.)

$192.48/3.5 g Apply thin coating on lower conjuncti-

val sac three or four times daily

Loteprednol etabonate 0.5% (Lotemax) $512.86/10 mL 1 or 2 drops four times daily

Prednisolone acetate 0.12% suspension

(Pred Mild)

$384.97/10 mL 1 or 2 drops as often as indicated by

severity of inflammation; use every

hour during the day and every 2

hours during the night in severe

inflammation; taper off as inflam-

mation decreases

Prednisolone sodium phosphate 0.125%

solution

Compounding pharmacy

Prednisolone acetate 1% suspension

(various)

$105.60/10 mL 2 drops four times daily

Prednisolone sodium phosphate

1% solution (various)

$63.25/10 mL 1–2 drops two to four times daily

Immunomodulos

Cyclosporine 0.05% emulsion

(Restasis) 0.4 mL/container

$368.92/30 containers 1 drop twice daily Dry eyes and severe

allergic eye disease

Tacrolimus 0.1% ointment $162.60/30 g tube Not yet established (no label to

support)

Severe allergic eye

disease; no indication

in United States

Glucom nd Ocul Hynsion agns

Symhomimics

Apraclonidine HCl 0.5% solution

(Iopidine)

$86.77/5 mL 1 drop three times daily Reduction of intraocular

pressure; expensive;

reserve for treatment of

resistant cases

(continued)

(continued)
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Table 7–2. Topical ophthalmic agents (selected list).

agn Cos/Siz1 rcommndd rgimn Indicions

Apraclonidine HCl 1% solution (Iopidine) $33.27/unit dose 1 drop 1 hour before and immediately

after anterior segment laser surgery

To control or prevent ele-

vations of intraocular

pressure after laser tra-

beculoplasty or

iridotomy

Brimonidine tartrate 0.2% solution

(Alphagan, Alphagan P [benzalkonium

chloride-free])

$18.13/5 mL 1 drop two or three times daily Reduction of intraocular

pressure

B-dngic blocking gns

Betaxolol HCl 0.5% solution (Betoptic)

and 0.25% suspension (Betoptic S)8

0.5%: $117.91/10 mL

0.25%: $372.64/10 mL

1 drop twice daily Reduction of intraocular

pressure

Carteolol HCl 1% and 2% solution

(various, Teoptic)9
1%: $40.10/10 mL 1 drop twice daily

Levobunolol HCl 0.25% and 0.5% solution

(Betagan)10

0.5%: $21.49/5 mL 1 drop once or twice daily

Metipranolol HCl 0.3% solution

(OptiPranolol)10

$29.67/5 mL 1 drop twice daily

Timolol 0.25% and 0.5% solution

(Betimol)10

0.5%: $169.28/5 mL 1 drop once or twice daily

Timolol maleate 0.25% and 0.5% solution

(Istalol, Ocudose [preservative-free],

Timoptic) and 0.1%, 0.25%, and

0.5% gel (Timoptic-XE, Timoptic GFS)10

0.5% solution: $6.56/5 mL

0.5% gel: $266.09/5 mL

1 drop once or twice daily

Mioics

Pilocarpine HCl 1–4% solution11 1% solution:

$94.81/15 mL

1 drop up to four times daily for

elevated intraocular pressure

Reduction of intraocular

pressure, treatment of

acute or chronic angle-

closure glaucoma, and

pupillary constriction

Cbonic nhyds inhibios

Brinzolamide 1% suspension (Azopt) $366.01/10 mL 1 drop three times daily Reduction of intraocular

pressure

Dorzolamide HCl 2% solution (Trusopt) $45.89/10 mL 1 drop three times daily

posglndin nlogs

Bimatoprost 0.03% solution (Lumigan) $134.63/3 mL 1 drop once daily at night Reduction of intraocular

pressure

Latanoprost 0.005% solution (Xalatan,

Monopost [preservative-free])

$15.00/2.5 mL

(Monopost not available

in United States)

1 drop once or twice daily at night

Latanoprostene bunod 0.024% solution

(Vyzulta)

$257.26/2.5 mL 1 drop daily at night

Tafluprost 0.0015% solution (Saflutan

[preservative-free], Taflotan, Zioptan

[preservative-free])

$255.61/30 units

(Saflutan not available in

United States)

1 drop once daily at night

Travoprost 0.004% solution (Travatan,

Travatan Z [benzalkonium

chloride-free])

$198.36/2.5 mL 1 drop once daily at night

Unoprostone isopropyl 0.15% solution

(Rescula)

$153.84/5 mL 1 drop twice daily

rho kins inhibio

Netarsudil ophthalmic solution 0.02%

(Rhopressa)

$339.54/2.5 mL 1 drop daily in the evening Reduction of intraocular

pressure

(continued)

(continued)
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and Pseudomonas aeruginosa, Moraxella species, and
other gram-negative bacilli. The cornea has an epithelial
defect and an underlying opacity. Hypopyon may be present.
Topical fluoroquinolones, such as levofloxacin 0.5%,
ofloxacin 0.3%, norfloxacin 0.3%, or ciprofloxacin 0.3%,
are commonly used as first-line agents as long as local
prevalence of resistant organisms is low (Table 7–2). For
severe central ulcers, diagnostic scrapings can be sent for
Gram stain and culture. Treatment may include com-
pounded high-concentration topical antibiotic drops
applied hourly day and night for at least the first 48 hours.
Fourth-generation fluoroquinolones (moxifloxacin 0.5%
and gatifloxacin 0.3%) are also frequently used in this set-
ting. Although early adjunctive topical corticosteroid
therapy may improve visual outcome, it should be pre-
scribed only by an ophthalmologist.

» When to Refer

Any patient with suspected bacterial keratitis must be
referred emergently to an ophthalmologist.

Table 7–2. Topical ophthalmic agents (selected list).

agn Cos/Siz1 rcommndd rgimn Indicions

Combind ions

Bimatoprost 0.03% and timolol 0.5%

(Ganfort)

Not available in

United States

1 drop daily in the morning Reduction of intraocular

pressure

Brimonidine 0.2% and timolol 0.5%

(Combigan)

$466.60/10 mL 1 drop twice daily

Brimonidine 0.2% and brinzolamide 1%

(Simbrinza)

$217.34/8 mL 1 drop three times a day

Brinzolamide 1% and timolol 0.5%

(Azarga)

Not available in

United States

1 drop twice daily

Dorzolamide 2% and timolol 0.5%

(Cosopt, Cosopt PF [preservative-free])

$238.41/10 mL 1 drop twice daily

Latanoprost 0.005% and timolol 0.5%

(Xalacom)

Not available in

United States

1 drop daily in the morning

Tafluprost 0.0015% and timolol 0.5%

(Taptiqom [preservative-free])

Not available in

United States

1 drop daily

Travoprost 0.004% and timolol 0.5%

(DuoTrav)

Not available in

United States

1 drop daily

1Average wholesale price (AWP, for AB-rated generic when available) for quantity listed. Source: IBM Micromedex Red Book (electronic ver-

sion) IBM Watson Health. Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com, accessed March 27, 2021. AWP

may not accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.
2Little efficacy against gram-negative organisms (except Neisseria).
3Aplastic anemia has been reported with prolonged ophthalmic use.
4No gram-positive coverage.
5May produce rebound hyperemia and local reactions.
6Long-term use increases intraocular pressure, causes cataracts, and predisposes to bacterial, herpes simplex virus, and fungal keratitis.

These problems may be attenuated by the ester corticosteroid, loteprednol.
7Less likely to elevate intraocular pressure.
8Cardioselective (beta-1) beta-blocker.
9Teoptic is not available in the United States.
10Nonselective (beta-1 and beta-2) beta-blocker. Monitor all patients for systemic side effects, particularly exacerbation of asthma.
11Decreased night vision and headaches possible.

Lin A et al; American Academy of Ophthalmology Preferred
Practice Pattern Cornea and External Disease Panel. Bacterial
Preferred Practice Pattern®. Ophthalmology. 2019;126:P1.
[PMID: 30366799]

2. Hs Simlx Kiis

Primary ocular herpes simplex virus infection may mani-
fest as lid, conjunctival, or corneal ulceration. The ability of
the virus to colonize the trigeminal ganglion leads to recur-
rences that may be precipitated by fever, excessive exposure
to sunlight, or immunodeficiency. Herpetic corneal disease
is typically unilateral but can be seen bilaterally in the set-
ting of atopy or immunocompromise. The dendritic
(branching) corneal ulcer is the most characteristic mani-
festation of herpetic corneal disease. More extensive
(“geographic”) ulcers also occur, particularly if topical
corticosteroids have been used. The corneal ulcers are most
easily seen after instillation of fluorescein and examination
with a cobalt blue light. Resolution of corneal herpetic

(continued)
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disease is hastened by treatment with topical antiviral
agents (eg, trifluridine drops, ganciclovir gel, acyclovir
ointment) or oral antiviral agents (eg, acyclovir, 400–800 mg
five times daily or valacyclovir 500–1000 mg three times
daily for 7–14 days). Topical antiviral agents may cause
corneal toxicity after approximately 10–14 days of therapy
and for that reason are not commonly used for long-term
suppressive therapy.

Stromal herpes simplex keratitis produces increasingly
severe corneal opacity with each recurrence. Antiviral
agents alone are insufficient to control stromal disease, so
topical corticosteroids are also used, but they may enhance
viral replication and steroid dependence frequently occurs.
Severe stromal scarring may require corneal transplanta-
tion; recurrence in the new cornea is common and long-
term oral antiviral agents are required.

The rate of recurrent corneal herpetic disease is reduced
by using long-term oral acyclovir, 400 mg twice daily; fam-
ciclovir, 250 mg once daily; or valacyclovir, 500 mg once
daily. Long-term oral antiviral dosing may be adjusted if
the disease breaks through suppressive dosing or if kidney
dysfunction is present. Caution: For patients with known or
possible herpetic disease, topical corticosteroids should be
prescribed only with ophthalmologic supervision.

» When to Refer

Any patient with a history of herpes simplex keratitis and
an acute red eye should be referred urgently to an
ophthalmologist.

Azher TN et al. Herpes simplex keratitis: challenges in diagnosis
and clinical management. Clin Ophthalmol. 2017;11:185.
[PMID: 28176902]

3. Hs Zos Ohhlmicus

Herpes zoster frequently involves the ophthalmic division
of the trigeminal nerve. It presents with malaise, fever,
headache, and periorbital burning and itching. These
symptoms may precede the eruption by a day or more. The
rash is initially vesicular, quickly becoming pustular and
then crusting. Involvement of the tip of the nose or the lid
margin predicts involvement of the eye. Ocular signs
include conjunctivitis, keratitis, episcleritis, and anterior
uveitis, often with elevated intraocular pressure. Recurrent
anterior segment inflammation, neurotrophic keratitis,
and posterior subcapsular cataract are long-term complica-
tions. Optic neuropathy, cranial nerve palsies, acute retinal
necrosis, and cerebral angiitis occur infrequently. HIV
infection is an important risk factor for herpes zoster oph-
thalmicus and increases the likelihood of complications.

High-dose oral acyclovir (800 mg five times a day),
valacyclovir (1 g three times a day), or famciclovir (500 mg
three times a day) for 7–10 days started within 72 hours
after the appearance of the rash reduces the incidence of
ocular complications but not of postherpetic neuralgia.
Acute keratitis, or a “pseudo-dendrite,” can be treated with
a topical antiviral such as ganciclovir 0.15% gel, 1 drop five
times daily until healing has occurred and then 1 drop
three times daily for 1 more week. Anterior uveitis requires

additional treatment with topical corticosteroids and
cycloplegics. Topical corticosteroids, which promote viral
replication, may have to be delayed until the keratitis has
resolved. Neurotrophic keratitis is an important cause of
long-term morbidity.

» When to Refer

Any patient with herpes zoster ophthalmicus and ocular
symptoms or signs should be referred urgently to an
ophthalmologist.

Vrcek I et al. Herpes zoster ophthalmicus: a review for the inter-
nist. Am J Med. 2017;130:21 [PMID: 27644149]

4. Fungl Kiis

Fungal keratitis tends to occur after corneal injury involv-
ing plant material or in an agricultural setting, in eyes with
chronic ocular surface disease, and increasingly in contact
lens wearers. It may be an indolent process. The corneal
infiltrate may have feathery edges and multiple “satellite”
lesions. A hypopyon may be present. Unlike bacterial kera-
titis, an epithelial defect may or may not be present. Cor-
neal scrapings should be cultured on media suitable for
fungi whenever the history or corneal appearance is sug-
gestive of fungal disease. Diagnosis is often delayed and
treatment is difficult, commonly requiring 6 months or
longer for severe disease. Natamycin 5%, amphotericin
0.1–0.5%, and voriconazole 0.2–1% are the most frequently
used topical agents (Table 7–2). Systemic azoles are prob-
ably not helpful unless there is scleritis or intraocular infec-
tion. Corneal grafting is often required.

Bourcier T et al. Fungal keratitis. J Fr Ophtalmol. 2017;40:e307.
[PMID: 28987448]

Prajna NV et al. Effect of oral voriconazole on fungal keratitis in
the Mycotic Ulcer Treatment Trial II (MUTT II): a random-
ized clinical trial. JAMA Ophthalmol. 2016;134:1365. [PMID:
27787540]

5. amobic Kiis

Amoebic infection, usually due to Acanthamoeba, is an
important cause of keratitis. The two greatest risk factors in
developed countries are contact lens wear and fresh-water or
hot-tub exposure. Although severe pain with perineural and
ring infiltrates in the corneal stroma is characteristic, it is not
specific and earlier forms with changes confined to the cor-
neal epithelium are identifiable. Diagnosis is facilitated by
confocal microscopy and Giemsa staining of cornea smears.
Culture requires specialized media. Intensive topical com-
pounded biguanide (polyhexamethylene or chlorhexidine)
is initiated immediately, and long-term treatment is required.
Diamidine (propamidine or hexamidine) may be added.
Oral miltefosine is FDA approved for the treatment of
Acanthamoeba keratitis, but indications and efficacy have
yet to be established. There should be close monitoring for
systemic toxicity (vomiting, diarrhea, elevation of transami-
nases, and kidney function studies) during its use. Delayed
diagnosis and prior treatment with topical corticosteroids
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adversely affect the visual outcome. Corneal grafting may be
required after resolution of infection to restore vision. If
there is scleral involvement, systemic anti-inflammatory and
immunosuppressant medication is helpful in controlling
pain, but the prognosis is poor.

Carrijo-Carvalho LC et al. Therapeutic agents and biocides for
ocular infections by free-living amoebae of Acanthamoeba
genus. Surv Ophthalmol. 2017;62:203. [PMID: 27836717]

Pinna A et al. Free-living amoebae keratitis. Cornea. 2017;36:785.
[PMID: 28486311]

ACUTE ANGLE-CLOSURE GLAUCOMA

E S S E N T I A L S  O F  D I A G N O S I S

» Older age group, particularly farsighted individuals.

» Rapid onset of severe pain and profound visual
loss with “halos around lights.”

» Red eye, cloudy cornea, dilated pupil.

» Hard eye on palpation.

» General Considerations

Primary acute angle-closure glaucoma (acute angle-
closure crisis) results from closure of a preexisting narrow
anterior chamber angle. The predisposing factors are shal-
low anterior chamber, which may be associated with far-
sightedness or a small eye (short axial length); enlargement
of the crystalline lens with age; and inheritance, such as
among Inuits and Asians. Closure of the angle is precipi-
tated by pupillary dilation and thus can occur from sitting
in a darkened theater, during times of stress, following
nonocular administration of anticholinergic or sympatho-
mimetic agents (eg, nebulized bronchodilators, atropine,
antidepressants, bowel or bladder antispasmodics, nasal
decongestants, or tocolytics), or, rarely, from pharmaco-
logic mydriasis (see Precautions in Management of Ocular
Disorders, below). Subacute primary angle-closure glau-
coma may present as recurrent headache.

Secondary acute angle-closure glaucoma, for which
the mechanism may differ between cases, does not require
a preexisting narrow angle. Secondary acute angle-closure
glaucoma may occur in anterior uveitis, with dislocation of
the lens, with hemodialysis, or due to various drugs (see
Adverse Ocular Effects of Systemic Drugs, below). Symp-
toms are the same as in primary acute angle-closure glau-
coma, but differentiation is important because of differences
in management.

» Clinical Findings

Patients with acute glaucoma usually seek treatment imme-
diately because of extreme pain and blurred vision, though
there are subacute cases. Typically, the blurred vision is

associated with halos around lights. Nausea and abdominal
pain may occur. The eye is red, the cornea cloudy, and the
pupil moderately dilated and nonreactive to light. Intraoc-
ular pressure is usually over 50 mm Hg, producing a hard
eye on palpation.

» Differential Diagnosis

Acute glaucoma must be differentiated from conjunctivitis,
acute uveitis, and corneal disorders (Table 7–1).

» Treatment

Initial treatment, regardless of mechanism, is reduction of
intraocular pressure. A single 500-mg intravenous dose of
acetazolamide, followed by 250 mg orally four times a day,
together with topical medications that lower intraocular
pressure is usually sufficient. Osmotic diuretics, such as
oral glycerin and intravenous urea or mannitol—the dos-
age of all three being 1–2 g/kg—may be necessary if there
is no response to acetazolamide. Definitive treatment
depends on the mechanism.

A. Primary

In primary acute angle-closure glaucoma, once the intra-
ocular pressure has started to fall, topical 4% pilocarpine, 1
drop every 15 minutes for 1 hour and then four times a day,
is used to reverse the underlying angle closure. The defini-
tive treatment is laser peripheral iridotomy, surgical
peripheral iridectomy, or cataract extraction. Cataract
extraction is becoming more of a first-line treatment for
those with primary angle-closure glaucoma.

All patients with primary acute angle closure should
undergo prophylactic laser peripheral iridotomy to the
unaffected eye, or early cataract extraction should be con-
sidered, unless that eye has already undergone cataract or
glaucoma surgery.

B. Secondary

In secondary acute angle-closure glaucoma, additional
treatment is determined by the cause.

» Prognosis

Untreated acute angle-closure glaucoma results in severe
and permanent visual loss within 2–5 days after onset of
symptoms. Affected patients need to be monitored for
development of chronic glaucoma.

» When to Refer

Any patient with suspected acute angle-closure glaucoma
must be referred emergently to an ophthalmologist.

Prum BE Jr et al. Primary Angle Closure Preferred Practice
Pattern(®) Guidelines. Ophthalmology. 2016;123:P1. [PMID:
26581557]

Tanner L et al. Has the EAGLE landed for the use of clear lens
extraction in angle-closure glaucoma? And how should pri-
mary angle-closure suspects be treated? Eye (Lond). 2020;
34:40. [PMID: 31649349]
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CHRONIC GLAUCOMA

E S S E N T I A L S  O F  D I A G N O S I S

» Three types of chronic glaucoma: open-angle
glaucoma, angle-closure glaucoma, and normal-
tension glaucoma.

» No symptoms in early stages.

» Insidious progressive bilateral loss of peripheral
vision, resulting in tunnel vision; visual acuities
preserved until advanced disease.

» Pathologic cupping of the optic disks.

» Intraocular pressure is usually elevated.

» General Considerations

Chronic glaucoma is characterized by gradually progressive
excavation (“cupping”) of the optic disk with loss of vision
progressing from slight visual field loss to complete blind-
ness. In chronic open-angle glaucoma, primary or second-
ary, intraocular pressure is elevated due to reduced drainage
of aqueous fluid through the trabecular meshwork. In
chronic angle-closure glaucoma, which is particularly
common in Inuits and eastern Asians, flow of aqueous fluid
into the anterior chamber angle is obstructed. In normal-
tension glaucoma, intraocular pressure is not elevated but
the same pattern of optic nerve damage occurs.

Primary chronic open-angle glaucoma is usually bilat-
eral. There is an increased prevalence in first-degree rela-
tives of affected individuals and in diabetic patients. In
Afro-Caribbean and African persons, and probably in
Hispanic persons, it is more frequent, occurs at an earlier
age, and results in more severe optic nerve damage. Sec-
ondary chronic open-angle glaucoma may result from
ocular disease, eg, pigment dispersion, pseudoexfoliation,
uveitis, or trauma; or corticosteroid therapy, whether it is
intraocular, topical, inhaled, intranasal, or systemic.

In the United States, it is estimated that 2% of people
over 40 years of age have glaucoma, affecting over
2.5 million individuals. At least 25% of cases are unde-
tected. Over 90% of cases are of the open-angle type. World-
wide, about 45 million people have open-angle glaucoma, of
whom about 4.5 million are bilaterally blind. About 4 mil-
lion people, of whom approximately 50% live in China, are
bilaterally blind from chronic angle-closure glaucoma.

» Clinical Findings

Because initially there are no symptoms, chronic glaucoma
is often first suspected at a routine eye test. Diagnosis
requires consistent and reproducible abnormalities in at
least two of three parameters—optic disk or retinal nerve
fiber layer (or both), visual field, and intraocular pressure.

1. Optic disk cupping—Optic disk cupping is identified as
an absolute increase or an asymmetry between the two eyes
of the ratio of the diameter of the optic cup to the diameter
of the whole optic disk (cup-disk ratio). (Cup-disk ratio

greater than 0.5 or asymmetry between eyes of 0.2 or more
is suggestive.) Detection of optic disk cupping and associ-
ated abnormalities of the retinal nerve fiber layer is facili-
tated by optical coherence tomography scans.

2. Visual field abnormalities—Visual field abnormalities
initially develop in the paracentral region, followed by
constriction of the peripheral visual field. Central vision
remains good until late in the disease.

3. Intraocular pressure—The normal range of intraocular
pressure is 10–21 mm Hg. In many individuals (about
4.5 million in the United States), elevated intraocular pres-
sure is not associated with optic disk or visual field abnor-
malities (ocular hypertension). Monitoring for the
development of glaucoma is required in all such cases; a
significant proportion of eyes with primary open-angle
glaucoma have normal intraocular pressure when it is first
measured, and only repeated measurements identify the
abnormally high pressure. In normal-tension glaucoma,
intraocular pressure is always within the normal range.

» Prevention

There are many causes of optic disk abnormalities or visual
field changes that mimic glaucoma, and visual field testing
may prove unreliable in some patients, particularly in the
older age group. Hence, the diagnosis of glaucoma is not
always straightforward and screening programs need to
involve eye care professionals.

Although all persons over age 50 years may benefit
from intraocular pressure measurement and optic disk
examination every 3–5 years, screening for chronic open-
angle glaucoma should be targeted at individuals with an
affected first-degree relative, at persons who have diabetes
mellitus, and at older individuals with African or Hispanic
ancestry. Screening may also be warranted in patients tak-
ing long-term oral or combined intranasal and inhaled
corticosteroid therapy. Screening for chronic angle-closure
glaucoma should be targeted at Inuits and Asians.

» Treatment

A. Medications

Medical treatment is directed toward lowering intraocular
pressure. Prostaglandin analog eye drops are commonly
used as first-line therapy because of their efficacy, lack of
systemic side effects, and convenient once-daily dose,
(except unoprostone) (Table 7–2). All may produce con-
junctival hyperemia, permanent darkening of the iris and
eyebrow color, increased eyelash growth, and reduction of
periorbital fat (prostaglandin-associated periorbitopathy).
Latanoprostene bunod is metabolized into latanoprost and
another component that releases nitric oxide, which
increases trabecular outflow. Topical beta-adrenergic
blocking agents may be used alone or in combination with
a prostaglandin analog. They may be contraindicated in
patients with reactive airway disease or heart failure.
Betaxolol is theoretically safer in reactive airway disease
but less effective at reducing intraocular pressure. Brimoni-
dine 0.2%, a selective alpha-2-agonist, and topical carbonic
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anhydrase inhibitors also can be used in addition to a
prostaglandin analog or a beta-blocker (twice daily) or as
initial therapy when prostaglandin analogs and beta-
blockers are contraindicated (brimonidine twice daily,
carbonic anhydrase inhibitors three times daily). All three
are associated with allergic reactions. Brimonidine may cause
uveitis. Apraclonidine, 0.5–1%, another alpha-2-agonist, can
be used three times a day to postpone the need for surgery
in patients receiving maximal medical therapy, but long-
term use is limited by adverse reactions. It is more com-
monly used to control acute rise in intraocular pressure,
such as after laser therapy. The topical agent netarsudil
ophthalmic solution 0.02% (1 drop into the affected eye
once daily in the evening) increases aqueous fluid outflow
through the trabecular meshwork. Pilocarpine 1–4% is
rarely used because of adverse effects. Oral carbonic anhy-
drase inhibitors (acetazolamide, methazolamide, and
dichlorphenamide) may be used on a long-term basis if
topical therapy is inadequate and surgical or laser therapy
is inappropriate.

Various eye drop preparations combining two agents
(eg, prostaglandin analogs, beta-adrenergic blocking
agents, brimonidine, and topical carbonic anhydrase inhib-
itors) are available to improve compliance when multiple
medications are required. Formulations of one or two
agents without preservative or not including benzalkonium
chloride as the preservative are preferred to reduce adverse
ocular effects for patients with allergies or severe dry eyes.

B. Laser Therapy and Surgery

1. Openangle glaucoma—Laser trabeculoplasty is used as
an adjunct to topical therapy to defer surgery and is also
advocated as primary treatment, especially when compli-
ance with medications is an issue. Surgery is generally
undertaken when intraocular pressure is inadequately
controlled by medical and laser therapy, but it may also be
used as primary treatment in advanced cases. Trabeculec-
tomy remains the standard procedure. Adjunctive treat-
ment with subconjunctival mitomycin or fluorouracil is
used perioperatively or postoperatively in worse prognosis
cases. A variety of less invasive procedures that avoid a full-
thickness incision into the eye, called microinvasive glau-
coma surgery, are appropriate for moderate glaucoma and
are associated with fewer complications but can be more
difficult to perform.

2. Angleclosure glaucoma—In chronic angle-closure
glaucoma, laser peripheral iridotomy, surgical peripheral
iridectomy, or cataract extraction may be helpful. In
patients with asymptomatic narrow anterior chamber
angles, which includes about 10% of Chinese adults, pro-
phylactic laser peripheral iridotomy can be performed to
reduce the risk of acute and chronic angle-closure glau-
coma. However, there are concerns about the efficacy of
such treatment and the risk of cataract progression and
corneal decompensation. In the United States, about 1% of
people over age 35 years have narrow anterior chamber
angles, but acute and chronic angle closure are sufficiently
uncommon that prophylactic therapy is not generally
advised.

» Prognosis

Untreated chronic glaucoma that begins at age 40–45 years
will probably cause complete blindness by age 60–65. Early
diagnosis and treatment can preserve useful vision
throughout life. In primary open-angle glaucoma and if
treatment is required in ocular hypertension, the aim is to
reduce intraocular pressure to a level that will adequately
reduce progression of visual field loss. In eyes with marked
visual field or optic disk changes, intraocular pressure must
be reduced to less than 16 mm Hg. In normal-tension glau-
coma with progressive visual field loss, it is necessary to
achieve even lower intraocular pressure such that surgery
is often required.

» When to Refer

All patients with suspected chronic glaucoma should be
referred to an ophthalmologist.

Jonas JB et al. Glaucoma. Lancet. 2017;390:2183. [PMID:
28577860]

Pillunat et al. Micro-invasive glaucoma surgery (MIGS): a review
of surgical procedures using stents. Clin Ophthalmol.
2017;11:1583. [PMID: 28919702]

Prum BE Jr et al. Primary open-angle glaucoma Preferred Prac-
tice Pattern(®) guidelines. Ophthalmology. 2016;123:P41.
[PMID: 26581556]

Schehlein EM et al. New classes of glaucoma medications. Curr
Opin Ophthalmol. 2017;28:161. [PMID: 27828896]

UVEITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Usually immunologic but possibly infective or
neoplastic.

» Inflammation may be confined to the eye or may
be systemic.

» acu nongnulomous nio uviis: pain, red-
ness, photophobia, and visual loss.

» Gnulomous nio uviis: blurred vision in a
variably painful and inflamed eye.

» posio uviis: gradual loss of vision in a variably
inflamed eye.

» General Considerations

Intraocular inflammation (uveitis) is classified as acute or
chronic and as nongranulomatous or granulomatous,
according to the clinical signs, and by its involvement of
the anterior, intermediate, posterior, or all (panuveitis) seg-
ments of the eye. The common types are acute nongranu-
lomatous anterior, granulomatous anterior, and posterior.

In most cases the pathogenesis of uveitis is primarily
immunologic, but infection may be the cause, particularly
in immunodeficiency states. The systemic disorders associ-
ated with acute nongranulomatous anterior uveitis are the
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HLA-B27-related conditions (ankylosing spondylitis, reac-
tive arthritis, psoriasis, ulcerative colitis, and Crohn dis-
ease). Chronic nongranulomatous anterior uveitis occurs
in juvenile idiopathic arthritis. Behçet syndrome produces
both anterior uveitis, with recurrent hypopyon, and poste-
rior uveitis, characteristically with branch retinal vein
occlusions. Both herpes simplex and herpes zoster infec-
tions may cause nongranulomatous and granulomatous
anterior uveitis as well as retinitis (acute retinal necrosis).

Diseases producing granulomatous anterior uveitis also
tend to be causes of posterior uveitis. These include sarcoid-
osis, toxoplasmosis, tuberculosis, syphilis, Vogt-Koyanagi-
Harada disease (bilateral uveitis associated with alopecia,
poliosis [depigmented eyelashes, eyebrows, or hair], vitiligo,
and hearing loss), and sympathetic ophthalmia that occurs
after penetrating ocular trauma. In toxoplasmosis, there
may be evidence of previous episodes of retinochoroiditis.
Syphilis characteristically produces a “salt and pepper” fun-
dus but may present with a wide variety of clinical manifes-
tations. The other principal pathogens responsible for
ocular inflammation in HIV infection are cytomegalovirus
(CMV), herpes simplex and herpes zoster viruses, myco-
bacteria, Cryptococcus, Toxoplasma, and Candida.

Retinal vasculitis and intermediate uveitis predominantly
manifest as posterior uveitis with central or peripheral retinal
abnormalities in retinal vasculitis and far peripheral retinal
abnormalities (pars planitis) in intermediate uveitis. Retinal
vasculitis can be caused by a wide variety of infectious agents
and noninfectious systemic conditions but also may be idio-
pathic. Intermediate uveitis is often idiopathic but can be due
to multiple sclerosis or sarcoidosis.

» Clinical Findings

Anterior uveitis is characterized by inflammatory cells
and flare within the aqueous. In severe cases, there may be
hypopyon (layered collection of white cells) and fibrin
within the anterior chamber. Cells may also be seen on the
corneal endothelium as keratic precipitates (KPs). In
granulomatous uveitis, there are large “mutton-fat” KPs,
and sometimes iris nodules. In nongranulomatous uveitis,
the KPs are smaller with no iris nodules. The pupil is usu-
ally small, and with the development of posterior synechiae
(adhesions between the iris and anterior lens capsule), it
also becomes irregularly shaped and poorly reactive.

Nongranulomatous anterior uveitis tends to present
acutely with unilateral pain, redness, photophobia, and
visual loss. However, the ocular inflammation associated
with juvenile idiopathic arthritis is frequently indolent,
commonly asymptomatic initially, and carries a high risk of
sight-threatening complications. Granulomatous anterior
uveitis is also frequently chronic, recurrent, and indolent,
causing blurred vision in a variably inflamed eye.

In posterior uveitis, there are cells in the vitreous and
there may be inflammatory retinal or choroidal lesions.
New retinal lesions are yellow with indistinct margins and
there may be retinal hemorrhages. Older lesions have more
defined margins and are commonly pigmented. Retinal
vessel sheathing may occur adjacent to such lesions or
more diffusely. In severe cases, vitreous opacity precludes
visualization of retinal details.

Posterior uveitis tends to present bilaterally with float-
ers and visual loss. Symptoms are commonly slower in
onset, though acute presentations can occur. Visual loss
may be due to vitreous haze and opacities, inflammatory
lesions involving the macula, macular edema, retinal vein
occlusion, or rarely, optic neuropathy.

» Differential Diagnosis

Retinal detachment, intraocular tumors, and central ner-
vous system lymphoma may all masquerade as uveitis.

» Treatment

Anterior uveitis usually responds to topical corticoste-
roids. Occasionally, periocular or intraocular corticoste-
roid injections or even systemic corticosteroids are
required. Dilation of the pupil is important to relieve dis-
comfort and prevent permanent posterior synechiae. Pos-
terior uveitis more commonly requires systemic,
periocular, or intravitreal corticosteroid therapy. In chronic
cases, systemic corticosteroid-sparing immunomodulatory
therapy with agents such as azathioprine, cyclosporine,
mycophenolate, methotrexate, tacrolimus, or sirolimus is
commonly required. Biologic therapies are also often used.
Pupillary dilation is not usually necessary.

If an infectious cause is identified, specific antimicro-
bial therapy is often needed. In general, the prognosis for
anterior uveitis, particularly the nongranulomatous type, is
better than for posterior uveitis.

» When to Refer

• Any patient with suspected acute uveitis should be
referred urgently to an ophthalmologist or emergently
if visual loss or pain is severe.

• Any patient with suspected chronic uveitis should be
referred to an ophthalmologist, urgently if there is more
than mild visual loss.

» When to Admit

Patients with severe uveitis, particularly those requiring
intravenous therapy, may require hospital admission.

Al-Janabi A et al. Long-term outcomes of treatment with bio-
logical agents in eyes with refractory, active, noninfectious
intermediate uveitis, posterior uveitis, or panuveitis. Ophthal-
mology. 2020;127:410. [PMID: 31607412]

Jabs DA. Immunosuppression for the uveitides. Ophthalmology.
2018;125:193. [PMID: 28942074]

Krishna U et al. Uveitis: a sight-threatening disease which can
impact all systems. Postgrad Med J. 2017;93:766. [PMID:
28942431]

Rathinam SR et al; FAST Research Group. Effect of
corticosteroid-sparing treatment with mycophenolate
mofetil vs methotrexate on inflammation in patients with
uveitis: a randomized clinical trial. JAMA. 2019;322:936.
[PMID: 31503307]

Sève P et al. Uveitis: diagnostic work-up. A literature review and
recommendations from an expert committee. Autoimmun
Rev. 2017;16:1254. [PMID: 29037906]
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CATARACT

E S S E N T I A L S  O F  D I A G N O S I S

» Gradually progressive blurred vision.

» No pain or redness.

» Lens opacities (may be grossly visible).

» General Considerations

Cataracts are opacities of the crystalline lens and are usu-
ally bilateral. They are the leading cause of blindness
worldwide. Age-related cataract is by far the most common
cause. Other causes include (1) congenital (from intrauter-
ine infections, such as rubella and CMV, or inborn errors
of metabolism, such as galactosemia); (2) traumatic; (3)
secondary to systemic disease (diabetes mellitus, myotonic
dystrophy, atopic dermatitis); (4) topical, systemic, or
inhaled corticosteroid treatment; (5) uveitis; or (6) radia-
tion exposure. Most persons over age 60 have some degree
of lens opacity. Cigarette smoking increases the risk of cata-
ract formation. Multivitamin/mineral supplements and
high dietary antioxidants may prevent the development of
age-related cataract.

» Clinical Findings

The predominant symptom is progressive blurring of
vision. Glare, especially in bright light or with night driv-
ing; change of focusing, particularly development of near-
sightedness; and monocular double vision may occur.

Even in its early stages, a cataract can be seen through a
dilated pupil with an ophthalmoscope or slit lamp. As the
cataract matures, the retina will become increasingly diffi-
cult to visualize, until finally the fundus reflection is absent
and the pupil is white.

» Treatment

Functional visual impairment, specifically its effect on
daily activities such as increased falls, is the prime criterion
for surgery. The cataract is usually removed by one of the
techniques in which the posterior lens capsule remains
(extracapsular), thus providing support for a prosthetic
intraocular lens. Ultrasonic fragmentation (phacoemulsifi-
cation) of the lens nucleus and foldable intraocular lenses
allow cataract surgery to be performed through a small
incision without the need for sutures, thus reducing the
postoperative complication rate and accelerating visual
rehabilitation. The standard monofocal prosthetic intra-
ocular lens can correct near or far vision. Premium intra-
ocular lenses (multifocal, extended depth of focus, and
accommodative) reduce the need for both distance and
near vision correction. In the developing world, manual
small-incision surgery, in which the lens nucleus is
removed intact, is popular because less equipment is
required. Additional laser treatment may be required

subsequently (months to years after the initial cataract
surgery) if the posterior capsule opacifies. The use of topi-
cal eye drops to dissolve or prevent cataracts has shown
promising results in experimental models; surgery, how-
ever, is currently the only treatment option for a visually
significant cataract.

» Prognosis

Cataract surgery is cost-effective in improving survival and
quality of life. In the developed world, it improves visual
acuity in 95% of cases. In the other 5%, there is preexisting
retinal damage or operative or postoperative complica-
tions. In less developed areas, the improvement in visual
acuity is not as high, in part due to uncorrected refractive
error postoperatively. A large number of drugs, such as
alpha-adrenoreceptor antagonists for benign prostatic
hyperplasia or systemic hypertension and antipsychotics,
increase the risk of complications during surgery (floppy
iris syndrome) and in the early postoperative period. Naso-
lacrimal duct obstruction increases the risk of intraocular
infection (endophthalmitis).

The alpha-blocker tamsulosin has been shown to have
the greatest risk of floppy iris syndrome. There is no con-
sensus about whether to stop alpha-blockers before surgery
because the effects of the drug on the iris can persist for
months to years. The surgeon must know if the patient is
taking an alpha-blocker to prepare for iris issues during
surgery. If the patient has not yet started an alpha-blocker
and is planning to have cataract surgery shortly, it is best to
wait until after surgery to begin the medication, if possible.

» When to Refer

Patients with cataracts should be referred to an ophthal-
mologist when their visual impairment adversely affects
their everyday activities.

Enright JM et al. Floppy iris syndrome and cataract surgery.
Curr Opin Ophthalmol. 2017;28:29. [PMID: 27653607]

Lian RR et al. The quest for homeopathic and nonsurgical
cataract treatment. Curr Opin Ophthalmol. 2020;31:61.
[PMID: 31770163]

Nanji KC et al. Preventing adverse events in cataract surgery:
recommendations from a Massachusetts expert panel. Anesth
Analg. 2018;126:1537. [PMID: 28991115]

Rampat R et al. Multifocal and extended depth-of-focus intra-
ocular lenses in 2020. Ophthalmology. 2020:S0161-6420(20)
30931-3. [PMID: 32980397]

RETINAL DETACHMENT

E S S E N T I A L S  O F  D I A G N O S I S

» Loss of vision in one eye that is usually rapid, pos-
sibly with “curtain” spreading across field of vision.

» No pain or redness.

» Detachment seen by ophthalmoscopy.
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» General Considerations

Most cases of retinal detachment are due to development
of one or more peripheral retinal tears or holes (rheg-
matogenous retinal detachment). This usually results
from posterior vitreous detachment, related to degenera-
tive changes in the vitreous, and generally occurs in
persons over 50 years of age. Nearsightedness and cata-
ract extraction are the two most common predisposing
causes. It may also be caused by penetrating or blunt
ocular trauma.

Tractional retinal detachment occurs when there is
preretinal fibrosis, such as in proliferative retinopathy due
to diabetic retinopathy or retinal vein occlusion, or as a
complication of rhegmatogenous retinal detachment.
Exudative retinal detachment results from accumulation
of subretinal fluid, such as in neovascular age-related
macular degeneration or secondary to choroidal tumor.

» Clinical Findings

Rhegmatogenous retinal detachment usually starts in the
peripheral retina, spreading rapidly to cause visual field
loss. Premonitory symptoms of the predisposing vitreous
degeneration and vitreo-retinal traction include recent
onset of or increase in floaters (moving spots or strands
like cobwebs in the visual field) and photopsias (flashes of
light). Central vision remains intact until the central
macula becomes detached. On ophthalmoscopic exami-
nation, the retina may be seen elevated in the vitreous
cavity with an irregular surface (Figure 7–1). In tractional
retinal detachment, there is irregular retinal elevation
adherent to scar tissue on the retinal surface, sometimes
extending into the vitreous. Exudative retinal detach-
ments are dome-shaped and the subretinal fluid shifts
position with changes in posture. Ocular ultrasonography
assists the detection and characterization of retinal
detachment.

» Treatment

Treatment of rhegmatogenous retinal detachments requires
closing all of the retinal tears and holes by forming a per-
manent adhesion between the neurosensory retina, the
retinal pigment epithelium, and the choroid with laser
photocoagulation to the retina or cryotherapy to the sclera.
Certain types of uncomplicated retinal detachment may be
treated by pneumatic retinopexy, in which an expansile gas
is injected into the vitreous cavity followed by positioning
of the patient’s head to facilitate apposition between the gas
and the hole to permit reattachment of the retina. Once the
retina is reattached, the defects are surrounded by laser
photocoagulation or cryotherapy scars; these two methods
are also used to seal retinal defects without associated
detachment.

In complicated retinal detachments, particularly trac-
tional retinal detachments, retinal reattachment can be
accomplished only by pars plana vitrectomy, direct manip-
ulation of the retina, and internal tamponade of the retina
with air, expansile gas, or silicone oil. The presence of an
expansile gas within the eye is a contraindication to air
travel, mountaineering at high altitude, and nitrous oxide
anesthesia. Such gases persist in the globe for weeks after
surgery. (See Chapter 37.) Treatment of exudative retinal
detachments is determined by the underlying cause.

» Prognosis

About 90% of uncomplicated rhegmatogenous retinal
detachments can be cured with one operation. The visual
prognosis is worse if the macula is detached or if the
detachment is of long duration.

» When to Refer

All cases of retinal detachment must be referred urgently to
an ophthalmologist, and emergently if central vision is
good because this indicates that the macula has not
detached. During transportation, the patient’s head is posi-
tioned so that the retinal tear is placed at the lowest point
of the eye. If the inferior retina is detached, the patient
should keep the head upright so that the tear is located at
the lowest point, whereas if the temporal retina is detached,
the patient should keep the temporal side of the head down
to reduce the chances that the fluid will extend beneath the
central retina, causing the macula to detach. If vision is
good and the macula is attached, patients should minimize
eye motion; in some patients, patching both eyes can be
helpful in preventing the eyes from moving rapidly around
until surgery can be performed to repair the retinal
detachment.

Bond-Taylor M et al. Posterior vitreous detachment—prevalence
of and risk factors for retinal tears. Clin Ophthalmol.
2017;11:1689. [PMID: 29075095]

Lahham S et al. Role of point of care ultrasound in the diagnosis
of retinal detachment in the emergency department. Open
Access Emerg Med. 2019;11:265. [PMID: 32009820]

Park DH et al. Factors associated with visual outcome after
macula-off rhegmatogenous retinal detachment surgery. Ret-
ina. 2018;38:137. [PMID: 28099315]

▲ Figure 7–1. Inferior retinal detachment as seen on
direct or indirect ophthalmoscopy.
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VITREOUS HEMORRHAGE

Patients with vitreous hemorrhage complain of sudden
visual loss, abrupt onset of floaters that may progressively
increase in severity, or occasionally, “bleeding within the
eye.” Visual acuity ranges from 20/20 (6/6) to light percep-
tion. The eye is not inflamed, red, or painful, and clues to
diagnosis are inability to see fundus details or localized
collection of blood in the vitreous, in front of the retina.
Causes of vitreous hemorrhage include retinal tear (with or
without detachment), diabetic or sickle cell retinopathy,
retinal vein occlusion, retinal vasculitis, neovascular age-
related macular degeneration, retinal arterial macroaneu-
rysm, blood dyscrasia, therapeutic anticoagulation, trauma,
subarachnoid hemorrhage, and severe straining (Valsalva
retinopathy).

» When to Refer

All patients with suspected vitreous hemorrhage must be
referred urgently to an ophthalmologist to determine the
etiology. If the vitreous hemorrhage is caused by a retinal
tear or detachment, it must be repaired urgently to prevent
permanent vision loss.

Shieh WS et al. Ophthalmic complications associated with direct
oral anticoagulant medications. Semin Ophthalmol. 2017;32:
614. [PMID: 27367495]

Zhang T et al. Early vitrectomy for dense vitreous hemorrhage in
adults with non-traumatic and non-diabetic retinopathy. J Int
Med Res. 2017;45:2065. [PMID: 28627981]

AGE-RELATED MACULAR DEGENERATION

E S S E N T I A L S  O F  D I A G N O S I S

» Older age group.

» In one or both eyes; acute or chronic deterioration
of central vision; distortion or abnormal size of
images, sometimes developing acutely.

» No pain or redness.

» Classified as dry (“atrophic,” “geographic”) or wet
(“neovascular,” “exudative”) macular degeneration.

» Macular abnormalities seen by ophthalmoscopy.

» General Considerations

In developed countries, age-related macular degeneration
is the leading cause of permanent visual loss in the older
population. Its prevalence progressively increases over age
50 years (to almost 30% by age 75). Its occurrence and
response to treatment are likely influenced by genetically
determined variations, many of which involve the comple-
ment pathway. Other associated factors are sex (slight
female predominance), family history, hypertension,
hypercholesterolemia, cardiovascular disease, farsighted-
ness, light iris color, and cigarette smoking (the most read-
ily modifiable risk factor).

Although both dry and wet age-related macular degen-
eration are progressive and usually bilateral, they differ in
manifestations, prognosis, and management.

» Clinical Findings

The precursor to age-related macular degeneration is age-
related maculopathy that is characterized by retinal drusen.
Hard drusen appear ophthalmoscopically as discrete yel-
low subretinal deposits. Soft drusen are paler and less dis-
tinct. Large, confluent soft drusen are risk factors for
neovascular (wet) age-related macular degeneration. Age-
related macular degeneration results in loss of central
vision only in most patients. Peripheral fields, and hence
navigational vision, are maintained, except in patients with
severe neovascular age-related macular degeneration.

“Dry” age-related macular degeneration is character-
ized by gradually progressive bilateral visual loss due to
atrophy of the outer retina, the retinal pigment epithelium,
and the choriocapillaris, which supplies blood to both the
outer retina and the retinal pigment epithelium. In “wet”
age-related macular degeneration, choroidal new vessels
grow under either the retina or the retinal pigment epithe-
lial cells, leading to accumulation of exudative fluid, hem-
orrhage, and fibrosis. The onset of visual loss is more rapid
and more severe than in atrophic degeneration. The two
eyes are frequently affected sequentially over a period of a
few years. Although “dry” age-related macular degenera-
tion is much more common, “wet” age-related macular
degeneration accounts for about 90% of all cases of legal
blindness due to age-related macular degeneration.

» Treatment

No dietary modification has been shown to prevent the
development of age-related maculopathy, but its progres-
sion may be reduced by oral treatment with antioxidants
(vitamins C and E), zinc, copper, and carotenoids (lutein
and zeaxanthin, rather than vitamin A [beta-carotene]).
Oral omega-3 fatty acids do not provide additional benefit.

There is no specific treatment for dry age-related macu-
lar degeneration but, as for wet degeneration, rehabilitation
including low-vision aids is important. In addition, patients
should be advised to stop smoking and to take vitamin
supplements as described above.

In wet age-related macular degeneration, inhibitors of
vascular endothelial growth factors (VEGF), such as
ranibizumab, bevacizumab, aflibercept, and brolucizumab,
cause regression of choroidal neovascularization with
resorption of subretinal fluid and improvement or stabili-
zation of vision. Long-term repeated intraocular injections
are required and must be administered in the eye clinic
several times a year, if not monthly. Treatment is well toler-
ated with minimal adverse effects, but there is a risk of
infection (1/2000), retinal detachment (1/10,000), vitreous
hemorrhage, and cataract. Brolucizumab has been associ-
ated with intraocular inflammation and occlusive retinal
vasculitis resulting in irreversible vision loss in some
patients. A certain percentage of patients do not respond to
anti-VEGF injections and up to one-third of eyes lose
vision despite regular treatment.
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» When to Refer

Older patients with sudden visual loss, particularly para-
central or central distortion or scotoma with preservation
of central acuity, should be referred urgently to an
ophthalmologist.

Baumal CR et al. Retinal vasculitis and intraocular inflammation
after intravitreal injection of brolucizumab. Ophthalmology.
2020;127:1345. [PMID: 32344075]

Evans JR et al. Antioxidant vitamin and mineral supplements for
preventing age-related macular degeneration. Cochrane Data-
base Syst Rev. 2017;7:CD000253. [PMID: 28756617]

Evans JR et al. Antioxidant vitamin and mineral supplements for
slowing the progression of age-related macular degeneration.
Cochrane Database Syst Rev. 2017;7:CD000254. [PMID:
28756618]

Kataja M et al. Outcome of anti-vascular endothelial growth fac-
tor therapy for neovascular age-related macular degeneration
in real-life setting. Br J Ophthalmol. 2018;102:959. [PMID:
29074495]

Plyukhova AA et al. Comparative safety of bevacizumab, ranibi-
zumab and aflibercept for treatment of neovascular age-
related macular degeneration (AMD): A systematic review
and network meta-analysis of direct comparative studies. J
Clin Med. 2020;9:1522. [PMID: 32443612]

CENTRAL & BRANCH RETINAL
VEIN OCCLUSIONS

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden monocular loss of vision.

» No pain or redness.

» Widespread or sectoral retinal hemorrhages.

» General Considerations

Central and branch retinal vein occlusion are common
causes of acute vision loss, with branch vein occlusions
being four times more common. The major predisposing
factors are the etiologic factors associated with arterioscle-
rosis, but glaucoma is also a major risk factor.

» Clinical Findings

A. Symptoms and Signs

Ophthalmoscopic signs of central retinal vein occlusion
include widespread retinal hemorrhages, retinal venous
dilation and tortuosity, retinal cotton-wool spots, and optic
disk swelling (Figure 7–2).

Branch retinal vein occlusion may present in a variety
of ways. Sudden loss of vision may occur at the time of
occlusion if the fovea is involved, or some time afterward
from vitreous hemorrhage due to retinal new vessels. More
gradual visual loss may occur with development of macular
edema. In acute branch retinal vein occlusion, the retinal
abnormalities (hemorrhages, microaneurysms, venous
dilation and tortuosity, and cotton-wool spots) are con-
fined to the area drained by the obstructed vein.

To assess for possible reversible risk factors, check
blood pressure and ask about tobacco smoking in all
patients, and ask women about estrogen therapy (including
combined oral contraceptives). Patients should also be
asked about a history of glaucoma and should undergo a
comprehensive eye examination to check intraocular pres-
sure and for signs of open- or narrow-angle glaucoma.

B. Laboratory Findings

Obtain screening laboratory studies for diabetes mellitus,
hyperlipidemia, and hyperviscosity (especially in simulta-
neous bilateral disease), including serum protein electro-
phoresis for paraproteinemia. Particularly in younger
patients, consider obtaining antiphospholipid antibodies,
lupus anticoagulant, tests for inherited thrombophilia, and
plasma homocysteine levels.

» Complications

If central retinal vein occlusion is associated with wide-
spread retinal ischemia, manifesting as poor visual acuity
(20/200 [6/60] or worse), florid retinal abnormalities, and
extensive areas of capillary closure on fluorescein angiogra-
phy, there is a high risk of development of neovascular
(rubeotic) glaucoma, typically within the first 3 months
after the occlusion. Branch retinal vein occlusion may be
complicated by peripheral retinal neovascularization or
chronic macular edema.

» Treatment

A. Macular Edema

Intravitreal injection of VEGF inhibitors, including ranibi-
zumab, bevacizumab, or aflibercept, is beneficial in patients
with macular edema due to either branch or central retinal
vein occlusion. Intravitreal triamcinolone improves vision
in chronic macular edema due to nonischemic central reti-
nal vein occlusion, whereas an intravitreal implant con-
taining dexamethasone is beneficial in both central and
branch retinal vein occlusion, but carries the risk of glau-
coma in 20–65% of patients, and will cause cataract in all
patients who have not already had cataract surgery. Retinal

▲ Figure 7–2. Central retinal vein occlusion.
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laser photocoagulation may be indicated in chronic macu-
lar edema due to branch, but not central, retinal vein occlu-
sion, but most patients are treated with VEGF inhibitor
injections rather than laser.

B. Neovascularization

Eyes at risk for neovascular glaucoma following ischemic
central retinal vein occlusion can be treated with panreti-
nal laser photocoagulation prophylactically or as soon as
there is evidence of neovascularization, with the latter
approach necessitating frequent monitoring. Regression of
iris neovascularization can be achieved with intravitreal
injections of bevacizumab. In branch retinal vein occlusion
complicated by retinal neovascularization, the ischemic
retina should be treated with laser photocoagulation.

» Prognosis

In central retinal vein occlusion, severity of visual loss ini-
tially is a good guide to visual outcome. Initial visual acuity
of 20/60 (6/18) or better indicates a good prognosis. Visual
prognosis is poor for eyes with neovascular glaucoma. In
branch retinal vein occlusion, visual outcome is deter-
mined by the severity of glaucoma and macular damage
from hemorrhage, ischemia, or edema.

» When to Refer

All patients with retinal vein occlusion should be referred
urgently to an ophthalmologist.

Ang JL et al. A systematic review of real-world evidence of the
management of macular oedema secondary to branch retinal
vein occlusion. Eye (Lond). 2020;34:1770. [PMID: 32313172]

Ehlers JP et al. Therapies for macular edema associated with
branch retinal vein occlusion: a report by the American Acad-
emy of Ophthalmology. Ophthalmology. 2017;124:1412.
[PMID: 28551163]

Hykin P et al; LEAVO Study Group. Clinical effectiveness of intra-
vitreal therapy with ranibizumab vs aflibercept vs bevacizumab
for macular edema secondary to central retinal vein occlusion:
a randomized clinical trial. JAMA Ophthalmol. 2019;137:1256.
[PMID: 31465100]

Sinawat S et al. Systemic abnormalities associated with retinal vein
occlusion in young patients. Clin Ophthalmol. 2017;11:441.
[PMID: 28260858]

Shalchi Z et al. Anti-vascular endothelial growth factor for macu-
lar oedema secondary to branch retinal vein occlusion.
Cochrane Database Syst Rev. 2020;7:CD009510. [PMID:
32633861]

CENTRAL & BRANCH RETINAL
ARTERY OCCLUSIONS

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden monocular loss of vision.

» No pain or redness.

» Widespread or sectoral pale retinal swelling.

» General Considerations

In patients 50 years of age or older with central retinal
artery occlusion, giant cell arteritis must be considered (see
Ischemic Optic Neuropathy and Chapter 20). Otherwise,
even if no retinal emboli are identified on ophthalmoscopy,
urgent investigation for carotid and cardiac sources of
emboli must be undertaken in central and branch retinal
artery occlusion so that timely treatment can be given to
reduce the risk of stroke (see Chapters 12, 14, and 24).
Diabetes mellitus, hyperlipidemia, and systemic hyperten-
sion are common etiologic factors. Migraine, oral contra-
ceptives, systemic vasculitis, congenital or acquired
thrombophilia, and hyperhomocysteinemia are also causes,
particularly in young patients. Internal carotid artery dis-
section should be considered especially when there is neck
pain or a recent history of neck trauma.

» Clinical Findings

A. Symptoms and Signs

Central retinal artery occlusion presents as sudden pro-
found monocular visual loss. Visual acuity is usually
reduced to counting fingers or worse, and visual field may
be restricted to an island of vision in the temporal field.
Ophthalmoscopy reveals pale swelling of the retina with a
cherry-red spot at the fovea. The retinal arteries are attenu-
ated, and “box-car” segmentation of blood in the arteries
or veins may be seen as the red blood cells separate from
serum when blood flow is slowed or arrested. Occasionally,
emboli are seen in the central retinal artery or its branches.
The retinal swelling subsides over a period of 4–6 weeks,
leaving a pale optic disk with thinning of the inner retina
on optical coherence tomography scans; these findings can
help diagnose unexplained vision loss if the patient is not
examined during the acute occlusive event.

Branch retinal artery occlusion may also present with
sudden loss of vision if the fovea is involved, but more com-
monly sudden loss of a discrete area in the visual field in
one eye is the presenting complaint. Fundus signs of retinal
swelling and sometimes adjacent cotton-wool spots are
limited to the area of retina supplied by the occluded artery.

Identify risk factors for cardiac sources of emboli
including arrhythmia, particularly atrial fibrillation, and
cardiac valvular disease, and check the blood pressure.
Nonocular clinical features of giant cell arteritis are age 50
years or older, headache, scalp tenderness, jaw claudica-
tion, general malaise, weight loss, symptoms of polymyal-
gia rheumatica, and tenderness, thickening, or absence of
pulse of the superficial temporal arteries. Table 20–12 lists
the clinical manifestations of vasculitis.

B. Laboratory Findings

Giant cell arteritis should be considered in cases of central
retinal artery occlusion without visible emboli. Erythrocyte
sedimentation rate and C-reactive protein are usually ele-
vated in giant cell arteritis but one or both may be normal
(see Chapter 20). Consider screening for other types of
vasculitis (see Table 20–11). Screen for diabetes mellitus
and hyperlipidemia in all patients. Particularly in younger
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patients, consider testing for antiphospholipid antibodies,
lupus anticoagulant, inherited thrombophilia, and elevated
plasma homocysteine.

C. Imaging

To identify carotid and cardiac sources of emboli, obtain
duplex ultrasonography of the carotid arteries, ECG, and
echocardiography with transesophageal studies, if neces-
sary. When indicated, obtain CT or MR studies for internal
carotid artery dissection.

» Treatment

Retinal artery occlusions require urgent referral to an
emergency department for imaging and clinical assessment
to prevent subsequent stroke. If the patient is seen within a
few hours after onset, emergency treatment, comprising
laying the patient flat, ocular massage, high concentrations
of inhaled oxygen, intravenous acetazolamide, and anterior
chamber paracentesis, may influence the visual outcome.
Early thrombolysis, particularly by local intra-arterial
injection, but also intravenously, has shown good results in
central retinal artery occlusion not due to giant cell arteritis.
However, intra-arterial injection of thrombolytic agents
has a high incidence of adverse effects and may be difficult
to accomplish quickly enough after the occlusion develops
to prevent permanent vision loss due to inner retinal isch-
emia, which non-human primate studies suggest occurs
within 90 minutes of occlusion.

In giant cell arteritis, there is risk of involvement of the
other eye without prompt treatment. Recommended ini-
tial empiric treatment is intravenous methylprednisolone
1 g/day for 3 days. Whether oral methylprednisolone is
similarly effective is unknown. All patients require subse-
quent long-term corticosteroid therapy (eg, oral predni-
sone); concomitant administration of long-term low-dose
aspirin therapy is controversial. There must be close moni-
toring to ensure that symptoms resolve and do not recur.
Temporal artery biopsy should be performed promptly to
confirm the diagnosis, and if necessary, assistance sought
from a rheumatologist to guide management (see Polymy-
algia Rheumatica & Giant Cell Arteritis, Chapter 20).

Patients with embolic retinal artery occlusion with
70–99% ipsilateral carotid artery stenosis, and possibly those
with 50–69% stenosis, should be considered for carotid end-
arterectomy or possibly angioplasty with stenting to be per-
formed within 2 weeks (see Chapters 12 and 24). Retinal
embolization due to cardiac disease such as atrial fibrilla-
tion or a hypercoagulable state usually requires anticoagu-
lation. Cardiac valvular disease and patent foramen ovale
may require surgical treatment.

» When to Refer

• Patients with retinal artery occlusions should be
referred immediately to an emergency department to
evaluate for stroke manifestations.

• Patients with central retinal artery occlusion should be
referred emergently to an ophthalmologist.

• Patients with branch retinal artery occlusion should be
referred urgently.

» When to Admit

Patients with visual loss due to giant cell arteritis may require
emergency admission for high-dose corticosteroid therapy
and close monitoring to ensure adequate treatment.

Abel AS et al. Practice patterns after acute embolic retinal artery
occlusion. Asia Pac J Ophthalmol (Phila). 2017;6:37. [PMID:
28161924]

Biousse V et al. Management acute retinal ischemia: follow the
guidelines! Ophthalmology. 2018;125:1597. [PMID: 29716787]

Soriano A et al. Visual loss and other cranial ischaemic complica-
tions in giant cell arteritis. Nat Rev Rheumatol. 2017;13:476.
[PMID: 28680132]

Vodopivec I et al. Management of transient monocular vision loss
and retinal artery occlusions. Semin Ophthalmol. 2017;32:125.
[PMID: 27780399]

TRANSIENT MONOCULAR VISUAL LOSS

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden-onset, monocular loss of vision usually
lasting a few minutes with complete recovery.

» Clinical Findings

A. Symptoms and Signs

Transient monocular visual loss (“ocular transient ischemic
attack [TIA]”) is usually caused by a retinal embolus from
ipsilateral carotid disease or the heart. The visual loss is
characteristically described as a curtain passing vertically
across the visual field with complete monocular visual loss
lasting a few minutes and a similar curtain effect as the
episode passes (amaurosis fugax; also called “fleeting
blindness”). An embolus is rarely seen on ophthalmoscopy.
Other causes of transient, often recurrent, visual loss due to
ocular ischemia are giant cell arteritis, hypercoagulable
state (such as antiphospholipid syndrome), hyperviscosity,
and severe occlusive carotid disease. More transient visual
loss, lasting only a few seconds to 1 minute, usually recur-
rent, and affecting one or both eyes, occurs in patients with
optic disk swelling, for example in those with raised intra-
cranial pressure.

B. Diagnostic Studies

In most cases, clinical assessment and investigations are
much the same as for retinal artery occlusion with empha-
sis on identification of a source of emboli, since patients
with embolic transient vision loss are at increased risk for
stroke, myocardial infarction, and other vascular events.
Optic disk swelling requires different investigations.

» Treatment

All patients with possible embolic transient visual loss should
be treated immediately with oral aspirin (at least 81 mg
daily), or another antiplatelet drug, until the cause has been
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determined. Affected patients with 70–99% (and possibly
those with 50–69%) ipsilateral carotid artery stenosis should
be considered for urgent carotid endarterectomy or possibly
angioplasty with stenting (see Chapters 12 and 24). In all
patients, vascular risk factors (eg, hypertension) need to be
controlled. Retinal embolization due to cardiac arrhythmia,
such as atrial fibrillation, or hypercoagulable state usually
requires anticoagulation. Cardiac valvular disease and patent
foramen ovale may require surgical treatment.

» When to Refer

In all cases of episodic visual loss, early ophthalmologic
consultation is advisable.

» When to Admit

Referral to a stroke center or hospital admission is recom-
mended in embolic transient visual loss if there have been
two or more episodes in the preceding week (“crescendo
TIA”) or the underlying cause is cardiac or a hypercoagu-
lable state.

Biousse V et al. Management of acute retinal ischemia: follow the
guidelines! Ophthalmology. 2018;125:1597. [PMID: 29716787]

Vodopivec I et al. Management of transient monocular vision
loss and retinal artery occlusions. Semin Ophthalmol. 2017;
32:125. [PMID: 27780399]

RETINAL DISORDERS ASSOCIATED
WITH SYSTEMIC DISEASES

1. Dibic rinohy

E S S E N T I A L S  O F  D I A G N O S I S

» Present in ~33% of all diagnosed diabetic patients.

» Present in ~20% of type 2 diabetic patients at time
of diagnosis of diabetes.

» By 20 years after diagnosis of diabetes, 99% of
type 1 diabetic patients and 60% of type 2 dia-
betic patients will have diabetic retinopathy.

» Nonproliferative diabetic retinopathy: can be
mild, moderate, or severe. Microvascular changes
are limited to the retina.

» Proliferative diabetic retinopathy: new blood ves-
sels grow on the surface of the retina, optic nerve,
or iris.

» Diabetic macular edema: central retinal swelling;
can occur with any severity level of diabetic reti-
nopathy; reduces visual acuity if center involved.

» General Considerations

Diabetic retinopathy is present in about one-third of
patients in whom diabetes has been diagnosed, and about
one-third of those have sight-threatening disease. In the
United States, it affects about 4 million people; it is the

leading cause of new blindness among adults aged 20–65 years;
and the number of affected individuals aged 65 years or
older is increasing. Worldwide, there are approximately
93 million people with diabetic retinopathy, including
28 million with vision-threatening disease. Retinopathy
increases in prevalence and severity with increasing dura-
tion and poorer control of diabetes. In type 1 diabetes, reti-
nopathy is not detectable for the first 5 years after diagnosis.
In type 2 diabetes, about 20% of patients have retinopathy at
diagnosis likely because they had diabetes for an extensive
period of time before diagnosis. Macular involvement is the
most common cause of legal blindness in type 2 diabetes.

There are two main categories of diabetic retinopathy:
nonproliferative and proliferative. Diabetic macular edema
can occur at any stage. Nonproliferative retinopathy is
subclassified as mild, moderate, or severe; proliferative reti-
nopathy is less common but causes more severe visual loss.

Nonproliferative (“background”) retinopathy repre-
sents the earliest stage of retinal involvement by diabetes.
During this stage, the retinal capillaries leak proteins, lip-
ids, or red cells into the retina. When this process occurs in
the macula (clinically significant macular edema), the area
of greatest concentration of visual cells, there is interfer-
ence with visual acuity; this is the most common cause of
visual impairment in patients with type 2 diabetes.

Proliferative retinopathy involves the growth of new
capillaries and fibrous tissue on the surface of the retina,
extending into the vitreous chamber. It is a consequence of
small vessel occlusion, which causes retinal hypoxia; this,
in turn, stimulates new vessel growth.

» Clinical Findings

Clinical assessment comprises visual acuity testing, stereo-
scopic examination of the retina, retinal imaging with opti-
cal coherence tomography, and sometimes fluorescein
angiography.

Nonproliferative retinopathy manifests as microaneu-
rysms, retinal hemorrhages, venous beading, retinal
edema, and hard exudates. In mild nonproliferative dia-
betic retinopathy, there are mild retinal abnormalities
without visual loss. Reduction of vision is most commonly
due to diabetic macular edema, which may be focal or dif-
fuse, but it can also be due to macular ischemia.

Proliferative retinopathy is characterized by neovascu-
larization, arising from either the optic disk or the major
vascular arcades. Prior to proliferation of new capillaries, a
preproliferative phase often occurs in which arteriolar
ischemia is manifested as cotton-wool spots (small
infarcted areas of retina). Vision is usually normal until
macular edema, vitreous hemorrhage, or retinal detach-
ment occurs. Proliferation into the vitreous of blood ves-
sels, with associated fibrosis, may lead to vitreous
hemorrhage (common) and tractional retinal detachment
(see eFigure 7–42). Severe nonproliferative retinopathy is
defined as having any one of the following: severe intrareti-
nal hemorrhages and microaneurysms in four quadrants,
venous beading in two or more quadrants, or intraretinal
microvascular abnormalities in at least one quadrant.

Diabetic retinopathy may worsen after bariatric surgery
or in patients with long-standing hyperglycemia that is
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rapidly brought under tight control, such as after receiving
an insulin pump with continuous glucose monitoring.
Macular edema may be associated with thiazolidinedione
(ie, pioglitazone, rosiglitazone) treatment.

» Screening

Visual symptoms and visual acuity are poor guides to the
presence of diabetic retinopathy. Adult and adolescent
patients with diabetes mellitus should undergo regular
screening by fundus photography, which can be performed
using telemedicine that may involve computer detection
software programs or dilated slit-lamp examination of the
retina. Patients with type 1 diabetes mellitus should be
screened 5 years after the diabetes is diagnosed. Patients
with type 2 diabetes mellitus should be screened at or
shortly after diagnosis of diabetes. More frequent monitor-
ing is required in women with type 1 or 2 diabetes during
pregnancy and in those planning pregnancy.

» Treatment

Treatment includes optimizing blood glucose, blood pres-
sure, kidney function, and serum lipids. Glycemic control is
the most important modifiable factor in treating patients
with diabetic retinopathy, but intensive blood pressure con-
trol and avoiding tobacco use also slow retinopathy
progression.

Macular edema and exudates, but not macular isch-
emia, may respond to laser photocoagulation; to intravit-
real administration of a VEGF inhibitor (ranibizumab,
bevacizumab, aflibercept, or brolucizumab) or corticoste-
roid (triamcinolone, dexamethasone implant, or fluocino-
lone implant); or to vitrectomy. VEGF inhibitor therapy
improves diabetic retinopathy severity in eyes at all levels
of nonproliferative diabetic retinopathy and is the mainstay
of treatment for diabetic macular edema.

In patients with severe nonproliferative retinopathy,
fluorescein angiography can help determine whether pan-
retinal laser photocoagulation should be undertaken pro-
phylactically by determining the extent of retinal ischemia.
Vitrectomy is necessary for removal of persistent vitreous
hemorrhage, to improve vision and allow panretinal laser
photocoagulation for the underlying retinal neovascular-
ization, for treatment of tractional retinal detachment
involving the macula, and for management of rapidly pro-
gressive proliferative disease.

Proliferative retinopathy is usually treated by intravit-
real injection of a VEGF inhibitor or panretinal laser pho-
tocoagulation, preferably before vitreous hemorrhage or
tractional detachment has occurred. Proliferative diabetic
retinopathy, especially after successful laser treatment, is
not a contraindication to treatment with thrombolytic
agents, aspirin, or warfarin unless there has been recent
intraocular hemorrhage.

» When to Refer

• All diabetic patients with sudden loss of vision or reti-
nal detachment should be referred emergently to an
ophthalmologist.

• Proliferative retinopathy or macular involvement
requires urgent referral to an ophthalmologist.

• Severe nonproliferative retinopathy or unexplained
reduction of visual acuity requires early referral to an
ophthalmologist.

Flaxel CJ et al. Diabetic Retinopathy Preferred Practice Pattern®.
Ophthalmology. 2020;127:P66. [PMID: 31757498]

Gross JG et al; Diabetic Retinopathy Clinical Research Network.
Five-year outcomes of panretinal photocoagulation vs intra-
vitreous ranibizumab for proliferative diabetic retinopathy: a
randomized clinical trial. JAMA Ophthalmol. 2018;136:1138.
[PMID: 30043039]

Liu Y et al. Risk factors of diabetic retinopathy and sight-threat-
ening diabetic retinopathy: a cross-sectional study of 13 473
patients with type 2 diabetes mellitus in mainland China.
BMJ Open. 2017;7:e016280. [PMID: 28864696]

Wong TY et al. Strategies to tackle the global burden of diabetic
retinopathy: from epidemiology to artificial intelligence.
Ophthalmologica. 2019:1. [PMID: 31408872]

2. Hynsiv rinochooidohy

Systemic hypertension affects both the retinal and choroi-
dal circulations. The clinical manifestations vary according
to the degree and rapidity of rise in blood pressure and the
underlying state of the ocular circulation (see Chapter 11).
The most florid ocular changes occur in young patients
with abrupt elevations of blood pressure, such as may
occur in pheochromocytoma, malignant hypertension, or
preeclampsia-eclampsia.

Chronic hypertension accelerates the development of
atherosclerosis. The retinal arterioles become more tortu-
ous and narrower and develop abnormal light reflexes
(“silver-wiring” and “copper-wiring”) (Figure 11–2). There
is increased venous compression at the retinal arteriove-
nous crossings (“arteriovenous nicking”), predisposing to
branch retinal vein occlusions. Flame-shaped hemorrhages
occur in the nerve fiber layer of the retina. Detection is
aided by nonmydriatic fundus photography.

Acute elevations of blood pressure result in loss of auto-
regulation in the retinal circulation, leading to breakdown of
endothelial integrity and occlusion of precapillary arterioles
and capillaries that manifest as cotton-wool spots, retinal
hemorrhages, retinal edema, and retinal exudates, often in a
stellate appearance at the macula. Vasoconstriction and isch-
emia in the choroid result in exudative retinal detachments
and retinal pigment epithelial infarcts that later develop into
pigmented lesions that may be focal, linear, or wedge-
shaped. The abnormalities in the choroidal circulation may
also affect the optic nerve head, producing ischemic optic
neuropathy with optic disk swelling. Fundus abnormalities
are the hallmark of hypertensive crisis with retinopathy (previ-
ously known as malignant hypertension) that requires emer-
gency treatment (see Chapter 11). Marked fundus
abnormalities are likely to be associated with permanent
retinal, choroidal, or optic nerve damage. Precipitous reduc-
tion of blood pressure may exacerbate such damage.

Fraser-Bell S et al. Hypertensive eye disease: a review. Clin Exp
Ophthalmol. 2017;45:45. [PMID: 27990740]
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Kolman SA et al. Consideration of hypertensive retinopathy as
an important end-organ damage in patients with hyperten-
sion. J Hum Hypertens. 2017;31:121. [PMID: 27465980]

Tsukikawa M et al. A review of hypertensive retinopathy and
chorioretinopathy. Clin Optom (Auckl). 2020;12:67. [PMID:
32440245]

3. Blood Dyscsis

Severe thrombocytopenia or anemia may result in various
types of retinal or choroidal hemorrhages, including white
centered retinal hemorrhages (Roth spots) that occur in leuke-
mia and other situations (eg, bacterial endocarditis). Involve-
ment of the macula may result in permanent visual loss.

Sickle cell retinopathy is particularly common in
hemoglobin SC disease but may also occur with other
hemoglobin S variants. Manifestations include “salmon-
patch” preretinal/intraretinal hemorrhages, “black sunbursts”
resulting from intraretinal hemorrhage, and new vessels.
Severe visual loss is rare but more common in patients with
pulmonary hypertension. Retinal laser photocoagulation
reduces the frequency of vitreous hemorrhage from new ves-
sels. Surgery is occasionally needed for persistent vitreous
hemorrhage or tractional retinal detachment.

Alabduljalil T et al. Retinal ultra-wide-field colour imaging ver-
sus dilated fundus examination to screen for sickle cell reti-
nopathy. Br J Ophthalmol. 2020:316779. [PMID: 32816790]

AlRyalat SA et al. Ocular manifestations of sickle cell disease
in different genotypes. Ophthalmic Epidemiol. 2021;28:185.
[PMID: 32757703]

Talcott KE et al. Ophthalmic manifestations of leukemia. Curr
Opin Ophthalmol. 2016;27:545. [PMID: 27585213]

4. HIV Infcion/aIDS

See Chapter 31. HIV retinopathy causes cotton-wool spots,
retinal hemorrhages, and microaneurysms but may also lead
to reduced contrast sensitivity and retinal nerve fiber layer
and outer retinal damage (HIV neuroretinal disorder).

CMV retinitis is less common since the availability of
antiretroviral therapy (ART) but continues to be prevalent
where resources are limited. It usually occurs when CD4
counts are below 50/mcL (0.05 × 109/L) and is character-
ized by progressively enlarging yellowish-white patches of
retinal opacification, accompanied by retinal hemorrhages,
and usually beginning adjacent to the major retinal vascu-
lar arcades. Patients are often asymptomatic until there is
involvement of the fovea or optic nerve, or until retinal
detachment develops. See Table 31–3 for initial therapeutic
recommendations. Maintenance therapy can be achieved
with lower-dose therapy or with intravitreal therapy. Sys-
temic therapy has a greater risk of nonocular adverse
effects but reduces mortality, incidence of nonocular CMV
disease (but this is less common with ART), and incidence
of retinitis in the fellow eye and avoids intraocular compli-
cations of intravitreal administration. Pharmacologic pro-
phylaxis against CMV retinitis in patients with low CD4
counts or high CMV burdens has not been found to be
worthwhile. In all patients with CMV retinitis, ART needs
to be instituted or adjusted. This may lead to the immune

reconstitution inflammatory syndrome (IRIS), of which
the immune recovery uveitis may lead to visual loss, pre-
dominantly due to cystoid macular edema. It may be pos-
sible to reduce the likelihood of IRIS by using
immunomodulatory therapy to suppress the immune
response causing the inflammation. If the CD4 count is
maintained above 100/mcL (0.1 × 109/L), it may be possible
to discontinue maintenance anti-CMV therapy.

Other ophthalmic manifestations of opportunistic infec-
tions occurring in AIDS patients include herpes simplex
retinitis, which usually manifests as acute retinal necrosis;
toxoplasmic and candidal chorioretinitis possibly progress-
ing to endophthalmitis; herpes zoster ophthalmicus and
herpes zoster retinitis, which can manifest as acute retinal
necrosis or progressive outer retinal necrosis; and various
entities due to syphilis, tuberculosis, or cryptococcosis.
Kaposi sarcoma of the conjunctiva (see Chapter 31) and
orbital lymphoma may also be seen on rare occasions.

Heiden D et al. Active cytomegalovirus retinitis after the start of
antiretroviral therapy. Br J Ophthalmol. 2019;103:157. [PMID:
30196272]

Kim DY et al. Comparison of visual prognosis and clinical fea-
tures of cytomegalovirus retinitis in HIV and non-HIV
patients. Retina. 2017;37:376. [PMID: 28118285]

Munro M et al. Cytomegalovirus retinitis in HIV and non-HIV
individuals. Microorganisms. 2019;8:55. [PMID: 31905656]

Tang Y et al. Clinical features of cytomegalovirus retinitis in HIV
infected patients. Front Cell Infect Microbiol. 2020;10:136.
[PMID: 32318357]

ISCHEMIC OPTIC NEUROPATHY

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden painless visual loss with signs of optic
nerve dysfunction.

» Optic disk swelling in anterior ischemic optic
neuropathy.

Anterior ischemic optic neuropathy—due to inadequate
perfusion of the posterior ciliary arteries that supply the
anterior portion of the optic nerve—produces sudden
visual loss, usually with an altitudinal field defect, and optic
disk swelling. In older patients, it may be caused by giant
cell arteritis (arteritic anterior ischemic optic neuropathy).
The predominant factor predisposing to nonarteritic ante-
rior ischemic optic neuropathy, which subsequently affects
the fellow eye in around 15% of cases, is a congenitally
crowded optic disk, compromising optic disk circulation.
Other predisposing factors are systemic hypertension, dia-
betes mellitus, hyperlipidemia, systemic vasculitis, inher-
ited or acquired thrombophilia, interferon-alpha therapy,
obstructive sleep apnea; the association with phosphodies-
terase type 5 inhibitors is controversial.

Posterior ischemic optic neuropathy, involving the
retrobulbar optic nerve and thus not causing any optic disk
swelling, may occur with severe blood loss; nonocular surgery,
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particularly prolonged lumbar spine surgery in the prone posi-
tion; severe burns; or in association with dialysis. In all such
situations, there may be several contributory factors.

» Treatment

Arteritic anterior ischemic optic neuropathy necessitates
emergency high-dose systemic corticosteroid treatment to
prevent visual loss in the other eye. (See Central & Branch
Retinal Artery Occlusions, above, and Polymyalgia
Rheumatica & Giant Cell Arteritis, Chapter 20.) It is uncer-
tain whether systemic or intravitreal corticosteroid therapy
influences the outcome in nonarteritic anterior ischemic
optic neuropathy or whether oral low-dose (~81 mg daily)
aspirin reduces the risk of fellow eye involvement. In isch-
emic optic neuropathy after nonocular surgery, treatment
of marked anemia by blood transfusion may be beneficial.

» When to Refer

Patients with ischemic optic neuropathy should be referred
urgently to an ophthalmologist.

» When to Admit

Patients with ischemic optic neuropathy due to giant cell
arteritis or other vasculitis may require emergency admis-
sion for high-dose corticosteroid therapy and close moni-
toring to ensure that treatment is adequate.

Berry S et al. Nonarteritic anterior ischemic optic neuropathy:
cause, effect, and management. Eye Brain. 2017;9:23. [PMID:
29033621]

Liu B. The association between phosphodiesterase type 5 inhibi-
tor use and risk of non-arteritic anterior ischemic optic
neuropathy: a systematic review and meta-analysis. Sex Med.
2018;6:185. [PMID: 29884471]

OPTIC NEURITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Subacute usually unilateral visual loss.

» Pain exacerbated by eye movements.

» Optic disk usually normal in acute stage but sub-
sequently develops pallor.

» General Considerations

Inflammatory optic neuropathy is strongly associated with
demyelinating disease (typical optic neuritis), particularly
multiple sclerosis but also acute disseminated encephalo-
myelitis. It also occurs in sarcoidosis; in neuromyelitis
optica spectrum disorder, which is characterized by serum
antibodies to aquaporin-4; in association with serum anti-
bodies to myelin oligodendrocyte glycoprotein; following
viral infection (usually in children); in varicella zoster
virus infection; in autoimmune disorders, particularly sys-
temic lupus erythematosus and Sjögren syndrome; during

treatment with biologics; and by spread of inflammation
from the meninges, orbital tissues, or paranasal sinuses.

» Clinical Findings

Optic neuritis in demyelinating disease is characterized by
unilateral loss of vision developing over a few days. Visual
acuity ranges from 20/30 (6/9) to no perception of light,
with more severe visual loss being associated with low
serum vitamin D. In almost all cases there is pain behind
the eye, exacerbated by eye movements. Field loss is usually
central. There is particular loss of color vision and a relative
afferent pupillary defect. In about two-thirds of cases, the
optic nerve is normal during the acute stage (retrobulbar
optic neuritis). In the remainder, the optic disk is swollen
(papillitis) with occasional flame-shaped peripapillary hem-
orrhages. Visual acuity usually improves within 2–3 weeks
and returns to 20/40 (6/12) or better in 95% of previously
unaffected eyes. Optic atrophy subsequently develops if
there has been damage to sufficient optic nerve fibers. Any
patient without a known diagnosis of multiple sclerosis with
presumed demyelinating optic neuritis in which visual
recovery does not occur or there are other atypical features,
including continuing deterioration of vision or persisting
pain after 2 weeks, should undergo further investigation;
MRI of the head and orbits can look for periventricular
white matter demyelination, examine for a lesion compress-
ing the optic nerve, and identify atypical optic neuritis.

» Treatment

In acute demyelinating optic neuritis, intravenous methyl-
prednisolone (1 g daily for 3 days followed by a tapering
course of oral prednisolone) has been shown to accelerate
visual recovery but not to improve final vision. However, in
clinical practice, the oral taper is not often prescribed, and
oral methylprednisolone may be used. Use in an individual
patient is determined by the degree of visual loss, the state
of the fellow eye, and the patient’s visual requirements. Phe-
nytoin may be neuroprotective in typical optic neuritis.

Atypical optic neuritis due to sarcoidosis, neuromyeli-
tis optica, herpes zoster, or systemic lupus erythematosus
generally has a poorer prognosis, requires immediate and
more prolonged corticosteroid therapy, may require
plasma exchange, and may necessitate long-term
immunosuppression.

» Prognosis

Among patients with a first episode of clinically isolated optic
neuritis, multiple sclerosis will develop in 50% within 15
years; however, the likelihood of developing multiple sclero-
sis ranges from 25% for patients without demyelinating
lesions on brain MRI to 72% in patients with one or more
demyelinating lesions. The major risk factors are female sex
and multiple white matter lesions on brain MRI. Many dis-
ease-modifying drugs are available to reduce the risk of fur-
ther neurologic episodes and disability, but each has adverse
effects that in some instances are life-threatening. Fingoli-
mod is associated with macular edema. Retinal nerve fiber
layer optical coherence tomography quantifies axonal dam-
age that can be used to monitor disease progression.
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» When to Refer

All patients with optic neuritis should be referred urgently
for ophthalmologic or neurologic assessment.

Deschamps R et al. Etiologies of acute demyelinating optic neu-
ritis: an observational study of 110 patients. Eur J Neurol.
2017;24:875. [PMID: 28477397]

Graves JS. Optical coherence tomography in multiple sclerosis.
Semin Neurol. 2019;39:711. [PMID: 31847042]

Morrow MJ et al. Should oral corticosteroids be used to treat
demyelinating optic neuritis? J Neuroophthalmol. 2017;
37:444. [PMID: 28857910]

Patterson SL et al. Neuromyelitis optica. Rheum Dis Clin North
Am. 2017;43:579. [PMID: 29061244]

OPTIC DISK SWELLING

Optic disk swelling may result from any orbital or optic
nerve lesion causing nerve compression, severe hyper-
tensive retinochoroidopathy, or raised intracranial pres-
sure, the last necessitating urgent imaging to exclude an
intracranial mass or cerebral venous sinus occlusion.
Intraocular causes include central retinal vein occlusion,
posterior uveitis, and posterior scleritis. Optic nerve
lesions causing disk swelling include anterior ischemic
optic neuropathy; optic neuritis; optic nerve sheath
meningioma; and infiltration by sarcoidosis, leukemia,
or lymphoma.

Papilledema (optic disk swelling due to raised intracra-
nial pressure) is usually bilateral and most commonly pro-
duces enlargement of the blind spot without loss of acuity.
Chronic papilledema, as in idiopathic intracranial hyper-
tension and cerebral venous sinus occlusion, or severe acute
papilledema may be associated with visual field loss and
occasionally with profound loss of acuity. All patients with
chronic papilledema must be monitored carefully—
especially their visual fields—and cerebrospinal fluid shunt
or optic nerve sheath fenestration should be considered
in those with progressive visual failure not controlled by
medical therapy (weight loss where appropriate and usually
acetazolamide in patients with idiopathic intracranial
hypertension). In idiopathic intracranial hypertension,
transverse venous sinus stenting is also an option.

Optic disk drusen and congenitally crowded optic
disks, which are associated with farsightedness, cause optic
disk elevation that may be mistaken for swelling (pseudo-
papilledema). Exposed optic disk drusen may be obvious
clinically or can be demonstrated by their autofluores-
cence. Buried drusen are best detected by orbital ultra-
sound or CT scanning. Other family members may be
similarly affected.

Chan JW. Current concepts and strategies in the diagnosis and
management of idiopathic intracranial hypertension in
adults. J Neurol. 2017;264:1622. [PMID: 28144922]

Ottridge R et al. Randomised controlled trial of bariatric surgery
versus a community weight loss programme for the sustained
treatment of idiopathic intracranial hypertension: the Idio-
pathic Intracranial Hypertension Weight Trial (IIH:WT)
protocol. BMJ Open. 2017;7:e017426. [PMID: 28963303]

Wall M et al; NORDIC Idiopathic Intracranial Hypertension
Study Group. The longitudinal Idiopathic Intracranial Hyper-
tension Trial: outcomes from months 6–12. Am J Ophthalmol.
2017;176:102. [PMID: 28104417]

CRANIAL NERVE PALSIES

A cranial nerve palsy of any of the three cranial nerves that
supply the extraocular muscles can cause double vision.

In a complete third nerve palsy, there is ptosis with a
divergent and slightly depressed eye (Figure 7–3). Extra-
ocular movements are restricted in all directions except
laterally (preserved lateral rectus function) (Figure 7–3E).

▲ Figure 7–3. Left partial third nerve palsy with ptosis
(A), reduced adduction (B), reduced elevation (C), and
reduced depression (D) but normal abduction (E) of
the left eye.

A

B

C

D

E
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Intact fourth nerve (superior oblique) function is detected
by inward rotation on attempted depression of the eye.
Pupillary involvement, manifesting as a relatively dilated
pupil that does not constrict normally to light, usually
means compression, which may be due to aneurysm of the
posterior communicating artery or uncal herniation due to
a supratentorial mass lesion. In acute painful isolated third
nerve palsy with pupillary involvement, posterior commu-
nicating artery aneurysm must be excluded. Pituitary apo-
plexy is a rarer cause. Causes of isolated third nerve palsy
without pupillary involvement include diabetes mellitus,
hypertension, giant cell arteritis, and herpes zoster.

Fourth nerve palsy causes upward deviation of the eye
with failure of depression on adduction. In acquired cases,
there is vertical and torsional diplopia that is most apparent
on looking down. Trauma is a major cause of acquired—
particularly bilateral—fourth nerve palsy, but posterior
fossa tumor and medical causes, such as in third nerve
palsy, should also be considered. Similar clinical features
are seen in congenital cases due to developmental anomaly
of the nerve, muscle, or tendon.

Sixth nerve palsy causes convergent squint in the pri-
mary position with failure of abduction of the affected eye,
producing horizontal diplopia that increases on gaze to the
affected side and on looking into the distance. It is an impor-
tant sign of raised intracranial pressure and may also be due
to trauma, neoplasms, brainstem lesions, petrous apex
lesions, or medical causes (such as diabetes mellitus, hyper-
tension, giant cell arteritis, and herpes zoster).

In an isolated cranial nerve palsy presumed to be due a
medical cause, brain MRI is not always required initially, but
it is necessary if recovery has not begun within 3 months.

A cranial nerve palsy accompanied by other neurologic
signs may be due to lesions in the brainstem, cavernous
sinus, or orbit. Lesions around the cavernous sinus involve
the first and second divisions of the trigeminal nerve, the
third, fourth, and sixth cranial nerves, and occasionally
the optic chiasm. Orbital apex lesions involve the optic nerve
and the three cranial nerves supplying the extraocular
muscles.

Myasthenia gravis and thyroid eye disease (see Graves
ophthalmopathy) should be considered in the differential
diagnosis of disordered extraocular movements.

» When to Refer

• In recent-onset isolated third nerve palsy, especially if
there is pupillary involvement or pain, immediate refer-
ral is required for neurologic assessment and possibly
CT, MRI, or catheter angiography for intracranial
aneurysm.

• All patients with recent-onset double vision should be
referred urgently to a neurologist or ophthalmologist,
particularly if there are multiple cranial nerve dysfunc-
tions or other neurologic abnormalities.

» When to Admit

Patients with double vision due to giant cell arteritis may
require emergency admission for high-dose corticosteroid

therapy and close monitoring to ensure that treatment is
adequate. (See Central & Branch Retinal Artery Occlusions
and Chapter 20.)

Huff JS et al. Neuro-ophthalmology in emergency medicine.
Emerg Med Clin North Am. 2016;34:967. [PMID: 27741997]

Prasad S. A window to the brain: neuro-ophthalmology for the
primary care practitioner. Am J Med. 2018;131:120. [PMID:
29079403]

THYROID EYE DISEASE
(Graves Ophthalmopathy)

See Hyperthyroidism (Thyrotoxicosis) in Chapter 26.

ORBITAL CELLULITIS

Orbital cellulitis is characterized by fever, proptosis,
restriction of extraocular movements, and swelling with
redness of the lids. Immediate treatment with intravenous
antibiotics is necessary to prevent optic nerve damage
and spread of infection to the cavernous sinuses, menin-
ges, and brain. Infection of the paranasal sinuses is the
usual underlying cause. Infecting organisms include S
pneumoniae, the incidence of which has been reduced by
the administration of pneumococcal vaccine; other strep-
tococci, such as the anginosus group; H influenzae; and,
less commonly, S aureus including MRSA. Penicillinase-
resistant penicillin, such as nafcillin, is recommended,
possibly together with metronidazole or clindamycin to
treat anaerobic infections. If trauma is the underlying
cause, a cephalosporin, such as cefazolin or ceftriaxone,
should be added to ensure coverage for S aureus and
group A beta-hemolytic streptococci. If MRSA infection
is a concern, vancomycin or clindamycin may be required.
For patients with penicillin hypersensitivity, vancomycin,
levofloxacin, and metronidazole are recommended. The
response to antibiotics is usually excellent, but surgery
may be required to drain the paranasal sinuses or orbital
abscess. In immunocompromised patients, zygomycosis
must be considered.

» When to Refer

All patients with suspected orbital cellulitis must be
referred emergently to an ophthalmologist.

Tsirouki T et al. Orbital cellulitis. Surv Ophthalmol. 2018;63:534.
[PMID: 29248536]

OCULAR TRAUMA

Ocular trauma is an important cause of avoidable severe
visual impairment at all ages, and it is the leading cause
of monocular blindness in young adult men in the
United States. Thorough but safe clinical assessment, sup-
plemented when necessary by imaging, is crucial to effec-
tive management. Ocular damage and the possible need for
early assessment by an ophthalmologist need to be borne in
mind in the assessment of any patient with mid-facial injury.
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1. Conjuncivl & Conl Foign Bodis

If a patient complains of “something in my eye” and gives a
consistent history, a foreign body is usually present on the
cornea or under the upper lid even though it may not be
visible. Visual acuity should be tested before treatment is
instituted to assess the severity of the injury and as a basis
for comparison in the event of complications.

After a local anesthetic (eg, proparacaine, 0.5%) is
instilled, the eye is examined with a slit lamp or with a hand
flashlight, using oblique illumination, and loupe. The instil-
lation of sterile fluorescein may make corneal foreign bod-
ies more apparent, which are then removed with a sterile
wet cotton-tipped applicator or hypodermic needle. Baci-
tracin-polymyxin ophthalmic ointment should be instilled.
It is not necessary to patch the eye. All patients need to be
advised to return promptly for reassessment if there is any
increase in pain, redness, or impairment of vision.

Iron foreign bodies usually leave a diffuse rust ring.
This requires excision and is best done under local anes-
thesia using a slit lamp. Caution: Anesthetic drops should
not be given to the patient for self-administration.

If there is no infection, a layer of corneal epithelial cells
will line the crater within 24 hours. While the epithelium is
defective, the cornea is extremely susceptible to infection.
Early infection is manifested by a white necrotic area
around the crater and a small amount of gray exudate.

In the case of a foreign body under the upper lid, a local
anesthetic is instilled and the lid is everted by grasping the
lashes gently and exerting pressure on the mid portion of
the outer surface of the upper lid with an applicator. If a
foreign body is present, it can easily be removed by passing
a wet sterile cotton-tipped applicator across the conjuncti-
val surface.

» When to Refer

Refer urgently to an ophthalmologist if a corneal foreign
body cannot be removed or if there is suspicion of corneal
infection.

Fraenkel A et al. Managing corneal foreign bodies in office-
based general practice. Aust Fam Physician. 2017;46:89.
[PMID: 28260265]

2. Inocul Foign Body

Intraocular foreign body requires emergency treatment by
an ophthalmologist. Patients giving a history of “something
hitting the eye”—particularly while hammering on metal
or using grinding equipment—must be assessed for this
possibility, especially when no corneal foreign body is seen,
a corneal or scleral wound is apparent, or there is marked
visual loss or media opacity. Such patients must be treated
as for open globe injury and referred without delay. Intra-
ocular foreign bodies significantly increase the risk of
intraocular infection.

» When to Refer

Patients with suspected intraocular foreign body must be
referred emergently to an ophthalmologist.

Loporchio D et al. Intraocular foreign bodies: a review. Surv
Ophthalmol. 2016;61:582. [PMID: 26994871]

3. Conl absions

A patient with a corneal abrasion complains of severe
pain and photophobia. There is often a history of trauma
to the eye, commonly involving a fingernail, piece of
paper, or contact lens. Visual acuity is recorded, and the
cornea and conjunctiva are examined with a light and
loupe to rule out a foreign body. If an abrasion is sus-
pected but cannot be seen, sterile fluorescein is instilled
into the conjunctival sac: the area of corneal abrasion
will stain because fluorescein stains areas that are devoid
of epithelium.

Treatment includes bacitracin-polymyxin ophthalmic
ointment or drops, or a fluoroquinolone topical antibi-
otic in contact lens wearers, as prophylaxis against infec-
tion. A mydriatic (cyclopentolate 1%) and either topical
or oral nonsteroidal anti-inflammatory agents can be
used for pain control. Patching the eye is probably not
helpful for small abrasions. Corneal abrasions heal more
slowly in persons who smoke cigarettes. Recurrent corneal
erosion may follow corneal abrasions.

Although treatment of pain from a corneal abrasion with
topical tetracaine for 24 hours has been reported to be safe
and effective, there is a risk of severe corneal disease from
misuse of topical anesthetics, so it is not recommended.

Wakai A et al. Topical non-steroidal anti-inflammatory drugs for
analgesia in traumatic corneal abrasions. Cochrane Database
Syst Rev. 2017;5:CD009781. [PMID: 28516471]

4. Conusions

Contusion injury of the eye (closed globe injury) and
surrounding structures may cause ecchymosis (“black
eye”), subconjunctival hemorrhage, edema of the cornea,
hemorrhage into the anterior chamber (hyphema), rup-
ture of the root of the iris (iridodialysis), paralysis of the
pupillary sphincter, paralysis of the muscles of accom-
modation, cataract, dislocation of the lens, vitreous hem-
orrhage, retinal hemorrhage and edema (most common
in the macular area), detachment of the retina, rupture of
the choroid, fracture of the orbital floor (“blowout frac-
ture”), or optic nerve injury. Many of these injuries are
immediately obvious; others may not become apparent
for days or weeks. The possibility of globe injury must
always be considered in patients with facial injury, par-
ticularly if there is an orbital fracture. Patients with
moderate to severe contusions should be seen by an
ophthalmologist.

Any injury causing hyphema involves the danger of
secondary hemorrhage, which may cause intractable glau-
coma with permanent visual loss. The patient should be
advised to rest until complete resolution has occurred.
Frequent ophthalmologic assessment is essential. Aspirin
and any drugs inhibiting coagulation increase the risk of
secondary hemorrhage and are to be avoided. Sickle cell
anemia or trait adversely affects outcome.

CMDT22_Ch07_p0167-p0200.indd 195 29/06/21 8:32 PM



CHapter 7196 CMDT 2022

without complications. Local anesthetics should not be pre-
scribed because they delay corneal epithelial healing.

CHEMICAL CONJUNCTIVITIS & KERATITIS

Chemical burns are treated by copious irrigation of the
eyes as soon as possible after exposure, with tap water,
saline solution, or buffering solution if available. Neutral-
ization of an acid with an alkali or vice versa may cause
further damage. Alkali injuries are more serious and
require prolonged irrigation, since alkalies are not precipi-
tated by the proteins of the eye as are acids. It is important
to remove any retained particulate matter, such as is typi-
cally present in injuries involving cement and building
plaster. This often requires eversion of the upper lid. The
pupil should be dilated with 1% cyclopentolate, 1 drop
twice a day, to relieve discomfort, and prophylactic topical
antibiotics should be started (Table 7–2). In moderate to
severe injuries, intensive topical corticosteroids and topical
and systemic vitamin C are also necessary. Complications
include mucus deficiency, scarring of the cornea and con-
junctiva, symblepharon (adhesions between the tarsal and
bulbar conjunctiva), tear duct obstruction, and secondary
infection. It is difficult to assess severity of chemical burns
without slit-lamp examination.

Sharma N et al. Treatment of acute ocular chemical burns. Surv
Ophthalmol. 2018;63:214. [PMID: 28935121]

PRECAUTIONS IN MANAGEMENT
OF OCULAR DISORDERS

1. Us of Locl anshics

Unsupervised self-administration of local anesthetics is
dangerous because they are toxic to the corneal epithelium,
delay healing, and the patient may further injure an anes-
thetized eye without knowing it.

Lee MD, Driver TH, Seitzman GD. Cornea specialists do not
recommend routine usage of topical anesthetics for corneal
abrasions. Ann Emerg Med. 2019;74:463. [PMID: 31445551]

2. puilly Dilion

Dilating the pupil can very occasionally precipitate acute
glaucoma if the patient has a narrow anterior chamber
angle and should be undertaken with caution if the ante-
rior chamber is obviously shallow (readily determined by
oblique illumination of the anterior segment of the eye). A
short-acting mydriatic, such as tropicamide, should be
used and the patient warned to report immediately if ocu-
lar discomfort or redness develops. Angle closure is more
likely to occur if pilocarpine is used to overcome pupillary
dilation than if the pupil is allowed to constrict naturally.

Ah-Kee EY et al. A review of drug-induced acute angle closure
glaucoma for non-ophthalmologists. Qatar Med J. 2015;
2015:6. [PMID: 26535174]

» When to Refer

Patients with moderate or severe ocular contusion should
be referred to an ophthalmologist, emergently if there is
hyphema.

5. Lcions

A. Lids

If the lid margin is lacerated, the patient should be
referred for specialized care, since permanent notching
may result. Lacerations of the lower eyelid near the inner
canthus often sever the lower canaliculus, for which cana-
licular intubation is likely to be required. Lid lacerations
not involving the margin may be sutured like any skin
laceration.

Ko AC et al. Eyelid and periorbital soft tissue trauma. Facial Plast
Surg Clin North Am. 2017;25:605. [PMID: 28941512]

B. Conjunctiva

In lacerations of the conjunctiva, sutures are not necessary.
To prevent infection, topical sulfonamide or other antibi-
otic is used until the laceration is healed.

C. Cornea or Sclera

Patients with suspected corneal or scleral laceration or
rupture (open globe injury) must be seen emergently by an
ophthalmologist. Manipulation is kept to a minimum,
since pressure may result in extrusion of intraocular con-
tents. The eye is bandaged lightly and covered with a shield
that rests on the orbital bones above and below. The patient
should be instructed not to squeeze the eye shut and to
remain still. If there may be a metallic intraocular foreign
body, a radiograph or CT scan is obtained to identify and
localize it. MRI is contraindicated because of the risk of
movement of any metallic foreign body but may be useful for
non-metallic foreign body. Endophthalmitis occurs in over
5% of open globe injuries.

» When to Refer

Patients with suspected open globe injury must be referred
emergently to an ophthalmologist.

ULTRAVIOLET KERATITIS (Actinic Keratitis)

Ultraviolet burns of the cornea are usually caused by use of
a sunlamp without eye protection, exposure to a welding
arc, or exposure to the sun when skiing (“snow blindness”).
There are no immediate symptoms, but about 6–12 hours
later the patient complains of agonizing eye pain and severe
photophobia. Slit-lamp examination shows diffuse punc-
tate fluorescein staining of both corneae.

Treatment consists of patching and instillation of 1–2
drops of 1% cyclopentolate (to relieve the discomfort of cili-
ary spasm). Patients typically recover within 24–48 hours
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3. Coicosoid thy

Comanagement with eye specialists is strongly recom-
mended to monitor for ocular complications of corticoste-
roid therapy. Long-term use of local corticosteroids
presents several hazards: ocular hypertension leading to
open-angle glaucoma; cataract formation; and exacerba-
tion of ocular infections, such as herpes simplex (den-
dritic) and fungal keratitis. Furthermore, perforation of the
cornea may occur when corticosteroids are used indis-
criminately for infectious keratitis. The potential for caus-
ing or exacerbating systemic hypertension, diabetes
mellitus, gastritis, osteoporosis, or glaucoma must always
be borne in mind when systemic corticosteroids are pre-
scribed for such conditions as uveitis or giant cell arteritis.

4. Conmind ey Mdicions

Ophthalmic solutions are prepared with the same degree of
care as fluids intended for intravenous administration, but
once bottles are opened there is always a risk of contamina-
tion, particularly with solutions of tetracaine, propara-
caine, fluorescein, and any preservative-free preparations.
Single-use fluorescein eyedrops or sterile fluorescein filter
paper strips are recommended for use in place of multiple-
use fluorescein solutions.

Whether in plastic or glass containers, eye solutions
should not remain in use for long periods after the bottle is
opened. Four weeks after opening is the usual maximum
time for use of a solution containing preservatives before
discarding. Preservative-free preparations should be kept
refrigerated and usually discarded within 1 week after
opening. Single-use products should not be reused.

If the eye has been injured by accident or by surgical
trauma, it is of the greatest importance to use freshly opened
bottles of sterile medications or single-use products.

5. toxic & Hysnsiiviy
rcions o toicl thy

In patients receiving long-term topical therapy, local toxic
or hypersensitivity reactions to the active agent or preser-
vatives may develop (Figure 7–4), especially if there is
inadequate tear secretion. Preservatives in contact lens
cleaning solutions may produce similar problems. Burning
and soreness are exacerbated by drop instillation or contact
lens insertion; occasionally, fibrosis and scarring of the
conjunctiva and cornea may occur. Preservative-free topi-
cal medications and contact lens solutions are available.

An antibiotic instilled into the eye can sensitize the
patient to that drug and cause an allergic reaction upon
subsequent systemic administration. Potentially fatal ana-
phylaxis is known to occur in up to 0.3% of patients after
intravenous fluorescein for fluorescein angiography. Ana-
phylaxis also has been reported after topical fluorescein.

6. Sysmic effcs of Ocul Dugs

The systemic absorption of certain topical drugs (through
the conjunctival vessels and lacrimal drainage system)
must be considered when there is a systemic medical
contraindication to the use of the drug. Ophthalmic solu-
tions of the nonselective beta-blockers, eg, timolol, may
worsen bradycardia, heart failure, or asthma. Phenyleph-
rine eye drops may precipitate hypertensive crises and
angina. Adverse interactions between systemically
administered and ocular drugs should also be considered.
Using only 1 or 2 drops at a time and a few minutes of
nasolacrimal occlusion or eyelid closure ensures maxi-
mum ocular efficacy and decreases systemic side effects
of topical agents.

ADVERSE OCULAR EFFECTS
OF SYSTEMIC DRUGS

Systemically administered drugs produce a wide variety of
adverse effects on the visual system. Table 7–3 lists the
major examples. The likelihood of most complications is
rare, but if visual changes develop while the patient is being
treated with these medications, the patient should be
referred to an eye care professional for an eye examination.
Repeated screening for toxic retinopathy is recommended
in patients receiving long-term chloroquine or hydroxy-
chloroquine therapy. If no baseline abnormalities are pres-
ent, screening should be repeated annually beginning after
5 years. More frequent screening is necessary in patients
treated with doses greater than 5.0 mg/kg real weight/day
of hydroxychloroquine or greater than 2.3 mg/kg/day of
chloroquine, or in patients with kidney disease or in those
taking tamoxifen.

Pentosan polysulfate (used to treat interstitial cystitis)
has been associated with progressive vision loss due to
maculopathy. Patients who receive pentosan polysulfate
should be monitored with annual eye examinations,
including color fundus photography, fundus autofluores-
cence, and optical coherence tomography images; pro-
gressive vision loss can occur after maculopathy
develops.

Patients receiving long-term systemic corticosteroids
are at increased risk for several ocular complications,
including glaucoma, cataract, and central serous retinopa-
thy. They should be referred to an eye care professional for
an eye examination at baseline before starting corticoste-
roids and at any time if reduced or blurry vision
develops.

An ophthalmologist should be informed whether a
patient is taking alpha-adrenoreceptor antagonists (such as
tamsulosin) before cataract surgery because these medica-
tions increase the risk of intraoperative floppy iris syn-
drome, which can make cataract surgery more challenging.

▲ Figure 7–4. Periocular contact dermatitis due to eye
drop preservative.

CMDT22_Ch07_p0167-p0200.indd 197 29/06/21 8:32 PM



CHapter 7198 CMDT 2022

Table 7–3. Adverse ophthalmic effects of systemic drugs (selected list).

Dug possibl Ohhlmic Sid effcs

Ohhlmic dugs

Carbonic anhydrase inhibitors

(eg, acetazolamide, methazolamide)

Nearsightedness, angle-closure glaucoma due to ciliary body swelling

rsioy dugs

Anticholinergic bronchodilators

(eg, ipratropium)

Angle-closure glaucoma due to mydriasis, blurring of vision due to cycloplegia, dry eyes

Sympathomimetic bronchodilators (eg, salbu-

tamol) and decongestants (eg, ephedrine)

Angle-closure glaucoma due to mydriasis

Cdiovscul sysm dugs

Amiodarone Corneal deposits (vortex keratopathy), optic neuropathy, thyroid eye disease

Amlodipine Chemosis (conjunctival edema)

Anticoagulants Conjunctival, retinal, and vitreous hemorrhage

Chlorthalidone Angle-closure glaucoma due to ciliary body swelling

Digitalis Disturbance of color vision, photopsia

Furosemide Angle-closure glaucoma due to ciliary body swelling

Phosphodiesterase type 5 inhibitors

(eg, sildenafil, tadalafil, vardenafil)

Disturbance of color vision, ischemic optic neuropathy

Statins Extraocular muscle palsy (myasthenic syndrome)

Thiazides (eg, indapamide) Angle-closure glaucoma due to ciliary body swelling, nearsightedness, xanthopsia

(yellow vision)

Gsoinsinl dugs

Anticholinergic agents Angle-closure glaucoma due to mydriasis, blurring of vision due to cycloplegia, dry eyes

Uiny c dugs

Alpha-adrenoceptor-antagonists (eg, doxazosin,

prazosin, tamsulosin, terazosin)

Floppy iris syndrome during intraocular surgery

Pentosan polysulfate sodium Maculopathy

Anticholinergic agents Angle-closure glaucoma due to mydriasis, blurring of vision due to cycloplegia, dry eyes

Finasteride Floppy iris syndrome during intraocular surgery

Cnl nvous sysm dugs

Amphetamines Widening of palpebral fissure, blurring of vision due to mydriasis, elevated intraocular

pressure

Anticholinergic agents including preoperative

medications

Angle-closure glaucoma due to mydriasis, blurring of vision due to cycloplegia, dry eyes

Aripiprazole Nearsightedness

Diazepam Nystagmus

Haloperidol Capsular cataract

Lithium carbonate Proptosis, oculogyric crisis, nystagmus

Monoamine oxidase inhibitors Nystagmus

Morphine Miosis

Neostigmine Nystagmus, miosis

Olanzapine Angle-closure glaucoma due to mydriasis

Phenothiazines (eg, chlorpromazine) Pigmentary deposits in conjunctiva, cornea, lens, and retina, oculogyric crisis

Chlorpromazine causes floppy iris syndrome during intraocular surgery

Phenytoin Nystagmus

Quetiapine Floppy iris syndrome during intraocular surgery

Retigabine Ocular pigmentation and retinopathy

(continued)
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Table 7–3. Adverse ophthalmic effects of systemic drugs (selected list).

Dug possibl Ohhlmic Sid effcs

Risperidone, paliperidone Floppy iris syndrome during intraocular surgery

Selective serotonin reuptake inhibitors (SSRIs)

(eg, paroxetine, sertraline)

Angle-closure glaucoma, optic neuropathy

Serotonin and noradrenaline reuptake

inhibitors (eg, venlafaxine)

Angle-closure glaucoma

Thioridazine Corneal and lens deposits, retinopathy, oculogyric crisis

Topiramate Angle-closure glaucoma due to ciliary body swelling, nearsightedness, macular folds,

anterior uveitis

Tricyclic agents (eg, imipramine) Angle-closure glaucoma due to mydriasis, blurring of vision due to cycloplegia

Triptans (sumatriptan, zolmitriptan) Angle-closure glaucoma due to ciliary body swelling, nearsightedness

Vigabatrin Visual field constriction

Zonisamide Angle-closure glaucoma due to ciliary body swelling, nearsightedness

Obsic dugs

Sympathomimetic tocolytics Angle-closure glaucoma due to mydriasis

Homonl gns

Aromatase inhibitors (eg, anastrozole) Dry eye, vitreo-retinal traction, retinal hemorrhages

Cabergoline Angle-closure glaucoma

Female sex hormones Retinal artery occlusion, retinal vein occlusion, papilledema, cranial nerve palsies, ischemic

optic neuropathy

Tamoxifen Crystalline retinal and corneal deposits, altered color perception, cataract, optic neuropathy

Immunomodulos

Alpha-interferon Retinopathy, keratoconjunctivitis, dry eyes, optic neuropathy

Corticosteroids Cataract (posterior subcapsular); susceptibility to viral (herpes simplex), bacterial, and

fungal infections; steroid-induced glaucoma

Cyclosporine Posterior reversible leukoencephalopathy

Fingolimod Macular edema

Tacrolimus Optic neuropathy, posterior reversible leukoencephalopathy

anibioics

Chloramphenicol Optic neuropathy

Clofazimine Crystalline deposits (conjunctiva, cornea, iris)

Ethambutol Optic neuropathy

Fluoroquinolones Diplopia, retinal detachment

Isoniazid Optic neuropathy

Linezolid Optic neuropathy

Rifabutin Uveitis

Streptomycin Optic neuropathy, epidermal necrolysis

Sulfonamides Nearsightedness, angle-closure glaucoma due to ciliary body swelling

Tetracycline, doxycycline, minocycline Papilledema

anivils

Cidofovir Uveitis

animlil gns

Chloroquine, hydroxychloroquine Retinal degeneration principally involving the macula, keratopathy

Quinine Retinal toxicity, pupillary abnormalities

ambicids

Iodochlorhydroxyquin Optic neuropathy

(continued)

(continued)
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Table 7–3. Adverse ophthalmic effects of systemic drugs (selected list).

Dug possibl Ohhlmic Sid effcs

Chmohuic gns

Bortezomib Chalazia

Chlorambucil Optic neuropathy

Cisplatin Optic neuropathy

Docetaxel Lacrimal (canalicular) obstruction

Fluorouracil Lacrimal (canalicular) obstruction

MEK inhibitors: trametinib, selumetinib,

cobimetinib, pimasertib

Multifocal serous retinal detachment, retinal vein occlusion, cystoid macular edema

Vincristine Optic neuropathy

Chling gns

Deferoxamine, deferasirox Retinopathy, optic neuropathy, lens opacity

Penicillamine Ocular pemphigoid, optic neuropathy, extraocular muscle palsy (myasthenic syndrome)

Ol hyoglycmic gns

Chlorpropamide Refractive error, epidermal necrolysis, optic neuropathy

Thiazolidinediones (glitazones) Increase in diabetic macular edema

Vimins

Vitamin A Papilledema

Vitamin D Band-shaped keratopathy

rhumologic gns

Chloroquine, hydroxychloroquine Retinal degeneration principally involving the macula, vortex keratopathy

Gold salts Deposits in the cornea, conjunctiva, and lens

Nonsteroidal anti-inflammatory drugs (NSAIDs)

(eg, ibuprofen, naproxen, indomethacin)

Vortex keratopathy (ibuprofen, naproxen), corneal deposits (indomethacin),

retinal degeneration principally involving the macula (indomethacin)

Penicillamine Ocular pemphigoid, optic neuropathy, extraocular muscle palsy (myasthenic syndrome)

Phenylbutazone Retinal hemorrhages

Salicylates Subconjunctival and retinal hemorrhages, nystagmus

Dmologic gns

Retinoids (eg, isotretinoin, tretinoin, acitretin,

and etretinate)

Papilledema, blepharoconjunctivitis, corneal opacities, decreased contact lens tolerance,

decreased dark adaptation, teratogenic ocular abnormalities

Dupilumab Conjunctivitis

Bishoshons

Alendronate, pamidronate Scleritis, episcleritis, uveitis

The chemotherapeutic MEK inhibitors are associated with
ocular complications including serous retinal detachment,
cystoid macular edema, and retinal vein occlusion. Patients
receiving MEK inhibitors should have a complete eye exami-
nation at baseline before the initiation of these medications
and should be referred for an eye examination if blurred or
reduced vision develops while taking MEK inhibitors.

Alves C et al. Risk of ophthalmic adverse effects in patients
treated with MEK inhibitors: a systematic review and meta-
analysis. Ophthalmic Res. 2017;57:60. [PMID: 27404571]

Campbell RJ et al. Evolution in the risk of cataract surgical com-
plications among patients exposed to tamsulosin: a population-
based study. Ophthalmology. 2019;126:490. [PMID: 30648549]

Fraunfelder FW et al. Ocular & systemic side effects of drugs. In:
Riordan-Eva P, Augsburger JJ. Vaughan & Asbury’s General
Ophthalmology, 19th ed. McGraw-Hill, 2018.

Pearce WA et al. Pigmentary maculopathy associated with
chronic exposure to pentosan polysulfate sodium. Ophthal-
mology. 2018;125:1793. [PMID: 29801663]

Raizman MB et al. Drug-induced corneal epithelial changes.
Surv Ophthalmol. 2017;62:286. [PMID: 27890620]

(continued)
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º
DISEASES OF THE EAR

HEARING LOSS

E S S E N T I A L S  O F  D I A G N O S I S

» Two main types of hearing loss: conductive and
sensorineural.

» Most commonly due to cerumen impaction, tran-
sient eustachian tube dysfunction from upper
respiratory tract infection, or age-related hearing
loss.

» Classification & Epidemiology

Table 8–1 categorizes hearing loss as noral, ild, oder-
ate, severe, and rofound and outlines the vocal equivalent
as well as the decibel range.

A. Conductive Hearing Loss

Conductive hearing loss results fro external or iddle
ear dysfunction. Four echaniss each result in iair-
ent of the assage of sound vibrations to the inner ear:
(1) obstruction (eg, ceruen iaction), (2) ass loading
(eg, iddle ear effusion), (3) stiffness (eg, otosclerosis),
and (4) discontinuity (eg, ossicular disrution). Conduc-
tive losses in adults are ost coonly due to ceruen
iaction or transient eustachian tube dysfunction fro
uer resiratory tract infection. Persistent conductive
losses usually result fro chronic ear infection, traua, or
otosclerosis. Conductive hearing loss is often correctable
with edical or surgical theray, or both.

B. Sensorineural Hearing Loss

Sensory and neural causes of hearing loss are difficult to
differentiate due to testing ethodology and thus are often
referred to as “sensorineural.” Sensorineural hearing losses
are coon in adults.

8Lawrence R. Lustig, MD

Joshua S. Schindler, MD

Ear, Nose, & Throat
Disorders

Sensory hearing loss results fro deterioration of the
cochlea, usually due to loss of hair cells fro the organ of
Corti. The ost coon for is a gradually rogressive,
redoinantly high-frequency loss with advancing age
(resbyacusis); other causes include excessive noise exo-
sure, head traua, and systeic diseases. Sensory hearing
loss is usually not correctable with edical or surgical
theray but often ay be revented or stabilized. An exce-
tion is a sudden sensory hearing loss, which ay resond to
corticosteroids if delivered within several weeks of onset.

Neural hearing loss lesions involve the eighth cranial
nerve, auditory nuclei, ascending tracts, or auditory cortex.
Neural hearing loss is uch less coonly recognized.
Causes include acoustic neuroa, ultile sclerosis, and
auditory neuroathy.

Michels TC et al. Hearing loss in adults: differential diagnosis and
treatent. A Fa Physician. 2019;100:98. [PMID: 31305044]

US Preventive Services Task Force, Krist AH et al. Screening for
hearing loss in older adults: US Preventive Services Task Force
recoendation stateent. JAMA. 2021;325:1196. [PMID:
33755083]

» Evaluation of Hearing (Audiology)

In a quiet roo, the hearing level ay be estiated by hav-
ing the atient reeat aloud words resented in a soft
whiser, a noral soken voice, or a shout. A 512-Hz tun-
ing fork is useful in differentiating conductive fro senso-
rineural losses. In the Weber test, the tuning fork is laced
on the forehead or front teeth. In conductive losses, the
sound aears louder in the oorer-hearing ear, whereas in
sensorineural losses it radiates to the better side. In the
Rinne test, the tuning fork is laced alternately on the
astoid bone and in front of the ear canal. In conductive
losses greater than 25 dB, bone conduction exceeds air
conduction; in sensorineural losses, the oosite is true.

Foral audioetric studies are erfored in a sound-
roofed roo. Pure-tone thresholds in decibels (dB) are
obtained over the range of 250–8000 Hz for both air and
bone conduction. Conductive losses create a ga between
the air and bone thresholds, whereas in sensorineural
losses, both air and bone thresholds are equally diin-
ished. Seech discriination easures the clarity

CMDT22_Ch08_p0201-p0241.indd 201 29/06/21 8:33 PM



CHApTER 8202 CMDT 2022

of hearing, reorted as ercentage correct (90–100% is
noral). Auditory brainste-evoked resonses ay deter-
ine whether the lesion is sensory (cochlea) or neural
(central). However, MRI scanning is ore sensitive and
secific in detecting central lesions.

Every atient who colains of a hearing loss should be
referred for audiologic evaluation unless the cause is easily
reediable (eg, ceruen iaction, otitis edia). Ie-
diate audioetric referral is indicated for atients with
idioathic sudden sensorineural hearing loss because it
requires treatent (corticosteroids) within a liited
several-week tie eriod. Routine audiologic screening is
recoended for adults with rior exosure to otentially
injurious noise levels or in adults at age 65, and every few
years thereafter.

Feltner C et al. Screening for hearing loss in older adults: udated
evidence reort and systeatic review for the US Preventive
Services Task Force. JAMA. 2021;325:1202. [PMID: 33755082]

» Hearing Amplification

Patients with hearing loss not correctable by edical ther-
ay ay benefit fro hearing alification. Conteo-
rary hearing aids are coaratively free of distortion and
have been iniaturized to the oint where they often ay
be contained entirely within the ear canal or lie inconsicu-
ously behind the ear.

For atients with conductive loss or unilateral rofound
sensorineural loss, bone-conducting hearing aids directly
stiulate the isilateral cochlea (for conductive losses) or
contralateral ear (rofound unilateral sensorineural loss).

In ost adults with severe to rofound sensory hearing
loss, the cochlear ilant—an electronic device that is sur-
gically ilanted into the cochlea to stiulate the auditory
nerve—offers socially beneficial auditory rehabilitation.

Johnson CE et al. Benefits fro, satisfaction with, and self-
efficacy for advanced digital hearing aids in users with ild
sensorineural hearing loss. Sein Hear. 2018;39:158. [PMID:
29915453]

Jolink C et al. Hearing disabilities and the effectiveness of reha-
bilitation in different age grous. Otol Neurotol. 2020;41:e982.
[PMID: 33169948]

Jorgensen LE et al. Conventional alification for children and
adults with severe-to-rofound hearing loss. Sein Hear.
2018;39:364. [PMID: 30374208]

McRackan TR et al. Meta-analysis of quality-of-life iroveent
after cochlear ilantation and associations with seech recog-
nition abilities. Laryngoscoe. 2018;128:982. [PMID: 28731538]

DISEASES OF THE AURICLE

Disorders of the auricle include skin cancers due to sun
exosure. Trauatic auricular heatoa ust be drained
to revent significant cosetic defority (cauliflower ear)
or canal blockage resulting fro dissolution of suorting
cartilage. Siilarly, cellulitis of the auricle ust be treated
rotly to revent erichondritis and resultant defority.
Relasing olychondritis is characterized by recurrent,
frequently bilateral, ainful eisodes of auricular erythea
and edea and soeties rogressive involveent of the
cartilaginous tracheobronchial tree. Treatent with corti-
costeroids ay hel forestall cartilage dissolution. Poly-
chondritis and erichondritis ay be differentiated fro
cellulitis by saring of involveent of the lobule, which
does not contain cartilage.

Dalal PJ et al. Risk factors for auricular heatoa and recur-
rence after drainage. Laryngoscoe. 2020;130:628. [PMID:
31621925]

DISEASES OF THE EAR CANAL

1. Cerumen Imaction

Ceruen is a rotective secretion roduced by the outer
ortion of the ear canal. In ost ersons, the ear canal is
self-cleansing. Recoended hygiene consists of cleaning
the external oening only with a washcloth over the index
finger. Ceruen iaction is ost often self-induced
through ill-advised cleansing attets by entering the
canal itself. It ay be relieved by the atient using deter-
gent ear dros (eg, 3% hydrogen eroxide; 6.5% carbaide
eroxide) and irrigation, or by the clinician using echani-
cal reoval, suction, or irrigation. Irrigation is erfored
with water at body teerature to avoid a vestibular caloric
resonse. The strea should be directed at the osterior
ear canal wall adjacent to the ceruen lug. Irrigation
should be erfored only when the tyanic ebrane is
known to be intact.

Use of jet irrigators (eg, WaterPik) should be avoided
since they ay result in tyanic ebrane erforations.
Following irrigation, the ear canal should be thoroughly
dried (eg, by the atient using a hair blow-dryer on low-
ower setting or by the clinician instilling isoroyl alco-
hol) to reduce the likelihood of external otitis. Secialty
referral is indicated if iaction is frequently recurrent, if
it has not resonded to routine easures, or if there is
tyanic ebrane erforation or chronic otitis edia.

Horton GA et al. Ceruen anageent: an udated clinical
review and evidence-based aroach for riary care
hysicians. J Pri Care Counity Health. 2020;11:
2150132720904181. [PMID: 31994443]

2. Foreign Bodies

Foreign bodies in the ear canal are ore frequent in chil-
dren than in adults. Fir aterials ay be reoved with a
loo or a hook, taking care not to dislace the object edi-
ally toward the tyanic ebrane; icroscoic guidance

Table 8–1. Hearing loss classification.

Classification Vocal Equivalent

Decibel (dB)

Range

Normal Soft whisper 0–20 dB

Mild Soft spoken voice 20–40 dB

Moderate Normal spoken voice 40–60 dB

Severe Loud spoken voice 60–80 dB

Profound Shout > 80 dB
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is helful. Aqueous irrigation should not be erfored for
organic foreign bodies (eg, beans, insects), because water
ay cause the to swell. Living insects are best iobi-
lized before reoval by filling the ear canal with lidocaine.

Ki KH et al. Clinical characteristics of external auditory canal
foreign bodies in children and adolescents. Ear Nose Throat J.
2020;99:648. [PMID: 31814447]

3. External Otitis

E S S E N T I A L S  O F  D I A G N O S I S

» Painful erythema and edema of the ear canal skin.

» Purulent exudate.

» In diabetic or immunocompromised patients,
osteomyelitis of the skull base (“malignant external
otitis”) may occur.

» General Considerations

External otitis resents with otalgia, frequently accoa-
nied by ruritus and urulent discharge. There is often a
history of recent water exosure (ie, swier’s ear) or
echanical traua (eg, scratching, cotton alicators).
External otitis is usually caused by gra-negative rods (eg,
Pseudomonas, Proteus) or fungi (eg, Aspergillus), which
grow in the resence of excessive oisture. In diabetic or
iunocoroised atients, ersistent external otitis
ay evolve into osteoyelitis of the skull base (so-called
alignant external otitis). Usually caused by Pseudomonas
aeruginosa, osteoyelitis begins in the floor of the ear
canal and ay extend into the iddle fossa floor, the clivus,
and even the contralateral skull base.

» Clinical Findings

Exaination reveals erythea and edea of the ear canal
skin, often with a urulent exudate (Figure 8–1). Maniu-
lation of the auricle elicits ain. Because the lateral surface
of the tyanic ebrane is ear canal skin, it is often
erytheatous. However, in contrast to acute otitis edia, it
oves norally with neuatic otoscoy. When the canal
skin is very edeatous, it ay be iossible to visualize
the tyanic ebrane. Malignant external otitis tyi-
cally resents with ersistent foul aural discharge, granula-
tions in the ear canal, dee otalgia, and in advanced cases,
rogressive alsies of cranial nerves VI, VII, IX, X, XI, or
XII. Diagnosis is confired by the deonstration of osse-
ous erosion on CT scanning.

» Treatment

Treatent of external otitis involves rotection of the ear
fro additional oisture and avoidance of further
echanical injury by scratching. In cases of oisture in the
ear (eg, swier’s ear), acidification with a drying agent
(ie, a 50/50 ixture of isoroyl alcohol/white vinegar) is

often helful. When infected, an otic antibiotic solution or
susension of an ainoglycoside (eg, neoycin/oly-
yxin B) or fluoroquinolone (eg, cirofloxacin), with or
without a corticosteroid (eg, hydrocortisone), is usually
effective. Purulent debris filling the ear canal should be
gently reoved to erit entry of the toical edication.
Dros should be used abundantly (five or ore dros three
or four ties a day) to enetrate the deths of the canal.
When substantial edea of the canal wall revents entry of
dros into the ear canal, a wick is laced to facilitate their
entry. In recalcitrant cases—articularly when cellulitis of
the eriauricular tissue has develoed—oral fluoroquino-
lones (eg, cirofloxacin, 500 g twice daily for 1 week) are
used because of their effectiveness against Pseudomonas.
Any case of ersistent otitis externa in an iunocoro-
ised or diabetic individual ust be referred for secialty
evaluation.

Treatent of “alignant external otitis” requires ro-
longed antiseudoonal antibiotic adinistration, often
for several onths. Although intravenous theray is often
required initially (eg, cirofloxacin 200–400 g every
12 hours), selected atients ay be graduated to oral ciro-
floxacin (500–1000 g twice daily). To avoid relase, anti-
biotic theray should be continued, even in the
asytoatic atient, until galliu scanning indicates
arked reduction or resolution of the inflaation.

▲ Figure 8–1. Malignant external otitis in a 40-year-
old woman with diabetes mellitus, with typical swelling
and honey-colored crusting of the pinna. Both the
external auditory canal and temporal bone were
involved in the pseudomonal infection. (Used, with
permission, from E.J. Mayeaux Jr, MD, in Usatine RP, Smith
MA, Mayeaux EJ Jr, Chumley H. The Color Atlas of Family
Medicine, 2nd ed. McGraw-Hill, 2013.)
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Surgical debrideent of infected bone is reserved for cases
of deterioration desite edical theray.

Mildenhall N et al. Clinician adherence to the clinical ractice
guideline: acute otitis externa. Laryngoscoe. 2020;130:1565.
[PMID: 31730729]

Peled C et al. Necrotizing otitis externa-analysis of 83 cases:
clinical findings and course of disease. Otol Neurotol.
2019;40:56. [PMID: 30239427]

Wang X et al. Use of systeic antibiotics for acute otitis externa:
iact of a clinical ractice guideline. Otol Neurotol. 2018;
39:1088. [PMID: 30124617]

4. pruritus

Pruritus of the external auditory canal, articularly at the
eatus, is coon. While it ay be associated with
external otitis or with seborrheic deratitis or soriasis,
ost cases are self-induced fro excoriation or overly
zealous ear cleaning. To erit regeneration of the ro-
tective ceruen blanket, atients should be instructed to
avoid use of soa and water or cotton swabs in the ear
canal and avoid any scratching. Patients with excessively
dry canal skin ay benefit fro alication of ineral
oil, which hels counteract dryness and reel oisture.
When an inflaatory coonent is resent, toical
alication of a corticosteroid (eg, 0.1% triacinolone)
ay be beneficial.

5. Exostoses & Osteomas

Bony overgrowths of the ear canal are a frequent incidental
finding and occasionally have clinical significance. Clini-
cally, they resent as skin-covered bony ounds in the
edial ear canal obscuring the tyanic ebrane to a
variable degree. Solitary osteoas are of no significance as
long as they do not cause obstruction or infection. Multile
exostoses, which are generally acquired fro reeated
exosure to cold water (eg, “surfer’s ear”), ay rogress
and require surgical reoval.

Sias V et al. Lifetie revalence of exostoses in New Zealand
surfers. J Pri Health Care. 2019;11:47. [PMID: 31039989]

6. Neolasia

The ost coon neolas of the ear canal is squaous
cell carcinoa. When an aarent otitis externa does not
resolve on theray, a alignancy should be susected and
biosy erfored. This disease carries a very high 5-year
ortality rate because the tuor tends to invade the ly-
hatics of the cranial base and ust be treated with wide
surgical resection and radiation theray. Adenoatous
tuors, originating fro the ceruinous glands, generally
follow a ore indolent course.

Koune N et al. Prognostic iact of tuor extension in
atients with advanced teoral bone squaous cell carci-
noa. Front Oncol. 2020;10:1229. [PMID: 32850367]

Piras G et al. Manageent of squaous cell carcinoa of the
teoral bone: long-ter results and factors influencing
outcoes. Eur Arch Otorhinolaryngol. 2020. [Eub ahead of
rint] [PMID: 32979119]

Seligan KL et al. Teoral bone carcinoa: treatent atterns
and survival. Laryngoscoe. 2020;130:E11. [PMID: 30874314]

DISEASES OF THE EUSTACHIAN TUBE

1. Eustachian Tube Dysfunction

E S S E N T I A L S  O F  D I A G N O S I S

» Aural fullness.

» Fluctuating hearing.

» Discomfort with barometric pressure change.

» At risk for serous otitis media.

The tube that connects the iddle ear to the nasoharynx—
the eustachian tube—rovides ventilation and drainage
for the iddle ear cleft. It is norally closed, oening
only during swallowing or yawning. When eustachian
tube function is coroised, air traed within the
iddle ear becoes absorbed and negative ressure results.
The ost coon causes of eustachian tube dysfunction
are diseases associated with edea of the tubal lining,
such as viral uer resiratory tract infections and allergy.
The atient usually reorts a sense of fullness in the ear and
ild to oderate iairent of hearing. When the tube is
only artially blocked, swallowing or yawning ay elicit a
oing or crackling sound. Exaination ay reveal
retraction of the tyanic ebrane and decreased
obility on neuatic otoscoy. Following a viral illness,
this disorder is usually transient, lasting days to weeks.
Treatent with systeic and intranasal decongestants (eg,
seudoehedrine, 60 g orally every 4–6 hours; oxy-
etazoline, 0.05% sray every 8–12 hours) cobined with
autoinflation by forced exhalation against closed nostrils
ay hasten relief. Autoinflation should not be reco-
ended to atients with active intranasal infection, since
this aneuver ay reciitate iddle ear infection. Aller-
gic atients ay also benefit fro intranasal corticoste-
roids (eg, becloethasone diroionate, two srays in each
nostril twice daily for 2–6 weeks). Air travel, raid altitudi-
nal change, and underwater diving should be avoided until
resolution.

Conversely, an overly atent eustachian tube (“atulous
eustachian tube”) is a relatively uncoon, though quite
distressing roble. Tyical colaints include fullness in
the ear and autohony, an exaggerated ability to hear one-
self breathe and seak. A atulous eustachian tube ay
develo during raid weight loss, or it ay be idioathic.
In contrast to eustachian tube dysfunction, the aural res-
sure is often ade worse by exertion and ay diinish
during an uer resiratory tract infection. Although
hysical exaination is usually noral, resiratory excur-
sions of the tyanic ebrane ay occasionally be
detected during vigorous breathing. Treatent includes
avoidance of decongestant roducts, insertion of a
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ventilating tube to reduce the outward stretch of the ear-
dru during honation, and rarely, surgery on the eusta-
chian tube itself.

Huisan JML et al. Treatent of eustachian tube dysfunction
with balloon dilation: a systeatic review. Laryngoscoe.
2018;128:237. [PMID: 28799657]

Ikeda R et al. Systeatic review of surgical outcoes following
reair of atulous Eustachian tube. Otol Neurotol. 2020;41:1012.
[PMID: 33169947]

Meyer TA et al. A randoized controlled trial of balloon dilation
as a treatent for ersistent Eustachian tube dysfunction with
1-year follow-u. Otol Neurotol. 2018;39:894. [PMID:
29912819]

2. Serous Otitis Media

E S S E N T I A L S  O F  D I A G N O S I S

» Eustachian tube remains blocked for a prolonged
period.

» Resultant negative pressure results in transuda-
tion of fluid.

Prolonged eustachian tube dysfunction with resultant
negative iddle ear ressure ay cause a transudation of
fluid. In adults, serous otitis edia usually occurs with an
uer resiratory tract infection, with barotraua, or with
chronic allergic rhinitis, but when ersistent and unilateral,
nasoharyngeal carcinoa ust be excluded. The ty-
anic ebrane is dull and hyoobile, occasionally
accoanied by air bubbles in the iddle ear and conduc-
tive hearing loss. The treatent of serous otitis edia is
siilar to that for eustachian tube dysfunction. When
edication fails to bring relief after several onths, a ven-
tilating tube laced through the tyanic ebrane ay
restore hearing and alleviate the sense of aural fullness.
Endoscoically guided laser exansion of the nasoharyn-
geal orifice of the eustachian tube or balloon dilation ay
irove function in recalcitrant cases.

Vanneste P et al. Otitis edia with effusion in children: atho-
hysiology, diagnosis, and treatent. A review. J Otol. 2019;
14:33. [PMID: 31223299]

3. Barotrauma

Persons with oor eustachian tube function (eg, congenital
narrowness or acquired ucosal edea) ay be unable to
equalize the baroetric stress exerted on the iddle ear by
air travel, raid altitudinal change, or underwater diving.
The roble is generally ost acute during airlane
descent, since the negative iddle ear ressure tends to
collase and block the eustachian tube, causing ain. Sev-
eral easures are useful to enhance eustachian tube func-
tion and avoid otic barotraua. The atient should be
advised to swallow, yawn, and autoinflate frequently dur-
ing descent. Oral decongestants (eg, seudoehedrine,
60–120 g) should be taken several hours before

anticiated arrival tie so that they will be axially
effective during descent. Toical decongestants such as 1%
henylehrine nasal sray should be adinistered 1 hour
before arrival.

For acute negative iddle ear ressure that ersists on
the ground, treatent includes decongestants and attets
at autoinflation. Myringotoy (creation of a sall eardru
erforation) rovides iediate relief and is aroriate in
the setting of severe otalgia and hearing loss. Reeated ei-
sodes of barotraua in ersons who ust fly frequently
ay be alleviated by insertion of ventilating tubes.

Underwater diving ay reresent an even greater baro-
etric stress to the ear than flying. Patients should be
warned to avoid diving when they have an uer resira-
tory infection or eisode of nasal allergy. During the
descent hase of the dive, if inflation of the iddle ear via
the eustachian tube has not occurred, ain will develo
within the first 15 feet; the dive ust be aborted. In all
cases, divers ust descend slowly and equilibrate in stages
to avoid the develoent of severely negative ressures in
the tyanu that ay result in heorrhage (heoty-
anu) or in erilyhatic fistula. In the latter, the oval or
round window rutures, resulting in sensory hearing loss
and acute vertigo. During the ascent hase of a saturation
dive, sensory hearing loss or vertigo ay develo as the
first (or only) syto of decoression sickness. Ie-
diate recoression will return intravascular gas bubbles
to solution and restore the inner ear icrocirculation.

Tyanic ebrane erforation is an absolute contra-
indication to diving, as the atient will exerience an unbal-
anced theral stiulus to the seicircular canals and ay
exerience vertigo, disorientation, and even eesis.

Rozycki SW et al. Inner ear barotraua in divers: an evidence-
based tool for evaluation and treatent. Diving Hyerb Med.
2018;48:186. [PMID: 30199891]

Ryan P et al. Prevention of otic barotraua in aviation: a syste-
atic review. Otol Neurotol. 2018;39:539. [PMID: 29595579]

DISEASES OF THE MIDDLE EAR

1. Acute Otitis Media

E S S E N T I A L S  O F  D I A G N O S I S

» Otalgia, often with an upper respiratory tract
infection.

» Erythema and hypomobility of tympanic membrane.

» General Considerations

Acute otitis edia is a bacterial infection of the ucosally
lined air-containing saces of the teoral bone. Purulent
aterial fors not only within the iddle ear cleft but also
within the neuatized astoid air cells and etrous aex.
Acute otitis edia is usually reciitated by a viral uer
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resiratory tract infection that causes eustachian tube
obstruction. This results in accuulation of fluid and
ucus, which becoes secondarily infected by bacteria. The
ost coon athogens are Streptococcus pneumoniae,
Haemophilus influenzae, and Streptococcus pyogenes.

» Clinical Findings

Acute otitis edia ay occur at any age. Presenting sy-
tos and signs include otalgia, aural ressure, decreased
hearing, and often fever. The tyical hysical findings are
erythea and decreased obility of the tyanic e-
brane (Figure 8–2). Occasionally, bullae will aear on the
tyanic ebrane.

Rarely, when iddle ear eyea is severe, the ty-
anic ebrane bulges outward. In such cases, tyanic
ebrane ruture is iinent. Ruture is accoanied
by a sudden decrease in ain, followed by the onset of otor-
rhea. With aroriate theray, sontaneous healing of the
tyanic ebrane occurs in ost cases. When erfora-
tion ersists, chronic otitis edia ay develo. Mastoid
tenderness often accoanies acute otitis edia and is due
to the resence of us within the astoid air cells. This
alone does not indicate suurative (surgical) astoiditis.
Frank swelling over the astoid bone or the association of
cranial neuroathies or central findings indicates severe
disease requiring urgent care.

» Treatment

The treatent of acute otitis edia is secific antibiotic
theray, often cobined with nasal decongestants. The
first-choice antibiotic is aoxicillin 1 g orally every 8 hours
for 5–7 days. Alternatives (useful in resistant cases) are

aoxicillin-clavulanate 875/125 g or 2 g/125 g ER
every 12 hours for 5–10 days; or cefuroxie 500 g or
cefodoxie 200 g orally every 12 hours for 5–7 days.

Tyanocentesis for bacterial (aerobic and anaerobic)
and fungal culture ay be erfored by any exerienced
hysician. A 20-gauge sinal needle bent 90 degrees to the
hub attached to a 3-L syringe is inserted through the infe-
rior ortion of the tyanic ebrane. Interosition of a
liable connecting tube between the needle and syringe
erits an assistant to asirate without inducing oveent
of the needle. Tyanocentesis is useful for otitis edia in
iunocoroised atients and when infection ersists
or recurs desite ultile courses of antibiotics.

Surgical drainage of the iddle ear (yringotoy) is
reserved for atients with severe otalgia or when colica-
tions of otitis (eg, astoiditis, eningitis) have occurred.

Recurrent acute otitis edia ay be anaged with
long-ter antibiotic rohylaxis. Single daily oral doses of
sulfaethoxazole (500 g) or aoxicillin (250 or 500 g)
are given over a eriod of 1–3 onths. Failure of this regi-
en to control infection is an indication for insertion of
ventilating tubes.

Hutz MJ et al. Neurological colications of acute and chronic
otitis edia. Curr Neurol Neurosci Re. 2018;18:11. [PMID:
29445883]

Szuilowicz J et al. Infections of the ear. Eerg Med Clin North
A. 2019;37:1. [PMID: 30454772]

2. Chronic Otitis Media

E S S E N T I A L S  O F  D I A G N O S I S

» Chronic otorrhea with or without otalgia.

» Tympanic membrane perforation with conductive
hearing loss.

» Often amenable to surgical correction.

» General Considerations

Chronic infection of the iddle ear and astoid generally
develos as a consequence of recurrent acute otitis edia,
although it ay follow other diseases and traua. Perfora-
tion of the tyanic ebrane is usually resent. The
bacteriology of chronic otitis edia differs fro that of
acute otitis edia. Coon organiss include P aeruginosa,
Proteus secies, Staphylococcus aureus, and ixed anaerobic
infections.

» Clinical Findings

The clinical hallark of chronic otitis edia is urulent
aural discharge. Drainage ay be continuous or interit-
tent, with increased severity during uer resiratory tract
infection or following water exosure. Pain is uncoon
excet during acute exacerbations. Conductive hearing loss
results fro destruction of the tyanic ebrane or
ossicular chain, or both.

▲ Figure 8–2. Acute otitis media with effusion of right
ear, with multiple air-fluid levels visible through a trans-
lucent, slightly retracted, nonerythematous tympanic
membrane. (Used, with permission, from Frank Miller, MD,
in Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley H. The
Color Atlas of Family Medicine, 2nd ed. McGraw-Hill, 2013.)
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» Treatment

The edical treatent of chronic otitis edia includes
regular reoval of infected debris, use of earlugs to ro-
tect against water exosure, and toical antibiotic dros
(ofloxacin 0.3% or cirofloxacin with dexaethasone)
for exacerbations. Oral cirofloxacin, active against
Pseudomonas, 500 g twice a day for 1–6 weeks, ay hel
dry a chronically discharging ear.

Definitive anageent is surgical in ost cases. Suc-
cessful reconstruction of the tyanic ebrane ay be
achieved in about 90% of cases, often with eliination of
infection and significant iroveent in hearing. When
the astoid air cells are involved by irreversible infection,
they should be exenterated at the sae tie through a
astoidectoy.

Eett SD et al. Chronic ear disease. Med Clin North A.
2018;102:1063. [PMID: 30342609]

Head K et al. Antibiotics versus toical antisetics for chronic
suurative otitis edia. Cochrane Database Syst Rev. 2020;1:
CD013056. [PMID: 31902139]

Master A et al. Manageent of chronic suurative otitis edia
and otosclerosis in develoing countries. Otolaryngol Clin
North A. 2018;51:593. [PMID: 29525390]

» Complications of Otitis Media

A. Cholesteatoma

Cholesteatoa is a secial variety of chronic otitis edia
(Figure 8–3). The ost coon cause is rolonged eusta-
chian tube dysfunction, with inward igration of the
uer flaccid ortion of the tyanic ebrane. This
creates a squaous eitheliu-lined sac, which—when its
neck becoes obstructed—ay fill with desquaated
keratin and becoe chronically infected. Cholesteatoas
tyically erode bone, with early enetration of the astoid

and destruction of the ossicular chain. Over tie they ay
erode into the inner ear, involve the facial nerve, and on rare
occasions sread intracranially. Otoscoic exaination
ay reveal an eityanic retraction ocket or a arginal
tyanic ebrane erforation that exudes keratin debris,
or granulation tissue. The treatent of cholesteatoa is
surgical arsuialization of the sac or its colete reoval.
This ay require the creation of a “astoid bowl” in which
the ear canal and astoid are joined into a large coon
cavity that ust be eriodically cleaned.

Basonbul RA et al. Systeatic review of endoscoic ear surgery
outcoes for ediatric cholesteatoa. Otol Neurotol.
2021;42:108. [PMID: 33165162]

Luu K et al. Udates in ediatric cholesteatoa: iniizing
intervention while axiizing outcoes. Otolaryngol Clin
North A. 2019;52:813. [PMID: 31280890]

B. Mastoiditis

Acute suurative astoiditis usually evolves following
several weeks of inadequately treated acute otitis edia. It
is characterized by ostauricular ain and erythea
accoanied by a siking fever. CT scan reveals coales-
cence of the astoid air cells due to destruction of their
bony seta. Initial treatent consists of intravenous antibiotics
(eg, cefazolin 0.5–1.5 g every 6–8 hours) directed against
the ost coon offending organiss (S pneumoniae, H
influenzae, and S pyogenes), and yringotoy for culture
and drainage. Failure of edical theray indicates the need
for surgical drainage (astoidectoy).

C. Petrous Apicitis

The edial ortion of the etrous bone between the inner
ear and clivus ay becoe a site of ersistent infection
when the drainage of its neuatic cell tracts becoes
blocked. This ay cause foul discharge, dee ear and retro-
orbital ain, and sixth nerve alsy (Gradenigo syndroe);
eningitis ay be a colication. Treatent is with ro-
longed antibiotic theray (based on culture results) and
surgical drainage via etrous aicectoy.

Gadre AK et al. The changing face of etrous aicitis—a 40-year
exerience. Laryngoscoe. 2018;128:195. [PMID: 28378370]

McLaren J et al. How well do we know Gradenigo? A core-
hensive literature review and roosal for novel diagnostic
categories of Gradenigo’s syndroe. Int J Pediatr Otorhino-
laryngol. 2020;132:109942. [PMID: 32065876]

Ren Y et al. Acute otitis edia and associated colications in
United States eergency deartents. Otol Neurotol.
2018;39:1005. [PMID: 30113560]

D. Facial Paralysis

Facial alsy ay be associated with either acute or chronic
otitis edia. In the acute setting, it results fro inflaa-
tion of the seventh nerve in its iddle ear segent. Treat-
ent consists of yringotoy for drainage and culture,
followed by intravenous antibiotics (based on culture
results). The use of corticosteroids is controversial. The
rognosis is excellent, with colete recovery in ost
cases.

▲ Figure 8–3. Cholesteatoma. (Used, with permission,
from Vladimir Zlinsky, MD, in Roy F. Sullivan, PhD: Audiology
Forum: Video Otoscopy, www.RCSullivan.com; from
Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley H. The Color
Atlas of Family Medicine, 2nd ed. McGraw-Hill, 2013.)
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Facial alsy associated with chronic otitis edia usually
evolves slowly due to chronic ressure on the seventh nerve
in the iddle ear or astoid by cholesteatoa. Treatent
requires surgical correction of the underlying disease. The
rognosis is less favorable than for facial alsy associated
with acute otitis edia.

Meerwein C et al. An intact bony tyanic facial canal does not
rotect fro secondary facial aresis in adult acute otitis
edia. J Laryngol Otol. 2020;134:409. [PMID: 32425144]

Owusu JA et al. Facial nerve aralysis. Med Clin North A.
2018;102:1135. [PMID: 30342614]

E. Sigmoid Sinus Thrombosis

Traed infection within the astoid air cells adjacent to
the sigoid sinus ay cause setic throbohlebitis.
This is heralded by signs of systeic sesis (siking
fevers, chills), at ties accoanied by signs of increased
intracranial ressure (headache, lethargy, nausea and
voiting, ailledea). Diagnosis can be ade noninva-
sively by agnetic resonance venograhy (MRV). Pri-
ary treatent is with intravenous antibiotics (based on
culture results). Surgical drainage with ligation of the
internal jugular vein ay be indicated when ebolization
is susected.

Mather M et al. Is anticoagulation beneficial in acute astoid-
itis colicated by sigoid sinus throbosis? Laryngo-
scoe. 2018;128:2435. [PMID: 29521448]

F. Central Nervous System Infection

Otogenic eningitis is by far the ost coon intracra-
nial colication of ear infection. In the setting of acute
suurative otitis edia, it arises fro heatogenous
sread of bacteria, ost coonly H influenzae and S
pneumoniae. In chronic otitis edia, it results either
fro assage of infection along refored athways,
such as the etrosquaous suture line, or fro direct
extension of disease through the dural lates of the
etrous yraid.

Eidural abscesses arise fro direct extension of dis-
ease in the setting of chronic infection. They are usually
asytoatic but ay resent with dee local ain,
headache, and low-grade fever. They are often discovered
as an incidental finding at surgery. Brain abscess ay
arise in the teoral lobe or cerebellu as a result of
setic throbohlebitis adjacent to an eidural abscess.
The redoinant causative organiss are S aureus, S
pyogenes, and S pneumoniae. Ruture into the subarach-
noid sace results in eningitis and often death. (See
Chater 30.)

Hutz MJ et al. Neurological colications of acute and chronic
otitis edia. Curr Neurol Neurosci Re. 2018;18:11. [PMID:
29445883]

Mather M et al. Is anticoagulation beneficial in acute astoiditis
colicated by sigoid sinus throbosis? Laryngoscoe.
2018;128:2435. [PMID: 29521448]

3. Otosclerosis

Otosclerosis is a rogressive disease with a arked failial
tendency that affects the bony otic casule. Lesions involv-
ing the footlate of the staes result in increased ied-
ance to the assage of sound through the ossicular chain,
roducing conductive hearing loss. This ay be treated
either through the use of a hearing aid or surgical relace-
ent of the staes with a rosthesis (staedectoy). When
otosclerotic lesions involve the cochlea (“cochlear otoscle-
rosis”), eranent sensory hearing loss occurs.

Gillard DM et al. Cost-effectiveness of staedectoy vs hearing
aids in the treatent of otosclerosis. JAMA Otolaryngol Head
Neck Surg. 2020;146:42. [PMID: 31697352]

Yeh CF et al. Predictors of hearing outcoes after staes surgery
in otosclerosis. Acta Otolaryngol. 2019;139:1058. [PMID:
31617779]

4. Trauma to the Middle Ear

Tyanic ebrane erforation ay result fro iact
injury or exlosive acoustic traua (Figure 8–4). Sonta-
neous healing occurs in ost cases. Persistent erforation
ay result fro secondary infection brought on by exo-
sure to water. During the healing eriod, atients should be
advised to wear earlugs while swiing or bathing.
Heorrhage behind an intact tyanic ebrane (heo-
tyanu) ay follow blunt traua or extree baro-
traua. Sontaneous resolution over several weeks is the
usual course. When a conductive hearing loss greater than
30 dB ersists for ore than 3 onths following traua,
disrution of the ossicular chain should be susected.
Middle ear exloration with reconstruction of the ossicular
chain, cobined with reair of the tyanic ebrane
when required, will usually restore hearing.

Sagiv D et al. Trauatic erforation of the tyanic ebrane:
a review of 80 cases. J Eerg Med. 2018;54:186. [PMID:
29110975]

▲ Figure 8–4. Traumatic perforation of the left tympanic
membrane. (Used, with permission, from William Clark,
MD, in Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley H.
The Color Atlas of Family Medicine, 2nd ed. McGraw-Hill, 2013.)
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5. Middle Ear Neolasia

Priary iddle ear tuors are rare. Glous tuors arise
either in the iddle ear (glous tyanicu) or in the
jugular bulb with uward erosion into the hyotyanu
(glous jugulare). They resent clinically with ulsatile
tinnitus and hearing loss. A vascular ass ay be visible
behind an intact tyanic ebrane. Large glous jugu-
lare tuors are often associated with ultile cranial neu-
roathies, esecially involving nerves VII, IX, X, XI, and
XII. Treatent usually requires surgery, radiotheray, or
both. Pulsatile tinnitus thus warrants agnetic resonance
angiograhy (MRA) and MRV to rule out a vascular ass.

Aannan VR et al. Glous tyanicu. Malays Fa Physi-
cian. 2018;13:45. [PMID: 29796211]

Marinelli JP et al. Adenoatous neuroendocrine tuors of the
iddle ear: a ulti-institutional investigation of 32 cases and
develoent of a staging syste. Otol Neurotol. 2018;39:e712.
[PMID: 30001283]

EARACHE

Earache can be caused by a variety of otologic robles,
but external otitis and acute otitis edia are the ost co-
on. Differentiation of the two should be aarent by
neuatic otoscoy. Pain out of roortion to the hysical
findings ay be due to heres zoster oticus, esecially
when vesicles aear in the ear canal or concha. Persistent
ain and discharge fro the ear suggest osteoyelitis of
the skull base or cancer, and atients with these colaints
should be referred for secialty evaluation.

Nonotologic causes of otalgia are nuerous. The sen-
sory innervation of the ear is derived fro the trigeinal,
facial, glossoharyngeal, vagal, and uer cervical nerves.
Because of this rich innervation, referred otalgia is quite
frequent. Teoroandibular joint dysfunction is a co-
on cause of referred ear ain. Pain is exacerbated by
chewing or sychogenic grinding of the teeth (bruxis)
and ay be associated with dental alocclusion. Reeated
eisodes of severe lancinating otalgia ay occur in glos-
soharyngeal neuralgia. Infections and neolasia that
involve the oroharynx, hyoharynx, and larynx fre-
quently cause otalgia. Persistent earache deands secialty
referral to exclude cancer of the uer aerodigestive tract.

Norris CD et al. Secondary otalgia: referred ain athways and
athologies. AJNR A J Neuroradiol. 2020;41:2188. [PMID:
33093134]

DISEASES OF THE INNER EAR

1. Sensory Hearing Loss

Diseases of the cochlea result in sensory hearing loss, a
condition that is usually irreversible. Most cochlear dis-
eases result in bilateral syetric hearing loss. The res-
ence of unilateral or asyetric sensorineural hearing loss
suggests a lesion roxial to the cochlea. The riary
goals in the anageent of sensory hearing loss are re-
vention of further losses and functional iroveent with
alification and auditory rehabilitation.

A. Presbyacusis

Presbyacusis, or age-related hearing loss, is the ost fre-
quent cause of sensory hearing loss and is rogressive,
redoinantly high-frequency, and syetrical. Various
etiologic factors (eg, rior noise traua, drug exosure,
genetic redisosition) ay contribute to resbyacusis.
Most atients notice a loss of seech discriination that is
esecially ronounced in noisy environents. About 25%
of eole between the ages of 65 and 75 years and alost
50% of those over 75 exerience hearing difficulties.

Tawfik KO et al. Advances in understanding of resbycusis.
J Neurosci Res. 2020;98:1685. [PMID: 30950547]

Tu NC et al. Age-related hearing loss: unraveling the ieces.
Laryngoscoe Investig Otolaryngol. 2018;3:68. [PMID:
29721536]

Vaisbuch Y et al. Age-related hearing loss: innovations in hearing
augentation. Otolaryngol Clin North A. 2018;51:705.
[PMID: 29735277]

B. Noise Trauma

Noise traua is the second ost coon cause of sensory
hearing loss. Sounds exceeding 85 dB are otentially injuri-
ous to the cochlea, esecially with rolonged exosures.
The loss tyically begins in the high frequencies (esecially
4000 Hz) and, with continuing exosure, rogresses to
involve the seech frequencies. Aong the ore coon
sources of injurious noise are industrial achinery, wea-
ons, and excessively loud usic. Personal usic devices
used at excessive loudness levels ay also be injurious.
Monitoring noise levels in the worklace by regulatory
agencies has led to reventive rogras that have reduced
the frequency of occuational losses. Individuals of all ages,
esecially those with existing hearing losses, should wear
earlugs when exosed to oderately loud noises and se-
cially designed earuffs when exosed to exlosive noises.

Le Prell CG et al. Noise-induced hearing loss and its revention:
current issues in aalian hearing. Curr Oin Physiol.
2020;18:32. [PMID: 32984667]

Neitzel RL et al. Risk of noise-induced hearing loss due to recre-
ational sound: review and recoendations. J Acoust Soc
A. 2019;146:3911. [PMID: 31795675]

C. Physical Trauma

Head traua (eg, deloyent of air bags during an auto-
obile accident) has effects on the inner ear siilar to
those of severe acoustic traua. Soe degree of sensory
hearing loss ay occur following sile concussion and is
frequent after skull fracture.

Mizutari K. Udate on treatent otions for blast-induced hear-
ing loss. Curr Oin Otolaryngol Head Neck Surg. 2019;27:376.
[PMID: 31348022]

D. Ototoxicity

Ototoxic substances ay affect both the auditory and ves-
tibular systes. The ost coonly used ototoxic edi-
cations are ainoglycosides; loo diuretics; and several
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antineolastic agents, notably cislatin. These edications
ay cause irreversible hearing loss even when adinistered
in theraeutic doses. When using these edications, it is
iortant to identify high-risk atients, such as those with
reexisting hearing losses or kidney disease. Patients siul-
taneously receiving ultile ototoxic agents are at articu-
lar risk owing to ototoxic synergy. Useful easures to
reduce the risk of ototoxic injury include serial audioetry,
onitoring of seru eak and trough levels, and substitu-
tion of equivalent nonototoxic drugs whenever ossible.

It is ossible for toical agents that enter the iddle ear
to be absorbed into the inner ear via the round window.
When the tyanic ebrane is erforated, use of oten-
tially ototoxic ear dros (eg, neoycin, gentaicin) is best
avoided.

Laurell G. Pharacological intervention in the field of ototoxic-
ity. HNO. 2019;67:434. [PMID: 30993373]

Rybak LP et al. Local drug delivery for revention of hearing
loss. Front Cell Neurosci. 2019;13:300. [PMID: 31338024]

E. Sudden Sensory Hearing Loss

Idioathic sudden loss of hearing in one ear ay occur at
any age, but tyically it occurs in ersons over age 20 years.
The cause is unknown; however, one hyothesis is that it
results fro a viral infection or a sudden vascular occlu-
sion of the internal auditory artery. Prognosis is ixed,
with any atients suffering eranent deafness in the
involved ear, while others have colete recovery. Prot
treatent with corticosteroids has been shown to irove
the odds of recovery. A coon regien is oral redni-
sone, 1 g/kg/day, followed by a taering dose over a
10-day eriod. Intratyanic adinistration of corticoste-
roids alone or in association with oral corticosteroids has
been associated with an equal or ore favorable rognosis.
Because treatent aears to be ost effective as close to
the onset of the loss as ossible, and aears not to be effec-
tive after 6 weeks, a rot audiogra should be obtained
in all atients who resent with sudden hearing loss with-
out obvious iddle ear athology.

Ahadzai N et al. A systeatic review and network eta-
analysis of existing haracologic theraies in atients with
idioathic sudden sensorineural hearing loss. PLoS One.
2019;14:e0221713. [PMID: 31498809]

Chandrasekhar SS et al. Clinical ractice guideline: sudden hear-
ing loss (Udate). Otolaryngol Head Neck Surg. 2019;161:S1.
[PMID: 31369359]

F. Autoimmune Hearing Loss

Sensory hearing loss ay be associated with a wide array of
systeic autoiune disorders, such as systeic luus
erytheatosus, granuloatosis with olyangiitis, and
Cogan syndroe (hearing loss, keratitis, aortitis). The loss
is ost often bilateral and rogressive. The hearing level
often fluctuates, with eriods of deterioration alternating
with artial or even colete reission. Usually, there is
the gradual evolution of eranent hearing loss, which

often stabilizes with soe reaining auditory function but
occasionally roceeds to colete deafness. Vestibular
dysfunction, articularly dysequilibriu and ostural
instability, ay accoany the auditory sytos.

In any cases, the autoiune attern of audioves-
tibular dysfunction resents in the absence of recognized
systeic autoiune disease. Resonsiveness to oral cor-
ticosteroid treatent is helful in aking the diagnosis
and constitutes first-line theray. If stabilization of hearing
becoes deendent on long-ter corticosteroid use,
steroid-saring iunosuressive regiens ay becoe
necessary.

Das S et al. Deystifying autoiune inner ear disease. Eur
Arch Otorhinolaryngol. 2019;276:3267. [PMID: 31605190]

Mancini P et al. Hearing loss in autoiune disorders: reva-
lence and theraeutic otions. Autoiun Rev. 2018;17:644.
[PMID: 29729446]

2. Tinnitus

E S S E N T I A L S  O F  D I A G N O S I S

» Perception of abnormal ear or head noises.

» Persistent tinnitus often, though not always,
indicates the presence of sensory hearing loss.

» Intermittent periods of mild, high-pitched tinnitus
lasting seconds to minutes are common in normal-
hearing persons.

» General Considerations

Tinnitus is defined as the sensation of sound in the absence
of an exogenous sound source. Tinnitus can accoany
any for of hearing loss, and its resence rovides no diag-
nostic value in deterining the cause of a hearing loss.
Aroxiately 15% of the general oulation exeriences
soe tye of tinnitus, with revalence beyond 20% in
aging oulations.

» Clinical Findings

A. Symptoms and Signs

Though tinnitus is coonly associated with hearing loss,
tinnitus severity correlates oorly with the degree of hear-
ing loss. About one in seven tinnitus sufferers exeriences
severe annoyance, and 4% are severely disabled. When
severe and ersistent, tinnitus ay interfere with slee and
ability to concentrate, resulting in considerable sychologi-
cal distress.

Pulsatile tinnitus—often described by the atient as lis-
tening to one’s own heartbeat—should be distinguished
fro tonal tinnitus. Although often ascribed to conductive
hearing loss, ulsatile tinnitus ay be far ore serious and
ay indicate a vascular abnorality, such as glous tuor,
venous sinus stenosis, carotid vaso-occlusive disease,
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arteriovenous alforation, or aneurys. In contrast, a
staccato “clicking” tinnitus ay result fro iddle ear
uscle sas, soeties associated with alatal yoclo-
nus. The atient tyically erceives a raid series of o-
ing noises, lasting seconds to a few inutes, accoanied
by a fluttering feeling in the ear.

B. Diagnostic Testing

For routine, nonulsatile tinnitus, audioetry should be
ordered to rule out an associated hearing loss. For unilat-
eral tinnitus, articularly associated with hearing loss in
the absence of an obvious causative factor (ie, noise
traua), an MRI should be obtained to rule out a retroco-
chlear lesion, such as vestibular schwannoa. MRA and
MRV and teoral bone couted toograhy (CT)
should be considered for atients who have ulsatile tin-
nitus to exclude a causative vascular lesion or sigoid
sinus abnorality.

» Treatment

The ost iortant treatent of tinnitus is avoidance of
exosure to excessive noise, ototoxic agents, and other fac-
tors that ay cause cochlear daage. Masking the tinnitus
with usic or through alification of noral sounds
with a hearing aid ay also bring soe relief. Aong the
nuerous drugs that have been tried, oral antideressants
(eg, nortrityline at an initial dosage of 50 g orally at
bedtie) have roved to be the ost effective. In addition
to asking techniques, habituation techniques, such as tin-
nitus retraining theray, ay rove beneficial in those with
refractory sytos.

Chari DA et al. Tinnitus. Med Clin North A. 2018;102:1081.
[PMID: 30342610]

Wu V et al. Aroach to tinnitus anageent. Can Fa Physi-
cian. 2018;64:491. [PMID: 30002023]

3. Hyeracusis

Excessive sensitivity to sound ay occur in noral-
hearing individuals, either in association with ear disease,
following noise traua, in atients suscetible to igraines,
or for sychological reasons. Patients with cochlear dys-
function coonly exerience “recruitent,” an abnor-
al sensitivity to loud sounds desite a reduced sensitivity
to softer ones. Fitting hearing aids and other alification
devices to atients with recruitent requires use of co-
ression circuitry to avoid uncofortable overalifica-
tion. For noral-hearing individuals with hyeracusis, use
of an earlug in noisy environents ay be beneficial,
though attets should be ade at habituation.

Aazh H et al. Insights fro the third international conference on
hyeracusis: causes, evaluation, diagnosis, and treatent.
Noise Health. 2018;20:162. [PMID: 30136676]

Cederroth CR et al. Association between hyeracusis and tinni-
tus. J Clin Med. 2020;9:2412. [PMID: 32731492]

4. Vertigo

E S S E N T I A L S  O F  D I A G N O S I S

» Either a sensation of motion when there is no
motion or an exaggerated sense of motion in
response to movement.

» Duration of vertigo episodes and association with
hearing loss are the keys to diagnosis.

» Must differentiate peripheral from central etiolo-
gies of vestibular dysfunction.

» periheral: Onset is sudden; often associated with
tinnitus and hearing loss; horizontal nystagmus
may be present.

» Central: Onset is gradual; no associated auditory
symptoms.

» Evaluation includes audiogram and electronystag-
mography (ENG) or videonystagmography (VNG)
and head MRI.

» General Considerations

Vertigo can be caused by either a eriheral or central eti-
ology, or both (Table 8–2).

» Clinical Findings

A. Symptoms and Signs

Vertigo is the cardinal syto of vestibular disease. Ver-
tigo is tyically exerienced as a distinct “sinning” sensa-
tion or a sense of tubling or of falling forward or
backward. It should be distinguished fro ibalance,
light-headedness, and syncoe, all of which are nonvestib-
ular in origin (Table 8–3).

1. Peripheral vestibular disease—Periheral vestibuloa-
thy usually causes vertigo of sudden onset, ay be so
severe that the atient is unable to walk or stand, and is
frequently accoanied by nausea and voiting. Tinnitus
and hearing loss ay be associated and rovide strong su-
ort for a eriheral (ie, otologic) origin.

Critical eleents of the history include the duration of
the discrete vertiginous eisodes (seconds, inutes to
hours, or days), and associated sytos (hearing loss).
Triggers should be sought, including diet (eg, high salt in
the case of Ménière disease), stress, fatigue, and bright
lights (eg, igraine-associated dizziness).

The hysical exaination of the atient with vertigo
includes evaluation of the ears, observation of eye otion
and nystagus in resonse to head turning, cranial nerve
exaination, and Roberg testing. In acute eriheral
lesions, nystagus is usually horizontal with a rotatory
coonent; the fast hase usually beats away fro the
diseased side. Visual fixation tends to inhibit nystagus
excet in very acute eriheral lesions or with CNS disease.
In benign aroxysal ositioning vertigo, Dix-Hallike
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testing (quickly lowering the atient to the suine osition
with the head extending over the edge and laced
30 degrees lower than the body, turned either to the left or
right) will elicit a delayed-onset (~10 sec) fatigable nystag-
us. Nonfatigable nystagus in this osition indicates
CNS disease.

Since visual fixation often suresses observed nystag-
us, any of these aneuvers are erfored with Frenzel
goggles, which revent visual fixation, and often bring out
subtle fors of nystagus. The Fukuda test can

deonstrate vestibular asyetry when the atient stes
in lace with eyes closed and consistently rotates in one
direction.

2. Central disease—In contrast, vertigo arising fro CNS
disease (Table 8–2) tends to develo gradually and then
becoes rogressively ore severe and debilitating. Nys-
tagus is not always resent but can occur in any direc-
tion, ay be dissociated in the two eyes, and is often
nonfatigable, vertical rather than horizontal in orientation,
without latency, and unsuressed by visual fixation. ENG
is useful in docuenting these characteristics. Evaluation
of central audiovestibular dysfunction requires MRI of the
brain.

Eisodic vertigo can occur in atients with diloia
fro external ohthalolegia and is axial when the
atient looks in the direction where the searation of
iages is greatest. Cerebral lesions involving the teoral
cortex ay also roduce vertigo; it is soeties the initial
syto of a seizure. Finally, vertigo ay be a feature of a
nuber of systeic disorders and can occur as a side effect
of certain anticonvulsant, antibiotic, hynotic, analgesic,
and tranquilizer edications or of alcohol.

Welgaola MS et al. Dizziness deystified. Pract Neurol.
2019;19:492. [PMID: 31326945]

B. Laboratory Findings

Laboratory investigations, such as audiologic evaluation,
caloric stiulation, ENG, VNG, vestibular-evoked yo-
genic otentials (VEMPs), and MRI, are indicated in
atients with ersistent vertigo or when CNS disease is
susected. These studies hel distinguish between central

Table 8–3. Common vestibular disorders: differential
diagnosis based on classic presentations.

Duration of

Tyical Vertigi-

nous Eisodes

Auditory

Symtoms

present

Auditory

Symtoms Absent

Seconds Perilymphatic

fistula

Benign paroxysmal

positioning vertigo

(cupulolithiasis),

vertebrobasilar

insufficiency,

migraine-associated

vertigo

Hours Endolymphatic

hydrops

(Ménière syn-

drome, syphilis)

Migraine-associated

vertigo

Days Labyrinthitis, laby-

rinthine concus-

sion,

autoimmune

inner ear disease

Vestibular neuronitis,

migraine-associated

vertigo

Months Acoustic neuroma,

ototoxicity

Multiple sclerosis,

cerebellar

degeneration

Table 8–2. Causes of vertigo.

periheral causes

Vestibular neuritis/labyrinthitis

Ménière disease

Benign paroxysmal positioning vertigo

Ethanol intoxication

Inner ear barotraumas

Semicircular canal dehiscence

Central causes

Seizure

Multiple sclerosis

Wernicke encephalopathy

Chiari malformation

Cerebellar ataxia syndromes

Mixed central and eriheral causes

Migraine

Stroke and vascular insufficiency

Posterior inferior cerebellar artery stroke

Anterior inferior cerebellar artery stroke

Vertebral artery insufficiency

Vasculitides

Cogan syndrome

Susac syndrome

Granulomatosis with polyangiitis

Behçet disease

Cerebellopontine angle tumors

Vestibular schwannoma

Meningioma

Infections

Lyme disease

Syphilis

Vascular compression

Hyperviscosity syndromes

Waldenström macroglobulinemia

Endocrinopathies

Hypothyroidism

Pendred syndrome

CMDT22_Ch08_p0201-p0241.indd 212 29/06/21 8:33 PM



EAR, NOSE, & THROAT DISORDERS 213CMDT 2022

and eriheral lesions and identify causes requiring se-
cific theray. ENG consists of objective recording of the
nystagus induced by head and body oveents, gaze,
and caloric stiulation. It is helful in quantifying the
degree of vestibular hyofunction.

Chan TLH et al. Vestibular lab testing: interreting the results in
the headache atient with dizziness. Curr Neurol Neurosci
Re. 2020;20:16. [PMID: 32430768]

Sorathia S et al. Dizziness and the otolaryngology oint of view.
Med Clin North A. 2018;102:1001. [PMID: 30342604]

» Vertigo Syndromes Due to
Peripheral Lesions

A. Endolymphatic Hydrops (Ménière Syndrome)

The cause of Ménière syndroe is unknown. The classic
syndroe consists of eisodic vertigo, with discrete vertigo
sells lasting 20 inutes to several hours in association
with fluctuating low-frequency sensorineural hearing loss,
tinnitus (usually low-tone and “blowing” in quality), and a
sensation of unilateral aural ressure (Table 8–3). These
sytos in the absence of hearing fluctuations suggest
igraine-associated dizziness. Sytos wax and wane as
the endolyhatic ressure rises and falls. Caloric testing
coonly reveals loss or iairent of therally induced
nystagus on the involved side. Priary treatent involves
a low-salt diet and diuretics (eg, acetazolaide). For sy-
toatic relief of acute vertigo attacks, oral eclizine
(25 g) or diazea (2–5 g) can be used. In refractory
cases, atients ay undergo intratyanic corticosteroid
injections, endolyhatic sac decoression, or vestibular
ablation, either through transtyanic gentaicin, ves-
tibular nerve section, or surgical labyrinthectoy.

Gibson WPR. Meniere’s disease. Adv Otorhinolaryngol. 2019;
82:77. [PMID: 30947172]

B. Labyrinthitis

Patients with labyrinthitis suffer fro acute onset of con-
tinuous, usually severe vertigo lasting several days to a
week, accoanied by hearing loss and tinnitus. During a
recovery eriod that lasts for several weeks, the vertigo
gradually iroves. Hearing ay return to noral or
reain eranently iaired in the involved ear. The
cause of labyrinthitis is unknown. Treatent consists of
antibiotics, if the atient is febrile or has sytos of a
bacterial infection, and suortive care. Vestibular su-
ressants are useful during the acute hase of the attack
(eg, diazea or eclizine) but should be discontinued as
soon as feasible to avoid long-ter dysequilibriu fro
inadequate coensation.

Welgaola MS et al. Dizziness deystified. Pract Neurol.
2019;19:492. [PMID: 31326945]

C. Benign Paroxysmal Positioning Vertigo

Patients suffering fro recurrent sells of vertigo, lasting a
few inutes er sell, associated with changes in head

osition (often rovoked by rolling over in bed), usually
have benign aroxysal ositioning vertigo (BPPV). The
ter “ositioning vertigo” is ore accurate than “osi-
tional vertigo” because it is rovoked by changes in head
osition rather than by the aintenance of a articular
osture.

The tyical sytos of BPPV occur in clusters that
ersist for several days. There is a brief (10–15 sec) latency
eriod following a head oveent before sytos
develo, and the acute vertigo subsides within 10–60 seconds,
though the atient ay reain ibalanced for several
hours. Constant reetition of the ositional change leads to
habituation. Since soe CNS disorders can iic BPPV
(eg, vertebrobasilar insufficiency), recurrent cases warrant
head MRI/MRA. In central lesions, there is no latent
eriod, fatigability, or habituation of the sytos and
signs. Treatent of BPPV involves hysical theray roto-
cols (eg, the Eley aneuver or Brandt-Daroff exercises),
based on the theory that it results fro cuulolithiasis
(free-floating statoconia, also known as otoconia) within a
seicircular canal.

Argaet EC et al. Benign ositional vertigo, its diagnosis, treat-
ent and iics. Clin Neurohysiol Pract. 2019;4:97.
[PMID: 31193795]

Instru RS et al. Benign aroxysal ositional vertigo. Adv
Otorhinolaryngol. 2019;82:67. [PMID: 30947198]

D. Vestibular Neuronitis

In vestibular neuronitis, a aroxysal, usually single attack
of vertigo occurs without accoanying iairent of
auditory function and will ersist for several days to a week
before gradually abating. During the acute hase, exaina-
tion reveals nystagus and absent resonses to caloric
stiulation on one or both sides. The cause of the disorder
is unclear though resued to be viral. Treatent consists
of suortive care, including oral diazea, 2–5 g every
6–12 hours, or eclizine, 25–100 g divided two to three
ties daily, during the acute hases of the vertigo only, fol-
lowed by vestibular theray if the atient does not co-
letely coensate.

Bronstein AM et al. Long-ter clinical outcoe in vestibular
neuritis. Curr Oin Neurol. 2019;32:174. [PMID: 30566414]

Lee JY et al. Clinical characteristics of acute vestibular neuritis
according to involveent site. Otol Neurotol. 2020;41:143.
[PMID: 31789808]

E. Traumatic Vertigo

Labyrinthine concussion is the ost coon cause of
vertigo following head injury. Sytos generally diin-
ish within several days but ay linger for a onth or ore.
Basilar skull fractures that traverse the inner ear usually
result in severe vertigo lasting several days to a week and
deafness in the involved ear. Chronic osttrauatic vertigo
ay result fro cuulolithiasis. This occurs when trau-
atically detached statoconia (otoconia) settle on the
aulla of the osterior seicircular canal and cause an
excessive degree of cuular deflection in resonse to head
otion. Clinically, this resents as eisodic ositioning
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vertigo. Treatent consists of suortive care and vestibu-
lar suressant edication (diazea or eclizine) during
the acute hase of the attack, and vestibular theray.

Marcus HJ et al. Vestibular dysfunction in acute trauatic brain
injury. J Neurol. 2019;266:2430. [PMID: 31201499]

F. Perilymphatic Fistula

Leakage of erilyhatic fluid fro the inner ear into the
tyanic cavity via the round or oval window is a rare
cause of vertigo and sensory hearing loss. Most cases result
fro either hysical injury (eg, blunt head traua, hand
sla to ear); extree barotraua during airflight, scuba
diving, etc; or vigorous Valsalva aneuvers (eg, during
weight lifting). Treatent ay require iddle ear exlora-
tion and window sealing with a tissue graft.

Deveze A et al. Diagnosis and treatent of erilyhatic fistula.
Adv Otorhinolaryngol. 2018;81:133. [PMID: 29794455]

G. Cervical Vertigo

Position recetors located in the facets of the cervical sine
are iortant hysiologically in the coordination of head
and eye oveents. Cervical roriocetive dysfunction is
a coon cause of vertigo triggered by neck oveents.
This disturbance often coences after neck injury, ar-
ticularly hyerextension; it is also associated with degenera-
tive cervical sine disease. Although sytos vary, vertigo
ay be triggered by assuing a articular head osition as
oosed to oving to a new head osition (the latter tyical
of labyrinthine dysfunction). Cervical vertigo ay often be
confused with igraine-associated vertigo, which is also
associated with head oveent. Manageent consists of
neck oveent exercises to the extent eritted by ortho-
edic considerations.

Devaraja K. Aroach to cervicogenic dizziness: a corehen-
sive review of its aetioathology and anageent. Eur Arch
Otorhinolaryngol. 2018;275:2421. [PMID: 30094486]

Ranalli P. An overview of central vertigo disorders. Adv Otorhi-
nolaryngol. 2019;82:127. [PMID: 30947212]

H. Migrainous Vertigo

Eisodic vertigo is frequently associated with igraine
headache. Head traua ay also be a reciitating feature.
The vertigo ay be teorally related to the headache and
last u to several hours, or it ay also occur in the absence
of any headache. Migrainous vertigo ay reseble Ménière
disease but without associated hearing loss or tinnitus.
Accoanying sytos ay include head ressure;
visual, otion, or auditory sensitivity; and hotosensitiv-
ity. Sytos tyically worsen with lack of slee and anxi-
ety or stress. Food triggers include caffeine, chocolate, and
alcohol, aong others. There is often a history of otion
intolerance (easily carsick as a child). Migrainous vertigo
ay be failial. Treatent includes dietary and lifestyle
changes (iroved slee attern, avoidance of stress) and
antiigraine rohylactic edication.

Hain T et al. Migraine associated vertigo. Adv Otorhinolaryngol.
2019;82:119. [PMID: 30947176]

I. Superior Semicircular Canal Dehiscence

Deficiency in the bony covering of the suerior seicircu-
lar canal ay be associated with vertigo triggered by loud
noise exosure, straining, and an aarent conductive
hearing loss. Autohony is also a coon feature. Diagno-
sis is with coronal high-resolution CT scan and VEMPs.
Surgically resurfacing or lugging the dehiscent canal can
irove sytos.

Ahed W et al. Systeatic review of round window oerations
for the treatent of suerior seicircular canal dehiscence.
J Int Adv Otol. 2019;15:209. [PMID: 31418721]

Naert L et al. Aggregating the sytos of suerior seicircular
canal dehiscence syndroe. Laryngoscoe. 2018;128:1932.
[PMID: 29280497]

» Vertigo Syndromes Due to Central Lesions

CNS causes of vertigo include brainste vascular disease,
arteriovenous alforations, tuors of the brainste and
cerebellu, ultile sclerosis, and vertebrobasilar igraine
(Table 8–2). Vertigo of central origin often becoes unre-
itting and disabling. The associated nystagus is often
nonfatigable, vertical rather than horizontal in orientation,
without latency, and unsuressed by visual fixation. ENG
is useful in docuenting these characteristics. There are
coonly other signs of brainste dysfunction (eg, cranial
nerve alsies; otor, sensory, or cerebellar deficits in the
libs) or of increased intracranial ressure. Auditory function
is generally sared. The underlying cause should be treated.

Choi JY et al. Central vertigo. Curr Oin Neurol. 2018;31:81.
[PMID: 29084063]

Ranalli P. An overview of central vertigo disorders. Adv Otorhi-
nolaryngol. 2019;82:127. [PMID: 30947212]

DISEASES OF THE CENTRAL AUDITORY &
VESTIBULAR SYSTEMS

Lesions of the eighth cranial nerve and central audioves-
tibular athways roduce neural hearing loss and vertigo
(Table 8–3). One characteristic of neural hearing loss is
deterioration of seech discriination out of roortion to
the decrease in ure tone thresholds. Another is auditory
adatation, wherein a steady tone aears to the listener to
decay and eventually disaear. Auditory evoked resonses
are useful in distinguishing cochlear fro neural losses
and ay give insight into the site of lesion within the cen-
tral athways.

The evaluation of central audiovestibular disorders usu-
ally requires iaging of the internal auditory canal, cere-
belloontine angle, and brain with enhanced MRI.

1. Vestibular Schwannoma (Acoustic Neuroma)

Eighth cranial nerve schwannoas are aong the ost
coon intracranial tuors. Most are unilateral, but
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about 5% are associated with the hereditary syndroe
neurofibroatosis tye 2, in which bilateral eighth nerve
tuors ay be accoanied by eningioas and other
intracranial and sinal tuors. These benign lesions arise
within the internal auditory canal and gradually grow to
involve the cerebelloontine angle, eventually coressing
the ons and resulting in hydrocehalus. Their tyical
auditory sytos are unilateral hearing loss with a dete-
rioration of seech discriination exceeding that re-
dicted by the degree of ure tone loss. Nonclassic
resentations, such as sudden unilateral hearing loss, are
fairly coon. Any individual with a unilateral or asy-
etric sensorineural hearing loss should be evaluated for
an intracranial ass lesion. Vestibular dysfunction ore
often takes the for of continuous dysequilibriu than
eisodic vertigo. Diagnosis is ade by enhanced MRI.
Treatent consists of observation, icrosurgical excision,
or stereotactic radiotheray, deending on such factors as
atient age, underlying health, and size of the tuor. Beva-
cizuab (vascular endothelial growth factor blocker) has
shown roise for treatent of tuors in neurofibroa-
tosis tye 2.

Kalogeridi MA et al. Stereotactic radiosurgery and radiotheray
for acoustic neuroas. Neurosurg Rev. 2020;43:941.]
[PMID: 30982152]

Leon J et al. Observation or stereotactic radiosurgery for
newly diagnosed vestibular schwannoas: a systeatic
review and eta-analysis. J Radiosurg SBRT. 2019;6:91. [PMID:
31641546]

2. Vascular Comromise

Vertebrobasilar insufficiency is a coon cause of vertigo
in the elderly. It is often triggered by changes in osture or
extension of the neck. Reduced flow in the vertebrobasilar
syste ay be deonstrated noninvasively through MRA.
Eiric treatent is with vasodilators and asirin.

Cornelius JF et al. Coression syndroes of the vertebral
artery at the craniocervical junction. Acta Neurochir Sul.
2019;125:151. [PMID: 30610316]

3. Multile Sclerosis

Patients with ultile sclerosis ay suffer fro eisodic
vertigo and chronic ibalance. Hearing loss in this disease
is ost coonly unilateral and of raid onset. Sontane-
ous recovery ay occur.

Kattah JC et al. Eye oveents in deyelinating, autoiune
and etabolic disorders. Curr Oin Neurol. 2020;33:111.
[PMID: 31770124]

OTOLOGIC MANIFESTATIONS OF AIDS

The otologic anifestations of AIDS are rotean. The
inna and external auditory canal ay be affected by
Kaosi sarcoa and by ersistent and otentially
invasive fungal infections (articularly Aspergillus
fumigatus). Serous otitis edia due to eustachian tube
dysfunction ay arise fro adenoidal hyertrohy (HIV

lyhadenoathy), recurrent ucosal viral infections, or
an obstructing nasoharyngeal tuor (eg, lyhoa).
Unfortunately, ventilating tubes are seldo helful and
ay trigger rofuse watery otorrhea. Acute otitis edia is
usually caused by tyical bacterial organiss, including
Proteus, Staphylococcus, and Pseudomonas, and rarely, by
Pneumocystis jirovecii. Sensorineural hearing loss is co-
on and, in soe cases, results fro viral CNS infection.
In cases of rogressive hearing loss, crytococcal eningi-
tis and syhilis ust be excluded. Acute facial aralysis due
to heres zoster infection (Rasay Hunt syndroe) occurs
coonly and follows a clinical course siilar to that in
noniunocoroised atients. Treatent is with
high-dose acyclovir (see Chater 32). Corticosteroids ay
also be effective as an adjunct.

Bao S et al. Otorhinolaryngological rofile and surgical interven-
tion in atients with HIV/AIDS. Sci Re. 2018;8:12045.
[PMID: 30104657]

Matas CG et al. Audiological and electrohysiological alterations
in HIV-infected individuals subjected or not to antiretroviral
theray. Braz J Otorhinolaryngol. 2018;84:574. [PMID:
28823692]

º
DISEASES OF THE NOSE &
pARANASAL SINUSES

INFECTIONS OF THE NOSE &
PARANASAL SINUSES

1. Acute Viral Rhinosinusitis (Common Cold)

E S S E N T I A L S  O F  D I A G N O S I S

» Nasal congestion, clear rhinorrhea, and hyposmia.

» Associated malaise, headache, and cough.

» Erythematous, engorged nasal mucosa without
intranasal purulence.

» Symptoms are self-limited, lasting < 4 weeks and
typically < 10 days.

» Clinical Findings

Because there are nuerous serologic tyes of rhinovi-
ruses, adenoviruses, and other viruses, atients reain
suscetible to the coon cold throughout life. These
infections, while generally quite benign and self-liited,
have been ilicated in the develoent or exacerbation
of ore serious conditions, such as acute bacterial sinusitis
and acute otitis edia, astha, cystic fibrosis, and bronchi-
tis. Nasal congestion, decreased sense of sell, watery rhi-
norrhea, and sneezing, accoanied by general alaise,
throat discofort and, occasionally, headache, are tyical
in viral infections. Nasal exaination usually shows ery-
theatous, edeatous ucosa and a watery discharge. The
resence of urulent nasal discharge suggests bacterial
rhinosinusitis.
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In 2020, the World Health Organization (WHO) desig-
nated a novel coronavirus called SARS-CoV-2 as the cause
of a resiratory syndroe known as COVID-19. On March
11, 2020, the WHO declared it a global andeic. While
COVID-19 riarily involves the lower resiratory sys-
te, the viral rodroe is siilar to that of other uer
resiratory viruses with fever, nasal inflaation, rhinor-
rhea, cough, yalgias, and fatigue. Peculiar to SARS-
CoV-2 is its roensity to cause hyosia and anosia,
which are considered athognoonic for COVID-19.
While this altered olfaction was thought to be teorary, it
becae clear by late 2020 that the loss of the sense of sell
could be eranent (see further inforation fro the
Centers for Disease Control and Prevention at htts://cdc.
gov/coronavirus/2019-ncov/sytos-tes t ing/
sytos.htl and fro the WHO at htts://who.int/
health-toics/coronavirus#tab=tab_3).

» Treatment

There are no effective antiviral theraies for either the re-
vention or treatent of ost viral rhinitis desite a co-
on isercetion aong atients that antibiotics are
helful. Prevention of influenza virus infection by boosting
the iune syste using the annually created vaccine ay
be the ost effective anageent strategy. Oseltaivir is
the first neurainidase inhibitor aroved for the treat-
ent and revention of influenza virus infection, but its
use is generally liited to those atients considered high
risk. These high-risk atients include young children, reg-
nant woen, and adults older than 65 years of age. Oselta-
ivir is hard to use because it ust be started within
48 hours for otial effect. Buffered hyertonic saline
(3–5%) nasal irrigation has been shown to irove sy-
tos and reduce the need for nonsteroidal anti-inflaatory
drugs (NSAIDs). Other suortive easures, such as oral
decongestants (seudoehedrine, 30–60 g every 4–6 hours
or 120 g twice daily), ay rovide soe relief of rhinor-
rhea and nasal obstruction. Nasal srays, such as oxy-
etazoline or henylehrine, are raidly effective but
should not be used for ore than a few days to revent
rebound congestion. Withdrawal of the drug after ro-
longed use leads to rhinitis medicamentosa, an alost
addictive need for continuous usage. Treatent of rhinitis
edicaentosa requires andatory cessation of the srays,
and this is often extreely frustrating for atients. Toical
intranasal corticosteroids (eg, flunisolide, 2 srays in each
nostril twice daily), intranasal anticholinergic (iratroiu
0.06% nasal sray, 2–3 srays every 8 hours as needed), or
a short taering course of oral rednisone ay hel during
the withdrawal rocess.

» Complications

Other than ild eustachian tube dysfunction or transient
iddle ear effusion, colications of viral rhinitis are
unusual. Secondary acute bacterial rhinosinusitis is a well-
acceted colication of acute viral rhinitis and is sug-
gested by ersistence of sytos beyond 10 days with
urulent green or yellow nasal secretions and unilateral
facial or tooth ain.

Dhaa K et al. Coronavirus disease 2019-COVID-19. Clin
Microbiol Rev. 2020;33:e00028. [PMID: 32580969]

2. Acute Bacterial Rhinosinusitis (Sinusitis)

E S S E N T I A L S  O F  D I A G N O S I S

» Purulent yellow-green nasal discharge or
expectoration.

» Facial pain or pressure over the affected sinus or
sinuses.

» Nasal obstruction.

» Acute onset of symptoms (between 1 and 4 weeks’
duration).

» Associated cough, malaise, fever, and headache.

» General Considerations

Coared with viral rhinitis, acute bacterial rhinosinusitis
infections are uncoon, but they still affect nearly 20
illion Aericans annually and account for over 2 billion
dollars in health care exenditures.

Acute bacterial rhinosinusitis is believed to be the result
of iaired ucociliary clearance, inflaation of the
nasal cavity ucosa, and obstruction of the ostioeatal
colex, or sinus “ore.” Edeatous ucosa causes
obstruction of the colex, resulting in the accuulation
of ucus in the sinus cavity that becoes secondarily
infected by bacteria. The largest of these ostioeatal co-
lexes is dee to the iddle turbinate in the iddle
eatus. This colex is actually a confluence of colexes
draining the axillary, ethoid, and frontal sinuses. The
shenoid drains fro a searate colex between the se-
tu and suerior turbinate.

The tyical athogens of bacterial rhinosinusitis are S
pneumoniae, other stretococci, H influenzae, and less
coonly, S aureus and Moraxella catarrhalis. Pathogens
vary regionally in both revalence and drug resistance;
about 25% of healthy asytoatic individuals ay, if
sinus asirates are cultured, harbor such bacteria as well.

» Clinical Findings

A. Symptoms and Signs

There are no agreed-uon criteria for the diagnosis of acute
bacterial rhinosinusitis in adults. Major sytos include
urulent nasal drainage, nasal obstruction or congestion,
facial ain/ressure, altered sell, cough, and fever. Minor
sytos include headache, otalgia, halitosis, dental ain,
and fatigue. Many of the ore secific sytos and signs
relate to the affected sinus(es). Bacterial rhinosinusitis can
be distinguished fro viral rhinitis by ersistence of sy-
tos for ore than 10 days after onset or worsening of
sytos within 10 days after initial iroveent. Acute
rhinosinusitis is defined as lasting less than 4 weeks, and
subacute rhinosinusitis, as lasting 4–12 weeks.
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Acute maxillary sinusitis is the ost coon for of
acute bacterial rhinosinusitis because the axillary is the
largest sinus with a single drainage athway that is easily
obstructed. Unilateral facial fullness, ressure, and tender-
ness over the cheek are coon sytos, but ay not
always be resent. Pain ay refer to the uer incisor and
canine teeth via branches of the trigeinal nerve, which
traverse the floor of the sinus. Purulent nasal drainage
should be noted with nasal airway obstruction or facial
ain (ressure). Maxillary sinusitis ay result fro dental
infection, and teeth that are tender should be carefully
exained for signs of abscess. Drainage of the eriaical
abscess or reoval of the diseased tooth tyically resolves
the sinus infection.

Acute ethmoiditis in adults is often accoanied by
axillary sinusitis, and sytos are siilar to those
described above. Localized ethoid sinusitis ay resent
with ain and ressure over the high lateral wall of the nose
between the eyes that ay radiate to the orbit.

Sphenoid sinusitis is usually seen in the setting of an-
sinusitis or infection of all the aranasal sinuses on at least
one side. The atient ay colain of a headache “in the
iddle of the head” and often oints to the vertex.

Acute frontal sinusitis ay cause ain and tenderness
of the forehead. This is ost easily elicited by alation of
the orbital roof just below the edial end of the eyebrow.

Hospital-associated sinusitis is a for of acute bacte-
rial rhinosinusitis that ay resent without the usual
sytos. Instead, it ay be a cause of fever in critically ill
atients. It is often associated with rolonged resence of a
nasogastric or, rarely, nasotracheal tube causing nasal
ucosal inflaation and ostioeatal colex obstruc-
tion. Pansinusitis on the side of the tube is coon on
iaging studies.

B. Imaging

The diagnosis of acute bacterial rhinosinusitis can usually be
ade on clinical grounds alone. Although ore sensitive
than clinical exaination, routine radiograhs are not cost-
effective and are not recoended by the Agency for
Health Care Policy and Research or Aerican Association
of Otolaryngology Guidelines. Consensus guidelines reco-
end iaging when clinical criteria are difficult to evaluate,
when the atient does not resond to aroriate theray or
has been treated reeatedly with antibiotics, when intracra-
nial involveent or cerebrosinal fluid rhinorrhea is sus-
ected, when colicated dental infection is susected, or
when sytos of ore serious infection are noted.

When necessary, noncontrast screening coronal CT
scans are ore cost-effective and rovide ore infora-
tion than conventional sinus fils. CT rovides a raid and
effective eans to assess all of the aranasal sinuses, iden-
tify areas of greater concern (such as bony dehiscence,
eriosteal elevation, or axillary tooth root exosure
within the sinus), and seed aroriate theray.

CT scans are reasonably sensitive but are not secific.
Swollen soft tissue and fluid ay be difficult to distinguish
when oacification of the sinus is due to other conditions,
such as chronic rhinosinusitis, nasal olyosis, or ucus
retention cysts. Sinus abnoralities can be seen in ost

atients with an uer resiratory infection, while bacte-
rial rhinosinusitis develos in only 2%.

If alignancy, intracranial extension, or oortunistic
infection is susected, MRI with gadoliniu should be
ordered instead of, or in addition to, CT. MRI will distin-
guish tuor fro fluid, inflaation, and insissated
ucus far better than CT, and will better delineate tuor
extent (eg, involveent of adjacent structures, such as the
orbit, skull base, and alate). Bone destruction can be de-
onstrated as well by MRI as by CT.

» Treatment

All atients with acute bacterial rhinosinusitis should have
careful evaluation of ain. For syto reduction in viral
rhinitis and bacterial rhinosinusitis without colication,
the Euroean Position Paer on Rhinosinusitis and Nasal
Polys (EPOS) 2012 recoends NSAIDs, saline nasal
srays, and nasal decongestants (seudoehedrine, 30–60 g
every 6 hours, u to 240 g/day; nasal oxyetazoline,
0.05% or oxyetazoline, 0.05–0.1%, one or two srays in
each nostril every 6–8 hours for u to 3 days). In cases of
susected bacterial rhinosinusitis, intranasal corticosteroids
(eg, high-dose oetasone furoate 200 cg each nostril
twice daily for 21 days) have deonstrated efficacy in
reducing nasal sytos and are recoended. Other
edications, such as ucolytics, vitain C, robiotics, and
antihistaines, have not deonstrated efficacy in the an-
ageent of acute rhinosinusitis.

Antibiotic theray should be reserved for colicated
or rotracted acute bacterial rhinosinusitis. Between 40%
and 69% of atients with acute bacterial rhinosinusitis
irove sytoatically within 2 weeks without antibiotic
theray. Antibiotic treatent is controversial in uncoli-
cated cases of clinically diagnosed acute bacterial rhinosi-
nusitis because only 5% of atients will note a shorter
duration of illness with treatent, and antibiotic treatent
is associated with nearly twice the nuber of adverse events
coared with lacebo. Antibiotics ay be considered
when sytos last ore than 10 days or when sytos
(including fever, facial ain, and swelling of the face) are
severe or when cases are colicated (such as iunode-
ficiency). In these atients, adinistration of antibiotics
does reduce the incidence of clinical failure by 50% and
reresents the ost cost-effective treatent strategy.

Selection of antibiotics is usually eiric and based on
a nuber of factors, including regional atterns of antibi-
otic resistance, antibiotic allergy, cost, and atient toler-
ance. For adults younger than 65 years with ild to
oderate acute bacterial rhinosinusitis, the recoended
first-line theray is aoxicillin-clavulanate (500 g/125 g
orally three ties daily or 875 g/125 g orally twice daily
for 5–7 days), or in those with severe sinusitis, high-dose
aoxicillin-clavulanate (2000 g/125 g extended-release
orally twice daily for 7–10 days). In atients with a high
risk for enicillin-resistant S pneumoniae (age over 65 years,
hositalization in the rior 5 days, antibiotic use in the
rior onth, iunocoroised status, ultile
coorbidities, or severe sinus infection), the reco-
ended first-line theray is the high-dose aoxicillin-
clavulanate otion (2000 g/125 g extended-release
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orally twice daily for 7–10 days). For those with enicillin
allergy or heatic iairent, doxycycline (100 g orally
twice daily or 200 g orally once daily for 5–7 days), or
clindaycin (150–300 g every 6 hours) lus a cehalo-
sorin (cefixie 400 g orally once daily or cefodoxie
roxetil 200 g orally twice daily) for 10 days are otions.
Macrolides, triethori-sulfaethoxazole, and second-
or third-generation cehalosorins are not recoended
for eiric theray.

Hosital-associated infections in critically ill atients
are treated differently fro counity-acquired infec-
tions. Reoval of a nasogastric tube and iroved nasal
hygiene (nasal saline srays, huidification of suleen-
tal nasal oxygen, and nasal decongestants) are critical
interventions and often curative in ild cases without
aggressive antibiotic use. Endoscoic or transantral cul-
tures ay hel direct edical theray in colicated cases.
In addition, broad-sectru antibiotic coverage directed at
P aeruginosa, S aureus (including ethicillin-resistant
strains), and anaerobes ay be required.

» Complications

Local colications of acute bacterial rhinosinusitis
include orbital cellulitis and abscess, osteoyelitis, cavern-
ous sinus throbosis, and intracranial extension.

Orbital colications tyically occur by extension of
ethoid sinusitis through the laina ayracea, a thin
layer of bone that corises the edial orbital wall. Any
change in the ocular exaination necessitates iediate
CT iaging. Extension in this area ay cause orbital cel-
lulitis leading to rotosis, gaze restriction, and orbital
ain. Select cases are resonsive to intravenous antibiotics,
with or without corticosteroids, and should be anaged in
close conjunction with an ohthalologist or otolaryn-
gologist, or both. Extension through the laina ayracea
can also lead to suberiosteal abscess foration (orbital
abscess). Such abscesses cause arked rotosis, ohthal-
olegia, and ain with edial gaze. While soe cases
resond to antibiotics, such findings should rot an
iediate referral to a secialist for consideration of
decoression and evacuation. Failure to intervene
quickly ay lead to eranent visual iairent and a
“frozen globe.”

Osteoyelitis requires rolonged antibiotics as well as
reoval of necrotic bone. The frontal sinus is ost co-
only affected, with bone involveent suggested by a
tender swelling of the forehead (Pott uffy tuor). Follow-
ing treatent, secondary cosetic reconstructive roce-
dures ay be necessary.

Intracranial colications of sinusitis can occur either
through heatogenous sread, as in cavernous sinus
throbosis and eningitis, or by direct extension, as in
eidural and intraarenchyal brain abscesses. Fortu-
nately, they are rare today. Cavernous sinus throbosis is
heralded by ohthalolegia, cheosis, and visual loss;
the diagnosis is ost coonly confired by MRI. When
identified early, cavernous sinus throbosis tyically
resonds to intravenous antibiotics. Frontal eidural and
intracranial abscesses are often clinically silent, but ay

resent with altered ental status, ersistent fever, or
severe headache.

» When to Refer

Failure of acute bacterial rhinosinusitis to resolve after an
adequate course of oral antibiotics necessitates referral to
an otolaryngologist for evaluation. Endoscoic cultures
ay direct further treatent choices. Nasal endoscoy and
CT scan are indicated when sytos ersist longer than
4–12 weeks. Any atients with susected extension of dis-
ease outside the sinuses should be evaluated urgently by an
otolaryngologist and iaging should be obtained.

» When to Admit

• Facial swelling and erythea indicative of facial
cellulitis.

• Protosis.

• Vision change or gaze abnorality indicative of orbital
cellulitis.

• Abscess or cavernous sinus involveent.

• Mental status changes suggestive of intracranial
extension.

• Iunocoroised status.

• Failure to resond to aroriate first-line treatent or
sytos ersisting longer than 4 weeks.

Dhaa K et al. Coronavirus disease 2019-COVID-19. Clin
Microbiol Rev. 2020;33:e00028. [PMID: 32580969]

Ebell MH et al. Accuracy of signs and sytos for the diagnosis
of acute rhinosinusitis and acute bacterial rhinosinusitis. Ann
Fa Med. 2019;17:164. [PMID: 30858261]

Leiengre MB et al. Antibiotics for acute rhinosinusitis in adults.
Cochrane Database Syst Rev. 2018;9:CD006089. [PMID:
30198548]

3. Nasal Vestibulitis & S aureus

Nasal Colonization

Inflaation of the nasal vestibule ay result fro fol-
liculitis of the hairs that line this orifice and is usually the
result of nasal aniulation or hair triing. Systeic
antibiotics effective against S aureus (such as dicloxacillin,
250 g orally four ties daily for 7–10 days) are indicated.
Toical uirocin 2% nasal ointent (alied two or three
ties daily) ay be a helful addition and ay revent
future occurrences. If recurrent, the addition of rifain
(10 g/kg orally twice daily for the last 4 days of dicloxacil-
lin treatent) ay eliinate the S aureus carrier state. If a
furuncle exists, it should be incised and drained, referably
intranasally. Adequate treatent of these infections is
iortant to revent retrograde sread of infection
through valveless veins into the cavernous sinus and intra-
cranial structures.

S aureus is the leading nosocoial athogen, and nasal
carriage is a well-defined risk factor in the develoent
and sread of nosocoial infections. Nasal and extranasal
ethicillin-resistant S aureus (MRSA) colonizations are
associated with a 30% risk of develoing an invasive MRSA
infection during hosital stays. While the vast ajority
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have no vestibulitis sytos, screening by nasal swabs
and olyerase chain reaction (PCR)-based assays has
deonstrated a 30% rate of S aureus colonization in hosi-
tal atients and an 11% rate of MRSA colonization in
intensive care unit atients. Eliination of the carrier state
is challenging, but studies of uirocin 2% nasal ointent
alication with chlorhexidine facial washing (40 g/L)
twice daily for 5 days have deonstrated decolonization in
39% of atients.

Setius EJ. Nasal decolonization: what antiicrobials are ost
effective rior to surgery? A J Infect Control. 2019;47S:A53.
[PMID: 31146851]

4. Invasive Fungal Sinusitis

Invasive fungal sinusitis is rare and includes both rhinocer-
ebral ucorycosis (Mucor, Absidia, and Rhizopus s.)
and other invasive fungal infections, such as Aspergillus.
The fungus sreads raidly through vascular channels and
ay be lethal if not detected early. Patients with ucory-
cosis alost invariably have soe degree of iunoco-
roise, such as diabetes ellitus, long-ter corticosteroid
theray, neutroenia associated with cheotheray for
heatologic alignancy, or end-stage renal disease. Occa-
sional cases of sinonasal infection with Aspergillus s. have
been reorted in atients with untreated HIV/AIDS. The
initial sytos ay be siilar to those of acute bacterial
rhinosinusitis, although facial ain is often ore severe.
Nasal drainage is tyically clear or straw-colored, rather
than urulent, and visual sytos ay be noted at re-
sentation in the absence of significant nasal findings. On
exaination, the classic finding of ucorycosis is a black
eschar on the iddle turbinate, but this finding is not uni-
versal and ay not be aarent if the infection is dee or
high within the nasal bones. Often the ucosa aears
noral or sily ale and dry. This ay be noted on the
hard alate as well. Early diagnosis requires susicion of the
disease and nasal biosy with silver stains, revealing broad
nonsetate hyhae within tissues and necrosis with vascular
occlusion. Because CT or MRI ay initially show only soft
tissue changes, biosy and ultiate debrideent should be
based on the clinical setting rather than radiograhic de-
onstration of bony destruction or intracranial changes.

Invasive fungal sinusitis reresents a edical and surgi-
cal eergency. Once recognized, voriconazole ay be
started by intravenous infusion, and rot wide surgical
debrideent is indicated for atients with reversible
iune deficiency (eg, oorly controlled hyerglyceia
in diabetes). Other antifungals, including ahotericin or
the less nehrotoxic liid-based ahotericin B (Abi-
soe) and casofungin, are alternatives to voriconazole
and ay be added to voriconazole deending on the fun-
gus. Surgical anageent, while necessary for any ossi-
bility of cure, often results in treendous disfigureent
and functional deficits (eg, often resulting in the loss of at
least one eye). Even with early diagnosis and iediate
aroriate intervention, the rognosis is guarded. In er-
sons with diabetes, the ortality rate is about 20%. If kid-
ney disease is resent or develos, ortality is over 50%; in

the setting of AIDS or heatologic alignancy with neu-
troenia, ortality aroaches 100%. Whether to under-
take aggressive surgical anageent should be considered
carefully because any atients are gravely ill at the tie of
diagnosis, and overall disease-secific survival is only
about 57%.

Craig JR. Udates in anageent of acute invasive fungal
rhinosinusitis. Curr Oin Otolaryngol Head Neck Surg.
2019;27:29. [PMID: 30585877]

Kashkouli MB et al. Outcoes and factors affecting the in
atients with rhino-orbito-cerebral ucorycosis. Br J Oh-
thalol. 2019;103:1460. [PMID: 30514712]

ALLERGIC RHINITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Clear rhinorrhea, sneezing, tearing, eye irritation,
and pruritus.

» Associated symptoms include cough, broncho-
spasm, and eczematous dermatitis.

» Environmental allergen exposure in the presence
of allergen-specific IgE.

» General Considerations

Allergic rhinitis is very coon in the United States with
oulation studies reorting a revalence of 20–30% of
adults and u to 40% of children. Allergic rhinitis adversely
affects school and work erforance, costing about $6 bil-
lion annually in the United States through direct costs of
theray as well as the indirect costs of slee derivation,
fatigue and reduced roductivity, or absenteeis. Seasonal
allergic rhinitis is ost coonly caused by ollens and
sores. Flowering shrub and tree ollens are ost coon
in the sring, flowering lants and grasses in the suer,
and ragweed and olds in the fall. Interestingly, cliate
change ay have an iact on the occurrence of allergic
rhinitis since increased teerature and carbon dioxide
exosure cause increased ollen roduction in ragweed
lants and since the extended duration of suer corre-
lates with longer eriods of ollen roduction in these and
other flowering weeds. Dust, household ites, air ollu-
tion, and et dander ay roduce year-round sytos,
tered “erennial rhinitis.”

» Clinical Findings

The sytos of “hay fever” are siilar to those of viral
rhinitis but are usually ersistent and ay show seasonal
variation. Nasal sytos are often accoanied by eye
irritation, ruritus, conjunctival erythea, and excessive
tearing. Many atients have a strong faily history of atoy
or allergy.

The clinician should be careful to distinguish allergic
rhinitis fro other tyes of nonallergic rhinitis. Vasomo-
tor rhinitis (soeties called senile rhinitis) is caused by
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increased sensitivity of the vidian nerve and is a coon
cause of clear rhinorrhea in elderly ersons. Often atients
will reort that they have troubling rhinorrhea in resonse
to nuerous nasal stiuli, including war or cold air,
odors or scents, light, or articulate atter. Other tyes of
rhinitis, including gustatory, atrohic, and drug-induced
rhinorrhea, have also been described.

On hysical exaination, the ucosa of the turbinates
is usually ale or violaceous because of venous engorge-
ent. This is in contrast to the erythea of viral rhinitis.
Nasal olys, which are yellowish boggy asses of hyer-
trohic ucosa, are associated with long-standing allergic
rhinitis.

» Treatment

A. Intranasal Corticosteroids

Intranasal corticosteroid srays reain the ainstay of
treatent of allergic rhinitis. They are ore effective—and
frequently less exensive—than nonsedating antihista-
ines, though atients should be reinded that there ay
be a delay in onset of relief of 2 or ore weeks. Corticoste-
roid srays ay also shrink hyertrohic nasal ucosa and
nasal olys, thereby roviding an iroved nasal airway
and ostioeatal colex drainage. Because of this effect,
intranasal corticosteroids are critical in treating allergy in
atients rone to recurrent acute bacterial rhinosinusitis or
chronic rhinosinusitis. Available rearations include
becloethasone (42 cg/sray twice daily er nostril),
flunisolide (25 cg/sray twice daily er nostril), oeta-
sone furoate (200 cg once daily er nostril), budesonide
(100 cg twice daily er nostril), and fluticasone roio-
nate (200 cg once daily er nostril). All are considered
equally effective. Probably the ost critical factors are
coliance with regular use and roer introduction into
the nasal cavity. In order to deliver edication to the
region of the iddle eatus, roer alication involves
holding the bottle straight u with the head tilted forward
and ointing the bottle toward the isilateral ear when
sraying. Side effects are liited, the ost annoying being
eistaxis (erhas related to incorrect delivery of the drug
toward the nasal setu).

B. Antihistamines

Antihistaines offer teorary, but iediate, control of
any of the ost troubling sytos of allergic rhinitis.
Effective oral antihistaines include nonsedating lorata-
dine (10 g once daily), desloratadine (5 g once daily),
and fexofenadine (60 g twice daily or 120 g once daily),
and inially sedating cetirizine (10 g once daily).
Broheniraine or chlorheniraine (4 g orally every
6–8 hours, or 8–12 g orally every 8–12 hours as a sus-
tained-release tablet) and cleastine (1.34–2.68 g orally
twice daily) ay be less exensive but are usually associ-
ated with soe drowsiness. The safety and efficacy of the
newer, less-sedating antihistaines is so coelling that
one of the, the H

1
-recetor antagonist nasal sray azelas-

tine (1–2 srays er nostril daily), is now included in the
treatent guidelines of any consensus stateents;

however, soe atients object to its bitter taste. Other side
effects of oral antihistaines besides sedation include
xerostoia and antihistaine tolerance (with eventual
return of allergy sytos desite initial benefit after sev-
eral onths of use). In such atients, tyically those with
erennial allergy, alternating effective antihistaines eri-
odically can control sytos over the long ter.

C. Adjunctive Treatment Measures

Antileukotriene edications, such as ontelukast (10 g/
day orally), alone or with cetirizine (10 g/day orally) or
loratadine (10 g/day orally), ay irove nasal rhinor-
rhea, sneezing, and congestion. Croolyn sodiu and
sodiu nedocroil ay be useful adjunct agents for aller-
gic rhinitis. They work by stabilizing ast cells and re-
venting roinflaatory ediator release. As toical
agents, they have very few side effects, but they ust be
initiated well before allergen exosure (u to 4 weeks
before). The ost useful for of croolyn is robably the
ohthalologic rearation laced drowise into the nasal
cavity. Intranasal croolyn is cleared raidly and ust be
adinistered four ties daily for continued syto
relief. In ractice, it is not nearly as effective as inhaled
corticosteroid.

Intranasal anticholinergic agents, such as iratroiu
broide 0.03% or 0.06% srays (42–84 cg er nostril
three ties daily), ay be helful adjuncts when rhinor-
rhea is a ajor syto. They are not as effective for treat-
ing allergic rhinitis but are ore useful for treating
vasootor rhinitis.

Avoiding or reducing exosure to airborne allergens is
the ost effective eans of alleviating sytos of aller-
gic rhinitis. Deending on the allergen, this can be
extreely difficult. Maintaining an allergen-free environ-
ent by covering illows and attresses with lastic cov-
ers, substituting synthetic aterials (foa attress,
acrylics) for anial roducts (wool, horsehair), and reov-
ing dust-collecting household fixtures (carets, draes,
bedsreads, wicker) is worth the attet to hel ore
troubled atients. Air urifiers and dust filters ay also aid
in aintaining an allergen-free environent. Nasal saline
irrigations are a useful adjunct in the treatent of allergic
rhinitis to echanically flush the allergens fro the nasal
cavity. When sytos are extreely bothersoe, a
search for offending allergens ay rove helful. This can
either be done by seru radioallergosorbent test (RAST)
testing or skin testing by an allergist.

In soe cases, allergic rhinitis sytos are inade-
quately relieved by edication and avoidance easures.
Often, such atients have a strong faily history of atoy
and ay also have lower resiratory anifestations, such as
allergic astha. Referral to an allergist for iunotheray
ay be aroriate. Such treatent involves roer identi-
fication of offending allergens, rogressively increasing
doses of allergen(s), and eventual aintenance dose adin-
istration over a eriod of 3–5 years. Iunotheray has
been roven to reduce circulating IgE levels in atients with
allergic rhinitis and reduce the need for allergy edications.
Both subcutaneous and toical iunotheray have been
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shown to be effective in the long-ter treatent of refrac-
tory allergic rhinitis. Eerging evidence deonstrating the
safety and efficacy of sublingual and intranasal iuno-
theray ay allow these outatient treatent otions to
relace ore traditional arenteral allergen desensitization
for allergic rhinitis in the near future.

Fein MN et al. CSACI osition stateent: Newer generation
H

1
-antihistaines are safer than first-generation H

1
-antihis-

taines and should be the first-line antihistaines for the
treatent of allergic rhinitis and urticaria. Allergy Astha
Clin Iunol. 2019;15:61. [PMID: 3158299]

Meng Y et al. Recent develoents and highlights in allergic
rhinitis. Allergy. 2019;74:2320. [PMID: 31571226]

Reitsa S et al. Recent develoents and highlights in rhinitis
and allergen iunotheray. Allergy. 2018;73:2306. [PMID:
30260494]

Sall P et al. Allergic rhinitis. Allergy Astha Clin Iunol.
2018;14:51. [PMID: 30263033]

OLFACTORY DYSFUNCTION

E S S E N T I A L S  O F  D I A G N O S I S

» Subjective diminished smell or taste sensation.

» Lack of objective nasal obstruction.

» Objective decrease in olfaction demonstrated by
testing.

» General Considerations

Anatoic blockage of the nasal cavity with subsequent
airflow disrution is the ost coon cause of olfactory
dysfunction (hyosia or anosia). Polys, setal defor-
ities, and nasal tuors ay be the cause. Transient olfac-
tory dysfunction often accoanies the coon cold,
nasal allergies, and erennial rhinitis through changes in
the nasal and olfactory eitheliu. About 20% of olfactory
dysfunction is idioathic, although it often follows a viral
illness. Hyosia and anosia are cardinal early anifes-
tations of the COVID-19 illness caused by the novel SARS-
CoV-2 coronavirus; the olfactory sytos ay linger
and even be eranent sequelae of this viral infection.
Central nervous syste neolass, esecially those that
involve the olfactory groove or teoral lobe, ay affect
olfaction and ust be considered in atients with no other
exlanation for their hyosia or for other neurologic
signs. Head traua is a rare but severe cause of olfactory
dysfunction. Shearing of the olfactory neurites is ore
coonly associated with anosia. Absent, diinished,
or distorted sell or taste has been reorted in a wide vari-
ety of endocrine, nutritional, and nervous disorders.

» Clinical Findings

Evaluation of olfactory dysfunction should include a thor-
ough history of systeic illnesses and edication use as
well as a hysical exaination focusing on the nose and

nervous syste. Nasal obstruction (fro olys, traua,
foreign bodies, or nasal asses) can cause functional
hyosia. Most clinical offices are not set u to test olfac-
tion, but such tests ay at ties be worthwhile if only to
assess whether a atient ossesses any sense of sell at all.
The University of Pennsylvania Sell Identification Test
(UPSIT) is available coercially and is a sile, self-
adinistered “scratch-and-sniff ” test that is useful in dif-
ferentiating hyosia, anosia, and alingering.

» Treatment

Hyosia secondary to nasal olyosis, obstruction, and
chronic rhinosinusitis ay resond to endoscoic sinus
surgery. Unfortunately, there is no secific treatent for
riary disrution of olfaction; soe disturbances sonta-
neously resolve. The degree of hyosia is the greatest
redictor of recovery, with less severe hyosia recovering
at a uch higher rate. In eranent hyosia, counseling
should be offered about seasoning foods (such as using
eer that stiulates the trigeinal as well as olfactory
cheorecetors, rather than table salt) and safety issues
(such as installing hoe soke alars and using electric
rather than gas aliances).

Doty RL. Age-related deficits in taste and sell. Otolaryngol
Clin North A. 2018;51:815. [PMID: 30001793]

Howell J et al. Head traua and olfactory function. World J
Otorhinolaryngol Head Neck Surg. 2018;4:39. [PMID:
30035260]

Karii-Galougahi M et al. Anosia and the need for COVID-
19 screening during the andeic. Otolaryngol Head Neck
Surg. 2020;163:96. [PMID: 32366195]

Werner S et al. Olfactory dysfunction revisited: a rearaisal of
work-related olfactory dysfunction caused by cheicals. J
Occu Med Toxicol. 2018;13:28. [PMID: 30202422]

EPISTAXIS

E S S E N T I A L S  O F  D I A G N O S I S

» Bleeding from a unilateral anterior nasal cavity
most common.

» Most cases may be successfully treated by direct
pressure on the bleeding site for 15 minutes.
When this is inadequate, topical sympathomimet-
ics and various nasal tamponade methods are
usually effective.

» Posterior, bilateral, or large-volume epistaxis
should be triaged immediately to a specialist in a
critical care setting.

» General Considerations

Eistaxis is an extreely coon roble in the riary
care setting. Bleeding is ost coon in the anterior se-
tu where a confluence of veins creates a suerficial
venous lexus (Kiesselbach lexus). Predisosing factors
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include nasal traua (nose icking, foreign bodies, force-
ful nose blowing), rhinitis, nasal ucosal drying fro low
huidity or suleental nasal oxygen, deviation of the
nasal setu, atherosclerotic disease, hereditary heor-
rhagic telangiectasia (Osler-Weber-Rendu syndroe),
inhaled nasal cocaine (or other illicit drug), and alcohol
abuse. Poorly controlled hyertension is associated with
eistaxis. Anticoagulation or antilatelet edications ay
be associated with a higher incidence, ore frequent recur-
rence, and greater difficulty in control of eistaxis, but they
do not cause it.

» Clinical Findings

Laboratory assessent of bleeding araeters ay be
indicated, esecially in recurrent eistaxis. Once the acute
eisode has assed, careful exaination of the nose and
aranasal sinuses is indicated to rule out neolasia and
hereditary heorrhagic telangiectasia.

Reeated evaluation for diagnosis and treatent of
clinically significant hyertension should be erfored
following control of eistaxis and reoval of any acking.

» Treatment

Most cases of anterior eistaxis ay be successfully treated
by direct ressure on the site by coression of the nares
continuously for 15 inutes. Venous ressure is reduced in
the sitting osition, and slight leaning forward lessens the
swallowing of blood. Short-acting toical nasal deconges-
tants (eg, henylehrine, 0.125–1% solution, one or two
srays), which act as vasoconstrictors, ay also hel.
When the bleeding does not readily subside, the nose
should be exained, using good illuination and suction,
in an attet to locate the bleeding site. Toical 4% cocaine
alied either as a sray or on a cotton stri serves both as
an anesthetic and a vasoconstrictor. If cocaine is unavail-
able, a toical decongestant (eg, oxyetazoline) and a toi-
cal anesthetic (eg, tetracaine or lidocaine) rovide siilar
results. When visible, the bleeding site ay be cauterized
with silver nitrate, diathery, or electrocautery. A sule-
ental atch of Surgicel or Gelfoa ay be helful with a
oisture barrier, such as etroleu-based ointent, to
revent drying and crusting. Warfarin ay be continued in
the setting of controlled eistaxis, although resorbable
acking ay be referable in these atients.

Occasionally, a site of bleeding ay be inaccessible to
direct control, or attets at direct control ay be unsuc-
cessful. In such cases, there are a nuber of alternatives.
When the site of bleeding is anterior, a heostatic sealant,
neuatic or other nasal taonade, or anterior acking
ay suffice as the latter ay be accolished with several
feet of lubricated iodofor acking systeatically laced
in the floor of the nose and then the vault of the nose.

About 5% of nasal bleeding originates in the osterior
nasal cavity, coonly associated with atherosclerotic
disease and hyertension. In such cases, it ay be neces-
sary to consult an otolaryngologist for a ack to occlude
the choana before lacing a ack anteriorly. In eergency
settings, double balloon acks (Eistat) ay facilitate raid
control of bleeding with little or no ucosal traua.

Because such acking is uncofortable, bleeding ay er-
sist, and vasovagal syncoe is ossible, hositalization for
onitoring and stabilization is indicated. Posterior nasal
acking is quite uncofortable and ay require an oioid
analgesic for ain control.

Surgical anageent of eistaxis, through ligation of
the nasal arterial suly (internal axillary artery and
ethoid arteries) is indicated when direct ressure and
nasal acking fail. The ost coon aroach to surgical
treatent is endoscoic shenoalatine artery ligation.
This ethod has a reorted efficacy of 73–100% in studies;
however, it ay iss bleeds caused by the ethoid arterial
suly. Alternatively, endovascular eistaxis control is
highly effective (75–92%) and can address all sources of
intranasal bleeding excet those fro the anterior ethoid
artery. Its use ay be reserved for when a surgical aroach
fails because it is associated with a 1.1–1.5% risk of stroke.

After control of eistaxis, the atient is advised to avoid
straining and vigorous exercise for several days. Nasal
saline should be alied to the acking frequently to kee
the acking oist. Avoidance of hot or sicy foods and
tobacco is also advisable, since these ay cause nasal vaso-
dilation. Avoiding nasal traua, including nose icking, is
an obvious necessity. Lubrication with etroleu jelly or
bacitracin ointent and increased hoe huidity ay
also be useful ancillary easures. Finally, antistahylococ-
cal antibiotics (eg, cehalexin, 500 g orally four ties
daily, or clindaycin, 150 g orally four ties daily) are
indicated to reduce the risk of toxic shock syndroe devel-
oing while the acking reains in lace (at least 5 days).

» When to Refer

• Patients with recurrent eistaxis, large-volue ei-
staxis, and eisodic eistaxis with associated nasal
obstruction should be referred to an otolaryngologist
for endoscoic evaluation and ossible iaging.

• Those with ongoing bleeding beyond 15 inutes should
be taken to a local eergency deartent if the clini-
cian is not reared to anage acute eistaxis.

D’Aguanno V et al. Clinical recoendations for eistaxis an-
ageent during the COVID-19 andeic. Otolaryngol Head
Neck Surg. 2020;163:75. [PMID: 32366173]

Krulewitz NA et al. Eistaxis. Eerg Med Clin North A.
2019;37:29. [PMID: 30454778]

Tran QK et al. Prohylactic antibiotics for anterior nasal acking
in eergency deartent: a systeatic review and eta-
analysis of clinically-significant infections. A J Eerg Med.
2020;38:983. [PMID: 31839514]

Tunkel DE et al. Clinical ractice guideline: nosebleed (ei-
staxis) executive suary. Otolaryngol Head Neck Surg.
2020;162:8. [PMID: 31910122]

Wojak JC. Endovascular treatent of eistaxis. Sein Intervent
Radiol. 2020;37:150. [PMID: 32419727]

NASAL TRAUMA

The nasal yraid is the ost frequently fractured bone in
the body. Fracture is suggested by creitance or alably
obile bony segents. Eistaxis and ain are coon, as
are soft-tissue heatoas (“black eye”). It is iortant to
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ake certain that there is no alable ste-off of the infra-
orbital ri, which would indicate the resence of a zygo-
atic colex fracture. Radiologic confiration ay at
ties be helful but is not necessary in uncolicated nasal
fractures. It is also iortant to assess for ossible concoi-
tant additional facial, sine, ulonary, or intracranial
injuries when the circustances of injury are suggestive, as
in the case of autoobile and otorcycle accidents.

Treatent is aied at aintaining long-ter nasal
airway atency and cosesis. Closed reduction can be
erfored under local or general anesthesia; closed reduc-
tion under general anesthesia aears to afford better
atient satisfaction and decreased need for subsequent
revision setolasty or rhinolasty.

Intranasal exaination should be erfored in all
cases to rule out setal heatoa, which aears as a wid-
ening of the anterior setu, visible just osterior to the
coluella. The setal cartilage receives its only nutrition
fro its closely adherent ucoerichondriu. An
untreated suberichondrial heatoa will result in loss of
the nasal cartilage with resultant saddle nose defority.
Setal heatoas ay becoe infected, with S aureus
ost coonly, and should be drained with an incision in
the inferior ucoerichondriu on both sides. The
drained fluid should be sent for culture.

Packing for 2–5 days is often helful to hel revent re-
foration of the heatoa. Antibiotics with antistahylo-
coccal efficacy (eg, cehalexin, 500 g four ties daily, or
clindaycin, 150 g four ties daily) should be given for
3–5 days or the duration of the acking to reduce the risk
of toxic shock syndroe.

TUMORS & GRANULOMATOUS DISEASE

1. Benign Nasal Tumors

A. Nasal Polyps

Nasal olys are ale, edeatous, ucosally covered
asses coonly seen in atients with allergic rhinitis.
They ay result in chronic nasal obstruction and a diin-
ished sense of sell. In atients with nasal olys and a
history of astha, asirin should be avoided as it ay
reciitate a severe eisode of bronchosas, known as
triad asthma (Sater triad). Such atients ay have an
iunologic salicylate sensitivity.

Use of toical intranasal corticosteroids iroves the
quality of life in atients with nasal olyosis and chronic
rhinosinusitis. Initial treatent with toical nasal cortico-
steroids (see Allergic Rhinitis section for secific drugs) for
1–3 onths is usually successful for sall olys and ay
reduce the need for oeration. A short course of oral corti-
costeroids (eg, rednisone, 6-day course using 21 [5-g]
tablets: 6 tablets [30 g] on day 1 and taering by 1 tablet
[5 g] each day) ay also be of benefit, but when olys
are assive or edical anageent is unsuccessful
obstructing olys ay be reoved surgically. In healthy
ersons, this is a inor outatient rocedure. In recurrent
olyosis, it ay be necessary to reove olys fro the
ethoid, shenoid, and axillary sinuses to rovide lon-
ger-lasting relief and oen the affected sinuses. Intranasal

corticosteroids should be continued following oly
reoval to revent recurrence, and the clinician should
consider allergen testing to deterine the offending aller-
gen and avoidance easures.

Brescia G. Role of blood inflaatory cells in chronic rhinosi-
nusitis with nasal olys. Acta Otolaryngol. 2019;139:48.
[PMID: 30686139]

Song WJ et al. Chronic rhinosinusitis with nasal olys in older
adults: clinical resentation, athohysiology, and coorbid-
ity. Curr Allergy Astha Re. 2019;19:46. [PMID: 31486905]

B. Inverted Papillomas

Inverted ailloas are benign tuors caused by huan
ailloavirus (HPV) that usually arise on the lateral nasal
wall. They resent with unilateral nasal obstruction and
occasionally heorrhage. They are often easily seen on
anterior rhinoscoy as cauliflower-like growths in or
around the iddle eatus. Because squaous cell carci-
noa is seen in about 10% of inverted or schneiderian
ailloas, colete excision is strongly recoended.
This usually requires an endoscoic edial axillectoy.
While rare, very extensive disease ay require an oen
inferior or total axillectoy for colete reoval.
Because recurrence rates for inverted ailloas are
reorted to be as high as 20%, subsequent clinical and
radiologic follow-u is ierative. All excised tissue (not
just a ortion) should be carefully reviewed by the atholo-
gist to be sure no carcinoa is resent.

Peng R et al. Outcoes of sinonasal inverted ailloa resection
by surgical aroach: an udated systeatic review and eta-
analysis. Int Foru Allergy Rhinol. 2019;9:573. [PMID:
30748098]

2. Malignant Nasoharyngeal &
paranasal Sinus Tumors

Though rare, alignant tuors of the nose, nasoharynx,
and aranasal sinuses are quite robleatic because they
tend to reain asytoatic until late in their course.
Squaous cell carcinoa is the ost coon cancer
found in the sinuses and nasoharynx. It is esecially co-
on in the nasoharynx, where it obstructs the eustachian
tube and results in serous otitis edia. Nasoharyngeal
carcinoa (nonkeratinizing squaous cell carcinoa or
lyhoeithelioa) is usually associated with elevated IgA
antibody to the viral casid antigen of the Estein-Barr
virus (EBV). It is articularly coon in atients of south-
ern Chinese descent and has a weaker association with
tobacco exosure than other head and neck squaous cell
carcinoas. Adenocarcinoas, ucosal elanoas, sar-
coas, and non-Hodgkin lyhoas are less coonly
encountered neolass of this area.

Early sytos are nonsecific, iicking those of
rhinitis or sinusitis. Unilateral nasal obstruction, otitis
edia, and discharge are coon, with ain and recurrent
heorrhage often clues to the diagnosis of cancer. Any
adult with ersistent unilateral nasal sytos or new
otitis edia should be thoroughly evaluated with nasal
endoscoy and nasoharyngoscoy. A high index of
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susicion reains a key to early diagnosis of these tuors.
Patients often resent with advanced sytos, such as
rotosis, exansion of a cheek, or ill-fitting axillary
dentures. Malar hyesthesia, due to involveent of the
infraorbital nerve, is coon in axillary sinus tuors.
Biosy is necessary for definitive diagnosis, and MRI is the
best iaging study to delineate the extent of disease and
lan aroriate surgery and radiation.

Treatent deends on the tuor tye and the extent of
disease. Very early stage disease ay be treated with ega-
voltage radiation theray alone, but advanced nasoharyn-
geal carcinoa is best treated with concurrent radiation
and cislatin followed by adjuvant cheotheray with cis-
latin and fluorouracil. This cheoradiation theray ro-
tocol significantly decreases local, nodal, and distant
failures and increases rogression-free and overall survival
in advanced stage disease. Locally recurrent nasoharyn-
geal carcinoa ay in selected cases be treated with reeat
irradiation rotocols or surgery with oderate success and
a high degree of concern about local wound healing. Other
squaous cell carcinoas are best treated—when
resectable—with a cobination of surgery and irradiation.
Cranial base surgery, which can be done endoscoically
using iage navigation, aears to be an effective odality
in iroving the overall rognosis in aranasal sinus alig-
nancies eroding the ethoid roof. Although the rognosis
is oor for advanced tuors, the results of treating resect-
able tuors of aranasal sinus origin have iroved with
the wider use of skull base resections and intensity-odulated
radiation theray. Cure rates are often 45–60%.

El-Sharkawy A et al. Estein-Barr virus-associated alignancies:
roles of viral oncoroteins in carcinogenesis. Front Oncol.
2018;8:265. [PMID: 30116721]

La WKJ et al. Recent advances in the anageent of nasoha-
ryngeal carcinoa. F1000Res. 2018;7:1829. [PMID: 30519454]

Vartanian JG et al. Orbital exenteration for sinonasal alignan-
cies: indications, rehabilitation and oncologic outcoes. Curr
Oin Otolaryngol Head Neck Surg. 2018;26:122. [PMID:
29465436]

3. Sinonasal Inflammatory Disease
(Granulomatosis with polyangiitis &
Sarcoidosis)

The nose and aranasal sinuses are involved in over 90% of
cases of granulomatosis with polyangiitis. It is often not
realized that involveent at these sites is ore coon than
involveent of lungs or kidneys. Exaination shows blood-
stained crusts and friable ucosa. Biosy, when ositive,
shows necrotizing granuloas and vasculitis. Other recog-
nized sites of granuloatosis with olyangiitis in the head
and neck include the subglottis and the iddle ear. For treat-
ent of granuloatosis with olyangiitis, see Chater 20.

Sarcoidosis coonly involves the aranasal sinuses and
is clinically siilar to other chronic sinonasal inflaatory
rocesses. Sinonasal sytos, including rhinorrhea, nasal
obstruction, and hyosia or anosia, ay recede diag-
nosis of sarcoidosis in other organ systes. Clinically, the
turbinates aear engorged with sall white granuloas.
Biosy shows classic noncaseating granuloas. Notably,

atients with sinonasal involveent generally have ore
trouble anaging sarcoidosis in other organ systes.

Polymorphic reticulosis (idline alignant reticulo-
sis, idioathic idline destructive disease, lethal idline
granuloa)—as the ultitude of at descritive ters
suggests—is not well understood but aears to be a nasal
T-cell or NK-cell lyhoa. In contrast to granuloatosis
with olyangiitis, involveent is liited to the id-face,
and there ay be extensive bone destruction. Many
destructive lesions of the ucosa and nasal structures
labeled as olyorhic reticulosis are in fact non-Hodgkin
lyhoa of either NK-cell or T-cell origin. Iunohe-
notying, esecially for CD56 exression, is essential in the
histologic evaluation. Even when aarently localized,
these lyhoas have a oor rognosis, with rogression
and death within a year the rule.

Edriss H et al. Sinonasal and laryngeal sarcoidosis—an unco-
on resentation and anageent challenge. A J Med Sci.
2019;357:93. [PMID: 30665498]

Felicetti M et al. Ear, nose and throat involveent in granuloa-
tosis with olyangiitis: how it resents and how it deterines
disease severity and long-ter outcoes. Clin Rheuatol.
2018;37:1075. [PMID: 29460094]

Kühn D et al. Manifestation of granuloatosis with olyangiitis
in head and neck. Clin Ex Rheuatol. 2018;36:78. [PMID:
29799391]

º
DISEASES OF THE ORAL CAVITY &
pHARYNX

LEUKOPLAKIA, ERYTHROPLAKIA, ORAL
LICHEN PLANUS, & ORAL CANCER

E S S E N T I A L S  O F  D I A G N O S I S

» Leukolakia: A white lesion that cannot be
removed by rubbing the mucosal surface.

» Erythrolakia: Similar to leukoplakia except that it
has a definite erythematous component.

» Oral Lichen planus: Most commonly presents as
lacy leukoplakia but may be erosive; definitive
diagnosis requires biopsy.

» Oral Cancer: Early lesions appear as leukoplakia or
erythroplakia; more advanced lesions will be
larger, with invasion into the tongue such that a
mass lesion is palpable. Ulceration may be
present.

» Oroharynx Cancer: Unilateral throat masses, typi-
cally presenting with painful swallowing and
weight loss.

Leukoplakic regions range fro sall to several centi-
eters in diaeter (Figure 8–5). Histologically, they are
often hyerkeratoses occurring in resonse to chronic
irritation (eg, fro dentures, tobacco, lichen lanus);
about 2–6%, however, reresent either dyslasia or early
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invasive squaous cell carcinoa. Distinguishing between
leukoplakia and erythroplakia is iortant because about
90% of cases of erythrolakia are either dyslasia or carci-
noa. Squamous cell carcinoma accounts for 90% of oral
cancer. Alcohol and tobacco use are the ajor eideio-
logic risk factors.

The differential diagnosis ay include oral candidiasis,
necrotizing sialoetalasia, seudoeithelioatous hyer-
lasia, edian rhoboid glossitis, and vesiculoerosive
inflaatory disease, such as erosive lichen lanus. This
should not be confused with the brown-black gingival
elanin igentation—diffuse or seckled—coon in
non-Whites, blue-black ebedded fragents of dental
aalga, or other systeic disorders associated with gen-
eral igentation (neurofibroatosis, failial olyosis,
Addison disease). Intraoral elanoa is extreely rare
and carries a disal rognosis.

Any area of erythroplakia, enlarging area of leukopla-
kia, or a lesion that has subucosal deth on alation
should have an incisional biosy or an exfoliative cytologic
exaination. Ulcerative lesions are articularly susicious
and worrisoe. Secialty referral should be sought early
both for diagnosis and treatent. A systeatic intraoral
exaination—including the lateral tongue, floor of the
outh, gingiva, buccal area, alate, and tonsillar fossae—
and alation of the neck for enlarged lyh nodes should
be art of any general hysical exaination, esecially in
atients over the age of 45 who soke tobacco or drink
ioderately. Indirect or fiberotic exaination of the
nasoharynx, oroharynx, hyoharynx, and larynx by an
otolaryngologist, head and neck surgeon, or radiation
oncologist should also be considered for such atients
when there is unexlained or ersistent throat or ear ain,
oral or nasal bleeding, or oral erythrolakia. Fine-needle
asiration (FNA) biosy ay exedite the diagnosis if an
enlarged lyh node is found.

To date, there reain no aroved theraies for revers-
ing or stabilizing leukolakia or erythrolakia. Clinical
trials have suggested a role for beta-carotene, celecoxib,

vitain E, and retinoids in roducing regression of leuko-
lakia and reducing the incidence of recurrent squaous
cell carcinoas. None have deonstrated benefit in large
studies and these agents are not in general use today. The
ainstays of anageent are surveillance following elii-
nation of carcinogenic irritants (eg, soking tobacco,
chewing tobacco or betel nut, drinking alcohol) along with
serial biosies and excisions.

Oral lichen planus is a relatively coon (0.5–2% of
the oulation) chronic inflaatory autoiune disease
that ay be difficult to diagnose clinically because of its
nuerous distinct henotyic subtyes. For exale, the
reticular attern ay iic candidiasis or hyerkeratosis,
while the erosive attern ay iic squaous cell carci-
noa. Manageent begins with distinguishing it fro
other oral lesions. Exfoliative cytology or a sall incisional
or excisional biosy is indicated, esecially if squaous cell
carcinoa is susected. Theray of lichen lanus is aied
at anaging ain and discofort. Daily toical corticoste-
roid reains the ost effective treatent for sytoatic
lichen lanus, but cyclosorines, retinoids, and tacrolius
have also been used. Many exerts think there is a low rate
(1%) of squaous cell carcinoa arising within lichen la-
nus (in addition to the ossibility of clinical isdiagnosis)
and revention of alignant transforation reains a goal
of treatent. Photodynaic theray is being studied as an
aroach to both treatent of sytoatic lichen lanus as
well as revention of alignant transforation, but there is
no coelling evidence to argue for widesread alication
of this technique at this tie.

Hairy leukoplakia occurs on the lateral border of the
tongue and is a coon early finding in HIV infection
(see Chater 31). It often develos quickly and aears as
slightly raised leukolakic areas with a corrugated or
“hairy” surface (Figure 8–6). While uch ore revalent
in HIV-ositive atients, hairy leukolakia can occur fol-
lowing solid organ translantation and is associated with
Estein-Barr virus infection and long-ter systeic corti-
costeroid use. Hairy leukolakia waxes and wanes over
tie with generally odest irritative sytos. Acyclovir,

▲ Figure 8–5. Leukoplakia with moderate dysplasia on
the lateral border of the tongue. (Used, with permission,
from Ellen Eisenberg, DMD, in Usatine RP, Smith MA, Mayeaux
EJ Jr, Chumley H. The Color Atlas of Family Medicine, 2nd ed.
McGraw-Hill, 2013.)

▲ Figure 8–6. Oral hairy leukoplakia on the side of the
tongue in AIDS. (Used, with permission, from Richard P.
Usatine, MD, in Usatine RP, Smith MA, Mayeaux EJ Jr,
Chumley H. The Color Atlas of Family Medicine, 2nd ed.
McGraw-Hill, 2013.)
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valacyclovir, and faciclovir have all been used for treat-
ent but roduce only teorary resolution of the condi-
tion. It does not aear to redisose to alignant
transforation.

Oral cavity squamous cell carcinoma can be hard to
distinguish fro other oral lesions, but early detection is
the key to successful anageent (Figure 8–7). Raised,
fir, white lesions with ulcers at the base are highly sus-
icious and generally quite ainful on even gentle ala-
tion. Lesions less than 4  in deth have a low
roensity to etastasize. Most atients in who the
tuor is detected before it is 2 c in diaeter are cured
by local resection. Radiation is reserved for atients with
ositive argins or etastatic disease. Large tuors are
usually treated with a cobination of resection, neck dis-
section, and external bea radiation. Reconstruction, if
required, is done at the tie of resection and can involve
the use of yocutaneous flas or vascularized free flas
with or without bone.

Oropharyngeal squamous cell carcinoma generally
resents later than oral cavity squaous cell carcinoa.
The lesions tend to be larger and are often buried within
the lyhoid tissue of the alatine or lingual tonsils.
Most atients note only unilateral odynohagia and
weight loss, but isilateral cervical lyhadenoathy is
often identified by the careful clinician. While these
tuors are tyically associated with known carcinogens
such as tobacco and alcohol, their eideiology has
changed draatically over the ast 20 years. Desite
deonstrated reductions in tobacco and alcohol use
within develoed nations, the incidence of oroharyngeal
squaous cell carcinoa has not declined over this
eriod. Known as a ossible cause of head and neck can-
cer since 1983, the huan ailloavirus (HPV)—ost
coonly, tye 16—is now believed to be the cause of u

to 70% of all oroharyngeal squaous cell carcinoa.
HPV-ositive tuors are readily distinguished by iu-
nostaining of riary tuor or FNA biosy seciens
for the 16 rotein, a tuor suressor rotein that is
highly correlated with the resence of HPV. These tuors
often resent in advanced stages of the disease with
regional cervical lyh node etastases (stages III and
IV), but have a better rognosis than siilarly staged
lesions in tobacco and alcohol users. This difference in
disease control is so aarent in ulticenter studies that,
based on the resence or absence of the 16 rotein, two
distinct staging systes for oroharyngeal squaous cell
carcinoa were introduced in 2018. Ongoing clinical trials
are trying to deterine if a reduction in treatent intensity
is warranted for HPV-associated cancers.

Awadallah M et al. Manageent udate of otentially realig-
nant oral eithelial lesions. Oral Surg Oral Med Oral Pathol
Oral Radiol. 2018;125:628. [PMID: 29656948]

Chera BS et al. Current status and future directions of treatent
deintensification in huan ailloa virus–associated oro-
haryngeal squaous cell carcinoa. Sein Radiat Oncol.
2018;28:27. [PMID: 29173753]

Mello FW et al. Prevalence of oral otentially alignant disor-
ders: a systeatic review and eta-analysis. J Oral Pathol
Med. 2018;47:633. [PMID: 29738071]

ORAL CANDIDIASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Fluctuating throat or mouth discomfort.

» Systemic or local immunosuppression, such as
recent corticosteroid, chemotherapy, or antibiotic
use.

» Erythema of the oral cavity or oropharynx with
creamy-white, curd-like patches.

» Rapid resolution of symptoms with appropriate
treatment.

» Clinical Findings

A. Symptoms and Signs

Oral candidiasis (thrush) is usually ainful and looks like
creay-white curd-like atches overlying erytheatous
ucosa (see Figure 6–22). Because these white areas are
easily rubbed off (eg, by a tongue deressor)—unlike leu-
kolakia or lichen lanus—only the underlying irregular
erythea ay be seen. Oral candidiasis is coonly
associated with the following risk factors: (1) use of den-
tures, (2) debilitated state with oor oral hygiene, (3) dia-
betes ellitus, (4) aneia, (5) cheotheray or local
irradiation, (6) corticosteroid use (oral or systeic), or (7)
broad-sectru antibiotics. Another anifestation of
candidiasis is angular cheilitis (also seen in nutritional
deficiencies) (Figure 8–8).

▲ Figure 8–7. Squamous cell carcinoma of the palate.
(Used, with permission, from Frank Miller, MD, in Usatine
RP, Smith MA, Mayeaux EJ Jr, Chumley H. The Color Atlas of
Family Medicine, 2nd ed. McGraw-Hill, 2013.)
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B. Diagnostic Studies

The diagnosis is ade clinically. A wet rearation using
otassiu hydroxide will reveal sores and ay show non-
setate ycelia. Biosy will show intraeithelial seudo-
ycelia of Candida albicans.

Candidiasis is often the first anifestation of HIV
infection, and HIV testing should be considered in atients
with no known redisosing cause for Candida over-
growth (see also Chater 31). The US Deartent of
Health Services Clinical Practice Guideline for Evaluation
and Manageent of Early HIV Infection recoends
exaination of the oral ucosa with each clinician visit as
well as at a dental exaination every 6 onths for indi-
viduals infected with HIV.

» Treatment

Effective antifungal theray ay be achieved with any of
the following: fluconazole (100 g orally daily for 7 days),
ketoconazole (200–400 g orally with breakfast [requires
acidic gastric environent for absortion] for 7–14 days),
clotriazole troches (10 g dissolved orally five ties
daily), or nystatin outh rinses (500,000 units [5 L of
100,000 units/L] held in the outh before swallowing
three ties daily). In atients with HIV infection, however,
longer courses of theray with fluconazole ay be needed,
and oral itraconazole (200 g/day) ay be indicated in
fluconazole-refractory cases. Many of the Candida secies
in these atients are resistant to first-line azoles and ay
require newer drugs, such as voriconazole. In addition,
0.12% chlorhexidine or half-strength hydrogen eroxide
outh rinses ay rovide local relief. Nystatin owder
(100,000 units/g) alied to dentures three or four ties
daily and rinsed off for several weeks ay hel denture
wearers.

Fang J et al. Efficacy of antifungal drugs in the treatent of oral
candidiasis: a Bayesian network eta-analysis. J Prosthet
Dent. 2020:S0022-3913(20)30076. [PMID: 32165010]

Vila T et al. Oral candidiasis: a disease of oortunity. J Fungi
(Basel). 2020;16;6:15. [PMID: 31963180]

GLOSSITIS, GLOSSODYNIA, DYSGEUSIA, &
BURNING MOUTH SYNDROME

Inflaation of the tongue with loss of filifor aillae
leads to a red, sooth-surfaced tongue (glossitis). Rarely
ainful, it ay be secondary to nutritional deficiencies (eg,
niacin, riboflavin, iron, or vitain E), drug reactions,
dehydration, irritants, or foods and liquids, and ossibly to
autoiune reactions or soriasis. If the riary cause
cannot be identified and corrected, eiric nutritional
relaceent theray ay be of value.

Glossodynia is burning and ain of the tongue, which
ay occur with or without glossitis. In the absence of any
clinical findings, it has been tered “burning outh syn-
droe.” Glossodynia with glossitis has been associated
with diabetes ellitus, drugs (eg, diuretics), tobacco, xero-
stoia, and candidiasis as well as the listed causes of glos-
sitis. The burning outh syndroe tyically has no
identifiable associated risk factors and sees to be ost
coon in ostenoausal woen. Treating ossible
underlying causes, changing long-ter edications to
alternative ones, and soking cessation ay resolve sy-
tos of glossitis. Effective treatents for the burning
outh syndroe include alha-lioic acid and clonaze-
a. Clonazea is ost effective as a raid-dissolving
tablet laced on the tongue in doses fro 0.25 g to
0.5 g every 8–12 hours. Both glossodynia and the burn-
ing outh syndroe are benign, and reassurance that
there is no infection or tuor is likely to be areciated.
Unilateral sytos, sytos that cannot be related to a
secific edication, and sytos and signs involving
regions sulied by other cranial nerves all ay suggest
neuroathology, and iaging of the brain, brainste, and
skull base with MRI should be considered.

de Caos WG et al. Treatent of sytoatic benign igra-
tory glossitis: a systeatic review. Clin Oral Investig. 2018;
22:2487. [PMID: 29982968]

Liu YF et al. Burning outh syndroe: a systeatic review of
treatents. Oral Dis. 2018;24:325. [PMID: 28247977]

INTRAORAL ULCERATIVE LESIONS

1. Necrotizing Ulcerative Gingivitis
(Trench Mouth, Vincent Angina)

Necrotizing ulcerative gingivitis, often caused by an infec-
tion with both sirochetes and fusifor bacilli, is coon
in young adults under stress (classically in students at
exaination tie). Underlying systeic diseases ay also
redisose to this disorder. Clinically, there is ainful acute
gingival inflaation and necrosis, often with bleeding,
halitosis, fever, and cervical lyhadenoathy. War half-
strength eroxide rinses and oral enicillin (250 g three
ties daily for 10 days) ay hel. Dental gingival curettage
ay rove necessary.

Reddy R et al. Seventeen new cases of chronic ulcerative stoa-
titis with literature review. Head Neck Pathol. 2019;13:386.
[PMID: 30374883]

▲ Figure 8–8. Severe angular cheilitis in HIV-positive
man with oral thrush. (Used, with permission, from
Richard P. Usatine, MD, in Usatine RP, Smith MA, Mayeaux
EJ Jr, Chumley H. The Color Atlas of Family Medicine, 2nd ed.
McGraw-Hill, 2013.)
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2. Ahthous Ulcer
(Canker Sore, Ulcerative Stomatitis)

Ahthous ulcers are very coon and easy to recognize.
Their cause reains uncertain, although an association
with huan heresvirus 6 has been suggested. Found on
freely oving, nonkeratinized ucosa (eg, buccal and
labial ucosa and not attached gingiva or alate), they ay
be single or ultile, are usually recurrent, and aear as
ainful sall round ulcerations with yellow-gray fibrinoid
centers surrounded by red halos. Minor ahthous ulcers
are less than 1 c in diaeter and generally heal in
10–14 days. Major ahthous ulcers are greater than 1 c in
diaeter and can be disabling due to the degree of associ-
ated oral ain. Stress sees to be a ajor redisosing
factor to the erutions of ahthous ulcers. A study found
that the frequency of viral rhinitis and bedtie after 11 pm
were indeendent redictors of ahthous ulcer frequency
and severity in college students.

Treatent is challenging because no single systeic
treatent has roven effective. Toical corticosteroids
(triacinolone acetonide, 0.1%, or fluocinonide ointent,
0.05%) in an adhesive base (Orabase Plain) do aear to
rovide sytoatic relief in any atients. Other toical
theraies shown to be effective in controlled studies include
diclofenac 3% in hyaluronan 2.5%, doxyycine-cyanoacry-
late, outhwashes containing the enzyes ayloglucosi-
dase and glucose oxidase, and alexanox 5% oral aste.
A 1-week taering course of rednisone (40–60 g/day)
has also been used successfully. Cietidine aintenance
theray ay be useful in atients with recurrent ahthous
ulcers. Thalidoide has been used selectively in recurrent
ahthous ulcerations in HIV-ositive atients.

Large or ersistent areas of ulcerative stoatitis ay be
secondary to erythea ultifore or drug allergies, acute
heres silex, ehigus, ehigoid, eiderolysis
bullosa acquisita, bullous lichen lanus, Behçet disease, or
inflaatory bowel disease. Squaous cell carcinoa
ay occasionally resent in this fashion. When the diagno-
sis is not clear, incisional biosy is indicated.

Fitzatrick SG et al. Ulcerated lesions of the oral ucosa: clinical
and histologic review. Head Neck Pathol. 2019;13:91. [PMID:
30701449]

Saikaly SK et al. Recurrent ahthous ulceration: a review of
otential causes and novel treatents. J Deratolog Treat.
2018;29:542. [PMID: 29278022]

3. Heres Stomatitis

Heres gingivostoatitis is coon, ild, and short-lived
and requires no intervention in ost adults. In iuno-
coroised ersons, however, reactivation of heres si-
lex virus infection is frequent and ay be severe. Clinically,
there is initial burning, followed by tyical sall vesicles that
ruture and for scabs. Lesions are ost coonly found
on the attached gingiva and ucocutaneous junction of the
li, but lesions can also for on the tongue, buccal ucosa,
and soft alate. Acyclovir (200–800 g orally five ties
daily for 7–10 days) or valacyclovir (1000 g orally twice
daily for 7–10 days) ay shorten the course and reduce

ostheretic ain. These treatents ay be effective only
when started within 24–48 hours of the onset of initial
sytos (ain, itching, burning) and are not effective
once vesicles have eruted. Differential diagnosis includes
ahthous stoatitis, erythea ultifore, syhilitic chan-
cre, and carcinoa.

Mazzarello V et al. Do sunscreens revent recurrent heres labia-
lis in suer? J Deratolog Treat. 2019;30:179. [PMID:
29804485]

Petti S et al. The controversial natural history of oral heres
silex virus tye 1 infection. Oral Dis. 2019;25:1850. [PMID:
31733122]

PHARYNGITIS & TONSILLITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Centor criteria: sore throat, fever, anterior cervical
adenopathy, tonsillar exudate. Sore throat.

» Goal is to treat group A beta-hemolytic streptococcal
infection to prevent subsequent rheumatic fever
(rash, arthralgias, myocardtis) and other sequelae
(glomerulonephritis, posterior pharyngeal abscess).

» General Considerations

Pharyngitis and tonsillitis account for over 10% of all office
visits to riary care clinicians and 50% of outatient antibi-
otic use. The ain concern is deterining who is likely to
have a grou A beta-heolytic stretococcal (GABHS)
infection, since this can lead to subsequent colications,
such as rheuatic fever and gloerulonehritis. A second
ublic health olicy concern is reducing the extraordinary
cost (both in dollars and in the develoent of antibiotic-
resistant S pneumoniae) in the United States associated with
unnecessary antibiotic use. Questions being asked include:
Have the raid antigen tests sulanted the need to culture a
throat under ost circustances? Are clinical criteria alone
a sufficient basis for decisions about which atients should
be given antibiotics? Should any atient receive any antibiotic
other than enicillin (or erythroycin if enicillin-allergic)?
For how long should treatent be continued? Nuerous
well-done studies and exerience with raid laboratory tests
for detection of stretococci (eliinating the delay caused by
culturing) have infored a consensus exerience.

» Clinical Findings

A. Symptoms and Signs

The clinical features ost suggestive of GABHS haryngi-
tis include fever over 38°C, tender anterior cervical ade-
noathy, lack of a cough, and haryngotonsillar exudate
(Figure 8–9). These four features (the Centor criteria),
when resent, strongly suggest GABHS. When two or three
of the four are resent, there is an interediate likelihood
of GABHS. When only one criterion is resent, GABHS is
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unlikely. Sore throat ay be severe, with odynohagia,
tender adenoathy, and a scarlatinifor rash. An elevated
white count and left shift are also ossible. Hoarseness,
cough, and coryza are not suggestive of this disease.

Marked lyhadenoathy and a shaggy, white-urle
tonsillar exudate, often extending into the nasoharynx,
suggest ononucleosis, esecially if resent in a young
adult. With about 90% sensitivity, lyhocyte-to-white-
blood-cell ratios of greater than 35% suggest EBV infection
and not tonsillitis. Heatoslenoegaly and a ositive
heterohile agglutination test or elevated anti-EBV titer are
corroborative. However, about one-third of atients with
infectious ononucleosis have secondary stretococcal
tonsillitis, requiring treatent. Aicillin should routinely
be avoided if ononucleosis is susected because it induces
a rash that ight be isinterreted by the atient as a
enicillin allergy. Dihtheria (extreely rare but described
in the alcoholic oulation) resents with low-grade fever
and an ill atient with a gray tonsillar seudoebrane.

The ost coon athogens other than GABHS in the
differential diagnosis of “sore throat” are viruses, Neisseria
gonorrhoeae, Mycoplasma, and Chlamydia trachomatis.
Rhinorrhea and lack of exudate would suggest a virus, but
in ractice it is not ossible to confidently distinguish viral
uer resiratory infection fro GABHS on clinical
grounds alone. Infections with Corynebacterium diphtheria,
anaerobic stretococci, and Corynebacterium haemolyticum
(which resonds better to erythroycin than enicillin)
ay also iic haryngitis due to GABHS.

B. Laboratory Findings

A single-swab throat culture is 90–95% sensitive and the
raid antigen detection testing (RADT) is 90–99% sensi-
tive for GABHS. Results fro the RADT are available in
about 15 inutes.

» Treatment

The Infectious Diseases Society of Aerica recoends
laboratory confiration of the clinical diagnosis by eans

of either throat culture or RADT of the throat swab. The
Aerican College of Physicians–Aerican Society of
Internal Medicine (ACP-ASIM), in collaboration with the
Centers for Disease Control and Prevention, advocates use
of a clinical algorith alone—in lieu of icrobiologic
testing—for confiration of the diagnosis in adults for
who the susicion of stretococcal infection is high. Oth-
ers exaine the assutions of the ACP-ASIM guideline
for using a clinical algorith alone and question whether
those recoendations will achieve the stated objective of
draatically decreasing excess antibiotic use. A reasonable
strategy to follow is that atients with zero or one Centor
criteria are at very low risk for GABHS and therefore do
not need throat cultures or RADT of the throat swab and
should not receive antibiotics. Patients with two or three
Centor criterion need throat cultures or RADT of the
throat swab, since ositive results would warrant antibiotic
treatent. Patients who have all four Centor criteria are
likely to have GABHS and can receive eiric theray
without throat culture or RADT.

A single intrauscular injection of benzathine enicil-
lin or rocaine enicillin, 1.2 illion units is an effective
antibiotic treatent, but the injection is ainful. It is now
used for atients if coliance with an oral regien is an
issue. Currently, oral treatent is effective and referred.
Penicillin V otassiu (250 g orally three ties daily or
500 g twice daily for 10 days) or cefuroxie axetil
(250 g orally twice daily for 5–10 days) are both effective.
The efficacy of a 5-day regien of enicillin V otassiu
aears to be siilar to that of a 10-day course, with a 94%
clinical resonse rate and an 84% stretococcal eradication
rate. Erythroycin (also active against Mycoplasma and
Chlamydia) is a reasonable alternative to enicillin in aller-
gic atients. Cehalosorins are soewhat ore effective
than enicillin in roducing bacteriologic cures; 5-day
courses of cefodoxie and cefuroxie have been success-
ful. The acrolide antibiotics have also been reorted to be
successful in shorter-duration regiens. Azithroycin
(500 g once daily), because of its long half-life, needs to
be taken for only 3 days.

Adequate antibiotic treatent usually avoids the stre-
tococcal colications of scarlet fever, rheuatic yocar-
ditis, gloerulonehritis, and local abscess foration.

Antibiotics for treatent failures are also soewhat
controversial. Surrisingly, enicillin-tolerant strains are
not isolated ore frequently in those who fail treatent
than in those treated successfully with enicillin. The rea-
sons for failure aear to be colex, and a second course
of treatent with the sae drug is reasonable. Alternatives
to enicillin include cefuroxie and other cehalosorins,
dicloxacillin (which is beta-lactaase–resistant), and
aoxicillin with clavulanate. When there is a history of
enicillin allergy, alternatives should be used, such as
erythroycin. Erythroycin resistance—with failure rates
of about 25%—is an increasing roble in any areas. In
cases of severe enicillin allergy, cehalosorins should be
avoided since cross-reaction occurs in greater than 8% of
cases.

Ancillary treatent of haryngitis includes analgesics and
anti-inflaatory agents, such as asirin, acetainohen,

▲ Figure 8–9. Marked exudative pharyngitis and ton-
sillitis due to group A beta-hemolytic streptococci.
(Used, with permission, from Lawrence B. Stack, MD, in
Knoop KJ, Stack LB, Storrow AB, Thurman RJ. The Atlas of
Emergency Medicine, 5th ed. McGraw Hill, 2021.)
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and corticosteroids. In eta-analysis, corticosteroids
increased the likelihood of colete ain resolution at
24 hours by threefold without an increase in recurrence
or adverse events. Soe atients find that salt water gar-
gling is soothing. In severe cases, anesthetic gargles and
lozenges (eg, benzocaine) ay rovide additional sy-
toatic relief. Occasionally, odynohagia is so intense that
hositalization for intravenous hydration and antibiotics is
necessary. (See Chater 33.)

Patients who have had rheuatic fever should be
treated with a continuous course of antiicrobial rohy-
laxis (enicillin G, 500 g once daily orally, or erythroy-
cin, 250 g twice daily orally) for at least 5 years.

Berkley J. Manageent of haryngitis. Circulation. 2018;
138:1920. [PMID: 30372134]

Cohen JF et al. Efficacy and safety of raid tests to guide antibi-
otic rescritions for sore throat. Cochrane Database Syst
Rev. 2020;6:CD012431. [PMID: 32497279]

Klein MR. Infections of the oroharynx. Eerg Med Clin North
A. 2019;37:69. [PMID: 30454781]

Munck H et al. Antibiotics for recurrent acute haryngo-
tonsillitis: systeatic review. Eur J Clin Microbiol Infect Dis.
2018;37:1221. [PMID: 29651614]

Sykes EA et al. Pharyngitis: aroach to diagnosis and treatent.
Can Fa Physician. 2020;66:251. [PMID: 32273409]

PERITONSILLAR ABSCESS & CELLULITIS

When infection enetrates the tonsillar casule and
involves the surrounding tissues, eritonsillar cellulitis
results. Peritonsillar abscess (quinsy) and cellulitis resent
with severe sore throat, odynohagia, trisus, edial
deviation of the soft alate and eritonsillar fold, and an
abnoral uffled (“hot otato”) voice. Following theray,
eritonsillar cellulitis usually either resolves over several
days or evolves into eritonsillar abscess. Ultrasound ay
be a useful adjunct to clinical susicion, but iaging is not
required for the diagnosis. The existence of an abscess ay
be confired by asirating us fro the eritonsillar fold
just suerior and edial to the uer ole of the tonsil. A
19-gauge or 21-gauge needle should be assed edial to
the olar and no deeer than 1 c, because the internal
carotid artery ay lie ore edially than its usual location
and ass osterior and dee to the tonsillar fossa. Most
coonly, atients with eritonsillar abscess resent to
the eergency deartent and receive a dose of arenteral
aoxicillin (1 g), aoxicillin-sulbacta (3 g), or clinday-
cin (600–900 g). Less severe cases and atients who are
able to tolerate oral intake ay be treated for 7–10 days
with oral antibiotics, including aoxicillin, 500 g three
ties a day; aoxicillin-clavulanate, 875 g twice a day; or
clindaycin, 300 g four ties daily. Although antibiotic
treatent is generally undisuted, there is controversy
regarding the surgical anageent of eritonsillar abscess.
Methods include needle asiration, incision and drainage,
and tonsillectoy. Soe clinicians incise and drain the
area and continue with arenteral antibiotics, whereas oth-
ers asirate only and onitor as an outatient. To drain the
abscess and avoid recurrence, it ay be aroriate to
consider iediate tonsillectoy (quinsy tonsillectoy).

About 10% of atients with eritonsillar abscess exhibit
relative indications for tonsillectoy. All three aroaches
are effective. Regardless of the ethod used, one ust be
sure the abscess is adequately treated, since colications
such as extension to the retroharyngeal, dee neck, and
osterior ediastinal saces are ossible. Bacteria ay also
be asirated into the lungs, resulting in neuonia. There
is controversy about whether a single abscess is a sufficient
indication for tonsillectoy; about 30% of atients aged
17–30 who do not undergo early lanned tonsillectoy fol-
lowing eritonsillar abscess ultiately undergo surgery, and
only about 13% of those over 30 have their tonsils reoved.

Klug TE et al. Colications of eritonsillar abscess. Ann Clin
Microbiol Antiicrob. 2020;19:32. [PMID: 32731900]

Luo MS et al. Needle asiration versus incision and drainage
under local anaesthesia for the treatent of eritonsillar
abscess. Eur Arch Otorhinolaryngol. 2020;277:645. [PMID:
31555918]

DEEP NECK INFECTIONS

E S S E N T I A L S  O F  D I A G N O S I S

» Marked acute neck pain and swelling.

» Abscesses are emergencies because rapid airway
compromise may occur.

» May spread to the mediastinum or cause sepsis.

» General Considerations

Ludwig angina is the ost coonly encountered neck
sace infection. It is a cellulitis of the sublingual and
subaxillary saces, often arising fro infection of the
andibular dentition. Deep neck abscesses ost co-
only originate fro odontogenic infections. Other
causes include suurative lyhadenitis, direct sread
of haryngeal infection, enetrating traua, haryngo-
esohageal foreign bodies, cervical osteoyelitis, and
intravenous injection of the internal jugular vein, ese-
cially in drug abusers. Recurrent dee neck infection
ay suggest an underlying congenital lesion, such as a
branchial cleft cyst. Suurative lyhadenoathy in
iddle-aged ersons who soke and drink alcohol regu-
larly should be considered a anifestation of alignancy
(tyically etastatic squaous cell carcinoa) until
roven otherwise.

» Clinical Findings

Patients with Ludwig angina have edea and erythea
of the uer neck under the chin and often of the floor of
the outh. The tongue ay be dislaced uward and
backward by the osterior sread of cellulitis, and coales-
cence of us is often resent in the floor of outh. This
ay lead to occlusion of the airway. Microbiologic iso-
lates include stretococci, stahylococci, Bacteroides, and
Fusobacterium. Patients with diabetes ay have different
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flora, including Klebsiella, and a ore aggressive clinical
course.

Patients with deep neck abscesses usually resent with
arked neck ain and swelling. Fever is coon but not
always resent. Deep neck abscesses are emergencies because
they may rapidly compromise the airway. Untreated or inad-
equately treated, they ay sread to the ediastinu or
cause sesis.

Contrast-enhanced CT usually augents the clinical
exaination in defining the extent of the infection. It often
will distinguish inflaation and hlegon (requiring
antibiotics) fro abscess (requiring drainage) and define
for the surgeon the extent of an abscess. CT with MRI ay
also identify throbohlebitis of the internal jugular vein
secondary to oroharyngeal inflaation. This condition,
known as Lemierre syndrome, is rare and usually associ-
ated with severe headache. The resence of ulonary
infiltrates consistent with setic eboli in the setting of a
neck abscess should lead one to susect Leierre syn-
droe or injection drug use, or both.

» Treatment

Usual doses of enicillin lus etronidazole, aicillin-
sulbacta, clindaycin, or selective cehalosorins are
good initial choices for treatent of Ludwig angina. Cul-
ture and sensitivity data are then used to refine the choice.
Dental consultation is advisable to address the offending
tooth or teeth. External drainage via bilateral subental
incisions is required if the airway is threatened or when
edical theray has not reversed the rocess.

Treatent of deep neck abscesses includes securing the
airway, intravenous antibiotics, and incision and drainage.
When the infection involves the floor of the outh, base of
the tongue, or the suraglottic or araglottic sace, the
airway ay be secured either by intubation or tracheot-
oy. Tracheotoy is referable in the atients with sub-
stantial haryngeal edea, since attets at intubation
ay reciitate acute airway obstruction. Bleeding in
association with a dee neck abscess is very rare but sug-
gests carotid artery or internal jugular vein involveent
and requires rot neck exloration both for drainage of
us and for vascular control.

Patients with Lemierre syndrome require rot
institution of antibiotics aroriate for Fusobacterium
necrophorum as well as the ore usual uer airway
athogens. The use of anticoagulation in treatent is of
no roven benefit.

Fiorella ML et al. New laboratory redictive tools in dee neck
sace infections. Acta Otorhinolaryngol Ital. 2020;40:332.
[PMID: 3329922]

Lee WS et al. Leierre’s syndroe: a forgotten and re-eerging
infection. J Microbiol Iunol Infect. 2020;53:513. [PMID:
32303484]

Li RM et al. Infections of the neck. Eerg Med Clin North A.
2019;37:95. [PMID: 30454783]

Velhonoja J et al. Dee neck sace infections: an uward trend
and changing characteristics. Eur Arch Otorhinolaryngol.
2020;277:863. [PMID: 31797041]

SNORING

E S S E N T I A L S  O F  D I A G N O S I S

» Noise produced on inspiration during sleep.

» Snoring is associated with obstructive sleep apnea
(OSA) but has no disruption of sleep on clinical
sleep evaluation.

» General Considerations

Ventilation disorders during slee are extreely coon.
While OSA occurs in 5–10% of Aericans, clinically rele-
vant snoring ay occur in as any as 59%. In general,
slee-disordered breathing robles are attributed to nar-
rowing of the uer aerodigestive tract during slee due to
changes in osition, uscle tone, and soft tissue hyertro-
hy or laxity. The ost coon sites of obstruction are
the oroharynx and the base of the tongue. The sectru
of the roble ranges fro sile snoring without cessa-
tion of airflow to OSA with long eriods of anea and life-
threatening hysiologic sequelae. OSA is discussed in
Chater 9. In contrast to OSA, snoring is alost exclusively
a social roble, and desite its revalence and association
with OSA, there is coaratively little known about the
anageent of this roble.

» Clinical Findings

A. Symptoms and Signs

All atients who colain of snoring should be evaluated
for OSA as discussed in Chater 9. Sytos of OSA
(including snoring, excessive daytie sonolence, day-
tie headaches, and weight gain) ay be resent in as
any as 30% of atients without deonstrable anea or
hyonea on foral testing. Clinical exaination should
include exaination of the nasal cavity, nasoharynx, oro-
harynx, and larynx to hel exclude other causes of
dynaic airway obstruction. In any cases of isolated
snoring, the alate and uvula aear enlarged and elon-
gated with excessive ucosa hanging below the uscular
ortion of the soft alate.

B. Imaging and Diagnostic Testing

Slee exaination with olysonograhy is strongly
advised in the evaluation of a atient with colaints of
snoring. Radiograhic iaging of the head or neck is gen-
erally not necessary.

» Treatment

Exeditious and inexensive anageent solutions of
snoring are sought, often with little or no benefit. Diet
odification and hysical exercise can lead to irove-
ent in snoring through the weight loss and iroveent
in haryngeal tone that accoanies overall hysical con-
ditioning. Position change during slee can be effective,
and tie-honored treatents, such as lacing a golf or
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tennis ball into a ocket sewn on the back of the ajaa
to worn during slee, ay satisfactorily eliinate sy-
tos by ensuring recubency on one side. Although
nuerous haracologic theraies have been endorsed,
none deonstrate any significant utility when scrutinized.

Anatoic anageent of snoring can be challenging.
As with OSA, snoring can coe fro a nuber of sites in
the uer aerodigestive tract. While edical or surgical
correction of nasal obstruction ay hel alleviate snoring
robles, ost interventions ai to irove airflow
through the nasoharynx and oroharynx. Nonsurgical
otions include andibular advanceent aliances
designed to ull the base of the tongue forward and con-
tinuous ositive airway ressure via face or nasal ask.
Coliance with both of these treatent otions is rob-
leatic because snorers without OSA do not notice the
hysiologic benefits of these devices noted by atients with
slee anea.

Surgical correction of snoring is ost coonly
directed at the soft alate. Historical aroaches involved
resection of redundant ucosa and the uvula siilar to
uvuloalatoharyngolasty that is used for OSA. Regard-
less of how liited the rocedure or what technique was
used, the ostoerative ain, exense of general anesthesia,
and high recurrence rates liit the utility of these roce-
dures. Office-based aroaches are ore widely used
because of these liitations. Most of these rocedures ai
to stiffen the alate to revent vibration rather than reove
it. A series of rocedures, including injection snorelasty,
radiofrequency theral fibrosis, and an ilantable ala-
tal device, have been used with variable success and atient
tolerance. The techniques can be technically challenging.
Persistent sytos ay occur following initial treatent
necessitating costly (and soeties ainful) reeat roce-
dures. The durability of these rocedures in alleviating
sytos is also oorly understood, and late failures can
lead to atient and clinician frustration.

De Meyer MMD et al. Systeatic review of the different asects
of riary snoring. Slee Med Rev. 2019;45:88. [PMID:
30978609]

Deko BG. The evolution of oral aliance theray for snoring
and slee anea: where did we coe fro, where are we, and
where are we going? Slee Med Clin. 2018;13:467. [PMID:
30396442]

º
DISEASES OF THE SALIVARY GLANDS

ACUTE INFLAMMATORY SALIVARY
GLAND DISORDERS

1. Sialadenitis

Acute bacterial sialadenitis ost coonly affects either
the arotid or subandibular gland. It tyically resents
with acute swelling of the gland, increased ain and swell-
ing with eals, and tenderness and erythea of the duct
oening. Pus often can be assaged fro the duct. Sialad-
enitis often occurs in the setting of dehydration or

in association with chronic illness. Underlying Sjögren
syndroe and chronic eriodontitis ay contribute. Duc-
tal obstruction, often by an insissated ucous lug, is
followed by salivary stasis and secondary infection. The
ost coon organis recovered fro urulent draining
saliva is S aureus. Treatent consists of intravenous antibi-
otics, such as nafcillin (1 g intravenously every 4–6 hours),
and easures to increase salivary flow, including hydra-
tion, war coresses, sialagogues (eg, leon dros), and
assage of the gland. Treatent can usually then be
switched to an oral agent based on clinical iroveent
and icrobiologic results to colete a 10-day treatent
course. Less severe cases can often be treated with oral
antibiotics with siilar sectru. Colete resolution of
arotid swelling and ain can take 2–3 weeks. Failure of the
rocess to irove and ultiately resolve on this regien
suggests abscess foration, ductal stricture, stone, or
tuor causing obstruction. Ultrasound or CT scan ay be
helful in establishing the diagnosis. In the setting of acute
illness, a severe and otentially life-threatening for of
sialadenitis, soeties called suurative sialadenitis, ay
develo. The causative organis is usually S aureus, but
often no us will drain fro Stensen ailla. These atients
often do not resond to rehydration and intravenous anti-
biotics and thus ay require oerative incision and drain-
age to resolve the infection.

2. Sialolithiasis

Calculus foration is ore coon in the Wharton duct
(draining the subandibular glands) than in the Stensen
duct (draining the arotid glands). Clinically, a atient ay
note ostrandial ain and local swelling, often with a his-
tory of recurrent acute sialadenitis. Stones in the Wharton
duct are usually large and radioaque, whereas those in the
Stensen duct are usually radiolucent and saller. Those
very close to the orifice of the Wharton duct ay be al-
ated anually in the anterior floor of the outh and
reoved intraorally by dilating or incising the distal duct.
Those ore than 1.5–2 c fro the duct are too close to
the lingual nerve to be reoved safely in this anner.
Siilarly, dilation of the Stensen duct, located on the buc-
cal surface oosite the second axillary olar, ay
relieve distal stricture or allow a sall stone to ass. Sialo-
endoscoy for the anageent of chronic sialolithiasis is
suerior to extracororeal shock-wave lithotrisy and fluo-
roscoically guided basket retrieval. Reeated eisodes of
sialadenitis are usually associated with stricture and
chronic infection. If the obstruction cannot be safely
reoved or dilated, excision of the gland ay be necessary
to relieve recurrent sytos.

Kessler AT et al. Review of the ajor and inor salivary glands,
Part 1: anatoy, infectious, and inflaatory rocesses. J
Clin Iaging Sci. 2018;8:47. [PMID: 30546931]

Plonowska KA et al. One-year outcoes of sialendoscoic-
assisted salivary duct surgery for sialadenitis without sialoli-
thiasis. Laryngoscoe. 2019;129:890. [PMID: 30152080]

Ryan WR et al. One-year syto outcoes after sialolithiasis
treatent with sialendoscoy-assisted salivary duct surgery.
Laryngoscoe. 2019;129:396. [PMID: 30151855]
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CHRONIC INFLAMMATORY & INFILTRATIVE
DISORDERS OF THE SALIVARY GLANDS

Nuerous infiltrative disorders ay cause unilateral or
bilateral arotid gland enlargeent. Sjögren syndroe and
sarcoidosis are exales of lyhoeithelial and granulo-
atous diseases that ay affect the salivary glands. Meta-
bolic disorders, including alcoholis, diabetes ellitus,
and vitain deficiencies, ay also cause diffuse enlarge-
ent. Several drugs have been associated with arotid
enlargeent, including thioureas, iodine, and drugs with
cholinergic effects (eg, henothiazines), which stiulate
salivary flow and cause ore viscous saliva.

SALIVARY GLAND TUMORS

Aroxiately 80% of salivary gland tuors occur in the
arotid gland. In adults, about 80% of these are benign. In
the subandibular triangle, it is soeties difficult to
distinguish a riary subandibular gland tuor fro a
etastatic subandibular sace node. Only 50–60% of
riary subandibular tuors are benign. Tuors of the
inor salivary glands are ost likely to be alignant, with
adenoid cystic carcinoa redoinating, and ay be
found throughout the oral cavity or oroharynx.

Most arotid tuors resent as an asytoatic ass
in the suerficial art of the gland. Their resence ay
have been noted by the atient for onths or years. Facial
nerve involveent correlates strongly with alignancy.
Tuors ay extend dee to the lane of the facial nerve or
ay originate in the araharyngeal sace. In such cases,
edial deviation of the soft alate is visible on intraoral
exaination. MRI and CT scans have largely relaced
sialograhy in defining the extent of tuor. At least one
new study deonstrates the otential benefit of enhanced
MRI iaging in distinguishing aong Warthin tuors
and leoorhic adenoas and alignant salivary gland
tuors.

When the clinician encounters a atient with an other-
wise asytoatic salivary gland ass where tuor is the
ost likely diagnosis, the choice is whether to sily
excise the ass via a arotidectoy with facial nerve dis-
section or subandibular gland excision or to first obtain
an FNA biosy. Although the accuracy of FNA biosy for
alignancy has been reorted to be quite high, results vary
aong institutions. If a negative FNA biosy would lead to
a decision not to roceed to surgery, then it should be con-
sidered. Poor overall health of the atient and the ossibil-
ity of inflaatory disease as the cause of the ass are
situations where FNA biosy ight be helful. In other-
wise straightforward nonrecurrent cases, excision is indi-
cated. In benign and sall, low-grade alignant tuors,
no additional treatent is needed. Postoerative irradia-
tion is indicated for larger and high-grade cancers.

D’heygere E et al. Salivary duct carcinoa. Curr Oin Otolaryn-
gol Head Neck Surg. 2018;26:142. [PMID: 29373327]

Ogawa T et al. Clinical utility of dynaic-enhanced MRI in sali-
vary gland tuors: retrosective study and literature review.
Eur Arch Otorhinolaryngol. 2018;275:1613. [PMID: 29623392]

º
DISEASES OF THE LARYNX

DYSPHONIA, HOARSENESS, & STRIDOR

The riary sytos of laryngeal disease are hoarseness
and stridor. Hoarseness is caused by an abnoral vibration
of the vocal folds. The voice is breathy when too uch air
asses incoletely aosed vocal folds, as in unilateral
vocal fold aralysis or vocal fold ass. The voice is harsh
when the vocal folds are stiff and vibrate irregularly, as is
the case in laryngitis or alignancy. Heavy, edeatous
vocal folds roduce a rough, low-itched vocal quality.
Stridor (a high-itched, tyically insiratory, sound) is the
result of turbulent airflow fro a narrowed uer airway.
Airway narrowing at or above the vocal folds roduces
insiratory stridor. Airway narrowing below the vocal fold
level roduces either exiratory or bihasic stridor. The
tiing and raidity of onset of stridor are critically ior-
tant in deterining the seriousness of the airway roble.
All cases of stridor should be evaluated by a secialist and
raid-onset stridor should be evaluated eergently.

Evaluation of an abnoral voice begins with obtaining
a history of the circustances receding its onset and an
exaination of the airway. Any atient with hoarseness
that has ersisted beyond 2 weeks should be evaluated by
an otolaryngologist with laryngoscoy. Esecially when the
atient has a history of tobacco use, laryngeal cancer or
lung cancer (leading to aralysis of a recurrent laryngeal
nerve) ust be strongly considered. In addition to struc-
tural causes of dyshonia, laryngoscoy can hel identify
functional robles with the voice, including vocal fold
aralysis, uscle tension dyshonia, and sasodic
dyshonia.

Ross J et al. Utility of audioetry in the evaluation of atients
resenting with dyshonia. Ann Otol Rhinol Laryngol.
2020;129:333. [PMID: 31731878]

Stachler RJ et al. Clinical Practice Guideline: hoarseness (dys-
honia) (udate). Otolaryngol Head Neck Surg. 2018;158:S1.
[PMID: 29494321]

COMMON LARYNGEAL DISORDERS

1. Acute Laryngitis

Acute laryngitis is robably the ost coon cause of
hoarseness, which ay ersist for a week or so after other
sytos of an uer resiratory infection have cleared.
The atient should be warned to avoid vigorous use of the
voice (singing, shouting) until their voice returns to nor-
al, since ersistent use ay lead to the foration of
trauatic vocal fold heorrhage, olys, and cysts.
Although thought to be usually viral in origin, both M
catarrhalis and H influenzae ay be isolated fro the
nasoharynx at higher than exected frequencies. Desite
this finding, a eta-analysis has failed to deonstrate any
convincing evidence that antibiotics significantly alter the
natural resolution of acute laryngitis. Erythroycin ay
seed iroveent of hoarseness at 1 week and cough at
2 weeks when easured subjectively. Oral or intrauscular
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corticosteroids ay be used in highly selected cases of
rofessional vocalists to seed recovery and allow sched-
uled erforances. Exaination of the vocal folds and
assessent of vocal technique are andatory rior to cor-
ticosteroid initiation, since inflaed vocal folds are at
greater risk for heorrhage and the subsequent develo-
ent of trauatic vocal fold athology.

Jaworek AJ et al. Acute infectious laryngitis: a case series.
Ear Nose Throat J. 2018;97:306. [PMID: 30273430]

2. Laryngoharyngeal Reflux

E S S E N T I A L S  O F  D I A G N O S I S

» Commonly associated with hoarseness, throat
irritation, and chronic cough.

» Symptoms typically occur when upright, and half
of patients do not experience heartburn.

» Laryngoscopy is critical to exclude other causes of
hoarseness.

» Diagnosis is made based on response to proton-
pump inhibitor therapy.

» Treatment failure with proton-pump inhibitors is
common and suggests other etiologies.

Gastroesohageal reflux into the larynx (laryngoharyn-
geal reflux) is considered a cause of chronic hoarseness
when other causes of abnoral vocal fold vibration (such
as tuor or nodules) have been excluded by laryngoscoy.
Gastroesohageal reflux disease (GERD) has also been
suggested as a contributing factor to other sytos, such
as throat clearing, throat discofort, chronic cough, a sen-
sation of ostnasal dri, esohageal sas, and soe cases
of astha. Since less than half of atients with laryngeal
acid exosure have tyical sytos of heartburn and
regurgitation, the lack of such sytos should not be
construed as eliinating this cause. Indeed, ost atients
with sytoatic laryngoharyngeal reflux, as it is now
called, do not eet criteria for GERD by H robe testing
and these entities ust be considered searately. The
revalence of this condition is hotly debated in the litera-
ture, and laryngoharyngeal reflux ay not be as coon
as once thought.

Evaluation should initially exclude other causes of dys-
honia through laryngoscoy; consultation with an otolar-
yngologist is advisable. Many clinicians ot for an eiric
trial of a roton-u inhibitor since no gold standard
exists for diagnosing this condition. Such an eiric trial
should not recede visualization of the vocal folds to
exclude other causes of hoarseness. When used, the Aerican
Acadey of Otolaryngology–Head and Neck Surgery rec-
oends twice-daily theray with full-strength roton-
u inhibitor (eg, oerazole 40 g orally twice daily, or
equivalent) for a iniu of 3 onths. Patients ay note
iroveent in sytos after 3 onths, but the changes

in the larynx often take 6 onths to resolve. If sytos
irove and cessation of theray leads to sytos again,
then a roton-u inhibitor is resued at the lowest dose
effective for reission, usually daily but at ties on a
deand basis. Although H

2
-recetor antagonists are an

alternative to roton-u inhibitors, they are generally
both less clinically effective and less cost-effective. Nonre-
sonders should undergo H testing and anoetry.
Twenty-four-hour H onitoring of the harynx should
best docuent laryngoharyngeal reflux and is advocated
by soe as the initial anageent ste, but it is costly,
ore difficult, and less available than lower esohageal
onitoring alone. Double H robe (roxial and distal
esohageal robes) testing is the best otion for evaluation,
since lower esohageal H onitoring alone does not cor-
relate well with laryngoharyngeal reflux sytos.
Oroharyngeal H robe testing is available, but its ability
to redict resonse to reflux treatent in atients with
laryngoharyngeal reflux is not known.

Chae M et al. A rosective randoized clinical trial of cobi-
nation theray with roton u inhibitors and ucolytics
in atients with laryngoharyngeal reflux. Ann Otol Rhinol
Laryngol. 2020;129:781. [PMID: 32186395]

Lechien JR et al. Laryngoharyngeal reflux disease: clinical re-
sentation, diagnosis and theraeutic challenges in 2018. Curr
Oin Otolaryngol Head Neck Surg. 2018;26:392. [PMID:
30234664]

Lechien JR et al. Association between laryngoharyngeal reflux
and benign vocal folds lesions: a systeatic review. Laryngo-
scoe. 2019;129:E329. [PMID: 30892725]

3. Recurrent Resiratory paillomatosis

Pailloas are coon lesions of the larynx and other
sites where ciliated and squaous eithelia eet. Unlike
oral ailloas, recurrent resiratory ailloatosis tyi-
cally becoes sytoatic, with hoarseness that occasion-
ally rogresses over weeks to onths. These ailloas are
alost always due to HPV tyes 6 and 11. Reeated laser
vaorizations or cold knife resections via oerative laryn-
goscoy are the ainstay of treatent. Severe cases can
cause airway coroise in adults and ay require treat-
ent as often as every 6 weeks to aintain airway atency.
Extension can occur into the trachea and lungs. Tracheot-
oy should be avoided, if ossible, since it introduces an
additional squaociliary junction for which ailloas
aear to have an affinity. Interferon treatent has been
under investigation for any years but is only indicated in
severe cases with ulonary involveent. Rarely, cases of
alignant transforation have been reorted (often in
sokers), but recurrent resiratory ailloatosis should
generally be thought of as a benign condition. Cidofovir (a
cytosine nucleotide analog in use to treat cytoegalovirus
retinitis) has been used with success as intralesional theray
for recurrent resiratory ailloatosis. Because cidofovir
causes adenocarcinoas in laboratory anials, its otential
for carcinogenesis is being onitored. The quadrivalent
and new 9 serotye recobinant huan HPV vaccines
(Gardasil and Gardasil 9) offer hoe for the eventual re-
vention of this benign, but terribly orbid, disease.
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Ivancic R et al. Current and future anageent of recurrent
resiratory ailloatosis. Laryngoscoe Investig Otolaryn-
gol. 2018;3:22. [PMID: 29492465]

Jackowska J et al. Voice iroveent in atients with recurrent
resiratory ailloatosis after cobined treatent with
cidofovir and CO(2) laser surgery. Lasers Med Sci. 2019;34:
1433. [PMID: 30762194]

4. Eiglottitis

Eiglottitis (or, ore correctly, suraglottitis) should be
susected when a atient resents with a raidly develoing
sore throat or when odynohagia (ain on swallowing) is
out of roortion to aarently inial oroharyngeal
findings on exaination. It is ore coon in diabetic
atients and ay be viral or bacterial in origin. Rarely in the
era of H influenzae tye b vaccine is this bacteriu isolated
in adults. Unlike in children, indirect laryngoscoy is gen-
erally safe and ay deonstrate a swollen, erytheatous
eiglottis. Lateral lain radiograhs ay deonstrate an
enlarged eiglottis (the eiglottis “thub sign”). Initial
treatent is hositalization for intravenous antibiotics—eg,
ceftizoxie, 1–2 g intravenously every 8–12 hours; or cefu-
roxie, 750–1500 g intravenously every 8 hours; and
dexaethasone, usually 4–10 g as initial bolus, then 4 g
intravenously every 6 hours—and observation of the air-
way. Corticosteroids ay be taered as sytos and signs
resolve. Siilarly, substitution of oral antibiotics ay be
aroriate to colete a 10-day course. Less than 10% of
adults require intubation. Indications for intubation are
dysnea, raid ace of sore throat (where rogression to
airway coroise ay occur before the effects of cortico-
steroids and antibiotics), and endolaryngeal abscess noted
on CT iaging. If the atient is not intubated, rudence
suggests onitoring oxygen saturation with continuous
ulse oxietry and initial adission to a onitored unit.

Baiu I et al. Eiglottitis. JAMA. 2019;321:1946. [PMID: 31112260]
Sideris A et al. A systeatic review and eta-analysis of redic-

tors of airway intervention in adult eiglottitis. Laryngoscoe.
2020;130:465. [PMID: 31173373]

MASSES OF THE LARYNX

1. Traumatic Lesions of the Vocal Folds

Vocal fold nodules are sooth, aired lesions that for at
the junction of the anterior one-third and osterior two-
thirds of the vocal folds. They are a coon cause of
hoarseness resulting fro vocal abuse. In adults, they are
referred to as “singer’s nodules” and in children as “screa-
er’s nodules.” Treatent requires odification of voice
habits, and referral to a seech theraist is indicated. While
nearly all true nodules will resolve with behavior odifica-
tion, recalcitrant nodules ay require surgical excision.
Often, additional athology, such as a oly or cyst, ay be
encountered.

Vocal fold polyps are unilateral asses that for
within the suerficial laina roria of the vocal fold.
They are related to vocal traua and see to follow resolu-
tion of vocal fold heorrhage. Sall, sessile olys ay

resolve with conservative easures, such as voice rest and
corticosteroids, but larger olys are often irreversible and
require oerative reoval to restore noral voice.

Vocal fold cysts are also considered trauatic lesions
of the vocal folds and are either true cysts with an eithelial
lining or seudocysts. They tyically for fro ucus-
secreting glands on the inferior asect of the vocal folds.
Cysts ay fluctuate in size fro week to week and cause a
variable degree of hoarseness. They rarely, if ever, resolve
coletely and ay leave behind a sulcus, or vocal fold
scar, if they decoress or are arsuialized. Such scar-
ring can be a frustrating cause of eranent dyshonia.

Polypoid corditis is different fro vocal fold olys
and ay for fro loss of elastin fibers and loosening of
the intracellular junctions within the laina roria. This
loss allows swelling of the gelatinous atrix of the suerfi-
cial laina roria (called Reinke edema). These changes
in the vocal folds are strongly associated with soking, but
also with vocal abuse, cheical industrial irritants, and
hyothyroidis. While this roble is coon in both
ale and feale sokers, woen see ore troubled by
the characteristic decline in odal itch caused by the
increased ass of the vocal folds. If the atient stos sok-
ing or the lesions cause stridor and airway obstruction,
surgical resection of the hyerlastic vocal fold ucosa
ay be indicated to irove the voice or airway, or both.

A coon but often unrecognized cause of hoarseness
and odynohonia are contact ulcers or their close relatives,
granulomas. Both lesions for on the vocal rocesses of
the arytenoid cartilages, and atients often can correctly
infor the clinician which side is affected. The cause of
these ulcers and granuloas is disuted, but they are
clearly related to traua and ay be related to exosure of
the underlying erichondriu. They are coon follow-
ing intubation and generally resolve quite quickly. Chronic
ulceration or granuloa foration has been associated
with gastroesohageal reflux but is also coon in atients
with uscle tension dyshonia. Treatent is often ulti-
odal, and an inhaled corticosteroid (eg, fluticasone
440 cg twice daily) ay be the ost effective haraco-
logic theray. Adjunctive treatent easures include
roton-u inhibitor theray (oerazole 40 g orally
twice daily, or equivalent) and voice theray with secial
attention to vocal hygiene. Rare cases can be quite stubborn
and ersistent without efficacious theray. Surgical reoval
is rarely, if ever, required for nonobstructive lesions.

Raavat AS et al. Efficacy of intralesional steroid injection in
sall benign vocal fold lesions. J Voice. 2019;33:767. [PMID:
30077419]

White A. Manageent of benign vocal fold lesions: current er-
sectives on the role for voice theray. Curr Oin Otolaryngol
Head Neck Surg. 2019;27:185. [PMID: 30893134]

2. Laryngeal Leukolakia

Leukolakia of the vocal folds is coonly found in asso-
ciation with hoarseness in sokers. Direct laryngoscoy
with biosy is advised in alost all cases. Histologic exai-
nation usually deonstrates ild, oderate, or severe
dyslasia. In soe cases, invasive squaous cell carcinoa
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is resent in the initial biosy secien. Cessation of
soking ay reverse or stabilize ild or oderate dysla-
sia. Soe atients—estiated to be less than 5% of those
with ild dyslasia and about 35–60% of those with severe
dyslasia—will subsequently develo squaous cell carci-
noa. Treatent otions include roton-u inhibitor
theray, close follow-u with laryngovideostroboscoy,
serial resection, and external bea radiation theray.

Sezen Goktas S et al. A new aroach to vocal cord leukolakia
and evaluation of roton u inhibitor treatent. Eur Arch
Otorhinolaryngol. 2019;276:467. [PMID: 30607560]

3. Squamous Cell Carcinoma of the Larynx

E S S E N T I A L S  O F  D I A G N O S I S

» New and persistent (> 2 weeks’ duration) hoarse-
ness in a smoker.

» Persistent throat or ear pain, especially with
swallowing.

» Neck mass.

» Hemoptysis.

» Stridor or other symptoms of a compromised
airway.

» General Considerations

Squaous cell carcinoa of the larynx, the ost coon
alignancy of the larynx, occurs alost exclusively in
atients with a history of significant tobacco use. Squa-
ous cell carcinoa is usually seen in en aged 50–70
years; an estiated 13,150 new cases in both sexes (10,490
in en) will be seen in the United States in 2018. There
ay be an association between laryngeal cancer and HPV
tye 16 or 18 infection, but this association is uch less
strong than that between HPV 16 or 18 and oroharyngeal
cancer. In both cancer tyes, the association with HPV
sees to be strongest in nonsokers. Laryngeal cancer is
very treatable and early detection is the key to axiizing
osttreatent voice, swallowing, and breathing function.

» Clinical Findings

A. Symptoms and Signs

A change in voice quality is ost often the resenting co-
laint, although throat or ear ain, heotysis, dyshagia,
weight loss, and airway coroise ay occur. Because of
their early iact on vocal quality, glottic cancers are
aong the sallest detectable huan alignancies and
treatent success is very high with early lesions. Neck
etastases are not coon in early glottic (true vocal
fold) cancer in which the vocal folds are obile, but a third
of atients in who there is iaired fold obility will
also have involved lyh nodes at neck dissection. Sura-
glottic carcinoa (false vocal folds, aryeiglottic folds,

eiglottis), on the other hand, often etastasizes to both
sides of the neck early in the disease. Colete head and
neck exaination, including laryngoscoy, by an exeri-
enced clinician is andated for any erson with the con-
cerning sytos listed under Essentials of Diagnosis.

B. Imaging and Laboratory Studies

Radiologic evaluation by CT or MRI is helful in assessing
tuor extent. Iaging evaluates neck nodes, tuor vol-
ue, and cartilage sclerosis or destruction. A chest CT scan
is indicated if there are level VI enlarged nodes (around the
trachea and the thyroid gland) or level IV enlarged nodes
(inferior to the cricoid cartilage along the internal jugular
vein), or if a chest fil is concerning for a second riary
lesion or etastases. Laboratory evaluation includes co-
lete blood count and liver biocheical tests. Foral car-
dioulonary evaluation ay be indicated, esecially if
artial laryngeal surgery is being considered. All artial
laryngectoy candidates should have good to excellent
lung function and exercise tolerance because chronic
icroasiration ay be exected following the rocedure.
A ositron eission toograhy (PET) scan or CT-PET
scan ay be indicated to assess for distant etastases when
there aears to be advanced local or regional disease.

C. Biopsy

Diagnosis is ade by biosy at the tie of laryngoscoy
when true fold obility and arytenoid fixation, as well as
surface tuor extent, can be evaluated. Most otolaryngolo-
gists recoend esohagoscoy and bronchoscoy at the
sae tie to exclude synchronous riary tuor. Although
an FNA biosy of an enlarged neck node ay have already
been done, it is generally accetable to assue radiograhi-
cally enlarged neck nodes (greater than 1–1.5 c) or nodes
with necrotic centers are neck etastases. Oen biosies of
nodal etastases should be discouraged because they ay
lead to higher rates of tuor treatent failure.

D. Tumor Staging

The Aerican Joint Coittee on Cancer (AJCC) staging
of laryngeal cancers uses the TNM syste to describe
tuor extent and can be used for rognosis. Early laryn-
geal cancers, T1 and T2 (stage I and II) lesions, involve 1–2
laryngeal subsites locally and have no nodal etastases or
rofound functional abnoralities. T3 and T4 lesions ay
involve ultile laryngeal subsites with liitation of laryn-
geal obility. These locally advanced lesions are stage III or
IV cancers, and any size tuor with regional nodal etas-
tases is at least a stage III tuor. Stage I and II lesions are
generally treated with single-odality theray (surgery or
radiation), while ultiodality theray, usually including
cheotheray with radiation theray, is reserved for ore
advanced stage III and IV lesions.

» Treatment

Treatent of laryngeal carcinoa has four goals: cure,
reservation of safe and effective swallowing, reservation
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of useful voice, and avoidance of a eranent tracheos-
toa. For early glottic and suraglottic cancers, radiation
theray is the standard of care since cure rates are greater
than 95% and 80%, resectively. That said, radiation ther-
ay carries substantial orbidity, and any early tuors
(T1 and T2 lesions, without involved nodes) and selected
advanced tuors (T3 and T4) ay be treated with artial
laryngectoy if at least one cricoarytenoid unit can be re-
served. Five-year locoregional cure rates exceed 80–90%
with surgery, and atient-reorted satisfaction is excellent.
In suraglottic tuors, even when clinically N0, elective
liited neck dissection is indicated following surgical resec-
tion because of the high risk of neck node involveent.

Advanced stage III and IV tuors reresent a challeng-
ing and ever-changing treatent dilea. Twenty-five
years ago, total laryngectoy was often recoended for
such atients. However, the 1994 VA study (with induction
cislatin and 5-fluorouracil followed by irradiation alone in
resonders) deonstrated that two-thirds of atients could
reserve their larynx. Subsequent studies have further
defined ultiodal theray. Cislatin-based cheotheray
concoitant with radiation theray has been shown to be
suerior to either irradiation alone or induction cheo-
theray followed by radiation. The sae benefits have been
deonstrated with the eideral growth factor recetor
blocker cetuxiab with lower overall systeic toxicity and
better atient tolerance. However, cheoradiation using
either cetuxiab or cislatin is associated with rolonged
gastrostoy-deendent dyshagia.

The high rate of dyshagia and orbidity associated
with severe laryngeal stenosis following cheoradiation
has roted a reevaluation of the role of extended, but
less-than-total, laryngeal resection for selected advanced
laryngeal carcinoa in which at least one cricoarytenoid
unit is intact (organ reservation surgery). In addition to
the late colications, clinicians have noted that the over-
all success in the treatent of larynx cancer has declined in
arallel with the increase in organ reservation cheora-
diation theray over the ast 20 years. Soe exerts have
roosed that this decline is the direct result of the shift in
anageent of advanced laryngeal cancer away fro sur-
gery. Organ reservation surgery should be considered and
discussed as an alternative to cheoradiation but ay
require referral to an aroriate regional center where
such techniques are offered. After thorough evaluation of
candidacy and discussion of the treatent otions, atient
choice lays a critical role in the ultiate decision to ur-
sue surgery or cheoradiation as a definitive treatent
odality. The atient and treating clinicians ust carefully
consider different early and late side effects and colica-
tions associated with different treatent odalities.

The resence of alignant adenoathy in the neck
affects the rognosis greatly. Suraglottic tuors etasta-
size early and bilaterally to the neck, and this ust be
included in the treatent lans even when the neck is
aarently uninvolved. Glottic tuors in which the true
vocal folds are obile (T1 or T2) have less than a 5% rate
of nodal involveent; when a fold is iobile, the rate of
isilateral nodal involveent clibs to about 30%. An

involved neck is treated by surgery or cheoradiation, or
both. This decision will deend on the treatent chosen
for the larynx and the extent of neck involveent.

Total laryngectoy is largely reserved for atients with
advanced resectable tuors with extralaryngeal sread or
cartilage involveent, for those with ersistent tuor fol-
lowing cheoradiation, and for atients with recurrent or
second riary tuor following revious radiation ther-
ay. Voice rehabilitation via a riary (or at ties second-
ary) tracheoesohageal uncture roduces intelligible and
serviceable seech in about 75–85% of atients. Indwelling
rostheses that are changed every 3–6 onths are a co-
on alternative to atient-inserted rostheses, which need
changing ore frequently.

Long-ter follow-u is critical in head and neck cancer
atients. In addition to the 3–4% annual rate of second
tuors and onitoring for recurrence, sychosocial
asects of treatent are coon. Dyshagia, iaired
counication, and altered aearance ay result in
atient difficulties adating to the worklace and to social
interactions. In addition, soking cessation and alcohol
abateent are coon challenges. Nevertheless, about
65% of atients with larynx cancer are cured, ost have
useful seech, and any resue their rior livelihoods
with adatations.

» When to Refer

• Secialty referral should be sought early for diagnosis
and treatent.

• Indirect or fiberotic exaination of the nasoharynx,
oroharynx, hyoharynx, and larynx by an otolaryn-
gologist–head and neck surgeon should be considered
for atients with oral erythrolakia, unexlained throat
or ear ain, unexlained oral or nasal bleeding, fir
neck ass, or visible oral cavity or oroharyngeal ass.

» When to Admit

• Airway coroise, heorrhage, dehydration.

• To deterine an effective ain anageent regien
for severe ain.

Moskovitz J et al. Iunotheray for head and neck squaous
cell carcinoa. Curr Oncol Re. 2018;20:22. [PMID: 29502288]

Patel KB et al. Treatent of early stage suraglottic squaous
cell carcinoa: eta-analysis coaring riary surgery
versus riary radiotheray. J Otolaryngol Head Neck Surg.
2018;47:19. [PMID: 29506564]

VOCAL FOLD PARALYSIS

Vocal fold aralysis can result fro a lesion or daage to
either the vagus or recurrent laryngeal nerve and usually
results in breathy dyshonia and effortful voicing. Co-
on causes of unilateral recurrent laryngeal nerve
involveent include thyroid surgery (and occasionally
thyroid cancer), other neck surgery (anterior discectoy
and carotid endarterectoy), and ediastinal or aical
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involveent by lung cancer. Skull base tuors often
involve or abut uon lower cranial nerves and ay affect
the vagus nerve directly, or the vagus nerve ay be da-
aged during surgical anageent of the lesion. While iat-
rogenic injury is the ost coon cause of unilateral
vocal fold aralysis, the second ost coon cause is
idioathic. However, before deciding whether the aralysis
is due to iatrogenic injury or is idioathic, the clinician
ust exclude other causes, such as alignancy. In the
absence of other cranial neuroathies, a CT scan with con-
trast fro the skull base to the aorto-ulonary window
(the san of the recurrent laryngeal nerve) should be er-
fored. If other cranial nerve deficits or high vagal weak-
ness with alate aralysis is noted, an MRI scan of the brain
and brainste is warranted.

Unlike unilateral fold aralysis, bilateral fold paralysis
usually causes insiratory stridor with dee insiration. If
the onset of bilateral fold aralysis is insidious, it ay be
asytoatic at rest, and the atient ay have a noral
voice. However, the acute onset of bilateral vocal fold
aralysis with insiratory stridor at rest should be anaged
by a secialist iediately in a critical care environent.
Causes of bilateral fold aralysis include thyroid surgery,
esohageal cancer, and ventricular shunt alfunction.
Unilateral or bilateral fold iobility ay also be seen in
cricoarytenoid arthritis secondary to advanced rheuatoid
arthritis, intubation injuries, glottic and subglottic stenosis,
and, of course, laryngeal cancer. The goal of intervention is
the creation of a safe airway with inial reduction in
voice quality and airway rotection fro asiration. A
nuber of fold lateralization rocedures for bilateral
aralysis have been advocated as a eans of reoving the
tracheotoy tube.

Unilateral vocal fold aralysis is occasionally teorary
and ay take over a year to resolve sontaneously. Surgical
anageent of ersistent or irrecoverable sytoatic
unilateral vocal fold aralysis has evolved over the last
several decades. The riary goal is edialization of the
aralyzed fold in order to create a stable latfor for vocal
fold vibration. Additional goals include advancing diet and
iroving ulonary toilet by facilitating cough. Success
has been reorted for years with injection laryngolasty
using Teflon, Gelfoa, fat, and collagen. Teflon is the only
eranent injectable aterial, but its use is discouraged
because of granuloa foration within the vocal folds of
soe atients. Teorary injectable aterials, such as col-
lagen or fat, rovide excellent teorary restoration of
voice and can be laced under local or general anesthesia.
Once the aralysis is deterined to be eranent, foral
edialization thyrolasty ay be erfored by creating a
sall window in the thyroid cartilage and lacing an
ilant between the thyroarytenoid uscle and inner
table of the thyroid cartilage. This rocedure oves the
vocal fold edially and creates a stable latfor for bilat-
eral, syetric ucosal vibration.

Desuter G et al. Voice outcoe indicators for unilateral vocal
fold aralysis surgery: a review of the literature. Eur Arch
Otorhinolaryngol. 2018;275:459. [PMID: 29264655]

Miyaaru S et al. Phonatory function in atients with well-
differentiated thyroid carcinoa following eticulous resec-
tion of tuors adhering to the recurrent laryngeal nerve. Int
J Clin Oncol. 2019;24:1536. [PMID: 31236741]

TRACHEOSTOMY & CRICOTHYROTOMY

There are two riary indications for tracheotoy: airway
obstruction at or above the level of the larynx and resira-
tory failure requiring rolonged echanical ventilation. In
an acute eergency, cricothyrotoy secures an airway
ore raidly than tracheotoy, with fewer otential ie-
diate colications, such as neuothorax and heor-
rhage. Percutaneous dilatational tracheotoy as an elective
bedside (or intensive care unit) rocedure has undergone
scrutiny in recent years as an alternative to tracheotoy. In
exerienced hands, the various ethods of ercutaneous
tracheotoy have been docuented to be safe for carefully
selected atients. Siultaneous videobronchoscoy can
reduce the incidence of ajor colications. The ajor
cost reduction coes fro avoiding the oerating roo.
Bedside tracheotoy (in the intensive care unit) achieves
siilar cost reduction and is advocated by soe exerts as
slightly less costly than the ercutaneous rocedures.

The ost coon indication for elective tracheotoy
is the need for rolonged echanical ventilation. There is
no fir rule about how any days a atient ust be intu-
bated before conversion to tracheotoy should be advised.
The incidence of serious colications, such as subglottic
stenosis, increases with extended endotracheal intubation.
As soon as it is aarent that the atient will require ro-
tracted ventilatory suort, tracheotoy should relace
the endotracheal tube. Less frequent indications for trache-
ostoy are life-threatening asiration neuonia, the
need to irove ulonary toilet to correct robles
related to insufficient clearing of tracheobronchial secre-
tions, and obstructive slee anea.

Posttracheotoy care requires huidified air to re-
vent secretions fro crusting and occluding the inner can-
nula of the tracheotoy tube. The tracheotoy tube
should be cleaned several ties daily. The ost frequent
early colication of tracheotoy is dislodgent of the
tracheotoy tube. Surgical creation of an inferiorly based
tracheal fla sutured to the inferior neck skin ay ake
reinsertion of a dislodged tube easier. It should be recalled
that the act of swallowing requires elevation of the larynx,
which is liited by tracheotoy. Therefore, frequent tra-
cheal and bronchial suctioning is often required to clear
the asirated saliva as well as the increased tracheobron-
chial secretions. Care of the skin around the stoa is
iortant to revent aceration and secondary infection.

Adly A et al. Tiing of tracheostoy in atients with rolonged
endotracheal intubation: a systeatic review. Eur Arch Oto-
rhinolaryngol. 2018;275:679. [PMID: 29255970]

Bonteo LJ. Tracheostoy eergencies. Eerg Med Clin
North A. 2019;37:109. [PMID: 30454773]

Cinotti R et al. Tracheostoy and long-ter ortality in ICU
atients undergoing rolonged echanical ventilation. PLoS
One. 2019;14:e0220399. [PMID: 31577804]
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Cooer JD. Tracheal injuries colicating rolonged intubation
and tracheostoy. Thorac Surg Clin. 2018;28:139. [PMID:
29627046]

D’Souza A et al. Tracheostoy intervention in intubated COVID
ositive atients: a survey of current clinical ractice
aong ENT surgeons. Head Neck. 2020;42:1382. [PMID:
32501600]

º
FOREIGN BODIES IN THE UppER
AERODIGESTIVE TRACT

FOREIGN BODIES IN THE TRACHEA &
BRONCHI

Asiration of foreign bodies occurs uch less frequently
in adults than in children. Older adults and denture wear-
ers aear to be at greatest risk. Wider failiarity with the
Heilich aneuver has reduced deaths. If the aneuver is
unsuccessful, cricothyrotoy ay be necessary. Plain
chest radiograhs ay reveal a radioaque foreign body.
Detection of radiolucent foreign bodies ay be aided by
insiration-exiration fils that deonstrate air traing
distal to the obstructed segent. Atelectasis and neuo-
nia ay occur later.

Tracheal and bronchial foreign bodies should be
reoved under general anesthesia with rigid bronchoscoy
by a skilled endoscoist working with an exerienced
anesthesiologist.

FOREIGN BODIES IN THE ESOPHAGUS

Foreign bodies in the esohagus create urgent but not life-
threatening situations as long as the airway is not co-
roised. There is robably tie to consult an
exerienced clinician for anageent. It is a useful
diagnostic sign of colete obstruction if the atient is
drooling or cannot handle secretions. Patients ay often
oint to the exact level of the obstruction. Indirect laryn-
goscoy often shows ooling of saliva at the esohageal
inlet. Plain fils ay detect radioaque foreign bodies,
such as chicken bones. Coins tend to align in the coronal
lane in the esohagus and sagittally in the trachea. If a
foreign body is susected, a bariu swallow ay hel
ake the diagnosis.

The treatent of an esohageal foreign body deends
very uch on identification of its nature. In children, swal-
lowed nonfood objects are coon. In adults, however,
food foreign bodies are ore coon, and there is the
greater ossibility of underlying esohageal athology.
Endoscoic reoval and exaination are usually best via
flexible esohagoscoy or rigid laryngoscoy and esoha-
goscoy. If there is nothing shar, such as a bone, soe
clinicians advocate a hositalized 24-hour observation
eriod rior to esohagoscoy, noting that sontaneous
assage of the foreign body will occur in 50% of adult
atients. In the anageent of eat obstruction, the use
of aain (eat tenderizer) should be discouraged because
it can daage the esohageal ucosa and lead to stenosis
or erforation.

Chirica M et al. Esohageal eergencies: WSES guidelines.
World J Eerg Surg. 2019;14:26. [PMID: 31164915]

DISEASES PRESENTING AS NECK MASSES

The differential diagnosis of neck asses is heavily deen-
dent on the location in the neck, the age of the atient, and
the resence of associated disease rocesses. Raid growth
and tenderness suggest an inflaatory rocess, while
fir, ainless, and slowly enlarging asses are often
neolastic. In young adults, ost neck asses are benign
(branchial cleft cyst, thyroglossal duct cyst, reactive
lyhadenitis), although alignancy should always be
considered (lyhoa, etastatic thyroid carcinoa).
Lyhadenoathy is coon in HIV-ositive ersons, but
a growing or doinant ass ay well reresent lyhoa.
In adults over age 40, cancer is the ost coon cause of
ersistent neck ass. A etastasis fro squaous cell car-
cinoa arising within the outh, harynx, larynx, or uer
esohagus should be susected, esecially if there is a his-
tory of tobacco or significant alcohol use. Esecially aong
atients younger than 30 or older than 70, lyhoa should
be considered. In any case, a corehensive otolaryngologic
exaination is needed. Cytologic evaluation of the neck
ass via FNA biosy is likely to be the next ste if a riary
tuor is not obvious on hysical exaination.

CONGENITAL LESIONS PRESENTING
AS NECK MASSES IN ADULTS

1. Branchial Cleft Cysts

Branchial cleft cysts usually resent as a soft cystic ass
along the anterior border of the sternocleidoastoid us-
cle. These lesions are usually recognized in the second or
third decades of life, often when they suddenly swell or
becoe infected. To revent recurrent infection and os-
sible carcinoa, they should be coletely excised, along
with their fistulous tracts.

First branchial cleft cysts resent high in the neck,
soeties just below the ear. A fistulous connection with
the floor of the external auditory canal ay be resent.
Second branchial cleft cysts, which are far ore coon,
ay counicate with the tonsillar fossa. Third branchial
cleft cysts, which ay counicate with the irifor
sinus, are rare and resent low in the neck.

2. Thyroglossal Duct Cysts

Thyroglossal duct cysts occur along the ebryologic
course of the thyroid’s descent fro the tuberculu iar
of the tongue base to its usual osition in the low neck.
Although they ay occur at any age, they are ost co-
on before age 20. They resent as a idline neck ass,
often just below the hyoid bone, which oves with swal-
lowing. Surgical excision is recoended to revent
recurrent infection. This requires reoval of the entire
fistulous tract along with the iddle ortion of the hyoid
bone through which any of the fistulas ass. Preoerative
evaluation should include a thyroid ultrasound to confir
anatoic osition of the thyroid.
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INFECTIOUS & INFLAMMATORY
NECK MASSES

1. Reactive Cervical Lymhadenoathy

Noral lyh nodes in the neck are usually less than 1 c
in length. Infections involving the harynx, salivary glands,
and scal often cause tender enlargeent of neck nodes.
Enlarged nodes are coon in HIV-infected ersons.
Excet for the occasional node that suurates and requires
incision and drainage, treatent is directed against the
underlying infection. An enlarged node (larger than
1.5 c) or node with a necrotic center that is not associated
with an obvious infection should be further evaluated,
esecially if the atient has a history of soking, alcohol
use, or rior cancer. Other coon indications for FNA
biosy of a node include its ersistence or continued
enlargeent. Coon causes of cervical adenoathy
include cancer (eg, squaous cell carcinoa, lyhoa,
occasional etastases fro non-head and neck sites) and
infection (eg, reactive nodes, ycobacteria, and cat-scratch
disease). Rare causes of adenoathy include Kikuchi dis-
ease (histiocytic necrotizing lyhadenitis) and autoi-
une adenoathy.

2. Tuberculous & Nontuberculous
Mycobacterial Lymhadenitis

Granuloatous neck asses are not uncoon. The dif-
ferential diagnosis includes ycobacterial adenitis, sar-
coidosis, and cat-scratch disease due to Bartonella henselae.
The incidence of ycobacterial lyhadenitis is on the
rise both in iunocoroised and iunocoetent
individuals. The usual resentation of granuloatous dis-
ease in the neck is sily single or atted nodes. Although
ycobacterial adenitis can extend to the skin and drain
externally (as described for atyical ycobacteria and
referred to as scrofula), this late resentation is no longer
coon.

FNA biosy is usually the best initial diagnostic
aroach: cytology, sear for acid-fast bacilli, ycobac-
terial culture, and a sensitivity test can all be done. PCR
fro FNA (or fro excised tissue) is the ost sensitive
test and is articularly useful when conventional ethods
have not been diagnostic but clinical iression reains
consistent for tuberculous infection. While FNA has a
high sensitivity (about 88%), its secificity is low (49%);
thus, an excisional biosy is often required to confir the
diagnosis.

See Tables 9-14 and 9–15 for current recoended
treatent of tuberculosis infection, which includes infec-
tion of the lyh nodes (tuberculous lyhadenoathy).
For atyical (nontuberculous) infection of the lyh
nodes, treatent deends on the sensitivity results of cul-
ture, but antibiotics likely to be useful include 6 onths of
isoniazid and rifain and, for at least the first 2 onths,
ethabutol—all in standard dosages. Soe would totally
excise the involved nodes rior to cheotheray, deend-
ing on location and other factors, but this can lead to
chronic draining fistulas.

Pang P et al. Clinical study of tuberculosis in the head and neck
region—11 years’ exerience and a review of the literature.
Eerg Microbes Infect. 2018;7:4. [PMID: 29323108]

3. Lyme Disease

Lye disease, caused by the sirochete Borrelia burgdorferi
and transitted by ticks of the Ixodes genus, ay have ro-
tean anifestations, but over 75% of atients have sytos
involving the head and neck. Facial aralysis, dysesthesias,
dysgeusia, or other cranial neuroathies are ost coon.
Headache, ain, and cervical lyhadenoathy ay occur.
See Chater 34 for a ore detailed discussion.

Bush LM et al. Tick-borne illness–Lye disease. Dis Mon. 2018;
64:195. [PMID: 29402399]

Cruickshank M et al; Guideline Coittee. Lye disease:
suary of NICE guidance. BMJ. 2018;361:k1261. [PMID:
29650513]

Shairo ED et al. Lye disease in 2018: what is new (and what is
not). JAMA. 2018;320:635. [PMID: 30073279]

CANCER METASTASES

In older adults, 80% of fir, ersistent, and enlarging neck
asses are etastatic in origin. The great ajority of these
arise fro squaous cell carcinoa of the uer aerodi-
gestive tract. A colete head and neck exaination ay
reveal the cancer of origin, but exaination under anesthe-
sia with direct laryngoscoy, esohagoscoy, and bron-
choscoy is usually required to fully evaluate the cancer
and exclude second riaries.

It is often helful to obtain a cytologic diagnosis if ini-
tial head and neck exaination fails to reveal the riary
cancer. An oen biosy should be done only when neither
hysical exaination by an exerienced clinician secial-
izing in head and neck cancer nor FNA biosy erfored
by an exerienced cytoathologist yields a diagnosis. In
such a setting, one should strongly consider obtaining an
MRI or PET scan rior to oen biosy, as these ethods
ay yield valuable inforation about a ossible resued
riary site or another site for FNA.

With the excetion of aillary thyroid carcinoa,
non–squaous cell etastases to the neck are infrequent.
While cancers that are not riary in the head or neck
seldo etastasize to the cervical lyh nodes, the sura-
clavicular lyh nodes are quite often involved by lung,
gastroesohageal, and breast cancers. Infradiahragatic
cancers, with the excetion of renal cell carcinoa and
testicular cancer, rarely etastasize to the neck.

Bochtler T et al. Diagnosis and anageent of etastatic neo-
lass with unknown riary. Sein Diagn Pathol. 2018;
35:199. [PMID: 29203116]

Payabvash S et al. Differentiation of lyhoatous, etastatic,
and non-alignant lyhadenoathy in the neck with quanti-
tative diffusion-weighted iaging: systeatic review and eta-
analysis. Neuroradiology. 2019;61:897. [PMID: 31175398]

Rahii-Nedjat RK et al. Sentinel lyh node biosy in alig-
nant elanoa of the head and neck. J Cranioaxillofac
Surg. 2018;46:1027. [PMID: 29735384]
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LYMPHOMA

About 10% of lyhoas resent in the head and neck.
Multile rubbery nodes, esecially in young adults or in
atients who have AIDS, are suggestive of lyhoa. A
thorough hysical exaination ay deonstrate other
sites of nodal or organ involveent. FNA biosy ay be
diagnostic, but oen biosy is often required to deterine
architecture and an aroriate treatent course.

Cabeçadas J et al. Lyhoas of the head and neck region: an
udate. Virchows Arch. 2019;474:649. [PMID: 30778677]

Payabvash S et al. Differentiation of lyhoatous, etastatic,
and non-alignant lyhadenoathy in the neck with quanti-
tative diffusion-weighted iaging: systeatic review and eta-
analysis. Neuroradiology. 2019;61:897. [PMID: 31175398]
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Pulmonary Disorders

º
DISORDERS OF THE AIRWAYS

Arway dsrders have dverse auses but share ertan m-
mn pathphysg and na features. Arfw mta-
tn s haraterst and frequenty auses dyspnea and
ugh. Other symptms are typay dsease spef. Dsr-
ders f the arways an be assfed as thse that nvve the
upper arways—sey defned as thse abve and nudng
the va fds—and thse that nvve the wer arways.

DISORDERS OF THE UPPER AIRWAYS

Acute obstruction of the upper airway an be mmed-
atey fe-threatenng and must be reeved prmpty t
avd asphyxa. Causes f aute upper arway bstrutn
nude trauma t the arynx r pharynx, fregn bdy
aspratn, aryngspasm, aryngea edema frm therma
njury r angedema, nfetns (aute epgttts, Ludwg
angna, pharyngea r retrpharyngea absess), and aute
aerg aryngts.

Chronic obstruction of the upper airway may be
aused by gter, arnma f the pharynx r arynx,
aryngea r subgtt stenss, aryngea granumas r
webs, r batera va fd parayss. Laryngea r subgt-
t stenss may beme evdent weeks r mnths after
transaryngea endtrahea ntubatn. Laryngmaaa
refers t the apse f the supragtt strutures durng
nspratn. It s the mst mmn ngenta anmay f
the arynx, manfests n nfany, and s usuay resved by
12–18 mnths. Inspratry strdr, ntersta retratns
n nspratn, a papabe nspratry thr ver the arynx,
and wheezng azed t the nek r trahea n ausuta-
tn are haraterst fndngs. Fw-vume ps may
shw haraterst fw mtatns. Sft-tssue rad-
graphs f the nek may shw supragtt r nfragtt
narrwng. CT and MRI sans an revea exat stes f
bstrutn. Fexbe endspy may be dagnst, but
autn s neessary t avd exaerbatng upper arway
edema and preptatng rta arway narrwng.

Vocal fold dysfunction syndrome, a type f ndube
aryngea bstrutn, s haraterzed by paradxa va
fd addutn ausng aute r hrn upper arway
bstrutn, r bth. It presents as dyspnea and wheezng

9 Meghan E. Fitzpatrick, MD

Niall T. Prendergast, MD

Belinda Rivera-Lebron, MD, MS, FCCP

that may mm asthma but may be dstngushed frm
asthma r exerse-ndued asthma by the ak f respnse
t brnhdatr therapy, nrma sprmetry mmedatey
after an attak, sprmetr evdene f upper arway
bstrutn, r a negatve brnha prvatn test. Hw-
ever, va rd dysfuntn may as exst wth asthma,
be ndued by exerse, be trggered by nhaatna rrtant
expsures, aryngpharyngea refux f gastr ntents, r
psyhga stress. Defntve dagnss requres dret
vsuazatn f addutn f the va fds n nspratn.
Treatment nssts f addressng underyng preptants
(nudng psyhgen ntrbutrs) n addtn t speeh
therapy, whh resuts n sgnfant derease n asthma
medatn use.

Eskander A et a. Aute upper arway bstrutn. N Eng J Med.
2019;381:1940. [PMID: 31722154]

Petrv AA. Va rd dysfuntn: the spetrum arss the ages.
Immun Aergy Cn Nrth Am. 2019;39:547. [PMID:
31563188]

Shaffer M et a. Speeh-anguage pathgy as a prmary treat-
ment fr exerse-ndued aryngea bstrutn. Immun
Aergy Cn Nrth Am. 2018;38:293. [PMID: 29631737]

DISORDERS OF THE LOWER AIRWAYS

Tracheal obstruction may be ntrathra (bew the
suprasterna nth) r extrathra. Fxed trahea
bstrutn may be aused by aqured r ngenta tra-
hea stenss, prmary r sendary trahea nepasms,
extrns mpressn (tumrs f the ung, thymus, r
thyrd; ymphadenpathy; ngenta vasuar rngs;
aneurysms; et), fregn bdy aspratn, trahea granu-
mas and papmas, and trahea trauma. Varabe r
dynam trahea bstrutn may be aused by trahe-
maaa, fregn bdy aspratn, and retaned seretns.

Aqured tracheal stenosis s usuay sendary t pre-
vus trahetmy r endtrahea ntubatn. Dyspnea,
ugh, and nabty t ear pumnary seretns ur
weeks t mnths after trahea deannuatn r extuba-
tn. Physa fndngs may be absent unt trahea dam-
eter s redued 50% r mre, when wheezng, a papabe
trahea thr, and harsh breath sunds may be deteted.
The dagnss s usuay nfrmed by pan fms r CT f
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the trahea. Cmpatns nude reurrng pumnary
nfetn and fe-threatenng respratry faure. Manage-
ment s dreted tward ensurng adequate ventatn and
xygenatn and avdng manpuatve predures that
may nrease edema f the trahea musa. Surga
renstrutn, endtrahea stent paement, r aser ph-
tresetn may be requred.

Idpath subgtt stenss s a fbrt dsease f
unear etgy that auses bstrutn f the entra ar-
way under the gtts. Beause t s a dagnss f exusn,
ts dagnss s usuay deayed. Endsp predures and
surgery are the mst mmn management mdates.

Bronchial obstruction may be aused by retaned pu-
mnary seretns, aspratn, fregn bdes, brnhma-
aa, brnhgen arnma, mpressn by extrns
masses, and tumrs metastat t the arway. Cna and
radgraph fndngs vary dependng n the atn f
the bstrutn and the degree f arway narrwng. Symp-
tms nude dyspnea, ugh, wheezng, and, f nfetn s
present, fever and hs. A hstry f reurrent pneumna
n the same be r segment r sw resutn (mre than
3 mnths) f pneumna n suessve radgraphs sug-
gests the pssbty f brnha bstrutn and the need
fr brnhspy.

Radgraph fndngs nude ateetass (a paren-
hyma apse), pstbstrutve nftrates, and ar trap-
png aused by undretna expratry bstrutn. CT
sannng may demnstrate the nature and exat atn f
bstrutn f the entra brnh. MRI may be superr t
CT fr deneatng the extent f underyng dsease n the
hum, but t s usuay reserved fr ases n whh CT fnd-
ngs are equva. Brnhspy s the defntve dagns-
t study, partuary f tumr r fregn bdy aspratn s
suspeted. The fndng f brnha breath sunds n
physa examnatn r an ar brnhgram n hest
radgraph n an area f ateetass rues ut mpete ar-
way bstrutn. Management nudes the use f brn-
hsp eetrautery, argn pasma aguatn, and
aser and radfrequeny abatn.

Aravena C et a. Idpath subgtt stenss: a revew. J Thra
Ds. 2020;12:1100. [PMID: 32274178]

Mahajan AK et a. Eetrsurga and aser therapy ts fr the
treatment f magnant entra arway bstrutns. Chest.
2020;157:446. [PMID: 31472155]

Murgu SD et a. Centra arway bstrutn: bengn strtures,
trahebrnhmaaa, and magnany-reated bstrutn.
Chest. 2016;150:426. [PMID: 26874192]

Shrff GS et a. Pathgy f the trahea and entra brnh.
Semn Utrasund CT MR. 2016;37:177. [PMID: 27261343]

ASTHMA

E S S E N T I A L S  O F  D I A G N O S I S

» Episodic or chronic symptoms of wheezing, dys-
pnea, or cough.

» Symptoms frequently worse at night or in the
early morning.

» Prolonged expiration and diffuse wheezes on
physical examination.

» Limitation of airflow on pulmonary function test-
ing or positive bronchoprovocation challenge.

» Reversibility of airflow obstruction, either sponta-
neously or following bronchodilator therapy.

» General Considerations

Asthma s a mmn dsease, affetng apprxmatey
8–10% f the ppuatn. It s sghty mre mmn n
mae hdren (yunger than 14 years) and n femae aduts.
There s a genet predspstn t asthma. Prevaene,
hsptazatns, and fata asthma have a nreased n the
Unted States ver the past 20 years. Eah year, apprx-
matey 10 mn ffe vsts, 1.8 mn emergeny
department vsts, and mre than 3500 deaths n the
Unted States are attrbuted t asthma. Hsptazatn
rates are hghest amng Baks and hdren, and death
rates are nsstenty hghest amng Baks aged
15–24 years. The 2020 Gba Intatve fr Asthma (GINA)
Reprt entted Global Strategy for Asthma Management
and Prevention s a mprehensve and prata resure
that addresses asthma dagnss, assessment, management,
and exaerbatns.

» Definition & Pathogenesis

Asthma s a hrn dsrder f the arways haraterzed
by varabe arway bstrutn, arway hyperrespnsve-
ness, and arway nfammatn. N snge hstpathg
feature s pathgnmn but mmn fndngs nude
arway nfammatry e nftratn wth esnphs,
neutrphs, and ymphytes (espeay T es); gbet
e hyperpasa; puggng f sma arways wth muus; -
agen depstn beneath the basement membrane; brn-
ha smth muse hypertrphy; arway edema; mast e
atvatn; and denudatn f arway eptheum. The
pathphysgy f asthma s hetergeneus, but a dvsn
nt T2-hgh and T2-w endtypes (marked by hgh and
w eves, respetvey, f ass Th2 ytknes suh as
IL-4, IL-5, and IL-13) has been shwn t be mprtant
regardng the seetn f therapes.

Many na phentypes f asthma have been dent-
fed. The mst mmn s allergic asthma, whh usuay
begns n hdhd and s assated wth ther aerg
dseases suh as ezema, aerg rhnts, r fd aergy.
Expsure f senstve patents t nhaed aergens may
ause symptms mmedatey (mmedate asthmat
respnse) r 4–6 hurs after aergen expsure (ate asth-
mat respnse). Cmmn aergens nude huse dust
mtes (ften fund n pws, mattresses, uphstered furn-
ture, arpets, and drapes), krahes, at dander, and
seasna pens. Substantay redung expsure redues
pathg fndngs and na symptms. Allergic asthma
fas nt the T2-hgh endtype, as d late-onset T2-hgh
asthma and aspirin/NSAID-associated respiratory dis-
ease. T2-w asthma phentypes nude nonallergic
asthma, whh tends t ur n aduts and be marked by
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neutrph nfammatn and varabe respnse t stan-
dard therapes. Asthma with persistent airflow limitation
s thught t be due t arway remdeng. Asthma with
obesity refers t prmnent respratry symptms n bese
patents wth tte arway nfammatn.

Nonspecific precipitants f asthma nude upper
respratry trat nfetns, rhnsnusts, pstnasa
drp, aspratn, gastresphagea refux, hanges n the
weather, stress, and exerse. Expsure t products of
combustion (eg, frm tba, methamphetamnes,
dese fue, and ther agents) nreases asthma symp-
tms and the need fr medatns and redues ung
funtn. Air pollution (nreased ar eves f respra-
be partes, zne, SO

2
, and NO

2
) preptates asthma

symptms and nreases emergeny department vsts
and hsptazatns. Seeted ndvduas may exper-
ene asthma symptms after expsure t asprn
(asprn-exaerbated respratry dsease), NSAIDs, r
tartrazne dyes. Other medications may preptate
asthma symptms (see Tabe 9–23). Occupational
asthma s trggered by varus agents n the wrkpae
and may ur weeks t years after nta expsure and
senstzatn. Wmen may experene catamenial
asthma at predtabe tmes durng the menstrua ye.
Exercise-induced bronchoconstriction begns durng
exerse r wthn 3 mnutes after ts end, peaks wthn
10–15 mnutes, and then resves by 60 mnutes. Ths
phenmenn s thught t be a nsequene f the ar-
ways’ warmng and humdfyng an nreased vume f
expred ar durng exerse. Cough-variant asthma has
ugh nstead f wheezng as the predmnant symptm
f brnha hyperreatvty. Other dseases may mm
asthma; “cardiac asthma” s wheezng preptated by
pumnary edema n the settng f dempensated heart
faure, whe upper airway obstruction and paradoxical
vocal fold motion may as present wth wheezng and
dyspnea.

» Clinical Findings

Symptms and sgns vary wdey amng patents as we as
ndvduay ver tme. Genera na fndngs n stabe
asthma patents and fndngs seen durng asthma exaerba-
tns are sted n Tabe 9–1.

A. Symptoms and Signs

Asthma s haraterzed by epsd wheezng, shrtness f
breath, hest tghtness, and ugh. Symptms vary ver tme
and n ntensty and are ften wrse at nght r n the eary
mrnng. Asthma symptms may ur spntaneusy r be
preptated r exaerbated by many dfferent trggers, as
dsussed abve. The fwng features derease the ke-
hd that respratry symptms are due t asthma: sated
ugh wth n ther symptms, hrn sputum prdutn,
hest pan, shrtness f breath wth paresthesas.

Sme physa examnatn fndngs nrease the prbab-
ty f asthma. Nasa musa sweng, nreased seretns,
and pyps are ften seen n patents wth aerg asthma.
Ezema, atp dermatts, r ther aerg skn dsrders
may as be present. Wheezng r a prnged expratry
phase durng nrma breathng rreates we wth the
presene f arfw bstrutn; wheezng durng fred
expratn des nt. Chest examnatn may be nrma
between exaerbatns n patents wth md asthma. Dur-
ng severe asthma exaerbatns, arfw may be t m-
ted t prdue wheezng, and the ny dagnst ue n
ausutatn may be gbay redued breath sunds wth
prnged expratn. Hunhed shuders and use f aes-
sry muses f respratn suggest an nreased wrk f
breathng.

B. Laboratory Findings

Artera bd gas (ABG) measurements may be nrma
durng a md asthma exaerbatn, but respratry aka-
ss and an nrease n the avear-artera xygen dffer-
ene (A–a–Do

2
) are mmn. Durng severe exaerbatns,

hypxema deveps and the Paco
2

returns t nrma. The
mbnatn f an nreased Paco

2
and respratry ad-

ss may ndate mpendng respratry faure and the need
fr mehana ventatn.

C. Pulmonary Function Testing

Cnans rrety dentfy arfw bstrutn n exam-
natn but have mted abty t gauge ts severty r t
predt whether t s reversbe. The evauatn fr asthma
shud therefre nude spirometry (fred expratry
vume n 1 send [FEV

1
], fred vta apaty [FVC],

Table 91. Assessing asthma control.

Classification of Asthma Control

Components of Asthma Control Well Controlled Partly Controlled Not Controlled

Daytime asthma symptoms > 2 ×/week

Nighttime awakenings due to asthma
None of these components

within past 4 weeks

1 or 2 of these components

within past 4 weeks

3 or 4 of these components

within past 4 weeksInterference with normal activity due to asthma

Reliever medication needed for asthma

symptoms > 2 ×/week

Adapted from National Asthma Education and Prevention Program. Expert Panel Report 3: Guidelines for the Diagnosis and Management

of Asthma. National Institutes of Health Pub. No. 08-4051. Bethesda, MD, 2007, and Global Initiative for Asthma. Global Strategy for Asthma

Management and Prevention, 2019. (Available from: www.ginasthma.org.)
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and FEV
1
/FVC) befre and after the admnstratn f a

shrt-atng brnhdatr. These measurements hep
determne the presene and extent f arfw bstrutn
and whether t s mmedatey reversbe. Arfw bstru-
tn s ndated by a redued FEV

1
/FVC rat, generay

bew 0.7. Sgnfant reversbty f arfw bstrutn s
defned by an nrease f 12% r mre and 200 mL n FEV

1

r FVC after nhang a shrt-atng brnhdatr. A
pstve brnhdatr respnse strngy supprts the
dagnss f asthma but a ak f respnsveness n the
pumnary funtn abratry des nt preude suess
n a na tra f brnhdatr therapy. Severe arfw
bstrutn resuts n sgnfant ar trappng, wth an
nrease n resdua vume and nsequent redutn n
FVC, resutng n a pattern that may mm a restrtve
ventatry defet.

Bronchoprovocation testing wth nhaed hstamne r
methahne may be usefu when asthma s suspeted but
sprmetry s nndagnst. Brnha prvatn s nt
remmended f the FEV

1
s ess than 65% f predted. A

pstve methahne test s defned as a fa n the FEV
1

f
20% r mre at expsure t a methahne nentratn
f ess than r equa t 8 mg/mL. A negatve methahne
test has a negatve predtve vaue fr asthma f 95%.
Exerse haenge testng may be usefu n patents wth
symptms f exerse-ndued brnhspasm.

Peak expiratory flow (PEF) meters are handhed
deves desgned as persna mntrng ts. PEF mn-
trng an estabsh peak fw varabty, quantfy asthma
severty, and prvde bth patent and nan wth bje-
tve measurements n whh t base treatment desns.
There are nftng data abut whether measurng PEF
mprves asthma utmes but dng s s remmended
t hep nfrm the dagnss f asthma, t mprve
asthma ntr n patents wth pr pereptn f arfw
bstrutn, and t dentfy envrnmenta and upa-
tna auses f symptms. Predted vaues fr PEF vary
wth age, heght, and sex but are pry standardzed.
Cmparsn wth referene vaues s ess hepfu than m-
parsn wth the patent’s wn basene. PEF shws durna
varatn; t s generay west n frst awakenng and
hghest severa hurs befre the mdpnt f the wakng
day. PEF shud be measured n the mrnng befre the
admnstratn f a brnhdatr and n the afternn
after takng a brnhdatr. A 20% hange n PEF vaues
frm mrnng t afternn r frm day t day suggests
nadequatey ntred asthma. PEF vaues ess than
200 L/mn ndate severe arfw bstrutn.

D. Additional Testing

Rutne hest radgraphs n patents wth asthma are usu-
ay nrma r shw ny hypernfatn. Other fndngs
may nude brnha wa thkenng and dmnshed
perphera ung vasuar shadws. Chest magng s nd-
ated when pneumna, anther dsrder mmkng
asthma, r a mpatn f asthma suh as pneumthrax
s suspeted.

Skn testng r n vtr testng, nudng tta serum
IgE and aergen-spef IgE, t assess senstvty t env-
rnmenta aergens an dentfy atpy n patents wth

persstent asthma wh may beneft frm therapes dreted
at ther aerg dathess. Evauatns fr paranasa snus
dsease r gastresphagea refux shud be nsdered n
patents wth persstent, severe, r refratry asthma symp-
tms. An absute esnph unt an dentfy patents
egbe fr ant–ntereukn-5 therapy t manage esn-
ph arway dsease.

» Complications

Cmpatns f asthma nude exhaustn, dehydratn,
arway nfetn, and tussve synpe. Pneumthrax
urs but s rare. Aute hyperapn and hypxem resp-
ratry faure urs n severe dsease.

» Differential Diagnosis

Patents wh have atypa symptms r pr respnse t
therapy may have ne f severa ndtns that mm
asthma. These dsrders typay fa nt upper arway
dsrders, wer arway dsrders, system vasutdes,
arda dsrders, and psyhatr dsrders. Upper airway
disorders that mm asthma nude va fd parayss,
va fd dysfuntn syndrme, narrwng f the supra-
gtt arway, and aryngea masses r dysfuntn. Lower
airway disorders nude fregn bdy aspratn, trahea
masses r narrwng, trahebrnhmaaa, arway
edema (eg, angedema r nhaatn njury), nnasth-
mat hrn bstrutve pumnary dsease (COPD)
(hrn brnhts r emphysema), brnhetass,
aerg brnhpumnary myss, yst fbrss, esn-
ph pneumna, hypersenstvty pneumnts, sard-
ss, and brnhts bterans. A systemic vasculitis
wth pumnary nvvement may have an asthmat m-
pnent, suh as esnph granumatss wth pyan-
gts. Cardiac disorders nude heart faure and
pumnary hypertensn. Psychiatric causes nude n-
versn dsrders (“funtna” asthma), emtna aryn-
gea wheezng, r epsd aryngea dyskness. Rarey,
Münhausen syndrme r mangerng may expan a
patent’s mpants.

» Approach to Management

The 2020 GINA Reprt Global Strategy for Asthma
Management and Prevention prvdes gudenes fr the
management f asthma and dentfes fve mprtant
aspets f hrn asthma management: (1) assessng
asthma ntr and severty, (2) dstngushng between
severe asthma and unntred asthma, (3) persnazed
pharmag therapy fr asthma, (4) treatment f md-
fabe rsk fatrs and ntr f envrnmenta fatrs, and
(5) guded sef-management eduatn and sks tranng.

1. Assessing asthma control and severity—Asthma con-
trol s assessed by evauatng symptms, atvty mta-
tns, and rsk f future exaerbatns. Asthma symptms
are assessed by askng patents abut ther past 4 weeks
nudng frequeny f symptms (days per week), awak-
enng frm seep, and frequeny f shrt-atng beta-
agnst (SABA) reever use fr reef f symptms (Tabe 9–1).
Future rsk f exaerbatns s nreased by pr symptm
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ntr as we as severa ther rsk fatrs: mre than ne
exaerbatn n the prevus year, pr asthma medatn
adherene, nrret nhaer tehnque, hrn snusts,
and smkng. Asthma severity s evauated retrspetvey
frm the eve f treatment needed t ntr symptms
and exaerbatns. Fr exampe, a patent wh requres
Step 3 treatment t aheve ntr has mderate dsease.
Fgure 9–1 desrbes the step therapy n a persnazed
asthma management pan. Typay, md asthma respnds
t Step 1 r 2 treatments, mderate asthma, t Step 3 treat-
ment, and severe asthma, t Step 4 r 5 treatments.

2. Severe vs uncontrolled asthma—It s mprtant t ds-
tngush between severe and unntred asthma n patents
wh are usng Step 4 r Step 5 treatments. The nan must
assess nhaer tehnque, medatn adherene, mrbd-
tes suh as bstrutve seep apnea r gastresphagea
refux dsease (GERD), and ngng expsure t aergens as
auses f pr asthma ntr. If the patent st requres
Step 4 r 5 therapy after these ssues have been addressed,
then the patent has severe asthma and shud be referred t
a pumnary r asthma speast.

3. Pharmacotherapy for asthma—The gas f pharma-
g therapy are t mnmze hrn symptms that nter-
fere wth nrma atvty (nudng exerse), t prevent
reurrent exaerbatns, t redue r emnate the need fr
emergeny department vsts r hsptazatns, and t
mantan nrma r near-nrma pumnary funtn. Per-
snazed asthma management s a ntnuus ye that
nvves assessment, treatment and revew wth the gas f
symptm ntr and mnmzng future rsk. These gas
shud be met whe prvdng therapeut agents wth the
fewest adverse effets and whe satsfyng patents’ expeta-
tns f asthma are. Management shud nude steppng
up therapy f asthma remans unntred despte adher-
ene and gd nhaer tehnque, and steppng dwn t
fnd the mnmum effetve therapeut dse.

4. Treat modifiable risk factors and control environmental
factors—Sgnfant redutn n expsure t nnspef
arway rrtants n a patents r t nhaed aergens n
atp patents may redue symptms and medatn
needs. Cmrbd ndtns that mpar asthma manage-
ment, suh as smkng, rhnsnusts, gastresphagea
refux, besty, and bstrutve seep apnea, shud be den-
tfed and treated. Nnpharmag nterventns nude
nreasng physa atvty and breathng exerses.

5. Guided asthma selfmanagement education and skills
training—Sef-management nudes sef-mntrng f
symptms r peak fw, a wrtten atn pan, and reguar
revew f asthma ntr, treatment, and sks wth a
heath are prfessna.

» Treatment

A. Pharmacologic Agents

Asthma medatns an be dvded nt three ategres:
(1) long-term controller medatns (Tabe 9–2) used
ng-term t redue arway nfammatn, symptms, and
rsk f future exaerbatns, (2) reliever medatns

(Tabe 9–3) used n an as-needed bass t reeve break-
thrugh symptms, and (3) add-on therapies fr severe
asthma. Fgure 9–1 shws a persnazed management
pan fr asthma t ntr symptms and mnmze future
rsk.

Mst asthma medatns are admnstered by nhaa-
tn r by ra dsng. Inhaatn f an apprprate agent
resuts n a mre rapd nset f pumnary effets as we as
fewer system effets mpared wth the ra dse requred
t aheve the same effet n the arways. Prper nhaer
tehnque and the use f an nhaatn hamber (a “spaer”)
wth metered-dse nhaers (MDIs) mprve drug devery
t the ung and derease rpharyngea drug depstn.
Nebuzer therapy s reserved fr patents wh are autey
 and thse wh annt use nhaers beause f dffutes
wth rdnatn, understandng, r peratn.

1. Inhaled corticosteroids—Inhaed rtsterds are
essenta ntrer medatns (Tabes 9–3 and 9–4).
One the dagnss f asthma s made, eary ntatn f
nhaed rtsterd therapy eads t a greater mprve-
ment n ung funtn than deayed therapy. Presrbng
as-needed r day ntrer nhaed rtsterds at the
start f asthma therapy nveys a message t patents that
bth symptm ntr and rsk redutn are the manstays
f asthma treatment. The mst mprtant determnants f
medatn he, deve and dse are a patent’s symp-
tms and rsk fatrs, ang wth prata ssues (suh as
st and devery mehansm). Inhaed rtsterd ds-
ages are assfed as w-, medum-, and hgh-dse
strengths n varus pubshed sures nudng GINA,
but w-dse nhaed rtsterd prvdes na ben-
eft and s suffent fr mst patents wth asthma. Dsages
fr nhaed rtsterds vary dependng n the spef
agent and devery deve (Tabe 9–4). Fr patents wh
requre hgh-dse nhaed rtsterds t aheve ade-
quate symptm ntr, after 3 mnths f gd ntr the
dse f nhaed rtsterd shud be dereased t the
west dse that preserves symptm ntr and mnmzes
exaerbatn rsk.

Cnmtant use f a MDI and an nhaatn hamber
uped wth muth washng after nhaed rtsterd
use dereases system absrptn and a sde effets
(ugh, dysphna, rpharyngea anddass). Dry pw-
der nhaers (DPIs) are nt used wth an nhaatn ham-
ber. System effets (adrena suppressn, steprss,
skn thnnng, easy brusng, and atarats) may ur wth
hgh-dse nhaed rtsterd therapy. Cmbnatn
nhaers wth an nhaed rtsterd and a ng-atng
beta-2-agnst (LABA) ffer nvenent treatment f
asthma. The GINA reprt remmends w-dse nhaed
rtsterd/frmter as ts preferred agent due t
na evdene but ntes that ts st and avaabty n
dfferent untres must be taken nt nsderatn.
Budesnde/frmter s sted as a Wrd Heath
Organzatn (WHO) essenta medatn.

2. Betaadrenergic agonists—Beta-agnsts are dvded
nt SABAs and LABAs. SABAs (Tabe 9–3), nudng
agents suh as abuter, evabuter, btter, pr-
buter, and terbutane, are manstays f reever r
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Adults

Personalized asthma management:

Assess, Adjust, Review response

Asthma medication options:

Adjust treatment up and down for

individual patient needs

1Off-label; data only with budesonide-formoterol (bud-form)
2Off-label; separate or combination ICS and SABA inhalers

3Low-dose ICS-form is the reliever for patients prescribed

bud-form of BDP-form maintenance and reliever therapy
4Consider adding HDM SLIT for sensitized patients with

allergic rhinitis and FEV1 > 70% predicted

PREFERRED

CONTROLLER

STEP 1

As-needed

low-dose

ICS-formoterol1

to prevent exacerbations

and control symptoms

Low-dose ICS

taken whenever

SABA is taken2

STEP 2

Daily low-dose inhaled corticosteroid (ICS),

or as-needed low-dose ICS-formoterol1

Leukotriene receptor antagonist (LTRA), or
low-dose ICS taken whenever SABA taken2

STEP 3

Low-dose

ICS-LABA

Medium-dose
ICS, or low-dose
ICS+LTRA4

STEP 4

Medium-dose

ICS-LABA

High-dose
ICS, add-on
tiotropium, or
add-on LTRA4

STEP 5

High-dose

ICS-LABA

Refer for
phenotypic
assessment
± add-on
therapy,
eg, tiotropium,
anti-IgE,
anti-IL5/5R,
anti-IL4R

Add low-dose
OCS, but
consider
side effects

PREFERRED

RELIEVER
As-needed low-dose ICS-formoterol1

As-needed short-acting b2–agonist (SABA)

As-needed low-dose ICS-formoterol for patients

prescribed maintenance and reliever therapy3

Symptoms

Exacerbations

Side effects

Lung function

Patient satisfaction

Confirmation of diagnosis if necessary

Symptom control and modifiable

risk factors (including lung function)

Comorbidities

Inhaler technique and adherence

Patient goals

Treatment of modifiable risk factors

and comorbidities

Nonpharmacologic strategies

Education and skills training

Asthma medications

Other

controller options

Other

reliever option
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▲ Figure 9–1. Personalized management to control asthma symptoms and to minimize future risk. BDP, beclomethasone dipropionate; HDM SLIT, house dust mite
sublingual immunotherapy; LABA, long-acting beta-2-agonist; OCS, oral corticosteroids; SABA, short-acting beta-2-agonist. (Adapted with permission from Global Ini-
tiative for Asthma. Global Strategy for Asthma Management and Prevention, 2019, ©2019 Global Initiative for Asthma. Available from: www.ginasthma.org.)
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Table 92. Long-term controller medications for asthma.

Medication Dosage Form Adult Dose Comments

Inhaled Corticosteroids ICS See Table 9–4

Systemic Corticosteroids Applies to all three corticosteroids

Methylprednisolone 2-, 4-, 6-, 8-, 16-, 32-mg tablets 40–60 mg • Administer single dose in am either daily

or on alternate days (alternate-day ther-

apy may produce less adrenal suppres-

sion) as needed for control.

• Short courses or “bursts” as single or two

divided doses for 3–10 days are effective

for establishing control when initiating

therapy or during a period of gradual

deterioration.

• There is no evidence that tapering the

dose following improvement in symp-

tom control and pulmonary function

prevents relapse.

Prednisolone 5-mg tablets; 5 mg/5 mL,

15 mg/5 mL oral solution

40–60 mg

Prednisone 1-, 2.5-, 5-, 10-, 20-, 50-mg

tablets; 5 mg/mL oral

solution

7.5–60 mg

Inhaled LABA Should not be used for symptom relief

or exacerbations. Use with inhaled

corticosteroids.

Formoterol Inhalation: 20 mcg/2 mL nebu-

lizer (DPI discontinued by FDA

in United States)

20 mcg every 12 hours • Additional doses should not be adminis-

tered for at least 12 hours.

• Agents should be used only with their

specific inhaler and should not be taken

orally.

• Decreased duration of protection against

EIB may occur with regular use.

Salmeterol DPI: 50 mcg/actuation 1 blister every 12 hours

Combined Medication

Budesonide/formoterol HFA MDI: 80 mcg/4.5 mcg

160 mcg/4.5 mcg

2 inhalations twice daily; dose

depends on severity of

asthma

• 80/4.5 mcg for asthma not controlled on

low- to medium-dose ICS.

• 160/4.5 mcg for asthma not controlled on

medium- to high-dose ICS.

Fluticasone/salmeterol DPI: 100 mcg/50 mcg

250 mcg/50 mcg

500 mcg/50 mcg

HFA: 45 mcg/21 mcg

115 mcg/21 mcg

230 mcg/21 mcg

1 inhalation twice daily; dose

depends on severity of

asthma

• 100/50 mcg DPI or 45/21 mcg HFA for

asthma not controlled on low- to

medium-dose ICS.

• 250/50 mcg DPI or 115/21 mcg HFA for

asthma not controlled on medium- to

high-dose ICS.

Fluticasone furoate/

vilanterol

DPI: 100 mcg/25 mcg or

200 mcg’/25 mcg per blister

1 puff inhaled daily • Once-daily asthma maintenance.

Mometasone/formoterol 100 mcg/5 mcg/spray

200 mcg/5 mcg/spray

2 inhalations twice daily

Cromolyn and Nedocromil

Cromolyn MDI: 0.8 mg/puff

Nebulizer: 20 mg/ampule

2 puffs four times daily

1 ampule four times daily

• 4- to 6-week trial may be needed to deter-

mine maximum benefit.

• Dose by MDI may be inadequate to affect

hyperresponsiveness.

• One dose before exercise or allergen

exposure provides effective prophylaxis

for 1–2 hours. Not as effective for EIB as

SABA.

• Once control is achieved, the frequency of

dosing may be reduced.

Nedocromil MDI: 1.75 mg/puff 2 puffs four times daily

(continued)
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Table 92. Long-term controller medications for asthma.

Medication Dosage Form Adult Dose Comments

Inhaled Long-Acting Anticholinergic Should not be used for symptom relief or

exacerbations. Use with ICS.

Tiotropium DPI: 18 mcg/blister 1 blister daily

Leukotriene Modifiers

Leukotriene Receptor Antagonists

Montelukast 4- or 5-mg chewable tablet;

10-mg tablet

10 mg daily at bedtime • Exhibits a flat dose-response curve. Doses

> 10 mg will not produce a greater

response in adults.

Zafirlukast 10- or 20-mg tablet 20-mg tablet twice daily • Administration with meals decreases

bioavailability; take at least 1 hour before

or 2 hours after meals.

• Monitor for symptoms and signs of hepatic

dysfunction.

5-Lipoxygenase Inhibitor

Zileuton 600-mg tablet 600 mg four times daily • Monitor hepatic enzyme (ALT).

Methylxanthines

Theophylline Liquids, sustained-release tablets,

and capsules

Starting dose: 10 mg/kg/day

up to 300 mg maximum

Usual maximum dose:

800 mg/day

• Adjust dose to achieve serum concentra-

tion of 5–15 mcg/mL after at least 48

hours on same dose.

• Due to wide interpatient variability in

theophylline metabolic clearance, routine

serum theophylline level monitoring is

important.

Monoclonal Antibodies

Omalizumab Subcutaneous injection Dependent on pretreatment

IgE level; up to 375 mg

every 2 weeks

• Binds to IgE; prevents interaction with IgE

receptor on mast cells and basophils

• Carries black-box warning of anaphylaxis

• Suggested IgE level 30–1500 international

units/mL

Mepolizumab Subcutaneous injection 100 mg every 4 weeks • Binds to IL-5; prevents interaction with

receptor

• Suggested AEC ≥ 150–300/mcL

(0.15–0.3 × 109/L)

Reslizumab Intravenous injection 3 mg/kg every 4 weeks • Binds to IL-5; prevents interaction with

receptor

• Carries black-box warning of anaphylaxis

• Suggested AEC ≥ 400/mcL (0.4 × 109/L)

Benralizumab Subcutaneous injection 30 mg every 4 weeks for

3 doses, then every

8 weeks

• Binds to IL-5 receptor; blocks receptor-

ligand interaction and also causes apopto-

sis of basophils and eosinophils

• Suggested AEC ≥ 300/mcL (0.3 × 109/L)

Dupilumab Subcutaneous injection 200 or 300 mg every 2 weeks • Binds to IL-4Ralpha; blocks IL-4 and IL-13

signaling

• Suggested AEC ≥ 150/mcL (0.15 × 109/L)

and/or FENO ≥ 25 ppb

AEC, absolute eosinophil count; ALT, alanine aminotransferase; DPI, dry powder inhaler; EIB, exercise-induced bronchospasm; FDA, US Food

and Drug Administration; FENO, fractional exhaled nitric oxide; HFA, hydrofluoroalkane; LABA, long-acting beta-2-agonist; MDI, metered-

dose inhaler; SABA, short-acting beta-2-agonist.

(continued)
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Table 93. Reliever medications for asthma.

Medication Dosage Form Adult Dose Comments

Inhaled Short-Acting Beta-2-Agonists SABA

Albuterol CFC MDI: 90 mcg/puff,

200 puffs/canister

2 puffs 5 minutes before exercise

2 puffs every 4–6 hours as needed

• An increasing use or lack of expected effect

indicates diminished control of asthma.

• Not recommended for long-term daily treat-

ment. Regular use exceeding 2 days/week for

symptom control (not prevention of EIB)

indicates the need to step up therapy.

• Differences in potency exist, but all products

are essentially comparable on a per-puff

basis.

• May double usual dose for mild

exacerbations.

• Prime the inhaler by releasing four actuations

prior to use.

• Periodically clean HFA activator, as drug may

block/plug orifice.

Albuterol HFA MDI: 90 mcg/puff,

200 puffs/canister

2 puffs 5 minutes before exercise

2 puffs every 4–6 hours as needed

Pirbuterol CFC MDI: 200 mcg/puff,

400 puffs/canister

2 puffs 5 minutes before exercise

2 puffs every 4–6 hours as needed

Levalbuterol HFA MDI: 45 mcg/puff,

200 puffs/canister

2 puffs 5 minutes before exercise

2 puffs every 4–6 hours as needed

Albuterol Nebulizer solution:

0.63 mg/3 mL

1.25 mg/3 mL

2.5 mg/3 mL

5 mg/mL (0.5%)

1.25–5 mg in 3 mL of saline every

4–8 hours as needed

• May mix with budesonide inhalant suspen-

sion, cromolyn, or ipratropium nebulizer

solutions.

• May double dose for severe exacerbations.

Levalbuterol

(R-albuterol)

Nebulizer solution:

0.31 mg/3 mL

0.63 mg/3 mL

1.25 mg/0.5 mL

1.25 mg/3 mL

0.63–1.25 mg every 8 hours as

needed

• Compatible with budesonide inhalant

suspension. The product is a sterile-filled,

preservative-free, unit dose vial.

Anticholinergics

Ipratropium HFA MDI: 17 mcg/puff,

200 puffs/canister

2–3 puffs every 6 hours • Evidence is lacking for anticholinergics

producing added benefit to beta-2-agonists

in long-term asthma control therapy.

Nebulizer solution:

0.25 mg/mL (0.025%)

0.25 mg every 6 hours

Ipratropium with

albuterol

MDI: 18 mcg/puff of

ipratropium bromide

and 90 mcg/puff of

albuterol, 200 puffs/

canister

2–3 puffs every 6 hours

Nebulizer solution:

0.5 mg/3 mL ipratro-

pium bromide and

2.5 mg/3 mL albuterol

3 mL every 4–6 hours • Contains EDTA to prevent discolorations of the

solution. This additive does not induce

bronchospasm.

Systemic Corticosteroids

Methylprednisolone 2-, 4-, 6-, 8-, 16-, 32-mg

tablets

40–60 mg/day as single or

2 divided doses

• Short courses or “bursts” are effective for estab-

lishing control when initiating therapy or dur-

ing a period of gradual deterioration.

• The burst should be continued until symptoms

resolve and the PEF is at least 80% of personal

best. This usually requires 3–10 days but may

require longer. There is no evidence that taper-

ing the dose following improvements prevents

relapse.

Prednisolone 5-mg tablets;

5 mg/5 mL, 15 mg/

5 mL oral solution

40–60 mg/day as single or

2 divided doses

(continued)
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Table 94. Estimated clinically comparable daily dosages for inhaled corticosteroids for adults with asthma.

Medication Low Daily Dose Medium Daily Dose High Daily Dose

Beclomethasone dipropionate HFA

40 or 80 mcg/puff 80–240 mcg > 240–480 mcg > 480 mcg

Budesonide dipropionate DPI

90, 180, or 200 mcg/inhalation 180–400 mcg > 400–800 mcg > 800 mcg

Flunisolide

250 mcg/puff 500–1000 mcg > 1000–2000 mcg > 2000 mcg

Flunisolide HFA

80 mcg/puff 320 mcg > 320–640 mcg > 640 mcg

Fluticasone propionate

HFA/MDI: 44, 110, or 220 mcg/puff

DPI: 50, 100, or 250 mcg/inhalation

88–264 mcg

100–300 mcg

> 264–440 mcg

> 300–500 mcg

> 440 mcg

> 500 mcg

Mometasone furoate DPI

200 mcg/puff 200 mcg 400 mcg > 400 mcg

Triamcinolone acetonide

75 mcg/puff 300–750 mcg > 750–1500 mcg > 1500 mcg

DPI, dry powder inhaler; HFA, hydrofluoroalkane; MDI, metered-dose inhaler.

Notes:

• The most important determinant of appropriate dosing is the clinician’s judgment of the patient’s response to therapy. Most of clinical

benefit from inhaled corticosteroid therapy is seen at low doses; responsiveness varies among patients.

• Potential drug interactions:

A number of the inhaled corticosteroids, including fluticasone, budesonide, and mometasone, are metabolized in the gastrointestinal

tract and liver by CYP 3A4 isoenzymes. Potent inhibitors of CYP 3A4, such as ritonavir and ketoconazole, have the potential for increasing

systemic concentrations of these inhaled corticosteroids by increasing oral availability and decreasing systemic clearance. Some cases of

clinically significant Cushing syndrome and secondary adrenal insufficiency have been reported.

Adapted from National Asthma Education and Prevention Program. Expert Panel Report 3: Guidelines for the Diagnosis and Management

of Asthma. National Institutes of Health Pub. No. 08-4051. Bethesda, MD, 2007, and Global Initiative for Asthma. Global Strategy for Asthma

Management and Prevention, 2019. (Available from: www.ginasthma.org.)

Table 93. Reliever medications for asthma.

Medication Dosage Form Adult Dose Comments

Prednisone 1-, 2.5-, 5-, 10-, 20-,

50-mg tablets;

5 mg/mL oral solution

40–60 mg/day as single or

2 divided doses

Methylprednisolone

acetate

Repository injection:

40 mg/mL

80 mg/mL

240 mg intramuscularly once • May be used in place of a short burst of oral

corticosteroids in patients who are vomiting

or if adherence is a problem.

CFC, chlorofluorocarbon; EIB, exercise-induced bronchospasm; HFA, hydrofluoroalkane; MDI, metered-dose inhaler; PEF, peak expiratory

flow.

Adapted from National Asthma Education and Prevention Program. Expert Panel Report 3: Guidelines for the Diagnosis and Management

of Asthma. National Institutes of Health Pub. No. 08-4051. Bethesda, MD, 2007.

resue therapy fr asthma patents. There s n nvnng
evdene t supprt the use f ne agent ver anther. A
asthmats shud have mmedate aess t a SABA
beause they are the mst effetve brnhdatrs durng
exaerbatns and prvde mmedate reef f symptms.
Admnstratn befre exerse effetvey prevents exer-
se-ndued brnhnstrtn.

Inhaed SABA therapy s as effetve as ra r paren-
tera beta-agnst therapy n reaxng arway smth mus-
e and mprvng aute asthma and ffers the advantages
f rapd nset f atn (ess than 5 mnutes) wth fewer
system sde effets. Repettve admnstratn prdues
nrementa brnhdatn. One r tw nhaatns f a
SABA frm an MDI are usuay suffent fr md t
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mderate symptms. Severe exaerbatns frequenty
requre hgher dses: 6–12 puffs every 30–60 mnutes f
abuter by MDI wth an nhaatn hamber r 2.5 mg by
nebuzer prvde equvaent brnhdatn. Admnstra-
tn by nebuzatn des nt ffer mre effetve devery
than MDIs used rrety but des prvde hgher dses.
Wth mst SABAs, the remmended dse by nebuzer fr
aute asthma (abuter, 2.5 mg) s 25–30 tmes that dev-
ered by a snge atvatn f the MDI (abuter, 0.09 mg).
Ths dfferene suggests that standard dsng f nhaatns
frm an MDI may be nsuffent n the settng f an aute
exaerbatn. Independent f dse, nebuzer therapy may
be mre effetve n patents wh are unabe t rdnate
nhaatn f medatn frm an MDI beause f age,
agtatn, r severty f the exaerbatn.

GINA des nt remmend SABA-ny treatment f
asthma n aduts r adesents and des nt remmend
shedued day use f SABAs. Athugh SABA s effetve
as a quk reef medatn, patents wh are treated wth
SABA ane are at nreased rsk fr asthma-reated death
and urgent heath are even f ther symptms are n-
tred. Inreased use (mre than ne anster a mnth)
r ak f expeted effet ndates dmnshed asthma
ntr and the need fr addtna ng-term ntrer
therapy.

LABAs prvde brnhdatn fr up t 12 hurs after
a snge dse. Sameter and frmter are LABAs ava-
abe fr asthma n the Unted States. In mbnatn wth
an nhaed rtsterd they are ndated fr ng-term
preventn f asthma symptms (nudng nturna
symptms) and fr preventn f exerse-ndued brn-
hspasm. LABAs shud nt be used as mntherapy
beause they have n ant-nfammatry effet and beause
mntherapy has been assated wth a sma but statst-
ay sgnfant nreased rsk f severe r fata asthma
attaks n tw arge studes. Cmbnatn nhaers ntan-
ng frmter and w-dse budesnde are the preferred
ptn beause f a arge study n md asthma that shwed
a 64% redutn n severe exaerbatns mpared wth
SABA-ny treatment, and tw arge studes n md
asthma that shwed nnnferrty fr severe exaerbatns
mpared t w-dse nhaed rtsterd ane.

3. Systemic corticosteroids—System rtsterds (ra
prednsne r prednsne r parentera methypredns-
ne) are mst effetve n ahevng prmpt ntr f
asthma durng aute exaerbatns. System rtste-
rds are effetve as prmary treatments fr patents wth
mderate t severe asthma exaerbatns and fr patents
wth exaerbatns that d nt respnd prmpty and
mpetey t nhaed SABA therapy. These medatns
speed the resutn f arfw bstrutn and redue the
rate f reapse. Deays n admnsterng rtsterds
may resut n prgressve mparment. Therefre, patents
wth mderate t severe asthma shud be presrbed ra
rtsterds s they are avaabe fr eary, at-hme
admnstratn. The mnma effetve dse f system
rtsterds fr asthma patents has nt been dentfed.
Outpatent prednsne “burst” therapy s 0.5–1 mg/kg/day
(typay 40–60 mg) n 1–2 dses fr 3–7 days. Severe

exaerbatns requrng hsptazatn typay requre
1 mg/kg f prednsne r methyprednsne every
6–12 hurs fr 48 hurs r unt the FEV

1
(r PEF rate)

returns t 50% f predted (r 50% f basene). The dse
s then dereased t 0.5 mg/kg/day unt the PEF reahes
70% f predted r persna best. N ear advantage has
been fund fr hgher dses f rtsterds. It may be
prudent t admnster rtsterds ntravenusy t
rtay  patents t avd nerns abut atered gastr-
ntestna absrptn.

In patents wth refratry, pry ntred asthma,
system rtsterds may be requred fr the ng-term
suppressn f symptms. Repeated effrts shud be made
t redue the dse t the mnmum needed t ntr
symptms. Cnurrent treatment wth aum suppe-
ments and vtamn D shud be ntated t prevent rt-
sterd-ndued bne mnera ss wth ng-term
admnstratn. Bne mnera densty testng after 3 r
mre mnths f umuatve system rtsterd exp-
sure an gude the use f bsphsphnates fr treatment f
sterd-ndued steprss. Rapd dsntnuatn f
system rtsterds after ng-term use may prep-
tate adrena nsuffeny.

4. Anticholinergics—Anthnerg agents reverse vagay
medated brnhspasm but nt aergen- r exerse-
ndued brnhspasm. They may derease muus gand
hyperseretn. Bth short-acting muscarinic agents
(SAMAs) and long-acting muscarinic agents (LAMAs) are
avaabe. Ipratrpum brmde, a SAMA, s ess effetve
than SABA fr reef f aute brnhspasm, but t s the
nhaed drug f he fr patents wth nterane t
SABA r wth brnhspasm due t beta-bker meda-
tns. Ipratrpum brmde redues the rate f hspta
admssns when added t nhaed SABAs n patents wth
mderate t severe asthma exaerbatns. Athugh LAMAs
have ng been the rnerstne f therapy fr COPD, ther
re n asthma ntnues t evve. Studes have shwn that
the addtn f ttrpum t medum-dse nhaed rt-
sterd and sameter mprves ung funtn and
redues the frequeny f asthma exaerbatns.

5. Leukotriene modifiers—Leuktrenes are ptent meda-
trs that ntrbute t arway bstrutn and asthma
symptms by ntratng arway smth muse, nreas-
ng vasuar permeabty and muus seretn, and
attratng and atvatng arway nfammatry es. Zeu-
tn s a 5-pxygenase nhbtr that dereases euktrene
prdutn, and zafrukast and mnteukast are ysteny
euktrene reeptr antagnsts. In randmzed ntred
tras (RCTs), these agents aused mdest mprvements n
ung funtn and redutns n asthma symptms and
essened the need fr SABA resue therapy. These agents
are ess effetve than nhaed rtsterd fr exaerba-
tn redutn but may be nsdered as aternatves n
patents wth asthma wh are unabe t take nhaed rt-
sterd r have undesrabe sde effets.

6. Phosphodiesterase inhibitor—Thephyne prvdes
md brnhdatn n asthmat patents. It as has ant-
nfammatry and mmunmduatry prpertes,
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enhanes muary earane, and strengthens da-
phragmat ntratty. Sustaned-reease thephyne
preparatns are effetve n ntrng nturna symp-
tms and as added therapy n patents wth mderate r
severe persstent asthma whse symptms are nade-
quatey ntred by nhaed rtsterds. Lw-dse
sustaned-reease thephyne s nuded as a ess effe-
tve ptn n Step 3 treatment. Nether thephyne nr
amnphyne s remmended fr therapy f aute asthma
exaerbatns.

Thephyne has a ntaby narrw therapeut-tx
range. At therapeut dses, ptenta adverse effets
nude nsmna, aggravatn f dyspepsa and gastr-
esphagea refux, and urnatn dffutes n men wth
prstat hyperpasa. Dse-reated txtes nude nau-
sea, vmtng, tahyarrhythmas, headahe, sezures,
hypergyema, and hypkaema. Thephyne serum
eves are hghy varabe due t many fatrs that ater
drug absrptn, sgnfant ndvdua dfferenes n
metabsm, and mutpe drug-drug nteratns. There-
fre, serum nentratns need t be mntred sey.

7. Mediator inhibitors—Crmyn sdum and nedr-
m are ng-term ntr medatns that prevent asthma
symptms and mprve arway funtn n patents wth
md persstent r exerse-ndued asthma. These agents
mduate mast e medatr reease and esnph rerut-
ment and nhbt bth eary and ate asthmat respnses t
aergen haenge and exerse-ndued brnhspasm.
The na respnse t these agents s ess predtabe than
t nhaed rtsterds. Bth agents have exeent safety
prfes.

8. Monoclonal antibody agents—Asthmat patents wh
requre mnna antbdy therapes shud be evau-
ated by ether a pumngst r aergst experened n
ther use. Omazumab s a rembnant antbdy that
bnds IgE wthut atvatng mast es. In na tras n
patents wth mderate t severe asthma and eevated
serum IgE eves, mazumab redued the need fr rt-
sterds. Reszumab, mepzumab, and benrazumab
are ntereukn-5 antagnst mnna antbdes (ant
IL-5/5R) apprved fr the treatment f severe asthma wth
perphera bd esnpha that has nt respnded t
standard treatments. Dupumab s a sef-admnstered
mnna antbdy (ant-IL-4Rapha) that nhbts ver-
atve sgnang f ntereukn-4 and ntereukn-13.

B. Desensitization

Immuntherapy fr spef aergens may be nsdered
n seeted asthma patents wh have exaerbatns when
expsed t aergens t whh they are senstve and
when unrespnsve t envrnmenta ntr measures
r ther therapes. Studes shw a redutn n asthma
symptms n patents treated wth snge-aergen mmu-
ntherapy. Beause f the rsk f mmuntherapy-
ndued brnhnstrtn, t shud be admnstered
ny n a settng where suh mpatns an be mme-
datey treated.

C. Vaccination

Adut patents aged 19–64 wth asthma shud reeve the
23-vaent pneuma pysaharde vane (Pneu-
mvax 23) and annua nfuenza vanatns. Inatve
vanes (Pneumvax) are assated wth few sde effets.
Hwever, the use f the ntranasa ve attenuated nfuenza
vane may be assated wth asthma exaerbatns n
yung hdren.

» Treatment of Asthma Exacerbations

GINA asthma treatment agrthms begn wth an assess-
ment f the severty f a patent’s basene asthma. Adjust-
ments t that agrthm fw a stepwse apprah based n
a arefu assessment f asthma ntr. Eduatng patents t
regnze symptms f an exaerbatn and t use ther
atn pan are mprtant aspets f asthma management.
Symptms f exaerbatns nude prgressve breathess-
ness, nreasng hest tghtness, dereased peak fw, and
ak f mprvement after SABA therapy (Tabe 9–5). Mst
nstanes f unntred asthma are md and an be man-
aged suessfuy by patents at hme wth sef-management
pans. Mre severe exaerbatns requre evauatn and
management n a prmary are ffe (Fgure 9–2) r emer-
geny department settng (Fgure 9–3).

A. Mild to Moderate Exacerbations

Md asthma exaerbatns are haraterzed by ny mnr
hanges n arway funtn (PEF greater than 60% f best)
wth mnma symptms and sgns f arway dysfuntn.
Many suh patents respnd quky and fuy t an nhaed
SABA ane. Hwever, an nhaed SABA may need t be
ntnued at nreased dses, eg, every 3–4 hurs fr
24–48 hurs. Patents may as requre a shrt-term nrease
n nhaed rtsterd t fur tmes the usua dse. In
patents nt mprvng after 48 hurs, a 5- t 7-day urse
f ra rtsterds (eg, prednsne 0.5–1.0 mg/kg/day) may
be neessary.

The prnpa gas fr treatng mderate asthma exa-
erbatns are rretng hypxema, reversng arfw
bstrutn, and redung the kehd f bstrutn
reurrene. Eary nterventn may essen the severty and
shrten the duratn f an exaerbatn. Arfw bstru-
tn s treated wth ntnuus admnstratn f an
nhaed SABA and the eary admnstratn f system
rtsterds. System rtsterds shud be gven t
patents wh have a peak fw ess than 70% f basene r
wh d nt respnd t severa treatments f SABA. Sera
measurements f ung funtn t quantfy the severty f
arfw bstrutn and ts respnse t treatment are use-
fu. The mprvement n FEV

1
after 30–60 mnutes f treat-

ment rreates sgnfanty wth the severty f the
asthma exaerbatn. Sera measurement f arfw n the
emergeny department may redue the rate f hspta
admssns fr asthma exaerbatns. Pst-exaerbatn
are pannng s mprtant. A patents, regardess f
severty, shud be prvded wth (1) neessary meda-
tns and taught hw t use them, (2) nstrutn n
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Table 95. Evaluation and classification of severity of asthma exacerbations.

Mild Moderate Severe Respiratory Arrest Imminent

Symptoms

Breathlessness While walking At rest, limits activity At rest, interferes with

conversation

While at rest, mute

Talks in Sentences Phrases Words Silent

Alertness May be agitated Usually agitated Usually agitated Drowsy or confused

Signs

Respiratory rate Increased Increased Often > 30/minute > 30/minute

Body position Can lie down Prefers sitting Sits upright Unable to recline

Use of accessory muscles,

suprasternal retractions

Usually not Commonly Usually Paradoxical thoracoabdominal

movement

Wheeze Moderate, often only

end expiratory

Loud; throughout

exhalation

Usually loud; throughout

inhalation and

exhalation

Absent

Pulse/minute < 100 100–120 > 120 Bradycardia

Pulsus paradoxus Absent < 10 mm Hg May be present

10–25 mm Hg

Often present

> 25 mm Hg

Absence suggests respiratory

muscle fatigue

Functional Assessment

PEF or FEV
1

% predicted

or % personal best

≥ 70% 40–69% < 40% < 25%

Pao
2

(on air, mm Hg) Normal1 ≥ 601 < 60: possible cyanosis < 60: possible cyanosis

Pco
2

(mm Hg) < 421 < 421 ≥ 421 ≥ 421

Sao
2

(on air) > 95%1 90–95%1 < 90%1 < 90%1

1Test not usually necessary.

FEV
1
, forced expiratory volume in 1 second; PEF, peak expiratory flow; Sao

2
, oxygen saturation.

Adapted from National Asthma Education and Prevention Program. Expert Panel Report 3: Guidelines for the Diagnosis and Management

of Asthma. National Institutes of Health Pub. No. 08-4051. Bethesda, MD, 2007.

sef-assessment, (3) a fw-up appntment, and (4) an
atn pan fr managng reurrene.

B. Severe Exacerbations

Severe exaerbatns f asthma an be fe-threatenng, s
treatment shud be started mmedatey. A patents wth a
severe exaerbatn shud mmedatey reeve xygen, hgh
dses f an nhaed SABA, and system rtsterds. A
bref hstry pertnent t the exaerbatn an be m-
peted whe suh treatment s beng ntated. Mre
detaed assessments, nudng abratry studes, usuay
add tte eary n and s shud be pstpned unt after
therapy s nsttuted. Eary ntatn f oxygen therapy s
paramunt beause asphyxa s a mmn ause f asthma
deaths. Suppementa xygen shud be gven t mantan
an Sao

2
greater than 90% r a Pao

2
greater than 60 mm Hg.

Oxygen-ndued hypventatn s extremey rare n asth-
mat patents, and nern fr hyperapna shud never
deay rretn f hypxema.

Frequent hgh-dse devery f an inhaled SABA s
ndated and usuay we terated n severe arway
bstrutn. At east three MDI r nebuzer treatments

shud be gven n the frst hur f therapy. Sme studes
suggest that ntnuus therapy s mre effetve than
ntermttent admnstratn f these agents, but there s
n ear nsensus as ng as smar dses are admns-
tered. After the frst hur, the frequeny f admnstra-
tn vares ardng t mprvements n arfw and
symptms and urrene f sde effets. Ipratrpum
brmde redues the rate f hspta admssns when
added t nhaed SABAs n patents wth mderate t
severe asthma exaerbatns.

Systemic corticosteroids are admnstered as
detaed abve. Intravenous magnesium sulfate (2 g
ntravenusy ver 20 mnutes) s nt remmended fr
rutne use n asthma exaerbatns. Hwever, a 2-g
nfusn ver 20 mnutes may redue hsptazatn
rates n aute severe asthma (FEV

1
ess than 25% f pre-

dted n presentatn r faure t respnd t nta
treatment).

Muyt agents (eg, aetyystene, ptassum dde)
may wrsen ugh r arfw bstrutn. Anxyt and
hypnt drugs are generay ntrandated n severe
asthma exaerbatns beause f ther ptenta respratry
depressant effets.
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Mutpe studes suggest that nfetns wth vruses
(rhnvrus) and batera (Mycoplasma pneumoniae, Chla-
mydophila pneumoniae) predspse t aute exaerbatns
f asthma and may undere hrn, severe asthma. The
use f empr antbts s, hwever, nt remmended
n rutne asthma exaerbatns beause there s n n-
sstent evdene t supprt mprved na utmes.

Antbts shud be nsdered when there s a hgh
kehd f aute batera respratry trat nfetn,
suh as when patents have fever r puruent sputum and
evdene f pneumna r batera snusts.

In the emergency department setting, repeat assess-
ment f patents wth severe exaerbatns shud be dne
after the nta dse f an nhaed SABA and agan after

Primary Care

Assess the Patient

Is it asthma?

Risk factors for asthma-related death?

Severity of exacerbation?

Patient presents with acute or subacute asthma exacerbation

Mild or Moderate

Talks in phrases, prefers

sitting to lying, not agitated

Respiratory rate increased

Accessory muscles not used

Pulse rate 100–120 bpm

O2 saturation (on air) 90–95%

PEF > 50% predicted or best

Start Treatment

SABA: 4–10 puffs by MDI + spacer,

repeat every 20 minutes for 1 hour

Prednisolone: adults 40–50 mg,

children 1–2 mg/kg. max. 40 mg

Controlled O2 (if available): target

saturation 93–95% (children: 94–98%)

Continue treatment with SABA as needed

Assess response at 1 hour (or earlier)

Assess for discharge

Symptoms improved, not needing SABA

PEF improving, and > 60–80% of personal

best or predicted

Oxygen saturation > 94% (room air)

Resources at home adequate

Review symptoms and signs: Is the exacerbation resolving? Should prednisolone be continued?

Reliever: Reduce to as-needed.

Controller: Continue higher dose for short term (1–2 weeks) or long term (3 months), depending on

background to exacerbation

Risk factors: Check and correct modifiable risk factors that may have contributed to exacerbation,

including inhaler technique and adherence. Refer if > 1–2 exacerbations in a year.

Action plan: Is it understood? Was it used appropriately? Does it need modification?

Follow up

Arrange at discharge

Reliever: continue as needed

Controller: start, or step up.

Check inhaler technique, adherence

Prednisolone: continue, usually for 5–7 days

(3–5 days for children)

Follow up: within 2–7 days (1–2 days for children)

Worsening

Urgent

Worsening

Improving

While waiting: give SABA,

ipratropium bromide,

O2, systemic corticosteroid

Severe

Talks in words, sits hunched

forward, agitated

Respiratory rate > 30/min

Accessory muscles in use

Pulse rate > 120 bpm

O2 saturation (on air) < 90%

PEF ≤ 50% predicted or best

Life-threatening

Drowsy, confused,

or silent chest

Transfer to acute

care facility

▲ Figure 9–2. Management of asthma exacerbations in primary care. O
2
, oxygen; PEF, peak expiratory flow; SABA,

short-acting beta-2-agonist (doses are for salbutamol). (Adapted with permission from Global Initiative for Asthma.
Global Strategy for Asthma Management and Prevention, 2019, ©2019 Global Initiative for Asthma. Available from:
www.ginasthma.org.)
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3 dses f an nhaed SABA (60–90 mnutes after ntatng
treatment). The respnse t nta treatment s a better
predtr f the need fr hsptazatn than s the severty
f the exaerbatn n presentatn. The desn t hsp-
taze a patent shud be based n the duratn and sever-
ty f symptms, severty f arfw bstrutn, ABG
resuts (f avaabe), urse and severty f prr exaerba-
tns, medatn use at the tme f the exaerbatn,
aess t meda are and medatns, adequay f sa
supprt and hme ndtns, and presene f psyhatr

ness. In genera, dsharge t hme s apprprate f the
PEF r FEV

1
has returned t 60% r mre f predted r

persna best and f symptms are mnma r absent.
Patents wth a rapd respnse t treatment shud be
bserved fr 30 mnutes after the mst reent dse f brn-
hdatr t ensure stabty f respnse befre dsharge.

In the intensive care setting, a sma subset f patents
w nt respnd t treatment and w prgress t
mpendng respratry faure due t a mbnatn f
wrsenng arfw bstrutn and respratry muse fatgue

Initial Assessment

A: airway B: breathing C: circulation

Further triage by clinical status

according to worst feature

Mild or Moderate

Talks in phrases

Prefers sitting to lying

Not agitated

Respiratory rate increased

Accessory muscles not used

Pulse rate 100–120 bpm

O2 saturation (on air) 90–95%

PEF > 50% predicted or best

Short-acting β2-agonists

Consider ipratropium bromide

Controlled O2 to maintain

saturation 93–95% (children 94–98%)

Oral corticosteroids

If continuing deterioration, treat as

severe and reassess for ICU

Assess clinical progress frequently

Measure lung function

in all patients 1 hour after initial treatment

FEV1 or PEF 60–80% of predicted or

personal best and symptoms improved

Moderate

Consider for discharge planning

FEV1 or PEF < 60% of predicted or

personal best, or lack of clinical response

Severe

Continue treatment as above

and reassess frequently

Short-acting β2-agonists

Ipratropium bromide

Controlled O2 to maintain

saturation 93–95% (children 94–98%)

Oral or intravenous corticosteroids

Consider intravenous magnesium

Consider high-dose ICS

Severe

Talks in words

Sits hunched forward

Agitated

Respiratory rate > 30/min

Accessory muscles being used

Pulse rate > 120 bpm

O2 saturation (on air) < 90%

PEF ≤ 50% predicted or best

Consult ICU, start SABA and O2,

and prepare patient for intubation

No
Yes

Are any of the following present?

Drowsiness, Confusion, Silent chest

▲ Figure 9–3. Management of asthma exacerbations in acute care facility (eg, emergency department). FEV
1
, forced

expiratory volume in 1 second; ICS, inhaled corticosteroids; ICU, intensive care unit; O
2
, oxygen; PEF, peak expiratory

flow; SABA, short-acting beta-2-agonist. (Adapted with permission from Global Initiative for Asthma. Global Strategy for
Asthma Management and Prevention, 2019, ©2019 Global Initiative for Asthma. Available from: www.ginasthma.org.)
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(see Fgure 9–3 and Tabe 9–5). Sne suh patents an
deterrate rapdy, they must be mntred n a rta
are settng. Intubatn f an autey  asthma patent s
tehnay dffut and s best dne sem-eetvey befre
the rss f a respratry arrest. At the tme f ntubatn, the
patent’s ntravasuar vume shud be sey mntred
beause hyptensn mmny fws the admnstratn
f sedatve medatns and the ntatn f pstve-pressure
ventatn; these patents are ften dehydrated due t pr
reent ra ntake and hgh nsensbe sses.

The man gas f mehana ventatn are t ensure
adequate xygenatn and t avd bartrauma. Cntred
hypventatn wth permssve hyperapna s ften
requred t mt arway pressures. Frequent hgh-dse
devery f nhaed SABAs shud be ntnued ang wth
ant-nfammatry agents as dsussed abve. Many ques-
tns reman regardng the ptma devery f nhaed
SABAs t ntubated, mehanay ventated patents.

» When to Refer

• Atypa presentatn r unertan dagnss f asthma,
partuary f addtna dagnst testng s requred
(brnhprvatn haenge, aergy skn testng,
rhnspy, nsderatn f upatna expsure).

• Cmpatng mrbd prbems, suh as rhnsnus-
ts, tba use, mutpe envrnmenta aerges, sus-
peted aerg brnhpumnary myss.

• Oupatna asthma.

• Unntred symptms despte a mderate-dse
nhaed rtsterd and a LABA.

• Patent nt meetng gas f asthma therapy after
3–6 mnths f treatment.

• Frequent asthma-reated heath are utzatn.

• Mre than tw urses f ra prednsne therapy n
the past 12 mnths.

• Any fe-threatenng asthma exaerbatn r exaerba-
tn requrng hsptazatn n the past 12 mnths.

• Presene f sa r psyhga ssues nterferng
wth asthma management.

Beeker ER et a. Systemat terature revew f system rt-
sterd use fr asthma management. AJRCCM. 2020;201:276.
[PMID: 31525297]

Gba Intatve fr Asthma. Gba Strategy fr Asthma Man-
agement and Preventn, 2020. https://gnasthma.rg/

Hardy J et a; PRACTICAL study team. Budesnde-frmter
reever therapy versus mantenane budesnde pus terbuta-
ne reever therapy n aduts wth md t mderate asthma
(PRACTICAL): a 52-week, pen-abe, mutentre, superr-
ty, randmsed ntred tra. Lanet. 2019;394:919. [PMID:
31451207]

Shetter N et a. Reent advanes n severe asthma: frm phe-
ntypes t persnazed medne. Chest. 2020;157:516.
[PMID: 31678077]

van Zy-Smt RN et a. One-day mmetasne pus ndaater
versus mmetasne r twe-day futasne pus sameter n
patents wth nadequatey ntred asthma (PALLADIUM): a
randmsed, dube-bnd, trpe-dummy, ntred phase 3
study. Lanet Respr Med. 2020;8:987. [PMID: 32653075]

CHRONIC OBSTRUCTIVE
PULMONARY DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» History of cigarette smoking or other chronic inha-
lational exposure.

» Chronic cough, dyspnea, and sputum production.

» Rhonchi, decreased intensity of breath sounds, and
prolonged expiration on physical examination.

» Airflow limitation on pulmonary function testing
that is not fully reversible and is most often
progressive.

» General Considerations

The Gba Intatve fr Chrn Obstrutve Lung Ds-
ease (GOLD) defnes COPD as a mmn, preventabe,
and treatabe dsease state haraterzed by persstent resp-
ratry symptms and arfw mtatn due t arway and
avear abnrmates usuay aused by sgnfant exp-
sure t nxus partes r gases. The term “COPD” has
evved frm an umbrea term fr hrn brnhts and
emphysema t ne that refers t a na syndrme f
hrn respratry symptms, strutura pumnary
abnrmates (arways r ave), and mpared ung fun-
tn arsng frm mutpe auses that resut n arfw m-
tatn that s nt fuy reversbe. Symptms nude ugh,
dyspnea, and sputum prdutn. COPD s a majr ause
f hrn mrbdty and s the thrd eadng ause f death
wrdwde.

The mst mprtant auses f COPD are garette
smkng n the deveped wrd and bmass fue k-
ng n the devepng wrd. The majrty f smkers
suffer an aeerated dene n ung funtn that s dse-
and duratn-dependent. One majr study f atve
smkers reprted yeary dereases n FEV

1
f 66 mL per

year n men and 54 mL per year n wmen mpared t
30 mL per year n men and 22 mL per year n wmen wh
sustaned smkng essatn. Ffteen perent f smkers
devep prgressvey dsabng symptms n ther 40s
and 50s. Apprxmatey tw-thrds f patents seen fr
COPD have sgnfant expsure t tba smke. The
remanng ne-thrd may have a mbnatn f exp-
sures t envrnmenta tba smke, upatna
dusts and hemas, and ndr ar putn frm b-
mass fue used fr kng and heatng n pry vent-
ated budngs. Outdr ar putn, arway nfetn,
envrnmenta fatrs, and aergy have as been mp-
ated, ang wth heredtary fatrs (mst ntaby, def-
eny f apha-1-antprtease [apha-1-anttrypsn]).
Atpy and brnhnstrtn n respnse t nnspe-
f arway stmu may be mprtant rsk fatrs. There
s evdene that ung expsures t putn and aergens
eary n fe an ead t pr ung grwth n hdhd
and expratry arfw mtatn, resutng n wer than
predted sprmetr vaues n mdfe.
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Table 96. Patterns of disease in advanced COPD.

Type A: Pink Puffer Emphysema Predominant Type B: Blue Bloater Bronchitis Predominant

History and physical

examination

Major complaint is dyspnea, often severe, usually

presenting after age 50. Cough is rare, with scant

clear, mucoid sputum. Patients are thin, with

recent weight loss common. They appear uncom-

fortable, with evident use of accessory muscles of

respiration. Chest is very quiet without adventi-

tious sounds. No peripheral edema.

Major complaint is chronic cough, productive of mucopuru-

lent sputum, with frequent exacerbations due to chest

infections. Often presents in late 30s and 40s. Dyspnea

usually mild, though patients may note limitations to

exercise. Patients frequently overweight and cyanotic

but seem comfortable at rest. Peripheral edema is

common. Chest is noisy, with rhonchi invariably present;

wheezes are common.

Laboratory studies Hemoglobin usually normal (12–15 g/dL). Pao
2

nor-

mal to slightly reduced (65–75 mm Hg) but Sao
2

normal at rest. Paco
2

normal to slightly reduced

(35–40 mm Hg). Chest radiograph shows hyper-

inflation with flattened diaphragms. Vascular

markings are diminished, particularly at the

apices.

Hemoglobin usually elevated (15–18 g/dL). Pao
2

reduced

(45–60 mm Hg) and Paco
2

slightly to markedly elevated

(50–60 mm Hg). Chest radiograph shows increased

interstitial markings ("dirty lungs"), especially at bases.

Diaphragms are not flattened.

Pulmonary function

tests

Airflow obstruction ubiquitous. TLC increased,

sometimes markedly so. Dl
CO

reduced. Static

lung compliance increased.

Airflow obstruction ubiquitous. TLC generally normal but
may be slightly increased. Dl

CO
normal. Static lung com-

pliance normal.

Special Evaluations

Ventilation-perfusion

testing
Increased ventilation to high V

.
/Q

.
areas, ie, high

dead space ventilation.

Increased perfusion to low V
.
/Q

.
areas.

Hemodynamics Cardiac output normal to slightly low. Pulmonary

artery pressures mildly elevated and increase

with exercise.

Cardiac output normal. Pulmonary artery pressures ele-

vated, sometimes markedly so, and worsen with exercise.

Nocturnal ventilation Mild to moderate degree of oxygen desaturation

not usually associated with obstructive sleep

apnea.

Severe oxygen desaturation, frequently associated with

obstructive sleep apnea.

Exercise ventilation Increased minute ventilation for level of oxygen

consumption; Pao
2

tends to fall; Paco
2

rises

slightly.

Decreased minute ventilation for level of oxygen con-
sumption. Pao

2
may rise; Paco

2
may rise significantly.

Dl
CO

, single-breath diffusing capacity for carbon monoxide; TLC, total lung capacity; V
.
/Q

.
, ventilation-perfusion.

» Clinical Findings

A. Symptoms and Signs

Patents wth COPD haraterstay present n the ffth
r sxth deade f fe mpanng f exessve ugh,
sputum prdutn, and shrtness f breath. Symptms
have ften been present fr 10 years r mre, yet f dag-
nsed eary, smkng essatn an redue the dene n
ung funtn. Dyspnea s nted ntay ny n heavy
exertn, but as the ndtn prgresses t urs wth
md atvty. In severe dsease, dyspnea urs at rest. As
the dsease prgresses, tw symptm patterns tend t
emerge, hstray referred t as “pnk puffers” and “bue
baters” (Tabe 9–6). Mst COPD patents have features
f bth dsrders, and ther na urse and severty
may nvve ther fatrs, suh as entra ntr f vent-
atn and nmtant seep-dsrdered breathng.

A hamark f COPD s the aute exaerbatn f symp-
tms beynd nrma day-t-day varatn, ften nudng
nreased dyspnea, an nreased frequeny r severty f
ugh, and nreased sputum vume r hange n sputum
harater. These exaerbatns are mmny preptated
by nfetn (mre ften vra than batera) r

envrnmenta fatrs. Pneumna, pumnary hyperten-
sn, r pumnae, and hrn respratry faure har-
aterze the ate stage f COPD.

B. Laboratory Findings

Sprmetry prvdes bjetve nfrmatn abut pum-
nary funtn and assesses the respnse t therapy. Pum-
nary funtn tests eary n the urse f COPD may revea
ny abnrma sng vume and redued md-expratry
fw rates. Redutns n FEV

1
and n the rat f FEV

1
t

vta apaty (FEV
1
% r FEV

1
/FVC rat) estabsh the

presene f arfw bstrutn. In severe dsease, the FVC
s markedy redued. Lung vume measurements revea an
nrease n resdua vume (RV) and n tta ung apaty
(TLC), and an eevatn f the RV/TLC rat, ndatve f
ar trappng, partuary mmn n patents wth emphy-
sema. In the settng f arfw bstrutn, a redutn n
the snge breath dffusng apaty (DL

CO
) predts emphy-

sema. A severey redued DL
CO

predts exertna xyhe-
mgbn desaturatn and s assated wth exstng
pumnary hypertensn. A 6-mnute wakng dstane f
ess than 350 m s assated wth nreased mrtaty.
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ABG measurement haraterstay shws n abnr-
mates eary n COPD ther than an nreased A–a–Do

2
.

Indeed, ABG measurement s unneessary uness (1)
hypxema r hyperapna s suspeted, (2) the FEV

1
r

DL
CO

s ess than 40% f predted, r (3) there are na
sgns f rght heart faure. Hypxema urs n advaned
dsease, partuary when hrn brnhts predm-
nates. Cmpensated respratry adss urs n patents
wth hrn respratry faure, partuary n hrn
brnhts, wth wrsenng f adema durng aute
exaerbatns.

Pstve sputum utures are pry rreated wth
aute exaerbatns, and researh tehnques demnstrate
evdene f preedng vra nfetn n mst patents wth
exaerbatns. The ECG may shw snus tahyarda and,
n advaned dsease, hrn pumnary hypertensn may
prdue eetrardgraph abnrmates typa f r
pumnae. Supraventruar arrhythmas (mutfa atra
tahyarda, atra futter, and atra fbratn) and ven-
truar rrtabty as ur.

C. Imaging

Radgraphs f patents wth hrn brnhts typay
shw ny nnspef perbrnha and pervasuar
markngs. Pan radgraphs are nsenstve fr the dagn-
ss f emphysema; they shw hypernfatn wth fattenng
f the daphragm r perphera artera defeny n abut
haf f ases. CT f the hest dentfes and an quantfy the
emphysema phentype assated wth ss f tssue. Chest
CT as detets arway narrwng and wa thkenng
haraterst f the brnht phentype. In advaned
dsease, pumnary hypertensn may be suggested by
enargement f entra pumnary arteres n hest rad-
graphs r hest CTs, and Dpper ehardgraphy pr-
vdes an estmate f pumnary artery pressure.

» Differential Diagnosis

Cna, magng, and abratry fndngs shud enabe the
nan t dstngush COPD frm ther bstrutve pu-
mnary dsrders, suh as asthma, brnhetass, yst
fbrss, brnhpumnary myss, and entra arfw
bstrutn. Asthma s haraterzed by mpete r near-
mpete reversbty f arfw bstrutn. Brnhetass
s dstngushed frm COPD by reurrent pneumna and
hemptyss, dgta ubbng, and haraterst magng
abnrmates. Cyst fbrss urs n hdren, ades-
ents, and yung aduts and has haraterst magng as
we as endrne and hepat abnrmates. Brnhpu-
mnary myss s haraterzed by esnpha; eevated
eves f mmungbun E; and epsd wrsenng marked
by fever, maase, prdutve ugh, and radgraph nf-
trates. Mehana bstrutn f the entra arways an be
dstngushed frm COPD by fw-vume ps.

» Complications

Aute brnhts, pneumna, pumnary thrmbemb-
sm, atra dysrhythmas (suh as atra fbratn, atra
futter, and mutfa atra tahyarda), and nmtant

eft ventruar faure may wrsen therwse stabe COPD.
Pumnary hypertensn, r pumnae, and hrn
respratry faure are mmn n advaned COPD. Spn-
taneus pneumthrax urs n a sma fratn f
patents wth emphysema. Hemptyss may resut frm
hrn brnhts r may sgna brnhgen arnma.

» Prevention

COPD s argey preventabe thrugh emnatn f ng-
term expsure t tba smke, prduts f mbustn
f bmass fues, and ther nhaed txns. Smkers wth
eary evdene f arfw mtatn an sgnfanty ater
the urse f ther dsease by smkng essatn. Infuenza
vanatn redues the frequeny and severty f nfuenza-
ke ness as we as the number f COPD exaerbatns.
Pneuma vanatn appears t redue bth the
frequeny f mmunty-aqured pneumna and the
number f COPD exaerbatns.

» Treatment

The treatment f COPD s guded by the severty f symp-
tms r the presene f an exaerbatn f stabe symp-
tms. Standards fr the management f patents wth stabe
COPD and COPD exaerbatns frm the Ameran Th-
ra Sety and GOLD, a jnt expert mmttee f the
Natna Heart, Lung, and Bd Insttute and the WHO,
are nrprated n the remmendatns bew. There are
three mmny used ways t dentfy hgh-rsk COPD
patents wh may requre mre ntense treatment: (1) FEV

1

ess than 50% predted, (2) mre than tw exaerbatns
wthn the prevus year, and (3) ne r mre hsptaza-
tns fr COPD exaerbatn n the prevus year.

A. Ambulatory Patients

1. Smoking cessation—The snge mst mprtant nter-
ventn n smkers wth COPD s t enurage smkng
essatn (see Chapter 1). Smpy teng a patent t qut
sueeds 5% f the tme. Behavra apprahes, rangng
frm nan adve t ntensve grup prgrams, may
mprve essatn rates. Pharmag therapy nudes
buprpn, ntne repaement (transderma path, gum,
zenge, nhaer, r nasa spray), and varenne (a parta
agnst f ntn aetyhne reeptrs). Cmbned
pharmatherapes (tw frms f ntne repaement, r
ntne repaement and buprpn), wth r wthut
behavra apprahes, have been remmended. Varen-
ne s effetve but use has been mted by nerns abut
neurpsyhatr sde effets. Eetrn garettes are nt
remmended as a smkng essatn ad, due n part t
nern fr e-garette and vapng-assated ung njury
(EVALI).

2. Oxygen therapy—Suppementa xygen fr patents
wth restng hypxema (Pao

2
< 56 mm Hg) s the ny

therapy wth evdene f mprvement n the natura hs-
try f COPD. Prven benefts f hme xygen therapy n
hypxem patents nude nger survva, redued hsp-
tazatns, and better quaty f fe. Survva n hypxem
patents wth COPD treated wth suppementa xygen
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therapy s drety prprtnate t the number f hurs
per day xygen s admnstered: n hypxem COPD
patents treated wth ntnuus xygen fr 24 hurs day,
the survva after 36 mnths s abut 65%—sgnfanty
better than the survva rate f abut 45% n thse treated
wth ny nturna xygen. Oxygen by nasa prngs must
be gven fr at east 15 hurs a day uness therapy s spef-
ay ntended ny fr exerse r seep. Hwever, severa
studes f suppementa xygen therapy shwed n sur-
vva beneft n COPD patents wth brderne w-nrma
restng xygen eves (Pao

2
between 56 mm Hg and 69 mm

Hg). In a study f patents wth stabe COPD and restng r
exerse-ndued mderate desaturatn, the presrptn
f ng-term suppementa xygen dd nt resut n a n-
ger tme t frst hsptazatn r death than n ng-term
suppementa xygen, nr dd t prvde sustaned beneft
n any ther measured utmes. Requrements fr US
Medare verage fr a patent’s hme use f xygen and
xygen equpment are sted n Tabe 9–7. ABG anayss s
preferred ver xmetry t gude nta xygen therapy.
Hypxem patents wth pumnary hypertensn, hrn
r pumnae, erythrytss, mpared gntve fun-
tn, exerse nterane, nturna restessness, r mrn-
ng headahe are partuary key t beneft frm hme
xygen therapy.

Hme xygen may be supped by qud xygen sys-
tems, mpressed gas ynders, r xygen nentratrs.
Mst patents beneft frm havng bth statnary and
prtabe systems. Fr mst patents, a fw rate f 1–3 L/mn
aheves a Pao

2
greater than 55 mm Hg. Reservr nasa

annuas r “pendants” and demand (puse) xygen devery
systems are avaabe t nserve xygen.

3. Inhaled bronchodilators—Brnhdatrs d nt ater
the nexrabe dene n ung funtn that s a hamark f
COPD, but they mprve symptms, exerse terane,
FEV

1
, and vera heath status. Aggressveness f brnh-

datr therapy shud be mathed t the severty f the
patent’s dsease. In patents wh experene n symptmat
mprvement, brnhdatrs shud be dsntnued.

The mst mmny presrbed shrt-atng brnhd-
atrs are the SAMA pratrpum brmde and the SABAs
(eg, abuter/sabutam), devered by MDI r as an nhaa-
tn sutn by nebuzer. Sme nans prefer pratr-
pum as a frst-ne agent beause f ts nger duratn f
atn and absene f sympathmmet sde effets. Sme
studes have suggested that pratrpum aheves superr
brnhdatn n COPD patents. Typa dses are 2–4
puffs (36–72 mg) every 6 hurs. Other nans prefer
SABAs beause they are ess expensve and have a mre rapd
nset f atn, mmny eadng t greater patent satsfa-
tn. At maxma dses, beta-2-agnsts have brnhdatr
atn equvaent t that f pratrpum but may ause tahy-
arda, tremr, r hypkaema. There des nt appear t be
any advantage f shedued use f SABAs mpared wth
as-needed admnstratn. There has been n nsstent df-
ferene n effay demnstrated between SABAs and
SAMAs. Usng the SABAs and the SAMAs at submaxma
dses eads t mprved brnhdatn mpared wth
ether agent ane but des nt mprve dyspnea.

LAMAs (eg, ttrpum, adnum, umednum,
gypyrrate) and LABAs (eg, frmter, sameter,
ndaater, arfrmter, vanter, dater) appear t
aheve brnhdatn that s equvaent r superr t
what s experened wth pratrpum, n addtn t sm-
ar mprvements n heath status. Athugh mre expen-
sve than shrt-atng agents, ng-atng brnhdatrs
may have superr na effay n persns wth
advaned dsease. One RCT f ng-term admnstratn f
ttrpum added t standard therapy reprted fewer exa-
erbatns r hsptazatns and mprved dyspnea
sres—but n ng-term effet n ung funtn—n the
ttrpum grup. Anther RCT mparng the effets f
ttrpum wth thse f sameter-futasne ver
2 years reprted n dfferene n the rsk f COPD exaer-
batn. The ndene f pneumna was hgher n the
sameter-futasne grup, yet dyspnea sres were
wer and there was a mrtaty beneft mpared wth
ttrpum. The mbnatn f ttrpum and frmter
(LAMA/LABA) has been shwn t mprve FEV

1
and FVC

mre than the nhaed rtsterd/LABA mbnatn
sameter and futasne n patents wth a basene FEV

1

f ess than 55% predted. The nta drug f he fr
patents wth md dsease and n exaerbatns s a
LAMA. If the patent has mre severe dyspnea and arfw
bstrutn, LAMA/LABA an be ntated.

The symptmat benefts f ng-atng brnhda-
trs are frmy estabshed. Inreased exaerbatns and
mrtaty reprted n sme asthmat patents treated wth
sameter have nt been bserved n COPD patents, and
severa studes reprt a trend tward wer mrtaty n
patents treated wth sameter ane, mpared wth pa-
eb. In addtn, a 4-year ttrpum tra reprted fewer

Table 97. Home oxygen therapy: requirements for
Medicare coverage.1

Group I any of the following:

1. Pao
2

≤ 55 mm Hg or Sao
2

≤ 88% taken while awake, at rest,

breathing room air.

2. During sleep (prescription for nocturnal oxygen use only): Pao
2

≤ 55 mm Hg or Sao
2

≤ 88% for a patient whose awake, resting,

room air Pao
2

is ≥ 56 mm Hg or Sao
2

≥ 89%, or Decrease in

Pao
2

> 10 mm Hg or decrease in Sao
2

> 5% associated with

symptoms or signs reasonably attributed to hypoxemia (eg,

impaired cognitive processes, nocturnal restlessness, insomnia).

3. During exercise (prescription for oxygen use only during exer-

cise): Pao
2

≤ 55 mg Hg or Sao
2

≤ 88% taken during exercise for

a patient whose awake, resting, room air Pao
2

is ≥ 56 mm Hg or

Sao
2

≥ 89%, and there is evidence that the use of supplemental

oxygen during exercise improves the hypoxemia that was dem-

onstrated during exercise while breathing room air.

Group II2:

Pao
2

= 56–59 mm Hg or Sao
2

= 89% if there is evidence of any of

the following:

1. Dependent edema suggesting heart failure.

2. P pulmonale on ECG (P wave > 3 mm in standard leads II, III, or

aVF).

3. Hematocrit > 56%.

1Centers for Medicare & Medicaid Services, 2003.
2Patients in this group must have a second oxygen test 3 months

after the initial oxygen setup.
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ardvasuar events n the nterventn grup. Subse-
quent meta-anayses that nude the 4-year ttrpum
tra dd nt fnd an nrease n ardvasuar events n
treated patents. Mst prattners beeve that the du-
mented benefts f anthnerg therapy utwegh any
ptenta rsks.

4. Corticosteroids—Mutpe arge na tras have
reprted a redutn n the frequeny f COPD exaerba-
tns and an nrease n sef-reprted funtna status n
COPD patents treated wth nhaed rtsterds. These
same tras demnstrate n effet f nhaed rtsterds
n mrtaty r the haraterst dene n ung funtn
experened by COPD patents. Thus, nhaed rtste-
rds ane shud nt be nsdered frst-ne therapy n
stabe COPD patents.

Three arge na tras f mbnatn therapy wth
an nhaed rtsterd added t a LABA demnstrated a
redued frequeny f exaerbatns and mdest mprve-
ments n ung funtn. The benefts f nhaed rtste-
rds must be weghed aganst the nreased rsk f
batera pneumna, hwever (reatve rsk was nreased
1.57-fd n ne study). Wthdrawa f nhaed rtste-
rds shud be nsdered when patents have been stabe
fr 2 years.

Apart frm aute exaerbatns, COPD s nt generay
respnsve t ra rtsterd therapy. Gven the rsks f
adverse sde effets, ra rtsterds are nt rem-
mended fr ng-term treatment f COPD.

5. Theophylline—Ora thephyne s a furth-ne agent
fr treatng COPD patents wh d nt aheve adequate
symptm ntr wth nhaed anthnerg, beta-2-
agnst, and rtsterd therapes. Thephyne mprves
dyspnea ratngs, exerse perfrmane, and pumnary
funtn n many patents wth stabe COPD. Its benefts
resut frm brnhdatn; ant-nfammatry prpertes;
and extrapumnary effets n daphragm strength, my-
arda ntratty, and kdney funtn. Thephyne
txty s a sgnfant nern due t the medatn’s
narrw therapeut wndw, and ng-term admnstratn
requres arefu mntrng f serum eves. GOLD gude-
nes remmend thephyne ny as a ast resrt f ther
brnhdatrs are unavaabe r unaffrdabe.

6. Antibiotics—Antbts are mmny presrbed t
utpatents wth COPD fr the fwng ndatns: (1) t
treat an aute exaerbatn, (2) t treat aute brnhts,
and (3) t prevent aute exaerbatns f hrn brnh-
ts (prphyat antbts). In patents wth COPD, ant-
bts appear t mprve utmes sghty n a three
stuatns. Patents wth a COPD exaerbatn assated
wth nreased sputum puruene ampaned by dyspnea
r an nrease n the quantty f sputum are thught t
beneft the mst frm antbt therapy. The he f
antbt depends n a batera resstane patterns
and ndvdua rsk f Pseudomonas aeruginosa nfetn
(hstry f Pseudomonas satn, FEV

1
ess than 50% f

predted, reent hsptazatn [2 r mre days n the past
3 mnths], mre than three urses f antbts wthn
the past year, use f system rtsterds). Ora antb-
t ptns nude dxyyne (100 mg every 12 hurs),

trmethprm-sufamethxaze (160/800 mg every
12 hurs), a ephasprn (eg, efpdxme 200 mg every
12 hurs r efprz 500 mg every 12 hurs), a marde
(eg, azthrmyn 500 mg fwed by 250 mg day fr
5 days), a furqunne (eg, prfxan 500 mg every
12 hurs), and amxn-avuanate (875/125 mg every
12 hurs). Suggested duratn f therapy s 3–5 days and
depends n respnse t therapy. There are few ntred
tras f antbts n severe COPD exaerbatns, but
prmpt admnstratn s apprprate, partuary n per-
sns wth rsk fatrs fr pr utmes (age der than
65 years, FEV

1
ess than 50% f predted, three r mre

exaerbatns n the past year, antbt therapy wthn the
past 3 mnths, mrbd ndtns, suh as arda ds-
ease). In COPD patents subjet t frequent exaerbatns
despte ptma meda therapy, azthrmyn (day r
three tmes weeky) and mxfxan (a 5-day urse
1 week n 8 ver 48 weeks) were mdesty effetve n n-
a tras at redung the frequeny f exaerbatns; mn-
trng fr hearng ss and QT prngatn s essenta.

7. Pulmonary rehabilitation—Graded aerb physa
exerse prgrams (eg, wakng 20 mnutes three tmes
weeky r byng) are hepfu t prevent deterratn f
physa ndtn and t mprve patents’ abty t arry
ut day atvtes. Tranng f nspratry muses by
nsprng aganst prgressvey arger resstve ads redues
dyspnea and mprves exerse terane, heath status, and
respratry muse strength n sme but nt a patents.
Pursed-p breathng t sw the rate f breathng and
abdmna breathng exerses t reeve fatgue f aes-
sry muses f respratn may redue dyspnea n sme
patents. Many patents underg these exerse and edua-
tna nterventns n a strutured rehabtatn prgram.
Pumnary rehabtatn has been shwn n mutpe stud-
es t mprve exerse apaty, derease hsptazatns,
and enhane quaty f fe. Referra t a mprehensve
rehabtatn prgram s remmended n patents wh
have severe dyspnea, redued quaty f fe, r frequent
hsptazatns despte ptma meda therapy.

8. Phosphodiesterase 4 inhibitor—Rfumast has been
shwn t redue exaerbatn frequeny n patents wh
have mderate r severe (FEV

1
ess than 50% f predted)

COPD and hrn brnhts, wth frequent exaerbatns,
and are takng LABA/nhaed rtsterd wth r wth-
ut a LAMA.

9. Other measures—In patents wth hrn brnhts,
nreased mbzatn f seretns may be ampshed
thrugh adequate system hydratn, effetve ugh
tranng methds, r the use f a handhed futter deve
and pstura dranage, smetmes wth hest perussn r
vbratn. Pstura dranage and hest perussn shud
be used ny n seeted patents wth exessve amunts f
retaned seretns that annt be eared by ughng and
ther methds; these measures are f n beneft n pure
emphysema. Expetrant-muyt therapy has generay
been regarded as unhepfu n patents wth hrn brn-
hts. Cugh suppressants and sedatves shud be avded.
Mrphne an redue hrn dyspnea n patents wth
very severe COPD.
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Human apha-1-anttrypsn s avaabe fr repaement
therapy n emphysema due t ngenta defeny
(PZZ r nu gentype) f apha-1-antprtease (apha-1-
anttrypsn). Patents ver 18 years f age wth arfw
bstrutn by sprmetry and serum eves ess than 11
mm/L (~50 mg/dL) are ptenta anddates fr repae-
ment therapy. Apha-1-anttrypsn s admnstered ntrave-
nusy n a dse f 60 mg/kg bdy weght ne weeky.

Severe dyspnea n spte f ptma meda manage-
ment may warrant a na tra f an pd (eg, mr-
phne 5–10 mg ray every 3–4 hurs, xydne 5–10 mg
ray every 4–6 hurs, sustaned-reease mrphne 10 mg
ray ne day). Sedatve-hypnt drugs (eg, dazepam,
5 mg three tmes day) margnay mprve ntratabe
dyspnea but ause sgnfant drwsness; they may beneft
very anxus patents. Transnasa pstve-pressure venta-
tn at hme t rest the respratry muses s an apprah
t mprve respratry muse funtn and redue dys-
pnea n patents wth severe COPD.

See Chapter 37 fr a dsussn f ar trave n patents
wth ung dsease.

B. Hospitalized Patients

Management f the hsptazed patent wth an aute
exaerbatn f COPD nudes (1) suppementa xygen
(ttrated t mantan Sao

2
between 90% and 94% r Pao

2

between 60 mm Hg and 70 mm Hg); (2) nhaed beta-
2-agnsts (eg, abuter 2.5 mg duted wth sane t a
tta f 3 mL by nebuzer, r MDI, 90 mg per puff, fur
t eght puffs va spaer, every 1–4 hurs as needed) wth
r wthut nhaed pratrpum brmde (500 mg by
nebuzer, r 36 mg by MDI wth spaer, every 4 hurs as
needed); (3) rtsterds (prednsne 0.5 mg/kg/day
ray fr 7–10 days s usuay suffent, and even 5 days
may be adequate); (4) brad-spetrum antbts; and (5)
n seeted ases, hest phystherapy.

Fr patents wthut rsk fatrs fr Pseudomonas, man-
agement ptns nude a furqunne (eg, evfxa-
n 750 mg ray r ntravenusy per day, r mxfxan
400 mg ray r ntravenusy every 24 hurs) r a thrd-
generatn ephasprn (eg, eftraxne 1 g ntravenusy
per day, r eftaxme 1 g ntravenusy every 8 hurs).

Fr patents wth rsk fatrs fr Pseudomonas, thera-
peut ptns nude pperan-tazbatam (4.5 g
ntravenusy every 6 hurs), eftazdme (1 g ntrave-
nusy every 8 hurs), efepme (1 g ntravenusy every
12 hurs), r evfxan (750 mg ray r ntravenusy
per day fr 3–7 days).

Oxygen therapy shud not be wthhed fr fear f wrs-
enng respratry adema; hypxema s mre detrmen-
ta than hyperapna. Cr pumnae usuay respnds t
measures that redue pumnary artery pressure, suh as
suppementa xygen and rretn f adema; bed rest,
sat restrtn, and durets may add sme beneft. Car-
da dysrhythmas, partuary mutfa atra tahyar-
da, usuay respnd t aggressve treatment f COPD
tsef. Atra fbratn and futter may requre DC ard-
versn after ntatn f the abve therapy. Thephyne
shud nt be ntated n the aute settng, but patents
takng thephyne prr t aute hsptazatn shud

have ther thephyne serum eves measured and man-
taned n the therapeut range. If prgressve respratry
faure ensues, trahea ntubatn and mehana vent-
atn are neessary. In na tras f COPD patents
wth hyperapn aute respratry faure, noninvasive
positive-pressure ventilation (NIPPV) devered va fae
mask redued the need fr ntubatn and shrtened
engths f stay n the ntensve are unt (ICU). Other stud-
es have suggested a wer rsk f nsma nfetns and
ess use f antbts n COPD patents treated wth NIPPV.

C. Procedures for COPD

1. Lung transplantation—Requrements fr ung trans-
pantatn are severe ung dsease, mted atvtes f day
vng, exhaustn f meda therapy, ambuatry status,
ptenta fr pumnary rehabtatn, mted fe expe-
tany wthut transpantatn, adequate funtn f ther
rgan systems, and a gd sa supprt system. Tw-year
survva rate after ung transpantatn fr COPD s 75%.
Cmpatns nude aute rejetn, pprtunst nfe-
tn, and bteratve brnhts. Substanta mprve-
ments n pumnary funtn and exerse perfrmane
have been nted after transpantatn.

2. Lung volume reduction surgery—Lung vume redu-
tn surgery, r redutn pneumpasty, s a surga
apprah t reeve dyspnea and mprve exerse terane
n patents wth advaned dffuse emphysema and ung
hypernfatn. Batera resetn f 20–30% f ung v-
ume n seeted patents resuts n mdest mprvements n
pumnary funtn, exerse perfrmane, and dyspnea.
The duratn f mprvement as we as any mrtaty ben-
eft remans unertan. Prnged ar eaks ur n up t
50% f patents pstperatvey. Mrtaty rates n enters
wth the argest experene wth ung vume redutn
surgery range frm 4% t 10%.

The Natna Emphysema Treatment Tra mpared
ung vume redutn surgery wth meda treatment n a
randmzed, mutenter na tra f 1218 patents wth
severe emphysema. Overa, surgery mprved exerse
apaty but nt mrtaty when mpared wth meda
therapy. The persstene f ths beneft remans t be
defned. Subgrup anayss suggested that patents wth
upper be–predmnant emphysema and w exerse
apaty mght have mprved survva, whe ther grups
suffered exess mrtaty when randmzed t surgery.

3. Bullectomy—Buetmy s an der surga predure
fr paatn f dyspnea n patents wth severe buus
emphysema. Buetmy s mst mmny pursued when
a snge bua upes at east 30–50% f the hemthrax.

» Prognosis

The utk fr patents wth nay sgnfant COPD
s pr. The degree f pumnary dysfuntn at the tme
the patent s frst seen s an mprtant predtr f sur-
vva: medan survva f patents wth FEV

1
= 1 L r ess s

abut 4 years. A mutdmensna ndex (the BODE
ndex), whh nudes bdy mass ndex, arway obstru-
tn (FEV

1
), dyspnea (mdfed Meda Researh Cun
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dyspnea sre), and exerse apaty, s a t that predts
death and hsptazatn better than FEV

1
ane. Cmpre-

hensve are prgrams, essatn f smkng, and suppe-
menta xygen may redue the rate f dene f pumnary
funtn, but therapy wth brnhdatrs and ther
apprahes prbaby have tte, f any, mpat n the natu-
ra urse f COPD.

Dyspnea at the end f fe an be extremey unmfrt-
abe and dstressng t the patent and famy. As patents
near the end f fe, metuus attentn t paatve are
s essenta t effetvey manage dyspnea (see Chapter 5).

» When to Refer

• COPD nset urs befre the age f 40.

• Frequent exaerbatns (tw r mre a year) despte
ptma treatment.

• Severe r rapdy prgressve COPD.

• Symptms dsprprtnate t the severty f arfw
bstrutn.

• Need fr ng-term xygen therapy.

• Onset f mrbd nesses (eg, brnhetass, heart
faure, r ung aner).

» When to Admit

• Severe symptms r aute wrsenng that fas t
respnd t utpatent management.

• Aute r wrsenng hypxema, hyperapna, perph-
era edema, r hange n menta status.

• Inadequate hme are, r nabty t seep r mantan
nutrtn/hydratn due t symptms.

• The presene f hgh-rsk mrbd ndtns.

Agustí A et a. Update n the pathgeness f hrn bstrutve
pumnary dsease. N Eng J Med. 2019;381:1248. [PMID:
31553836]

Ce BR et a. Update n na aspets f hrn bstrutve
pumnary dsease. N Eng J Med. 2019;381:1257. [PMID:
31553837]

Gba Intatve fr Chrn Obstrutve Lung Dsease (GOLD).
2020 Gba strategy fr the preventn, dagnss, and
management f hrn bstrutve ung dsease. https://
gdpd.rg/gd-reprts/

BRONCHIECTASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Chronic productive cough with dyspnea and
wheezing.

» Radiographic findings of dilated, thickened air-
ways and scattered, irregular opacities.

» General Considerations

Brnhetass s a ngenta r aqured dsrder f the
arge brnh haraterzed by permanent, abnrma

datn and destrutn f brnha was. It may be
aused by reurrent nfammatn r nfetn f the ar-
ways and may be azed r dffuse. Cyst fbrss auses
abut haf f a ases f brnhetass. Other auses
nude (1) ung nfetns (tuberuss, funga nfetns,
ung absess, pneumna), (2) mmundefenes (n-
genta r aqured hypgammagbunema; mmn
varabe mmundefeny; seetve IgA, IgM, and IgG
subass defenes; AIDS; ymphma; pasma e
myema; eukema), (3) apha-1-anttrypsn defeny,
(4) prmary ary dysknesa, (5) rheumat dseases
(rheumatd arthrts, Sjögren syndrme), and (6) a-
zed arway bstrutn (fregn bdy, tumr, mud
mpatn).

» Clinical Findings

A. Symptoms and Signs

Symptms f brnhetass nude hrn ugh wth
prdutn f pus amunts f puruent sputum,
hemptyss, peurt hest pan, dyspnea, and weght ss.
Physa fndngs may nude rakes at the ung bases
and wheezng.

B. Laboratory Findings and Imaging

Labratry tests nude mmungbun quantfatn;
testng fr yst fbrss; and sputum uture, nudng fr
nntuberuus mybatera. Obstrutve pumnary
dysfuntn wth hypxema s seen n mderate r severe
dsease. Radgraph abnrmates nude dated and
thkened brnh that may appear as “tram traks” r as
rng-ke markngs. Sattered rreguar pates, ateetass,
and fa nsdatn may be present. Hgh-resutn
CT s the dagnst study f he.

C. Microbiology

Haemophilus influenzae s the mst mmn rgansm
revered frm nn–yst fbrss patents wth brnh-
etass. P aeruginosa, Streptococcus pneumoniae, and
Staphylococcus aureus are mmny dentfed. Nntuber-
uus mybatera are seen ess mmny. Patents wth
Pseudomonas nfetn experene an aeerated urse,
wth mre frequent exaerbatns and mre rapd dene
n ung funtn.

» Treatment

Treatment f aute exaerbatns nssts f antbts,
day hest phystherapy wth pstura dranage and hest
perussn, and nhaed brnhdatrs. Handhed futter
vave deves may be as effetve as hest phystherapy n
earng seretns. Antbt therapy shud be guded by
sputum smears and prr utures. If a spef batera
pathgen annt be sated, then empr ra antbt
therapy fr 10–14 days s apprprate. Cmmn meda-
tns nude amxn r amxn-avuanate, amp-
n, a send- r thrd-generatn ephasprn,
dxyyne, r a furqunne. Fr reurrent exaerba-
tns, preventve marde therapy fr 6–12 mnths has
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been fund t derease the frequeny f exaerbatns.
Aternatvey, a tra f nhaed antbts may be gven.
Aternatng yes f ra antbts may as be nsd-
ered, athugh data are nnusve.

Cmpatns f brnhetass nude hemptyss,
r pumnae, amydss, and sendary vsera
absesses at dstant stes (eg, bran). Brnhspy s sme-
tmes neessary t evauate hemptyss, remve retaned
seretns, and rue ut bstrutng arway esns. Massve
hemptyss may requre embzatn f brnha arteres
r surga resetn.

Chamers JD et a. Lng-term marde antbts fr the treatment
f brnhetass n aduts: an ndvdua partpant data meta-
anayss. Lanet Respr Med. 2019;7:845. [PMID: 31405828]

Gruffydd-Jnes K et a. Prmary are mpatns f the Brtsh
Thra Sety Gudenes fr brnhetass n aduts 2019.
NPJ Prm Care Respr Med. 2019;29:24. [PMID: 31249313]

Kng CS et a. Crta are f the adut patent wth yst fbrss.
Chest. 2019;155:202. [PMID: 30077689]

Lesan A et a. Shrt revew n the dagnss and treatment f
brnhetass. Med Pharm Rep. 2019;92:111. [PMID:
31086836]

MShane PJ et a. Brnhetass. Chest. 2019;155:825. [PMID:
30403962]

ALLERGIC BRONCHOPULMONARY
ASPERGILLOSIS (Mycosis)

Aerg brnhpumnary aspergss (ABPA) (r
myss) s a pumnary hypersenstvty dsrder aused
by aergy t funga antgens that nze the trahebrn-
ha tree. It usuay urs n atp asthmat ndvduas
wh are 20–40 years f age r thse wth yst fbrss, n
respnse t antgens f Aspergillus spees. Prmary rtera
fr the dagnss f ABPA nude (1) a na hstry f
asthma r yst fbrss; (2) eevated serum tta IgE eves
(typay greater than 1000 nternatna unts/mL; a vaue
ess than 1000 nternatna unts/mL may be aeptabe f
a ther rtera are met); (3) mmedate utaneus hyper-
senstvty t Aspergillus antgens r eevated serum IgE
eves spef t Aspergillus fumigatus; and (4) at east tw
f the fwng: (a) preptatng serum antbdes t
Aspergillus antgen r eevated serum Aspergillus IgG by
mmunassay, (b) radgraph pumnary pates n-
sstent wth ABPA, r () perphera bd esnph
unt greater than 500 es/mL (greater than 0.5 × 109/L).
Hgh-dse rtsterds (eg, prednsne 0.5–1 mg/kg
ray per day) fr at east 2 weeks s the treatment f
he. Dependng n the na stuatn, the rtste-
rd dse an then be redued and tapered ver 3–6 mnths.
Reapses are frequent, and repeated treatment wth rt-
sterd s nt unmmn. Patents wth rtsterd-
dependent dsease may beneft frm tranaze r
vrnaze. Brnhdatrs (see Tabe 9–3) may as be
hepfu. Cmpatns nude hemptyss, severe brn-
hetass, and pumnary fbrss.

Kutskera A et a. Omazumab fr asthma and aerg brn-
hpumnary aspergss n aduts wth yst fbrss. J
Cyst Fbrs. 2020;19:119. [PMID: 31405730]

Muthu V et a. Dagnst utffs and na utty f remb-
nant Aspergillus fumigatus antgens n the dagnss f aerg
brnhpumnary aspergss. J Aergy Cn Immun
Prat. 2020;8:579. [PMID: 31520840]

Perseners J et a. Psanaze fr the treatment f aerg
brnhpumnary aspergss n patents wth yst fbr-
ss. J Antmrb Chemther. 2019;74:1701. [PMID: 30805605]

CYSTIC FIBROSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Pulmonary disease: chronic or recurrent produc-
tive cough, dyspnea, and wheezing; recurrent air-
way infections or chronic colonization of the
airways with H influenzae, P aeruginosa, S aureus,
or Burkholderia cenocepacia; bronchiectasis and
scarring on chest radiographs; airflow obstruction
on spirometry.

» Extrapulmonary disease: sinus disease; gastroin-
testinal disease (pancreatic insufficiency, recurrent
pancreatitis, hepatobiliary disease, meconium
ileus, and distal intestinal obstruction); genitouri-
nary problems (male infertility and urogenital
abnormalities)

» Sweat chloride concentration > 60 mEq/L on two
occasions.

» Presence of two disease-causing mutations in the
cystic fibrosis transmembrane conductance reg-
ulator (CFTR) gene.

» Abnormal nasal potential difference.

» General Considerations

Cyst fbrss s the mst mmn ause f severe
hrn ung dsease n yung aduts and the mst m-
mn fata heredtary dsrder f Whtes n the Unted
States. It s an autsma-reessve dsrder affetng
abut 1 n 3000 Whtes; 1 n 25 s a arrer. Cyst fbrss
s aused by abnrmates n a membrane hrde han-
ne (the yst fbrss transmembrane ndutane regu-
atr [CFTR] prten) that resuts n atered hrde
transprt and water fux arss the apa surfae f ep-
thea es. Amst a exrne gands prdue an
abnrma muus that bstruts gands and duts and
eads t tssue damage. In the respratry trat, nade-
quate hydratn f the trahebrnha eptheum
mpars muary funtn. Hgh nentratn f
extraeuar DNA n arway seretns (due t hrn
arway nfammatn and autyss f neutrphs) nreases
sputum vssty.

Over ne-thrd f the neary 30,000 yst fbrss
patents n the Unted States are aduts. Adut patents wth
yst fbrss have an nreased rsk f stepena,
arthrpathes, and magnanes f the gastrntestna
trat, amng thers.
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» Clinical Findings

A. Symptoms and Signs

Cyst fbrss shud be suspeted n an adut wth a hs-
try f hrn ung dsease (espeay brnhetass),
panreatts, r nfertty. Cugh, sputum prdutn,
dereased exerse terane, and reurrent hemptyss are
typa mpants. Patents as ften mpan f hrn
rhnsnusts symptms, steatrrhea, darrhea, and
abdmna pan. Patents wth yst fbrss are ften ma-
nurshed wth w bdy mass ndex. Dgta ubbng
(Fgure 6–42), nreased anterpsterr hest dameter,
hyperresnane t perussn, and apa rakes are
nted n physa examnatn. Snus tenderness, puruent
nasa seretns, and nasa pyps may as be seen. Neary
a men wth yst fbrss have ngenta batera
absene f the vas deferens wth azsperma. Bary r-
rhss and gastnes may ur.

B. Laboratory Findings

ABG studes ften revea hypxema and, n advaned
dsease, a hrn, mpensated respratry adss. Pu-
mnary funtn studes shw a mxed bstrutve and
restrtve pattern. There s a redutn n FVC, arfw
rates, and TLC. Ar trappng (hgh rat f RV t TLC) and
redutn n pumnary dffusng apaty are mmn.

C. Imaging

Hypernfatn s seen eary n the dsease press. Per-
brnha uffng, muus puggng, brnhetass (rng
shadws and ysts), nreased nterstta markngs, sma
runded perphera pates, and fa ateetass are
mmn fndngs. Pneumthrax an as be seen. Thn-
setn CT sannng ften nfrms the presene f
brnhetass.

D. Diagnosis

The quantitative pilocarpine iontophoresis sweat test
reveas eevated sdum and hrde eves (greater than
60 mEq/L) n the sweat f patents wth yst fbrss. Tw
tests n dfferent days perfrmed n experened abrat-
res are requred fr aurate dagnss. A nrma sweat
hrde test des nt exude the dagnss, n whh ase
CFTR gentypng r ther aternatve dagnst studes
(suh as measurement f nasa membrane ptenta dffer-
ene, semen anayss, r assessment f panreat funtn)
shud be pursued, espeay f there s a hgh na
suspn f yst fbrss. Addtnay, a patents wth
yst fbrss shud underg CFTR gentypng.

» Treatment

Eary regntn and mprehensve mutdspnary
therapy mprve symptm ntr and survva. Referra t
a regna yst fbrss enter s strngy remmended.
Treatment prgrams fus n the fwng areas: CFTR
mduatr medatns, earane and redutn f wer
arway seretns, reversa f brnhnstrtn, treat-
ment f respratry trat nfetns and arway batera

burden, panreat enzyme repaement, and nutrtna
and psyhsa supprt (nudng genet and upa-
tna unseng).

CFTR modulators nude medatns that ater CFTR
traffkng, fdng, r funtn. These medatns are
ny avaabe fr patents wth spef CFTR mutatns.
Exampes are vaaftr, a ptentatr f the CFTR hanne
that wrks by nreasng the tme the hanne remans
pen after beng atvated; and umaaftr, tezaaftr, and
eexaaftr that wrk by mprvng CFTR prten fdng
and e-surfae traffkng.

Airway clearance an be prmted by pstura dran-
age, hest perussn r vbratn tehnques, pstve
expratry pressure r futter vave breathng deves,
dreted ugh, and ther breathng tehnques. Inhaed
rembnant human dexyrbnuease (rhDNase, dr-
nase apha) eaves extraeuar DNA n sputum, dereas-
ng sputum vssty; when admnstered ng-term at a
day nebuzed dse f 2.5 mg, ths therapy eads t
mprved FEV

1
and redues the rsk f yst fbrss–

reated respratry exaerbatns as we as the need fr
ntravenus antbts. Inhaatn f hypertn (7%)
sane mprves earane f muus frm the arway and
has been assated wth sma mprvements n pum-
nary funtn and fewer pumnary exaerbatns.

Short-term antibiotics are used t treat atve arway
nfetns based n resuts f uture and suseptbty
testng f sputum. S aureus (nudng methn-resstant
strans) and a mud varant f P aeruginosa are m-
mny present. H influenzae, Stenotrophomonas malto-
philia, and B cenocepacia (a hghy drug-resstant rgansm)
are asnay sated. Long-term antibiotic therapy,
suh as azthrmyn (whh has mmunmduatry
prpertes) and varus nhaed antbts (eg, tbramy-
n, aztrenam, stn, and evfxan) taken tw t
three tmes a day, heps sw dsease prgressn and
redue exaerbatns n patents wth sputum utures
pstve fr P aeruginosa. The ength f therapy depends n
the persstent presene f P aeruginosa n the sputum. The
ndene f atypa mybatera nzatn s hgher
n yst fbrss patents, and dreted antbt treatment
s remmended fr frequent exaerbatns, prgressve
dene n ung funtn, r faure t thrve. Yeary sreen-
ng wth sputum ad-fast ba utures s advsed.

Inhaled bronchodilators (eg, abuter) shud be n-
sdered n patents wh demnstrate an nrease f at east
12% n FEV

1
after an nhaed brnhdatr. An nhaed

rtsterd shud be added t the treatment regmen
fr patents wh have yst fbrss wth persstent asthma
r aerg brnhpumnary myss.

Lung transplantation s the ny defntve treatment
fr advaned yst fbrss.

Vaccination aganst pneuma nfetn and
annua nfuenza vanatn are advsed. Screening f
famy members and genet unseng are suggested.

» Prognosis

The ngevty f patents wth yst fbrss s nreasng,
and the medan survva age s nw ver 39 years. Death
urs frm pumnary mpatns (eg, pneumna,
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pneumthrax, r hemptyss) r as a resut f termna
hrn respratry faure and r pumnae.

Benvenu T et a. Current and future dagnss f yst fbrss:
perfrmane and mtatns. Arh Pedatr. 2020;27:eS19.
[PMID: 32172931]

De Bek K. Cyst fbrss n the year 2020: a dsease wth a new
fae. Ata Paedatr. 2020;109:893. [PMID: 31899933]

Lpes-Pahe M. CFTR mduatrs: the hangng fae f yst
fbrss n the era f presn medne. Frnt Pharma.
2020;10:1662. [PMID: 32153386]

Turs NL. Cyst fbrss ung dsease: an vervew. Respr
Care. 2020;65:233. [PMID: 31772069]

BRONCHIOLITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Insidious onset of cough and dyspnea.

» Irreversible airflow obstruction and air trapping
on pulmonary function testing.

» Minimal findings on chest radiograph, heteroge-
neous airflow obstruction, and air trapping on
chest CT scan.

» Relevant exposure or risk factors: toxic fumes, viral
infections, organ transplantation, connective tis-
sue disease.

» General Considerations

Brnhts s a gener term apped t vared nfamma-
try presses that affet the brnhes, whh are sma
ndutng arways ess than 2 mm n dameter. Brnh-
ts s ess mmn n aduts than n hdren, but t s
enuntered n mutpe na settngs, suh as pstnfe-
tus, nhaatna njury (suh as vapng), rgan transpan-
tatn, nnetve tssue dseases, and hypersenstvty
pneumnts.

The na apprah t brnhts dvdes patents
nt grups based n etgy, but dfferent na syn-
drmes may have denta hstpathg fndngs. As a
resut, n snge assfatn sheme has been wdey
aepted, and there s an verappng array f terms t
desrbe these dsrders frm the vewpnts f the n-
an, the pathgst, and the radgst.

» Clinical Findings

Acute bronchiolitis an be seen fwng vra nfetns.
Constrictive bronchiolitis (as referred t as btera-

tve brnhts r brnhts bterans) s reatvey
nfrequent, athugh t s the mst mmn fndng fw-
ng nhaatn njury (ammna, wedng fumes, and heavy
metas). It may as be seen n rheumatd arthrts; med-
atn reatns (busufan, gd, and penamne); and
hrn rejetn fwng heart-ung, ung, r hemat-
pet stem e transpantatn (brnhts bterans
syndrme). Patents wth nstrtve brnhts have

arfw bstrutn and ar trappng n sprmetry; unre-
markabe pan hest radgraphs but hetergeneus ar-
fw bstrutn and ar trappng n hest CT sans; and a
prgressve, deterratng na urse.

Proliferative bronchiolitis s assated wth dverse
pumnary dsrders, nudng nfetn, aspratn, aute
respratry dstress syndrme (ARDS), hypersenstvty
pneumnts, nnetve tssue dseases, and rgan trans-
pantatn. Cmpared wth nstrtve brnhts, pr-
feratve brnhts s mre key t have an abnrma
hest radgraph. Chest CT san may shw pathy ns-
datn, grund-gass pates, r perphera nduar
appearane.

Cryptogenic organizing pneumonitis (COP) affets
men and wmen between the ages f 50 and 70 years, typ-
ay wth a dry ugh, dyspnea, and nsttutna symp-
tms that may be present fr weeks t mnths prr t
seekng meda attentn. A hstry f a preedng vra
ness s present n haf f ases. Pumnary funtn test-
ng typay reveas a restrtve ventatry defet and
mpared xygenatn. The hest radgraph frequenty
shws batera pathy, grund-gass r avear nftrates,
athugh ther patterns have been desrbed.

Follicular bronchiolitis s mst mmny assated
wth nnetve tssue dsease, espeay rheumatd
arthrts and Sjögren syndrme, and wth mmundef-
eny states, suh as HIV r AIDS. Chest CT san may
shw entrbuar and perbrnha ndues. It may be
seen n ymphd nterstta pneumna.

Respiratory bronchiolitis s the mst mmn frm f
brnhts n aduts and s usuay reated t garette
smkng. It usuay urs wthut symptms r phys-
g evdene f ung mparment. It may be seen n resp-
ratry brnhts–assated nterstta ung dsease
(RB-ILD).

Diffuse panbronchiolitis s mst frequenty dagnsed
n Japan. Men are affeted abut twe as ften as wmen,
tw-thrds are nnsmkers, and mst patents have a hs-
try f hrn pansnusts. Patents mpan f dyspnea,
ugh, and sputum prdutn, and hest examnatn
shws rakes and rhnh. Pumnary funtn tests
revea bstrutve abnrmates, and the hest radgraph
shws a dstnt pattern f dffuse, sma, nduar shadws
wth hypernfatn.

» Treatment

Constrictive bronchiolitis s reatvey unrespnsve t
rtsterds and s frequenty prgressve. Crtsterds
are usuay effetve n proliferative bronchiolitis and
COP, and mprvement an be prmpt. Therapy s nt-
ated wth prednsne at 1 mg/kg/day ray fr 1–3 mnths.
The dse s then tapered swy t 20–40 mg/day, depend-
ng n the respnse, and weaned ver the subsequent
3–6 mnths as terated. Reapses are mmn f rt-
sterds are stpped prematurey r tapered t quky.
Azthrmyn may be used t effetvey treat diffuse
panbronchiolitis and, addtnay, t may sw dwn the
prgressn f brnhts bterans syndrme n ung
transpant repents.
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Table 98. Characteristics of selected pneumonias.

Organism; Appearance on

Smear of Sputum Clinical Setting Complications

Streptococcus pneumoniae (pneumococcus).

Gram-positive diplococci.

Chronic cardiopulmonary disease; follows upper

respiratory tract infection

Bacteremia, meningitis, endocarditis,

pericarditis, empyema

Haemophilus influenzae. Pleomorphic

gram-negative coccobacilli.

Chronic cardiopulmonary disease; follows upper

respiratory tract infection

Empyema, endocarditis

Staphylococcus aureus. Plump gram-positive

cocci in clumps.

Residence in long-term care facility, hospital-

associated, influenza epidemics, cystic fibrosis,

bronchiectasis, injection drug use

Empyema, cavitation

Klebsiella pneumoniae. Plump gram-negative

encapsulated rods.

Alcohol abuse, diabetes mellitus; hospital-associated Cavitation, empyema

Escherichia coli. Gram-negative rods. Hospital-associated; rarely, community-acquired Empyema

Pseudomonas aeruginosa. Gram-negative

rods.

Hospital-associated; cystic fibrosis, bronchiectasis Cavitation

Anaerobes. Mixed flora. Aspiration, poor dental hygiene Necrotizing pneumonia, abscess,

empyema

Mycoplasma pneumoniae. PMNs and mono-

cytes; no bacteria.

Young adults; summer and fall Skin rashes, bullous myringitis;

hemolytic anemia

Legionella species.

Few PMNs; no bacteria.

Summer and fall; exposure to contaminated construc-

tion site, water source, air conditioner; community-

acquired or hospital-associated

Empyema, cavitation, endocarditis,

pericarditis

Chlamydophila pneumoniae. Nonspecific. Clinically similar to M pneumoniae, but prodromal

symptoms last longer (up to 2 weeks); sore throat

with hoarseness common; mild pneumonia in

teenagers and young adults

Reinfection in older adults with

underlying COPD or heart failure

may be severe or even fatal

Moraxella catarrhalis. Gram-negative

diplococci.

Preexisting lung disease; elderly patients; corticoste-

roid or immunosuppressive therapy

Rarely, pleural effusions and

bacteremia

Pneumocystis jirovecii. Nonspecific. AIDS, immunosuppressive or cytotoxic drug therapy,

cancer

Pneumothorax, respiratory failure,

ARDS, death

SARS-CoV-2. Nonspecific. Pandemic. Milder pneumonia (teenagers, young

adults); more severe pneumonia (elderly, immuno-

compromised, multiple comorbidly ill adults)

Respiratory failure, ARDS, death

ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pulmonary disease; PMN, polymorphonuclear leukocyte; SARS-CoV-2,

severe acute respiratory syndrome due to coronavirus-2 (see COVID-19 discussion, Chapter 32, and consult https://www.coronavirus.gov

for the latest from the CDC).

Gan CT et a. Lng-term effet f azthrmyn n brnhts
bterans syndrme. BMJ Open Respr Res. 2019;6:e000465.
[PMID: 31673366]

Ruttens D et a. Mnteukast fr brnhts bterans syndrme
after ung transpantatn: a randmzed ntred tra.
PLS One. 2018;13:e0193564. [PMID: 29624575]

Ryu JH et a. Reent advanes n the understandng f brnh-
ts n aduts. F1000Res. 2020;9:F1000 Fauty Rev-568.
[PMID: 32551095]

º
PULMONARY INFECTIONS

PNEUMONIA

Pneumna has assay been nsdered n terms f the
nfetng rgansm (Tabe 9–8). Ths apprah fatates
dsussn f haraterst na presentatns but s a
mted gude t patent management sne spef

mrbg nfrmatn s usuay nt avaabe at nta
presentatn. Current assfatn shemes emphasze epde-
mg fatrs that predt etgy and gude nta therapy.
Pneumna may be assfed as community-acquired (CAP)
r nosocomial and, wthn the atter, as hospital-acquired
(HAP) r ventilator-associated (VAP). These ategres are
based n dfferng settngs and nfetus agents and requre
dfferent dagnst and therapeut nterventns. Anaerobic
pneumonia and lung abscess an ur n bth hspta and
mmunty settngs and warrant separate nsderatn.

Ths setn sets frth the evauatn and manage-
ment f pumnary nftrates n mmunmpetent per-
sns separatey frm the apprah t mmunmprmsed
persns—defned as thse wth HIV dsease, absute
neutrph unts ess than 1000/mL (1.0 × 109/L), r
urrent r reent expsure t myesuppressve r mmu-
nsuppressve medatns, r thse urrenty takng
prednsne n a dsage greater than 5 mg/day.
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1. Community-Acquired Pneumonia

E S S E N T I A L S  O F  D I A G N O S I S

» Fever or hypothermia, tachypnea, cough with or
without sputum, dyspnea, chest discomfort,
sweats or rigors (or both).

» Bronchial breath sounds or inspiratory crackles on
chest auscultation.

» Parenchymal opacity on chest radiograph (occa-
sionally not evident at presentation).

» Occurs outside of the hospital or within 48 hours
of hospital admission.

» General Considerations

Cmmunty-aqured pneumna (CAP) s a mmn
dsrder, wth apprxmatey 4–5 mn ases dagnsed
eah year n the Unted States, 25% f whh requre hsp-
tazatn. It s the deadest nfetus dsease n the Unted
States and the eghth eadng ause f death. Mrtaty n
mder ases treated as utpatents s ess than 1%. Amng
patents hsptazed fr CAP, n-hspta mrtaty s
apprxmatey 10–12% and 1-year mrtaty (n thse ver
age 65) s greater than 40%. Rsk fatrs fr the devep-
ment f CAP nude advaned age; ahsm; tba
use; mrbd meda ndtns, espeay asthma r
COPD; and mmunsuppressn.

The patent’s hstry, physa examnatn, and mag-
ng studes are essenta t estabshng a dagnss f CAP.
Nne f these effrts dentfes a spef mrbg
ause, hwever. Sputum examnatn may be hepfu n
seeted patents but 40% f patents annt prdue an
evauabe sputum sampe; sputum Gram stan and uture
ak senstvty fr the mst mmn auses f pneumna.
Sne patent utmes mprve when the nta antbt
he s apprprate fr the nfetng rgansm, the Ameran
Thra Sety and the Infetus Dseases Sety f
Amera remmend empr treatment based n epde-
mg data (Tabe 9–9). Suh treatment mprves nta
antbt verage, redues unneessary hsptazatn,
and appears t mprve 30-day survva.

» Definition & Pathogenesis

CAP s dagnsed utsde f the hspta settng r wthn
the frst 48 hurs f hspta admssn. Pumnary defense
mehansms (ugh refex, muary earane system,
mmune respnses) nrmay prevent the devepment f
wer respratry trat nfetns fwng aspratn f
rpharyngea seretns ntanng batera r nhaatn
f nfeted aerss. CAP urs when there s a defet n
ne r mre f these nrma defense mehansms r when
a arge nfetus nuum r a vruent pathgen ver-
whems the mmune respnse.

Prspetve studes fa t dentfy the ause f CAP n
30–60% f ases; tw r mre auses are dentfed n up t
ne-thrd f ases. The mst mmn batera pathgen

dentfed n mst studes f CAP s S pneumoniae, aunt-
ng fr apprxmatey tw-thrds f batera sates. Other
mmn batera pathgens nude H influenzae, M pneu-
moniae, C pneumoniae, S aureus, Moraxella catarrhalis,
Klebsiella pneumoniae, ther gram-negatve rds, and Legio-
nella spees. Cmmn vra auses f CAP nude rna-
vruses (SARS-CV-2, MERS), nfuenza vrus, respratry
synyta vrus, adenvrus, and paranfuenza vrus. A
detaed assessment f epdemg rsk fatrs may ad n
dagnsng pneumnas due t the fwng unmmn
auses: Chlamydophila psittaci (psttass); Coxiella burnetii
(Q fever); Francisella tularensis (tuarema); Blastomyces,
Coccidioides, Histoplasma (endem fung); and (Sn Nm-
bre vrus [hantavrus pumnary syndrme]).

» Clinical Findings

A. Symptoms and Signs

Mst patents wth CAP experene an aute r subaute
nset f fever, ugh wth r wthut sputum prdutn,
and dyspnea. Other mmn symptms nude sweats,
hs, rgrs, hest dsmfrt, peursy, hemptyss,
fatgue, myagas, anrexa, headahe, and abdmna pan.

Cmmn physa fndngs nude fever r hypther-
ma, tahypnea, tahyarda, and artera xygen desatura-
tn. Many patents appear autey . Chest examnatn
ften reveas nspratry rakes and brnha breath
sunds. Duness t perussn may be bserved f bar
nsdatn r a parapneumn peura effusn s pres-
ent. The na evauatn s ess than 50% senstve m-
pared t hest magng fr the dagnss f CAP (see
Imagng setn bew). In mst patents, therefre, a hest
radgraph s essenta t the evauatn f suspeted CAP.

B. Diagnostic Testing

Dagnst testng fr a spef nfetus ause f CAP s
nt generay ndated n ambuatry patents treated as
utpatents beause empr antbt therapy s amst
aways effetve n ths ppuatn. In ambuatry utpa-
tents whse presentatn (trave hstry, expsure) sug-
gests an etgy nt vered by standard therapy (eg,
Coccidioides) r pub heath nerns (eg, SARS-CV-2,
Mycobacterium tuberculosis, nfuenza), dagnst testng
s apprprate. Dagnst testng s remmended n hs-
ptazed CAP patents fr mutpe reasns: the kehd
f an nfetus ause unrespnsve t standard therapy s
hgher n mre severe ness, the npatent settng aws
narrwng f antbt verage as spef dagnst
nfrmatn s avaabe, and the yed f testng s mprved
n mre autey  patents.

Dagnst tests are used t permt adjustment f
empray hsen therapy t a spef nfetus ause r
resstane pattern and fatate epdemg anayss.
Three wdey avaabe dagnst tests may gude therapy:
the sputum Gram stan and uture, urnary antgen tests
fr S pneumoniae and Legionella spees, and tests fr
vruses suh as nfuenza and SARS-CV-2 (see COVID-19
dsussn, Chapter 32, and nsut https://www.rnav-
rus.gv fr the atest frm the CDC). Sputum Gram stan s
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Table 99. Recommended empiric antibiotics for community-acquired bacterial pneumonia.

Outpatient management

1. For previously healthy patients with no risk factors for MRSA or Pseudomonas:

a. Amoxicillin, 1 g orally three times daily, or

b. Doxycycline, 100 mg orally twice a day, or

c. In regions with a low rate (< 25%) of infection with high level (MIC ≥ 16 mcg/mL) macrolide-resistant Streptococcus pneumoniae,

then a macrolide (clarithromycin, 500 mg orally twice a day; or azithromycin, 500 mg orally as a first dose and then 250 mg orally daily

for 4 days, or 500 mg orally daily for 3 days).

2. For patients with comorbid medical conditions such as chronic heart, lung, liver, or kidney disease; diabetes mellitus; alcohol use disorder;

malignancy; asplenia; immunosuppressant conditions or use of immunosuppressive drugs; or use of antibiotics within the previous 3

months (in which case an agent from a different antibiotic class should be selected):

a. A macrolide or doxycycline (as above) plus an oral beta-lactam (amoxicillin/clavulanate 500 mg/125 mg three times daily, amoxicillin/

clavulanate 875 mg/125 mg twice daily, amoxicillin/clavulanate 2 g/125 mg twice daily; cefpodoxime, 200 mg twice daily; cefuroxime,

500 mg twice daily).

b. Monotherapy with an oral fluoroquinolone (moxifloxacin, 400 mg daily; gemifloxacin, 320 mg daily; levofloxacin, 750 mg daily).

Inpatient management of nonsevere pneumonia typically not requiring intensive care

1. A respiratory fluoroquinolone. Oral and intravenous doses equivalent: moxifloxacin, 400 mg daily or levofloxacin, 500–750 mg daily or

2. A macrolide (see above for oral therapy) plus a beta-lactam (see above for oral beta-lactam therapy). For intravenous therapy: ampicillin/

sulbactam, 1.5–3 g every 6 hours; cefotaxime, 1–2 g every 8 hours; ceftriaxone, 1–2 g every 12–24 hours; ceftaroline, 600 mg every

12 hours.

3. For patients with prior respiratory isolation of MRSA, strongly consider adding coverage for MRSA and obtain cultures or nasal PCR to

confirm infection or to allow de-escalation of therapy: vancomycin, typically starting at 15 mg/kg intravenously every 12 h with interval

dosing based on kidney function to achieve serum trough concentration 15–20 mcg/mL or linezolid, 600 mg orally or intravenously

every 12 h.

4. For patients with prior respiratory isolation of Pseudomonas aeruginosa, strongly consider adding coverage for P aeruginosa and

obtain cultures to confirm infection or to allow de-escalation of therapy. Intravenous therapy only: piperacillin-tazobactam, 3.375–4.5 g

every 6 h; cefepime, 1–2 g every 8 h; imipenem, 0.5–1 g every 6 h; meropenem, 1 g every 8 h; or aztreonam 2 g every 8 h.

Inpatient management of severe pneumonia typically requiring intensive care. All agents administered intravenously, except as

noted.

1. Azithromycin (500 mg orally as a first dose and then 250 mg orally daily for 4 days, or 500 mg orally daily for 3 days) or a respiratory

fluoroquinolone (as above) plus an intravenous anti-pneumococcal beta-lactam (as above).

2. For patients allergic to beta-lactam antibiotics, a fluoroquinolone plus aztreonam (2 g every 8 h).

3. For patients at risk for P aeruginosa, add coverage for P aeruginosa and obtain cultures to confirm infection or to allow de-escalation of

therapy: piperacillin-tazobactam, 3.375–4.5 g every 6 h; cefepime, 1–2 g every 8 h; imipenem, 0.5–1 g every 6 h; meropenem, 1 g every

8 h; or aztreonam 2 g every 8 h.

4. For patients at risk for Pseudomonas infection AND who are critically ill, at increased risk for drug resistance, or if local incidence of

monotherapy-resistant Pseudomonas is > 10%, consider adding either

a. An anti-pseudomonal fluoroquinolone (ciprofloxacin 400 mg every 8–12 h or levofloxacin 750 mg daily) or

b. An aminoglycoside (gentamicin, tobramycin, amikacin, all weight-based dosing administered daily adjusted to appropriate trough

levels).

5. For patients at risk for MRSA infection, add coverage for MRSA and obtain cultures and/or nasal PCR to confirm infection or to allow

de-escalation of therapy: vancomycin, typically starting at 15 mg/kg intravenously every 12 h with interval dosing based on kidney

function to achieve serum trough concentration 15–20 mcg/mL or linezolid, 600 mg every 12 h.

MIC, minimum inhibitory concentration; MRSA, methicillin-resistant Staphylococcus aureus; PCR, polymerase chain reaction.

Recommendations assembled from Metlay JP et al; Diagnosis and treatment of adults with community-acquired pneumonia. An official

clinical practice guideline of the American Thoracic Society and Infectious Diseases Society of America. Am J Respir Crit Care Med.

2019;200(7):e45–e67.

nether senstve nr spef fr S pneumoniae, the mst
mmn ause f CAP. The usefuness f a sputum Gram
stan es n bradenng nta verage n patents t be
hsptazed fr CAP, mst mmny t ver S aureus
(nudng mmunty-aqured methn-resstant S
aureus [CA-MRSA] strans) r gram-negatve rds
(nudng P aeruginosa and Enterbateraeae). Urnary
antgen assays fr Legionella pneumophila and S pneu-
moniae are at east as senstve and spef as sputum
Gram stan and uture. Resuts are nt affeted by eary
ntatn f antbt therapy, and pstve tests may
aw narrwng f nta antbt verage. Urnary ant-
gen assay fr S pneumoniae shud be rdered fr patents

wth eukpena r aspena r thse wth severe dsease.
Urnary antgen assay fr L pneumophila shud be rdered
fr patents n an area wth an utbreak, wth reent trave,
wth severe dsease, r n whm a hgh na ndex f
suspn exsts. Rapd nfuenza and SARS-CV-2 testng
has ntermedate senstvty but hgh spefty, wth sens-
tvty dependng n the methd f detetn (nue ad
r pymerase han reatn [PCR]–based tests have
hgher senstvty than antgen-based detetn). Pstve
tests may redue dret satn f hsptazed patents
but d nt neessary redue the need fr antbatera
therapy, sne vra nfetn wth a batera pathgen s
mmn.
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Rapd turnarund mutpex-PCR ampfatn s
wdey avaabe. Dfferent mmera prduts an den-
tfy mutpe strans f batera and vruses, n addtn t
genes that ende fr antbt resstane, wth resuts
avaabe n 60–90 mnutes. Eary experene wth mutpex-
PCR shws mprved vera dagnst yed, partuary
fr vra nfetns, and a hgher ndene f batera/vra
nfetn than prevusy regnzed. Gven the ak f
effetve treatment fr mst respratry vra nfetns, the
vaue f mutpex-PCR may be t avd antbatera ther-
apy n vra nfetns, and eary adjustment f empr
antbt therapy ardng t resstane patterns. Lmta-
tns f mutpex-PCR nude st and avaabty, n
addtn t the haenge f nterpretng ptentay fase-
pstve resuts frm a hghy senstve test. Testng fr
pandem SARS-CV-2 s revewed n Chapter 32.

Addtna mrbg testng nudng pre-
antbt sputum and bd utures (at east tw sets wth
neede stks at separate stes) has been standard prate
fr patents wth CAP wh requre hsptazatn. The
yed f bd and sputum utures s w, hwever; fase-
pstve resuts are mmn, and the mpat f uture
resuts n patent utmes s sma. As a resut, targeted
testng s remmended fr patents wth severe dsease
and fr thse treated empray fr MRSA r P aeruginosa
nfetn. Cuture resuts are nt avaabe prr t ntatn
f antbt therapy. Ther re s t aw narrwng f
nta empr antbt verage, adjustment f verage
based n spef antbt resstane patterns, t dentfy
unsuspeted pathgens nt vered by nta therapy, and
t prvde nfrmatn fr epdemg anayss.

Apart frm mrbg testng, hsptazed patents
shud underg mpete bd unt wth dfferenta and
a hemstry pane (nudng serum guse, eetrytes,
urea ntrgen, reatnne, brubn, and ver enzymes).
Hypxem patents shud have ABGs samped. Test
resuts hep assess severty f ness and gude evauatn
and management. HIV testng shud be nsdered n a
adut patents and perfrmed n thse wth rsk fatrs.

C. Imaging

A pumnary paty n hest radgraphy r CT san s
requred t estabsh a dagnss f CAP. Chest CT san s
mre senstve and spef than hest radgraphy and may
be ndated n seeted ases. Radgraph fndngs range
frm pathy arspae pates t bar nsdatn wth
ar brnhgrams t dffuse avear r nterstta pates.
Addtna fndngs an nude peura effusns and av-
tatn. Chest magng annt dentfy a spef mrb-
g ause f CAP, hwever. N pattern f radgraph
abnrmates s pathgnmn f any nfetus ause.

Chest magng may hep assess severty and respnse t
therapy ver tme. Prgressn f pumnary pates
durng antbt therapy r ak f radgraph mprve-
ment ver tme are pr prgnst sgns and rase n-
erns abut sendary r aternatve pumnary presses.
Cearng f pumnary pates n patents wth CAP an
take 6 weeks r nger. Cearane s usuay qukest n
yunger patents, nnsmkers, and thse wth ny snge-
be nvvement.

D. Special Examinations

Patents wth CAP wh have sgnfant peura fud -
etns may requre dagnst thraentess (wth peura
fud sent fr guse, atate dehydrgenase [LD], and
tta prten eves; eukyte unt wth dfferenta; pH
determnatn; and Gram stan and uture). Pstve
peura utures ndate the need fr tube thrastmy
dranage.

Patents wth avtary pates shud have sputum
funga and mybatera utures.

Sputum ndutn and fberpt brnhspy t
btan sampes f wer respratry seretns are ndated
n patents wh annt prvde expetrated sputum sam-
pes r wh may have pneumna aused by P jirovecii,
SARS-CV-2, r M tuberculosis nfetn.

Pratnn s a atnn preursr reeased n
respnse t batera txns and nhbted by vra nfe-
tns. Ths dvergent respnse t batera and vra nfe-
tns ffers abratry supprt fr a na judgment f a
vra press n patents wth wer respratry symptms;
hwever, studes have nt fund a threshd at whh ba-
tera pneumna an be reaby dstngushed frm vra
pneumna. Therefre, pratnn s nt remmended
as a “rue-ut” test fr batera pneumna, and empr
antbatera agents are remmended regardess f pra-
tnn eve at tme f presentatn.

» Differential Diagnosis

The dfferenta dagnss f wer respratry trat nfe-
tn s extensve and nudes upper respratry trat nfe-
tns, reatve arway dseases, heart faure, ryptgen
rganzng pneumnts, ung aner, pumnary vasu-
ts, pumnary thrmbemb dsease, and ateetass.

» Treatment

Tw genera prnpes gude antbt therapy ne the
dagnss f CAP s estabshed: prompt ntatn f a
medatn t whh the etg pathgen s susceptible.

In patents wh requre spef dagnst evauatn,
sputum and bd uture spemens shud be btaned
prr t ntatn f antbts. Sne eary admnstratn f
antbts t autey  patents s assated wth mprved
utmes, btanng ther dagnst spemens r test
resuts shud nt deay the nta dse f antbts.

Optma antbt therapy wud be pathgen dreted,
but a defntve mrbg dagnss s nt typay
avaabe n presentatn. A syndrm apprah t ther-
apy, based n na presentatn and hest magng, des
nt reaby predt the mrbgy f CAP. Therefre,
nta antbt hes are typay empr, based n
auty (treatment as an utpatent, npatent, r n the
ICU), patent rsk fatrs fr spef pathgens, and a
antbt resstane patterns (Tabe 9–9).

Sne S pneumoniae remans a mmn ause f CAP
n a patent grups, a prevaene f drug-resstant
S pneumoniae sgnfanty affets nta antbt he.
Prr treatment wth ne antbt n a pharmag ass
(eg, beta-atam, marde, furqunne) predspses
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t the emergene f drug-resstant S pneumoniae, wth
resstane devepng aganst that ass f antbts t
whh the pathgen was prevusy expsed. Defntns f
resstane have shfted based n bservatns f ntnued
na effay at ahevabe serum eves. In CAP, fr
parentera penn G r ra amxn, suseptbe
strans have a mnmum nhbtry nentratn (MIC) f
2 mg/mL r ess; ntermedate resstane s defned as an
MIC between 2 mg/mL and 4 mg/mL beause treatment
faures are unmmn wth MIC f 4 mg/mL r ess.
Marde resstane has nreased; apprxmatey ne-
thrd f S pneumoniae sates nw shw n vtr resstane
t mardes. Treatment faures have been reprted but
reman rare mpared t the number f patents treated.
Current n vv effay appears t justfy mantanng
mardes as frst-ne therapy exept n areas where there
s a hgh prevaene f resstant strans. S pneumoniae ress-
tant t furqunnes s rare n the Unted States (1% t
evfxan, 2% t prfxan) but s nreasng.

CA-MRSA s genetay and phentypay dfferent
frm hspta-aqured MRSA strans. CA-MRSA s a rare
ause f nertzng pneumna, empyema, respratry
faure, and shk; t appears t be assated wth prr
nfuenza nfetn. Lnezd may be preferred t van-
myn n treatment f CA-MRSA pumnary nfetn. Fr
expanded dsussns f spef antbts, see Chapters
30 and e1.

A. Treatment of Outpatients

See Tabe 9–9 fr spef medatn dsages. The mst
mmn etges f CAP n utpatents wh d nt
requre hsptazatn are S pneumoniae; M pneumoniae;
C pneumoniae; and respratry vruses, nudng nfu-
enza. Fr prevusy heathy patents wth n reent (90
days) use f antbts, the remmended treatment s a
marde (arthrmyn r azthrmyn), dxyyne,
r amxn. In areas wth a hgh ndene f marde-
resstant S pneumoniae, nta therapy n patents wth n
mrbdtes may nude the mbnatn f a beta-
atam plus a marde, r a respratry furqunne.

In utpatents wth hrn heart, ung, ver, r kdney
dsease; dabetes metus; ahsm; magnany; r
aspena r wh reeved antbt therapy wthn the past
90 days, the remmended treatment s a marde r
dxyyne pus a beta-atam (hgh-dse amxn and
amxn-avuanate are preferred t efpdxme and
efurxme) r mntherapy wth a respratry furqu-
nne (mxfxan, gemfxan, r evfxan).

The defaut duratn f antbt therapy fr CAP
shud be 5 days; fatrs that may affet therapy duratn
are na stabty, etgy (MRSA and P aeruginosa
requre 7 days f therapy, fr exampe), severty f ness,
mpatns, and mrbd meda prbems.

B. Treatment of Hospitalized and ICU Patients

1. Antibiotics—The mst mmn etges f CAP n
patents wh requre hsptazatn but nt ntensve are
are S pneumoniae, M pneumoniae, C pneumoniae, H
influenzae, Legionella spees, and respratry vruses.

Sme patents have aspratn as an mmedate preptant
t the CAP wthut a spef batera etgy. Frst-ne
therapy n hsptazed patents s the mbnatn f a
marde (arthrmyn r azthrmyn) pus a beta-atam
(eftaxme, eftraxne, eftarne, r ampn-subatam)
r mntherapy wth a respratry furqunne (eg,
mxfxan, gemfxan, r evfxan) (see Tabe 9–9).

Amst a patents admtted t a hspta fr treatment
f CAP reeve ntravenus antbts. Hwever, n studes
n hsptazed patents demnstrated superr utmes
wth ntravenus antbts mpared wth ra antbts,
prvded patents were abe t terate ra therapy and the
medatn was we absrbed. Duratn f npatent antb-
t treatment s the same as fr utpatents.

The mst mmn etges f CAP n patents wh
requre admssn t ntensve are are S pneumoniae,
Legionella spees, H influenzae, Enterbateraeae spe-
es, S aureus, Pseudomonas spees, and respratry
vruses. Frst-ne therapy n ICU patents wth CAP s an
ant-pneuma beta-atam (eftaxme, eftraxne,
eftarne, r ampn-subatam) plus ether azthr-
myn r a respratry furqunne (mxfxan,
gemfxan, r evfxan).

Rsk fatrs fr Pseudomonas, Enterbateraeae, r
MRSA nfetn must be nsdered when hsng
empr antbt therapy fr npatents wth CAP. Spef
rsk fatrs fr these rgansms nude (1) prr satn
f the pathgen, (2) npatent hsptazatn wthn the ast
90 days, r (3) expsure t ntravenus antbts wthn
the ast 90 days. In patents wth spef rsk fatrs fr
Pseudomonas nfetn, mbne an ant-pneuma,
ant-pseudmna beta-atam (pperan-tazbatam,
efepme, mpenem, merpenem) wth ether azthrmy-
n r a respratry furqunne (mxfxan, gem-
fxan, r evfxan). In rtay  patents, n thse
at nreased rsk fr drug resstane, r f the unt ndene
f mntherapy-resstant Pseudomonas s greater than
10%, nsder use f tw agents wth ant-pseudmna
effay: ether prfxan r evfxan pus the abve
ant-pneuma, ant-pseudmna beta-atam or an
ant-pneuma, ant-pseudmna beta-atam pus an
amngysde (gentamn, tbramyn, amkan) pus
ether azthrmyn r a respratry furqunne.
Patents wth spef rsk fatrs fr MRSA shud be
treated wth vanmyn r nezd. Patents wth very
severe dsease (respratry faure requrng mehana
ventatn r sept shk) shud as be strngy n-
sdered fr MRSA therapy. Prvded the patent s n-
ay mprvng, negatve sputum and bd utures
btaned prr t ntatn f antbts an supprt
de-esaatn f antbt therapy. Addtnay, a
patents presrbed vanmyn r nezd shud
have swabs f the nasa passages fr MRSA; f the swab
resuts are negatve, MRSA verage an be safey
de-esaated, even when adequate sputum sampes have nt
been btaned.

Patents wth CAP n whm nfuenza s deteted
shud be treated wth the antvra setamavr, whether
nfuenza s dentfed as a snge pathgen r as a nfe-
tn ang wth a batera pathgen. Osetamavr
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treatment s mst effetve when begun wthn 2 days but
may st be benefa wthn severa days after symptm
nset, partuary n severe ases f CAP.

2. Adjunctive treatment—Cnftng data have emerged
frm RCTs regardng adjuntve treatment wth rt-
sterds n CAP. Meta-anayses f arge studes have faed
t fnd a mrtaty beneft n assatn wth rtste-
rd use n md r mderate CAP, thugh there may be
beneft n severe dsease. Based n mted data and
beause f the ptenta fr mpatns (eg, hypergye-
ma), the 2019 Infetus Dseases Sety f Amera/
Ameran Thra Sety (IDSA/ATS) gudenes re-
mmend aganst rtsterds n the treatment CAP f
any severty. Crtsterd treatment f vra (nfuenza)
pneumna may be assated wth hgher mrtaty and
shud be avded. Crtsterds are remmended t
be started r ntnued n patents wth CAP wh may
as have severe sept shk, aute exaerbatn f
asthma r COPD, r adrena nsuffeny.

» Prevention

Pneuma vanes have the ptenta t prevent r
essen the severty f pneuma nfetns n mmun-
mpetent patents. Tw pneuma vanes fr aduts
are avaabe and apprved fr use n the Unted States: ne
ntanng apsuar pysaharde antgens f 23 mmn
strans f S pneumoniae n use fr many years (Pneumvax
23) and a njugate vane ntanng 13 mmn strans
apprved fr adut use n 2011 (Prevnar-13). Current re-
mmendatns are fr sequenta admnstratn f the tw
vanes n thse aged 65 years r der and n mmun-
mprmsed persns, startng wth Prevnar-13. Aduts
wth hrn ness that nreases the rsk f CAP (see
Chapter 30) shud reeve the 23-vaent vane regardess
f age. Immunmprmsed patents and thse at hghest
rsk fr fata pneuma nfetns shud reeve a
snge revanatn f the 23-vaent vane 5 years after
the frst vanatn regardess f age. Immunmpetent
persns 65 years f age r der shud reeve a send
dse f the 23-vaent vane f the patent frst reeved the
vane 6 r mre years prevusy and was under 65 years
d at the tme f frst vanatn.

The seasna nfuenza vane s effetve n preventng
severe dsease due t nfuenza vrus wth a resutng ps-
tve mpat n bth prmary nfuenza pneumna and
sendary batera pneumnas. The seasna nfuenza
vane s admnstered annuay t persns at rsk fr
mpatns f nfuenza nfetn (aged 65 years r
der, resdents f ng-term are fates, patents wth
pumnary r ardvasuar dsrders, patents reenty
hsptazed wth hrn metab dsrders) as we as
heath are wrkers and thers wh may transmt nfuenza
t hgh-rsk patents.

Hsptazed patents wh wud beneft frm pneum-
a and nfuenza vanes shud be vanated durng
hsptazatn. The tw vanes may be admnstered
smutaneusy as sn as the patent has stabzed.

» When to Admit

One a dagnss f CAP s made, the frst management
desn s t determne the ste f are: Is t safe t treat the
patent at hme r des he r she requre hspta r nten-
sve are admssn? There are tw wdey used na
predtn rues avaabe t gude admssn and trage
desns, the Pneumonia Severity Index (PSI) and the
CURB-65.

A. Hospital Admission Decision

The PSI s a vadated predtn mde that uses 20 tems
frm demgraphs, meda hstry, physa examnatn,
abratry resuts, and magng t stratfy patents nt fve
rsk grups. The PSI s weghted tward dsrmnatn at
w predted mrtaty. In njuntn wth na judg-
ment, t fatates safe desns t treat CAP n the utpa-
tent settng. An nne PSI rsk auatr s avaabe at
https://www.theauatr./heath/Pneumna-Severty-
Index-(PSI)-Cauatr-977.htm. The CURB-65 assesses
fve smpe, ndependent predtrs f nreased mrtaty
(cnfusn, urema, respratry rate, bd pressure, and age
greater than 65) t auate a 30-day predted mrtaty
(https://www.mda.m/urb-65-sre-pneumna-
severty). Cmpared wth the PSI, the smper CURB-65 s
ess dsrmnatng at w mrtaty but exeent at dentfy-
ng patents wth hgh mrtaty wh may beneft frm ICU-
eve are. A mdfed versn (CRB-65) dspenses wth
bd urea ntrgen and emnates the need fr abratry
testng. Bth have the advantage f smpty: patents wth
zer CRB-65 predtrs have a w predted mrtaty (ess
than 1%) and usuay d nt need hsptazatn; hspta-
zatn shud be nsdered fr thse wth ne r tw
predtrs, sne they have an nreased rsk f death; and
urgent hsptazatn (wth nsderatn f ICU adms-
sn) s requred fr thse wth three r fur predtrs.

Hspta admssn desn shud as nude r-
umstanes f are ndependent f pneumna severty,
nudng mrbdtes and the patent’s abty t are fr
themseves effetvey at hme.

B. Intensive Care Unit Admission Decision

Expert pnn has defned majr and mnr rtera t
dentfy patents at hgh rsk fr death. Majr rtera are
sept shk wth need fr vaspressr supprt and resp-
ratry faure wth need fr mehana ventatn. Mnr
rtera are respratry rate = 30 breaths r mre per mn-
ute, hypxema (defned as Pao

2
/Fio

2
= 250 r ess), hyp-

therma (re temperature ess than 36.0°C), hyptensn
requrng aggressve fud resustatn, nfusn/dsr-
entatn, mutbar pumnary pates, eukpena due
t nfetn wth WBC ess than 4000/mL (ess than 4.0 ×
109/L), thrmbytpena wth pateet unt ess than
100,000/mL (ess than 100 × 109/L), urema wth bd
urea ntrgen = 20 mg/dL r mre (7.1 mm/L r mre),
metab adss, r eevated serum atate eve. Ether
ne majr rtern r three r mre mnr rtera f -
ness severty generay requre ICU-eve are.
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2. Nosocomial Pneumonia
Hospital-Acquired & Ventilator-Associated

E S S E N T I A L S  O F  D I A G N O S I S

» Hospital-acquired pneumonia HAP is diagnosed
in patients with clinical features and imaging con-
sistent with pneumonia, occurring > 48 hours
after admission to the hospital and excluding any
infections present at the time of admission.

» Ventilator-associated pneumonia VAP requires
clinical features concerning for new pneumonia
with positive respiratory samples developing
> 48 hours following endotracheal intubation and
mechanical ventilation.

» General Considerations

Hsptazed patents arry dfferent fra wth dfferent
resstane patterns than heathy patents n the mmunty,
and ther heath status may pae them at hgher rsk fr
mre severe nfetn. The dagnst apprah and antb-
t treatment f patents wth HAP s, therefre, dfferent
frm patents wth CAP. Smary, management f patents
n whm VAP deveps fwng endtrahea ntubatn
and mehana ventatn shud address ssues spef
t ths grup f patents.

Cnsdered tgether, these nsma pneumnas
(HAP r VAP) represent an mprtant ause f mrbdty
and mrtaty despte wdespread use f preventve mea-
sures, advanes n dagnst testng, and ptent new ant-
mrba agents. HAP s ne f the mst mmn auses f
nfetn amng hspta npatents and arres the hghest
burden f mrbdty and mrtaty. Patents n ICUs and
thse wh are beng mehanay ventated are at the hgh-
est rsk fr HAP (and VAP) and experene hgher mrbd-
ty and mrtaty frm them than ther npatents. Defntve
dentfatn f the nfetus ause f a wer respratry
nfetn s rarey avaabe n presentatn; nta antbt

treatment s therefre empr and nfrmed by epdem-
g and patent data rather than pathgen dreted.

» Definition & Pathogenesis

HAP deveps mre than 48 hurs after admssn t the
hspta and VAP deveps n a mehanay ventated
patent mre than 48 hurs after endtrahea ntubatn.
Three fatrs dstngush nsma pneumna frm
CAP: (1) dfferent nfetus auses; (2) dfferent antb-
t suseptbty patterns, spefay, a hgher n-
dene f drug resstane; and (3) prer underyng
heath status f patents puttng them at rsk fr mre
severe nfetns. Sne aess t the wer respratry
trat urs prmary thrugh mraspratn, ns-
ma pneumna starts wth a hange n upper respratry
trat fra. Cnzatn f the pharynx and pssby the
stmah wth batera s the mst mprtant step n the
pathgeness f nsma pneumna. Pharyngea -
nzatn s prmted by exgenus fatrs (eg, nstru-
mentatn f the upper arway wth nasgastr and
endtrahea tubes; ntat wth persnne, equpment,
and ntamnated aerss; treatment wth brad-spetrum
antbts that prmte the emergene f drug-resstant
rgansms); and patent fatrs (eg, manutrtn,
advaned age, atered nsusness, swawng dsr-
ders, and underyng pumnary and system dseases).
Impared euar and mehana defense mehansms n
the ungs f hsptazed patents rase the rsk f nfe-
tn after aspratn has urred.

Gastr ad may pay a re n prtetn aganst ns-
ma pneumnas. Observatna studes have suggested
that eevatn f gastr pH due t antads, H

2
-reeptr

antagnsts, prtn-pump nhbtrs (PPIs), r entera
feedng s assated wth gastr mrba vergrwth,
trahebrnha nzatn, and HAP/VAP. Mrever,
a 2018 meta-anayss f randmzed ntred tras sug-
gested an nreased rsk f HAP amng enteray fed
patents reevng stress uer prphyaxs. The IDSA and
ther prfessna rganzatns remmend that ad-
suppressve medatns (H

2
-reeptr antagnsts and PPIs)

be gven ny t patents at hgh rsk fr stress gastrts.
The mrbgy f the nsma pneumnas dffers

frm CAP but s substantay the same amng HAP and
VAP. The mst mmn rgansms respnsbe fr HAP
and VAP nude S aureus (bth methn-senstve S
aureus and MRSA), P aeruginosa, gram-negatve rds,
nudng extended spetrum beta-atamase (ESBL)–
prdung rgansms (Enterobacter spees, K pneumoniae,
and Escherichia coli) and nn-ESBL-prdung rgansms.
VAP patents may be nfeted wth Acinetobacter spees
and S maltophilia. Anaerb rgansms (Bacteroides,
anaerb strept, Fusobacterium) may as ause
pneumna n the hsptazed patent; when these rgan-
sms are sated, they are mmny part f a pymr-
ba fra. VAP urrng befre hspta day 4 n a prevus
heathy persn wth n antbt expsure s mre key t
nvve ra fra wth a mnma resstane prfe than
mutdrug-resstant pathgens. Hwever, mutdrug-ress-
tant pathgens may mpate eary-nset VAP n patents
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wth antbt expsure n preedng 90 days, reent
hsptazatn, r prr nzatn wth mutdrug-
resstant pathgens.

» Clinical Findings

A. Symptoms and Signs

The symptms and sgns assated wth nsma
pneumnas are nnspef. Hwever, tw r mre n-
a fndngs (fever, eukytss, puruent sputum, wrsen-
ng respratry status) ang wth ne r mre new r
prgressve pumnary pates n hest magng are
haraterst features f nsma pneumna. Other
fndngs nude thse sted abve fr CAP.

The dfferenta dagnss f new wer respratry trat
symptms and sgns n hsptazed patents nudes heart
faure, ateetass, aspratn, ARDS, pumnary thrmb-
embsm, pumnary hemrrhage, and medatn
reatns.

B. Laboratory Findings

Dagnst evauatn fr suspeted nsma pneum-
na nudes bd utures frm tw dfferent stes. Bd
utures an dentfy the pathgen n 15–20% f patents
wth nsma pneumnas; pstvty s assated wth
nreased rsk f mpatns and ther stes f nfetn.
Bd unts and na hemstry tests d nt estabsh a
spef dagnss; hwever, they hep defne the severty f
ness and dentfy mpatns. Serum pratnn
eves are nt suffenty senstve t rue ut HAP r VAP
but may aw dsntnuatn f antbt therapy. Thra-
entess fr peura fud anayss shud be nsdered n
patents wth peura effusns.

Examnatn f wer respratry trat seretns s
attended by the same dsadvantages as n CAP. Gram stans
and utures f sputum are nether senstve nr spef n
the dagnss f nsma pneumnas; senstvty f spu-
tum resuts further dereases fwng antbt therapy,
partuary after 72 hurs f antbts. The dentfatn
f a batera rgansm by uture f wer respratry trat
seretns des nt prve that the rgansm s a wer resp-
ratry trat pathgen; hwever, t an be used t hep den-
tfy batera antbt senstvty patterns and as a gude t
adjustng empr therapy. Nasa swab fr PCR detetn f
MRSA s remmended t gude de-esaatn f brad-
spetrum antbt therapy n patents wth HAP and VAP.

C. Imaging

Radgraph fndngs n HAP/VAP are nnspef and
ften nfunded by ther presses that ed ntay t
hsptazatn r ICU admssn. (See CAP abve.)

D. Special Examinations

When HAP s suspeted n a patent wh subsequenty
requres mehana ventatn, seretns may be btaned
by spntaneus expetratn, sputum ndutn, nastra-
hea sutnng, and endtrahea aspratn (quatatve
r semquanttatve sampes), r mre nvasvey va

brnhsp sampng f the wer arways seretns
(quanttatve sampes). The best apprah remans a matter
f debate, sne quatatve r semquanttatve sampes are
mre key t return nnpathgen rgansms and are,
thus, assated wth hgher antbt expsure (wthut
mprvement n mrtaty), whe nvasve quanttatve
sampng nreases st and patent rsk. Invasve quata-
tve sampng s unversay remmended when the patent
des nt mprve durng nta therapy dreted at expeted
r sated pathgens, r n mmunmprmsed persns
n whm an pprtunst pathgen s suspeted.

» Treatment

The nta treatment f HAP and VAP s usuay empr,
based n rsk fatrs fr MRSA and mutpe drug-resstant
pathgens (Tabe 9–10) as we as a antbgrams and
mrtaty rsk (Tabe 9–11). Eah hspta shud generate
antbgrams t gude the ptma he f antbts
wth the gas f redung expsure t unneessary antb-
ts and the devepment f antbt resstane, thus

Table 910. Risk factors for multidrug-resistant (MDR)
pathogens, methicillin-resistant Staphylococcus aureus
(MRSA), and Pseudomonas and other gram-negative
bacilli in patients with hospital-acquired pneumonia
(HAP) and ventilator-associated pneumonia (VAP).

Risk factors for MDR pathogens

Antibiotic therapy in the preceding 90 days

Septic shock

Acute respiratory distress syndrome preceding VAP

≥ 5 days in hospital prior to occurrence of HAP/VAP

Acute renal replacement therapy prior to HAP/VAP onset

Treatment in a unit where > 10% of gram-negative isolates

are resistant to an agent being considered for monotherapy

Treatment in a unit where local antibiotic susceptibility rates

are not known

Risk factors for MRSA

Antibiotic therapy in the preceding 90 days

Renal replacement therapy in the preceding 30 days

Use of gastric acid suppressive agents

Positive culture or prior MRSA colonization, especially in the

preceding 90 days

Hospitalization in a unit where > 20% of S aureus isolates are

MRSA

Hospitalization in a unit where prevalence of MRSA is not

known

Risk factors for Pseudomonas aeruginosa and other gram-

negative bacilli

Antibiotic therapy in the preceding 90 days

Structural lung disease (COPD, especially with recurrent

exacerbations; bronchiectasis; or cystic fibrosis)

Recent hospitalizations, especially with manipulation of the

aerodigestive tract (nasoenteric nutrition, intubation)

High-quality Gram stain of respiratory secretions with

numerous and predominant gram-negative bacilli

Positive culture for P aeruginosa in the past year

COPD, chronic obstructive pulmonary disease.

Data from Kalil AC et al. Management of adults with hospital-

acquired and ventilator-associated pneumonia: 2016 Clinical

Practice Guidelines by the Infectious Diseases Society of America

and the American Thoracic Society. Clin Infect Dis. 2016;63:e61.
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Table 911. Recommended initial empiric antibiotics for hospital-acquired pneumonia (HAP) and ventilator-
associated pneumonia (VAP).

HAP not at high risk for mortality, or VAP with no risk factors for MRSA, MDR, or Pseudomonas and other gram-negative bacilli

USE one of the following:

Piperacillin-tazobactam, 4.5 g intravenously every 6 hours1

Cefepime, 2 g intravenously every 8 hours1

Levofloxacin, 750 mg intravenously daily

Imipenem, 500 mg intravenously every 6 hours1

Meropenem, 1 g intravenously every 8 hours1

HAP or VAP with risk factors for MRSA but no risk factors for MDR, Pseudomonas, and other gram-negative bacilli

USE one of the following:

Piperacillin-tazobactam, 4.5 g intravenously every 6 hours1

Cefepime, 2 g intravenously every 8 hours1

Ceftazidime, 2 g intravenously every 8 hours

Levofloxacin, 750 mg intravenously daily

Ciprofloxacin, 400 mg intravenously every 8 hours

Imipenem, 500 mg intravenously every 6 hours1

Meropenem, 1 g intravenously every 8 hours1

Aztreonam, 2 g intravenously every 8 hours

PLUS one of the following:

Vancomycin, 15 mg/kg intravenously every 8–12 hours with goal to target trough level = 15–20 mg/mL (consider a loading dose of

25–30 mg/kg once for severe illness)2

Linezolid, 600 mg intravenously every 12 hours

HAP with risk factors for Pseudomonas and other gram-negative bacilli, but no risk factors for MRSA and not at high risk for mortality

USE one of the following:

Piperacillin-tazobactam, 4.5 g intravenously every 6 hours1

Cefepime, 2 g intravenously every 8 hours1

Ceftazidime, 2 g intravenously every 8 hours

Imipenem, 500 mg intravenously every 6 hours1

Meropenem, 1 g intravenously every 8 hours1

Aztreonam, 2 g intravenously every 8 hours

PLUS one of the following:

Levofloxacin, 750 mg intravenously daily

Ciprofloxacin, 400 mg intravenously every 8 hours

Gentamicin, 5–7 mg/kg intravenously daily2

Tobramycin, 5–7 mg/kg intravenously daily2

Aztreonam, 2 g intravenously every 8 hours

HAP at high risk for mortality or VAP with risk factors for MRSA and risk factors for MDR, Pseudomonas, and other gram-

negative bacilli

USE one of the following:

Piperacillin-tazobactam, 4.5 g intravenously every 6 hours1

Cefepime, 2 g intravenously every 8 hours1

Ceftazidime, 2 g intravenously every 8 hours

Imipenem, 500 mg intravenously every 6 hours1

Meropenem, 1 g intravenously every 8 hours1

Aztreonam, 2 g intravenously every 8 hours

PLUS one of the following:

Levofloxacin, 750 mg intravenously daily

Ciprofloxacin, 400 mg intravenously every 8 hours

Amikacin, 15–20 mg/kg intravenously daily2

Gentamicin, 5–7 mg/kg intravenously daily2

Tobramycin, 5–7 mg/kg intravenously daily2

Meropenem, 1 g intravenously every 8 hours1

Polymyxin B, 2.5–3.0 mg/kg per day divided in 2 daily intravenous doses

Colistin: consult clinical pharmacist for assistance with dosing

PLUS one of the following:

Vancomycin, 15 mg/kg intravenously every 8–12 hours with goal to target trough level = 15–20 mg/mL (consider a loading dose of

25–30 mg/kg once for severe illness)2

Linezolid, 600 mg intravenously every 12 hours

CrCl, creatinine clearance; MDR, multidrug resistant; MRSA, methicillin-resistant Staphylococcus aureus.
1Extended infusions may be appropriate.
2Drug level monitoring and adjustment of dosing are required.

Data from Kalil AC et al. Management of adults with hospital-acquired and ventilator-associated pneumonia: 2016 Clinical Practice

Guidelines by the Infectious Diseases Society of America and the American Thoracic Society. Clin Infect Dis. 2016;63:e61.
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mnmzng patent harm. Beause f the hgh mrtaty
rate, therapy shud be started as sn as HAP r VAP s
suspeted. After resuts f utures are avaabe, t may be
pssbe t narrw ntay brad therapy t mre spef
agents. Endtrahea aspratn utures have sgnfant
negatve predtve vaue but mted pstve predtve
vaue n the dagnss f spef nfetus auses f HAP/
VAP. If an nvasve dagnst apprah t suspeted VAP
usng quanttatve uture f brnhavear avage (BAL),
prteted spemen brush (PSB), r bnd brnha sam-
png (BBS) s used, antbts an be wthhed when
resuts are bew a dagnst threshd (BAL ess than 104

CFU/mL, PSB r BBS ess than 103 CFU/mL). Duratn f
antbt therapy s 7 days, nsstent wth na
respnse, but shud be ndvduazed based n the path-
gen, severty f ness, respnse t therapy, and mrbd
ndtns.

Fr expanded dsussns f spef antbts, see
Chapter 30.
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3. Anaerobic Pneumonia & Lung Abscess

E S S E N T I A L S  O F  D I A G N O S I S

» History of or predisposition to aspiration.

» Indolent symptoms, including fever, weight loss,
and malaise.

» Poor dentition.

» Foul-smelling purulent sputum (in many patients).

» Infiltrate in dependent lung zone, with single or
multiple areas of cavitation or pleural effusion.

» General Considerations

Aspratn f sma amunts f rpharyngea seretns
urs durng seep n nrma ndvduas but rarey auses
dsease. Sequeae f aspratn f arger amunts f

matera nude nturna asthma, hema pneumnts,
mehana bstrutn f arways by partuate matter,
brnhetass, and peurpumnary nfetn. Indvdu-
as predspsed t dsease ndued by aspratn nude
thse wth depressed eves f nsusness due t drug r
ah use, sezures, genera anesthesa, r entra nervus
system dsease; thse wth mpared deguttn due t
esphagea dsease r neurg dsrders; and thse wth
trahea r nasgastr tubes, whh dsrupt the mehan-
a defenses f the arways.

Perdnta dsease and pr denta hygene, whh
nrease the number f anaerb batera n asprated
matera, are assated wth a greater kehd f anaer-
b peurpumnary nfetn. Aspratn f nfeted
rpharyngea ntents ntay eads t pneumna n
dependent ung znes, suh as the psterr segments f
the upper bes and superr and basar segments f the
wer bes. Bdy pstn at the tme f aspratn deter-
mnes whh ung znes are dependent. The nset f symp-
tms s nsdus. By the tme the patent seeks meda
attentn, nertzng pneumna, ung absess, r empy-
ema may be apparent.

In mst ases f aspratn and nertzng pneumna,
ung absess, and empyema, mutpe spees f anaerb
batera are ausng the nfetn. Mst f the remanng
ases are aused by nfetn wth bth anaerb and aer-
b batera. Prevotella melaninogenica, Peptostreptococcus,
Fusobacterium nucleatum, and Bacteroides spees are
mmny sated anaerb batera.

» Clinical Findings

A. Symptoms and Signs

Patents wth anaerb peurpumnary nfetn usuay
present wth nsttutna symptms, suh as fever, weght
ss, and maase. Cugh wth expetratn f fu-smeng
puruent sputum suggests anaerb nfetn, thugh the
absene f prdutve ugh des nt rue ut suh an nfe-
tn. Denttn s ften pr. Patents are rarey edentuus;
f s, an bstrutng brnha esn may be present.

B. Laboratory Findings

Expetrated sputum utures may be dffut t nterpret
due t ntamnatng upper respratry trat fra, but
hgh ny unt f a partuar mrrgansm n Gram
stan r n uture key represents a true pathgen. Anaer-
bes and fautatve anaerbes are dffut t rever n
any uture, partuary fwng ntatn f antbts;
peura fud frm empyema may be reveang.

C. Imaging

The dfferent types f anaerb peurpumnary nfe-
tn are dstngushed by ther radgraph appearane.
Lung abscess appears as a thk-waed stary avty sur-
runded by nsdatn. An ar-fud eve s usuay pres-
ent. Other auses f avtary ung dsease (tuberuss,
myss, aner, nfartn, nerbt ndues n rheu-
matd arthrts, and pumnary vasutdes) shud be
exuded. Necrotizing pneumonia s dstngushed by
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mutpe areas f avtatn wthn an area f nsdatn.
Empyema s haraterzed by the presene f puruent
peura fud and may ampany ether f the ther tw
radgraph fndngs. Utrasngraphy s f vaue n at-
ng fud and may as revea peura uatns.

» Treatment

Medatns f he are dreted at anaerb rgansms
r fautatve anaerb strept and nude a beta-
atam/atamase nhbtr mbnatn, arbapenem, r
ndamyn. Send-ne therapy nudes a mbnatn
f penn and metrndaze. Duratn f antbt
therapy fr anaerb pneumna s ntrversa, but t s
usuay gven fr a mnmum f 3 weeks, wth sme
experts remmendng treatment unt the absess avty
has resved n magng.

Perphera ung absess must be arefuy dstn-
gushed frm empyema beause empyema requres tube
thrastmy; f tube thrastmy s paed nadver-
tenty nt an absess avty, mpatns, suh as a
brnhpeura fstua, may resut. Thra surgery
nsutatn s remmended fr arge r nnresvng
absesses r fr absesses that rupture nt the peura
spae. Rarey, a arge absess requres surga nterventn
(perutaneus dranage, segmentetmy, betmy, r
pneumnetmy).

Makhnevh A et a. Aspratn pneumna n der aduts.
J Hsp Med. 2019;14:429. [PMID: 30794136]

Rstn KVI et a. Pst-bstrutve pneumna n patents
wth aner: a revew. Infet Ds Ther. 2018;7:29. [PMID:
29392577]

PULMONARY INFILTRATES IN
IMMUNOCOMPROMISED PATIENTS

Pumnary nftrates n mmunmprmsed patents
(patents wth HIV dsease, absute neutrph unts ess
than 1000/mL [ess than 1.0 × 109/L], urrent r reent
expsure t myesuppressve r mmunsuppressve
medatns, r thse urrenty takng mre than 20 mg/day
f prednsne) may arse frm nfetus r nnnfetus
auses. Infetn may be due t batera, mybatera,
funga, prtza, hemnth, r vra pathgens. Nnn-
fetus presses, suh as pumnary edema, avear
hemrrhage, medatn reatns, pumnary thrmb-
emb dsease, magnany, and radatn pneumnts,
may mm nfetn.

Athugh amst any pathgen an ause pneumna
n an mmunmprmsed patent, tw na ts
hep the nan narrw the dfferenta dagnss. The
frst s knwedge f the underyng mmung defet.
Spef mmung defets are assated wth partu-
ar nfetns. Defets n humra mmunty predspse t
batera nfetns; defets n euar mmunty ead t
nfetns wth vruses, fung, mybatera, and prt-
za. Neutrpena and mpared granuyte funtn pre-
dspse t nfetns frm S aureus, Aspergillus,
gram-negatve ba, and Candida. Send, the tme

urse f nfetn as prvdes ues t the etgy f
pneumna n mmunmprmsed patents. A fum-
nant pneumna s ften aused by batera nfetn,
whereas an nsdus pneumna s mre apt t be aused
by vra, funga, prtza, r mybatera nfetn.
Pneumna urrng wthn 2–4 weeks after rgan trans-
pantatn s usuay batera, whereas severa mnths r
mre after transpantatn P jirovecii, vruses (eg, yt-
megavrus) and fung (eg, Aspergillus) are enuntered
mre ften.

» Clinical Findings

Chest radgraphy s rarey hepfu n narrwng the df-
ferenta dagnss. Examnatn f expetrated sputum
fr batera, fung, mybatera, Legionella, and P jirovecii
s mprtant and may preude the need fr expensve,
nvasve dagnst predures. Sputum ndutn s ften
neessary fr dagnss. The senstvty f ndued sputum
fr detetn f P jirovecii depends n nsttutna exper-
tse, number f spemens anayzed, and detetn
methds.

Rutne evauatn frequenty fas t dentfy a aus-
atve rgansm. The nan may begn empr antm-
rba therapy befre preedng t nvasve predures,
suh as brnhspy, transthra neede aspratn, r
pen ung bpsy. The apprah t management must be
based n the severty f the pumnary nfetn, the
underyng dsease, the rsks f empr therapy, and a
expertse and experene wth dagnst predures.
BAL usng fexbe brnhspy s a safe and effetve
methd fr btanng representatve pumnary sere-
tns fr mrbg studes. It nvves ess rsk f
beedng and ther mpatns than transbrnha
bpsy. BAL s espeay sutabe fr the dagnss f P
jirovecii pneumna n patents wth HIV/AIDS when
ndued sputum anayss s negatve. Surga ung bpsy,
nw ften perfrmed by vde-asssted thraspy,
prvdes the defntve ptn fr dagnss f pumnary
nftrates n mmunmprmsed patents; hwever, a
spef dagnss s btaned n ny abut tw-thrds f
ases, and the nfrmatn btaned may nt affet the
utme.

Cónz C et a. Pneumocystis pneumna n the twenty-frst
entury: HIV-nfeted versus HIV-unnfeted patents.
Expert Rev Ant Infet Ther. 2019;17:787. [PMID: 31550942]

De Crp O et a. Dagnst auray f serum (1-3)-β-D-
guan fr Pneumocystis jirovecii pneumna: a systemat
revew and meta-anayss. Cn Mrb Infet. 2020;26:1137.
[PMID: 32479781]

Ghembaza A et a. Rsk fatrs and preventn f Pneumocystis
jirovecii pneumna n patents wth autmmune and nfam-
matry dseases. Chest. 2020;158:2323. [PMID: 32502592]

Haydur Q et a. Dagnss f funga nfetns: a systemat
revew and meta-anayss supprtng Ameran Thra
Sety Prate Gudene. Ann Am Thra S. 2019;16:1179.
[PMID: 3121934]

Kat H et a. Dagnss and treatment f Pneumocystis jirovecii
pneumna n HIV-nfeted r nn-HIV-nfeted patents-
dffutes n dagnss and adverse effets f trmethprm-
sufamethxaze. J Infet Chemther. 2019;25:920. [PMID:
31300379]
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PULMONARY TUBERCULOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Fatigue, weight loss, fever, night sweats, and pro-
ductive cough.

» Risk factors for acquisition of infection: household
exposure, incarceration, drug use, travel to or resi-
dence in endemic area.

» Chest radiograph: pulmonary opacities, including
nodular or cavitating.

» Acid-fast bacilli on smear of sputum, rapid molec-
ular testing positive, or sputum culture positive for
M tuberculosis.

» General Considerations

Tuberuss s ne f the wrd’s mst wdespread and
deady nesses and s the mst deady nfetus dsease. M
tuberculosis, the rgansm that auses tuberuss nfetn
and dsease, nfets ne-quarter f the wrd’s ppuatn,
neary 2 bn pepe. In 2019, there were 10 mn new
ases f tuberuss wrdwde wth 1.4 mn pepe
dyng f the dsease. Whe mst ndent ases ur n w-
and mdde-nme untres, tuberuss s present n a
regns f the wrd. In the Unted States, an estmated
13 mn pepe are nfeted wth M tuberculosis, and n
2019, there were 8914 reprted atve ases (a derease frm
prr years), wth the majrty f ndent ases n New Yrk,
Cafrna, Frda, and Texas. Tuberuss urs dspr-
prtnatey amng dsadvantaged ppuatns, suh as the
manurshed, hmeess, and thse vng n verrwded
and substandard husng. There s an nreased urrene
f tuberuss amng HIV-pstve ndvduas.

Infetn wth M tuberculosis begns when a susept-
be persn nhaes arbrne drpet nue ntanng
vabe rgansms. Tubere ba that reah the ave are
ngested by avear marphages. Infetn fws f the
nuum esapes avear marphage mrbda atv-
ty. One nfetn s estabshed, ymphat and hematg-
enus dssemnatn f tuberuss typay urs befre
the devepment f an effetve mmune respnse. Ths
stage f nfetn, primary tuberculosis, s usuay n-
ay and radgraphay sent. In mst persns wth
ntat e-medated mmunty, T-es and marphages
surrund the rgansms n granumas that mt ther
mutpatn and spread. The nfetn s ntaned but
nt eradated, sne vabe rgansms may e drmant
wthn granumas fr years t deades.

Indvduas wth latent tuberculosis infection d nt
have atve dsease and annt transmt the rgansm t
thers. Hwever, reatvatn f dsease may ur f the
patent’s mmune defenses are mpared. Active tuberculosis
w devep n 5–15% f ndvduas wth atent tuberu-
ss nfetn wh are nt gven preventve therapy; haf f
these ases ur n the 2 years fwng prmary nfe-
tn. Dverse ndtns suh as gastretmy, sss,

dabetes metus, and an mpared mmune respnse (eg,
HIV nfetn; therapy wth rtsterds, tumr ner-
ss fatr nhbtrs r ther mmunsuppressve drugs)
are assated wth an nreased rsk f reatvatn.

In apprxmatey 5% f ases, the mmune respnse s
nadequate t ntan the prmary nfetn and progres-
sive primary tuberculosis deveps, ampaned by bth
pumnary and nsttutna symptms. The na pre-
sentatn des nt defntvey dstngush prmary dsease
frm reatvatn f atent tuberuss nfetn. Standard
teahng has hed that 90% f tuberuss n aduts repre-
sents atvatn f atent dsease. Hwever, DNA fnger-
prntng f the baus suggests that as many as ne-thrd f
new ases f tuberuss n urban ppuatns are prmary
nfetns resutng frm persn-t-persn transmssn.

The prevaene f drug-resstant strans s nreasng
wrdwde, wth a 10% nrease n mutdrug-resstant
strans between 2018 and 2019; hwever, n the Unted
States, the rate f mutdrug-resstant sates has faen t
ess than 1%. Rsk fatrs fr drug resstane nude mm-
gratn frm untres wth a hgh prevaene f drug-
resstant tuberuss, se and prnged ntat wth
ndvduas wth drug-resstant tuberuss, unsuessfu
prevus therapy, and nnadherene t treatment. Drug
resstane may be snge r mutpe. Drug-resistant tuber-
culosis s resstant t ne frst-ne anttuberuus drug,
ether snazd r rfampn. Multidrug-resistant tubercu-
losis s resstant t snazd and rfampn, and pssby
addtna agents. Extensively drug-resistant tuberculosis
s resstant t snazd, rfampn, furqunnes, and
ether amngysdes r apremyn r bth. Outmes
f drug-resstant tuberuss treatment are wrse than
when the sate s drug-senstve, and utmes appear t
vary wth HIV status. In a revew f extensvey drug-
resstant tuberuss ases n the Unted States, mrtaty
was 10% and 68% n HIV-negatve and HIV-pstve
patents, respetvey.

» Clinical Findings

A. Symptoms and Signs

The patent wth pumnary tuberuss typay presents
wth swy prgressve nsttutna symptms f ma-
ase, anrexa, weght ss, fever, and nght sweats. Chrn
ugh s the mst mmn pumnary symptm. It may be
dry at frst but typay bemes prdutve f puruent
sputum as the dsease prgresses. Bd-streaked sputum
s mmn, but sgnfant hemptyss s rarey a present-
ng symptm; fe-threatenng hemptyss may ur n
advaned dsease. Dyspnea s unusua uness there s exten-
sve dsease. On physa examnatn, the patent appears
hrnay  and manurshed. On hest examnatn,
there are n physa fndngs spef fr tuberuss
nfetn. The examnatn may be nrma r may revea
ass fndngs suh as psttussve apa raes.

B. Laboratory Findings

Defntve dagnss depends n revery f M tuberculosis
frm utures r dentfatn f the rgansm by DNA r
RNA ampfatn tehnques (n nert wth apprprate
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na ntext). At east three nseutve mrnng spu-
tum spemens are advsed, and sampes shud be -
eted 8 hurs apart. Ad-fast stanng f a sputum smear
s perfrmed ntay as a sreenng methd, wth senstv-
ty and negatve predtve vaues that are w (50–80%)
wth a snge smear but may mprve t 90% wth sera
sampng. Smear senstvty s wer n HIV-nfeted
patents. Demnstratn f ad-fast ba n sputum
smear des nt estabsh a dagnss f M tuberculosis,
sne nntuberuus mybatera may nze the ar-
ways and are nreasngy regnzed t ause na -
ness n patents wth underyng strutura ung dsease.

In patents thught t have tuberuss wh annt
prdue satsfatry spemens r when the smear f the
spntaneusy expetrated sputum s negatve fr ad-
fast ba, sputum ndutn wth 3% hypertn sane
shud be perfrmed. Fexbe brnhspy wth brn-
ha washngs has smar dagnst yed t ndued
sputum; transbrnha ung bpses d nt sgnfanty
nrease the dagnst yed but may ead t earer dag-
nss by dentfyng tssue granumas. Pst-brnhspy
expetrated sputum spemens shud be eted. Ps-
tve bd utures fr M tuberculosis are unmmn n
patents wth nrma CD4 e unts, but the rgansm

may be utured frm bd n up t 50% f HIV-
serpstve patents wth tuberuss whse CD4 e
unts are ess than 100/mL (ess than 0.1 × 109/L); my-
batera bd utures shud be btaned n suh patents.

The sw rate f mybatera grwth; the urgeny t
prvde eary, apprprate treatment t patents t mprve
ther utmes and mt mmunty spread; and nerns
abut ptenta drug txtes n patents treated empr-
ay wh d nt have tuberuss nfetn have fstered
the use f rapd dagnst tehnques (Tabe 9–12). Me-
uar dagnsts ffer mutpe ptns and many advan-
tages, thugh at nreased expense. Nue ad
ampfatn testng nt ny detets M tuberculosis
(NAAT-TB) but as dentfes resstane markers (NAAT-
R). NAAT-TB an dentfy M tuberculosis wthn hurs f
sputum pressng, awng eary satn and treatment,
thugh the negatve predtve vaue s wer n smear-
negatve patents. NAAT-R aws rapd dentfatn f
prmary drug resstane and has prevusy been ndated
n the fwng patents: (1) thse treated prevusy fr
tuberuss, (2) thse brn (r wh ved fr mre than 1
year) n a untry wth mderate tuberuss ndene r
a hgh ndene f mutpe drug-resstant sates, (3)
ntats f patents wth mutdrug-resstant tuberuss,

Table 912. Essential laboratory tests for the detection of Mycobacterium tuberculosis.1

Test Time to Result Test Characteristics

Acid-fast bacilli light microscopy 1 day Three morning specimens recommended. Combined sensitivity of 70%

(54% for the first specimen, 11% for the second specimen, and 5% for

the third specimen). First morning specimen increased yield by 12%

compared to spot specimen.

Nucleic acid amplification test, detection

(NAAT-TB)

1 day Sensitivity/specificity high for smear-positive specimens, 85–97% for

both; sensitivity falls in smear-negative specimens to ~66%. A posi-

tive NAAT in smear-negative patients with intermediate to high

(> 30%) pretest probability of M tuberculosis infection is helpful

while a negative NAAT is not. Should not be ordered in patients

with low pretest probability of M tuberculosis infection.

Nucleic acid amplification test, resistance

markers (NAAT-R)

1–2 days Multiple assays for rifampin and isoniazid are available. Specificity uni-

formly high, > 98%. Sensitivity varies from about 84% to 96%,

increases with multiple specimens. See text for indications for testing.

Mycobacterial growth detection

Liquid (broth based) medium

Solid (agar or egg based) medium

Up to 6–8 weeks

Avg 10–14 days

Avg 3–4 weeks

Liquid culture methods are more sensitive than solid culture methods

(~90% and 76%, respectively) with shorter time to detection but

higher contamination with bacterial growth. Specificity exceeds 99%

for all methods.

Identification of M tuberculosis complex by

DNA probe or high-performance liquid

chromatography

1 day1 May be useful in areas of low M tuberculosis incidence where nontuber-

culous mycobacteria are commonly isolated.

First-line drug susceptibility testing

(liquid medium)

1–2 weeks1 Gold standard. Should be performed routinely on the initial isolate.

Second-line and novel compound drug

susceptibility testing

Liquid (broth based) medium

Solid (agar or egg based) medium

1–2 weeks1

3–4 weeks1

1Following detection of mycobacterial growth.

Adapted from Diagnostic Standards and Classification of Tuberculosis in Adults and Children. This official statement of the American

Thoracic Society and the Centers for Disease Control and Prevention was adopted by the ATS Board of Directors, July 1999. This statement

was endorsed by the Council of the Infectious Disease Society of America, September 1999. Am J Respir Crit Care Med. 2000;161:1376.
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r (4) thse wh are HIV serpstve. In vew f the rapd-
ty f resut n nert wth rfampn resstane dentfa-
tn, the WHO ssued ntnued gudane n 2020 that
rapd meuar testng s the dea nta test fr dagnss
and resstane prfng n persns n whm pumnary r
extrapumnary tuberuss s suspeted.

Neede bpsy f the peura reveas granumatus
nfammatn n apprxmatey 60% f patents wth peu-
ra effusns aused by M tuberculosis. Peura fud u-
tures are pstve fr M tuberculosis n 23–58% f ases f
peura tuberuss. Cuture f three peura bpsy spe-
mens mbned wth mrsp examnatn f a peura
bpsy yeds a dagnss n up t 90% f patents wth
peura tuberuss. Tests fr peura fud adensne
deamnase (apprxmatey 90% senstvty and spefty
fr peura tuberuss at eves greater than 70 unts/L)
and nterfern-gamma (89% senstvty, 97% spefty n
a reent meta-anayss) an be extremey hepfu dagnst
ads, partuary n makng desns t pursue nvasve
testng n mpex ases.

C. Imaging

Cntrary t tradtna teahng, meuar anayss dem-
nstrates that radgraph abnrmates n pumnary
tuberuss d nt dstngush prmary dsease frm rea-
tvatn f atent tuberuss (Fgure 9–4). The ny nde-
pendent predtr f an atypa pattern n hest
radgraph—that s, nt assated wth upper be r av-
tary dsease—s an mpared patent mmune respnse. The
hest magng pattern tradtnay assated wth prmary
dsease nudes sma unatera nftrates, har and para-
trahea ymph nde enargement, and segmenta ateeta-
ss. Peura effusn s present n 30–40% f patents,
smetmes as the se radgraph abnrmaty. Reatva-
tn tuberuss tradtnay has been assated wth
fbravtary apa dsease, dsrete ndues, and pneu-
mn nftrates, usuay n the apa r psterr seg-
ments f the upper bes r n the superr segments f the
wer bes. Radgraph evdene f dsease n ther
atns may be present n up t 30% f patents.

In edery patents, wer be nftrates wth r wthut
peura effusn are frequenty enuntered. A “mary”
pattern (dffuse sma nduar denstes) an be seen wth
hematg r ymphat dssemnatn f the rgansm.
Immunmprmsed patents—partuary thse wth
ate-stage HIV nfetn—ften dspay wer ung zne,
dffuse, r mary nftrates; peura effusns; and nvve-
ment f har and, n partuar, medastna ymph ndes.

Resutn f atve tuberuss eaves haraterst
radgraph fndngs. Dense ndues n the pumnary
ha, wth r wthut bvus afatn, upper be
fbrnduar sarrng, and brnhetass wth vume ss
are mmn fndngs. Ghn (afed prmary fus) and
Ranke (afed prmary fus and afed har ymph
nde) mpexes are seen n a mnrty f patents.

D. Special Examinations

Testng fr atent tuberuss nfetn s used t evauate
an asymptmat persn n whm M tuberculosis nfetn

s suspeted (eg, fwng ntat expsure) r t estabsh
the prevaene f tuberuss nfetn n a ppuatn.
Testng may be used n a persn wth symptms f atve
tuberuss, but a pstve test des nt dstngush
between atve and atent nfetn, and a negatve test des
nt rue ut atve dsease. Rutne testng f ndvduas at
w rsk fr tuberuss s nt remmended. Empr
treatment f atent tuberuss wthut testng s nsd-
ered apprprate n HIV-nfeted persns r n yung (ess
than 5 years d) husehd ntats f persns wth atve
tuberuss n endem areas.

The tradtna apprah t testng fr atent tuberu-
ss nfetn s the tuberculin skin test. The Mantux test

A

B

▲ Figure 9–4. Pulmonary tuberculosis. Primary pulmo-
nary tuberculosis in a 20-year-old man with chest radio-
graph (A) showing right upper lobe consolidation (white
arrow) and right hilar and mediastinal lymphadenopathy
(black arrows) and contrast-enhanced CT scan (B) show-
ing mediastinal lymphadenopathy (arrows). (Used, with
permission, from Carlos Santiago Restrepo, MD, in Usatine
RP, Smith MA, Mayeaux EJ Jr, Chumley H. The Color Atlas of
Family Medicine, 2nd ed. McGraw-Hill, 2013.)
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Table 913. Classification of positive tuberculin skin test reactions.1

Induration Size Group

≥ 5 mm 1. HIV-positive persons.

2. Recent contacts of a person with infectious tuberculosis.

3. Persons with fibrotic changes on chest radiographs suggestive of prior tuberculosis.

4. Patients with organ transplants and other immunosuppressed patients (receiving the equivalent of > 15 mg/day

of prednisone for 1 month or more, or those taking TNF-alpha antagonists).

≥ 10 mm 1. Recent immigrants (< 5 years) from countries with a high prevalence of tuberculosis (eg, Asia, Africa, Latin

America).

2. HIV-negative injection drug users.

3. Mycobacteriology laboratory personnel.

4. Residents of and employees in high-risk congregate settings: correctional institutions; long-term care facilities;

hospitals and other health care facilities; residential facilities for HIV/AIDS patients; and homeless shelters.

5. Persons with medical conditions that increase the risk of progression to tuberculosis disease: gastrectomy,

weight loss to ≥ 10% below ideal body weight, jejunoileal bypass, diabetes mellitus, silicosis, advanced chronic

kidney disease, some hematologic disorders (eg, leukemias, lymphomas), and other specific malignancies

(eg, carcinoma of the head or neck and lung).

6. Children younger than 4 years or infants, children, and adolescents exposed to adults at high risk.

≥ 15 mm 1. Persons with no known risk factors for tuberculosis.

1A tuberculin skin test reaction is considered positive if the transverse diameter of the indurated area reaches the size required for the

specific group. All other reactions are considered negative.

Data from https://www.cdc.gov/tb/publications/factsheets/testing/skintesting.htm.

s the preferred methd: 0.1 mL f purfed prten derva-
tve (PPD) ntanng 5 tuberun unts s njeted ntra-
dermay n the var surfae f the frearm usng a
27-gauge neede n a tuberun syrnge. The transverse
width in millimeters of induration at the skn test ste s
measured after 48–72 hurs. T ptmze test perfrmane,
rtera fr determnng a pstve reatn vary dependng
n the kehd f nfetn. Tabe 9–13 summarzes the
rtera estabshed by the Centers fr Dsease Cntr and
Preventn (CDC) fr nterpretatn f the Mantux tuber-
un skn test. Senstvty and spefty f the tuberun
skn test are hgh: 77% and 97%, respetvey. Spefty
fas t 59% n ppuatns prevusy vanated wth
baus Camette-Guérn (BCG, an attenuated frm f
Mycobacterium bovis). Fase-negatve tuberun skn test
reatns may resut frm mprper testng tehnque; n-
urrent nfetns, nudng fumnant tuberuss; ma-
nutrtn; advaned age; mmung dsrders;
magnany; rtsterd therapy; hrn kdney ds-
ease; and HIV nfetn. Sme ndvduas wth atent
tuberuss nfetn may have a negatve tuberun skn
test when tested many years after expsure. Anergy testng
s nt remmended fr rutne use t dstngush a true-
negatve resut frm anergy. Pr anergy test standardza-
tn and ak f utme data mt the evauatn f ts
effetveness. Interpretatn f the tuberun skn test n
persns wh have prevusy reeved BCG vanatn s
the same as n thse wh have nt had BCG.

Interferon gamma release assays (nudng the Quan-
tFERON and T-SPOT tests) are n vtr assays f CD4+
T-e–medated nterfern gamma reease n respnse t
stmuatn by spef M tuberculosis antgens. The ant-
gens are absent frm a BCG strans and mst

nntuberuus mybatera; therefre, n whe bd,
the spefty f nterfern gamma reease assays s supe-
rr t the tuberun skn test n BCG-vanated ndvdu-
as. Senstvty s mparabe t the tuberun skn test:
60–90% dependng n the spef assay and study ppua-
tn. Senstvty s redued by HIV nfetn, partuary n
patents wth w CD4 unts. Spefty s hgh, greater
than 95%. Ptenta advantages f nterfern gamma reease
assay testng nude fewer fase-pstve resuts frm prr
BCG vanatn, better dsrmnatn f pstve
respnses due t nntuberuus mybatera, and the
requrement fr ny ne patent ntat (e, n need fr the
patent t return t have the tuberun skn test read
48–72 hurs ater). Dsadvantages nude the need fr spe-
azed abratry equpment and persnne, and the sub-
stantay nreased st mpared t the tuberun skn test.

In endem areas, nterfern gamma reease assays are n
mre senstve than the tuberun skn test n atve tuber-
uss (20–40% fase-negatve rate) and annt dstngush
atve frm atent dsease. Interfern gamma reease assays
shud nt be used t exude atve tuberuss.

Gudenes estabshed by the CDC aw nterfern
gamma reease assays t be used nterhangeaby wth the
tuberun skn testng n the dagnss f atent tuberu-
ss nfetn. Interfern gamma reease assays are preferred
n patents wth prr BCG vanatn; the tuberun skn
test s preferred n hdren under 5 years d. Rutne use
f bth tests s nt remmended. In ndvduas wth a
pstve tuberun skn test but a w prr prbabty f
atent tuberuss nfetn and w-rsk fr prgressn
t atve dsease, the nterfern gamma reease assay may
be hepfu as a nfrmatry test t exude a fase-pstve
tuberun skn test.
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» Treatment

A. General Measures

The gas f therapy are t ure the ndvdua patent,
mnmze rsk f mrbdty and mrtaty reated t treat-
ment, redue transmssn f M tuberculosis t ther per-
sns, and prevent the emergene f nay sgnfant
drug resstane n tubere ba. The bas prnpes f
anttuberuus treatment are (1) t admnster mutpe
medatns t whh the rgansms are suseptbe; (2) t
prvde the safest, mst effetve therapy fr the shrtest
perd f tme; (3) t ensure adherene t therapy; and
(4) t add at east tw new anttuberuus agents t a reg-
men when treatment faure s suspeted.

A suspeted and nfrmed ases f tuberuss
shud be reprted prmpty t a and state pub
heath authrtes. Patents wth tuberuss shud be
treated by nans wh are sked n the management f
ths nfetn. Cna expertse s espeay mprtant n
ases f drug-resstant tuberuss.

Nnadherene t anttuberuus treatment s a majr
ause f treatment faure, ntnued transmssn f
tuberuss, and devepment f medatn resstane.
Adherene t treatment an be mprved by prvdng
detaed patent eduatn abut tuberuss and ts treat-
ment n addtn t a ase manager wh versees a
aspets f an ndvdua patent’s are. Directly observed
therapy (DOT), whh requres that a heath are wrker
physay bserve the patent ngest anttuberuus med-
atns n the hme, n, hspta, r esewhere, as
mprves adherene t treatment. The mprtane f dret
bservatn f therapy annt be veremphaszed. The
CDC remmends DOT fr a patents wth drug-resstant
tuberuss and fr thse reevng ntermttent (twe- r
thre-weeky) therapy.

Hsptazatn fr nta therapy f tuberuss s nt
neessary fr mst patents. It shud be nsdered f a
patent s napabe f sef-are r s key t expse new,
suseptbe ndvduas t tuberuss. Hsptazed
patents wth atve dsease requre a prvate rm wth
apprprate envrnmenta ntrs, nudng negatve-
pressure ventatn where avaabe, unt tubere ba
are n nger fund n ther sputum (“smear-negatve”) n
three nseutve smears taken n separate days.

Charatersts f anttuberuus drugs are prvded n
Tabe 9–14. Addtna treatment nsderatns an be
fund n Chapter 33. Mre mpete nfrmatn an be
btaned frm the CDC’s Dvsn f Tuberuss Em-
natn webste at https://www.d.gv/tb/tp/treatment/
defaut.htm r the WHO tuberuss webste at https://
www.wh.nt/heath-tps/tuberuss/.

B. Treatment of Tuberculosis
in HIVNegative Persons

Mst patents wth prevusy untreated pumnary tuber-
uss an be effetvey treated wth ether a 6-mnth r a
9-mnth regmen, thugh the 6-mnth regmen s pre-
ferred. The nta phase f a 6-mnth regmen nssts f
2 mnths f day snazd, rfampn, pyraznamde, and

ethambut. One the sate s determned t be snazd-
senstve, ethambut may be dsntnued. If the M tuber-
culosis sate s suseptbe t snazd and rfampn, the
send phase f therapy nssts f snazd and rfampn
fr a mnmum f 4 addtna mnths, wth treatment t
extend at east 3 mnths beynd dumentatn f nver-
sn f sputum utures t negatve fr M tuberculosis. If
DOT s used, medatns may be gven ntermttenty
usng ne f three regmens: (1) Day snazd, rfampn,
pyraznamde, and ethambut fr 2 mnths, fwed by
snazd and rfampn tw r three tmes eah week fr
4 mnths f suseptbty t snazd and rfampn s dem-
nstrated. (2) Day snazd, rfampn, pyraznamde, and
ethambut fr 2 weeks, then admnstratn f the same
agents twe a week fr 6 weeks fwed by admnstratn
f snazd and rfampn twe eah week fr 4 mnths f
suseptbty t snazd and rfampn s demnstrated.
(3) Isnazd, rfampn, pyraznamde, and ethambut
three tmes a week fr 6 mnths.

Patents wh annt r shud nt (eg, pregnant
wmen) take pyraznamde shud reeve day snazd
and rfampn ang wth ethambut fr 4–8 weeks. If sus-
eptbty t snazd and rfampn s demnstrated r
drug resstane s unkey, ethambut an be dsntn-
ued, and snazd and rfampn may be gven fr a tta f
9 mnths f therapy. If drug resstane s a nern,
patents shud reeve snazd, rfampn, and ethambu-
t fr 9 mnths. Patents wth smear- and uture-negatve
dsease (eg, pumnary tuberuss dagnsed n na
grunds) and patents fr whm drug suseptbty testng
s nt avaabe an be treated wth 6 mnths f snazd
and rfampn mbned wth pyraznamde fr the frst
2 mnths. Ths regmen assumes w prevaene f drug
resstane. Prevus gudenes have used streptmyn
nterhangeaby wth ethambut. Inreasng wrdwde
streptmyn resstane has made ths medatn ess use-
fu as empr therapy.

When a twe-weeky r thre-weeky regmen s used
nstead f a day regmen, the dsages f snazd, pyra-
znamde, and ethambut r streptmyn must be
nreased. Remmended dsages fr the nta treatment
f tuberuss are sted n Tabe 9–15. Fxed-dse mb-
natns f snazd and rfampn (Rfamate) and f sna-
zd, rfampn, and pyraznamde (Rfater) are avaabe t
smpfy treatment. Snge tabets mprve mpane but
are mre expensve than the ndvdua medatns pur-
hased separatey.

C. Treatment of Tuberculosis in
HIVPositive Persons

Management f tuberuss s mpex n patents wth
nmtant HIV dsease. Experts n the management f
bth tuberuss and HIV dsease shud be nvved n
the are f suh patents. The CDC has pubshed detaed
remmendatns fr the treatment f tuberuss n HIV-
pstve patents (https://www.d.gv/tb/tp/treatment/
tbhv.htm).

The bas apprah t HIV-pstve patents wth
tuberuss s smar t that detaed abve fr patents
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Table 914. Characteristics of antituberculous medications.

Medication

Most Common Side

Effects

Tests for Side

Effects Drug Interactions Remarks

Isoniazid Peripheral neuropathy,

hepatitis, rash, mild

CNS effects.

AST and ALT;

neurologic

examination.

Phenytoin (synergistic); disulfiram. Bactericidal to both extracellular

and intracellular organisms.

Pyridoxine, 25–50 mg orally

daily is given as prophylaxis for

neuropathy; 50–100 mg orally

daily as treatment for it.

Rifampin Hepatitis, fever, rash, flu-

like illness, gastrointes-

tinal upset, bleeding

problems, kidney

failure.

CBC, platelets, AST

and ALT.

Rifampin inhibits the effect of oral

contraceptives, quinidine, corti-

costeroids, warfarin, metha-

done, digoxin, oral

hypoglycemics; aminosalicylic

acid may interfere with absorp-

tion of rifampin. Significant

interactions with protease

inhibitors and nonnucleoside

reverse transcriptase inhibitors.

Bactericidal to all populations of

organisms. Colors urine and

other body secretions orange.

May discolor contact lenses.

Rifapentine Bone marrow suppres-

sion, hematuria/pyuria,

hepatitis, gastrointesti-

nal upset, flu-like

illness.

CBC, platelets, AST

and ALT.

Strong cytochrome P450 inducer

with multiple drug interactions.

Use in HIV patients receiving

antiretroviral therapy should be

limited to experts in antiretrovi-

ral therapy.

Bactericidal to both extracellular

and intracellular organisms. Col-

ors urine and other body secre-

tions orange. Long half-life, can

be administered weekly in LTBI

prophylaxis. Not for use in induc-

tion phase of therapy.

Pyrazinamide Hyperuricemia, hepato-

toxicity, rash, gastroin-

testinal upset, joint

aches.

Uric acid, AST, ALT. Rare. Bactericidal to intracellular

organisms.

Ethambutol Optic neuritis (reversible

with discontinuance of

drug; rare at 15 mg/kg);

rash.

Red-green color

discrimination

and visual

acuity.

Rare. Bacteriostatic to both intracellular

and extracellular organisms.

Mainly used to inhibit develop-

ment of resistant mutants. Use

with caution in kidney disease or

when ophthalmologic testing is

not feasible.

Streptomycin Eighth nerve damage,

nephrotoxicity.

Vestibular function

(audiograms);

BUN and

creatinine.

Neuromuscular blocking agents

may be potentiated and cause

prolonged paralysis.

Bactericidal to extracellular organ-

isms. Use with caution in older

patients or those with kidney

disease.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CBC, complete blood count; LTBI, latent tubercu-

losis infection.

wthut HIV dsease. Addtna nsderatns n HIV-
pstve patents nude (1) nger duratn f therapy and
(2) drug nteratns between rfamyn dervatves suh as
rfampn and rfabutn used t treat tuberuss and sme
f the prtease nhbtrs and nnnuesde reverse
transrptase nhbtrs (NNRTIs) used t treat HIV (see
https://www.d.gv/tb/tp/treatment/tbhv.htm). DOT
shud be used fr a HIV-pstve tuberuss patents.
Pyrdxne (vtamn B

6
), 25–50 mg ray eah day, shud

be admnstered t a HIV-pstve patents beng treated
wth snazd t redue entra and perphera nervus
system sde effets.

D. Treatment of DrugResistant Tuberculosis

Patents wth drug-resstant M tuberculosis nfetn
requre arefu supervsn and management. Cnans
wh are unfamar wth the treatment f drug-resstant
tuberuss shud seek expert adve. Tuberuss ress-
tant ny t snazd an be suessfuy treated wth a
6-mnth regmen f rfampn, pyraznamde, and etham-
but r streptmyn r a 12-mnth regmen f rfampn
and ethambut. When snazd resstane s dumented
durng a 9-mnth regmen wthut pyraznamde, sna-
zd shud be dsntnued. If ethambut was part f the
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nta regmen, rfampn and ethambut shud be ntn-
ued fr a mnmum f 12 mnths. If ethambut was nt
part f the nta regmen, suseptbty tests shud be
repeated and tw ther medatns t whh the rgansm
s suseptbe shud be added. Treatment f M tuberculosis
sates resstant t agents ther than snazd and treat-
ment f drug resstane n HIV-nfeted patents requre
expert nsutatn.

Mutdrug-resstant tuberuss and extensvey drug-
resstant tuberuss a fr an ndvduazed day DOT
pan under the supervsn f an experened nan.
Treatment regmens are based n the patent’s vera status
and the resuts f suseptbty studes. Mst drug-resstant
sates are resstant t at east snazd and rfampn and
requre a mnmum f three drugs t whh the rgansm
s suseptbe; expert remmendatn s ften fr an
ntensve fve-drug phase f treatment, fwed by a tw-
r three-drug ntnuatn phase f treatment fr at east
anther 12 mnths. Sme experts remmend at east
18–24 mnths f therapy.

E. Treatment of Extrapulmonary Tuberculosis

In mst ases, regmens that are effetve fr treatng
pumnary tuberuss are as effetve fr treatng extra-
pumnary dsease. Hwever, many experts remmend
9–12 mnths f therapy when mary, menngea, r bne
and jnt dsease s present. Treatment f skeeta tuberu-
ss s enhaned by eary surga dranage and debrdement
f nert bne. Crtsterd therapy has been shwn t
hep prevent nstrtve perardts frm tuberuus
perardts and t redue neurg mpatns frm
tuberuus menngts (Chapter 33).

F. Treatment of Pregnant or Lactating Women

Tuberuss n pregnany s usuay treated wth snazd,
rfampn, and ethambut fr 2 mnths, fwed by snazd

and rfampn fr an addtna 7 mnths. Ethambut an
be stpped after the frst mnth f snazd and rfampn
suseptbty s nfrmed. Sne the rsk f teratgen-
ty wth pyraznamde has nt been eary defned, pyra-
znamde shud be used ny f resstane t ther drugs
s dumented and suseptbty t pyraznamde s
key. Streptmyn s ntrandated n pregnany
beause t may ause ngenta deafness. Pregnant
wmen takng snazd shud reeve pyrdxne
(vtamn B

6
), 10–25 mg ray ne a day, t prevent

perphera neurpathy.
Sma nentratns f anttuberuus drugs are pres-

ent n breast mk. Frst-ne therapy s nt knwn t be
harmfu t nursng newbrns at these nentratns.
Therefre, breastfeedng s nt ntrandated whe
reevng frst-ne anttuberuus therapy. Latatng
wmen reevng ther agents shud nsut a tuberu-
ss expert.

G. Treatment Monitoring

Aduts shud have measurements f a mpete bd
unt (nudng pateets) and serum brubn, hepat
enzymes, urea ntrgen, and reatnne befre startng
therapy fr tuberuss. Vsua auty and red-green r
vsn tests are remmended befre ntatn f ethambu-
t, and serum ur ad s remmended befre startng
pyraznamde. Audmetry shud be perfrmed f strept-
myn therapy s ntated.

Rutne mntrng f abratry tests fr evdene f
medatn txty durng therapy s nt remmended,
uness basene resuts are abnrma r ver dsease s
suspeted. Mnthy questnng fr symptms f meda-
tn txty s advsed. Patents shud be eduated
abut mmn sde effets f anttuberuus meda-
tns and nstruted t seek meda attentn shud
these symptms ur. Mnthy fw-up f utpatents
s remmended, nudng sputum smear and uture fr

Table 915. Recommended dosages for the initial treatment of tuberculosis.1

Medication Daily2 Cost3/Day Twice a Week2 Cost3/Wk Three Times a Week2 Cost3/Wk

Isoniazid 5 mg/kg

Max: 300 mg/dose

$0.31/300 mg 15 mg/kg

Max: 900 mg/dose

$1.86 15 mg/kg

Max: 900 mg/dose

$2.79

Rifampin 10 mg/kg

Max: 600 mg/dose

$2.66/600 mg 10 mg/kg

Max: 600 mg/dose

$5.32 10 mg/kg

Max: 600 mg/dose

$7.98

Pyrazinamide 18.2–26.3 mg/kg

Max: 2 g/dose

$24.33/2 g Weight-based dosing:

see references below1

— Weight-based dosing: see

references below1

—

Ethambutol 14.5–21.1 mg/kg

Max: 1.6 g/dose

$3.74/1.6 g Weight-based dosing:

see references below1

— Weight-based dosing: see

references below1

—

1Data from Nahid P et al. Official American Thoracic Society/Centers for Disease Control and Prevention/Infectious Diseases Society of

America Clinical Practice Guidelines: Treatment of drug-susceptible tuberculosis. Clin Infect Dis. 2016;63:e147.
2All dosing regimens should be used with directly observed therapy.
3Average wholesale price (AWP, for AB-rated generic when available) for quantity listed. Source: IBM Micromedex. Red Book (electronic ver-

sion). IBM Watson Health, Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com/ (cited March 27, 2021). AWP

may not accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.

Also available at https://www.cdc.gov/tb/topic/treatment/tbdisease.htm.
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M tuberculosis, unt utures nvert t negatve. Patents
wth negatve sputum utures after 2 mnths f treatment
shud have at east ne addtna sputum smear and u-
ture perfrmed at the end f therapy. Patents wth drug-
resstant sates shud have sputum utures perfrmed
mnthy durng the entre urse f treatment. A hest
radgraph at the end f therapy prvdes a usefu basene
fr any future fms.

Patents whse utures d nt beme negatve r
whse symptms d nt resve despte 3 mnths f ther-
apy shud be evauated fr nnadherene t the regmen
and fr drug-resstant rgansms. DOT s requred fr the
remander f the treatment regmen, and the addtn f at
east tw drugs nt prevusy gven shud be nsdered
pendng repeat drug suseptbty testng. The nan
shud seek expert assstane f drug resstane s newy
fund, f the patent remans symptmat, r f smears r
utures reman pstve.

Patents wth ny a na dagnss f pumnary
tuberuss (smears and utures negatve fr M tuberculosis)
whse symptms and radgraph abnrmates are
unhanged after 3 mnths f treatment usuay ether have
anther press r have had tuberuss n the past.

H. Treatment of Latent Tuberculosis

Treatment f atent tuberuus nfetn s essenta t
ntrng and emnatng tuberuss and substantay
redues the rsk that nfetn w prgress t atve ds-
ease. Targeted testng wth the tuberun skn test r nter-
fern gamma reease assays s used t dentfy persns wh
are at hgh rsk fr tuberuss and wh stand t beneft
frm treatment f atent nfetn. Tabe 9–13 gves the
tuberun skn test rtera fr treatment f atent tuberu-
us nfetn. In genera, patents wth a pstve tuberu-
n skn test r nterfern gamma reease assay wh are at
nreased rsk fr expsure r dsease are treated. It s
essenta that eah persn wh meets the rtera fr treat-
ment f atent tuberuus nfetn underg a arefu
assessment t exude atve dsease. A hstry f past
treatment fr tuberuss and ntrandatns t treat-
ment shud be sught. A patents at rsk fr HIV nfe-
tn shud have an HIV test. Patents suspeted f havng
tuberuss shud reeve ne f the remmended mu-
tdrug regmens fr atve dsease unt the dagnss s
nfrmed r exuded.

Sme se ntats f persns wth atve tuberuss
shud be evauated fr treatment f atent tuberuus
nfetn despte a negatve tuberun skn test reatn
(ess than 5 mm nduratn). These nude mmunsup-
pressed persns and thse n whm dsease may devep
quky after tuberuus nfetn. Cse ntats wh
have a negatve tuberun skn test reatn n nta test-
ng shud be retested 10–12 weeks ater.

Severa treatment regmens fr bth HIV-negatve and
HIV-pstve persns are avaabe fr the treatment f
atent tuberuus nfetn: (1) Isoniazid: A 9-mnth ra
regmen (mnmum f 270 dses admnstered wthn
12 mnths) s preferabe t 6 mnths f therapy. Dsng
ptns nude a day dse f 300 mg r twe-weeky

dses f 15 mg/kg. Persns at rsk fr devepng snazd-
assated perphera neurpathy (thse wth dabetes me-
tus, urema, manutrtn, ahsm, HIV nfetn,
pregnany, r sezure dsrder) may be gven suppementa
pyrdxne (vtamn B

6
), 10–50 mg/day. (2) Isoniazid and

rifampin: A 3-mnth ra regmen f day snazd
(300 mg) and rfampn (600 mg). (3) Isoniazid and rifapen-
tine: A 3-mnth ra regmen f ne weeky snazd at
15 mg/kg and rfapentne at 15–30 mg/kg. (4) Rifampin:
Patents wh annt terate snazd an be nsdered fr
a 4-mnth ra regmen f rfampn at 600 mg day. HIV-
pstve patents reevng prtease nhbtrs r NNRTIs
wh are gven rfampn r rfapentne requre management
by experts n bth tuberuss and HIV dsease (see Treat-
ment f Tuberuss n HIV-Pstve Persns, abve).

Cntats f persns wth snazd-resstant, rfampn-
senstve tuberuss shud reeve a 2-mnth regmen f
rfampn and pyraznamde r a 4-mnth regmen f day
rfampn ane. Cntats f persns wth drug-resstant
tuberuss shud reeve tw drugs t whh the nfet-
ng rgansm has demnstrated suseptbty. Cntats n
whm the tuberun skn test r nterfern gamma reease
assay s negatve and ntats wh are HIV sernegatve
may be bserved wthut treatment r treated fr 6 mnths.
HIV-pstve ntats shud be treated fr 12 mnths. A
ntats f persns wth mutdrug-resstant tuberuss r
extensvey drug-resstant tuberuss shud have 2 years
f fw-up regardess f type f treatment.

Persns wth a pstve tuberun skn test (5 mm r
mre f nduratn) and fbrt esns suggestve f d
tuberuss n hest radgraphs wh have n evdene
f atve dsease and n hstry f treatment fr tuberu-
ss shud reeve 9 mnths f snazd r 4 mnths f
rfampn (wth r wthut snazd). Pregnant r breast-
feedng wmen wth atent tuberuss shud reeve
ether day r twe-weeky snazd wth pyrdxne
(vtamn B

6
).

Basene abratry testng s ndated fr patents at
rsk fr ver dsease, patents wth HIV nfetn, wmen
wh are pregnant r wthn 3 mnths f devery, and
persns wh use ah reguary. Patents reevng
treatment fr atent tuberuus nfetn shud be
evauated ne a mnth t assess fr symptms and sgns
f atve tuberuss and hepatts and fr adherene t
ther treatment regmen. Rutne abratry testng dur-
ng treatment s ndated fr thse wth abnrma base-
ne abratry tests and fr thse at rsk fr devepng
ver dsease.

BCG vaccine s an antmybatera vane deve-
ped frm an attenuated stran f M bovis. Mns f
ndvduas wrdwde have been vanated wth BCG.
The vane s nt generay remmended n the Unted
States beause f the w prevaene f tuberuus nfe-
tn, the vane’s nterferene wth the abty t deter-
mne atent tuberuus nfetn usng tuberun skn
test reatvty, and ts varabe effetveness n prphyaxs
f pumnary tuberuss. BCG vanatn n the Unted
States shud be undertaken ny after nsutatn wth
a heath ffas and tuberuss experts. Vanatn
f heath are wrkers shud be nsdered n an
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ndvdua bass n settngs n whh a hgh perentage f
tuberuss patents are nfeted wth strans resstant t
bth snazd and rfampn, n whh transmssn f
suh drug-resstant M tuberculosis and subsequent nfe-
tn are key, and n whh mprehensve tuberuus
nfetn-ntr preautns have been mpemented but
have nt been suessfu. The BCG vane s ntrand-
ated n persns wth mpared mmune respnses due t
dsease r medatns.

» Prognosis

Amst a prpery treated mmunmpetent patents
wth tuberuss an be ured. Reapse rates are ess than
5% wth urrent regmens. The man ause f treatment
faure s nnadherene t therapy.
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31668191]
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PULMONARY DISEASE CAUSED BY
NONTUBERCULOUS MYCOBACTERIA

E S S E N T I A L S  O F  D I A G N O S I S

» Chronic cough, sputum production, and fatigue;
less commonly: malaise, dyspnea, fever, hemopty-
sis, and weight loss.

» Parenchymal opacities on chest radiograph, most
often thin-walled cavities or multiple small nod-
ules associated with bronchiectasis.

» Isolation of nontuberculous mycobacteria in a
sputum culture.

» General Considerations

Mybatera ther than M tuberculosis—nntuberuus
mybatera (NTM), smetmes referred t as “atypa”
mybatera—are ubqutus n water and s and have

been sated frm tap water. Marked gegraph varab-
ty exsts, bth n the NTM spees respnsbe fr dsease
and n the prevaene f dsease. These rgansms are nt
nsdered mmunabe frm persn t persn, have
dstnt abratry haratersts, and are ften resstant t
mst anttuberuus medatns (Chapter 33). Lng-
term epdemg data suggest that NTM dsease has
been nreasng n the Unted States.

» Definition & Pathogenesis

The dagnss f ung dsease aused by NTM s based n
a mbnatn f na, radgraph, and baterg
rtera and the exusn f ther dseases that an resem-
be the ndtn. Spef dagnst rtera are dsussed
bew. Cmpementary data are mprtant fr dagnss
beause NTM rgansms an resde n r nze the ar-
ways wthut ausng na dsease.

Mycobacterium avium mpex (MAC) s the mst fre-
quent ause f NTM pumnary dsease n humans n the
Unted States. Mycobacterium kansasii s the next mst fre-
quent pumnary pathgen. Other NTM auses f pum-
nary dsease nudeMycobacterium abscessus, Mycobacterium
xenopi, and Mycobacterium malmoense; the st f mre
unusua etg NTM spees s ng. Mst NTM ause a
hrn pumnary nfetn that resembes tuberuss but
tends t prgress mre swy. Dssemnated dsease s rare n
mmunmpetent persns; hwever, dssemnated MAC
dsease s mmn n patents wth AIDS.

» Clinical Findings

A. Symptoms and Signs

NTM nfetn amng mmunmpetent persns fre-
quenty presents n ne f three prttypa patterns: av-
tary, upper be esns n der mae smkers that may
mm M tuberculosis; nduar brnhetass affetng the
md ung znes n mdde-aged wmen wth hrn ugh;
and hypersenstvty pneumnts fwng envrnmenta
expsure. Mst patents wth NTM nfetn experene a
hrn ugh, sputum prdutn, and fatgue. Less m-
mn symptms nude maase, dyspnea, fever, hempty-
ss, and weght ss. Symptms frm exstng ung
dsease (COPD, brnhetass, prevus mybatera
dsease, yst fbrss, and pneumnss) may n-
fund the evauatn. In patents wth brnhetass, n-
fetn wth NTM and Aspergillus s a negatve prgnst
fatr. New r wrsenng nftrates as we as adenpathy
r peura effusn (r bth) are desrbed n HIV-pstve
patents wth NTM nfetn as part f the mmune ren-
sttutn nfammatry syndrme fwng nsttutn f
antretrvra therapy.

B. Laboratory Findings

The dagnss f NTM nfetn rests n revery f the
pathgen frm utures. Sputum utures pstve fr atyp-
a mybatera d nt prve nfetn beause NTM may
exst as saprphytes nzng the arways r may be env-
rnmenta ntamnants. Brnha washngs are
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nsdered t be mre senstve than expetrated sputum
sampes; hwever, ther spefty fr na dsease s nt
knwn.

Baterg rtera have been prpsed based n
studes f patents wth avtary dsease wth MAC r M
kansasii. Dagnst rtera n mmunmpetent persns
nude the fwng: pstve uture resuts frm at east
tw separate expetrated sputum sampes; r pstve
uture frm at east ne brnha wash; r a pstve u-
ture frm peura fud r any ther nrmay stere ste.
The dagnss an as be estabshed by demnstratng
NTM utured frm a ung bpsy, brnha wash, r spu-
tum pus hstpathg hanges, suh as granumatus
nfammatn n a ung bpsy. Rapd spees dentfatn
f sme NTM s pssbe usng DNA prbes r hgh-
pressure qud hrmatgraphy.

Dagnst rtera are ess strngent fr patents wth
severe mmunsuppressn. HIV-nfeted patents may
shw sgnfant MAC grwth n uture f brnha
washngs wthut na nfetn; therefre, HIV patents
beng evauated fr MAC nfetn must be nsdered
ndvduay.

Medatn suseptbty testng n utures f NTM s
remmended fr the fwng NTM: (1) Mycobacterium
avium intracellulare t mardes ny (arthrmyn
and azthrmyn); (2) M kansasii t rfampn; and (3)
rapd grwers (suh as Mycobacterium fortuitum, Mycobac-
terium chelonae, and M abscessus) t amkan, dxyy-
ne, mpenem, furqunnes, arthrmyn,
efxtn, and sufnamdes.

C. Imaging

Chest radgraph fndngs nude nftrates that are
prgressve r persst fr at east 2 mnths, avtary
esns, and mutpe nduar denstes. The avtes are
ften thn-waed and have ess surrundng parenhyma
nftrate than s mmny seen wth MTB nfetns.
Evdene f ntguus spread and peura nvvement s
ften present. Hgh-resutn CT f the hest may shw
mutpe sma ndues wth r wthut mutfa brnh-
etass. Prgressn f pumnary nftrates durng ther-
apy r ak f radgraph mprvement ver tme are
pr prgnst sgns and as rase nerns abut se-
ndary r aternatve pumnary presses. Cearng f
pumnary nftrates due t NTM s sw.

» Treatment

Estabshng NTM nfetn des nt mandate treatment n
a ases, fr tw reasns. Frst, na dsease may never
devep n sme patents, partuary asymptmat
patents wth few rgansms sated frm snge spe-
mens. Send, the spetrum f na dsease severty s
very wde; n patents wth md r swy prgressve
symptms, tradtna hemtherapeut regmens usng a
mbnatn f agents may ead t drug-ndued sde
effets wrse than the dsease tsef.

Spef treatment regmens and respnses t therapy
vary wth the spees f NTM. HIV-sernegatve patents
wth MAC pumnary dsease usuay reeve a

mbnatn f day arthrmyn r azthrmyn,
rfampn r rfabutn, and ethambut (Tabe 9–15). Fr
patents wth severe fbravtary dsease, streptmyn r
amkan s added fr the frst 2 mnths. The ptma dura-
tn f treatment s unknwn, but therapy shud be n-
tnued fr 12 mnths after sputum nversn. Meda
treatment s ntay suessfu n abut tw-thrds f
ases, but reapses after treatment are mmn; ng-term
beneft s demnstrated n abut haf f a patents. Thse
wh d nt respnd favraby generay have atve but
stabe dsease. Surga resetn s an aternatve fr the
patent wth prgressve dsease that respnds pry t
hemtherapy. Dsease aused by M kansasii respnds we
t drug therapy. A day regmen f rfampn, snazd,
and ethambut fr at east 18 mnths wth a mnmum f
12 mnths f negatve utures s usuay suessfu. Rap-
dy grwng mybatera (M abscessus, M fortuitum, M
chelonae) are generay resstant t standard anttuberu-
us therapy.

» When to Refer

Patents wth rapdy grwng mybatera nfetn
shud be referred fr expert management.

Daey CL et a. Treatment f nntuberuus mybatera
pumnary dsease: ffa ATS/ERS/ESCMID/IDSA na
prate gudene. Eur Respr J. 2020;56:2000535. [PMID:
32636299]

Kwn YS et a. Treatment f Mycobacterium avium mpex
pumnary dsease. Tuber Respr Ds (Seu). 2019;82:15.
[PMID: 30574687]

Mthe JD. Surga treatment f pumnary nntuberuus
mybatera nfetns. Thra Surg Cn. 2019;29:77.
[PMID: 30454924]

Phey JV et a. Meda management f pumnary nntuber-
uus mybatera dsease. Thra Surg Cn. 2019;29:65.
[PMID: 30454923]

W YM. Treatment f extrapumnary nntuberuus my-
batera dseases. Infet Chemther. 2019;51:245. [PMID:
31583858]

º
PULMONARY NEOPLASMS

See Chapter 39 for discussions of Lung Cancer, Secondary
Lung Cancer, and Mesothelioma.

SCREENING FOR LUNG CANCER

Lung aner remans the eadng ause f aner-reated
mrtaty, n arge part sendary t advaned stage at
dagnss (Chapter 39). Tw arge RCTs reprted fndngs
n 2011 regardng the utty f ung aner sreenng. The
Prstate, Lung, Creta and Ovaran Randmzed Tra
(PLCO) randmzed 154,901 aduts (52% urrent r fr-
mer smkers) between the ages f 55 and 74 years t
reeve ether n sreenng r annua psterr-anterr
hest radgraphs fr 4 nseutve years. The nvestga-
trs mntred the partpants after sreenng fr an
average f 12 years. Resuts shwed n mrtaty beneft
frm fur annua hest radgraphs ether n the whe
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hrt r n a subset f heavy smkers wh met the entry
rtera fr the ther majr tra, the Natna Lung
Sreenng Tra (NLST). The NLST enred 53,454 ur-
rent r frmer smkers (mnmum 30-pak year expsure
hstry) between the ages f 55 and 74 years wh were
randmy assgned t ne f tw sreenng mdates:
three annua psterr-anterr hest radgraphs r three
annua w-dse hest CT sans. They were mntred fr
an addtna 6.5 years after sreenng. Cmpared wth
hest radgraphy, w-dse hest CT deteted mre eary-
stage ung aners and fewer advaned-stage ung aners,
ndatng that CT sreenng systematay shfted the
tme f dagnss t earer stages, thereby prvdng mre
persns the pprtunty fr effetve treatment. Further-
mre, mpared wth hest radgraphs, the hrt that
reeved three annua CT sans had a statstay sgnf-
ant mrtaty beneft, wth redutns n bth ung aner
deaths (20.0%) and a-ause mrtaty (6.7%). Ths was
the frst evdene frm an RCT demnstratng that ung
aner sreenng redued a-ause mrtaty.

Addtna nfrmatn frm PLCO, the NLST, and
mutpe ther ngng randmzed tras s avaabe. Tr-
as n the Netherands and Begum (NELSON), Germany
(LUSI), Denmark (DLCST), the Unted Kngdm (UKLS),
and Itay (MILD, DANTE, ITALUNG) have been m-
peted. These have reveaed varabe fndngs dependng
n the rsk prfe f the nuded patents, but the brad
resuts are that sreenng s mst key t be effetve,
wth redutn n ung aner-spef mrtaty, f per-
frmed at shrt ntervas n a hgh-rsk ppuatn, as was
dne n NLST. Sme studes ndate that the mrtaty
beneft may be hgher amng wmen than amng men.
Issues that reman f nern regardng ung aner
sreenng nude the fwng: (1) Generalizability to
practice: NLST-partpatng nsttutns demnstrated a
hgh eve f expertse n magng nterpretatn and dag-
nst evauatn. Nnety-sx perent f fndngs n CT
were fase pstves but the vast majrty f patents were
mntred wth sera magng. Invasve dagnst evau-
atns were unmmn and were assated wth a w
mpatn rate (1.4%). (2) Duration of screening: The
rate f detetn f new ung aners dd nt fa wth eah
subsequent annua sreenng ver 3 years. Sne new ung
aners beme detetabe durng eah year-ng sreen-
ng nterva, the ptma number f annua CT sans s
unknwn as s the ptma sreenng nterva. (3) Overdi-
agnosis: After 6.4 years f pst-sreenng bservatn,
there were mre ung aners n the NLST CT hrt than
the hest radgraphy hrt (1089 and 969, respetvey).
Sne the grups were randmzed and we mathed, ung
aner ndene shud have been denta. Therefre,
18.5% f the ung aners deteted by CT remaned n-
ay sent and nvsbe n hest radgraph fr 6.4 years.
Many, perhaps mst, f these ung aners wud never
ause na dsease and represent verdagnss. (4)
Cost effectiveness: Studes n the Unted States, Canada,
and Eurpe suggest sreenng fr ung aner s st effe-
tve; hwever, whether t s st effetve n a untres
has nt been determned.

Beker N et a. Lung aner mrtaty redutn by LDCT
sreenng--resuts frm the randmzed German LUSI tra.
Int J Caner. 2020;146:1503. [PMID: 31162856]

de Knng HJ et a. Redued ung-aner mrtaty wth vume
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382:503. [PMID: 31995683]

Duma N et a. Nn-sma e ung aner: epdemgy,
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Iaarn JM et a. Patent-eve trajetres and utmes after
w-dse CT sreenng n the Natna Lung Sreenng Tra.
Chest. 2019;156:965. [PMID: 31283920]
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Pastrn U et a. Ten-year resuts f the Mutentr Itaan
Lung Detetn tra demnstrate the safety and effay f
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[PMID: 31336289]

Wang S et a. Current dagnss and management f
sma-e ung aner. May Cn Pr. 2019;94:1599.
[PMID: 31378235]

SOLITARY PULMONARY NODULE

A stary pumnary ndue, smetmes referred t as a
“n esn,” s a ess-than-3-m sated, runded paty
n hest magng utned by nrma ung and nt ass-
ated wth nftrate, ateetass, r adenpathy. Mst are
asymptmat and represent an ndenta fndng n
hest radgraphy r CT sannng. The fndng s mpr-
tant beause t arres a sgnfant rsk f magnany. The
frequeny f magnany n surga seres ranges frm
10% t 68% dependng n patent ppuatn. Bengn
nepasms, suh as hamartmas, aunt fr ess than 5%
f stary ndues. Mst bengn ndues are nfetus
granumas.

The gas f evauatn are t dentfy and reset
magnant tumrs n patents wh w beneft frm rese-
tn whe avdng nvasve predures n bengn dsease.
The task s t dentfy ndues wth a suffenty hgh
prbabty f magnany t warrant bpsy r resetn
r a suffenty w prbabty f magnany t justfy
bservatn.

Symptms ane rarey estabsh the ause, but na
and magng data an be used t assess the prbabty f
magnany. Magnant ndues are rare n persns under
age 30. Abve age 30, the kehd f magnany
nreases wth age. Smkers are at nreased rsk, and the
kehd f magnany nreases wth the number f
garettes smked day. Patents wth a prr magnany
have a hgher kehd f havng a magnant stary
ndue.

The frst step n the magng evauatn s t revew d
magng studes. Cmparsn wth prr studes aws
estmatn f dubng tme, whh s an mprtant marker
fr magnany. Rapd prgressn (dubng tme ess than
30 days) suggests nfetn, whe ng-term stabty (du-
bng tme greater than 465 days) suggests bengnty. Cer-
tan radgraph features hep n estmatng the prbabty
f magnany. Sze s rreated wth magnany. A study
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f stary ndues dentfed by CT san shwed a 1%
magnany rate n thse measurng 2–5 mm, 24% n
6–10 mm, 33% n 11–20 mm, and 80% n 21–45 mm nd-
ues. The appearane f a smth, we-defned edge s
haraterst f a bengn press. I-defned margns r a
buar appearane suggest magnany. A hgh-resutn
CT fndng f spuated margns and a perphera ha are
bth hghy assated wth magnany. Cafatn and
ts pattern are as hepfu ues. Bengn esns tend t
have dense afatn n a entra r amnated pattern.
Magnant esns are assated wth sparser afatn
that s typay stpped r eentr. Cavtary esns wth
thk (greater than 16 mm) was are muh mre key t
be magnant. Hgh-resutn CT ffers better resutn
f these haratersts than hest radgraphy and s mre
key t detet ymphadenpathy r the presene f mu-
tpe esns. Chest CT s ndated fr any suspus s-
tary pumnary ndue.

» Treatment

Based n na and radg data, the nan shud
assgn a spef prbabty f magnany t the esn.
The desn whether t remmend a bpsy r surga
exsn depends n the nterpretatn f ths prbabty
n ght f the patent’s unque na stuatn. Quantta-
tve predtn mdes (Brk mde, VA Cperatve
mde) are avaabe t assess rsk f magnany. The
prbabtes n parentheses bew represent gudenes
ny and shud nt be nterpreted as defntve.

In the ase f stary pumnary ndues, a ntnu-
us prbabty funtn may be gruped nt three ate-
gres. In patents wth a low probability (less than 5%)
of malignancy (eg, age under 30, esns stabe fr mre
than 2 years, haraterst pattern f bengn afatn),
wathfu watng s apprprate. Management nssts f
sera magng studes at ntervas that ud dentfy
grwth suggestve f magnany. Three-dmensna
renstrutn f hgh-resutn CT mages prvdes a
mre senstve test fr grwth.

Patents wth a high probability (greater than 60%) of
malignancy shud preed drety t resetn fwng
stagng, prvded the surga rsk s aeptabe. Bpses
rarey yed a spef bengn dagnss and are nt
ndated.

Optma management f patents wth an intermedi-
ate probability of malignancy (5–60%) remans ntr-
versa. The tradtna apprah s t btan a dagnst
bpsy, ether thrugh transthra neede aspratn
(TTNA) r brnhspy. Brnhspy yeds a dag-
nss n 10–80% f predures dependng n the sze f
the ndue and ts atn. In genera, the brnh-
sp yed fr ndues that are ess than 2 m and
perphera s w, athugh mpatns are generay
rare. Newer brnhsp mdates, suh as eetr-
magnet navgatn and utrathn brnhspy are
beng studed, athugh ther mpat upn dagnst
yed remans unertan. TTNA has a hgher dagnst
yed, reprted t be between 50% and 97%. The yed s

strngy peratr-dependent, hwever, and s affeted by
the atn and sze f the esn. Cmpatns are
hgher than brnhspy, wth pneumthrax urrng
n up t 30% f patents, wth up t ne-thrd f these
patents requrng paement f a hest tube.

Dsappntng dagnst yeds and a hgh fase-
negatve rate (up t 20–30% n TTNA) have prmpted
aternatve apprahes. Positron emission tomography
(PET) detets nreased guse metabsm wthn mag-
nant esns wth hgh senstvty (85–97%) and spefty
(70–85%). Many dagnst agrthms have nrprated
PET nt the assessment f patents wth nnusve
hgh-resutn CT fndngs. A pstve PET nreases the
kehd f magnany, and a negatve PET exudes
mst aners. Fase-negatve PET sans an ur wth
tumrs wth w metab atvty (mst ntaby, ar-
nd tumrs and adenarnmas, partuary mn-
may nvasve r n stu adenarnmas), and fw-up
CT magng s typay perfrmed at dsrete ntervas t
ensure absene f grwth. PET has severa drawbaks,
hwever: resutn bew 1 m s pr, the test s expen-
sve, and avaabty remans mted.

Sputum cytology s hghy spef but aks senstv-
ty. It s used n entra esns and n patents wh are
pr anddates fr nvasve dagnst predures.

Sme enters remmend video-assisted thoraco-
scopic surgery (VATS) resetn f a stary pumnary
ndues wth ntermedate prbabty f magnany. In
sme ases, the surgen w remve the ndue and evau-
ate t n the peratng rm wth frzen setn. If the
ndue s magnant, he r she w preed t betmy
and ymph nde sampng, ether thraspay r
thrugh nversn t standard thratmy. Ths
apprah s ess mmn when PET sannng s
avaabe.

A patents shud be prvded wth an estmate f the
kehd f magnany, and ther preferenes shud be
used t hep gude dagnst and therapeut desns. A
strategy that remmends bservatn may nt be pre-
ferred by a patent wh desres a defntve dagnss.
Smary, a surga apprah may nt be agreeabe t a
patents uness the presene f aner s defntve. Patent
preferenes shud be eted, and patents shud be we
nfrmed regardng the spef rsks and benefts ass-
ated wth the remmended apprah as we as the ater-
natve strateges.

Crukshank A et a. Evauatn f the stary pumnary nd-
ue. Intern Med J. 2019;49:306. [PMID: 30897667]

Khan T et a. Dagnss and management f perphera ung
ndue. Ann Trans Med. 2019;7:348. [PMID: 31516894]

Marus MW et a. Prbabty f aner n ung ndues usng
sequenta vumetr sreenng up t 12 mnths: the UKLS
tra. Thrax. 2019;74:761. [PMID: 31028232]

Nasm F et a. Management f the stary pumnary ndue.
Curr Opn Pum Med. 2019;25:344. [PMID: 30973358]

Tang K et a. The vaue f 18F-FDG PET/CT n the dagnss f
dfferent sze f stary pumnary ndues. Medne (Bat-
mre). 2019;98:e14813. [PMID: 30882661]
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RIGHT MIDDLE LOBE SYNDROME

Rght mdde be syndrme s reurrent r persstent ate-
etass f the rght mdde be. Ths apse s reated t
the reatvey ng ength and narrw dameter f the rght
mdde be brnhus and the va (“fsh muth”) penng
t the be, n the settng f mpared atera ventatn.
Fberpt brnhspy r CT san s ften neessary t
rue ut bstrutng tumr. Fregn bdy r ther bengn
auses are mmn.

BRONCHIAL CARCINOID TUMORS

Carnd and brnha gand tumrs are smetmes
termed “brnha adenmas.” Ths term shud be avded
beause t mpes that the esns are bengn when, n fat,
arnd tumrs and brnha gand arnmas are w-
grade magnant nepasms.

Carcinoid tumors are abut sx tmes mre mmn
than brnha gand arnmas, and mst f them ur
as pedunuated r sesse grwths n entra brnh. Men
and wmen are equay affeted. Mst patents are under
60 years f age. Cmmn symptms f brnha arnd
tumrs are hemptyss, ugh, fa wheezng, and reur-
rent pneumna. Perpheray ated brnha arnd
tumrs are rare and present as asymptmat stary pu-
mnary ndues. Carcinoid syndrome (fushng, darrhea,
wheezng, hyptensn) s rare. Fberpt brnhspy
may revea a pnk r purpe tumr n a entra arway.
These esns have a we-vasuarzed strma, and bpsy
may be mpated by sgnfant beedng. CT sannng s
hepfu t aze the esn and t fw ts grwth ver
tme. Otretde sntgraphy s as avaabe fr aza-
tn f these tumrs.

Brnha arnd tumrs grw swy and rarey
metastasze. Cmpatns nvve beedng and arway
bstrutn rather than nvasn by tumr and metastases.
Surga exsn f nay symptmat esns s ften
neessary, and the prgnss s generay favrabe. Mst
brnha arnd tumrs are resstant t radatn and
hemtherapy (see Chapter 39).

Adenmas, arnmas, and ther magnanes may
rarey metastasze t the brnh and present wth end-
brnha esns. Hamartmas, myxmas, and amyd are
ther rarer enttes n the dfferenta dagnss f end-
brnha mass esns.

Petrea F et a. The re f endbrnha treatment fr brn-
ha arnd: nsderatns frm the thra surgen’s
pnt f vew. Respratn. 2018;96:204. [PMID: 29953990]

Rahuma M et a. Re f wedge resetn n brnha arnd
(BC) tumrs: SEER database anayss. J Thra Ds. 2019;11:
1355. [PMID: 31179077]

Reung EM et a. Endbrnha treatment fr brnha ar-
nd: patent seetn and predtrs f utme. Respra-
tn. 2018;95:220. [PMID: 29433123]

Trpathy S et a. Re f sera 68Ga DOTANOC PET-CT sans
n fw-up f metastat brnha arnd: 12 year fw-
up frm a tertary are nsttute. Cn Nu Med. 2019;44:602.
[PMID: 31021915]

MEDIASTINAL MASSES

Varus devepmenta, nepast, nfetus, traumat,
and ardvasuar dsrders may ause masses that appear
n the medastnum n hest radgraph. A usefu nven-
tn arbtrary dvdes the medastnum nt three m-
partments—anterr, mdde, and psterr—n rder t
assfy medastna masses and assst n dfferenta dag-
nss based n ntents f these anatm regns. The
anterr mpartment s bunded by the sternum anter-
ry and the surfae f the great vesses and perardum
psterry. The mdde mpartment extends frm the
anterr perardum t the anterr surfae f the thra
spne. The psterr mpartment s paravertebra. Spef
medastna masses have a predetn fr ne r mre f
these mpartments; mst are ated n the anterr r
mdde mpartment.

The dfferenta dagnss f an anterior mediastinal
mass nudes thymma, teratma, thyrd esns, ym-
phma, and mesenhyma tumrs (pma, fbrma). The
dfferenta dagnss f a middle mediastinal mass
nudes ymphadenpathy, pumnary artery enarge-
ment, aneurysm f the arta r nnmnate artery, deve-
pmenta yst (brnhgen, enter, peurperarda),
dated azygus r hemazygus ven, and framen f
Mrgagn herna. The dfferenta dagnss f a posterior
mediastinal mass nudes hata herna, neurgen
tumr, menngee, esphagea tumr, framen f Bh-
daek herna, thra spne dsease, and extrameduary
hematpess. The neurgen tumr grup nudes neu-
remmma, neurfbrma, neursarma, gangneu-
rma, and phehrmytma.

Symptms and sgns f medastna masses are nnspe-
f and are usuay aused by the effets f the mass n
surrundng strutures. Insdus nset f retrsterna
hest pan, dysphaga, r dyspnea s ften an mprtant
ue t the presene f a medastna mass. In abut haf f
ases, symptms are absent, and the mass s deteted n
rutne hest radgraph. Physa fndngs vary dependng
n the nature and atn f the mass.

CT sannng s hepfu n management; addtna
radgraph studes f beneft nude barum swaw f
esphagea dsease s suspeted, Dpper sngraphy r
vengraphy f brahepha vens and the superr vena
ava, and anggraphy. MRI s usefu; ts advantages nude
better deneatn f har strutures and dstntn
between vesses and masses. Tssue dagnss va ether
neede r exsna bpsy s generay neessary when a
nepast press s nsdered. Treatment and prgnss
depend n the underyng ause f the medastna mass.

Gent F et a. Update n dagnst magng f the thymus and
anterr medastna masses. Gand Surg. 2019;8:S188.
[PMID: 31559186]

Lee HN et a. Dagnst utme and safety f CT-guded re
neede bpsy fr medastna masses: a systemat revew and
meta-anayss. Eur Rad. 2020;30:588. [PMID: 31418086]

Sakka D et a. Medastna masses: na, radga and
pathga anayss. Eur Respr J. 2018;52:PA2579. https://
erj.ersjurnas.m/ntent/52/supp_62/PA2579
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º
INTERSTITIAL LUNG DISEASE
(Diffuse Parenchymal Lung Disease)

E S S E N T I A L S  O F  D I A G N O S I S

» Insidious onset of progressive dyspnea and non-
productive chronic cough.

» Tachypnea, small lung volumes, bibasilar dry rales;
digital clubbing and right heart failure with
advanced disease.

» Chest radiographs with low lung volumes and
patchy distribution of ground glass, reticular, nod-
ular, reticulonodular, or cystic opacities.

» Reduced lung volumes, pulmonary diffusing
capacity, and 6-minute walk distance; hypoxemia
with exercise.

Interstta ung dsease, r dffuse parenhyma ung ds-
ease, mprses a hetergeneus grup f dsrders that
share mmn presentatns (dyspnea), physa fndngs
(ate nspratry rakes), and hest radgraphs (septa
thkenng and retunduar hanges).

The term “nterstta” s mseadng sne the pathg
press usuay begns wth njury t the avear epthea
r apary endthea es (avets). Persstent avets
may ead t bteratn f avear apares and rergan-
zatn f the ung parenhyma, ampaned by rreversbe
fbrss. The press des nt affet the arways prxma t
the respratry brnhes. At east 180 dsease enttes may
present as nterstta ung dsease. Tabe 9–16 utnes a
seeted st f dfferenta dagnses f nterstta ung ds-
ease. In mst patents, n spef ause an be dentfed. In
the remander, medatns, a varety f rgan and nr-
gan dusts, and nnetve tssue dsease are the prnpa
auses. The hstry—partuary the upatna and
medatn hstry—may prvde evdene f a spef

Table 916. Differential diagnosis of interstitial lung disease (listed alphabetically within category).

Medication-related

Antiarrhythmic agents (amiodarone)

Antibacterial agents (nitrofurantoin, sulfonamides)

Antineoplastic agents (bleomycin, cyclophosphamide, methotrexate, nitrosoureas)

Antirheumatic agents (gold salts, penicillamine)

Phenytoin

Environmental and occupational inhalation exposures

Dust, inorganic (asbestos, beryllium, hard metals, silica)

Dust, organic (thermophilic actinomycetes, avian antigens, Aspergillus species)

Gases, fumes, and vapors (chlorine, isocyanates, paraquat, sulfur dioxide)

Ionizing radiation

Talc (injection drug users)

Infections

Fungus, disseminated (Blastomyces dermatitidis, Coccidioides immitis, Histoplasma capsulatum)

Mycobacteria, disseminated

Pneumocystis jirovecii

Viruses

Primary pulmonary disorders

Cryptogenic organizing pneumonia

Idiopathic interstitial pneumonia: acute interstitial pneumonia, desquamative interstitial pneumonia, nonspecific interstitial pneumonia,

usual interstitial pneumonia, respiratory bronchiolitis–associated interstitial lung disease

Pulmonary alveolar proteinosis

Systemic disorders

Acute respiratory distress syndrome

Amyloidosis

Ankylosing spondylitis

Autoimmune disease: dermatomyositis, polymyositis, rheumatoid arthritis, systemic lupus erythematosus, systemic sclerosis (scleroderma)

Chronic eosinophilic pneumonia

Goodpasture syndrome

Granulomatosis polyangiitis

Idiopathic pulmonary hemosiderosis

Inflammatory bowel disease

Langerhans cell histiocytosis (eosinophilic granuloma)

Lymphangitic spread of cancer (lymphangitic carcinomatosis)

Lymphangioleiomyomatosis

Pulmonary edema

Pulmonary venous hypertension, chronic

Sarcoidosis

CMDT22_Ch09_p0242-p0322.indd 291 29/06/21 8:34 PM



CHAPTER 9292 CMDT 2022

ause. The presene f dffuse parenhyma ung dsease n
the settng f an estabshed nnetve tssue dsease, suh
as rheumatd arthrts, system upus erythematsus,
serderma, pymysts-dermatmysts, Sjögren syn-
drme, and ther verap ndtns, s suggestve f the
ause. In sme ases, ung dsease preedes the mre typa
manfestatns f the underyng nnetve tssue dsease
by mnths r years.

Knwn auses f nterstta ung dsease are deat wth
n ther spef setns. The mprtant dpath frms
are dsussed bew.

DIFFUSE INTERSTITIAL PNEUMONIAS

E S S E N T I A L S  O F  D I A G N O S I S

» Important to identify specific fibrosing disorders.

» Idiopathic disease may require biopsy for
diagnosis.

» Accurate diagnosis identifies patients most likely
to benefit from therapy.

» General Considerations

The mst mmn dagnss amng patents wth dffuse
nterstta ung dsease s ne f the nterstta pneum-
nas, nudng a the enttes desrbed n Tabe 9–17.
Hstray, a dagnss f nterstta ung dsease was
based n na and radgraph rtera wth ny a
sma number f patents undergng surga ung bpsy.
When bpses were btaned, the mmn eement f
fbrss ed t the grupng tgether f severa hstg
patterns under the ategry f nterstta pneumna r
dpath pumnary fbrss (IPF). Dstnt hstpath-
g features are nw understd t represent dfferent
natura hstres and respnses t therapy (Tabe 9–17).
Therefre, n the evauatn f patents wth dffuse nter-
stta ung dsease, nans shud attempt t dentfy
spef dsrders.

Patents wth dffuse nterstta pneumna may have
any f the hstg patterns desrbed n Tabe 9–17.
The frst step n evauatn s t dentfy patents whse
dsease s truy dpath. As ndated n Tabe 9–16,
mst dentfabe auses f dffuse nterstta pneumna
are medatn-reated, envrnmenta r upatna
agent expsure, r nfetus. Interstta ung dseases
assated wth ther system dsrders (pumnary
rena syndrmes, autmmune dsease) may be dentfed
thrugh a arefu meda hstry. Apart frm aute nter-
stta pneumna, the na presentatns f the dffuse
nterstta pneumnas are suffenty smar t preude
a spef dagnss. Chest radgraphs and hgh-resu-
tn CT sans are dagnst n sme patents. Utmatey,
many patents wth apparenty dpath dsease requre
surga ung bpsy t make a defntve dagnss. The
mprtane f aurate dagnss s twfd. Frst, t
aws the nan t prvde aurate nfrmatn abut
the ause and natura hstry f the ness. Send,

aurate dagnss heps dstngush patents mst key
t beneft frm therapy.

» Clinical Findings

A. Symptoms, Signs, and Imaging

The mst mmn f the dffuse nterstta pneumnas s
pumnary fbrss assated wth the hstpathg
pattern f usual interstitial pneumonia (UIP). When n
assated ause s evdent, ths s IPF. A dagnss f IPF/
UIP an be made wth 90% nfdene n patents
ver 65 years f age wh have (1) dpath dsease by
hstry and nspratry rakes n physa examnatn;
(2) restrtve physgy n pumnary funtn testng;
(3) haraterst UIP pattern n hgh-resutn hest CT
(perphera, basar predmnant pates assated wth
hneymbng and tratn brnhetass) (Fgure 9–5).
Suh patents d nt need surga ung bpsy. Assessment
f pumnary hypertensn s remmended n advaned
dsease.

B. Special Studies

Three dagnst tehnques are n mmn use: BAL,
transbrnha bpsy, and surga ung bpsy, ether
thrugh an pen predure r usng VATS.

BAL may prvde a spef dagnss n ases f nfe-
tn, partuary wth P jirovecii r mybatera, r when
ytg examnatn reveas the presene f magnant
es. Addtnay, BAL may be dagnst f esnph
pneumna, Langerhans e hstytss, r avear
prtenss.

Transbronchial biopsy thrugh the fexbe brnh-
spe s easy perfrmed n mst patents. The rsks f
pneumthrax (5%) and hemrrhage (1–10%) are w.
Hwever, the tssue spemens revered are sma, sam-
png errr s mmn, and rush artfat may mpate
dagnss. Transbrnha bpsy an make a defntve
dagnss f sardss, ymphangt spread f arnma,
pumnary avear prtenss, mary tuberuss, and
Langerhans e hstytss. Nte that the dagnss f IPF
annt be nfrmed n transbrnha ung bpsy sne
the hstg dagnss requres a pattern f hanges rather
than a snge pathgnmn fndng. Transbrnha
bpsy may exude IPF and dpath nterstta pneum-
na by nfrmng a spef aternatve dagnss. These
patents generay requre surga ung bpsy.

Surgical lung biopsy s the standard fr dagnss f
dffuse nterstta ung dsease. Tw r three bpses taken
frm mutpe stes n the same ung, nudng apparenty
nrma tssue, may yed a spef dagnss as we as prg-
nst nfrmatn regardng the extent f fbrss versus
atve nfammatn. Patents under age 60 wthut a spe-
f dagnss generay shud underg surga ung
bpsy. In der and sker patents, the rsks and benefts
must be weghed arefuy fr three reasns: (1) the mrbd-
ty f the predure an be sgnfant; (2) a defntve dag-
nss may nt be pssbe even wth surga ung bpsy;
and (3) when a spef dagnss s made, there may be n
effetve treatment. Empr therapy r n treatment may
be preferabe t surga ung bpsy n sme patents.
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Table 917. Idiopathic interstitial pneumonias.

Name and Clinical Presentation Histopathology Radiographic Pattern Response to Therapy and Prognosis

Usual interstitial pneumonia UIP
Age 55–60, slight male predominance. Insidious dry

cough and dyspnea lasting months to years.
Clubbing present at diagnosis in 25–50%. Diffuse
fine late inspiratory crackles on lung auscultation.
Restrictive ventilatory defect and reduced diffus-
ing capacity on pulmonary function tests. ANA
and RF positive in ~25% in the absence of docu-
mented collagen-vascular disease.

Patchy, temporally and geographically nonuniform
distribution of fibrosis, honeycomb change, and
normal lung. Type I pneumocytes are lost, and
there is proliferation of alveolar type II cells.
“Fibroblast foci” of actively proliferating fibro-
blasts and myofibroblasts. Inflammation is gen-
erally mild and consists of small lymphocytes.
Intra-alveolar macrophage accumulation is
present but is not a prominent feature.

Diminished lung volume. High-resolution
CT scanning shows increased linear or
reticular bibasilar and subpleural opaci-
ties, with associated honeycombing.
Unilateral disease is rare. Minimal
ground-glass. Areas of normal lung may
be adjacent to areas of advanced fibrosis.

No randomized study has demonstrated
improved survival compared with untreated
patients. Inexorably progressive. Median
survival ~3 years, depending on stage at
presentation. Nintedanib and pirfenidone
reduce rate of decline in lung function. Refer
early for lung transplantation evaluation.

Respiratory bronchiolitis–associated interstitial
lung disease RB-ILD1

Age 40–45. Presentation similar to that of UIP
though in younger patients. Similar results on
pulmonary function tests, but less severe abnor-
malities. Patients with respiratory bronchiolitis
are invariably heavy smokers.

Increased numbers of macrophages evenly dis-
persed within the alveolar spaces. Rare fibroblast
foci, little fibrosis, minimal honeycomb change.
In RB-ILD the accumulation of macrophages is
localized within the peribronchiolar air spaces; in
DIP1, it is diffuse. Alveolar architecture is
preserved.

High-resolution CT shows nodular or reticu-
lonodular pattern, more likely to reveal
diffuse ground-glass opacities. Honey-
combing is rare. May also show upper
lobe emphysema.

Spontaneous remission occurs in up to 20% of
patients, so natural history unclear. Smoking
cessation is essential. Prognosis clearly better
than that of UIP: median survival > 10 years.
Corticosteroids thought to be effective, but
there are no randomized clinical trials to sup-
port this view.

Acute interstitial pneumonia AIP
Clinically known as Hamman-Rich syndrome. Wide

age range, many young patients. Acute onset of
dyspnea followed by rapid development of respi-
ratory failure. Half of patients report a viral syn-
drome preceding lung disease. Clinical course
indistinguishable from that of idiopathic ARDS.

Pathologic changes reflect acute response to
injury within days to weeks. Resembles organiz-
ing phase of diffuse alveolar damage. Fibrosis
and minimal collagen deposition. May appear
similar to UIP but more homogeneous and there
is no honeycomb change—though this may
appear if the process persists for more than a
month in a patient on mechanical ventilation.

Diffuse bilateral airspace consolidation with
areas of ground-glass attenuation on
high-resolution CT scan.

Supportive care (mechanical ventilation) criti-
cal but effect of specific therapies unclear.
High initial mortality: 50–90% die within
2 months after diagnosis. Not progressive if
patient survives. Lung function may return
to normal or may be permanently impaired.

Nonspecific interstitial pneumonia NSIP
Age 45–55. Slight female predominance. Similar to

UIP but onset of cough and dyspnea over
months, not years.

Nonspecific in that histopathology does not fit into
better-established categories. Varying degrees of
inflammation and fibrosis, patchy in distribution
but uniform in time, suggesting response to sin-
gle injury. Most have lymphocytic and plasma
cell inflammation without fibrosis. Honeycomb-
ing present but scant. Some have advocated divi-
sion into cellular and fibrotic subtypes.

May be indistinguishable from UIP. Most
typical picture is bilateral areas of
ground-glass attenuation and fibrosis on
high-resolution CT. Honeycombing is
rare.

Treatment with corticosteroids thought to be
effective, but no prospective clinical studies
have been published. Overall prognosis good
but depends on the extent of fibrosis at
diagnosis. Median survival > 10 years.

Cryptogenic organizing pneumonia COP
Typically age 50–60 but wide variation. Abrupt

onset, frequently weeks to a few months follow-
ing a flu-like illness. Dyspnea and dry cough
prominent, but constitutional symptoms are
common: fatigue, fever, and weight loss. Pulmo-
nary function tests usually show restriction, but
up to 25% show concomitant obstruction.

Included in the idiopathic interstitial pneumonias
on clinical grounds. Buds of loose connective tis-
sue (Masson bodies) and inflammatory cells fill
alveoli and distal bronchioles.

Lung volumes normal. Chest radiograph
typically shows interstitial and parenchy-
mal disease with discrete, peripheral
alveolar and ground-glass infiltrates.
Nodular opacities common. High-
resolution CT shows subpleural
consolidation and bronchial wall
thickening and dilation.

Rapid response to corticosteroids in two-thirds
of patients. Long-term prognosis generally
good for those who respond. Relapses are
common.

1Includes desquamative interstitial pneumonia (DIP).
ANA, antinuclear antibody; ARDS, acute respiratory distress syndrome; RF, rheumatoid factor; UIP, usual interstitial pneumonia.
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» Treatment

Patents wth dffuse nterstta pneumna shud be
treated by a pumngst. Cna experene suggests
that patents wth RB-ILD, nnspef nterstta pneum-
na (NSIP), r COP (Tabe 9–17) frequenty respnd t
rtsterds and shud be gven a tra f therapy—
typay prednsne, 1–2 mg/kg/day fr a mnmum f
2 mnths. Crtsterd therapy s neffetve n patents
wth IPF and s nt remmended. Nntedanb and prfen-
dne are apprved fr the treatment f IPF based n n-
tred tras n hghy seeted patents shwng a
sgnfant redutn n ther rate f dene n ung fun-
tn. Nether agent mprved survva r quaty f fe
mpared wth n treatment, hwever. The ny defntve
treatment fr IPF s ung transpantatn, wth a 5-year
survva rate estmated at 50%.

» When to Refer

Patents wth dffuse nterstta pneumna shud be
referred eary t a pumngst fr expert dagnss and
management. Patents wth IPF shud be referred eary t
a ung transpant prgram fr evauatn.

Barratt SL et a. Idpath pumnary fbrss (IPF): an ver-
vew. J Cn Med. 2018;7:E201. [PMID: 30082599]

Lederer DJ et a. Idpath pumnary fbrss. N Eng J Med.
2018;378:1811. [PMID: 29742380]

Lunard F et a. Idpath pumnary fbrss and antfbrt
treatments: fus n expermenta studes. Arh Path Lab
Med. 2018;142:1090. [PMID: 30141997]

Raghu G et a. Effet f rembnant human pentraxn 2 vs pa-
eb n hange n fred vta apaty n patents wth d-
path pumnary fbrss: a randmzed na tra. JAMA.
2018;319:2299. [PMID: 29800034]

SARCOIDOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Symptoms related to the lung, skin, eyes, periph-
eral nerves, liver, kidney, heart, and other tissues.

» Demonstration of noncaseating granulomas in a
biopsy specimen.

» Exclusion of other granulomatous disorders.

» General Considerations

Sardss s a system dsease f unknwn etgy har-
aterzed n abut 90% f patents by granumatus
nfammatn f the ung. The ndene s hghest n Nrth
Ameran Baks and nrthern Eurpean Whtes; amng
Baks, wmen are mre frequenty affeted than men.
Onset f dsease s usuay n the thrd r furth deade.

» Clinical Findings

A. Symptoms and Signs

Patents may have maase, fever, and dyspnea f nsdus
nset. Symptms aused by skn nvvement (erythema
ndsum, upus pern [Fgure 9–6]), rts, perphera
neurpathy, arthrts (Chapter 20), r ardmypathy may
as prmpt the patent t seek are. Sme ndvduas are
asymptmat and me t meda attentn after abnr-
ma fndngs n hest radgraphs (typay batera har
and rght paratrahea ymphadenpathy). Physa fnd-
ngs are atypa f nterstta ung dsease n that rakes
are unmmn n hest examnatn. Other symptms

▲ Figure 9–5. Idiopathic pulmonary fibrosis. CT scan
of the lungs showing the typical radiographic pattern of
idiopathic pulmonary fibrosis, with a predominantly
basilar, peripheral pattern of traction bronchiectasis,
reticulation, and early honeycombing.

▲ Figure 9–6. Skin involvement in sarcoidosis (lupus
pernio), here involving the nasal rim. (Used, with permis-
sion, from Richard P. Usatine, MD, in Usatine RP, Smith MA,
Mayeaux EJ Jr, Chumley H. The Color Atlas and Synopsis of
Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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and fndngs may nude partd gand enargement, hepa-
tspenmegay, and ymphadenpathy.

B. Laboratory Findings

Labratry tests may shw eukpena, an eevated eryth-
ryte sedmentatn rate, and hyperaema (abut 5% f
patents) r hyperaura (20%). Angtensn-nvertng
enzyme (ACE) eves are eevated n 40–80% f patents
wth atve dsease. Ths fndng s nether senstve nr
spef enugh t have dagnst sgnfane. Phys-
g testng may revea evdene f arfw bstrutn,
but restrtve hanges wth dereased ung vumes and
dffusng apaty are mre mmn. Skn test anergy s
present n 70%. ECG may shw ndutn dsturbanes
and dysrhythmas.

C. Imaging

Radgraph fndngs are varabe and nude batera
har adenpathy ane (radgraph stage I), har ade-
npathy and parenhyma nvvement (radgraph
stage II), r parenhyma nvvement ane (radgraph
stage III). Parenhyma nvvement s usuay manfested
radgraphay by dffuse retuar nftrates, but fa
nftrates, anar shadws, ndues, and, rarey, avtatn
may be seen. Peura effusn s nted n ess than 10% f
patents. Stage IV dsease refers t advaned fbrt
hanges prnpay n the upper bes.

D. Special Examinations

The dagnss f sardss generay requres hstg
demnstratn f nnaseatng granumas n bpses
frm a patent wth ther typa assated manfestatns.
Other granumatus dseases (eg, beryss, tuberu-
ss, funga nfetns) and ymphma must be exuded.
Bpsy f easy aessbe stes (eg, papabe ymph ndes,
skn esns, r savary gands) s key t be pstve.
Transbrnha ung bpsy has a hgh yed (75–90%) as
we, espeay n patents wth radgraph evdene f
parenhyma nvvement. Sme nans beeve that ts-
sue bpsy s nt neessary when stage I radgraph fnd-
ngs are deteted n a na stuatn that strngy favrs
the dagnss f sardss (eg, a yung Bak wman wth
erythema ndsum). Bpsy s essenta whenever na
and radgraph fndngs suggest the pssbty f an
aternatve dagnss, suh as ymphma. BAL fud n sar-
dss s usuay haraterzed by an nrease n ymph-
ytes and a hgh CD4/CD8 e rat. BAL des nt
estabsh a dagnss but may be usefu n fwng the
atvty f sardss n seeted patents. A patents
requre a mpete phthamg evauatn. Carda
magnet resnane magng (MRI) s favred ver ps-
trn emssn tmgraphy (PET) san fr patents wth
suspeted arda nvvement.

» Treatment

Indatns fr treatment wth ra rtsterds (predn-
sne, 0.5–1.0 mg/kg/day) nude dsabng nsttutna
symptms, hyperaema, rts, uvets, arthrts, entra

nervus system nvvement, arda nvvement, granu-
matus hepatts, utaneus esns ther than erythema
ndsum, and prgressve pumnary esns. Lng-term
therapy s usuay requred ver mnths t years. Immun-
suppressve medatns, mst mmny methtrexate,
azathprne, r nfxmab, are used n patents wh are
nterant f rtsterds r wh have rtsterd-
refratry dsease, but sund na researh t supprt
spef agents s akng. A favrabe respnse s defned by
a derease n symptms, redutn f radgraph abnr-
mates, and mprvement n pumnary funtn tests.

» Prognosis

The utk s best fr patents wth har adenpathy
ane; radgraph nvvement f the ung parenhyma s
assated wth a wrse prgnss. Erythema ndsum
prtends a gd utme. Abut 20% f patents wth ung
nvvement suffer rreversbe ung mparment, hara-
terzed by prgressve fbrss, brnhetass, and avta-
tn. Pneumthrax, hemptyss, myetma frmatn n
ung avtes, and respratry faure ften mpate ths
advaned stage. Myarda sardss urs n abut 5%
f patents, smetmes eadng t restrtve ardmypa-
thy, arda dysrhythmas, and ndutn dsturbanes.
Death frm respratry nsuffeny urs n abut 5% f
patents.

Patents requre ng-term fw-up. At a mnmum,
patents shud underg physa examnatn, pumnary
funtn tests, hemstry pane, phthamg evaua-
tn, hest radgraph, and ECG yeary. Assessment f
pumnary hypertensn s remmended n advaned
dsease.

Cruser ED et a. Dagnss and detetn f sardss. An
Offa Ameran Thra Sety Cna Prate Gude-
ne. Am J Respr Crt Care Med. 2020;201:e26. [PMID:
32293205]

Grunewad J et a. Sardss. Nat Rev Ds Prmers. 2019;5:45.
[PMID: 31273209]

Labres M et a. Synthet pharmatherapy fr pumnary sar-
dss. Expert Opn Pharmather. 2019;20:1397. [PMID:
31090462]

Lans O et a. Sardss. Med Cn Nrth Am. 2019;103:527.
[PMID: 30955519]

Pattersn KC et a. The pathgeness f pumnary sardss
and mpatns fr treatment. Chest. 2018;153:1432.
[PMID: 29224832]

Ungprasert P et a. Cna manfestatns, dagnss, and treat-
ment f sardss. May Cn Pr Innv Qua Outmes.
2019;3:358. [PMID: 31485575]

PULMONARY ALVEOLAR PROTEINOSIS

Pumnary avear prtenss s a rare dsease n whh
perd ad-Shff (PAS)-pstve phsphpds aumu-
ate wthn avear spaes. The ndtn may be prmary
(dpath) r sendary (urrng n mmundef-
eny; hematg magnanes; nhaatn f mnera
dusts; r fwng ung nfetns, nudng tuberuss
and vra nfetns). Prgressve dyspnea s the usua pre-
sentng symptm, and hest radgraph shws batera
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avear nftrates suggestve f pumnary edema. The
dagnss s based n demnstratn f haraterst fnd-
ngs n BAL (mky appearane and PAS-pstve ppr-
tenaeus matera) n assatn wth typa na and
radgraph features. In sendary dsease, an eevated
ant-GM-CSF (ant-granuyte-marphage ny-
stmuatng fatr) tter n serum r BAL fud s hghy
senstve and spef. In sme ases, transbrnha r
surga ung bpsy (reveang amrphus ntra-avear
phsphpd) s neessary.

The urse f the dsease vares. Sme patents exper-
ene spntaneus remssn; thers devep prgressve
respratry nsuffeny. Pumnary nfetn wth
Nocardia r fung may ur. Therapy fr avear prten-
ss nssts f perd whe-ung avage. Patents wh
annt terate whe ung avage r wh fa t respnd
may beneft frm nhaatna r subutaneus GM-CSF.

Kumar A et a. Pumnary avear prtenss n aduts: path-
physgy and na apprah. Lanet Respr Med. 2018;6:
554. [PMID: 29397349]

Savaterra E et a. Pumnary avear prtenss: frm assfa-
tn t therapy. Breathe (Sheff). 2020;16:200018. [PMID:
32684997]

Trapne BC et a. Pumnary avear prtenss. Nat Rev Ds
Prmers. 2019;5:16. [PMID: 30846703]

EOSINOPHILIC PULMONARY SYNDROMES

Esnph pumnary syndrmes are a dverse grup f
dsrders typay haraterzed by esnph pum-
nary nftrates, dyspnea, and ugh. Many patents have
nsttutna symptms, nudng fever. Cmmn auses
nude expsure t medatns (ntrfurantn, phenyt-
n, ampn, aetamnphen) r nfetn wth he-
mnths (eg, Ascaris, hkwrms, Strongyloides) r farae
(eg, Wuchereria bancrofti, Brugia malayi, trpa pum-
nary esnpha). Löffler syndrome refers t aute esn-
ph pumnary nftrates n respnse t transpumnary
passage f hemnth arvae. Pumnary esnpha an
as be a feature f ther nesses, nudng aerg brn-
hpumnary myss, esnph granumatss wth
pyangts, system hyperesnph syndrmes, esn-
ph granuma f the ung (prpery referred t as pu-
mnary Langerhans e hstytss), nepasms, and
numerus nterstta ung dseases. If an extrns ause s
dentfed, therapy nssts f remva f the ffendng
medatn r treatment f the underyng parast
nfetn.

One-thrd f ases are dpath, and there are tw
mmn syndrmes. Acute eosinophilic pneumonia s an
aute, febre ness haraterzed by ugh and dyspnea,
smetmes rapdy prgressng t respratry faure. The
hest radgraph s abnrma but nnspef. BAL fud
frequenty shws esnpha but perphera bd esn-
pha s rare at the nset f symptms. The respnse t
rtsterds s usuay dramat. Chronic eosinophilic
pneumonia s seen predmnanty n wmen and s har-
aterzed by fever, nght sweats, weght ss, and dyspnea.
Asthma s present n haf f ases. Chest radgraphs ften
shw perphera nftrates, the “phtgraph negatve” f

pumnary edema. BAL typay has a marked esn-
pha; perphera bd esnpha s present n greater
than 80%. Therapy wth ra prednsne (1 mg/kg/day fr
1–2 weeks, fwed by a gradua taper ver many mnths)
usuay resuts n dramat mprvement; hwever, mst
patents requre at east 10–15 mg f prednsne every
ther day fr a year r mre (smetmes ndefntey) t
prevent reapses.

Barta C et a. Drug-ndued esnph pneumna: a revew
f 196 ase reprts. Medne (Batmre). 2018;97:e9688.
[PMID: 29369189]

De Gam F et a. Aute esnph pneumna. Causes,
dagnss, and management. Am J Respr Crt Care Med.
2018;197:728. [PMID: 29206477]

Suzuk Y et a. Esnph pneumna: a revew f the prevus
terature, auses, dagnss, and management. Aerg Int.
2019;68:413. [PMID: 31253537]

Zmmermann N et a. Hyperesnph syndrme n the df-
ferenta dagnss f pumnary nftrates wth esnpha.
Ann Aergy Asthma Immun. 2018;121:179. [PMID:
29803709]

º
DISORDERS OF THE PULMONARY
CIRCULATION

PULMONARY VENOUS THROMBOEMBOLISM

E S S E N T I A L S  O F  D I A G N O S I S

» Third most common cardiovascular cause of death
in the United States.

» May present with one or more of the following:
dyspnea, pleuritic chest pain, hemoptysis,
syncope.

» Tachypnea, tachycardia, hypoxia (alone or in any
combination).

» Risk stratification with clinical scores, cardiac bio-
markers, and right ventricular imaging is key for
management.

» General Considerations

Pumnary venus thrmbembsm (VTE), ften
referred t as pumnary embsm (PE), s a mmn,
serus, and ptentay fata mpatn f thrmbus
frmatn wthn the deep venus ruatn. PE s the
thrd eadng ause f death amng hsptazed patents.
Despte ths prevaene, mst ases are nt regnzed
antemrtem, and ess than 10% f patents wth fata
emb have reeved spef treatment fr the ndtn.
Management demands a vgant systemat apprah t
dagnss and an understandng f rsk fatrs s that
apprprate therapy an be ntated.

Many substanes an embze t the pumnary ru-
atn, nudng ar (durng neursurgery, frm entra
venus atheters), amnt fud (durng atve abr), fat
(ng bne fratures), fregn bdes (ta n njetn drug
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users), paraste eggs (shstsmass), sept emb (aute
nfetve endardts), and tumr es (rena e ar-
nma). The mst mmn embus s thrmbus, whh
may arse anywhere n the venus ruatn r rght heart
but mst ften rgnates n the deep vens f the wer
extremtes. Thrmb nfned t the af rarey embze
t the pumnary ruatn. Hwever, abut 20% f af
ven thrmb prpagate prxmay t the pptea and
femra vens, at whh pnt they may break ff and
embze t the pumnary ruatn. Pumnary emb
w devep n 50–60% f patents wth prxma deep
venus thrmbss (DVT); haf f these emb events
w be asymptmat. Apprxmatey 50–70% f patents
wh have symptmat pumnary emb w have wer
extremty DVT when evauated.

PE and DVT are tw manfestatns f the same ds-
ease. The rsk fatrs fr PE are the rsk fatrs fr thrm-
bus frmatn wthn the venus ruatn: venus
stass, njury t the vesse wa, and hyperaguabty
(Vrhw trad). Venus stass nreases wth mmbty
(besty, strke, bed rest—espeay pstperatve),
hypervssty (pyythema), and nreased entra
venus pressures (w arda utput states, pregnany).
Vesses may be damaged by prr epsdes f thrmbss,
rthped surgery, r trauma. Hyperaguabty an be
aused by medatns (ra ntraeptves, hrmna
repaement therapy) r dsease (magnany, surgery) r
may be the resut f nherted gene defets. The mst m-
mn nherted ause n Whte ppuatns s resstane t
atvated prten C, as knwn as fatr V Leden. The
trat (heterzygus) s present n apprxmatey 3% f
heathy Ameran men, but many f these ndvduas w
never have a VTE. Other thrmbphas nude defen-
es r dysfuntn f prten C, prten S, and antthrm-
bn; prthrmbn gene mutatn; and the presene f
antphsphpd antbdes (upus antaguant and
antardpn antbdy).

PE has mutpe physg effets. Physa bstru-
tn f the vasuar bed and vasnstrtn frm neur-
humra refexes bth nrease pumnary vasuar
resstane. Thrmbus usn f greater than 20–25% f
vasuar bed auses rght ventruar datn r dysfun-
tn. Vasuar bstrutn nreases physg dead spae
(wasted ventatn) and eads t hypxema thrugh rght-
t-eft shuntng, dereased arda utput, and surfatant
depetn ausng ateetass. Refex brnhnstrtn
prmtes wheezng and nreased wrk f breathng.

» Clinical Findings

A. Symptoms and Signs

The na dagnss f PE s ntrusy dffut fr tw
reasns. Frst, the na symptms depend n bth the sze
f the embus and the patent’s preexstng ardpum-
nary status. Send, mmn symptms and sgns f pu-
mnary emb are nt spef t ths dsrder (Tabe 9–18).

Sme fndngs are fary senstve: dyspnea and pan n
nspratn ur n 75–85% and 65–75% f patents,
respetvey, but n snge symptm r sgn r mbnatn
f na fndngs s spef t PE. Dagnss prmary

rees n na predtn sres t auate the pretest
prbabty f PE. Wes sre s mst mmny used and
quantfes na rsk assessment, awng separatn f
patents nt w, ntermedate, r hgh prbabty grups,
r PE-key r PE-unkey grups (Tabe 9–19).

B. Laboratory Findings

The ECG s abnrma n 70% f patents wth PE. Hw-
ever, the mst mmn abnrmates are snus tahyar-
da and nnspef ST and T wave hanges, eah seen n
apprxmatey 40% f patents. Fve perent r ess f
patents n the PIOPED I study had P pumnae, rght
ventruar hypertrphy, rght axs devatn, and rght
bunde branh bk.

ABGs usuay revea aute respratry akass due t
hyperventatn. The artera Po

2
and the avear-artera

xygen dfferene (A–a–Do
2
) are usuay abnrma n

patents wth PE mpared wth heathy, age-mathed n-
trs. Hwever, ABGs are nt dagnst: amng patents
wh were evauated n the PIOPED I study, nether the Po

2

nr the A–a–Do
2

dfferentated between thse wth and
thse wthut pumnary emb. Prfund hypxa wth a
nrma hest radgraph n the absene f preexstng ung
dsease s hghy suspus fr PE.

Pasma eves f D-dimer, a degradatn prdut f
rss-nked fbrn, are eevated n the presene f thrm-
bus. A D-dmer f ess than 500 ng/mL may be used t
exude the dagnss f PE n thse patents wh have w
pretest prbabty f PE r are PE-unkey n Wes sre.
Addtnay, an age-adjusted D-dmer vaue has nreased
spefty than the usuay spefed utff. Due t muh
hgher fase-pstve rates, D-dmer s nt usefu n the
hspta settng.

Serum trpnn I, trpnn T, and pasma B-type natr-
uret peptde (BNP) eves are eevated n apprxmatey
25% f patents wth PE and are usefu n the rsk stratfa-
tn f PE beause they rreate wth adverse utmes,
nudng mehana ventatn, prnged hsptaza-
tn, and death.

C. Imaging and Special Examinations

1. Chest radiography—The hest radgraph s neessary
t exude ther mmn ung dseases, but t des nt
estabsh the dagnss f PE by tsef. The hest radgraph
was nrma n ny 12% f patents wth nfrmed PE n
the PIOPED I study. The mst frequent fndngs were ate-
etass, parenhyma nftrates, and peura effusns. Hw-
ever, the prevaene f these fndngs was the same n
hsptazed patents wthut PE. A prmnent entra pu-
mnary artery wth a gema (Westermark sgn) r
peura-based areas f nreased paty that represent
ntraparenhyma hemrrhage (Hamptn hump) are
unmmn. Paradxay, the hest radgraph may be
mst suggestve f PE when nrma n the settng f
hypxema.

2. Pulmonary CTangiography—Hea CT-PA s the gd
standard dagnst study n Nrth Amera fr suspeted
PE due t ts hgh senstvty and spefty as we as wde
avaabty arss hsptas. CT-PA requres admnstratn
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f ntravenus radntrast dye but s therwse nnnva-
sve. Patents wth ntermedate- r hgh-pretest prbabty
f PE (r PE-key) r thse wth an eevated D-dmer
shud underg a CT-PA.

3. Ventilationperfusion V/Q lung scanning—V
.
/Q

.
san-

nng may be used as an aternatve t CT-PA n patents n
whm ntrast s ntrandated, suh as severe ntrast-
ndued anaphyaxs r kdney dysfuntn. V

.
/Q

.
sannng

s perfrmed by njetng radabeed mraggregated
abumn nt the venus system, awng the partes t
embze t the pumnary apary bed (perfusn); the
patent breathes a radatve gas r aers whe the dstr-
butn f radatvty n the ungs s rerded (ventatn).
A defet n perfusn wthut a rrespndng defet n
ventatn may ndate a PE but s nt spef fr the
dagnss. In PIOPED, V

.
/Q

.
sans were nterpreted as hgh,

ntermedate, r w prbabty f PE. A nrma V
.
/Q

.
san

exudes the dagnss f nay sgnfant PE (negatve
predtve vaue f 91% n the PIOPED I study). Therefre,
V
.
/Q

.
sans are mst hepfu when they are ether nrma r

ndate a hgh prbabty f PE.

4. Venous thrombosis studies—Seventy perent f
patents wth PE w have DVT n evauatn. Venous
ultrasonography s the test f he t detet prxma
DVT. Inabty t mpress the mmn femra r pp-
tea vens n symptmat patents s dagnst (pstve
predtve vaue f 97%); fu mpressbty f bth stes
exudes prxma DVT (negatve predtve vaue f 98%).
The test s ess aurate n dsta thrmb, reurrent
thrmb, r n asymptmat patents.

Cntrast vengraphy may be used t dagnse ntrau-
mna fng defets, thugh the test s very nfrequenty
used exept n mpex stuatns when there s dsrep-
any between na suspn and venus utrasund
resuts.

5. Pulmonary angiography—Pumnary anggraphy s
the hstra referene standard fr the dagnss f PE.
At present, pumnary anggraphy s ny used durng
atheter-dreted therapy (fr admnstratn f a thrm-
byt r fr mehana thrmbetmy) n the treatment
f aute PE r t nfrm the dagnss f hrn PE n
hrn thrmbemb pumnary hypertensn.

. .

Table 918. Frequency of specific symptoms and signs in patients at risk for pulmonary thromboembolism.

UPET1

PE+ n = 327

PIOPED I2

PE+ n = 117

PIOPED I2

PE– n = 248

Symptoms

Dyspnea 84% 73% 72%

Respirophasic chest pain 74% 66% 59%

Cough 53% 37% 36%

Leg pain NR 26% 24%

Hemoptysis 30% 13% 8%

Palpitations NR 10% 18%

Wheezing NR 9% 11%

Anginal pain 14% 4% 6%

Signs

Respiratory rate ≥ 16 UPET, ≥ 20 PIOPED I 92% 70% 68%

Crackles (rales) 58% 51% 40%3

Heart rate ≥ 100/min 44% 30% 24%

Fourth heart sound (S
4
) NR 24% 13%3

Accentuated pulmonary component of second heart sound (S
2
P) 53% 23% 13%3

T ≥ 37.5°C UPET, ≥ 38.5°C PIOPED 43% 7% 12%

Homans sign NR 4% 2%

Pleural friction rub NR 3% 2%

Third heart sound (S
3
) NR 3% 4%

Cyanosis 19% 1% 2%

1Data from the Urokinase-Streptokinase Pulmonary Embolism Trial (UPET), as reported in Bell WR et al. The clinical features of submassive

and massive pulmonary emboli. Am J Med. 1977;62:355.
2Data from patients enrolled in the PIOPED I study, as reported in Stein PD et al. Clinical, laboratory, roentgenographic, and electrocardio-

graphic findings in patients with acute pulmonary embolism and no preexisting cardiac or pulmonary disease. Chest. 1991;100:598.
3P < 0.05 comparing to patients in the PIOPED I study.

PE+, confirmed diagnosis of pulmonary embolism; PE–, diagnosis of pulmonary embolism ruled out; NR, not reported.
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» Integrated Approach to Diagnosis
of Pulmonary Embolism

The dagnss f PE uses the na kehd derved frm
na predtn rues, suh as Wes sre (Tabe 9–19)
ang wth the resuts f dagnst tests, suh as D-dmer, t
estabsh a pretest prbabty f PE. The dea dagnst
apprah s a st-effetve, stepwse sequene t me t
these desn pnts at mnma rsk t the patent.

In patents wth w pretest prbabty, a nrma
D-dmer rues ut presene f PE. The Pumnary Emb-
sm Rue-ut Crtera (PERC) may be used t dentfy
patents fr whm n testng s ndated (Tabe 9–20).
Imagng s remmended fr patents wth w r nterme-
date pretest prbabty (r PE-unkey) and a pstve
D-dmer r thse wth hgh pretest prbabty (r
PE-key).

» Risk Stratification of Pulmonary Embolism

After a PE dagnss s made, the next step s rsk stratfa-
tn, sne ths w gude management. There are three at-
egres based n mrtaty data: hgh-rsk, ntermedate-rsk,
and w-rsk PE. Patents wth hgh-rsk PE, as knwn as
massve PE, have hemdynam mprmse, defned as
syst bd pressure ess than 90 mm Hg r a syst
bd pressure drp by 40 mm Hg r mre fr nger than

15 mnutes, requrng a vaspressr, r ausng a arda
arrest. Patents wth an ntermedate-rsk PE, as knwn as
submassve PE, are hemdynamay stabe but d have
sgns f rght ventruar stran r dysfuntn, ether by
magng (CT-PA r ehardgram) r arda bmarkers
(trpnn r BNP). Patents wth w-rsk PE have nrm-
tensn wthut sgns f rght ventruar dysfuntn.

PE severty sres, suh as PE Severty Sre Index
(PESI) r the smpfed PESI, mpe usefu patent har-
atersts that predt patent utme. Suh sres may
as be used t dede whh patents may be apprprate
fr utpatent PE treatment. Imagng f the rght ventre,
usuay usng CT-PA r ehardgram and arda b-
markers (trpnn and/r BNP) are ther usefu ts that
may hep predt adverse utmes.

» Prevention

VTE s ften nay sent unt t presents wth sgnf-
ant mrbdty r mrtaty. It s a prevaent dsease, eary
assated wth dentfabe rsk fatrs. Patents at hghest
rsk nude thse wth rta ness, aner, strke, my-
arda nfartn, d age (greater than 75 years), pr-
nged mmbty, besty, kdney dsease, prevus VTE,
and hyperaguabe states. Hsptazed patents wth ne
r mre f these rsk fatrs and an aute meda ness
shud reeve pharmag thrmbprphyaxs.

Dsussn f strateges fr the preventn f VTE an
be fund n Chapter 14.

» Treatment

A. Anticoagulation

Antaguatn s the manstay therapy fr VTE. It
mpedes addtna thrmbus frmatn, awng endg-
enus fbrnyt mehansms t yse exstng t,
dereasng mrtaty and reurrene f PE. Intatn f
antaguatn shud be nsdered even prr t a n-
frmed dagnss when there s hgh na suspn and
w rsk f beedng.

Table 919. Clinical prediction rule for pulmonary
embolism (PE).

Variable Points

Clinical symptoms and signs of deep venous

thrombosis (DVT) (leg swelling and pain with

palpation of deep veins)

3.0

Alternative diagnosis less likely than PE 3.0

Heart rate > 100 beats/min 1.5

Immobilization for > 3 days or surgery in previous

4 weeks

1.5

Previous PE or DVT 1.5

Hemoptysis 1.0

Cancer (with treatment within past 6 months or

palliative care)

1.0

Three-tiered clinical probability assessment

Wells criteria

Score

High > 6.0

Moderate 2.0 to 6.0

Low < 2.0

Dichotomous clinical probability assessment

Modified Wells criteria

Score

PE likely > 4.0

PE unlikely < or = 4.0

Data from Wells PS et al. Derivation of a simple clinical model to

categorize patients’probability of pulmonary embolism: increasing

the models’ utility with the SimpliRED D-dimer. Thromb Haemost.

2000;83:416.

Table 920. Pulmonary embolism rule-out criteria
(PERC) for low-risk patients.

For patients with a Modified Wells Score ≤ 41 who meet ALL of the

following criteria, PE is excluded, monitor off anticoagulation,

and search for alternative diagnoses.

• Age < 50 years

• Heart rate < 100 bpm

• Oxyhemoglobin saturation on room air ≥ 95%

• No prior history of venous thromboembolism

• No recent (within 4 weeks) trauma or surgery requiring

hospitalization

• No presenting hemoptysis

• No estrogen therapy

• No unilateral leg swelling

1See Table 9–19.

Data from Kline JA et al. Impact of a rapid rule-out protocol for

pulmonary embolism on the rate of screening, missed cases, and

pulmonary vascular imaging in an urban US emergency room.

Ann Emerg Med. 2004;44:490.
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Unfratnated heparn bnds t and aeerates the
abty f antthrmbn t natvate thrmbn, fatr Xa,
and fatr IXa. Cmpared t unfratnated heparn, w-
meuar-weght heparns (LMWHs) are as effetve but
have faster therapeut atvty n the treatment f VTE.
Dret-atng ra antaguants (DOACs) ffer predt-
abe pharmaknets and pharmadynams wth fxed
dsng, few drug nteratns, and reatvey shrt haf-fe.
DOACs are remmended as frst-ne antaguatn fr
mst patents.

The ptma duratn f antaguatn therapy fr
venus thrmbembsm depends n the rsk fatrs fr
VTE reurrene. Extended antaguatn shud be n-
sdered fr patents wth n dentfabe rsk fatr fr the
ndex PE event, thse wth a persstent rsk fatr, reur-
rent VTE, r thse wth a mnr rsk fatr (suh as mm-
bty due t prnged ar r ar trave, besty, pregnany,
r nreased age). Hwever, thse wth majr transent/
reversbe rsk fatrs (suh as frature f wer mb; hp r
knee surgery; r hsptazatn fr heart faure, atra
fbratn, r myarda nfartn) may be nsdered
fr dsntnuatn f antaguatn after 3 mnths.
Addtnay, duratn f therapy needs t take nt nsd-
eratn the patent’s age, kehd and ptenta nse-
quenes f hemrrhage, and preferenes fr ntnued
therapy. The D-dmer eve measured a mnth after stp-
png antaguant therapy as we as the patent’s sex may
nfuene whether t dsntnue r restart treatment.
Patents wh ntnue t reeve antaguatn ng term
shud be reassessed fr venus thrmbss perday (at
east annuay).

The majr mpatn f antaguatn s hemr-
rhage. Rsk fatrs fr hemrrhage nude the ntensty f
the antaguatn; duratn f therapy; nmtant
admnstratn f medatns, suh as asprn, that nter-
fere wth pateet funtn; and patent haratersts,
partuary nreased age, prevus gastrntestna hem-
rrhage, and exstent kdney r ver dsease.

B. Thrombolytic Therapy

Streptknase, urknase, and rembnant tssue pasmn-
gen atvatr (rt-PA; atepase) nrease pasmn eves and
thereby drety yse ntravasuar thrmb aeeratng
resutn f emb. Gudenes supprt system thrm-
byss fr hgh-rsk r massve PE (hemdynamay
unstabe) wth w rsk f beedng. Intermedate-rsk r
submassve PE patents (hemdynamay stabe wth ev-
dene f rght heart stran) d nt have a mrtaty beneft
wth thrmbyt therapy but d have a sgnfant derease
n ndene f hemdynam apse, athugh they d
have an nrease n majr hemrrhag mpatns,
nudng ntrarana hemrrhage. Absute ntranda-
tns t thrmbyt therapy nude atve beedng and
strke wthn the past 3 mnths. Reatve ntrandatns
nude unntred hypertensn and surgery r trauma
wthn the past 4 weeks.

Catheter-dreted thrmbyss devers w-dse
thrmbyt drety nt the PE, thereby reversng rght
ventruar datn faster than antaguatn ane. Ths
predure may be nsdered fr patents wth hgh-rsk

PE (thugh wth hgher rsks f beedng) and fr thse
wth ntermedate-rsk PE at nreased rsk f hemdy-
nam apse.

C. Additional Measures

Mehana pumnary embetmy r surga embe-
tmy may be nsdered fr seeted patents wth ntra-
ndatns t thrmbyss r faure f thrmbyss.

Inferr vena ava fters shud be nserted n patents
wth ntrandatns t antaguatn and thse wth
reurrent PE despte adequate antaguatn. Cnsder-
atn shud be gven fr thse wth aute PE and presene
f free-fatng prxma end DVT, sne t arres an
nreased rsk f embzatn. One paed, t must be
assessed fr remva at the earest pprtunty.

» Prognosis

PE s estmated t ause mre than 50,000–100,000 deaths
annuay n the Unted States. Statsts hghght the
mprtane f preventve therapy n hgh-rsk patents
(Chapter 14). The utk fr mst patents s generay
gd. Hwever, mrtaty fr ntermedate-rsk (submas-
sve) PE r hgh-rsk (massve) PE may be as hgh as 20%
and 50%, respetvey. Therefre, eary dagnss and rsk
stratfatn are key. Survvrs may have ng-term
sequeae f PE, suh as exerse nterane, hrn
thrmbemb dsease, and hrn thrmbemb
pumnary hypertensn. Therefre, fw-up are t
assess whether patents have persstent r reurrent symp-
tms s very mprtant.

» When to Admit

Mst patents wth aute PE requre hsptazatn. The
desn t admt patents wth aute PE requres assess-
ment f fatrs pang them at hgh rsk, nudng ther
severty f ness (eg, severe hypxema), mrbdtes (eg,
DVT, arda dysfuntn), eduatna needs (eg, ak f
knwedge abut PE and ts management), and/r prb-
emat sa stuatns (eg, prr nnmpane wth f-
w-up are). Carefuy seeted patents wth w-rsk PE
an be safey and effetvey managed as utpatents wth
the ad f ntegrated na desn supprt systems.

Kahn SR et a. Interventns fr mpementatn f thrmbpr-
phyaxs n hsptazed patents at rsk fr venus thrmb-
embsm. Chrane Database Syst Rev. 2018;4:CD008201.
[PMID: 29687454]

Kearn C et a. Antthrmbt therapy fr VTE dsease: CHEST
Gudene and Expert Pane Reprt. Chest 2016;149:315.
[PMID: 26867832]

Kearn C et a. Lng-term treatment f venus thrmbemb-
sm. Bd. 2020;135:317. [PMID: 31917402]

Knstantndes SV et a. 2019 ESC Gudenes fr the dagnss
and management f aute pumnary embsm deveped n
abratn wth the Eurpean Respratry Sety (ERS).
Eur Heart J. 2020;41:543. [PMID: 31473594]

Rvera-Lebrn BN et a. Dagnss, treatment and fw up f
aute pumnary embsm: nsensus statement frm the
PERT Cnsrtum. Cn App Hemst. 2019;25:
1076029619853037. [PMID: 31185730]
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PULMONARY HYPERTENSION

E S S E N T I A L S  O F  D I A G N O S I S

» Dyspnea, fatigue, chest pain, and syncope on
exertion.

» Narrow splitting of second heart sound with loud
pulmonary component; findings of right ventricu-
lar hypertrophy and heart failure in advanced
disease.

» Electrocardiographic evidence of right ventricular
strain or hypertrophy and right atrial enlargement.

» Enlarged central pulmonary arteries on chest
radiograph.

» Elevated right ventricular systolic pressure, right
ventricular dilation or dysfunction on two-
dimensional echocardiography with Doppler flow
studies.

» General Considerations

Pumnary hypertensn s a mpex prbem harater-
zed by pathg eevatn n pumnary artera pres-
sure. Nrma pumnary artery syst pressure at rest s
15–30 mm Hg, wth a mean pressure between 10 mm Hg
and 18 mm Hg. The pumnary ruatn s a w-
pressure, w-resstane system due t ts arge rss-
setna area, and t an ammdate sgnfant nrease
n bd fw durng exerse. The prmary pathg
mehansm n pumnary hypertensn s an nrease n
pumnary vasuar resstane that eads t an nrease n
the pumnary syst pressure. Pumnary hypertensn
s defned by a mean pumnary artera pressure f 20 mm
Hg r mre n a restng arda atheterzatn.

The WHO/New Yrk Heart Assatn (NYHA) fun-
tna ass urrenty assfes pumnary hypertensn
based n smartes n pathg mehansms and
nudes the fwng fve grups.

Group 1 (pumnary artera hypertensn [PAH]): Ths
grup gathers dseases that aze drety t the pum-
nary arteres eadng t strutura hanges, smth muse
hypertrphy, and endthea dysfuntn. Ths grup
nudes dpath (frmery prmary) PAH; hertabe PAH;
drug- and txn-ndued PAH; PAH assated wth HIV
nfetn, prta hypertensn, nnetve tssue dsrders
(mst mmny serderma), ngenta heart dsease,
shstsmass; and PAH wth features f ven-usve
dsease and pumnary apary hemangmatss. PAH s
defned n a restng arda atheterzatn by a mean pum-
nary artera pressure f 20 mm Hg r mre wth a pumnary
apary wedge pressure f 15 mm Hg r ess and a pum-
nary vasuar resstane f 3 Wd unts (WU) r mre.

Group 2 (pumnary venus hypertensn due t eft
heart dsease): Ths grup nudes eft ventruar syst
r dast dysfuntn and vavuar heart dsease.

Group 3 (pumnary hypertensn due t ung dsease
r hypxema): Ths grup s aused by advaned

bstrutve and restrtve ung dsease, nudng COPD,
nterstta ung dsease, pumnary fbrss as we as ther
auses f hrn hypxema, suh as seep-dsrdered
breathng, avear hypventatn syndrmes, and hgh-
attude expsure.

Group 4 (pumnary hypertensn due t pumnary
bstrutn): Ths grup prmary nudes hrn thrm-
bemb pumnary hypertensn but as nudes ther
auses f pumnary bstrutns, suh as sarma, meta-
stat magnanes, and ngenta pumnary artery
stenss.

Group 5 (pumnary hypertensn sendary t unear
r mutfatra mehansms): These patents have pum-
nary hypertensn sendary t hematg dsrders (eg,
hrn hemyt anema, ske e anema, myeprf-
eratve dsrders, spenetmy), system dsrders (eg,
sardss, vasuts, pumnary Langerhans e hsty-
tss, neurfbrmatss type 1), metab dsrders (eg,
gygen strage dsease, Gauher dsease, thyrd dsease),
and mseaneus auses (eg, end-stage rena dsease wth
r wthut hemdayss, fbrsng medastnts).

The na severty f pumnary hypertensn s as-
sfed ardng t the NYHA assfatn system, whh
was rgnay deveped fr heart faure but subsequenty
mdfed by the WHO; t s based prmary n symptms
and funtna status.

Class I: N mtatn f physa atvty; n dyspnea,
fatgue, hest pan, r near synpe s present wth
exertn.

Class II: Sght mtatn f physa atvty; n symp-
tms at rest, but rdnary physa atvty auses dyspnea,
fatgue, hest pan, r near synpe.

Class III: Marked mtatn f physa atvty; n
symptms at rest, but ess than rdnary atvty auses
dyspnea, fatgue, hest pan, r near synpe.

Class IV: Inabty t perfrm any physa atvty
wthut symptms; dyspnea and fatgue are present at rest
and symptms wrsen wth any atvty.

» Clinical Findings

A. Symptoms and Signs

There are n spef symptms r sgns f pumnary
hypertensn, whh may deay ts dagnss and sgnf-
anty affet ts mrtaty. Typa symptms nude dys-
pnea wth exertn and wth advaned dsease, at rest.
Patents may have angna pan, nnprdutve ugh,
maase, and fatgue. Synpe may ur wth exertn
when there s nsuffent arda utput r f there s an
arrhythma.

Fndngs n physa examnatn an nude juguar
venus dstentn, aentuated pumnary vave mp-
nent f the send heart sund, rght-sded thrd heart
sund, truspd regurgtatn murmur, hepatmegay, and
wer extremty edema.

B. Laboratory Findings

Rutne bd wrk s ften nrma. BNP r pr-BNP may
be eevated. A patents shud be evauated fr HIV, ver
dysfuntn, and nnetve tssue dsrders.
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The ECG s typay nrma exept n advaned ds-
ease, where rght ventruar hypertrphy (rght axs deva-
tn, nmpete rght bunde branh bk) and rght atra
enargement (peaked P wave n the nferr and rght-sded
eads) an be nted.

C. Imaging and Special Examinations

Radgraphs and CT sans f the hest are usefu n dag-
nss. Enargement f the rght and eft man pumnary
arteres s mmn; rght ventruar and rght atra
enargement s seen n advaned dsease. Chest CT san-
nng and pumnary funtn testng are as usefu n
determnng the ause f pumnary hypertensn fr
patents n Grup 3 (pumnary hypertensn due t ung
dsease). On pumnary funtn testng, the mbnatn
f nrma FVC n sprmetry, nrma TLC n ung v-
ume measurement, and sgnfanty dereased snge-
breath dffusng apaty may be suggestve f PAH.
Hwever, FVC and TLC may be as redued n pumnary
hypertensn due t ung dsease (Grup 3).

Ehardgraphy s the best sreenng study. Rght
ventruar assessment s made by measurng rght ven-
truar sze and funtn as we as rght ventruar sys-
t pressure, whh s estmated based n truspd jet
vety and rght atra pressure. Addtnay, the ehar-
dgram s usefu fr assessng underyng arda dsease
(eg, pumnary hypertensn due t eft heart dsease).

Rght-sded arda atheterzatn remans the gd
standard fr the dagnss and quantfatn f pumnary
hypertensn and shud be perfrmed prr t ntatn
f advaned therapes. Estmated pressures n ehard-
gram rreate wth rght heart atheterzatn measure-
ment but an vary by at east 10 mm Hg n mre than 50%
f ases s shud nt be used t dret therapy. Carda
atheterzatn s partuary hepfu n dfferentatng
PAH frm pumnary venus hypertensn by assessment
f the drp n pressure arss the pumnary ruatn,
as knwn as the transpumnary gradent. A vasdatr
haenge an be perfrmed durng rght heart atheterza-
tn and a sgnfant aute vasdatr respnse nssts f
a drp n mean pumnary pressure f greater than 10 mm
Hg (r 20%) t ess than 40 mm Hg.

In patents wth unexpaned pumnary hypertensn
r n thse wth a hstry f PE r rsk fatrs fr thrmb-
emb dsease, hrn thrmbemb pumnary
hypertensn (Grup 4) shud be exuded prr t dag-
nsng dpath pumnary hypertensn. V

.
/Q

.
ung

sannng s a very senstve test that an dfferentate these
tw dsrders. If abnrma, CT-PA r pumnary anggra-
phy s the next step n nfrmng the dagnss and estab-
shng the dstrbutn and extent f dsease.

» Treatment

Advaned therapes, suh as pumnary vasdatrs, are
avaabe t treat pumnary hypertensn. Suh therapes
are hsen based n the patent’s funtna status ard-
ng t the NYHA/WHO assfatn. The mehansms f
atn fr pumnary vasdatrs fw three man path-
ways: (1) the ntr xde pathway: phsphdesterase

nhbtrs (sdenaf, tadaaf) and sube guanyate
yase stmuatrs (rguat); (2) the endthen pathway:
endthen reeptr antagnsts (bsentan, ambrsentan,
matentan); and (3) the prstayn pathway: prstay-
n anags (ntravenus epprsten; ntravenus, sub-
utaneus, nhaed, r ra treprstn; nhaed prst)
and prstayn reeptr agnst (seexpag). These vas-
datrs are ny FDA apprved fr patents wth Grup 1
PAH based n ther mprvement n symptms, 6-mnute
wak dstane, WHO funtna status, and hemdynam
measurements. Mre reenty, a majr RCT shwed redu-
tn n a mpste utme (death, hsptazatn, pr-
gressn, r unsatsfatry respnse) fr mbnatn
therapy (usng tadaaf and ambrsentan) mpared t
mntherapy. As a resut, patents wth WHO/NYHA
funtna ass II and III are frequenty gven a mbna-
tn f endthen reeptr antagnsts and phsphdes-
terase nhbtrs ntay. Fr patents n WHO/NYHA
funtna ass IV, a mre aggressve apprah s rem-
mended wth ntnuus ntravenus r subutaneus
prstayn anag nfusn. Ora aum hanne bk-
ers may be used n patents wth a sgnfant vasdatr
respnse durng arda atheterzatn. Antaguatn
was mmny used n the past but has faen ut f favr.

Treatment f patents wth Grup 2 pumnary hyper-
tensn (due t eft heart faure) s dsussed n Chapter
10. The man ga s t derease pumnary venus pres-
sure by treatng heart faure and vume verad, prmar-
y wth the use f durets.

Patents wth Grup 3 pumnary hypertensn (due t
ung dsease) shud be assessed fr hypxema at rest r
wth physa atvty and, f present, shud reeve suppe-
menta xygen. In patents wth COPD r nterstta ung
dsease, treatment shud fus n supprtve are fr
underyng dsease.

Fr patents wth Grup 4 pumnary hypertensn
(due t hrn thrmbemb dsease), ng-term ant-
aguatn s remmended. Addtnay, patents wth
surgay aessbe esns and aeptabe perperatve
rsk shud underg pumnary thrmbendarteretmy.
Fr patents unabe t underg surgery r thse wth
resdua pumnary hypertensn pstperatvey, meda
therapy wth rguat r pumnary artery ban ang-
pasty shud be nsdered.

Lung transpantatn s a treatment ptn fr seeted
patents wth pumnary hypertensn when meda ther-
apy s n nger effetve. Dube-ung transpant s the
preferred methd, athugh snge-ung transpant s ru-
tney dne as we. In sme ases, transpantatn f the
heart and bth ungs s needed.

» Prognosis

The prgnss f pumnary hypertensn vares by grup.
The prgnss f Grup 1 patents has mprved wth the
advent f pumnary hypertensn–spef therapy. Fa-
trs assated wth pr prgnss nude age der than
50 years, mae sex, WHO/NYHA funtna ass III r IV,
faure t mprve t a wer funtna ass wth therapy,
and rght ventruar dysfuntn.
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» When to Refer

Patents n whm pumnary hypertensn s suspeted r
has been dagnsed shud be referred eary t a speazed
pumnary hypertensn enter fr expert management.

» When to Admit

• Patents wth pumnary hypertensn, severe symp-
tms, and evdene f dempensated rght heart fa-
ure wth vume verad shud be admtted t the
hspta fr aggressve duress.

• Patents wth Grup 1 pumnary hypertensn and
funtna ass IV symptms shud be admtted t a
speazed enter fr ntatn f advaned therapes,
suh as ntravenus prstayns.

Gaè N et a. 2015 ESC/ERS Gudenes fr the dagnss and
treatment f pumnary hypertensn: The Jnt Task Fre
fr the Dagnss and Treatment f Pumnary Hypertensn
f the Eurpean Sety f Cardgy (ESC) and the Eur-
pean Respratry Sety (ERS) Endrsed by: Assatn fr
Eurpean Paedatr and Cngenta Cardgy (AEPC),
Internatna Sety fr Heart and Lung Transpantatn
(ISHLT). Eur Heart J. 2016;37:67. [PMID: 26320113]

Gaè N et a. Inta use f ambrsentan pus tadaaf n pum-
nary artera hypertensn. N Eng J Med. 2015 Aug
27;373(9):834–44. [PMID: 26308684]

Mayeux JD et a. Management f pumnary artera hyperten-
sn. Curr Cardvas Rsk Rep. 2021;15:2. [PMID: 33224405]

MLaughn VV et a. Resuts f an expert nsensus survey n
the treatment f pumnary artera hypertensn wth ra
prstayn pathway agents. Chest. 2020;157:955. [PMID:
31738929]

Saygn D et a. Pumnary artera hypertensn n system se-
rss: haenges n dagnss, sreenng and treatment. Open
Aess Rheumat. 2019;11:323. [PMID: 31920409]

Smmer N et a. Current and future treatments f pumnary
artera hypertensn. Br J Pharma. 2021;178:6. [PMID:
32034759]

Thenappan T et a. Pumnary artera hypertensn: pathgen-
ess and na management. BMJ. 2018;360:j5492. [PMID:
29540357]

PULMONARY VASCULITIS

Antineutrophil cytoplasmic autoantibody (ANCA)–
associated vasculitides nude granumatss wth py-
angts, mrsp pyangts, and esnph
granumatss wth pyangts. A are assated wth
ANCA and smar features f gmerunephrts.

Granulomatosis with polyangiitis s a sma vesse
vasuts manfested n the upper and wer respratry
trats. Chrn snusts, arthragas, fever, skn rash, and
weght ss are frequent presentng symptms. Spef
pumnary mpants ur ess ften. The mst mmn
sgn f ung dsease s nduar pumnary nftrates, ften
wth avtatn, seen n hest radgraphy. Trahea sten-
ss and endbrnha dsease are smetmes seen. The
dagnss s mst ften based n serg testng and
bpsy f ung, snus tssue, r kdney wth demnstratn
f nertzng granumatus vasuts (Chapter 20).

Eosinophilic granulomatosis with polyangiitis s
an dpath mutsystem vasuts f sma and

medum-szed arteres that urs n patents wth asthma.
The skn and ungs are mst ften nvved, but ther
rgans, nudng the paranasa snuses, the heart, gastrn-
testna trat, ver, and perphera nerves, may as be
affeted. Perphera esnpha greater than 1500 es/
mL (greater than 1.5 × 109/L) r greater than 10% f
perphera WBCs s the rue. Abnrmates n hest rad-
graphs range frm transent pates t mutpe ndues.
Ths ness may be part f a spetrum that nudes py-
arterts ndsa. The dagnss requres demnstratn f
hstg features, nudng fbrnd nertzng epthe-
d granumas and esnph granumas.

» Treatment

Treatment f pumnary vasuts requres mmunsup-
pressve therapy. Cmbnatn therapy wth rtsterds
and ether rtuxmab r yphsphamde s rem-
mended fr thse wth rgan- r fe-threatenng dsease.
After mpete remssn s btaned, then mantenane
therapy wth rtuxmab, methtrexate, azathprne, r
myphenate s used.

» Prognosis

Fve-year survva rates n patents wth these vasuts
syndrmes have been mprved by mbnatn therapy.
Cmpete remssn an be aheved n ver 90% f
patents wth granumatss wth pyangts. The add-
tn f trmethprm-sufamethxaze (ne dube-
strength tabet by muth twe day) t standard therapy
may hep prevent reapses.

Mseev S et a; Eurpean EGPA Study Grup. Internatna
nsensus n ANCA testng n esnph granumatss
wth pyangts. Am J Respr Crt Care Med. 2020 Jun 25.
[Epub ahead f prnt] [PMID: 32584187]

Nguyen Y et a. Esnph granumatss wth pyangts
(Churg-Strauss). Semn Respr Crt Care Med. 2018;39:471.
[PMID: 30404114]

Sat G et a. Lung nvvement n ANCA-assated vasuts.
Presse Med. 2020;49:104039. [PMID: 32650042]

Vega Vanueva KL et a. Esnph vasuts. Curr Rheuma-
t Rep. 2020;22:5. [PMID: 31927633]

ALVEOLAR HEMORRHAGE SYNDROMES

Dffuse avear hemrrhage may ur n a varety f
mmune and nnmmune dsrders. Avear nftrates n
hest radgraph, dyspnea, anema, hemptyss and, a-
snay, fever are haraterst. Rapd earng f dffuse
ung nftrates wthn 2 days s a ue t the dagnss f
dffuse avear hemrrhage. Pumnary hemrrhage an
be assated wth an nreased snge-breath dffusng
apaty fr arbn mnxde (Dl

CO
), athugh ths test s

nfrequenty btaned. Sequenta BAL n brnhspy s
the preferred methd fr dagnss. Dffuse avear hem-
rrhage s nfrmed when avage aquts are prgres-
svey mre hemrrhag.

Causes f dffuse immune alveolar hemorrhage
nude ant-basement membrane antbdy dsease (Gd-
pasture syndrme), granumatss wth pyangts,
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system nertzng vasuts, pumnary aparts
assated wth dpath rapdy prgressve gmeru-
nephrts, system upus erythematsus, and ther vasu-
t and agen vasuar dseases. Nonimmune causes f
dffuse hemrrhage nude agupathy, mtra stenss,
nertzng pumnary nfetn, drugs (penamne),
txns (trmet anhydrde), and dpath pumnary
hemsderss.

Goodpasture syndrome s dpath reurrent ave-
ar hemrrhage and rapdy prgressve gmerunephr-
ts. The dsease s medated by ant-gmeruar basement
membrane antbdes. Gdpasture syndrme urs
many n men wh are n ther 30s and 40s. Hemptyss s
the usua presentng symptm, but pumnary hemr-
rhage may be ut. Dyspnea, ugh, hypxema, and
dffuse batera avear nftrates are typa features.
Irn defeny anema and mrsp hematura are
usuay present. The dagnss s based n haraterst
near IgG depsts deteted by mmunfuresene n
gmeru r ave and n the presene f ant-gmeru-
ar basement membrane antbdy n serum. The mbna-
tn f pasmapheress pus mmunsuppressve therapy s
remmended, rather than mmunsuppressve therapy
ane. Immunsuppressn wth the mbnatn f rt-
sterds and yphsphamde s remmended.

Idiopathic pulmonary hemosiderosis s a dsease f
hdren r yung aduts haraterzed by reurrent pu-
mnary hemrrhage; n ntrast t Gdpasture syn-
drme, rena nvvement and ant-gmeruar basement
membrane antbdes are absent, but rn defeny s
typa. It s frequenty assated wth ea dsease.
Treatment f aute epsdes f hemrrhage wth rt-
sterds may be usefu. Reurrent epsdes f pumnary
hemrrhage may resut n nterstta fbrss and pum-
nary faure.

Marques C et a. Prgnst fatrs n ant-gmeruar basement
membrane dsease: a mutenter study f 119 patents. Frnt
Immun. 2019;10:1665. [PMID: 31396214]

MAd SP et a. Antgmeruar basement membrane dsease.
Semn Respr Crt Care Med. 2018;39:494. [PMID: 30404116]

Nasser M et a. Avear hemrrhage n vasuts (prmary and
sendary). Semn Respr Crt Care Med. 2018;39:482.
[PMID: 30404115]

Prendek M et a. Pasma exhange n ant-gmeruar base-
ment membrane dsease. Presse Med. 2019;48:328. [PMID:
31703956]

Segemark M et a. Ant-gmeruar basement membrane ds-
ease: an update n subgrups, pathgeness and therapes.
Nephr Da Transpant. 2019;34:1826. [PMID: 30371823]

º
ENVIRONMENTAL & OCCUPATIONAL
LUNG DISORDERS

SMOKE INHALATION

The nhaatn f prduts f mbustn may ause ser-
us respratry mpatns. As many as ne-thrd f
patents admtted t burn treatment unts have pumnary
njury frm smke nhaatn. Mrbdty and mrtaty
due t smke nhaatn may exeed thse attrbuted t the

burns themseves. The death rate f patents wth bth
severe burns and smke nhaatn exeeds 50%.

A patents n whm sgnfant smke nhaatn s
suspeted must be assessed fr three nsequenes f
smke nhaatn: mpared tssue xygenatn, therma
njury t the upper arway, and njury t the wer arways
and ung parenhyma. Impared tssue xygenatn may
resut frm nhaatn f a hypx gas mxture, arbn
mnxde r yande, r frm ateratns n V

.
/Q

.
mathng,

and s an mmedate threat t fe. Immedate treatment
wth 100% xygen s essenta. The management f patents
wth arbn mnxde and yande psnng s dsussed
n Chapter 38. The nan must regnze that patents
wth arbn mnxde psnng dspay a nrma parta
pressure f xygen n artera bd (Pao

2
), but have a w

measured (e, nt xmetr) hemgbn saturatn (Sao
2
).

Treatment wth 100% xygen shud be ntnued unt the
measured arbxyhemgbn eve fas t ess than 10%
and nmtant metab adss has resved.

Therma njury t the musa surfaes f the upper ar-
way urs frm nhaatn f super-heated gases. Cmpa-
tns, nudng musa edema, upper arway bstrutn,
and mpared abty t ear ra seretns, usuay beme
evdent by 18–24 hurs and prdue nspratry strdr.
Respratry faure urs n severe ases. Eary management
(Chapter 37) nudes the use f a hgh-humdty fae mask
wth suppementa xygen, gente sutnng t evauate ra
seretns, eevatn f the head 30 degrees t prmte ear-
ng f seretns, and tpa epnephrne t redue edema f
the rpharyngea muus membrane. Heum-xygen gas
mxtures (Hex) may redue abred breathng due t rt-
a upper arway narrwng. Cse mntrng wth ABGs
and ater wth xmetry s mprtant. Examnatn f the
upper arway wth a fberpt aryngspe r brnh-
spe s superr t rutne physa examnatn. Endtra-
hea ntubatn s ften neessary t mantan arway
pateny and s key t be neessary n patents wth deep
faa burns r rpharyngea r aryngea edema. Trahet-
my shud be avded, f pssbe, beause f an nreased
rsk f pneumna and death frm sepss.

Injury t the wer arways and ung parenhyma resuts
frm nhaatn f tx gases and prduts f mbustn,
nudng adehydes and rgan ads. The ste f ung
njury depends n the subty f the gases nhaed, the
duratn f expsure, and the sze f nhaed partes that
transprt nxus gases t dsta ung unts. Brnhrrhea
and brnhspasm are seen eary after expsure ang wth
dyspnea, tahypnea, and tahyarda. Labred breathng and
yanss may fw. Physa examnatn at ths stage
reveas dffuse wheezng and rhnh. Brnhar and
avear edema (eg, ARDS) may devep wthn 1–2 days
after expsure. Sughng f the brnhar musa may
ur wthn 2–3 days, eadng t arway bstrutn, atee-
tass, and wrsenng hypxema. Batera nzatn and
pneumna are mmn by 5–7 days after the expsure.

Treatment f smke nhaatn nssts f suppementa
xygen, brnhdatrs, sutnng f musa debrs and
mupuruent seretns va an ndweng endtrahea
tube, hest physa therapy t ad earane f seretns,
and adequate humdfatn f nspred gases. Pstve
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end-expratry pressure (PEEP) has been advated t
treat brnhar edema. Judus fud management and
se mntrng fr sendary batera nfetn rund
ut the management prt.

The rutne use f rtsterds fr ung njury frm
smke nhaatn has been shwn t be neffetve and may
even be harmfu. Rutne r prphyat use f antbts
s nt remmended.

Patents wh survve shud be wathed fr the ate
devepment f brnhts bterans.

Cha KY et a. Respratry management n smke nhaatn
njury. J Burn Care Res. 2019;40:507. [PMID: 30893426]

Gaeras R et a. Prevaene and prgnst mpat f nhaatn
njury amng burn patents: a systemat revew and meta-
anayss. J Trauma Aute Care Surg. 2020;88:330. [PMID:
31688831]

Red A et a. Inhaatna njury and the arynx: a revew. Burns.
2019;45:1266. [PMID: 30529118]

E-CIGARETTE- OR VAPING
PRODUCT–ASSOCIATED LUNG INJURY

» General Considerations

An utbreak f e-garette- r vapng prdut–assated
ung njury (EVALI) began n the Unted States n 2019.
Apprxmatey 66% f patents have been mae and 80%
are under age 35. Over 95% f reprted ases requred
hsptazatn: 47% were admtted t ntensve are, 22%
were ntubated, and many ded. Based n the haraters-
ts f these patents, the dagnss f EVALI requres
reprted use f e-garette r vapng prduts wthn 3
mnths f symptm nset, mpatbe hest magng fnd-
ngs, and an evauatn that exudes nfetus etges.

N snge ausatve agent has been dentfed. The
majrty f ases nvved vapng prduts ntanng tet-
rahydrannabn (THC) r ntne r bth. Pstuated
fatrs ntrbutng t the devepment f EVALI nude
e-garette favrngs, expsure t daety (a pprn fa-
vrng that has been assated wth ung njury), THC,
aduteratn f THC, aduteratn f devery deves, and
vtamn E aetate (used as a thkenng agent).

» Clinical Findings

A. Symptoms and Signs

Patents wth EVALI have respratry symptms (95%),
nudng ugh, shrtness f breath, and hest pan; gas-
trntestna symptms (77%), nudng nausea, vmtng,
and darrhea; and nsttutna symptms (85%), nud-
ng fever, hs, and weght ss). The ness s usuay
aute t subaute wth patents havng symptms fr days
t weeks befre seekng heath are.

Tahyarda and tahypnea are present n 55% and 45%
f patents, respetvey. Of nte, 57% f ases have a
rerded rm ar xygen saturatn f ess than 95%.
Gven the nnspef nature f the presentatn espeay
durng nfuenza seasn and the COVID-19 pandem,
prvders must have a hgh degree f na suspn and
ask patents spefay abut vapng.

B. Laboratory Findings

There are n abratry fndngs spef fr the dagnss
f EVALI. There may be eukytss, eevated C-reatve
prten, and eevated erythryte sedmentatn rate.

C. Imaging

Case seres f hest magng fndngs n EVALI shw var-
us patterns f ung njury. Chest radgraphs typay
shw batera pumnary pates. Chest CT sans are
nnspef and may shw patterns seen n ther dsrders,
suh as hypersenstvty pneumnts, ARDS, dffuse ave-
ar hemrrhage, aute esnph pneumna, pd
pneumna, gant e nterstta pneumna, and rganz-
ng pneumna.

» Differential Diagnosis

The dfferenta dagnss s brad fr a patent wth resp-
ratry and gastrntestna symptms and batera pum-
nary nftrates. The frst dagnst nsderatns are
CAP and COVID-19. The EVALI ase defntn requres a
negatve wrk-up fr nfetus auses. Other dagnses t
nsder nude aute esnph pneumna, ARDS,
hypersenstvty pneumnts, pd pneumna, and rga-
nzng pneumna. Infuenza testng shud be dne n
seasn, and SARS-CV-2 testng, as ndated.

» Treatment

The natura prgressn f EVALI s nt knwn. In pub-
shed reprts f hsptazed patents wth EVALI wh
have reeved rtsterds, rapd mprvement has been
desrbed.

Henry TS et a. Imagng fndngs f vapng-assated ung
njury. AJR Am J Rentgen. 2020;214:498. [PMID:
31593518]

Jatau TC et a; Lung Injury Respnse Cna Wrkng Grup.
Update: nterm gudane fr heath are prvders fr man-
agng patents wth suspeted e-garette, r vapng, prdut
use-assated ung njury—Unted States, Nvember 2019.
MMWR Mrb Mrta Wky Rep. 2019;68:1081. [PMID:
31751322]

Jnas AM et a. Vapng-reated aute parenhyma ung njury: a
systemat revew. Chest. 2020;158:155. [PMID: 32442559]

Trabus H et a. Inhaatn txgy f vapng prduts and
mpatns fr pumnary heath. Int J M S. 2020;21:3495.
[PMID: 32429092]

PULMONARY ASPIRATION SYNDROMES

Aspratn f matera nt the trahebrnha tree
resuts frm varus dsrders that mpar nrma degut-
tn, espeay dsturbanes f nsusness and espha-
gea dysfuntn.

1. Acute Aspiration of Gastric
Contents Mendelson Syndrome

Aute aspratn f gastr ntents may be atastrph.
The pumnary respnse depends n the haratersts
and amunt f gastr ntents asprated. The mre ad
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the matera, the greater the degree f hema pneumn-
ts. Aspratn f pure gastr ad (pH < 2.5) auses exten-
sve desquamatn f the brnha eptheum,
brnhts, hemrrhage, and pumnary edema. Aute
gastr aspratn s ne f the mst mmn auses f
ARDS. The na pture s ne f abrupt nset f resp-
ratry dstress, wth ugh, wheezng, fever, and tahy-
pnea. Crakes may be audbe at the bases f the ungs.
Hypxema may be nted mmedatey after aspratn
urs. Radgraph abnrmates, nsstng f pathy
avear pates n dependent ung znes, appear wthn a
few hurs. If partuate fd matter has been asprated
ang wth gastr ad, radgraph features f brnha
bstrutn may be bserved. Fever and eukytss are
mmn even n the absene f nfetn.

Treatment f aute aspratn f gastr ntents n-
ssts f suppementa xygen, measures t mantan the
arway, and the usua measures fr treatment f aute resp-
ratry faure. There s n evdene t supprt the rutne
use f prphyat antbts r rtsterds. Send-
ary pumnary nfetn, whh urs n abut ne-
furth f patents, typay appears 2–3 days after
aspratn. Management f nfetn depends n the
bserved fra frm the trahebrnha tree. Hypten-
sn sendary t avear apary membrane njury and
ntravasuar vume depetn s mmn and s managed
wth the judus admnstratn f ntravenus fuds.

2. Chronic Aspiration of Gastric Contents

Chrn aspratn f gastr ntents may resut frm pr-
mary dsrders f the arynx r the esphagus, suh as aha-
asa, esphagea strture, system serss (serderma),
esphagea arnma, esphagts, and GERD. In GERD,
reaxatn f the tne f the wer esphagea sphnter
aws refux f gastr ntents nt the esphagus and pre-
dspses t hrn pumnary aspratn, espeay when
supne. Cgarette smkng, nsumptn f ah r af-
fene, and thephyne use are a knwn t reax the wer
esphagea sphnter. Pumnary dsrders nked t GERD
and hrn aspratn nude asthma, hrn ugh, brn-
hetass, and pumnary fbrss. Even n the absene f
aspratn, ad n the esphagus may trgger brnhspasm
r brnha hyperreatvty thrugh refex mehansms.

The dagnss and management f gastresphagea
refux and hrn aspratn are haengng. A dsussn
f strateges fr the evauatn, preventn, and manage-
ment f extraesphagea refux manfestatns an be
fund n Chapter 15.

3. “Café Coronary”

Aute bstrutn f the upper arway by fd s assated
wth dffuty swawng, d age, denta prbems that
mpar hewng, and use f ah and sedatve drugs. The
Hemh predure s fesavng n many ases.

4. Retention of an Aspirated Foreign Body

Retentn f an asprated fregn bdy n the trahebrn-
ha tree may prdue bth aute and hrn ndtns,
nudng ateetass, pstbstrutve hypernfatn, bth

aute and reurrent pneumna, brnhetass, and ung
absess. Oasnay, a msdagnss f asthma, COPD, r
ung aner s made n adut patents wh have asprated a
fregn bdy. The pan hest radgraph usuay suggests the
ste f the fregn bdy. In sme ases, an expratry fm,
demnstratng regna hypernfatn due t a hek-vave
effet, s hepfu. Brnhspy s usuay neessary t estab-
sh the dagnss and attempt remva f the fregn bdy.

Hasegawa S et a. Ceftraxne versus ampn/subatam fr
the treatment f aspratn-assated pneumna n aduts. J
Cmp Eff Res. 2019;8:1275. [PMID: 31736321]

Lee AS et a. Aspratn pneumna and reated syndrmes.
May Cn Pr. 2018;93:752. [PMID: 29730088]

Rdrguez AE et a. New perspetves n aspratn mmunty
aqured pneumna. Expert Rev Cn Pharma. 2019;12:
991. [PMID: 31516051]

OCCUPATIONAL PULMONARY DISEASES

Many aute and hrn pumnary dseases are drety
reated t nhaatn f nxus substanes enuntered n
the wrkpae. Dsrders that are nked t upatna
expsures may be assfed as fws: (1) pneumnses,
(2) hypersenstvty pneumnts, (3) bstrutve arway
dsrders, (4) tx ung njury, (5) ung aner, (6) peura
dseases, and (7) ther upatna pumnary dseases.

1. Pneumoconioses

Pneumnses are hrn fbrt ung dseases aused
by the nhaatn f nert nrgan dusts. Pneumnses
range frm asymptmat dsrders wth dffuse nduar
pates n hest radgraph t severe, symptmat, fe-
shrtenng dsrders. Cnay mprtant pneumn-
ses nude a wrker’s pneumnss, sss, and
asbestss (Tabe 9–21). Treatment fr eah s supprtve;
pumnary rehabtatn may be nsdered.

A. Coal Worker’s Pneumoconiosis

In a wrker’s pneumnss, ngestn f nhaed a
dust by avear marphages eads t the frmatn f a
maues, usuay 2–5 mm n dameter, that appear n hest
radgraph as dffuse sma pates that are espeay
prmnent n the upper ung. Smpe a wrker’s pneu-
mnss s usuay asymptmat; pumnary funtn
abnrmates are unmpressve. In mpated a wrk-
er’s pneumnss (“progressive massive fibrosis”),
ngmeratn and ntratn n the upper ung znes
ur, wth radgraph features resembng mpated
sss. Caplan syndrome s a rare ndtn harater-
zed by the presene f nerbt rheumatd ndues
(1–5 m n dameter) n the perphery f the ung n a
wrkers wth rheumatd arthrts.

B. Silicosis

In sss, extensve r prnged nhaatn f free sa
(sn dxde) partes n the resprabe range (0.3–5
mm) auses the frmatn f sma runded pates
(st ndues) thrughut the ung. Cafatn f the
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perphery f har ymph ndes (“eggshe” afatn) s
an unusua radgraph fndng that strngy suggests s-
ss. Smpe sss s usuay asymptmat and has n
effet n rutne pumnary funtn tests; n mpated
sss, arge ngmerate denstes appear n the upper
ung and are ampaned by dyspnea and bstrutve and
restrtve pumnary dysfuntn. The ndene f pum-
nary tuberuss s nreased n patents wth sss. A
patents wth sss shud have a tuberun skn test and
a urrent hest radgraph. If d, heaed pumnary tuber-
uss s suspeted, mutdrug treatment fr tuberuss
(nt snge-agent preventve therapy) shud be nsttuted.

C. Asbestosis

Asbestss s a nduar nterstta fbrss urrng n
wrkers expsed t asbests fbers (shpyard and nstru-
tn wrkers, ppe ftters, nsuatrs) ver many years (typ-
ay 10–20 years). Patents wth asbestss usuay frst
seek meda attentn at east 15 years after expsure wth
the fwng symptms and sgns: prgressve dyspnea,
nspratry rakes, and n sme ases, ubbng and ya-
nss. The radgraph features f asbestss nude near
streakng at the ung bases, pates f varus shapes and
szes, and hneymb hanges n advaned ases. The
presene f peura afatns may be a ue t dagn-
ss. Hgh-resutn CT sannng s the best magng
methd fr asbestss beause f ts abty t detet paren-
hyma fbrss and defne the presene f exstng peu-
ra paques. Cgarette smkng n asbests wrkers
nreases the prevaene f radgraph peura and paren-
hyma hanges and markedy nreases the ndene f
ung arnma. It may as nterfere wth the earane f
shrt asbests fbers frm the ung. Pumnary funtn
studes shw restrtve dysfuntn and redued dffusng
apaty. The presene f a ferrugnus bdy n tssue sug-
gests sgnfant asbests expsure; hwever, ther hst-
g features must be present fr dagnss. There s n
spef treatment.

Lenard R et a. Ca mnng and ung dsease n the 21st en-
tury. Curr Opn Pum Med. 2020;26:135. [PMID: 31815751]

Table 921. Selected pneumoconioses.

Disease Agent Occupations

Asbestosis Asbestos Mining, insulation, construction, shipbuilding

Baritosis Barium salts Glass and insecticide manufacturing

Coal worker’s pneumoconiosis Coal dust Coal mining

Kaolin pneumoconiosis Sand, mica, aluminum silicate Mining of china clay; pottery and cement work

Shaver disease Aluminum powder Manufacture of corundum

Siderosis Metallic iron or iron oxide Mining, welding, foundry work

Silicosis Free silica (silicon dioxide) Rock mining, quarrying, stone cutting, tunneling, sandblasting,

pottery, diatomaceous earth

Stannosis Tin, tin oxide Mining, tin-working, smelting

Talcosis Magnesium silicate Mining, insulation, construction, shipbuilding

Mandr D et a. WHO/ILO wrk-reated burden f dsease
and njury: prt fr systemat revews f upatna
expsure t dusts and/r fbres and f the effet f upa-
tna expsure t dusts and/r fbres n pneumnss.
Envrn Int. 2018;119:174. [PMID: 29958118]

Zha H et a. Pumnary rehabtatn an mprve the fun-
tna apaty and quaty f fe fr pneumnss patents:
a systemat revew and meta-anayss. Bmed Res Int.
2020;2020:6174936. [PMID: 32802860]

2. Hypersensitivity Pneumonitis

Hypersenstvty pneumnts (as aed extrns aerg
avets) s a nnatp, nnasthmat nfammatry pu-
mnary dsease. It s manfested many as an upatna
dsease (Tabe 9–22), n whh expsure t nhaed rgan
antgens eads t an aute ness. Prmpt dagnss s
essenta sne symptms are usuay reversbe f the
ffendng antgen s remved frm the patent’s envrn-
ment eary n the urse f ness. Cntnued expsure
may ead t prgressve dsease. The hstpathgy f
aute hypersenstvty pneumnts s haraterzed by
nterstta nftrates f ymphytes and pasma es, wth
nnaseatng granumas n the ntersttum and ar spaes.

» Clinical Findings

A. Acute Illness

The symptms are haraterzed by sudden nset f ma-
ase, hs, fever, ugh, dyspnea, and nausea 4–8 hurs
after expsure t the ffendng antgen. Bbasar rakes,
tahypnea, tahyarda, and (asnay) yanss are
nted. Sma nduar denstes sparng the apes and bases
f the ungs are nted n hest radgraph. Labratry
studes revea an nrease n the whte bd e unt wth
a shft t the eft, hypxema, and the presene f prep-
tatng antbdes t the ffendng agent n serum. Hyper-
senstvty pneumnts antbdy panes aganst mmn
ffendng antgens are avaabe; pstve resuts, whe
supprtve, d nt estabsh a defntve dagnss. Pum-
nary funtn studes revea restrtve dysfuntn and
redued dffusng apaty.
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B. Subacute and Chronic Illness

A subaute hypersenstvty pneumnts syndrme (15%
f ases) s haraterzed by the nsdus nset f hrn
ugh and swy prgressve dyspnea, anrexa, and
weght ss. Chrn expsure eads t prgressve respra-
try nsuffeny and the appearane f pumnary fbr-
ss n hest magng. Surga ung bpsy may be neessary
fr the dagnss f subaute and hrn hypersenstvty
pneumnts. Even wth surga ung bpsy, hwever,
hrn hypersenstvty pneumnts may be dffut t
dagnse beause hstpathg patterns verap wth
severa dpath nterstta pneumnas.

» Treatment

Treatment f aute hypersenstvty pneumnts nssts
f dentfatn f the ffendng agent and avdane f
further expsure. In severe aute r prtrated ases, ra
rtsterds (prednsne, 0.5 mg/kg day as a snge
mrnng dse fr 2 weeks, tapered t n ver 4–6 weeks)
may be gven. Change n upatn s ften unavdabe.

Creamer AW et a. Prgnst fatrs n hrn hypersenstvty
pneumnts. Eur Respr Rev. 2020;29:190167. [PMID: 32414744]

Nguera R et a. Hypersenstvty pneumnts: antgen dversty
and dsease mpatns. Pumngy. 2019;25:97. [PMID:
30126802]

Sumagne T et a. Current and emergng tehnques fr the dag-
nss f hypersenstvty pneumnts. Expert Rev Respr Med.
2018;12:493. [PMID: 29727203]

Table 922. Selected causes of hypersensitivity
pneumonitis.

Disease Antigen Source

Farmer’s lung Micropolyspora faeni,

Thermoactinomy-

ces vulgaris

Moldy hay

“Humidifier” lung Thermophilic

actinomycetes

Contaminated

humidifiers, heat-

ing systems, or air

conditioners

Bird fancier’s lung Avian proteins Bird serum and

excreta

Bagassosis Thermoactinomyces

sacchari and

T vulgaris

Moldy sugar cane

fiber (bagasse)

Sequoiosis Graphium, Aureobasi-

dium, and other

fungi

Moldy redwood

sawdust

Maple bark

stripper’s disease

Cryptostroma (Conio-

sporium) corticale

Rotting maple tree

logs or bark

Mushroom picker’s

disease

Same as farmer’s

lung

Moldy compost

Suberosis Penicillium

frequentans

Moldy cork dust

Detergent worker’s

lung

Bacillus subtilis

enzyme

Enzyme additives

3. Other Occupational Pulmonary Diseases

Oupatna dseases f the peura may resut frm exp-
sure t asbests r ta. Inhaatn f ta auses peura
paques that are smar t thse aused by asbests. Bengn
asbests peura effusn urs n sme asbests wrkers
and may ause hrn buntng f the stphren ange
n hest radgraph.

Oupatna agents are as respnsbe fr ther pu-
mnary dsrders, wth a range f pathges nudng
upatna asthma, upatna COPD, nterstta ung
dseases, and ung aner. Fr ths reasn, t s mprtant t
btan a thrugh upatna hstry n any patent pre-
sentng wth pumnary symptms.

Spef exampes f nrgan agents assated wth
nterstta ung dsease nude anthrate a dust (a
wrkers’ pneumnss), rystane and nnfbrus s-
ates (sss), asbests (asbestss, peura paques,
bengn peura effusn, adenma, magnant mesthe-
ma), beryum (beryss, whh s very smar t sar-
dss), and bat (hard meta ung dsease). Organ
dust frm farm wrk, anma r brd expsure, r vegetabe
stres may ause extrns aerg avets r hypersens-
tvty pneumnts.

Unusua utbreaks (nudng “pprn-wrker’s ung”
and ther daety favrng expsure ausng brnhts
bterans, “fk wrker’s ung” fwng synthet fber
expsure) are asnay reprted.

Perman DM et a. Oupatna ung dsease. Med Cn Nrth
Am. 2019;103:535. [PMID: 30955520]

Wyman AE et a. Update n meta-ndued upatna ung
dsease. Curr Opn Aergy Cn Immun. 2018;18:73.
[PMID: 29337701]

MEDICATION-INDUCED LUNG DISEASE

Typa patterns f pumnary respnse t medatns
mpated n medatn-ndued respratry dsease are
summarzed n Tabe 9–23. Pumnary njury due t
medatns urs as a resut f aerg reatns, d-
synrat reatns, verdse, r undesrabe sde effets.
In mst patents, the mehansm f pumnary njury s
unknwn.

Prese dagnss f medatn-ndued pum-
nary dsease s ften dffut beause resuts f rutne
abratry studes are nt hepfu and radgraph
fndngs are nt spef. A hgh ndex f suspn and
a thrugh hstry f medatn usage are rta t
estabshng the dagnss f medatn-ndued ung
dsease. The na respnse t essatn f the sus-
peted ffendng agent s as hepfu. Aute epsdes f
medatn-ndued pumnary dsease may dsappear
24–48 hurs after the medatn has been dsntnued,
but hrn syndrmes may take nger t resve. Cha-
enge tests t nfrm the dagnss are rsky and rarey
perfrmed.

Treatment f medatn-ndued ung dsease nssts
f dsntnung the ffendng agent mmedatey, manag-
ng the pumnary symptms apprpratey, and asn-
ay treatng wth rtsterds f pumnary txty s
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rapdy prgressve. Randmzed data supprtng the use f
rtsterds n medatn-assated pneumnts s
akng, but bservatna data supprts use n severe
ases. Immune hekpnt nhbtrs, nw mmny used
treatments fr a varety f magnant and nnmagnant
ndtns, are assated wth at east a 5% rsk f pneu-
mnts, whh arres mrtaty f up t 20% when severe.
Observatna data supprt rtsterd treatment n
these ases.

Inhalation of crack cocaine may ause a spetrum f
aute pumnary syndrmes, nudng pumnary nf-
tratn wth esnpha, pneumthrax and pneumme-
dastnum, brnhts bterans, and aute respratry
faure assated wth dffuse avear damage and avear
hemrrhage. Crtsterds have been used wth varabe
suess t treat avear hemrrhage.

Table 923. Pulmonary manifestations of selected
medication toxicities.

Asthma

Beta-blockers

Aspirin

Nonsteroidal

anti-inflammatory drugs

Histamine

Methacholine

Acetylcysteine

Aerosolized pentamidine

Any nebulized medication

Chronic cough

Angiotensin-converting

enzyme inhibitors

Pulmonary infiltration

Without eosinophilia

Amitriptyline

Azathioprine

Amiodarone

With eosinophilia

Sulfonamides

l-Tryptophan

Nitrofurantoin

Penicillin

Methotrexate

Crack cocaine

Drug-induced systemic lupus

erythematosus

Hydralazine

Procainamide

Isoniazid

Chlorpromazine

Phenytoin

Interstitial pneumonitis/

fibrosis

Nitrofurantoin

Bleomycin

Busulfan

Cyclophosphamide

Immune checkpoint

inhibitors

Methysergide

Phenytoin

Pulmonary edema

Noncardiogenic

Aspirin

Chlordiazepoxide

Cocaine

Ethchlorvynol

Heroin/opiates

Cardiogenic

Beta-blockers

Pleural effusion

Bromocriptine

Nitrofurantoin

Any drug inducing systemic

lupus erythematosus

Methysergide

Chemotherapeutic agents

(eg, carmustine, cyclo-

phosphamide, dasatinib,

docetaxel, GM-CSF,

methotrexate)

Tyrosine kinase inhibitors

Mediastinal widening

Phenytoin

Corticosteroids

Methotrexate

Respiratory failure

Neuromuscular blockade

Aminoglycosides

Paralytic agents

Central nervous system

depression

Sedatives

Hypnotics

Opioids

Alcohol

Tricyclic antidepressants

GM-CSF, granulocyte-macrophage colony-stimulating factor.

Lng K et a. Pumnary txty f system ung aner therapy.
Resprgy. 2020;25:72. [PMID: 32729207]

Suresh K. Immune hekpnt mmuntherapy fr nn-sma
e ung aner: benefts and pumnary txtes. Chest.
2018;154:1416. [PMID: 301891190]

RADIATION LUNG INJURY

The ung s an exqustey radsenstve rgan that an be
damaged by externa beam radatn therapy. The degree f
pumnary njury s determned by the vume f ung
rradated, the dse and rate f expsure, and ptentatng
fatrs (eg, nurrent hemtherapy, prevus radatn
therapy n the same area, and smutaneus wthdrawa f
rtsterd therapy). Symptmat radatn ung njury
urs n abut 10% f patents treated fr arnma f
the breast, 5–15% f patents treated fr arnma f the
ung, and 5–35% f patents treated fr ymphma. Tw
phases f the pumnary respnse t radatn are appar-
ent: an aute phase (radatn pneumnts) and a hrn
phase (radatn fbrss).

1. Radiation Pneumonitis

Aute radatn pneumnts usuay urs 2–3 mnths
(range 1–6 mnths) after mpetn f radtherapy and
s haraterzed by nsdus nset f dyspnea, ntratabe
dry ugh, hest funess r pan, weakness, and fever. Late
radatn pneumnts may devep 6–12 mnths after
mpetn f radatn. Oasnay, patents wh are
mnths t years remved frm radatn therapy w expe-
rene “radatn rea” wth an nfammatry reatn n
the radated regn after treatment wth a new rund f
hemtherapy; ths phenmenn has as been reprted
wth mmune hekpnt nhbtrs. The pathgeness f
aute radatn pneumnts s unknwn, but there s
speuatn that hypersenstvty mehansms are nvved.
The dmnant hstpathg fndngs are a ymphyt
nterstta pneumnts prgressng t an exudatve ave-
ts. Inspratry rakes may be heard n the nvved area.
In severe dsease, respratry dstress and yanss ur
that are haraterst f ARDS. An nreased whte bd
e unt and eevated sedmentatn rate are mmn.
Pumnary funtn studes revea redued ung vumes,
redued ung mpane, hypxema, redued dffusng
apaty, and redued maxmum vuntary ventatn.
Chest radgraphy, whh rreates pry wth the pres-
ene f symptms, usuay demnstrates avear r ndu-
ar pates mted t the rradated area. Ar brnhgrams
are ften bserved. Sharp brders f an paty may hep
dstngush radatn pneumnts frm ther ndtns,
suh as nfetus pneumna, ymphangt spread f ar-
nma, and reurrent tumr; hwever, the paty may
extend beynd the radatn fed. N spef therapy s
prved t be effetve n radatn pneumnts, but pred-
nsne (1 mg/kg/day ray) s mmny gven mmed-
atey fr abut 1 week; hgher dses may be gven n
patents wh are rtay . The dse s redued and
mantaned at 20–40 mg/day fr severa weeks, then swy
tapered. Radatn pneumnts may mprve n 2–3 weeks
fwng nset f symptms as the exudatve phase
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resves. Aute respratry faure, f present, s treated sup-
prtvey. Death frm ARDS s unusua n radatn
pneumnts.

Gurann L et a. Radatn-ndued ung njury (RILI). Frnt
On. 2019;9:877. [PMID: 31555602]

Hanana AN et a. Radatn-ndued ung njury: assessment
and management. Chest. 2019;156:150. [PMID: 30998908]

Kasmann L et a. Radatn-ndued ung txty—euar and
meuar mehansms f pathgeness, management, and t-
erature revew. Radat On. 2020;15:214. [PMID: 32912295]

Lu L et a. Radatn-ndued ung njury: atest meuar deve-
pments, therapeut apprahes, and na gudane. Cn
Exp Med. 2019;19:417. [PMID: 31313081]

Teng F et a. Radatn rea pneumnts ndued by PD-1/
PD-L1 bkades: mehansms and therapeut mpatns.
BMC Med. 2020;18:275. [PMID: 32943072]

2. Pulmonary Radiation Fibrosis

Radatn fbrss may ur wth r wthut anteedent
radatn pneumnts. Radgraph fndngs nude
bteratn f nrma ung markngs, dense nterstta and
peura fbrss, redued ung vumes, tentng f the da-
phragm, and sharp deneatn f the rradated area. N
spef therapy s prven effetve, and rtsterds
have n vaue. Pumnary fbrss may devep after an
ntervenng perd (6–12 mnths) f we-beng n patents
wh experene radatn pneumnts. Pumnary rada-
tn fbrss urs n mst patents wh reeve a fu
urse f radatn therapy fr aner f the ung r breast.
Mst patents are asymptmat, athugh swy prgres-
sve dyspnea may ur.

Gurann L et a. Radatn-ndued ung njury (RILI). Frnt
On. 2019;9:877. [PMID: 31555602]

3. Other Complications of Radiation Therapy

Other mpatns f radatn therapy dreted t the
thrax nude perarda effusn, nstrtve perard-
ts, rnary artery dsease, fbrt damage t arda
vaves, traheesphagea fstua, esphagea anddass,
radatn dermatts, and rb fratures. Sma peura effu-
sns, radatn pneumnts utsde the rradated area,
spntaneus pneumthrax, and mpete bstrutn f
entra arways are unusua urrenes.

Gurann L et a. Radatn-ndued ung njury (RILI). Frnt
On. 2019;9:877. [PMID: 31555602]

º
PLEURAL DISEASES

PLEURITIS

Peurt pan due t nfammatn f the pareta peura s
generay azed, sharp, and feetng; t s made wrse by
ughng, sneezng, deep breathng, r mvement. When
the entra prtn f the daphragmat pareta peura s
rrtated, pan may be referred t the psatera shuder.

There are numerus auses f peurts. The settng n
whh peurt pan deveps heps narrw the dfferenta
dagnss. In yung, therwse heathy ndvduas, peur-
ts s usuay aused by vra respratry nfetns r pneu-
mna (nudng tuberuss n endem regns), whe
PE, nfammatry dsrders (sersts), magnany, and
drug reatns may as be nsdered n the prper n-
text. The presene f peura effusn, peura thkenng,
r ar n the peura spae requres further dagnst and
therapeut measures.

Treatment f peurts nssts f treatng the undery-
ng ndtn. Ant-nfammatry anages medatns
are ften hepfu fr pan reef. Opds may be used f
NSAIDs are neffetve r are ntrandated, prvded
retentn f arway seretns s nt a nern.

Shaw JA et a. Peura tuberuss: a nse na revew.
Cn Respr J. 2018;12:1779. [PMID: 29660258]

PLEURAL EFFUSION

E S S E N T I A L S  O F  D I A G N O S I S

» May be asymptomatic; chest pain frequently seen
in the setting of pleuritis, trauma, or infection;
dyspnea is common with large effusions.

» Dullness to percussion and decreased breath
sounds over the effusion.

» Radiographic evidence of pleural effusion.

» Diagnostic findings on thoracentesis.

» General Considerations

There s nstant mvement f fud frm pareta peura
apares nt the peura spae at a rate f 0.01 mL/kg bdy
weght/h. Absrptn f peura fud urs thrugh par-
eta peura ymphats. The resutant hmestass eaves
5–15 mL f fud n the nrma peura spae. A peura effu-
sn s an abnrma aumuatn f fud n the peura
spae. Peura effusns may be assfed by dfferenta
dagnss (Tabe 9–24) r by underyng pathphysgy.
Fve pathphysg presses aunt fr mst peura
effusns: nreased prdutn f fud n the settng f
nrma apares due t nreased hydrstat r dereased
nt pressures (transudates); nreased prdutn f
fud due t abnrma apary permeabty (exudates);
dereased ymphat earane f fud frm the peura
spae (exudates); nfetn n the peura spae (empyema);
and beedng nt the peura spae (hemothorax).

Diagnostic thoracentesis shud be perfrmed when-
ever there s a new peura effusn and n nay appar-
ent ause. Observatn s apprprate n sme stuatns
(eg, symmetr batera peura effusns n the settng f
heart faure), but an atypa presentatn r faure f an
effusn t resve as expeted warrants thraentess t
dentfy the underyng press.
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» Clinical Findings

A. Symptoms and Signs

Patents wth peura effusns mst ften reprt dyspnea,
ugh, r resprphas hest pan. Symptms are mre
mmn n patents wth exstng ardpumnary ds-
ease. Sma peura effusns are ess key t be symptm-
at than arger effusns. Physa fndngs are usuay
absent n sma effusns. Larger effusns may present
wth duness t perussn and dmnshed r absent
breath sunds ver the effusn. Cmpressve ateetass
may ause brnha breath sunds and egphny just
abve the effusn. A massve effusn wth nreased
ntrapeura pressure may ause ntraatera shft f the
trahea and bugng f the ntersta spaes. A peura
frtn rub ndates pumnary nfartn r peurts.

B. Laboratory Findings

The grss appearane f peura fud heps dentfy severa
types f peura effusn. Grssy puruent fud sgnfes
empyema. Mky whte peura fud shud be entrfuged.
A ear supernatant abve a peet f whte es ndates
empyema, whereas a persstenty turbd supernatant sug-
gests a chylous effusion; anayss f ths supernatant
reveas hymrns and a hgh trgyerde eve (greater
than 100 mg/dL [1 mm/L]), ften frm dsruptn f the
thra dut. Hemorrhagic pleural effusion s a mxture
f bd and peura fud. Ten thusand red es per
mrter reate bd-tnged peura fud; 100,000 red
es/mL (100 × 109/L) reate grssy bdy peura fud.
Hemothorax s the presene f grss bd n the peura

spae, usuay fwng hest trauma r nstrumentatn.
It s defned as a rat f peura fud hematrt t perph-
era bd hematrt greater than 0.5.

Peura fud sampes shud be sent fr measurement
f prten, guse, and LD n addtn t tta and dffer-
enta whte bd e unts. Chemstry determnatns
are used t assfy effusns as transudates r exudates.
Ths assfatn s mprtant beause the dfferenta
dagnss and subsequent evauatn fr eah entty vares
(Tabe 9–24). A pleural exudate s an effusn that has ne
r mre f the fwng abratry features: (1) rat f
peura fud prten t serum prten greater than 0.5; (2)
rat f peura fud LD t serum LD greater than 0.6; (3)
peura fud LD greater than tw-thrds the upper mt f
nrma serum LD. Aternatve dagnst rtera that d
nt requre the smutaneus sampng f serum but that
perfrm smary nude the “tw-test” (peura fud h-
ester greater than 45 mg/dL, peura fud LD greater
than 0.45 tmes upper mt f nrma serum LD) and the
“three-test” (whh adds peura fud prten greater than
2.9 g/dL). Pleural transudates ur n the settng f nr-
ma apary ntegrty and demnstrate nne f the abra-
try features f exudates. A transudate suggests the absene
f a peura dsease; haraterst abratry fndngs
nude a guse near t serum guse, pH between 7.40
and 7.55 (f prpery measured), and fewer than 1000 whte
bd es/mL (1.0 × 109/L) wth a predmnane f
mnnuear es. It s wrthwhe t nte that dsrmna-
tn f exudate frm transudate s ess reabe near the
utff vaues fr any f the rtera, and that effetve dure-
ss may nrease the prten r LD nentratn n the
peura fud as water s reabsrbed, thus reatng a brder-
ne “pseudexudatve” hemstry n transudatve states
suh as heart faure.

Heart faure aunts fr the majrty f transudates.
Batera pneumna, aner, and tuberuss (n endem
regns) are the mst mmn auses f exudatve effu-
sn. Other auses f exudates wth haraterst abra-
try fndngs are summarzed n Tabe 9–25.

Peura fud pH (nrma = 7.60) s usefu n the assess-
ment f parapneumn effusns, prvded that t an be
reaby measured, and s mre usefu than guse mea-
surement n determnng need fr dranage. A pH ess than
7.20 suggests the need fr dranage f the peura spae. An
eevated amyase eve n peura fud suggests panreatts,
panreat pseudyst, adenarnma f the ung r
panreas, r esphagea rupture.

Suspeted tuberuus peura effusn shud be evau-
ated by thraentess wth uture, athugh peura fud
uture pstvty fr M tuberculosis s w. Tests fr peura
fud adensne deamnase (apprxmatey 90% senstvty
and spefty fr peura tuberuss at eves greater than
60 unts/L, tuberuss rare f eve s ess than 40 unts/L)
and nterfern-gamma (89% senstvty, 97% spefty n
a meta-anayss) an be hepfu dagnst ads, partuary
n makng desns t pursue nvasve testng n mpex
patents. Csed peura bpsy s mre senstve than peu-
ra fud uture fr dagnss, reveang granumatus
nfammatn n apprxmatey 60% f patents, and u-
ture f three peura bpsy spemens mbned wth

Table 924. Causes of pleural fluid transudates and
exudates.

Transudates Exudates

Heart failure

Cirrhosis with ascites

Nephrotic syndrome

Peritoneal dialysis

Myxedema

Atelectasis (acute)

Constrictive pericarditis

Superior vena cava obstruction

Pulmonary embolism

Pneumonia (parapneumonic

effusion, including

empyema)

Cancer

Pulmonary embolism

Bacterial infection (including

empyema)

Tuberculosis

Connective tissue disease

Viral infection

Fungal infection

Rickettsial infection

Parasitic infection

Asbestos

Meigs syndrome

Pancreatic disease

Uremia

Chronic atelectasis

Trapped lung

Chylothorax

Sarcoidosis

Drug reaction

Post–myocardial injury

syndrome
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hstg examnatn f a peura bpsy fr granumas
yeds a dagnss n up t 90% f patents.

Between 40% and 80% f exudatve peura effusns
are magnant, whe ver 90% f magnant peura effu-
sns are exudatve. Amst any frm f aner may ause
effusns, but the mst mmn auses are ung aner
(ne-thrd f ases) and breast aner. In 5–10% f mag-
nant peura effusns, n prmary tumr s dentfed.

Peura fud spemens shud be sent fr ytg
examnatn n a ases f exudatve effusns n patents
suspeted f harbrng an underyng magnany. The dag-
nst yed depends n the nature and extent f the under-
yng magnany. Senstvty s between 50% and 65% and
nreases wth sera sampng. In a patent wth a hgh prr
prbabty f magnany, a negatve ytg examnatn
shud be fwed by ne repeat thraentess. If that
examnatn s negatve, thraspy s preferred t sed
peura bpsy. The senstvty f thraspy s 92–96%.

The term paramalignant peura effusn refers t an
effusn n a patent wth aner when repeated attempts t
dentfy tumr es n the peura r peura fud are nn-
dagnst but when there s a presumptve reatn t the
underyng magnany. Fr exampe, superr vena ava
syndrme wth eevated system venus pressures ausng
a transudatve effusn wud be “paramagnant.”

C. Imaging

The ung s ess dense than water and fats n peura fud
that aumuates n dependent regns. Subpumn fud
may appear as atera dspaement f the apex f the da-
phragm wth an abrupt spe t the stphren suus r
a greater than 2-m separatn between the gastr ar
bubbe and the ung. On a standard uprght hest rad-
graph (Fgure 9–7), apprxmatey 75–100 mL f peura
fud must aumuate n the psterr stphren suus

Table 925. Characteristics of important exudative pleural effusions.

Etiology or Type

of Effusion

Gross

Appearance

White Blood Cell

Count cells/mcL

Red Blood Cell

Count cells/mcL Glucose Comments

Malignancy Turbid to bloody;

occasionally

serous

1000–100,000

(1.0–100 × 109/L)

M

100 (0.1 × 109/L) to

several hundred

thousand

Equal to serum

levels;

< 60 mg/dL in

15% of cases

Eosinophilia uncommon;

positive results on cyto-

logic examination

Uncomplicated

parapneumonic

Clear to turbid 5000–25,000

(5.0–25 × 109/L)

P

< 5000 (5.0 × 109/L) Equal to serum

levels

Tube thoracostomy

unnecessary

Empyema Turbid to purulent 25,000–100,000

(25–100 × 109/L)

P

< 5000 (5.0 × 109/L) Less than serum

levels; often

very low

Drainage necessary; putrid

odor suggests anaerobic

infection

Tuberculosis Serous to

serosanguineous

5000–10,000

(5.0–10 × 109/L)

M

< 10,000 (10 × 109/L) Equal to serum

levels; occasion-

ally < 60 mg/dL

Protein > 4.0 g/dL (may

exceed 5 g/dL); frequently

lymphocyte predominant

(> 50%); eosinophils

(> 10%) or mesothelial

cells (> 5%) make diagno-

sis unlikely; see text for

additional diagnostic tests

Rheumatoid Turbid; greenish

yellow

1000–20,000

(1.0–20 × 109/L)

M or P

< 1000 (1.0 × 109/L) < 40 mg/dL Secondary empyema com-

mon; high LD, low comple-

ment, high rheumatoid

factor, cholesterol crystals

are characteristic

Pulmonary

infarction

Serous to grossly

bloody

1000–50,000

(1.0–50 × 109/L)

M or P

100 (0.1 × 109/L) to

> 100,000

(100 × 109/L)

Equal to serum

levels

Variable findings; no

pathognomonic features

Esophageal rupture Turbid to purulent;

red-brown

< 5000 (5.0 × 109/L)

to > 50,000

(50 × 109/L)

P

1000–10,000

(10–10 × 109/L)

Usually low High amylase level (salivary

origin); pneumothorax in

25% of cases; effusion

usually on left side; pH

< 6.0 strongly suggests

diagnosis

Pancreatitis Turbid to

serosanguineous

1000–50,000

(1.0–50 × 109/L)

P

1000–10,000

(1.0–10 × 109/L)

Equal to serum

levels

Usually left-sided; high

amylase level

LD, lactate dehydrogenase; M, mononuclear cell predominance; P, polymorphonuclear leukocyte predominance.
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t be vsbe n the atera vew, and 175–200 mL must be
present n the atera stphren suus t be vsbe n
the frnta vew. Chest CT sans may dentfy as tte as
10 mL f fud. At east 1 m f fud n the deubtus vew
s neessary t permt bnd thraentess. Utrasngra-
phy nreases the safety f thraentess and shud be
nrprated rutney by traned users.

Peura fud may beme trapped (uated) by peu-
ra adhesns, thereby frmng unusua etns ang
the atera hest wa r wthn ung fssures. Rund r va
fud etns n fssures that resembe ntraparenhyma
masses are aed pseudtumrs.

» Treatment

A. Transudative Pleural Effusion

Transudatve peura effusns haraterstay ur n
the absene f peura dsease. Therefre, treatment s
dreted at the underyng ndtn. Therapeut thra-
entess fr severe dyspnea typay ffers ny transent
beneft. Peurdess r ndweng peura atheters are
rarey ndated but are apprprate fr management f
symptms n seeted patents whse symptms respnd t
dranage and whse effusns are refratry t maxma
meda therapy.

B. Malignant Pleural Effusion

Chemtherapy, radatn therapy, r bth ffer temprary
ntr n sme magnant effusns but are generay nef-
fetve n ung aner n the peura spae exept fr sma-
e ung aner. Asymptmat magnant effusns usuay
d nt requre spef treatment. Symptmat patents
shud be ffered peura dranage, ether va nta

therapeut thraentess t determne symptmat
respnse t dranage, fwng whh an ndweng peu-
ra atheter an be paed, r va mmedate paement f
an ndweng peura atheter. Indweng peura atheter
paement s assated wth shrter hspta stays than
peurdess. Indweng peura atheters ften effet a
peurdess ver tme, at whh pnt the atheter an be
remved.

C. Parapneumonic Pleural Effusion

Parapneumn peura effusns are dvded nt three
ategres, the assfatn f whh an ny be deter-
mned by sampng the fud: smpe r unmpated,
mpated, and empyema. Uncomplicated parapneu-
monic effusions are free-fwng stere exudates f md-
est sze that resve quky wth antbt treatment f
pneumna. They d nt need dranage.

Complicated parapneumonic effusions present the
mst dffut management desns. They tend t be
arger than smpe parapneumn effusns and t shw
mre evdene f nfammatry stmu, suh as w guse
eve, w pH, r evdene f uatn. Infammatn
prbaby refets ngng batera nvasn f the peura
spae despte rare pstve batera utures. Tube thras-
tmy s ndated when peura fud guse s ess than
60 mg/dL (ess than 3.3 mm/L) r the pH s ess than
7.2. These threshds have nt been prspetvey vadated
and shud nt be nterpreted strty. The nan shud
nsder dranage f a mpated effusn f the peura
fud pH s between 7.2 and 7.3 r the LD s greater than
1000 unts/L (greater than 20 mkat/L). Peura fud e
unt and prten have tte dagnst vaue n ths settng.

Empyema s grss nfetn f the peura spae nd-
ated by pstve Gram stan r uture. Empyema shud be
draned, and the patent referred t a thra speast t
determne whether tube thrastmy versus dertatn
s needed t fatate earane f nfetn and t redue the
prbabty f permanent fbrus enasement f the ung.

Tube thrastmy dranage f empyema r mp-
ated parapneumn effusns s frequenty mpated
by uatn that prevents adequate dranage. Intrapeura
nstatn f fbrnyt agents ane has nt been shwn
n ntred tras t mprve dranage. The mbnatn
f ntrapeura tssue pasmngen atvatr and dexyr-
bnuease (DNase), an enzyme that atayzes extraeuar
DNA and degrades bfm frmatn wthn the peura
avty, has been fund t mprve na utme
(nreased dranage, dereased ength f stay, and dereased
surga referra) mpared wth paeb r ether agent
ane, and shud be nsdered when fever, eukytss,
r anrexa persst despte antbts and tube thras-
tmy, r when the ung fas t reexpand.

D. Hemothorax

A sma-vume hemthrax that s stabe r mprvng n
hest radgraphs may be managed by se bservatn. In
a ther ases, hemthrax s treated by mmedate nser-
tn f a thrastmy tube t (1) dran exstng bd and
t, (2) quantfy the amunt f beedng, (3) redue the rsk

▲ Figure 9–7. Left pleural effusion. Frontal chest radio-
graph showing a meniscus-shaped density at the left
costophrenic angle sulcus indicative of a moderate-
sized pleural effusion. (Reproduced, with permission,
from Lechner AJ, Matuschak GM, Brink DS. Respiratory: An
Integrated Approach to Disease. McGraw-Hill, 2012.)
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f fbrthrax, and (4) permt appstn f the peura sur-
faes n an attempt t redue hemrrhage. Thra surgery
nsutatn s ndated. Thratmy may be requred t
ntr hemrrhage, remve t, and treat mpatns.

Abudara M et a. Update n the management f peura effu-
sns. Med Cn Nrth Am. 2019;103:475. [PMID: 30955515]

Bhatnagar R et a. Outpatent ta admnstratn by ndweng
peura atheter fr magnant effusn. N Eng J Med.
2018;378:1313. [PMID: 29617585]

Bramey K et a. Indweng peura atheter paement fr nn-
magnant peura effusns. Semn Respr Crt Care Med.
2018;39:713. [PMID: 30641589]

Feer-Kpman D et a. Peura dsease. N Eng J Med. 2018;378:
740. [PMID: 29466146]

Thmas R et a. Management f magnant peura effusns—
what s new. Semn Respr Crt Care Med. 2019;40:323.
[PMID: 31525808]

PNEUMOTHORAX

E S S E N T I A L S  O F  D I A G N O S I S

» Acute onset of unilateral chest pain and dyspnea.

» Minimal physical findings in mild cases; unilateral
chest expansion, decreased tactile fremitus,
hyperresonance, diminished breath sounds, medi-
astinal shift, cyanosis and hypotension in tension
pneumothorax.

» Presence of pleural air on chest radiograph.

» General Considerations

Pneumthrax, r aumuatn f ar n the peura spae,
s assfed as spntaneus (prmary r sendary), trau-
mat, r atrgen. Primary spontaneous pneumthrax
urs n the absene f an underyng ung dsease,
whereas secondary spontaneous pneumothorax s a m-
patn f preexstng pumnary dsease. Traumatic
pneumthrax resuts frm penetratng r bunt trauma
and nudes iatrogenic pneumthrax fwng pre-
dures, suh as thraentess, peura bpsy, subavan r
nterna juguar ven atheter paement, perutaneus
ung bpsy, brnhspy wth transbrnha bpsy, and
pstve-pressure mehana ventatn. Tension pneu-
mthrax usuay urs n the settng f penetratng
trauma, ung nfetn, ardpumnary resustatn, r
pstve-pressure mehana ventatn. In tensn pneu-
mthrax, the pressure f ar n the peura spae exeeds
avear and venus pressures thrughut the respratry
ye, resutng n mpressn f ung and redutn f
venus return t the hemthrax; a hek-vave mehansm
may aw ar t enter the peura spae n nspratn and
t prevent egress f ar n expratn.

Prmary spntaneus pneumthrax s mre key
amng ta, thn ndvduas, mre mmn n men, typ-
ay urrng at a yung age (ess than 45 years). It s
thught t ur frm rupture f subpeura apa bebs n

respnse t hgh negatve ntrapeura pressures. Cgarette
smkng s rreated wth urrene f prmary spnta-
neus pneumthrax, as are nnetve tssue dsrders
suh as Marfan and Ehers-Dans syndrmes.

Sendary pneumthrax urs as a mpatn f
COPD, nterstta ung dsease, asthma, yst fbrss,
tuberuss, Pneumocystis pneumna, nertzng bate-
ra pneumna, menstruatn (atamena pneumth-
rax), and a wde varety f yst ung dseases, nudng
ymphangemymatss, tuberus serss, Langer-
hans e hstytss, and Brt-Hgg-Dube syndrme (a
heredtary ndtn wth mutpe bengn skn tumrs,
ung ysts, and nreased rsk f bth bengn and mag-
nant kdney tumrs). Sendary pneumthrax, partu-
ary n patents wth underyng symptmat ung dsease,
s mre pry terated due t the dereased respratry
reserve n ths grup.

» Clinical Findings

A. Symptoms and Signs

Chest pan rangng frm mnma t severe n the affeted
sde and dyspnea ur n neary a patents, and ugh s
mmny reprted. Pneumthrax may present wth fe-
threatenng respratry faure f underyng ung dsease s
present r f tensn pneumthrax physgy ensues.

If pneumthrax s sma (ess than 15% f a hemth-
rax), physa fndngs, ther than md tahyarda, are
nrma. If pneumthrax s arge, dmnshed breath
sunds, dereased tate fremtus, dereased mvement f
the hest, and hyperresnant perussn nte are ften
fund. Tensn pneumthrax shud be suspeted n the
presene f marked tahyarda, hyptensn, and medas-
tna r trahea shft.

B. Laboratory Findings

ABG anayss s ften unneessary but reveas hypxema
and aute respratry akass n mst patents. Left-sded
prmary pneumthrax may prdue QRS axs and prer-
da T-wave hanges n the ECG that may be msnter-
preted as aute myarda nfartn.

C. Imaging

Demnstratn n hest radgraph f ueny wthut
ung markngs between the hest wa and ung, and vsua-
zatn f the vsera peura (a “peura ne”) s dagnst.
A few patents have sendary peura effusn that dem-
nstrates a haraterst ar-fud eve n hest radgra-
phy. In supne patents, pneumthrax n a nventna
hest radgraph may appear as an abnrmay raduent
stphren suus (the “deep suus” sgn). In patents
wth tensn pneumthrax, hest radgraphs shw a
arge amunt f ar n the affeted hemthrax and ntra-
atera shft f the medastnum.

Chest utrasngraphy, perfrmed at the bedsde by
experened nans r tehnans, demnstrates hara-
terst fndngs n the regn f the pneumthrax. These
fndngs nude absent “ung sdng,” r absent “ung puse,”
r presene f a “ung pnt,” a f whh demnstrate a
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regn f ung where the pareta and vsera peura are nt
n nrma appstn. Utrasund may be mre senstve
than supne hest radgraph (supne pstnng neess-
tated by na rumstane) fr detetng pneumthrax
n trauma patents, and s frequenty used n rta are,
thugh mparsns f utrasund t hest radgraph r t
CT san reprt varabe test haratersts.

Hgh-resutn CT may be nsdered wth the frst
spntaneus pneumthrax t evauate fr underyng
yst ung dsease.

» Differential Diagnosis

If the patent s yung wth typa na haratersts,
the dagnss f prmary spntaneus pneumthrax s
usuay bvus and an be nfrmed by hest radgraph.
Oasnay, pneumthrax may mm myarda
nfartn, pumnary embsm, r pneumna.

» Complications

Tensn pneumthrax may be fe-threatenng. Pneum-
medastnum and subutaneus emphysema may ur as
mpatns f spntaneus pneumthrax. If pneum-
medastnum s deteted, rupture f the esphagus r a
brnhus shud be nsdered n the dfferenta dagnss.

» Treatment

Treatment depends n the severty f the pneumthrax
and the nature f the underyng dsease. In a reabe
patent wth a stabe, spntaneus prmary pneumthrax,
bservatn ane may be apprprate; many ases resve
spntaneusy as ar s absrbed frm the peura spae. In
fat, a 2020 US study demnstrated that even mderate t
arge pneumthraes n a stabe patent (n xygen
requrement, n mtatn t ambuatn, and n nrease
n sze f pneumthrax ver 4 hurs f mntrng) an
be managed wthut nterventn prvded the patent s
reabe. Smpe aspratn dranage f peura ar wth a
sma-bre atheter (eg, 16-gauge angatheter r arger
dranage atheter) an be perfrmed fr spntaneus pr-
mary pneumthraxes that are arge r prgressve. Pae-
ment f a sma-bre hest tube (7F t 14F) attahed t a
ne-way Hemh vave prvdes prtetn aganst deve-
pment f tensn pneumthrax and may permt bser-
vatn frm hme. The patent shud be treated
symptmatay fr ugh and hest pan and mntred
wth sera hest radgraphs every 24 hurs.

Patents wth sendary pneumthrax, tensn pneu-
mthrax, r severe symptms r thse wh have a pneu-
mthrax n mehana ventatn shud underg hest
tube paement (tube thrastmy). The hest tube s
paed under water-sea dranage, and sutn s apped
unt the ung expands. The hest tube an be remved
after the ar eak subsdes.

A patents wh smke shud be advsed t dsn-
tnue smkng and warned that the rsk f reurrene s
hgher f garette smkng s ntnued.

Indatns fr surga management (vde-asssted
thrasp surgery) nude reurrenes f spntaneus

pneumthrax, any urrene f batera pneumthrax,
and faure f tube thrastmy fr the frst epsde (fa-
ure f ung t reexpand r persstent ar eak). Surga
nterventn s as generay remmended fr any patent
wth a sendary pneumthrax (presene f underyng
ung dsease) beause the rsk f reurrene s hgh, and the
nsequenes f reurrenes are greater. Surgery permts
resetn r repar f bebs r buae respnsbe fr the
pneumthrax as we as mehana r hema peurde-
ss. Patents wh are nt aeptabe surga anddates an
be treated wth hema peurdess va a hest tube.

» Prognosis

An average f 30% f patents wth spntaneus pneum-
thrax experene reurrene f the dsrder after ether
bservatn r tube thrastmy fr the frst epsde.
Reurrene after surga therapy s ess frequent. Fw-
ng suessfu therapy, there are n ng-term mpa-
tns. Sendary pneumthrax has up t a 50% kehd
f reurrene fwng the frst event f surga nterven-
tn s nt undertaken.

Brwn SGA et a; PSP Investgatrs. Cnservatve versus nter-
ventna treatment fr spntaneus pneumthrax. N Eng J
Med. 2020;382:405. [PMID: 31995686]

Chan KK et a. Chest utrasngraphy versus supne hest rad-
graphy fr dagnss f pneumthrax n trauma patents n
the emergeny department. Chrane Database Syst Rev.
2020;7:CD013031. [PMID: 32702777]

Hafax RJ et a. Ambuatry management f prmary spntane-
us pneumthrax: an pen-abe, randmsed ntred
tra. Lanet. 2020;396:39. [PMID: 32622394]

Pjux J et a. New nsghts and mprved strateges fr the
management f prmary spntaneus pneumthrax. Cn
Respr J. 2019;13:195. [PMID: 30615303]

º
DISORDERS OF CONTROL OF
VENTILATION

The prnpa nfuenes n ventatry ntr are artera
Pco

2
, pH, Po

2
, and branstem tssue pH. These varabes

are mntred by perphera and entra hemreeptrs.
Under nrma ndtns, the ventatry ntr system
mantans artera pH and Pco

2
wthn narrw mts; arte-

ra Po
2

s mre sey ntred.
Abnrma ntr f ventatn an be seen wth a

varety f ndtns rangng frm rare dsrders, suh as
prmary avear hypventatn, neurmusuar dsr-
ders, myxedema, starvatn, and artd bdy resetn t
mre mmn dsrders, suh as asthma, COPD, besty,
heart faure, and seep-reated breathng dsrders. A few
f these dsrders w be dsussed n ths setn.

HYPERVENTILATION SYNDROMES

Hyperventatn s an nrease n avear mnute venta-
tn that eads t hypapna. It may be aused by a varety
f ndtns, suh as pregnany, hypxema, bstrutve
and nftratve ung dseases, sepss, ver dysfuntn,
fever, and pan. Funtna hyperventatn may be aute
r hrn. Acute hyperventilation presents wth
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hyperpnea, anxety, paresthesas, arppeda spasm, and
tetany. Chronic hyperventilation may present wth varus
nnspef symptms, nudng fatgue, dyspnea, anxety,
paptatns, and dzzness. The dagnss f hrn hyper-
ventatn syndrme s estabshed f symptms are repr-
dued durng vuntary hyperventatn. One rgan
auses f hyperventatn have been exuded, treatment f
aute hyperventatn nssts f breathng thrugh pursed
ps r thrugh the nse wth ne nstr pnhed r
rebreathng expred gas frm a paper bag hed ver the fae
n rder t derease respratry akaema and ts assated
symptms. Anxyt drugs may as be usefu.

Vdtt LS et a. Dysfuntna breathng: what d we knw? J
Bras Pneum. 2019;45:e20170347. [PMID: 30758427]

Zhang Z et a. Hyperventatn n neurga patents: frm
physgy t utme evdene. Curr Opn Anaesthes.
2019;32:568. [PMID: 31211719]

OBESITY-HYPOVENTILATION SYNDROME
(Pickwickian Syndrome)

In besty-hypventatn syndrme, awake avear
hypventatn appears t resut frm a mbnatn f
bunted ventatry drve and nreased mehana ad
mpsed upn the hest by besty. Vuntary hypervent-
atn returns the Pco

2
and the Po

2
tward nrma vaues,

a rretn nt seen n ung dseases ausng hrn
respratry faure, suh as COPD. Dagnst rtera
nude a bdy mass ndex greater than 30, an artera par-
ta pressure f arbn dxde greater than 45 mm Hg, and
exusn f ther auses f avear hypventatn. Mst
patents wth besty-hypventatn syndrme as suffer
frm bstrutve seep apnea, whh must be treated
aggressvey f dentfed as a mrbd dsrder. Therapy
f besty-hypventatn syndrme nssts many f
weght ss, whh mprves hyperapna and hypxema
as we as the ventatry respnses t hypxa and hyper-
apna. Avdane f sedatve-hypnts, pds, and
ah s as remmended. NIPPV s hepfu n many
patents. Patents wth besty-hypventatn syndrme
have a hgher rsk f mpatns n the perperatve
perd, nudng respratry faure, ntubatn, and ar-
da faure. Regntn f these patents n the perpera-
tve perd s an mprtant safety measure.

Masa JF et a. Obesty hypventatn syndrme. Eur Respr
Rev. 2019;28:180097. [PMID: 30872398]

Mkhes B et a. Evauatn and management f besty
hypventatn syndrme. An Offa Ameran Thra
Sety Cna Prate Gudene. Am J Respr Crt Care
Med. 2019;200:e6. Erratum n: Am J Respr Crt Care Med.
2019;200:1326. [PMID: 31368798]

Ramírez Mna VR et a. Effetveness f dfferent treatments n
besty hypventatn syndrme. Pumngy. 2020;26:370.
[PMID: 32553827]

SLEEP-RELATED BREATHING DISORDERS

Abnrma ventatn durng seep s manfested by apnea
(breath essatn fr at east 10 sends) r hyppnea (de-
rement n arfw wth drp n hemgbn saturatn f at

east 4%). Epsdes f apnea are central f ventatry effrt
s absent fr the duratn f the apne epsde, obstruc-
tive f ventatry effrt perssts thrughut the apne
epsde but n arfw urs beause f transent bstru-
tn f the upper arway, and mixed f absent ventatry
effrt preedes upper arway bstrutn durng the apne
epsde. Pure entra seep apnea s unmmn; t may be
an sated fndng r may ur n patents wth prmary
avear hypventatn r wth esns f the branstem.
Obstrutve and mxed seep apneas are mre mmn and
may be assated wth fe-threatenng arda arrhyth-
mas, severe hypxema durng seep, daytme smnene,
pumnary hypertensn, r pumnae, system hyper-
tensn, and sendary erythrytss.

Fmer RL et a. Prevaene and management f seep dsrders
n the Veterans Heath Admnstratn. Seep Med Rev.
2020;54:101358. [PMID: 32791487]

MNhas WT et a. Seep n hrn respratry dsease:
COPD and hypventatn dsrders. Eur Respr Rev. 2019;
28:190064. [PMID: 31554703]

OBSTRUCTIVE SLEEP APNEA

E S S E N T I A L S  O F  D I A G N O S I S

» Daytime somnolence or fatigue.

» A history of loud snoring with witnessed apneic
events.

» Overnight polysomnography demonstrating apneic
episodes with hypoxemia.

» General Considerations

Upper arway bstrutn durng seep urs when ss f
nrma pharyngea muse tne aws the pharynx t -
apse passvey durng nspratn. Patents wth anatm-
ay narrwed upper arways (eg, mrgnatha,
margssa, besty, tnsar hypertrphy) are preds-
psed t the devepment f bstrutve seep apnea. Inges-
tn f ah r sedatves befre seepng r nasa
bstrutn f any type, nudng the mmn d, may
preptate r wrsen the ndtn. Hypthyrdsm and
garette smkng are addtna rsk fatrs fr bstrutve
seep apnea. Befre makng the dagnss f bstrutve
seep apnea, a drug hstry shud be btaned and a sezure
dsrder, narepsy, and depressn shud be exuded.

» Clinical Findings

A. Symptoms and Signs

Mst patents wth bstrutve r mxed seep apnea are
bese, mdde-aged men. Artera hypertensn s m-
mn. Patents may mpan f exessve daytme smn-
ene, mrnng suggshness and headahes, daytme
fatgue, gntve mparment, reent weght gan, and
mptene. Bed partners usuay reprt ud ya
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snrng, breath essatn, wtnessed apneas, restessness,
and thrashng mvements f the extremtes durng seep.
Persnaty hanges, pr judgment, wrk-reated prb-
ems, depressn, and nteetua deterratn (memry
mparment, nabty t nentrate) may as be bserved.
The US Preventve Serves Task Fre des nt rem-
mend sreenng asymptmat aduts fr seep apnea.

Physa examnatn may be nrma r may revea sys-
tem and pumnary hypertensn wth r pumnae. The
patent may appear seepy r even fa aseep durng the evau-
atn. The rpharynx s frequenty fund t be narrwed by
exessve sft tssue fds, arge tnss, engated uvua, r
prmnent tngue. Nasa bstrutn by a devated nasa sep-
tum, pr nasa arfw, and a nasa twang t the speeh may
be bserved. A “bu nek” appearane s mmn.

B. Laboratory Findings

Erythrytss s mmn. Thyrd funtn tests (serum
TSH, FT

4
) shud be btaned t exude hypthyrdsm.

C. Other Studies

Observatn f the seepng patent may revea ud snr-
ng nterrupted by epsdes f nreasngy strng venta-
try effrt that fa t prdue arfw. A ud snrt ften
ampanes the frst breath fwng an apne epsde.
Defntve dagnst evauatn fr suspeted seep apnea
nudes trhnaryngg examnatn and vernght
pysmngraphy (the mntrng f mutpe physg
fatrs durng seep). A mpete polysomnography
examnatn nudes eetrenephagraphy, eetr-
ugraphy, eetrmygraphy, ECG, puse xmetry, and
measurement f respratry effrt and arfw. Pysm-
ngraphy reveas apne epsdes astng as ng as
60 sends. Oxygen saturatn fas, ften t very w eves.
Bradydysrhythmas, suh as snus bradyarda, snus arrest,
r atrventruar bk, may ur. Tahydysrhythmas,
nudng parxysma supraventruar tahyarda, atra
fbratn, and ventruar tahyarda, may be seen ne
arfw s reestabshed. Hme seep studes an be dne fr
the persn wthut mrbdtes and a mderate t hgh
pretest prbabty f bstrutve seep apnea. Whe hme
studes annt quantfy the stages f seep, they an prvde
a reabe ndex f respratry and desaturatn events.

» Treatment

Weight loss and strt avdane f ah and hypnt
medatns are the frst steps n management. Weght ss
may be uratve, but mst patents are unabe t se the
10–20% f bdy weght requred. Continuous positive
airway pressure (CPAP) at nght s uratve n many
patents. Aut-ttratng CPAP mahnes aw a range f
pressures t be presrbed (5–15 m H

2
O). Pysmngra-

phy s frequenty neessary t ptmze the eve f CPAP
neessary t absh bstrutve apneas and manage
hypxema. Unfrtunatey, ny abut 75% f patents n-
tnue t use nasa CPAP after 1 year. Suppementa xygen
may essen the severty f nturna desaturatn but may
as engthen apneas; t shud nt be rutney presrbed
wthut pysmngraphy t assess the effets f xygen

therapy. Mehana deves nserted nt the muth at
bedtme t hd the jaw frward and prevent pharyngea
usn have mdest effetveness n reevng apnea;
hwever, patent mpane s nt ptma.

Uvulopalatopharyngoplasty (UPPP), a predure
nsstng f resetn f pharyngea sft tssue and ampu-
tatn f apprxmatey 15 mm f the free edge f the sft
paate and uvua, s hepfu n apprxmatey 50% f seeted
patents. It s mre effetve n emnatng snrng than
apne epsdes. UPPP may be perfrmed n an utpatent
bass wth a aser. Nasal septoplasty s perfrmed f grss
anatm nasa septa defrmty s present. Tracheostomy
reeves upper arway bstrutn and ts physg nse-
quenes and represents the defntve treatment fr bstru-
tve seep apnea. Hwever, t has numerus adverse effets,
nudng granuma frmatn, dffuty wth speeh, and
stma and arway nfetn. Furthermre, the ng-term
are f the trahestmy, espeay n bese patents, an be
dffut. Trahestmy and ther maxfaa surgery
apprahes are reserved fr patents wth fe-threatenng
arrhythmas r severe dsabty wh have nt respnded t
nservatve therapy. Hypoglossal nerve stimulation an
be an ptn fr seet patents wh d nt respnd t
CPAP and have ertan anatm features, nudng nn-
nentr arway apse; a 5-year fw-up study shwed
mprvement n seepness, quaty f fe, and respratry
utmes n the treatment hrt. Fr patents wh are
unabe r unwng t use CPAP, and wh may nt be surg-
a anddates, the H

3
-reeptr antagnst/nverse agnst

ptsant has been shwn t mprve seepness and fatgue.
Fu nrmazatn f breathng patterns s nt neessary
the therapeut ga. A randmzed tra f adaptve serv-
ventatn n seep apnea patents wth predmnant en-
tra apnea and mpared eft ventruar ejetn fratn
(ess than 45%) reprted nreased ardvasuar and a-
ause mrtaty n the treatment grup.

Dauvers Y et a; HAROSA II Study Grup abratrs.
Ptsant fr daytme seepness n patents wth bstrutve
seep apnea wh refuse ntnuus pstve arway pressure
treatment. a randmzed tra. Am J Respr Crt Care Med.
2020;201:1135. Erratum n: Am J Respr Crt Care Med.
2020;202:154. [PMID: 31917607]

Edwards BA et a. Mre than the sum f the respratry events:
persnazed medne apprahes fr bstrutve seep apnea.
Am J Respr Crt Care Med. 2019;200:691. [PMID: 31022356]

Pate SR. Obstrutve seep apnea. Ann Intern Med. 2019;171:ITC81.
[PMID 31791057]

Sutherand K et a. Ora appane therapy fr bstrutve seep
apnea: state f the art. J Cn Med. 2019;8:2121. [PMID:
31810332]

Wdsn BT et a. Upper arway stmuatn fr bstrutve seep
apnea: 5-year utmes. Otaryng Head Nek Surg. 2018;
159:194. [PMID: 29582703]

º
ACUTE RESPIRATORY FAILURE

Respratry faure s defned as respratry dysfuntn
resutng n abnrmates f xygenatn r ventatn
(CO

2
emnatn) severe enugh t threaten the funtn f

vta rgans. ABG rtera fr respratry faure are nt
absute but may be arbtrary estabshed as a Po

2
under
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60 mm Hg (7.8 kPa) r a Pco
2
ver 50 mm Hg (6.5 kPa). Aute

respratry faure may ur n a varety f pumnary and
nnpumnary dsrders (Tabe 9–26). Ony a few seeted
genera prnpes f management w be revewed here.

» Clinical Findings

Symptms and sgns f aute respratry faure are
thse f the underyng dsease mbned wth thse f

Table 926. Selected causes of acute respiratory failure
in adults.

Airway disorders

Asthma

Acute exacerbation of

chronic bronchitis or

emphysema

Obstruction of pharynx, lar-

ynx, trachea, mainstem

bronchus, or lobar bron-

chus by edema, mucus,

mass, or foreign body

Pulmonary edema

Increased hydrostatic

pressure

Left ventricular dysfunc-

tion (eg, myocardial

ischemia, heart failure)

Mitral regurgitation

Left atrial outflow obstruc-

tion (eg, mitral stenosis)

Volume overload states

Increased pulmonary

capillary permeability

Acute respiratory distress

syndrome

Acute lung injury

Unclear etiology

Neurogenic

Negative pressure (inspira-

tory airway obstruction)

Re-expansion

Tocolytic-associated

Parenchymal lung disorders

Pneumonia

Interstitial lung diseases

Diffuse alveolar hemorrhage

syndromes

Aspiration

Lung contusion

Pulmonary vascular disorders

Thromboembolism

Air embolism

Amniotic fluid embolism

Chest wall, diaphragm, and

pleural disorders

Rib fracture

Flail chest

Pneumothorax

Pleural effusion

Massive ascites

Abdominal distention and

abdominal compartment

syndrome

Neuromuscular and related

disorders

Primary neuromuscular

diseases

Guillain-Barré syndrome

Myasthenia gravis

Poliomyelitis

Polymyositis

Drug- or toxin-induced

Botulism

Organophosphates

Neuromuscular blocking

agents

Aminoglycosides

Spinal cord injury

Phrenic nerve injury or

dysfunction

Electrolyte disturbances

Hypokalemia

Hypophosphatemia

Myxedema

Central nervous system

disorders

Drugs: sedatives, hypnotics,

opioids, anesthetics

Brainstem respiratory center

disorders: trauma, tumor,

vascular disorders,

hypothyroidism

Intracranial hypertension

Central nervous system

infections

Increased CO
2

production

Fever

Infection

Hyperalimentation with

excess caloric and

carbohydrate intake

Hyperthyroidism

Seizures

Rigors

Drugs

hypxema r hyperapna. The hef symptm f hypx-
ema s dyspnea, thugh prfund hypxema may exst n
the absene f mpants. Sgns f hypxema nude
yanss, restessness, nfusn, anxety, derum, tahy-
pnea, bradyarda r tahyarda, hyptensn r hyper-
tensn, arda dysrhythmas, and tremr. Dyspnea and
headahe are the ardna symptms f hyperapna. Sgns
f hyperapna nude perphera and njuntva hyper-
ema, hypertensn, tahyarda, tahypnea, mpared n-
susness, papedema, mynus, and asterxs. The
symptms and sgns f aute respratry faure are bth
nsenstve and nnspef; therefre, the nan must
mantan a hgh ndex f suspn and btan ABG anay-
ss f respratry faure s suspeted.

» Treatment

Treatment f the patent wth aute respratry faure n-
ssts f (1) spef therapy dreted tward the underyng
dsease, (2) respratry supprtve are dreted tward the
mantenane f adequate gas exhange, and (3) genera sup-
prtve are. Ony the ast tw aspets are dsussed bew.

A. Respiratory Support

Respratry supprt has bth nnventatry and venta-
try aspets.

1. Nonventilatory aspects—The man therapeut ga
n aute hypxem respratry faure s t ensure ade-
quate xygenatn f vta rgans. Inspred xygen n-
entratn shud be the west vaue that resuts n an
artera hemgbn saturatn f 88% r mre (Po

2

55 mm Hg r mre [7.3 kPa r mre]). Hgher artera
xygen tensns are f n prven beneft and may be de-
eterus. Restratn f nrmxema may rarey ause
hypventatn n patents wth hrn hyperapna;
hwever, xygen therapy shud nt be wthhed fr fear
f ausng prgressve respratry adema. Hypxema
n patents wth bstrutve arway dsease s usuay eas-
y rreted by admnsterng w-fw xygen by nasa
annua (1–3 L/mn) r Ventur mask (24–40%). Hgher
nentratns f xygen are neessary t rret hypx-
ema n patents wth ARDS, pneumna, and ther
parenhyma ung dseases. Humdfed, hgh-fw nasa
annuae prvde adjustabe xygen devery and fw-
dependent earane f arbn dxde frm the upper
arway, resutng n redued wrk f breathng and better
mathng f respratry demand durng respratry ds-
tress. In hypxema due t aute respratry faure, xy-
genatn wth use f humdfed, hgh-fw nasa annuae
has been shwn t be smar and, n sme ases, superr
t nventna w-fw xygen suppementatn and t
NIPPV.

2. Ventilatory aspects—Ventatry supprt nssts f
mantanng pateny f the arway and ensurng adequate
avear ventatn. Mehana ventatn may be prvded
va mask (nnnvasve) r thrugh trahea ntubatn.

a. Noninvasive positive-pressure ventilation—

NIPPV devered va a fu-fae mask r nasa mask
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s frst-ne therapy n COPD patents wth hyperapn
respratry faure wh an prtet and mantan the
pateny f ther arway, hande ther wn seretns, and
terate the mask apparatus. Severa studes have demn-
strated the effetveness f ths therapy n redung ntuba-
tn rates and ICU stays n patents wth ventatry faure.
A beve pstve-pressure ventatn mde s preferred fr
mst patents. Patents wth aute ung njury r ARDS r
thse wh suffer frm severey mpared xygenatn are
ess key t beneft and shud be ntubated f they requre
mehana ventatn.

b. Tracheal intubation—Indatns fr trahea
ntubatn nude (1) hypxema despte suppementa
xygen; (2) upper arway bstrutn; (3) mpared arway
prtetn; (4) nabty t ear seretns; (5) respratry
adss; (6) prgressve genera fatgue, tahypnea, use f
aessry respratry muses, r menta status deterra-
tn; and (7) apnea. Patents n respratry faure wh
underg a tra f NIPPV and d nt mprve wthn
30–90 mnutes shud be ntubated. In genera, rtra-
hea ntubatn s preferred t nastrahea ntubatn n
urgent r emergeny stuatns beause t s easer, faster,
and ess traumat. The tp f the endtrahea tube shud
be pstned 2–4 m abve the arna and be verfed by
hest radgraph mmedatey fwng ntubatn. Ony
trahea tubes wth hgh-vume, w-pressure ar-fed
uffs shud be used. Cuff nfatn pressure shud be
kept bew 20 mm Hg, f pssbe, t mnmze trahea
musa njury.

c. Mechanical ventilation—Indatns fr mehan-
a ventatn nude (1) apnea, (2) aute hyperapna that
s nt quky reversed by apprprate spef therapy, (3)
severe hypxema, and (4) prgressve patent fatgue
despte apprprate treatment.

Severa mdes f pstve-pressure ventatn are ava-
abe. Cntred mehana ventatn (CMV; as knwn
as assst-ntr [A-C]) and synhrnzed ntermttent
mandatry ventatn (SIMV) are ventatry mdes n
whh the ventatr devers a mnmum number f breaths
f a spefed tda vume eah mnute. In bth CMV and
SIMV, the patent may trgger the ventatr t dever add-
tna breaths. In CMV, the ventatr respnds t breaths
ntated by the patent abve the set rate by deverng
addtna fu tda vume breaths. In SIMV, addtna
breaths are nt supprted by the ventatr uness the pres-
sure supprt mde s added. Numerus aternatve mdes
f mehana ventatn nw exst, the mst ppuar beng
pressure supprt ventatn (PSV), pressure ntr vent-
atn (PCV), and CPAP.

PEEP s usefu n mprvng xygenatn n patents wth
dffuse parenhyma ung dsease, suh as ARDS. It shud
be used autusy n patents wth azed parenhyma
dsease, emphysema, hypernfatn, r very hgh arway
pressure requrements durng mehana ventatn.

d. Complications of mechanical ventilation—

Ptenta mpatns f mehana ventatn are
numerus. Mgratn f the tp f the endtrahea tube
nt a man brnhus an ause ateetass f the ntraat-
era ung and verdstentn f the ntubated ung.

Bartrauma refers t rupture and ss f ntegrty f the
avear spae sendary t hgh transmura pressures
apped durng pstve-pressure ventatn. Bartrauma s
manfested by subutaneus emphysema, pneummedas-
tnum, subpeura ar ysts, pneumthrax, r system gas
embsm. Vutrauma s smetmes used t refer t subte
parenhyma njury due t verdstentn f ave frm
exessve tda vumes wthut avear rupture, medated
thrugh nfammatry rather than physa mehansms.
The prnpa strategy t avd vutrauma s the use f w
tda vume ventatn (a tda vume f 6 mL/kg f dea
bdy weght s supprted by the ARDS terature).

Aute respratry akass aused by verventatn s
mmn. Hyptensn ndued by eevated ntrathra
pressure that resuts n dereased return f system venus
bd t the heart may ur n patents treated wth PEEP,
partuary thse wth ntravasuar vume depetn, and
n patents wth severe arfw bstrutn at hgh respra-
try rates that prmte “breath stakng” (dynam hyper-
nfatn). Ventatr-assated pneumna s anther
serus mpatn f mehana ventatn.

B. General Supportive Care

Hypkaema and hypphsphatema may wrsen
hypventatn due t respratry muse weakness.
Sedatve-hypnts and pd anagess shud be ttrated
arefuy t avd versedatn, eadng t prngatn f
ntubatn. Temprary parayss wth a nndeparzng
neurmusuar bkng agent s used t fatate mehan-
a ventatn and t wer xygen nsumptn. Pr-
nged muse weakness due t an aute mypathy s a
ptenta mpatn f these agents. Mypathy s mre
mmn n patents wth kdney njury and n thse gven
nmtant rtsterds.

Psyhga and emtna supprt f the patent and
famy, skn are t avd pressure njures (prevusy
aed pressure uers), and metuus avdane f heath
are–assated nfetn and mpatns f endtra-
hea tubes are vta aspets f mprehensve are fr
patents wth aute respratry faure.

Attentn must as be pad t preventng mpa-
tns assated wth serus ness. Stress gastrts and
uers may be avded by admnsterng surafate, hsta-
mne H

2
-reeptr antagnsts, r prtn pump nhbtrs.

Meta-anayses have demnstrated that prtn pump nhb-
trs are mst effetve. The rsk f DVT and PE may be
redued by subutaneus admnstratn f heparn, the
use f LMWH (see Tabe 14–14), r paement f sequen-
ta mpressn deves n the wer extremtes.

» Course & Prognosis

The urse and prgnss f aute respratry faure vary
and depend n the underyng dsease. The prgnss f
aute respratry faure aused by unmpated sedatve
r pd verdse s exeent. Aute respratry faure n
patents wth COPD wh d nt requre ntubatn and
mehana ventatn has a gd mmedate prgnss.
On the ther hand, ARDS and respratry faure ass-
ated wth sepss have a pr prgnss.
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º
ACUTE RESPIRATORY DISTRESS
SYNDROME

E S S E N T I A L S  O F  D I A G N O S I S

» Onset of respiratory distress, often progressing to
respiratory failure, within 7 days of a known clini-
cal insult.

» New, bilateral radiographic pulmonary opacities
not explained by pleural effusion, atelectasis, or
nodules.

» Respiratory failure not fully explained by heart
failure or volume overload.

» Impaired oxygenation, with ratio of partial pres-
sure of oxygen in arterial blood (Pao

2
) to fractional

concentration of inspired oxygen (Fio
2
) < 300 mm

Hg, with PEEP ≥ 5 cm H
2
O.

» General Considerations

Aute respratry dstress syndrme (ARDS) as a na
syndrme s based n three nusn rtera pus ne
exusn rtern, as detaed abve. The severty f ARDS
s based n the eve f xygenatn mparment: mild,
Pao

2
/Fio

2
rat between 200 mm Hg and 300 mm Hg;

moderate, Pao
2
/Fio

2
rat between 100 mm Hg and 200 mm

Hg; and severe, Pao
2
/Fio

2
rat ess than 100 mm Hg.

ARDS may fw a wde varety f na events
(Tabe 9–27). Cmmn rsk fatrs fr ARDS nude sepss,
aspratn f gastr ntents, shk, nfetn, ung ntu-
sn, nnthra trauma, tx nhaatn, near-drwnng,
and mutpe bd transfusns. Abut ne-thrd f ARDS
patents ntay have sepss syndrme. Damage t apary
endthea es and avear epthea es s mmn t
ARDS regardess f ause r mehansm f ung njury and
resuts n nreased vasuar permeabty and dereased
prdutn and atvty f surfatant. These abnrmates
n turn ead t nterstta and avear pumnary edema,
avear apse, and hypxema.

» Clinical Findings

ARDS s marked by the rapd nset f prfund dyspnea
that usuay urs 12–48 hurs after the ntatng event.
Labred breathng, tahypnea, ntersta retratns,
and rakes are nted n physa examnatn. Chest
radgraphy shws dffuse r pathy batera nftrates
that rapdy beme nfuent; these haraterstay
spare the stphren anges. Ar brnhgrams ur
n abut 80% f ases. Heart sze s usuay nrma, and
peura effusns are sma r nnexstent. Marked
hypxema urs that s refratry t treatment wth
suppementa xygen. Many patents wth ARDS demn-
strate mutpe rgan faure, partuary nvvng the
kdneys, ver, gut, entra nervus system, and ard-
vasuar system.

» Differential Diagnosis

Sne ARDS s a physg and radgraph syndrme
rather than a spef dsease, the nept f dfferenta
dagnss des nt strty appy. Nrma-permeabty
(“ardgen” r hydrstat) pumnary edema must be
exuded, hwever, beause spef therapy s avaabe fr
that dsrder. Emergent ehardgram r measurement
f pumnary apary wedge pressure by means f a fw-
dreted pumnary artery atheter may be requred n
seeted patents wth suspeted arda dysfuntn; ru-
tne use n ARDS s dsuraged.

Table 927. Selected disorders associated with ARDS.

Systemic Insults Pulmonary Insults

Trauma

Sepsis

Pancreatitis

Shock

Multiple transfusions

Disseminated intravascular

coagulation

Burns

Drugs and drug overdose

Opioids

Aspirin

Phenothiazines

Tricyclic antidepressants

Amiodarone

Chemotherapeutic agents

Nitrofurantoin

Protamine

Thrombotic thrombocytopenic

purpura

Cardiopulmonary bypass

Head injury

Paraquat

Aspiration of gastric contents

Embolism of thrombus, fat, air,

or amniotic fluid

Miliary tuberculosis

Diffuse pneumonia (eg, SARS,

COVID-19)

Acute eosinophilic pneumonia

Cryptogenic organizing

pneumonitis

Upper airway obstruction

Free-base cocaine smoking

Near-drowning

Toxic gas inhalation

Nitrogen dioxide

Chlorine

Sulfur dioxide

Ammonia

Smoke

Oxygen toxicity

Lung contusion

Radiation exposure

High-altitude exposure

Lung reexpansion or

reperfusion

ARDS, acute respiratory distress syndrome; COVID-19, coronavirus

19; SARS, severe acute respiratory syndrome.
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» Prevention

N measures that effetvey prevent ARDS have been
dentfed. Spefay, nether PEEP nr asprn when
used prphyatay has been shwn t be effetve n
patents at rsk fr ARDS. Intravenus methyprednsne
des nt prevent ARDS when gven eary t patents wth
sepss syndrme r sept shk.

» Treatment

The frst prnpe n management s t dentfy and treat
the prmary ndtn that has ed t ARDS. Metuus
supprtve are must then be prvded t mpensate fr
the severe dysfuntn f the respratry system assated
wth ARDS and t prevent mpatns.

Treatment f the hypxema seen n ARDS usuay
requres trahea ntubatn and pstve-pressure mehan-
a ventatn. The west eves f PEEP (used t rerut
ateetat ave) and suppementa xygen requred t
mantan the Pao

2
abve 55 mm Hg (7.13 kPa) r the Sao

2

abve 88% shud be used. Effrts shud be made t
derease Fio

2
as sn as pssbe n rder t avd xygen

txty. PEEP an be nreased as needed as ng as arda
utput and xygen devery d nt derease and arway
pressures d nt nrease exessvey (e, pateau pressures
reman bew 30 m H

2
O). Prne pstnng frequenty

mprves xygenatn by hepng rerut ateetat ave
and has been shwn n sme (athugh nt a) tras t
prvde a mrtaty beneft n severe ARDS. Rutne use f
neurmusuar bkade s ntrversa; ne majr tra
shwed mprved mrtaty and mre ventatr-free days
n patents wth Pao

2
/Fio

2
rat ess than 120 mm Hg but a

subsequent tra (ntended t be nfrmatry) dd nt
demnstrate a mrtaty beneft.

A varety f mehana ventatn strateges are ava-
abe. The mst sgnfant advane n the treatment f
ARDS ver the past 20 years has been the regntn f
the ptenta fr exessve avear streth t ause ung
njury, and the wdespread adptn f w tda vume
ventatn. A mutenter study f 800 patents demn-
strated that a prt usng vume-ntr ventatn
wth w tda vumes (6 mL/kg f dea bdy weght)
resuted n an 8.8% absute mrtaty redutn ver
therapy wth standard tda vumes (defned as 12 mL/kg
f dea bdy weght). Varyng ventatr mdes have been
used; nventna mdes f ventatn are essentay
equvaent, whe hgh-frequeny satry ventatn
shud nt be used an as nta mde.

Apprahes t hemdynam mntrng and fud
management n patents wth aute ung njury have been
arefuy studed. A prspetve RCT mparng hemdy-
nam management guded ether by a pumnary artery
atheter r a entra venus atheter usng an expt man-
agement prt demnstrated that a pumnary artery
atheter shud nt be rutney used fr the management
f aute ung njury. A subsequent randmzed, prspe-
tve na study f restrtve fud ntake and duress
as needed t mantan entra venus pressure ess than
4 mm Hg r pumnary artery usn pressure ess than

8 mm Hg (nservatve strategy grup) versus a fud man-
agement prt t target a entra venus pressure f
10–14 mm Hg r a pumnary artery usn pressure
14–18 mm Hg (bera strategy grup) shwed that patents
n the nservatve strategy grup experened faster
mprvement n ung funtn and spent sgnfanty
fewer days n mehana ventatn and n the ICU wth-
ut an mprvement n death by 60 days r wrsenng
nnpumnary rgan faure at 28 days. Oxygen devery
an be nreased n anem patents by ensurng that hem-
gbn nentratns are at east 7 g/dL (70 g/L); patents
are nt key t beneft frm hgher eves. Inreasng xy-
gen devery t supranrma eves thrugh the use f n-
trpes and hgh hemgbn nentratns s nt nay
usefu and may be harmfu. Strateges t derease xygen
nsumptn nude the apprprate use f sedatves,
anagess, and antpyrets.

A arge number f nnvatve therapeut nterventns
t mprve utmes n ARDS patents have been r are
beng nvestgated. Unfrtunatey, t date, nne has nss-
tenty shwn beneft n na tras. System rtste-
rds have been studed extensvey wth varabe and
nnsstent resuts. Whe a few sma studes suggest
sme spef mprved utmes when gven wthn the
frst 2 weeks after the nset f ARDS, mrtaty appears
nreased when rtsterds are started mre than
2 weeks after the nset f ARDS. Therefre, rutne use f
rtsterds s nt remmended.

Anther therapeut nterventn s extrarprea
membrane xygenatn (ECMO). The tehnque has been
n use sne the 1970s but has been ganng wder aep-
tane. The EOLIA tra, pubshed n May 2018, mpared
the eary use f ECMO n very severe ARDS wth nven-
tna strateges but n w-tda-vume ventatn.
Resuts faed t shw a dfferene n 60-day mrtaty;
hwever, 28% f the ntr grup rssed ver t reeve
ECMO. As a resut, ECMO seems unkey t beme a
standard frst-ne therapy but s key t reman a savage
ptn fr patents wth very severe ARDS.

» Course & Prognosis

Overa, ARDS mrtaty wth w tda vume ventatn
s arund 30% n ARDSnet studes. The majr auses f
death are the prmary ness and sendary mpatns,
suh as mutpe rgan system faure r sepss. Many
patents wh de f ARDS and ts mpatns de after
wthdrawa f mehana ventatn (see Chapter 5). One
trubng aspet f ARDS are s that the atua mrtaty
f ARDS n mmunty hsptas ntnues t be hgher
than at aadem hsptas. Ths may refet the fat that a
sgnfant number f mmunty hspta–based n-
ans have nt adpted w tda vume ventatn.

Dfferent na syndrmes that ead t ARDS arry
dfferent prgnses. Fr exampe, patents wth trauma-
assated ARDS have better prgnss, wth a mrtaty
rate se t 20%, whereas thse wth end-stage ver ds-
ease have an 80% mrtaty rate. Ths key refets bth
the effets f sgnfant mrbdtes (trauma patents
tend t be yunger and heather) as we as phentyp
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dfferenes wthn ARDS assated wth dfferent prep-
tants. Pst-h anayses f data frm severa majr tras
have shwn that a hypernfammatry phentype ass-
ated wth hgh eves f ntereukn-6 and sube tumr
nerss fatr reeptr n ARDS patents preptated by
sepss s assated wth mre mutrgan dysfuntn and
hgher mrtaty. Ths may have mpatns fr presn-
medne treatment f ARDS.

Faure t mprve n the frst week f treatment s a
pr prgnst sgn. Survvrs tend t be yung and pu-
mnary funtn generay revers ver 6–12 mnths,
athugh resdua abnrmates ften reman, nudng
restrtve r bstrutve defets, w dffusn apaty,
and mpared gas exhange wth exerse. Survvrs f
ARDS as have dmnshed heath-reated and pumnary
dsease–spef quaty f fe as we as system effets,
suh as muse wastng, weakness, and fatgue.

Cmbes A et a; EOLIA Tra Grup, REVA, and ECMONet.
Extrarprea membrane xygenatn fr severe aute resp-
ratry dstress syndrme. N Eng J Med. 2018;378:1965.
[PMID: 29791822]

Natna Heart, Lung, and Bd Insttute PETAL Cna Tras
Netwrk; Mss M et a. Eary neurmusuar bkade n the
aute respratry dstress syndrme. N Eng J Med. 2019;
380:1997. [PMID: 31112383]

Papazan L et a. Frma gudenes: management f aute resp-
ratry dstress syndrme. Ann Intensve Care. 2019;9:69.
[PMID: 31197492]

º
LUNG TRANSPLANTATION

» Introduction

Lung transpantatn s a therapeut ptn fr patents
wth end-stage ung dsease wh have nt respnded t
ther therapes. The fu tp s beynd the spe f ths
text, therefre ny ssues reated t anddate seetn and
pst-transpant are w be dsussed.

» Candidate Selection

Patents shud be nsdered fr ung transpantatn f
they have advaned, prgressve ung dsease despte appr-
prate meda therapy. The mst mmn ndatns are
nterstta ung dsease, COPD, yst fbrss, and PAH.
The Internatna Sety f Heart and Lung Transpanta-
tn has prdued gudenes fr anddate seetn;
brady speakng, the dea anddate has a hgh (greater
than 50%) rsk f dyng wthn 2 years wthut ung trans-
pantatn, has mnma ther mrbdtes, s very key
t survve transpantatn, and has gd sa supprt.
Cntrandatns are numerus and nude besty (gen-
eray BMI greater than 30 s a reatve, and greater than 35
a neary absute, ntrandatn), atve smkng r

substane abuse, unntred nfetn, atve magnany,
sgnfant rgan dysfuntn (eg, rrhss, hrn kdney
dsease, heart faure, unrevasuarzabe rnary dsease),
and meda nnmpane. Eah transpant enter has a
sghty dfferent seetn press; hwever, mmn pra-
te nudes a detaed mutdspnary evauatn.
Patents shud deay be referred t transpant enters
eary, befre the need fr transpant s emergent.

» Care After Transplantation

As wth ther sd rgan transpantatn, are f the pst–
ung transpant patent s partuary nerned wth mmu-
nsuppressn and prphyaxs aganst nfetn, as we as
wth management f the sde effets f mmunsuppressn.
Mst patents are mmunsuppressed wth a mbnatn f
a aneurn nhbtr (eg, tarmus), a e-ye nhbtr
(eg, myphenate mfet), and gurtds. Mst en-
ters sreen fr rejetn wth reguar pumnary funtn
testng as we as brnhspes and bpses, partuary
n the frst 1–2 years after transpantatn.

Cmmn mpatns nude aute euar rejetn
(treated wth ntensfed mmunsuppressn), nfetn,
hrn rejetn (fr whh few effetve treatments exst),
and sequeae f mmunsuppressn. These nude hyper-
tensn, dyspdema, dabetes metus, hrn kdney
dsease, stepena/steprss, and nreased rsk f
magnany, espeay skn aners. Pst-transpant are
thus neesstates se peratn between the patent’s
transpant team and hs r her ther physans.

» Outcomes After Transplantation

Whe ung transpantatn an be transfrmatve fr thse
sufferng frm advaned ung dsease, ng-term survva
remans mted t thse reevng kdney r ver trans-
pants. As f the 2019 The Internatna Sety f Heart
and Lung Transpantatn Reprt, medan survva after
ung transpantatn was 6.7 years. Survva s affeted by
many varabes; tw nsstent fndngs have been that
survva s mprved n dube (versus snge) ung trans-
pant patents, and n thse transpanted fr yst fbrss
(versus ther ndatns).

Bs S et a. Survva n adut ung transpantatn: where are we n
2020? Curr Opn Organ Transpant. 2020;25:268. [PMID:
32332197]

Chambers DC et a. The Internatna Thra Organ Trans-
pant Regstry f the Internatna Sety fr Heart and Lung
Transpantatn: Thrty-Sxth Adut Lung and Heart–Lung
Transpantatn Reprt—2019; Fus theme: Dnr and
repent sze math. J Heart Lung Transpant. 2019;38:1042.
[PMID: 31548030]

van der Mark SC et a. Devepments n ung transpantatn
ver the past deade. Eur Respr Rev. 2020;29:190132. [PMID:
32699023]
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º
ADULT CONGENITAL HEART DISEASE

In the United States, there are many mre adults with
cngenital heart disease than children, with an estimated
2 millin adults in the United States surviving with cn-
genital heart disease. In 2018, the American Cllege f
Cardilgy (ACC) and American Heart Assciatin
(AHA) released updated guidelines fr the assessment and
treatment f patients with adult cngenital heart disease.
The Eurpean Sciety f Cardilgy (ESC) cmpleted
their update n the same tpic in 2020. As the number f
patients with adult cngenital heart disease has grwn,
there has been an increased appreciatin f the need fr
mre training and guidelines. A specific subspecialty bard
and training prgram has been established. The AHA als
issued a scientific statement in 2015 reviewing cmmn
issues fr adults with underlying cngenital heart disease,
anther statement in 2017 fr pregnant patients with cn-
genital heart disease, and a statement in 2017 regarding
nncardiac issues in these patients.

Baumgartner H et al. 2020 ESC Guidelines fr the management
f adult cngenital heart disease. Eur Heart J. 2021;42:563.
[PMID: 32860028]

Bhatt AB et al. Cngenital heart disease in the lder adult: a
scientific statement frm the American Heart Assciatin.
Circulatin. 2015;131:1884. [PMID: 25896865]

Canbbi MM et al; American Heart Assciatin Cuncil n
Cardivascular and Strke Nursing; Cuncil n Clinical
Cardilgy; Cuncil n Cardivascular Disease in the Yung;
Cuncil n Functinal Genmics and Translatinal Bilgy;
and Cuncil n Quality f Care and Outcmes Research.
Management f pregnancy in patients with cmplex cngeni-
tal heart disease: a scientific statement fr healthcare prfes-
sinals frm the American Heart Assciatin. Circulatin.
2017;135:e50. [PMID: 28082385]

Lui GK et al; American Heart Assciatin Adult Cngenital
Heart Disease Cmmittee f the Cuncil n Clinical
Cardilgy and Cuncil n Cardivascular Disease in the
Yung; Cuncil n Cardivascular Radilgy and Interven-
tin; and Cuncil n Quality f Care and Outcmes Research.
Diagnsis and management f nncardiac cmplicatins in
adults with cngenital heart disease: a scientific statement
frm the American Heart Assciatin. Circulatin. 2017;136:
e348. [PMID: 28993401]
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Stut KK et al. 2018 AHA/ACC guideline fr the management f
adults with cngenital heart disease: a reprt f the American
Cllege f Cardilgy/American Heart Assciatin Task
Frce n Clinical Practice Guidelines. J Am Cll Cardil.
2019;73:e81. [PMID: 30121239]

PULMONARY VALVE STENOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Severe cases may present with right-sided heart
failure.

» P
2

delayed and soft or absent.

» Pulmonary ejection click often present and
decreases with inspiration—the only right heart
sound that decreases with inspiration; all other
right heart sounds increase.

» Echocardiography/Doppler is diagnostic.

» Patients with peak pulmonic valve gradient
greater than 64 mm Hg or a mean of 35 mm Hg by
echocardiography/Doppler should undergo inter-
vention regardless of symptoms. Otherwise, oper-
ate for symptoms or evidence for right ventricular
(RV) dysfunction.

» General Considerations

Stensis f the pulmnary valve r RV infundibulum
increases the resistance t RV utflw, raises the RV pres-
sure, and limits pulmnary bld flw. Pulmnic stensis
is ften cngenital and assciated with ther cardiac
lesins. Pulmnary bld flw preferentially ges t the
left lung in valvular pulmnic stensis. In the absence f
assciated shunts, arterial saturatin is nrmal. Peripheral
pulmnic stensis can accmpany valvular pulmnic ste-
nsis and may be part f a variety f clinical syndrmes,
including the cngenital rubella syndrme. Patients wh
have had the Ross procedure fr artic valve disease
(transfer f the pulmnary valve t the artic psitin with
a hmgraft pulmnary valve placed in the pulmnary
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psitin) may experience nncngenital pstperative
pulmnic valvular r main pulmnary artery (PA) stensis
due t an immune respnse in the hmgraft. RV utflw
bstructins can als ccur when there is a cnduit frm
the RV t the pulmnary artery that becmes stentic frm
degenerative changes ver time r when there is degenera-
tin f a biprsthetic replacement pulmnary valve.

» Clinical Findings

A. Symptoms and Signs

Mild cases f pulmnic stensis are asymptmatic; mder-
ate t severe pulmnic stensis may cause symptms f
dyspnea n exertin, syncpe, chest pain, and eventually
RV failure.

On examinatin, there is ften a palpable parasternal
lift due t right ventricular hypertrphy (RVH) and the
pulmnary utflw tract may be palpable if the PA is
enlarged. A lud, harsh systlic murmur and ccasinally
a prminent thrill are present in the left secnd and third
interspaces parasternally. The murmur radiates tward the
left shulder due t the flw pattern within the main PA
and increases with inspiratin. In mild t mderate pul-
mnic stensis, a lud ejectin click can be heard t pre-
cede the murmur; this sund decreases with inspiratin as
the increased RV filling frm inspiratin prematurely
pens the valve during atrial systle when inspiratry
increased bld flw t the right heart ccurs. The valve
excursin during systle is thus less with inspiratin than
with expiratin, and the click is therefre less audible with
inspiratin. This is the only right-sided auscultatory event
that decreases with inspiration. All f the ther auscultatry
events increase with the increased right heart utput that
ccurs with inspiratin. In severe pulmnic stensis, the
secnd sund is bscured by the murmur and the pulm-
nary cmpnent f S

2
may be diminished, delayed, r

absent. A right-sided S
4

and a prminent a wave in the
venus pulse are present when there is RV diastlic dys-
functin r a c-v wave may be bserved in the jugular
venus pressure if tricuspid regurgitatin is present. Pul-
mnary valve regurgitatin is relatively uncmmn in pri-
mary pulmnic stensis and may be very difficult t hear,
as the gradient between the reduced PA diastlic pressure
and the elevated RV diastlic pressure may be quite small
(lw-pressure pulmnary valve regurgitatin).

B. ECG and Chest Radiography

Right axis deviatin r RVH is nted; peaked P waves pr-
vide evidence f right atrial (RA) verlad. Heart size may
be nrmal n radigraphs, r there may be a prminent RV
and RA r grss cardiac enlargement, depending n the
severity. There is ften pststentic dilatin f the main
and left pulmnary arteries. Pulmnary vascularity is usu-
ally nrmal, althugh there tends t be preferential flw t
the left lung.

C. Diagnostic Studies

Echcardigraphy/Dppler is the diagnstic tl f chice,
can prvide evidence fr a dming valve versus a dysplastic

valve, can determine the gradient acrss the valve, and can
prvide infrmatin regarding subvalvular bstructin
and the presence r absence f tricuspid r pulmnic val-
vular regurgitatin. Mild pulmnic stensis is present if the
peak gradient by echcardigraphy/Dppler is less than
36 mm Hg, mderate pulmnic stensis is present if the
peak gradient is between 36 mm Hg and 64 mm Hg, and
severe pulmnic stensis is present if the peak gradient is
greater than 64 mm Hg r the mean gradient is greater
than 35 mm Hg. A lwer gradient may be significant if
there is RV dysfunctin. Catheterizatin is usually unnec-
essary fr the diagnsis; it shuld be used nly if the data
are unclear r in preparatin fr either percutaneus inter-
ventin r surgery.

» Prognosis & Treatment

Patients with mild pulmnic stensis have a nrmal life
span with n interventin. Mderate stensis may be
asymptmatic in childhd and adlescence, but symp-
tms ften appear as patients grw lder. The degree f
stensis des wrsen with time in a few patients, s serial
fllw-up is imprtant. Severe stensis is rarely assciated
with sudden death but can cause right heart failure in
patients as early as in their 20s and 30s. Pregnancy and
exercise tend t be well tlerated except in severe stensis.

The AHA/ACC guidelines and the ESC guidelines gen-
erally agree, thugh the ESC suggests severe pulmnic
stensis shuld be cnsidered if the RV systlic pressure is
greater than 80 mm Hg. Class I (definitive) indicatins fr
interventin include all symptmatic patients and all thse
with a resting peak-t-peak gradient greater than 64 mm
Hg r a mean greater than 35 mm Hg, regardless f symp-
tms. Symptms can include cyansis due t right-t-left
shunting via a patent framen vale (PFO) r atrial septal
defect (ASD). Percutaneus balln valvulplasty is highly
successful in dmed valve patients and is the treatment f
chice. Surgical cmmissurtmy can als be dne, r
pulmnary valve replacement (with either a biprsthetic
valve r hmgraft) when pulmnary valve regurgitatin is
t severe r the valve is dysplastic. Pulmnary utflw
tract bstructin due t RV t PA cnduit bstructin r t
hmgraft pulmnary valve stensis can ften be relieved
with a percutaneusly implanted pulmnary valve (bth
the Medtrnic Meldy valve and the Edwards Sapien XT
valve are FDA apprved). Frequently the seating f these
valves is facilitated by placing a stent within the pulmnary
artery first, then the transcatheter device within this stent.
Because the new catheter valve may result in cmpressin
f the crnary artery, it is a class I requirement t assess
the effect f the device n the crnary by use f a temp-
rary balln inflatin prir t delivery f the device. Percu-
taneus pulmnary valve replacement is als FDA
apprved fr thse with cnduit stensis r fllwing the
Rss prcedure. Percutaneus valve replacements have als
been perfrmed ff-label fr patients with native pulm-
nary valve disease, including thse wh have had tetralgy
f Fallt repair (assuming the PA rt size is small enugh
t seat a percutaneus valve).

Endcarditis prphylaxis is unnecessary fr native
valves even after valvulplasty unless there has been prir
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pulmnary valve endcarditis (an unusual ccurrence) (see
Table 33–3). It shuld be used if surgical r percutaneus
valve replacement has ccurred. There appears t be mre
pulmnary valve endcarditis fllwing percutaneus pul-
mnary valve replacement with the Meldy valve than
expected, and this is being clsely mnitred by the FDA.

» When to Refer

All symptmatic patients (regardless f gradient) and all
asymptmatic patients whse peak pulmnary valve gradi-
ent is greater than 64 mm Hg r whse mean gradient is
greater than 35 mm Hg shuld be referred t a cardilgist
with expertise in adult cngenital heart disease. Patients
als require interventin if cyansis ccurs due t a PFO r
ASD r if there is exercise intlerance.

Baumgartner H et al. 2020 ESC Guidelines fr the management
f adult cngenital heart disease. Eur Heart J. 2021;42:563.
[PMID: 32860028]

Hansen RL et al. Lng-term utcmes up t 25 years fllwing
balln pulmnary valvulplasty: a multicenter study.
Cngenit Heart Dis. 2019;14:1037. [PMID: 31250555]

COARCTATION OF THE AORTA

E S S E N T I A L S  O F  D I A G N O S I S

» Usual presentation is systemic hypertension.

» Echocardiography/Doppler is diagnostic; a peak
gradient of > 20 mm Hg may be significant due to
collaterals around the coarctation reducing gradi-
ent despite severe obstruction.

» Associated bicuspid aortic valve in 50–80% of
patients.

» Delayed pulse in femoral artery compared to bra-
chial artery.

» Systolic pressure is higher in upper extremities
than in lower extremities; diastolic pressures are
similar.

» General Considerations

Carctatin f the arta cnsists f lcalized narrwing f
the artic arch just distal t the rigin f the left subclavian
artery. If the stensis is severe, cllateral circulatin devel-
ps arund the carctatin site thrugh the intercstal
arteries and the branches f the subclavian arteries and can
result in a lwer trans-carctatin gradient by enabling
bld flw t bypass the bstructin. Coarctation is a
cause of secondary hypertension and should be consid-
ered in young patients with elevated blood pressure
(BP). The renin-angitensin system is ften abnrmal,
hwever, and cntributes t the hypertensin ccasinally
seen even after carctatin repair. A bicuspid valve is seen
in apprximately 50–80% f the cases, and there is an
increased incidence f cerebral berry aneurysms.

Significant native r recurrent artic carctatin has been
defined as fllws: upper extremity/lwer extremity resting
peak-t-peak gradient greater than 20 mm Hg r mean
Dppler systlic gradient greater than 20 mm Hg; upper
extremity/lwer extremity gradient greater than 10 mm Hg
r mean Dppler gradient greater than 10 mm Hg when
there is either decreased left ventricular (LV) systlic func-
tin r artic regurgitatin (AR); r upper extremity/lwer
extremity gradient greater than 10 mm Hg r mean Dp-
pler gradient greater than 10 mm Hg when there is evi-
dence fr cllateral flw arund the carctatin. This
shuld be cupled with anatmic evidence fr carctatin
f the arta, typically defined by advanced imaging (car-
diac magnetic resnance, CT angigraphy). The ESC
guidelines have expanded the severity criteria and suggest
stenting is apprpriate if the patient is nrmtensive but
has a peak gradient f greater than 20 mm Hg (class IIa) r
if the stensis by angigraphy is mre than 50% (class IIb).

» Clinical Findings

A. Symptoms and Signs

If cardiac failure des nt ccur in infancy, there are usu-
ally n symptms until the hypertensin prduces LV fail-
ure. Cerebral hemrrhage, thugh rare, may ccur.
Apprximately 10% f patients with carctatin f the
arta have intracranial aneurysms identified n magnetic
resnance angigraphy r CT angigraphy. Increasing age
has been identified as a risk factr. Strng arterial pulsa-
tins are seen in the neck and suprasternal ntch. Hyper-
tensin is present in the arms, but the pressure is nrmal r
lw in the legs. This difference is exaggerated by exercise.
Femral pulsatins are weak and are delayed in cmpari-
sn with the brachial r radial pulse. A cntinuus mur-
mur heard superirly and midline in the back r ver the
left anterir chest may be present when large cllaterals are
present and is a clue that the carctatin is severe. The
carctatin itself may result in systlic ejectin murmurs
heard in the left upper lung field anterirly and near the
spine n the left side psterirly. There may be an artic
regurgitatin r stensis murmur due t an assciated
bicuspid artic valve. Carctatin is assciated with Turner
syndrme (a sex chrmsmal abnrmality [XO]); a
webbed neck may be present in these patients.

B. ECG and Chest Radiography

The ECG usually shws LV hypertrphy (LVH). Radigra-
phy may shw scallping f the inferir prtin f the ribs
(rib notching) due t enlarged cllateral intercstal arter-
ies. Dilatin f the left subclavian artery and pststentic
artic dilatin alng with LV enlargement may be present.
The carctatin regin and the pststentic dilatin f the
descending arta may result in a “3” sign alng the artic
shadw n the PA chest radigraph (the ntch in the “3”
representing the area f carctatin).

C. Diagnostic Studies

Echcardigraphy/Dppler is usually diagnstic and may
prvide additinal evidence fr a bicuspid artic valve.
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Bth MRI and CT can prvide excellent images f the
carctatin anatmy, and ne r the ther shuld always
be dne t define the carctatin anatmic structure.
MRI and echcardigraphy/Dppler can als prvide
estimates f the gradient acrss the lesin. Cardiac cath-
eterizatin prvides definitive gradient infrmatin and
is bviusly necessary if percutaneus stenting is t be
cnsidered.

» Prognosis & Treatment

Cardiac failure is cmmn in infancy and in lder
untreated patients when the carctatin is severe.
Patients with a demnstrated peak gradient f greater
than 20 mm Hg shuld be cnsidered fr interventin,
especially if there is evidence f cllateral bld vessels.
As nted abve, the ESC guidelines incrprate the ste-
nsis severity (greater than 50%) as defining severe
carctatin as well. Many untreated patients with severe
carctatin die f hypertensin, rupture f the arta,
infective endarteritis, r cerebral hemrrhage befre the
age f 50. Artic dissectin als ccurs with increased
frequency. Carctatin f any significance may be prly
tlerated in pregnancy because f the inability t supprt
the placental flw.

Resectin f the carctatin site has a surgical mr-
tality rate f 1–4% and includes risk f spinal crd
injury. The percutaneus interventinal prcedure f
chice is endvascular stenting; when anatmically fea-
sible, self-expanding and balln-expandable cvered
stents have been shwn t be advantageus ver bare
metal stents. These cvered stents are FDA apprved.
Mst carctatin repair in adults is percutaneus. Oth-
erwise, surgical resectin (usually with end-t-end
anastmsis) shuld be perfrmed. Abut 25–50% f
surgically crrected patients cntinue t be hypertensive
years after surgery because f permanent changes in the
renin-angitensin system, endthelial dysfunctin, ar-
tic stiffness, altered arch mrphlgy, and increased
ventricular stiffness. Whether the repair was by balln
dilatatin, stenting, r surgical resectin may make a dif-
ference in the develpment f hypertensin. Recurrence
f the carctatin stensis fllwing interventin requires
lng-term fllw-up.

» When to Refer

All patients with artic carctatin and any detectable gra-
dient shuld be referred t a cardilgist with expertise in
adult cngenital heart disease.

Baumgartner H et al. 2020 ESC Guidelines fr the management
f adult cngenital heart disease. Eur Heart J. 2021;42:563.
[PMID: 32860028]

Fedchenk M et al. Cardivascular risk factrs in adults with
carctatin f the arta. Cngenit Heart Dis. 2019;14:549.
[PMID: 31099471]

Lee MGY et al. Lng-term mrtality and cardivascular burden
fr adult survivrs f carctatin f the arta. Heart.
2019;105:1190. [PMID: 30923175]

ATRIAL SEPTAL DEFECT &
PATENT FORAMEN OVALE

E S S E N T I A L S  O F  D I A G N O S I S

» Often asymptomatic and discovered on routine
physical examination.

» With an ASD and left-to-right shunt: RV lift; S2
widely split and fixed.

» Echocardiography/Doppler is diagnostic.

» ASDs should be closed if there is evidence of an RV
volume overload regardless of symptoms.

» A PFO, present in 25% of the population, rarely
can lead to paradoxical emboli.

» General Considerations

The mst cmmn frm f ASD (80% f cases) is persis-
tence f the stium secundum in the mid-septum. A less
cmmn abnrmality is persistence f the stium primum
(lw in the septum). In mst patients with an stium pri-
mum defect, there are mitral r tricuspid valve “clefts” as
well as a ventricular septal defect (VSD) as part f the
atriventricular (AV) septal defect. A sinus vensus defect
is a hle, usually at the upper (r rarely the lwer) part f
the atrial septum, due t failure f the embrynic superir
vena cava r the inferir vena cava t merge with the atria
prperly. The superir vena cava sinus vensus defect is
usually assciated with an anmalus cnnectin f the
right upper pulmnary vein int the superir vena cava.
The crnary sinus ASD is rare and is basically an
unrfed crnary sinus that results in shunting frm the
left atrium (LA) t the crnary sinus and then t the RA.

In all cases, nrmally xygenated bld frm the
higher-pressure LA shunts int the RA, increasing RV ut-
put and pulmnary bld flw. In children, the degree f
shunting acrss these defects may be quite large (pulm-
nary t systemic bld flw ratis f 3:1 r s). As the RV
cmpliance wrsens frm the chrnic vlume verlad, the
RA pressure may rise and the degree f left-t-right shunt-
ing may decrease ver time. Eventually, if the RA pressure
exceeds the LA, the shunt may reverse and be primarily
right-t-left. When this happens, systemic cyansis
appears. The majr factr in the directin f shunt flw is
thus the cmpliance f the respective atrial chambers.

The pulmnary pressures are mdestly elevated in mst
patients with an ASD due t the high pulmnary bld
flw, but severe pulmnary hypertensin with cyansis
(Eisenmenger physiology) is actually unusual, ccurring
in nly abut 15% f the patients with an ASD alne.
Increased pulmnary vascular resistance (PVR) and pul-
mnary hypertensin secndary t pulmnary vascular
disease rarely ccur in childhd r yung adult life in
secundum defects and are mre cmmn in primum
defects, especially if there is an assciated VSD. Eventual
RV failure may ccur with any atrial shunt f significant
size, and mst shunts shuld be crrected unless they are
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quite small (less than 1.5:1 left-t-right shunt). In adults, a
large left-t-right shunt may have begun t reverse, s the
abslute left-t-right shunt measurement (Qp/Qs, where
Qp = pulmnary flw and Qs = systemic flw) at the time
the patient is studied may underestimate the riginal shunt
size. In additin, in mst peple the LV and LA cmpliance
nrmally declines mre ver time than the RV and RA
cmpliance; fr this reasn, the natural histry f small
atrial septal shunts is t increase the left-t-right shunting
as the patient ages. There is generally nly trivial shunting
with a PFO cmpared t a true ASD. ASDs predispse t
atrial fibrillatin due t RA enlargement, and paradxical
right-t-left embli d ccur. If pulmnary hypertensin
des ccur, the 2018 guidelines recmmend that the shunt
shuld still be clsed as lng as the left-t-right shunt is still
greater than 1.5:1 and the systlic PA pressure is less than
ne-half the systemic arterial pressure and the PVR calcula-
tin is less than ne-third systemic vascular resistance.

Interestingly, paradxical embli may be mre cmmn
in patients with a PFO than a true ASD, especially when
there is an atrial septal aneurysm. An aneurysm f the atrial
septum is nt a true aneurysm but rather simply a redun-
dancy f the atrial septum that causes it t swing back and
frth (greater than 10 mm). When present with a PFO, the
back-and-frth swinging tends t pull pen the PFO,
encuraging shunting. This may help explain why mre
right-t-left shunting ccurs in patients with an atrial septal
aneurysm and PFO than in thse with a PFO alne. This
creates the anatmic substrate fr the ccurrence f para-
dxical embli. Other factrs may distrt the atrial septum
(such as an enlarged arta) and result in an increased shunt-
ing in patients with a PFO. Right-t-left PFO shunting may
be mre prminent upright than supine, creating rth-
static hypxemia (platypnea orthodeoxia). There may als
be increased shunting in patients with a PFO and sleep
apnea as the RA cmpliance may wrsen during apneic
spells when pulmnary pressures increase.

» Clinical Findings

A. Symptoms and Signs

Patients with a small r mderate ASD r with a PFO are
asymptmatic unless a cmplicatin ccurs. There is nly
trivial shunting in a PFO unless the RA pressure increases
fr sme ther reasn r the atrial septum is distrted.
With larger ASD shunts, exertinal dyspnea r heart failure
may develp, mst cmmnly in the furth decade f life
r later. Prminent RV and PA pulsatins are then readily
visible and palpable. A mderately lud systlic ejectin
murmur can be heard in the secnd and third interspaces
parasternally as a result f increased flw thrugh the pul-
mnary valve. S

2
is widely split and des nt vary with

respiratin. The left-t-right shunt acrss the defect
decreases with inspiratin (as the RA pressure increases)
and then increases with expiratin (as the RA pressure
decreases), thus keeping the RV strke vlume relatively
cnstant in inspiratin and expiratin. A “fixed” splitting
f the secnd sund results. In very large left-t-right
shunts, a tricuspid rumble may be heard due t the high
flw acrss the tricuspid valve in diastle.

B. ECG and Chest Radiography

Right axis deviatin r RVH may be present depending n
the size f the RV vlume verlad. Incmplete r cm-
plete right bundle branch blck is present in nearly all cases
f ASD, and superir axis deviatin (left anterir fascicular
blck) is nted in the cmplete AV septal defect, where
cmplete heart blck is ften seen as well. With sinus ven-
sus defects, the P axis is leftward f +15° due t abnrmal
atrial activatin with lss f the upper RA tissue frm
arund the sinus nde. This creates the negative P waves in
the inferir leads. The chest radigraph shws large pul-
mnary arteries, increased pulmnary vascularity, and an
enlarged RA and RV as with all pre-tricuspid valve cardiac
left-t-right shunts. The LA is nt traditinally enlarged
due t an ASD shunt because the chamber is being
decmpressed.

C. Diagnostic Studies

Echcardigraphy demnstrates evidence f RA and RV
vlume verlad. The atrial defect is usually bserved by
echcardigraphy, althugh sinus vensus defects may be
elusive since they are high in the atrial septum. Many
patients with a PFO als have an atrial septal aneurysm
(defined as greater than 10-mm excursin f the septum
frm the static psitin). Echcardigraphy with saline
injectin (bubble contrast) can demnstrate the right-t-
left cmpnent f the shunt, and bth pulsed and clr
flw Dppler flw studies can demnstrate shunting in
either directin. In platypnea rthdexia, the shunt may
primarily result frm inferir vena cava bld, and a fem-
ral vein saline injectin may be required t demnstrate
the shunt. Transesphageal echcardigraphy (TEE) is
helpful when transthracic echcardigraphy quality is nt
ptimal because it imprves the sensitivity fr detectin f
small shunts and prvides a better assessment f PFO r
ASD anatmy. Bth CT and MRI can elucidate the atrial
septal anatmy, better detect multiple fenestratins, and
demnstrate assciated lesins such as anmalus pulm-
nary venus cnnectins. Atrial septal anatmy can be
cmplex, and either MRI, TEE, r CT can reveal whether
there is an adequate rim arund the defect t allw fr safe
psitining f an atrial septal ccluder device. These stud-
ies can als help identify any anmalus pulmnary
venus cnnectins. Cardiac catheterizatin can define the
size and lcatin f the shunt and determine the pulm-
nary pressure and PVR.

» Prognosis & Treatment

Patients with small atrial shunts live a nrmal life span with
n interventin. Large shunts usually cause disability by
age 40 years. Because left-t-right shunts and RV verlad
tend t increase with nrmal age-related reductin in LV
(and subsequently LA) cmpliance, bth AHA/ACC and
the ESC guidelines suggest that clsure f all left-t-right
shunts greater than 1.5:1 shuld be accmplished either by
a percutaneus device r by surgery if any right heart
structures are enlarged at all. If the pulmnary systlic
pressure is mre than tw-thirds the systemic systlic
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pressure, then pulmnary hypertensin may preclude ASD
clsure. The ESC guidelines add the pulmnary vascular
resistance t the criteria and cnsider it a class IIa indica-
tin if the PVR is between 3 and 5 Wd units, and the
guidelines preclude the use f clsure if the PVR is greater
than r equal t 5 Wd units. Testing with transient bal-
ln cclusin f the shunt, with pulmnary vasdilatrs,
r with bth may be required in the presence f pulmnary
hypertensin. Preservatin f the cardiac utput after tran-
sient balln cclusin and evidence fr preserved pulm-
nary vasreactivity with pulmnary vasdilatr testing all
favr clsure when pulmnary hypertensin and at least a
1.5:1 left-t-right shunt are present. ESC guidelines favr
bringing the patient back t the catheterizatin labratry
fr retesting n pulmnary vasdilatrs, rather than using
acute testing, t see if the PVR can be reduced belw 5
Wd units. The ESC guidelines als suggest cnsidering
fenestrated clsure in the face f pulmnary hypertensin.
The use f bsentan r sildenafil is recmmended if the
PVR is ver 5 Wd units and there is a right-t-left shunt.
After age 40 years, cardiac arrhythmias (especially atrial
fibrillatin) and heart failure ccur with increased fre-
quency due t the chrnic right heart vlume verlad.
Paradxical systemic arterial emblizatin als becmes
mre f a cncern as RV cmpliance is lst and the left-t-
right shunt begins t reverse.

PFOs are usually not assciated with significant shunt-
ing, and therefre the patients are hemdynamically asymp-
tmatic and the heart size is nrmal. Hwever, PFOs can be
respnsible fr paradxical embli and are a pssible cause
f cryptogenic strokes in patients under age 55 years. Sme
shunting may ccur with exercise if the right heart is
enlarged r stiff. Interestingly, the risk f recurrent paradxi-
cal embli is lw regardless f whether the PFO is clsed r
nt, and that bservatin has reduced the value f clsing
these defects in cryptgenic strke. Further cnfunding the
advantage f PFO clsure fr cryptgenic strke r transient
ischemic attack (TIA) has been the discvery f frequent
buts f parxysmal atrial fibrillatin using 30-day mnitr-
ing in these patients, suggesting atrial fibrillatin is actually
the real strke/TIA risk factr in sme patients.

Occasinally, a PFO that has nt been pathlgic may
becme respnsible fr cyansis, especially if the RA pres-
sure is elevated frm pulmnary r RV hypertensin r
frm severe tricuspid regurgitatin.

Surgery invlves stitching r patching f the framen.
Fr stium secundum ASDs, percutaneus clsure by use f
a variety f devices is preferred ver surgery when the
anatmy is apprpriate (usually this means there must
be an adequate atrial septal rim arund the defect t secure
the ccluder device).

Patients wh have hypxemia (especially upn standing
r with exercise) shuld have the PFO clsed if n ther
cause fr hypxemia is evident and there is right-t-left
shunting demnstrated thrugh the PFO. Fr patients with
cryptgenic strke r TIA, it remains uncertain whether
clsure f the PFO, either by pen surgical r percutaneus
techniques, has any advantage ver anticagulatin with
either warfarin, a direct-acting ral anticagulant (DOAC),
r aspirin.

Frm a practical standpint, patients yunger than
55 years with cryptgenic strke/TIA and n ther identifi-
able cause except fr the presence f a PFO shuld still be
cnsidered fr PFO clsure. A 2020 update frm the guide-
line subcmmittee f the American Academy f Neurlgy
reaffirms n change in this verall plicy. The presence f an
atrial septal aneurysm (with the septum appearing “flppy”
n echcardigram) has been assciated with a higher risk
f recurrent strke/TIA in patients with cryptgenic strke/
TIA. A wrkup fr any causes fr hypercagulability and a
30-day mnitr shuld be part f the clinical assessment t
exclude ther ptential causes fr cryptgenic strke/TIA. In
meta-analysis f data in patients with cryptgenic strke/
TIA and PFO wh have their PFO clsed, ischemic strke
recurrence is less frequent cmpared with patients receiving
medical treatment. Atrial fibrillatin is mre frequent but
mstly transient in patients wh have device clsure. There
is n difference in TIA, all-cause mrtality, r mycardial
infarctin (MI) between thse treated with medicine versus
a clsure device. In a large, multicenter trial in France amng
patients wh had had a recent cryptgenic strke attributed
t PFO with an assciated atrial septal aneurysm r large
interatrial shunt, the rate f strke recurrence was lwer
amng thse assigned t PFO clsure cmbined with anti-
platelet therapy than amng thse assigned t antiplatelet
therapy alne. PFO clsure was assciated with an increased
risk f atrial fibrillatin. Residual shunting after device cl-
sure is als present in up t 25% f patients. A reprt frm
Massachusetts General Hspital fund a medium t large
residual shunt increased the risk f a recurrent strke r
TIA threefld.

» When to Refer

• All patients with an ASD shuld be evaluated by a car-
dilgist with expertise in adult cngenital disease t
ensure n ther structural disease is present and t
investigate whether the RV is enlarged.

• If the RA and RV sizes remain nrmal, serial echcar-
digraphy shuld be perfrmed every 3–5 years.

• If the RA and RV vlumes are increased, then referral t
a cardilgist wh perfrms percutaneus clsure is
warranted.

• Patients yunger than 55 years with cryptgenic strke
when n ther surce is identified except fr a PFO
with right-t-left shunting shuld be cnsidered fr
PFO clsure r medical therapy. An assciated atrial
septal aneurysm r evidence fr hypercagulability
increases risk. Aspirin alne appears nt t be effective.
DOACs with r withut device clsure f the PFO may
have a rle in preventing recurrent strke.

• Patients with cyansis and a PFO with evidence f a
right-t-left shunt by agitated saline bubble cntrast n
echcardigraphy, especially if the cyansis is wrsened
upn assuming the upright psture.

Baumgartner H et al. 2020 ESC Guidelines fr the management
f adult cngenital heart disease. Eur Heart J. 2021;42:563.
[PMID: 32860028]
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VENTRICULAR SEPTAL DEFECT

E S S E N T I A L S  O F  D I A G N O S I S

» A restrictive VSD is small and makes a louder mur-
mur than an unrestricted one, often with an
accompanying thrill. The higher the gradient
across the septum, the smaller the left-to-right
shunt.

» Small defects may be asymptomatic.

» Larger defects result in pulmonary hypertension
(Eisenmenger physiology) if not repaired or if the
pulmonary circuit is not protected by RV outflow
tract obstruction.

» Echocardiography/Doppler is diagnostic.

» General Considerations

Cngenital VSDs ccur in varius parts f the ventricular
septum. Membranus and muscular septal defects may
spntaneusly clse in childhd as the septum grws and
hypertrphies. A left-t-right shunt is present, with the
degree depending n assciated systlic RV pressure. The
smaller the defect, the greater is the gradient frm the LV
t the RV and the luder the murmur. The presentatin in
adults depends n the size f the shunt and whether there
is assciated pulmnic r subpulmnic stensis that has
prtected the lung frm the systemic pressure and vlume.
Unprtected lungs with large shunts invariably lead t pul-
mnary vascular disease and severe pulmnary hyperten-
sin (Eisenmenger physilgy). VSD sizes are defined by
cmparisn t the artic rt size; a small r restrictive
VSD diameter is less than 25% f the artic rt diameter,
a mderately restrictive VSD diameter is 25–75% f the
arta, and an unrestricted VSD size is greater than 75% f
the artic diameter. The size can als be quantitated based

n the Qp/Qs (left-t-right shunt), with a restrictive lesin
being less than 1.5:1, mderately restrictive VSD being
1.5–2.2:1, and an unrestricted lesin being greater than
2.2:1.

» Clinical Findings

A. Symptoms and Signs

The clinical features depend n the size f the defect and
the presence r absence f RV utflw bstructin r
increased PVR. Small shunts are assciated with lud,
harsh hlsystlic murmurs in the left third and furth
interspaces alng the sternum. A systlic thrill is cmmn.
Larger shunts may create bth LV and RV vlume and
pressure verlad. If pulmnary hypertensin ccurs,
high-pressure pulmnary valve regurgitatin may result.
Right heart failure may gradually becme evident late in
the curse, and the shunt will begin t balance r reverse as
RV and LV systlic pressures equalize with the advent f
pulmnary hypertensin. Cyansis frm a develping
right-t-left shunt may then ccur. Cyansis with pulm-
nary hypertensin and an intracardiac shunt define the
Eisenmenger syndrome.

B. ECG and Chest Radiography

The ECG may be nrmal r may shw right, left, r biven-
tricular hypertrphy, depending n the size f the defect
and the PVR. With large shunts, the LV, the LA, and the
pulmnary arteries are enlarged and pulmnary vascular-
ity is increased n chest radigraphs. The RV is ften nr-
mal until late in the prcess. If an increased PVR
(pulmnary hypertensin) evlves, an enlarged PA with
pruning f the distal pulmnary vascular bed is seen. In
rare cases f a VSD high in the ventricular septum, an ar-
tic cusp (right crnary cusp) may prlapse int the VSD
and reduce the VSD shunt but result in acute artic regur-
gitatin and acute heart failure.

C. Diagnostic Studies

Echcardigraphy can demnstrate the size f the ver-
laded chambers and can usually define the defect anat-
my. Dppler can qualitatively assess the magnitude f
shunting by nting the gradient frm LV t RV and, if
sme tricuspid regurgitatin is present, the RV systlic
pressure can be estimated. The septal leaflet f the tricus-
pid valve may be part f the VSD anatmy and the cmplex
appears as a ventricular septal “aneurysm.” These membra-
nus septal aneurysms resemble a “windsck” and may
fenestrate and result in a VSD shunt being present r they
may remain intact. Clr flw Dppler helps delineate the
shunt severity and the presence f valvular regurgitatin.
MRI and cardiac CT can ften visualize the defect and
describe any ther anatmic abnrmalities. MRI can pr-
vide quantitative shunt data as well.

Cardiac catheterizatin is usually reserved fr thse
with at least mderate shunting, t quantitate the PVR and
the degree f pulmnary hypertensin. The 2018 adult
cngenital heart disease guidelines suggest that if there is
still at least a 1.5:1 left-t-right shunt and if the PVR is less
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than ne-third that f the systemic vascular resistance, and
the PA systlic pressure is mre than ne-half f the artic
systlic pressure, then the risk f VSD clsure despite sme
pulmnary hypertensin is acceptable and it shuld be
dne. If the PVR/systemic vascular resistance rati r the
systlic PA pressure/systlic artic pressure rati is greater
than tw-thirds r there is a net right-t-left shunt, then
clsure is cntraindicated.

The vasreactivity f the pulmnary circuit may be
tested at catheterizatin using agents such as inhaled nitric
xide. The AHA/ACC guidelines suggest that if the pulm-
nary pressures can be lwered enugh and the abve ratis
fall belw the tw-thirds value, then repair is reasnable as
lng as the left-t-right VSD shunt is greater than 1.5:1.
The 2020 ESC guidelines fcus nt n the pulmnary t
systemic systlic BP rati, but n the pulmnary pressure
and the PVR. A PVR f greater than r equal t 5 Wd
units is cnsidered inperable unless pulmnary vasdila-
trs can reduce the PVR t belw that value. Bsentan, an
endthelial receptr blcker that reduces pulmnary pres-
sure in Eisenmenger syndrme, has been given a class I
indicatin in these patients in bth guidelines.

» Prognosis & Treatment

Patients with a small VSD have a nrmal life expectancy
except fr the small risk f infective endcarditis. Antibi-
tic prphylaxis after dental wrk is recmmended nly
when the VSD is residual frm a prir patch clsure r
when there is assciated pulmnary hypertensin and cya-
nsis (see Tables 33–3, 33–4, and 33–5). With large VSD
shunts, heart failure may develp early in life, and survival
beynd age 40 years is unusual withut interventin.

Small shunts (pulmnary-t-systemic flw rati less
than 1.5) in asymptmatic patients d nt require surgery
r ther interventin. The presence f RV infundibular
stensis r pulmnary valve stensis may prtect the pul-
mnary circuit such that sme patients, even with a large
VSD, may still be surgical candidates as adults if there is n
pulmnary hypertensin.

Surgical repair f a VSD is generally a lw-risk prce-
dure unless there is significant Eisenmenger physilgy.
Devices fr nnsurgical clsure f muscular VSDs are
apprved and thse fr membranus VSDs are being
implanted with prmising results; hwever, cnductin
disturbance is a majr cmplicatin. The percutaneus
devices are als apprved fr clsure f a VSD related t
acute MI, althugh the results in this very high-risk patient
ppulatin have nt been encuraging. In the acute MI
setting, the devices have als been put acrss the ventricu-
lar septum at surgery t help prvide a firm base n which
t sew a pericardial patch, given the VSD in acute MI is
ften assciated with widespread necrsis and multiple,
serpiginus pathways. A nvel percutaneus methd,
wherein the tw sides f the device are sewn tgether using
a subxiphid apprach, has been described. The medica-
tins used t treat pulmnary hypertensin secndary t a
VSD are similar t thse used t treat idipathic (“pri-
mary”) pulmnary hypertensin and at times can be quite
effective in relieving symptms and reducing the degree f
cyansis. All patients who have a right-to-left shunt

present should have filters placed on any intravenous
lines to avoid any contamination or air bubbles from
becoming systemic.

» When to Refer

All patients with a VSD shuld be referred t a cardilgist
with expertise in adult cngenital disease t decide if lng-
term fllw-up r further studies are warranted.

Baumgartner H et al. 2020 ESC Guidelines fr the management
f adult cngenital heart disease. Eur Heart J. 2021;42:563.
[PMID: 32860028]

Hng ZN et al. A meta-analysis f perventricular device clsure f
perimembranus ventricular septal defect. J Cardithrac
Surg. 2019;14:119. [PMID: 31248430]

Kamika N et al. Pstinfarctin ventricular septal defect clsure.
The BASSINET cncept. Circ Cardivasc Interv. 2019;12:
e007788. [PMID: 31088121]

TETRALOGY OF FALLOT

E S S E N T I A L S  O F  D I A G N O S I S

» Five features are characteristic:

– VSD.

– Concentric RVH.

– RV outflow obstruction due to infundibular
stenosis.

– Septal overriding of the aorta in half the patients.

– A right-sided aortic arch in 25%.

» Most adult patients with tetralogy of Fallot have
been operated on, usually with an RV outflow
patch and VSD closure. If patch overrides the pul-
monary valve annulus, pulmonary regurgitation is
common.

» Physical examination may be deceptive after clas-
sic tetralogy repair, with severe pulmonary valve
regurgitation difficult to detect.

» Echocardiography/Doppler may underestimate
significant pulmonary valve regurgitation. Be
wary if the RV is enlarged or enlarging.

» Arrhythmias are common; periodic ambulatory
monitoring is recommended.

» Serious arrhythmias and sudden death may occur
if the QRS is wide or the RV becomes quite large,
or both.

» General Considerations

Patients with tetralgy f Fallt have a VSD, RV infundibu-
lar stensis, RVH, and a dilated arta (in abut half f
patients it verrides the septum). If there is an assciated
ASD, the cmplex is referred t as pentalgy f Fallt. The
basic lesin is a large VSD with migratin f the septum
abve the VSD and under the pulmnary valve. There may
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be pulmnary valve stensis as well, usually due t either a
bicuspid pulmnary valve r RV utflw hypplasia. The
arta can be quite enlarged and artic regurgitatin may
ccur. If mre than 50% f the arta verrides the ven-
tricular septum, it is called duble utlet RV. Tw vascular
abnrmalities are cmmn: a right-sided artic arch (in
25%) and an anmalus left anterir descending crnary
artery frm the right cusp (7–9%). The latter is imprtant
in that surgical crrectin must avid injuring the cr-
nary artery when repairing the RV utflw bstructin.
Pulmnary branch stensis may als be present.

Mst adult patients have undergne prir surgery. If
significant RV utflw bstructin is present in the nena-
tal perid, a systemic arterial t pulmnary artery shunt
may be the initial surgical prcedure t imprve pulmnary
bld flw, thugh many infants underg repair withut
this first step. Mst adults will have had this initial palliative
repair, hwever. The palliative prcedure enables bld t
reach the underperfused lung either by directly attaching
ne f the subclavian arteries t a main PA branch (classic
Blalock shunt) r, mre likely, by creating a cnduit
between the tw (modified Blalock shunt). Ttal repair f
the tetralgy f Fallt generally includes a VSD patch and
usually an enlarging RV utflw tract patch, as well as a
take-dwn f any prir arterial-pulmnary artery shunt. If
the RV utflw tract patch extends thrugh the pulmnary
valve int the PA (transannular patch), varying degrees f
pulmnary valve regurgitatin develp. Mst surgens
apprach the inside f the RV via the right atrium and
thrugh the tricuspid valve and try t avid a transannular
patch if pssible. Over the years, the vlume verlad frm
residual severe pulmnary valve regurgitatin becmes the
majr hemdynamic prblem t deal with in adults. A large
RV utflw patch cntributes t a relative RV vlume lad.
Ventricular arrhythmias can riginate frm the edge f
either the VSD r utflw tract patch and tend t increase
in frequency as the size f the RV increases.

» Clinical Findings

Mst adult patients in whm tetralgy f Fallt has been
repaired are relatively asymptmatic unless right heart
failure ccurs r arrhythmias becme an issue. Patients can
be active and generally require n specific therapy.

A. Symptoms and Signs

Physical examinatin shuld include checking bth arms fr
any lss f pulse frm a prir shunt prcedure in infancy.
The jugular venus pulsatins (JVP) may reveal an increased
a wave frm pr RV cmpliance r rarely a c-v wave due t
tricuspid regurgitatin. The right-sided arch has n cnse-
quence. The precrdium may be active, ften with a persis-
tent pulmnary utflw murmur. P

2
may r may nt be

audible. A right-sided gallp may be heard. A residual VSD
r an artic regurgitatin murmur may be present.

B. ECG and Chest Radiography

The ECG reveals RVH and right axis deviatin; in repaired
tetralgy, there is ften a right bundle branch blck

pattern. The chest radigraph shws a classic bt-shaped
heart with prminence f the RV and a cncavity in the RV
utflw tract. This may be less impressive fllwing repair.
The arta may be enlarged and right sided. Imprtantly,
the width f the QRS shuld be examined yearly because a
QRS width f mre than 180 msec is ne f the risks fr
sudden death, althugh newer data suggest that this cutff
is nt as specific as nce thught. Mst experts recmmend
ambulatry mnitring peridically as well, especially if
the patient experiences palpitatins. Other identified risk
factrs fr ventricular arrhythmias include having multiple
prir cardiac surgeries, an elevated LV end-diastlic pres-
sure (LVEDP), and lder age at time f repair. In fact, it
appears that the mre the left side f the heart is invlved,
the higher the risk f sudden death.

C. Diagnostic Studies

Echcardigraphy/Dppler usually establishes the diagn-
sis by nting the unrestricted (large) VSD, the RV infun-
dibular stensis, and the enlarged arta. In patients wh
have had tetralgy f Fallt repaired, echcardigraphy/
Dppler als prvides data regarding the amunt f resid-
ual pulmnary valve regurgitatin if a transannular patch
is present, RV and LV functin, and the presence f artic
regurgitatin. Elevated N-terminal pr B-type natriuretic
peptide (NT-prBNP) bld levels have als been crre-
lated with increasing RV enlargement.

Cardiac MRI and CT can quantitate bth the pulm-
nary regurgitatin and the RV vlumes. In additin, car-
diac MRI and CT can identify whether there is either a
native pulmnary arterial branch stensis r a stensis at
the distal site f a prir arterial-t-PA shunt r ther
anmalies, such as an ASD. The ability f cardiac MRI t
accurately quantitate the pulmnary regurgitatin severity
and prvide mre accurate RV vlume measurements gives
it an advantage ver ther imaging studies. Cardiac cathe-
terizatin may be required t dcument the degree f pul-
mnary valve regurgitatin because nninvasive studies
depend n velcity gradients. Pulmnary angigraphy
demnstrates the degree f pulmnary valve regurgitatin,
and RV angigraphy helps assess any pstperative utflw
tract aneurysm.

The need fr electrphysilgic studies with ventricular
stimulatin and ptential ventricular tachycardia ablatin
has been suggested by sme experts fr patients wh have
had evidence fr ventricular tachycardia, unexplained syn-
cpe, a wide QRS, are lder, r wh are abut t underg
pulmnary valve replacement.

» Prognosis & Treatment

A few patients with “just the right amunt” f subpulmnic
stensis enter adulthd withut having had surgical cr-
rectin. Hwever, mst adult patients have had surgical
repair, including VSD clsure, resectin f infundibular
muscle, and insertin f an utflw tract patch t relieve
the subpulmnic bstructin. Patients with pulmnary
valve regurgitatin shuld be mnitred t ensure the RV
vlume des nt prgressively increase. Lw-pressure pul-
mnary valve regurgitatin is difficult t diagnse due t
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the fact that the RV diastlic pressures tend t be high and
the pulmnary arterial diastlic pressure lw. This means
there is little gradient between the PA and the RV in
diastle, s that there may be little murmur r evidence f
turbulence n clr flw Dppler. If the RV begins t
enlarge, it must be assumed that this is due t pulmnary
valve regurgitatin until prven therwise. Early surgical
pulmnary valve replacement is increasingly being
favred. The RV vlumes frm cardiac MRI are imprtant
in deciding when t intervene if the patient is nt very
symptmatic; an RV end-diastlic vlume index f greater
than 160 mm/m2 r an RV end-systlic vlume index f
greater than 80 mm/m2 is recmmended as the cutff.
There are als a number f ther triggers fr interventin,
details f which can be fund in the AHA/ACC and ESC
guidelines. A percutaneus apprach t pulmnary valve
regurgitatin remains limited as the available percutane-
us valve diameters are frequently t small fr the size f
the pulmnary annulus. The Meldy valve is a bvine
jugular vein prsthesis with the largest size being 22 mm
in diameter. Percutaneus stented valves, particularly the
Edwards SAPIEN XT, have been used successfully and can
be used in patients with larger pulmnary rt sizes.
Often, a regular stent is placed within the PA first, with the
stented valve then placed within this first stent. The
expansin f the PA must nt impede flw dwn any cr-
nary artery; this is tested by a trial balln expansin
while imaging the crnary artery at the same time (class I
requirement). There has been an increase in stented valve
endcarditis nted after the placement f the Meldy valve;
this is being clsely mnitred.

If an anmalus crnary artery is present, then an
extracardiac cnduit arund it frm the RV t the PA may
be necessary as part f the tetralgy repair. By 20-year
fllw-up, reperatin f the cmmn tetralgy repair is
needed in abut 10–15%, nt nly fr severe pulmnary
valve regurgitatin but als fr residual infundibular sten-
sis. Usually the pulmnary valve is replaced with a pulm-
nary hmgraft, althugh a prcine biprsthetic valve is
als suitable. Percutaneus valve-in-valve stented biprs-
thetic valves have successfully been used when there is
surgical biprsthetic valve dysfunctin. Cryablatin f
the tissue giving rise t arrhythmias is smetimes per-
frmed at the time f reperatin. Branch pulmnary ste-
nsis may be percutaneusly pened by stenting. If a
cnduit has been used already fr repair f the RV utflw
bstructin, a percutaneus apprach with a stented pul-
mnary valve may be pssible. All patients require end-
carditis prphylaxis (see Tables 33–3, 33–4, and 33–5).
Mst adults with stable hemdynamics can be quite active,
and mst wmen can carry a pregnancy adequately if RV
functin is preserved.

Atrial fibrillatin, reentrant atrial arrhythmias, and ven-
tricular ectpy are cmmn, especially after the age f 45.
Left heart disease appears t cause arrhythmias mre ften
than right heart disease. Biventricular dysfunctin is nt an
uncmmn cnsequence as the patient ages. The cause f
assciated LV dysfunctin is ften multifactrial and fre-
quently unclear. Similarly, the arta may enlarge with
accmpanying artic regurgitatin, and these lesins can

becme severe enugh t warrant surgical interventin.
Patients with RV r LV dysfunctin r with dysfunctin f
bth ventricles may require a prphylactic defibrillatr.

» When to Refer

All patients with tetralgy f Fallt shuld be referred t
a cardilgist with expertise in adult cngenital heart
disease.

Haas NA et al. Early utcmes f percutaneus pulmnary valve
implantatin using the Edwards SAPIEN XT transcatheter
heart valve system. Int J Cardil. 2018;250:86. [PMID:
29017776]

He F et al. Whether pulmnary valve replacement in asymptm-
atic patients with mderate r severe regurgitatin after
tetralgy f Fallt repair is apprpriate: a case-cntrl study. J
Am Heart Assc. 2019;8:e010689. [PMID: 30587056]

Rs D et al. Infectius endcarditis after percutaneus pulm-
nary valve implantatin with a stent munted bvine jugular
vein valve. Clinical experience and the evaluatin f the
mdified Duke criteria. Int J Cardil. 2021;323;40. [PMID:
32860844]

Smith CA et al. Lng-term utcme f tetralgy f Fallt: a study
frm the Pediatric Cardiac Care Cnsrtium. JAMA Cardil.
2019;4:34. [PMID: 30566184]

º
VALVULAR HEART DISEASE

The typical findings f each native valve lesin are described
in Table 10–1. Table 10–2 utlines bedside maneuvers t
distinguish amng the varius systlic murmurs.

The 2017 ACC/AHA valvular heart disease guidelines
suggest all lesins may be best classified clinically int ne
f six categries based n anatmy and symptms.

Stage A: Patients at risk fr valvular heart disease.

Stage B: Patients with prgressive valvular heart disease
(mild t mderate severity) and asymptmatic.

Stage C: Asymptmatic patients wh have reached
criteria fr severe valvular heart disease.

C1: Severe valve lesin. Asymptmatic. Nrmal LV
functin.

C2: Severe valve lesin. Asymptmatic. Abnrmal
LV functin.

Stage D: Symptmatic patients as a result f valvular
heart disease.

In 2020, the ACC/AHA guideline fr the management
f patients with valvular heart disease was published and
this chapter will highlight the changes and additins frm
the prir guidelines, first published in 2014 and then
updated in 2017.

Nishimura RA et al. 2017 AHA/ACC fcused update f the 2014
AHA/ACC guideline fr the management f patients with
valvular heart disease: a reprt f the American Cllege f
Cardilgy/American Heart Assciatin Task Frce n
Practice Guidelines. Circulatin. 2017;135:e1159. [PMID:
28298458]

Ott CM et al. 2020 ACC/AHA guideline fr the management f
patients with valvular heart disease. J Am Cll Cardil. 2021;
77:450. [PMID: 33342587]
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Table 10–1. Differential diagnosis of valvular heart disease.

Mitral Stenosis Mitral Regurgitation Aortic Stenosis Aortic Regurgitation Tricusid Stenosis Tricusid Regurgitation

Insection Malar flush, precordial

bulge, and diffuse pulsa-

tion in young patients.

Usually prominent and

hyperdynamic apical

impulse to left of MCL.

Sustained PMI, prominent

atrial filling wave.

Hyperdynamic PMI to left of

MCL and downward. Visible

carotid pulsations. Pulsat-

ing nailbeds (Quincke sign),

head bob (deMusset sign).

Giant a wave in jugu-

lar pulse with sinus

rhythm. Peripheral

edema or ascites,

or both.

Large v wave in jugular

pulse; time with carotid

pulsation. Peripheral

edema or ascites, or both.

palation "Tapping" sensation over

area of expected PMI.

Right ventricular pulsa-

tion in left third to fifth

ICS parasternally when

pulmonary hypertension

is present. P
2

may be

palpable.

Forceful, brisk PMI; systolic

thrill over PMI. Pulse nor-

mal, small, or slightly

collapsing.

Powerful, heaving PMI to left

and slightly below MCL.

Systolic thrill over aortic

area, sternal notch, or

carotid arteries in severe

disease. Small and slowly

rising carotid pulse. If bicus-

pid AS, check for delay at

femoral artery to exclude

coarctation.

Apical impulse forceful and

displaced significantly to

left and downward. Promi-

nent carotid pulses. Rapidly

rising and collapsing pulses

(Corrigan pulse).

Pulsating, enlarged

liver in ventricular

systole.

Right ventricular pulsation.

Systolic pulsation of liver.

Heart sounds,

rhythm, and

blood ressure

S
1

loud if valve mobile.

Opening snap following

S
2
. The worse the disease,

the closer the S
2
-opening

snap interval.

S
1

normal or buried in early

part of murmur (exception

in mitral prolapse where

murmur may be late).

Prominent third heart

sound when severe MR.

Atrial fibrillation common.

Blood pressure normal.

Midsystolic clicks may be

present and may be

multiple.

A
2

normal, soft, or absent.

Prominent S
4
. Blood pres-

sure normal, or systolic

pressure normal with high

diastolic pressure.

S
1

normal or reduced, A
2

loud.

Wide pulse pressure with

diastolic pressure

< 60 mm Hg.

When severe, gentle compres-

sion of femoral artery with

diaphragm of stethoscope

may reveal diastolic flow

(Duroziez) and pressure in

leg on palpation > 40 mm

Hg than in arm (Hill).

S
1

often loud. Atrial fibrillation may be

present.

Murmurs

Location and

transmission

Localized at or near apex.

Diastolic rumble best

heard in left lateral posi-

tion; may be accentuated

by having patient do sit-

ups. Rarely, short dia-

stolic murmur along

lower left sternal border

(Graham Steell) in severe

pulmonary hypertension.

Loudest over PMI; posteriorly

directed jets (ie, anterior

mitral prolapse) transmit-

ted to left axilla, left infra-

scapular area; anteriorly

directed jets (ie, posterior

mitral prolapse) heard

over anterior precordium.

Murmur unchanged after

premature beat.

Right second ICS parasternally

or at apex, heard in carotid

arteries and occasionally in

upper interscapular area.

May sound like MR at apex

(Gallaverdin phenomenon),

but murmur occurs after S
1

and stops before S
2
.

Diastolic: louder along left

sternal border in third to

fourth interspace. Heard

over aortic area and apex.

May be associated with

low-pitched mid-diastolic

murmur at apex (Austin

Flint) due to functional

mitral stenosis. If due to an

enlarged aorta, murmur

may radiate to right sternal

border.

Third to fifth ICS

along left sternal

border out to apex.

Murmur increases

with inspiration.

Third to fifth ICS along left

sternal border. Murmur

hard to hear but increases

with inspiration. Sit-ups

can increase cardiac out-

put and accentuate

murmur.

(continued)
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Timing Relation of opening snap to

A
2

important. The higher

the LA pressure, the ear-

lier the opening snap.

Presystolic accentuation

before S
1

if in sinus

rhythm. Graham Steell

begins with P
2

(early

diastole) if associated

pulmonary hypertension.

Pansystolic: begins with S
1

and ends at or after A
2
.

May be late systolic in

mitral valve prolapse.

Begins after S
1
, ends before A

2
.

The more severe the steno-

sis, the later the murmur

peaks.

Begins immediately after aor-

tic second sound and ends

before first sound (blurring

both); helps distinguish

from MR.

Rumble often follows

audible opening

snap.

At times, hard to hear.

Begins with S
1

and fills

systole. Increases with

inspiration.

Character Low-pitched, rumbling; pre-

systolic murmur merges

with loud S
1
.

Blowing, high-pitched; occa-

sionally harsh or musical.

Harsh, rough. Blowing, often faint. As for mitral stenosis. Blowing, coarse, or musical.

Otimum ausculta-

tory conditions

After exercise, left lateral

recumbency. Use stetho-

scope bell, lightly

applied.

After exercise; use stetho-

scope diaphragm. In pro-

lapse, findings may be

more evident while

standing.

Use stethoscope diaphragm.

Patient resting, leaning for-

ward, breath held in full

expiration.

Use stethoscope diaphragm.

Patient leaning forward,

breath held in expiration.

Use stethoscope bell.

Murmur usually

louder and at peak

during inspiration.

Patient recumbent.

Use stethoscope diaphragm.

Murmur usually becomes

louder during inspiration.

Radiograhy Straight left heart border

from enlarged LA

appendage. Elevation of

left mainstem bronchus.

Large right ventricle and

pulmonary artery if pul-

monary hypertension is

present. Calcification in

mitral valve in rheumatic

mitral stenosis or in

annulus in calcific mitral

stenosis.

Enlarged left ventricle and

LA.

Concentric left ventricular

hypertrophy. Prominent

ascending aorta. Calcified

aortic valve common.

Moderate to severe left ven-

tricular enlargement. Aortic

root often dilated.

Enlarged right atrium

with prominent

SVC and azygous

shadow.

Enlarged right atrium and

right ventricle.

ECG Broad P waves in standard

leads; broad negative

phase of diphasic P in V
1
.

If pulmonary hyperten-

sion is present, tall

peaked P waves, right

axis deviation, or right

ventricular hypertrophy

appears.

Left axis deviation or frank

left ventricular hypertro-
phy. P waves broad, tall, or

notched in standard leads.

Broad negative phase of

diphasic P in V
1
.

Left ventricular hypertrophy. Left ventricular hypertrophy. Tall, peaked P waves.

Possible right ven-

tricular

hypertrophy.

Right axis usual.

Table 10–1. Differential diagnosis of valvular heart disease.

Mitral Stenosis Mitral Regurgitation Aortic Stenosis Aortic Regurgitation Tricusid Stenosis Tricusid Regurgitation
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Echocardiograhy

Two-dimensional

echocardiogra-

hy

Thickened, immobile mitral

valve with anterior and

posterior leaflets moving

together. "Hockey stick"

shape to opened anterior

leaflet in rheumatic

mitral stenosis. Annular

calcium with thin leaflets

in calcific mitral stenosis.

LA enlargement, normal

to small left ventricle.

Orifice can be traced to

approximate mitral valve

orifice area.

Thickened mitral valve in

rheumatic disease; mitral

valve prolapse; flail leaflet

or vegetations may be

seen. Dilated left ventricle

in volume overload. Oper-

ate for left ventricular end-

systolic dimension

< 4.5 cm.

Dense persistent echoes from

the aortic valve with poor

leaflet excursion. Left ven-

tricular hypertrophy late in

the disease. Bicuspid valve

in younger patients.

Abnormal aortic valve or

dilated aortic root. Diastolic

vibrations of the anterior

leaflet of the mitral valve

and septum. In acute aortic

regurgitation, premature

closure of the mitral valve

before the QRS. When

severe, dilated left ventricle

with normal or decreased

contractility. Operate when

left ventricular end-systolic

dimension > 5.0 cm.

In rheumatic disease,

tricuspid valve

thickening,

decreased early

diastolic filling

slope of the tricus-

pid valve. In carci-

noid, leaflets fixed,

but no significant

thickening.

Enlarged right ventricle with

paradoxical septal

motion. Tricuspid valve

often pulled open by dis-

placed chordae.

Continuous and

color flow

Doler and TEE

Prolonged pressure half-

time across mitral valve

allows estimation of gra-

dient. MVA estimated

from pressure half-time.

Indirect evidence of pul-

monary hypertension by

noting elevated right

ventricular systolic pres-

sure measured from the

tricuspid regurgitation

jet.

Regurgitant flow mapped

into LA. Use of PISA helps

assess MR severity. TEE

important in prosthetic

mitral valve regurgitation.

Increased transvalvular flow

velocity; severe AS when

peak jet > 4 m/sec (64 mm

Hg). Valve area estimate

using continuity equation is

poorly reproducible.

Demonstrates regurgitation

and qualitatively estimates

severity based on percent-

age of left ventricular out-

flow filled with jet and

distance jet penetrates into

left ventricle. TEE important

in aortic valve endocarditis

to exclude abscess. Mitral

inflow pattern describes

diastolic dysfunction.

Prolonged pressure

half-time across tri-

cuspid valve can be

used to estimate

mean gradient.

Severe tricuspid

stenosis present

when mean gradi-

ent > 5 mm Hg.

Regurgitant flow mapped

into right atrium and

venae cavae. Right ven-

tricular systolic pressure

estimated by tricuspid

regurgitation jet velocity.

A
2
, aortic second sound; AS, aortic stenosis; ICS, intercostal space; LA, left atrial; MCL, midclavicular line; MR, mitral regurgitation; MVA, measured valve area; P

2
, pulmonary second sound; PISA, proximal

isovelocity surface area; PMI, point of maximal impulse; S
1
, first heart sound; S

2
, second heart sound; S

4
, fourth heart sound; SVC, superior vena cava; TEE, transesophageal echocardiography; V

1
, chest

ECG lead 1.
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MITRAL STENOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Fatigue, exertional dyspnea, and orthopnea when
the stenosis becomes severe.

» Symptoms often precipitated by onset of atrial
fibrillation or pregnancy.

» Intervention indicated for symptoms, atrial fibrilla-
tion, or evidence of pulmonary hypertension.
Most symptomatic patients have a mitral valve
area of < 1.5 cm2.

» General Considerations

Mst patients with native valve mitral stensis are pre-
sumed t have had rheumatic heart disease, althugh a
histry f rheumatic fever is nted in nly abut ne-third.
(Als see sectin n Rheumatic Fever.) Rheumatic mitral
stensis results in thickening f the leaflets, fusin f the
mitral cmmissures, retractin, thickening and fusin f
the chrdae, and calcium depsitin in the valve. Mitral
stensis can als ccur due t cngenital disease with
chrdal fusin r papillary muscle malpsitin. The papil-
lary muscles may be abnrmally clse tgether, smetimes
s clse that they merge int a single papillary muscle (the
“parachute mitral valve”). In these patients, the chrdae r
valvular tissue (r bth) may als be fused. In lder patients
and in thse underging dialysis, mitral annular calcifica-
tin may stiffen the mitral valve and reduce its mtin t
the pint where a mitral gradient is present. Calcium in the
mitral annulus virtually invades the mitral leaflet frm
the annulus inward as ppsed t the calcium buildup in
the leaflets and cmmissures as seen in rheumatic heart
disease. Mitral valve bstructin may als develp in
patients wh have had mitral valve repair with a mitral
annular ring that is t small, r in patients wh have had a
surgical valve replacement (prsthetic valve-patient mis-
match r degeneratin f the prsthetic valve ver time).

» Clinical Findings

A. Symptoms and Signs

Tw clinical syndrmes classically ccur in patients with
mitral stensis. In mild t mderate mitral stensis, LA
pressure and cardiac utput may be essentially nrmal, and
the patient is either asymptmatic r symptmatic nly
with extreme exertin. The measured valve area is usually
between 1.5 cm2 and 1.0 cm2. In severe mitral stensis
(valve area less than 1.0 cm2), severe pulmnary hyperten-
sin develps due t a “secndary stensis” f the pulm-
nary vascular bed. In this cnditin, pulmnary edema is
uncmmn, but symptms f lw cardiac utput and right
heart failure predminate. Any measured valve area less
than 1.5 cm2 shuld be cnsidered significant.

A characteristic finding f rheumatic mitral stensis is
an opening snap fllwing A

2
due t the stiff mitral valve.

The interval between the pening snap and artic clsure
sund is lng when the LA pressure is lw but shrtens as
the LA pressure rises and appraches the artic diastlic
pressure. As mitral stensis wrsens, there is a lcalized
lw-pitched diastlic murmur whse duratin increases
with the severity f the stensis as the mitral gradient cn-
tinues thrughut mre f diastle. The diastlic murmur
is best heard at the apex with the patient in the left lateral
psitin (Table 10–1). Mitral regurgitatin may be present
as well.

Parxysmal r chrnic atrial fibrillatin eventually
develps in 50–80% f patients. Any increase in the heart
rate reduces diastlic filling time and increases the mitral
gradient. A sudden increase in heart rate may precipitate
pulmnary edema. Therefre, heart rate cntrl is impr-
tant, with slw heart rates allwing fr mre diastlic fill-
ing f the LV.

B. Diagnostic Studies

Echcardigraphy is the mst valuable technique fr
assessing mitral stensis (Table 10–1). LA size can als be
determined by echcardigraphy; increased size dentes
an increased likelihd f atrial fibrillatin and thrmbus
frmatin.

Table 10–2. Effect of various interventions on systolic murmurs.

Intervention

Hyertrohic

Cardiomyoathy Aortic Stenosis Mitral Regurgitation Mitral prolase

Valsalva ↑  ↓  ↓ or × ↑ or ↓

Standing ↑  ↑ or × ↓ or × ↑

Handgrip or squatting ↓  ↓ or × ↑  ↓

Supine position with legs

elevated
↓  ↑ or × × ↓

Exercise ↑  ↑ or × ↓  ↑

↑, increased; ↓, decreased; ×, unchanged.

Modified, with permission, from Paraskos JA. Combined valvular disease. In: Valvular Heart Disease, 3e. Dalen JE, Alpert JS, Rahimtoola SH

(editors). Philadelphia: Lippincott Williams & Wilkins, 2000.
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YesNo

Rheumatic MS
Class I

Class IIb

Very severe MS

MVA ≤ 1.0 cm2

∆Pmean > 10 mm Hg

T1/2 ≥ 220 msec

Symptomatic

(stage D)
New onset AF

Asymptomatic

(stage B or C)

Symptomatic with

no other cause

Asymptomatic

(stage C)

Favorable valve

morphology

No LA clot

No or mild MR

Favorable valve

morphology

No LA clot

No or mild MR

NYHA class III/IV
symptoms with high

surgical risk

Favorable valve

morphology

No LA clot

No or mild MR

PCWP > 25 mm Hg

∆Pmean > 15 mm Hg

with exercise
Yes

No

Periodic

monitoring
PBMC (I) MVR (I) PBMC (IIb) Periodic monitoring

Severe MS

MVA ≤ 1.5 cm2

∆Pmean > 5 mm Hg

T1/2 ≥ 150 msec

Progressive MS

MVA > 1.5 cm2

∆Pmean ≤ 5 mm Hg

T1/2 < 150 msec

No

Yes

Yes

Yes

No

No

▲ Figure 10–1. The AHA/ACC guidelines for intervention in mitral stenosis. AF, atrial fibrillation; LA, left atrial; MR,
mitral regurgitation; MS, mitral stenosis; MVA, mitral valve area; MVR, mitral valve replacement; NYHA, New York Heart
Association; PBMC, percutaneous balloon mitral commissurotomy; PCWP, pulmonary capillary wedge pressure; ΔP

mean
,

mean pressure gradient; T½, half-life. (Reproduced, with permission, from Nishimura RA et al. 2014 AHA/ACC Guideline for
the Management of Patients With Valvular Heart Disease: A Report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. Circulation. 2014;129:e521. © 2014 American Heart Association, Inc.)

Because echcardigraphy and careful symptm evalu-
atin prvide mst f the needed infrmatin, cardiac
catheterizatin is used primarily t detect assciated cr-
nary r mycardial disease—usually after the decisin t
intervene has been made.

» Treatment & Prognosis

In mst cases, there is a lng asymptmatic phase after
the initial rheumatic infectin, fllwed by subtle limita-
tin f activity. Pregnancy and its assciated increase in
strke vlume and heart rate result in an increased trans-
mitral pressure gradient and may precipitate symptms.
In particular, tward the end f pregnancy, the cardiac
utput cntinues t be maintained by an increase in heart
rate, increasing the mitral gradient by shrtening dia-
stlic time. Patients with mderate t severe mitral sten-
sis shuld have the cnditin crrected prir t becming
pregnant if pssible (when the measured valve area is
abut 2.0 cm2). Pregnant patients wh becme symptm-
atic can underg successful surgery, preferably in the
third trimester, althugh balln valvulplasty is the
treatment f chice if the echcardigraphy valve scre is
lw enugh.

The nset f atrial fibrillatin ften precipitates symp-
tms, which imprve with cntrl f the ventricular rate r
restratin f sinus rhythm. Cnversin t and subsequent
maintenance f sinus rhythm are mst cmmnly successful
when the duratin f atrial fibrillatin is brief (less than
6–12 mnths) and the LA is nt severely dilated (diameter
less than 4.5 cm). Once atrial fibrillatin ccurs, the patient
shuld receive warfarin even if sinus rhythm is restred, since
atrial fibrillatin ften recurs even with antiarrhythmic ther-
apy and 20–30% f these patients will have systemic embli-
zatin if untreated. Systemic emblizatin in the presence f
nly mild t mderate disease is nt an indicatin fr surgery
but shuld be treated with warfarin. DOACs (dabigatran,
apixaban, rivarxaban, edxaban) are not recmmended by
the mst recent guidelines, since patients with atrial fibrilla-
tin were excluded frm the apprval trials.

Indicatins fr interventin fcus n symptms such as
an episde f pulmnary edema, a decline in exercise
capacity, r any evidence f pulmnary hypertensin (peak
systlic pulmnary pressure greater than 50 mm Hg).
Sme experts believe that the presence f atrial fibrillatin
shuld als be a cnsideratin fr an interventin. Mst
interventins are nt pursued until the patient is symptm-
atic (stage D) (Figure 10–1). In sme patients, symptms
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develp with calculated mitral valve areas between 1.5 cm2

and 1.0 cm2. Symptms r evidence f pulmnary hyper-
tensin shuld drive the decisin t intervene in these
patients, nt the estimated valve area.

Open mitral cmmissurtmy is nw rarely perfrmed
and has been replaced by percutaneus balln valvul-
plasty. Ten-year fllw-up data cmparing surgery t bal-
ln valvulplasty suggest n real difference in utcme
between the tw mdalities. Replacement f the valve is
indicated when cmbined stensis and regurgitatin are
present r when the mitral valve ech scre is much greater
than 8–10. T determine the valve scre, numbers 1 t 4 are
assigned t fur valve characteristics: mbility, calcificatin,
thickening, and submitral scar. Thus, a maximum scre is
16. Percutaneus balln valvulplasty has a very lw mr-
tality rate (less than 0.5%) and a lw mrbidity rate (3–5%).
Operative mrtality rates are als lw: 1–3% in mst insti-
tutins. Repeat balln valvulplasty can be dne if the
mrphlgy f the valve remains suitable. At surgery, a
Maze procedure may be dne at the same time t reduce
recurrent atrial arrhythmias. It invlves a number f end-
cardial incisins acrss the right and left atria t disrupt the
electrical activity that sustains atrial arrhythmias. In many
institutins, the LA appendage is sewn clsed t help
remve a ptential future surce fr thrmbsis.

Mechanical mitral prsthetic valves are mre prne t
thrmbsis than mechanical artic prsthetic valves. The
recommended INR range is thus higher (INR 2.5–3.5 or
average of 3.0). Low-dose aspirin should be used in con-
junction with warfarin if the bleeding risk is low. DOACs
are not recmmended as an anticagulant. It is a class IIa
recmmendatin that warfarin be used fr up t 6 mnths
after implantatin f a biprsthetic mitral valve. Biprs-
thetic valves tend t degenerate after abut 10–15 years.
Percutaneus balln valvulplasty is nt effective when
biprsthetic valve stensis ccurs, but stented valve-in-
valve prcedures have been successful. Hwever, valve-in-
valve prcedures are still uncmmn due t the need fr
the technically challenging transseptal apprach. Reprted
early utcmes have been psitive in patients with biprs-
thetic valves, ring annulplasty, and even in sme calcific
mitral stensis patients. Yunger patients and thse with
end-stage renal disease are generally believed t d the
prest with biprsthetic heart valves, althugh data have
questined the rle f chrnic kidney disease as a majr
risk factr. Endcarditis prphylaxis is indicated fr
patients with prsthetic heart valves but is nt indicated in
native valve disease (see Tables 33–3, 33–4, and 33–5).
Mitral stensis due t calcific encrachment f the leaflets
frm mitral annular calcium can prgress t severe mitral
stensis at times (estimated t be abut 1 in 6 ver 10 years).
It des nt lend itself t percutaneus valvulplasty, and
there are nly case reprts f using a percutaneus mitral
valve replacement ptin.

» When to Refer

• Patients with mitral stensis shuld be mnitred with
yearly examinatins, and echcardigrams shuld be
perfrmed mre frequently as the severity f the
bstructin increases.

• All patients shuld initially be seen by a cardilgist,
wh can then decide hw ften the patient needs cardi-
lgy fllw-up and whether interventin is indicated.

Kim JY et al. Outcmes f direct ral anticagulants in patients
with mitral stensis. J Am Cll Cardil. 2019;73:1123. [PMID:
30871695]

Tsutsui RS et al. Natural histry f mitral stensis in patients
with mitral annular calcium. JACC Cardivasc Imaging.
2019;12:1105. [PMID: 30765312]

MITRAL REGURGITATION

E S S E N T I A L S  O F  D I A G N O S I S

» May be asymptomatic for years (or for life).

» Severe mitral regurgitation may cause left-sided
heart failure and lead to pulmonary hypertension
and right-sided heart failure.

» For chronic primary mitral regurgitation, surgery is
indicated for symptoms or when the LV ejection
fraction (LVEF) is < 60% or the echocardiographic
LV end-systolic dimension is > 4.0 cm. Surgery also
indicated in patients who have a progressive
increase in LV size or decline in LVEF.

» In patients with mitral prolapse and severe mitral
regurgitation, earlier surgery is indicated if mitral
repair can be performed successfully with a high
degree of certainty.

» Transcatheter edge-to-edge repair, if possible, can
be done in symptomatic patients at higher surgi-
cal risk regardless of whether the mitral regurgita-
tion is primary or secondary.

» Patients with functional chronic mitral regurgita-
tion may improve with biventricular pacing and
guideline-directed management and therapy.

» General Considerations

Mitral regurgitatin results in a vlume lad n the heart
(increases prelad) and reduces afterlad. The result is an
enlarged LV with an increased ejectin fractin (EF). Over
time, the stress f the vlume verlad reduces mycardial
cntractile functin; when this ccurs, there is a drp in EF
and a rise in end-systlic vlume.

» Clinical Findings

A. Symptoms and Signs

In acute mitral regurgitatin, the LA size is nt large, and
LA pressure rises abruptly, leading t pulmnary edema if
severe. When chrnic, the LA enlarges prgressively and
the increased vlume can be handled withut a majr rise
in the LA pressure; the pressure in pulmnary veins and
capillaries may rise nly during exertin. Exertinal dys-
pnea and fatigue prgress gradually ver many years.
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Mitral regurgitatin leads t chrnic LA and LV
enlargement and may result in subsequent atrial fibrillatin
and eventually LV dysfunctin. Clinically, mitral regurgita-
tin is characterized by a pansystlic murmur maximal at
the apex, radiating t the axilla and ccasinally t the
base. The murmur des nt change in intensity after a
premature beat because the LV t LA gradient is unaf-
fected. In additin, a hyperdynamic LV impulse and a brisk
cartid upstrke may be present alng with a prminent
third heart sund due t the increased vlume returning t
the LV in early diastle (Tables 10–1 and 10–2). In acute
mitral regurgitatin, the murmur intensity may be mdest
due t little difference between the LA and LV systlic
pressures during ventricular systle. The mitral regurgita-
tin murmur due t mitral valve prlapse tends t radiate
anterirly in the presence f psterir leaflet prlapse and
psterirly when the prlapse is primarily f the anterir
leaflet. Mitral regurgitatin may nt be pansystlic in these
patients but ccur nly after the mitral click (until late in
the disease prcess when it then becmes prgressively
mre hlsystlic).

B. Diagnostic Studies

Echcardigraphic infrmatin demnstrating the underly-
ing pathlgic prcess (rheumatic, calcific, prlapse, flail
leaflet, endcarditis, cardimypathy), LV size and functin,
LA size, PA pressure, and RV functin can be invaluable in
planning treatment as well as in recgnizing assciated
lesins. The valvular heart disease guidelines prvide details
f the classificatin and measures f severity fr primary
and secndary mitral valve regurgitatin. Dppler tech-
niques prvide qualitative and semiquantitative estimates f
the severity f mitral regurgitatin. TEE may help reveal the
cause f regurgitatin and is especially useful in patients
wh have had mitral valve replacement, in suspected end-
carditis, and in identifying candidates fr valvular repair.
Echcardigraphic dimensins and measures f systlic
functin are critical in deciding the timing f surgery.
Asymptmatic patients with severe mitral regurgitatin
(stage C1) but preserved LV dimensins shuld underg at
least yearly echcardigraphy. Exercise hemdynamics with
either Dppler echcardigraphy r cardiac catheterizatin
may be useful when the symptms d nt fit the anatmic
severity f mitral regurgitatin. B-type natriuretic peptide
(BNP r NT-prBNP) is useful in the early identificatin f
LV dysfunctin in the presence f mitral regurgitatin and
asymptmatic patients, and values that trend upward ver
time appear t have prgnstic imprtance.

Cardiac MRI is ccasinally useful, especially if specific
mycardial causes are being sught (such as amylid r
mycarditis) r if mycardial viability assessment is needed
prir t deciding whether t add crnary artery bypass
grafting t mitral valve surgery.

Cardiac catheterizatin prvides a further assessment
f regurgitatin and its hemdynamic impact alng with
LV functin, resting cardiac utput, and PA pressure. The
guidelines recommend coronary angiography to deter-
mine the presence of incidental coronary artery disease
(CAD) prior to valve surgery in all men over age 40 years
and in menopausal women with coronary risk factors.

In yunger patients, n crnary angigraphy is needed
unless there is a clinical suspicin f crnary disease. Car-
diac multidetectr crnary CT may be adequate t screen
patients with valvular heart disease fr asymptmatic CAD.
A nrmal CT crnary angigram has a high predictive
value fr patients with nrmal r insignificant disease.

» Treatment & Prognosis

A. Primary Mitral Regurgitation

The degree f LV enlargement reflects the severity and
chrnicity f regurgitatin. LV vlume verlad may ulti-
mately lead t LV failure and reduced cardiac utput. LA
enlargement may be cnsiderable in chronic mitral regur-
gitation and a large amunt f mitral regurgitatin regur-
gitant vlume may be tlerated. Patients with chrnic
lesins may thus remain asymptmatic fr many years.
Surgery is necessary when symptms develp r when
there is evidence fr LV dysfunctin, since prgressive and
irreversible deteriratin f LV functin can ccur prir t
the nset f symptms. Early surgery is indicated even in
asymptmatic patients with a reduced EF (less than 60%)
r marked LV dilatin with reduced cntractility (end-
systlic dimensin greater than 4.0 cm) (Figure 10–2).

It is a class IIa indicatin fr mitral valve surgery when
the LVEF is greater than 60% and the LV end-systlic
dimensin is still less than 4.0 cm but serial imaging reveals
a prgressive increase in the LV end-systlic dimensin r
a serial decrease in the EF. Pulmnary hypertensin devel-
pment suggests the mitral regurgitatin is severe and
shuld prmpt interventin.

Acute mitral regurgitation may develp abruptly, as
with papillary muscle dysfunctin fllwing MI, valve per-
fratin in infective endcarditis, in patients with hyper-
trphic cardimypathy (HCM), r when there are
ruptured chrdae tendineae in patients with mitral valve
prlapse. Emergency surgery may be required.

Sme patients may becme hemdynamically unstable
and require treatment with vasdilatrs r intra-artic bal-
ln cunterpulsatin that reduce the amunt f retr-
grade regurgitant flw by lwering systemic vascular
resistance and imprving frward strke vlume. There is
cntrversy regarding the rle f afterlad reductin in
chrnic mitral regurgitatin, since the lesin inherently
results in a reductin in afterlad, and there are n data
that chrnic afterlad reductin is effective in aviding LV
dysfunctin r surgical interventin. A heightened sympa-
thetic state has led sme experts t suggest that beta-
blckade be cnsidered rutinely, thugh this als remains
speculative. The mitral regurgitatin in patients with
tachycardia-related cardimypathy may imprve with
nrmalizatin f the heart rate.

B. Myocardial Disease and Mitral Regurgitation
Secondary Mitral Regurgitation

When mitral regurgitatin is due t cardiac dysfunctin, it
may subside as the infarctin heals r LV dilatin dimin-
ishes. The cause f the regurgitatin in mst f these situa-
tins is displacement f the papillary muscles and an
enlarged mitral annulus rather than papillary muscle
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ischemia. The fundamental prblem is the lack f leaflet
captatin during systle (due t either leaflet prlapse r
retractin). In acute MI, rupture f the papillary muscle
may ccur with catastrphic results. Transient—but sme-
times severe—mitral regurgitatin may ccur during epi-
sdes f mycardial ischemia and cntribute t flash
pulmnary edema. Patients with dilated cardimypathies
f any rigin may have secondary mitral regurgitation
due t the papillary muscle displacement r dilatin f the
mitral annulus, r bth. If mitral valve replacement is per-
frmed, preservatin f the chrdae t the native valve
helps prevent further ventricular dilatin fllwing sur-
gery. Initially, several grups reprted gd results with
mitral valve repair in patients with LVEF less than 30% and
secndary mitral regurgitatin. Current guidelines advise
that mitral valve repair/replacement can be attempted in
severe mitral regurgitatin patients with an EF less than
30% r an LV end-systlic dimensin greater than 5.5 cm,

r bth, as lng as repair and preservatin f the chrdae
are pssible. Figure 10–3 utlines the recmmendatins fr
interventin in secndary mitral regurgitatin.

Mitral valve replacement with chrdal preservatin is
preferred ver mitral valve repair in patients with chrnic
ischemic cardimypathy. There may als be a rle fr
cardiac resynchrnizatin therapy with biventricular pace-
maker insertin, which has been fund t reduce mitral
regurgitatin related t cardimypathy in many patients.
Guidelines recmmend biventricular pacing prir t surgi-
cal repair in symptmatic patients wh have functinal
mitral regurgitatin as lng as ther criteria (eg, a QRS f
greater than 150 msec r left bundle branch blck r bth)
are present.

There are several nging trials f percutaneus
appraches t reducing mitral regurgitatin. These
appraches include the use f a mitral clip (MitraClip)
device t create a duble rifice mitral valve, varius
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▲ Figure 10–2. Algorithm for intervention in primary mitral regurgitation. CVC, Comprehensive Valve Center; ERO,
effective regurgitant orifice; ESD, end-systolic dimension; LVEF, left ventricular ejection fraction; MR, mitral regurgita-
tion; MV, mitral valve; MVR, mitral valve replacement; RF, regurgitant fraction; RVol, regurgitant volume; VC, vena
contracta. (Modified, with permission, from Otto CM et al. 2020 ACC/AHA guideline for the management of patients with
valvular heart disease: a report of the American College of Cardiology/American Heart Association Joint Committee on
Clinical Practice Guidelines. J Am Coll Cardiol. 2021;77:e25. © 2021 American College of Cardiology Foundation and the
American Heart Association.)
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▲ Figure 10–3. Algorithm for intervention in secondary mitral regurgitation. AF, atrial fibrillation; CABG, coronary
artery bypass graft; ERO, effective regurgitant orifice; GDMT, guideline-directed management and therapy; HF, heart
failure; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic dimension; MR, mitral regurgitation;
MV, mitral valve; PASP, pulmonary artery systolic pressure; RF, regurgitant fraction; RVol, regurgitant volume.
(Modified, with permission, from Otto CM et al. 2020 ACC/AHA guideline for the management of patients with valvular
heart disease: a report of the American College of Cardiology/American Heart Association Joint Committee on Clinical
Practice Guidelines. J Am Coll Cardiol. 2021;77:e25. © 2021 American College of Cardiology Foundation and the American
Heart Association.)

crnary catheter devices t reduce the mitral annular
area, and devices t reduce the septal-lateral ventricular
size and cnsequent mitral rifice size. Of these devices,
the mst success has been nted with the edge-t-edge
MitraClip. Tw majr trials have addressed the ptential
advantage f the percutaneus MitraClip. In the COAPT
(Clinical Outcmes Assessment f MitraClip) trial amng
patients with heart failure and mderate-t-severe r
severe secndary mitral regurgitatin wh remained symp-
tmatic despite the use f maximum dses f guideline-
directed medical therapy, transcatheter mitral-valve repair
resulted in a lwer rate f hspitalizatin fr heart failure
and lwer all-cause mrtality within 24 mnths f fllw-
up than medical therapy alne. The abslute risk reductin
in all-cause mrtality in patients receiving the MitraClip in
the COAPT trial was 17%, which translated t a number
needed t treat (NNT) f 6 t prevent 1 death ver 2 years.
This rather remarkably psitive result, hwever, was tem-
pered by anther MitraClip randmized trial in a similar
ppulatin that had a rather neutral result, the MITRA-FR

(Percutaneus Repair with MitraClip Device fr Severe
Functinal/Secndary Mitral Regurgitatin) study, in
which the MitraClip therapy failed t shw any survival
benefit ver medical therapy during the 1-year fllw-up
perid. One suggestin t recncile the differences in ut-
cme has been suggested wherein the MitraClip is ineffec-
tive if the echcardigraphic regurgitant rifice size is
cnsistent with the size f the dilated LV, but the device is
effective if the regurgitant rifice size is large cmpared t
the size f the LV. This seemed t be verified by the results
f the tw trials. Current guidelines have accepted the use
f the MitraClip in patients with secndary mitral regurgi-
tatin and high surgical risk. In additin, vascular plugging
and ccluder devices are being used in selected patients t
cclude perivalvular leaks arund prsthetic mitral valves.
A transcatheter stented valve, which is used as a transcath-
eter aortic valve replacement (TAVR) device, can be used
t pen a degenerated mitral biprsthetic valve in any
psitin (artic, mitral, tricuspid, r pulmnary). Trans-
catheter valve replacement has als been attempted in
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small series t repair mitral regurgitatin fllwing mitral
valve repair with mixed results. Finally, the first cases f a
stented mitral valve prsthesis t replace the entire mitral
valve have been reprted. Abbtt has initiated the SUM-
MIT trial, a US-based pivtal trial utilizing the Tendyne
percutaneus mitral valve replacement device. The mitral
valve and artic valve share a cmmn “annulus” and sme
f the early attempts at percutaneus valve replacement
have failed due t bstructin f the artic utflw.

» When to Refer

• All patients with mre than mild mitral regurgitatin
shuld be referred t a cardilgist fr an evaluatin.

• Serial examinatins and echcardigrams shuld be
btained and surgical referral made if there is an increase
in the LV end-systlic dimensins, a fall in the LVEF t
less than 60%, symptms, evidence fr pulmnary
hypertensin, r the new nset f atrial fibrillatin.

• There is evidence that mitral valve repair shuld be
dne early in the curse f the disease t imprve mr-
tality and mrbidity.

• Treatment in severe mitral regurgitatin in a patient
with a dilated cardimypathy may be f benefit.

Ailawadi G et al; EVEREST II Investigatrs. One-year utcmes
after MitraClip fr functinal mitral regurgitatin. Circula-
tin. 2019;139:37. [PMID: 30586701]

Grayburn PA et al. Prprtinate and disprprtinate func-
tinal mitral regurgitatin: a new cnceptual framewrk that
recnciles the results f the MITRA-FR and COAPT trials.
JACC Cardivasc Imaging. 2019;12:353. [PMID: 30553663]

Obadia JF et al; MITRA-FR Investigatrs. Percutaneus repair r
medical treatment fr secndary mitral regurgitatin. N Engl
J Med. 2018;379:2297. [PMID: 30145927]

Ott CM et al. 2020 ACC/AHA guideline fr the management f
patients with valvular heart disease. J Am Cll Cardil. 2021;
77:450. [PMID: 33342587]

Pibart P et al. MITRA-FR versus COAPT: lessns frm tw
trials with diametrically ppsed results. Eur Heart J Cardivasc
Imaging. 2019;20:620. [PMID: 31115470]

Stne GW et al; COAPT Investigatrs. Transcatheter mitral-
valve repair in patients with heart failure. N Engl J Med. 2018;
379:2307. [PMID: 30280640]

AORTIC STENOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Congenital bicuspid aortic valve (usually asymp-
tomatic until middle or old age).

» “Degenerative” or calcific aortic stenosis; similar
risk factors as atherosclerosis (symptoms usually
in the elderly).

» Visual observation of immobile aortic valve plus a
valve area of less than 1.0 cm2 define severe disease;
low-gradient but severe aortic stenosis can thus be
recognized when the stroke volume is reduced.

» Echocardiography/Doppler is diagnostic.

» Surgery typically indicated for symptoms. TAVR is
approved for patients with calcific aortic stenosis.

» Intervention appropriate even in asymptomatic
patients with super-severe aortic stenosis (mean
gradient greater than 55 mm Hg) or when under-
going heart surgery for other reasons (eg, coro-
nary artery bypass grafting [CABG]).

» BNP is a marker of early LV myocardial failure, and
high levels (three times normal) suggest poor prog-
nosis and can be an indication for intervention.

» General Considerations

There are tw cmmn clinical scenaris in which artic
stensis is prevalent. The first is due t a cngenitally
abnrmal unicuspid r bicuspid valve, rather than tricus-
pid. Symptms can ccur in yung r adlescent individu-
als if the stensis is severe, but mre ften emerge at age
50–65 years when calcificatin and degeneratin f the
valve becme manifest. A dilated ascending arta, due t an
intrinsic defect in the artic rt media and the hemdy-
namic effects f the eccentric artic jet, may accmpany the
bicuspid valve in abut half f these patients. Carctatin f
the arta is als seen in a number f patients with cngeni-
tal artic stensis. Offspring f patients with a bicuspid
valve have a much higher incidence f the disease in either
the valve, the arta, r bth (up t 30% in sme series).

A secnd, mre cmmn pathlgic prcess, degenera-
tive r calcific aortic stenosis, is thught t be related t
calcium depsitin due t prcesses similar t thse that
ccur in athersclertic vascular disease. Apprximately
25% f patients ver age 65 years and 35% f thse ver age
70 years have echcardigraphic evidence f artic valve
thickening (sclersis). Abut 10–20% f these will prgress
t hemdynamically significant artic stensis ver a
perid f 10–15 years. Certain genetic markers are assci-
ated with artic stensis (mst ntably Ntch 1), s a
genetic cmpnent appears a likely cntributr, at least in
sme patients. Other assciated genetic markers have als
been described.

Artic stensis has becme the mst cmmn surgical
valve lesin in develped cuntries, and many patients are
elderly. The risk factrs include hypertensin, hyperchles-
terlemia, and smking. HCM may als cexist with valvu-
lar artic stensis.

» Clinical Findings

A. Symptoms and Signs

Slightly narrwed, thickened, r rughened valves (aortic
sclerosis) r artic dilatin may cntribute t the typical
ejectin murmur f artic stensis. In mild r mderate
cases where the valve is still pliable, an ejectin click may
precede the murmur and the clsure f the valve (S

2
) is

preserved. The characteristic systlic ejectin murmur is
heard at the artic area and is usually transmitted t the
neck and apex. In severe artic stensis, a palpable LV
heave r thrill, a weak t absent artic secnd sund, r
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Table 10–3. Summary of AHA/ACC guideline defini-
tions of symptomatic severe aortic stenosis.

Category of Severe

Aortic Stenosis1 proerties

High Gradient

High gradient > 4.0 m/sec Doppler jet velocity

> 40 mm Hg mean gradient

Super-severe > 5.0 m/sec Doppler jet velocity

> 55 mm Hg mean gradient

Low Gradient

Low flow Reduced LVEF (< 50%)

Low flow Paradoxical with normal LVEF (> 50%)

1All categories of severe aortic stenosis have abnormal systolic

opening of the aortic valve and an aortic valve area < 1.0 cm2.

LVEF, left ventricular ejection fraction.

reversed splitting f the secnd sund is present (see
Table 10–1). In sme cases, nly the high-pitched cmp-
nents f the murmur are heard at the apex, and the mur-
mur may sund like mitral regurgitatin (the s-called
Gallavardin phenomenon). When the valve area is less
than 0.8–1.0 cm2 (nrmal, 3–4 cm2), ventricular systle
becmes prlnged and the typical cartid pulse pattern f
delayed upstrke and lw amplitude is present. A delayed
upstrke, thugh, is an unreliable finding in lder patients
with extensive arterisclertic vascular disease and a stiff,
nncmpliant arta. LVH increases prgressively due t
the pressure verlad, eventually resulting in elevatin f
ventricular end-diastlic pressure. Cardiac utput is main-
tained until the stensis is severe. LV failure, angina pect-
ris, r syncpe may be presenting symptms f significant
artic stensis; imprtantly, all symptms tend t first
ccur with exertin.

B. Redefining Severe Aortic Stenosis

There are fur different anatmic syndrmes that ccur in
patients with severe artic stensis. The cmmn underly-
ing measure f severe aortic stenosis is an artic valve area
f less than 1.0 cm2 and echcardigraphic evidence f an
immbile artic valve. In patients with a nrmal LVEF and
nrmal cardiac utput, the threshld fr interventin is a
peak artic gradient f greater than 64 mm Hg and mean
artic gradient f greater than 40 mm Hg. In the same situ-
atin, super-severe aortic stenosis is defined as a mean
gradient f greater than 55 mm Hg r peak artic velcity
greater than 5 m/sec by Dppler.

In sme patients with an artic valve area f less than
1.0 cm2 with a lw cardiac utput and strke vlume, the
mean gradient may be less than 40 mm Hg. This can ccur
when the LV systlic functin is pr (low-gradient severe
aortic stenosis with low LVEF) r when the LV systlic
functin is nrmal (paradoxical low-flow severe aortic
stenosis with a normal LVEF). Lw flw (lw utput) in
these situatins is defined by an echcardigraphic strke
vlume index f less than 35 mL/min/m2. Prgnsis in
patients with lw gradient, lw valve area, lw utput, and
a nrmal LVEF artic stensis may actually be wrse than
in patients with the traditinal high gradient, lw valve
area, nrmal utput, and nrmal LVEF artic stensis. If
lw-flw severe artic stensis is present in the face f a
lw LVEF, prvcative testing with dbutamine r nitr-
prusside is smetimes warranted t increase the strke
vlume t discver if a mean artic valve gradient f at
least 40 mm Hg can be demnstrated withut increasing
the artic valve area. If the artic valve area can be made t
increase and a mean gradient f greater than 40 mm Hg
cannt be demnstrated by intrpic challenge, the pre-
sumptin is that the lw gradient is due t an assciated
cardimypathy and nt the artic valve stensis. In this
latter situatin interventin is nt indicated. The guide-
lines acknwledge these fur situatins (Table 10–3). Inter-
ventin is indicated in super-severe artic stensis even
withut demnstrable symptms (grade C) and in any f
the ther situatins when symptms are present: D1
defines the symptmatic high gradient patient; D2 the
symptmatic lw-flw, lw-gradient patient with lw

LVEF; and D3 the symptmatic lw-flw, lw-gradient
patient with nrmal LVEF.

Symptms f LV failure may be sudden in nset r may
prgress gradually. Angina pectris frequently ccurs in
artic stensis due t underperfusin f the endcardium.
Of patients with calcific artic stensis and angina, half
have significant assciated CAD. Syncpe, a late finding,
ccurs with exertin as the LV pressure rises, stimulating
the LV barreceptrs t cause peripheral vasdilatin. This
vasdilatin results in the need fr an increase in strke
vlume, which increases the LV systlic pressure again,
creating a cycle f vasdilatin and stimulatin f the bar-
receptrs that eventually results in a drp in systemic BP, as
the stentic valve prevents further increase in strke vl-
ume. Less cmmnly, syncpe may be due t arrhythmias
(usually ventricular tachycardia but smetimes AV blck as
calcific invasin f the cnductin system frm the artic
valve may ccur).

C. Diagnostic Studies

The ECG reveals LVH r secndary replarizatin changes
in mst patients but can be nrmal in up t 10%. The chest
radigraph may shw (1) a nrmal r enlarged cardiac
silhuette, (2) calcificatin f the artic valve, and (3) dila-
tin r calcificatin (r bth) f the ascending arta. The
echcardigram prvides useful data abut artic valve
calcificatin and leaflet pening, the severity f LV wall
thickness, and verall ventricular functin, while Dppler
can prvide an excellent estimate f the artic valve gradi-
ent. Valve area estimatin by echcardigraphy is a critical
cmpnent f the diagnsis f artic stensis due t issues
such as paradxical lw-flw artic stensis (lw-gradient,
lw-flw, nrmal LVEF patients). Likewise, the echcar-
digraphy/Dppler can estimate the strke vlume index
used t define the lw-flw state when the valve area is
small but the gradient is less than 40 mm Hg. Cardiac cath-
eterizatin mstly prvides an assessment f the hemdy-
namic cnsequence f the artic stensis, and the anatmy
f the crnary arteries. Catheterizatin data can be
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Abnormal aortic valve with

reduced systolic opening

Symptoms due to AS

Severe AS stage D1

• Vmax ≥ 4 m/s or

• ∆Vmax ≥ 40 mm Hg

AS stage B

(Vmax 3–3.9 m/s)

AS stage C

(Vmax ≥ 4 m/s)

Severe AS stage D2

DSE Vmax ≥ 4 m/s at

any flow rate

Severe AS stage D3

indexed AVA,
≤ 0.6 cm2/m2 and

SVI < 35 mL/m2

AS most likely

cause of symptoms
Rapid disease

progression

Low surgical

risk

or

or

↓ LVEF

to < 60%
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serial

studies

BNP > 3

normal

Vmax ≥ 5 m/s

Vmax ≤ 4 m/s and

AVA ≤ 1.0 cm2

LVEF ≤ 50%

Yes No LVEF

< 50%

Other

cardiac

surgery

Other

cardiac
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ETT with

↓ BP or
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No AS symptoms

AVR (SAVR or

TAVI) (1)

AVR (SAVR or

TAVI) (1)
SAVR (2a)

SAVR

(2b)

▲ Figure 10–4. Algorithm for the timing of intervention in aortic valve stenosis. AS, aortic stenosis; AVA, aortic valve
area; AVAi, aortic valve area index; AVR, aortic valve replacement; BNP, B-type natriuretic peptide; BP, blood pressure; DSE,
dobutamine stress echocardiography; ETT, exercise treadmill test; LVEF, left ventricular ejection fraction; ∆P

mean
, mean

systolic pressure gradient between LV and aorta; SAVR, surgical aortic valve replacement; SVI, stroke volume index; TAVI,
transcatheter aortic valve implantation; TAVR, transcatheter aortic valve replacement; V

max
, maximum velocity. (Modified,

with permission, from Otto CM et al. 2020 ACC/AHA guideline for the management of patients with valvular heart disease: a
report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. J
Am Coll Cardiol. 2021;77:e25. © 2021 American College of Cardiology Foundation and the American Heart Association.)

imprtant when there is a discrepancy between symptms
and the echcardigraphy/Dppler infrmatin f artic
stensis severity. In yunger patients and in patients with
high artic gradients, the artic valve need nt be crssed at
catheterizatin. Artic regurgitatin can be semiquantified
by artic rt angigraphy. Either BNP r NT-prBNP may
prvide additinal prgnstic data in the setting f pr LV
functin and artic stensis. A BNP greater than 550 pg/mL
has been assciated with a pr utcme in these patients
regardless f the results f dbutamine testing. Current
guidelines suggest interventin when the NT-prBNP is
three times nrmal (class IIa indicatin). Stress testing can
be dne cautiusly in patients in whm the artic stensis
severity des nt match the reprted symptms in rder t

cnfirm the reprted clinical status. It shuld not be dne in
patients with super-severe artic stensis.

» Prognosis & Treatment

Valve interventin is warranted in all patients wh have
symptmatic severe artic stensis (Figure 10–4). There
are als times when asymptmatic artic stensis shuld
underg interventin. Asymptmatic patients with severe
artic stensis (artic valve area less than 1.0 cm2) shuld
generally underg interventin accrding t the fllwing
guidelines: (1) they are underging ther cardiac surgery
(ie, CABG), (2) there is evidence fr a reduced LVEF (less
than 50%), (3) when the mean gradient exceeds 55 mm Hg
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(peak velcity greater than 5 m/sec), (4) when there is
exercise intlerance r when the bld pressure falls mre
than 10 mm Hg with exercise, (5) when there is severe
valvular calcium, (6) when there is evidence f a rapid increase
in the peak artic gradient (mre than 0.3 m/sec/year),
(7) when there has been a prgressive decrease in the LVEF,
r (8) when the NT-prBNP is three times nrmal. Fllwing
the nset f heart failure, angina, r syncpe, the prgnsis
withut surgery is pr (50% 3-year mrtality rate). Medi-
cal treatment may stabilize patients in heart failure, but
interventin is indicated fr all symptmatic patients with
evidence f significant artic stensis.

The surgical mrtality rate fr valve replacement is lw,
even in lder adults, and ranges frm 2% t 5%. This lw
risk is due t the dramatic hemdynamic imprvement that
ccurs with relief f the increased afterlad. Mrtality rates
are substantially higher when there is an assciated isch-
emic cardimypathy. Severe crnary lesins are usually
bypassed at the same time as artic valve replacement
(AVR), althugh there are few data t suggest this practice
affects utcme. In sme cases, a staged prcedure with
stenting f the crnaries prir t surgery may be cnsid-
ered, especially if a percutaneus AVR apprach is being
cnsidered. Arund ne-third t ne-half f all patients
with artic stensis have significant CAD, s this is a cm-
mn cncern. With the success f transcatheter aortic
valve replacement (TAVR) r transcatheter aortic valve
implantation (TAVI), the treatment ptins have greatly
expanded fr many patients with severe artic stensis. Fr
this reasn, a Heart Valve Team apprach bringing tgether
invasive and nninvasive cardilgists, radilgists, anes-
thesilgists, and cardiac surgens is mandatry; clinical
factrs (such as frailty) and anatmic features (such as a
calcified arta, vascular access, etc) can affect the decisin
making.

Medical therapy t reduce the prgressin f disease
has not been effective t date. Statins have been assessed in
fur majr clinical trials. Nne revealed any benefit n the
prgressin f artic stensis r n clinical utcmes
despite the assciatin f artic stensis with atherscler-
sis. If patients with artic stensis have cncmitant CAD,
the guidelines fr the use f statins shuld be fllwed.
Effrts t reduce stensis prgressin by blckage f the
renin-angitensin system have als been ineffective,
thugh they are currently recmmended fr patients wh
have undergne TAVR. Cntrl f systemic hypertensin
is an imprtant adjunct, and inadequate systemic BP cn-
trl is all t cmmn due t unreasnable cncerns abut
prviding t much afterlad reductin in patients with
artic stensis. Nrmal systemic BP is imprtant t main-
tain as the LV is affected by the ttal afterlad (systemic BP
plus the artic valve gradient).

The interventinal ptins in patients with artic valve
stensis has expanded with the use f TAVR and depend
n the patient’s lifestyle and age. The algrithm t decide
when an AVR is apprpriate in varius situatins is ut-
lined in Figure 10–5.

TAVR has been shown to be equivalent to surgical
AVR (SAVR) in all the randomized trials of symptom-
atic patients, including those at low risk for surgery

(less than 4%). Surgery is recmmended fr patients
yunger than 65 years r with a life expectancy f mre than
20 years. TAVR is recmmended fr all patients lder than
80 years. Either SAVR r TAVR can be cnsidered fr all
patients between 65 and 80 years. The decisin abut
whether t perfrm SAVR r TAVR shuld be made by the
Heart Team; anatmic issues (such as an enlarged arta, a
crnary that might be trapped by a leaflet when the valve
is inserted, an annulus t large r t small, extensive LV
utflw tract calcium, etc) are ften the deciding factrs
whether TAVR can be dne.

In yung and adlescent patients, percutaneus balln
valvulplasty still has a very small rle. Balln valvul-
plasty is assciated with early restensis in the elderly
ppulatin and, thus, is rarely used except as a temprizing
measure prir t a mre permanent SAVR r TAVR. Data
suggest artic balln valvulplasty in elderly peple has
an advantage nly in thse with preserved LV functin,
and such patients are usually excellent candidates fr SAVR
r TAVR.

The Rss prcedure is generally still cnsidered a viable
ptin in yunger patients with a bicuspid valve, and it is
perfrmed by mving the patient’s wn pulmnary valve
and a prtin f its rt t the artic psitin and replacing
the pulmnary valve with a hmgraft (r rarely a biprs-
thetic valve). The crnaries require reimplantatin. Hw-
ever, dilatin f the pulmnary valve autgraft and
cnsequent artic regurgitatin, plus early stensis f the
pulmnary hmgraft in the pulmnary psitin, has
reduced the enthusiasm fr this apprach in mst institu-
tins. Current guidelines suggest the Rss prcedure
shuld nly be cnsidered in thse yunger than 50 years.
Middle-aged and yunger adults generally can tlerate the
anticagulatin therapy necessary fr the use f mechani-
cal artic valves, s patients yunger than 50 years gener-
ally underg AVR with a bileaflet mechanical valve. If the
artic rt is severely dilated as well (greater than 4.5 cm),
then the valve may be hused in a Dacrn sheath (Bentall
procedure) and the rt replaced alng with the artic
valve. Alternatively, a human hmgraft rt and valve
replacement can be used. In patients lder than 50 years,
biprsthetic (either prcine r bvine pericardial) valves
with a life expectancy f abut 10–15 years are rutinely
used instead f mechanical valves t avid need fr antic-
agulatin. Data favr the bvine pericardial valve ver the
prcine artic valve. Biprsthetic valve degeneratin in
the larger valves can be ptentially repaired by percutane-
us valve-in-valve TAVR. If the artic annulus is small, a
biprsthetic valve with a shrt sheath can be sewn t the
artic wall (the stentless AVR) rather than sewing the prs-
thetic annulus t the artic annulus. (Annulus is a relative
term when speaking f the artic valve, since there is n
true annulus.) Anther ppular surgical ptin when the
arta is enlarged is the use f the Wheat procedure; it
invlves artic rt replacement abve the crnary arter-
ies and replacement f the artic valve belw the crnary
arteries. The crnary arteries thus remain attached t the
native arta between the new graft and prsthetic valve
rather than being reimplanted nt an artificial sheath r
hmgraft. Newer artic valve replacements can be placed
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Symptomatic severe AS

(D1, D2, D3) or

asymptomatic severe AS

with LVEF < 50%

Indication for AVR

Estimated risk not high

or prohibitive

High or prohibitive surgical risk

• STS > 8% or

• ≥ 2 Frailty measures or

• ≤ 2 Organ systems or

• Procedure specific impediment

Life expectancy with

acceptable quality of life > 1 y.

Patient preferences and values

Risk assessment

Age/life expectancy

Valve and vascular

anatomy and other factors

suitable for transfemoral

TAVI1

Valve and vascular

anatomy suitable for

transfemoral TAVI

Patient age*

50–65 y

SAVR
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Pulmonic

autograft

(2b)

Mechanical

AVR (2a)

Mechanical or

bioprosthetic (2a)

Bioprosthetic

(1)
Bioprosthetic

(2a)

> 65 y

Age 65–80 yAge < 65 y

No

No

Age > 80 y

SAVR (1)SAVR (1) TF TAVI (1)

TAVI (1)

Yes No

Yes No

Palliative care (1)

TF TAVI (1) SAVR (2a)

No VKA

VKA OK
VKA anticoagulation

• Contraindicated

• Cannot be managed

• Not desired

Shared decision-making with patient

and Heart Valve Team with discussion

of SAVR and TAVI (1)

Adult patient with AS

Bioprosthetic valve

▲ Figure 10–5. Algorithm for the type of valvular intervention in aortic valve stenosis. AS, aortic stenosis; AVR,
aortic valve replacement; LVEF, left ventricular ejection fraction; SAVR, surgical aortic valve replacement; STS, Society
of Thoracic Surgeons; TAVI, transcatheter aortic valve implantation; TF, transfemoral; VKA, vitamin K antagonist.
(Modified, with permission, from Otto CM et al. 2020 ACC/AHA guideline for the management of patients with valvular
heart disease: a report of the American College of Cardiology/American Heart Association Joint Committee on Clinical
Practice Guidelines. J Am Coll Cardiol. 2021;77:e25. © 2021 American College of Cardiology Foundation and the American
Heart Association.)
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quickly thrugh a small incisin and ften require nly
three stitches t anchr (ie, the Perceval r Intuity valve
replacements). These can shrten pump times at surgery.

In patients with a bicuspid artic valve, there is an ass-
ciated ascending artic aneurysm in abut half. If the
maximal dimensin f the artic rt is greater than 5.5 cm,
it is recmmended t prceed with rt replacement
regardless f the severity f the artic valve disease. It is
als apprpriate t intervene when the maximal artic rt
size is greater than 5.0 cm in diameter if there is a family
histry f artic dissectin r the artic rt size increases
by mre than 0.5 cm in 1 year. The artic valve may be
replaced at the same time if at least mderate artic sten-
sis is present r may be either left alne r repaired (valve
sparing peratin). If there is an indicatin fr AVR and
the rt is greater than 4.5 cm in diameter, rt replace-
ment is als recmmended at the time f SAVR.

The use f mechanical versus biprsthetic AVR has
changed ver time. A biprsthetic valve is acceptable fr
patients at any age fr whm anticagulant therapy is cn-
traindicated, nt desired, r cannt be managed, and is pre-
ferred in patients ver the age f 65. An artic mechanical
valve shuld be used in patients yunger than 50 years f age
wh can take warfarin. Anticoagulation is required with the
use f mechanical artic valves, and the internatinal nr-
malized rati (INR) shuld be maintained between 2.0 and
3.0 fr bileaflet valves. In general, mechanical artic valves
are less subject t thrmbsis than mechanical mitral valves
and d nt require bridging with enxaparin unless there are
ther thrmbemblic risk factrs r it is an lder genera-
tin AVR. Lw-dse aspirin is recmmended if there is a lw
bleeding risk. Sme newer bileaflet mechanical valves
(On-X) allw fr a lwer INR range frm 1.5 t 2.0. Clpi-
dgrel is recmmended fr the first 6 mnths after TAVR in
cmbinatin with lifelng aspirin therapy. DOACs are not
recmmended fr any mechanical valves but may be used in
patients with a biprsthetic AVR if treating atrial fibrilla-
tin r venus thrmbsis.

The use f TAVR has grwn dramatically. The Edwards
SAPIEN valve is a balln-expandable valvular stent, while
the CreValve is a valvular stent that self-expands when
pushed ut f the catheter sheath. Cst remains a majr
issue. The cst f TAVR is similar t SAVR, mstly due t
the cst f the valve itself. All f the prfessinal scieties
stress the imprtance f a Heart Valve Team when cnsid-
ering artic stensis interventin.

TAVR is als being used mre frequently in “valve-in-
valve” prcedures t reduce the gradient in patients with
prsthetic valve dysfunctin (regardless f whether in the
artic, mitral, tricuspid, r pulmnary psitin). While the
results f TAVR in patients with bicuspid artic valves (as
ppsed t tricuspid) have been less impressive, newer
mdificatins have imprved the success rates in these
anatmic situatins as well.

» When to Refer

• All patients with echcardigraphic evidence fr mild-
t-mderate artic stensis (estimated peak valve gra-
dient greater than 30 mm Hg by echcardigraphy/

Dppler) shuld be referred t a cardilgist fr evalu-
atin and t determine the frequency f fllw-up.

• Any patients with symptms suggestive f artic sten-
sis (ie, exertinal symptms f chest pressure, shrtness
f breath, r presyncpe) shuld be seen by a
cardilgist.

Mack MJ et al; PARTNER 3 Investigatrs. Transcatheter artic-
valve replacement with a balln-expandable valve in lw-
risk patients. N Engl J Med. 2019;380:1695. [PMID: 30883058]

Ott CM et al. 2020 ACC/AHA guideline fr the management f
patients with valvular heart disease. J Am Cll Cardil.
2021;77:450. [PMID: 33342587]

Ppma JJ et al; Evlut Lw Risk Trial Investigatrs. Transcatheter
artic-valve replacement with a self-expanding valve in lw-
risk patients. N Engl J Med. 2019;380:1706. [PMID: 30883053]

AORTIC REGURGITATION

E S S E N T I A L S  O F  D I A G N O S I S

» Usually asymptomatic until middle age; presents
with left-sided failure or rarely chest pain.

» Echocardiography/Doppler is diagnostic.

» Surgery for symptoms, EF < 50%, LV end-systolic
dimension > 50 mm, or LV end-diastolic dimen-
sion > 65 mm.

» General Considerations

Of all patients with islated artic valve disease, abut 13%
have predminately artic regurgitatin. Rheumatic artic
regurgitatin has becme much less cmmn than in the
preantibitic era, and nnrheumatic causes nw predmi-
nate. These include cngenitally bicuspid valves, infective
endcarditis, and hypertensin. Many patients als have
artic regurgitatin secndary t artic rt diseases, such
as that assciated with Marfan syndrme r artic dissec-
tin. Rarely, inflammatry diseases, such as ankylsing
spndylitis, may be implicated.

» Clinical Findings

A. Symptoms and Signs

The clinical presentatin is determined by the rapidity with
which regurgitatin develps. In chronic aortic regurgita-
tion, the nly sign fr many years may be a sft artic
diastlic murmur. As the severity f the artic regurgita-
tin increases, diastlic BP falls, and the LV prgressively
enlarges. Mst patients remain asymptmatic fr lng
perids even at this pint. LV failure is a late event and may
be sudden in nset. Exertinal dyspnea and fatigue are the
mst frequent symptms, but parxysmal ncturnal dys-
pnea and pulmnary edema may als ccur. Angina pect-
ris r atypical chest pain may ccasinally be present.
Assciated CAD and presyncpe r syncpe are less cm-
mn than in artic stensis.
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Hemdynamically, because f cmpensatry LV dila-
tin, patients eject a large strke vlume, which is adequate
t maintain frward cardiac utput until late in the curse
f the disease. LV diastlic pressure may rise when heart
failure ccurs. Abnrmal LV systlic functin as mani-
fested by reduced EF (less than 50%) and increasing end-
systlic LV vlume (greater than 5.0 cm) are signs that
surgical interventin is warranted.

The majr physical findings in chrnic artic regurgita-
tin relate t the high strke vlume being ejected int the
systemic vascular system with rapid runff as the regurgi-
tatin takes place (see Table 10–1). This results in a wide
arterial pulse pressure. The pulse has a rapid rise and fall
(water-hammer pulse r Corrigan pulse), with an ele-
vated systlic and lw diastlic pressure. The large strke
vlume and flw back int the heart are als respnsible
fr characteristic findings, such as Quincke pulses (nailbed
capillary pulsatins), Duroziez sign (t-and-fr murmur
ver a partially cmpressed femral peripheral artery), and
Musset sign (head bb with each pulse). In yunger
patients, the increased strke vlume may summate with
the pressure wave reflected frm the periphery and create
a higher than expected systlic pressure in the lwer
extremities cmpared with the central arta. Since the
peripheral bed is much larger in the leg than the arm, the
BP in the leg may be ver 40 mm Hg higher than in the arm
(Hill sign) in severe artic regurgitatin. The apical
impulse is prminent, laterally displaced, usually hyperdy-
namic, and may be sustained. A systlic flw murmur is
usually present and may be quite sft and lcalized; the
artic diastlic murmur is usually high-pitched and decre-
scend. A mid r late diastlic lw-pitched mitral murmur
(Austin Flint murmur) may be heard in advanced artic
regurgitatin, wing t relative bstructin f mitral
inflw prduced by partial clsure f the mitral valve by
the rapidly rising LV diastlic pressure due t the artic
regurgitatin.

In acute aortic regurgitation (usually frm artic dis-
sectin r infective endcarditis), LV failure is manifested
primarily as pulmnary edema and may develp rapidly;
surgery is urgently required in such cases. Patients with
acute artic regurgitatin d nt have the dilated LV f
chrnic artic regurgitatin and the extra LV vlume is
handled prly. Fr the same reasn, the diastlic murmur
is shrter, may be minimal in intensity, and the pulse pres-
sure may nt be widened—making clinical diagnsis dif-
ficult. The mitral valve may clse prematurely even befre
LV systle has been initiated (preclosure) due t the rapid
rise in the LV diastlic pressure, and the first heart sund
is thus diminished r inaudible. Preclsure f the mitral
valve can be readily detected n echcardigraphy and is
cnsidered an indicatin fr urgent surgical interventin.

B. Diagnostic Studies

The ECG usually shws mderate t severe LVH. Radi-
graphs shw cardimegaly with LV prminence and sme-
times a dilated arta.

Echcardigraphy demnstrates the majr diagnstic
features, including whether the lesin includes the prximal
artic rt and what valvular pathlgy is present. Annual

assessments of LV size and function are critical in deter-
mining the timing for valve replacement when the aortic
regurgitation is severe. The 2020 ACC/AHA valvular
guideline prvides criteria fr assessing the severity f ar-
tic regurgitatin. Cardiac MRI and CT can estimate artic
rt size, particularly when there is cncern fr an ascend-
ing aneurysm. MRI can prvide a regurgitant fractin t
help cnfirm severity. Cardiac catheterizatin may be
unnecessary in yunger patients, particularly thse with
acute artic regurgitatin, but can help define hemdynam-
ics, artic rt abnrmalities, and assciated CAD prep-
eratively in lder patients. Increasing data are emerging that
serum BNP r NT-prBNP may be an early sign f LV
dysfunctin, and it is pssible that these data will be added
t recmmendatins fr surgical interventin in the future.

» Treatment & Prognosis

Artic regurgitatin that appears r wrsens during r
after an episde f infective endcarditis r artic dissec-
tin may lead t acute severe LV failure r subacute pr-
gressin ver weeks r mnths. The frmer usually presents
as pulmnary edema; surgical replacement f the valve is
indicated even during active infectin. These patients may
be transiently imprved r stabilized by vasdilatrs.

Chrnic artic regurgitatin may be tlerated fr many
years, but the prgnsis withut surgery becmes pr
when symptms ccur. Since artic regurgitatin places
bth a prelad (vlume) and afterlad increase n the LV,
medicatins that decrease afterlad can reduce regurgita-
tin severity, althugh there are n cnvincing data that
afterlad reductin alters mrtality. Recommendations
advocate afterload reduction in aortic regurgitation only
when there is associated systolic hypertension (systolic
BP greater than 140 mm Hg). Afterlad reductin in nr-
mtensive patients des nt appear warranted. Angiten-
sin receptr blckers (ARBs), rather than beta-blckers,
are the preferred additins t the medical therapy in
patients with an enlarged arta, such as in Marfan syn-
drme, because f the theretical ability f an ARB t
reduce artic stiffness (by blcking TGF-beta) and t slw
the rate f artic dilatin. Hwever, clinical trials evaluat-
ing the efficacy f ARBs t reduce artic stiffness and slw
the rate f artic dilatin have nt yielded a psitive ut-
cme t supprt their use.

Surgery is indicated once symptoms emerge or for
any evidence of LV dysfunction (as exhibited by a reduc-
tin in the LVEF t less than 55% r increase in the LV
end-systlic diameter t greater than 50 mm by echcar-
digraphy). In additin, it is suggested that surgery shuld
be cnsidered even when the LV becmes excessively
enlarged (LV end-diastlic diameter greater than 65 mm).
Guidelines als suggest it be cnsidered (class IIb) if serial
imaging reveals a prgressive increase in the size f the LV
(Figure 10–6).

The issues with AVR cvered in the abve sectin cn-
cerning artic stensis pertain here. Early trials f TAVR
had a high incidence f pstprcedural residual artic
regurgitatin (18.8% in ne trial). Newer TAVR valves have
greatly reduced residual artic regurgitatin when used in
patients with pure native artic regurgitatin (4.2%). In
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▲ Figure 10–6. Algorithm for intervention in aortic regurgitation. AR, aortic regurgitation; AVR, aortic valve
replacement; EDD, end-diastolic dimension; ERO, effective regurgitant orifice; LVEF, left ventricular ejection fraction;
LVESD, left ventricular end-systolic dimension; RF, regurgitant fraction; RVol, regurgitant volume; VC, vena contracta.
(Modified, with permission, from Otto CM et al. 2020 ACC/AHA guideline for the management of patients with valvular
heart disease: a report of the American College of Cardiology/American Heart Association Joint Committee on Clinical
Practice Guidelines. J Am Coll Cardiol. 2021;77:e25. © 2021 American College of Cardiology Foundation and the American
Heart Association.)

multivariable analysis, pstprcedural at least mderate
artic regurgitatin was independently assciated with
1-year all-cause mrtality (hazard rati: 2.85; 95% cnfi-
dence interval: 1.52 t 5.35; P = 0.001). Cmpared with the
early-generatin devices, TAVR using the new-generatin
devices was assciated with imprved prcedural ut-
cmes in treating patients with pure native artic regurgi-
tatin. In patients with pure native artic regurgitatin,
significant pstprcedural artic regurgitatin was inde-
pendently assciated with increased mrtality.

Artic regurgitatin due t a paravalvular prsthetic
valve defect can ccasinally be ccluded with percutane-
us ccluder devices. The chice f prsthetic valve fr
AVR depends n the patient’s age and cmpatibility with
warfarin anticagulatin similar t the chices fr AVR in
artic stensis.

The perative mrtality fr AVR is usually in the 3–5%
range. Artic regurgitatin due t artic rt disease

requires repair r replacement f the rt as well as surgical
treatment f the artic valve. Thugh valve-sparing pera-
tins have imprved recently, mst patients with rt
replacement underg valve replacement at the same time.
Rt replacement in assciatin with valve replacement
may require anastmsis f the crnary arteries, and thus
the prcedure is mre cmplex than valve replacement
alne. The Wheat prcedure replaces the artic rt but
spares the area where the crnaries attach t avid the
necessity fr their reimplantatin. Fllwing any artic
valve surgery, LV size usually decreases and LV functin
generally imprves even when the baseline EF is depressed.

Repair f the artic rt in patients with a bicuspid
valve shuld be dne nce the rt diameter exceeds 5.5 cm
regardless f artic valve disease severity. There are data
that dissectin is much mre prevalent when the artic
rt diameter exceeds 6.0 cm, and the general sense is nt
t let it apprach that size. Patients with risk factrs
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(family histry f dissectin r an increase in the diameter
f the rt greater than 0.5 cm in 1 year) shuld have the
arta repaired when the maximal dimensin exceeds
5.0 cm. The fllwing classificatins summarize when t
perate n the artic rt in patients with a bicuspid artic
valve based n the guidelines:

Class I indicatin (LOE C): artic rt diameter at
sinuses r ascending arta greater than 5.5 cm (regardless
f need fr AVR).

Class IIa indicatin (LOE C): artic rt diameter at
sinuses r ascending arta greater than 5.0 cm when there
are assciated risk factrs (family histry f dissectin r
increase in size mre than 0.5 cm in 1 year).

Class IIa indicatin (LOE C): artic rt diameter
greater than 4.5 cm if patient underging AVR fr valvular
reasns.

» When to Refer

• Patients with audible artic regurgitatin shuld be
seen, at least initially, by a cardilgist wh can deter-
mine whether the patient needs fllw-up.

• Patients with a dilated artic rt shuld be mnitred
by a cardilgist, since imaging studies ther than the
chest radigraph r echcardigram may be required t
decide surgical timing.

O’Gara PT et al. Timing f valve interventins in patients with
chrnic artic regurgitatin: are we waiting t lng? J Am
Cll Cardil. 2019;73:1753. [PMID: 30846337]

Ott CM et al. 2020 ACC/AHA guideline fr the management f
patients with valvular heart disease. J Am Cll Cardil. 2021;
77:450. [PMID: 33342587]

TRICUSPID STENOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Female predominance.

» History of rheumatic heart disease most likely.
Carcinoid disease and prosthetic valve degenera-
tion are the most common etiologies in the United
States.

» Echocardiography/Doppler is diagnostic.

» General Considerations

Tricuspid stensis is rare, affecting less than 1% f the
ppulatin in develped cuntries and less than 3% wrld-
wide. Native valve tricuspid valve stensis is usually rheu-
matic in rigin. In the United States, tricuspid stensis is
mre cmmnly due t prir tricuspid valve repair r
replacement r t the carcinid syndrme. The incidence
f tricuspid stensis after tricuspid valve replacement
increases cnsiderably after 8 years pst surgery. Tricuspid
regurgitatin frequently accmpanies the lesin. It shuld

be suspected when right heart failure appears in the curse
f mitral valve disease r in the pstperative perid after
tricuspid valve repair r replacement.

» Clinical Findings

A. Symptoms and Signs

Tricuspid stensis is characterized by right heart failure
with hepatmegaly, ascites, and dependent edema. In sinus
rhythm, a giant a wave is seen in the JVP, which is als
elevated (see Table 10–1). The typical diastolic rumble
alng the lwer left sternal brder mimics mitral stensis,
thugh in tricuspid stensis the rumble increases with
inspiration. In sinus rhythm, a presystlic liver pulsatin
may be fund. It shuld be cnsidered when patients
exhibit signs f carcinid syndrme.

B. Diagnostic Studies

In the absence f atrial fibrillatin, the ECG reveals RA
enlargement. The chest radigraph may shw marked car-
dimegaly with a nrmal PA size. A dilated superir vena
cava and azygus vein may be evident.

The nrmal valve area f the tricuspid valve is 10 cm2,
s significant stensis must be present t prduce a gradi-
ent. Hemdynamically, a mean diastlic pressure gradient
greater than 5 mm Hg is cnsidered significant, althugh
even a 2 mm Hg gradient can be cnsidered abnrmal.
This can be demnstrated by echcardigraphy r cardiac
catheterizatin. The 2017 update f the 2014 AHA/ACC
guidelines suggests a tricuspid valve area f less than 1.0 cm2

and a pressure half-time lnger than 190 msec shuld be
defined as significant because the gradient may vary
depending n the heart rate.

» Treatment & Prognosis

Tricuspid stensis may be prgressive, eventually causing
severe right-sided heart failure. Initial therapy is directed at
reducing the fluid cngestin, with diuretics the mainstay
(see Treatment, Heart Failure). When there is cnsiderable
bwel edema, trsemide r bumetanide may have an
advantage ver ther lp diuretics, such as fursemide,
because they are better absrbed frm the gut. Aldsterne
inhibitrs als help, particularly if there is liver engrge-
ment r ascites. Neither surgical nr percutaneus valvul-
plasty is particularly effective fr relief f tricuspid stensis,
as residual tricuspid regurgitatin is cmmn. Tricuspid
valve replacement is the preferred surgical apprach.
Mechanical tricuspid valve replacement is rarely dne
because the lw flw predispses t thrmbsis and
because the mechanical valve cannt be crssed shuld the
need arise fr right heart catheterizatin r pacemaker
implantatin. Therefre, biprsthetic valves are almst
always preferred. Often tricuspid valve replacement is per-
frmed in cnjunctin with mitral valve replacement fr
rheumatic mitral stensis r regurgitatin. Percutaneus
transcatheter valve replacement (stented valve) has been
used in degenerative tricuspid prsthetic valve stensis and
a percutaneus tricuspid valve replacement device is being
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investigated. The indicatins fr valve replacement in
severe tricuspid stensis are straightfrward:

Class I indicatin (LOE C): at time f peratin fr left-
sided valve disease.

Class I indicatin (LOE C): if symptmatic.
Class IIb indicatin (LOE C): rarely percutaneus

balln cmmissurtmy fr islated tricuspid stensis
in high-risk patients with n significant tricuspid
regurgitatin.

» When to Refer

All patients with any evidence fr tricuspid stensis n an
echcardigram shuld be seen and mnitred by a cardi-
lgist t assess when interventin may be required.

Hirata K et al. Biprsthetic tricuspid valve stensis: a case
series. Eur Heart J Case Rep. 2019;3:ytz110. [PMID: 31367735]

TRICUSPID REGURGITATION

E S S E N T I A L S  O F  D I A G N O S I S

» Frequently occurs in patients with pulmonary or
cardiac disease with pressure or volume overload
on the right ventricle.

» Tricuspid valve regurgitation from pacemaker lead
placement is becoming more common.

» Echocardiography useful in determining cause
(low- or high-pressure tricuspid regurgitation).

» General Considerations

Tricuspid valvular regurgitatin ften ccurs whenever
there is RV dilatin frm any cause. As tricuspid regurgi-
tatin increases, the RV size increases further pulling the
valve pen due t chrdal and papillary muscle displace-
ment. This, in turn, wrsens the severity f the tricuspid
regurgitatin. In additin, the tricuspid annulus is shaped
like a hrse’s saddle. With RV failure, the annulus flattens
and becmes elliptical, further distrting the relatinship
between the leaflets and chrdal attachments. In mst
cases, the cause f the tricuspid regurgitatin is the RV
gemetry (functinal) and nt primary tricuspid valve
disease. An enlarged, dilated RV may be present if there is
RV systlic hypertensin frm valvular r subvalvular
pulmnary valve stensis, pulmnary hypertensin fr
any reasn, in severe pulmnary valve regurgitatin, r in
cardimypathy. The RV may als be injured frm an MI
r may be inherently dilated due t infiltrative diseases
(RV dysplasia r sarcidsis). RV dilatin ften ccurs
secndary t left heart failure. Inherent abnrmalities f
the tricuspid valve include Ebstein anomaly (displace-
ment f the septal and psterir, but nt the anterir,
leaflets int the RV), tricuspid valve prlapse, carcinid

plaque frmatin, cllagen disease inflammatin, valvular
tumrs, r tricuspid endcarditis. In additin, pacemaker
lead valvular injury is an increasingly frequent iatrgenic
cause.

» Clinical Findings

A. Symptoms and Signs

The symptms and signs f tricuspid regurgitatin are
identical t thse resulting frm RV failure due t any
cause. As a generality, the diagnsis can be made by careful
inspectin f the JVP. The JVP wavefrm shuld decline
during ventricular systle (the x descent). The timing f
this decline can be bserved by palpating the ppsite
cartid artery. As tricuspid regurgitatin wrsens, mre
and mre f this x descent valley in the JVP is filled with
the regurgitant wave until all f the x descent is bliterated
and a psitive systlic wavefrm will be nted in the JVP.
An assciated tricuspid regurgitatin murmur may r may
nt be audible and can be distinguished frm mitral regur-
gitatin by the left parasternal lcatin and an increase
with inspiratin (Carvallo sign). An S

3
may accmpany

the murmur and is related t the high flw returning t the
RV frm the RA. Cyansis may be present if the increased
RA pressure stretches the atrial septum and pens a PFO r
there is a true ASD (eg, in abut 50% f patients with
Ebstein anmaly). Severe tricuspid regurgitatin results in
hepatmegaly, edema, and ascites.

B. Diagnostic Studies

The ECG is usually nnspecific, thugh atrial flutter r
atrial fibrillatin is cmmn. The chest radigraph may
reveal evidence f an enlarged RA r dilated azygus
vein and pleural effusin. The echcardigram helps
assess severity f tricuspid regurgitatin (see the 2014
AHA/ACC valvular heart disease guidelines fr defini-
tins). In additin, echcardigraphy/Dppler prvides
RV systlic pressure as well as RV size and functin. A
paradxically mving interventricular septum may be
present due t the vlume verlad n the RV. Catheter-
izatin cnfirms the presence f the regurgitant wave in
the RA and elevated RA pressures. If the PA r RV sys-
tlic pressure is less than 40 mm Hg, primary valvular
tricuspid regurgitatin shuld be suspected. In additin,
in patients with severe tricuspid regurgitatin and asci-
tes, a hepatic wedge pressure can be perfrmed at the
time f the right heart catheterizatin. If there is a high
gradient between the mean RA pressure and mean
hepatic wedge, then cirrhsis is likely present. Nrmally,
the gradient acrss the liver is less than 5 mm Hg. Mild
cirrhsis is suspected if gradient is 5–10 mm Hg, mderate
disease if 10–15 mm Hg, and significant cirrhsis if greater
than 15 mm Hg.

» Treatment & Prognosis

Mild tricuspid regurgitatin is cmmn and generally can
be well managed with diuretics. When severe tricuspid
regurgitatin is present, bwel edema may reduce the
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effectiveness f diuretics, such as fursemide, and intrave-
nus diuretics shuld be used initially. Trsemide r
bumetanide is better absrbed in this situatin when ral
diuretics are added. Aldsterne antagnists have a rle
as well, particularly if ascites is present. At times, the effi-
cacy f lp diuretics can be enhanced by adding a thia-
zide diuretic (see Treatment, Heart Failure).

Since mst tricuspid regurgitatin is secndary, defini-
tive treatment usually requires eliminatin f the cause f
the RV dysfunctin. Surgical valve replacement in secnd-
ary (functinal) tricuspid regurgitatin is rarely if ever
indicated until the cause f the RV dysfunctin is reslved.
If the prblem is left heart disease, then treatment f the
left heart issues may lwer pulmnary pressures, reduce
RV size, and reslve the tricuspid regurgitatin. Treatment
fr primary and secndary causes f pulmnary hyperten-
sin will generally reduce the tricuspid regurgitatin.
Guidelines suggest that tricuspid valve surgery may be
cnsidered when the tricuspid annular dilatin at end-
diastle exceeds 4.0 cm and the patient is symptmatic. It
is a class I recmmendatin that tricuspid annulplasty be
perfrmed when significant tricuspid regurgitatin is
present and mitral valve replacement r repair is being
perfrmed fr mitral regurgitatin. Annulplasty withut
insertin f a prsthetic ring (DeVega annuloplasty) may
als be effective in reducing the tricuspid annular dilatin.
The valve leaflet itself can ccasinally be primarily
repaired in tricuspid valve endcarditis. If there is an
inherent defect in the tricuspid valve apparatus that can-
nt be repaired, then replacement f the tricuspid valve is
warranted. A biprsthetic valve rather than a mechani-
cal valve, is almst always used because the risk f
mechanical valve thrmbsis is increased if the INR is nt
stable. Anticagulatin is not required fr biprsthetic
valves unless there is assciated atrial fibrillatin r flut-
ter. Tricuspid regurgitatin due t biprsthetic degenera-
tin has been shwn t respnd t transcatheter valve
replacement. There are early reprts f percutaneus tricus-
pid valve replacement fr native valve tricuspid regurgita-
tin being successful.

» When to Refer

• Anyne with mderate r severe tricuspid regurgita-
tin shuld be seen at least nce by a cardilgist t
determine whether studies and interventin are needed.

• Severe tricuspid regurgitatin requires regular fllw-
up by a cardilgist.

Asmarats L et al. Transcatheter tricuspid valve interventins:
landscape, challenges, and future directins. J Am Cll Cardil.
2018;71:2935. [PMID: 29929618]

Axtell AL et al. Surgery des nt imprve survival in patients
with islated severe tricuspid regurgitatin. J Am Cll Cardil.
2019;74:715. [PMID: 31071413]

Hahn RT et al. Anatmic relatinship f the cmplex tricuspid
valve, right ventricle, and pulmnary vasculature: a review.
JAMA Cardil. 2019;4:478. [PMID: 30994879]

PULMONARY VALVE REGURGITATION

E S S E N T I A L S  O F  D I A G N O S I S

» Most cases are due to pulmonary hypertension
resulting in high-pressure pulmonary valve
regurgitation.

» Echocardiogram is definitive in high-pressure but
may be less definitive in low-pressure pulmonary
valve regurgitation.

» Low-pressure pulmonary valve regurgitation is
well tolerated.

» General Considerations

Pulmnary valve regurgitatin can be divided int high-
pressure causes (due t pulmnary hypertensin) and
low-pressure causes (usually due t a dilated pulmnary
annulus, a cngenitally abnrmal [bicuspid r dysplastic]
pulmnary valve, plaque frm carcinid disease, surgical
pulmnary valve replacement, r the residual physilgy
fllwing a surgical transannular patch used t reduce the
utflw gradient in tetralgy f Fallt). Because the RV
tlerates a vlume lad better than a pressure lad, it tends
t tlerate lw-pressure pulmnary valve regurgitatin fr
lng perids f time withut dysfunctin.

» Clinical Findings

Mst patients are asymptmatic. Thse with marked pul-
mnary valve regurgitatin may exhibit symptms f right
heart vlume verlad. On examinatin, a hyperdynamic
RV can usually be palpated (RV lift). If the PA is enlarged,
it als may be palpated alng the left sternal brder. P

2
will

be palpable in pulmnary hypertensin and bth systlic
and diastlic thrills are ccasinally nted. On ausculta-
tin, the secnd heart sund may be widely split due t
prlnged RV systle r an assciated right bundle branch
blck. A pulmnary valve systlic click may be nted as
well as a right-sided gallp. If pulmnic stensis is als
present, the ejectin click may decline with inspiratin,
while any assciated systlic pulmnary murmur will
increase. In high-pressure pulmnary valve regurgitatin,
the pulmnary diastlic (Graham Steell) murmur is read-
ily audible. It is ften cntributed t by a dilated pulm-
nary annulus. The murmur increases with inspiratin and
diminishes with the Valsalva maneuver. In lw-pressure
pulmnary valve regurgitatin, the PA diastlic pressure
may be nly a few mm Hg higher than the RV diastlic
pressure, and there is little diastlic gradient t prduce a
murmur r characteristic echcardigraphy/Dppler find-
ings. At times, nly cntrast angigraphy r MRI f the
main PA will shw the free-flwing pulmnary valve
regurgitatin in lw-pressure pulmnary valve regurgita-
tin. This situatin is cmmn in patients fllwing repair
f tetralgy f Fallt where, despite little murmur, there
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may effectively be n pulmnary valve present. This can be
suspected by nting an enlarging right ventricle.

The ECG is generally f little value, althugh right bundle
branch blck is cmmn, and there may be ECG criteria fr
RVH. The chest radigraph may shw nly the enlarged RV
and PA. Echcardigraphy may demnstrate evidence f RV
vlume verlad (paradxical septal mtin and an enlarged
RV), and Dppler can determine peak systlic RV pressure
and reveal any assciated tricuspid regurgitatin. The inter-
ventricular septum may appear flattened if there is pulm-
nary hypertensin. The size f the main PA can be determined
and clr flw Dppler can demnstrate the pulmnary
valve regurgitatin, particularly in the high-pressure situa-
tin. Cardiac MRI and CT can be useful fr assessing the size
f the PA, fr estimating regurgitant flw, fr excluding ther
causes f pulmnary hypertensin (eg, thrmbemblic
disease, peripheral PA stensis), and fr evaluating RV func-
tin. Cardiac catheterizatin is cnfirmatry nly.

» Treatment & Prognosis

Pulmnary valve regurgitatin rarely needs specific therapy
ther than treatment f the primary cause. In lw-pressure
pulmnary valve regurgitatin due t surgical transannular
patch repair f tetralgy f Fallt, pulmnary valve replace-
ment may be indicated if RV enlargement r dysfunctin is
present. In tetralgy f Fallt, the QRS will widen as RV
functin declines (a QRS greater than 180 msec, amng
ther features, suggests a higher risk fr sudden death) and
increasing RV vlumes shuld trigger an evaluatin fr
ptential severe pulmnary valve regurgitatin. In carci-
nid heart disease, pulmnary valve replacement with a
prcine biprsthesis may be undertaken, thugh the
plaque frm this disrder eventually cats the prsthetic
pulmnary valve, limiting the life span f these valves. In
high-pressure pulmnary valve regurgitatin, treatment t
cntrl the cause f the pulmnary hypertensin is key.
High-pressure pulmnary valve regurgitatin is prly tl-
erated and is a serius cnditin that needs a thrugh
evaluatin fr cause and chice f therapy. Pulmnary valve
replacement requires a biprsthetic valve in mst cases.
Pulmnary valve regurgitatin due t an RV t PA cnduit
r due t a pulmnary autgraft replacement as part f the
Rss prcedure can be repaired with a percutaneus pul-
mnary valve (Meldy valve). Biprsthetic pulmnary
valve regurgitatin has als been treated using a percutane-
us valve (Edwards Sapien). When the pulmnary valve is
replaced percutaneusly, the PA is ften stented pen t
prvide a platfrm fr the percutaneus valve.

» When to Refer

• Patients with pulmnary valve regurgitatin that results
in RV enlargement shuld be referred t a cardilgist
regardless f the estimated pulmnary pressures.

Martin MH et al. Safety and feasibility f Meldy transcatheter
pulmnary valve replacement in the native right ventricular
utflw tract: a multicenter pediatric heart netwrk schlar
study. JACC Cardivasc Interv. 2018;11:1642. [PMID: 30077685]

MANAGEMENT OF ANTICOAGULATION FOR
PATIENTS WITH PROSTHETIC HEART VALVES

The risk f thrmbemblism is much lwer with bi-
prsthetic valves than mechanical prsthetic valves.
Mechanical mitral valve prstheses als pse a greater risk
fr thrmbsis than mechanical artic valves. Fr that
reasn, the INR should be kept between 2.5 and 3.5 for
mechanical mitral prosthetic valves but can be kept
between 2.0 and 2.5 for most mechanical aortic pros-
thetic valves. If there are additinal risk factrs in patients
with a mechanical AVR (atrial fibrillatin, previus
thrmbemblism, LV dysfunctin, hypercagulable
state, r presence f lder valve such as a ball-in-cage),
then the INR fr a mechanical AVR shuld be similar t a
mechanical mitral valve replacement. Guidelines currently
suggest the fllwing as well: (1) a recmmendatin (class
IIa) t expand the use f vitamin K antagnists (VKAs),
such as warfarin, fr up t 6 mnths after initial biprs-
thetic valve replacement; (2) a lwer target INR f 1.5–2.0
fr a mechanical AVR using the On-X valve (class IIb);
and (3) a cnsideratin f VKA use with an INR f 2.5 fr
at least 3 mnths after TAVR (class IIa). Data frm 2018
suggest that antiplatelet medicatins are inferir t warfa-
rin fr the preventin f thrmbus in patients with the
On-X mechanical valve. Cncern regarding thrmbus
frmatin n biprsthetic valves (including TAVR
valves) als led t a class I recmmendatin t use multi-
mdality imaging t identify such thrmbus (class I). The
DOAC rivarxaban has not been fund t prevent strke
related t embli frm TAVR and it shuld nt be used. It
is acceptable, thugh, t use DOACs fr the treatment f
atrial fibrillatin in patients with biprsthetic valves. Fr
patients with a TAVR valve, it is reasnable t use dual
antiplatelet therapy (clpidgrel and aspirin) fr 3–6 mnths
after the prcedure. After that, lifelng lw-dse aspirin
shuld be used. As nted earlier, using warfarin fr at least
3 mnths after TAVR is reasnable (class IIb), althugh
that practice is widely variable. Randmized trials have nt
shwn a benefit with DOACs after TAVR.

The Eurpean Registry f Pregnancy and Cardiac Dis-
ease (ROPAC) reprted n a registry that cmpared preg-
nant wmen wh had undergne mechanical and
biprsthetic valve replacement t pregnant wmen wh
had nt. Maternal mrtality was similar between the
mechanical and biprsthetic valve patients (1.5% and 1.4%,
respectively) but was much higher than thse withut an
artificial valve (0.2%). When patients with either mechanical
r biprsthetic valves were further assessed, it was fund
that pregnant wmen with mechanical valves were mre
likely t suffer adverse events than wmen with biprsthetic
valves. Hemrrhagic events ccurred in 23.1% versus 9.2%,
miscarriage n warfarin ccurred in 28.6% versus 9.2%, and
late fetal death was nted in 7.1% versus 0.7%, respectively.
These data suggest a high risk for mortality and morbidity
for pregnant patients with mechanical heart valves, and in
the WHO Classificatin f Maternal Cardiac Risk, the pres-
ence f a mechanical valve is cnsidered a class III (ut f
IV) risk fr pregnancy cmplicatins.
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Stppage f warfarin fr nncardiac surgery is likewise
dependent n which mechanical valve is invlved, the
patient-specific risk factrs, and the prcedure cntem-
plated. The risk f thrmbemblism is highest in the first
few mnths after valve replacement. While the interrup-
tin f warfarin therapy is generally safe, mst cases f
valve thrmbsis ccur during perids f inadequate anti-
cagulatin, s the time interval withut cverage shuld
be kept as shrt as pssible. High-risk features include
atrial fibrillatin, a prir histry f thrmbemblism,
heart failure r lw LVEF, a hypercagulable state, a
mechanical valve in the mitral psitin, a knwn high-risk
valve (ball-in-cage), r cncmitant hypercagulable state
(such as with an assciated cancer). The use f bridging
VKAs, unfractinated heparin, lw-mlecular-weight hep-
arin (LMWH), and antifibrinlytics in varius clinical situ-
atins in patients with valvular heart disease is summarized
in Table 10–4. In general, lw-risk prcedures (eg, pace-
maker implantatin, cataract remval, and rutine dental
wrk) require n stppage f VKAs, while in ther situa-
tins the warfarin can be stpped 3 days ahead f the pr-
cedure and resumed the night after the prcedure (ie, in
patients with bileaflet artic valves) withut any bridging
unfractinated heparin r LMWH. It is reasnable t cn-
sider bridging based n the CHA2DS2-VASc scre in
patients with biprsthetic heart valves r annulplasty
rings wh take anticagulants fr atrial fibrillatin. In
high-risk patients, principally just thse with a mechanical
mitral valve, the warfarin shuld be stpped and bridging
with either unfractionated heparin or LMWH begun nce
the INR falls belw therapeutic levels. Fresh frzen plasma
r prthrmbin cmplex cncentrate is reasnable in an
emergency situatin fr acute reversal if serius bleeding
ccurs. Mst patients with a mechanical valve shuld nt
have the warfarin reversed with vitamin K, if it can be
avided, because this can result in a transient hypercagu-
lable state, and it may take many days t reach a therapeu-
tic INR again.

Warfarin causes fetal skeletal abnrmalities in up t 2%
f wmen wh becme pregnant while taking the medica-
tin, s every effrt is made t defer mechanical valve
replacement in wmen until after childbearing age. Hw-
ever, if a wman with a mechanical valve becmes pregnant
while taking warfarin, the risk f stpping warfarin may be
higher fr the mther than the risk f cntinuing warfarin
fr the fetus. The risk f warfarin t the fetal skeletn is
greatest during the first trimester and, remarkably, is mre
related t dse than t the INR level. Guidelines suggest it
is reasnable t cntinue warfarin fr the first trimester if
the dse is 5 mg/day r less. If the dse is mre than 5 mg/day,
it is apprpriate t cnsider either LMWH (as lng as the
anti-Xa is being mnitred [range: 0.8 unit/mL t
1.2 units/mL 4–6 hurs pst-dse]) r cntinuus intrave-
nus unfractinated heparin (if the activated partial
thrmbplastin time [aPTT] can be mnitred and is at
least tw times cntrl). Guidelines suggest warfarin and
lw-dse aspirin are safe during the secnd and third tri-
mester, and then shuld be stpped upn anticipatin f
delivery. At time f vaginal delivery, unfractinated intra-
venus heparin with aPTT at least tw times cntrl is

desirable. DOACs (antithrmbin r Xa inhibitrs) shuld
not be used in place f warfarin fr mechanical prsthetic
valves since there are n data that they are safe during
pregnancy r safe fr mechanical valves in general.

Management f suspected mechanical valve thrmb-
sis depends n whether a left-sided r right-sided valve is
invlved, the size f the thrmbus, and the patient’s clini-
cal cnditin. Simple flurscpy can help assess mechan-
ical valve mtin, althugh a TEE is indicated t assess
thrmbus size. Therapeutic unfractionated heparin
should be given to all patients with a thrombosed valve,
and this alne is generally effective. Fibrinlytic therapy
is indicated if heparin therapy is ineffective and the clini-
cal nset has been less than 2 weeks, the thrmbus is
smaller than 0.8 cm2, New Yrk Heart Assciatin
(NYHA) class symptms are mild (functinal class I r
II), r the valve is right-sided. Surgery is rarely indicated;
it is reserved fr thse with left-sided mechanical valves
in NYHA functinal class III r IV heart failure r in
whm TEE demnstrates a mbile thrmbus larger than
0.8 cm2. The use f urgent initial therapy fr a thrm-
bsed mechanical valve shuld include lw-dse, slw-
infusin fibrinlytic therapy r urgent surgery if the
patient is symptmatic.

Arya R. Pregnancy utcmes in wmen with mechanical
prsthetic heart valves. Thrmb Res. 2019;181:S37. [PMID:
31477226]

Puskas JD et al; PROACT Investigatrs. Anticagulatin and anti-
platelet strategies after On-X mechanical artic valve replace-
ment. J Am Cll Cardil. 2018;71:2717. [PMID: 29903344]

º
CORONARY HEART DISEASE
(Atherosclerotic CAD,
Ischemic Heart Disease)

Coronary heart disease (CHD), or atherosclerotic CAD,
is the number one cause of death in the United States and
worldwide. Every minute in the United States, a persn
dies f CHD. Abut 37% f peple wh experience an
acute crnary event, either angina r MI, will die f it in
the same year. Death rates f CHD have declined every
year since 1968, with abut half f the decline frm 1980 t
2000 due t treatments and half due t imprved risk fac-
trs. CHD is still respnsible fr 23.5% f all deaths in the
United States, ttaling ver 640,000 deaths annually. CHD
afflicts nearly 16 millin Americans and the prevalence
rises steadily with age; thus, the aging f the US ppulatin
prmises t increase the verall burden f CHD.

» Risk Factors for CAD

Mst patients with CHD have sme identifiable risk factr.
These include a positive family history (the yunger the
nset in a first-degree relative, the greater the risk), male
sex, blood lipid abnormalities, diabetes mellitus, hyper-
tension, physical inactivity, abdominal obesity, cigarette
smoking, psychosocial factors, and cnsumptin f too
few fruits and vegetables and too much alcohol. Many f
these risk factrs are mdifiable. Smoking remains the
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Table 10–4. Recommendations for administering vitamin K antagonist (VKA) therapy in patients undergoing
procedures or patients with certain clinical conditions.

procedures Recommendations

General Stop VKA 5 days prior and resume 12–24 hours after procedure

Bridging for mechanical heart valves Required only for those at high risk for thromboembolism (generally only those

with a mechanical mitral [not aortic] valve)

Bridge with UFH or LMWH and stop UFH 4–6 hours before procedure or stop

LMWH 24 hours before procedure

Resume 48–72 hours after the procedure

Clinical Situations Recommendations

Atrial fibrillation and moderate or severe mitral stenosis VKA (target INR 2.0–3.0)

If patient refuses, aspirin (50–100 mg) plus clopidogrel (75 mg)

Sinus rhythm and mitral stenosis If left atrial size > 5.5 cm, then consider VKA (target 2.0–3.0)

Intermittent atrial fibrillation or history of systemic

embolus and mitral stenosis

VKA (target INR 2.0–3.0)

Endocarditis

Native valve or bioprosthetic valve endocarditis

Mechanical valve endocarditis

No anticoagulation recommended

Hold VKA until "safe to resume" (generally when mycotic aneurysm is ruled

out or there is no need for urgent surgery)

Aspirin use in patients with a bioprosthetic valve

Bioprosthetic aortic or mitral valve replacement

Transcatheter valve replacement

Mitral or aortic repair

Aspirin (50–100 mg) indefinitely

Aspirin (50–100 mg) indefinitely plus clopidogrel (75 mg) for first 6 months.

Reasonable to consider VKA to achieve INR 2.5 for first 3 months

Aspirin (50–100 mg) indefinitely

Long-term anticoagulation after valve replacement

Bioprosthetic valve in normal sinus rhythm

Mechanical valve replacement

Aspirin (50–100 mg). Anticoagulation with a VKA to achieve an INR of 2.5 is

reasonable for at least 3 months and up to 6 months after surgical MVR or

AVR in patients at low risk for bleeding

VKA (target INR 2.0–3.0 for mechanical aortic valve, target INR 1.5–2.5 for On-X

aortic valve, target INR 2.5–3.5 for mechanical mitral valve) plus aspirin

(50–100 mg)

Prosthetic valve thrombosis

Right-sided valve

Left-sided valve

Slow infusion fibrinolytic therapy or intravenous heparin

Early surgery if thrombus large (> 0.8 cm2), symptomatic from valvular obstruc-

tion, high surgical risk, or LA thrombus. Thrombolysis with heparin or slow-

infusion fibrinolytic therapy may be tried initially if patient is stable

If thrombus evident on bioprosthetic valve creating increased gradient, use of

VKA reasonable to assess whether obstructive gradient can be improved

Pregnancy and a mechanical heart valve Add aspirin (50–100 mg) for high risk

VKA may be used during first trimester and throughout pregnancy if dose of

warfarin is ≤ 5 mg/day

If VKA dosage normally > 5 mg/day, then adjusted dose LMWH twice daily

throughout pregnancy (follow anti-Xa 4 hours after dose, with target of

0.8 units/mL to 1.2 units/mL) or LMWH may be used only during the first

trimester, then resume VKA during second and third trimesters

or

Adjusted dose UFH every 12 hours throughout pregnancy (aPTT > 2 times

control) or UFH may be used only during the first trimester, then resume

VKA during second and third trimester

Discontinuation of VKA with initiation of UFH (2 times normal PTT)

recommended before planned vaginal delivery

aPTT, activated partial thromboplastin time; AVR, aortic valve replacement; INR, international normalized ratio; LMWH, low-molecular-

weight heparin; MVR, mitral valve replacement; PTT, partial thromboplastin time. UFH, unfractionated heparin.

Adapted from Nishimura RA et al. 2014 AHA/ACC guidelines for the management of patients with valvular heart disease: executive sum-

mary. Circulation. 2014;129:2440–92; and Nishimura RA et al. 2017 AHA/ACC focused update of the 2014 AHA/ACC guideline for the man-

agement of patients with valvular heart disease. J Am Coll Cardiol. 2017;70:252–89.
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number one preventable cause of death and illness in the
United States. Althugh cigarette smking rates have
declined in the United States in recent decades, 18% f
wmen and 21% f men still smke. Accrding t the
Wrld Health Organizatin, 1 year after quitting, the risk
f CHD decreases by 50%. Varius interventins have been
shwn t increase the likelihd f successful smking ces-
satin (see Chapter 1).

Hypercholesterolemia is an imprtant mdifiable risk
factr fr CHD. Risk increases prgressively with higher
levels f lw-density lipprtein (LDL) chlesterl and
declines with higher levels f high-density lipprtein
(HDL) chlesterl. Cmpsite risk scres, such as the
Framingham scre and the 10-year athersclertic cardi-
vascular disease risk calculatr (http://my.americanheart.
rg/cvriskcalculatr), prvide estimates f the 10-year
prbability f develpment f CHD that can guide primary
preventin strategies. The 2018 ACC/AHA Guideline n
the Treatment f Bld Chlesterl t Reduce Atherscle-
rtic Cardivascular Risk in Adults suggests statin therapy
in fur ppulatins: patients with (1) clinical atherscle-
rtic disease, (2) LDL chlesterl 190 mg/dL r higher, (3)
diabetes wh are aged 40–75 years, and (4) an estimated
10-year athersclertic risk f 7.5% r mre aged
40–75 years (Figure 10–7). Imprtantly, the guidelines do
not recommend treating to a target LDL cholesterol.
Patients in these categries shuld be treated with a mder-
ate- r high-intensity statin, with high-intensity statin fr the
higher-risk ppulatins (Table 10–5). The ACC/AHA ather-
sclertic cardivascular disease risk estimatr allws clinicians
t determine the 10-year CHD risk t determine treatment
decisins (http://tls.acc.rg/ascvd-risk-estimatr-plus/).

The metabolic syndrome is defined as a cnstellatin f
three r mre f the fllwing: abdminal besity, triglyc-
erides 150 mg/dL r higher, HDL chlesterl less than
40 mg/dL fr men r less than 50 mg/dL fr wmen, fast-
ing glucse 110 mg/dL r higher, and hypertensin. This
syndrme is increasing in prevalence at an alarming rate.
Related t the metablic syndrme, the epidemic f obesity
in the United States is likewise a majr factr cntributing
t CHD risk.

» Myocardial Hibernation & Stunning

Areas f mycardium that are persistently underperfused
but still viable may develp sustained cntractile dysfunc-
tin. This phenmenn, which is termed myocardial
hibernation, appears t represent an adaptive respnse
that may be assciated with depressed LV functin. It is
imprtant t recgnize this phenmenn, since this frm
f dysfunctin is reversible fllwing crnary revascular-
izatin. Hibernating mycardium can be identified by
radinuclide testing, psitrn emissin tmgraphy (PET),
cntrast-enhanced MRI, r its retained respnse t intr-
pic stimulatin with dbutamine. A related phenmenn,
termed myocardial stunning, is the ccurrence f persis-
tent cntractile dysfunctin fllwing prlnged r repeti-
tive episdes f mycardial ischemia. Clinically, mycardial
stunning is ften seen after reperfusin f acute MI and is
defined with imprvement fllwing revascularizatin.

» Primary & Secondary Prevention of CHD

Althugh many risk factrs fr CHD are nt mdifiable, it
is nw clear that interventins, such as smking cessatin,
treatment f dyslipidemia, and lwering f BP can bth
prevent crnary disease and delay its prgressin and
cmplicatins after it is manifest.

Lwering LDL levels delays the prgressin f ather-
sclersis and in sme cases may prduce regressin. Even
in the absence f regressin, fewer new lesins develp,
endthelial functin may be restred, and crnary event
rates are markedly reduced in patients with clinical evi-
dence f vascular disease.

A series f clinical trials has demnstrated the efficacy f
hydrxymethylglutaryl cenzyme A (HMG-CA) reductase
inhibitrs (statins) in preventing death, crnary events, and
strkes. Beneficial results have been fund in patients wh
have already experienced crnary events (secndary pre-
ventin), thse at particularly high risk fr events (patients
with diabetes and patients with peripheral artery disease),
thse with elevated chlesterl withut multiple risk factrs,
and thse withut vascular disease r diabetes with elevated
high-sensitivity C-reactive prtein (hsCRP) with nrmal
LDL levels. The benefits f statin therapy at mderate and
high dses (Table 10–5) are recmmended by the chlesterl
treatment guidelines. The IMPROVE-IT study shwed that
ezetimibe, 10 mg daily, cmbined with simvastatin was
mdestly better than simvastatin alne in reducing the risk
f MI and ischemic strke, but nt mrtality, in stabilized
patients fllwing an acute crnary syndrme. This was
assciated with a reductin f LDL t 53.7 mg/dL cmpared
t 69.7 mg/dL. With this data, ezetimibe can be used in
cmbinatin with statin therapy in patients wh are nt at
target chlesterl level fr secndary preventin r cannt
tlerate high-dse statin therapy.

Benefits ccurred regardless f age, race, baseline ch-
lesterl levels, r the presence f hypertensin. It is clear
that fr patients with vascular disease, statins prvide
benefit fr thse with nrmal chlesterl levels, and that
mre aggressive statin use is assciated with greater ben-
efits. All patients at significant risk for vascular events
should receive a statin regardless of their cholesterol
levels, and many recmmend that with thse wh have
prir cardivascular events shuld have their LDL lwered
belw 70 mg/dL.

Mnclnal antibdies that inhibit prprtein cnver-
tase subtilisin/kexin type 9 (PCSK9) reduce LDL chles-
terl levels significantly beynd levels assciated with
traditinal statin therapy. These therapies have been stud-
ied in randmized trials f patients with maximally tler-
ated statin therapy (and fr patients with statin intlerance)
and have lwered LDL with signals f imprved cardivas-
cular utcmes. The FOURIER trial shwed that the
PCSK9 inhibitr evlcumab, n tp f statin, reduced the
cmpsite f atherthrmbtic utcmes by 20% but did
nt reduce mrtality. The ODYSSEY Outcmes trial dem-
nstrated alircumab reduced cardivascular events in
patients with acute crnary syndrmes. Alircumab and
evlcumab have been apprved by the FDA fr patients
n maximally tlerated statin therapy with familial
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Age > 75 y OR if not candidate for
high-intensity statin

Moderate-intensity statin

High-intensity statin
(Moderate-intensity statin if not

candidate for high-intensity statin)

Moderate-intensity statin

Estimated 10-y ASCVD risk ≥ 7.5%1

High-intensity statin

Moderate- to high-intensity statin

ASCVD prevention benefit of statin therapy may be less clear in other groups.
In selected individuals, consider additional factors influencing ASCVD risk3 and potential ASCVD

risk benefits and adverse effects, drug-drug interactions, and patient preferences for statin treatment.

Estimate 10-y ASCVD risk
with pooled cohort equations2

Clinical
ASCVD

LDL–C ≥ 190
mg/dL

Diabetes
Type 1 or 2

age 40–75 y

≥ 7.5% estimated
10-y ASCVD risk
and age 40–75 y

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

Adults age > 21 y and a
candidate for statin therapy

Definitions of high- and
moderate-intensity statin therapy

(See Table 10–7)

High
Daily dose lowers
LDL–C by approx.

≥ 50%

Moderate
Daily dose lowers
LDL–C by approx.

30% to < 50%

Age ≤ 75 y
High-intensity statin

(Moderate-intensity statin if not
candidate for high-intensity statin)

ASCVD statin benefit groups
Heart healthy lifestyle habits are the foundation of ASCVD prevention.

In individuals not receiving cholesterol-lowering drug therapy, recalculate estimated 10-y ASCVD risk every 4–6 y
in individuals aged 40–75 y without clinical ASCVD or diabetes and with LDL–C 70–189 mg/dL.

1Percent reduction in LDL–C can be used as an indication of response and adherence to therapy but is not in
itself a treatment goal.

2The Pooled Cohort Equations can be used to estimate 10-year ASCVD risk in individuals with and without
diabetes. A downloadable spreadsheet enabling estimation of 10-year and lifetime risk for ASCVD and a web-based
calculator are available at http://my.americanheart.org/cvriskcalculator and http://www.cardiosource.org/science-and-
quality/practice-guidelines-and-quality-standards/2013-prevention-guideline-tools.aspx.

3Primary LDL–C ≥ 160 mg/dL or other evidence of genetic hyperlipidemias, family history of premature ASCVD
with onset < 55 years of age in a first-degree male relative or < 65 years of age in a first-degree female relative,
high-sensitivity C-reactive protein > 2 mg/L, CAC score ≥ 300 Agatston units or ≥ 75 percentile for age, sex, and
ethnicity, ankle-brachial index < 0.9, or elevated lifetime risk of ASCVD.

▲ Figure 10–7. Major recommendations for statin therapy for atherosclerotic cardiovascular disease prevention.
ASCVD, atherosclerotic cardiovascular disease; CAC, coronary artery calcium; LDL-C, low-density lipoprotein
cholesterol. (Adapted from Stone NJ et al. 2013 ACC/AHA Guideline on the Treatment of Blood Cholesterol to Reduce
Atherosclerotic Cardiovascular Risk in Adults: A Report of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines. Circulation. 2014;129:S1.)
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hyperchlesterlemia and athersclertic vascular disease,
r bth, and wh require additinal lwering f LDL.
These medicatins cst several thusand dllars per year
in the United States. Alircumab has als been apprved by
the FDA fr secndary preventin f cardivascular events.
Inclisiran (a small interfering RNA that ges t the liver
and prevents the prductin f PCSK9) has been studied as
a twice yearly injectin shwing reductin in LDL. Out-
cmes trials are nging, and the therapy is nt FDA
apprved as f early 2021.

While fish il supplements have not been shwn t pr-
vide benefit fr reducing risk, icsapent ethyl, a cncen-
trated eicsapentaenic acid at a high dse, was shwn t be
beneficial in the REDUCE-IT trial. Patients with established
cardivascular disease r with diabetes and ther risk fac-
trs, with fasting triglyceride level f 135–499 mg/dL, wh
were n statins were randmized t 2 g f icsapent ethyl
twice daily r placeb. There was a 26% relative risk reduc-
tin in cardivascular death, MI, and strke, as well as a 20%
relative risk reductin in cardivascular death. Icsapent
ethyl is apprved by the FDA as an adjunct t maximally
tlerated statin therapy t reduce the risk f MI, strke, cr-
nary revascularizatin, r unstable angina requiring hspi-
talizatin in patients with triglycerides f 150 mg/dL r
mre and either established cardivascular disease r diabe-
tes mellitus and tw r mre additinal risk factrs. The rle
f high-dse mega-3 fatty acids was studied cmpared t
crn il and nt shwn t reduce cardivascular events,
leading t increased interest in cmparative studies.

Treatment to raise HDL levels has failed to show ben-
efit. The AIM High trial fund n benefit frm the addi-
tin f niacin in patients with vascular disease and a serum
LDL near 70 mg/dL wh were receiving statin therapy. The
HPS2-THRIVE trial fund n benefit but rather substan-
tial harm f extended-release niacin (2 g) plus larpiprant
(an antiflushing agent) fr preventing vascular events in a
ppulatin f ver 25,000 patients with vascular disease
wh were taking simvastatin.

For primary prevention, aspirin has little overall ben-
efit, including for patients with established diabetes, and
is no longer recommended for most patients. Antiplatelet
therapy is a very effective measure for secondary preven-
tion and patients with established vascular disease should
be treated with aspirin. The exact dse f aspirin in chrnic
CAD (81 mg vs 325 mg) is being evaluated in a large
nging pragmatic trial (ADAPTABLE). While clpidgrel
was fund t be effective at preventing vascular events fr
9–12 mnths after acute crnary syndrmes, and there are
sme benefits in prlnging dual antiplatelet therapy after
crnary stenting, clpidgrel was not fund t be effective
at preventing vascular events in cmbinatin with aspirin
with lnger-term treatment in the CHARISMA trial. This
trial included patients with clinically evident stable ather-
thrmbsis r with multiple risk factrs; all were treated
with aspirin and bserved fr a median f 28 mnths.

In the COMPASS trial, rivarxaban, a direct factr Xa
inhibitr, at a dse f 2.5 mg twice daily in additin t 100 mg
f aspirin, was shwn t reduce cardivascular death, MI, and

Table 10–5. High-, moderate-, and low-intensity statin therapy.1,2,3

High-Intensity Statin Theray

Moderate-

Intensity Statin Theray Low-Intensity Statin Theray

LDL–C lowering4 ≥ 50% LDL–C lowering4 30% to 49% LDL-C lowering4 < 30%

Atorvastatin 40 mg5 80 mg

Rosuvastatin 20 mg 40 mg

Atorvastatin 10 mg (20 mg)

Rosuvastatin (5 mg) 10 mg

Simvastatin 20–40 mg6

pravastatin 40 mg (80 mg)

Lovastatin 40 mg (80 mg)

Fluvastatin XL 80 mg

Fluvastatin 40 mg twice daily

Pitavastatin 1–4 mg

Simvastatin 10 mg

pravastatin 10–20 mg

Lovastatin 20 mg

Fluvastatin 20–40 mg

1Percent LDL-C reductions with the primary statin medications used in clinical practice (atorvastatin, rosuvastatin, simvastatin) were esti-

mated using the median reduction in LDL-C from the VOYAGER database.S3.2.1-2 Reductions in LDL-C for other statin medications (fluvas-

tatin, lovastatin, pitavastatin, pravastatin) were identified according to FDA-approved product labeling in adults with hyperlipidemia,

primary hypercholesterolemia, and mixed dyslipidemia.
2Boldface type indicates specific statins and doses that were evaluated in RCTs, and the Cholesterol Treatment Trialists’ 2010 meta-analysis.

All these RCTs demonstrated a reduction in major cardiovascular events.
3Percent reductions are estimates from data across large populations. Individual responses to statin therapy varied in the RCTs and should

be expected to vary in clinical practice.
4LDL-C lowering that should occur with the dosage listed below.
5Evidence from one RCT only: down-titration if unable to tolerate atorvastatin 80 mg in IDEAL study.
6Although simvastatin 80 mg was evaluated in RCTs, initiation of simvastatin 80 mg or titration to 80 mg is not recommended by the FDA

due to the increased risk of myopathy, including rhabdomyolysis.

FDA, Food and Drug Administration; IDEAL, Incremental Decrease through Aggressive Lipid Lowering study; LDL–C, low-density lipoprotein

cholesterol; RCTs, randomized controlled trials.

Reproduced with permission, from Grundy SM et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA

Guideline on the Management of Blood Cholesterol: A Report of the American College of Cardiology/American Heart Association Task

Force on Clinical Practice Guidelines. Circulation. 2019 Jun 18;139 (25): e1082–e1143. © 2019 American Heart Association, Inc.
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strke by a relative risk reductin f 24% cmpared t 100 mg
aspirin mntherapy in stable patients with CAD and periph-
eral artery disease. Bleeding was mdestly increased. All-
cause mrtality was als reduced by 18%. This regimen is
apprved by the FDA and is used fr lng-term management
f patients with CAD and peripheral artery disease.

The HOPE and the EUROPA trials demnstrated that
angitensin-cnverting enzyme (ACE) inhibitrs (ramipril
10 mg/day and perindpril 8 mg/day, respectively) reduced
fatal and nnfatal vascular events (cardivascular deaths,
nnfatal MIs, and nnfatal strkes) by 20–25% in patients
at high risk, including patients with diabetes with addi-
tinal risk factrs r patients with clinical crnary, cere-
bral, r peripheral arterial athersclertic disease. An
verview f these trials has demnstrated that while lw-
risk patients may not derive substantial benefits frm ACE
inhibitrs, most patients with vascular disease, even in
the absence of heart failure or LV dysfunction, should be
treated with an ACE inhibitor.

Arnett DK et al. 2019 ACC/AHA guideline n the primary preven-
tin f cardivascular disease: part 1, lifestyle and behaviral
factrs. JAMA Cardil. 2019;4:1043. [PMID: 31365022]

Bhatt DL et al; REDUCE-IT Investigatrs. Cardivascular risk
reductin with icsapent ethyl fr hypertriglyceridemia. N Engl
J Med. 2019;380:11. [PMID: 30415628]

Dnadini MP et al. Aspirin plus clpidgrel vs aspirin alne fr
preventing cardivascular events amng patients at high risk fr
cardivascular events. JAMA. 2018;320:593. [PMID: 30054611]

Gazian JM et al; ARRIVE Executive Cmmittee. Use f aspirin t
reduce risk f initial vascular events in patients at mderate risk
f cardivascular disease (ARRIVE): a randmised, duble-
blind, placeb-cntrlled trial. Lancet. 2018;392:1036. [PMID:
30158069]

Nichlls SJ et al. Effect f high-dse mega-3 fatty acids vs crn il
n majr adverse cardivascular events in patients at high car-
divascular risk: the STRENGTH randmized clinical trial.
JAMA. 2020;324:2268. [PMID: 33190147]

Sabatine MS et al; FOURIER Steering Cmmittee and Investigatrs.
Evlcumab and clinical utcmes in patients with cardivas-
cular disease. N Engl J Med. 2017;376:1713. [PMID: 28304224]

Schwartz GG et al; ODYSSEY OUTCOMES Cmmittees and
Investigatrs. Alircumab and cardivascular utcmes after
acute crnary syndrme. N Engl J Med. 2018;379:2097.
[PMID: 30403574]

Zheng SL et al. Assciatin f aspirin use fr primary preventin
with cardivascular events and bleeding events: a systematic
review and meta-analysis. JAMA. 2019;321:277. [PMID:
30667501]

CHRONIC STABLE ANGINA PECTORIS
(Chronic Coronary Syndromes)

E S S E N T I A L S  O F  D I A G N O S I S

» Precordial chest pain, usually precipitated by stress
or exertion, relieved rapidly by rest or nitrates.

» ECG or scintigraphic evidence of ischemia during
pain or stress testing.

» Angiographic demonstration of significant
obstruction of major coronary vessels.

» General Considerations

Angina pectris is the manifestatin f stable crnary
artery disease r chrnic crnary syndrmes, and it is
usually due t athersclertic heart disease. Crnary
vasspasm may ccur at the site f a lesin r, less fre-
quently, in apparently nrmal vessels. Other unusual
causes f crnary artery bstructin, such as cngenital
anmalies, embli, arteritis, r dissectin may cause isch-
emia r infarctin. Angina may als ccur in the absence
f crnary artery bstructin as a result f severe mycar-
dial hypertrphy, severe artic stensis r regurgitatin, r
in respnse t increased metablic demands, as in hyper-
thyridism, marked anemia, r parxysmal tachycardias
with rapid ventricular rates.

» Clinical Findings

A. Symptoms

The diagnsis f angina pectris principally depends n
the histry, which shuld specifically include the fllwing
infrmatin: circumstances that precipitate and relieve
angina, characteristics f the discmfrt, lcatin and
radiatin, duratin f attacks, and effect f nitrglycerin.

1. Circumstances that precipitate and relieve angina—
Angina ccurs mst cmmnly during activity and is
relieved by resting. Patients may prefer t remain upright
rather than lie dwn, as increased prelad in recumbency
increases mycardial wrk. The amunt f activity required
t prduce angina may be relatively cnsistent under cm-
parable physical and emtinal circumstances r may vary
frm day t day. The threshld fr angina is usually lwer
after meals, during excitement, r n expsure t cld. It is
ften lwer in the mrning r after strng emtin; the
latter can prvke attacks in the absence f exertin. In
additin, discmfrt may ccur during sexual activity, at
rest, r at night as a result f crnary spasm.

2. Characteristics of the discomfort—Patients ften d
nt refer t angina as “pain” but as a sensatin f tightness,
squeezing, burning, pressing, chking, aching, bursting,
“gas,” indigestin, r an ill-characterized discmfrt. It is
ften characterized by clenching a fist ver the mid chest.
The distress f angina is rarely sharply lcalized and is nt
spasmdic.

3. Location and radiation—The distributin f the distress
may vary widely in different patients but is usually the same
fr each patient unless unstable angina r MI supervenes. In
mst cases, the discmfrt is felt behind r slightly t the
left f the mid sternum. When it begins farther t the left r,
uncmmnly, n the right, it characteristically mves cen-
trally substernally. Althugh angina may radiate t any
dermatme frm C8 t T4, it radiates mst ften t the left
shulder and upper arm, frequently mving dwn the inner
vlar aspect f the arm t the elbw, frearm, wrist, r
furth and fifth fingers. It may als radiate t the right
shulder r arm, the lwer jaw, the neck, r even the back.

4. Duration of attacks—Angina is generally f shrt dura-
tin and subsides cmpletely withut residual discmfrt.
If the attack is precipitated by exertin and the patient
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prmptly stps t rest, it usually lasts under 3 minutes.
Attacks fllwing a heavy meal r brught n by anger
ften last 15–20 minutes. Attacks lasting mre than
30 minutes are unusual and suggest the develpment f an
acute crnary syndrme with unstable angina, MI, r an
alternative diagnsis.

5. Effect of nitroglycerin—The diagnsis f angina pect-
ris is supprted if sublingual nitrglycerin prmptly and
invariably shrtens an attack and if prphylactic nitrates
permit greater exertin r prevent angina entirely.

B. Signs

Examinatin during angina frequently reveals a significant
elevatin in systlic and diastlic BP, althugh hyptensin
may als ccur, and may reflect mre severe ischemia r
inferir ischemia (especially with bradycardia) due t a
Bezold-Jarisch reflex. Occasinally, a gallp rhythm and
an apical systlic murmur due t transient mitral regurgi-
tatin frm papillary muscle dysfunctin are present dur-
ing pain nly. Supraventricular r ventricular arrhythmias
may be present, either as the precipitating factr r as a
result f ischemia.

It is imprtant t detect signs f diseases that may cn-
tribute t r accmpany athersclertic heart disease, eg,
diabetes mellitus (retinpathy r neurpathy), xanthelasma
tendinus xanthmas, hypertensin, thyrtxicsis, myx-
edema, r peripheral artery disease. Artic stensis r regur-
gitatin, HCM, and mitral valve prlapse shuld be sught,
since they may prduce angina r ther frms f chest pain.

C. Laboratory Findings

Other than standard labratry tests t evaluate fr acute
crnary syndrme (trpnin and CK-MB) and factrs
cntributing t ischemia (such as anemia) and t screen
fr risk factrs that may increase the prbability f true
CHD (such as hyperlipidemia and diabetes mellitus),
bld tests are nt helpful t diagnse chrnic angina.

D. ECG

The resting ECG is ften nrmal in patients with angina. In
the remainder, abnrmalities include ld MI, nnspecific
ST–T changes, and changes f LVH. During anginal epi-
sdes, as well as during asymptmatic ischemia, the char-
acteristic ECG change is horizontal or downsloping
ST-segment depression that reverses after the ischemia
disappears. T wave flattening r inversin may als ccur.
Less frequently, transient ST-segment elevatin is bserved;
this finding suggests severe (transmural) ischemia frm
crnary cclusin, and it can ccur with crnary spasm.

E. Pretest Probability

The histry as detailed abve, the physical examinatin
findings, and labratry and ECG findings are used t
develp a pretest prbability f CAD as the cause f the
clinical symptms. Other imprtant factrs t include in
calculating the pretest prbability f CAD are patient age,
sex, and clinical symptms. Patients with lw t

intermediate pretest prbability fr CAD shuld underg
nninvasive stress testing whereas patients with high pre-
test prbability are generally referred fr cardiac catheter-
izatin. Natinal review f diagnstic cardiac catheterizatin
findings in patients withut knwn CAD underging
angigraphy has shwn that between 38% and 40% f
patients d nt have bstructive disease.

F. Exercise ECG

Exercise ECG testing is the mst cmmnly used nninva-
sive prcedure fr evaluating fr inducible ischemia in the
patient with angina. Exercise ECG testing is ften cm-
bined with imaging studies (nuclear r echcardigraphy),
but in lw-risk patients withut baseline ST-segment
abnrmalities r in whm anatmic lcalizatin is nt
necessary, the exercise ECG remains the recmmended
initial prcedure because f cnsideratins f cst, cnve-
nience, and lngstanding prgnstic data.

Exercise testing can be dne n a mtrized treadmill
r with a bicycle ergmeter. A variety f exercise prtcls
are utilized, the mst cmmn being the Bruce protocol,
which increases the treadmill speed and elevatin every
3 minutes until limited by symptms. At least tw ECG
leads shuld be mnitred cntinuusly.

1. Precautions and risks—The risk f exercise testing is
abut ne infarctin r death per 1000 tests, but individu-
als wh have pain at rest r minimal activity are at higher
risk and shuld nt be tested. Many of the traditional
exclusions, such as recent MI or heart failure, are no
longer used if the patient is stable and ambulatory, but
symptomatic aortic stenosis remains a relative
contraindication.

2. Indications—Exercise testing is used (1) t cnfirm the
diagnsis f angina; (2) t determine the severity f limita-
tin f activity due t angina; (3) t assess prgnsis in
patients with knwn crnary disease, including thse
recvering frm MI, by detecting grups at high r lw
risk; and (4) t evaluate respnses t therapy. Because
false-psitive tests ften exceed true psitives, leading t
much patient anxiety and self-impsed r mandated dis-
ability, exercise testing f asymptmatic individuals shuld
be dne nly fr thse whse ccupatins place them r
thers at special risk (eg, airline pilts).

3. Interpretation—The usual ECG criterin fr a psitive
test is 1-mm (0.1-mV) hrizntal r dwnslping ST-
segment depressin (beynd baseline) measured 80 msec
after the J pint. By this criterin, 60–80% f patients with
anatmically significant crnary disease will have a psi-
tive test, but 10–30% f thse withut significant disease
will als be psitive. False psitives are uncmmn when a
2-mm depressin is present. Additinal infrmatin is
inferred frm the time f nset and duratin f the ECG
changes, their magnitude and cnfiguratin, BP and
heart rate changes, the duratin f exercise, and the pres-
ence f assciated symptms. In general, patients exhib-
iting mre severe ST-segment depressin (mre than
2 mm) at lw wrklads (less than 6 minutes n the Bruce
prtcl) r heart rates (less than 70% f age-predicted
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maximum)—especially when the duratin f exercise and
rise in BP are limited r when hyptensin ccurs during
the test—have mre severe disease and a prer prgnsis.
Depending n symptm status, age, and ther factrs, such
patients shuld be referred fr crnary arterigraphy and
pssible revascularizatin. On the ther hand, less impres-
sive psitive tests in asymptmatic patients are ften “false
psitives.” Therefre, exercise testing results that d nt
cnfrm t the clinical suspicin shuld be cnfirmed by
stress imaging.

G. Myocardial Stress Imaging

Mycardial stress imaging (scintigraphy, echcardigra-
phy, r MRI) is indicated (1) when the resting ECG makes
an exercise ECG difficult t interpret (eg, left bundle
branch blck, baseline ST–T changes, lw vltage); (2) fr
cnfirmatin f the results f the exercise ECG when they
are cntrary t the clinical impressin (eg, a psitive test in
an asymptmatic patient); (3) t lcalize the regin f isch-
emia; (4) t distinguish ischemic frm infarcted mycar-
dium; (5) t assess the cmpleteness f revascularizatin
fllwing bypass surgery r crnary angiplasty; r (6) as
a prgnstic indicatr in patients with knwn crnary
disease. Published criteria summarize these indicatins fr
stress testing.

1. Myocardial perfusion scintigraphy—This test, als
knwn as radionuclide imaging, prvides images in
which radinuclide uptake is prprtinate t bld flw
at the time f injectin.

Stress imaging is psitive in abut 75–90% f patients
with anatmically significant crnary disease and in
20–30% f thse withut it. Occasinally, ther cnditins,
including infiltrative diseases (sarcidsis, amylidsis), left
bundle branch blck, and dilated cardimypathy, may pr-
duce resting r persistent perfusin defects. False-psitive
radinuclide tests may ccur as a result f diaphragmatic
attenuatin r, in wmen, attenuatin thrugh breast tissue.
Tmgraphic imaging (single-phtn emissin cmputed
tmgraphy, SPECT) can reduce the severity f artifacts.

2. Radionuclide angiography—This prcedure, als
knwn as multi-gated acquisition scan, r MUGA scan,
uses radinuclide tracers t image the LV and measures its
EF and wall mtin. In crnary disease, resting abnr-
malities usually represent infarctin, and thse that ccur
nly with exercise usually indicate stress-induced isch-
emia. Exercise radinuclide angigraphy has apprxi-
mately the same sensitivity as mycardial perfusin
scintigraphy, but it is less specific in lder individuals and
thse with ther frms f heart disease. In additin,
because f the precisin arund LVEF, the test is als used
fr mnitring patients expsed t carditxic therapies
(such as chemtherapeutic agents).

3. Stress echocardiography—Echcardigrams per-
frmed during supine exercise r immediately fllwing
upright exercise may demnstrate exercise-induced seg-
mental wall mtin abnrmalities as an indicatr f isch-
emia. In experienced labratries, the test accuracy is
cmparable t that btained with scintigraphy—thugh a

higher prprtin f tests is technically inadequate. While
exercise is the preferred stress because f ther infrmatin
derived, pharmaclgic stress with high-dse dbutamine
(20–40 mcg/kg/min) can be used as an alternative t
exercise.

H. Other Imaging

1. Positron emission tomography—PET and SPECT
scanning can accurately distinguish transiently dysfunc-
tinal (“stunned”) mycardium frm scar tissue.

2. CT and MRI scanning—CT scanning can image the heart
and, with cntrast medium and multislice technlgy, the
crnary arteries. Multislice CT angiography may be use-
ful in evaluating patients with low likelihood of signifi-
cant CAD to rule out disease. Its use has been assciated
with lwer 5-year mrtality cmpared t standard care in
patients with stable chest pain. With lwer radiatin exp-
sure than radinuclide SPECT imaging, CT angigraphy
may als be useful fr evaluating chest pain and suspected
acute crnary syndrme. In the large randmized cm-
parative effectiveness PROMISE trial, patients with stable
chest pain underging anatmic imaging with CT angigra-
phy had similar utcmes t patients underging functinal
testing (stress ECG, stress radinuclide, r stress echcar-
digraphy). CT angigraphy with nninvasive functinal
assessment f crnary stensis (fractinal flw reserve),
termed CT-FFR, has als been evaluated in patients with
lw-intermediate likelihd f CAD. CT-FFR has been
shwn t reduce the number f patients withut crnary
disease requiring invasive angigraphy. CT-FFR has been
apprved fr clinical use and is being used in clinical prac-
tice in the United States and Eurpe.

Electron beam CT (EBCT) (Coronary Calcium Score)
can quantify crnary artery calcificatin, which is highly
crrelated with athermatus plaque and has high sensitiv-
ity, but lw specificity, fr bstructive crnary disease.
This test has nt traditinally been used in symptmatic
patients. Accrding t the AHA, persns wh are at lw
risk (less than 10% 10-year risk) r at high risk (greater
than 20% 10-year risk) fr bstructive crnary disease d
nt benefit frm crnary calcium assessment (class III,
level f evidence: B). Hwever, in clinically selected, inter-
mediate-risk patients (5–7.5% athersclertic cardivascu-
lar disease), it may be reasnable t determine the
athersclersis burden using EBCT in rder t refine clini-
cal risk predictin and t select patients fr mre aggres-
sive target values fr lipid-lwering therapies (class IIb,
level f evidence: B).

Cardiac MRI using gadolinium prvides high-
reslutin images f the heart and great vessels withut
radiatin expsure r use f idinated cntrast media.
Gadlinium has been assciated with a rare but fatal cm-
plicatin in patients with severe kidney disease, called nec-
rotizing systemic fibrosis. Gadlinium can demnstrate
perfusin using dbutamine r adensine t prduce phar-
maclgic stress. Advances have been made in imaging the
prximal crnary arteries. Perhaps the mst clinically used
indicatin f cardiac MRI is fr identificatin f myocar-
dial fibrosis, either frm MI r infiltratin, dne with
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gadlinium cntrast. This allws high-reslutin imaging
f mycardial viability and infiltrative cardimypathies.

I. Ambulatory ECG Monitoring

Ambulatry ECG recrders can mnitr fr ischemic ST-
segment depressin, but this mdality is rarely used fr
ischemia detectin. In patients with CAD, these episdes
usually signify ischemia, even when asymptmatic (“silent”).

J. Coronary Angiography

Selective crnary arterigraphy is the definitive diagns-
tic prcedure fr CAD. It can be perfrmed with lw mr-
tality (abut 0.1%) and mrbidity (1–5%), but due t the
invasive nature and cst, it is recmmended nly in
patients with a high pretest prbability f CAD.

Crnary arterigraphy shuld be perfrmed in the
fllwing circumstances if percutaneus transluminal cr-
nary angiplasty r bypass surgery is a cnsideratin:

1. Life-limiting stable angina despite an adequate medical
regimen.

2. Clinical presentatin (unstable angina, pstinfarctin
angina, etc) r nninvasive testing suggests high-risk
disease (see Indicatins fr Revascularizatin).

3. Cncmitant artic valve disease and angina pectris, t
determine whether the angina is due t accmpanying
crnary disease.

4. Asymptmatic lder patients underging valve surgery
s that cncmitant bypass may be dne if the anatmy
is prpitius.

5. Recurrence f symptms after crnary revasculariza-
tin t determine whether bypass grafts r native vessels
are ccluded.

6. Cardiac failure where a surgically crrectable lesin,
such as LV aneurysm, mitral regurgitatin, r reversible
ischemic dysfunctin, is suspected.

7. Survivrs f sudden death, symptmatic, r life-
threatening arrhythmias when CAD may be a crrect-
able cause.

8. Chest pain f uncertain cause r cardimypathy f
unknwn cause.

9. Emergently perfrmed cardiac catheterizatin with
intentin t perfrm primary PCI in patients with sus-
pected acute MI.

A narrwing f mre than 50% f the luminal diameter
is cnsidered hemdynamically (and clinically) significant,
althugh mst lesins prducing ischemia are assciated
with narrwing in excess f 70%. In thse with strngly
psitive exercise ECGs r scintigraphic studies, three-
vessel r left main disease may be present in 75–95%
depending n the criteria used. Intravascular ultrasound
(IVUS) is useful as an adjunct fr assessing the results f
angiplasty r stenting. In additin, IVUS is the invasive
diagnstic methd f chice fr stial left main lesins and
crnary dissectins. In fractional flow reserve (FFR), a
pressure wire is used t measure the relative change in
pressure acrss a crnary lesin after adensine-induced
hyperemia. Revascularizatin based n abnrmal FFR

imprves clinical utcmes cmpared t revascularizatin
f all angigraphically stentic lesins. FFR is an imprtant
invasive tl t aid with ischemia-driven revascularizatin
and has becme the standard tl t evaluate brderline
lesins in cases in which the clinical team is evaluating the
clinical and hemdynamic significance f a crnary ste-
nsis. Additinally, pressures distally/pressures prximally
during a wave-free perid in diastle have been shwn t
demnstrate similar clinical utcmes t FFR, withut the
use f adensine.

LV angiography is usually perfrmed at the same time
as crnary arterigraphy. Glbal and reginal LV functin
are visualized, as well as mitral regurgitatin if present. LV
functin is a majr determinant f prgnsis in CHD.

» Differential Diagnosis

When atypical features are present—such as prlnged
duratin (hurs r days) r darting, r knifelike pains at
the apex r ver the precrdium—ischemia is less likely.

Anterior chest wall syndrome is characterized by a
sharply lcalized tenderness f the intercstal muscles.
Inflammatin f the chndrcstal junctins may result in
diffuse chest pain that is als reprduced by lcal pressure
(Tietze syndrome). Intercstal neuritis (due t herpes zs-
ter r diabetes mellitus, fr example) als mimics angina.

Cervical r thracic spine disease invlving the drsal
rts prduces sudden sharp, severe chest pain suggesting
angina in lcatin and “radiatin” but related t specific
mvements f the neck r spine, recumbency, and straining
r lifting. Pain due t cervical r thracic disk disease
invlves the uter r drsal aspect f the arm and the thumb
and index fingers rather than the ring and little fingers.

Reflux esphagitis, peptic ulcer, chrnic chlecystitis,
esphageal spasm, and functinal gastrintestinal disease
may prduce pain suggestive f angina pectris. The pic-
ture may be especially cnfusing because ischemic pain
may als be assciated with upper gastrintestinal symp-
tms, and esphageal mtility disrders may be imprved
by nitrates and calcium channel blckers. Assessment f
esphageal mtility may be helpful.

Degenerative and inflammatry lesins f the left
shulder and thracic utlet syndrmes may cause chest
pain due t nerve irritatin r muscular cmpressin; the
symptms are usually precipitated by mvement f the arm
and shulder and are assciated with paresthesias.

Pneumnia, pulmnary emblism, and spntaneus
pneumthrax may cause chest pain as well as dyspnea.
Dissectin f the thracic arta can cause severe chest pain
that is cmmnly felt in the back; it is sudden in nset,
reaches maximum intensity immediately, and may be ass-
ciated with changes in pulses. Other cardiac disrders,
such as mitral valve prlapse, HCM, mycarditis, pericar-
ditis, artic valve disease, r RVH, may cause atypical chest
pain r even mycardial ischemia.

» Treatment

Sublingual nitrglycerin is the medicatin f chice fr
acute management; it acts in abut 1–2 minutes. As sn as
the attack begins, ne fresh tablet is placed under the
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tngue. This may be repeated at 3- t 5-minute intervals,
but if pain is nt relieved r imprving after 5 minutes, the
patient shuld call 9-1-1; pain nt respnding t three
tablets r lasting mre than 20 minutes may represent
evlving infarctin. The dsage (0.3, 0.4, r 0.6 mg) and
the number f tablets t be used befre seeking further
medical attentin must be individualized. Nitrglycerin
buccal spray is als available as a metered (0.4 mg) delivery
system. It has the advantage f being mre cnvenient fr
patients wh have difficulty handling the pills and f being
mre stable.

» Prevention of Further Attacks

A. Aggravating Factors

Angina may be aggravated by hypertensin, LV failure,
arrhythmia (usually tachycardias), strenuus activity, cld
temperatures, and emtinal states. These factrs shuld
be identified and treated when pssible.

B. Nitroglycerin

Nitrglycerin, 0.3–0.6 mg sublingually r 0.4–0.8 mg trans-
lingually by spray, shuld be taken 5 minutes befre any
activity likely t precipitate angina. Sublingual issrbide
dinitrate (2.5–5 mg) is nly slightly lnger-acting than
sublingual nitrglycerin.

C. LongActing Nitrates

Lnger-acting nitrate preparatins include issrbide dini-
trate, 10–40 mg rally three times daily; issrbide mn-
nitrate, 10–40 mg rally twice daily r 60–120 mg nce
daily in a sustained-release preparatin; ral sustained-
release nitrglycerin preparatins, 6.25–12.5 mg tw t
fur times daily; nitrglycerin intment, 2% intment,
0.5–2 inches (7.5–30 mg in the mrning and 65 hurs
later); and transdermal nitrglycerin patches that deliver
nitrglycerin at rates f 0.2, 0.4, and 0.6 mg/h rate
(0.1–0.8 mg/h), and shuld be taken ff after 12–14 hurs
f use fr a 10–12 hur patch-free interval daily. The main
limitatin t lng-term nitrate therapy is tolerance, which
can be limited by using a regimen that includes a minimum
8- t 10-hur perid per day withut nitrates. Issrbide
dinitrate can be given three times daily, with the last dse
after dinner, r lnger-acting issrbide mnnitrate nce
daily. Transdermal nitrate preparatins shuld be remved
vernight in mst patients.

Nitrate therapy is ften limited by headache. Other side
effects include nausea, light-headedness, and hyptensin.
Imprtantly, phsphdiesterase inhibitrs used cmmnly
fr erectile dysfunctin shuld nt be taken within 24 hurs
f nitrate use.

D. BetaBlockers

Beta-blckers are the nly antianginal agents that have
been demnstrated t prlng life in patients with cr-
nary disease (pst-MI). Beta-blckers shuld be cnsid-
ered fr first-line therapy in mst patients with chrnic
angina and are recmmended as such by the stable isch-
emic heart disease guidelines (Figure 10–8).

Beta-blckers with intrinsic sympathmimetic activity,
such as pindll, are less desirable because they may exac-
erbate angina in sme individuals and have nt been effec-
tive in secndary preventin trials. The pharmaclgy and
side effects f the beta-blckers are discussed in Chapter 11
(see Table 11–9). The dsages f all these medicatins
when given fr angina are similar. The majr cntraindica-
tins are severe brnchspastic disease, bradyarrhythmias,
and decmpensated heart failure.

E. Ranolazine

Ranlazine is indicated fr chrnic angina. Ranlazine has
n effect n heart rate and BP, and it has been shwn in
clinical trials t prlng exercise duratin and time t
angina, bth as mntherapy and when administered with
cnventinal antianginal therapy. It is safe t use with erec-
tile dysfunctin medicatins. The usual dse is 500 mg
rally twice a day. Because it can cause QT prlngatin, it
is cntraindicated in patients with existing QT prlnga-
tin; in patients taking QT prlnging medicatins, such as
class I r III antiarrhythmics (eg, quinidine, dfetilide,
stall); and in thse taking ptent and mderate CYP450
3A inhibitrs (eg, clarithrmycin and rifampin). Of inter-
est, in spite f the QT prlngatin, there is a significantly
lwer rate f ventricular arrhythmias with its use fllwing
acute crnary syndrmes, as shwn in the MERLIN trial.

F. Calcium Channel Blocking Agents

Unlike the beta-blckers, calcium channel blckers have
not been shwn t reduce mrtality pstinfarctin and in
sme cases have increased ischemia and mrtality rates.
This appears t be the case with sme dihydrpyridines
(eg, nifedipine) and with diltiazem and verapamil in
patients with clinical heart failure r mderate t severe LV
dysfunctin. Meta-analyses have suggested that shrt-acting
nifedipine in mderate t high dses causes an increase in
mrtality. It is uncertain whether these findings are relevant
t lnger-acting dihydrpyridines. Nevertheless, cnsider-
ing the uncertainties and the lack f demnstrated favr-
able effect n utcmes, calcium channel blckers shuld
be cnsidered third-line anti-ischemic medicatins in the
pstinfarctin patient. Similarly, these agents, with the
exceptin f amldipine (which prved safe in patients
with heart failure in the PRAISE-2 trial), shuld be avided
in patients with heart failure r lw EFs.

The pharmaclgic effects and side effects f the cal-
cium channel blckers are discussed in Chapter 11 and
summarized in Table 11–7. Diltiazem, amldipine, and
verapamil are preferable because they prduce less reflex
tachycardia and because the frmer, at least, may cause
fewer side effects. Nifedipine, nicardipine, and amldipine
are als apprved agents fr angina. Isradipine, feldipine,
and nisldipine are nt apprved fr angina but prbably
are as effective as the ther dihydrpyridines.

G. Ivabradine

Ivabradine selectively blcks the I
f
current and specifically

lwers heart rate. It has been shwn t reduce angina in
patients with chrnic stable angina and is apprved in
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or niacin

Guideline-directed
medical therapy

with ongoing
patient education

Persistent symptoms despite
adequate trial of guideline-
directed medical therapy
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physical activity
program?
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Cigarette
smoking?

See NHLBI ATP III
prevention guideline
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cardiovascular risk
reduction guideline
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Yes

Yes

Yes

Yes

No

No

No
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Serious adverse
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Contraindicated
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Serious contraindication

Serious contraindication
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▲ Figure 10–8. Algorithm for guideline-directed medical therapy for patients with stable ischemic heart disease. The use of bile acid sequestrant is relatively contrain-
dicated when triglycerides are 200 mg/dL or higher and contraindicated when triglycerides are 500 mg/dL or higher. Dietary supplement niacin must not be used as a
substitute for prescription niacin. ACE/ARB, angiotensin-converting enzyme/angiotensin receptor blocker; AHA/ACC, American Heart Association/American College of
Cardiology; ASA, aspirin; BP, blood pressure; CCB, calcium channel blocker; CKD, chronic kidney disease; MI, myocardial infarction; NTG, nitroglycerin. (Reproduced, with
permission, from Fihn SD et al; American College of Cardiology Foundation/American Heart Association Task Force. 2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS guideline for
the diagnosis and management of patients with stable ischemic heart disease. Circulation. 2012;126:e354. © 2012 American Heart Association, Inc.)
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Eurpe. Hwever, the SIGNIFY trial fund n verall dif-
ference in clinical utcmes in patients withut heart fail-
ure and angina and that there may have been harm fr
patients with significant angina with regard t utcmes f
cardivascular death and MI.

H. Alternative and Combination Therapies

Patients wh d nt respnd t ne class f antianginal
medicatin ften respnd t anther. It may, therefre, be
wrthwhile t use an alternative agent befre prgressing
t cmbinatins. The stable ischemic heart disease guide-
lines recmmend starting with a beta-blcker as initial
therapy, fllwed by calcium channel blckers, lng-acting
nitrates, r ranlazine. A few patients will have further
respnse t a regimen including all fur agents.

I. PlateletInhibiting Agents

Several studies have demnstrated the benefit f antiplate-
let medicatins fr patients with stable and unstable vascu-
lar disease. Therefre, unless contraindicated, aspirin
(81 mg orally daily) should be prescribed for all patients with
angina. Clopidogrel, 75 mg rally daily, reduces vascular
events in patients with stable vascular disease (as an alter-
native t aspirin) and in patients with acute crnary syn-
drmes (in additin t aspirin). Thus, it is als a gd
alternative in aspirin-intlerant patients. Clpidgrel in
additin t aspirin did nt reduce MI, strke, r cardivas-
cular death in the CHARISMA trial f patients with cardi-
vascular disease r multiple risk factrs, with abut a 50%
increase in bleeding. Hwever, it might be reasnable t
use cmbinatin clpidgrel and aspirin fr certain high-
risk patients with established crnary disease, as tested in
the DAPT trial. Specifically, prolonged use of dual anti-
platelet therapy with aspirin and clopidogrel may be
beneficial in patients post–percutaneous stenting with
drug-eluting stents who have a low bleeding risk.

Ticagrelor, a P2Y
12

inhibitr, has been shwn t reduce
cardivascular events in patients with acute crnary syn-
drmes. Additinally, in patients with prir MI, lng-term
treatment with ticagrelr plus aspirin reduced cardivascu-
lar events cmpared t aspirin alne. In patients with
peripheral artery disease, ticagrelr mntherapy did nt
reduce cardivascular events cmpared t clpidgrel.

Vorapaxar is an inhibitr f the prtease-activated
receptr-1. It was shwn t reduce cardivascular events
fr patients with stable athersclersis with a histry f MI
r peripheral artery disease in the TRA 2P trial. It is cn-
traindicated fr patients with a histry f strke r TIA due
t increased risk f intracranial hemrrhage.

Rivaroxaban, a direct factr Xa inhibitr, when used at
a dse f 2.5 mg twice daily in additin t lw-dse aspirin,
was fund t reduce cardivascular events including cardi-
vascular death, MI, r strke when cmpared t aspirin
mntherapy in patients with knwn CAD r peripheral
artery disease. This agent is apprved and prvides anther
ptin fr patients.

Current guidelines recmmend dual antiplatelet ther-
apy (aspirin and P2Y

12
therapy) in patients with recent

MI (within 1 year) or recent stenting (within 6 months)
and for prolonged therapy (more than 1 year) in patients

at high ischemic risk (multivessel coronary disease or
polyvascular disease) and low bleeding risk.

J. Risk Reduction

Patients with crnary disease shuld underg aggressive
risk factor modification. This apprach, with a particular
fcus n statin treatment, treating hypertensin, stpping
smking, and exercise and weight cntrl (especially fr
patients with metablic syndrme r at risk fr diabetes),
may markedly imprve utcmes. Fr patients with diabetes
and cardivascular disease, there is uncertainty abut the
ptimal target bld sugar cntrl. The ADVANCE trial sug-
gested sme benefit fr tight bld sugar cntrl with target
HbA

1C
f 6.5% r less, but the ACCORD trial fund that

rutine aggressive targeting fr bld sugar cntrl t HbA
1C

t less than 6.0% in patients with diabetes and crnary dis-
ease was assciated with increased mrtality. Therefre, tight
bld sugar cntrl shuld be avided particularly in patients
with a histry f severe hypglycemia, lng-standing diabe-
tes, and advanced vascular disease. Aggressive BP cntrl
(target systlic BP less than 120 mm Hg) in the ACCORD
trial was nt assciated with reductin in CHD events
despite reducing strke. In cntrast, the SPRINT trial, which
did nt include diabetic patients, demnstrated a reductin
in cardivascular events in patients with a reductin in death
frm any cause and reductin in MI with a gal systlic BP
f less than 120 mm Hg versus f gal f less than 140 mm
Hg. Sme increase in adverse events was nted. Based n this
and the ttality f results, the AHA has recommended
defining hypertension at the 130 mm Hg level.

K. Revascularization

1. Indications—There is general agreement that therwise
healthy patients in the fllwing grups shuld underg
revascularizatin: (1) patients with unacceptable symptms
despite medical therapy t its tlerable limits; (2) patients
with left main crnary artery stensis greater than 50%
with r withut symptms; (3) patients with three-vessel
disease with LV dysfunctin (EF less than 50% r previus
transmural infarctin); (4) patients with unstable angina
wh after symptm cntrl by medical therapy cntinue t
exhibit ischemia n exercise testing r mnitring; and (5)
pst-MI patients with cntinuing angina r severe ischemia
n nninvasive testing. The use f revascularizatin fr
patients with acute crnary syndrmes and acute ST-
segment elevatin MI (STEMI) is discussed belw.

Data frm the COURAGE trial have shwn that fr
patients with chrnic angina and disease suitable fr PCI,
PCI in additin t stringent guideline-directed medical
therapy aimed at bth risk reductin and anti-anginal care
ffers n mrtality benefit beynd excellent medical ther-
apy alne, and relatively mderate lng-term symptmatic
imprvement. Therefre, for patients with mild to moder-
ate CAD and limited symptoms, revascularization may
not provide significant functional status quality-of-life
benefit. Fr patients with mderate t significant crnary
stensis, such as thse wh have tw-vessel disease assci-
ated with underlying LV dysfunctin, anatmically critical
lesins (greater than 90% prximal stenses, especially f
the prximal left anterir descending artery), r
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physilgic evidence f severe ischemia (early psitive
exercise tests, large exercise-induced thallium scintigraphic
defects, r frequent episdes f ischemia n ambulatry
mnitring), a heart team cnsisting f revascularizatin
physicians (interventinal cardilgists and surgens) may
be required t review and prvide patients with the best
revascularizatin ptins.

The ISCHEMIA trial fund that fr patients with mder-
ate t severe ischemia n stress testing, crnary angigra-
phy and revascularizatin did nt reduce the risk f
cardivascular death, MI, hspitalizatin fr unstable
angina, heart failure, r resuscitated cardiac arrest. Thus, in
the cntext f ptimal medical therapy t prevent cardivas-
cular events, a higher threshld fr whm t evaluate with
stress tests and crnary angigraphy may be reasnable.

2. Type of procedure—

a. Percutaneous coronary intervention including

stenting—PCI, including balln angiplasty and cr-
nary stenting, can effectively pen stentic crnary arter-
ies. Crnary stenting, with either bare metal stents r
drug-eluting stents, has substantially reduced restensis.
Stenting can als be used selectively fr left main crnary
stensis, particularly when CABG is cntraindicated r
deemed high risk.

PCI is pssible but ften less successful in bypass graft
stenses. Experienced peratrs are able t successfully
dilate mre than 90% f lesins attempted. The majr early
cmplicatin is intimal dissectin with vessel cclusin,
althugh this is rare with crnary stenting. The use f
intravenus platelet glycprtein IIb/IIIa inhibitrs (abcix-
imab, eptifibatide, tirfiban) substantially reduces the rate
f periprcedural MI, and placement f intracrnary
stents markedly imprves initial and lng-term angi-
graphic results, especially with cmplex and lng lesins.
After percutaneus crnary interventin, all patients
shuld have CK-MB and trpnin measured. The defini-
tin f a periprcedural infarctin has been debated, with
many experts advcating fr a clinical definitin that
incrprates different enzyme cutpints, angigraphic
findings, and electrcardigraphic evidence. Acute thrm-
bsis after stent placement can largely be prevented by
aggressive antithrmbtic therapy (lng-term aspirin,
81–325 mg, plus clpidgrel, 300–600 mg lading dse fl-
lwed by 75 mg daily, fr between 30 days and 1 year, and
with acute use f platelet glycprtein IIb/IIIa inhibitrs).

A majr limitatin with PCI has been restenosis,
which ccurs in the first 6 mnths in less than 10% f ves-
sels treated with drug-eluting stents, 15–30% f vessels
treated with bare metal stents, and 30–40% f vessels
withut stenting. Factrs assciated with higher restensis
rates include diabetes, small luminal diameter, lnger and
mre cmplex lesins, and lesins at crnary stia r in
the left anterir descending crnary artery. Drug-eluting
stents that elute antiprliferative agents, such as sirlimus,
everlimus, ztarlimus, r paclitaxel, have substantially
reduced restensis. In-stent restensis is ften treated with
restenting with drug-eluting stents, and rarely with brachy-
therapy. The nearly 2 millin PCIs perfrmed wrldwide
per year far exceed the number f CABG peratins, but

the ratinale fr many f the prcedures perfrmed in
patients with stable angina shuld be fr angina symptm
reductin. The COURAGE trial and the ORBITA sham-
cntrlled trial have cnfirmed earlier studies in shwing
that, even fr patients with mderate anginal symptms
and psitive stress tests, PCI prvides n benefit ver
medical therapy with respect t death r MI. PCI was mre
effective at relieving angina, althugh mst patients in the
medical grup had imprvement in symptms. PCI was
als nt mre effective than ptimal medical therapy fr
exercise time in patients with ne vessel crnary disease.
Thus, in patients with mild or moderate stable symp-
toms, aggressive lipid-lowering and antianginal therapy
may be a preferable initial strategy, reserving PCI for
patients with significant and refractory symptoms or for
those who are unable to take the prescribed medicines.

Several studies f PCI, including thse with drug-
eluting stents, versus CABG in patients with multivessel
disease have been reprted. The SYNTAX trial as well as
previusly perfrmed trials with drug-eluting stent use in
PCI patients shw cmparable mrtality and infarctin
rates ver fllw-up perids f 1–3 years but a high rate
(apprximately 40%) f repeat prcedures fllwing PCI.
Strke rates are higher with CABG. As a result, the chice
f revascularizatin prcedure may depend n details f
crnary anatmy and is ften a matter f patient prefer-
ence. Hwever, it shuld be nted that less than 20% f
patients with multivessel disease meet the entry criteria fr
the clinical trials, s these results cannt be generalized t
all multivessel disease patients. Outcmes with percutane-
us revascularizatin in patients with diabetes have gener-
ally been inferir t thse with CABG. The FREEDOM
trial demnstrated that CABG surgery was superior to
PCI with regard to death, MI, and stroke for patients
with diabetes and multivessel coronary disease at 5 years
acrss all subgrups f SYNTAX scre anatmy.

b. Coronary artery bypass grafting—CABG can be
accmplished with a very lw mrtality rate (1–3%) in th-
erwise healthy patients with preserved cardiac functin.
Hwever, the mrtality rate f this prcedure rises t 4–8%
in lder individuals and in patients wh have had a prir
CABG.

Grafts using ne r bth internal mammary arteries
(usually t the left anterir descending artery r its
branches) prvide the best lng-term results in terms f
patency and flw. Segments f the saphenus vein (r, less
ptimally, ther veins) r the radial artery interpsed
between the arta and the crnary arteries distal t the
bstructins are als used. One t five distal anastmses
are cmmnly perfrmed.

Minimally invasive surgical techniques may invlve a
limited sterntmy, lateral thractmy (MIDCAB), r
thracscpy (prt-access). They are mre technically
demanding, usually nt suitable fr mre than tw grafts,
and d nt have established durability. Bypass surgery can
be perfrmed bth n circulatry supprt (n-pump) and
withut direct circulatry supprt (ff-pump). Randm-
ized trial data have nt shwn a benefit with ff-pump
bypass surgery, but minimally invasive surgical techniques
allw earlier pstperative mbilizatin and discharge.
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The perative mrtality rate is increased in patients
with pr LV functin (LVEF less than 35%) r thse
requiring additinal prcedures (valve replacement r ven-
tricular aneurysmectmy). Patients ver 70 years f age,
patients underging repeat prcedures, r thse with impr-
tant nncardiac disease (especially chrnic kidney disease
and diabetes) r pr general health als have higher pera-
tive mrtality and mrbidity rates, and full recvery is slw.
Thus, CABG shuld be reserved fr mre severely symp-
tmatic patients in this grup. Early (1–6 mnths) graft
patency rates average 85–90% (higher fr internal mam-
mary grafts), and subsequent graft clsure rates are abut
4% annually. Early graft failure is cmmn in vessels with
pr distal flw, while late clsure is mre frequent in
patients wh cntinue smking and thse with untreated
hyperlipidemia. Antiplatelet therapy with aspirin imprves
graft patency rates. Smking cessatin and vigrus treat-
ment f bld lipid abnrmalities (particularly with statins)
are necessary. Repeat revascularizatin may be necessitated
because f recurrent symptms due t prgressive native
vessel disease and graft cclusins. Reperatin is techni-
cally demanding and less ften fully successful than the
initial peratin. In additin, in patients with ischemic
mitral regurgitatin, mitral repair at the time f a CABG
des nt ffer any clinical benefit.

L. Mechanical Extracorporeal Counterpulsation

Extracrpreal cunterpulsatin entails repetitive inflatin
f a high-pressure chamber surrunding the lwer half f
the bdy during the diastlic phase f the cardiac cycle fr
daily 1-hur sessins ver a perid f 7 weeks. Randm-
ized trials have shwn that extracrpreal cunterpulsa-
tin reduces angina, thus it may be cnsidered fr relief f
refractry angina in patients with stable crnary disease.

M. Neuromodulation

Spinal crd stimulatin can be used t relieve chrnic
refractry angina. Spinal crd stimulatrs are subcutane-
usly implantable via a minimally invasive prcedure under
lcal anesthesia.

» Prognosis

The prgnsis f angina pectris has imprved with devel-
pment f therapies aimed at secndary preventin. Mr-
tality rates vary depending n the number f vessels
diseased, the severity f bstructin, the status f LV func-
tin, and the presence f cmplex arrhythmias. Mrtality
rates are prgressively higher in patients with ne-, tw-,
and three-vessel disease and thse with left main crnary
artery bstructin (ranging frm 1% per year t 25% per
year). The utlk in individual patients is unpredictable,
and nearly half f the deaths are sudden. Therefre, risk
stratificatin is attempted. Patients with accelerating symp-
tms have a prer utlk. Amng stable patients, thse
whse exercise tlerance is severely limited by ischemia
(less than 6 minutes n the Bruce treadmill prtcl) and
thse with extensive ischemia by exercise ECG r scintig-
raphy have mre severe anatmic disease and a prer
prgnsis. The Duke Treadmill Score, based n a standard

Bruce prtcl exercise treadmill test, prvides an estimate
f risk f death at 1 year. The scre uses time n the tread-
mill, amunt f ST-segment depressin, and presence f
angina (Table 10–6).

» When to Refer

All patients with new r wrsening symptms believed t
represent prgressive angina r a psitive stress test fr
mycardial ischemia with cntinued angina despite medi-
cal therapy (r bth) shuld be referred t a cardilgist.

» When to Admit

• Patients with elevated cardiac bimarkers, ischemic
ECG findings, r hemdynamic instability.

• Patients with new r wrsened symptms, pssibly
thught t be ischemic, but wh lack high-risk features
can be bserved with serial ECGs and bimarkers and
discharged if stress testing shws lw-risk findings.

Al-Lamee R et al; ORBITA Investigatrs. Percutaneus crnary
interventin in stable angina (ORBITA): a duble-blind, ran-
dmised cntrlled trial. Lancet. 2018;391:31. [PMID:
29103656]

Knuuti J et al. 2019 ESC Guidelines fr the diagnsis and man-
agement f chrnic crnary syndrmes. Eur Heart J. 2020;41:
407. [PMID: 31504439]

Levine GN et al. 2016 ACC/AHA guideline fcused update n
duratin f dual antiplatelet therapy in patients with crnary
artery disease: a reprt f the American Cllege f Cardilgy/
American Heart Assciatin Task Frce n Clinical Practice
Guidelines: an update f the 2011 ACCF/AHA/SCAI guide-
line fr percutaneus crnary interventin, 2011 ACCF/
AHA guideline fr crnary artery bypass graft surgery, 2012
ACC/AHA/ACP/AATS/PCNA/SCAI/STS guideline fr the
diagnsis and management f patients with stable ischemic
heart disease, 2013 ACCF/AHA guideline fr the manage-
ment f ST-elevatin mycardial infarctin, 2014 AHA/ACC
guideline fr the management f patients with nn-ST-
elevatin acute crnary syndrmes, and 2014 ACC/AHA
guideline n periperative cardivascular evaluatin and
management f patients underging nncardiac surgery.
Circulatin. 2016;134:e123. [PMID: 27026020]

SCOT-HEART Investigatrs et al. Crnary CT angigraphy
and 5-year risk f mycardial infarctin. N Engl J Med.
2018;379:924. [PMID: 30145934]

Table 10–6. Duke Treadmill Score: calculation and
interpretation.

Time in minutes on Bruce protocol = ________________

–5 × amount of depression (in mm) = ________________

–4 × angina index

0 = no angina on test

1 = angina, not limiting

2 = limiting angina

= ________________

Total Summed Score Risk Grou Annual Mortality

≥ 5 Low 0.25%

–10 to 4 Intermediate 1.25%

≤ –11 High 5.25%
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CORONARY VASOSPASM & ANGINA OR MI
WITH NORMAL CORONARY ARTERIOGRAMS

E S S E N T I A L S  O F  D I A G N O S I S

» Precordial chest pain, often occurring at rest dur-
ing stress or without known precipitant, relieved
rapidly by nitrates.

» ECG evidence of ischemia during pain, sometimes
with ST-segment elevation.

» Angiographic demonstration of:

– No significant obstruction of major coronary
vessels.

– Coronary spasm that responds to intracoronary
nitroglycerin or calcium channel blockers.

» General Considerations

Althugh mst symptms f mycardial ischemia result
frm fixed stensis f the crnary arteries, intraplaque
hemrrhage, r thrmbsis at the site f lesins, sme
ischemic events may be precipitated r exacerbated by
crnary vascnstrictin.

Spasm f the large crnary arteries with resulting
decreased crnary bld flw may ccur spntaneusly r
may be induced by expsure t cld, emtinal stress, r
vascnstricting medicatins, such as ergt-derivative
medicatins. Spasm may ccur bth in nrmal and in ste-
nsed crnary arteries. Even MI may ccur as a result f
spasm in the absence f visible bstructive CHD, althugh
mst instances f such crnary spasm ccur in the pres-
ence f crnary stensis.

Ccaine can induce mycardial ischemia and infarctin
by causing crnary artery vascnstrictin r by increas-
ing mycardial energy requirements. It als may cntribute
t accelerated athersclersis and thrmbsis. The isch-
emia in Prinzmetal (variant) angina usually results
frm crnary vascnstrictin. It tends t invlve the
right crnary artery and there may be n fixed stenses.
Mycardial ischemia may als ccur in patients with nr-
mal crnary arteries as a result f disease f the crnary
micrcirculatin r abnrmal vascular reactivity. MI with-
ut bstructive crnary disease is mre frequent in
wmen and has been shwn t be due t athersclersis r
ruptured plaques in 80% f cases. The 2020 ESC guidelines
recmmend cardiac MRI t aid in determining the cause f
MI withut bstructive crnary disease.

» Clinical Findings

Ischemia may be silent r result in angina pectris.
Prinzmetal (variant) angina is a clinical syndrme in

which chest pain ccurs withut the usual precipitating
factrs and is assciated with ST-segment elevatin rather
than depressin. It ften affects wmen under 50 years f
age. It characteristically ccurs in the early mrning, awak-
ening patients frm sleep, and is apt t be assciated with
arrhythmias r cnductin defects. It may be diagnsed by

challenge with ergnvine (a vascnstrictr), althugh the
results f such prvcatin are nt specific and it entails risk.

» Treatment

Patients with chest pain assciated with ST-segment eleva-
tin shuld underg crnary arterigraphy t determine
whether fixed stentic lesins are present. If they are, aggres-
sive medical therapy r revascularizatin is indicated, since
the presence f these lesins may represent an unstable phase
f the disease. If significant lesins are nt seen, there may
still be endthelial disruptin and plaque rupture. If spasm is
suspected, avidance f precipitants, such as cigarette smk-
ing and ccaine, is the tp pririty. Episdes f crnary
spasm generally respnd well t nitrates, and bth nitrates
and calcium channel blckers (including lng-acting nifedip-
ine, diltiazem, r amldipine [see Table 11–7]) are effective
prphylactically. By allwing unppsed alpha-1-mediated
vascnstrictin, beta-blckers have exacerbated crnary
vasspasm, but they may have a rle in management f
patients in whm spasm is assciated with fixed stenses.

» When to Refer

All patients with persistent symptms f chest pain that
may represent spasm shuld be referred t a cardilgist.

ACUTE CORONARY SYNDROMES
WITHOUT ST-SEGMENT ELEVATION

E S S E N T I A L S  O F  D I A G N O S I S

» Distinction in acute coronary syndrome between
patients with and without ST-segment elevation
at presentation is essential to determine need for
reperfusion therapy.

» Fibrinolytic therapy is harmful in acute coronary
syndrome without ST-segment elevation, unlike
with ST-segment elevation, where acute reperfu-
sion saves lives.

» Antiplatelet and anticoagulation therapies and
coronary intervention are mainstays of treatment.

» General Considerations

Acute coronary syndromes cmprise the spectrum f
unstable cardiac ischemia frm unstable angina t acute MI.
Acute crnary syndrmes are classified based n the pre-
senting ECG as either ST-segment elevation MI (STEMI)
r non–ST-segment elevation MI (NSTEMI). This allws
fr immediate classificatin and guides determinatin f
whether patients shuld be cnsidered fr acute reperfusin
therapy. The evlutin f cardiac bimarkers then allws
determinatin f whether MI has ccurred.

Acute crnary syndrmes represent a dynamic state in
which patients frequently shift frm ne categry t
anther, as new ST elevatin can develp after presentatin
and cardiac bimarkers can becme abnrmal with recur-
rent ischemic episdes.
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» Clinical Findings

A. Symptoms and Signs

Patients with acute crnary syndrmes generally have
symptms and signs f mycardial ischemia either at rest
r with minimal exertin. These symptms and signs are
similar t the chrnic angina symptms described abve,
cnsisting f substernal chest pain r discmfrt that may
radiate t the jaw, left shulder r arm. Dyspnea, nausea,
diaphresis, r syncpe may either accmpany the chest
discmfrt r may be the nly symptm f acute crnary
syndrme. About one-third of patients with MI have no
chest pain per se—these patients tend t be lder, female,
have diabetes, and be at higher risk fr subsequent mrtal-
ity. Patients with acute crnary syndrmes have signs f
heart failure in abut 10% f cases, and this is als assci-
ated with higher risk f death.

Many hspitals have develped chest pain observation
units t prvide a systematic apprach tward serial risk
stratificatin t imprve the triage prcess. In many cases,
thse wh have nt experienced new chest pain and have
insignificant ECG changes and n cardiac bimarker eleva-
tin underg treadmill exercise tests r imaging prce-
dures t exclude ischemia at the end f an 8- t 24-hur
perid and are discharged directly frm the emergency
department if these tests are negative.

B. Laboratory Findings

Depending n the time frm symptm nset t presenta-
tin, initial labratry findings may be nrmal. The markers
f cardiac mycyte necrsis (myoglobin, CK-MB, and tro-
ponin I and T) may all be used t identify acute MI,
althugh high-sensitivity trpnin is nw the recmmended
bimarker t diagnse acute MI (see Labratry Findings,
Acute Mycardial Infarctin with ST-Segment Elevatin). In
patients with STEMI, these initial markers are ften within
nrmal limits as the patient is being rushed t immediate
reperfusin. In patients withut ST-segment elevatin, it is
the presence f abnrmal CK-MB r trpnin values that
are assciated with mycyte necrsis and the diagnsis f
MI. High-sensitivity trpnin assays allw rapid assessment
f MI in emergency departments by using 1- r 2-hur rule
ut algrithms. The universal definitin f MI is a rise f
cardiac bimarkers with at least ne value abve the 99th
percentile f the upper reference limit tgether with evi-
dence f mycardial ischemia with at least ne f the fllw-
ing: symptms f ischemia, ECG changes f new ischemia,
new Q waves, r imaging evidence f new lss f viable
mycardium r new wall mtin abnrmality.

Serum creatinine is an imprtant determinant f risk,
and estimated creatinine clearance is imprtant t guide
dsing f certain antithrmbtics, including eptifibatide and
enxaparin.

C. ECG

Many patients with acute crnary syndrmes will exhibit
ECG changes during pain—either ST-segment elevatin,
ST-segment depressin, r T-wave flattening r inversin.
Dynamic ST-segment shift is the mst specific fr acute

crnary syndrme. ST-segment elevatin in lead AVR
suggests left main r three-vessel disease.

» Treatment

A. General Measures

Treatment f acute crnary syndrmes withut ST eleva-
tin shuld be multifaceted. Patients wh are at medium r
high risk shuld be hspitalized, maintained at bed rest r
at very limited activity fr the first 24 hurs, mnitred,
and given supplemental xygen. Sedatin with a benzdi-
azepine agent may help if anxiety is present.

B. Specific Measures

Figure 10–9 prvides an algrithm fr initial management
f NSTEMI.

C. Antiplatelet and Anticoagulation Therapy

Patients shuld receive a cmbinatin f antiplatelet and
anticagulant agents n presentatin. Fibrinlytic therapy
shuld be avoided in patients withut ST-segment eleva-
tin since they generally d nt have an acute crnary
cclusin, and the risk f such therapy appears t utweigh
the benefit.

1. Antiplatelet therapy—

a. Aspirin—Aspirin, 162–325 mg lading dse, then 81 mg
daily, shuld be cmmenced immediately and cntinued
fr the first mnth. The 2020 ESC guidelines fr lnger-
term aspirin treatment recmmend aspirin 75–100 mg/day
as preferable t higher dses with r withut crnary
stenting.

b. PY12 inhibitors—ACC/AHA guidelines call fr
either a P2Y

12
inhibitr (clpidgrel, prasugrel [at the time

f PCI], r ticagrelr) as a class I recmmendatin. The
ESC guidelines prvide a strnger recmmendatin fr a
P2Y

12
inhibitr up-frnt, as a class IA recmmendatin fr

all patients. Bth sets f guidelines recmmend pstpning
elective CABG surgery fr at least 5 days after the last dse
f clpidgrel r ticagrelr and at least 7 days after the last
dse f prasugrel, due t risk f bleeding.

The Clpidgrel in Unstable Angina t Prevent Recur-
rent Events (CURE) trial demnstrated a 20% reductin in
the cmpsite end pint f cardivascular death, MI, and
strke with the additin f clpidgrel (300-mg lading
dse, 75 mg/day fr 9–12 mnths) t aspirin in patients
with nn–ST-segment elevatin acute crnary syndrmes.
The large CURRENT trial shwed that “duble-dse”
clpidgrel (600-mg initial ral lading dse, fllwed by
150 mg rally daily) fr 7 days reduced stent thrmbsis
with a mdest increase in majr (but nt fatal) bleeding
and, therefre, it is an ptin fr patients with acute cr-
nary syndrme underging PCI.

The ESC guidelines recmmend ticagrelr fr all
patients at mderate t high risk fr acute crnary syn-
drme (class I recmmendatin). Prasugrel is recm-
mended fr patients wh have nt yet received anther
P2Y

12
inhibitr, fr whm a PCI is planned, and wh are
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nt at high risk fr life-threatening bleeding. Clpidgrel is
reserved fr patients wh cannt receive either ticagrelr r
prasugrel. Sme studies have shwn an assciatin between
assays f residual platelet functin and thrmbtic risk dur-
ing P2Y

12
inhibitr therapy, and bth the Eurpean and the

US guidelines d nt recmmend rutine platelet functin
testing t guide therapy (class IIb recmmendatin).

Prasugrel is bth mre ptent and has a faster nset f
actin than clpidgrel. The TRITON trial cmpared pra-
sugrel with clpidgrel in patients with STEMI r NSTEMI
in whm PCI was planned; prasugrel resulted in a 19%
relative reductin in death frm cardivascular causes, MI,
r strke, at the expense f an increase in serius bleeding

(including fatal bleeding). Stent thrmbsis was reduced
by half. Because patients with prir strke r TIA had
higher risk f intracranial hemrrhage, prasugrel is cntra-
indicated in such patients. Bleeding was als higher in patients
with lw bdy weight (less than 60 kg) and age 75 years r
lder, and cautin shuld be used in these ppulatins. Fr
patients with STEMI treated with PCI, prasugrel appears t
be especially effective (cmpared t clpidgrel) withut a
substantial increase in bleeding. Fr patients wh will nt
receive revascularizatin, prasugrel, when cmpared t
clpidgrel, had n verall benefit in the TRILOGY trial
(the dse f prasugrel was lwered fr lder adults). Prasu-
grel appears t be at least cmparable t ticagrelr fr

Diagnosis of UA/NSTEMI is likely or definite

ASA (class I)

Clopidogrel if ASA intolerant (class I)

Select management strategy

Initial conservative strategy or unknown Invasive strategy

Initiate anticoagulant therapy (class I)

Acceptable options include

• Enoxaparin or UFH (class I)

• Fondaparinux (class I)

• Enoxaparin or fondaparinux preferred

over UFH (class lIa)

Initiate anticoagulant therapy

(class I)

Acceptable options include

• Enoxaparin or UFH (class I)

• Bivalirudin (class I)

Initiate clopidogrel (class I) Precatheterization: Add second

antiplatelet agent (class I)

• Clopidogrel (class I) or

• GP IIb/llla inhibitor (class I)

• (IV eptifibatide or tirofiban preferred)

Next step per triage decision at

angiography

PCI:

Class I:

• Clopidogrel (if not begun

precatheterization) or

• Prasugrel or

• Selectively, a GP Ilb/llIa inhibitor

(if not begun precatheterization)

CABG:

Maintenance ASA

(class I)

Medical therapy:

Discontinue

GP llb/llla

inhibitors if begun

and give clopidogrel

per conservative

strategy

▲ Figure 10–9. Flowchart for class I and class IIa recommendations for initial management of unstable angina/
non–ST-segment elevation myocardial infarction (UA/NSTEMI). ASA, aspirin; CABG, coronary artery bypass grafting;
GP IIb/IIIa, glycoprotein IIb/IIIa; LOE, level of evidence; UFH, unfractionated heparin. (Reproduced, with permission,
from Wright RS et al. 2011 ACCF/AHA Focused Update of the Guidelines for the Management of Patients With Unstable
Angina/Non-ST-Elevation Myocardial Infarction (Updating the 2007 Guideline): a report of the American College of
Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. Circulation. 2011;123:2022. © 2011
American Heart Association, Inc.)
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patients with STEMI regarding safety and efficacy based n
the ISAR-REACT 5 trial.

Ticagrelr has a faster nset f actin than clpidgrel
and a mre cnsistent and ptent effect. The PLATO trial
shwed that when ticagrelr was started at the time f pre-
sentatin in acute crnary syndrme patients (UA/
NSTEMI and STEMI), it reduced cardivascular death, MI,
and strke by 16% when cmpared with clpidgrel. In
additin, there was a 22% relative risk reductin in mrtal-
ity with ticagrelr. The verall rates f bleeding were similar
between ticagrelr and clpidgrel, althugh nn–CABG-
related bleeding was mdestly higher. The finding f a
lesser treatment effect in the United States may have been
related t use f higher-dse aspirin, and thus when using
ticagrelr, lw-dse aspirin (81 mg/day) is recmmended.

c. Glycoprotein IIb/IIIa inhibitors—Small-mlecule
inhibitrs f the platelet glycprtein IIb/IIIa receptr are
useful adjuncts in high-risk patients (usually defined by
fluctuating ST-segment depressin r psitive bimarkers)
with acute crnary syndrmes, particularly when they are
underging PCI. Tirfiban, 25 mcg/kg ver 3 minutes, fl-
lwed by 0.15 mcg/kg/min, and eptifibatide, 180 mcg/kg
blus fllwed by a cntinuus infusin f 2 mcg/kg/min,
have bth been shwn t be effective. Dwnward dse
adjustments f the infusins are required in patients with
reduced kidney functin. The blus r lading dse
remains unadjusted. Fr example, if the estimated creati-
nine clearance is belw 50 mL/min, the eptifibatide infu-
sin shuld be cut in half t 1 mcg/kg/min.

2. Anticoagulant therapy—

a. Heparin—Several trials have shwn that LMWH
(enxaparin 1 mg/kg subcutaneusly every 12 hurs) is
smewhat mre effective than unfractinated heparin in
preventing recurrent ischemic events in the setting f acute
crnary syndrmes. Hwever, the SYNERGY trial shwed
that unfractinated heparin and enxaparin had similar
rates f death r (re)infarctin in the setting f frequent
early crnary interventin.

b. Fondaparinux—Fndaparinux, a specific factr Xa
inhibitr given in a dse f 2.5 mg subcutaneusly nce a
day, was fund in the OASIS-5 trial t be equally effective
as enxaparin amng 20,000 patients at preventing early
death, MI, and refractry ischemia, and resulted in a 50%
reductin in majr bleeding. This reductin in majr
bleeding translated int a significant reductin in mrtality
(and in death r MI) at 30 days. While catheter-related
thrmbsis was mre cmmn during crnary interven-
tin prcedures with fndaparinux, the FUTURA trial
fund that it can be cntrlled by adding unfractinated
heparin (in a dse f 85 units/kg withut glycprtein IIb/
IIIa inhibitrs, and 60 units/kg with glycprtein IIb/IIIa
inhibitrs) during the prcedure. Guidelines recmmend
fndaparinux, describing it as especially favrable fr
patients wh are initially treated medically and wh are at
high risk fr bleeding, such as elderly individuals.

c. Direct thrombin inhibitors—The ACUITY trial
shwed that bivalirudin appears t be a reasnable alternative
t heparin (unfractinated heparin r enxaparin) plus a

glycprtein IIb/IIIa antagnist fr many patients with
acute crnary syndrmes wh are underging early cr-
nary interventin. Bivalirudin (withut rutine glycpr-
tein IIb/IIIa inhibitr) is assciated with substantially less
bleeding than heparin plus glycprtein IIb/IIIa inhibitr,
althugh it may have numerically increased cardivascular
events. The ISAR REACT-4 trial shwed that bivalirudin
has similar efficacy cmpared t abciximab but better
bleeding utcmes in NSTEMI patients. Bivalrudin des
nt currently have an FDA-apprved indicatin fr
NSTEMI care.

D. Temporary Discontinuation
of Antiplatelet Therapy for Procedures

Patients wh have had recent crnary stents are at risk fr
thrmbtic events, including stent thrmbsis, if P2Y

12

inhibitrs are discntinued fr prcedures (eg, dental pr-
cedures r clnscpy). If pssible, these prcedures
shuld be delayed until the end f the necessary treatment
perid with P2Y

12
inhibitrs, which generally is at least

1 mnth with bare metal stents and 3–6 mnths with drug-
eluting stents. With newer generatin drug-eluting stents,
elective stenting patients with bleeding risk may have
P2Y

12
inhibitrs stpped befre 3 mnths. Befre that time,

if a prcedure is necessary, risk and benefit f cntinuing
the antiplatelet therapy thrugh the time f the prcedure
shuld be assessed. Aspirin shuld generally be cntinued
thrughut the perid f the prcedure. Patients with
plymer-free drug cated stents wh are at high risk fr
bleeding and receiving a shrt curse f dual antiplatelet
therapy had fewer cardivascular and bleeding events. A
cardilgist shuld be cnsulted befre temprary discn-
tinuatin f these agents.

E. Nitroglycerin

Nitrates are first-line therapy fr patients with acute cr-
nary syndrmes presenting with chest pain. Nnparenteral
therapy with sublingual r ral agents r nitrglycerin
intment is usually sufficient. If pain persists r recurs,
intravenus nitrglycerin shuld be started. The usual ini-
tial dsage is 10 mcg/min. The dsage shuld be titrated
upward by 10–20 mcg/min (t a maximum f 200 mcg/min)
until angina disappears r mean arterial pressure drps by
10%. Careful—usually cntinuus—BP mnitring is
required when intravenus nitrglycerin is used. Avid
hyptensin (systlic BP less than 100 mm Hg). Tlerance
t cntinuus nitrate infusin is cmmn.

F. BetaBlockers

Beta-blckers are an imprtant part f the initial treatment
f unstable angina unless therwise cntraindicated. The
pharmaclgy f these agents is discussed in Chapter 11
and summarized in Table 11–9. Use f agents with intrinsic
sympathmimetic activity shuld be avided in this set-
ting. Oral medicatin is adequate in mst patients, but
intravenus treatment with metprll, given as three
5-mg dses 5 minutes apart as tlerated and in the absence
f heart failure, achieves a mre rapid effect. Oral therapy
shuld be titrated upward as BP permits.
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G. Calcium Channel Blockers

Calcium channel blckers have not been shwn t favr-
ably affect utcme in unstable angina, and they shuld be
used primarily as third-line therapy in patients with cn-
tinuing angina wh are taking nitrates and beta-blckers r
thse wh are nt candidates fr these medicatins. In the
presence f nitrates and withut accmpanying beta-
blckers, diltiazem r verapamil is preferred, since nifedip-
ine and the ther dihydrpyridines are mre likely t cause
reflex tachycardia r hyptensin. The initial dsage
shuld be lw, but upward titratin shuld prceed steadily
(see Table 11–7).

H. Statins

The PROVE-IT trial prvides evidence fr starting a statin
in the days immediately fllwing an acute crnary syn-
drme. In this trial, mre intensive therapy with atrvas-
tatin 80 mg/day, regardless f ttal r LDL chlesterl level,
imprved utcme cmpared t pravastatin 40 mg/day,
with the curves f death r majr cardivascular event
separating as early as 3 mnths after starting therapy.
High-intensity statins are recommended for all patients
with acute coronary syndromes (see Table 10–5).

» Indications for Coronary Angiography

Fr patients with acute crnary syndrme, including
NSTEMI, risk stratificatin is imprtant fr determining
intensity f care. Several therapies, including glycprtein
IIb/IIIa inhibitrs, LMWH heparin, and early invasive
catheterizatin, have been shwn t have the greatest ben-
efit in higher-risk patients with acute crnary syndrme.
As utlined in the ACC/AHA guidelines, patients with any
high-risk feature (Table 10–7) generally warrant an early
invasive strategy with catheterizatin and revasculariza-
tin. Fr patients withut these high-risk features, either an
invasive r nninvasive apprach, using exercise (r phar-
maclgic stress fr patients unable t exercise) stress test-
ing t identify patients wh have residual ischemia and/r
high risk, can be used. Mrever, based n the ICTUS trial,
a strategy based n selective crnary angigraphy and
revascularizatin fr instability r inducible ischemia, r
bth, even fr patients with psitive trpnin, is acceptable
(ACC/AHA class IIb recmmendatin).

Tw risk-stratificatin tls are available that can be
used at the bedside, the GRACE Risk Score (http://www.
utcmes-umassmed.rg/grace) and the TIMI Risk Score
(http://www.timi.rg). The GRACE Risk Scre, which
applies t patients with r withut ST elevatin, was devel-
ped in a mre generalizable registry ppulatin and has
better discriminatin f risk. It includes age (as a cntinu-
us variable), Killip class, BP, ST-segment deviatin, car-
diac arrest at presentatin, serum creatinine, elevated
creatine kinase (CK)-MB r trpnin, and heart rate. The
TIMI Risk Scre includes seven variables: age 65 years r
lder, three r mre cardiac risk factrs, prir crnary
stensis f 50% r mre, ST-segment deviatin, tw angi-
nal events in prir 24 hurs, aspirin in prir 7 days, and
elevated cardiac markers.

Table 10–7. Indications for catheterization and
percutaneous coronary intervention.1

Acute coronary syndromes unstable angina and non-ST

elevation MI

Class I Early invasive strategy for any of the following

high-risk indicators:

Recurrent angina/ischemia at rest or with low-level

activity

Elevated troponin

ST-segment depression

Recurrent ischemia with evidence of HF

High-risk stress test result

EF < 40%

Hemodynamic instability

Sustained ventricular tachycardia

PCI within 6 months

Prior CABG

In the absence of these findings, either an early

conservative or early invasive strategy

Class IIa Early invasive strategy for patients with repeated

presentations for ACS despite therapy

Class III Extensive comorbidities in patients in whom benefits

of revascularization are not likely to outweigh the

risks

Acute chest pain with low likelihood of ACS

Acute MI after fibrinolytic theray

Class I Cardiogenic shock or acute severe heart failure that

develops after initial presentation

Intermediate- or high-risk findings on predischarge

noninvasive ischemia testing

Spontaneous or easily provoked myocardial ischemia

Class IIa Failed reperfusion or reocclusion after fibrinolytic

therapy

Stable2 patients after successful fibrinolysis, before

discharge and ideally between 3 and 24 hours

1Class I indicates treatment is useful and effective, IIa indicates weight

of evidence is in favor of usefulness/efficacy, class IIb indicates weight

of evidence is less well established, and class III indicates intervention

is not useful/effective and may be harmful. Level of evidence A rec-

ommendations are derived from large-scale randomized trials, and B

recommendations are derived from smaller randomized trials or

carefully conducted observational analyses.
2Although individual circumstances will vary, clinical stability is

defined by the absence of low output, hypotension, persistent tachy-

cardia, apparent shock, high-grade ventricular or symptomatic supra-

ventricular tachyarrhythmias, and spontaneous recurrent ischemia.

ACCF/AHA, American College of Cardiology Foundation/American

Heart Association; ACS, acute coronary syndrome; CABG, coronary

artery bypass grafting; EF, ejection fraction; HF, heart failure; MI, myo-

cardial infarction; PCI, percutaneous coronary intervention.

Data from O’Gara PT et al. 2013 ACCF/AHA guideline for the manage-

ment of ST-elevation myocardial infarction: a report of the American

College of Cardiology Foundation/American Heart Association Task

Force on Practice Guidelines. Circulation. 2013;127. e362–e425.
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» When to Refer

• All patients with acute MI shuld be referred t a
cardilgist.

• Patients wh are taking a P2Y
12

inhibitr fllwing cr-
nary stenting shuld cnsult a cardilgist befre dis-
cntinuing treatment fr nnemergency prcedures.

Cllet JP et al. 2020 ESC Guidelines fr the management f
acute crnary syndrmes in patients presenting withut
persistent ST-segment elevatin. Eur Heart J. 2021;42:1289.
[PMID: 32860058]

Levine GN et al. 2016 ACC/AHA Guideline fcused update n
duratin f dual antiplatelet therapy in patients with crnary
artery disease: a reprt f the American Cllege f Cardilgy/
American Heart Assciatin Task Frce n Clinical Practice
Guidelines: An update f the 2011 ACCF/AHA/SCAI guide-
line fr percutaneus crnary interventin, 2011 ACCF/
AHA guideline fr crnary artery bypass graft surgery, 2012
ACC/AHA/ACP/AATS/PCNA/SCAI/STS guideline fr the
diagnsis and management f patients with stable ischemic
heart disease, 2013 ACCF/AHA guideline fr the manage-
ment f ST-elevatin mycardial infarctin, 2014 AHA/ACC
guideline fr the management f patients with nn–ST-
elevatin acute crnary syndrmes, and 2014 ACC/AHA
guideline n periperative cardivascular evaluatin and
management f patients underging nncardiac surgery.
Circulatin. 2016;134:e123. [PMID: 27026020]

ACUTE MYOCARDIAL INFARCTION WITH
ST-SEGMENT ELEVATION

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden but not instantaneous development of
prolonged (> 30 minutes) anterior chest discom-
fort (sometimes felt as “gas” or pressure).

» Sometimes painless, masquerading as acute heart
failure, syncope, stroke, or shock.

» ECG: ST-segment elevation or left bundle branch
block.

» Immediate reperfusion treatment is warranted.

» Primary PCI within 90 minutes of first medical
contact is the goal and is superior to fibrinolytic
therapy.

» Fibrinolytic therapy within 30 minutes of hospital
presentation is the goal and reduces mortality if
given within 12 hours of onset of symptoms.

» General Considerations

STEMI results, in mst cases, frm an cclusive crnary
thrmbus at the site f a preexisting (thugh nt necessar-
ily severe) athersclertic plaque. Mre rarely, infarctin
may result frm prlnged vasspasm, inadequate mycar-
dial bld flw (eg, hyptensin), r excessive metablic
demand. Very rarely, MI may be caused by emblic cclu-
sin, vasculitis, artic rt r crnary artery dissectin, r

artitis. Ccaine, a cause f infarctin, shuld be cnsid-
ered in yung individuals withut risk factrs. A cnditin
that may mimic STEMI is stress cardimypathy (als
referred t as tako-tsubo r apical ballooning syndrome).
ST elevatin cnntes an acute crnary cclusin and
warrants immediate reperfusin therapy with activatin f
emergency services.

» Clinical Findings

A. Symptoms

1. Premonitory pain—There is usually a wrsening in the
pattern f angina preceding the nset f symptms f MI;
classically the nset f angina ccurs with minimal exer-
tin r at rest.

2. Pain of infarction—Unlike anginal episdes, mst
infarctins ccur at rest, and mre cmmnly in the early
mrning. The pain is similar t angina in lcatin and
radiatin but it may be mre severe, and it builds up rap-
idly r in waves t maximum intensity ver a few minutes
r lnger. Nitrglycerin has little effect; even piids may
nt relieve the pain.

3. Associated symptoms—Patients may break ut in a
cld sweat, feel weak and apprehensive, and mve abut,
seeking a psitin f cmfrt. They prefer nt t lie quietly.
Light-headedness, syncpe, dyspnea, rthpnea, cugh,
wheezing, nausea and vmiting, r abdminal blating
may be present singly r in any cmbinatin.

4. Painless infarction—One-third f patients with acute
MI present without chest pain, and these patients tend t
be undertreated and have pr utcmes. Older patients,
wmen, and patients with diabetes mellitus are mre likely
t present withut chest pain. As many as 25% f infarc-
tins are detected n rutine ECG withut any recallable
acute episde.

5. Sudden death and early arrhythmias—Of all deaths
frm MI, abut half ccur befre the patients arrive at the
hspital, with death presumably caused by ventricular
fibrillatin.

B. Signs

1. General—Patients may appear anxius and smetimes
are sweating prfusely. The heart rate may range frm
marked bradycardia (mst cmmnly in inferir infarc-
tin) t tachycardia, lw cardiac utput, r arrhythmia.
The BP may be high, especially in frmer hypertensive
patients, r lw in patients with shck. Respiratry distress
usually indicates heart failure. Fever, usually lw grade,
may appear after 12 hurs and persist fr several days.

2. Chest—The Killip classification is the standard way t
classify heart failure in patients with acute MI and has
pwerful prgnstic value. Killip class I is absence f rales
and S

3
, class II is rales that d nt clear with cughing ver

ne-third r less f the lung fields r presence f an S
3
, class

III is rales that d nt clear with cughing ver mre than
ne-third f the lung fields, and class IV is cardigenic
shck (rales, hyptensin, and signs f hypperfusin).
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3. Heart—The cardiac examinatin may be unimpressive
r very abnrmal. Jugular venus distentin reflects RA
hypertensin, and a Kussmaul sign (failure f decrease f
jugular venus pressure with inspiratin) is suggestive f
RV infarctin. Sft heart sunds may indicate LV dysfunc-
tin. Atrial gallps (S

4
) are the rule, whereas ventricular

gallps (S
3
) are less cmmn and indicate significant LV

dysfunctin. Mitral regurgitatin murmurs are nt uncm-
mn and may indicate papillary muscle dysfunctin r,
rarely, rupture. Pericardial frictin rubs are uncmmn in
the first 24 hurs but may appear later.

4. Extremities—Edema is usually nt present. Cyansis
and cld temperature indicate lw utput. The peripheral
pulses shuld be nted, since later shck r embli may
alter the examinatin.

C. Laboratory Findings

Cardiac-specific markers f mycardial damage include
quantitative determinatins f CK-MB, highly sensitive and
cnventinal trpnin I, and trpnin T. Each f these tests
may becme psitive as early as 4–6 hurs after the nset f
an MI and shuld be abnrmal by 8–12 hurs. Trpnins
are mre sensitive and specific than CK-MB. “Highly sensi-
tive” r “furth-generatin” trpnin assays were apprved
in 2017. They are the standard assays in mst f Eurpe,
with a 10- t 100-fld lwer limit f detectin, allwing MI
t be detected earlier, using the change in value ver 3 hurs.

Circulating levels f trpnins may remain elevated fr
5–7 days r lnger and therefre are generally nt useful
fr evaluating suspected early reinfarctin. Elevated
CK-MB generally nrmalizes within 24 hurs, thus being
mre helpful fr evaluatin f reinfarctin. Lw-level ele-
vatins f trpnin in patients with severe chrnic kidney
disease may nt be related t acute crnary disease but
rather a functin f the physilgic washut f the marker.
While many cnditins including chrnic heart failure are
assciated with elevated levels f the high-sensitivity tr-
pnin assays, these assays may be especially useful when
negative t exclude MI in patients reprting chest pain.

D. ECG

The extent f the ECG abnrmalities, especially the sum f
the ttal amunt f ST-segment deviatin, is a gd indica-
tr f the extent f acute infarctin and risk f subsequent
adverse events. The classic evlutin f changes is frm
peaked (“hyperacute”) T waves, t ST-segment elevatin,
t Q wave develpment, t T wave inversin. This may
ccur ver a few hurs t several days. The evlutin f
new Q waves (lnger than 30 msec in duratin and 25% f
the R wave amplitude) is diagnstic, but Q waves d nt
ccur in 30–50% f acute infarctins (non-Q wave infarc-
tions). Left bundle branch blck, especially when new (r
nt knwn t be ld), in a patient with symptms f an
acute MI is cnsidered t be a “STEMI equivalent”; reper-
fusin therapy is indicated fr the affected patient. Cncr-
dant ST elevatin (ie, ST elevatin in leads with an verall
psitive QRS cmplex) with left bundle branch blck is a
specific finding indicating STEMI.

E. Chest Radiography

The chest radigraph may demnstrate signs f heart fail-
ure, but these changes ften lag behind the clinical findings.
Signs f artic dissectin, including mediastinal widening,
shuld be sught as a pssible alternative diagnsis.

F. Echocardiography

Echcardigraphy prvides cnvenient bedside assess-
ment f LV glbal and reginal functin. This can help
with the diagnsis and management f infarctin; ech-
cardigraphy has been used successfully t make judg-
ments abut admissin and management f patients with
suspected infarctin, including in patients with ST-
segment elevatin r left bundle branch blck f uncertain
significance, since nrmal wall mtin makes an infarc-
tin unlikely. Dppler echcardigraphy is generally the
mst cnvenient prcedure fr diagnsing pstinfarctin
mitral regurgitatin r VSD.

G. Other Noninvasive Studies

Diagnsis f MI and extent f MI can be assessed by vari-
us imaging studies in additin t echcardigraphy. MRI
with gadolinium contrast enhancement is the mst sensi-
tive test t detect and quantitate extent f infarctin, with
the ability t detect as little as 2 g f MI. Technetium-99m
pyrophosphate scintigraphy, when injected at least
18 hurs pstinfarctin, cmplexes with calcium in necrtic
mycardium t prvide a “ht spt” image f the infarc-
tin. This test is insensitive t small infarctins, and false-
psitive studies ccur, s its use is limited t patients in
whm the diagnsis by ECG and enzymes is nt
pssible—principally thse wh present several days after
the event r have intraperative infarctins. Scintigraphy
with thallium-201 r technetium-based perfusion tracers
will demnstrate “cld spts” in regins f diminished per-
fusin, which usually represent infarctin when the radi-
tracer is administered at rest, but abnrmalities d nt
distinguish recent frm ld damage. All f these tests may
be cnsidered after the patient has had revascularizatin.

H. Hemodynamic Measurements

These can be helpful in managing the patient with sus-
pected cardigenic shck. Use f PA catheters, hwever,
has generally nt been assciated with better utcmes and
shuld be limited t patients with severe hemdynamic
cmprmise fr whm the infrmatin wuld be antici-
pated t change management.

» Treatment

A. Aspirin, P2Y
12

Inhibitors
Prasugrel, Ticagrelor, and Clopidogrel

All patients with definite or suspected acute MI should
receive aspirin at a dose of 162 mg or 325 mg at once
regardless f whether fibrinlytic therapy is being cnsid-
ered r the patient has been taking aspirin. Chewable
aspirin prvides mre rapid bld levels. Patients with a
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definite aspirin allergy shuld be treated with a P2Y
12

inhibitr (clpidgrel, prasugrel, r ticagrelr).
P2Y

12
inhibitrs, in cmbinatin with aspirin, have been

shwn t prvide imprtant benefits in patients with acute
STEMI. Thus, guidelines call fr a P2Y

12
inhibitor to be

added to aspirin for all patients with STEMI, regardless f
whether reperfusin is given, and cntinued fr at least
14 days, and generally fr 1 year. The preferred P2Y

12
inhibi-

trs are prasugrel (60 mg rally n day 1, then 10 mg daily)
r ticagrelr (180 mg rally n day 1, then 90 mg twice daily).
Bth f these medicatins demnstrated superir utcmes
t clpidgrel in clinical studies f primary PCI. Clpidgrel
shuld be administered as a lading dse f 300–600 mg
rally fr faster nset f actin than the 75 mg maintenance
dse. With fibrinlytic therapy, ticagrelr appears t be a
reasnable alternative t clpidgrel, at least after an initial
clpidgrel dse. Prasugrel is cntraindicated in patients
with histry f strke r wh are lder than 75 years.

B. Reperfusion Therapy

Patients with STEMI wh seek medical attentin within
12 hurs f the nset f symptms shuld be treated with
reperfusin therapy, either primary PCI r fibrinlytic
therapy. Patients withut ST-segment elevatin (previusly

labeled “nn-Q wave” infarctins) d nt benefit, and may
derive harm, frm thrmblysis.

1. Primary percutaneous coronary intervention—
Immediate coronary angiography and primary PCI
(including stenting) of the infarct-related artery have
been shown to be superior to thrombolysis when done
by experienced operators in high-volume centers with
rapid time from first medical contact to intervention
(“door-to-balloon”). US and Eurpean guidelines call
fr first medical cntact r dr-t-balln times f 90
minutes r less. Several trials have shwn that if efficient
transfer systems are in place, transfer f patients with
acute MI frm hspitals withut primary PCI capability
t hspitals with primary PCI capability with first dr-
t-device times f 120 minutes r less can imprve ut-
cme cmpared with fibrinlytic therapy at the presenting
hspital, althugh this requires sphisticated systems t
ensure rapid identificatin, transfer, and expertise in
PCI. Because PCI als carries a lwer risk f hemr-
rhagic cmplicatins, including intracranial hemrrhage,
it may be the preferred strategy in many lder patients
and thers with cntraindicatins t fibrinlytic therapy
(see Table 10–8 fr factrs t cnsider in chsing fibrin-
lytic therapy r primary PCI).

Table 10–8. Fibrinolytic therapy for acute myocardial infarction.

Altelase; Tissue plasminogen

Activator t-pA Retelase

Tenectelase

TNK-t-pA Stretokinase

Source Recombinant DNA Recombinant DNA Recombinant DNA Group C Streptococcus

Half-life 5 minutes 15 minutes 20 minutes 20 minutes

Usual dose 100 mg 20 units 40 mg 1.5 million units

Administration Initial bolus of 15 mg, followed

by 50 mg infused over the next

30 minutes and 35 mg over the

following 60 minutes

10 units as a bolus over

2 minutes, repeated

after 30 minutes

Single weight-adjusted

bolus, 0.5 mg/kg

750,000 units over

20 minutes followed

by 750,000 units over

40 minutes

Anticoagulation

after infusion

Aspirin, 325 mg daily; heparin,

5000 units as bolus, followed by

1000 units per hour infusion,

subsequently adjusted to main-

tain PTT 1.5–2 times control

Aspirin, 325 mg; heparin

as with t-PA

Aspirin, 325 mg daily Aspirin, 325 mg daily;

there is no evidence

that adjunctive heparin

improves outcome

following streptokinase

Clot selectivity High High High Low

Fibrinogenolysis + + + +++

Bleeding + + + +

Hypotension + + + +++

Allergic reactions + + + ++

Reocclusion 10–30% — 5–20% 5–20%

Approximate cost1 $10,560.43 $5964.98 $7462.63 Not available in the

United States

1Average wholesale price (AWP, for AB-rated generic when available) for quantity listed.

PTT, partial thromboplastin time.

Source: IBM Micromedex, Red Book (electronic version). IBM Watson Health, Greenwood Village, CO, USA. Available at https://www.micro-

medexsolutions.com (accessed April 8, 2020). AWP may not accurately represent the actual pharmacy cost because wide contractual

variations exist among institutions.
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a. Stenting—PCI with stenting is standard for patients
with acute MI. Althugh randmized trials have shwn a
benefit with regard t fewer repeat interventins fr reste-
nsis with the use f drug-eluting stents in STEMI patients,
and current generatin drug-eluting stents have similar r
lwer rates f stent thrmbsis than bare metal stents, bare
metal stents may still be used fr selected patients withut
the ability t btain and cmply with P2Y

12
inhibitr ther-

apy. In the subgrup f patients with cardigenic shck,
early catheterizatin and percutaneus r surgical revascu-
larizatin are the preferred management and have been
shwn t reduce mrtality.

“Facilitated” PCI, whereby a cmbinatin f medica-
tins (full- r reduced-dse fibrinlytic agents, with r
withut glycprtein IIb/IIIa inhibitrs) is given fllwed
by immediate PCI, is not recmmended. Patients shuld be
treated either with primary PCI r with fibrinlytic agents
(and immediate rescue PCI fr reperfusin failure), if it can
be dne prmptly as utlined in the ACC/AHA and Eur-
pean guidelines. Timely access t mst apprpriate reper-
fusin, including primary PCI, can be expanded with
develpment f reginal systems f care, including emer-
gency medical systems and netwrks f hspitals. Patients
treated with fibrinlytic therapy appear t have imprved
utcmes if transferred fr rutine crnary angigraphy
and PCI within 24 hurs. The AHA has a prgram called
“Missin: Lifeline” t supprt the develpment f reginal
systems f care (http://www.heart.rg/missinlifeline).

b. Antiplatelet therapy after drug-eluting or

bare metal stents—In patients with an acute crnary
syndrme, dual antiplatelet therapy is indicated fr 1 year in
all patients (including thse with medical therapy and thse
patients underging revascularizatin irrespective f stent
type). Fr patients underging elective r stable PCI, the
duratin f dual antiplatelet therapy is recmmended fr at
least 1 mnth fr patients receiving bare metal stents. Fr
patients receiving drug-eluting stents fr acute crnary syn-
drmes, dual antiplatelet therapy is recmmended fr at least
1 year by the ACC/AHA and Eurpean guidelines. These
recmmendatins are based bth n the duratins f thera-
pies during the studies evaluating the stents, and the path-
physilgic understanding f the timing f endthelializatin
fllwing bare metal versus drug-eluting stent implantatin.
The DAPT (dual antiplatelet therapy) study shwed fewer
death, MI, and strke events with lnger (up t 30 mnths)
dual antiplatelet therapy fr patients wh had received drug-
eluting stents, but it als shwed mre bleeding and a ten-
dency fr higher mrtality. Treatment with clpidgrel fr
lnger than 1 year after drug-eluting stents, therefre, shuld
be individualized based n thrmbtic and bleeding risks.

2. Fibrinolytic therapy—

a. Benefit—Fibrinlytic therapy reduces mrtality and
limits infarct size in patients with STEMI (defined as
0.1 mV r mre in tw inferir r lateral leads r tw cntigu-
us precrdial leads), r with left bundle branch blck (nt
knwn t be ld). The greatest benefit ccurs if treatment is
initiated within the first 3 hurs after the nset f presenta-
tin, when up t a 50% reductin in mrtality rate can be

achieved. The magnitude f benefit declines rapidly there-
after, but a 10% relative mrtality reductin can be achieved
up t 12 hurs after the nset f chest pain. The survival
benefit is greatest in patients with large—usually anterir—
infarctins. Primary PCI (including stenting) f the infarct-
related artery, hwever, is superir t thrmblysis when
dne by experienced peratrs with rapid time frm first
medical cntact t interventin (“dr-t-balln”).

b. Contraindications—Majr bleeding cmplica-
tins ccur in 0.5–5% f patients, the mst serius f
which is intracranial hemrrhage. The majr risk factrs
fr intracranial bleeding are age 75 years r lder, hyper-
tensin at presentatin (especially ver 180/110 mm Hg),
lw bdy weight (less than 70 kg), and the use f fibrin-
specific fibrinlytic agents (alteplase, reteplase, tenecteplase).
Althugh patients ver age 75 years have a much higher
mrtality rate with acute MI and therefre may derive
greater benefit, the risk f severe bleeding is als higher,
particularly amng patients with risk factrs fr intracra-
nial hemrrhage, such as severe hypertensin r recent
strke. Patients presenting mre than 12 hurs after the
nset f chest pain may als derive a small benefit, particu-
larly if pain and ST-segment elevatin persist, but rarely
des this benefit utweigh the attendant risk.

Abslute cntraindicatins t fibrinlytic therapy
include previus hemrrhagic strke, ther strkes r cere-
brvascular events within 1 year, knwn intracranial ne-
plasm, recent head trauma (including minr trauma),
active internal bleeding (excluding menstruatin), r sus-
pected artic dissectin. Relative cntraindicatins are BP
greater than 180/110 mm Hg at presentatin, ther intrace-
rebral pathlgy nt listed abve as a cntraindicatin,
knwn bleeding diathesis, trauma within 2–4 weeks, majr
surgery within 3 weeks, prlnged (mre than 10 minutes)
r traumatic cardipulmnary resuscitatin, recent (within
2–4 weeks) internal bleeding, nncmpressible vascular
punctures, active diabetic retinpathy, pregnancy, active
peptic ulcer disease, a histry f severe hypertensin, cur-
rent use f anticagulants (INR greater than 2.0–3.0), and
(fr streptkinase) prir allergic reactin r expsure t
streptkinase r anistreplase within 2 years.

c. Fibrinolytic agents—The fllwing fibrinlytic
agents are available fr acute MI and are characterized in
Table 10–8.

Alteplase (recmbinant tissue plasmingen activatr;
t-PA) results in abut a 50% reductin in circulating fibrin-
gen. In the first GUSTO trial, which cmpared a 90-minute
dsing f t-PA (with unfractinated heparin) with streptki-
nase, the 30-day mrtality rate with t-PA was ne abslute
percentage pint lwer (ne additinal life saved per 100
patients treated), thugh there was als a small increase in
the rate f intracranial hemrrhage. An angigraphic sub-
study cnfirmed a higher 90-minute patency rate and a
higher rate f nrmal (TIMI grade 3) flw in patients.

Reteplase is a recmbinant deletin mutant f t-PA that
is slightly less fibrin specific. In cmparative trials, it
appeared t have efficacy similar t that f alteplase, but it
has a lnger duratin f actin and can be administered as
tw bluses 30 minutes apart.
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Tenecteplase (TNK-t-PA) is a genetically engineered
substitutin mutant f native t-PA that has reduced plasma
clearance, increased fibrin sensitivity, and increased resis-
tance t plasmingen activatr inhibitr-1. It can be given
as a single weight-adjusted blus. In the ASSENT 2 trial,
this agent was equivalent t t-PA with regard t efficacy
and resulted in significantly less nncerebral bleeding.

Streptokinase, cmmnly used utside f the United
States, is smewhat less effective at pening ccluded arter-
ies and less effective at reducing mrtality. It is nn–fibrin-
specific, causes depletin f circulating fibringen, and has
a tendency t induce hyptensin, particularly if infused
rapidly. This can be managed by slwing r interrupting
the infusin and administering fluids. There is cntrversy
as t whether adjunctive heparin is beneficial in patients
given streptkinase, unlike its administratin with the
mre clt-specific agents. Allergic reactins, including
anaphylaxis, ccur in 1–2% f patients, and this agent
shuld generally nt be administered t patients with prir
expsure.

(1) Selection of a fibrinolytic agent—In the United
States, mst patients are treated with alteplase, reteplase, r
tenecteplase. The differences in efficacy between them are
small cmpared with the ptential benefit f treating a
greater prprtin f apprpriate candidates in a mre
prmpt manner. The principal bjective shuld be t
administer a thrmblytic agent within 30 minutes f pre-
sentatin—r even during transprt. The ability t admin-
ister tenecteplase as a single blus is an attractive feature
that may facilitate earlier treatment. The cmbinatin f a
reduced-dse thrmblytic given with a platelet glycpr-
tein IIb/IIIa inhibitr des nt reduce mrtality but des
cause a mdest increase in bleeding cmplicatins.

(2) Postfibrinolytic management—After cmpletin f
the fibrinlytic infusin, aspirin (81–325 mg/day) and anti-
cagulatin shuld be cntinued until revascularizatin r
fr the duratin f the hspital stay (r up t 8 days). Anti-
cagulatin with LMWH (enxaparin r fndaparinux) is
preferable t unfractinated heparin.

(a) Low-molecular-weight heparin—In the
EXTRACT trial, enxaparin significantly reduced death and
MI at day 30 (cmpared with unfractinated heparin), at the
expense f a mdest increase in bleeding. In patients
yunger than age 75, enxaparin was given as a 30-mg intra-
venus blus and 1 mg/kg subcutaneusly every 12 hurs;
in patients aged 75 years and lder, it was given with n
blus and 0.75 mg/kg subcutaneusly every 12 hurs. This
appeared t attenuate the risk f intracranial hemrrhage in
lder adults that had been seen with full-dse enxaparin.
Anther antithrmbtic ptin is fndaparinux, given at a
dse f 2.5 mg subcutaneusly nce a day. There is n ben-
efit f fndaparinux amng patients underging primary
PCI, and fndaparinux is nt recmmended as a sle anti-
cagulant during PCI due t risk f catheter thrmbsis.

(b) Unfractionated heparin—Anticagulatin
with intravenus heparin (initial dse f 60 units/kg blus t
a maximum f 4000 units, fllwed by an infusin f
12 units/kg/h t a maximum f 1000 units/hur, then adjusted
t maintain an aPTT f 50–75 secnds beginning with an
aPTT drawn 3 hurs after thrmblytic) is cntinued fr at

least 48 hurs after alteplase, reteplase, r tenecteplase, and
with cntinuatin f an anticagulant until revasculariza-
tin (if perfrmed) r until hspital discharge (r day 8).

The VALIDATE trial fund n benefit t bivalirudin
cmpared t unfractinated heparin regarding the ut-
cme f death, MI, r majr bleeding.

(c) Prophylactic therapy against gastrointes-

tinal bleeding—Fr all patients with STEMI treated with
intensive antithrmbtic therapy, prphylactic treatment
with prtn pump inhibitrs, r antacids and an H

2
-blcker,

is advisable. Hwever, certain prtn pump inhibitrs, such
as meprazle and esmeprazle, may decrease the clinical
effect f clpidgrel; in such cases, pantprazle may be a
better prtn pump inhibitr ptin.

3. Assessment of myocardial reperfusion, recurrent isch
emic pain, reinfarction—Mycardial reperfusin can be
recgnized clinically by the early cessatin f pain and the
reslutin f ST-segment elevatin. Althugh at least 50%
reslutin f ST-segment elevatin by 90 minutes may
ccur withut crnary reperfusin, ST reslutin is a
strng predictr f better utcme. Even with anticagula-
tin, 10–20% f reperfused vessels will recclude during
hspitalizatin, althugh recclusin and reinfarctin
appear t be reduced fllwing interventin. Reinfarctin,
indicated by recurrence f pain and ST-segment elevatin,
can be treated by readministratin f a thrmblytic agent
r immediate angigraphy and PCI.

C. General Measures

Cardiac care unit mnitring shuld be instituted as sn
as pssible. Patients withut cmplicatins can be trans-
ferred t a telemetry unit after 24 hurs. Activity shuld
initially be limited t bed rest but can be advanced within
24 hurs. Prgressive ambulatin shuld be started after
24–72 hurs if tlerated. Fr patients withut cmplica-
tins, discharge by day 4 appears t be apprpriate. Lw-
flw xygen therapy (2–4 L/min) shuld be given if xygen
saturatin is reduced, but there is n value t rutine use f
xygen.

D. Analgesia

An initial attempt shuld be made t relieve pain with
sublingual nitrglycerin. Hwever, if n respnse ccurs
after tw r three tablets, intravenus piids prvide the
mst rapid and effective analgesia and may als reduce
pulmnary cngestin. Mrphine sulfate, 4–8 mg, r
meperidine, 50–75 mg, shuld be given. Subsequent small
dses can be given every 15 minutes until pain abates.

Nnsteridal anti-inflammatry agents, ther than
aspirin, shuld be avided during hspitalizatin fr
STEMI due t increased risk f mrtality, mycardial rup-
ture, hypertensin, heart failure, and kidney injury with
their use.

E. BetaAdrenergic Blocking Agents

Trials have shwn mdest shrt-term benefit frm beta-
blckers started during the first 24 hurs after acute MI if
there are n cntraindicatins (metprll 25–50 mg
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rally twice daily). Aggressive beta-blckade can increase
shck, with verall harm in patients with heart failure.
Thus, early beta-blckade shuld be avided in patients
with any degree f heart failure, evidence f lw utput
state, increased risk f cardigenic shck, r ther relative
cntraindicatins t beta-blckade. Carvedill (beginning
at 6.25 mg twice a day, titrated t 25 mg twice a day) was
shwn t be beneficial in the CAPRICORN trial fllwing
the acute phase f large MI.

F. Nitrates

Nitrglycerin is the agent f chice fr cntinued r recur-
rent ischemic pain and is useful in lwering BP r relieving
pulmnary cngestin. Hwever, rutine nitrate adminis-
tratin is nt recmmended, since n imprvement in ut-
cme has been bserved in the ISIS-4 r GISSI-3 trials.
Nitrates shuld be avided in patients wh received phs-
phdiesterase inhibitrs (sildenafil, vardenafil, and tadalafil)
in the prir 24 hurs.

G. AngiotensinConverting Enzyme
ACE Inhibitors

A series f trials (SAVE, AIRE, SMILE, TRACE, GISSI-III,
and ISIS-4) have shwn bth shrt- and lng-term
imprvement in survival with ACE inhibitr therapy. The
benefits are greatest in patients with an EF f 40% r less,
large infarctins, r clinical evidence f heart failure.
Because substantial amunts f the survival benefit ccur
n the first day, ACE inhibitr treatment shuld be cm-
menced early in patients withut hyptensin, especially
patients with large r anterir MI. Given the benefits f
ACE inhibitrs fr patients with vascular disease, it is rea-
snable t use ACE inhibitors for all patients following
STEMI who do not have contraindications.

H. Angiotensin Receptor Blockers

Althugh there has been incnsistency in the effects f differ-
ent ARBs n mrtality fr patients pst-MI with heart failure
and/r LV dysfunctin, the VALIANT trial shwed that val-
sartan 160 mg rally twice a day is equivalent t captpril in
reducing mrtality. Thus, valsartan shuld be used fr all
patients with ACE inhibitr intlerance, and is a reasnable,
albeit mre expensive, alternative t captpril. The cmbina-
tin f captpril and valsartan (at a reduced dse) was n
better than either agent alne and resulted in mre side
effects.

I. Aldosterone Antagonists

The RALES trial shwed that 25-mg spirnlactne can
reduce the mrtality rate f patients with advanced heart
failure, and the EPHESUS trial shwed a 15% relative risk
reductin in mrtality with eplerenne 25 mg daily fr
patients pst-MI with LV dysfunctin (LVEF f 40% r
less) and either clinical heart failure r diabetes. Kidney
dysfunctin r hyperkalemia are cntraindicatins, and
patients must be mnitred carefully fr develpment f
hyperkalemia.

J. Calcium Channel Blockers

There are n studies t supprt the rutine use f calcium
channel blckers in mst patients with acute MI—and
indeed, they have the ptential t exacerbate ischemia and
cause death frm reflex tachycardia r mycardial depres-
sin. Lng-acting calcium channel blckers shuld gener-
ally be reserved fr management f hypertensin r
ischemia as secnd- r third-line medicatins after beta-
blckers and nitrates.

K. LongTerm Antithrombotic Therapy

Discharge n aspirin, 81–325 mg/day, since it is highly
effective, inexpensive, and well tlerated, is a key quality
indicatr f MI care. Patients wh received a crnary
stent shuld als receive a P2Y

12
inhibitr (see Antiplatelet

therapy after drug-eluting r bare metal stents, abve).
Patients wh have received a crnary stent and wh

require warfarin anticagulatin present a particular chal-
lenge, since “triple therapy” with aspirin, clpidgrel, and
warfarin has a high risk f bleeding. Triple therapy shuld
be (1) limited t patients with a clear indicatin fr warfa-
rin (such as CHADS

2
scre f 2 r mre r a mechanical

prsthetic valve), (2) used fr the shrtest perid f time
(such as 1 mnth after placement f bare metal stent; drug-
eluting stents that wuld require lnger clpidgrel dura-
tin shuld be avided if pssible), (3) used with lw-dse
aspirin and with strategies t reduce risk f bleeding (eg,
prtn pump inhibitrs fr patients with a histry f gas-
trintestinal bleeding), and (4) used with cnsideratin f
a lwer target anticagulatin intensity (INR 2.0–2.5, at
least fr the indicatin f atrial fibrillatin) during the
perid f cncmitant treatment with aspirin and P2Y

12

therapy. The PIONEER trial studied three treatment regi-
mens fr patients with atrial fibrillatin wh had crnary
stent placement with a primary utcme f bleeding: (1)
rivarxaban 2.5 mg twice daily plus clpidgrel, (2) rivar-
xaban 15 mg nce daily plus clpidgrel, and (3) warfarin
plus aspirin plus clpidgrel. There was less bleeding in the
patients wh received rivarxaban plus clpidgrel than in
thse wh received “triple therapy,” althugh the trial was
nt pwered t assess efficacy, and thus the lw dse f
rivarxaban may be inadequate. Cnsensus statements
recmmend ral anticagulatin (with either warfarin r a
DOAC) be cmbined with clpidgrel and with a relatively
shrt duratin f aspirin until hspital discharge up t
3 mnths fr the typical patient with atrial fibrillatin and
crnary stents. Dabigatran, 110 mg and 150 mg, was als
studied in patients with atrial fibrillatin wh underwent
PCI. Dual therapy with dabigatran and clpidgrel was
shwn t be beneficial fr bleeding cmpared t triple
therapy, with similar rates f thrmbtic cardivascular
events. Hwever, there were t few thrmbtic events t
be certain abut efficacy f discntinuing the aspirin, and
there was a suggestin that MI and stent thrmbsis
ccurred mre ften with the 110-mg dse f dabigatran
than with clpidgrel alne. Given the trial evidence to
date, for a typical patient, it is reasonable to use a DOAC
and clopidogrel and to discontinue aspirin at the time of
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hospital discharge or at 7 days after stenting.The AUGUSTUS
trial, which tested apixaban versus warfarin and aspirin ver-
sus placeb in a factrial trial, fund that apixaban resulted in
31% less majr and clinically relevant nn-majr bleeding
than warfarin fr patients with atrial fibrillatin and cr-
nary stents r acute crnary syndrmes r bth. Aviding
aspirin, after an average f 6 days after the PCI, resulted in
less bleeding and a nnsignificant increase in stent thrmb-
sis. It is reasnable t stp aspirin at hspital discharge r at
day 7 fr patients with atrial fibrillatin wh are taking apixa-
ban r warfarin at the time f discharge, althugh cntinuing
aspirin fr 1 mnth may reduce stent thrmbsis.

L. Coronary Angiography

Fr patients wh d nt reperfuse based n lack f at least
50% reslutin f ST elevatin, rescue angiplasty shuld
be perfrmed and has been shwn t reduce the cmpsite
risk f death, reinfarctin, strke, r severe heart failure.
Patients treated with crnary angigraphy and PCI
3–24 hurs after fibrinlytic therapy shwed imprved
utcmes. Patients with recurrent ischemic pain prir t
discharge shuld underg catheterizatin and, if indicated,
revascularizatin. PCI f a ttally ccluded infarct-related
artery mre than 24 hurs after STEMI shuld generally
nt be perfrmed in asymptmatic patients with ne r
tw vessel disease withut evidence f severe ischemia.

» When to Refer

All patients with acute MI shuld be referred t a
cardilgist.

Lpes RD et al; AUGUSTUS Investigatrs. Antithrmbtic
therapy after acute crnary syndrme r PCI in atrial fibril-
latin. N Engl J Med. 2019;380:1509. [PMID: 30883055]

» Complications

A variety f cmplicatins can ccur after MI even when
treatment is initiated prmptly.

A. Postinfarction Ischemia

In clinical trials f thrmblysis, recurrent ischemia
ccurred in abut ne-third f patients, was mre cmmn
fllwing NSTEMI than after STEMI, and had imprtant
shrt- and lng-term prgnstic implicatins. Vigrus
medical therapy shuld be instituted, including nitrates
and beta-blckers as well as aspirin 81–325 mg/day, antic-
agulant therapy (unfractinated heparin, enxaparin, r
fndaparinux), and clpidgrel (75 mg rally daily). Mst
patients with pstinfarctin angina—and all wh are
refractry t medical therapy—shuld underg early cath-
eterizatin and revascularizatin by PCI r CABG.

B. Arrhythmias

Abnrmalities f rhythm and cnductin are cmmn.

1. Sinus bradycardia—This is mst cmmn in inferir
infarctins r may be precipitated by medicatins.

Observatin r withdrawal f the ffending agent is usually
sufficient. If accmpanied by signs f lw cardiac utput,
atrpine intravenusly is usually effective. Temprary pac-
ing is rarely required.

2. Supraventricular tachyarrhythmias—Sinus tachycardia
is cmmn and may reflect either increased adrenergic
stimulatin r hemdynamic cmprmise due t hypv-
lemia r pump failure. In the latter, beta-blckade is cn-
traindicated. Supraventricular premature beats are
cmmn and may be premnitry fr atrial fibrillatin.
Electrlyte abnrmalities and hypxia shuld be crrected
and causative agents (especially aminphylline) stpped.
Atrial fibrillatin shuld be rapidly cntrlled r cnverted
t sinus rhythm. Intravenus beta-blckers, such as met-
prll (2.5–5 mg intravenusly every 2–5 minutes, maxi-
mum 15 mg ver 10–minutes) r shrt-acting esmll
(50–200 mcg/kg/min), are the agents f chice if cardiac
functin is adequate. Intravenus diltiazem (5–15 mg/h)
may be used if beta-blckers are cntraindicated r ineffec-
tive. Electrical cardiversin (cmmencing with 100 J) may
be necessary if atrial fibrillatin is cmplicated by hypten-
sin, heart failure, r ischemia, but the arrhythmia ften
recurs. Amidarne (150 mg intravenus blus and then
15–30 mg/h intravenusly, r rapid ral lading dse fr
cardiversin f 400 mg three times daily) may be helpful
t restre r maintain sinus rhythm.

3. Ventricular arrhythmias—Ventricular arrhythmias are
mst cmmn in the first few hurs after infarctin and are
a marker f high risk. Ventricular premature beats may be
premnitry fr ventricular tachycardia r fibrillatin, but
generally shuld not be treated in the absence f frequent
r sustained ventricular tachycardia. Lidcaine is not rec-
mmended as a prphylactic measure.

Sustained ventricular tachycardia shuld be treated
with a 1 mg/kg blus f lidcaine if the patient is stable r
by electrical cardiversin (100–200 J) if nt. If the
arrhythmia cannt be suppressed with lidcaine, prcain-
amide (100 mg bluses ver 1–2 minutes every 5 minutes
t a cumulative dse f 750–1000 mg) r intravenus
amidarne (150 mg ver 10 minutes, which may be
repeated as needed, fllwed by 360 mg ver 6 hurs and
then 540 mg ver 18 hurs) shuld be initiated, fllwed by
an infusin f 0.5 mg/min (720 mg/24 hurs). Ventricular
fibrillatin is treated electrically (300–400 J). All patients
taking antiarrhythmics shuld be mnitred with teleme-
try r ECGs during initiatin. Unrespnsive ventricular
fibrillatin shuld be treated with additinal amidarne
and repeat cardiversin while cardipulmnary resuscita-
tin (CPR) is administered.

Accelerated idiventricular rhythm is a regular, wide-
cmplex rhythm at a rate f 60–120/min. It may ccur with
r withut reperfusin and shuld nt be treated with
antiarrhythmics, which culd cause asystle.

4. Conduction disturbances—All degrees f AV blck may
ccur in the curse f acute MI. Blck at the level f the AV
nde is mre cmmn than infrandal blck and ccurs in
apprximately 20% f inferir MIs. First-degree blck is
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the mst cmmn and requires n treatment. Secnd-
degree blck is usually f the Mbitz type I frm (Wencke-
bach), is ften transient, and requires treatment nly if
assciated with a heart rate slw enugh t cause symp-
tms. Cmplete AV blck ccurs in up t 5% f acute infe-
rir infarctins, usually is preceded by Mbitz I
secnd-degree blck, and generally reslves spntaneusly,
thugh it may persist fr hurs t several weeks. The escape
rhythm riginates in the distal AV nde r AV junctin and
hence has a narrw QRS cmplex and is reliable, albeit ften
slw (30–50 beats/min). Treatment is ften necessary
because f resulting hyptensin and lw cardiac utput.
Intravenus atrpine (1 mg) usually restres AV cnduc-
tin temprarily, but if the escape cmplex is wide r if
repeated atrpine treatments are needed, temprary ven-
tricular pacing is indicated. The prgnsis fr these patients
is nly slightly wrse than fr patients in whm AV blck
des nt develp.

In anterir infarctins, the site f blck is distal, belw
the AV nde, and usually a result f extensive damage f the
His-Purkinje system and bundle branches. New first-degree
blck (prlngatin f the PR interval) is unusual in ante-
rir infarctin; Mbitz type II AV blck r cmplete heart
blck may be preceded by intraventricular cnductin
defects r may ccur abruptly. The escape rhythm, if pres-
ent, is an unreliable wide-cmplex idiventricular rhythm.
Urgent ventricular pacing is mandatry, but even with suc-
cessful pacing, mrbidity and mrtality are high because f
the extensive mycardial damage. New cnductin abnr-
malities, such as right r left bundle branch blck r fas-
cicular blcks, may presage prgressin, ften sudden, t
secnd- r third-degree AV blck. Temprary ventricular
pacing is recmmended fr new-nset alternating bilateral
bundle branch blck, bifascicular blck, r bundle branch
blck with wrsening first-degree AV blck. Patients with
anterir infarctin wh prgress t secnd- r third-degree
blck even transiently shuld be cnsidered fr insertin f
a prphylactic permanent ventricular pacemaker befre
discharge.

C. Myocardial Dysfunction

Persns with hyptensin nt respnsive t fluid resuscita-
tin r refractry heart failure r cardigenic shck shuld
be cnsidered fr urgent echcardigraphy t assess left
and right ventricular functin and fr mechanical cmpli-
catins, right heart catheterizatin, and cntinuus mea-
surements f arterial pressure. These measurements permit
the accurate assessment f vlume status and may facilitate
decisins abut vlume resuscitatin, selective use f vas-
pressrs and intrpes, and mechanical supprt.

1. Acute LV failure—Dyspnea, diffuse rales, and arterial
hypxemia usually indicate LV failure. General measures
include supplemental xygen t increase arterial saturatin
t abve 95% and elevatin f the trunk. Diuretics are usu-
ally the initial therapy unless RV infarctin is present. Intra-
venus fursemide (10–40 mg) r bumetanide (0.5–1 mg)
is preferred because f the reliably rapid nset and shrt
duratin f actin f these medicatins. Higher dsages can
be given if an inadequate respnse ccurs. Mrphine sulfate

(4 mg intravenusly fllwed by increments f 2 mg) is
valuable in acute pulmnary edema.

Diuretics are usually effective; hwever, because mst
patients with acute infarctin are nt vlume verladed,
the hemdynamic respnse may be limited and may be
assciated with hyptensin. In mild heart failure, sublin-
gual issrbide dinitrate (2.5–10 mg every 2 hurs) r
nitrglycerin intment (6.25–25 mg every 4 hurs) may be
adequate t lwer pulmnary capillary wedge pressure
(PCWP). In mre severe failure, especially if cardiac utput
is reduced and BP is nrmal r high, sdium nitrprusside
may be the preferred agent. It shuld be initiated nly with
arterial pressure mnitring; the initial dsage shuld be
lw (0.25 mcg/kg/min) t avid excessive hyptensin, but
the dsage can be increased by increments f 0.5 mcg/kg/
min every 5–10 minutes up t 5–10 mcg/kg/min until the
desired hemdynamic respnse is btained. Excessive
hyptensin (mean BP less than 65–75 mm Hg) r tachy-
cardia (greater than 10/min increase) shuld be avided.

Intravenus nitrglycerin (starting at 10 mcg/min) als
may be effective but may lwer PCWP with less hypten-
sin. Oral r transdermal vasdilatr therapy with
nitrates r ACE inhibitrs is ften necessary after the initial
24–48 hurs.

Intrpic agents shuld be avided if pssible, because
they ften increase heart rate and mycardial xygen
requirements and wrsen clinical utcmes. Dbutamine
has the best hemdynamic prfile, increasing cardiac ut-
put and mdestly lwering PCWP, usually withut exces-
sive tachycardia, hyptensin, r arrhythmias. The initial
dsage is 2.5 mcg/kg/min, and it may be increased by simi-
lar increments up t 15–20 mcg/kg/min at intervals f
5–10 minutes. Dpamine is mre useful in the presence f
hyptensin, since it prduces peripheral vascnstrictin,
but it has a less beneficial effect n PCWP. Digxin has nt
been helpful in acute infarctin except t cntrl the ven-
tricular respnse in atrial fibrillatin, but it may be benefi-
cial if chrnic heart failure persists.

2. Hypotension and shock—Patients with hyptensin
(systlic BP less than 90 mm Hg, individualized depending
n prir BP) and signs f diminished perfusin (lw uri-
nary utput, cnfusin, cld extremities) that des nt
respnd t fluid resuscitatin shuld be presumed t have
cardigenic shck and shuld be cnsidered fr urgent
catheterizatin and revascularizatin. Sparing use f intra-
aortic balloon pump (IABP) supprt and hemdynamic
mnitring with a PA catheter can be cnsidered, althugh
these later measures have nt been shwn t imprve ut-
cme. Up t 20% will have findings indicative f intravascu-
lar hypvlemia (due t diaphresis, vmiting, decreased
venus tne, medicatins—such as diuretics, nitrates, mr-
phine, beta-blckers, calcium channel blckers, and thrm-
blytic agents—and lack f ral intake). These shuld be
treated with successive bluses f 100 mL f nrmal saline
until PCWP reaches 15–18 mm Hg t determine whether
cardiac utput and BP respnd. Pericardial tampnade due
t hemrrhagic pericarditis (especially after thrmblytic
therapy r cardipulmnary resuscitatin) r ventricular
rupture shuld be cnsidered and excluded by echcardig-
raphy if clinically indicated. RV infarctin, characterized by
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a nrmal PCWP but elevated RA pressure, can prduce
hyptensin. This is discussed belw.

Mst patients with cardigenic shck will have mderate
t severe LV systlic dysfunctin, with a mean EF f 30% in
the SHOCK trial. If hyptensin is nly mdest (systlic
pressure higher than 90 mm Hg) and the PCWP is elevated,
diuretics shuld be administered. If the BP falls, intrpic
supprt will need t be added. A large randmized trial
shwed no benefit f IABP supprt in cardigenic shck.

Nrepinephrine (0.1–0.5 mcg/kg/min) is generally cn-
sidered t be the mst apprpriate intrpe/vaspressr fr
cardigenic shck based n limited randmized clinical trial
evidence suggesting less arrhythmias and imprved ut-
cmes cmpared with dpamine. Dpamine is nnetheless
als an ptin and can be initiated at a rate f 2–4 mcg/kg/
min and increased at 5-minute intervals t the apprpriate
hemdynamic end pint. At dsages lwer than 5 mcg/kg/min,
it imprves renal bld flw; at intermediate dsages
(2.5–10 mcg/kg/min), it stimulates mycardial cntractility;
at higher dsages (greater than 8 mcg/kg/min), it is a ptent
alpha-1-adrenergic agnist. In general, BP and cardiac index
rise, but PCWP des nt fall. Dpamine may be cmbined
with nitrprusside r dbutamine (see abve fr dsing), r
the latter may be used in its place if hyptensin is nt severe.

Patients with cardigenic shck nt due t hypvlemia
have a pr prgnsis, with 30-day mrtality rates f
40–80%. The IABP-SHOCK II trial fund that the use f an
IABP des nt ffer a mrtality benefit at 30 days r 1 year,
cmpared with rutine care with rapid revascularizatin,
and is likely nt helpful. Surgically implanted (r percuta-
neus) ventricular assist devices may be used in refractry
cases. Emergent cardiac catheterizatin and crnary angi-
graphy fllwed by percutaneus r surgical revascular-
izatin ffer the best chance f survival. Additinally,
revascularizatin in shck shuld be aimed at the culprit
artery nly, aviding multivessel PCI.

D. RV Infarction

RV infarctin is present in ne-third f patients with infe-
rir wall infarctin but is clinically significant in less than
50% f these. It presents as hyptensin with relatively
preserved LV functin and shuld be cnsidered whenever
patients with inferir infarctin exhibit lw BP, raised
venus pressure, and clear lungs. Hyptensin is ften exac-
erbated by medicatins that decrease intravascular vlume
r prduce vendilatin, such as diuretics, nitrates, and
piids. RA pressure and JVP are high, while PCWP is
nrmal r lw and the lungs are clear. The diagnsis is sug-
gested by ST-segment elevatin in right-sided anterir chest
leads, particularly RV

4
. The diagnsis can be cnfirmed by

echcardigraphy r hemdynamic measurements. Treat-
ment cnsists f fluid lading beginning with 500 mL f
0.9% saline ver 2 hurs t imprve LV filling, and intr-
pic agents nly if necessary.

E. Mechanical Defects

Partial r cmplete rupture f a papillary muscle r f the
interventricular septum ccurs in less than 1% f acute MIs
and carries a pr prgnsis. These cmplicatins ccur in

bth anterir and inferir infarctins, usually 3–7 days after
the acute event. They are detected by the appearance f a
new systlic murmur and clinical deteriratin, ften with
pulmnary edema. The tw lesins are distinguished by the
lcatin f the murmur (apical versus parasternal) and by
Dppler echcardigraphy. Hemdynamic mnitring is
essential fr apprpriate management and demnstrates an
increase in xygen saturatin between the RA and PA in
VSD and, ften, a large v wave with mitral regurgitatin.
Treatment by nitrprusside and, preferably, intra-aortic
balloon counterpulsation (IABC) reduces the regurgita-
tin r shunt, but surgical crrectin is mandatry. In
patients remaining hemdynamically unstable r requiring
cntinuus parenteral pharmaclgic treatment r cunter-
pulsatin, early surgery is recmmended, thugh mrtality
rates are high (15% t nearly 100%, depending n residual
ventricular functin and clinical status). Patients wh are
stabilized medically can have delayed surgery with lwer
risks (10–25%), althugh this may be due t the death f
sicker patients, sme f whm may have been saved by
earlier surgery.

F. Myocardial Rupture

Cmplete rupture f the LV free wall ccurs in less than 1%
f patients and usually results in immediate death. It ccurs
2–7 days pstinfarctin, usually invlves the anterir wall,
and is mre frequent in lder wmen. Incmplete r grad-
ual rupture may be sealed ff by the pericardium, creating a
pseudaneurysm. This may be recgnized by echcardig-
raphy, radinuclide angigraphy, r LV angigraphy, ften
as an incidental finding. It demnstrates a narrw-neck
cnnectin t the LV. Early surgical repair is indicated,
since delayed rupture is cmmn.

G. LV Aneurysm

An LV aneurysm, a sharply delineated area f scar that
bulges paradxically during systle, develps in 10–20% f
patients surviving an acute infarctin. This usually fllws
anterir ST-elevatin infarctins. Aneurysms are recg-
nized by persistent ST-segment elevatin (beynd 4–8 weeks),
and a wide neck frm the LV can be demnstrated by ech-
cardigraphy, scintigraphy, r cntrast angigraphy. They
rarely rupture but may be assciated with arterial embli,
ventricular arrhythmias, and heart failure. Surgical resec-
tin may be perfrmed fr these indicatins if ther mea-
sures fail. The best results (mrtality rates f 10–20%) are
btained when the residual mycardium cntracts well and
when significant crnary lesins supplying adjacent
regins are bypassed.

H. Pericarditis

The pericardium is invlved in apprximately 50% f
infarctins, but pericarditis is ften nt clinically signifi-
cant. Twenty percent f patients with ST-elevatin infarc-
tins will have an audible frictin rub if examined
repetitively. Pericardial pain ccurs in apprximately the
same prprtin after 2–7 days and is recgnized by its
variatin with respiratin and psitin (imprved by sit-
ting). Often, n treatment is required, but aspirin (650 mg
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every 4–6 hurs) will usually relieve the pain. Indmetha-
cin and crticsterids can cause impaired infarct healing
and predispse t mycardial rupture, and therefre shuld
generally be avided in the early pst-MI perid. Likewise,
anticagulatin shuld be used cautiusly, since hemr-
rhagic pericarditis may result.

One week t 12 weeks after infarctin, Dressler syn-
drome (pst-MI syndrme) ccurs in less than 5% f
patients. This is an autimmune phenmenn and presents
as pericarditis with assciated fever, leukcytsis, and,
ccasinally, pericardial r pleural effusin. It may recur
ver mnths. Treatment is the same as fr ther frms f
pericarditis. A shrt curse f nnsteridal agents r crti-
csterids may help relieve symptms, but the use f nn-
steridal agents in the first several weeks after MI may
impair infarct healing.

I. Mural Thrombus

Mural thrmbi are cmmn in large anterir infarctins
but nt in infarctins at ther lcatins. Arterial embli
ccur in apprximately 2% f patients with knwn infarc-
tin, usually within 6 weeks. Anticagulatin with heparin
fllwed by shrt-term (3-mnth) warfarin therapy (r
DOAC therapy based n limited case reprt experience)
results in clt reslutin and prevents mst embli and
shuld be cnsidered in all patients with large anterir
infarctins and evidence f LV thrmbi. Mural thrmbi
can be detected by echcardigraphy r cardiac MRI. If the
thrmbus is reslved at 3 mnths, then anticagulatin can
be discntinued.

» Postinfarction Management

After the first 24 hurs, the fcus f patient management is
t prevent recurrent ischemia, imprve infarct healing and
prevent remdeling, and prevent recurrent vascular events.
Patients with hemdynamic cmprmise, wh are at high
risk fr death, need careful mnitring and management f
vlume status.

A. Risk Stratification

Risk stratificatin is imprtant fr the management f
STEMI. GRACE and TIMI risk scres can be helpful tls.
Patients with recurrent ischemia (spntaneus r pr-
vked), hemdynamic instability, impaired LV functin,
heart failure, r serius ventricular arrhythmias shuld
underg cardiac catheterizatin (see Table 10–7). ACE
inhibitr (r ARB) therapy is indicated in patients with
clinical heart failure r LVEF f 40% r less. Aldsterne
blckade is indicated fr patients with an LVEF f 40% r
less and either heart failure r diabetes mellitus.

Fr patients nt underging cardiac catheterizatin,
submaximal exercise (r pharmaclgic stress testing fr
patients unable t exercise) befre discharge r a maximal
test after 3–6 weeks (the latter being mre sensitive fr
ischemia) helps patients and clinicians plan the return t
nrmal activity. Imaging in cnjunctin with stress testing
adds additinal sensitivity fr ischemia and prvides lcal-
izing infrmatin. Bth exercise and pharmaclgic stress
imaging have successfully predicted subsequent utcme.

One f these tests shuld be used prir t discharge in
patients wh have received thrmblytic therapy as a
means f selecting apprpriate candidates fr crnary
angigraphy.

B. Secondary Prevention

Pstinfarctin management shuld begin with identifica-
tin and mdificatin f risk factrs. Treatment f hyper-
lipidemia and smking cessatin bth prevent recurrent
infarctin and death. Statin therapy shuld be started
befre the patient is discharged frm the hspital t reduce
recurrent atherthrmbtic events. BP cntrl as well as
cardiac rehabilitatin and exercise are als recmmended.
They can be f cnsiderable psychlgical benefit and
appear t imprve prgnsis.

Beta-blckers imprve survival rates, primarily by
reducing the incidence f sudden death in high-risk sub-
sets f patients, thugh their value may be less in patients
withut cmplicatins with small infarctins and nrmal
exercise tests. While a variety f beta-blckers have been
shwn t be beneficial, fr patients with LV dysfunctin
managed with cntemprary treatment, carvedill titrated
t 25 mg rally twice a day has been shwn t reduce mr-
tality. Beta-blckers with intrinsic sympathmimetic activ-
ity have nt prved beneficial in pstinfarctin patients.

Antiplatelet agents are beneficial; aspirin (75–100 mg
daily, after the initial dse) and P2Y

12
inhibitr therapy fr

1 year are recmmended. Prasugrel prvides further reduc-
tin in thrmbtic utcmes cmpared with clpidgrel, at
the cst f mre bleeding, but is cntraindicated fr
patients with prir strke. Likewise, ticagrelr prvides
benefit ver clpidgrel. Calcium channel blckers have
not been shwn t imprve prgnses verall and shuld
nt be prescribed purely fr secndary preventin. Antiar-
rhythmic therapy ther than with beta-blckers has not
been shwn t be effective except in patients with symp-
tmatic arrhythmias. Amidarne has been studied in
several trials f pstinfarct patients with either LV dysfunc-
tin r frequent ventricular ectpy. Althugh survival was
nt imprved, amidarne was nt harmful—unlike ther
agents in this setting. Therefre, it is the agent f chice fr
individuals with symptmatic pstinfarctin supraventric-
ular arrhythmias. While implantable defibrillatrs imprve
survival fr patients with pstinfarctin LV dysfunctin
and heart failure, the DINAMIT trial fund n benefit t
implantable defibrillatrs implanted in the 40 days fllw-
ing acute MI.

C. ACE Inhibitors and ARBs in Patients
With LV Dysfunction

Patients wh sustain substantial mycardial damage ften
experience subsequent prgressive LV dilatin and dys-
functin, leading t clinical heart failure and reduced lng-
term survival. In patients with EFs less than 40%, lng-term
ACE inhibitr (r ARB) therapy prevents LV dilatin and
the nset f heart failure and prlngs survival. The HOPE
trial, as well as an verview f trials f ACE inhibitrs fr
secndary preventin, als demnstrated a reductin f
apprximately 20% in mrtality rates and the ccurrence f
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nnfatal MI and strke with ramipril treatment f patients
with crnary r peripheral vascular disease and withut
cnfirmed LV systlic dysfunctin. Therefre, ACE inhibi-
tr therapy shuld be strngly cnsidered in this brader
grup f patients—and especially in patients with diabetes
and thse with even mild systlic hypertensin, in whm
the greatest benefit was bserved (see Table 11–6).

D. Revascularization

The indicatins fr CABG are similar t thse fr patients
with chrnic crnary syndrmes, including left main ste-
nsis and multivessel disease (particularly with type 2 dia-
betes r LV dysfunctin, r bth). Fr patients wh have
undergne primary PCI and have residual left main r
multivessel disease, CABG may be apprpriate, but the
timing needs t take int accunt high risk f stent thrm-
bsis if P2Y

12
inhibitr therapy is interrupted. Fr patients

with nninfarct-related crnary artery disease, stenting
shuld generally be perfrmed n these lesins prir t
hspital discharge.

Ibanez B et al. 2017 ESC Guidelines fr the management f acute
mycardial infarctin in patients presenting with ST-segment
elevatin: The Task Frce fr the management f acute my-
cardial infarctin in patients presenting with ST-segment
elevatin f the Eurpean Sciety f Cardilgy (ESC). Eur
Heart J. 2018;39:119. [PMID: 28886621]

º
DISORDERS OF RATE & RHYTHM

Abnrmalities f cardiac rhythm and cnductin can be
symptmatic (syncpe, near syncpe, dizziness, fatigue, r
palpitatins) r asymptmatic. In additin, they can be
lethal (sudden cardiac death) r dangerus t the extent
that they reduce cardiac utput, s that perfusin f the
brain and mycardium is impaired. Stable supraventricular
tachycardia (SVT) is generally well tlerated in patients
withut underlying heart disease but may lead t mycar-
dial ischemia r heart failure in patients with crnary
disease, valvular abnrmalities, and systlic r diastlic
mycardial dysfunctin. Ventricular tachycardia, if pr-
lnged, ften results in hemdynamic cmprmise and
may deterirate int ventricular fibrillatin if left untreated.

Whether slw heart rates prduce symptms at rest r
with exertin depends n whether cerebral and peripheral
perfusin can be maintained, which is generally a functin
f whether the patient is upright r supine and whether LV
functin is adequate t maintain strke vlume. If the heart
rate abruptly slws, as with the nset f cmplete heart
blck r sinus arrest, syncpe r cnvulsins (r bth) may
result. Unless a clear, reversible cause is fund, mst symp-
tmatic patients require implantatin f a permanent
pacemaker.

The diagnsis f an abnrmal tachyarrhythmia ften
can be made via cardiac mnitring, including in-hspital
and ambulatry ECG mnitring, event recrders, cntin-
uus mbile cardiac telemetry, r implantable lp recrd-
ers. Additinally, ptic sensrs n wearable devices, such as
smartwatches, utilize a passive irregular pulse ntificatin
algrithm t identify pssible arrhythmia, with a psitive

predictive value fr detectin f atrial fibrillatin f
apprximately 70%. Devices, such as certain Apple Watches
and the AliveCr device, can recrd actual electrcardi-
grams f rhythm that can be transmitted t health care
prviders. Mre invasive testing, including catheter-based
electrphysilgic studies (t assess sinus nde functin,
AV cnductin, and inducibility f arrhythmias), and tests
f autnmic nervus system functin (tilt-table testing)
can als be perfrmed.

Treatment f tachyarrhythmias varies and can include
mdalities such as antiarrhythmic medicatins and mre
invasive techniques such as catheter ablatin.

» Antiarrhythmic Medications

Antiarrhythmic medicatins are frequently used t treat
arrhythmias, but have variable efficacy and prduce fre-
quent side effects (Table 10–9). They are ften divided int
classes based n their electrpharmaclgic actins and
many f these medicatins have multiple actins. The mst
frequently used classificatin scheme is the Vaughan-
Williams, which cnsists f fur classes.

Class I agents blck membrane sdium channels. Three
subclasses are further defined by the effect f the agents n
the Purkinje fiber actin ptential. Class Ia medicatins (ie,
quinidine, prcainamide, dispyramide) slw the rate f
rise f the actin ptential (V

max
) and prlng its duratin,

thus slwing cnductin and increasing refractriness
(mderate depressin f phase 0 upstrke f the actin
ptential). Class Ib agents (ie, lidcaine, mexiletine) shrten
actin ptential duratin; they d nt affect cnductin r
refractriness (minimal depressin f phase 0 upstrke f
the actin ptential). Class Ic agents (ie, flecainide, prpafe-
nne) prlng V

max
and slw replarizatin, thus slwing

cnductin and prlnging refractriness, but mre s than
class Ia medicatins (maximal depressin f phase 0
upstrke f the actin ptential).

Class II agents are the beta-blckers, which decrease
autmaticity, prlng AV cnductin, and prlng
refractriness.

Class III agents (ie, amidarne, drnedarne, stall,
dfetilide, ibutilide) blck ptassium channels and prlng
replarizatin, widening the QRS and prlnging the QT
interval. They decrease autmaticity and cnductin and
prlng refractriness.

Class IV agents are the calcium channel blckers,
which decrease autmaticity and AV cnductin.

There are sme antiarrhythmic agents that d nt fall
int ne f these categries. The mst frequently used are
digxin and adensine. Digxin inhibits the Na+, K+-
ATPase pump. Digxin prlngs AV ndal cnductin and
the AV ndal refractry perid, but it shrtens the actin
ptential and decreases the refractriness f the ventricular
mycardium and Purkinje fibers. Adensine can blck AV
ndal cnductin and shrtens atrial refractriness.

Althugh the in vitr electrphysilgic effects f mst
f these agents have been defined, their use remains largely
empiric. All can exacerbate arrhythmias (proarrhythmic
effect), and many depress LV function.

The risk f antiarrhythmic agents has been highlighted
by many studies, mst ntably the Crnary Arrhythmia
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Table 10–9. Antiarrhythmic medications (listed in alphabetical order within class).

Agent Intravenous Dosage Oral Dosage

Theraeutic

plasma Level

Route of

Elimination Side Effects

Class Ia: Action: Sodium channel blockers: Deress hase 0 deolarization; slow conduction; rolong reolarization.

Indications: Supraventricular tachycardia, ventricular tachycardia, symptomatic ventricular premature beats.

Disopyramide  Immediate release:

100–200 mg every 6 h

Sustained release:

200–400 mg

every 12 h

2–8 mg/mL Renal Urinary retention, dry

mouth, markedly ↓ LVF,

QT prolongation

Procainamide Loading: 10–17 mg/kg at

20–50 mg/min

Maintenance: 1–4 mg/min

50 mg/kg/day in divided

doses every 4 h

(short-acting)

4–10 mg/mL;

NAPA (active

metabolite),

10–20 mcg/mL

Renal

Quinidine 6–10 mg/kg (intramuscu-

larly or intravenously)

over 20 min (rarely used

parenterally)

324–648 mg every 8 h 2–5 mg/mL Hepatic GI, ↓ LVF, ↑ Dig

Class Ib: Action: Shorten reolarization.

Indications: Ventricular tachycardia, prevention of ventricular fibrillation, symptomatic ventricular premature beats.

Lidocaine Loading: 1 mg/kg

Maintenance: 1–4 mg/min

1–5 mg/mL Hepatic CNS, GI, ↓ LVF

Mexiletine  100–300 mg every

8–12 h; maximum:

1200 mg/day

0.5–2 mg/mL Hepatic CNS, GI, leukopenia

Class Ic: Action: Deress hase 0 reolarization; slow conduction. proafenone is a weak calcium channel blocker and beta-blocker

and rolongs action otential and refractoriness.

Indications: Ventricular tachycardia (in the absence of structural heart disease), refractory supraventricular tachycardia.

Flecainide  50–150 mg twice daily 0.2–1 mg/mL Hepatic CNS, GI, AFL with 1:1 con-

duction, ventricular

pro-arrhythmia

Propafenone  150–300 mg every

8–12 h

Note: Active

metabolites

Hepatic CNS, GI, AFL with 1:1 con-

duction, ventricular

pro-arrhythmia

Class II: Action: Beta-blockers, slow AV conduction.

Indications: Supraventricular tachycardia, ventricular tachycardia, symptomatic ventricular premature beats, long QT syndrome.

Esmolol Loading: 500 mcg/kg over

1–2 min

Maintenance:

50 mcg/kg/min

Other beta-blockers may

be used concomitantly

Not established Hepatic ↓ LVF, bradycardia,

AV block

Metoprolol 5 mg every 5 min up to

3 doses

25–200 mg daily Not established Hepatic ↓ LVF, bradycardia,

AV block, fatigue

Propranolol 1–3 mg every 5 min up to

total of 5 mg

40–320 mg in 1–4 doses

daily (depending on

preparation)

Not established Hepatic ↓ LVF, bradycardia,

AV block,

bronchospasm

Class III: Action: prolong action otential.

Indications: Amiodarone: refractory ventricular tachycardia, supraventricular tachycardia, prevention of ventricular tachycardia, atrial fibrilla-

tion, ventricular fibrillation; Dofetilide: atrial fibrillation and flutter; Dronedarone: atrial fibrillation (not persistent); Ibutilide: conversion of

atrial fibrillation and flutter; Sotalol: ventricular tachycardia, atrial fibrillation.

Amiodarone 150–300 mg infused rap-

idly, followed by 1 mg/

min infusion for 6 h and

then 0.5 mg/min for

18 h

800–1600 mg/day for

7–14 days; maintain at

100–400 mg/day

1–5 mg/mL Hepatic Pulmonary fibrosis,

hypothyroidism, hyper-

thyroidism, photosensi-

tivity, corneal and skin

deposits, hepatitis, ↑

Dig, neurotoxicity, GI

(continued)
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Table 10–9. Antiarrhythmic medications (listed in alphabetical order within class).

Agent Intravenous Dosage Oral Dosage

Theraeutic

plasma Level

Route of

Elimination Side Effects

Dofetilide  125–500 mcg every 12 h  Renal (dose must

be reduced

with kidney

dysfunction)

Torsades de pointes in 3%;

interaction with cyto-

chrome P-450 inhibitors

Dronedarone  400 mg twice daily  Hepatic (contra-

indicated in

severe

impairment)

QTc prolongation, HF. Con-

traindicated in HF

(NYHA class IV or recent

decompensation), per-

sistent AF

Ibutilide 1 mg over 10 min, fol-

lowed by a second infu-

sion of 0.5–1 mg over

10 min

Hepatic and

renal

Torsades de pointes in up

to 5% of patients within

3 h after administration;

patients must be moni-

tored with defibrillator

nearby

Sotalol 75 mg every 12 h 80–160 mg every 12 h

(maximum 320 mg

daily)

Renal (dosing

interval should

be extended if

creatinine

clearance is

< 60 mL/min)

Early incidence of torsades

de pointes, ↓ LVF,

bradycardia, fatigue

(and other side effects

associated with

beta-blockers)

Class IV: Action: Slow calcium channel blockers.

Indications: Supraventricular tachycardia, ventricular tachycardia (outflow tract, idiopathic).

Diltiazem 0.25 mg/kg over 2 min;

second 0.35-mg/kg

bolus after 15 min if

response is inadequate;

infusion rate,

5–15 mg/h

120–360 mg daily in

1–3 doses depending

on preparation

Hepatic metabo-

lism, renal

excretion

Hypotension, ↓ LVF,

bradycardia

Verapamil 2.5 mg bolus followed

by additional boluses

of 2.5–5 mg every

1–3 min; total 20 mg

over 20 min; maintain

at 5 mg/kg/min

80–120 mg every 6–8 h;

240–480 mg once

daily with sustained-

release preparation

0.1–0.15 mg/mL Hepatic Hypotension, ↓ LVF,

constipation, ↑ Dig

Miscellaneous: Indications: Suraventricular tachycardia.

Adenosine 6 mg rapidly followed by

12 mg after 1–2 min if

needed; use half these

doses if administered

via central line

Adenosine

receptor

stimulation,

metabolized

in blood

Transient flushing,

dyspnea, chest pain,

AV block, sinus

bradycardia; effect

↓ by theophylline,

↑ by dipyridamole

Digoxin 0.5 mg over 20 min fol-

lowed by increment of

0.25 or 0.125 mg to

1–1.5 mg over 24 h

1–1.5 mg over 24–36 h in

3 or 4 doses; mainte-

nance, 0.125–0.5 mg/

day

0.7–2 mg/mL Renal AV block, arrhythmias, GI,

visual changes

Ivabradine  5–7.5 mg every 12 h  Renal and fecal Bradycardia, phosphenes

(visual brightness)

AF, atrial fibrillation; AV, atrioventricular; CNS, central nervous system; Dig, elevation of serum digoxin level; GI, gastrointestinal (nausea,

vomiting, diarrhea); HF, heart failure; ↓LVF, reduced left ventricular function; NAPA, N-acetylprocainamide; NYHA, New York Heart Association;

SLE, systemic lupus erythematosus.

(continued)
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Suppressin Trial (CAST), in which tw class Ic agents
(flecainide, encainide) and a class Ia agent (mricizine)
increased mrtality rates in patients with asymptmatic
ventricular ectpy after MI. Class Ic antiarrhythmic agents
shuld therefre not be used in patients with prir MI r
structural heart disease.

The use f antiarrhythmic agents fr specific arrhyth-
mias is discussed belw.

» Catheter Ablation for Cardiac Arrhythmias

Catheter ablation has become the primary modality of
therapy for many symptomatic supraventricular arrhyth-
mias, including AV nodal reentrant tachycardia, tachy-
cardias involving accessory pathways, paroxysmal atrial
tachycardia, and atrial flutter. Catheter ablatin f atrial
fibrillatin is mre cmplex and usually invlves cmplete
electrical islatin f the pulmnary veins (which are ften
the sites f initiatin f atrial fibrillatin) r placing linear
lesins within the atria t prevent prpagatin thrughut
the atrial chamber. This technique is cnsidered a reasn-
able therapy fr symptmatic patients with medicatin-
refractry atrial fibrillatin r as an alternative t lng-term
antiarrhythmic medicatin treatment. Catheter ablatin f
ventricular arrhythmias has prved mre difficult, but expe-
rienced centers have demnstrated reasnable success with
all types f ventricular tachycardias including bundle-
branch reentry, tachycardia riginating in the ventricular
utflw tract r papillary muscles, tachycardias riginating
in the specialized cnductin system (fascicular ventricular
tachycardia), and ventricular tachycardias ccurring in
patients with ischemic r dilated cardimypathy. Ablatin
f many f these arrhythmias can be perfrmed frm the
endcardial surface via endvascular catheter placement r
n the epicardial surface f the heart via a percutaneus
subxiphid apprach.

Catheter ablatin has als been successfully perfrmed
fr the treatment f ventricular fibrillatin when a unifrm
premature ventricular cntractin (PVC) can be identified.
In additin, patients with symptmatic PVCs r PVCs
ccurring at a high enugh burden t result in a cardimy-
pathy (usually mre than 10,000/day) are ften referred
fr catheter ablatin as well.

Catheter ablatin prcedures are generally safe, with
an verall majr cmplicatin rate ranging frm 1% t
5%. Majr vascular damage during catheter insertin
ccurs in less than 2% f patients. There is a lw inci-
dence f perfratin f the mycardial wall resulting in
pericardial tampnade. Sufficient damage t the AV nde
t require permanent cardiac pacing ccurs in less than
1% f patients. When transseptal access thrugh the
interatrial septum r retrgrade LV catheterizatin is
required, additinal ptential cmplicatins include
damage t the heart valves, damage t a crnary artery,
r systemic embli. A rare but ptentially fatal cmplica-
tin after catheter ablatin f atrial fibrillatin is the
develpment f an atri-esphageal fistula resulting frm
ablatin n the psterir wall f the LA just verlying the
esphagus, estimated t ccur in less than 0.1% f
prcedures.

Calkins H et al. 2017 HRS/EHRA/ECAS/APHRS/SOLAECE
expert cnsensus statement n catheter and surgical ablatin
f atrial fibrillatin. Eurpace. 2018;20:e1. [PMID: 29016840]

SINUS ARRHYTHMIA, BRADYCARDIA, &
TACHYCARDIA

E S S E N T I A L S  O F  D I A G N O S I S

» Wide variation in sinus rate is common in young,
healthy individuals and generally not pathologic.

» Symptomatic bradycardia may require permanent
pacemaker implantation, especially in the elderly
or patients with underlying heart disease.

» Sinus tachycardia is usually secondary to another
underlying process (ie, fever, pain, anemia, alcohol
withdrawal).

» Sick sinus syndrome manifests as sinus bradycardia,
pauses, or inadequate heart rate response to physi-
ologic demands (chronotropic incompetence).

» General Considerations

Sinus arrhythmia is an irregularity f the nrmal heart
rate defined as variatin in the PP interval f mre than
120 msec. This ccurs cmmnly in yung, healthy peple
due t changes in vagal influence n the sinus nde during
respiratin (phasic) r independent f respiratin (nn-
phasic). This is generally not a pathlgic arrhythmia and
requires n specific cardiac evaluatin.

Sinus bradycardia is defined as a heart rate slwer than
60 beats/min and may be due t increased vagal influence
n the nrmal sinatrial pacemaker r rganic disease f
the sinus nde. In healthy individuals, and particularly in
well-trained athletes, sinus bradycardia t rates f 50 beats/
min r lwer especially during sleep is a nrmal finding.
Hwever, in elderly patients and individuals with heart
disease sinus bradycardia may be an indicatin f true
sinus nde pathlgy. When the sinus rate slws severely,
the atrial-ndal junctin r the ndal-His bundle junctin
may assume pacemaker activity fr the heart, usually at a
rate f 35–60 beats/min.

Sinus tachycardia is defined as a heart rate faster than
100 beats/min that is caused by rapid impulse frmatin
frm the sinatrial nde. It is a nrmal physilgic
respnse t exercise r ther cnditins in which catechl-
amine release is increased. The rate infrequently exceeds
160 beats/min but may reach 180 beats/min in yung per-
sns. The nset and terminatin are usually gradual, in
cntrast t parxysmal supraventricular tachycardia
(PSVT) due t reentry. In rare instances, therwise healthy
individuals may present with “inapprpriate” sinus tachy-
cardia where persistently elevated basal heart rates are nt
in-line with physilgic demands. Lng-term cnse-
quences f this disrder are few.

Sick sinus syndrome is a brad diagnsis applied t
patients with sinus arrest, sinatrial exit blck (recgnized
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by a pause equal t a multiple f the underlying PP interval
r prgressive shrtening f the PP interval prir t a pause),
r persistent sinus bradycardia. A cmmn presentatin in
elderly patients is f recurrent SVTs (ften atrial fibrillatin)
accmpanied by bradyarrhythmias (“tachy-brady syndrome”).
The lng pauses that ften fllw the terminatin f tachy-
cardia cause the assciated symptms. Sick sinus syndrme
may als manifest as chronotropic incompetence, defined
as an inapprpriate heart rate respnse t the physilgic
demands f exercise r stress, and is an underrecgnized
cause f pr exercise tlerance.

» Clinical Findings

In mst patients, sinus arrhythmia (bradycardia r tachy-
cardia) des nt cause symptms in the absence f under-
lying cardiac disease r ther cmrbidities. When severe
sinus bradycardia results in lw cardiac utput, hwever,
patients may cmplain f weakness, cnfusin, r syncpe
if cerebral perfusin is impaired. Atrial, junctinal, and
ventricular ectpic rhythms are mre apt t ccur with
slw sinus rates. Sinus bradycardia is ften exacerbated by
medicatins (digitalis, calcium channel blckers, beta-
blckers, sympathlytic agents, antiarrhythmics), and nn-
essential agents that may be respnsible shuld be
withdrawn prir t making the diagnsis.

Sinus tachycardia is mst ften a normal response t
cnditins that require an increase in cardiac utput,
including fever, pain, anxiety, anemia, heart failure, hyp-
vlemia, r thyrtxicsis. Alchl and alchl withdrawal
are cmmn causes f sinus tachycardia and ther supra-
ventricular arrhythmias. In patients with underlying car-
diac disease, sinus tachycardia may cause dyspnea r chest
pain due t increased mycardial xygen demand r
reduced crnary artery bld flw.

Symptms frm sinus nde dysfunctin are nnspecific
and may be due t ther causes. It is therefre essential that
symptms be demnstrated t cincide temprally with
arrhythmias. This may require prlnged ambulatry
mnitring r the use f an event recrder.

» Treatment

Asymptmatic patients generally d not require treatment.
Fr symptmatic patients with bradycardia r sick sinus
syndrme, implantatin f a permanent pacemaker is usu-
ally indicated. In patients withut evidence f AV ndal r
bundle branch cnductin abnrmality, a single chamber
atrial pacemaker is reasnable. Based n the results f sev-
eral randmized cntrlled trials, atrial-based pacing (sin-
gle r dual chamber) is superir t ventricular nly pacing
fr patients with sinus nde dysfunctin. When a dual-
chamber pacemaker is implanted fr sinus nde dysfunc-
tin with intact AV cnductin, unnecessary ventricular
pacing shuld be avided because it may exacerbate heart
failure, especially in patients with preexisting LV dysfunc-
tin. In mst situatins, sinus tachycardia will imprve r
reslve with treatment f the underlying cause. Inapprpri-
ate sinus tachycardia in the presence f symptms (palpita-
tins, dizziness, exertinal intlerance) can be treated with
a trial f beta-blckers r calcium channel blckers

althugh treatment is ften challenging. Ivabradine
(5–7.5 mg twice daily), a selective inhibitr f the ptas-
sium funny channel (I

f
) specific t the sinus nde, appears

t be an effective treatment ptin.

» When to Refer

Patients with symptms related t bradycardia r tachycar-
dia when reversible etilgies have been excluded.

Kusumt FM et al. 2018 ACC/AHA/HRS guideline n the
evaluatin and management f patients with bradycardia and
cardiac cnductin delay: a reprt f the American Cllege f
Cardilgy/American Heart Assciatin Task Frce n Clini-
cal Practice Guidelines and the Heart Rhythm Sciety. Heart
Rhythm. 2019;16:e128. [PMID: 30412778]

AV BLOCK

E S S E N T I A L S  O F  D I A G N O S I S

» Conduction disturbance between the atrium and
ventricle that can be physiologic (due to enhanced
vagal tone) or pathologic.

» Block occurs in the AV node (first-degree, second-
degree Mobitz type I) or below the AV node
(second-degree Mobitz type II, third-degree).

» Symptomatic AV block or block below the AV
node in the absence of a reversible cause usually
warrants permanent pacemaker implantation.

» General Considerations

AV blck can be physilgic (due t increased vagal tne)
r pathlgic (due t underlying heart disease such as isch-
emia, mycarditis, fibrsis f the cnductin system, r
after cardiac surgery). AV blck is categrized as first-
degree (PR interval greater than 200 msec with all atrial
impulses cnducted), second-degree (intermittent blcked
beats), r third-degree (cmplete heart blck, in which n
atrial impulses are cnducted t the ventricles). Secnd-
degree AV blck is further subclassified int Mobitz type I
(Wenckebach), in which the AV cnductin time (PR
interval) prgressively lengthens befre the blcked beat,
and Mobitz type II, in which there are intermittently nn-
cnducted atrial beats nt preceded by lengthening AV
cnductin. When nly 2:1 AV blck is present n the
ECG, the differentiatin between Mbitz type I r Mbitz
type II is mre difficult. If the baseline PR interval is pr-
lnged (greater than 200 msec) r the width f the QRS
cmplex is narrw (less than 120 msec), the blck is usually
ndal (Mbitz type I); if the QRS cmplex is wide (greater
than r equal t 120 msec), the blck is mre likely
infrandal (Mbitz type II).

AV dissociation ccurs when an intrinsic ventricular
pacemaker (accelerated idiventricular rhythm, ventricu-
lar premature beats, r ventricular tachycardia) is firing at
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a rate faster than r clse t the sinus rate, such that atrial
impulses arriving at the AV nde when it is refractry may
nt be cnducted. This phenmenn des nt necessarily
indicate AV blck. N treatment is required aside frm
management f the causative arrhythmia.

» Clinical Findings

The clinical presentatin f first-degree and Mbitz type
I blck is typically benign and rarely prduces symptms.
Nrmal, physilgic blck f this type ccurs in respnse
t increases in parasympathetic utput. This is cmmnly
seen during sleep, with cartid sinus massage, r in well-
trained athletes. It may als ccur as a medicatin effect
(calcium channel blckers, beta-blckers, digitalis, r
antiarrhythmics). Pathlgic causes, including mycar-
dial ischemia r infarctin (discussed earlier), inflamma-
try prcesses (ie, Lyme disease), fibrsis, calcificatin, r
infiltratin (ie, amylidsis r sarcidsis), shuld be
excluded.

Mbitz type II blck and cmplete (third-degree) heart
blck are almst always due t pathlgic disease invlving
the infrandal cnductin system, and symptms includ-
ing fatigue, dyspnea, presyncpe r syncpe are cmmn.
With cmplete heart blck, where n atrial impulses reach
the ventricle, the ventricular escape rate is usually slw
(less than 50 beats/min) and severity f symptms may
vary depending n the rate and stability f the escape
rhythm. As fr lesser degrees f AV blck, pathlgic
causes shuld be explred.

Intraventricular conduction block is relatively cm-
mn and may be transient (ie, related t increases in heart
rate) r permanent. Right bundle branch blck is ften
seen in patients with structurally nrmal hearts. The left
bundle is cmpsed f tw cmpnents (anterir and ps-
terir fascicles) and left bundle branch blck is mre ften
a marker f underlying cardiac disease, including ischemic
heart disease, inflammatry r infiltrative disease, cardi-
mypathy, and valvular heart disease. In asymptmatic
patients with bifascicular blck (blck in tw f three
infrandal cmpnents—right bundle, left anterir, and
left psterir fascicle), the incidence f ccult cmplete
heart blck r prgressin t it is lw (1% annually).

» Treatment

Asymptmatic patients with first- r secnd-degree Mb-
itz type I AV blck d nt require any specific therapy.
Patients shuld underg treatment f any ptentially
reversible cause (ie, mycardial ischemia r medicatin
effect). Symptmatic patients with any degree f heart
blck shuld be treated urgently with atrpine (initial dse
0.5 mg given intravenusly) r temprary pacing (transcu-
taneus r transvenus). The indicatins fr permanent
pacing are symptmatic bradyarrhythmias with any degree
f AV blck r asymptmatic high-degree AV blck
(secnd-degree Mbitz type II r third-degree heart blck)
nt attributable t a reversible r physilgic cause. Patients
with presumed cardiac syncpe with nrmal heart rates
and rhythm but bifascicular r trifascicular blck n ECG
shuld als be cnsidered fr permanent pacing.

A standardized nmenclature fr pacemaker genera-
trs is used, usually cnsisting f fur letters. The first
letter refers t the chamber that is paced (A, atrium; V,
ventricle; D, dual [fr bth]). The secnd letter refers t
the chamber that is sensed (als A, V, r D). An additinal
ptin (O) indicates absence f sensing. The third letter
refers t hw the pacemaker respnds t a sensed event (I,
inhibitin by a sensed impulse; T, triggering by a sensed
impulse; D, dual mdes f respnse; O, n respnse t
sensed impulse). The furth letter refers t the prgram-
mability r rate respnse capacity (R, rate mdulatin), a
functin that can increase the pacing rate in respnse t
mtin r respiratry rate when the intrinsic heart rate is
inapprpriately lw.

A dual-chamber pacemaker that senses and paces in
bth chambers is the mst physilgic apprach t pacing
patients wh remain in sinus rhythm. AV synchrony is
particularly imprtant in patients in whm atrial cntrac-
tin prduces a substantial augmentatin f strke vl-
ume. Fr patients in permanent atrial fibrillatin wh
require pacing fr symptmatic bradycardia r pauses,
catheter-based implantatin f a leadless pacemaker
directly t the RV endcardium may be cnsidered. In
patients with cmplete heart blck with left ventricular
systlic dysfunctin, implantatin f a pacemaker capable
f direct capture f the native specialized cnductin sys-
tem (His bundle r left bundle) r simultaneus left and
right ventricular pacing (CRT-P) may be indicated. Cm-
plicatins frm pacemaker implantatin include infectin,
hematma, cardiac perfratin, pneumthrax, and lead
disldgement.

» When to Refer

Patients with symptmatic AV blck (any degree) r
asymptmatic high-degree (secnd-degree Mbitz type II
r third-degree) AV blck after reversible causes have been
excluded.

Upadhyay GA et al; His-SYNC Investigatrs. His crrective pac-
ing r biventricular pacing fr cardiac resynchrnizatin in
heart failure. J Am Cll Cardil. 2019;74:157. [PMID:
31078637]

PAROXYSMAL SUPRAVENTRICULAR
TACHYCARDIA (PSVT)

E S S E N T I A L S  O F  D I A G N O S I S

» Rapid, regular tachycardia most commonly seen in
young adults and characterized by abrupt onset
and offset.

» QRS duration narrow (< 120 msec) except in the
presence of bundle branch block or accessory
pathway.

» Often responsive to vagal maneuvers, AV nodal
blockers, or adenosine. Cardioversion rarely required.
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» General Considerations

PSVT is an intermittent arrhythmia that is characterized
by a sudden nset and ffset and a regular ventricular
respnse. Episdes may last frm a few secnds t several
hurs r lnger. PSVT ften ccurs in patients withut
structural heart disease. The mst cmmn mechanism fr
PSVT is reentry, which may be initiated r terminated by a
frtuitusly timed atrial r ventricular premature beat. The
reentrant circuit usually invlves dual pathways (a slw and
a fast pathway) within the AV nde; this is referred t as
AV nodal reentrant tachycardia (AVNRT) and accunts
fr 60% f cases f PSVT. Less cmmnly (30% f cases),
reentry is due t an accessory pathway between the atria
and ventricles, referred t as atrioventricular reciprocat-
ing tachycardia (AVRT). The pathphysilgy and man-
agement f arrhythmias due t accessry pathways differ in
imprtant ways and are discussed separately belw.

» Clinical Findings

A. Symptoms and Signs

Symptms f PSVT can be quite variable depending n the
degree f heart rate elevatin, resultant hyptensin, r pres-
ence f ther cmrbidities. Symptms may include palpita-
tins, diaphresis, dyspnea, dizziness, and mild chest pain
(even in the absence f assciated CHD). Syncpe is rare.

B. ECG

Obtaining a 12-lead ECG when feasible is imprtant t
help determine the tachycardia mechanism. The QRS
duratin will be narrw (less than 120 ms) except in cases
f PSVT with aberrant cnductin (left bundle branch
blck, right bundle branch blck, r antegrade cnducting
accessry pathway). The heart rate is regular and is usually
160–220 beats/min but may be greater than 250 beats/min.
The P wave usually differs in cntur frm sinus beats and
is ften simultaneus with r just after the QRS cmplex.

» Treatment

In the absence f structural heart disease, serius effects
are rare, and mst episdes reslve spntaneusly. Particu-
lar effrt shuld be made t terminate the episde quickly
if cardiac failure, syncpe, r anginal pain develps r if
there is underlying cardiac r (particularly) crnary dis-
ease. Because reentry is the mst cmmn mechanism fr
PSVT, effective therapy requires that cnductin be inter-
rupted at sme pint in the reentry circuit and the vast
majrity f these circuits invlve the AV nde.

A. Mechanical Measures

A variety f maneuvers have been used t interrupt epi-
sdes, and patients may learn t perfrm these themselves.
These maneuvers result in an acute increase in vagal tne
and include the Valsalva maneuver, lwering the head
between the knees, cughing, splashing cld water n the
face, and breath hlding. The Valsalva maneuver is per-
frmed with the patient semirecumbent (45 degrees),
exerting arund 40 mm Hg f intrathracic pressure (by

blwing thrugh a 10 mL syringe) fr at least 15 secnds.
Mving the patient supine immediately fllwing the
strain maneuver and passively raising their legs fr an
additinal 15 secnds may increase effectiveness f the
maneuver. Carotid sinus massage is an additinal tech-
nique ften perfrmed by clinicians but shuld be avided
if the patient has a cartid bruit. Firm but gentle pressure
and massage are applied first ver the right cartid sinus
fr 10–20 secnds and, if unsuccessful, then ver the left
cartid sinus. Pressure shuld nt be exerted n bth sides
at the same time. Facial contact with cold water may cause
transient bradycardia and terminatin f PSVT, a phenm-
enn knwn as the diving reflex. When perfrmed prp-
erly, these maneuvers result in abrupt terminatin f the
arrhythmia in 20–50% f cases.

B. Medication Therapy

If mechanical measures fail t terminate the arrhythmia,
pharmaclgic agents shuld be tried. Intravenous ade-
nosine is recmmended as the first-line agent due t its
brief duratin f actin and minimal negative intrpic
activity (Table 10–9). Because the half-life f adensine is
less than 10 secnds, the medicatin is given rapidly (in
1–2 secnds) as a 6 mg blus fllwed by 20 mL f fluid. If
this regimen is unsuccessful at terminating the arrhythmia,
a secnd higher dse (12 mg) may be given. Adensine
causes blck f electrical cnductin thrugh the AV nde
and results in terminatin f PSVT in apprximately 90% f
cases. Minr side effects are cmmn and include transient
flushing, chest discmfrt, nausea, and headache. Adens-
ine may excite bth atrial and ventricular tissue causing
atrial fibrillatin (in up t 12% f patients) r rarely ven-
tricular arrhythmias and therefre administratin shuld
be perfrmed with cntinuus cardiac mnitring and
availability f an external defibrillatr. Adensine must als
be used with cautin in patients with reactive airways dis-
ease because it can prmte brnchspasm.

When adensine fails t terminate the arrhythmia r
if a cntraindicatin t its use is present, intravenous
calcium channel blockers, including verapamil and diltia-
zem, may be used (Table 10–9). Verapamil in particular has
been shwn t be as effective at terminating PSVT in the
acute setting (apprximately 90%) as adensine. Calcium
channel blckers shuld be used with cautin in patients
with heart failure due t their negative intrpic effects.
Their lnger half-life cmpared t adensine may result in
prlnged hyptensin despite restratin f nrmal
rhythm.

Intravenous beta-blockers include esmll (a very
shrt-acting beta-blcker), prpranll, and metprll.
While beta-blckers cause less mycardial depressin than
calcium channel blckers, the evidence f their effective-
ness t terminate PSVT is limited. Althugh intravenous
amiodarone is safe, it is usually nt required and ften
ineffective fr treatment f these arrhythmias.

C. Cardioversion

If the patient is hemdynamically unstable r if adens-
ine, beta-blckers, and calcium channel blckers are
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cntraindicated r ineffective, synchrnized electrical car-
diversin (beginning at 100 J) shuld be perfrmed.

» Prevention

A. Catheter Ablation

Because f cncerns abut the safety and the intlerability
f antiarrhythmic medicatins, radiofrequency ablation
is the preferred approach to patients with recurrent
symptomatic reentrant PSVT, whether it is due t dual
pathways within the AV nde r t accessry pathways.

B. Medications

AV ndal blcking agents are the medicatins f chice as
first-line medical therapy (Table 10–9). Beta-blckers r
nndihydrpyridine calcium channel blckers, such as
diltiazem and verapamil, are typically used first. Patients
wh d nt respnd t agents that increase refractriness
f the AV nde may be treated with antiarrhythmics. The
class Ic agents (flecainide, prpafenne) can be used in
patients withut underlying structural heart disease. In
patients with evidence f structural heart disease, class III
agents, such as stall r amidarne, shuld be used
because f the lwer incidence f ventricular prarrhyth-
mia during lng-term therapy.

» When to Refer

All patients with sustained r symptmatic PSVT shuld
be referred t a cardilgist r cardiac electrphysilgist
fr lng-term treatment ptins (including bservatin,
pharmactherapy, r ablatin).

Page RL et al. 2015 ACC/AHA/HRS guideline fr the manage-
ment f adult patients with supraventricular tachycardia: a
reprt f the American Cllege f Cardilgy/American
Heart Assciatin Task Frce n Clinical Practice Guidelines
and the Heart Rhythm Sciety. J Am Cll Cardil. 2016;67:e27.
[PMID: 26409259]

PSVT DUE TO ACCESSORY AV PATHWAYS
(Preexcitation Syndromes)

E S S E N T I A L S  O F  D I A G N O S I S

» Two classic features of Wolff-Parkinson-White
(WPW) pattern on ECG are short PR interval and
wide, slurred QRS complex due to manifest preex-
citation (delta wave).

» Most patients with WPW pattern do not have clini-
cal history of arrhythmia but have a higher risk of
sudden cardiac death due to rapidly conducted
atrial fibrillation through the accessory pathway.
Risk factors include age younger than 20, history
of tachycardia, and rapid conduction properties at
electrophysiologic testing.

» General Considerations

Accessry pathways r bypass tracts between the atrium and
the ventricle bypass the cmpact AV nde and can predis-
pse t reentrant arrhythmias, such as AVRT and atrial fibril-
latin. When direct AV cnnectins cnduct antegrade
(manifest preexcitatin) they prduce a classic WPW pattern
n the baseline ECG cnsisting f a shrt PR interval and a
wide, slurred QRS cmplex (delta wave) wing t early
ventricular deplarizatin f the regin adjacent t the path-
way. Althugh the mrphlgy and plarity f the delta wave
can suggest the lcatin f the pathway, mapping by intracar-
diac recrdings is required fr precise anatmic lcalizatin.

Accessry pathways ccur in 0.1–0.3% f the ppula-
tin and facilitate reentrant arrhythmias wing t the dis-
parity in refractry perids f the AV nde and accessry
pathway. WPW syndrome refers t a patient with baseline
WPW pattern n ECG with assciated SVT. Whether the
tachycardia is assciated with a narrw r wide QRS cm-
plex is frequently determined by whether antegrade cn-
ductin is thrugh the nde (narrw) r the bypass tract
(wide). Sme bypass tracts nly cnduct in a retrgrade
directin. In these cases, the bypass tract is termed “cn-
cealed” because it is nt readily apparent n a baseline
(sinus) ECG. Orthodromic reentrant tachycardia accunts
fr apprximately 90% f AVRT episdes and is character-
ized by cnductin antegrade dwn the AV nde and retr-
grade up the accessry pathway, resulting in a narrw QRS
cmplex (unless an underlying bundle branch blck r
interventricular cnductin delay is present). Antidromic
reentrant tachycardia cnducts antegrade dwn the acces-
sry pathway and retrgrade thrugh the AV nde, result-
ing in a wide and ften bizarre-appearing QRS cmplex that
may be mistaken fr ventricular tachycardia. Accessry
pathways ften have shrter refractry perids than spe-
cialized cnductin tissue and thus tachycardias invlving
accessry pathways have the ptential t be mre rapid.

» Clinical Findings

Patients with WPW in whm arrhythmia develps ften
have palpitatins, dizziness, r mild chest pain. Mst
patients that have a delta wave fund incidentally n ECG
(WPW pattern) d nt have a clinical histry f arrhyth-
mia and are therefre asymptmatic. Hwever, these
patients are still at higher risk fr sudden cardiac death
than the general ppulatin. Atrial fibrillatin with ante-
grade cnductin dwn the accessry pathway and a rapid
ventricular respnse will develp in up t 30% f patients
with WPW. If this cnductin is very rapid, it can pten-
tially degenerate t ventricular fibrillatin. The 10-year
risk f sudden cardiac death in patients with WPW syn-
drme ranges frm 0.15% t 0.24%. Risk factrs include
age yunger than 20, a histry f symptmatic tachycardia,
and multiple accessry pathways.

Multiple risk stratificatin strategies have been pr-
psed t identify asymptmatic patients with WPW pat-
tern ECG wh may be at higher risk fr lethal cardiac
arrhythmias. A sudden lss f preexcitatin during exer-
cise testing likely indicates an accessry pathway with pr
cnductin prperties and therefre lw risk fr rapid
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antergrade cnductin. In the absence f this finding r
ther signs f weak antergrade prperties (intermittent
preexcitatin n resting r ambulatry ECG mnitring),
patients may be referred fr invasive electrphysilgy
testing. During the study, patients fund t have the shrtest
preexcited R-R interval during atrial fibrillatin f 250 msec
r less r inducible SVT are at increased risk fr sudden
cardiac death and shuld underg catheter ablatin.

» Treatment

A. Pharmacotherapy

Initial treatment f narrw-cmplex reentrant rhythms
invlving a bypass tract (rthdrmic AVRT) is similar t
ther frms f PSVT and includes vagal maneuvers, intra-
venus adensine, r verapamil. Treatment f wide-
cmplex tachycardia in the presence f an accessry path-
way, be it reentrant-type (antidrmic AVRT) r atrial fibril-
latin with antegrade cnductin dwn the bypass tract,
must be managed differently. Agents such as calcium chan-
nel blckers and beta-blckers may increase the refractri-
ness f the AV nde with minimal r n effect n the
accessry pathway, ften leading t faster ventricular rates
and increasing the risk f ventricular fibrillatin. Therefre,
these agents shuld be avided. Intravenus class Ia (pr-
cainamide) and class III (ibutilide) antiarrhythmic agents
will increase the refractriness f the bypass tract and are
the medicatins f chice fr wide-cmplex tachycardias
invlving accessry pathways. If hemdynamic cmpr-
mise is present, electrical cardiversin is warranted.

B. Catheter Ablation

Fr lng-term management, catheter ablatin is the prce-
dure f chice in patients with accessry pathways and
recurrent symptms r asymptmatic patients with WPW
pattern n ECG and high-risk features at baseline r dur-
ing electrphysilgy study. Success rates fr ablatin f
accessry pathways with radifrequency catheters exceed
95% in apprpriate patients. Majr cmplicatins frm
catheter ablatin are rare but include AV blck, cardiac
tampnade, and thrmbemblic events. Minr cmplica-
tins, including hematma at the catheter access site, ccur
in 1–2% f prcedures. Fr patients nt a candidate fr
catheter ablatin, class Ic r class III antiarrhythmic medi-
catin may be cnsidered.

» When to Refer

• Asymptmatic patients with an incidental finding f
WPW pattern n ECG with high-risk features.

• Symptmatic patients with recurrent r prlnged epi-
sdes despite treatment with AV ndal blcking agents.

• Patients with preexcitatin and a histry f atrial fibril-
latin r syncpe.

Al-Khatib SM et al. Risk stratificatin fr arrhythmic events in
patients with asymptmatic pre-excitatin: a systematic
review fr the 2015 ACC/AHA/HRS guideline fr the man-
agement f adult patients with supraventricular tachycardia.
Circulatin. 2016;133:e575. [PMID: 26399661]

ATRIAL FIBRILLATION

E S S E N T I A L S  O F  D I A G N O S I S

» Presents as an irregularly irregular heart rhythm
on examination and ECG.

» Prevention of stroke should be considered in all
patients with risk factors for stroke (eg, heart failure,
hypertension, age 65 or older, diabetes mellitus,
prior history of stroke or TIA, and vascular disease).

» Heart rate control with beta-blocker or calcium
channel blockers generally required. Restoration
of sinus rhythm with cardioversion, antiarrhyth-
mic medications, or catheter ablation in symp-
tomatic patients.

» General Considerations

Atrial fibrillatin is the mst cmmn chrnic arrhythmia,
with an incidence and prevalence that rise with age, s that
it affects apprximately 9% f individuals ver age 65 years.
It ccurs in rheumatic and ther frms f valvular heart
disease, dilated cardimypathy, ASD, hypertensin, and
CHD as well as in patients with n apparent cardiac disease;
it may be the initial presenting sign in thyrtxicsis, and
this cnditin shuld be excluded with the initial episde.
Atrial fibrillatin ften appears in a paroxysmal fashin
befre becming the established rhythm. Pericarditis, chest
trauma, thracic r cardiac surgery, thyrid disrders,
bstructive sleep apnea, r pulmnary disease (pneumnia,
pulmnary emblism) as well as medicatins (beta-
adrenergic agnists, intrpes, bisphsphnates, and cer-
tain chemtherapeutics) may cause attacks in patients with
nrmal hearts. Acute alchl excess and alchl withdrawal
(termed holiday heart) may precipitate atrial fibrillatin.
Fr regular, mderate drinkers, abstinence frm alchl
reduces recurrences f atrial fibrillatin by abut 50%.

Atrial fibrillatin, particularly when the ventricular rate
is uncntrlled, can lead t LV dysfunctin, heart failure,
r mycardial ischemia (when underlying CAD is present).
Perhaps the mst serius cnsequence f atrial fibrillatin
is the prpensity fr thrmbus frmatin due t stasis in
the atria (particularly the left atrial appendage) and cnse-
quent emblizatin, mst devastatingly t the cerebral
circulatin. Untreated, the rate of stroke is approximately
5% per year. Hwever, patients with significant bstructive
valvular disease, chrnic heart failure r LV dysfunctin,
diabetes mellitus, hypertensin, r age ver 75 years and
thse with a histry f prir strke r ther emblic events
are at substantially higher risk (up t nearly 20% per year
in patients with multiple risk factrs). A substantial prtin
f the aging ppulatin with hypertensin has asymptom-
atic r “subclinical” atrial fibrillatin, which can be detected
with mnitring devices and is als assciated with increased
risk f strke, particularly if it lasts fr 24 hurs r lnger. It
is nt clear whether, and fr whm, ral anticagulatin
shuld be used fr subclinical atrial fibrillatin, a questin
that is being addressed in nging clinical trials.
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» Clinical Findings

A. Symptoms and Signs

Atrial fibrillatin itself is rarely life-threatening; hwever, it
can have serius cnsequences if the ventricular rate is suf-
ficiently rapid t precipitate hyptensin, mycardial isch-
emia, r tachycardia-induced mycardial dysfunctin.
Mrever, particularly in patients with risk factrs, atrial
fibrillatin is a majr preventable cause f strke. Althugh
many patients—particularly lder r inactive individuals—
have relatively few symptms if the rate is cntrlled, sme
patients are aware f the irregular rhythm and may find it
very uncmfrtable. Mst patients will cmplain f fatigue
whether they experience ther symptms r nt. The heart
rate may range frm quite slw t extremely rapid, but is
unifrmly irregular unless underlying cmplete heart
blck with junctinal escape rhythm r a permanent ven-
tricular pacemaker is in place. Atrial fibrillation is the
only common arrhythmia in which the ventricular rate
is rapid and the rhythm very irregular.

B. ECG

The surface ECG typically demnstrates erratic, disrga-
nized atrial activity between discrete QRS cmplexes
ccurring in an irregular pattern. The atrial activity may be
very fine and difficult t detect n the ECG, r quite carse
and ften mistaken fr atrial flutter.

C. Echocardiography

Echcardigraphy prvides assessment f chamber vl-
umes, left ventricular size and functin, r the presence f
cncmitant valvular heart disease and shuld be per-
frmed in all patients with a new diagnsis f atrial fibrilla-
tin. TEE is the mst sensitive imaging mdality t identify
thrmbi in the left atrium r left atrial appendage prir t
any attempt at chemical r electrical cardiversin.

» Treatment

A. Newly Diagnosed Atrial Fibrillation

1. Initial management—

a. Hemodynamically unstable patient—If the patient
is hemdynamically unstable, usually as a result f a rapid
ventricular rate r assciated cardiac r nncardiac cndi-
tins, hspitalizatin and immediate treatment f atrial
fibrillatin are required. Intravenus beta-blckers (esm-
ll, prpranll, and metprll) r calcium channel blckers
(diltiazem and verapamil) are usually effective at rate cn-
trl in the acute setting. Urgent electrical cardiversin is
nly indicated in patients with shck r severe hyptensin,
pulmnary edema, r nging MI r ischemia. There is a
ptential risk f thrmbemblism in patients underging
cardiversin wh have nt received anticagulatin ther-
apy if atrial fibrillatin has been present for more than
48 hours or is of unknown duration; hwever, in hemdy-
namically unstable patients the need fr immediate rate
cntrl utweighs that risk. An initial shck with 100–200 J
is administered in synchrny with the R wave. If sinus
rhythm is nt restred, an additinal attempt with 360 J is

indicated. If this fails, cardiversin may be successful after
lading with intravenus ibutilide (1 mg ver 10 minutes,
repeated in 10 minutes if necessary).

b. Hemodynamically stable patient—If the patient has
n symptms, hemdynamic instability, r evidence f
imprtant precipitating cnditins (such as silent MI r isch-
emia, decmpensated heart failure, pulmnary emblism, r
hemdynamically significant valvular disease), hspitaliza-
tin is usually nt necessary. In mst f these cases, atrial
fibrillatin is an unrecgnized chrnic r parxysmal cndi-
tin and shuld be managed accrdingly (see Subsequent
Management, belw). Fr new-nset atrial fibrillatin, thy-
rid functin tests and echcardigraphy t assess fr ccult
valvular r mycardial disease shuld be perfrmed.

In stable patients with atrial fibrillation, a strategy of
rate control and anticoagulation is appropriate. This is
true whether the cnditins that precipitated atrial fibrilla-
tin are likely t persist (such as fllwing cardiac r nn-
cardiac surgery, with respiratry failure, r with pericarditis)
r might reslve spntaneusly ver a perid f hurs t
days (such as atrial fibrillatin due t excessive alchl
intake r electrlyte imbalance). The chice f agent is
guided by the hemdynamic status f the patient, assci-
ated cnditins, and the urgency f achieving rate cntrl.
In the stable patient with atrial fibrillatin, a beta-blcker
r calcium channel blcker (rally r intravenusly) is usu-
ally the first-line agent fr ventricular rate cntrl. In the
setting f MI r ischemia, beta-blckers are the preferred
agent. The mst frequently used agents are either metpr-
ll (administered as a 5 mg intravenus blus, repeated
twice at intervals f 5 minutes and then given as needed by
repeat bluses r rally at ttal daily dses f 25–200 mg)
r, in unstable patients, esmll (0.5 mg/kg intravenusly,
repeated nce if necessary, fllwed by a titrated infusin
f 0.05–0.2 mg/kg/min). If beta-blckers are cntraindi-
cated, calcium channel blckers are rapidly effective.
Diltiazem (10–20 mg blus, repeated after 15 minutes if
necessary, fllwed by a maintenance infusin f 5–15 mg/h)
is the preferred calcium blcker if hyptensin r LV dys-
functin is present. Otherwise, verapamil (5–10 mg intra-
venusly ver 2–3 minutes, repeated after 30 minutes if
necessary) may be used. Rate cntrl using digxin is slw
(nset f actin mre than 1 hur with peak effect at 6
hurs) and may be inadequate and is rarely indicated fr
use in the acute setting. Similarly, amidarne, even when
administered intravenusly, has a relatively slw nset and
is mst useful as an adjunct when rate cntrl with the
previusly cited agents is incmplete r cntraindicated r
when cardiversin is planned in the near future. Care
shuld be taken in patients with hyptensin r heart fail-
ure because the rapid intravenus administratin f ami-
darne may wrsen hemdynamics.

Up t tw-thirds f patients experiencing acute nset
(shrter than 36 hurs) f atrial fibrillatin will spntane-
usly revert t sinus rhythm withut the need fr cardiver-
sin. If atrial fibrillatin has been present fr mre than a
week, spntaneus cnversin is unlikely and cardiversin
may be cnsidered fr symptmatic patients. Imprtantly, if
the onset of atrial fibrillation was more than 48 hours
prior to presentation (or unknown), a transesophageal
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echocardiogram should be performed prior to cardio-
version to exclude left atrial thrombus. If thrmbus is
present, the cardiversin is delayed until after a 4-week
perid f therapeutic anticagulatin. In either case,
because atrial cntractile activity may nt recver fr sev-
eral weeks after restratin f sinus rhythm in patients wh
have been in atrial fibrillatin fr mre than 48 hurs,
cardiversin shuld be fllwed by anticagulatin for at
least 1 month unless there is a strng cntraindicatin.
Yunger patients withut heart failure, diabetes, hyperten-
sin, r ther risk factrs fr strke may nt require lng-
term anticagulatin.

2. Subsequent management—If immediate cardiversin
is nt perfrmed, adequate rate cntrl can usually be
achieved with beta-blckers r nndihydrpyridine calcium
channel blckers. Chice f the initial rate cntrl medica-
tin is best based n the presence f accmpanying cndi-
tins: Hypertensive patients can be given beta-blckers r
calcium blckers (see Tables 11–9 and 11–7). Patients with
CHD r heart failure shuld receive a beta-blcker preferen-
tially, whereas beta-blckers shuld be avided in patients
with severe chrnic bstructive pulmnary disease (COPD)
r asthma. Lng-term use f digxin is assciated with an
increase in mrtality in patients with chrnic atrial fibrilla-
tin and is rarely indicated. In symptmatic patients, a rest-
ing heart rate f less than 80 beats/min is targeted. In
asymptmatic patients withut LV dysfunctin, a mre
lenient resting heart rate f up t 100–110 beats/min is rea-
snable. Ambulatry mnitring t assess heart rate during
exercise shuld be cnsidered in all patients with a gal nt
t exceed maximum predicted heart rate (220 – age).

a. Anticoagulation—Fr patients with atrial fibrilla-
tin, even when it is parxysmal r ccurs rarely, the need
fr ral anticagulatin shuld be evaluated and treatment
initiated fr thse withut strng cntraindicatin. Patients
with lone atrial fibrillation (eg, n evidence f assciated
heart disease, hypertensin, athersclertic vascular dis-
ease, diabetes mellitus, r histry f strke r TIA) under
age 65 years need n antithrmbtic treatment. Patients
with transient atrial fibrillation, such as in the setting f
acute MI r pneumnia, but n prir histry f arrhythmia,
are at high risk fr future develpment f atrial fibrillatin
and apprpriate anticagulatin shuld be initiated based
n risk factrs. If the cause is reversible, such as after cr-
nary artery bypass surgery r assciated with hyperthyrid-
ism, then lng-term anticagulatin is nt necessary.

In additin t the traditinal five risk factrs that cm-
prise the CHADS

2
score (heart failure, hypertensin, age

75 years r lder, diabetes mellitus, and [2 pints fr] his-
try f strke r TIA), the Eurpean and American guide-
lines recmmend that three additinal factrs included in
the CHA

2
DS

2
-VASc scre be cnsidered: age 65–74 years,

female sex, and presence f vascular disease (Table 10–10).
The CHA

2
DS

2
-VASc scre is especially relevant fr patients

wh have a CHADS
2

scre f 0 r 1; if the CHA
2
DS

2
-VASc

scre is greater than r equal t 2, ral anticagulatin is
recmmended, and if CHA

2
DS

2
-VASc scre is 1, ral anti-

cagulatin shuld be cnsidered, taking int accunt risk,
benefit, and patient preferences. Female sex is a relatively

weak factr, hwever, and the Eurpean guidelines have
remved it frm their risk assessment, s that ral antic-
agulatin is indicated fr men wh are CHA

2
DS

2
-VASc f

2 and wmen wh are CHA
2
DS

2
-VASc f 3. (The use f

warfarin is discussed in the sectin n Selecting Apprpri-
ate Anticagulant Therapy in Chapter 14.) Unfrtunately,

Table 10–10. CHA
2
DS

2
-VASc Risk Score for assessing

risk of stroke and for selecting antithrombotic therapy
for patients with atrial fibrillation.

CHA
2
DS

2
-VASc Risk Score

Heart failure or LVEF ≤ 40% 1

Hypertension 1

Age ≥ 75 years 2

Diabetes mellitus 1

Stroke, transient ischemic attack, or

thromboembolism

2

Vascular disease (previous myocardial

infarction, peripheral artery disease, or

aortic plaque)

1

Age 65–74 years 1

Female sex (but not a risk factor if female

sex is the only factor)

1

Maximum score 9

Adjusted stroke rate according to CHA
2
DS

2
-VASc score

CHA
2
DS

2
-VASc

Score patients n = 7329

Adjusted stroke

rate %/year

0 1 0%

1 422 1.3%

2 1230 2.2%

3 1730 3.2%

4 1718 4.0%

5 1159 6.7%

6 679 9.8%

7 294 9.6%

8 82 6.7 %

9 14 15.2%

CHA
2
DS

2
-VASc score = 0: recommend no antithrombotic therapy

CHA
2
DS

2
-VASc score = 1: recommend antithrombotic therapy

with oral anticoagulation or antiplatelet therapy but preferably

oral anticoagulation

CHA
2
DS

2
-VASc score = 2: recommend oral anticoagulation

CHA
2
DS

2
-VASc, Cardiac failure, Hypertension, Age ≥ 75 years (dou-

bled), Diabetes, Stroke (doubled), Vascular disease, Age 65–74, and

Sex category (female); LVEF, left ventricular ejection fraction.

Data from Camm AJ et al. 2012 focused update of the ESC

Guidelines for the management of atrial fibrillation: an update of

the 2010 ESC Guidelines for the management of atrial fibrillation.

Developed with the special contribution of the European Heart

Rhythm Association. Eur Heart J. 2012 Nov;33(21):2719–47.
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studies shw that only about half f patients with atrial
fibrillatin and an indicatin fr ral anticagulatin are
receiving it, and even when treated with warfarin, they are
ut f the target INR range nearly half the time. One reason
for undertreatment is the misperception that aspirin is useful
for prevention of stroke due to atrial fibrillation. In the
Eurpean guidelines, aspirin is given a class III A recm-
mendatin, indicating that it shuld not be used because f
harm (and with n gd evidence f benefit). Cardiver-
sin, if planned, shuld be perfrmed after at least 3–4 weeks
f anticagulatin at a therapeutic level (r after exclusin
f left atrial appendage thrmbus by transesphageal ech-
cardigram as discussed abve). Anticoagulation clinics
with systematic management f warfarin dsing and
adjustment have been shwn t result in better mainte-
nance f target anticagulatin.

Fur DOACs—dabigatran, rivarxaban, apixaban, and
edxaban—have been shwn t be at least as effective as
warfarin fr strke preventin in patients with atrial fibril-
latin and have been apprved by the FDA fr this indica-
tin (Table 10–11). These medicatins have not been
studied in patients with mderate r severe mitral stensis,
and they shuld not be used fr patients with mechanical
prsthetic valves. The term “nnvalvular atrial fibrillatin”
is n lnger used in the American r Eurpean guidelines
since mst patients with ther types f valvular heart dis-
ease have been included in trials f DOACs, which are
equally effective in these patients.

Dabigatran (studied in the RE-LY trial) is superir t
warfarin at preventing strke at the 150 mg twice daily
dse, and it is nninferir at the 110 mg twice daily dse,
althugh this dse is nt apprved fr treatment f atrial
fibrillatin in the United States. Bth dses result in less
intracranial hemrrhage than warfarin but als in more
gastrintestinal bleeding than warfarin. Neither dabigatran
nr any f the DOACs shuld be used in patients with
mechanical prsthetic heart valves where the medicatins
are less effective and riskier.

Rivaroxaban is nninferir t warfarin fr strke pre-
ventin in atrial fibrillatin (in the ROCKET-AF trial).
Rivarxaban is dsed at 20 mg nce daily, with a reduced
dse (15 mg/day) fr patients with creatinine clearances
between 15 and 50 mL/min. It shuld be administered with
food, since that results in a 40% higher drug absrptin.
Similar t dabigatran, there is substantially less intracranial
hemrrhage with rivarxaban than warfarin.

Apixaban is mre effective than warfarin at strke pre-
ventin while having a substantially lwer risk f majr
bleeding (in the ARISTOTLE trial) and a lwer risk f all-
cause mrtality. The apixaban dsage is 5 mg twice daily r
2.5 mg twice daily fr patients with tw f three high-risk
criteria (age 80 years r lder, bdy weight 60 kg r less, and
serum creatinine f 1.5 mg/dL r mre). Apixaban is assci-
ated with less intracranial hemrrhage and is well tlerated.
Apixaban was als shwn t be superir t aspirin (and
better tlerated, with cmparable rates f bleeding) in the
AVERROES trial f patients deemed nt suitable fr warfa-
rin. Apixaban has been studied in a small trial f patients
receiving hemdialysis, in which the plasma cncentratins
were in an acceptable range using standard dsing criteria.

Edoxaban, 60 mg nce a day, is nninferir t warfarin
fr strke preventin with lwer rates f majr bleeding
and lwer rates f hemrrhagic strke (studied in the
ENGAGE-AF trial). Edxaban carries a bxed warning in
FDA labelleling that it shuld not be used in patients whse
creatinine clearance is mre than 95 mL/min because it is
less effective in this ppulatin. The dse is decreased t
30 mg/day fr patients whse creatinine clearance is less
than r equal t 50 mL/min.

These four DOACs have important advantages over
warfarin, and therefore, they are recommended preferen-
tially over VKAs. In practice, these medicatins are ften
underdsed. They shuld be used at the dses shwn t be
effective in the clinical trials as shwn in Table 10–11. Even
thugh labeled fr “nnvalvular” atrial fibrillatin, the
DOACs are safe and effective fr patients with mderate r

Table 10–11. Direct-acting oral anticoagulants for stroke prevention in patients with nonvalvular atrial fibrillation.

Dabigatran Rivaroxaban Aixaban Edoxaban

Class Antithrombin Factor Xa inhibitor Factor Xa inhibitor Factor Xa inhibitor

Bleeding risk compared

to warfarin

Less intracranial bleeding

Higher incidence of gas-

trointestinal bleeding

Less intracranial bleeding

Higher incidence of gas-

trointestinal bleeding

Substantially lower risk

of major bleeding

Less intracranial bleeding

Lower risk of major

bleeding

Less intracranial bleeding

Dosage 110 mg twice daily

150 mg twice daily

20 mg once daily

(give with food)

5 mg twice daily 60 mg once daily

Dosage adjustments 75 mg twice daily for

creatinine clearance1

15–30 mL/min

(approved in the

United States but not

tested in clinical trials)

15 mg once daily for

creatinine clearance1

< 50 mL/min

2.5 mg twice daily for

patients with at least

two of three risk

factors:

1. Age ≥ 80 years

2. Body weight ≤ 60 kg

3. Serum creatinine

≥ 1.5 mg/dL

30 mg once daily for

creatinine clearance1

≤ 50 mL/min

FDA recommends not to

use if creatinine clear-

ance1 > 95 mL/min

1Creatinine clearance calculated by Cockcroft-Gault equation.

Data from Nishimura RA et al. 2014 AHA/ACC Guideline for the Management of Patients With Valvular Heart Disease: A Report of the

American College of Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation. 2014 Jun 10;129(23):e521–643.
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severe valvular abnrmalities, with the exceptin f md-
erate r severe mitral stensis. In part because f lwer
rates f intracerebral hemrrhage, DOACs have particular
advantage over warfarin in the elderly and the frail, includ-
ing patients with histry f falls. Fr patients wh fall, ral
anticagulatin shuld generally be used, except fr
patients wh are suffering head trauma with falls.

There are sme patients with atrial fibrillatin, hwever,
wh should be treated with VKAs. These patients include
thse wh have mechanical prsthetic valves, advanced
kidney disease (creatinine clearance less than 25 mL/min),
r mderate r severe mitral stensis, and thse wh can-
nt affrd the newer medicatins. Apixaban may be a rea-
snable ptin fr patients with creatinine clearance less
than 25 mL/min, with ne small randmized trial f
patients receiving hemdialysis suggesting that it may be
reasnable. Patients wh have been stable while receiving
warfarin fr a lng time, with a high time in target INR
range, and wh are at lwer risk fr intracranial hemr-
rhage will have relatively less benefit with a switch t a
newer medicatin. It is imprtant t nte, hwever, that
mst patients wh have intracranial hemrrhage while tak-
ing warfarin have had a recent INR belw 3.0, s that gd
INR cntrl des nt ensure avidance f intracranial
bleeding. One way t reduce bleeding fr patients taking
ral anticagulants is t avid cncurrent aspirin, unless the
patient has a clear indicatin, like recent MI r crnary
stent. Even then, use f ral anticagulant plus clpidgrel
withut aspirin, r with nly a brief perid f “triple” ther-
apy and then discntinuatin f aspirin, may be a reasn-
able apprach, as has been shwn in clinical trials cmparing
rivarxaban and dabigatran with warfarin.

There are sme imprtant practical issues with using
the DOACs. It is imprtant t mnitr kidney functin at
baseline and at least nce a year, r mre ften fr thse
with impaired kidney functin. Each f the medicatins
interacts with ther medicatins affecting the P-glycprtein
pathway, like ral ketcnazle, verapamil, drnederne,
and phenytin. T transitin patients frm warfarin t a
DOAC, wait until the INR decreases t abut 2.0. Each f
the medicatins has a half-life f abut 10–12 hurs fr
patients with nrmal kidney functin. Fr elective prce-
dures, stp the medicatins tw t three half-lives (usu-
ally 24–48 hurs) befre prcedures with lw t mderate
bleeding risk (ie, clnscpy, dental extractin, cardiac
catheterizatin), and five half-lives befre prcedures like
majr surgery. Discntinuatin times shuld be extended
in patients with impaired renal functin, particularly
with dabigatran. There are n practical tests t immedi-
ately measure the effect f the medicatins, althugh a
nrmal aPTT suggests little effect with dabigatran, and a
nrmal prthrmbin suggests little effect with rivarxa-
ban. Fr rivarxaban and apixaban, chrmgenic Xa
assays will measure the effect, but may nt be readily
available. Fr bleeding, standard measures (eg, diagns-
ing and cntrlling the surce, stpping antithrmbtic
agents, and replacing bld prducts) shuld be taken.
If the direct-acting medicatin was taken in the prir
2–4 hurs, use activated ral charcal t reduce absrp-
tin. If the patient is taking aspirin, cnsider platelet

transfusin. Antidtes shuld be cnsidered fr life-
threatening bleeding r fr patients with need fr imme-
diate surgery, r bth. Fr cardiversin, the DOACs
appear t have similar rates f subsequent strke as war-
farin, as lng as patients have been taking the medicatins
and adherent fr at least several weeks. Like with warfa-
rin, there appears t be a 1.5- t 2-fld increased rate f
bleeding assciated with the use f aspirin in cmbina-
tin with the DOACs. Even patients with atrial fibrilla-
tin and stable crnary disease taking a DOAC at least 1
year frm mst recent crnary stent r crnary bypass
surgery appear t have substantially greater risk than
benefit frm the use f aspirin. Therefre, aspirin should
not be used with the DOACs unless there is a clear indi-
cation, such as coronary stents or acute coronary syn-
drome within the prior year.

A patient with severe bleeding while taking dabiga-
tran may be treated with the reversal agent idaruci-
zumab, which is a humanized mnclnal antibdy
apprved by the FDA fr rapid reversal f the anticagu-
latin effects, fr use in the event f severe bleeding r
the need fr an urgent prcedure. This treatment is
widely available in the United States. Andexanet alfa, an
intravenus factr Xa decy, is apprved fr reversal f
factr Xa inhibitrs. Fur-factr prthrmbin cmplex
cncentrate may partially reverse the effects f these
agents. Due t the shrt half-life f the DOACs
(10–12 hurs with nrmal kidney functin), supprtive
measures (lcal cntrl, packed red bld cells, platelets)
may suffice until the medicatin has cleared.

Each f the DOACs appears t be safe and effective
arund the time f electrical cardiversin. In each f
these trials, and in ne mdest-sized prspective ran-
dmized trial f rivarxaban that specifically addressed
cardiversin, the rates f strke were lw (and similar t
warfarin) with the DOACs when given fr at least 3–4 weeks
prir t cardiversin. An advantage f the DOACs is that
when stable anticagulatin is desired befre elective
cardiversin, it is achieved faster than with warfarin.

Devices t exclude the left atrial appendage have been
shwn t prtect against strke, althugh they are nt as
effective as warfarin t prevent ischemic strke; the mst
cmmnly used apprved devices are the Watchman
(United States and Eurpe) and Amulet (Eurpe), which
are ptins fr patients wh are unsuitable fr lng-term
anticagulatin.

b. Rate control or rhythm control—After assessing
strke risk and initiating anticagulatin where apprpri-
ate, tw main treatment strategies fr lng-term manage-
ment f atrial fibrillatin exist: rate cntrl r rhythm
cntrl, althugh they are nt mutually exclusive. Rate
cntrl shuld be cnsidered backgrund treatment in
nearly all patients with atrial fibrillatin, regardless f
whether rhythm restratin is eventually pursued, and may
be cnsidered the primary treatment in patients with mini-
mal t n symptms related t lng-standing atrial fibrilla-
tin. In patients with recent-nset atrial fibrillatin (less
than 1 year), the EAST-AFNET 4 trial fund that rhythm
cntrl with antiarrhythmic medicatin r catheter ablatin
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is assciated with a lwer risk f death frm cardivascular
causes, strke, r hspitalizatin fr heart failure.

The decisin t pursue rhythm cntrl is ften indi-
vidualized, based n symptms, the type f atrial fibrilla-
tin (parxysmal r persistent), cmrbidities (such as
heart failure), as well as general health status. As first treat-
ment, elective cardiversin fllwing an apprpriate
perid f anticagulatin (minimum f 3 weeks) is gener-
ally recmmended in patients in whm atrial fibrillatin is
thught t be f recent nset r when there is an identifi-
able precipitating factr. Similarly, cardiversin is appr-
priate in patients wh remain symptmatic frm the
rhythm despite effrts t achieve rate cntrl.

In cases in which elective cardiversin is required, it
may be accmplished pharmaclgically r electrically.
Pharmaclgic cardiversin with intravenus ibutilide
(1 mg ver 10 minutes, repeated in 10 minutes if necessary)
r procainamide (15 mg/kg ver 30 minutes) may be used
in a setting in which the patient can underg cntinuus
ECG mnitring fr at least 4–6 hurs fllwing adminis-
tratin. Pretreatment with intravenus magnesium (1–2 g)
may prevent rare episdes f trsades de pintes assciated
with ibutilide administratin. In patients in whm a deci-
sin has been made t cntinue antiarrhythmic therapy t
maintain sinus rhythm (see next paragraph), cardiversin
can be attempted with an agent that is being cnsidered fr
lng-term use. Fr instance, after therapeutic anticagula-
tin has been established, amiodarone can be initiated n
an utpatient basis (400 mg twice daily fr 2 weeks, fl-
lwed by 200 mg twice daily fr at least 2–4 weeks and then
a maintenance dse f 200 mg daily). Because amidarne
increases the prthrmbin time in patients taking warfarin
and increases digxin levels, careful mnitring f antic-
agulatin and medicatin levels is required.

Other antiarrhythmic medicatins that can be used fr
lng-term maintenance therapy include prpafenne, fle-
cainide, drnedarne, dfetilide, and stall. Dofetilide
(125–500 mcg twice daily rally) must be initiated in hspi-
tal due t the ptential risk f trsades de pintes and the
dwnward dse adjustment that is required fr patients
with renal impairment. Propafenone (150–300 mg rally
every 8 hurs) and flecainide (50–150 mg rally twice daily)
shuld be avided in patients with structural heart disease
(CAD, systlic dysfunctin, r significant LVH) and shuld
be used in cnjunctin with an AV ndal blcking medica-
tin, especially if there is a histry f atrial flutter. Sotalol
(80–160 mg rally twice daily) shuld be initiated in the
hspital in patients with structural heart disease due t a
risk f trsades de pintes; it is nt very effective fr cn-
verting atrial fibrillatin but can be used t maintain sinus
rhythm fllwing cardiversin. Drnedarne shuld nt
be used in patients with recent decmpensated heart failure
r when atrial fibrillatin has becme persistent.

In patients treated lng-term with an antiarrhythmic
agent, sinus rhythm will persist in 30–50%. Given this high
rate f arrhythmia recurrence, the decisin t maintain
lng-term anticagulatin shuld be based n risk factrs
(CHA

2
DS

2
-VASc scre, Table 10–10) and nt n the per-

ceived presence r absence f atrial fibrillatin, since future
episdes may be asymptmatic.

B. Recurrent and Refractory Atrial Fibrillation

1. Recurrent paroxysmal atrial fibrillation—Fr select
patients with symptmatic but rare (a few times a year) epi-
sdes f atrial fibrillatin, an effective treatment strategy is
n-demand pharmaclgic cardiversin, termed pill-in-the-
pocket treatment. Patients withut crnary r structural
heart disease may be given flecainide (200–300 mg) r prpafe-
nne (450–600 mg) in additin t a beta-blcker r nndihy-
drpyridine calcium channel blcker as a single dse at the
nset f symptms. It is recmmended that the first such treat-
ment take place in a mnitred setting (eg, the emergency
department r hspital) t evaluate safety and effectiveness.
Fr mre frequent, symptmatic arrhythmic episdes, daily
antiarrhythmic agents are first-line therapy; hwever, they are
nt ften successful in preventing all parxysmal atrial fibrilla-
tin episdes and lng-term tlerability is pr.

2. Refractory atrial fibrillation—Atrial fibrillatin shuld
generally be cnsidered refractry if it causes persistent
symptms r limits activity despite attempts at rate r rhythm
cntrl. If antiarrhythmic r rate cntrl medicatins fail t
imprve symptms, catheter ablatin f fci in and arund
the pulmnary veins that initiate and maintain atrial fibrilla-
tin (pulmnary vein islatin) may be cnsidered. It is a
reasnable therapy fr individuals with symptmatic parx-
ysmal r persistent atrial fibrillatin that is refractry t
pharmaclgic therapy and fr select patients (yunger than
65 years r with cncurrent heart failure) as first-line therapy.
The primary benefit f catheter ablatin is an imprvement
in quality f life. In the CABANA trial, there was n differ-
ence in the primary endpint f death, disabling strke, seri-
us bleeding, r cardiac arrest in patients randmized t
catheter ablatin versus medical therapy as first treatment fr
symptmatic atrial fibrillatin. Ablatin is successful abut
50–70% f the time but repeat ablatin may be required in up
t 20% f patients. The prcedure is rutinely perfrmed in
the electrphysilgy labratry using a catheter-based
apprach and adverse event rates are lw when perfrmed by
experienced peratrs. Surgical ablatin can als be per-
frmed via a subxiphid apprach thrascpically, via thra-
ctmy, r via median sterntmy in the perating rm as a
stand-alne r adjunct prcedure. Finally, in symptmatic
patients with pr rate cntrl and deemed inapprpriate fr
pulmnary vein islatin, radifrequency ablatin f the AV
nde and permanent pacing ensure rate cntrl and may
facilitate a mre physilgic rate respnse t activity, but
this is used nly as a last resrt.

» When to Refer

• Symptmatic atrial fibrillatin with r withut ade-
quate rate cntrl.

• Asymptmatic atrial fibrillatin with pr rate cntrl
despite AV ndal blckers.

• Patients at risk fr strke wh have nt tlerated ral
anticagulants.

Calkins H et al. 2017 HRS/EHRA/ECAS/APHRS/SOLAECE
expert cnsensus statement n catheter and surgical ablatin
f atrial fibrillatin. Eurpace. 2018;20:e1. [PMID: 29016840]
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Kirchhf P et al; EAST-AFNET 4 Trial Investigatrs. Early
rhythm-cntrl therapy in patients with atrial fibrillatin. N
Engl J Med. 2020;383:1305. [PMID: 32865375]

Packer DL et al. Effect f catheter ablatin vs antiarrhythmic
drug therapy n mrtality, strke, bleeding, and cardiac arrest
amng patients with atrial fibrillatin: the CABANA randm-
ized clinical trial. JAMA. 2019;321:1261. [PMID: 30874766]

Yasuda S et al; AFIRE Investigatrs. Antithrmbtic therapy fr
atrial fibrillatin with stable crnary disease. N Engl J Med.
2019;381:1103. [PMID: 31475793]

ATRIAL FLUTTER

E S S E N T I A L S  O F  D I A G N O S I S

» Rapid, regular tachycardia presenting classically
with 2 to 1 block in the AV node and ventricular
heart rate of 150 beats/min. ECG shows “sawtooth”
pattern of atrial activity (rate 300 beats/min).

» Stroke risk should be considered equivalent to
that with atrial fibrillation.

» Catheter ablation is highly successful and is con-
sidered the definitive treatment for typical atrial
flutter.

» General Considerations

Atrial flutter is less cmmn than fibrillatin. It may ccur
in patients with structurally nrmal hearts but is mre
cmmnly seen in patients with COPD, valvular r struc-
tural heart disease, ASD, r surgically repaired cngenital
heart disease.

» Clinical Findings

Patients typically present with cmplaints f palpitatins,
fatigue, r mild dizziness. In situatins where the arrhyth-
mia is unrecgnized fr a prlnged perid f time,
patients may present with symptms and signs f heart
failure (dyspnea, exertinal intlerance, edema) due t
tachycardia-induced cardimypathy. The ECG typically
demnstrates a “sawtooth” pattern f atrial activity in the
inferir leads (II, III, and AVF). The reentrant circuit gen-
erates atrial rates f 250–350 beats/min, usually with trans-
missin f every secnd, third, r furth impulse thrugh
the AV nde t the ventricles.

» Treatment

Ventricular rate cntrl is accmplished using the same
agents used in atrial fibrillatin, but it is generally mre
difficult. Cnversin f atrial flutter t sinus rhythm with
class I antiarrhythmic agents is als difficult t achieve, and
administratin f these medicatins has been assciated
with slwing f the atrial flutter rate t the pint at which
1:1 AV cnductin can ccur at rates in excess f 200
beats/min, with subsequent hemdynamic cllapse. The
intravenus class III antiarrhythmic agent ibutilide has been
significantly mre successful in cnverting atrial flutter (see

Table 10–9). Abut 50–70% f patients return t sinus
rhythm within 60–90 minutes fllwing the infusin f 1–2 mg
f this agent. Electrical cardiversin is als very effective fr
atrial flutter, with apprximately 90% f patients cnverting
fllwing synchrnized shcks f as little as 25–50 J.

Althugh the rganizatin f atrial cntractile functin
in this arrhythmia may prvide sme prtectin against
thrmbus frmatin, the risk of thromboembolism
should be considered equivalent to that with atrial fibril-
lation due t the cmmn cexistence f these arrhyth-
mias. Precardiversin anticagulatin is nt necessary fr
atrial flutter f less than 48 hurs duratin except in the
setting f mitral valve disease. As with atrial fibrillatin,
anticagulatin shuld be cntinued fr at least 4 weeks
after electrical r chemical cardiversin and chrnically
in patients with risk factrs fr thrmbemblism.

Catheter ablatin is the treatment f chice fr lng-
term management f atrial flutter wing t the high success
rate and safety f the prcedure. The anatmy f the typical
circuit is well defined and catheter ablatin within the right
atrium results in immediate and permanent eliminatin f
atrial flutter in mre than 90% f patients. Due t the fre-
quent cexistence f atrial flutter with atrial fibrillatin,
hwever, sme patients may require catheter ablatin f
bth arrhythmias. If pharmaclgic therapy is chsen,
class III antiarrhythmics (amidarne r dfetilide) are
generally preferred (see Table 10–9).

» When to Refer

All patients with atrial flutter shuld be referred t a cardi-
lgist r cardiac electrphysilgist fr cnsideratin f
definitive treatment with catheter ablatin.

ATRIAL TACHYCARDIA

E S S E N T I A L S  O F  D I A G N O S I S

» Characterized by bursts of rapid, regular
tachycardia.

» Multifocal atrial tachycardia commonly seen with
severe COPD and presents with three or more
distinct P wave morphologies on ECG, often con-
fused for atrial fibrillation. Treatment of the under-
lying lung disease is most effective therapy.

» General Considerations

Atrial tachycardia is an uncmmn frm f SVT character-
ized by parxysms r bursts f rapid, regular arrhythmia due
t fcal atrial impulses riginating utside f the nrmal
sinus nde. Cmmn sites include the tricuspid annulus, the
crista terminalis f the right atrium and the crnary sinus.
Multifocal atrial tachycardia is a particular subtype seen in
patients with severe COPD and characterized by varying
P wave mrphlgy (by definitin, three r mre fci) and
markedly irregular PP intervals. The rate is usually between
100 beats/min and 140 beats/min, and it is ften cnfused
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fr atrial fibrillatin. Solitary atrial premature beats are
benign and generally nt assciated with underlying car-
diac disease. They ccur when an ectpic fcus in the atria
fires befre the next sinus nde impulse. The cntur f
the P wave usually differs frm the patient’s nrmal cm-
plex, unless the ectpic fcus is near the sinus nde. Accel-
eratin f the heart rate by any means usually ablishes
mst premature beats.

» Clinical Findings

Fcal atrial tachycardias are usually intermittent and self-
limiting althugh incessant frms d exist and may present
with signs and symptms f heart failure due t tachycar-
dia-induced cardimypathy. Mst patients reprt palpita-
tins with an abrupt nset, similar t ther frms f PSVT.
Patients with underlying cardiac pathlgy (eg, CHD) can
present with dyspnea r angina. Clse inspectin f the
P wave n 12-lead ECG suggests a fcus away frm the
sinus nde, althugh certain lcatins (eg, high right atrial
crista terminalis) may mimic sinus tachycardia. In this
situatin, the abrupt nset and ffset f the arrhythmia is
helpful in distinguishing atrial frm sinus tachycardia,
althugh electrphysilgic study is smetimes necessary.

» Treatment

Initial management f atrial tachycardia is similar t ther
types f PSVT; hwever, vagal maneuvers and intravenus
adensine are generally less effective. Intravenus beta-
blckers r calcium channel blckers can be given in the
hemdynamically stable patient with a transitin t ral
frmulatins fr lng-term management. Antiarrhythmic
medicatins r catheter ablatin shuld be cnsidered in
patients wh cntinue t have symptmatic episdes.
Lng-term anticagulatin is nt indicated in the absence
f cexistent atrial fibrillatin r atrial flutter.

Fr patients with multifcal atrial tachycardia, treat-
ment f the underlying cnditin (eg, COPD) is para-
munt; verapamil, 240–480 mg rally daily in divided
dses, may be effective in sme patients.

» When to Refer

All patients with atrial tachycardia in whm initial medical
management fails shuld be referred t a cardilgist r
cardiac electrphysilgist.

VENTRICULAR PREMATURE BEATS
(Ventricular Extrasystoles)

E S S E N T I A L S  O F  D I A G N O S I S

» Common but rarely symptomatic.

» Ambulatory ECG monitoring to quantify daily bur-
den of PVCs. Asymptomatic patients with > 10%
PVC burden should have periodic echocardiogram
to exclude development of LV dysfunction.

» General Considerations

Ventricular premature beats, r PVCs, are islated beats
typically riginating frm the utflw tract r His-Purkinje
regins f ventricular tissue. In mst patients, the presence
f PVCs is a benign finding; hwever, they rarely may trig-
ger ventricular tachycardia r ventricular fibrillatin, espe-
cially in patients with underlying heart disease.

» Clinical Findings

The patient may r may nt sense the irregular beat, usu-
ally as a skipped beat. Exercise generally ablishes prema-
ture beats in nrmal hearts, and the rhythm becmes
regular. PVCs are characterized by wide QRS cmplexes
that differ in mrphlgy frm the patient’s nrmal beats.
They are usually nt preceded by a P wave, althugh
retrgrade ventriculatrial cnductin may ccur.
Bigeminy and trigeminy are arrhythmias in which every
secnd r third beat is premature; these patterns cnfirm
a reentry mechanism fr the ectpic beat. Ambulatry
ECG mnitring may reveal mre frequent and cmplex
PVCs than ccur in a single rutine ECG. An increased
frequency f PVCs during exercise is assciated with a
higher risk f cardivascular mrtality and shuld be
investigated further.

» Treatment

If n assciated cardiac disease is present and if the ect-
pic beats are asymptmatic, n therapy is indicated. Mild
symptms r anxiety frm palpitatins may be allayed
with reassurance t the patient f the benign nature f
this arrhythmia. If PVCs are frequent (bigeminal r tri-
geminal pattern), electrlyte abnrmalities (especially
hypkalemia r hyperkalemia and hypmagnesemia),
hyperthyridism, and ccult heart disease shuld be
excluded. In additin, an echcardigram shuld be per-
frmed in patients in whm a burden f PVCs f greater
than 10,000 per day has been dcumented by ambulatry
ECG mnitring. Pharmaclgic treatment is indicated
nly fr patients wh are symptmatic r wh develp
cardimypathy thught t be due t a high burden f
PVCs (generally greater than 10% f daily heart beats).
Beta-blckers r nndihydrpyridine calcium channel
blckers are apprpriate as first-line therapy. The class I
and III antiarrhythmic agents (see Table 10–9) may be
effective in reducing PVCs but are ften prly tlerated
and can be prarrhythmic in up t 5% f patients. Catheter
ablatin is a well-established therapy fr symptmatic
individuals wh d nt respnd t medicatin r fr thse
patients whse burden f ectpic beats has resulted in a
cardimypathy.

» When to Refer

Patients with symptmatic PVCs wh d nt respnd t
initial medical management r asymptmatic patients with
daily PVC burden greater than 10% n ambulatry ECG
mnitring shuld be referred t a cardilgist r cardiac
electrphysilgist.
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VENTRICULAR TACHYCARDIA

E S S E N T I A L S  O F  D I A G N O S I S

» Fast, wide QRS complex on ECG.

» Associated with ischemic heart disease, particu-
larly in older patients.

» In the absence of reversible cause, implantable
cardioverter defibrillator (ICD) is recommended if
meaningful life expectancy is > 1 year.

» General Considerations

Ventricular tachycardia is defined as three r mre cn-
secutive ventricular premature beats. It is classified as
either nonsustained (lasting less than 30 secnds and
terminating spntaneusly) r sustained with a heart
rate greater than 100 beats/min. In individuals withut
heart disease, nnsustained ventricular tachycardia is
generally assciated with a benign prgnsis. In patients
with structural heart disease, nnsustained ventricular
tachycardia is assciated with an increased risk f sub-
sequent symptmatic ventricular tachycardia and sud-
den death, especially when seen mre than 48 hurs
after MI.

Ventricular tachycardia is a frequent cmplicatin f
acute MI and dilated cardimypathy but may ccur in
chrnic crnary disease, HCM, mycarditis, and in mst
ther frms f mycardial disease. It can als be a cnse-
quence f atypical frms f cardimypathies, such as
arrhythmgenic RV cardimypathy. Hwever, idipathic
ventricular tachycardia can als ccur in patients with
structurally nrmal hearts. Accelerated idioventricular
rhythm is a regular wide cmplex rhythm with a rate f
60–120 beats/min, usually with a gradual nset. It ccurs
cmmnly in acute infarctin and fllwing reperfusin
with thrmblytic medicatins. Treatment is nt indicated
unless there is hemdynamic cmprmise r mre serius
arrhythmias.

Torsades de pointes, a frm f ventricular tachycardia
in which QRS mrphlgy twists arund the baseline, may
ccur in the setting f severe hypkalemia, hypmagnese-
mia, r after administratin f a medicatin that prlngs
the QT interval. In nnacute settings, mst patients with
ventricular tachycardia have knwn r easily detectable
cardiac disease, and the finding f ventricular tachycardia
is an unfavrable prgnstic sign.

» Clinical Findings

A. Symptoms and Signs

Patients cmmnly experience palpitatins, dyspnea, r
lightheadedness, but n rare ccasin may be asymptm-
atic. Syncpe r cardiac arrest can be presenting symptms
in patients with underlying cardiac disease r ther severe
cmrbidities. Episdes may be triggered by exercise r
emtinal stress.

B. Diagnostic Studies

Cmprehensive bld labratry wrk shuld be per-
frmed because ventricular tachycardia can ccur in the
setting f hypkalemia and hypmagnesemia. Cardiac
markers may be elevated when ventricular tachycardia
presents in the setting f acute MI r as a cnsequence f
underlying CAD and demand ischemia. In patients with
sustained, hemdynamically tlerated ventricular tachy-
cardia, a 12-lead ECG during tachycardia shuld be
btained. Cardiac evaluatin with echcardigraphy r
cardiac MRI, ambulatry ECG mnitring, and exercise
testing may be warranted depending n the clinical situa-
tin. In survivrs f cardiac arrest r thse with life-
threatening ventricular arrhythmia, invasive crnary
angigraphy is recmmended t establish r exclude the
presence f significant CAD.

There is generally n rle fr invasive electrphysi-
lgic study in patients with sustained ventricular tachycar-
dia wh therwise meet criteria fr ICD. In patients with
structural heart disease and syncpe f unknwn cause, r
in situatins in which the mechanism f wide-cmplex
tachycardia is uncertain, electrphysilgic study may pr-
vide imprtant infrmatin.

C. Differentiation of Aberrantly Conducted
Supraventricular Beats From Ventricular Beats

The distinctin n 12-lead ECG f ventricular tachycardia
frm SVT with aberrant cnductin may be difficult in
patients with a wide-cmplex tachycardia; it is imprtant
because f the differing prgnstic and therapeutic impli-
catins f each type. Findings favring a ventricular origin
include: (1) AV dissciatin; (2) a QRS duratin exceeding
0.14 secnd; (3) capture r fusin beats (infrequent); (4)
left axis deviatin with right bundle branch blck mr-
phlgy; (5) mnphasic (R) r biphasic (qR, QR, r RS)
cmplexes in V

1
; and (6) a qR r QS cmplex in V

6
. Supra-

ventricular origin is favred by: (1) a triphasic QRS cm-
plex, especially if there was initial negativity in leads I and
V

6
; (2) ventricular rates exceeding 170 beats/min; (3) QRS

duratin lnger than 0.12 secnd but nt lnger than 0.14
secnd; and (4) the presence f preexcitatin syndrme.
Patients with a wide-cmplex tachycardia, especially thse
with knwn cardiac disease, shuld be presumed t have
ventricular tachycardia if the diagnsis is unclear.

» Treatment

A. Initial Management

The treatment f acute ventricular tachycardia is deter-
mined by the degree f hemdynamic cmprmise and the
duratin f the arrhythmia. In patients with structurally
nrmal hearts, the prgnsis is generally benign and syn-
cpe is uncmmn. The etilgy is ften triggered activity
frm the right r left ventricular utflw tract and immedi-
ate treatment with a shrt-acting intravenus beta-blcker
r verapamil may terminate the episde.

In the presence f knwn r suspected structural heart
disease, assessment f hemdynamic stability determines
the need fr urgent direct current cardiversin. When
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ventricular tachycardia causes hyptensin, heart failure,
r mycardial ischemia, immediate synchrnized direct
current cardiversin with 100–360 J shuld be perfrmed.
If ventricular tachycardia recurs, intravenus amidarne
(150-mg blus fllwed by 1 mg/min infusin fr 6 hurs
and then 0.5 mg/min fr 18 hurs) shuld be administered
t achieve a stable rhythm with further attempts at cardi-
versin as necessary. Significant hyptensin can ccur
with rapid infusins f amidarne. The management f
ventricular tachycardia in the setting f acute MI is dis-
cussed in the Cmplicatins sectin f Acute Mycardial
Infarctin with ST-Segment Elevatin.

In patients with sustained ventricular tachycardia
wh are hemdynamically stable, medical treatment
with intravenus amidarne, lidcaine, r prcain-
amide can be used; hwever, direct current cardiversin
shuld be perfrmed if the ventricular tachycardia fails
t terminate r symptms wrsen. Empiric magnesium
replacement (1–2 g intravenusly) may help, especially
fr plymrphic ventricular tachycardia. If plymrphic
ventricular tachycardia recurs, increasing the heart rate
with isprterenl infusin (up t 20 mcg/min) r atrial
pacing with a temprary pacemaker (at 90–120 beats/
min) will effectively shrten the QT interval t prevent
further episdes.

B. LongTerm Management

Patients with symptmatic r sustained ventricular
tachycardia in the absence f a reversible precipitating
cause (acute MI r ischemia, electrlyte imbalance,
medicatin txicity, etc) are at high risk fr recurrence.
In patients with structurally nrmal hearts and ventricu-
lar tachycardia with typical utflw tract (left bundle
branch blck with inferir axis) r left psterir fascicle
(right bundle branch blck with superir axis) appear-
ance n ECG, suppressive treatment with beta-blcker r
a nndihydrpyridine calcium channel blcker may be
tried. Catheter ablatin has a high success rate in these
patients wh fail initial medical treatment. In patients
with significant LV dysfunctin, subsequent sudden
death is cmmn and ICD implantatin is recmmended
if meaningful survival is expected t be lnger than
1 year. Beta-blckers are the mainstay fr medical treat-
ment f ventricular tachycardia in patients with struc-
tural heart disease. Antiarrhythmic medicatins have nt
been shwn t lwer mrtality in these patients, but may
decrease subsequent episdes and reduce the number f
ICD shcks. Amidarne is generally preferred in
patients with structural heart disease but stall may be
cnsidered as well. Catheter ablatin is an imprtant
treatment ptin fr thse patients with recurrent tachy-
cardia wh d nt respnd t r are intlerant f medical
therapy; hwever, recurrence rates are high.

» When to Refer

Any patient with sustained ventricular tachycardia r syn-
cpe f unknwn cause in the presence f underlying
structural cardiac disease.

Al-Khatib SM et al. 2017 AHA/ACC/HRS guideline fr manage-
ment f patients with ventricular arrhythmias and the preven-
tin f sudden cardiac death: a reprt f the American
Cllege f Cardilgy/American Heart Assciatin Task
Frce n Clinical Practice Guidelines and the Heart Rhythm
Sciety. J Am Cll Cardil. 2018;72:e91. [PMID: 29097296]

VENTRICULAR FIBRILLATION &
SUDDEN DEATH

E S S E N T I A L S  O F  D I A G N O S I S

» Most patients with sudden cardiac death have
underlying CHD.

» In the absence of reversible cause, ICD is
recommended.

» General Considerations

Sudden cardiac death is defined as unexpected nntrau-
matic death in clinically well r stable patients wh die
within 1 hur after nset f symptms. The causative
rhythm in mst cases is ventricular fibrillatin. Sudden
cardiac arrest is a term reserved fr the successful resusci-
tatin f ventricular fibrillatin, either spntaneusly r
via interventin (defibrillatin).

» Clinical Findings

Apprximately 70% f cases f sudden cardiac death are
attributable t underlying CHD; in up t 40% f patients,
sudden cardiac death may be the initial manifestatin f
CHD. In patients yunger than 35, mst sudden cardiac
death (SCD) is caused by inherited heart disease (lng QT
syndrme, catechlaminergic plymrphic ventricular
tachycardia, Brugada syndrme, HCM, arrhythmgenic
RV cardimypathy, dilated cardimypathy). Over the
age f 35, CHD is the mst cmmn cause f SCD,
althugh inherited causes are cmmn up until the age f
50. Nninherited frms f heart disease can als lead t
SCD, including valvular heart disease (artic stensis, pul-
mnic stensis), cngenital heart disease, and mycarditis.
Prmpt evaluatin t exclude reversible causes f sudden
cardiac arrest shuld begin immediately fllwing resusci-
tatin. Labratry testing shuld be perfrmed t exclude
severe electrlyte abnrmalities (particularly hypkalemia
and hypmagnesemia) and acidsis and t evaluate cardiac
bimarkers. Cautin shuld be taken in attributing cardiac
arrest slely t an electrlyte disturbance, hwever, because
labratry abnrmalities may be secndary t resuscitatin
and nt causative f the event. A 12-lead ECG shuld be
perfrmed t evaluate fr nging ischemia r cnductin
system disease. Ventricular functin shuld be evaluated
with echcardigraphy. Crnary arterigraphy shuld be
perfrmed t exclude crnary disease as the underlying
cause, since revascularizatin may prevent recurrence. In
the absence f crnary disease, cntrast-enhanced cardiac
MRI may be used t evaluate fr the presence f

CMDT22_Ch10_p0323-p0442.indd 400 29/06/21 8:36 PM



HEART DISEASE 401CMDT 2022

mycardial scar, which is a strng predictr f recurrent
ventricular tachycardia/ventricular fibrillatin in patients
with nnischemic cardimypathy.

» Treatment

Unless ventricular fibrillatin ccurs shrtly after MI, is
assciated with ischemia, r is seen with a crrectable pr-
cess (such as an electrlyte abnrmality r medicatin
txicity), surviving patients require interventin since
recurrences are frequent. Survivrs f cardiac arrest appear
t have imprved lng-term utcmes if a targeted tem-
perature management protocol is rapidly initiated and
cntinued fr 24–36 hurs after cardiac arrest.

Patients wh survive sudden cardiac arrest have a high
incidence f recurrence, s an ICD is generally indicated.
Sudden cardiac arrest in the setting f acute ischemia r
infarct shuld be managed with prmpt crnary revascu-
larizatin. Hwever, implantatin f a prphylactic ICD in
patients immediately after MI is assciated with a trend
tward worse utcmes. These patients may be managed
with a wearable cardioverter defibrillator until recvery
f ventricular functin can be assessed by echcardigram
at a later date (6–12 weeks fllwing MI r crnary inter-
ventin). In patients in whm ventricular functin remains
lw (EF less than r equal t 35%), a permanent subcutane-
us ICD (when pacing is nt required) r transvenus ICD
shuld be implanted.

» When to Refer

All survivrs f sudden cardiac arrest shuld be referred t
a cardilgist r cardiac electrphysilgist.

INHERITED ARRHYTHMIA SYNDROMES

E S S E N T I A L S  O F  D I A G N O S I S

» Includes long QT syndrome, Brugada syndrome,
arrhythmogenic RV cardiomyopathy, and catechol-
aminergic polymorphic ventricular tachycardia.

» Genetic testing for patients with suspected con-
genital long QT syndrome based on family history,
ECG or exercise testing, or severely prolonged QT
interval (> 500 msec) on serial ECGs.

» Patients with long QT syndrome or catecholamin-
ergic polymorphic ventricular tachycardia should
be treated long term with an oral beta-blocker
(nadolol or propranolol). ICD is indicated for
patients with ventricular arrhythmia or syncope
despite medical treatment.

» General Considerations

Inherited arrhythmia syndrmes may result in life-
threatening ventricular arrhythmias due t gene mutatins
in cardiac channels resulting in abnrmal electrlyte regu-
latin acrss the cardiac cell membrane. Congenital long

QT syndrome is an uncmmn disease (1 in 2500 live
births) that is characterized by a lng QT interval (usually
greater than 470 msec) and ventricular arrhythmia, typi-
cally plymrphic ventricular tachycardia. Acquired long
QT syndrome is usually secndary t use f antiarrhyth-
mic agents (stall, dfetilide), methadne, antidepressant
medicatins, r certain antibitics; electrlyte abnrmali-
ties; mycardial ischemia; r significant bradycardia.
Brugada syndrome accunts fr up t 20% f sudden
cardiac death in the absence f structural heart disease and
is mst ften due t a defect in a sdium channel gene.
Arrhythmogenic RV cardiomyopathy is an inherited car-
dimypathy that predminantly affects the right ventricle
and is characterized by areas f mycardial replacement
with fibrsis and adipse tissue that frequently causes ven-
tricular arrhythmia. Catecholaminergic polymorphic
ventricular tachycardia is a rare but imprtant cause f
sudden cardiac death assciated with exercise.

» Clinical Findings

Patients with an inherited arrhythmia syndrme have a
variable clinical presentatin; they may be asymptmatic r
have palpitatins, sustained tachyarrhythmia, syncpe, r
sudden cardiac arrest. In yung patients, syncpal episdes
may be misdiagnsed as a primary seizure disrder. Per-
snal and family histry shuld be thrughly reviewed in
all patients. A 12-lead ECG shuld be perfrmed with care-
ful attentin t any abnrmality in the ST segment, T wave,
and QT interval. A crrected QT interval lnger than
500 msec n serial ECGs in the absence f a secndary
cause (medicatin r electrlyte abnrmality) identifies a
high-risk subset f patients with lng QT syndrme.
Ambulatry ECG mnitring may be used t evaluate fr
ventricular arrhythmias as well as dynamic changes t the
QT interval r T wave. Exercise ECG testing may be per-
frmed in patients with suspected lng QT syndrme t
assess fr lack f apprpriate QT interval shrtening with
higher heart rates. In cases where the cause f sudden car-
diac arrest is suspected t be heritable, genetic testing
under the guidance f a multidisciplinary genetics team is
recmmended t bth determine the diagnsis and t
facilitate the identificatin f first-degree family members
at risk fr develping the same disease.

» Treatment

The management f acute plymrphic ventricular tachy-
cardia (trsades de pintes) differs frm that f ther frms
f ventricular tachycardia. Class Ia, Ic, r III antiarrhyth-
mics, which prlng the QT interval, shuld be avided—
r withdrawn immediately if being used in patients with
lng QT syndrme. Intravenus beta-blckers may be
effective in treating electrical strm due t lng QT syn-
drme r catechlaminergic plymrphic ventricular
tachycardia. Increasing the heart rate, whether by infusin
f beta-agnist (dpamine r isprterenl) r temprary
atrial r ventricular pacing, is an effective apprach that
can bth break and prevent the rhythm.

Lng-term treatment f patients with inherited arrhyth-
mia syndrmes depends n the presence f high-risk
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features. Use f beta-blckers (particularly prpranll r
nadll) is the mainstay f treatment fr patients with lng
QT syndrme r catechlaminergic plymrphic ventricu-
lar tachycardia. Surgical cervicthracic sympathectmy
shuld be cnsidered fr patients wh d nt respnd t r
are intlerant f beta-blckers. There is n reliable medica-
tin therapy fr Brugada syndrme and preventin f
arrhythmias fcuses n prmpt treatment f exacerbating
triggers, particularly fever. Antiarrhythmic medicatins
shuld be avided in patients with inherited arrhythmia
syndrmes except fr specific identified genetic abnr-
malities under the directin f a specialist. ICD implanta-
tin is recmmended fr patients with an inherited
arrhythmia syndrme in whm sudden cardiac arrest is the
initial presentatin. An ICD shuld be cnsidered in
patients with recurrent sustained ventricular arrhythmias
r syncpe despite medical therapy.

» When to Refer

Any patient with knwn r suspected inherited arrhythmia
syndrme r with severe crrected QT interval prlnga-
tin (greater than 500 msec n serial ECGs) shuld be
referred t a cardilgist r cardiac electrphysilgist.

Stiles MK et al. 2020 APHRS/HRS expert cnsensus statement
n the investigatin f decedents with sudden unexplained
death and patients with sudden cardiac arrest, and f their
families. Heart Rhythm. 2021;18:e1. [PMID: 33091602]

SYNCOPE

E S S E N T I A L S  O F  D I A G N O S I S

» Transient loss of consciousness and postural tone
from vasodepressor or cardiogenic causes with
prompt recovery without resuscitative measures.

» High-risk features include history of structural
heart disease, abnormal ECG, and age > 60 years.

» General Considerations

Syncpe is a symptm defined as a transient, self-limited
lss f cnsciusness, usually leading t a fall. Thirty per-
cent f the adult ppulatin will experience at least ne
episde f syncpe. It accunts fr apprximately 3% f
emergency department visits. A specific cause f syncpe is
identified in abut 50% f cases during the initial evalua-
tin. The prgnsis is relatively favrable except when
accmpanying cardiac disease is present. In many patients
with recurrent syncpe r near syncpe, arrhythmias are
nt the cause. This is particularly true when the patient has
n evidence f assciated heart disease by histry, exami-
natin, standard ECG, r nninvasive testing. The histry
is the mst imprtant cmpnent f the evaluatin t
identify the cause f syncpe.

Reflex (neurally mediated) syncope may be due t
excessive vagal tne r impaired reflex cntrl f the

peripheral circulatin. The mst frequent type is vasovagal
syncope r the “cmmn faint,” which is ften initiated by
a stressful, painful, r claustrphbic experience, especially
in yung wmen. Enhanced vagal tne with resulting
hyptensin is the cause f syncpe in carotid sinus
hypersensitivity and postmicturition syncope; vagal-
induced sinus bradycardia, sinus arrest, and AV blck are
cmmn accmpaniments and may themselves be the
cause f syncpe.

Orthostatic (postural) hypotension is anther cm-
mn cause f vasdepressr syncpe, especially in elderly
patients; in diabetic patients r thers with autnmic
neurpathy; in patients with bld lss r hypvlemia;
and in patients taking vasdilatrs, diuretics, and adrenergic-
blcking medicatins. In additin, a syndrme f chronic
idiopathic orthostatic hypotension exists primarily in
lder men. In mst f these cnditins, the nrmal vas-
cnstrictive respnse t assuming upright psture, which
cmpensates fr the abrupt decrease in venus return, is
impaired.

Cardiogenic syncope can ccur n a mechanical r
arrhythmic basis. There is usually n prdrme; thus,
injury secndary t falling is cmmn. Mechanical prb-
lems that can cause syncpe include artic stensis (where
syncpe may ccur frm autnmic reflex abnrmalities
r ventricular tachycardia), pulmnary stensis, HCM,
cngenital lesins assciated with pulmnary hypertensin
r right-t-left shunting, and LA myxma bstructing the
mitral valve. Episdes are cmmnly exertinal r pstex-
ertinal. Mre cmmnly, cardiac syncpe is due t disr-
ders f autmaticity (sick sinus syndrme), cnductin
disrders (AV blck), r tachyarrhythmias (especially ven-
tricular tachycardia and SVT with rapid ventricular rate).

» Clinical Findings

A. Symptoms and Signs

Vasvagal syncpe ften has a prdrme f vasdepressr
premnitry symptms, such as nausea, diaphresis,
tachycardia, and pallr. Episdes can be abrted by lying
dwn r remving the inciting stimulus. Cardigenic syn-
cpe by cntrast is characteristically abrupt in nset, ften
resulting in injury, transient (lasting fr secnds t a few
minutes), and fllwed by prmpt recvery f full cn-
sciusness. In rthstatic (pstural) hyptensin, a greater
than nrmal decline (20 mm Hg) in BP immediately upn
arising frm the supine t the standing psitin is bserved,
with r withut tachycardia depending n the status f
autnmic (barreceptr) functin.

B. Diagnostic Tests

The evaluatin fr syncpe depends n findings frm the
histry and physical examinatin (especially rthstatic BP
evaluatin, auscultatin f cartid arteries, and cardiac
examinatin).

1. ECG—A resting ECG is recmmended fr all patients
underging evaluatin fr syncpe. High-risk findings n
ECG include nn-sinus rhythm, cmplete r partial left
bundle branch blck, and vltage criteria indicating left
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ventricular hypertrphy. Patients with a nrmal initial
evaluatin, including unremarkable histry and physical,
absence f cardiac disease r significant cmrbidities and
nrmal baseline ECG may nt need further testing. When
initial evaluatin suggests a pssible cardiac arrhythmia,
cntinuus ambulatry ECG mnitring, event recrder
(fr infrequent episdes), r an implantable cardiac mni-
tr can be cnsidered. Cautin is required befre attributing
a patient’s syncpal event t rhythm r cnductin abnr-
malities bserved during mnitring withut cncmitant
symptms. Fr instance, dizziness r syncpe in lder
patients may be unrelated t incidentally bserved brady-
cardia, sinus nde abnrmalities, r ventricular ectpy.

2. Autonomic testing—Tilt-table testing may be useful in
patients with suspected vasvagal syncpe where the diag-
nsis is unclear after initial evaluatin, especially when
syncpe is recurrent. The hemdynamic respnse t tilting
determines whether there is a cardioinhibitory, vasodepressor,
r mixed respnse. The verall utility f the test is imprved
when there is a high pretest prbability f neurally medi-
ated syncpe, since the sensitivity and specificity f the test
in the general ppulatin is nly mderate.

3. Electrophysiologic studies—Electrphysilgic study
has limited rle in the evaluatin f syncpe, particularly
in patients withut structural heart disease r when there
is a lw suspicin fr arrhythmic etilgy. In patients with
ischemic heart disease, LV dysfunctin, knwn cnductin
disease, r arrhythmia, electrphysilgic study may help
elucidate the mechanism f syncpe and guide treatment
decisins. The diagnstic yield in patients with structural
heart disease is apprximately 50%.

» Treatment

In patients with vasvagal syncpe, treatment cnsists
largely f educatin n the benign nature f the cnditin
and cunseling t avid predispsing situatins. Cunter-
pressure maneuvers (squatting, leg-crssing, abdminal
cntractin) can be helpful in limiting r terminating epi-
sdes. Medical therapy is reserved fr patients with symp-
tms despite these measures. Middrine is an alpha-agnist
that can increase the peripheral sympathetic neural ut-
flw and decrease venus pling during vasvagal epi-
sdes. Fludrcrtisne and beta-blckers have als been
used but generally prvide minimal benefit. Selective
sertnin reuptake inhibitrs have shwn sme benefit in
select patients. There is generally n rle fr permanent
pacemaker implantatin in patients with vasvagal syn-
cpe, with the pssible exceptin f patients lder than age
40 years with prlnged (lnger than 3 secnds), symp-
tmatic episdes f asystle dcumented n ambulatry
mnitring. Pacemaker implantatin based sley upn
tilt-table–induced asystlic (cardiinhibitry) respnse is
rarely indicated.

If symptmatic bradyarrhythmias r supraventricular
tachyarrhythmias are detected and felt t be the cause f
syncpe, therapy can usually be initiated withut addi-
tinal diagnstic studies. Permanent pacing is indicated
in patients with cardigenic syncpe and dcumented
severe pauses (greater than 3 secnds), bradycardia, r

high-degree AV blck (secnd-degree Mbitz type II r
cmplete heart blck) when symptms are crrelated t the
arrhythmia.

An imprtant cnsideratin in patients wh have experi-
enced syncpe, symptmatic ventricular tachycardia, r
abrted sudden death is t prvide recmmendatins cn-
cerning automobile driving restrictions. Patients with syn-
cpe thught t be due t temprary factrs (acute MI,
bradyarrhythmias subsequently treated with permanent pac-
ing, medicatin effect, electrlyte imbalance) shuld be
advised after recvery nt t drive fr at least 1 week. Other
patients with symptmatic ventricular tachycardia r abrted
sudden death, whether treated pharmaclgically, with antit-
achycardia devices, r with ablatin therapy, shuld nt drive
fr at least 6 mnths. Lnger restrictins are warranted in
these patients if significant arrhythmias persist.

» When to Refer

• Patients with syncpe and underlying structural heart
disease, dcumented arrhythmia, r cnductin
disturbance.

• Unclear etilgy f syncpe with high-risk features
(heart failure, abnrmal ECG findings, advanced age,
multiple unexplained episdes).

Brignle M et al; ESC Scientific Dcument Grup. 2018 ESC
guidelines fr the diagnsis and management f syncpe. Eur
Heart J. 2018;39:1883. [PMID: 29562304]

º
HEART FAILURE

E S S E N T I A L S  O F  D I A G N O S I S

» LV failure: Either due to systolic or diastolic dys-
function. Predominant symptoms are those of low
cardiac output and congestion, including
dyspnea.

» RV failure: Symptoms of fluid overload predomi-
nate; usually RV failure is secondary to LV failure.

» Assessment of LV function is a crucial part of diag-
nosis and management.

» Optimal management of chronic heart failure
includes combination medical therapies, such as
ACE inhibitors, aldosterone antagonists, and
beta-blockers.

» General Considerations

Heart failure is a cmmn syndrme that is increasing in
incidence and prevalence. Apprximately 6.2 millin
patients in the United States have heart failure, with 8 millin
r mre patients prjected t have heart failure by 2030.
Each year in the United States, 809,000 patients are
discharged frm the hspital with a diagnsis f heart fail-
ure. It is primarily a disease f aging, with ver 75% f
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existing and new cases ccurring in individuals ver
65 years f age. Seventy-five percent f heart failure
patients have antecedent hypertensin. The prevalence f
heart failure rises frm less than 1% in individuals belw
60 years t nearly 10% in thse ver 80 years f age.

Heart failure may be right-sided r left-sided (r bth).
Patients with left heart failure may have symptms f lw
cardiac utput and elevated pulmnary venus pressure;
dyspnea is the predminant feature. Signs f fluid retentin
predminate in right heart failure. Mst patients exhibit
symptms r signs f bth right- and left-sided failure, and
LV dysfunctin is the primary cause f RV failure. Apprx-
imately half f patients with heart failure have preserved
LV systolic function and usually have sme degree f
diastolic dysfunction. Patients with reduced r preserved
systlic functin may have similar symptms and it may be
difficult t distinguish clinically between the tw based n
signs and symptms. In develped cuntries, CAD with
resulting MI and lss f functining mycardium
(ischemic cardiomyopathy) is the mst cmmn cause f
systlic heart failure. Systemic hypertensin remains an
imprtant cause f heart failure and, even mre cmmnly
in the United States, an exacerbating factr in patients with
cardiac dysfunctin due t ther causes, such as CAD.
Several prcesses may present with dilated r congestive
cardiomyopathy, which is characterized by LV r biven-
tricular dilatin and generalized systlic dysfunctin.
These are discussed elsewhere in this chapter, but the mst
cmmn are alchlic cardimypathy, viral mycarditis
(including infectins by HIV; see als the COVID-19 sec-
tin in Chapter 32), and dilated cardimypathies with n
bvius underlying cause (idipathic cardimypathy).
Rare causes f dilated cardimypathy include infiltrative
diseases (hemchrmatsis, sarcidsis, amylidsis, etc),
ther infectius agents, metablic disrders, carditxins,
and medicatin txicity. Valvular heart diseases—particularly
degenerative artic stensis and chrnic artic r mitral
regurgitatin—are nt infrequent causes f heart failure.
Persistent tachycardia, ften related t atrial arrhythmias,
can cause systlic dysfunctin that may be reversible with
cntrlling the rate. Diastlic cardiac dysfunctin is ass-
ciated with aging and related mycardial stiffening, as well
as LVH, cmmnly resulting frm hypertensin. Cndi-
tins such as hypertrophic r restrictive cardiomyopa-
thy, diabetes, and pericardial disease can prduce the
same clinical picture. Atrial fibrillatin with r withut
rapid ventricular respnse may cntribute t impaired left
ventricular filling.

Heart failure is ften preventable by early detectin f
patients at risk and by early interventin. The imprtance
f these appraches is emphasized by US guidelines that
have incrprated a classificatin f heart failure that
includes fur stages. Stage A includes patients at risk fr
develping heart failure (such as patients with hyperten-
sin). In the majrity f these patients, develpment f
heart failure can be prevented with interventins such as
the aggressive treatment f hypertensin, mdificatin f
crnary risk factrs, and reductin f excessive alchl
intake. Stage B includes patients wh have structural heart
disease but n current r previusly recgnized symptms

f heart failure. Examples include patients with previus
MI, ther causes f reduced systlic functin, LVH, r
asymptmatic valvular disease. Bth ACE inhibitrs and
beta-blckers prevent heart failure in the first tw f these
cnditins, and mre aggressive treatment f hypertensin
and early surgical interventin are effective in the latter
tw. Stages C and D include patients with clinical heart
failure and the relatively small grup f patients wh have
becme refractry t the usual therapies, respectively.

» Clinical Findings

A. Symptoms

The mst cmmn symptm f patients with left heart
failure is shrtness f breath, chiefly exertinal dyspnea at
first and then prgressing t rthpnea, parxysmal nc-
turnal dyspnea, and rest dyspnea. Chrnic nnprductive
cugh, which is ften wrse in the recumbent psitin, may
ccur. Ncturia due t excretin f fluid retained during
the day and increased renal perfusin in the recumbent
psitin is a cmmn nnspecific symptm f heart failure,
as is fatigue and exercise intlerance. These symptms cr-
relate prly with the degree f cardiac dysfunctin.
Patients with right heart failure have predminate signs f
fluid retentin, with the patient exhibiting edema, hepatic
cngestin and, n ccasin, lss f appetite and nausea
due t edema f the gut r impaired gastrintestinal perfu-
sin and ascites. Surprisingly, sme individuals with severe
LV dysfunctin will display few signs f left heart failure
and appear t have islated right heart failure. Indeed, they
may be clinically indistinguishable frm patients with cor
pulmonale, wh have right heart failure secndary t pul-
mnary disease.

Patients with acute heart failure frm MI, mycarditis,
and acute valvular regurgitatin due t endcarditis r ther
cnditins usually present with pulmnary edema. Patients
with episdic symptms may be having LV dysfunctin due
t intermittent ischemia. Patients may als present with
acute exacerbatins f chrnic, stable heart failure. Exacer-
batins may be caused by alteratins in therapy (r patient
nncmpliance), excessive salt and fluid intake, arrhyth-
mias, excessive activity, pulmnary embli, intercurrent
infectin, r prgressin f the underlying disease.

Patients with heart failure are ften categrized by the
NYHA classificatin as class I (asymptmatic), class II
(symptmatic with mderate activity), class III (symptm-
atic with mild activity), r class IV (symptmatic at rest).
This classificatin is imprtant since sme f the treat-
ments are indicated based n NYHA classificatin.

B. Signs

Many patients with heart failure, including sme with
severe symptms, appear cmfrtable at rest. Others will
be dyspneic during cnversatin r minr activity, and
thse with lng-standing severe heart failure may appear
cachectic r cyantic. The vital signs may be nrmal, but
tachycardia, hyptensin, and reduced pulse pressure may
be present. Patients ften shw signs f increased sympa-
thetic nervus system activity, including cld extremities
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and diaphresis. Imprtant peripheral signs f heart failure
can be detected by examinatin f the neck, the lungs, the
abdmen, and the extremities. RA pressure may be esti-
mated thrugh the height f the pulsatins in the jugular
venus system. With the patient at 45 degrees, measure the
height f the pulsatin abut the sternal angle, and add 5 cm
t estimate the height abve the left atrium, with a pressure
greater than 8 cm being abnrmal. In additin t the height
f the venus pressure, abnrmal pulsatins, such as regur-
gitant v waves, shuld be sught. Examinatin f the cartid
pulse may allw estimatin f pulse pressure as well as detec-
tin f artic stensis. Thyrid examinatin may reveal
ccult hyperthyridism r hypthyridism, which are read-
ily treatable causes f heart failure. Crackles at the lung bases
reflect transudatin f fluid int the alveli. Pleural effusins
may cause bibasilar dullness t percussin. Expiratry
wheezing and rhnchi may be signs f heart failure. Patients
with severe right heart failure may have hepatic enlargement—
tender r nntender—due t passive cngestin. Systlic
pulsatins may be felt in tricuspid regurgitatin. Sustained
mderate pressure n the liver may increase jugular venus
pressure (a psitive hepatojugular reflux is an increase f
greater than 1 cm, which crrelates with elevated PCWP).
Ascites may als be present. Peripheral pitting edema is a
cmmn sign in patients with right heart failure and may
extend int the thighs and abdminal wall.

Cardinal cardiac examinatin signs are a parasternal
lift, indicating pulmnary hypertensin; an enlarged and
sustained LV impulse, indicating LV dilatin and hypertr-
phy; a diminished first heart sund, suggesting impaired
cntractility; and an S

3
gallp riginating in the LV and

smetimes the RV. An S
4

is usually present in diastlic
heart failure. Murmurs shuld be sught t exclude pri-
mary valvular disease; secndary mitral regurgitatin and
tricuspid regurgitatin murmurs are cmmn in patients
with dilated ventricles. In chrnic heart failure, many f the
expected signs f heart failure may be absent despite
markedly abnrmal cardiac functin and hemdynamic
measurements.

C. Laboratory Findings

A bld cunt may reveal anemia and a high red-cell distri-
butin width (RDW), bth f which are assciated with
pr prgnsis in chrnic heart failure thrugh prly
understd mechanisms. Kidney functin tests can deter-
mine whether cardiac failure is assciated with impaired
kidney functin that may reflect pr kidney perfusin.
Chrnic kidney disease is anther pr prgnstic factr in
heart failure and may limit certain treatment ptins. Serum
electrlytes may disclse hypkalemia, which increases the
risk f arrhythmias; hyperkalemia, which may limit the use
f inhibitrs f the renin–angitensin system; r hypnatremia,
an indicatr f marked activatin f the renin–angitensin
system and a pr prgnstic sign. Thyrid functin shuld
be assessed t detect ccult thyrtxicsis r myxedema,
and irn studies shuld be checked t test fr hemchrma-
tsis. In unexplained cases, apprpriate bipsies may lead t
a diagnsis f amylidsis. Mycardial bipsy may exclude
specific causes f dilated cardimypathy but rarely reveals
specific reversible diagnses.

Serum BNP is a pwerful prgnstic marker that adds
t clinical assessment in differentiating dyspnea due t
heart failure frm nncardiac causes. Tw markers—BNP
and NT-proBNP—prvide similar diagnstic and prg-
nstic infrmatin. BNP is expressed primarily in the
ventricles and is elevated when ventricular filling pressures
are high. It is quite sensitive in patients with symptmatic
heart failure—whether due t systlic r t diastlic dys-
functin—but less specific in lder patients, wmen, and
patients with COPD. Studies have shwn that BNP can
help in emergency department triage in the diagnsis f
acute decmpensated heart failure, such that an NT-
prBNP less than 300 pg/mL r BNP less than 100 pg/mL,
cmbined with a nrmal ECG, makes heart failure unlikely.
BNP is less sensitive and specific t diagnse heart failure
in the chrnic setting. BNP may be helpful in guiding the
intensity f diuretic and a mre cnsistent use f disease-
mdifying therapies, such as ACE inhibitrs and beta-
blckers, fr the management f chrnic heart failure. BNP,
but nt NT-prBNP, is increased by neprilysin inhibitrs,
since neprilysin degrades BNP. Thus, while NT-prBNP is
still reliable, BNP shuld not be used t mnitr degree f
heart failure when patients are treated with sacubitril/
valsartan. Wrsening breathlessness r weight assciated
with a rising BNP (r bth) might prmpt increasing the
dse f diuretics. Hwever, there is n prven value in
using serial natriuretic peptide measurements t guide
therapy, as shwn in the GUIDE-IT trial. Elevatin f
serum trpnin, and especially f high-sensitivity trpnin,
is cmmn in bth chrnic and acute heart failure, and it
is assciated with higher risk f adverse utcmes.

D. ECG and Chest Radiography

ECG may indicate an underlying r secndary arrhythmia,
MI, r nnspecific changes that ften include lw vltage,
intraventricular cnductin defects, LVH, and nnspecific
replarizatin changes. Chest radigraphs prvide infr-
matin abut the size and shape f the cardiac silhuette.
Cardimegaly is an imprtant finding and is a pr prg-
nstic sign. Evidence f pulmnary venus hypertensin
includes relative dilatin f the upper lbe veins, perivas-
cular edema (haziness f vessel utlines), interstitial edema,
and alvelar fluid. In acute heart failure, these findings
crrelate mderately well with pulmnary venus pressure.
Hwever, patients with chrnic heart failure may shw
relatively nrmal pulmnary vasculature despite markedly
elevated pressures. Pleural effusins are cmmn and tend
t be bilateral r right-sided.

E. Additional Studies

The clinical diagnsis f systlic mycardial dysfunctin is
ften inaccurate. The primary cnfunding cnditins are
diastlic dysfunctin f the heart with decreased relaxatin
and filling f the LV (particularly in hypertensin and in
hypertrphic states) and pulmnary disease.

The most useful test is the echocardiogram because it can
differentiate heart failure with and without preserved LV
systolic function. The echcardigram can define the size and
functin f bth ventricles and f the atria. LVEF is the mst
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cmmnly used measurement t define systlic functin.
RV functin is assessed by cntractility and ther measures,
such as tricuspid annular plane systlic excursin. Echcar-
digraphy will als allw detectin f pericardial effusin,
valvular abnrmalities, intracardiac shunts, and segmental
wall mtin abnrmalities suggestive f ld MI as ppsed
t mre generalized frms f dilated cardimypathy.

Radinuclide angigraphy as well as cardiac MRI als
measure LVEF and permit analysis f reginal wall mtin.
These tests are especially useful when echcardigraphy is
technically subptimal, such as in patients with severe pul-
mnary disease. MRI can assess fr presence f scar tissue
and f infiltrative disease. When mycardial ischemia is
suspected as a cause f LV dysfunctin, as it shuld be
unless there is anther clear cause, stress testing r cr-
nary angigraphy shuld be perfrmed.

F. Cardiac Catheterization

In mst patients with heart failure, clinical examinatin
and nninvasive tests can determine LV size and functin
and valve functin t supprt and refine the diagnsis. Left
heart catheterizatin may be helpful t define the presence
and extent f CAD, althugh CT angigraphy may als be
apprpriate, especially when the likelihd f crnary
disease is lw. Evaluatin fr crnary disease is particu-
larly imprtant when LV dysfunctin may be partially
reversible by revascularizatin. The cmbinatin f angina
r nninvasive evidence f significant mycardial ischemia
with symptmatic heart failure is ften an indicatin fr
crnary angigraphy if the patient is a ptential candidate
fr revascularizatin. Right heart catheterizatin may be
useful t select and mnitr therapy in patients refractry
t standard therapy.

» Treatment: Heart Failure
With Reduced LVEF

The treatment f heart failure is aimed at relieving symp-
tms, imprving functinal status, and preventing death
and hspitalizatins. Figure 10–10 utlines the rle f the
majr pharmaclgic and device therapies fr heart failure
with reduced LVEF (less than r equal t 40%). The evi-
dence of clinical benefit, including reducing death and
hospitalization, as well as reducing sudden cardiac
death, of most therapies is limited to patients with heart
failure with reduced LVEF. Treatment f heart failure with
preserved LVEF is aimed at imprving symptms and
treating cmrbidities. Achieving target (r maximally
tlerated up t target) dsing t btain the benefits f these
treatments that have been shwn in clinical trials is impr-
tant (Table 10–12).

A. Correction of Reversible Causes

The majr reversible causes f heart failure with reduced
LVEF, als called chrnic systlic heart failure, include
valvular lesins, mycardial ischemia, uncntrlled hyper-
tensin, arrhythmias (especially persistent tachycardias),
alchl- r drug-induced mycardial depressin, hyp-
thyridism, intracardiac shunts, and high-utput states.

Calcium channel blckers with negative intrpy (specifi-
cally verapamil r diltiazem), antiarrhythmic medicatins,
thiazlidinedines, and nnsteridal anti-inflammatry
agents may be imprtant cntributrs t wrsening heart
failure. Sme metablic and infiltrative cardimypathies
may be partially reversible, r their prgressin may be
slwed; these include hemchrmatsis, sarcidsis, and
amylidsis. Once pssible reversible cmpnents are being
addressed, the measures utlined belw are apprpriate.

B. Pharmacologic Treatment

See als the fllwing sectin Acute Heart Failure &
Pulmnary Edema.

1. Diuretic therapy—Diuretics are the mst effective
means f prviding symptmatic relief t patients with
mderate t severe heart failure with dyspnea and fluid
verlad, fr heart failure with either reduced r preserved
LVEF. Few patients with symptms r signs f fluid reten-
tin can be ptimally managed withut a diuretic. Hwever,
excessive diuresis can lead t electrlyte imbalance and
neurhrmnal activatin. A combination of a diuretic
and an ACE inhibitor should be the initial treatment in
most symptomatic patients with heart failure and reduced
LVEF, with the early addition of a beta-blocker.

When fluid retentin is mild, thiazide diuretics r a
similar type f agent (hydrchlrthiazide, 25–100 mg;
metlazne, 2.5–5 mg; chlrthalidne, 25–50 mg; etc) may
be sufficient. Thiazide r related diuretics ften prvide
better cntrl f hypertensin than shrt-acting lp
agents. The thiazides are generally ineffective when the
glmerular filtratin rate falls belw 30–40 mL/min, a nt
infrequent ccurrence in patients with severe heart failure.
Metlazne maintains its efficacy dwn t a glmerular
filtratin rate f apprximately 20–30 mL/min. Adverse
reactins include hypkalemia and intravascular vlume
depletin with resulting prerenal aztemia, skin rashes,
neutrpenia and thrmbcytpenia, hyperglycemia,
hyperuricemia, and hepatic dysfunctin.

Patients with mre severe heart failure shuld be
treated with ne f the ral loop diuretics. These include
fursemide (20–320 mg daily), bumetanide (1–8 mg daily),
and trsemide (20–200 mg daily). These agents have a
rapid nset and a relatively shrt duratin f actin. In
patients with preserved kidney functin, tw r mre daily
dses are preferable t a single larger dse. In acute situa-
tins r when gastrintestinal absrptin is in dubt, they
shuld be given intravenusly. Trsemide may be effective
when fursemide is nt, related t better absrptin and a
lnger half life. Larger dses (up t 500 mg f fursemide
r equivalent) may be required with severe renal impair-
ment. The majr adverse reactins include intravascular
vlume depletin, prerenal aztemia, and hyptensin.
Hypkalemia, particularly with accmpanying digitalis
therapy, is a majr prblem. Less cmmn side effects
include skin rashes, gastrintestinal distress, and ttxic-
ity (the latter mre cmmn with ethacrynic acid and ps-
sibly less cmmn with bumetanide).

The oral potassium-sparing agents are ften useful in
cmbinatin with the lp diuretics and thiazides, with the
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first chice being the aldsterne inhibitrs spirnlactne
(12.5–100 mg daily) r eplerenne (25–100 mg daily).
Aldsterne is ften increased in heart failure. These medi-
catins spare lss f ptassium, they have sme diuretic
effect (especially at higher dses), and they als imprve
clinical utcmes, including survival. Their nsets f
actin are slwer than the ther ptassium-sparing agents,
and spirnlactne’s side effects include gynecmastia and

hyperkalemia. Cmbinatins f ptassium supplements r
ACE inhibitrs and ptassium-sparing medicatins can
increase the risk f hyperkalemia but have been used with
success in patients with persistent hypkalemia.

Patients with refractry edema may respnd t cmbi-
natins f a lp diuretic and thiazide-like agents. Metla-
zne, because f its maintained activity with chrnic
kidney disease, is the mst useful agent fr such a
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▲ Figure 10–10. Major pharmacologic and device therapies for heart failure with reduced left ventricular ejection
fraction. For all medical therapies, dosing should be optimized and serial assessment exercised. ACEI, angiotensin-
converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; BP,
blood pressure; bpm, beats per minute; C/I, contraindication; COR, Class of Recommendation; CrCl, creatinine clear-
ance; CRT-D, cardiac resynchronization therapy–device; Dx, diagnosis; GDMT, guideline-directed management and
therapy; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; ICD, implantable cardioverter-defibrillator;
ISDN/HYD, isosorbide dinitrate hydral-nitrates; K+, potassium; LBBB, left bundle branch block; LVAD, left ventricular
assist device; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NSR, normal sinus rhythm; NYHA,
New York Heart Association. (Figure reproduced, with permission, from Yancy CW et al. 2017 ACC/AHA/HFSA Focused
Update of the 2013 ACCF/AHA Guideline for the Management of Heart Failure: A Report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines and the Heart Failure Society of America.
Circulation. 2017;136:e137. © 2017 American Heart Association, Inc.)
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cmbinatin. Extreme cautin must be bserved with this
apprach, since massive diuresis and electrlyte imbal-
ances ften ccur; 2.5 mg f metlazne rally shuld be
added t the previus dsage f lp diuretic. In many
cases this is necessary nly nce r twice a week, but ds-
ages up t 10 mg daily have been used in sme patients.

2. Inhibitors of the renin–angiotensin–aldosterone
system—Inhibitin f the renin–angitensin–aldsterne
system with ACE inhibitrs shuld be part f the initial
therapy f this syndrme based n their mrtality
benefits.

a. ACE inhibitors—At least seven ACE inhibitrs have
been shwn t be effective fr the treatment f heart failure
r the related indicatin f pstinfarctin LV dysfunctin

(see Table 11–6). ACE inhibitrs reduce mrtality by
apprximately 20% in patients with symptmatic heart
failure and have als been shwn t prevent hspitaliza-
tins, increase exercise tlerance, and reduce symptms in
these patients. As a result, ACE inhibitrs generally shuld
be part f first-line treatment f patients with symptmatic
LV systlic dysfunctin (EF less than 40%), usually in cm-
binatin with a diuretic. They are als indicated fr the
management f patients with reduced EFs withut symp-
tms because they prevent the prgressin t clinical heart
failure.

Because ACE inhibitrs may induce significant hyp-
tensin, particularly fllwing the initial dses, they must
be started with cautin. Hyptensin is mst prminent in
patients with already lw BPs (systlic pressure less than
100 mm Hg), hypvlemia, prerenal aztemia (especially
if it is diuretic induced), and hypnatremia (an indicatr
f activatin f the renin–angitensin system). These
patients shuld generally be started at lw dsages (capt-
pril 6.25 mg rally three times daily, enalapril 2.5 mg
rally daily, r the equivalent), but ther patients may be
started at twice these dsages. Within several days (fr
thse with the markers f higher risk) r at mst 2 weeks,
patients shuld be questined abut symptms f hyp-
tensin, and bth kidney functin and ptassium levels
shuld be mnitred.

ACE inhibitrs shuld be titrated t the dsages prved
effective in clinical trials (captpril 50 mg three times daily,
enalapril 10 mg twice daily, ramipril 10 mg daily, lisinpril
20 mg daily, r the equivalent) ver a perid f 1–3 mnths.
Mst patients will tlerate these dses. Asymptomatic hypo-
tension is not a contraindication to up-titrating or continu-
ing ACE inhibitors. Sme patients exhibit increases in
serum creatinine r ptassium, but they d nt require
discntinuatin if the levels stabilize—even at values as
high as 3 mg/dL and 5.5 mEq/L, respectively. Kidney dys-
functin is mre frequent in patients with diabetes, lder
patients, and thse with lw systlic pressures, and these
grups shuld be mnitred mre clsely. The mst cm-
mn side effects f ACE inhibitrs in heart failure patients
are dizziness (ften nt related t the level f BP) and
cugh, thugh the latter is ften due as much t heart fail-
ure r intercurrent pulmnary cnditins as t the ACE
inhibitr. ACE inhibitr–induced cugh is mre cmmn
in wmen than in men.

b. Angiotensin II receptor blockers—Anther
apprach t inhibiting the renin–angitensin–aldsterne
system is the use f specific ARBs (see Table 11–6), which
will decrease adverse effects f angitensin II by blcking
the AT

1
receptr. In additin, because there are alternative

pathways f angitensin II prductin in many tissues, the
receptr blckers may prvide mre cmplete blckade f
the AT

1
receptr.

Hwever, these agents d not share the effects f ACE
inhibitrs n ther ptentially imprtant pathways that
prduce increases in bradykinin, prstaglandins, and nitric
xide in the heart, bld vessels, and ther tissues. ARBs,
specifically candesartan r valsartan, prvide imprtant
benefits as an alternative t ACE inhibitrs in chrnic heart
failure with reduced LVEF. (A large trial f patients with

Table 10–12. Evidence-based doses of disease-
modifying medications in key randomized trials in
HFrEF or after myocardial infarction (medications listed
in alphabetical order within classes).

Medications Starting Dose Target Dose

ACE Inhibitors

Captopril 6.25 mg three times

daily

50 mg three times

daily

Enalapril 2.5 mg twice daily 10–20 mg twice

daily

Lisinopril 2.5–5.0 mg once

daily

20–35 once daily

Ramipril 2.5 mg once daily 10 mg once daily

Trandolapril 0.5 mg once daily 4 mg once daily

Beta-Blockers

Bisoprolol 1.25 mg once daily 10 mg once daily

Carvedilol 3.125 mg twice daily 25 mg twice daily

Metoprolol succi-

nate (CR/XL)

12.5–25 mg once

daily

200 mg once daily

Nebivolol 1.25 once daily 10 mg once daily

ARBs

Candesartan 4–8 mg once daily 32 mg once daily

Losartan 50 mg once daily 150 mg once daily

Valsartan 40 mg twice daily 160 mg twice daily

Aldosterone Antagonist

Eplerenone 25 mg once daily 50 mg once daily

Spironolactone 25 mg once daily 50 mg once daily

ARNI

Sacubitril/valsartan 49/51 mg twice

daily

97/103 mg twice

daily

I
f
Channel Blocker

Ivabradine 5 mg twice daily 7.5 mg twice daily

ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor

blockers; ARNI, angiotensin receptor-neprilysin inhibitor; HFrEF,

heart failure with reduced ejection fraction.
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chrnic heart failure and preserved LVEF fund n benefit
frm the ARB irbesartan.) While they have the same level of
recommendation in the guidelines, generally ACE inhibi-
tors are preferred over ARBs for patients who tolerate them.

c. Spironolactione and eplerenone—Inhibiting
aldsterne has becme a mainstay f management f
symptmatic heart failure with reduced LVEF. The RALES
trial cmpared spirnlactne 25 mg daily with placeb in
patients with advanced heart failure (current r recent class
IV) already receiving ACE inhibitrs and diuretics and
shwed a 29% reductin in mrtality as well as similar
decreases in ther clinical end pints. Based n the
EMPHASIS-HF trial, the efficacy and safety f aldsterne
antagnism—in the frm f eplerenne, 25–50 mg rally
daily—is established fr patients with mild r mderate
heart failure. Hyperkalemia was uncmmn in severe heart
failure clinical trial patients wh received high dses f
diuretic as maintenance therapy; hwever, hyperkalemia in
patients taking spirnlactne appears t be cmmn in
general practice. Ptassium levels must be mnitred
clsely during initiatin f spirnlactne (after 1 and
4 weeks f therapy) and peridically thereafter, particularly
fr patients with even mild degrees f kidney injury, and in
patients receiving ACE inhibitrs.

d. Combination sacubitril and valsartan—The
mst recently apprved medicatin t imprve clinical
utcme in patients with heart failure and reduced LVEF is
the cmbinatin f valsartan and sacubitril, called an
angiotensin receptor-neprilysin inhibitor (ARNI). Cm-
pared t the ACE inhibitr enalapril, the ARNI was shwn
t reduce cardivascular death and hspitalizatin fr
heart failure by 20% fr patients with heart failure and
reduced LVEF in a large randmized trial (PARADIGM-HF)
f patients wh had been taking an ACE inhibitr r ARB.
Cardivascular death itself was als reduced by 20%.

This has led t a class I recmmendatin by the ACC/
AHA and the ESC guidelines fr the use f sacubitril/
valsartan as a replacement for ACE inhibitors for patients
with heart failure with reduced EF who remain symp-
tomatic on an ACE inhibitor, beta-blocker, and miner-
alocorticoid inhibitor. Fr sme patients, cst will be a
barrier t use, althugh analyses have shwn that sacubi-
tril/valsartan is cst effective. Patients with baseline sys-
tlic bld pressure less than 100 mmHg were nt
included in the PARADIGM trial, and symptmatic hyp-
tensin is mre cmmn with sacubitril/valsartan than
ACE inhibitr. Sacubitril/valsartan can be safely started in
the hspital fr patients admitted with decmpensated
failure, nce they are stable with systlic bld pressure f
at least 100 mm Hg.

While there was sme evidence f benefit, sacubatril/
valsartan did nt result in significant imprvement in the
primary utcme f ttal heart failure hspitalizatins and
cardivascular death in the PARAGON-HF trial studying a
ppulatin f patients with heart failure and preserved
LVEF (45% r greater). Hwever, an FDA Advisry Panel
has recmmended apprval fr sacubitril/valsartan in this
ppulatin, particularly fr patients with mildly reduced r
“mid-range” EF.

3. Betablockers—Beta-blckers are part f the funda-
tin f care f chrnic heart failure based n their life-
saving benefits. The mechanism f this benefit remains
unclear, but it is likely that chrnic elevatins f catechl-
amines and sympathetic nervus system activity cause
prgressive mycardial damage, leading t wrsening LV
functin and dilatin. The primary evidence fr this
hypthesis is that ver a perid f 3–6 mnths, beta-blckers
prduce cnsistent substantial rises in EF (averaging 10%
abslute increase) and reductins in LV size and mass.

Three medicatins have strng evidence f reducing
mrtality: carvedilol (a nnselective beta-1- and beta-
2-receptr blcker), the beta-1-selective extended-release
agent metoprolol succinate (but nt shrt-acting met-
prll tartrate), and bisoprolol (beta-1-selective agent).

This has led t a strng recmmendatin that stable
patients (defined as having no recent deterioration or
evidence of volume overload) with mild, moderate, and
even severe heart failure should be treated with a beta-
blocker unless there is a noncardiac contraindication. In
the COPERNICUS trial, carvedill was bth well tlerated
and highly effective in reducing bth mrtality and heart
failure hspitalizatins in a grup f patients with severe
(NYHA class III r IV) symptms, but care was taken t
ensure that they were free f fluid retentin at the time f
initiatin. In this study, ne death was prevented fr every
13 patients treated fr 1 year—as dramatic an effect as has
been seen with a pharmaclgic therapy in the histry f
cardivascular medicine. One trial cmparing carvedill
and (shrt-acting) metprll tartrate (COMET) fund
significant reductins in all-cause mrtality and cardivas-
cular mrtality with carvedill. Thus, patients with chrnic
heart failure shuld be treated with extended-release met-
prll succinate, bisprll, r carvedill but not shrt-
acting metprll tartrate.

Because even apparently stable patients may deterirate
when beta-blckers are initiated, initiatin must be dne
gradually and with great care. Carvedill is initiated at a
dsage f 3.125 mg rally twice daily and may be increased
t 6.25, 12.5, and 25 mg twice daily at intervals f apprxi-
mately 2 weeks. The prtcls fr sustained-release met-
prll use were started at 12.5 r 25 mg rally daily and
dubled at intervals f 2 weeks t a target dse f 200 mg
daily (using the Tprl XL sustained-release preparatin).
Bisprll was administered at a dsage f 1.25, 2.5, 3.75,
5, 7.5, and 10 mg rally daily, with increments at 1- t
4-week intervals. Mre gradual up-titratin is ften mre
cnvenient and may be better tlerated. The SENIORS trial
f 2135 patients fund that nebivll was effective in
elderly patients (70 years and lder) with chrnic heart
failure, althugh the evidence f degree f benefit was nt
as strng as with the three prven beta-blckers carvedill,
metprll succinate, r bisprll.

Patients should be instructed to monitor their weight
at home as an indicator of fluid retention and to report
any increase or change in symptoms immediately. Befre
each dse increase, patients shuld be seen and examined
t ensure that there has nt been fluid retentin r wrsen-
ing f symptms. If heart failure wrsens, this can usually
be managed by increasing diuretic dses and delaying
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further increases in beta-blcker dses, thugh dwnward
adjustments r discntinuatin is smetimes required.
Carvedill, because f its beta-blcking activity, may cause
dizziness r hyptensin. This can usually be managed by
reducing the dses f ther vasdilatrs and by slwing the
pace f dse increases.

4. SGLT2 inhibitors—Tw large clinical trials f patients
with type 2 diabetes have shwn that inhibitrs f sdium–
glucse ctransprter 2 (SGLT2) substantially reduce the
risk f cardivascular death and hspitalizatin fr heart
failure fr patients with reduced LVEF, with r withut
diabetes. Dapagliflzin als reduced all-cause mrtality.
Dagliflzin has been apprved fr treating heart failure
with reduced LVEF, and empagliflzin is under FDA
review. While SGLT2 inhibitrs als reduced kidney dis-
ease prgressin, patients with severe kidney impairment
were nt included in these trials.

5. Digitalis glycosides—The efficacy f digitalis glycsides
in reducing the symptms f heart failure has been estab-
lished in at least fur multicenter trials that have demn-
strated that digxin withdrawal is assciated with wrsening
symptms and signs f heart failure, mre frequent hspital-
izatins fr decmpensatin, and reduced exercise tler-
ance. Digxin shuld be cnsidered fr patients wh remain
symptmatic when taking diuretics and ACE inhibitrs as
well as fr patients with heart failure wh are in atrial fibril-
latin and require rate cntrl. Hwever, there is uncertainty
abut the safety f digxin in this ppulatin with atrial
fibrillatin, especially with higher digxin cncentratins.

Digxin has a half-life f 24–36 hurs and is eliminated
almst entirely by the kidneys. The ral maintenance dse
may range frm 0.125 mg three times weekly t 0.5 mg
daily. It is lwer in patients with kidney dysfunctin, in
lder patients, and in thse with smaller lean bdy mass.
Althugh an ral lading dse f 0.75–1.25 mg (depending
primarily n lean bdy size) ver 24–48 hurs may be
given if an early effect is desired, in mst patients with
chrnic heart failure it is sufficient t begin with the
expected maintenance dse (usually 0.125–0.25 mg daily).
Amidarne, quinidine, prpafenne, and verapamil are
amng the medicatins that may increase digxin levels
up t 100%. It is prudent t measure a bld level after
7–14 days (and at least 6 hurs after the last dse was
administered). Optimum serum digxin levels are
0.7–1.2 ng/mL. Digxin may induce ventricular arrhyth-
mias, especially when hypkalemia r mycardial isch-
emia is present. Digxin txicity is discussed in Chapter 38.

6. Nitrates and hydralazine—Althugh ACE inhibitrs,
which have vasdilating prperties, imprve prgnsis,
such a benefit is nt established with the direct-acting
vasdilatrs. The cmbinatin f hydralazine and issr-
bide dinitrate has been shwn t improve outcomes in
African Americans, but the effect is less clear than the well-
established benefits f ACE inhibitrs. ARBs r ARNIs
have largely supplanted the use f the hydralazine–issrbide
dinitrate cmbinatin in ACE-intlerant patients.

See sectin Acute Mycardial Infarctin earlier in this
chapter fr a discussin n the intravenus vasdilating
medicatins and their dsages.

a. Nitrates—Intravenus vasdilatrs (sdium nitrprus-
side r nitrglycerin) are used primarily fr acute r severely
decmpensated chrnic heart failure, especially when accm-
panied by hypertensin r mycardial ischemia. If neither f
the latter is present, therapy is best initiated and adjusted based
n hemdynamic measurements. The starting dsage fr
nitrglycerin is generally abut 10 mcg/min, which is titrated
upward by 10–20 mcg/min (t a maximum f 200 mcg/min)
until mean arterial pressure drps by 10%. Hyptensin (BP
less than 100 mm Hg systlic) shuld be avided. Fr sdium
nitrprusside, the starting dsage is 5–10 mcg/min, with
upward titratin t a maximum dse f 400 mcg/min.

Issrbide dinitrate, 20–40 mg rally three times daily,
and nitrglycerin intment, 2%, 15–16 mg (1.4 inches; 1
inch = 15 mg) every 6–8 hurs, appear t be equally effec-
tive, althugh the intment is generally reserved fr inpa-
tient use nly. The nitrates are mderately effective in
relieving shrtness f breath, especially in patients with
mild t mderate symptms, but less successful—prbably
because they have little effect n cardiac utput—in
advanced heart failure. Nitrate therapy is generally well
tlerated, but headaches and hyptensin may limit the
dse f all agents. The develpment f tlerance t lng-
term nitrate therapy ccurs. This is minimized by intermit-
tent therapy, especially if a daily 8- t 12-hur nitrate-free
interval is used, but prbably develps t sme extent in
mst patients receiving these agents. Transdermal nitr-
glycerin patches have n sustained effect in patients with
heart failure and shuld not be used fr this indicatin.

b. Hydralazine—Oral hydralazine is a ptent arterilar
dilatr; when used as a single agent, it has nt been shwn
t imprve symptms r exercise tlerance during lng-
term treatment. The cmbinatin f nitrates and ral
hydralazine prduces greater hemdynamic effects as well
as clinical benefits.

7. Ivabradine—Ivabradine inhibits the I
f

channel in the
sinus nde and has the specific effect f slwing sinus rate.
Ivabradine is apprved by the FDA fr use in stable patients
with heart failure and heart rate f 70 beats/min wh are
taking the maximally tlerated dse f beta-blckers r in
patients in whm beta-blckers are cntraindicated. It is
apprved by the Eurpean Medicines Agency fr use in
patients with a heart rate f 75 beats/min r mre. Bth the
US and the Eurpean guidelines give it a class IIa recm-
mendatin fr patients in sinus rhythm with a heart rate f
70 beats/min r mre with an EF f 35% r less, and per-
sisting symptms despite treatment with an evidence-
based dse f beta-blcker (r a maximum tlerated dse
belw that), ACE inhibitr (r ARB), and an aldsterne
antagnist (r ARB). In a trial f patients with chrnic
angina, ivabradine did nt reduce cardivascular events,
and there may have been mre events with ivabradine
(than placeb) in patients with symptmatic angina.

8. Vericiguat a soluble guanylate cyclase stimulator—
In January 2021, the FDA apprved vericiguat t reduce
the risk f cardivascular death and heart failure hspital-
izatin fllwing a hspitalizatin fr heart failure in
patients with chrnic heart failure and LVEF less than 45%.
The VICTORIA trial shwed a mdest but significant
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reductin in cardivascular death and heart failure hspi-
talizatin with vericiguat, n tp f ther effective thera-
pies, in this high-risk ppulatin.

9. Combination of medical therapies—Optimal manage-
ment f chrnic heart failure invlves using cmbinatins
f prven life-saving therapies. In additin t ACE inhibi-
trs and beta-blckers, patients wh remain symptmatic
shuld be cnsidered fr mineralcrticid (aldsterne)
receptr antagnists and fr sacubitril/valsartan. This
cmbinatin, titrated t full tlerated dses, with careful
mnitring f kidney functin and ptassium, will prvide
the greatest pharmaclgic benefit t the majrity f
patients with heart failure with reduced LVEF.

10. Treatments that may cause harm in heart failure with
reduced LVEF—Several therapies shuld be avoided, when
pssible, in patients with systlic heart failure. These
include thiazladinedines (glitaznes) that cause wrsen-
ing heart failure, mst calcium channel blckers (with the
exceptin f amldipine and feldipine), nnsteridal anti-
inflammatry medicatins, and cyclxygenase-2 inhibi-
trs that cause sdium and water retentin and renal
impairment, and the cmbinatin f an ACE inhibitr,
ARB, and aldsterne blcker that increases the risk f
hyperkalemia.

11. Anticoagulation—Patients with LV failure and reduced
EF are at smewhat increased risk fr develping intracar-
diac thrmbi and systemic arterial embli. Hwever, this
risk appears t be primarily in patients wh are in atrial
fibrillatin, wh have had thrmbembli, r wh have
had a large recent anterir MI. In general, these patients
shuld receive warfarin fr 3 mnths fllwing the MI.
Other patients with heart failure have emblic rates f
apprximately tw per 100 patient-years f fllw-up,
which apprximates the rate f majr bleeding, and rutine
anticagulatin is nt warranted except in patients with
prir emblic events r mbile LV thrmbi. A clinical trial
f lw-dse rivarxaban failed t shw substantial benefit
in patients with heart failure with reduced LVEF.

12. Antiarrhythmic therapy—Patients with mderate t
severe heart failure have a high incidence f bth symp-
tmatic and asymptmatic arrhythmias. Althugh less
than 10% f patients have syncpe r presyncpe resulting
frm ventricular tachycardia, ambulatry mnitring
reveals that up t 70% f patients have asymptmatic epi-
sdes f nnsustained ventricular tachycardia. These
arrhythmias indicate a pr prgnsis independent f the
severity f LV dysfunctin, but many f the deaths are
prbably nt arrhythmia related. Beta-blckers, because f
their marked favrable effect n prgnsis in general and
n the incidence f sudden death specifically, shuld be
initiated in these as well as all ther patients with heart
failure (see Beta-Blckers). Other evidence-based therapies
fr heart failure, including ACE inhibitrs, ARBs, miner-
alcrticid receptr antagnists, and ARNIs, have all been
shwn t reduce sudden cardiac death. Empiric antiar-
rhythmic therapy with amidarne did nt imprve ut-
cme in the SCD-HeFT trial, and mst ther agents are
cntraindicated because f their prarrhythmic effects in

this ppulatin and their adverse effect n cardiac func-
tin. Fr patients with systlic heart failure and atrial fibril-
latin, a rhythm cntrl strategy has nt been shwn t
imprve utcme cmpared t a rate cntrl strategy and
thus shuld be reserved fr patients with a reversible cause
f atrial fibrillatin r refractry symptms. Then, amida-
rne is the medicatin f chice.

13. Statin therapy—Even thugh vascular disease is pres-
ent in many patients with chrnic heart failure, the rle f
statins has nt been well defined in the heart failure ppu-
latin. The CORONA and the GISSI-HF trials shw n
benefits f statins in the chrnic heart failure ppulatin.

C. Nonpharmacologic Treatment

1. Implantable cardioverter defibrillators ICDs—
Indicatins fr ICDs include nt nly patients with symp-
tmatic r asymptmatic arrhythmias but als patients
with chrnic heart failure and LV systlic dysfunctin wh
are receiving cntemprary heart failure treatments, includ-
ing beta-blckers. In the secnd Multicenter Autmatic
Defibrillatr Implantatin Trial (MADIT II), 1232 patients
with prir MI and an EF less than 30%, were randmized t
an ICD r a cntrl grup. Mrtality was 31% lwer in the
ICD grup, which translated int 9 lives saved fr each 100
patients wh received a device and were mnitred fr 3
years. The Centers fr Medicare and Medicaid Services
prvides reimbursement cverage t include patients with
chrnic heart failure and ischemic r nnischemic cardi-
mypathy with an EF f 35% r less.

2. Biventricular pacing resynchronization—Many
patients with heart failure due t systlic dysfunctin have
abnrmal intraventricular cnductin that results in dys-
synchrnus and hence inefficient cntractins. Several
studies have evaluated the efficacy f “multisite” pacing,
using leads that stimulate the RV frm the apex and the LV
frm the lateral wall via the crnary sinus. Patients with
wide QRS cmplexes (generally 120 msec r mre), reduced
EFs, and mderate t severe symptms have been evalu-
ated. Results frm trials with up t 2 years f fllw-up have
shwn an increase in EF, imprvement in symptms and
exercise tlerance, and reductin in death and hspitaliza-
tin. The best respnders t cardiac resynchrnizatin
therapy are patients with wider QRS, left bundle branch
blck, and nnischemic cardimypathy, and the lwest
respnders are thse with narrw QRS and nn–left bundle
branch blck pattern. Thus, as recmmended in the 2013
Eurpean guidelines, resynchrnizatin therapy is indi-
cated fr patients with class II, III, and ambulatry class IV
heart failure, EF f 35% r less, and left bundle branch blck
pattern with QRS duratin f 120 msec r mre. Patients
with nn–left bundle branch blck pattern and prlnged
QRS duratin may be cnsidered fr treatment.

3. Case management, diet, and exercise training—Thirty
t 50 percent f heart failure patients wh are hspitalized
will be readmitted within 3–6 mnths. Strategies t prevent
clinical deteriratin, such as case management, hme
mnitring f weight and clinical status, and patient adjust-
ment f diuretics, can prevent rehspitalizatins and shuld
be part f the treatment regimen f advanced heart failure.
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Invlvement f a multidisciplinary team (rather than a
single physician) and in-persn (rather than just tele-
phnic) cmmunicatin appear t be imprtant features f
successful prgrams.

Patients shuld rutinely practice mderate salt restric-
tin (2–2.5 g sdium r 5–6 g salt per day). Mre severe
sdium restrictin is usually difficult t achieve and unnec-
essary because f the availability f ptent diuretic agents.

Exercise training imprves activity tlerance in signifi-
cant part by reversing the peripheral abnrmalities assci-
ated with heart failure and decnditining. In severe heart
failure, restrictin f activity may facilitate temprary rec-
mpensatin. A large trial shwed n significant benefit
(nr harm) frm a structured exercise training prgram n
death r hspitalizatin, althugh functinal status and
symptms were imprved. Thus, in stable patients, a pru-
dent increase in activity r a regular exercise regimen can
be encuraged. Indeed, a gradual exercise prgram is ass-
ciated with diminished symptms and substantial increases
in exercise capacity.

4. Coronary revascularization—Since underlying CAD is
the cause f heart failure in the majrity f patients, cr-
nary revascularizatin has been thught t be able t bth
imprve symptms and prevent prgressin. While the
STITCH trial failed t shw an verall survival benefit
frm CABG amng patients with multivessel crnary
disease wh were candidates fr CABG, but wh als had
heart failure and an LVEF f 35% r less, at 5 years, there
was benefit at 10 years f fllw-up. Thus, revasculariza-
tin des appear warranted fr sme patients with heart
failure, including thse with mre severe angina r left
main crnary disease (excluded frm the STITCH trial).

5. Cardiac transplantation—Because f the pr prgn-
sis f patients with advanced heart failure, cardiac trans-
plantatin is widely used. Many centers have 1-year
survival rates exceeding 80–90%, and 5-year survival rates
abve 70%. Infectins, hypertensin and kidney dysfunc-
tin caused by cyclsprine, rapidly prgressive crnary
athersclersis, and immunsuppressant-related cancers
have been the majr cmplicatins. The high cst and lim-
ited number f dnr rgans require careful patient selec-
tin early in the curse.

6. Other surgical treatment options—Externally pwered
and implantable ventricular assist devices can be used in
patients wh require ventricular supprt either t allw the
heart t recver r as a bridge t transplantatin. The latest
generatin devices are small enugh t allw patients unre-
stricted mbility and even discharge frm the hspital.
Continuous flow devices appear t be mre effective than
pulsatile flow devices. Hwever, cmplicatins are fre-
quent, including bleeding, thrmbemblism, and infec-
tin, and the cst is very high, exceeding $200,000 in the
initial 1–3 mnths.

Althugh 1-year survival was imprved in the
REMATCH randmized trial, all 129 patients died by
26 mnths. Newer-generatin cntinuus flw pump ven-
tricular assist devices have been shwn t result in better
survival than the first-generatin pulsatile flw device used
in REMATCH.

7. Palliative care—Despite the technlgic advances f
recent years, it shuld be remembered that many patients
with chrnic heart failure are elderly and have multiple
cmrbidities. Many f them will nt experience meaning-
ful imprvements in survival with aggressive therapy. The
gal f management fr these patients and all thse with
serius illness shuld include symptmatic imprvement
and palliative care as they apprach the end f life (see
Chapter 5).

» Treatment: Heart Failure
With Preserved LVEF

Althugh half f all heart failure ccurs amng patients
with nrmal LVEF, ften with diastlic dysfunctin, no
therapies have been shown to improve survival in this popu-
lation. The mainstay f management f patients with heart
failure with preserved EF is t manage fluid verlad with
diuretic therapy and t treat cmrbidities like hyperten-
sin, diabetes, and arrhythmias.

A. Correction of Reversible Causes

Hypertensin, pericardial disease, and atrial tachycardias
are ptentially reversible factrs that can cntribute t
heart failure with preserved LVEF. Since tachycardia is
assciated with shrter verall diastlic filling time, cn-
trlling accelerated heart rate may be imprtant. With
effective treatment available fr familial and wild-type
transthyretin amylid cardimypathy, this diagnsis
shuld be cnsidered fr patients with unexplained heart
failure with preserved EF.

B. Pharmacologic Treatment

1. Diuretic therapy—Diuretics are imprtant t cntrl
symptms f fluid verlad in patients with heart failure
with preserved LVEF, similar t symptms frm systlic
heart failure.

2. Inhibitors of the reninangiotensinaldosterone
system—ACE inhibitrs and ARBs have not been shwn
t imprve utcme in patients with heart failure and pre-
served LVEF, despite being gd therapies fr the cmr-
bidity f hypertensin. Sacubatril/valsartan des not
substantially imprve utcme in patients with heart fail-
ure and preserved LVEF. Spirnlactne has not been
shwn t imprve utcme in a large trial f patients with
heart failure and preserved LVEF, but there may have been
sme benefit in patients enrlled in the Americas wh had
mre clearly defined heart failure. Spirnlactne shuld
remain a therapeutic ptin, especially fr patients wh
als have hypertensin.

C. Nonpharmacologic Treatment

Unlike in patients with heart failure and reduced LVEF,
ICD and resynchrnizatin device treatments d not have
a rle in patients with preserved LVEF. Revascularizatin
fr patients with heart failure and preserved LVEF shuld
be guided by the same cnsideratins as fr patients with
heart failure with reduced LVEF.
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» Prognosis

Once manifest, heart failure with reduced LVEF carries a
pr prgnsis. Even with apprpriate treatment, the 5-year
mrtality is apprximately 50%. Mrtality rates vary frm
less than 5% per year in thse with n r few symptms t
greater than 30% per year in thse with severe and refrac-
try symptms. These figures emphasize the critical impr-
tance f early detectin and interventin. Higher mrtality
is related t lder age, lwer LVEF, mre severe symptms,
chrnic kidney disease, and diabetes. The prgnsis f
heart failure has imprved in the past tw decades, prbably
at least in part because f the mre widespread use f ACE
inhibitrs and beta-blckers, which markedly imprve sur-
vival in thse with heart failure with reduced LVEF.

» When to Refer

Patients with new symptms f heart failure nt explained
by an bvius cause shuld be referred t a cardilgist.
Patients with cntinued symptms f heart failure and
reduced LVEF (35% r less) shuld be referred t a cardi-
lgist fr cnsideratin f placement f an ICD r cardiac
resynchrnizatin therapy (if QRS duratin is 120 msec r
mre, especially with left bundle branch blck pattern).

» When to Admit

• Patients with unexplained new r wrsened symptms
r psitive cardiac bimarkers cncerning fr acute
mycardial necrsis.

• Patients with hypxia, grss fluid verlad, r pulmnary
edema nt readily reslved in an utpatient setting.
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ACUTE HEART FAILURE &
PULMONARY EDEMA

E S S E N T I A L S  O F  D I A G N O S I S

» Acute onset or worsening of dyspnea at rest.

» Tachycardia, diaphoresis, cyanosis.

» Pulmonary rales, rhonchi; expiratory wheezing.

» Radiograph shows interstitial and alveolar edema
with or without cardiomegaly.

» Arterial hypoxemia.

» General Considerations

Typical causes f acute cardigenic pulmnary edema
include acute MI r severe ischemia, exacerbatin f chrnic
heart failure, acute severe hypertensin, acute kidney injury,
acute vlume verlad f the LV (valvular regurgitatin),
and mitral stensis. By far the mst cmmn presentatin in
develped cuntries is ne f acute r subacute deteriratin
f chrnic heart failure, precipitated by discntinuatin f
medicatins, excessive salt intake, mycardial ischemia,
tachyarrhythmias (especially rapid atrial fibrillatin), r
intercurrent infectin. Often in the latter grup, there is
preceding vlume verlad with wrsening edema and pr-
gressive shrtness f breath fr which earlier interventin
can usually avid the need fr hspital admissin.

» Clinical Findings

Acute pulmnary edema presents with a characteristic
clinical picture f severe dyspnea, the prductin f pink,
frthy sputum, and diaphresis and cyansis. Rales are
present in all lung fields, as are generalized wheezing and
rhnchi. Pulmnary edema may appear acutely r sub-
acutely in the setting f chrnic heart failure r may be the
first manifestatin f cardiac disease, usually acute MI,
which may be painful r silent. Less severe decmpensa-
tins usually present with dyspnea at rest, rales, and ther
evidence f fluid retentin but withut severe hypxia.

Nncardiac causes f pulmnary edema include intrave-
nus piids, increased intracerebral pressure, high altitude,
sepsis, medicatins, inhaled txins, transfusin reactins,
shck, and disseminated intravascular cagulatin. These
are distinguished frm cardigenic pulmnary edema by the
clinical setting, histry, and physical examinatin. Cn-
versely, in mst patients with cardigenic pulmnary edema,
an underlying cardiac abnrmality can usually be detected
clinically r by ECG, chest radigraph, r echcardigram.

The chest radigraph reveals signs f pulmnary vascu-
lar redistributin, blurriness f vascular utlines, increased
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interstitial markings, and, characteristically, the butterfly
pattern f distributin f alvelar edema. The heart may be
enlarged r nrmal in size depending n whether heart fail-
ure was previusly present. Assessment f cardiac functin
by echcardigraphy is imprtant, since a substantial pr-
prtin f patients has nrmal EFs with elevated atrial pres-
sures due t diastlic dysfunctin. In cardigenic pulmnary
edema, BNP is elevated, and the PCWP is invariably ele-
vated, usually ver 25 mm Hg. In nncardigenic pulm-
nary edema, the wedge pressure may be nrmal r even lw.

» Treatment

In full-blwn pulmnary edema, the patient shuld be
placed in a sitting psitin with legs dangling ver the side
f the bed; this facilitates respiratin and reduces venus
return. Oxygen is delivered by mask t btain an arterial Po

2

greater than 60 mm Hg. Nninvasive pressure supprt ven-
tilatin may imprve xygenatin and prevent severe CO

2

retentin while pharmaclgic interventins take effect.
Hwever, if respiratry distress remains severe, endtracheal
intubatin and mechanical ventilatin may be necessary.

Morphine is highly effective in pulmnary edema and
may be helpful in less severe decmpensatins when the
patient is uncmfrtable. The initial dsage is 2–8 mg
intravenusly (subcutaneus administratin is effective in
milder cases) and may be repeated after 2–4 hurs. Mr-
phine increases venus capacitance, lwering LA pressure,
and relieves anxiety, which can reduce the efficiency f
ventilatin. Hwever, mrphine may lead t CO

2
retentin

by reducing the ventilatry drive. It shuld be avided in
patients with piid-induced pulmnary edema, wh may
imprve with piid antagnists, and in thse with neur-
genic pulmnary edema.

Intravenous diuretic therapy (fursemide, 40 mg, r
bumetanide, 1 mg—r higher dses if the patient has been
receiving lng-term diuretic therapy) is usually indicated
even if the patient has nt exhibited prir fluid retentin.
These agents prduce vendilatin prir t the nset f
diuresis. The DOSE trial has shwn that, fr acute decm-
pensated heart failure, blus dses f fursemide are f
similar efficacy as cntinuus intravenus infusin, and
that higher-dse fursemide (2.5 times the prir daily
dse) resulted in mre rapid fluid remval withut a sub-
stantially higher risk f kidney impairment.

Nitrate therapy accelerates clinical imprvement by
reducing bth BP and LV filling pressures. Sublingual nitr-
glycerin r issrbide dinitrate, tpical nitrglycerin, r
intravenus nitrates will amelirate dyspnea rapidly prir t
the nset f diuresis, and these agents are particularly valu-
able in patients with accmpanying hypertensin.

Intravenous nesiritide, a recmbinant frm f human
BNP, is a ptent vasdilatr that reduces ventricular fill-
ing pressures and imprves cardiac utput. Its hemdy-
namic effects resemble thse f intravenus nitrglycerin
with a mre predictable dse–respnse curve and a ln-
ger duratin f actin. In clinical studies, nesiritide
(administered as 2 mcg/kg by intravenus blus injectin
fllwed by an infusin f 0.01 mcg/kg/min, which may
be up-titrated if needed) prduced a rapid imprvement
in bth dyspnea and hemdynamics. The primary adverse

effect is hyptensin, which may be symptmatic and sus-
tained. Because mst patients with acute heart failure
respnd well t cnventinal therapy, the rle f nesiritide
may be primarily in patients wh cntinue t be symptm-
atic after initial treatment with diuretics and nitrates.

A randmized placeb-cntrlled trial f 950 patients
evaluating intravenus milrinne in patients admitted fr
decmpensated heart failure wh had n definite indica-
tins fr intrpic therapy shwed n benefit in increas-
ing survival, decreasing length f admissin, r preventing
readmissin. In additin, rates f sustained hyptensin
and atrial fibrillatin were significantly increased. Thus,
the rle f psitive intrpic agents appears t be limited
t patients with refractry symptms and signs f lw
cardiac utput, particularly if life-threatening vital rgan
hypperfusin (such as deterirating kidney functin) is
present. In sme cases, dbutamine r milrinne may
help maintain patients wh are awaiting cardiac
transplantatin.

Brnchspasm may ccur in respnse t pulmnary
edema and may itself exacerbate hypxemia and dyspnea.
Treatment with inhaled beta-adrenergic agnists r intra-
venus aminphylline may be helpful, but bth may als
prvke tachycardia and supraventricular arrhythmias.

In mst cases, pulmnary edema respnds rapidly t
therapy. When the patient has imprved, the cause r pre-
cipitating factr shuld be ascertained. In patients withut
prir heart failure, evaluatin shuld include echcardig-
raphy and, in many cases, cardiac catheterizatin and cr-
nary angigraphy. Patients with acute decmpensatin f
chrnic heart failure shuld be treated t achieve a
euvlemic state and have their medical regimen ptimized.
Generally, an ral diuretic and an ACE inhibitr shuld be
initiated, with efficacy and tlerability cnfirmed prir t
discharge. In selected patients, early but careful initiatin
f beta-blckers in lw dses shuld be cnsidered.

º
MYOCARDITIS & THE
CARDIOMYOpATHIES

INFECTIOUS MYOCARDITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Often follows an upper respiratory infection.

» May present with chest pain (pleuritic or nonspe-
cific) or signs of heart failure.

» Echocardiogram documents cardiomegaly and
contractile dysfunction. Initial heart size is gener-
ally normal with thickened walls.

» Myocardial biopsy, though not sensitive, may
reveal a characteristic inflammatory pattern. MRI
has a role in diagnosis.

» COVID-19 myocarditis impacts between 3% and
58% of people with COVID-19 based on underlying
myocardial risk and imaging.
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» General Considerations

Cardiac dysfunctin due t primary mycarditis is pre-
sumably caused by either an acute viral infectin r a pst
viral immune respnse. Secndary mycarditis is the result
f inflammatin caused by nnviral pathgens, medica-
tins, chemicals, physical agents, r inflammatry diseases
(such as systemic lupus erythematsus). The list f bth
infectius and nninfectius causes f mycarditis is
extensive (Table 10–13).

Mypericarditis due t the crnavirus has been f
particular cncern during the COVID-19 pandemic. Much

remains unknwn. There is speculatin that the SARS-
CV-2 spike prtein may be able t bind t the ACE-2
membrane receptr n cardimycytes creating direct cel-
lular injury and T-lymphcyte–mediated cyttxicity aug-
mented by a cytkine strm. This prcess activates mre
T cells and furthers a cycle f T-cell activatin and further
release f cytkines.

The currently accepted definitin f mycarditis is
bipsy dependent and includes the bservatin f 14 r mre
lymphcytes/mcL including up t 4 mncytes/mcL with
the presence f 7 r mre CD3-psitive T lymphcytes/mcL.
Injury can be fulminant, subclinical, r chronic. Bth
cellular and humral inflammatry prcesses cntribute t
the prgressin t chrnic injury, and there are subgrups
that appear t benefit frm immunsuppressin.

Genetic predispsitin is a likely factr in at least a few
cases. Autimmune mycarditis (eg, giant cell mycarditis)
may ccur with n identifiable viral infectin. The heter-
geneity f the clinical syndrmes and the incmplete
understanding f the immunpathlgy hinder a mre
cmplete understanding f the mechanisms invlved.

With COVID-19, mycarditis appears t affect ethnic
grups disprprtinately with death rates highest amng
Blacks likely due t bth an increase in cmrbidities and
health care disparities. The true incidence f mycarditis is
unclear. In a German study f 100 patients wh had recv-
ered frm COVID-19, cardiac MRI revealed sme degree
f abnrmality in 78 patients, with inflammatin nted in
60, independent f severity f the illness.

» Clinical Findings

A. Symptoms and Signs

Patients may present several days t a few weeks after the
nset f an acute febrile illness r a respiratry infectin r
they may present with heart failure withut antecedent
symptms. The nset f heart failure may be gradual r
may be abrupt and fulminant. In acute fulminant mycar-
ditis, lw utput and shck may be present with severely
depressed LV systlic functin. The LV chamber size is
typically nt very enlarged. A pericardial frictin rub may
be present. In the Eurpean Study f Epidemilgy and
Treatment f Inflammatry Heart Disease, 72% f partici-
pants had dyspnea, 32% had chest pain, and 18% had
arrhythmias. Pulmnary and systemic embli may ccur.
Pleural-pericardial chest pain is cmmn. Examinatin
reveals tachycardia, a gallp rhythm, and ther evidence f
heart failure r cnductin defects. At times, the presenta-
tin may mimic an acute MI with ST changes, psitive
cardiac markers, and reginal wall mtin abnrmalities
despite nrmal crnaries. Micraneurysms may als
ccur and may be assciated with serius ventricular
arrhythmias. It has been estimated that apprximately 10%
f all dilated cardimypathy patients have viral mycardi-
tis as the cause.

B. ECG and Chest Radiography

ECG may shw sinus tachycardia, ther arrhythmias, nn-
specific replarizatin changes, and intraventricular cn-
ductin abnrmalities. The presence f Q waves r left

Table 10–13. Causes of myocarditis.

1. INFECTIOUS CAUSES

RNA viruses: Picornaviruses (coxsackie A and B, echovirus,

poliovirus, hepatitis virus), orthomyxovirus (influenza), para-

myxoviruses (respiratory syncytial virus, mumps), togaviruses

(rubella), flaviviruses (dengue fever, yellow fever), SARS-CoV-2

DNA viruses: Adenovirus (A1, 2, 3, and 5), erythrovirus

(Bi9V and 2), herpesviruses (human herpes virus 6 A and B,

cytomegalovirus, Epstein-Barr virus, varicella-zoster),

retrovirus (HIV)

Bacteria: Chlamydia (Chlamydophila pneumoniae, C psittaci),

Haemophilus influenzae, Legionella, Pneumophilia, Brucella,

Clostridium, Francisella tularensis, Neisseria meningitis,

Mycobacterium (tuberculosis), Salmonella, Staphylococcus,

streptococcus A, Streptococcus pneumoniae, tularemia,

tetanus, syphilis, Vibrio cholera

Sirocheta: Borrelia recurrentis, leptospira, Treponema

pallidum

Rickettsia: Coxiella burnetii, R rickettsii, R prowazekii

Fungi: Actinomyces, Aspergillus, Candida, Cryptococcus,

Histoplasma, Nocardia

protozoa: Entamoeba histolytica, Plasmodium falciparum,

Trypanosoma cruzi, T burcei, T gondii, Leishmania

Helminthic: Ascaris, Echinococcus granulosus, Schistosoma,

Trichenella spiralis, Wuchereria bancrofti

2. NONINFECTIOUS CAUSES

Autoimmune diseases: Dermatomyositis, inflammatory bowel

disease, rheumatoid arthritis, Sjögren syndrome, systemic

lupus erythematosus, granulomatosis with polyangiitis, giant

cell myocarditis

Medications: Aminophylline, amphetamine, anthracyclin,

catecholamines, chloramphenicol, cocaine, cyclophospha-

mide, doxorubicin, 5-FU, mesylate, methysergide, phenytoin,

trastuzumab, zidovudine

Hyersensitivity reactions due to medications: Azithromycin,

benzodiazepines, clozapine, cephalosporins, dapsone, dobu-

tamine, lithium, diuretics, thiazide, methyldopa, mexiletine,

streptomycin, sulfonamides, nonsteroidal anti-inflammatory

drugs, tetanus toxoid, tetracycline, tricyclic antidepressants

Hyersensitivity reactions due to venoms: Bee, wasp, black

widow spider, scorpion, snake

Systemic diseases: Eosinophilic granulomatosis with

polyangiitis (formerly known as Churg-Strauss syndrome), colla-

gen diseases, sarcoidosis, Kawasaki disease, systemic sclerosis

Other: Heat stroke, hypothermia, transplant rejection, radiation

injury

Modified, with permission, from Schultheiss HP et al. The manage-

ment of myocarditis. Eur Heart J. 2011;32:2616–25. By permission

of Oxford University Press and the European Society of Cardiology.

© The Author 2011. All rights reserved.

CMDT22_Ch10_p0323-p0442.indd 415 29/06/21 8:36 PM



CHApTER 10416 CMDT 2022

bundle branch blck prtends a higher rate f death r
cardiac transplantatin. Ventricular ectpy may be the
initial and nly clinical finding. The chest radigraph is
nnspecific, but cardimegaly is frequent, thugh nt uni-
versal. Evidence fr pulmnary venus hypertensin is
cmmn and frank pulmnary edema may be present.

C. Diagnostic Studies

There is n specific labratry finding that is cnsistently
present, thugh the white bld cell cunt is usually ele-
vated and the sedimentatin rate and CRP usually are
increased. Trpnin I r T levels are elevated in abut ne-
third f patients, but CK-MB is elevated in nly 10%. Other
bimarkers, such as BNP and NT-prBNP, are usually ele-
vated. Echcardigraphy prvides the mst cnvenient
way f evaluating cardiac functin and can exclude many
ther prcesses. MRI with gadlinium enhancement
reveals sptty areas f injury thrughut the mycardium,
but bth T2- and T1-weighted images are needed t
achieve ptimal results; crrelatin with endmycardial
bipsy results is pr.

D. Endomyocardial Biopsy

Confirmation of myocarditis still requires histologic
evidence. The AHA/ACC/ESC class I recmmendatins
fr bipsy are (1) in patients with heart failure, a nrmal-
sized r dilated LV less than 2 weeks after nset f symp-
tms, and hemdynamic cmprmise; r (2) in patients
with a dilated LV 2 weeks t 3 mnths after nset f symp-
tms, new ventricular arrhythmias r AV ndal blck
(Mbitz II r cmplete heart blck) r wh d nt respnd
t usual care after 1–2 weeks. In sme cases, the identifica-
tin f inflammatin withut viral genmes by plymerase
chain reactin (PCR) suggests that immunsuppressin
might be useful. Because the cardiac invlvement is ften
patchy, the diagnsis even with bipsy can be missed in up
t ne-half f cases.

» Treatment & Prognosis

Patients with fulminant mycarditis may present with
acute cardigenic shck. Acute mycarditis has been
implicated as a cause f sudden death in 5–22% f such
cases in athletes yunger than 35 years. The ventricles are
usually nt dilated but thickened (pssibly due t myx-
edema). There is a high death rate. Traditinally, there has
been a paradx nted, wherein patients with fulminant
mycarditis were thught t mre likely fully recver after
the event. Several recent bservatins have challenged this
cncept. Patients with subacute disease have a dilated car-
dimypathy and generally make an incmplete recvery.
Thse wh present with chrnic disease tend t have nly
mild dilatin f the LV and eventually present with a mre
restrictive cardimypathy. Treatment is directed tward
the clinical scenari with ACE inhibitrs and beta-blckers
if LVEF is less than 40%. Nnsteridal anti-inflammatry
medicatins shuld be used if mypericarditis-related
chest pain ccurs. Clchicine has been suggested if pericar-
ditis predminates. Arrhythmias shuld be suppressed.

Fr COVID–19 related mycarditis, treatment is gener-
ally supprtive. A 2020 review nted that f the attempted
therapies, such as remdesivir, gluccrticids, IL-6 inhibi-
trs (tcilizumab), intravenus immunglbulin (IVIG),
and clchicine, nly crticsterids appeared t have any
favrable effect n utcmes. The data are still incmplete,
hwever, as f early 2021.

Specific antimicrbial therapy is indicated when an
infecting agent is identified. Exercise shuld be limited
during the recvery phase. Sme experts believe digxin
shuld be avided, and it likely has little value in this
setting anyway. Cntrlled trials f immunsuppressive
therapy with crticsterids and IVIG have nt suggested
a benefit, thugh sme recmmend IVIG given at 2 g/kg
ver 24 hurs in prven cases. Uncntrlled trials suggest
that interfern might have a supprtive rle. Similarly,
antiviral medicatin (such as plecnaril fr enterviruses)
has been tried empirically. Studies are lacking as t when t
discntinue the chsen therapy if the patient imprves.
Patients with fulminant mycarditis require aggressive
shrt-term supprt, including an IABP r an LV assist
device. If severe pulmnary infiltrates accmpany the ful-
minant mycarditis, extracrpreal membrane xygen-
atin (ECMO) supprt may be temprarily required and
has had ntable success.

The questin f what t d with the athlete in whm
evidence f COVID-19 mycarditis has develped has led
t a series f natinal discussins, sme prmpted by the
cardiac MRI findings in yung adults with minimal symp-
tms. The higher trpnin levels assciated with prer
utcmes have generally ccurred nly in hspitalized
patients. The findings f an abnrmal cardiac MRI have
nt cnsistently prven t result in any lng-term cardiac
injury. Table 10–14 utlines the suggested guidelines by a
recent Task Frce frm the American Cllege f Cardil-
gy Sprts and Exercise Sectin.

Table 10–14. American College of Cardiology Sports
and Exercise Section Guidelines for athletes with
COVID-19 myocarditis.

Myocarditis diagnosis if both of the following are resent

• A clinical syndrome of < 3 months, duration

• Otherwise, unexplained increase in serum troponin levels, ECG

changes, arrhythmias, high-grade AV block, regional wall motion

abnormalities, or pericardial effusion. MRI findings

suggesting myocarditis including T1- or T2-weighted imaging or

late gadolinium enhancement.

Sorts eligibility after myocarditis

• Must obtain a resting echocardiogram, 24-hour ambulatory

ECG monitoring, and an exercise ECG no earlier than

3–6 months after the illness (class I, LOE C)

• Can resume exercise training if ALL of the following are met

(class IIa, LOE C)

– Normal ventricular function

– Serum markers of myocardial injury, heart failure,

and inflammation have returned to normal

– Clinically relevant arrhythmias on ambulatory ECG

monitoring or exercise ECG are absent.

AV, atrioventricular, ECG, electrocardiogram; LOE, level of evidence;

MRI, magnetic resonance imaging.
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» When to Refer

Patients in whm mycarditis is suspected shuld be seen
by a cardilgist at a tertiary care center where facilities are
available fr diagnsis and therapies available shuld a
fulminant curse ensue. The facility shuld have ventricu-
lar supprt devices and transplantatin ptins available.

Kim JH et al. Crnavirus disease 2019 and the athletic heart:
emerging perspectives n pathlgy, risks, and return t play.
JAMA Cardil. 2021;6:219. [PMID: 33104154]

Mslehi JJ et al. Fulminant mycarditis: evlving diagnsis,
evlving bilgy, evlving prgnsis. J Am Cll Cardil.
2019;74:312. [PMID: 31319913]

Puntmann VO et al. Outcmes f cardivascular magnetic res-
nance imaging in patients recently recvered frm crnavi-
rus disease 2019 (COVID-19). JAMA Cardil. 2020;5:1265.
[PMID: 32730619]

Sawalha K et al. Systematic review f COVID-19 related mycar-
ditis: insights n management and utcme. Cardivasc
Revasc Med. 2021;23:107. [PMID: 32847728]

Sharma AN et al. Fulminant mycarditis: epidemilgy, path-
genesis, diagnsis, and management. Am J Cardil. 2019;124:
1954. [PMID: 31679645]

Siripanthng B et al. Recgnizing COVID-19-related mycardi-
tis: the pssible pathphysilgy and prpsed guideline fr
diagnsis and management. Heart Rhythm. 2020;17:1463.
[PMID: 32387246]

NONINFECTIOUS MYOCARDITIS

A variety f medicatins, illicit drugs, and txic substances
can prduce acute r chrnic mycardial injury; the clinical
presentatin varies widely. The phenthiazines, lithium, chl-
rquine, dispyramide, antimny-cntaining cmpunds,
and arsenicals can als cause ECG changes, arrhythmias, r
heart failure. Hypersensitivity reactins t sulfnamides,
penicillins, and aminsalicylic acid as well as ther medica-
tins can result in cardiac dysfunctin. Radiatin can cause an
acute inflammatry reactin as well as a chrnic fibrsis f
heart muscle, usually in cnjunctin with pericarditis.

Carditxicity frm ccaine may ccur frm crnary
artery spasm, MI, arrhythmias, and mycarditis. A ccaine
cardimypathy has als been described. Because many f
these prcesses are believed t be mediated by ccaine’s
inhibitry effect n nrepinephrine reuptake by sympa-
thetic nerves, beta-blckers have been used in patients with
fixed stensis. In dcumented crnary spasm, calcium
channel blckers and nitrates may be effective. Usual ther-
apy fr heart failure r cnductin system disease is war-
ranted when symptms ccur. Other recreatinal drug use
has been assciated with mycarditis in varius case reprts.

Systemic disrders are als assciated with mycarditis.
These include giant cell mycarditis, esinphilic mycar-
ditis, celiac disease, granulmatsis with plyangiitis, and
sarcidsis. A benefit frm immunsuppressive therapy,
especially in giant cell mycarditis has been suggested in a
number f bservatinal studies, including thse directed
primarily at T cells (ie, using murmnab-CD3). Treat-
ment f esinphilic mycarditis includes the use f high-
dse crticsterids and remval f the ffending
medicatin r underlying trigger, if knwn. Mst studies

suggest that HIV is nly indirectly respnsible fr HIV
cardimypathy, and ther factrs, gp 120 prtein, adverse
reactin t antiretrviral therapy, and pprtunistic infec-
tins have been implicated mre ften. Epstein-Barr and
herpes simplex viruses have been identified in sme
patients’ mycardium.

The prblem f cardivascular side effects frm cancer
chemtherapy agents is an ever grwing ne and has
spawned a new clinical area in cardilgy called cardio-
oncology. Anthracyclines (dxrubicin, daunrubicin,
idarubicin, epirubicin, and mitxantrne) remain the cr-
nerstne f treatment f many malignancies but may result
in cardimypathy. Heart failure can be expected in 5% f
patients treated with a cumulative dse f 400–450 mg/m2,
and this rate is dubled if the patient is ver age 65. While
symptms and evidence fr mycardial dysfunctin usu-
ally appear within 1 year f starting therapy, late nset
manifestatin f heart failure may appear up t a decade
later. The majr mechanism f carditxicity is thught t
be due t xidative stress inducing bth apptsis and
necrsis f mycytes. There is als disruptin f the sarc-
mere. This pathlgic understanding is the ratinale
behind the superxide dismutase mimetic and irn-chelating
agent, dexrazxane, t prtect frm the injury. The use f
trastuzumab in cmbinatin with anthracyclines increases
the risk f cardiac dysfunctin up t 28%; this has been an
issue since cmbined use f these agents is particularly
effective in HER2-psitive breast cancer. Other risk factrs
fr patients receiving anthracyclines include the use f
paxlitaxel, cncurrent radiatin, and preexisting cardivas-
cular disease (including hypertensin, peripheral vascular
disease, CAD, and diabetes). A summary f carditxic
cancer therapeutic agents and their rle may be fund in
the 2019 AHA statement n cardi-nclgy.

In patients receiving chemtherapy, it is imprtant t
lk fr subtle signs f cardivascular cmprmise. Serial
echcardigraphy, cardiac MR, r bth can prvide cn-
crete data regarding LV functin. Ech/Dppler mycar-
dial glbal strain abnrmalities may be the first abnrmality
bserved (even prir t a drp in the LVEF) and assess-
ment f the T2 signal frm cardiac MRI may als prvide
early detectin f carditxicity. Bimarkers such as BNP
r NT-prBNP may be f sme value when serial measures
are btained. Other bimarkers may appear early in the
curse f mycardial injury (especially trpnin and
myelperxidase) and may allw fr early detectin f
carditxicity befre ther signs becme evident. There is
sme evidence that beta-blcker therapy may reduce the
negative effects n mycardial functin. There are anec-
dtal data frm animal mdels that nnsteridal anti-
inflammatry drugs may be harmful in patients with
mycarditis. They shuld be avided alng with alchl
and strenuus physical exercise.

» When to Refer

Many patients with mycardial injury frm txic agents can
be mnitred safely if ventricular functin remains rela-
tively preserved (EF greater than 40%) and n heart failure
symptms ccur. Diastlic dysfunctin may be subtle.
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Once heart failure r a reduced LVEF becmes evident
r significant cnductin system disease becmes mani-
fest, the patient shuld be evaluated and mnitred by a
cardilgist in case mycardial dysfunctin wrsens and
further interventin becmes warranted.

Campia U et al. Cardi-nclgy: vascular and metablic per-
spectives: a scientific statement frm the American Heart
Assciatin. Circulatin. 2019;139:e579. [PMID: 30786722]

Ye L et al. Mycardial strain imaging by echcardigraphy fr
the predictin f carditxicity f chemtherapy treated
patients: a meta-analysis. JACC Cardivasc Imaging.
2020;13:881. [PMID: 31734206]
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DILATED CARDIOMYOPATHY

E S S E N T I A L S  O F  D I A G N O S I S

» Symptoms and signs of heart failure.

» Echocardiogram confirms LV dilation, thinning,
and global dysfunction.

» Severity of RV dysfunction critical in long-term
prognosis.

» General Considerations

Heart failure definitins have changed ver the years and
patients with a dilated cardimypathy are generally placed
int the categry f heart failure with reduced EF where the
LVEF is defined as less than r equal t 40%. In about half
of the patients in this category, there is LV enlargement and
it is this group that defines dilated cardiomyopathy. This is
a large grup f hetergeneus mycardial disrders char-
acterized by reduced mycardial cntractility in the
absence f abnrmal lading cnditins such as with
hypertensin r valvular disease. The prevalence averages
36 cases/100,000 in the United States and accunts fr
apprximately 10,000 deaths annually. Blacks are afflicted
three times as ften as Whites. The prgnsis is pr with
50% mrtality at 5 years nce symptms emerge.

The causes are multiple and diverse. Up t 20–35% have
a familial etilgy. It is cmmn fr hereditary causes t
first present with cnductin system disease prir t a
reduced LVEF. A 2020 reprt f 2538 patients with a
dilated cardimypathy in whm genetics were available
suggested a clear assciatin with at least 12 differing
genes. Recent attentin has fcused particularly n the
lamin A/C gentype. While a large prprtin f dilated
cardimypathy causes are listed as idipathic, it is likely
that genetic variants may be respnsible fr many f these.
Endcrine, inflammatry, and metablic causes include
besity, diabetes, thyrid disease, celiac disease, systemic
lupus erythematsus, acrmegaly, and grwth hrmne
deficiency. Txic, drug-induced, and inflammatry causes
are listed in the prir sectin. Nutritinal diseases such as

deficiency f thiamine, selenium, and carnitine have als
been dcumented. Dilated cardimypathy may als be
caused by prlnged tachycardia either frm supraven-
tricular arrhythmias, frm very frequent PVCs (mre than
15% f heart beats), r frm frequent RV pacing. Dilated
cardimypathy is als assciated with HIV, Chagas dis-
ease, rheumatlgic disrders, irn verlad, sleep apnea,
amylidsis, sarcidsis, chrnic alchl usage, end-stage
kidney disease, r cbalt expsure (“Quebec beer-drinkers
cardimypathy”). Peripartum cardimypathy and stress-
induced disease (tak-tsub) are discussed separately.

» Clinical Findings

A. Symptoms and Signs

In mst patients, symptms f heart failure develp gradu-
ally. It is imprtant t seek ut a histry f familial dilated
cardimypathy and t identify behavirs that might pre-
dispse patients t the disease. The physical examinatin
reveals rales, an elevated JVP, cardimegaly, S

3
gallp

rhythm, ften the murmurs f functinal mitral r tricus-
pid regurgitatin, peripheral edema, r ascites. In severe
heart failure, Cheyne-Stkes breathing, pulsus alternans,
pallr, and cyansis may be present.

B. ECG and Chest Radiography

The majr findings are listed in Table 10–15. Sinus tachy-
cardia is cmmn. Other cmmn abnrmalities include
left bundle branch blck and ventricular r atrial arrhyth-
mias. The chest radigraph reveals cardimegaly, evidence
fr left and/r right heart failure, and pleural effusins
(right mre frequently than left).

C. Diagnostic Studies

In the 2017 AHA/ACCF heart failure guideline fcused
update, patients with dyspnea shuld have a BNP r NT-
prBNP measured t help establish prgnsis and disease
severity (class I, level f evidence [LOE] A).

An echcardigram is indicated t exclude unsuspected
valvular r ther lesins and cnfirm the presence f ven-
tricular dilatatin, reduced LV systlic functin and assci-
ated RV systlic dysfunctin, r pulmnary hypertensin.
Mitral Dppler inflw patterns als help in the diagnsis f
cncmitant diastlic dysfunctin. Clr flw Dppler can
reveal tricuspid r mitral regurgitatin, and cntinuus
Dppler can estimate PA pressures. Intracavitary thrmb-
sis is ccasinally seen. Exercise r pharmaclgic stress
mycardial perfusin imaging may uncver underlying
crnary disease. Radinuclide ventriculgraphy prvides
a nninvasive measure f the EF and bth RV and LV wall
mtin, thugh its use has been supplanted by cardiac MRI
in mst institutins. Cardiac MRI is particularly helpful in
inflammatry r infiltrative prcesses, such as sarcidsis
r hemchrmatsis, and is the diagnstic study f chice
fr RV dysplasia. MRI can als help define an ischemic
etilgy by nting gadlinium hyperenhancement cnsis-
tent with mycardial scar frm infarctin r prir mycar-
ditis. Cardiac catheterizatin is seldm f specific value
unless mycardial ischemia is suspected, althugh right
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heart catheterizatin shuld be cnsidered t help guide
therapy when the clinical syndrme is nt clear cut (class I
indicatin, LOE C). Mycardial bipsy is rarely useful in
establishing the diagnsis, althugh ccasinally the
underlying cause (eg, sarcidsis, hemchrmatsis) can
be discerned. Its use is cnsidered a class IIa indicatin
with LOE f C. It shuld nt be used rutinely. Bipsy is
mst useful in transplant rejectin.

» Treatment

The management f heart failure is utlined in the sectin
n heart failure. Standard therapy includes cntrl f BP
and f cntributing factrs such as besity, smking, diabe-
tes r ptentially carditxic agents. All patients with a
remte histry f MI r acute crnary syndrme and
reduced LVEF shuld be given ACE inhibitrs, ARBs, r
sacubitril/valsartan. Beta-blckers shuld be included in
this ppulatin as well. All patients with dilated cardio-
myopathy regardless of etiology should be treated with
beta-blockers and ACE inhibitors. If still symptomatic,
aldosterone antagonists should be added, and ARNI
used instead of an ACE inhibitor or ARB. The use f the
cmbinatin f all three f ACE inhibitin, ARB, and ald-
sterne antagnists can create harm, thugh, and is

discuraged due t cncerns fr hyperkalemia. Calcium
channel blckers shuld be avided except as necessary t
cntrl ventricular respnse in atrial fibrillatin r flutter.
If cngestive symptms are present, diuretics and an ald-
sterne antagnist shuld be added. In patients with class
II–IV heart failure symptms, an aldsterne receptr
antagnist shuld be added when the LVEF is less than
35% (unless cntraindicated). Care in the use f mineral-
crticid receptr antagnists is warranted when the gl-
merular filtratin rate is less than 30 mL/min/1.73 m2 r
when the ptassium is elevated. All patients with diabetes
shuld be taking mineralcrticid antagnists if the LVEF
is less than r equal t 40%. Systemic BP cntrl is
extremely imprtant. Use f the angitensin receptr-
neprilysin inhibitr, sacubitril/valsartan, has been apprved
fr NYHA Heart Failure f Functinal class II–IV. If the
resting heart rate is greater than 70 beats per minute, the
LVEF is less than 35%, and the patient has chrnic stable
heart failure, the use f ivabradine t slw the heart rate has
als been apprved. Ivabradine shuld nt replace ther
beta-blckers, hwever. Digxin is a secnd-line medica-
tin but remains favred as an adjunct by sme clinicians;
digxin may be beneficial t reduce recurrent hspitaliza-
tins and t cntrl the ventricular respnse in atrial fibril-
latin in sedentary patients. Given the questin f abnrmal

Table 10–15. Classification of the cardiomyopathies.

Dilated Hyertrohic Restrictive

Frequent causes Idiopathic, alcoholic, major cate-

cholamine discharge, myocarditis,

postpartum, chemotherapy,

endocrinopathies, genetic dis-

eases, burnt out HOCM, CAD,

tachycardia-induced, cocaine

Hereditary syndrome, possibly chronic

hypertension in older adults

Amyloidosis, post-radiation,

post–open heart surgery,

diabetes, endomyocardial

fibrosis, Fabry

disease, sarcoidosis

Symptoms Left or biventricular heart failure Dyspnea, chest pain, syncope Dyspnea, fatigue, right heart

failure > left heart failure

Physical examination Cardiomegaly, S
3
, elevated jugular

venous pressure, rales

Sustained point of maximal impulse, S
4
,

variable systolic murmur, bisferiens

carotid pulse

Elevated jugular venous pressure

Electrocardiogram ST–T changes, conduction abnor-

malities, ventricular ectopy

Left ventricular hypertrophy, exagger-

ated septal Q waves

ST–T changes, conduction abnor-

malities, low voltage

Chest radiograph Enlarged heart, pulmonary

congestion

Mild cardiomegaly Mild to moderate cardiomegaly

Echocardiogram,

nuclear studies,

MRI, PET, CT

Left ventricular dilation and

dysfunction

Left ventricular hypertrophy, asymmet-

ric septal or other myocardial wall

thickness > 15 mm, small left ven-

tricular size, normal or supranormal

function, systolic anterior mitral

motion, diastolic dysfunction. May

be nonobstructive or apical

Small or normal left ventricular

size, normal or mildly reduced

left ventricular function. Gado-

linium hyperenhancement on

MRI

Cardiac

catheterization

Left ventricular dilation and dysfunc-

tion, high diastolic pressures, low

cardiac output. Coronary angiog-

raphy important to exclude isch-

emic cause

Small, hypercontractile left ventricle,

dynamic outflow gradient, diastolic

dysfunction

High diastolic pressure, “square

root” sign, normal or mildly

reduced left ventricular

function

CAD, coronary artery disease; CT, computed tomography; HOCM, hypertrophic obstructive cardiomyopathy; MRI, magnetic resonance

imaging; PET, positron emission tomography.
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nitric xide utilizatin in Blacks, the use f hydralazine-
nitrate cmbinatin therapy is recmmended in this ppu-
latin. Sdium restrictin is helpful, especially in acute
heart failure. Cntinuus psitive airway pressure can
imprve LV functin in patients with sleep apnea.

When atrial fibrillatin is present, heart rate cntrl is
imprtant if sinus rhythm cannt be established r main-
tained. There are few data, hwever, t suggest an advan-
tage f sinus rhythm ver atrial fibrillatin n lng-term
utcmes. Many patients may be candidates fr cardiac
synchrnizatin therapy with biventricular pacing if there
is significant mitral regurgitatin and the QRS width is
greater than 150 msec.

T help prevent sudden death, an ICD is reasnable
(class IIa, LOE B) in asymptmatic ischemic cardimypa-
thy patients with an LVEF f less than 30% n apprpriate
medical therapy (at least 3 mnths pst-MI). Cardiac reha-
bilitatin and exercise training have cnsistently been
fund t imprve clinical status.

Few cases f cardimypathy are amenable t specific
therapy fr the underlying cause. Alchl use shuld be
discntinued, since there is ften marked recvery f car-
diac functin fllwing a perid f abstinence in alchlic
cardimypathy. Endcrine causes (hyperthyridism r
hypthyridism, acrmegaly, and phechrmcytma)
shuld be treated. Immunsuppressive therapy is nt indi-
cated in chrnic dilated cardimypathy. There are sme
patients wh may benefit frm implantable LV assist
devices either as a bridge t transplantatin r as a temp-
rary measure until cardiac functin returns. LV assist
devices can be cnsidered as destination therapy in patients
wh are nt candidates fr cardiac transplantatin. Arterial
and pulmnary embli are mre cmmn in dilated car-
dimypathy than in ischemic cardimypathy, and suit-
able candidates may benefit frm lng-term anticagulatin.
All patients with atrial fibrillatin shuld be s treated.
DOACs are preferred ver warfarin unless there is assci-
ated mitral stensis. Either warfarin r a DOAC shuld be
cnsidered when a mbile LV thrmbus is bserved n the
echcardigram.

» Prognosis

The prgnsis f dilated cardimypathy withut clinical
heart failure is variable, with sme patients remaining sta-
ble, sme deterirating gradually, and thers declining
rapidly. Once heart failure is manifest, the natural histry is
similar t that f ther causes f heart failure, with an
annual mrtality rate f arund 11–13%. The underlying
cause f heart failure has prgnstic value in patients with
unexplained cardimypathy. Patients with peripartum
cardimypathy r stress-induced cardimypathy appear
t have a better prgnsis than thse with ther frms f
cardimypathy. Patients with cardimypathy due t
infiltrative mycardial diseases, HIV infectin, r dxru-
bicin therapy have an especially pr prgnsis.

» When to Refer

Patients with new r wrsening symptms f heart failure
with dilated cardimypathy shuld be referred t a

cardilgist. Patients with cntinued symptms f heart
failure and reduced LVEF (35% r less) shuld be referred
fr cnsideratin f placement f an ICD r cardiac resyn-
chrnizatin therapy (if QRS duratin is 150 msec r
mre, especially with a left bundle branch blck pattern).
Patients with advanced refractry symptms shuld be
referred fr cnsideratin f heart transplant r LV assist
device therapy.

» When to Admit

Patients with hypxia, fluid verlad, r pulmnary edema
nt readily reslved in an utpatient setting shuld be
admitted.

Mazzartt F et al. Reevaluating the genetic cntributin f
mngenetic dilated cardimypathy. Circulatin. 2020;
141:387. [PMID: 31983221]

Rsenbaum AN et al. Genetics f dilated cardimypathy:
practical implicatins fr heart failure management. Nat Rev
Cardil. 2020;17:286. [PMID: 31605094]

Yancy CW et al. 2016 ACC/AHA/HFSA fcused update n new
pharmaclgical therapy fr heart failure: an update f the
2013 ACCF/AHA guideline fr the management f heart
failure. J Am Cll Cardil. 2016;68:1476. [PMID: 27216111]

Yancy CW et al. 2017 ACC/AHA/HFSA fcused update f the
2013 ACCF/AHA guideline fr the management f heart
failure: a reprt f the American Cllege f Cardilgy/
American Heart Assciatin Task Frce n Clinical Practice
Guidelines and the Heart Failure Sciety f America.
Circulatin. 2017;136:e137. [PMID: 28455343]

STRESS CARDIOMYOPATHY

E S S E N T I A L S  O F  D I A G N O S I S

» Occurs after a major catecholamine discharge.

» Acute chest pain or shortness of breath.

» Predominately affects postmenopausal women.

» Presents as an acute anterior MI, but coronaries
normal at cardiac catheterization.

» Imaging reveals apical left ventricular ballooning
due to anteroapical stunning of the myocardium.

» Most patients recover completely, although there
are complications similar to MI.

» General Considerations

Stress cardimypathy (tako-tsubo syndrome) generally
fllws a high catechlamine surge. The resulting shape f
the LV acutely suggests a runded ampulla frm similar t
a Japanese ctpus pt (tak-tsub pt). Mid-ventricular
ballning has als been described. The key feature is that
the mycardial stunning that ccurs des not fllw the
pattern suggestive f crnary ischemia (even thugh
abut 15% f patients will have cexisting CAD, and sme
may have cncmitant plaque rupture MI). Over tw-
thirds f patients reprt a prir stressful event, either em-
tinal r physical, including hypglycemia, lightning
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strikes, earthquakes, pstventricular tachycardia, during
alchl withdrawal, fllwing surgery, during hyperthy-
ridism, after strke, and fllwing emtinal stress
(“brken-heart syndrme”). Virtually any event that trig-
gers excess catechlamines has been implicated in a wide
number f case reprts. Pericarditis and even tampnade
have been described in islated cases. Recurrences have als
been described. In Western cuntries it predminantly
affects wmen (up t 90%), primarily pstmenpausal.
Amng patients with stress cardimypathy, cmpared t
patients with acute crnary syndrme, there are mre
neurlgic and psychiatric disrders. Patients with COPD,
migraines, r affective disrders wh take beta-agnists
may have an increased risk f a pr utcme. The prgn-
sis was initially thught t be benign, but subsequent stud-
ies have demnstrated that bth shrt-term mrtality and
lng-term mrtality are higher than thught. Indeed, mr-
tality reprted during the acute phase in hspitalized
patients is apprximately 4–5%, a figure cmparable t that
f STEMI in the era f primary percutaneus crnary
interventins. Apprximately 10% f patients will have car-
diac and neurlgic adverse utcmes ver the next year.

The structures that mediate the stress respnse are in
bth the central and autnmic nervus systems. Acute
stressrs induce brain activatin, increasing biavailability
f crtisl and catechlamine. Bth circulating epineph-
rine and nrepinephrine released frm adrenal medullary
chrmaffin cells and nrepinephrine released lcally frm
sympathetic nerve terminals are significantly increased.
This catechlamine surge leads t mycardial damage
thrugh multiple mechanisms, including, direct catechl-
amine txicity, adrenceptr-mediated damage, epicardial
and micrvascular crnary vascnstrictin and/r
spasm, and increased cardiac wrklad. The relative pre-
pnderance amng pstmenpausal wmen suggests that
estrgen deprivatin may be facilitating, pssibly via end-
thelial dysfunctin.

» Clinical Findings

A. Symptoms and Signs

The symptms are similar t any acute crnary syndrme.
Typical angina and dyspnea are usually present. Syncpe is
rare, althugh arrhythmias are nt uncmmn.

B. ECG and Chest Radiography

The ECG reveals ST-segment elevatin as well as deep
anterir T-wave inversin. The chest radigraph is either
nrmal r reveals pulmnary cngestin. The dramatic
T-wave inversins gradually reslve ver time.

C. Diagnostic Studies

The echcardigram reveals LV apical dyskinesia usually
nt cnsistent with any particular crnary distributin.
The urgent cardiac catheterizatin reveals the LV apical
ballning in assciatin with nrmal crnaries. Initial
cardiac enzymes are psitive but ften taper quickly. In
almst all cases, MRI hyperenhancement studies reveal n
lng-term scarring.

» Treatment

Immediate therapy is similar t any acute MI. Initiatin f
lng-term therapy depends n whether LV dysfunctin
persists. Mst patients receive aspirin, beta-blckers, and
ACE inhibitrs until the LV fully recvers. Despite the
presumed assciatin with high catechlamines, the use f
ACE inhibitrs r ARBs, but nt beta-blckers, has been
assciated with imprved lng-term survival. See Treat-
ment f Heart Failure With Reduced LVEF.

» Prognosis

In a 2015 registry f 1759 patients, the rate f severe in-
hspital cmplicatins, including shck and death, were
similar between thse with an acute crnary syndrme
and tak-tsub. Overall, prgnsis is gd unless there is a
serius cmplicatin (such as mitral regurgitatin, ven-
tricular rupture, r ventricular tachycardia). Recvery f
the LVEF is expected in mst cases after a perid f days t
weeks.

» When to Refer

All patients with an acute crnary syndrme shuld be
urgently seen by a cardilgist fr further evaluatin and
mnitred until reslutin f the ventricular dysfunctin.

HYPERTROPHIC CARDIOMYOPATHY

E S S E N T I A L S  O F  D I A G N O S I S

» May present with dyspnea, chest pain, syncope.

» Though LV outflow gradient is classic, symptoms
are primarily related to diastolic dysfunction.

» Echocardiogram is diagnostic. Any area of LV wall
thickness > 1.5 cm defines the disease.

» Increased risk of sudden death.

» General Considerations

In 2020, an ACC/AHA jint cmmittee n clinical practice
guidelines issued updated guidelines fr the diagnsis and
treatment f HCM. The guidelines address many clinical
scenaris and prvide a hst f clinically relevant sugges-
tins. HCM is nted when there is LVH unrelated t any
pressure r vlume verlad. The definitin has evlved
ver time; while it traditinally was defined by LV utflw
bstructin due t septal hypertrphy, currently it is cn-
sidered present any time that any portion of LV wall is
measured at more than 1.5 cm thick on an echocardiogram.
This allws fr many frms t be cnsidered that d nt
create LV utflw bstructin. The increased wall thick-
ness reduces LV systlic stress, increases the EF, and can
result in an “empty ventricle” at end-systle. The interven-
tricular septum may be disprprtinately invlved (asym-
metric septal hypertrophy), but in sme cases the
hypertrphy is lcalized t the mid-ventricle r t the apex.
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In a nrmal heart, the LV apex may be paper thin; in HCM,
the LV bstructin may trap bld just abve the apex
and the LV pressure may be very high there. This can result
in the apex becming aneurysmal. The LV utflw tract is
usually narrwed during systle due t the hypertrphied
septum and systlic anterir mtin f the mitral valve
ccurs as the anterir mitral valve leaflet is pulled int the
LV utflw. The bstructin is wrsened by factrs that
increase mycardial cntractility (sympathetic stimulatin,
digxin, and pstextrasystlic beat) r that decrease LV
filling (Valsalva maneuver, peripheral vasdilatrs). The
amunt f bstructin is prelad and afterlad dependent
and can vary frm day t day. The cnsequence f the
hypertrphy is elevated LV diastolic pressures rather than
systlic dysfunctin. Rarely, systlic dysfunctin develps
late in the curse f the disease. The LV is usually mre
invlved than the RV, and the atria are frequently signifi-
cantly enlarged.

HCM is inherited as an autsmal-dminant trait with
variable penetrance and is caused by mutatins f ne f a
large number f genes, mst f which cde fr mysin
heavy chains r prteins regulating calcium handling. The
prgnsis is related t the specific gene mutatin. Patients
usually present in early adulthd. Elite athletes may dem-
nstrate cnsiderable hypertrphy that can be cnfused
with HCM, but generally diastlic dysfunctin is nt pres-
ent in the athlete and this finding helps separate pathlgic
disease frm athletic hypertrophy. The apical variety is
particularly cmmn in thse f Asian descent. A HCM in
older adults (usually in assciatin with hypertensin) has
als been defined as a distinct entity (ften a sigmid inter-
ventricular septum is nted with a knb f cardiac muscle
belw the artic valve). Mitral annular calcificatin is ften
present. Mitral regurgitatin is variable and ften dynamic,
depending n the degree f utflw tract bstructin.

» Clinical Findings

A. Symptoms and Signs

The mst frequent symptms are dyspnea and chest pain.
Syncpe is als cmmn and is typically pstexertinal,
when diastlic filling diminishes due t fluid lss and
tachycardia increasing LV utflw tract bstructin. Resid-
ual circulating catechlamines accentuate the changes.
Arrhythmias are an imprtant prblem. Atrial fibrillatin
is a lng-term cnsequence f chrnically elevated LA
pressures and is a pr prgnstic sign. Ventricular
arrhythmias are als cmmn, and sudden death may
ccur, ften after extrardinary exertin.

Features n physical examinatin include a bisferiens
cartid pulse, triple apical impulse (due t the prminent
atrial filling wave and early and late systlic impulses), and
a lud S

4
. The JVP may reveal a prminent a wave due t

reduced RV cmpliance. In cases with LV utflw bstruc-
tin, a lud systlic murmur is present alng the left sternal
brder that increases with upright psture r Valsalva
maneuver and decreases with squatting. These maneuvers
help differentiate the murmur f HCM frm that f artic
stensis. In HCM, reducing the LV vlume increases the

utflw bstructin and the murmur intensity; whereas in
valvular artic stensis, reducing the strke vlume acrss
the valve decreases the murmur. Mitral regurgitatin is
frequently present as well.

B. ECG and Chest Radiography

LVH is nearly universal in symptmatic patients, thugh
entirely nrmal ECGs are present in up t 25%, usually in
thse with lcalized hypertrphy. Exaggerated septal Q
waves inferlaterally may mimic MI. The chest radigraph
is ften unimpressive. Unlike with artic stensis, the
ascending arta is nt dilated.

C. Diagnostic Studies

The echcardigram is diagnstic, revealing LVH (invlv-
ing the septum mre cmmnly than the psterir walls),
systlic anterir mtin f the mitral valve, early clsing
fllwed by repening f the artic valve, a small and
hypercntractile LV, and delayed relaxatin and filling f
the LV during diastle. The septum is usually 1.3–1.5 times
the thickness f the psterir wall. Septal mtin tends t
be reduced. Dppler ultrasund reveals turbulent flw and
a dynamic gradient in the LV utflw tract and, cmmnly,
mitral regurgitatin. Abnrmalities in the diastlic filling
pattern are present in 80% f patients.

Echcardigraphy can usually differentiate the disease
frm ventricular nncmpactin, a cngenital mycardial
disease pattern with marked trabeculatin that partially
fills the LV cavity. Mycardial perfusin imaging may sug-
gest septal ischemia in the presence f nrmal crnary
arteries. Cardiac MRI cnfirms the hypertrphy and cn-
trast enhancement frequently reveals evidence f scar at
the junctin f the RV attachment t the interventricular
septum. Cardiac catheterizatin cnfirms the diagnsis
and defines the presence r absence f CAD. Frequently,
crnary arterial bridging (squeezing f the crnary in
systle) ccurs, especially in the septal arteries. Exercise
studies are recmmended t assess fr ventricular arrhyth-
mias and t dcument the BP respnse. Lp mnitring
is recmmended fr determinatin f ventricular ectpy.

» Treatment

Beta-blockers should be the initial medication in symp-
tomatic individuals, especially when dynamic utflw
bstructin is nted n the echcardigram. The resulting
slwer heart rates assist with diastlic filling f the stiff LV.
Dyspnea, angina, and arrhythmias respnd in abut 50%
f patients. Calcium channel blckers, especially vera-
pamil, have als been effective in symptmatic patients.
Verapamil r nndihydrpyridine calcium channel blck-
ers, such as diltiazem, are class I recmmendatins. Their
effect is due primarily t imprved diastlic functin;
hwever, their vasdilating actins can als increase ut-
flw bstructin and cause hyptensin. Verapamil shuld
nt be used if there is hyptensin r a resting gradient f
ver 100 mm Hg. Dispyramide is als effective because f
its negative intrpic effects; it is usually used as an
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additin t the medical regimen rather than as primary
therapy r t help cntrl atrial arrhythmias. Oral diuretics
are frequently necessary due t the high LV diastlic pres-
sure and elevated LA pressures but shuld be used with
cautin t avid dehydratin that wuld increase bstruc-
tin. Digxin is relatively cntraindicated, except rarely fr
rate cntrl in atrial fibrillatin. Fr acute hyptensin that
des nt respnd t fluids, phenylephrine may be cnsid-
ered. In HCM patients withut utflw bstructin, simi-
lar treatment shuld be used nly if symptmatic and the
use f ral diuretics is safer. In a very small number f these
patients, apical mymectmy may be cnsidered.

Patients d best in sinus rhythm, and atrial fibrillatin
shuld be aggressively treated with antiarrhythmics r
radifrequency ablatin. DOACs are preferred ver warfa-
rin if atrial fibrillatin ccurs. Patients with HCM shuld
be treated regardless f their CHA2DS2-VASc scre.

The 2020 AHA/ACC guidelines recmmend a preven-
tive ICD fr HCM patients with dcumented cardiac arrest
r sustained ventricular tachycardia (class I). It is a class IIa
recmmendatin fr an ICD if there are ne r mre f the
fllwing risk factrs: (1) sudden death in ne r mre first-
degree r clse relative 50 years f age r yunger, (2) any LV
wall greater than r equal t 30 mm, (3) any recent syncpe
likely t have been arrhythmgenic, (4) LV apical aneurysm,
r (5) LV systlic dysfunctin (EF less than 50%). It is a class
IIb recmmendatin fr an ICD if there is significant
(greater than 15%) late gadlinium enhancement n cardiac
MRI. In thse wh receive an ICD, antitachycardia pacing
shuld be prgrammed t minimize shcks. The use f an
ICD is cntraindicated, thugh, if the purpse is simply t
allw fr the patient t play cmpetitive sprts.

Excisin f part f the utflw mycardial septum
(mytmy–mymectmy) by experienced surgens is suc-
cessful in patients with symptms unrespnsive t medical
therapy. A few surgens advcate mitral valve replacement,
since this results in reslutin f the gradient and prevents
assciated mitral regurgitatin. In sme cases, mymec-
tmy has been cmbined with an Alfieri stitch n the
mitral valve (a stitch that binds the midprtin f the ante-
rir and psterir mitral valve leaflets tgether). Rare cases
f prgressin t LV dilatin r patients with intractable
symptms can be cnsidered fr cardiac transplantatin.
Nnsurgical septal ablatin can be perfrmed by injectin
f alchl int septal branches f the left crnary artery t
create a cntrlled mycardial infarct in the regins f
greatest wall thickness. It is nw cnsidered first-line
therapy, if feasible, fr thse with LV utflw tract bstruc-
tin greater than 50 mm Hg wh d nt respnd t medi-
cal therapy r wh are nt deemed surgical candidates. In
“burnt ut” HCM, the medical therapy is similar t that f
dilated cardimypathy. In thse with refractry arrhyth-
mias r heart failure, cardiac transplantatin is an ptin.

Pregnancy results in an increased risk in patients with
symptms r utflw tract gradients f greater than 50 mm Hg.
Genetic cunseling is indicated befre planned cnceptin.
In pregnant patients with HCM, cntinuatin f beta-
blcker therapy is recmmended. Fr mre details n
the impact f HCM n sprt, activity, and ccupatin

(such as driving cmmercially r pilting an aircraft), the
reader is referred t the discussins in the 2020 AHA/ACC
guidelines.

» When to Refer

Patients shuld be referred t a cardilgist t establish
care, cnsider genetic testing, review the presence f any
high-risk features, and discuss medicatins r the need
fr any interventin. This is particularly imprtant if any
symptms are present.

Ommen SR. 2020 AHA/ACC guidelines fr the diagnsis and
treatment f patients with hypertrphic cardimypathy:
executive summary. Circulatin. 2020;142.e533. [PMID:
33215938]

RESTRICTIVE CARDIOMYOPATHY

E S S E N T I A L S  O F  D I A G N O S I S

» Right heart failure tends to dominate over left
heart failure.

» Pulmonary hypertension is present.

» Amyloidosis is the most common cause.

» Echocardiography is key to diagnosis.

» Radionuclide imaging or myocardial biopsy can
confirm amyloid.

» General Considerations

Restrictive cardimypathy is characterized by impaired
diastolic filling with reasonably preserved LV chamber size.
The cnditin is relatively uncmmn, with the mst fre-
quent cause being amylidsis. The diagnsis f cardiac
amyloidosis has dramatically increased in the last few
years since diagnstic testing has imprved and there is an
awareness f its prevalence. The prevalence f AL amylid
is apprximately 12 cases per millin, the prevalence f
variant r hereditary ATTR amylid is abut 0.3 cases per
millin, and the prevalence f wild type ATTR amylid is
155–191 cases per millin. Many experts believe the actual
prevalence f wild type ATTR is much higher. While light-
chain amylid prteins can be txic t cardimycytes,
they may als internalize int many cell types and this may
explain sme f the cardiac dysfunctin bserved. ATTR
refers t transthyretin, a prtein nrmally fund in the
liver that helps transprt thyrid hrmnes and vitamin A.
Wild type (nrmal) ccurs mre cmmnly in the elderly
and in men, and previusly was referred t as “senile sys-
temic amylidsis.” Hereditary r variant ATTR is geneti-
cally transmitted, depsitin ccurs at an earlier age, and it
has assciated neurlgic impact. TTR is a tetramer that
can dissciate int fur mnmers and aggregate as amylid
fibrils. The differential diagnsis f a restrictive cardimy-
pathy includes infiltrative disrders beside amylidsis,
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such as sarcidsis, Gaucher disease, and Hurler syn-
drme. Strage diseases such as hemchrmatsis, Fabry
disease, and glycgen strage diseases can als prduce the
picture. Nninfiltrative diseases, such as familial cardimy-
pathy and pseudxanthma elasticum, can be implicated
rarely, and ther secndary causes include diabetes, systemic
sclersis (sclerderma), radiatin, chemtherapy, CAD,
and lngstanding hypertensin.

» Clinical Findings

A. Symptoms and Signs

Restrictive cardimypathy must be distinguished frm
cnstrictive pericarditis (see Table 10–15). The key fea-
ture is that ventricular interaction is accentuated with res-
piration in constrictive pericarditis and that interactin is
absent in restrictive cardimypathy. In additin, the
pulmnary arterial pressure is invariably elevated in
restrictive cardimypathy due t the high PCWP and is
nrmal in uncmplicated cnstrictive pericarditis. Symp-
tms may include angina, syncpe, strke, and peripheral
neurpathy. Perirbital purpura, a thickened tngue, and
hepatmegaly are all suggestive physical findings f
amylidsis.

B. Diagnostic Studies

Cnductin disturbances are frequently present. Lw vlt-
age n the ECG cmbined with ventricular hypertrphy n
the echcardigram is suggestive f disease. Technetium
pyrphsphate imaging (bne scan imaging) can als iden-
tify amylid depsitin in the mycardium, and it has
becme the nninvasive imaging mdality f chice fr
diagnsing transthyretin amylidsis. With typical scint-
graphic findings in patients withut a mnclnal gam-
mpathy, bipsy is n lnger necessary fr diagnsis.
Cardiac MRI presents a distinctive pattern f diffuse
hyperenhancement f the gadlinium image in amylid-
sis and is a useful screening test. Late gadlinium hyperen-
hancement f a high degree suggests mre extensive
cardiac invlvement. The echcardigram reveals a small,
thickened LV with bright mycardium (speckled), rapid
early diastlic filling revealed by the mitral inflw Dppler,
and biatrial enlargement. Characteristic lngitudinal strain
patterns may help identify cardiac amylidsis. The LV
chamber size is usually nrmal with a reduced LVEF. Atrial
septal thickening may be evident and an amylid variant
that primarily affects the atria has been described. Rectal,
abdminal fat, r gingival bipsies can cnfirm systemic
invlvement, but mycardial invlvement may still be pres-
ent if these are negative and requires endmycardial
bipsy fr the cnfirmatin that cardiac amylid is present.
Demnstratin f tissue infiltratin n bipsy specimens
using special stains fllwed by immunhistchemical
studies and genetic testing are essential t define which
specific prtein is invlved. TTR gene sequencing in
patients in whm the TTR wild type r TTR mutant vari-
ant is suspected and mass spectrscpy n all tissue in
questin are recmmended highly. BNP and NT-prBNP
are traditinally elevated and have been used t help

distinguish cnstrictive pericarditis frm a restrictive
cardimypathy.

» Treatment

Treatment fr AL amylidsis includes alkylatr-based
chemtherapy r high-dse melphalan fllwed by
autlgus stem cell transplantatin. In immunglbin
light chain amylidsis, standard- r high-dse chem-
therapy with stem cell rescue is ften pursued. Treatment
f ATTR amylid is underging an evlutin. Tafamidis
helps prevent the misflding f the TTR tetramer and is
nw apprved fr treatment. Patisiran is als available,
and it inhibits bth variant and wild type TTR prduc-
tin. Fr the variant TTR plyneurpathy, subcutaneus
intersen is available (it binds t TTR mRNA preventing
transcriptin).

In acute heart failure, diuretics can help, but excessive
diuresis can prduce wrsening kidney dysfunctin. As
with mst patients with severe right heart failure, lp
diuretics, thiazides, and aldsterne antagnists are all use-
ful. Atrial thrmbi are nt uncmmn, althugh the rle f
anticagulatin in amylidsis remains ill defined. Digxin
may precipitate arrhythmias and shuld nt be used. Beta-
blckers help slw heart rates and imprve filling by
increasing diastlic time. Verapamil presumably wrks by
imprving mycardial relaxatin and increasing diastlic
filling time. Slw heart rates are desired t allw fr
increased diastlic filling time. ACE inhibitin r angi-
tensin II receptr blckade may imprve diastlic relax-
atin and filling at times and can be tried with cautin if
the systemic bld pressure is adequate. Crticsterids
may be helpful in sarcidsis, but they are mre effective
fr cnductin abnrmalities in this disease than in heart
failure.

» When to Refer

All patients with the diagnsis f a restrictive cardi-
mypathy shuld be referred t a cardilgist t decide
etilgy and plan apprpriate treatment. Unexplained
LVH with relatively preserved LVEF and symptms f
heart failure shuld raise the questin f cardiac amy-
lid, particularly nw that there is effective treatment
available.

Kitaka H et al; Japanese Circulatin Sciety Jint Wrking
Grup. JCS 2020 guideline n diagnsis and treatment f
cardiac amylidsis. Circ J. 2020;84:1610. [PMID: 32830187]

Marques N et al. Specific therapy fr transthyretin cardiac amy-
lidsis: a systematic literature review and evidence-based
recmmendatins. J Am Heart Assc. 2020;9:e016614.
[PMID: 32969287]

Maurer MS et al; ATTR-ACT Study Investigatrs. Tafamidis
treatment fr patients with transthyretin amylid cardimy-
pathy. N Engl J Med. 2018;379:1007. [PMID: 30145929]

Pereira NL et al. Spectrum f restrictive and infiltrative cardi-
mypathies: part 1 f a 2-part series. J Am Cll Cardil.
2018;71:1130. [PMID: 29519355]

Pereira NL et al. Spectrum f restrictive and infiltrative cardi-
mypathies: part 2 f a 2-part series. J Am Cll Cardil.
2018;71:1149. [PMID: 29519356]
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º
RHEUMATIC FEVER

E S S E N T I A L S  O F  D I A G N O S I S

» More common in developing countries (100
cases/100,000 population) than in the United
States (~2 cases/100,000 population).

» Peak incidence between ages 5 and 15 years.

» Revision of Jones criteria in 2015 includes echo-
cardiographic findings.

» May involve mitral and other valves acutely, rarely
leading to heart failure.

» General Considerations

Rheumatic fever is a systemic immune prcess that is a
sequela f a beta-hemlytic streptcccal infectin f the
pharynx. It is a majr scurge in develping cuntries and
respnsible fr 320,000 deaths in yung peple wrldwide
each year. Over 15 millin peple have evidence fr rheu-
matic heart disease. Signs f acute rheumatic fever usually
cmmence 2–3 weeks after infectin but may appear as
early as 1 week r as late as 5 weeks. The disease has
becme quite uncmmn in the United States, except in
immigrants. The peak incidence is between ages 5 and
15 years; rheumatic fever is rare befre age 4 years r after
age 40 years. Rheumatic carditis and valvulitis may be
self-limited r may lead t slwly prgressive valvular
defrmity. The characteristic lesin is a perivascular granu-
lmatus reactin with valvulitis. The mitral valve is
acutely attacked in 75–80% f cases, the artic valve in 30%
(but rarely as the sle valve invlved), and the tricuspid and
pulmnary valves in under 5% f cases.

Table 10–16. The 2015 revised Jones criteria.1

Criteria

poulation Major Minor

Low risk Carditis (clinical or subclinical) Polyarthralgia

Arthritis (polyarthritis only) Fever (≥ 38.5°C)

Chorea ESR ≥ 60 mm/h or CRP ≥ 3.0 mg/dL (or both)

Erythema marginatum Prolonged PR interval (unless carditis is major criterion)

Subcutaneous nodules

Moderate and high risk Carditis (clinical or subclinical) Monoarthralgia

Arthritis (monoarthritis, polyarthritis, polyarthralgia) Fever (≥ 38°C)

Chorea ESR ≥ 30 mm/h or CRP ≥ 3.0 mg/dL (or both)

Erythema marginatum Prolonged PR interval (unless carditis is a major criterion)

Subcutaneous nodules

1For all patients with evidence of preceding group A streptococcal pharyngitis: initial acute rheumatic fever can be diagnosed when 2 major
criteria or 1 major plus 2 minor criteria are met. Recurrent acute rheumatic fever can be diagnosed when 2 major or 1 major plus 2 minor
or 3 minor criteria are met.
ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
Modified, with permission, from Gewitz, MH et al; American Heart Association Committee on Rheumatic Fever, Endocarditis, and Kawasaki
Disease of the Council on Cardiovascular Disease in the Young. Revision of the Jones criteria for the diagnosis of acute rheumatic fever in the
era of Doppler echocardiography. A scientific statement from the American Heart Association. Circulation. 2015 May 19;131(20):1806–18.
© 2015 American Heart Association, Inc.

The clinical prfile f the infectin includes cardi-
tis in 50–70% and arthritis in 35–66%, fllwed by
chrea (10–30%, predminantly in girls) then subcu-
taneus ndules (0–10%) and erythema marginatum
(in less than 6%). Echcardigraphy has been fund t
be superir t auscultatin, and the 2015 guidelines
intrduced subclinical carditis t the Jnes criteria t
represent abnrmal echcardigraphic findings when
auscultatry findings were either nt present r nt
recgnized.

Chronic rheumatic heart disease results frm sin-
gle r repeated attacks f rheumatic fever that prduce
rigidity and defrmity f valve cusps, fusin f the cm-
missures, r shrtening and fusin f the chrdae ten-
dineae. Valvular stensis r regurgitatin results, and
the tw ften cexist. In chrnic rheumatic heart dis-
ease, the mitral valve alne is abnrmal in 50–60% f
cases; cmbined lesins f the artic and mitral valves
ccur in 20%; pure artic lesins are less cmmn. Tri-
cuspid invlvement ccurs in abut 10% f cases, but
nly in assciatin with mitral r artic disease and is
thught t be mre cmmn when recurrent infectins
have ccurred. The pulmnary valve is rarely affected
lng term. A histry f rheumatic fever is btainable in
nly 60% f patients with rheumatic heart disease.
While there has been prgress against this disease, it
remains a majr cardivascular prblem in the prest
regins f the wrld.

» Clinical Findings

The presence of two major criteria—or one major and
two minor criteria—establishes the diagnosis. While
India, New Zealand, and Australia have all published
revised guidelines since 2001, the 2015 recmmendatins
have revised the Jnes criteria (Table 10–16) in a scientific
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statement frm the AHA where subclinical carditis is nw
recgnized with the advent f echcardigraphy. The
revised criteria als recgnize that a lwer threshld
shuld be used t diagnsis acute rheumatic fever in high-
risk ppulatins.

A. Major Criteria

1. Carditis—Carditis is mst likely t be evident in chil-
dren and adlescents. Any f the fllwing suggests the
presence f carditis: (1) pericarditis; (2) cardimegaly,
detected by physical signs, radigraphy, r echcardigra-
phy; (3) heart failure, right- r left-sided—the frmer per-
haps mre prminent in children, with painful liver
engrgement due t tricuspid regurgitatin; and (4) mitral
r artic regurgitatin murmurs, indicative f dilatin f a
valve ring with r withut assciated valvulitis r mrph-
lgic findings n echcardigraphy f rheumatic valvulitis.
The Carey–Cmbs shrt mid-diastlic mitral murmur
may be present due t inflammatin f the mitral valve. It
is a class I (LOE B) indicatin t perfrm echcardigra-
phy/Dppler studies n all cases f suspected r cnfirmed
acute rheumatic fever.

2. Erythema marginatum and subcutaneous nodules—
Erythema marginatum begins as rapidly enlarging macules
that may be less ntable n black skin and that assume the
shape f rings r crescents with clear centers. They may be
raised, cnfluent, and either transient r persistent and
usually n the trunk r prximal extremities. Subcutane-
us ndules are uncmmn except in children. They are
small (2 cm r less in diameter), firm, and nntender and
are attached t fascia r tendn sheaths ver bny prmi-
nences. They persist fr days r weeks, are recurrent, and
are indistinguishable frm rheumatid ndules. Neither
the rash nr ndules ever ccur as the sle manifestatin f
acute rheumatic fever.

3. Sydenham chorea—This is the mst definitive manifes-
tatin f acute rheumatic fever. Defined as invluntary
chreathetid mvements primarily f the face, tngue,
and upper extremities, Sydenham chrea may be the sle
manifestatin f rheumatic fever. Girls are mre frequently
affected than bys, and ccurrence in adults is rare.

4. Polyarthritis—This is a migratry plyarthritis that
invlves the large jints sequentially. In adults and in cer-
tain mderate- t high-risk ppulatins, nly a single jint
may be affected. The arthritis lasts 1–5 weeks and subsides
withut residual defrmity. Prmpt respnse f arthritis t
therapeutic dses f salicylates r nnsteridal agents is
characteristic.

B. Minor Criteria

These include fever, plyarthralgia, reversible prlngatin
f the PR interval, and an elevated erythrcyte sedimenta-
tin rate r CRP. A lwer threshld is set fr patients at
high risk (Table 10–16). The 2015 guidelines stipulate that
evidence fr a preceding streptcccal infectin can be
defined by an increase r rising anti-streptlysin O titer r
streptcccal antibdies (anti-DNAase B), a psitive thrat

culture fr grup A beta-hemlytic streptcccal r a psi-
tive rapid grup A streptcccal carbhydrate antigen test
in a child with a high pretest prbability f streptcccal
pharyngitis.

» Treatment

A. General Measures

The patient shuld be kept at strict bed rest until the tem-
perature returns t nrmal (withut the use f antipyretic
medicatins) and the sedimentatin rate, plus the resting
pulse rate, and the ECG have all returned t baseline.

B. Medical Measures

1. Salicylates—The salicylates markedly reduce fever and
relieve jint pain and swelling. They have n effect n the
natural curse f the disease. Adults may require large
dses f aspirin, 0.6–0.9 g every 4 hurs; children are
treated with lwer dses.

2. Penicillin—Penicillin (benzathine penicillin, 1.2 millin
units intramuscularly nce, r prcaine penicillin, 600,000
units intramuscularly daily fr 10 days) is used t eradicate
streptcccal infectin if present. Erythrmycin may be
substituted (40 mg/kg/day).

3. Corticosteroids—There is n prf that cardiac damage
is prevented r minimized by crticsterids. A shrt
curse f crticsterids (prednisne, 40–60 mg rally
daily, with tapering ver 2 weeks) usually causes rapid
imprvement f the jint symptms and is indicated when
respnse t salicylates has been inadequate.

» Prevention of Recurrent Rheumatic Fever

Imprvements in sciecnmic cnditins and public
health are critical t reducing buts f rheumatic fever. The
initial episde f rheumatic fever can usually be prevented
by early treatment f streptcccal pharyngitis with peni-
cillin (see Chapter 33). Preventin f recurrent episdes f
rheumatic fever is critical. Recurrences f rheumatic fever
are mst cmmn in patients wh have had carditis during
their initial episde and in children, 20% f whm will
have a secnd episde within 5 years. The preferred
methd f prphylaxis is with benzathine penicillin G,
1.2 millin units intramuscularly every 4 weeks. Oral
penicillin (250 mg twice daily) is less reliable.

If the patient is allergic t penicillin, sulfadiazine (r
sulfisxazle), 1 g daily, r erythrmycin, 250 mg rally
twice daily, may be substituted. The macrlide azithrmy-
cin is similarly effective against grup A streptcccal
infectin. If the patient has nt had an immediate hyper-
sensitivity (anaphylactic-type) reactin t penicillin, then
cephalsprin may als be used.

Recurrences are uncmmn after 5 years fllwing the
first episde and in patients ver 21 years f age. Prphy-
laxis is usually discntinued after these times except in
grups with a high risk f streptcccal infectin—parents
r teachers f yung children, nurses, military recruits, etc.
Secndary preventin f rheumatic fever depends n
whether carditis has ccurred. Current guidelines suggest
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that if there is n evidence fr carditis, preventive therapy
can be stpped at age 21 years. If carditis has ccurred but
there is n residual valvular disease, it can be stpped at
10 years after the acute rheumatic fever episde. If carditis
has ccurred with residual valvular invlvement, it shuld
be cntinued fr 10 years after the last episde r until
age 40 years if the patient is in a situatin in which reexp-
sure wuld be expected.

» Prognosis

Initial episdes f rheumatic fever may last mnths in
children and weeks in adults. The immediate mrtality
rate is 1–2%. Persistent rheumatic carditis with cardi-
megaly, heart failure, and pericarditis implies a pr prg-
nsis; 30% f children thus affected die within 10 years
after the initial attack. After 10 years, tw-thirds f
patients will have detectable valvular abnrmalities (usu-
ally thickened valves with limited mbility), but signifi-
cant symptmatic valvular heart disease r persistent
cardimypathy ccurs in less than 10% f patients with a
single episde. In develping cuntries, acute rheumatic
fever ccurs earlier in life and recurs mre frequently;
thus, the evlutin t chrnic valvular disease is bth
accelerated and mre severe.

Gewitz MH et al; American Heart Assciatin Cmmittee n
Rheumatic Fever, Endcarditis, and Kawasaki Disease f the
Cuncil n Cardivascular Disease in the Yung. Revisin f
the Jnes criteria fr the diagnsis f acute rheumatic fever in
the era f Dppler echcardigraphy. A scientific statement
frm the American Heart Assciatin. Circulatin.
2015;131:1806. [PMID: 25908771]

Dley LM et al. Rheumatic heart disease: a review f the cur-
rent status f glbal research activity. Autimmun Rev.
2021;20:102740. [PMID: 33333234]

º
DISEASES OF THE pERICARDIUM

ACUTE INFLAMMATORY PERICARDITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Anterior pleuritic chest pain that is worse supine
than upright.

» Pericardial rub.

» Fever common.

» Erythrocyte sedimentation rate or inflammatory
CRP usually elevated.

» ECG reveals diffuse ST-segment elevation with
associated PR depression.

» General Considerations

Acute (less than 2 weeks) inflammatin f the pericardium
may be infectius in rigin r may be due t systemic

diseases (autimmune syndrmes, uremia), neplasm,
radiatin, drug txicity, hempericardium, pstcardiac
surgery, r cntiguus inflammatry prcesses in the
mycardium r lung. In many f these cnditins, the
pathlgic prcess invlves bth the pericardium and the
mycardium. Overall pericarditis accunts fr 0.2% f
hspital admissins and abut 5% f patients with nn-
ischemic chest pain seen in the emergency department.
The ESC in 2015 prpsed fur categries f pericarditis
and elucidated diagnstic criteria fr each (Table 10–17).
Viral infections (especially infectins with cxsackievi-
ruses and echviruses but als influenza, Epstein-Barr,
varicella, hepatitis, mumps, and HIV viruses) are the
mst cmmn cause f acute pericarditis and prbably
are respnsible fr many cases classified as idipathic.
COVID-19 has been assciated with bth acute pericar-
ditis and even cardiac tampnade. Males—usually under
age 50 years—are mst cmmnly affected. The differen-
tial diagnsis primarily requires exclusin f acute MI.
Tuberculous pericarditis is rare in develped cuntries
but remains cmmn in certain areas f the wrld. It
results frm direct lymphatic r hematgenus spread;
clinical pulmnary invlvement may be absent r minr,
althugh assciated pleural effusins are cmmn. Bacte-
rial pericarditis is equally rare and usually results frm
direct extensin frm pulmnary infectins. Pneum-
ccci, thugh, can cause a primary pericardial infectin.
Borrelia burgdorferi, the rganism respnsible fr Lyme
disease, can als cause mypericarditis (and ccasinally

Table 10–17. Definitions and diagnostic criteria for
pericarditis.

pericarditis Definition and Diagnosis

Acute At least two of the following four listed findings:

1. Pericardial chest pain

2. Pericardial rub

3. New widespread ST-elevation or PR depression

4. Pericardial effusion (new or worsening)

Additional supportive findings:

1. Elevated inflammatory markers (CRP, ESR, WBC)

2. Evidence for pericardial inflammation (CT or MRI)

Incessant Pericarditis lasting longer than 4–6 weeks but less

than 3 months without remission

Recurrent Recurrence after a documented first espisode and

a symptom-free interval of 4–6 weeks or longer

Chronic Pericarditis lasting longer than 3 months

CRP, C-reactive protein; CT, computed tomography; ESR, erythro-

cyte sedimentation rate; MRI, magnetic resonance imaging; WBC,

white blood cell count.

Modified, with permission, from Adler Y et al. 2015 ESC guidelines

for the diagnosis and management of pericardial diseases: the Task

Force for the Diagnosis and Management of Pericardial Diseases of

the European Society of Cardiology (ESC) endorsed by: the

European Association for Cardio-Thoracic Surgery (EACTS). Eur

Heart J. 2015 Nov 7;36(42):2921–64. By permission of Oxford

University Press and the European Society of Cardiology. © The

European Society of Cardiology 2015. All rights reserved.
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heart blck). Uremic pericarditis is a cmmn cmplica-
tin f chrnic kidney disease. The pathgenesis is uncer-
tain; it ccurs bth with untreated uremia and in
therwise stable dialysis patients. Spread f adjacent lung
cancer as well as invasin by breast cancer, renal cell car-
cinma, Hdgkin disease, and lymphmas are the mst
cmmn neoplastic processes invlving the pericardium
and have becme the mst frequent causes f pericardial
tampnade in many cuntries. Pericarditis may ccur
2–5 days after infarctin due t an inflammatry reactin
t transmural mycardial necrsis (post-MI r postcar-
diotomy pericarditis [Dressler syndrome]). Radiation
can initiate a fibrinus and fibrtic prcess in the pericar-
dium, presenting as subacute pericarditis r cnstrictin.
Radiatin pericarditis usually fllws treatments f mre
than 4000 cGy delivered t prts including mre than 30%
f the heart.

Other causes f pericarditis include connective tissue
diseases, such as lupus erythematsus and rheumatid
arthritis, drug-induced pericarditis (minxidil, penicil-
lins, clzapine), and myxedema. In additin, pericarditis
may result frm pericardial injury frm invasive cardiac
prcedures (such as cardiac pacemaker and defibrillatr
perfratin and intracardiac ablatin, especially atrial
fibrillatin ablatin), and the implantatin f intracardiac
devices (such as ASD ccluder devices).

Pericarditis and mycarditis may cexist in 20–30% f
patients. Mycarditis is ften suspected when there is an
elevatin f serum trpnins, althugh there are n data
that suggest trpnin elevatins are assciated with a pr
prgnsis.

» Clinical Findings

A. Symptoms and Signs

The presentatin and curse f inflammatry pericarditis
depend n its cause, but mst syndrmes have assciated
chest pain, which is usually pleuritic and pstural (relieved
by sitting). The pain is substernal but may radiate t the
neck, shulders, back, r epigastrium. Dyspnea may als
be present and the patient is ften febrile. A pericardial
friction rub is characteristic, with r withut evidence f
fluid accumulatin r cnstrictin. The presentatin f
tuberculus pericarditis tends t be subacute, but nnspe-
cific symptms (fever, night sweats, fatigue) may be present
fr days t mnths. Pericardial invlvement develps in
1–8% f patients with pulmnary tuberculsis. Symptms
and signs f bacterial pericarditis are similar t thse f
ther types f inflammatry pericarditis, but patients
appear txic and are ften critically ill. Uremic pericarditis
can present with r withut symptms; fever is absent.
Often neplastic pericarditis is painless, and the presenting
symptms relate t hemdynamic cmprmise r the pri-
mary disease. At times the pericardial effusin is very large,
cnsistent with its chrnic nature. Pst-MI r pstcardit-
my pericarditis (Dressler syndrme) usually presents as a
recurrence f pain with pleural-pericardial features. A rub
is ften audible, and replarizatin changes n the ECG
may be cnfused with ischemia. Large effusins are
uncmmn, and spntaneus reslutin usually ccurs in

a few days. Dressler syndrme ccurs days t weeks t
several mnths after MI r pen heart surgery, may be
recurrent, and prbably represents an autimmune syn-
drme. Patients present with typical pain, fever, malaise,
and leukcytsis. Rarely, ther symptms f an autim-
mune disrder, such as jint pain and fever, may ccur.
Tampnade is rare with Dressler syndrme after MI but
nt when it ccurs pstperatively. The clinical nset f
radiatin pericarditis is usually within the first year but
may be delayed fr many years; ften a full decade r mre
may pass befre cnstrictin becmes evident.

B. Laboratory Findings and Diagnostic Studies

The diagnsis f viral pericarditis is usually clinical, and
leukcytsis is ften present. Rising viral titers in paired
sera may be btained fr cnfirmatin but are rarely dne.
Cardiac enzymes may be slightly elevated, reflecting an
epicardial mycarditis cmpnent. The echcardigram is
ften nrmal r reveals nly a trivial amunt f extra fluid
during the acute inflammatry prcess. The diagnsis f
tuberculus pericarditis can be inferred if acid-fast bacilli
are fund elsewhere. The tuberculus pericardial effusins
are usually small r mderate but may be large when
chrnic. The yield f mycbacterial rganisms by pericar-
dicentesis is lw; pericardial bipsy has a higher yield but
may als be negative, and pericardiectmy may be required.
If bacterial pericarditis is suspected n clinical grunds,
diagnstic pericardicentesis can be cnfirmatry. In ure-
mic patients nt n dialysis, the incidence f pericarditis
crrelates rughly with the level f bld urea nitrgen
(BUN) and creatinine. The pericardium is characteristi-
cally “shaggy” in uremic pericarditis, and the effusin is
hemrrhagic and exudative. The diagnsis f neplastic
pericarditis can ccasinally be made by cytlgic exami-
natin f the effusin r by pericardial bipsy, but it may
be difficult t establish clinically if the patient has received
mediastinal radiatin within the previus year. Neplastic
pericardial effusins develp ver a lng perid f time
and may becme quite huge (mre than 2 L). The sedimen-
tatin rate is high in pst-MI r pstcarditmy pericardi-
tis and can help cnfirm the diagnsis. Large pericardial
effusins and accmpanying pleural effusins are frequent.
Myxedema pericardial effusins due t hypthyridism
usually are characterized by the presence f chlesterl
crystals within the fluid.

C. Other Studies

The ECG usually shws generalized ST and T wave
changes and may manifest a characteristic prgressin
beginning with diffuse ST elevatin, fllwed by a return
t baseline and then t T-wave inversin. Atrial injury is
ften present and manifested by PR depressin, especially
in the limb leads. The chest radigraph is frequently nr-
mal but may shw cardiac enlargement (if pericardial fluid
is present), as well as signs f related pulmnary disease.
Mass lesins and enlarged lymph ndes may suggest a
neplastic prcess. Abut 60% f patients have a pericar-
dial effusin (usually mild) detectable by echcardigra-
phy. MRI and CT scan can visualize neighbring tumr in
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neplastic pericarditis. A screening chest CT r MRI is
ften recmmended t ensure there are n extracardiac
diseases cntiguus t the pericardium. A cnsensus
statement frm the American Sciety f Echcardigra-
phy prpses adding an elevated CRP and late gadlinium
enhancement f the pericardium t cnfirmatry criteria
fr the diagnsis f pericarditis. There are data that the
degree f quantitative delayed enhancement f the peri-
cardium is assciated with a higher rate f recurrent peri-
carditis. PET scanning can als be used t help define
pericardial inflammatin.

» Treatment

Fr acute pericarditis, experts suggest a restrictin in activ-
ity until symptm reslutin. Fr athletes, the duratin f
exercise restrictin shuld be until reslutin f symptms
and nrmalizatin f all labratry tests (generally
3 mnths). The 2015 ESC guidelines recmmend aspirin
750–1000 mg every 8 hurs fr 1–2 weeks with a taper by
decreasing the dse 250–500 mg every 1–2 weeks r ibu-
prfen 600 mg every 8 hurs fr 1–2 weeks with a taper by
decreasing the dse by 200–400 mg every 1–2 weeks. Gas-
trprtectin shuld be included. Studies supprt initial
treatment f the acute episde with clchicine t prevent
recurrences. Clchicine shuld be added t the nnsteri-
dal anti-inflammatry medicatin at 0.5–0.6 mg nce (fr
patients less than 70 kg) r twice (fr patients mre than
70 kg) daily and cntinued fr at least 3 mnths. Tapering
f clchicine is nt mandatry; hwever, in the last week f
treatment, the dsage can be reduced every ther day fr
patients less than 70 kg r nce a day fr thse mre than
70 kg. Aspirin and clchicine shuld be used instead f
nnsteridal anti-inflammatry medicatins in pst-MI
pericarditis (Dressler syndrme), since nnsteridal anti-
inflammatry medicatins and crticsterids may have
an adverse effect n mycardial healing. Aspirin in dses
f 750–1000 mg three times daily fr 1–2 weeks plus
3 mnths f clchicine is the recmmended treatment fr
Dressler syndrme. Despite initial treatment, recurrence
has been reprted in abut 30%.

Clchicine shuld be used fr at least 6 mnths as
therapy in all refractry cases and in recurrent pericarditis.
At times a lnger duratin f therapy is required. The CRP
is used t assess the effectiveness f treatment, and nce it
is nrmalized, tapering is initiated. Indmethacin in dses
f 25–50 mg every 8 hurs can als be cnsidered in recur-
rent pericarditis in place f ibuprfen. Systemic crticste-
rids can be added in patients with severe symptms, in
refractry cases, r in patients with immune-mediated
etilgies, but such therapy may entail a higher risk f
recurrence and may actually prlng the illness. Clchicine
is recmmended in additin t crticsterids, again fr at
least 3 mnths, t help prevent recurrences. Prednisne in
dses f 0.25–0.5 mg/kg/day rally is generally suggested
with tapering ver a 4- t 6-week perid. Recent studies
have cnfirmed the advantage f adding anakinra, an inter-
leukin-1 receptr antagnist, fr the treatment f recurrent
pericarditis, especially fr crticsterid-dependent and
clchicine-resistant pericarditis.

As a rule, symptms subside in several days t weeks.
The majr early cmplicatin is tamponade, which ccurs
in less than 5% f patients. There may be recurrences in the
first few weeks r mnths. Rarely, when clchicine therapy
alne fails r cannt be tlerated (usually due t gastrin-
testinal symptms), the pericarditis may require mre sig-
nificant immunsuppressin, such as cyclphsphamide,
azathiprine, intravenus human immunglbulins, inter-
leukin-1 receptr antagnists (anakinra), r methtrexate.
If clchicine plus mre significant immunsuppressin
fails, surgical pericardial stripping may be cnsidered in
recurrent cases even withut clinical evidence fr cnstric-
tive pericarditis.

Standard antituberculus medicatin therapy is usually
successful fr tuberculus pericarditis (see Chapter 9), but
cnstrictive pericarditis can ccur. Uremic pericarditis
usually reslves with the institutin f—r with mre
aggressive—dialysis. Tampnade is fairly cmmn, and
partial pericardiectmy (pericardial window) may be nec-
essary. Whereas anti-inflammatry agents may relieve the
pain and fever assciated with uremic pericarditis, ind-
methacin and systemic crticsterids d nt affect its
natural histry. The prgnsis with neplastic effusin
is pr, with nly a small minrity surviving 1 year. If it is
cmprmising the clinical cmfrt f the patient, the effu-
sin is initially drained percutaneusly. Attempts at balln
pericarditmy have been abandned because utcmes
were nt mre effective than simple drainage. A pericardial
windw, either by a subxiphid apprach r via vide-
assisted thracic surgery, allws fr partial pericardiectmy.
Installatin f chemtherapeutic agents r tetracycline may
be used t reduce the recurrence rate. Symptmatic therapy
is the initial apprach t radiatin pericarditis, but recur-
rent effusins and cnstrictin ften require surgery.

» Prognosis

There are data that patients with acute pericarditis and any
f the fllwing criteria have the prest prgnsis: fever
higher than 38°C, subacute nset, large effusin with r
withut tampnade, lack f respnse t anti-inflammatry
medicatin after 1 week, mypericarditis, traumatic peri-
carditis, and thse n ral anticagulatin. Abut 15% f
patients have at least ne f these high-risk findings.

» When to Refer

Patients wh d nt respnd initially t cnservative man-
agement, wh have recurrences, r wh appear t be devel-
ping cnstrictive pericarditis shuld be referred t a
cardilgist fr further assessment.

Adler Y et al. 2015 ESC guidelines fr the diagnsis and manage-
ment f pericardial diseases: The Task Frce fr the Diagnsis
and Management f Pericardial Diseases f the Eurpean
Sciety f Cardilgy (ESC) endrsed by: the Eurpean Ass-
ciatin fr Cardi-Thracic Surgery (EACTS). Eur Heart J.
2015;36:2921. [PMID: 26320112]

Imazi M et al. Anakinra fr crticsterid-dependent and cl-
chicine-resistant pericarditis. The IRAP (Internatinal Regis-
try f Anakinra fr Pericarditis) study. Eur J Prev Cardil
2020;27:956. [PMID: 31610707]
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PERICARDIAL EFFUSION & TAMPONADE

E S S E N T I A L S  O F  D I A G N O S I S

pericardial effusion

» Clinical impact determined by the speed of
accumulation.

» May or may not cause pain.

Tamonade

» Tachycardia with an elevated JVP and either hypo-
tension or a paradoxical pulse.

» Low voltage or electrical alternans on ECG.

» Echocardiography is diagnostic.

Pericardial effusin can develp during any f the acute
pericarditis prcesses. Because the pericardium cvers the
ascending arta and arch, artic dissectin and/r rupture
can lead t tampnade as well. The speed of accumulation
determines the physilgic imprtance f the effusin.
Because f pericardial stretch, effusins larger than 1000 mL
that develp slwly may prduce n hemdynamic effects.
Cnversely, smaller effusins that appear rapidly can cause
tampnade due t the curvilinear relatinship between
the vlume f fluid and the intrapericardial pressure.
Tampnade is characterized by elevated intrapericardial
pressure (greater than 15 mm Hg), which restricts venus
return and ventricular filling. As a result, the strke vlume
and arterial pulse pressure fall, and the heart rate and
venus pressure rise. Shck and death may result.

» Clinical Findings

A. Symptoms and Signs

Pericardial effusins may be assciated with pain if they
ccur as part f an acute inflammatry prcess r may be
painless, as is ften the case with neplastic r uremic effu-
sin. Dyspnea and cugh are cmmn, especially with
tampnade. Cardiac tampnade can be a life-threatening
syndrme evidenced by tachycardia, hyptensin, pulsus
paradxicus, raised JVP, muffled heart sunds, and
decreased ECG vltage r electrical alternans. Other symp-
tms may result frm the primary disease. The prgnsis is
a functin f the cause. Large idipathic chrnic effusins
(ver 3 mnths) have a 30–35% risk f prgressin t car-
diac tampnade.

A pericardial frictin rub may be present even with large
effusins. In cardiac tampnade, tachycardia, tachypnea, a
narrw pulse pressure, and a relatively preserved systlic
pressure are characteristic. Pulsus paradoxus is defined as
a decline f greater than 10 mm Hg in systlic pressure dur-
ing inspiratin. Since the RV and LV share the same peri-
cardium, when there is significant pericardial effusin, as
the RV enlarges with inspiratry filling, septal mtin
tward the LV chamber reduces LV filling and results in an
accentuated drp in the strke vlume and systemic BP
with inspiratin (the paradxical pulse). Central venus

pressure is elevated and, since the intrapericardial, and
thus intracardiac, pressures are high even at the initiatin
f diastle, there is n evident y descent in the RA, RV, r
LV hemdynamic tracings because the pericardial pressure
prevents early ventricular filling. This differs frm cn-
strictin where mst f the initial filling f the RV and LV
ccurs during early diastle (rapid y descent), and it is nly
in mid t late diastle that the ventricles can n lnger fill.
In tampnade, ventricular filling is inhibited thrughut
diastle. Edema r ascites are rarely present in tampnade;
these signs favr a mre chrnic prcess.

B. Laboratory Findings

Labratry tests tend t reflect the underlying prcesses
(see causes f pericarditis under General Cnsideratins
abve).

C. Diagnostic Studies

Chest radigraph can suggest chrnic effusin by an
enlarged cardiac silhuette with a glbular cnfiguratin
but may appear nrmal in acute situatins. The ECG ften
reveals nnspecific T wave changes and reduced QRS vlt-
age. Electrical alternans is present nly ccasinally but is
pathgnmnic and is believed t be due t the heart
swinging within the large effusin. Echcardigraphy is
the primary methd fr demnstrating pericardial effusin
and is quite sensitive. If tampnade is present, the high
intrapericardial pressure may cllapse lwer pressure car-
diac structures, such as the RA and RV. Cardiac CT and
MRI als demnstrate pericardial fluid, pericardial thick-
ening, and any assciated cntiguus lesins within the
chest. Diagnstic pericardicentesis r bipsy may be
indicated fr micrbilgic and cytlgic studies; a peri-
cardial bipsy may be perfrmed relatively simply thrugh
a small subxiphid incisin r by use f a vide-assisted
thracscpic surgical prcedure. Unfrtunately, the qual-
ity f the pericardial fluid itself rarely leads t a diagnsis,
and any type f fluid (serus, sersanguinus, bldy, etc)
can be seen in mst diseases. Pericardial fluid analysis is
mst useful in excluding a bacterial cause and is ccasin-
ally helpful in malignancies. Effusins due t hypthyrid-
ism r lymphatic bstructin may cntain chlesterl r be
chylus in nature, respectively.

» Treatment

Small effusins can be fllwed clinically by careful bser-
vatins f the JVP and by testing fr a change in the para-
dxical pulse. The mst cmmn cause f a paradxical
pulse is severe pulmnary disease, especially asthma,
where marked changes in intrapleural pressures ccur with
inspiratin and expiratin. Serial echcardigrams are
indicated if n interventin is immediately cntemplated.
Vasdilatrs and diuretics shuld be avided. When tam-
ponade is present, urgent pericardiocentesis or cardiac
surgery is required. Because the pressure–vlume rela-
tinship in the pericardial fluid is curvilinear and upslp-
ing, remval f even a small amunt f fluid ften prduces
a dramatic fall in the intrapericardial pressure and immedi-
ate hemdynamic benefit; but cmplete drainage with a
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catheter is preferable. Cntinued r repeat drainage may be
indicated, especially in malignant effusins. Pericardial
windws via vide-assisted thracscpy have been partic-
ularly effective in preventing recurrences when the underly-
ing cause f the effusin cntinues t be present and are
mre effective than needle pericardicentesis, subxiphid
surgical windws, r percutaneus balln pericarditmy.
Effusins related t recurrent inflammatry pericarditis can
be treated as nted abve (see Acute Inflammatry Pericar-
ditis). The presence f pericardial fluid in patients with
pulmnary hypertensin is a pr prgnstic sign.

» When to Refer

• Any unexplained pericardial effusin shuld be referred
t a cardilgist.

• Trivial pericardial effusins are cmmn, especially in
heart failure, and need nt be referred unless symptms
f pericarditis are evident.

• Hyptensin r a paradxical pulse suggesting the peri-
cardial effusin is hemdynamically cmprmising the
patient is a medical emergency and requires immediate
drainage.

• Any echcardigraphic signs f tampnade.

CONSTRICTIVE PERICARDITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Clinical evidence of right heart failure.

» No fall or an elevation of the JVP with inspiration
(Kussmaul sign).

» Echocardiographic evidence for septal bounce and
reduced mitral inflow velocities with inspiration.

» At times may be difficult to differentiate from
restrictive cardiomyopathy.

» Cardiac catheterization may be necessary
when clinical and echocardiographic features
are equivocal.

» General Considerations

Pericardial inflammatin can lead t a thickened, fibrtic,
adherent pericardium that restricts diastlic filling and
prduces chrnically elevated venus pressures. In the
past, tuberculsis was the mst cmmn cause f cnstric-
tive pericarditis, but while it remains s in underdevelped
cuntries, it is rare nw in the rest f the wrld. Cnstric-
tive pericarditis rarely ccurs fllwing recurrent pericar-
ditis. The risk f cnstrictive pericarditis due t viral r
idipathic pericarditis is less than 1%. Its ccurrence
increases fllwing immune-mediated r neplastic peri-
carditis (2–5%) and is highest after purulent bacterial
pericarditis (20–30%). Other causes include pst cardiac
surgery, radiatin therapy, and cnnective tissue disrders.
A small number f cases are drug-induced r secndary t

trauma, asbestsis, sarcidsis, r uremia. At times, bth
pericardial tampnade and cnstrictive pericarditis may
cexist, a cnditin referred t as effusive-constrictive
pericarditis. The nly definitive way t diagnse this cn-
ditin is t reveal the underlying cnstrictive physilgy
nce the pericardial fluid is drained. The differentiatin f
cnstrictive pericarditis frm a restrictive cardimypathy
may require cardiac catheterizatin and the utilizatin f
all available nninvasive imaging methds.

» Clinical Findings

A. Symptoms and Signs

The principal symptms are slwly prgressive dyspnea,
fatigue, and weakness. Chrnic edema, hepatic cngestin,
and ascites are usually present. Ascites ften seems ut f
prprtin t the degree f peripheral edema. The exami-
natin reveals these signs and a characteristically elevated
jugular venus pressure with a rapid y descent. This can be
detected at bedside by careful bservatin f the jugular
pulse and nting an apparent increased pulse wave at the
end f ventricular systle (due t the relative accentuatin
f the v wave by the rapid y descent). Kussmaul sign—a
failure f the JVP t fall with inspiratin—is als a frequent
finding. The apex may actually retract with systle and a
pericardial “knck” may be heard in early diastle. Pulsus
paradxus is unusual. Atrial fibrillatin is cmmn.

B. Diagnostic Studies

At times, cnstrictive pericarditis is extremely difficult t
differentiate frm restrictive cardimypathy and the tw
may cexist. When unclear, the use f bth nninvasive
testing and cardiac catheterizatin is required t srt ut
the difference.

1. Radiographic findings—The chest radigraph may
shw nrmal heart size r cardimegaly. Pericardial calci-
ficatin is best seen n the lateral view and is uncmmn.
It rarely invlves the LV apex, and finding f calcificatin
at the LV apex is mre cnsistent with LV aneurysm.

2. Echocardiography—Echcardigraphy rarely demn-
strates a thickened pericardium. A septal “bounce” reflect-
ing the rapid early filling is cmmn, thugh. RV/LV
interactin may be demnstrated by an inspiratry reduc-
tin in the mitral inflw Dppler pattern f greater than
25%, much as in tampnade. Usually the initial mitral
inflw int the LV is very rapid, and this can be demn-
strated as well by the Dppler inflw (E wave) pattern.
Other echcardigraphic features, such as the rati f the
medial and lateral mitral annular mtin (e’ velcity), the
respiratin-related septal shift, and hepatic vein expiratry
diastlic reversal rati, als suggest cnstrictive physilgy.

3. Cardiac CT and MRI—These imaging tests are nly cca-
sinally helpful. Pericardial thickening f mre than 4 mm
must be present t establish the diagnsis, but n pericar-
dial thickening is demnstrable in 20–25% f patients with
cnstrictive pericarditis. Sme MRI techniques demn-
strate the septal bunce and can prvide further evidence
fr ventricular interactin.
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4. Cardiac catheterization—This prcedure is ften cn-
firmatry r can be diagnstic in difficult cases where the
echcardigraphic features are unclear r mixed. As a
generality, the pulmnary pressure is lw in cnstrictin
(as ppsed t restrictive cardimypathy). In cnstrictive
pericarditis, because f the need t demnstrate RV/LV
interactin, cardiac catheterizatin shuld include simulta-
neus measurement f bth the LV and RV pressure trac-
ings with inspiratin and expiratin. This interactin can
be demnstrated by cardiac MRI. Hemdynamically,
patients with cnstrictin have equalizatin f end-
diastlic pressures thrughut their cardiac chambers,
there is rapid early filling then an abrupt increase in dia-
stlic pressure (“square-root” sign), the RV end-diastlic
pressure is mre than ne-third the systlic pressure,
simultaneus measurements f RV and LV systlic pres-
sure reveal a discrdance with inspiratin (the RV rises as
the LV falls), and there is usually a Kussmaul sign (failure
f the RA pressure t fall with inspiratin). In restrictive
cardimypathy, there is cncrdance f RV and LV sys-
tlic pressures with inspiratin.

» Treatment

Therapy shuld be aimed at the specific etilgy initially. If
there is labratry evidence f nging inflammatin, then
anti-inflammatry medicatins may have a rle. Once the
hemdynamics are evident, the mainstay f treatment is
diuresis. As in ther disrders f right heart failure, the
diuresis shuld be aggressive, using lp diuretics (ral
trsemide r bumetanide if bwel edema is suspected r
intravenus fursemide), thiazides, and aldsterne antag-
nists (especially in the presence f ascites and liver cn-
gestin). Surgical pericardiectmy shuld be recmmended
when diuretics are unable t cntrl symptms. Pericardi-
ectmy remves nly the pericardium between the phrenic
nerve pathways, hwever, and mst patients still require
diuretics after the prcedure, thugh symptms are usually
dramatically imprved. Mrbidity and mrtality after peri-
cardiectmy are high (up t 15%) and are greatest in thse
with the mst disability prir t the prcedure. Pr prg-
nstic predictrs include prir radiatin, kidney dysfunc-
tin, higher pulmnary systlic pressures, abnrmal LV
systlic functin, a lwer serum sdium level, liver dys-
functin, and lder age. Pericardial calcium has n impact
n survival.

» When to Refer

If the diagnsis f cnstrictive pericarditis is unclear r the
symptms f fluid retentin resist medical therapy, then
referral t a cardilgist is warranted t bth establish the
diagnsis and recmmend therapy.

Anasari-Gilani K et al. Multimdality apprach t the diagnsis
and management f cnstrictive pericarditis. Echcardigra-
phy. 2020;30:632. [PMID: 32240548]

Gldstein JA et al. Hemdynamics f cnstrictive pericarditis
and restrictive cardimypathy. Catheter Cardivasc Interv.
2020;95:1240. [PMID: 31904891]

º
pULMONARY HYpERTENSION

E S S E N T I A L S  O F  D I A G N O S I S

» Mean PA pressure ≥ 25 mm Hg.

» Dyspnea and often cyanosis.

» Enlarged pulmonary arteries on chest
radiograph.

» Elevated JVP and RV heave.

» Echocardiography is often diagnostic.

» General Considerations

The nrmal pulmnary bed ffers abut ne-tenth as
much resistance t bld flw as the systemic arterial sys-
tem. Based n the 2019 Sixth Wrld Sympsium n Pul-
mnary Hypertensin, the definitin f pulmnary
hypertensin was changed. It was defined by a mean PA
pressure f 20 mm Hg with a pulmnary vascular resis-
tance f greater than r equal t 3 Wd units. Three cat-
egries were then defined:

1. Precapillary pulmnary hypertensin: mean pulm-
nary artery pressure greater than 20 mm Hg, PVR
greater than r equal t 3.0 Wd units, PCWP less
than r equal t 15 mm Hg

2. Islated pst-capillary pulmnary hypertensin: mean
pulmnary artery pressure greater than 20 mm Hg,
PVR less than 3.0 Wd units, PCWP greater than
15 mm Hg

3. Cmbined pre- and pst-pulmnary hypertensin: mean
pulmnary artery pressure greater than 20 mm Hg, PVR
greater than r equal t 3.0 Wd units, PCWP greater
than 15 mm Hg

The clinical classificatin f pulmnary hypertensin
by the Sixth Wrld Sympsium n Pulmnary Hyperten-
sin is utlined in Table 10–18.

Group I includes pulmonary arterial hypertension
(PAH) related t an underlying pulmnary vasculpathy. It
includes the frmer “primary pulmnary hypertensin”
under the term “idipathic pulmnary hypertensin” and
is defined as pulmnary hypertensin and elevated PVR in
the absence f ther disease f the lungs r heart. Its cause
is unknwn. Abut 6–10% have heritable PAH. Drug and
txic pulmnary hypertensin have been described as
assciated with the use f anrexigenic agents that increase
sertnin release and blck its uptake. These include ami-
nrex fumarate, fenfluramine, and dexfenfluramine. In
sme cases, there is epidemilgic linkage t ingestin f
rapeseed il r L-tryptphan and use f recreatinal drugs,
such as amphetamines and ccaine. Pulmnary hyperten-
sin assciated with cnnective tissue disease includes cases
assciated with systemic sclersis—up t 8–12% f patients
with systemic sclersis may be affected. Pulmnary hyper-
tensin has als been assciated with HIV infectin, prtal
hypertensin, cngenital heart disease (Eisenmenger syn-
drme), schistsmiasis, and chrnic hemlytic anemia
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(eg, sickle cell anemia). In rare instances, bstructin f the
pulmnary venus circulatin may ccur (pulmnary
ven-cclusive disease and capillary hemangimatsis).

Group II includes all cases related t left heart disease.
Group III includes cases due t parenchymal lung disease,
impaired cntrl f breathing, r living at high altitude.
This grup encmpasses thse with idipathic pulmnary
fibrsis and COPD. Group IV represents patients with
chrnic thrmbemblic disease r ther pulmnary
artery bstructin. Group V includes multifactrial causes
such as hematlgic, systemic, and metablic disrders.

» Clinical Findings

A. Symptoms and Signs

Cmmn t all is exertinal dyspnea, chest pain, fatigue,
and lightheadedness as early symptms; later symptms
include syncpe, abdminal distentin, ascites, and peripheral
edema as RV functin wrsens. Chrnic lung disease, espe-
cially sleep apnea, ften is verlked as a cause fr pulm-
nary hypertensin as is chrnic thrmbemblic disease.

Patients with idipathic pulmnary hypertensin are char-
acteristically yung wmen wh have evidence f right
heart failure that is usually prgressive, leading t death in
2–8 years withut therapy. This is a decidedly different
prgnsis than patients with Eisenmenger physilgy due
t a left-t-right shunt; 40% f patients with Eisenmenger
physilgy are alive 25 years after the diagnsis has been
made. Patients have manifestatins f lw cardiac utput,
with weakness and fatigue, as well as edema and ascites as
right heart failure advances. Peripheral cyansis is present,
and syncpe n effrt may ccur.

B. Diagnostic Studies

The ESC and Eurpean Respiratry Sciety updated guide-
lines fr the diagnsis and treatment f pulmnary hyper-
tensin in 2019. All patients with a high risk fr PAH
shuld underg confirmatory right heart catheterization.

The labratry evaluatin f idipathic pulmnary
hypertensin must exclude a secndary cause. A hyperc-
agulable state shuld be sught by measuring prtein C
and S levels, the presence f a lupus anticagulant, the level
f factr V Leiden, prthrmbin gene mutatins, and
D-dimer. Chrnic pulmnary embli must be excluded
(usually by ventilatin-perfusin lung scan r cntrast
spiral CT); the ventilatin-perfusin scan is the mre sen-
sitive test but nt specific. If it is nrmal, then chrnic
thrmbemblic pulmnary hypertensin is very unlikely.
The chest radigraph helps exclude a primary pulmnary
etilgy—evidence fr patchy pulmnary edema may raise
the suspicin f pulmnary ven-cclusive disease due t
lcalized bstructin in pulmnary venus drainage. A
sleep study may be warranted if sleep apnea is suspected.
The ECG is generally cnsistent with RVH and RA
enlargement. Echcardigraphy with Dppler helps
exclude an intracardiac shunt and usually demnstrates an
enlarged RV and RA—at times they may be huge and
hypcntractile. Severe pulmnic r tricuspid valve regur-
gitatin may be present. Interventricular septal flattening
seen n the echcardigram is cnsistent with pulmnary
hypertensin. Dppler interrgatin f the tricuspid regur-
gitatin jet prvides an estimate f RV systlic pressure.
Pulmnary functin tests help exclude ther disrders,
thugh primary pulmnary hypertensin may present with
nly a reduced carbn mnxide diffusing capacity f the
lung (DL

CO
) r severe desaturatin (particularly if a PFO

has been stretched pen and a right-t-left shunt is pres-
ent). A declining DL

CO
may precede the develpment f

pulmnary hypertensin in a patient with systemic sclersis.
Chest CT demnstrates enlarged pulmnary arteries and
excludes ther causes (such as emphysema r interstitial
lung disease). Pulmnary angigraphy (r magnetic res-
nance angigraphy r CT angigraphy) reveals lss f the
smaller acinar pulmnary vessels and tapering f the larger
nes. Catheterizatin allws measurement f pulmnary
pressures and testing fr vasreactivity using a variety f
agents, but nitric oxide is the preferred testing agent due t
its ease f use and shrt half-life. A psitive respnse is
defined as ne that decreases the pulmnary mean pres-
sure by greater than 10 mm Hg, with the final mean PA
pressure less than 40 mm Hg. Abdminal ultrasund is

Table 10–18. Updated classification of pulmonary
hypertension (PH).

pulmonary arterial hyertension pAH

Idiopathic PAH

Heritable PAH

Drug- and toxin-induced PAH

PAH associated with connective tissue disease, HIV infection,

portal hypertension, congenital heart disease, schistosomiasis

PAH long-term responders to calcium channel blockers

PAH with overt features of venous/capillaries (PVOD/PCH)

involvement

Persistent PH of the newborn syndrome

pH due to left heart disease

Due to heart failure with preserved LVEF

Due to heart failure with reduced LVEF

Valvular heart disease

Congenital/acquired cardiovascular conditions leading to

post-capillary pulmonary hypertension

pH due to lung diseases or hyoxia or both

Obstructive lung disease

Restrictive lung disease

Other lung disease with mixed obstructive/restrictive pattern

Hypoxia without lung disease

Developmental lung disorders

pH due to ulmonary artery obstructions

Chronic thromboembolic pulmonary hypertension

Other pulmonary artery obstructions

pH with unclear or multifactorial mechanisms

Hematologic disorders

Systemic and metabolic disorders

Others

Complex congenital heart disease

LVEF, left ventricular ejection fraction; PVOD/PCH, pulmonary

veno-occlusive disease/ pulmonary capillary hemangiomatosis.

Modified, with permission, from Simonneau G et al. Haemodynamic

definitions and updated clinical classification of pulmonary hyper-

tension. Eur Respir J. 2019;53:1801913. © ERS 2021.
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recmmended t exclude prtal hypertensin. A lung
bipsy is n lnger suggested as relevant fr the diagnsis.

» Treatment & Prognosis

The treatment f PAH cntinues t evlve and depends n
the etilgy. Fr grup I patients with a nrmal PCWP,
treatment is related t the respnse t nitric xide chal-
lenge with thse respnsive being initially treated with
calcium channel blckers. The vast majrity f patients,
unfrtunately, d nt respnd t the acute vasreactivity
testing. Specific PAH therapy is therefre recmmended in
this situatin. This begins with mntherapy but expands
t the use f sequential medicatin therapy when pulm-
nary pressures are nt imprved. In critically ill hypten-
sive patients intrpic supprt may be required and
eventually lung transplantatin cnsidered. Balln atrial
septstmy is cnsidered a IIb recmmendatin (n the
ntin that increased right-t-left shunting will imprve
cardiac utput), but it is very rarely utilized.

Medicatin mntherapy varies in effectiveness
depending n the etilgic classificatin. Only thse in
class I wh respnd t nitric xide shuld get calcium
channel blckers. The current medicatin therapies include
endthelin-receptr blckers (ambrisentan, bsentan,
macitentan), phsphdiesterase type-5 inhibitrs (silde-
nafil, tadalafil, and vardenafil), a guanylate cyclase stimula-
tr (riciquat), prstanids (epprstenl, ilprst,
teprstinil, and beraprst), and an IP-receptr agnist
(selexipag). Varius medicatin cmbinatins have been
apprved and, when ineffective, sequential medicatin
therapies may be used. Many medicatins interfere with
HIV treatment, and this needs t be assessed if relevant.
Due t inherent lung disease r left heart disease, there are
n therapies that are specific t PAH. Bsentan, an end-
thelin receptr blcker, has received a class I indicatin fr
patients with Eisenmenger syndrme. Anticagulatin is
ften recmmended and is required lifelng in chrnic
thrmbemblic pulmnary hypertensin. The number f
patients with inperable chrnic thrmbemblic pulm-
nary hypertensin being treated with balln pulmnary
angiplasty has increased dramatically since favrable
results have been reprted. Riciguat remains the nly
apprved medical therapy fr chrnic thrmbemblic
pulmnary hypertensin patients in this latter grup.

Cunseling and patient educatin are als imprtant.
Aerbic exercise is recmmended but n heavy physical
exertin r ismetric exercise. Rutine immunizatins are
advised. Pregnancy shuld be strngly discuraged and
preventive measures taken t ensure it des nt ccur.
Maternal mrtality in severe PAH may be up t 50%.

Warfarin anticagulatin is recmmended in all
patients with idipathic PAH and n cntraindicatin.
Diuretics are useful fr the management f right-sided
heart failure; clinical experience suggests lp diuretics
(trsemide r bumetanide, which are absrbed even if
bwel edema is present) plus spirnlactne are preferable.
Oxygen shuld be used t maintain xygen saturatin
greater than 90%. Acute vasdilatr testing (generally with
nitric xide) shuld be perfrmed in all patients with idi-
pathic PAH wh may be ptential candidates fr lng-term

therapy with calcium channel blckers. Patients with PAH
caused by cnditins ther than idipathic PAH respnd
prly t ral calcium channel blckers, and there is little
value f acute vasdilatr testing in these patients.

» When to Refer

All patients with suspected pulmnary hypertensin
shuld be referred t either a cardilgist r pulmnlgist
wh specializes in pulmnary hypertensin.

Frst A et al. Diagnsis f pulmnary hypertensin. Eur Respir J.
2019;53:1801904. [PMID: 30545972]

Galiè N et al. An verview f the 6th Wrld Sympsium n
Pulmnary Hypertensin. Eur Respir J. 2019;53:1802148.
[PMID: 30552088]

Kataka M et al. Balln pulmnary angiplasty (percutaneus
transluminal pulmnary angiplasty) fr chrnic thrmb-
emblic pulmnary hypertensin: a Japanese perspective.
JACC Cardivasc Interv. 2019;12:1382. [PMID: 31103538]

Mahmud E et al. Chrnic thrmbemblic pulmnary hyper-
tensin: evlving therapeutic appraches fr perable and
inperable disease. J Am Cll Cardil. 2018;71:2468. [PMID:
29793636]

Simnneau G et al. Haemdynamic definitins and updated
clinical classificatin f pulmnary hypertensin. Eur Respir J.
2019;53:1801913. [PMID: 30545968]

Thenappan T et al. Pulmnary arterial hypertensin: pathgen-
esis and clinical management. BMJ. 2018;360:j5492. [PMID:
29540357]

º
NEOpLASTIC DISEASES OF THE HEART

PRIMARY CARDIAC TUMORS

Primary cardiac tumrs are rare and cnstitute nly a small
fractin f all tumrs that invlve the heart r pericardium.
The mst cmmn primary tumr is atrial myxoma; it
cmprises abut 50% f all tumrs in adult case series. It is
generally attached t the atrial septum and is mre likely t
grw n the LA side f the septum rather than the RA.
Patients with myxma can rarely present with the charac-
teristics f a systemic illness, with bstructin f bld
flw at the mitral valve level, r with signs f peripheral
emblizatin. The syndrme includes fever, malaise,
weight lss, leukcytsis, elevated sedimentatin rate, and
embli (peripheral r pulmnary, depending n the lca-
tin f the tumr). This is smetimes cnfused with infec-
tive endcarditis, lymphma, ther cancers, r autimmune
diseases. In mst cases, the tumr may grw t cnsider-
able size and prduce symptms by simply bstructing
mitral inflw. Episdic pulmnary edema (classically
ccurring when an upright psture is assumed) and signs
f lw utput may result. Physical examinatin may reveal
a diastlic sund related t mtin f the tumr (“tumr
plp”) r a diastlic murmur similar t that f mitral sten-
sis. Right-sided myxmas may cause symptms f right-
sided failure. Familial myxmas ccur as part f the
Carney cmplex, which cnsists f myxmas, pigmented
skin lesins, and endcrine neplasia.

The diagnsis f atrial myxma is established by ech-
cardigraphy r by pathlgic study f emblic material.
Cardiac MRI is useful as an adjunct. Cntrast angigraphy

CMDT22_Ch10_p0323-p0442.indd 434 29/06/21 8:36 PM



HEART DISEASE 435CMDT 2022

is frequently unnecessary, althugh it may demnstrate a
“tumr blush” when the mass is vascular. Surgical excisin
is usually curative, thugh recurrences d ccur and serial
echcardigraphic fllw-up is recmmended.

The secnd mst cmmn primary cardiac tumrs are
valvular papillary fibroelastomas and atrial septal lipo-
mas. These tend t be benign and usually require n ther-
apy. Papillary fibrelastmas are usually n the pulmnary
r artic valves, may emblize r cause valvular dysfunc-
tin, and shuld be remved if large and mbile. Other
primary cardiac tumrs include rhabdmymas (that ften
appear multiple in bth the RV and LV), fibrus histicy-
tmas, hemangimas, and a variety f unusual sarcmas.
Sme sarcmas may be f cnsiderable size befre discv-
ery. Primary pericardial tumrs, such as mesthelimas
related t asbests expsure, may als ccur. The diagnsis
may be supprted by an abnrmal cardiac cntur n
radigraph. Echcardigraphy is usually helpful but may
miss tumrs infiltrating the ventricular wall. Cardiac MRI
is the diagnstic prcedure f chice alng with gated CT
imaging fr all cardiac tumrs.

SECONDARY CARDIAC TUMORS

Metastases frm malignant tumrs can als affect the heart.
Mst ften this ccurs in malignant melanma, but ther
tumrs that are knwn t metastasize t the heart include
brnchgenic carcinma; carcinma f the breast; lymphma;
renal cell carcinma; sarcmas; and, in patients with AIDS,
Kapsi sarcma. These are ften clinically silent but may lead
t pericardial tampnade, arrhythmias and cnductin dis-
turbances, heart failure, and peripheral embli. The ECG may
reveal reginal Q waves. The diagnsis is ften made by ech-
cardigraphy, but cardiac MRI and CT scanning can ften
better delineate the extent f invlvement. Metastatic tumrs,
especially lung r breast, may invade the pericardium and
result in very large pericardial effusins as they result in slw
accumulatin f fluid. The prgnsis is pr fr all secndary
cardiac tumrs and treatment is generally palliative. On cca-
sin, surgical resectin fr debulking r remval and che-
mtherapy may be effective in relieving symptms.

» Treatment

Many primary tumrs may be resectable. Atrial myxmas
shuld be remved surgically due t the high incidence f
emblizatin frm these friable tumrs. Recurrences
require lifelng mnitring with echcardigraphy. Papil-
lary fibrelastmas are usually benign but they shuld be
remved if they appear mbile and are larger than 10 mm
in size r if there is evidence f emblizatin at the time f
discvery. Large pericardial effusins frm metastatic
tumrs may be drained fr cmfrt, but the fluid invariably
recurs. Rhabdmymas may be surgically cured if the
tumr is accessible and can be remved while still leaving
enugh functining mycardium intact.

» When to Refer

All patients with suspected cardiac tumrs shuld be
referred t a cardilgist r cardiac surgen fr evaluatin
and pssible therapy.

Lichtenberger JP 3rd et al. MR imaging f cardiac masses. Tp
Magn Resn Imaging. 2018;27:103. [PMID: 29613965]

Rahuma M et al. Cardiac tumrs prevalence and mrtality: a
systematic review and meta-analysis. Int J Surg. 2020;76:178.
[PMID: 32169566]

Taguchi S. Cmprehensive review f the epidemilgy and
treatments fr malignant adult cardiac tumrs. Gen Thrac
Cardivasc Surg. 2018;66:257. [PMID: 29594875]

º
TRAUMATIC HEART DISEASE

Trauma is the leading cause f death in patients aged 1–44
years; cardiac and vascular trauma is secnd nly t neur-
lgic injury as the reasn fr these deaths. Penetrating
wunds t the heart are ften lethal unless immediately sur-
gically repaired. In a 20-year review f penetrating trauma at
a single institutin, it was fund that gunsht wunds were
fatal 13 times mre ften than stab wunds and that factrs
such as hyptensin, Glasgw Cma Scre less than 8,
Revised Trauma Scre less than 7.84, assciated injuries, and
the mre severe the injuries (Injury Severity Scre greater
than 25) all added t the mrtality and mrbidity risk.

Blunt trauma is a mre frequent cause f cardiac inju-
ries. This type f injury is cmmn in mtr vehicle acci-
dents and may ccur with any frm f chest trauma,
including CPR effrts. The mst cmmn injuries are
mycardial cntusins r hematmas. The RV is particu-
larly prne t cntusin as it sits directly under the ster-
num. Other frms f nnischemic cardiac injury include
metablic injury due t burns, electrical current, r sepsis.
These may be asymptmatic (particularly in the setting f
mre severe injuries) r may present with chest pain f a
nnspecific nature r, nt uncmmnly, with a pericardial
cmpnent. Elevatins f cardiac enzymes are frequent,
and can be quite high, but the levels d nt crrelate with
prgnsis. There are sme data that the presence f certain
ther cardiac bimarkers, such as NT-prBNP, crrelate
better with significant mycardial injury. Echcardigra-
phy may reveal an akinetic mycardial segment r pericar-
dial effusin. Cardiac MRI may als suggest acute injury.
Crnary CT angigraphy r angigraphy can reveal a
crnary dissectin r acute cclusin if that is a cncern.
Pericardicentesis is warranted if tampnade is evident. As
nted abve, tak-tsub transient segmental mycardial
dysfunctin can ccur due t the accmpanying stress.

Severe trauma may als cause mycardial r valvular
rupture. Cardiac rupture can invlve any chamber, but sur-
vival is mst likely if injury is t ne f the atria r the RV.
Hempericardium r pericardial tampnade is the usual
clinical presentatin, and surgery is almst always necessary.
Mitral and artic valve rupture may ccur during severe
blunt trauma—the frmer presumably if the impact ccurs
during systle and the latter if during diastle. Patients reach
the hspital in shck r severe heart failure. Immediate sur-
gical repair is essential. The same types f injuries may result
in transectin f the arta, either at the level f the arch r
distal t the takeff f the left subclavian artery at the liga-
mentum arterisum. Transthracic echcardigraphy and
TEE are the mst helpful and immediately available diag-
nstic techniques. CT and MRI may als be required t
better define the injury befre surgical interventin.
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Blunt trauma may als result in damage t the crnary
arteries. Acute r subacute crnary thrmbsis is the
mst cmmn presentatin. The clinical syndrme is ne
f acute MI with attendant ECG, enzymatic, and cntrac-
tile abnrmalities. Emergent revascularizatin is sme-
times feasible, either by the percutaneus rute r by
crnary artery bypass surgery. LV aneurysms are cm-
mn utcmes f traumatic crnary cclusins, likely due
t sudden cclusin with n cllateral vascular supprt.
Crnary artery dissectin r rupture may als ccur in
the setting f blunt cardiac trauma.

As expected, patients with severe preexisting cnditins
fare the least well after cardiac trauma. Data frm ReCO-
NECT, a trauma cnsrtium, reveal that mrtality is linked
t vlume f cases seen at varius centers, preexisting cr-
nary disease r heart failure, intubatin, age, and a severity
scring index.

Huis In’t Veld MA et al. Blunt cardiac trauma review. Cardil
Clin. 2018;36:183. [PMID: 29173678]

Qamar SR et al. State f the art imaging review f blunt and
penetrating cardiac trauma. Can Assc Radil J. 2020;71:301.
[PMID: 32066272]

Schellenberg M et al. Critical decisins in the management f
thracic trauma. Emerg Med Clin Nrth Am. 2018;36:135.
[PMID: 29132573]

º
HEART DISEASE & pREGNANCY

General principles t discuss with the patient include pre-
cnceptual cunseling, pregnancy risk assessment, genetic
risks, envirnmental risks, and pregnancy management.
Fr sme patients, it may als include a discussin regard-
ing cntraceptin, terminatin f a pregnancy, and a cn-
versatin abut nt nly the delivery but what will happen
pst-pregnancy (including issues such as an eventual need
fr heart surgery r transplantatin). In a review f 1315
pregnancies in patients with heart disease, 3.6% had

serius cardivascular cmplicatins and half were fund
t be preventable. Tw-thirds f the cmplicatins ccurred
in the antepartum perid. Adverse fetal and nenatal
events, as expected, were much mre cmmn in thse
pregnancies with cardivascular events.

The Cardiac Disease in Pregnancy Investigation
(CARPREG I) scring system fr risk frm cardiac events
fr wmen with heart disease nted fur majr risk factrs:
(1) NYHA FC III r IV heart failure, (2) prir cardiac
events, (3) mitral r artic bstructin, and (4) LVEF less
than 40%. One pint is assigned t each. Patients with n
pints had a 5% risk, thse with 1 pint had a cmplicatin
rate f 27%, while fr thse with 2 r mre pints, the risk
was 74%. Other reviews have suggested that the majr risk
fr adverse utcmes r death t either the mther r fetus
include pulmnary hypertensin (with pulmnary pressure
greater than three-quarters f systemic pressure), maternal
cyansis, systemic ventricular dysfunctin, pr maternal
functinal class, severe left-sided valvular bstructin, ar-
tic carctatin, significantly dilated artic rt, significant
unrepaired heart defects, and warfarin therapy in patients
with mechanical valves. In 2018, this grup reprted the
results frm a fllw-up study (CARPREG II). Cardiac
cmplicatins ccurred in 16% f pregnancies and were
primarily related t arrhythmias and heart failure. Althugh
the verall rates f cardiac cmplicatins during pregnancy
did nt change ver the years, the frequency f pulmnary
edema decreased (8% frm 1994 t 2001 vs. 4% frm 2001
t 2014). Ten predictrs f maternal cardiac cmplicatins
were identified: five general predictrs (prir cardiac events
r arrhythmias, pr functinal class r cyansis, high-risk
valve disease/LV utflw tract bstructin, systemic ven-
tricular dysfunctin, n prir cardiac interventins); fur
lesin-specific predictrs (mechanical valves, high-risk
artpathies, pulmnary hypertensin, CAD); and ne
delivery f care predictr (late pregnancy assessment).
These 10 predictrs were incrprated int a new risk index
(CARPREG II) shwn in Figure 10–11.
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▲ Figure 10–11. Risk index for material cardiac complications in pregnancy (CARPREG II). The risk index is divided
into five categories based on the sum of the points for a given pregnancy: 0 to 1 point; 2 points; 3 points; 4 points;
and > 4 points. The predicted risks for primary cardiac events stratified according to point score were 0 to 1 point
(5%), 2 points (10%), 3 points (15%), 4 points (22%), and > 4 points (41%). (Modified, with permission, from
Silversides CK et al. Pregnancy outcomes in women with heart disease: the CARPREG II Study. J Am Coll Cardiol.
2018;71:2419. Copyright © 2018 by the American College of Cardiology Foundation. Published by Elsevier.)
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In 2011, the Wrld Health Organizatin utlined guide-
lines fr the management f pregnancy in patients with
cngenital heart disease. This guideline als utlines risks
t the fetus. Table 10–19 summarizes the bservatins and
recmmendatins. Medicatin usage during pregnancy is
always a difficult decisin since most have not been studied.
ACE inhibitrs and amidarne are cntraindicated. Beta-
blckers (including labetall, metprll, and stall),
digxin, and calcium channel blckers are generally well

tlerated (especially nifedipine, amldipine, r verapamil,
althugh there is cntrversy with diltiazem). There are
cncerns abut the use f atenll and premature birth,
and it shuld nt be used. Labetall has been fund t be
particularly useful fr treating hypertensin as has methyl-
dpa (thugh this is rarely used). Diuretics can generally
be given safely. Pregnancy is a hypercagulable state; the
use f warfarin is discussed abve under valvular disease
and cngenital heart disease, but fundamentally the risk is

Table 10–19. Management strategies for women with valve disease, complex congenital heart disease, pulmonary
hypertension, aortopathy, and dilated cardiomyopathy.

High-Risk Heart Disease in pregnancy

• Preconception counseling and pregnancy risk stratification for all women with high-risk heart disease of childbearing age

• In women considering pregnancy: Switch to safer cardiac medications and emphasize importance of close monitoring

• In women avoiding pregnancy: Discuss safe and effective contraception choices or termination in early pregnancy

Management Strategy

Disease pregnancy Not Advised pregnancy Management Delivery

Valve disease • Severe mitral and aortic valve

disease

• Mechanical prosthetic valves if

effective anticoagulation not

possible

• Close follow-up

• Medication therapy for heart

failure or arrhythmias

• Balloon valvuloplasty or surgi-

cal valve replacement in

refractory cases

• Vaginal delivery preferred

• C-section in case of fetal or maternal

instability

• Early delivery for clinical and hemody-

namic deterioration

• Consider hemodynamic monitoring

during labor and delivery

Complex congenital

heart disease

• Significant ventricular

dysfunction

• Severe AV valve dysfunction

• Falling Fontan circulation

• Oxygen saturation < 85%

• Close follow-up • Vaginal delivery preferred

• C-section in case of fetal or maternal

instability

• Consider hemodynamic monitoring

during labor and delivery

Pulmonary

hypertension

• Established pulmonary arterial

hypertension

• Close follow-up

• Early institution of pulmonary

vasodilators

• Vaginal delivery preferred

• C-section in case of fetal or maternal

instability

• Timing of delivery depends on clinical

and RV function

• Early delivery advisable

• Diuresis after delivery to prevent RV

volume overload

• Extended hospital stay after delivery

Aortopathy For some women—

• Marfan syndrome

• Bicuspid aortic valve

• Turner syndrome

• Rapid growth of aortic

diameter or family history of

premature aortic dissection

• Treat hypertension

• Beta-blockers to reduce heart

rate

• Frequent echocardiographic

assessment

• Surgery during pregnancy or

after C-section if large increase

in aortic diameter

• C-section in cases of significant aortic

dilation

– Marfan syndrome > 40 mm

– Bicuspid aortic valve > 45 mm

– Turner syndrome: aortic size index

> 20 mm/m2

Dilated cardiomyopathy • LVEF < 40%

• History of peripartum

cardiomyopathy

• Close follow-up

• Beta-blockers

• Diuretic agents for volume

overload

• Vasodilators for hemodynamic

and symptomatic

improvement

• Vaginal delivery preferred

• C-section in case of fetal or maternal

instability

• Consider hemodynamic monitoring

during labor and delivery

• Early delivery for clinical and

hemodynamic deterioration

AV, atrioventricular; C-section, cesarean section; LV, left ventricular; LVEF, left ventricular ejection fraction; RV, right ventricular.

Modified, with permission, from Elkayam U et al. High-risk cardiac disease in pregnancy: Part I. J Am Coll Cardiol. 2016 Jul 26;68(4):396–410.

© 2016 by the American College of Cardiology Foundation.
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dse related (nt INR related) and warfarin can be used dur-
ing the first trimester if the dse is 5 mg r less. Fr many
patients, the mst cmmn ptential cmplicatin is an
atrial arrhythmia r systemic hypertensin (systemic bld
pressure greater than 140/90 mm Hg). Patients shuld be
hspitalized if bld pressure exceeds 170/110 mm Hg.

Patients with adult cngenital heart disease are at risk
nt nly fr cardivascular events, but fr bstetric events
such as hypertensin, preeclampsia, placenta previa r
abruptin, and early delivery.

Pfaller B et al. Preventing cmplicatins in pregnant wmen
with cardiac disease. J Am Cll Cardil. 2020;75:1443.
[PMID: 32216913]

Schlichting LE et al. Maternal cmrbidities and cmplicatins
f delivery in pregnant wmen with cngenital heart disease.
J Am Cll Cardil. 2019;73:2181. [PMID: 31047006]

Silversides CK et al. Pregnancy utcmes in wmen with heart
disease: the CARPREG II study. J Am Cll Cardil.
2018;71:2419. [PMID: 29793631]

CARDIOVASCULAR COMPLICATIONS
OF PREGNANCY

Pregnancy-related hypertensin (eclampsia and pre-
eclampsia) is discussed in Chapter 19.

1. Cardiomyoathy of pregnancy
periartum Cardiomyoathy

In apprximately 1 in 3000 t 4000 live births, dilated
cardimypathy develps in the mther in the final mnth
f pregnancy r within 6 mnths after delivery. Risk fac-
trs include preeclampsia, twin pregnancies, and African
ethnicity. The cause is slwly being elucidated. The vas-
cul-hrmnal hypthesis requires tw events. One is
genetic, a reductin in a STAT3 transcriptin factr that
results in cleavage f prlactin frm the pituitary by
cathepsin D. This results in a 16-kd fragment that
increases micrRNA 146a that results in mycardial
apptsis. The secnd is frm the placenta, sluble tyr-
sine kinase that blcks VEGF (vascular endthelial
grwth factr). It appears bth cmpnents may be nec-
essary t effectively result in peripartum cardimypathy.
The curse f the disease is variable; mst cases imprve
r reslve cmpletely ver several mnths, but thers
prgress t refractry heart failure. Abut 60% f patients
make a cmplete recvery. Serum BNP levels are ru-
tinely elevated in pregnancy, but serial values may be
useful in predicting wh may be at increased risk fr a
wrse utcme. Beta-blckers have been administered
judiciusly t these patients, with at least anecdtal suc-
cess. Diuretics, hydralazine, and nitrates help treat the
heart failure with minimal risk t the fetus. Stall is
acceptable fr ventricular r atrial arrhythmias if ther
beta-blckers are ineffective. Sme experts advcate antic-
agulatin because f an increased risk f thrmbtic events,
and bth warfarin and heparin have their prpnents. In
severe cases, transient use f extracrpreal membrane
xygenatin (ECMO) has been lifesaving. Recurrence in

subsequent pregnancies is cmmn, particularly if cardiac
functin has nt cmpletely recvered, and subsequent
pregnancies are t be discuraged if the EF remains less
than 55%. The risk f recurrent heart failure in a subse-
quent pregnancy has been estimated t be 21%. Delivery
f the baby is imprtant, thugh the peak incidence f
the prblem is in the first week after delivery and a few
cases appear up t 5 weeks after delivery. Since the anti-
angigenic cleaved prlactin fragment is cnsidered causal
fr peripartum cardimypathy, brmcriptine (a prlac-
tin release inhibitr) has been reprted t be beneficial. A
multicenter trial in Eurpe fund LVEF imprved t a
greater extent in patients with peripartum cardimypa-
thy wh were given brmcriptine than thse wh were
nt given brmcriptine. In additin, brmcriptine
treatment was assciated with high rate f full LV recvery
and lw mrbidity and mrtality in peripartum cardimy-
pathy patients cmpared with ther peripartum cardi-
mypathy chrts nt treated with brmcriptine.

Fr a cmplete review f the current issues surrund-
ing peripartum cardimypathy, the reader is referred t
the state-f-art article nted belw.

Davis MB et al. Peripartum cardimypathy: JACC State-f-the-
Art Review. J Am Cll Cardil. 2020;75:207. [PMID:
31948651]

Hnigberg MC et al. Peripartum cardimypathy. BMJ.
2019;364:k5287. [PMID: 30700415]

2. Coronary Artery & Aortic Vascular
Abnormalities During pregnancy

An acute crnary syndrme ccurs in 2.8–8.1 per
1,000,000 pregnancies. Many are wmen ver 35 years. It
is knwn that pregnancy predispses t dissectin f the
arta and ther arteries, perhaps because f the accmpa-
nying cnnective tissue changes. The risks are particularly
high in patients with Marfan, Ehlers-Danls, r Leys-
Dietz syndrmes. The risk is highest in the third trimester,
and crnary dissectin, thrmbsis, and athersclersis
have abut equal prevalence. The mst frequent cause in
ne study was crnary dissectin, and it has a peak inci-
dence in the early pstpartum perid. Paradxical embli
thrugh a PFO t the crnary arteries have been impli-
cated in a few instances. Clinical management is essen-
tially similar t that f ther patients with acute infarctin,
unless there is a cnnective tissue disrder. If nnather-
sclertic dissectin is present, crnary interventin may
be risky, as further dissectin can be aggravated. In mst
instances, cnservative management is warranted. At
times, extensive artic dissectin requires surgical inter-
ventin. Marfan patients are particularly susceptible t
further artic expansin during pregnancy when the
artic diameter is mre than 4.5 cm (greater r equal t
27 mm/m2) and pregnancy be discuraged in these situa-
tins. Sme data, hwever, suggest that there is an
increased risk f dissectin during pregnancy even when
the elective repair is reasnable (ie, when the artic rt
is greater than 4.0 cm in wmen with Marfan syndrme
cntemplating pregnancy). Acute infarctin during

CMDT22_Ch10_p0323-p0442.indd 438 29/06/21 8:36 PM



HEART DISEASE 439CMDT 2022

pregnancy is assciated with an 8% maternal mrtality
and 56% incidence f premature delivery. If PCI is
required, it is nw recmmended that a drug-eluting stent
be cnsidered rather than a bare metal stent. Medicatins
that appear t be safe during pregnancy include aspirin,
beta-blckers, clpidgrel, heparin r enxaparin, and
nitrates. Medicatins that are nt safe include aldsterne
inhibitrs, ACE inhibitrs r ARBs, DOACs, and statins.
If need be, fibrinlytics, GP IIb/IIIa inhibitrs, bivaliru-
din, and calcium channel blckers can be used.

Hnigberg MC et al. Pregnancy-assciated mycardial infarc-
tin. Curr Treat Optins Cardivasc Med. 2018;20:58. [PMID:
29923127]

Tweet MS et al. Pregnancy-assciated mycardial infarctin:
prevalence, causes, and interventinal management. Circ
Cardivasc Interv. 2020. [Epub ahead f print] [PMID:
32862672]

3. Management of Labor

Althugh vaginal delivery is usually well tlerated, unsta-
ble patients (including patients with severe hypertensin
and wrsening heart failure) shuld have planned cesar-
ean sectin. Spinal anesthesia results in a large drp in the
systemic vascular resistance and can wrsen right-t-left
shunting. An increased risk f artic rupture has been
nted during delivery in patients with carctatin f the
arta and severe artic rt dilatin with Marfan syn-
drme, and vaginal delivery shuld be avided in these
patients. Fr mst patients, even thse with cmplex cn-
genital heart disease, vaginal delivery is the preferred
methd, hwever. Immediately fllwing delivery, there
are numerus fluid shifts that ccur with the initial bld
lss, reducing prelad and accmpanied by the lss f
afterlad reductin that had been prvided by the pla-
centa. Quickly, hwever, venus return increases as the
uterus is n lnger cmpressing the inferir vena cava and
there is an infusin f fluid int the vascular system as the
uterus quickly shrinks back tward its nrmal size. The
sudden increase in prelad and lss f afterlad fllwing
delivery can result in heart failure during the first
48–72 hurs after the delivery and that remains the high-
risk time fr susceptible patients.

º
CARDIOVASCULAR SCREENING
OF ATHLETES

The sudden death f a cmpetitive athlete inevitably
becmes an ccasin fr lcal, if nt natinal, publicity.
On each ccasin, the public and the medical cmmunity
ask whether such events culd be prevented by mre care-
ful r cmplete screening. Althugh each event is tragic, it
must be appreciated that there are apprximately 5 millin
cmpetitive athletes at the high schl level r abve in
any given year in the United States. The number f cardiac
deaths ccurring during athletic participatin is unknwn
but estimates at the high schl level range frm ne in
100,000 t ne in 300,000 participants. Death rates amng
mre mature athletes increase as the prevalence f CAD

rises. These numbers highlight the prblem f hw best t
screen individual participants. Even an inexpensive test
such as an ECG wuld generate an enrmus cst if
required f all athletes, and it is likely that nly a few at-
risk individuals wuld be detected. Echcardigraphy,
either as a rutine test r as a fllw-up examinatin fr
abnrmal ECGs, wuld be prhibitively expensive except
fr the elite prfessinal athlete. Thus, the mst feasible
apprach is that f a careful medical histry and cardiac
examinatin perfrmed by persnnel aware f the cndi-
tins respnsible fr mst sudden deaths in cmpetitive
athletes.

It is imprtant t pint ut that sudden death is much
mre cmmn in the lder than the yunger athlete.
Older athletes will generally seek advice regarding their
fitness fr participatin. These individuals shuld recg-
nize that strenuus exercise is assciated with an increase
in risk f sudden cardiac death and that apprpriate train-
ing substantially reduces this risk. Preparticipatin screen-
ing fr risk f sudden death in the lder athlete is a
cmplex issue and at present is largely fcused n identify-
ing inducible ischemia due t significant crnary
disease.

In a series f 158 athletic deaths in the United States
between 1985 and 1995, hypertrphic cardimypathy
(36%) and crnary anmalies (19%) were by far the mst
frequent underlying cnditins. LVH was present in
anther 10%, ruptured arta (presumably due t Marfan
syndrme r cystic medial necrsis) in 6%, mycarditis r
dilated cardimypathy in 6%, artic stensis in 4%, and
arrhythmgenic RV dysplasia in 3%. In additin, cmm-
ti crdis, r sudden death due t direct mycardial
injury, may ccur. Mre cmmn in children, ventricular
tachycardia r ventricular fibrillatin may ccur even after
a minr direct blw t the heart; it is thught t be due
t the precipitatin f a PVC just prir t the peak f the
T wave n ECG.

A careful family and medical histry and cardivascu-
lar examinatin will identify mst individuals at risk. An
update in 2014 recmmends that all middle school and
higher athletes undergo a medical screen questionnaire
and examination. The 12 elements in the examinatin are
utlined in Table 10–20.

A family histry f premature sudden death r cardi-
vascular disease, r f any f these predispsing cndi-
tins shuld mandate further wrkup, including an ECG
and echcardigram. Symptms f unexplained fatigue r
dyspnea, exertinal chest pain, syncpe, r near syncpe
als warrant further evaluatin. A Marfan-like appear-
ance, significant elevatin f BP, abnrmalities f heart
rate r rhythm, and pathlgic heart murmurs r heart
sunds shuld als be investigated befre clearance fr
athletic participatin is given. Such an evaluatin is rec-
mmended befre participatin at the high schl and
cllege levels and every 2 years during athletic
cmpetitin.

Stress-induced syncpe r chest pressure may be the
first clue t an anmalus rigin f a crnary artery.
Anatmically, this lesin ccurs mst ften when the left
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anterir descending artery r left main crnary arises
frm the right crnary cusp and traverses between the
arta and pulmnary trunks. The “slit-like” rifice that
results frm the angulatin at the vessel rigin is thught t
cause ischemia when the arta and pulmnary arteries
enlarge during vigrus exercise and tensin is placed n
the crnary.

The tughest distinctin may be in srting ut the
healthy athlete with LVH frm the athlete with hypertr-
phic cardimypathy. In general, the healthy athlete’s heart
is less likely t have an unusual pattern f LVH (such as
asymmetric septal hypertrphy), r t have LA enlarge-
ment, an abnrmal ECG, an LV cavity less than 45 mm in
diameter at end-diastle, an abnrmal diastlic filling pat-
tern, r a family histry f hypertrphic cardimypathy.
The athlete is mre likely t be male than the individual with
hypertrphic cardimypathy, where wmen are equally at
risk. Cardiac MRI is emerging as a useful means t separate
the athlete’s heart frm hypertrphic bstructive cardimy-
pathy. Increased risk is als evident in patients with the
WPW syndrme, a prlnged QTc interval, r thse wh
demnstrate the abnrmal ST changes in leads V1 and V2
cnsistent with the Brugada syndrme.

Selective use f rutine ECG and stress testing is recm-
mended in men abve age 40 years and wmen abve age 50
years wh cntinue t participate in vigrus exercise and at
earlier ages when there is a psitive family histry fr prema-
ture CAD, hypertrphic cardimypathy, r multiple risk
factrs. Because at least sme f the risk features (lng QT,

LVH, Brugada syndrme, WPW syndrme) may be evident
n rutine ECG screening, several cst-effectiveness studies
have been dne. Mst suggest that preparticipatin ECGs
are f ptential value, thugh what t d when the QTc is
mildly increased is unclear. Many experts feel the high inci-
dence f false-psitive ECG studies makes it very ineffective
as a screening tl. With the lw prevalence f cardiac
anmalies in the general public, it has been estimated that
200,000 individual athletes wuld need t be screened t
identify the single individual wh wuld die suddenly. A
reprt frm Canada reviewing 74 sudden cardiac arrests
during sprts activity nted that the vast majrity ccurred
during nncmpetitive sprts. The incidence during cm-
petitive sprts was 0.76 per 100,000 athlete-years, and there
was nt a clear assciatin with structural heart disease in
mst. Genetic testing f all athletes that demnstrate T wave
inversins n their ECG als has been shwn t be ineffec-
tive; the genetic testing cntributed an additinal diagnsis
in nly 2.5% f subjects ver that btained by rutine clinical
means.

The issue of routine screening, therefore, remains contro-
versial. A reprt frm the United Kingdm in 2018, screen-
ing adlescent sccer players frm 1996 t 2016 (that
included ECG and echcardigraphy), identified diseases
assciated with sudden death in nly 0.38% f the 11,168
athletes screened fr a ttal f 118,351 persn-years. The
incidence f sudden death was abut 7 per 100,000 athletes
and mst were related t cardimypathies that had nt
been detected n the screening prcedures.

In 2017, a psitin paper frm a number f Eurpean
scieties presented arguments regarding the use f a number
f preparticipatin screening ptins. The manuscript als
prvided input frm a number f internatinal sprts rga-
nizatins. They cncluded that there were data t supprt
btaining the clinical histry, perfrming a physical exami-
natin, and perfrming a 12-lead ECG n all participants.
They did nt recmmend echcardigraphy as a screening
tl.

In 2017, a cnsensus statement frm the American
Medical Sciety fr Sprts Medicine was published summa-
rizing the current recmmendatins fr the apprpriate
screening ptins in the varius clinical scenaris. Once a
high-risk individual has been identified, guidelines frm the
Bethesda cnference and the ESC can be used t help deter-
mine whether the athlete may cntinue t participate in
sprting events. Table 10–21 summarizes these
recmmendatins.

Screening fr return t play after mycardial/pericardial
invlvement with COVID-19 is currently an imprtant issue
(see als Infectius Mycarditis abve). An expert cnsen-
sus statement frm the ACC suggests the fllwing:

1. In the athlete wh has had COVID-19, the ECG and high-
sensitivity trpnin shuld be nrmal. If any clinical
cncerns remain, then a transthracic echcardigram
shuld be btained.

2. Pint f care echcardigraphy is nt recmmended, as
the mst cmmn echcardigram abnrmalities may
be missed by pint f care echcardigraphy. These
include RV dysfunctin, diastlic LV abnrmalities, and

Table 10–20. 12-element AHA recommendations for
preparticipation cardiovascular screening of competi-
tive athletes.

Medical History

personal History

1. Exertional chest pain/discomfort

2. Unexplained syncope/near-syncope

3. Excessive exertional and unexplained dyspnea/fatigue

4. Prior recognition of a heart murmur

5. Elevated systemic blood pressure

Family History

6. Premature death (sudden and unexpected, or otherwise)

before age of 50 years due to heart disease in one or more

relatives

7. Disability from heart disease in a close relative before age

of 50 years

8. Specific knowledge of certain cardiac conditions in family

members: hypertrophic cardiomyopathy, dilated cardiomy-

opathy, long QT syndrome or other ion channelopathies,

Marfan syndrome, or other important arrhythmias

physical Examination

9. Heart murmur

10. Diminished femoral pulse (to exclude coarctation)

11. Phenotype of Marfan syndrome

12. Brachial artery blood pressure (sitting position)

Reproduced, with permission, from Lawless CE et al. Protecting the

heart of the American athlete: proceedings of the American

College of Cardiology Sports and Exercise Cardiology Think Tank,

October 18, 2012, Washington, DC. J Am Coll Cardiol. 2014

Nov 18–25;64(20):2146–71. Copyright © Elsevier.

CMDT22_Ch10_p0323-p0442.indd 440 29/06/21 8:36 PM



HEART DISEASE 441CMDT 2022

Table 10–21. Recommendations for competitive sports participation among athletes with potential causes of SCD.

Condition 36th Bethesda Conference Euroean Society of Cardiology

Structural Cardiac Abnormalities

HCM Exclude athletes with a probable or definitive clinical

diagnosis from all competitive sports.

Genotype-positive/phenotype-negative athletes may still

compete.

Exclude athletes with a probable or definitive clinical diagnosis

from all competitive sports.

Exclude genotype-positive/phenotype-negative individuals

from competitive sports.

ARVC Exclude athletes with a probable or definitive diagnosis

from competitive sports.

Exclude athletes with a probable or definitive diagnosis from

competitive sports.

CCAA Exclude from competitive sports. Not applicable.

Participation in all sports 3 months after successful sur-

gery would be permitted for an athlete with ischemia,

ventricular arrhythmia or tachyarrhythmia, or LV dys-

function during maximal exercise testing.

Electrical Cardiac Abnormalities

WPW Athletes without structural heart disease, without a his-

tory of palpitations, or without tachycardia can partici-

pate in all competitive sports.

In athletes with symptoms, electrophysiological study

and ablation are recommended. Return to competitive

sports is allowed after corrective ablation, provided

that the ECG has normalized.

Athletes without structural heart disease, without a history of

palpitations, or without tachycardia can participate in all

competitive sports.

In athletes with symptoms, electrophysiological study and

ablation are recommended. Return to competitive sports is

allowed after corrective ablation, provided that the ECG has

normalized.

LQTS Exclude any athlete with a previous cardiac arrest or syn-

copal episode from competitive sports.

Asymptomatic patients restricted to competitive low-

intensity sports.

Genotype-positive/phenotype-negative athletes may still

compete.

Exclude any athlete with a clinical or genotype diagnosis from

competitive sports.

BrS Exclude from all competitive sports except those of low

intensity.

Exclude from all competitive sports.

CPVT Exclude all patients with a clinical diagnosis from com-

petitive sports.

Genotype-positive/phenotype-negative patients may still

compete in low-intensity sports.

Exclude all patients with a clinical diagnosis from competitive

sports.

Genotype-positive/phenotype-negative patients are also

excluded.

Acquired Cardiac Abnormalities

Commotio

cordis

Eligibility for returning to competitive sport in survivors is

a matter of individual clinical judgment. Survivors

must undergo a thorough cardiovascular workup

including 12-lead electrocardiography, ambulatory

ECG monitoring, and echocardiography.

Not applicable.

Myocarditis Exclude from all competitive sports.

Convalescent period of 6 months.

Athletes may return to competition when test results

normalize.

Exclude from all competitive sports.

Convalescent period of 6 months.

Athletes may return to competition when test results

normalize.

ARVC, arrhythmogenic right ventricular cardiomyopathy; BrS, Brugada syndrome; CCAA, congenital coronary artery anomalies;

CPVT, catecholaminergic polymorphic ventricular tachycardia; ECG, electrocardiogram; HCM, hypertrophic cardiomyopathy; LQTS, long

QT syndrome; LV, left ventricular; SCD, sudden cardiac death; WPW, Wolff-Parkinson-White syndrome.

Reproduced, with permission, from Chandra N et al. Sudden cardiac death in young athletes: practical challenges and diagnostic dilemmas.

J Am Coll Cardiol. 2013 Mar 12;61(10):1027–40. Copyright © Elsevier.

early signs f LV dysfunctin (including abnrmal glbal
lngitudinal strain). These are “red flags.”

3. If any “red flags” frm echcardigram are present, then
cardiac MRI shuld be btained. MRI prvides better
assessment f RV functin and abnrmalities f mycar-
dial edema (T2 imaging), intracellular and extracellular

signaling (T1 imaging), and late gadlinium enhance-
ment. The lng-term significance f these findings is
unknwn.

4. Other imaging mdalities can include crnary CT,
chest CTA (lking fr PE, given the hypercagulable
state COVID-19 creates), and rarely PET imaging.
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5. Cardipulmnary exercise testing is t be avided dur-
ing the acute phase but is valuable at 3–6 mnths after
the illness if symptms persist and as part f return t
play guidelines.

Lampert R. ECG screening in athletes: differing views frm
tw sides f the Atlantic. Heart. 2018;104:1037. [PMID:
29101265]

Malhtra A et al. Outcmes f cardiac screening in adlescent
sccer players. N Engl J Med. 2018;379:524. [PMID:
30089062]

Mnt L et al. Pre-participatin cardivascular evaluatin fr
athletic participants t prevent sudden death: psitin paper
frm the EHRA and the EACPR, branches f the ESC.
Endrsed by APHRS, HRS, and SOLAECE. Eur J Prev Car-
dil. 2017;24:41. [PMID: 27815537]

Phelan D et al. Screening f ptential cardiac invlvement in
cmpetitive athletes recvering frm COVID-19: an expert
cnsensus statement. JACC Cardivasc Imaging. 2020;13:2635.
[PMID: 33303102]

Sheikh N et al. Diagnstic yield f genetic testing in yung ath-
letes with T-wave inversin. Circulatin. 2018;138:1184.
[PMID: 29764897]
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Based on the National Health and Nutrition Survey through
2016, about 45% of adults in the United States have a blood
pressure greater than 140/90 mm Hg or are being treated for
hypertension. About 80% of people with hypertension are
aware of the diagnosis and 75% are receiving treatment, but
hypertension is controlled in only 52% of those affected.
Cardiovascular morbidity and mortality increase as both
systolic and diastolic blood pressures rise, but in individuals
over age 50 years, the systolic pressure and pulse pressure are
better predictors of complications than diastolic pressure.
The prevalence of hypertension increases with age, and it is
more common in Blacks than in Whites. Adequate blood
pressure control reduces the incidence of acute coronary
syndrome by 20–25%, stroke by 30–35%, and heart failure
by 50%.

HOW IS BLOOD PRESSURE MEASURED &
HYPERTENSION DIAGNOSED?

Blood pressure should be measured with a well-calibrated
sphygmomanometer. The bladder width within the cuff
should encircle at least 80% of the arm circumference. Read-
ings should be taken after the patient has been resting com-
fortably, back supported in the sitting or supine position, for at
least 5 minutes and at least 30 minutes after smoking or coffee
ingestion. Automated office blood pressure readings, made
with office-based devices that permit multiple automated
measurements after a pre-programmed rest period, produce
data that are independent of digit preference bias (tendency to
favor numbers that end with zero or five) and avoid the “white
coat” phenomenon (where blood pressure is elevated in the
clinic but normal at home). Blood pressure measurements
taken outside the office environment, either by intermittent
self-monitoring (home blood pressure) or with an automated
device programmed to take measurements at regular intervals
(ambulatory blood pressure) are more powerful predictors of
outcomes and are advocated in clinical guidelines. Home
measurements are also helpful in differentiating white coat
hypertension from hypertension that is resistant to treatment,
and in diagnosis of “masked hypertension” (where blood pres-
sure is normal in the clinic but elevated at home). The cardio-
vascular risk associated with masked hypertension is similar
to that observed in sustained hypertension.

A single elevated blood pressure reading is not sufficient
to establish the diagnosis of hypertension. The major excep-
tions to this rule are hypertension presenting with unequiv-
ocal evidence of life-threatening end-organ damage, as seen
in hypertensive emergency, or hypertensive urgency where
blood pressure is greater than 220/125 mm Hg but life-
threatening end-organ damage is absent. In less severe
cases, the diagnosis of hypertension depends on a series
of measurements of blood pressure, since readings can
vary and tend to regress toward the mean with time.
Patients whose initial blood pressure is in the hyperten-
sive range exhibit the greatest fall toward the normal
range between the first and second encounters. However,
the concern for diagnostic precision needs to be balanced
by an appreciation of the importance of establishing the
diagnosis of hypertension as quickly as possible, since a
3-month delay in treatment of hypertension in high-risk
patients is associated with a twofold increase in cardio-
vascular morbidity and mortality. Based on epidemiologi-
cal data, the conventional 140/90 mm Hg threshold for
the diagnosis of hypertension has been revised, and the
stages of hypertension have been redefined. The 2017
guidelines from the American College of Cardiology and
American Heart Association (ACC/AHA) (based on con-
ventional office-based measurements) define normal
blood pressure as less than 120/80 mm Hg, elevated
blood pressure as 120–129/less than 80 mm Hg, stage 1
hypertension as 130–139/80–89 mm Hg, and stage 2
hypertension as greater than or equal to 140/90 mm Hg.
As exemplified by Hypertension Canada’s 2017 guidelines
(Figure 11–1), automated and home blood pressure mea-
surements have assumed greater prominence in the diag-
nostic algorithms published by many national hypertension
workgroups. Equivalent blood pressures for these different
modes of measurement are described in Table 11–1.

Blood pressure is normally lowest at night and the loss
of this nocturnal dip is a dominant predictor of cardiovas-
cular risk, particularly risk of thrombotic stroke. An accen-
tuation of the normal morning increase in blood pressure
is associated with increased likelihood of cerebral hemor-
rhage. Furthermore, variability of systolic blood pressure
predicts cardiovascular events independently of mean sys-
tolic blood pressure.

11Michael Sutters, MD, MRCP (UK)

Systemic Hypertension
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Elevated BP reading

(office, home or pharmacy)

No

hypertension6

White coat hypertension6

Hypertension

Dedicated office visit1

Mean office BP ≥ 180/110 mm Hg

No Diabetes Diabetes3

1. AOBP2 ≥ 135/85

mm Hg (preferred)

2. Non-AOBP2 ≥ 140/90

mm Hg (if AOBP

unavailable)

AOBP or

non-AOBP2

≥ 130/80

mm Hg
OR

Out-of-office measurement4

1. ABPM (preferred)

Daytime mean ≥ 135/85 mm Hg

24-hour mean ≥ 130/80 mm Hg

2. Home BP series5

Mean ≥ 135/85 mm Hg

OR

Yes

Yes

No

No

Yes

No
1. If AOBP is used, use the mean calculated and

displayed by the device. If non-AOBP is used,

take at least three readings, discard the first

and calculate the mean of the remaining

measurements. A history and physical

examination should be performed and

diagnostic tests ordered.

2. AOBP is performed with the patient

unattended in a private area.

Non-AOBP is performed using an electronic

upper arm device with the provider in the room.

3. Diagnostic thresholds for AOBP, ABPM, and

home BP in patients with diabetes have yet

to be established (and may be lower than

130/80 mm Hg).

4. Serial office measurements over

3–5 visits can be used if ABPM or home

measurement not available.

5. Home BP series: Two readings taken each

morning and evening for 7 days (28 total).

Discard first day readings and average

the last 6 days.

6. Annual BP measurement is recommended

to detect progression to hypertension.

Notes:

▲ Figure 11–1. According to these recommendations, if AOBP measurements are not available, blood pressures
recorded manually in the office may be substituted if taken as the mean of the last two readings of three consecu-
tive readings. Note that the blood pressure threshold for diagnosing hypertension is higher if recorded manually
in these guidelines. If home blood pressure monitoring is unavailable, office measurements recorded over three to
five separate visits can be substituted. ABPM, ambulatory blood pressure measurement; AOBP, automated office
blood pressure; BP, blood pressure. (Reproduced, with permission, from Leung AA et al; Hypertension Canada. Hyper-
tension Canada’s 2017 guidelines for diagnosis, risk assessment, prevention, and treatment of hypertension in adults.
Can J Cardiol. 2017;33:557. Copyright © 2017 Canadian Cardiovascular Society. Published by Elsevier Inc. All rights
reserved.)

Table 11–1. Corresponding blood pressure values across a range of blood pressure measurement methods.

Mnul Msumn

in Clinic1

hom Blood pssu

Msumn

ambuloy Blood

pssu Msumn

(Dyim)

ambuloy Blood

pssu Msumn

(Nigim)

ambuloy Blood

pssu Msumn

(24-hou)

120/80 mm Hg 120/80 mm Hg 120/80 mm Hg 100/65 mm Hg 115/75 mm Hg

130/80 mm Hg 130/80 mm Hg 130/80 mm Hg 110/65 mm Hg 125/75 mm Hg

140/90 mm Hg 135/85 mm Hg 135/85 mm Hg 120/70 mm Hg 130/80 mm Hg

160/100 mm Hg 145/90 mm Hg 145/90 mm Hg 140/85 mm Hg 145/90 mm Hg

1Clinic manual blood pressures are critically dependent on technique. The use of automated devices in an unattended setting typically

result in systolic blood pressures 9–13 mm Hg lower than clinic manual pressures.

Data abstracted from Greenland P et al. The New 2017 ACC/AHA Guidelines “up the pressure” on diagnosis and treatment of hypertension.

JAMA. 2017;318:2083.
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It is important to recognize that the diagnosis of hyper-
tension does not automatically entail drug treatment; this
decision depends on the clinical setting and evaluation of
cardiovascular risk, as discussed below.

Greenland P et al. The New 2017 ACC/AHA Guidelines “up the
pressure” on diagnosis and treatment of hypertension. JAMA.
2017;318:2083. [PMID: 29159417]

Jin J. JAMA patient page. Checking blood pressure at home.
JAMA. 2017;318:310. [PMID: 28719694]

Leung AA et al; Hypertension Canada. Hypertension Canada’s
2017 guidelines for diagnosis, risk assessment, prevention,
and treatment of hypertension in adults. Can J Cardiol.
2017;33:557. [PMID: 28449828]

Melville S et al. Out-of-office blood pressure monitoring in 2018.
JAMA. 2018;320:1805. [PMID: 30398589]

Myers MG. Automated office blood pressure—incorporating
SPRINT into clinical practice. Am J Hypertens. 2017;30:8.
[PMID: 27551025]

APPROACH TO HYPERTENSION

» Etiology & Classification

A. Primary Essential Hypertension

“Essential hypertension” is the term applied to the 95% of
hypertensive patients in which elevated blood pressure
results from complex interactions between multiple genetic
and environmental factors. Blood pressure elevation above
140/90 mm Hg occurs in 10–15% of White adults and
20–30% of Black adults in the United States. The onset is
usually between ages 25 and 50 years; it is uncommon
before age 20 years. The best understood pathways under-
lying hypertension include overactivation of the sympa-
thetic nervous and renin-angiotensin-aldosterone systems
(RAAS), blunting of the pressure-natriuresis relationship,
variation in cardiovascular and renal development, and
elevated intracellular sodium and calcium levels.

Exacerbating factors include obesity, sleep apnea,
increased salt intake, excessive alcohol use, cigarette smok-
ing, polycythemia, nonsteroidal anti-inflammatory drug
(NSAID) therapy, and low potassium intake. Obesity is
associated with an increase in intravascular volume, ele-
vated cardiac output, activation of the renin-angiotensin
system, and, probably, increased sympathetic outflow. Life-
style-driven weight reduction lowers blood pressure mod-
estly, but the dramatic weight reduction following bariatric
surgery results in improved blood pressure in most patients,
and actual remission of hypertension in 20–40% of cases. In
patients with sleep apnea, treatment with continuous posi-
tive airway pressure (CPAP) has been associated with
improvements in blood pressure. Increased salt intake
probably elevates blood pressure in some individuals so
dietary salt restriction is recommended in patients with
hypertension. Excessive use of alcohol also raises blood
pressure, perhaps by increasing plasma catecholamines.
Hypertension can be difficult to control in patients who
consume more than 40 g of ethanol (two drinks) daily or
drink in “binges.” Cigarette smoking raises blood pressure
by increasing plasma norepinephrine. Although the long-
term effect of smoking on blood pressure is less clear, the
synergistic effects of smoking and high blood pressure on

cardiovascular risk are well documented. The relationship
of exercise to hypertension is variable. Aerobic exercise low-
ers blood pressure in previously sedentary individuals, but
increasingly strenuous exercise in already active subjects
has less effect. The relationship between stress and hyper-
tension is not established. Polycythemia, whether primary,
drug-induced, or due to diminished plasma volume,
increases blood viscosity and may raise blood pressure.
NSAIDs produce increases in blood pressure averaging
5 mm Hg and are best avoided in patients with borderline
or elevated blood pressures. Low potassium intake is associ-
ated with higher blood pressure in some patients; an intake
of 90 mmol/day is recommended.

The complex of abnormalities termed the “metabolic
syndrome” (upper body obesity, insulin resistance, and
hypertriglyceridemia) is associated with both the develop-
ment of hypertension and an increased risk of adverse
cardiovascular outcomes. Affected patients usually also
have low high-density lipoprotein (HDL) cholesterol levels
and elevated catecholamines and inflammatory markers
such as C-reactive protein.

B. Secondary Hypertension

Approximately 5% of patients have hypertension second-
ary to identifiable specific causes (Table 11–2). Secondary
hypertension should be suspected in patients in whom
hypertension develops at an early age or after the age of
50 years, and in those previously well controlled who
become refractory to treatment. Hypertension resistant to
maximum doses of three medications is another clue,
although multiple medications are usually required to con-
trol hypertension in persons with diabetes.

1. Genetic causes—Hypertension can be caused by muta-
tions in single genes, inherited on a Mendelian basis.
Although rare, these conditions provide important insight
into blood pressure regulation and possibly the genetic
basis of essential hypertension. Glucocorticoid remediable
aldosteronism is an autosomal dominant cause of early-
onset hypertension with normal or high aldosterone and
low renin levels. The syndrome of hypertension exacer-
bated in pregnancy is inherited as an autosomal dominant
trait. In these patients, a mutation in the mineralocorticoid
receptor makes it abnormally responsive to progesterone
and, paradoxically, to spironolactone.

2. Kidney disease—Renal parenchymal disease is the most
common cause of secondary hypertension, which results
from increased intravascular volume and increased activity
of the RAAS. Increased sympathetic nerve activity may
also contribute.

3. Renal vascular hypertension—Renal artery stenosis is
present in 1–2% of hypertensive patients. The most com-
mon cause is atherosclerosis, but fibromuscular dysplasia
should be suspected in women under 50 years of age.
Excessive renin release occurs due to reduction in renal
perfusion pressure, while attenuation of pressure natriure-
sis contributes to hypertension in patients with a single
kidney or bilateral lesions. Activation of the renal sympa-
thetic nerves may also be important.
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Renal vascular hypertension should be suspected in the
following circumstances: (1) the documented onset is
before age 20 or after age 50 years, (2) the hypertension is
resistant to three or more drugs, (3) there are epigastric or
renal artery bruits, (4) there is atherosclerotic disease of the
aorta or peripheral arteries (15–25% of patients with symp-
tomatic lower limb atherosclerotic vascular disease have
renal artery stenosis), (5) there is an abrupt increase (more
than 25%) in the level of serum creatinine after administra-
tion of angiotensin-converting enzyme (ACE) inhibitors, or
(6) episodes of pulmonary edema are associated with
abrupt surges in blood pressure. (See Renal Artery Stenosis,
Chapter 22.)

4. Primary hyperaldosteronism—Hyperaldosteronism
should be considered in people with resistant hypertension,
blood pressures consistently greater than 150/100 mm Hg,
hypokalemia (although this is often absent), or adrenal
incidentaloma, and in those with a family history of hyper-
aldosteronism. Mild hypernatremia and metabolic alkalo-
sis may also occur. Hypersecretion of aldosterone is
estimated to be present in 5–10% of hypertensive patients

and, besides noncompliance, is the most common cause of
resistant hypertension. The initial screening step is the
simultaneous measurement of aldosterone and renin in
blood in a morning sample collected after 30 minutes qui-
etly seated. Hyperaldosteronism is suggested when the
plasma aldosterone concentration is elevated (normal:
1–16 ng/dL) in association with suppression of plasma
renin activity (normal: 1–2.5 ng/mL/h). However, the
plasma aldosterone/renin ratio (normal less than 30) is not
highly specific as a screening test. This is because renin
levels may approach zero, which leads to exponential
increases in the plasma aldosterone/renin ratio even when
aldosterone levels are normal. Hence, an elevated plasma
aldosterone/renin ratio should probably not be taken as
evidence of hyperaldosteronism unless the aldosterone
level is actually elevated.

During the workup for hyperaldosteronism, an initial
plasma aldosterone/renin ratio can be measured while the
patient continues taking usual medications. If under these
circumstances the ratio proves normal or equivocal, medica-
tions that alter renin and aldosterone levels, including ACE
inhibitors, angiotensin receptor blockers (ARBs), diuretics,
beta-blockers, and clonidine, should be discontinued for
2 weeks before repeating the plasma aldosterone/renin ratio;
spironolactone and eplerenone should be held for 4 weeks.
Slow-release verapamil and alpha-receptor blockers can be
used to control blood pressure during this drug washout
period. Patients with a plasma aldosterone level greater than
16 ng/dL and an aldosterone/renin ratio of 30 or more might
require further evaluation for primary hyperaldosteronism.

The lesion responsible for hyperaldosteronism is an
adrenal adenoma or bilateral adrenal hyperplasia.

5. Cushing syndrome—Hypertension occurs in about 80%
of patients with spontaneous Cushing syndrome. Excess
glucocorticoid may act through salt and water retention (via
mineralocorticoid effects), increased angiotensinogen lev-
els, or permissive effects in the regulation of vascular tone.

Diagnosis and treatment of Cushing syndrome are dis-
cussed in Chapter 26.

6. Pheochromocytoma—Pheochromocytomas are uncom-
mon; they are probably found in less than 0.1% of all
patients with hypertension and in approximately two indi-
viduals per million population. Chronic vasoconstriction of
the arterial and venous beds leads to a reduction in plasma
volume and predisposes to postural hypotension. Glucose
intolerance develops in some patients. Hypertensive crisis
in pheochromocytoma may be precipitated by a variety of
drugs, including tricyclic antidepressants, antidopaminer-
gic agents, metoclopramide, and naloxone. The diagnosis
and treatment of pheochromocytoma are discussed in
Chapter 26.

7. Coarctation of the aorta—This uncommon cause of
hypertension is discussed in Chapter 10. Evidence of
radial-femoral delay should be sought in all younger
patients with hypertension.

8. Hypertension associated with pregnancy—Hypertension
occurring de novo or worsening during pregnancy, includ-
ing preeclampsia and eclampsia, is one of the most common

Table 11–2. Causes of secondary hypertension.

endocin

Conn syndrome (hyperaldosteronism)
Licorice
Cushing syndrome (hypercortisolism)
Thyroid disease
Pheochromocytoma
Acromegaly
Mutations in steroid gene regulatory domains
Hypercalcemia

rnl

Parenchymal kidney disease
Polycystic kidney disease
Systemic sclerosis (scleroderma)
Page kidney
Mutations in genes encoding ion transport proteins

Vscul

Renal artery stenosis
Coarctation

auonomic

Stress
Neurogenic

Mdicions

Nonsteroidal anti-inflammatory drugs
Corticosteroids
Calcineurin inhibitors
Stimulants
Decongestants
Angiogenesis inhibitors
Tyrosine kinase inhibitors
Estrogen
Erythropoietin
Alcohol, cocaine
Gemcitabine
Atypical antipsychotics
Monoamine oxidase inhibitors

O

Obstructive sleep apnea
Pregnancy
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causes of maternal and fetal morbidity and mortality
(see Chapter 19). Autoantibodies with the potential to
activate the angiotensin II type 1 receptor have been caus-
ally implicated in preeclampsia, in resistant hypertension,
and in progressive systemic sclerosis.

9. Estrogen use—A small increase in blood pressure
occurs in most women taking oral contraceptives. A more
significant increase of 8/6 mm Hg systolic/diastolic is
noted in about 5% of women, mostly in obese individuals
older than age 35 who have been treated for more than
5 years. This is caused by increased hepatic synthesis of
angiotensinogen. The lower dose of postmenopausal estro-
gen does not generally cause hypertension but rather main-
tains endothelium-mediated vasodilation.

10. Other causes of secondary hypertension—Hypertension
has been associated with hypercalcemia, acromegaly, hyper-
thyroidism, hypothyroidism, baroreceptor denervation, com-
pression of the rostral ventrolateral medulla, and increased
intracranial pressure. Certain medications may cause or exac-
erbate hypertension—most importantly cyclosporine, tacroli-
mus, angiogenesis inhibitors, and erythrocyte-stimulating
agents (such as erythropoietin). Decongestants, NSAIDs,
cocaine, and alcohol should also be considered. Over-the-
counter products should not be overlooked, eg, a dietary sup-
plement marketed to enhance libido was found to contain
yohimbine, an alpha-2–antagonist, which can produce severe
rebound hypertension in patients taking clonidine.

» When to Refer

Referral to a hypertension specialist should be considered
in cases of severe, resistant or early-/late-onset hypertension
or when secondary hypertension is suggested by screening.

Byrd JB et al. Primary aldosteronism. Circulation. 2018;138:823.
[PMID: 30359120]

Herrmann SM et al. Renovascular hypertension. Endocrinol
Metab Clin North Am. 2019;48:765. [PMID: 31655775]

» Complications of Untreated Hypertension

Most of the adverse outcomes in hypertension are associated
with thrombosis rather than bleeding, possibly because
increased vascular shear stress converts the normally antico-
agulant endothelium to a prothrombotic state. The excess
morbidity and mortality related to hypertension approxi-
mately doubles for each 6 mm Hg increase in diastolic blood
pressure. However, target-organ damage varies markedly
between individuals with similar levels of office hyperten-
sion; home and ambulatory pressures are superior to office
readings in the prediction of end-organ damage (Table 11–1).

A. Hypertensive Cardiovascular Disease

Cardiac complications are the major causes of morbidity
and mortality in primary (essential) hypertension. For any
level of blood pressure, left ventricular hypertrophy is asso-
ciated with incremental cardiovascular risk in association
with heart failure (through systolic or diastolic dysfunc-
tion), ventricular arrhythmias, myocardial ischemia, and
sudden death.

The occurrence of heart failure is reduced by 50% with
antihypertensive therapy. Hypertensive left ventricular
hypertrophy regresses with therapy and is most closely
related to the degree of systolic blood pressure reduction.
Diuretics have produced equal or greater reductions of left
ventricular mass when compared with other drug classes.
Conventional beta-blockers are less effective in reducing left
ventricular hypertrophy but play a specific role in patients
with established coronary artery disease or impaired left
ventricular function.

B. Hypertensive Cerebrovascular Disease
and Dementia

Hypertension is the major predisposing cause of hemor-
rhagic and ischemic stroke. Cerebrovascular complications
are more closely correlated with systolic than diastolic
blood pressure. The incidence of these complications is
markedly reduced by antihypertensive therapy. Preceding
hypertension is associated with a higher incidence of sub-
sequent dementia of both vascular and Alzheimer types.
Home and ambulatory blood pressure may be a better
predictor of cognitive decline than office readings in older
people. Effective blood pressure control reduces the risk of
cognitive dysfunction developing later in life.

C. Hypertensive Kidney Disease

Chronic hypertension is associated with injury to vascular,
glomerular, and tubulointerstitial compartments within the
kidney, accounting for about 25% of end-stage kidney disease.
Nephrosclerosis is particularly prevalent in Blacks, in whom
susceptibility is linked to APOL1 mutations and hypertension
results from kidney disease rather than causing it.

D. Aortic Dissection

Hypertension is a contributing factor in many patients with
dissection of the aorta. Its diagnosis and treatment are
discussed in Chapter 12.

E. Atherosclerotic Complications

Most Americans with hypertension die of complications of
atherosclerosis, but antihypertensive therapy seems to have
a lesser impact on atherosclerotic complications compared
with heart failure, stroke, and kidney disease. Prevention of
cardiovascular outcomes related to atherosclerosis proba-
bly requires control of multiple risk factors, of which
hypertension is only one.

Seccia TM et al. Hypertensive nephropathy. Moving from classic
to emerging pathogenetic mechanisms. J Hypertens.
2017;35:205. [PMID: 27782909]

Supiano MA et al. New guidelines and SPRINT results: implica-
tions for geriatric hypertension. Circulation. 2019;140:976.
[PMID: 31525101]

» Clinical Findings

The clinical and laboratory findings are mainly referable to
involvement of the target organs: heart, brain, kidneys,
eyes, and peripheral arteries.
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A. Symptoms

Mild to moderate primary (essential) hypertension is
largely asymptomatic for many years. The most frequent
symptom, headache, is also nonspecific. Accelerated hyper-
tension is associated with somnolence, confusion, visual
disturbances, and nausea and vomiting (hypertensive
encephalopathy).

Hypertension in patients with pheochromocytomas that
secrete predominantly norepinephrine is usually sustained
but may be episodic. The typical attack lasts from minutes to
hours and is associated with headache, anxiety, palpitation,
profuse perspiration, pallor, tremor, and nausea and vomit-
ing. Blood pressure is markedly elevated, and angina or
acute pulmonary edema may occur. In primary aldosteron-
ism, patients may have muscular weakness, polyuria, and
nocturia due to hypokalemia; hypertensive emergency is
rare. Chronic hypertension often leads to left ventricular
hypertrophy and diastolic dysfunction, which can present
with exertional and paroxysmal nocturnal dyspnea. Cerebral
involvement causes stroke due to thrombosis or hemorrhage
from microaneurysms of small penetrating intracranial
arteries. Hypertensive encephalopathy is probably caused by
acute capillary congestion and exudation with cerebral
edema and may present as posterior reversible encephalopa-
thy syndrome, comprising headache, visual disturbances,
altered mental state, and seizures. These symptoms usually
improve rapidly with control of hypertension.

B. Signs

Like symptoms, physical findings depend on the cause of
hypertension, its duration and severity, and the degree of
effect on target organs.

1. Blood pressure—Blood pressure is taken in both arms
and, if lower extremity pulses are diminished or delayed, in
the legs to exclude coarctation of the aorta. If blood pres-
sure differs between right and left arms, the higher reading
should be recorded as the actual blood pressure and subcla-
vian stenosis suspected in the other arm. An orthostatic
drop of at least 20/10 mm Hg is often present in pheochro-
mocytoma. Older patients may have falsely elevated read-
ings by sphygmomanometry because of noncompressible
vessels. This may be suspected in the presence of Osler
sign—a palpable brachial or radial artery when the cuff is
inflated above systolic pressure. Occasionally, it may be
necessary to make direct measurements of intra-arterial
pressure, especially in patients with apparent severe hyper-
tension who do not tolerate therapy.

2. Retinas—Narrowing of arterial diameter to less than
50% of venous diameter, copper or silver wire appearance,
exudates, hemorrhages, and hypertensive retinopathy are
associated with a worse prognosis. The typical changes of
severe hypertensive retinopathy are shown in Figure 11–2
(see Chapter 7).

3. Heart—A left ventricular heave indicates severe hyper-
trophy. Aortic regurgitation may be auscultated in up to 5%
of patients, and hemodynamically insignificant aortic
regurgitation can be detected by Doppler echocardiogra-
phy in 10–20%. A presystolic (S

4
) gallop due to decreased

compliance of the left ventricle is quite common in patients
in sinus rhythm.

4. Pulses—Radial-femoral delay suggests coarctation of the
aorta; loss of peripheral pulses occurs due to atherosclero-
sis, less commonly aortic dissection, and rarely Takayasu
arteritis, all of which can involve the renal arteries.

C. Laboratory Findings

Recommended testing includes hemoglobin; serum elec-
trolytes and serum creatinine; fasting blood sugar level
(hypertension is a risk factor for the development of diabe-
tes, and hyperglycemia can be a presenting feature of pheo-
chromocytoma); plasma lipids (necessary to calculate
cardiovascular risk and as a modifiable risk factor); serum
uric acid (hyperuricemia is a relative contraindication to
diuretic therapy); and urinalysis.

D. Electrocardiography and Chest Radiographs

Electrocardiographic criteria are highly specific but not
very sensitive for left ventricular hypertrophy. The “strain”
pattern of ST–T wave changes is a sign of more advanced
disease and is associated with a poor prognosis. A chest
radiograph is not necessary in the workup for uncompli-
cated hypertension.

E. Echocardiography

The primary role of echocardiography should be to evalu-
ate patients with clinical symptoms or signs of cardiac
disease.

F. Diagnostic Studies

Additional diagnostic studies are indicated only if the clini-
cal presentation or routine tests suggest secondary or com-
plicated hypertension. These may include 24-hour urine
free cortisol, urine or plasma metanephrines, and plasma

▲ Figure 11–2. Severe, chronic hypertensive retinopa-
thy with hard exudates, increased vessel light reflexes,
and sausage-shaped veins. (Used, with permission, from
Richard E. Wyszynski, MD, in Knoop KJ, Stack LB, Storrow
AB, Thurman RJ. The Atlas of Emergency Medicine, 4th ed.
McGraw-Hill, 2016.)
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aldosterone and renin concentrations to screen for endo-
crine causes of hypertension. Renal ultrasound will detect
structural changes (such as polycystic kidneys, asymmetry,
and hydronephrosis); echogenicity and reduced cortical
volume are reliable indicators of advanced chronic kidney
disease. Evaluation for renal artery stenosis should be
undertaken in concert with subspecialist consultation.

G. Summary

Since most hypertension is essential or primary, few studies
are necessary beyond those listed above. If conventional
therapy is unsuccessful or if secondary hypertension is
suspected, further studies and perhaps referral to a hyper-
tension specialist are indicated.

» Nonpharmacologic Therapy

Lifestyle modification is recommended in all patients
with elevated blood pressure. A diet rich in fruits, vegeta-
bles, and low-fat dairy foods and low in saturated and
total fats (DASH diet) has been shown to lower blood
pressure. Increased dietary fiber lowers blood pressure.
For every 7 g of dietary fiber ingested, cardiovascular risk
could be lowered by 9%. The effect of diet on blood pres-
sure may be mediated by shifts in the microbial species in
the gut, the intestinal microbiota. Hand squeezing exer-
cises three times a week can lower systolic blood pressure
by 6 mm Hg. The protocol comprises four repeats of
2 minutes at 30% of maximum force (using a handheld
dynamometer) with 1- to 3-minute rest intervals between
squeezes. The acute increase in systolic blood pressure
during vigorous exercise, known as the exercise pressor
response, is around 50 mm Hg in normal individuals. In
hypertensive persons, the exercise pressor response is
elevated to about 75 mm Hg above resting systolic blood
pressure. This exaggerated response is not reduced by
antihypertensive medications, even in those with other-
wise controlled hypertension, and is exacerbated by
increased dietary sodium intake.

Additional lifestyle changes, listed in Table 11–3, can
prevent or mitigate hypertension or its cardiovascular
consequences.

Fu J et al. Nonpharmacologic interventions for reducing blood
pressure in adults with prehypertension to established
hypertension. J Am Heart Assoc. 2020;9:e016804. [PMID:
32975166]

Smart NA et al. An evidence-based analysis of managing hyper-
tension with isometric resistance exercise—are the guidelines
current? Hypertens Res. 2020;43:249. [PMID: 31758166]

» Who Should Be Treated With Medications?

Treatment should be offered to all persons in whom blood
pressure reduction, irrespective of initial blood pressure levels,
will reduce cardiovascular risk with an acceptably low rate of
medication-associated adverse effects. The American College
of Cardiology and the American Heart Association (ACC/
AHA), Hypertension Canada (HC), and the European Soci-
ety of Hypertension and European Society of Cardiology

(ESH/ESC) have developed independent guidelines for the
evaluation and management of hypertension. There is broad
agreement that drug treatment is necessary in those with
office-based blood pressures exceeding 160/100 mm Hg,
irrespective of cardiac risk. Similarly, the American,
Canadian, and European guidelines agree that treatment
thresholds should be lower in the presence of elevated car-
diovascular risk. American guidelines stand apart in recom-
mending initiation of antihypertensive pharmacotherapy in
those with blood pressure of 140–159/90–99 mm Hg, even
if cardiovascular risk is not elevated. By contrast, the Cana-
dian guidelines suggest lifestyle modifications in this low-
cardiovascular-risk group, while the European guidelines
recommend initiation of pharmacotherapy only if elevated
pressure in this low-risk population persists after lifestyle
modification. There is no outcomes evidence that mortal-
ity or risk of cardiovascular events can be reduced by treat-
ing mild hypertension (140/90–160/100 mm Hg) in
low-risk individuals. Table 11–4 compares these three sets
of guidelines. Since evaluation of total cardiovascular risk
(Table 11–5) is important in deciding who to treat with
antihypertensive medications, risk calculators are essential
clinical tools. The ACC has an online toolkit relevant
to primary prevention (https://tools.acc.org/ascvd-risk-
estimator-plus/#!/calculate/estimate/), and an associated
app called ASCVD Risk Estimator Plus (downloadable at
https://www.acc.org/ASCVDApp).

» Goals of Treatment

Traditionally, the most widely accepted goal for blood pres-
sure management has been less than 140/90 mm Hg. How-
ever, observational studies suggest that there does not seem
to be a blood pressure level below which decrements in
cardiovascular risk taper off, and a number of randomized
controlled trials have suggested that treatment to blood

Table 11–3. The impact of lifestyle modifications.

Modific-

ion Invnion

rsuling

Dcs in

Blood pssu

Weight loss Target BMI 18.5–24.9 5–20 mm Hg/
10-kg loss

DASH diet Fruit, vegetables, low fat
dairy

8–14 mm Hg

Sodium
intake

< 100 mmol/day
(< 6 g salt)

2–8 mm Hg

Alcohol
intake

Male ≤ 2 drinks/day
Female ≤ 1 drink/day

4 mm Hg

Exercise Aerobic 30 min/day
Dynamic 90-150 min/week
Isometric (hand grip 4 rep-

etitions 3 times/week)

5–10 mm Hg

Mindfulness Meditation and breathing
control

5 mm Hg

BMI, body mass index; DASH, Dietary Approaches to Stop

Hypertension.
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pressure targets considerably below 140 mm Hg may ben-
efit certain patient groups.

The SPRINT study suggests that outcomes improve in
nondiabetic patients with considerably elevated cardiovascu-
lar risk when treatment lowers systolic pressure to less than
120 mm Hg compared to less than 140 mm Hg. On the other
hand, in the HOPE3 study of largely nondiabetic patients at
somewhat lower risk than those in SPRINT, reducing blood
pressure by an average of 6/3 mm Hg systolic/diastolic from
a baseline of 138/82 mm Hg provided no significant out-
comes benefits. Therefore, it appears that blood pressure
targets should be lower in people at greater estimated cardio-
vascular risk. In response to the SPRINT study, the 2018
Hypertension Canada guidelines urge prescribers to consider
a blood pressure goal of less than 120/80 mm Hg in patients
considered at elevated risk for cardiovascular events. The
2017 ACC/AHA guidelines take a different approach by
defining a 130/80 mm Hg goal as “reasonable” in nonelevated
risk patients, strengthening this to “recommended” in ele-
vated risk hypertensive patients. The 2018 ESH/ESC guide-
lines specify a target of less than 140 mm Hg systolic for all,
and less than 130 mm Hg for most if tolerated. There is a
trend toward recommending similar treatment targets in the
elderly; this topic is discussed in greater detail below. Some
experts note that manual office measurements of around
130/80 mm Hg are likely to approximate the lower blood
pressure targets specified in the SPRINT study, which used
automated office blood pressure measuring devices that have
been demonstrated to read as much as 16/7 mm Hg lower

Table 11–4. Comparison of blood pressure treatment thresholds from the 2017 ACC/AHA guidelines, the 2018
Hypertension Canada guidelines, and the 2018 ESH/ESC guidelines.

Guidlins1 Cdiovscul risk

tsold fo

pmcoy (mm hg) tg (mm hg)

ACC/AHA Not increased > 140/90 < 130/80 (reasonable)

Hypertension Canada Not increased > 160/100 < 140/90 (< 130/80 for diabetes)

ESH/ESC Not increased > 140/902 All < 140/90, most < 130/80, not < 120

ACC/AHA Increased < 130/80 < 130/80 (recommended)

Hypertension Canada Increased > 140 systolic3 < 120 systolic

ESH/ESC Increased > 130/803 120–130/< 80

ACC/AHA > 65 yr Risk due to advanced age > 130/80 < 130 systolic

Hypertension Canada4 Increased Not specified4 Not specified4

ESH/ESC > 65 yr Not increased > 140/905 130–140/> 806

1In all three sets of guidelines, blood pressure values are based upon nonautomated office blood pressure readings.
2Consider drug treatment if lifestyle changes fail to control blood pressure.
3Consider drug treatment if very high risk, eg, established cardiovascular disease, especially coronary disease. Note: The > 130/80 mm Hg

threshold for treatment of high-risk patients in the Canadian guidelines refers to automated blood pressure readings, which are lower than

nonautomated readings.
4Recommendations for persons > 75 years are not explicitly stated in the Hypertension Canada guidelines. They removed separate goals

for the elderly but consider age > 75 years to be a risk signifier triggering an approach that many would view as overly aggressive in the

extremely old.
5The European guidelines indicate a slightly more conservative treatment threshold of > 160/90 mm Hg for those > 80 years.
6This target range is also suggested in the European guidelines for patients > 80 years.

ACC, American College of Cardiology; AHA, American Heart Association; ESC, European Society of Cardiology; ESH, European Society of

Hypertension.

Table 11–5. Cardiovascular risk factors.

Mjo isk fcos

Hypertension1

Cigarette smoking
Obesity (BMI ≥ 30)1

Physical inactivity
Dyslipidemia1

Diabetes mellitus1

Microalbuminuria or estimated GFR < 60 mL/min/1.73 m2

Age (> 55 years for men, > 65 years for women)
Family history of premature cardiovascular disease

(< 55 years for men, < 65 years for women)
tg-ogn dmg

Heart
Left ventricular hypertrophy
Angina or prior myocardial infarction
Prior coronary revascularization
Heart failure

Brain
Stroke or transient ischemic attack

Chronic kidney disease
Peripheral arterial disease
Retinopathy

1Components of the metabolic syndrome.

BMI, body mass index; GFR, glomerular filtration rate.

Data from Chobanian AV et al. The Seventh Report of the Joint

National Committee on Prevention, Detection, Evaluation, and

Treatment of High Blood Pressure: the JNC 7 report. JAMA. 2003

May 21;289(19):2560–72.
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than manual office readings. The 2018 Canadian guidelines
acknowledge this disparity in measurement methods by
specifying that automated office devices should be used in the
monitoring of patients selected for the aggressive blood pres-
sure goal of less than 120/80 mm Hg. Table 11–4 compares the
treatment threshold and target recommendations laid out in
the American, Canadian, and European guidelines.

Treatment to blood pressures less than 130 mm Hg
systolic seems especially important in stroke prevention.
The ACCORD study examined the effect of treatment of
systolic pressures to below 130–135 mm Hg in patients
with diabetes; the study’s two by two factorial design
addressed glycemic control as well as blood pressure con-
trol. In the original analysis, the lower blood pressure treat-
ment goal significantly increased the risk of serious adverse
effects (with no additional gain in terms of heart, kidney, or
retinal disease). There was, however, significant additional
reduction in the risk of stroke, indicating that lower blood
pressure targets might be justified in diabetic patients at
high risk for cerebrovascular events. Post hoc analysis of
the ACCORD study after 9 years of follow-up suggested
that a beneficial effect of lower blood pressure in older
high-risk persons (mostly on nonfatal myocardial infarctions)
could be detected in the standard glycemic control group.
Similarly, in the SPS3 trial in patients who have had a lacunar
stroke, treating the systolic blood pressure to less than
130 mm Hg (mean systolic blood pressure of 127 mm Hg
among treated versus mean systolic blood pressure 138
mm Hg among untreated patients) probably reduced the
risk of recurrent stroke (and with an acceptably low rate of
adverse effects from treatment). Blood pressure manage-
ment in acute stroke is discussed below.

» How Low To Go?

Although observational studies indicate that the blood
pressure-risk relationship holds up at levels considerably
below 120 mm Hg, there is uncertainty about whether this is
true for treated blood pressure. This question was addressed
in a secondary analysis of data from the ONTARGET
and TRANSCEND studies in which participants with ele-
vated cardiovascular risk but no history of stroke were treated
with telmisartan (plus or minus ramipril) or placebo. The risk
of the composite cardiovascular endpoint was lowest at a
treated systolic blood pressure range between 120 mm Hg
and 140 mm Hg. Increased risk was observed at blood pres-
sures below and above this range. The risk of stroke was the
only exception, with incremental benefit observed below a
treated systolic of 120 mm Hg. With respect to diastolic
blood pressure on treatment, composite risk began to
increase at levels below 70 mm Hg. This suggests that the
blood pressure–cardiovascular risk relationship evident in
observational studies of untreated hypertension may not
hold in the case of treated blood pressure and that there are
grounds for a degree of caution in treating below a systolic
pressure of 120 mm Hg.

In seeking to simplify decision making in the treatment
of hypertension, some authors have suggested that a sys-
tolic blood pressure goal in the 120–130 mm Hg range
would be safe and effective in high-risk patients, and a
systolic blood pressure of around 130 mm Hg would be

reasonable in lower-risk patients, irrespective of diastolic
pressures. Diastolic blood pressure will track with systolic
blood pressure; the main concern about diastolic blood
pressure is that treatment will lower it too much in patients
who have wider pulse pressures. However, it seems that a
lower diastolic blood pressure as a consequence of treat-
ment does not negate the benefits of systolic blood pressure
control, even though wider pulse pressures at baseline are
associated with cardiovascular mortality.

» Treatment of Other Cardiovascular
Risk Factors

Data from multiple studies indicate that statins should be
part of the strategy to reduce overall cardiovascular risk.
The HOPE3 study of persons at intermediate cardiovascu-
lar risk showed that 10 mg of rosuvastatin reduced average
low-density lipoprotein (LDL) cholesterol from 130 mg/dL
to 90 mg/dL (3.36–2.33 mmol/L), and significantly reduced
the risk of multiple cardiovascular events, including myo-
cardial infarction and coronary revascularization. Low-
dose aspirin (81 mg/day) is likely to be beneficial in
patients older than age 50 with either target-organ damage
or elevated total cardiovascular risk (greater than 20–30%).
Care should be taken to ensure that blood pressure is con-
trolled to the recommended levels before starting aspirin to
minimize the risk of intracranial hemorrhage. Data do not
support the routine use of aspirin for prophylaxis in low-
risk patients, including those over 65 years of age.

Böhm M et al. Achieved blood pressure and cardiovascular
outcomes in high-risk patients: results from ONTARGET
and TRANSCEND trials. Lancet. 2017;389:2226. [PMID:
28390695]

Ruiz-Hurtado G et al. Has the SPRINT trial introduced a new
blood-pressure goal in hypertension? Nat Rev Cardiol.
2017;14:560. [PMID: 28492286]

Sheppard JP et al. Benefits and harms of antihypertensive treat-
ment in low-risk patients with mild hypertension. JAMA
Intern Med. 2018;178:1626. [PMID: 30383082]

Sobieraj P et al. Low on-treatment diastolic blood pressure and
cardiovascular outcome: a post-hoc analysis using NHLBI
SPRINT research materials. Sci Rep. 2019;9:13070. [PMID:
31506550]

Williams B et al. 2018 Practice guidelines for the management of
arterial hypertension of the European Society of Hyperten-
sion (ESH) and the European Society of Cardiology (ESC).
Blood Press. 2018;27:314. [PMID: 30380928]

DRUG THERAPY: CURRENT
ANTIHYPERTENSIVE AGENTS

There are many classes of antihypertensive drugs of which six
(ACE inhibitors, ARBs, renin inhibitors, calcium channel
blockers, diuretics, and beta-blockers) are suitable for initial
therapy based on efficacy and tolerability. The specific classes
of antihypertensive medications are discussed below, and
guidelines for the choice of initial medications are offered.

A. Angiotensin-Converting Enzyme Inhibitors

ACE inhibitors are commonly used as the initial medi-
cation in mild to moderate hypertension (Table 11–6).
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Table 11–6. Antihypertensive drugs: renin and ACE inhibitors and angiotensin II receptor blockers.

Dug

poiy

Nm

Iniil Ol

Dosg Dosg rng Cos  Uni

Cos of 30 Dys

of tmn

(avg

Dosg)1 advs effcs Commns

rnin Inibios

Aliskiren Tekturna 150 mg once daily 150–300 mg once daily $7.48/150 mg $224.41 Angioedema, hypotension,
hyperkalemia.

Contraindicated in
pregnancy.

Probably metabolized by CYP3A4.
Absorption is inhibited by high-
fat meal.

Aliskiren and HCTZ Tekturna HCT 150 mg/12.5 mg
once daily

150 mg/12.5 mg–300 mg/
25 mg once daily

$9.78/150 mg/
12.5 mg

$293.54

aCe Inibios

Benazepril Lotensin 10 mg once daily 5–40 mg in 1 or 2 doses $0.95/20 mg $28.50 Cough, hypotension,
dizziness, hyperkalemia,
kidney dysfunction,
angioedema; taste
alteration and rash
(may be more frequent
with captopril); rarely,
proteinuria, blood
dyscrasia.

Contraindicated in
pregnancy.

More fosinopril is excreted by the
liver in patients with kidney dys-
function (dose reduction may or
may not be necessary). Captopril
and lisinopril are active without
metabolism. Captopril, enalapril,
lisinopril, and quinapril are
approved for heart failure.

Benazepril and HCTZ Lotensin HCT 5 mg/6.25 mg once
daily

5 mg/6.25 mg–20 mg/
25 mg

$1.07/any dose $32.21

Benazepril and
amlodipine

Lotrel 10 mg/2.5 mg once
daily

10 mg/2.5 mg–40 mg/
10 mg

$3.32/20 mg/
10 mg

$99.60

Captopril Capoten 25 mg twice daily 50–450 mg in 2 or 3
doses

$0.65/25 mg $19.50

Captopril and HCTZ Capozide 25 mg/15 mg twice
daily

25 mg/15 mg–50 mg/
25 mg

$2.85/25 mg/
15 mg

$171.00

Enalapril Vasotec 5 mg once daily 5–40 mg in 1 or 2 doses $0.95/20 mg $28.50

Enalapril and HCTZ Vaseretic 5 mg/12.5 mg once
daily

5 mg/12.5 mg–10 mg/
25 mg

$1.19/10 mg/
25 mg

$35.70

Fosinopril Monopril 10 mg once daily 10–80 mg in 1 or 2 doses $0.29/20 mg $8.70

Fosinopril and HCTZ Monopril-HCT 10 mg/12.5 mg
once daily

10 mg/12.5 mg–20 mg/
12.5 mg

$1.48/any dose $44.40

Lisinopril Prinivil, Zestril 5–10 mg once daily 5–40 mg once daily $0.08/20 mg $2.45

Lisinopril and HCTZ Prinzide or
Zestoretic

10 mg/12.5 mg once
daily

10 mg/12.5 mg–20 mg/
12.5 mg

$0.14/20 mg/
12.5 mg

$4.20

Moexipril Univasc 7.5 mg once daily 7.5–30 mg in 1 or 2 doses $1.39/7.5 mg $41.70

Moexipril and HCTZ Uniretic 7.5 mg/12.5 mg
once daily

7.5 mg/12.5 mg–15 mg/
25 mg

$1.70/15 mg/
12.5 mg

$51.00
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Perindopril Aceon 4 mg once daily 4–16 mg in 1 or 2 doses $2.80/8 mg $84.00

Perindopril and
amlodipine

Prestalia 3.5 mg/2.5 mg once
daily

3.5 mg/2.5–14 mg/10 mg
once daily

$6.81/7 mg/5 mg $204.30

Quinapril Accupril 10 mg once daily 10–80 mg in 1 or 2 doses $1.22/20 mg $36.60

Quinapril and HCTZ Accuretic 10 mg/12.5 mg
once daily

10 mg/12.5 mg–20 mg/
25 mg

$1.22/20 mg/
12.5 mg

$36.60

Ramipril Altace 2.5 mg once daily 2.5–20 mg in 1 or 2 doses $1.80/5 mg $54.00

Trandolapril Mavik 1 mg once daily 1–8 mg once daily $1.21/4 mg $36.30

Trandolapril and
verapamil

Tarka 2 mg/180 mg ER
once daily

2 mg/180 mg ER–8
mg/480 mg ER

$5.29/any dose $158.70

angionsin II rco Blocks

Azilsartan Edarbi 40 mg once daily 40–80 mg once daily $8.80/80 mg $264.00 Hyperkalemia, kidney
dysfunction, rare
angioedema.
Combinations have
additional side effects.

Contraindicated in
pregnancy.

Losartan has a flat dose-response
curve. Valsartan and irbesartan
have wider dose-response ranges
and longer durations of action.
Addition of low-dose diuretic
(separately or as combination
pills) increases the response.

Azilsartan and
chlorthalidone

Edarbychlor 40 mg/12.5 mg
once daily

40 mg/12.5–40 mg/
25 mg once daily

$8.30/any dose $249.14

Candesartan cilexitil Atacand 16 mg once daily 8–32 mg once daily $3.06/16 mg $91.80

Candesartan cilexitil
and HCTZ

Atacand HCT 16 mg/12.5 mg
once daily

32 mg/12.5 mg once
daily

$4.72/16 mg/
12.5 mg

$141.60

Eprosartan Teveten 600 mg once daily 400–800 mg in 1–2
doses

$3.43/600 mg $102.90

Irbesartan Avapro 150 mg once daily 150–300 mg once daily $0.46/150 mg $13.80

Irbesartan and HCTZ Avalide 150 mg/12.5 mg
once daily

150–300 mg irbesartan
once daily

$0.67/150 mg/
12.5 mg

$20.10

Losartan and HCTZ Hyzaar 50 mg/12.5 mg
once daily

50 mg/12.5 mg–100 mg/
25 mg tablets once
daily

$2.47/50 mg/
12.5 mg/tablet

$74.10

Olmesartan Benicar 20 mg once daily 20–40 mg once daily $6.28/20 mg $188.40

Olmesartan and
HCTZ

Benicar HCT 20 mg/12.5 mg
once daily

20 mg/12.5 mg–40 mg/
25 mg once daily

$6.28/20 mg/
12.5 mg

$188.40

Olmesartan and
amlodipine

Azor 20 mg/5 mg once
daily

20 mg/5 mg–40 mg/
10 mg

$3.03/20 mg/5 mg $90.90

Olmesartan and
amlodipine and
HCTZ

Tribenzor 20 mg/5 mg/
12.5 mg once
daily

20 mg/5 mg/12.5 mg–
40 mg/10 mg/25 mg
once daily

$4.54/20 mg/
5 mg/12.5 mg

$136.20

Telmisartan Micardis 40 mg once daily 20–80 mg once daily $4.34/40 mg $130.20

(continued)
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Telmisartan and
HCTZ

Micardis HCT 40 mg/12.5 mg
once daily

40 mg/12.5 mg–80 mg/
25 mg once daily

$4.83/40 mg/
12.5 mg

$144.90

Telmisartan and
amlodipine

Twynsta 40 mg/5 mg once
daily

40 mg/5 mg–80 mg/
10 mg once daily

$5.20/any dose $156.00

Valsartan Diovan 80 mg once daily 80–320 mg once daily $2.09/160 mg $62.70

Valsartan and HCTZ Diovan HCT 80 mg/12.5 mg
once daily

80–320 mg valsartan
once daily

$4.27/160 mg/
12.5 mg

$128.10

Valsartan and
amlodipine

Exforge 160 mg/5 mg once
daily

160 mg/5 mg–320 mg/
10 mg once daily

$1.71/160 mg/
10 mg

$51.30

O Combinion poducs

Amlodipine and val-
sartan and HCTZ

Exforge HCT 5 mg/160 mg/
12.5 mg once
daily

10 mg/320 mg/25 mg up
to once daily

$5.70/160 mg
valsartan

$171.00

1Average wholesale price (AWP, for AB-rated generic when available) for quantity listed.

Source: IBM Micromedex Red Book (electronic version) IBM Watson Health. Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com, accessed March 27, 2021. AWP may not

accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.

ACE, angiotensin-converting enzyme; ER, extended release; HCTZ, hydrochlorothiazide.

Table 11–6. Antihypertensive drugs: renin and ACE inhibitors and angiotensin II receptor blockers.
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Their primary mode of action is inhibition of the RAAS, but
they also inhibit bradykinin degradation, stimulate the syn-
thesis of vasodilating prostaglandins, and can reduce sym-
pathetic nervous system activity. ACE inhibitors appear to
be more effective in younger White patients. They are rela-
tively less effective in Blacks and older persons and in pre-
dominantly systolic hypertension. Although as single therapy
they achieve adequate antihypertensive control in only about
40–50% of patients, the combination of an ACE inhibitor and a
diuretic or calcium channel blocker is potent.

ACE inhibitors are the agents of choice in persons with
type 1 diabetes with frank proteinuria or evidence of kidney
dysfunction because they delay the progression to end-stage
renal disease. Many authorities have expanded this indication
to include persons with type 1 and type 2 diabetes mellitus
with microalbuminuria who do not meet the usual criteria
for antihypertensive therapy. ACE inhibitors may also delay
the progression of nondiabetic kidney disease. The Heart
Outcomes Prevention Evaluation (HOPE) trial demonstrated
that the ACE inhibitor ramipril reduced the number of car-
diovascular deaths, nonfatal myocardial infarctions, and
nonfatal strokes and also reduced the incidence of new-onset
heart failure, kidney dysfunction, and new-onset diabetes in
a population of patients at high risk for vascular events.
Although this was not specifically a hypertensive population,
the benefits were associated with a modest reduction in
blood pressure, and the results inferentially support the use of
ACE inhibitors in similar hypertensive patients. ACE inhibi-
tors are a drug of choice (usually in conjunction with a
diuretic and a beta-blocker) in patients with heart failure with
reduced ejection fraction and are indicated also in asymp-
tomatic patients with reduced ejection fraction.

How to initiate therapy—A baseline metabolic panel
should be drawn prior to starting medications that inter-
fere with the RAAS, repeated 1–2 weeks after initiation of
therapy to evaluate changes in creatinine and potassium.
Minor dose adjustments of these medications rarely trigger
significant shifts in these values.

Side effects—An advantage of the ACE inhibitors is
their relative freedom from troublesome side effects
(Table 11–6). Severe hypotension can occur in patients
with bilateral renal artery stenosis; significant increases in
creatinine may ensue but are usually reversible with the
discontinuation of the ACE inhibitor. Hyperkalemia may
develop in patients with kidney disease and type IV renal
tubular acidosis (commonly seen in patients with diabetes)
and in older adults. A chronic dry cough is common, seen
in 10% of patients or more, and may require stopping the
drug. Skin rashes are observed with any ACE inhibitor.
Angioedema is an uncommon but potentially dangerous
side effect of all agents of this class because of their inhibi-
tion of kininase. Exposure of the fetus to ACE inhibitors
during the second and third trimesters of pregnancy has
been associated with a variety of defects due to hypoten-
sion and reduced renal blood flow.

B. Angiotensin II Receptor Blockers

ARBs can improve cardiovascular outcomes in patients with
hypertension as well as in patients with related conditions,
such as heart failure and type 2 diabetes with nephropathy.

ARBs have not been compared with ACE inhibitors in ran-
domized controlled trials in patients with hypertension, but
two trials comparing losartan with captopril in heart failure
and post–myocardial infarction left ventricular dysfunction
showed trends toward worse outcomes in the losartan group.
By contrast, valsartan seems as effective as ACE inhibitors in
these settings. Within group heterogeneity of antihyperten-
sive potency and duration of action might explain such
observations. The Losartan Intervention for Endpoints
(LIFE) trial in nearly 9000 hypertensive patients with elec-
trocardiographic evidence of left ventricular hypertrophy—
comparing losartan with the beta-blocker atenolol as initial
therapy—demonstrated a significant reduction in stroke
with losartan. Of note is that in diabetic patients, death and
myocardial infarction were also reduced, and there was a
lower occurrence of new-onset diabetes. In a subgroup
analysis from the LIFE trial, atenolol appeared to be superior
to losartan in Blacks, while the opposite was the case in non-
Blacks. A similar lack of efficacy of lisinopril compared to
diuretics and calcium channel blockers was observed in
Blacks in the Antihypertensive and Lipid-Lowering Treat-
ment to Prevent Heart Attach Trial (ALLHAT), suggesting
that ACE inhibitors and ARBs may not be the preferred
agents in Black patients. In the treatment of hypertension,
combination therapy with an ACE inhibitor and an ARB is
not advised because it generally offers no advantage over
monotherapy at maximum dose with addition of a comple-
mentary class where necessary.

Side effects—Unlike ACE inhibitors, the ARBs rarely cause
cough and are less likely to be associated with skin rashes or
angioedema (Table 11–6). However, as seen with ACE
inhibitors, hyperkalemia can be a problem, and patients
with bilateral renal artery stenosis may exhibit hypotension
and worsened kidney function. Olmesartan has been linked
to a sprue-like syndrome, presenting with abdominal pain,
weight loss, and nausea, which subsides upon drug discon-
tinuation. There is evidence from an observational study
suggesting that ARBs and ACE inhibitors are less likely to
be associated with depression than calcium channel block-
ers and beta-blockers.

C. Renin Inhibitors

Since renin cleavage of angiotensinogen is the rate-limiting
step in the renin-angiotensin cascade, the most efficient inac-
tivation of this system would be expected with renin inhibi-
tion. Conventional ACE inhibitors and ARBs probably offer
incomplete blockade, even in combination. Aliskiren, a renin
inhibitor, binds the proteolytic site of renin, thereby prevent-
ing cleavage of angiotensinogen. Aliskiren effectively lowers
blood pressure, reduces albuminuria, and limits left ventricu-
lar hypertrophy, but it has yet to be established as a first-line
drug based on outcomes data. The combination of aliskiren
with ACE inhibitors or ARBs in persons with type 2 diabetes
mellitus offers no advantage and might even increase the risk
of adverse cardiac or renal consequences.

D. Calcium Channel Blocking Agents

These agents act by causing peripheral vasodilation but
with less reflex tachycardia and fluid retention than other
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vasodilators. They are effective as single-drug therapy in
approximately 60% of patients in all demographic groups
and all grades of hypertension (Table 11–7). For these rea-
sons, they may be preferable to beta-blockers and ACE
inhibitors in Blacks and older persons. Verapamil and dil-
tiazem should be combined cautiously with beta-blockers
because of their potential for depressing atrioventricular
(AV) conduction and sinus node automaticity as well as
contractility.

Calcium channel blockers are equivalent to ACE inhibi-
tors and thiazide diuretics in prevention of coronary heart
disease, major cardiovascular events, cardiovascular death,
and total mortality. A protective effect against stroke with
calcium channel blockers is well established, and in two
trials (ALLHAT and the Systolic Hypertension in Europe
trial), these agents appeared to be more effective than
diuretic-based therapy.

Side effects—The most common side effects of calcium
channel blockers are headache, peripheral edema, brady-
cardia, and constipation (especially with verapamil in
older adults) (Table 11–7). The dihydropyridine agents—
nifedipine, nicardipine, isradipine, felodipine, nisoldipine,
and amlodipine—are more likely to produce symptoms of
vasodilation, such as headache, flushing, palpitations, and
peripheral edema. Edema is minimized by coadministra-
tion of an ACE inhibitor or ARB. Calcium channel block-
ers have negative inotropic effects and should be used
cautiously in patients with cardiac dysfunction. Amlodip-
ine is the only calcium channel blocker with established
safety in patients with severe heart failure.

E. Diuretics

Thiazide diuretics (Table 11–8) are the antihypertensives
that have been most extensively studied and most consis-
tently effective in clinical trials. They lower blood pressure
initially by decreasing plasma volume, but during long-term
therapy, their major hemodynamic effect is reduction of
peripheral vascular resistance. Most of the antihypertensive
effect of these agents is achieved at lower dosages (typically,
12.5 mg of hydrochlorothiazide or equivalent), but their
biochemical and metabolic effects are dose related. Chlortha-
lidone has the advantage of better 24-hour blood pressure
control than hydrochlorothiazide in clinical trials. Thiazides
may be used at higher doses if plasma potassium is above
4.5 mmol/L. The loop diuretics (such as furosemide) may
lead to electrolyte and volume depletion more readily than
the thiazides and have short durations of action. Because of
these adverse effects, loop diuretics should be reserved for
use in patients with kidney dysfunction (serum creatinine
greater than 2.5 mg/dL [208.3 mcmol/L]; estimated glo-
merular filtration rate [eGFR] less than 30 mL/min/1.73 m2)
in which case they are more effective than thiazides. Relative
to beta-blockers and ACE inhibitors, diuretics are more
potent in Blacks, older individuals, the obese, and other
subgroups with increased plasma volume or low plasma
renin activity (or both). They are relatively more effective in
smokers than in nonsmokers. Long-term thiazide adminis-
tration also mitigates the loss of bone mineral content in
older women at risk for osteoporosis.

Overall, diuretics administered alone control blood
pressure in 50% of patients with mild to moderate hyper-
tension and can be used effectively in combination with all
other agents. They are also useful for lowering isolated or
predominantly systolic hypertension.

Side effects—The adverse effects of diuretics relate primar-
ily to the metabolic changes listed in Table 11–8. Erectile
dysfunction, skin rashes, and photosensitivity are less fre-
quent. Hypokalemia has been a concern but is uncommon
at the recommended dosages. The risk can be minimized
by limiting dietary salt or increasing dietary potassium;
potassium replacement is not usually required to maintain
serum K+ at greater than 3.5 mmol/L. Higher serum K+
levels are prudent in patients at special risk from intracel-
lular potassium depletion, such as those taking digoxin or
with a history of ventricular arrhythmias in which case a
potassium-sparing agent could be used. Compared with
ACE inhibitors and ARBs, diuretic therapy is associated
with a slightly higher incidence of mild new-onset diabe-
tes. Diuretics also increase serum uric acid and may pre-
cipitate gout. Increases in blood glucose, triglycerides, and
LDL cholesterol may occur but are relatively minor during
long-term low-dose therapy. The potential for worsening
of diabetes is outweighed by the advantages of blood pres-
sure control, and diuretics should not be withheld from
diabetic patients.

F. Aldosterone Receptor Antagonists

Spironolactone and eplerenone are natriuretic in sodium-
retaining states, such as heart failure and cirrhosis, but only
very weakly so in hypertension. These drugs have reemerged
in the treatment of hypertension, particularly in resistant
patients and are helpful additions to most other antihyper-
tensive medications. Consistent with the increasingly
appreciated importance of aldosterone in essential hyper-
tension, the aldosterone receptor blockers are effective at
lowering blood pressure in all hypertensive patients regard-
less of renin level and are also effective in Blacks. Aldoste-
rone plays a central role in target-organ damage, including
the development of ventricular and vascular hypertrophy
and renal fibrosis. Aldosterone receptor antagonists amelio-
rate these consequences of hypertension, to some extent
independently of effects on blood pressure.

Side effects—Spironolactone can cause breast pain and gyne-
comastia in men through activity at the progesterone receptor,
an effect not seen with the more specific eplerenone. Hyper-
kalemia is a problem with both drugs, chiefly in patients with
chronic kidney disease. Hyperkalemia is more likely if the
pretreatment plasma potassium exceeds 4.5 mmol/L.

G. Beta-Adrenergic Blocking Agents

These drugs are effective in hypertension because they
decrease the heart rate and cardiac output. The beta-blockers
also decrease renin release and are more efficacious in
populations with elevated plasma renin activity, such as
younger White patients. They neutralize the reflex tachycar-
dia caused by vasodilators and are especially useful
in patients with associated conditions that benefit
f rom the cardioprotective effects of these agents.
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Table 11–7. Antihypertensive drugs: calcium channel blocking agents.

Dug

poiy

Nm

Iniil Ol

Dosg Dosg rng

Cos of 30 Dys of

tmn

(avg Dosg)1

Scil pois

Conciliy advs effcs Commns

pil

Vsodilion

Cdic

auomiciy

nd Conducion

Nondiydoyidin agns

Diltiazem Cardizem SR 90 mg twice daily 180–360 mg in 2
doses

$283.20 (120 mg
twice daily)

++ ↓↓  ↓↓ Edema, headache,
bradycardia,
bloating and
constipation,
dizziness, AV block,
heart failure, urinary
frequency.

Also approved for
angina.

Cardizem CD 180 mg ER once
daily

180–360 mg ER
once daily

$46.80 (240 mg
once daily)

Cartia XT 180 or 240 mg ER
once daily

180–480 mg ER
once daily

$46.80 (240 mg
once daily)

Dilacor XR 180 or 240 mg ER
once daily

180–540 mg ER
once daily

$39.00 (240 mg
once daily)

Dilt-CD 180 or 240 mg ER
once daily

180–480 mg ER
once daily

$46.80 (240 mg
once daily)

Diltia XT 180 or 240 mg ER
once daily

180–540 mg ER
once daily

$46.80 (240 mg
once daily)

Taztia XT 120 or 180 mg ER
once daily

120–540 mg ER
once daily

$53.40 (240 mg
once daily)

Tiazac 120 or 240 mg ER
once daily

120–540 mg ER
once daily

$53.40 (240 mg
once daily)

Verapamil Calan 80 mg three times
daily

80–480 mg in 3
divided doses

$35.10 (80 mg
three times
daily)

++ ↓↓↓  ↓↓↓ Same as diltiazem but
more likely to cause
constipation and
heart failure.

Also approved for
angina and
arrhythmias.

Calan SR 180 mg ER once
daily

180–480 mg ER in
1 or 2 doses

$36.60 (240 mg
once daily)

Verelan 120 or 240 mg ER
once daily

240–480 mg ER
once daily

$68.70 (240 mg
once daily)

Verelan PM 100 or 200 mg ER
once daily

100–400 mg ER
once daily

$75.90 (200 mg
once daily)

(continued)

C
M

D
T

2
2

_
C

h
1

1
_

p
0

4
4

3
-p

0
4

7
4

.in
d

d
 

4
5

7
2

9
/0

6
/2

1
 

8
:3

7
 P

M



C
h

a
p

t
e

r
 1

1
4

5
8

C
M

D
T

 2
0

2
2

Table 11–7. Antihypertensive drugs: calcium channel blocking agents.

Dug

poiy

Nm

Iniil Ol

Dosg Dosg rng

Cos of 30 Dys of

tmn

(avg Dosg)1

Scil pois

Conciliy advs effcs Commns

pil

Vsodilion

Cdic

auomiciy

nd Conducion

Diydoyidins

Amlodipine Norvasc 2.5 mg once daily 2.5–10 mg once
daily

$3.00 (10 mg once
daily)

+++ ↓/0 ↓/0 Edema, dizziness,
palpitations, flushing,
headache, hypoten-
sion, tachycardia,
bloating and consti-
pation, urinary
frequency.

Amlodipine, nicar-
dipine, and nife-
dipine also
approved for
angina.

Amlodipine and
atorvastatin

Caduet 2.5 mg/10 mg once
daily

10 mg/80 mg once
daily

$281.10 (10 mg/
40 mg daily)

+++ ↓/0 ↓/0 Edema (amlodipine),
myopathy and hepa-
totoxicity
(atorvastatin).

Felodipine Plendil 5 mg ER once daily 5–10 mg ER once
daily

$81.60 (10 mg ER
daily)

+++ ↓/0 ↓/0

Isradipine DynaCirc 2.5 mg twice daily 2.5–5 mg twice
daily

$120.00 (5 mg twice
daily)

+++ ↓/0 ↓

Nicardipine Cardene 20 mg three times
daily

20–40 mg three
times daily

$52.20 (20 mg three
times daily)

+++ ↓/0 ↓

Nifedipine Adalat CC 30 mg ER once daily 30–90 mg ER once
daily

$67.50/60 mg daily +++ ↓  ↓↓

Procardia XL 30 or 60 mg ER
once daily

30–120 mg ER once
daily

$60.30/60 mg daily

Nisoldipine Sular 17 mg daily 17–34 mg daily $251.70 (34 mg
once daily)

+++ ↓/0 ↓

1Average wholesale price (AWP, for AB-rated generic when available) for quantity listed.

Source: IBM Micromedex Red Book (electronic version) IBM Watson Health. Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com, accessed March 27, 2021. AWP may not

accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.

AV, atrioventricular; ER, extended release; GI, gastrointestinal.
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Table 11–8. Antihypertensive drugs: diuretics (in descending order of preference).

Dugs

poiy

Nms

Iniil Ol

Doss Dosg rng Cos  Uni

Cos of

30 Dys of

tmn1

(avg

Dosg) advs effcs Commns

tizids nd rld Diuics

Hydrochloro-
thiazide
(HCTZ)

Esidrix,
Microzide

12.5 or 25 mg
once daily

12.5–50 mg once
daily

$0.08/25 mg $2.40 ↓K+, ↓Mg2+, ↑Ca2+, ↓Na+, ↑uric acid,
↑glucose, ↑LDL cholesterol, ↑triglycerides;
rash, erectile dysfunction.

Low dosages effective in many patients with-
out associated metabolic abnormalities

Chlorthalidone Thalitone 12.5 or 25 mg
once daily

12.5–50 mg once
daily

$1.21/25 mg $36.30  Better 24-hour blood pressure control than
HCTZ because of longer half-life

Metolazone Zaroxolyn 1.25 or 2.5 mg
once daily

1.25–5 mg once
daily

$1.51/5 mg $45.30  More effective with concurrent kidney disease

Indapamide Lozol 2.5 mg once
daily

2.5–5 mg once
daily

$0.83/2.5 mg $24.90  Does not alter serum lipid levels

Bendroflume-
thiazide

Aprinox
Neo-Naclex

2.5 mg once
daily

— — —  Not available in United States

Loo Diuics

Furosemide Lasix 20 mg twice
daily

40–320 mg in 2
or 3 doses

$0.16/40 mg $9.60 Same as thiazides, but with higher risk of
excessive diuresis and electrolyte
imbalance. Increases calcium excretion.

Short duration of action a disadvantage;
should be reserved for patients with kidney
disease or fluid retention. Poor
antihypertensive.

Ethacrynic acid Edecrin 50 mg once
daily

50–100 mg once
or twice daily

$23.95/25 mg $1437.00

Bumetanide (generic) 0.25 mg twice
daily

0.5–10 mg in 2 or
3 doses

$0.54/1 mg $32.40

Torsemide Demadex 5 mg once
daily

5–10 mg once
daily

$0.70/10 mg $21.00  Effective blood pressure medication at low
dosage.

(continued)

C
M

D
T

2
2

_
C

h
1

1
_

p
0

4
4

3
-p

0
4

7
4

.in
d

d
 

4
5

9
2

9
/0

6
/2

1
 

8
:3

7
 P

M



C
h

a
p

t
e

r
 1

1
4

6
0

C
M

D
T

 2
0

2
2

Table 11–8. Antihypertensive drugs: diuretics (in descending order of preference).

Dugs

poiy

Nms

Iniil Ol

Doss Dosg rng Cos  Uni

Cos of

30 Dys of

tmn1

(avg

Dosg) advs effcs Commns

aldoson rco Blocks

Spironolactone Aldactone 12.5 or 25 mg
once daily

12.5–100 mg
once daily

$0.19/25 mg $5.70 Hyperkalemia, metabolic acidosis,
gynecomastia.

Can be useful add-on therapy in patients with
refractory hypertension.

Amiloride (generic) 5 mg once
daily

5–10 mg once
daily

$1.25/5 mg $37.50

Eplerenone Inspra 25 mg once
daily

25–100 mg once
daily

$4.10/25 mg $123.00

Combinion poducs

HCTZ and
triamterene

Dyazide,
Maxzide-25
(25/37.5 mg)

1 tab once
daily

1 or 2 tabs once
daily

$0.27 $8.10 Same as thiazides plus GI disturbances,
hyperkalemia rather than hypokalemia,
headache; triamterene can cause kidney
stones and kidney dysfunction; spirono-
lactone causes gynecomastia. Hyperkale-
mia can occur if this combination is used
in patients with advanced kidney disease
or those taking ACE inhibitors.

Use should be limited to patients with
demonstrable need for a potassium-
sparing agent.

HCTZ and
amiloride

(generic)
(50/5 mg)

½ tab once
daily

1 or 2 tabs once
daily

$1.16 $34.80

HCTZ and
spironolac-
tone

Aldactazide
(25/25 mg;
50/50 mg)

1 tab
(25/25 mg)
once daily

1–4 tabs once
daily

$1.24/
(25/25 mg)

$37.20

1Average wholesale price (AWP, for AB-rated generic when available) for quantity listed.

Source: IBM Micromedex Red Book (electronic version) IBM Watson Health. Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com, accessed March 27, 2021. AWP may not

accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.

ACE, angiotensin-converting enzyme; GI, gastrointestinal; LDL, low-density lipoprotein.
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These include individuals with angina pectoris, previous myo-
cardial infarction, and stable heart failure as well as those with
migraine headaches and somatic manifestations of anxiety.

Although all beta-blockers appear to be similar in anti-
hypertensive potency, they differ in a number of pharma-
cologic properties (these differences are summarized in
Table 11–9), including specificity to the cardiac beta-
1-receptors (cardioselectivity) and whether they also
block the beta-2-receptors in the bronchi and vasculature;
at higher dosages, however, all agents are nonselective. The
beta-blockers also differ in their pharmacokinetics, lipid
solubility—which determines whether they cross the blood-
brain barrier predisposing to central nervous system side
effects—and route of metabolism. Metoprolol reduces mor-
tality and morbidity in patients with chronic stable heart
failure with reduced ejection fraction (see Chapter 10).
Carvedilol and nebivolol maintain cardiac output and are
beneficial in patients with left ventricular systolic dysfunc-
tion. Carvedilol and nebivolol may reduce peripheral vas-
cular resistance by concomitant alpha-blockade (carvedilol)
and increased nitric oxide release (nebivolol). Because of
the lack of efficacy in primary prevention of myocardial
infarction and inferiority compared with other drugs in
prevention of stroke and left ventricular hypertrophy, tra-
ditional beta-blockers should not be used as first-line
agents in the treatment of hypertension without specific
compelling indications (such as active coronary artery
disease). Vasodilating beta-blockers may emerge as alter-
native first-line antihypertensives, but this possibility has
yet to be rigorously tested in outcome studies.

Side effects—The side effects of beta-blockers include
inducing or exacerbating bronchospasm in predisposed
patients; sinus node dysfunction and AV conduction depres-
sion (resulting in bradycardia or AV block); nasal conges-
tion; Raynaud phenomenon; and central nervous system
symptoms with nightmares, excitement, depression, and
confusion. Fatigue, lethargy, and erectile dysfunction may
occur. The traditional beta-blockers (but not the vasodilator
beta-blockers carvedilol and nebivolol) have an adverse
effect on lipids and glucose metabolism. Beta-blockers are
used cautiously in patients with type 1 diabetes, since they
can mask the symptoms of hypoglycemia and prolong these
episodes by inhibiting gluconeogenesis. These drugs should
also be used with caution in patients with advanced periph-
eral vascular disease associated with rest pain or nonhealing
ulcers, but they are generally well tolerated in patients with
mild claudication. Nebivolol can be safely used in patients
with stage II claudication (claudication at 200 m).

In treatment of pheochromocytoma, beta-blockers should
not be administered until alpha-blockade (eg, phentolamine)
has been established. Otherwise, blockade of vasodilatory
beta-2-adrenergic receptors will allow unopposed vasocon-
strictor alpha-adrenergic receptor activation with worsening
of hypertension. For the same reason, beta-blockers should
not be used to treat hypertension arising from cocaine use.

Great care should be exercised if the decision is made,
in the absence of compelling indications, to remove beta-
blockers from the treatment regimen because abrupt with-
drawal can precipitate acute coronary events and severe
increases in blood pressure.

H. Alpha-Adrenoceptor Antagonists

Prazosin, terazosin, and doxazosin (Table 11–10) block
postsynaptic alpha-receptors, relax smooth muscle, and
reduce blood pressure by lowering peripheral vascular
resistance. These agents are effective as single-drug therapy
in some individuals, but tachyphylaxis may appear during
long-term therapy. Unlike beta-blockers and diuretics,
alpha-blockers have no adverse effect on serum lipid levels.
In fact, alpha-blockers increase HDL cholesterol while
reducing total cholesterol; whether this is beneficial in the
long term has not been established.

Side effects—Side effects are relatively common
(Table 11–10). These include marked hypotension after
the first dose which, therefore, should be small and given at
bedtime. Post-dosing palpitations, headache, and nervous-
ness may continue to occur during long-term therapy;
these symptoms may be less frequent or severe with doxa-
zosin because of its more gradual onset of action. In ALL-
HAT, persons receiving doxazosin as initial therapy had a
significant increase in heart failure hospitalizations and a
higher incidence of stroke relative to those receiving diuret-
ics, prompting discontinuation of this arm of the study. Cata-
ractectomy in patients exposed to alpha-blockers can be
complicated by the floppy iris syndrome, even after discon-
tinuation of the drug, so the ophthalmologist should be
alerted that the patient has been taking the drug prior to
surgery.

To summarize, alpha-blockers should generally not be
used as initial agents to treat hypertension—except perhaps
in men with symptomatic prostatism or nightmares linked
to posttraumatic stress disorder.

I. Drugs With Central Sympatholytic Action

Methyldopa, clonidine, guanabenz, and guanfacine
(Table 11–10) lower blood pressure by stimulating alpha-
adrenergic receptors in the central nervous system, thus
reducing efferent peripheral sympathetic outflow. There is
considerable experience with methyldopa in pregnant
women, and it is still used for this population. Clonidine is
available in patches, which may have particular value in
noncompliant patients. All of these central sympatholytic
agents are effective as single therapy in some patients, but
they are usually used as second- or third-line agents
because of the high frequency of drug intolerance.

Side effects—Side effects include sedation, fatigue, dry
mouth, postural hypotension, and erectile dysfunction. An
important concern is rebound hypertension following
withdrawal. Methyldopa also causes hepatitis and hemo-
lytic anemia and should be restricted to individuals who
have already tolerated long-term therapy.

J. Peripheral Sympathetic Inhibitors

These agents are usually used only in refractory hypertension.
Reserpine remains a cost-effective antihypertensive agent
(Table 11–10). Its reputation for inducing mental depres-
sion and its other side effects—sedation, nasal stuffiness,
sleep disturbances, and peptic ulcers—has made it unpop-
ular, though these problems are uncommon at low dosages.
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Table 11–9. Antihypertensive drugs: beta-adrenergic blocking agents.
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Acebutolol Sectral 400 mg once
daily

200–1200 mg in
1 or 2 doses

$1.34/400 mg $40.20 + + + + H > R Positive ANA; rare LE
syndrome; also indicated
for arrhythmias. Doses
> 800 mg have beta-1
and beta-2 effects.

Atenolol Tenormin 25 mg once
daily

25–100 mg once
daily

$0.79/50 mg $23.70 + 0 0 0 R Also indicated for angina
and post-MI. Doses
> 100 mg have beta-1
and beta-2 effects.

Atenolol/
chlorthalidone

Tenoretic 50 mg/25 mg
once daily

50 mg/25 mg–
100 mg/25 mg
once daily

$1.88/50 mg/
25 mg

$56.40 + 0 0 0 R

Betaxolol Kerlone 10 mg once
daily

10–40 mg once
daily

$0.78/10 mg $23.40 + 0 0 + H > R

Bisoprolol Zebeta 5 mg once
daily

5–20 mg once
daily

$1.22/10 mg $36.60 + 0 0 0 R = H Also effective for heart
failure.

Bisoprolol
and HCTZ

Ziac 2.5 mg/
6.25 mg
once daily

2.5 mg/6.25 mg–
10 mg/6.25
mg once daily

$1.14/2.5/
6.25 mg

$34.20 + 0 0 0 R = H Low-dose combination
approved for initial
therapy.

Carvedilol Coreg
Coreg CR

6.25 mg twice
daily

20 mg ER
once daily

12.5–50 mg in 2
doses

20–80 mg ER
once daily

$0.09/25 mg
$9.91/any

tablet

$5.40 (25 mg
twice a day)

$297.30

0 0 0 +++ H > R Alpha:beta blocking activity
1:9; may cause ortho-
static symptoms; effec-
tive for heart failure.
Nitric oxide potentiating
vasodilatory activity.

Labetalol Trandate 100 mg twice
daily

200–2400 mg in
2 doses

$0.39/200 mg $23.40 0 0/+ 0 ++ H Alpha:beta blocking activity
1:3; more orthostatic
hypotension, fever,
hepatotoxicity.
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Metoprolol Lopressor
Toprol-XL (SR

prepara-
tion)

50 mg twice
daily

25 mg once
daily

50–200 mg twice
daily

25–400 mg once
daily

$0.03/50 mg
$1.50/100 mg

$1.80
$45.00

+ 0 + +++ H Also indicated for angina
and post-MI. Approved
for heart failure. Doses >
100 mg have beta-1 and
beta-2 effects.

Metoprolol and
HCTZ

Lopressor
HCT

50 mg/
12.5 mg
twice daily

50 mg/25 mg–
200 mg/50 mg

$1.77/100 mg/
25 mg

$106.20 + 0 + +++ H

Nadolol Corgard 20 mg once
daily

20–320 mg once
daily

$3.96/40 mg $118.80 0 0 0 0 R

Nadolol and
bendroflumeth-
azide

Corzide 40 mg/5 mg
once daily

40 mg/5 mg–
80 mg/5 mg
once daily

6.14/80 mg/
5 mg

$184.20

Nebivolol Bystolic 5 mg once
daily

40 mg once daily $6.32/5 mg $189.60 + 0 0 ++ H Nitric oxide potentiating
vasodilatory activity.

Pindolol Visken 5 mg twice
daily

10–60 mg in 2
doses

$1.10/5 mg $66.00 0 ++ + + H > R In adults, 35% renal
clearance.

Propranolol Inderal

Inderal LA

InnoPran XL

20 mg twice
daily

80 mg ER once
daily

80 mg ER once
nightly

40–640 mg in 2
doses

120–640 mg ER
once daily

80–120 mg ER
once nightly

$0.41/40 mg

$2.98/120 mg

$30.20/
120 mg

$24.60

$89.40

$906.00

0 0 ++ +++ H Also indicated for angina
and post-MI.

Propranolol and
HCTZ

(generic) 40 mg/25 mg
twice daily

80 mg/25 mg
twice daily

$1.41/80 mg/
25 mg

$84.60 0 0 ++ +++ H

Timolol (generic) 5 mg twice
daily

10–60 mg in 2
doses

$1.70/10 mg $102.00 0 0 0 ++ H > R Also indicated for post-MI;
80% hepatic clearance.

1Average wholesale price (AWP, for AB-rated generic when available) for quantity listed.

Source: IBM Micromedex Red Book (electronic version) IBM Watson Health. Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com, accessed March 27, 2021. AWP may not

accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.
2Agents with beta-1 selectivity are less likely to precipitate bronchospasm and decrease peripheral blood flow in low doses, but selectivity is only relative.
3Agents with ISA cause less resting bradycardia and lipid changes.
4MSA generally occurs at concentrations greater than those necessary for beta-adrenergic blockade. The clinical importance of MSA by beta-blockers has not been defined.
5Adverse effects of all beta-blockers: bronchospasm, fatigue, sleep disturbance and nightmares, bradycardia and atrioventricular block, worsening of heart failure, cold extremities, gastrointestinal

disturbances, erectile dysfunction, ↑ triglycerides, ↓ high-density lipoprotein cholesterol, rare blood dyscrasias.

ANA, antinuclear antibody; ER, extended release; HCTZ, hydrochlorothiazide; ISA, intrinsic sympathomimetic activity; LE, lupus erythematosus; MI, myocardial infarction; MSA, membrane-stabilizing

activity; SR, sustained release; 0, no effect; +, some effect; ++, moderate effect; +++, most effect.
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Table 11–10. Alpha-adrenoceptor blocking agents, sympatholytics, and vasodilators.

Dug poiy Nms Iniil Dosg Dosg rng Cos  Uni

Cos of 30 Dys

of tmn

(avg Dosg)1 advs effcs Commns

al-adnoco Blocks

Doxazosin Cardura

Cardura XL

1 mg at bedtime

4 mg ER once daily

1–16 mg once daily

4–8 mg ER once daily

$0.29/4 mg

$7.07/4 mg ER

$8.70 (4 mg once
daily)

$212.10 (4 mg ER
once daily)

Syncope with first dose;
postural hypotension,
dizziness, palpitations,
headache, weakness,
drowsiness, sexual dys-
function, anticholinergic
effects, urinary inconti-
nence; first-dose effects
may be less with
doxazosin.

May ↑ HDL and ↓ LDL cholesterol.
May provide short-term relief of
obstructive prostatic symptoms.
Less effective in preventing car-
diovascular events than
diuretics.

Prazosin Minipress 1 mg at bedtime 2–20 mg in 2 or 3
doses

$0.95/5 mg $57.00 (5 mg twice
daily)

Terazosin Hytrin 1 mg at bedtime 1–20 mg in 1 or 2
doses

$1.60/1, 2, 5,
10 mg

$48.00 (5 mg once
daily)

Cnl Symolyics

Clonidine Catapres

Catapres TTS
(transdermal patch)

0.1 mg twice daily

0.1 mg/day patch
weekly

0.2–0.6 mg in 2 doses

0.1–0.3 mg/day patch
weekly

$0.21/0.1 mg

$55.77/0.2 mg
patch

$12.60 (0.1 mg twice
daily)

$223.08 (0.2 mg
weekly)

Sedation, dry mouth, sex-
ual dysfunction, head-
ache, bradyarrhythmias;
side effects may be less
with guanfacine. Contact
dermatitis with clonidine
patch.

“Rebound” hypertension may
occur even after gradual
withdrawal.

Clonidine and
chlorthalidone

Clorpres 0.1 mg/15 mg one
to three times
daily

0.1 mg/15 mg–
0.3 mg/15 mg

$2.77/0.1 mg/
15 mg

$166.20/0.1 mg/
15 mg twice daily

Guanfacine Tenex 1 mg once daily 1–3 mg once daily $0.87/1 mg $26.10 (1 mg once
daily)

Methyldopa Aldochlor 250 mg twice daily 500–2000 mg in 2
doses

$0.66/500 mg $39.60 (500 mg twice
daily)

Hepatitis, hemolytic ane-
mia, fever.

Avoid in favor of safer agents.
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Reserpine (generic) 0.05 mg once daily 0.05–0.25 mg once
daily

$1.19/0.1 mg $35.70 (0.1 mg once
daily)

Depression (less likely at low
dosages, ie, < 0.25 mg),
night terrors, nasal stuffi-
ness, drowsiness, peptic
disease, GI disturbances,
bradycardia.

Dic Vsodilos

Hydralazine Apresoline 25 mg twice daily 50–300 mg in 2–4
doses

$0.15/25 mg $9.00 (25 mg twice
daily)

GI disturbances, tachycar-
dia, headache, nasal
congestion, rash, LE-like
syndrome.

May worsen or precipitate angina.

Minoxidil (generic) 5 mg once daily 10–40 mg once daily $1.28/10 mg $38.40 (10 mg once
daily)

Tachycardia, fluid retention,
headache, hirsutism,
pericardial effusion,
thrombocytopenia.

Should be used in combination
with beta-blocker and diuretic.

1Average wholesale price (AWP, for AB-rated generic when available) for quantity listed.

Source: IBM Micromedex Red Book (electronic version) IBM Watson Health. Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com, accessed March 27, 2021. AWP may not

accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.

ER, extended release; GI, gastrointestinal; LE, lupus erythematosus.
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Guanethidine and guanadrel inhibit catecholamine release
from peripheral neurons but frequently cause orthostatic
hypotension (especially in the morning or after exercise),
diarrhea, and fluid retention.

K. Arteriolar Dilators

Hydralazine and minoxidil (Table 11–10) relax vascular
smooth muscle and produce peripheral vasodilation.
When given alone, they stimulate reflex tachycardia;
increase myocardial contractility; and cause headache,
palpitations, and fluid retention. To counteract these
effects, the agents are usually given in combination with
diuretics and beta-blockers in resistant patients. Hydrala-
zine produces frequent gastrointestinal disturbances and
may induce a lupus-like syndrome. Minoxidil causes hir-
sutism and marked fluid retention; this very potent agent is
reserved for the most refractory of cases.

» Antihypertensive Medications &
the Risk of Cancer

A number of observational studies have examined the
association between long-term exposure to antihyperten-
sive medications and cancer. Weak associations have been
suggested by some of these studies, but results have been
very mixed. In the absence of large-scale prospective
studies with cancer as a prespecified outcome measure,
the effect of antihypertensive drugs on the risk of cancer
remains uncertain. By contrast, the beneficial effect of
these drugs on cardiovascular outcomes has been clearly
established. Concern about increased risk of cancer
should not be minimized, but at present there are no
compelling data to prompt a change in prescribing
patterns.

Hicks BM et al. Angiotensin converting enzyme inhibitors and
risk of lung cancer: population based cohort study. BMJ.
2018;363:k4209. [PMID: 30355745]

Su KA et al. Photosensitizing antihypertensive drug use and risk
of cutaneous squamous cell carcinoma. Br J Dermatol.
2018;179:1088. [PMID: 29723931]

Wright CM et al. Calcium channel blockers and breast cancer
incidence: an updated systematic review and meta-analysis
of the evidence. Cancer Epidemiol. 2017;50:113. [PMID:
28866282]

» Procedures That Modulate the Activity of
the Autonomic Nervous System

Before the advent of antihypertensive medications, lumbar
sympathectomy was used to lower blood pressure. In a
more specific and less invasive approach, the renal sympa-
thetic nerves can be ablated using radiofrequency energy
applied to the luminal surface of the renal arteries. How-
ever, the Symplicity HTN-3 study of renal sympathetic
denervation did not show any difference in blood pressure
reduction compared to a sham procedure group. Subse-
quently, the SPYRAL HTN-OFF MED study, using a more
intensive and closely controlled ablation strategy, demon-
strated clinically meaningful blood pressure reductions
compared to the sham control group. Although not yet

accepted in general clinical practice, it seems probable that
renal sympathetic nerve ablation will emerge as an alterna-
tive or adjunctive modality in the treatment of hyperten-
sion and may become useful in the management of
resistant hypertension and drug intolerance.

Böhm M et al; SPYRAL HTN-OFF MED Pivotal Investigators.
Efficacy of catheter-based renal denervation in the absence of
antihypertensive medications (SPYRAL HTN-OFF MED
Pivotal): a multicentre, randomised, sham-controlled trial.
Lancet. 2020;395:1444. [PMID: 32234534]

Hermida RC et al; Hygia Project Investigators. Bedtime hyper-
tension treatment improves cardiovascular risk reduction: the
Hygia Chronotherapy Trial. Eur Heart J. 2020;41:
4565. [PMID: 31641769]

» Developing an Antihypertensive Regimen

Historically, data from large placebo-controlled trials sup-
ported the overall conclusion that antihypertensive therapy
with diuretics and beta-blockers had a major beneficial
effect on a broad spectrum of cardiovascular outcomes,
reducing the incidence of stroke by 30–50% and of heart
failure by 40–50%, and halting progression to accelerated
hypertension syndromes. The decreases in fatal and nonfa-
tal coronary heart disease and cardiovascular and total
mortality were less dramatic, ranging from 10% to 15%.
Similar placebo-controlled data pertaining to the newer
agents are generally lacking, except for stroke reduction
with the calcium channel blocker nitrendipine in the Sys-
tolic Hypertension in Europe trial. However, there is sub-
stantial evidence that ACE inhibitors, and to a lesser extent
ARBs, reduce adverse cardiovascular outcomes in other
related populations (eg, patients with diabetic nephropa-
thy, heart failure, or postmyocardial infarction and indi-
viduals at high risk for cardiovascular events). Most large
clinical trials that have compared outcomes in relatively
unselected patients have failed to show a difference between
newer agents—such as ACE inhibitors, calcium channel block-
ers, and ARBs—and the older diuretic-based regimens with
regard to survival, myocardial infarction, and stroke. Where
differences have been observed, they have mostly been attrib-
utable to subtle asymmetries in blood pressure control rather
than to any inherent advantages of one agent over another.
Recommendations for initial treatment identify ACE inhibi-
tors, ARBs, and calcium channel blockers as valid choices.
Because of their adverse metabolic profile, initial therapy with
thiazides might best be restricted to older patients. Thiazides
are acceptable as first-line therapy in Blacks because of specific
efficacy in this group.

As discussed above, beta-blockers are not ideal first-line
drugs in the treatment of hypertension without compelling
indications for their use (such as active coronary artery
disease and heart failure). Vasodilator beta-blockers (such
as carvedilol and nebivolol) may produce better outcomes
than traditional beta-blockers; however, this possibility
remains a theoretical consideration.

The American Diabetes Association has advocated eve-
ning dosing of one or more antihypertensive medications
to restore nocturnal blood pressure dipping. The HYGIA
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trial compared the effect of nighttime dosing of at least one
antihypertensive medication with morning dosing of all
antihypertensive medications in 19,000 participants with
median follow-up 6.3 years, and demonstrated improved
ambulatory blood pressure and nocturnal dipping, and a
significant decline in major cardiovascular events in the
nighttime dosing group. Participants were monitored via
ambulatory blood pressure measurement, and the inci-
dence of nocturnal hypotension in the HYGIA trial was
very low. However, profound nocturnal hypotension might
not be detected in the absence of ambulatory blood pres-
sure monitoring, and ischemic optic neuropathy or other
low perfusion complications would be a concern.

Drugs that interrupt the renin-angiotensin cascade are
more effective in young, White persons, in whom renin
tends to be higher. Calcium channel blockers and
diuretics are more effective in older or Black persons, in
whom renin levels are generally lower. Many patients
require two or more medications and even then a sub-
stantial proportion fail to achieve the goal blood pres-
sure. A stepped care approach to the drug treatment of
hypertension is outlined in Table 11–11. In diabetic
patients, three or four drugs are usually required to
reduce systolic blood pressure to goal. In many patients,
blood pressure cannot be adequately controlled with
any combination. As a result, debating the appropriate
first-line agent is less relevant than determining the most
appropriate combinations of agents.

The mnemonic ABCD can be used to remember four
classes of antihypertensive medications. These four classes
can be divided into two categories: AB and CD. AB refers to
drugs that block the RAAS (ACE/ARB and beta-blockers).
CD refers to those that work in other pathways (calcium
channel blockers and diuretics). Combinations of drugs
between the two categories are more potent than combina-
tions from within a category. Many experts recommend the
use of fixed-dose combination (between two categories)
antihypertensive agents as first-line therapy in patients

with substantially elevated systolic pressures (greater than
160/100 mm Hg) or difficult-to-control hypertension
(which is often associated with diabetes or kidney dysfunc-
tion). In light of unwanted metabolic effects, calcium chan-
nel blockers might be preferable to thiazides in the younger
hypertensive patient requiring a second antihypertensive
drug following initiation of therapy with an ACE inhibitor
or ARB. Furthermore, based on the results from the
ACCOMPLISH trial, a combination of ACE inhibitor and
calcium channel blocker may also prove optimal for
patients at high risk for cardiovascular events. The initial
use of low-dose combinations allows faster blood pressure
reduction without substantially higher intolerance rates
and is likely to be better accepted by patients. Data from
the ALTITUDE study (in patients with type 2 diabetes and
chronic kidney disease or cardiovascular disease or both)
indicate that the addition of aliskiren to either ARB or ACE
inhibitor was associated with worse outcomes and cannot
be recommended, at least in this population. A suggested
approach to treatment, tailored to patient demographics, is
outlined in Table 11–12.

In sum, as a prelude to treatment, the patient should be
informed of common side effects and the need for diligent
compliance. In patients with blood pressure less than
160/90 mm Hg in whom pharmacotherapy is indicated,
treatment should start with a single agent or two-drug
combination at a low dose. Follow-up visits usually should
be at 4- to 6-week intervals to allow for full medication
effects to be established (especially with diuretics) before
further titration or adjustment. If, after titration to usual
doses, the patient has shown a discernible but incomplete
response and a good tolerance of the initial drug, another
medication should be added. See Goals of Treatment,
above. As a rule of thumb, a blood pressure reduction of
10 mm Hg can be expected for each antihypertensive agent
added to the regimen and titrated to the optimum dose. In
those with more severe hypertension, or with comorbidi-
ties (such as diabetes) that are likely to render them

Table 11–11. A step care approach to the initiation and titration of antihypertension medications.1,2

Step 1 ACE inhibitor/ARB or3

Calcium channel blocker or

Thiazide diuretic4

Step 2 ACE inhibitor/ARB plus

Calcium channel blocker or thiazide diuretic5

Step 3 ACE inhibitor/ARB plus calcium channel blocker plus thiazide diuretic

Step 4 ACE inhibitor/ARB plus calcium channel blocker plus thiazide diuretic plus spironolactone6

1Allow 2 weeks to reach full effect of each drug. Proceed through steps until target blood pressure is attained.
2Beta-blockers can be used at any stage if specifically indicated, eg, heart failure or angina.
3The European guidelines recommend starting with low-dose combination of two antihypertensive drugs in all but low-risk grade 1 hyper-

tension (140–159/90–99 mm Hg). American guidelines suggest initiation with dual therapy for stage 2 hypertension (> 140/90 mm Hg).
4Thiazide or calcium channel blocker is more effective initial therapy in older people and Blacks.
5If required, add a calcium channel blocker rather than diuretic in younger patients to avoid long-term exposure to metabolic side effects

of diuretics.
6Alternatives to spironolactone include eplerenone, amiloride, or triamterene. Watch for hyperkalemia, especially if also receiving ACE inhibitor/

ARB. Avoid potassium-sparing diuretics in advanced CKD. If more than three drugs are required at maximum dose, consider specialist referral.

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CKD, chronic kidney disease.
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Table 11–12. Choice of antihypertensive agent based on demographic considerations.1,2

Blck, all ags all Os, ag < 55 Ys all Os, ag > 55 Ys

Fis-lin CCB or diuretic ACE inhibitor or ARB3 or CCB or
diuretic4

CCB or diuretic5

Scond-lin ARB3 or ACE inhibitor6 or
vasodilating beta-blocker6

Vasodilating beta-blocker ACE inhibitor or ARB3 or vasodilating
beta-blocker7

rsisn ynsion Aldosterone receptor blocker Aldosterone receptor blocker Aldosterone receptor blocker

addiionl oions Centrally acting alpha-agonist or
peripheral alpha-antagonist8

Centrally acting alpha-agonist or
peripheral alpha-antagonist8

Centrally acting alpha-agonist or
peripheral alpha-antagonist8

1Compelling indications may alter the selection of an antihypertensive drug.
2Start with full dose of one agent, or lower doses of combination therapy. In more severe hypertension (≥ 140/90 mm Hg), consider initiat-

ing therapy with a fixed dose combination.
3Women of childbearing age should avoid ACE inhibitors and ARBs or discontinue as soon as pregnancy is diagnosed.
4The adverse metabolic effects of thiazide diuretics and beta-blockers should be considered in younger patients but may be less important

in the older patient.
5For patients with significant kidney dysfunction, use loop diuretic instead of thiazide.
6Despite the elevated risk of angioedema and cough in Blacks, ACE inhibitors are generally well tolerated and are a useful adjunct.
7There are theoretical advantages in the use of vasodilating beta-blockers such as carvedilol and nebivolol.
8Alpha-antagonists may precipitate or exacerbate orthostatic hypotension in older adults.

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB, calcium channel blocker.

resistant to treatment, initiation with combination therapy
is advised and more frequent follow-up is indicated.

Patients who are compliant with their medications and
who do not respond to conventional combination regi-
mens should usually be evaluated for secondary hyperten-
sion before proceeding to more complex regimens.

» Medication Nonadherence

Adherence to antihypertensive treatment is alarmingly
poor. In one European study of antihypertensive medica-
tion compliance, there was a 40% discontinuation rate at
1 year after initiation. Collaborative care, using clinicians,
pharmacists, social workers, and nurses to encourage com-
pliance, has had a variable and often rather modest effect
on blood pressure control. Adherence is enhanced by
patient education and by use of home blood pressure mea-
surement. The choice of antihypertensive medication is
important. Better compliance has been reported for
patients whose medications could be taken once daily or as
combination pills. Adherence is best with ACE inhibitors
and ARBs, and worse with beta-blockers and diuretics.

» Consideration of Gender in Hypertension

Because of the preponderance of male recruitment into
large-scale clinical trials, the impact of gender on the
evaluation and management of hypertension remains
uncertain. The limited data that exist suggest a steeper
relationship in women between 24-hour ambulatory and
night time systolic blood pressure and the risk of cardio-
vascular events. There are many gender-specific effects on
the mechanisms and end organ impact of hypertension. In
younger adults, men are more likely to be hypertensive
than women, a relationship that reverses in later life.

Regression of left ventricular hypertrophy in response to
ACE inhibitors is less pronounced in women. Women are
more likely to have isolated systolic hypertension, probably
because they develop more active left ventricular systolic
function and greater vascular stiffness than men. Fibro-
muscular dysplasia of the renal artery is much more com-
mon in women than men. The side effects of many
antihypertensive drugs are more pronounced in women
than men, including ACE inhibitor–associated cough and
hyponatremia and hypokalemia in response to diuretics.
Conversely, thiazides can help preserve bone density.
Dependent edema due to amlodipine is more likely in
women, and women are more sensitive to beta-blockers.
There are no data to support a different blood pressure
target in women, but this question has not been examined
in dedicated clinical trials.

» Treatment of Hypertension in Diabetes

Hypertensive patients with diabetes are at particularly high
risk for cardiovascular events. Data from the ACCORD
study of diabetic patients demonstrated that most of the
benefits of blood pressure lowering were seen with a systolic
target of less than 140 mm Hg. Although there was a reduc-
tion in stroke risk at a systolic target below 120/70 mm Hg,
treatment to this lower target was associated with an
increased risk of serious adverse effects. US and Canadian
guidelines recommend a blood pressure goal of less than
130/80 mm Hg in diabetic patients. Because of the benefi-
cial effects of ACE inhibitors in diabetic nephropathy, they
should be part of the initial treatment regimen. ARBs or
perhaps renin inhibitors may be substituted in those intol-
erant of ACE inhibitors. While the ONTARGET study
showed that combinations of ACE inhibitors and ARBs
in persons with atherosclerosis or type 2 diabetes with
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end-organ damage appeared to minimize proteinuria, this
strategy slightly increased the risks of progression to dialy-
sis and of death; thus, it is not recommended. Most dia-
betic patients require combinations of three to five agents
to achieve target blood pressure, usually including a
diuretic and a calcium channel blocker or beta-blocker.
Canagliflozin improves glycemic control through inhibition
of the sodium-glucose co-transporter 2 (SGLT2) and, in
addition, generally lowers blood pressure by 3–4 mm Hg.
This drug was associated with improved renal outcomes
and reduced cardiovascular risk in the CREDENCE trial
of patients with diabetic nephropathy and can be consid-
ered when additional blood pressure control is needed in
patients with type 2 diabetes. In addition to rigorous
blood pressure control, treatment of persons with diabe-
tes should include aggressive treatment of other risk
factors.

» Treatment of Hypertension in Chronic
Kidney Disease

Hypertension is present in 40% of patients with a GFR of
60–90 mL/min/1.73 m2, and 75% of patients with a GFR
less than 30 mL/min/1.73 m2. The rate of progression of
chronic kidney disease is markedly slowed by treatment of
hypertension. In the SPRINT trial, the reduction in cardio-
vascular risk associated with lower blood pressure targets
was also observed in the subgroup with a GFR of less than
60 mL/min/1.73 m2. However, an effect of lower blood
pressure targets on the slowing of chronic kidney disease
progression appears to be restricted to those with pro-
nounced proteinuria. In the SPRINT trial, the lower blood
pressure goal was associated with increased risk of acute
kidney injury, but this was generally reversible and not
associated with elevated biomarkers for ischemic injury.
Most experts recommend a blood pressure target of less
than 130/80 mm Hg in patients with chronic kidney dis-
ease, with consideration of more intensive lowering if pro-
teinuria greater than 1 g per 24 hours is present. Medications
that interrupt the renin-angiotensin cascade can slow the
progression of kidney disease and are preferred for initial
therapy, especially in those with albuminuria of greater
than 300 mg/g creatinine. Transition from thiazide to loop
diuretic is often necessary to control volume expansion as
the eGFR falls below 30 mL/min/1.73 m2. ACE inhibitors
remain protective and safe in kidney disease associated
with significant proteinuria and serum creatinine as high
as 5 mg/dL (380 mcmol/L). However, the use of drugs
blocking the RAAS cascade in patients with advanced
chronic kidney disease should be supervised by a nephrol-
ogist. Kidney function and electrolytes should be measured
1 week after initiating treatment and subsequently moni-
tored carefully in patients with kidney disease. An increase
in creatinine of 20–30% is acceptable and expected; more
exaggerated responses suggest the possibility of renal
artery stenosis or volume contraction. Although lower
blood pressure levels are associated with acute decreases in
GFR, this appears not to translate into an increased risk of
developing end-stage renal disease in the long term. Persis-
tence with ACE inhibitor or ARB therapy as the serum
potassium level exceeds 5.5 mEq/L is probably not

warranted, since other antihypertensive medications are
renoprotective as long as goal blood pressures are main-
tained. However, diuretics can often be helpful in control-
ling mild hyperkalemia, and there are novel cation
exchange polymers (such as patiromer) that sequester
potassium in the gut and are more effective and better tol-
erated than sodium polystyrene sulfonate.

» Treatment of Hypertension in Blacks

Substantial evidence indicates that Blacks in the United
States are not only more likely to become hypertensive and
more susceptible to the cardiovascular and renal complica-
tions of hypertension—they also respond differently to
many antihypertensive medications. The REGARDS study
illustrates these differences. At systolic blood pressures less
than 120 mm Hg, Black and White participants between 45
and 64 years of age had equal risk of stroke. For a 10 mm Hg
increase in systolic blood pressure, the risk of stroke was
threefold higher in Black participants. At levels above
140–159/90–99 mm Hg, the hazard ratio for stroke in
Black compared to White participants between 45 and
64 years of age was 2.35. This increased susceptibility may
reflect genetic differences in the cause of hypertension or
the subsequent responses to it, differences in occurrence of
comorbid conditions such as diabetes or obesity, or envi-
ronmental factors such as diet, activity, stress, or access to
health care services. In any case, as in all persons with
hypertension, a multifaceted program of education and
lifestyle modification is warranted. Early introduction of
combination therapy has been advocated, but there are no
clinical trial data to support a lower than usual blood pres-
sure goal in Blacks. Because it appears that ACE inhibitors
and ARBs—in the absence of concomitant diuretics—are
less effective in Blacks than in Whites, initial therapy
should generally be a diuretic or a diuretic in combination
with a calcium channel blocker. However, inhibitors of the
RAAS do lower blood pressure in Black patients, are useful
adjuncts to the recommended diuretic and calcium chan-
nel blockers, and should be used in patients with hyperten-
sion and compelling indications such as heart failure and
kidney disease (especially in the presence of proteinuria)
(Table 11–13). Black patients have an elevated risk of ACE
inhibitor–associated angioedema and cough, so ARBs would
be the preferred choice.

» Treating Hypertension in Older Adults

Several studies in persons over 60 years of age have con-
firmed that antihypertensive therapy prevents fatal and
nonfatal myocardial infarction and reduces overall cardio-
vascular mortality. The HYVET study indicated that a
reasonable ultimate blood pressure goal is 150/80 mm Hg.
Updated guidelines suggest that blood pressure goals
should not generally be influenced by age alone. An explor-
atory subgroup analysis of the SPRINT study found that
people older than age 75 years showed benefit at the
120 mm Hg systolic treatment target. Importantly, these
benefits were also evident in patients classified as frail. This
more aggressive approach was, however, associated with
greater risk of falls and worsening kidney function,
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indicating that close monitoring is required in elderly
patients treated to lower blood pressure goals. It is also
important to note the exclusion criteria of the SPRINT
study, which included diabetes mellitus, stroke, and ortho-
static hypotension.

Blood pressure treatment goals should be individual-
ized in the very elderly. In the SPRINT MIND study, the
lower systolic blood pressure target of 120 mm Hg was
associated with a 15% reduction in the incidence of mild
cognitive impairment and probable all cause dementia
compared to the 140 mm Hg in the target group. Based
upon this data, aggressive control of hypertension in high-
risk individuals would have a significant impact on the
prevalence of dementia. As discussed above, it is important
to note that blood pressure measurements in the SPRINT
study were made by automated devices, which are known
to read lower than conventional office measurements.

How to initiate antihypertensive therapy in older
patients—The same medications are used in older patients
but at 50% lower doses. Pressure should be reduced more
gradually with a safe intermediate systolic blood pressure
goal of 160 mm Hg. As treatment is initiated, older patients
should be carefully monitored for orthostasis, altered cog-
nition, and electrolyte disturbances. The elderly are espe-
cially susceptible to problems associated with polypharmacy,
including drug interactions and dosing errors.

» Management of Supine Hypertension in
Patients With Orthostatic Hypotension

Supine hypertension is common in patients with ortho-
static hypotension and is associated with increased cardio-
vascular risk. Treatment of orthostasis can exacerbate
supine hypertension and vice versa. Life expectancy is
often reduced in patients with profound autonomic ner-
vous system dysfunction. In those whose life expectancy is
at least several years, though, treatment of nocturnal
hypertension might be considered with the use of shorter
acting agents (eg, captopril, hydralazine, losartan, or quick-
release nifedipine). In patients with supine hypertension,
medications used to increase blood pressure during the day
should not be given within 5 hours of bedtime.

» Follow-Up of Patients Receiving
Hypertension Therapy

Once blood pressure is controlled on a well-tolerated regi-
men, follow-up visits can be infrequent and laboratory test-
ing limited to those appropriate for the patient and the
medications used. Yearly monitoring of blood lipids is rec-
ommended, and an electrocardiogram could be repeated at
2- to 4-year intervals depending on whether initial abnor-
malities are present and on the presence of coronary risk
factors. Patients who have had excellent blood pressure
control for several years, especially if they have lost weight
and initiated favorable lifestyle modifications, might be con-
sidered for a trial of reduced antihypertensive medications.

Carnethon MR et al; American Heart Association Council on
Epidemiology and Prevention; Council on Cardiovascular
Disease in the Young; Council on Cardiovascular and Stroke
Nursing; Council on Clinical Cardiology; Council on Func-
tional Genomics and Translational Biology; and Stroke Coun-
cil. Cardiovascular health in African Americans: a scientific
statement from the American Heart Association. Circulation.
2017;136:e393. [PMID: 29061565]

Perkovic V et al; CREDENCE Trial Investigators. Canagliflozin
and renal outcomes in type 2 diabetes and nephropathy. N
Engl J Med. 2019;380:2295. [PMID: 30990260]

Supiano MA et al. New guidelines and SPRINT results: implica-
tions for geriatric hypertension. Circulation. 2019;140:976.
[PMID: 31525101]

Wenger NK et al. Hypertension across a woman’s life cycle. J Am
Coll Cardiol. 2018;71:1797. [PMID: 29673470]

RESISTANT HYPERTENSION

Resistant hypertension is defined as the failure to reach
blood pressure control in patients who are adherent to full
doses of an appropriate three-drug regimen (including a
diuretic). In the approach to resistant hypertension, the
clinician should first confirm compliance and rule out
“white coat hypertension,” ideally using ambulatory or
home-based measurement of blood pressure. Exacerbating
factors should be considered (as outlined above). Finally,
identifiable causes of resistant hypertension should be
sought (Table 11–14). The clinician should pay particular

Table 11–13. Recommended antihypertensive medications for coexisting indications.

Indicion

aniynsiv Mdicion

Diuic B-Block aCe Inibio arB

Clcium

Cnnl Block

aldoson

angonis

Heart failure √ √ √ √  √

Following MI  √ √  √

High coronary disease risk √ √ √  √

Diabetes √ √ √ √ √

Chronic kidney disease  √ √

Recurrent stroke prevention √  √

ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; MI, myocardial infarction.
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attention to the type of diuretic being used in relation to
the patient’s kidney function. Aldosterone may play an
important role in resistant hypertension and aldosterone
receptor blockers can be very useful. If goal blood pressure
cannot be achieved following completion of these steps,
consultation with a hypertension specialist should be con-
sidered. Renal sympathetic nerve ablation is a consider-
ation for these patients in the absence of other options, but
further trials are needed before this procedure can be rou-
tinely integrated into clinical practice.

Wei FF et al. Diagnosis and management of resistant hyperten-
sion: state of the art. Nat Rev Nephrol. 2018;14:428. [PMID:
29700488]

HYPERTENSIVE URGENCIES
& EMERGENCIES

Hypertensive urgencies are situations in which blood
pressure must be reduced within a few hours. These
include patients with asymptomatic severe hypertension
(systolic blood pressure greater than 220 mm Hg or dia-
stolic pressure greater than 125 mm Hg that persists after a
period of observation) and those with optic disk edema,
progressive target-organ complications, and severe periop-
erative hypertension. Elevated blood pressure levels
alone—in the absence of symptoms of new or progressive
target-organ damage—rarely require emergency therapy.
Parenteral drug therapy is not usually required; partial
reduction of blood pressure with relief of symptoms is the

goal. Effective oral agents are clonidine, captopril, and
slow-release nifedipine.

Hypertensive emergencies require substantial reduction
of blood pressure within 1 hour to avoid the risk of serious
morbidity or death. Although blood pressure is usually strik-
ingly elevated (diastolic pressure greater than 130 mm Hg),
the correlation between pressure and end-organ damage is
often poor. It is the presence of critical multiple end-organ
injury that determines the seriousness of the emergency and
the approach to treatment. Emergencies include hyperten-
sive encephalopathy (headache, irritability, confusion, and
altered mental status due to cerebrovascular spasm), hyper-
tensive nephropathy (hematuria, proteinuria, and acute
kidney injury due to arteriolar necrosis and intimal hyper-
plasia of the interlobular arteries), intracranial hemorrhage,
aortic dissection, preeclampsia-eclampsia, pulmonary
edema, unstable angina, or myocardial infarction. Encepha-
lopathy or nephropathy accompanying hypertensive reti-
nopathy has historically been called malignant hypertension,
but the therapeutic approach is identical to that used in
other hypertensive emergencies.

Parenteral therapy is indicated in most hypertensive
emergencies, especially if encephalopathy is present. The
initial goal in hypertensive emergencies is to reduce the pres-
sure by no more than 25% (within minutes to 1 or 2 hours)
and then toward a level of 160/100 mm Hg within 2–6 hours.
Excessive reductions in pressure may precipitate coronary,
cerebral, or renal ischemia. To avoid such declines, the use
of agents that have a predictable, dose-dependent, tran-
sient, and progressive antihypertensive effect is preferable
(Table 11–15). In that regard, the use of sublingual or oral
fast-acting nifedipine preparations is best avoided.

Acute ischemic stroke is often associated with marked
elevation of blood pressure, which will usually fall sponta-
neously. In such cases, antihypertensives should only be
used if the systolic blood pressure exceeds 180–200 mm Hg,
and blood pressure should be reduced cautiously by 10–15%
(Table 11–15). If thrombolytics are to be given, blood pres-
sure should be maintained at less than 185/110 mm Hg
during treatment and for 24 hours following treatment.

In intracerebral hemorrhage, the aim is to minimize
bleeding by reducing the systolic blood pressure in most
patients to 130–140 mm Hg within the first 6 hours. In
acute subarachnoid hemorrhage, as long as the bleeding
source remains uncorrected, a compromise must be struck
between preventing further bleeding and maintaining cere-
bral perfusion in the face of cerebral vasospasm. In this situ-
ation, blood pressure goals depend on the patient’s usual
blood pressure. In previously normotensive patients, the tar-
get should be a systolic blood pressure of 110–120 mm Hg;
in hypertensive patients, blood pressure should be treated
to 20% below baseline pressure. In the treatment of hyper-
tensive emergencies complicated by (or precipitated by)
central nervous system injury, labetalol or nicardipine are
good choices, since they are nonsedating and do not appear
to cause significant increases in cerebral blood flow or
intracranial pressure. Patients with subarachnoid hemor-
rhage should receive nimodipine for 3 weeks following
presentation to minimize cerebral vasospasm. In hyperten-
sive emergencies arising from catecholaminergic mechanisms,

Table 11–14. Causes of resistant hypertension.

Improper blood pressure measurement
Nonadherence
Volume overload and pseudotolerance

Excess sodium intake
Volume retention from kidney disease
Inadequate diuretic therapy

Drug-induced or other causes
Inadequate doses
Inappropriate combinations
Nonsteroidal anti-inflammatory drugs; cyclooxygenase-2

inhibitors
Cocaine, amphetamines, other illicit drugs
Sympathomimetics (decongestants, anorectics)
Oral contraceptives
Adrenal steroids
Cyclosporine and tacrolimus
Erythropoietin
Licorice (including some chewing tobacco)
Selected over-the-counter dietary supplements and medicines

(eg, ephedra, ma huang, bitter orange)
Associated conditions

Obesity
Excess alcohol intake

Identifiable causes of hypertension (see Table 11–2)

Data from Chobanian AV et al. The Seventh Report of the Joint

National Committee on Prevention, Detection, Evaluation, and

Treatment of High Blood Pressure: the JNC 7 report. JAMA.

2003;289:2560.
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Table 11–15. Treatment of hypertensive emergency depending on primary site of end-organ damage.
See Table 11–16 for dosages.

ty of hynsiv emgncy

rcommndd Dug Oions nd

Combinions Dugs o avoid

Myocardial ischemia and infarction Nicardipine plus esmolol1

Nitroglycerin plus labetalol
Nitroglycerin plus esmolol1

Hydralazine, diazoxide, minoxidil,
nitroprusside

Acute kidney injury Fenoldopam
Nicardipine
Clevidipine

Aortic dissection Esmolol plus nicardipine
Esmolol plus clevidipine
Labetalol
Esmolol plus nitroprusside

Hydralazine, diazoxide, minoxidil

Acute pulmonary edema, LV systolic dysfunction Nicardipine plus nitroglycerin2 plus a
loop diuretic

Clevidipine plus nitroglycerin2 plus a
loop diuretic

Hydralazine, diazoxide, beta-blockers

Acute pulmonary edema, diastolic dysfunction Esmolol plus low-dose nitroglycerin plus
a loop diuretic

Labetalol plus low-dose nitroglycerin
plus a loop diuretic

Ischemic stroke (systolic blood pressure
> 180–200 mm Hg)

Nicardipine
Clevidipine
Labetalol

Nitroprusside, methyldopa, clonidine,
nitroglycerin

Intracerebral hemorrhage
(systolic blood pressure > 140–160 mm Hg)

Nicardipine
Clevidipine
Labetalol

Nitroprusside, methyldopa, clonidine,
nitroglycerin

Hyperadrenergic states, including cocaine use Nicardipine plus a benzodiazepine
Clevidipine plus a benzodiazepine
Phentolamine
Labetalol

Beta-blockers

Preeclampsia, eclampsia Labetalol
Nicardipine

Diuretics, ACE inhibitors

1Avoid if there is LV systolic dysfunction.
2Drug of choice if LV systolic dysfunction is associated with ischemia.

ACE, angiotensin-converting enzyme; LV, left ventricular.

such as pheochromocytoma or cocaine use, beta-blockers can
worsen the hypertension because of unopposed peripheral
vasoconstriction; nicardipine, clevidipine, or phentolamine is
preferred. Labetalol is useful in these patients if the heart
rate must be controlled. Table 11–15 provides guidelines for
the choice of antihypertensive agent based on the site of end-
organ damage. ACE inhibitors are specifically indicated for
hypertensive crisis from systemic sclerosis (scleroderma).

In acute aortic dissection, systolic blood pressure and
heart rate should be reduced within 30 minutes to below
120 mm Hg and less than 60 beats per minute, using a
combination of vasodilation and beta-blockade.

» Pharmacologic Management

A. Parenteral Agents

Sodium nitroprusside is no longer the treatment of choice for
acute hypertensive problems; in most situations, appropriate

control of blood pressure is best achieved using combinations
of nicardipine or clevidipine plus labetalol or esmolol.
(Table 11–16 lists drugs, dosages, and adverse effects.)

1. Nicardipine—Intravenous nicardipine is the most
potent and the longest acting of the parenteral calcium
channel blockers. As a primarily arterial vasodilator, it has
the potential to precipitate reflex tachycardia, and for that
reason it should not be used without a beta-blocker in
patients with coronary artery disease.

2. Clevidipine—Intravenous clevidipine is an L-type cal-
cium channel blocker with a 1-minute half-life, which
facilitates swift and tight control of severe hypertension. It
acts on arterial resistance vessels and is devoid of venodila-
tory or cardiodepressant effects.

3. Labetalol—This combined beta- and alpha-blocking
agent is the most potent adrenergic blocker for rapid blood
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Table 11–16. Drugs for hypertensive emergencies and urgencies (in descending order of preference).

agn acion Dosg Ons Duion advs effcs Commns

hynsiv emgncis

Nicardipine
(Cardene)

Calcium channel
blocker

5 mg/h intravenously; may increase by
1–2.5 mg/h every 15 minutes to 15 mg/h

1–5 minutes 3–6 hours Hypotension, tachycardia, headache. May precipitate myocardial ischemia.

Clevidipine
(Cleviprex)

Calcium channel
blocker

1–2 mg/h intravenously initially; double
rate every 90 seconds until near goal,
then by smaller amounts every 5–10
minutes to a maximum of 32 mg/h

2–4 minutes 5–15 minutes Headache, nausea, vomiting. Lipid emulsion: contraindicated in
patients with allergy to soy or egg.

Labetalol
(Trandate)

Beta- and
alpha-blocker

20–40 mg intravenously every 10 minutes
to 300 mg; 2 mg/min infusion

5–10 minutes 3–6 hours Nausea, hypotension, bronchospasm,
bradycardia, heart block.

Avoid in acute LV systolic dysfunction,
asthma. May be continued orally.

Esmolol (Brevibloc) Beta-blocker Loading dose 500 mcg/kg intravenously
over 1 minute; maintenance,
25–200 mcg/kg/min

1–2 minutes 10–30 minutes Bradycardia, nausea. Avoid in acute LV systolic dysfunction,
asthma. Weak antihypertensive.

Fenoldopam
(Corlopam)

Dopamine
receptor agonist

0.1–1.6 mcg/kg/min intravenously 4–5 minutes < 10 minutes Reflex tachycardia, hypotension,
increased intraocular pressure.

May protect kidney function.

Enalaprilat
(Vasotec)

ACE inhibitor 1.25 mg intravenously every 6 hours 15 minutes 6 hours
or more

Excessive hypotension. Additive with diuretics; may be contin-
ued orally.

Furosemide (Lasix) Diuretic 10–80 mg orally or intravenously 15 minutes 4 hours Hypokalemia, hypotension. Adjunct to vasodilator.

Hydralazine
(Apresoline)

Vasodilator 5–20 mg intravenously; may repeat after
20 minutes

10–30 minutes 2–6 hours Tachycardia, headache, vomiting,
diarrhea

Avoid in coronary artery disease, dissec-
tion. Rarely used except in pregnancy.

Nitroglycerin Vasodilator 0.25–5 mcg/kg/min intravenously 2–5 minutes 3–5 minutes Headache, nausea, hypotension,
bradycardia.

Tolerance may develop. Useful primar-
ily with myocardial ischemia.

Nitroprusside
(Nitropress)

Vasodilator 0.25–10 mcg/kg/min intravenously Seconds 3–5 minutes Anxiety, increased intracranial pressure,
vomiting, bowel obstruction; thiocyanate
and cyanide toxicity, especially with kid-
ney and liver dysfunction; hypotension.
Coronary steal, decreased cerebral blood
flow, increased intracranial pressure.

No longer the first-line agent.

hynsiv Ugncis

Clonidine
(Catapres)

Central
sympatholytic

0.1–0.2 mg orally initially; then 0.1 mg
every hour to 0.8 mg orally

30–60 minutes 6–8 hours Sedation. Rebound may occur.

Captopril (Capoten) ACE inhibitor 12.5–25 mg orally 15–30 minutes 4–6 hours Excessive hypotension.

Nifedipine (Adalat,
Procardia)

Calcium channel
blocker

10 mg orally initially; may be repeated
after 30 minutes

15 minutes 2–6 hours Excessive hypotension, tachycardia, head-
ache, angina, myocardial infarction,
stroke.

Response unpredictable.

ACE, angiotensin-converting enzyme; CNS, central nervous system; GI, gastrointestinal; LV, left ventricular.
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pressure reduction. Other beta-blockers are far less potent.
Excessive blood pressure drops are unusual. Experience
with this agent in hypertensive syndromes associated with
pregnancy has been favorable.

4. Esmolol—This rapidly acting beta-blocker is approved
only for treatment of supraventricular tachycardia, but is
often used for lowering blood pressure. It is less potent
than labetalol and should be reserved for patients in whom
there is particular concern about serious adverse events
related to beta-blockers.

5. Fenoldopam—Fenoldopam is a peripheral dopamine-1
(DA

1
) receptor agonist that causes a dose-dependent

reduction in arterial pressure without evidence of toler-
ance, rebound, withdrawal, or deterioration of kidney
function. In higher dosage ranges, tachycardia may occur.
This drug is natriuretic, which may simplify volume man-
agement in acute kidney injury.

6. Enalaprilat—This is the active form of the oral ACE inhibi-
tor enalapril. The onset of action is usually within 15 minutes,
but the peak effect may be delayed for up to 6 hours. Thus,
enalaprilat is used primarily as an adjunctive agent.

7. Diuretics—Intravenous loop diuretics can be very help-
ful when the patient has signs of heart failure or fluid reten-
tion, but the onset of their hypotensive response is slow,
making them an adjunct rather than a primary agent for
hypertensive emergencies. Low dosages should be used
initially (furosemide, 20 mg, or bumetanide, 0.5 mg). They
facilitate the response to vasodilators, which often stimu-
late fluid retention.

8. Hydralazine—Hydralazine can be given intravenously
or intramuscularly, but its effect is less predictable than that
of other drugs in this group. It produces reflex tachycardia
and should not be given without beta-blockers in patients
with possible coronary disease or aortic dissection. Hydral-
azine is used primarily in pregnancy and in children, but
even in these situations, it is not a first-line drug.

9. Nitroglycerin, intravenous—This agent should be
reserved for patients with accompanying acute coronary
ischemic syndromes.

10. Nitroprusside sodium—This agent is given by con-
trolled intravenous infusion gradually titrated to the

desired effect. It lowers the blood pressure within seconds
by direct arteriolar and venous dilation. Monitoring with
an intra-arterial line avoids hypotension. Nitroprusside—
in combination with a beta-blocker—is useful in patients
with aortic dissection.

B. Oral Agents

Patients with less severe acute hypertensive syndromes can
often be treated with oral therapy. Suitable drugs will
reduce the blood pressure over a period of hours. In those
presenting as a consequence of noncompliance, it is usually
sufficient to restore the patient’s previously established oral
regimen.

1. Clonidine—Clonidine, 0.2 mg orally initially, followed
by 0.1 mg every hour to a total of 0.8 mg, will usually lower
blood pressure over a period of several hours. Sedation is
frequent, and rebound hypertension may occur if the drug
is stopped.

2. Captopril—Captopril, 12.5–25 mg orally, will also lower
blood pressure in 15–30 minutes. The response is variable
and may be excessive. Captopril is the drug of choice in the
management of systemic sclerosis hypertensive crisis.

3. Nifedipine—The effect of fast-acting nifedipine cap-
sules is unpredictable and may be excessive, resulting in
hypotension and reflex tachycardia. Because myocardial
infarction and stroke have been reported in this setting, the
use of sublingual nifedipine is not advised. Nifedipine
retard, 20 mg orally, appears to be safe and effective.

C. Subsequent Therapy

When the blood pressure has been brought under control,
combinations of oral antihypertensive agents can be
added as parenteral drugs are tapered off over a period of
2–3 days.

Cordonnier C et al. Intracerebral haemorrhage: current
approaches to acute management. Lancet. 2018;392:1257.
[PMID: 30319113]

Ipek E et al. Hypertensive crisis: an update on clinical approach
and management. Curr Opin Cardiol. 2017;32:397. [PMID:
28306673]

Peixoto AJ. Acute severe hypertension. N Engl J Med.
2019;381:1843. [PMID: 31693807]
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º
ATHEROSCLEROTIC PERIPHERAL
VASCULAR DISEASE

OCCLUSIVE DISEASE: AORTA &
ILIAC ARTERIES

E S S E N T I A L S  O F  D I A G N O S I S

» Claudication: cramping pain or tiredness in the
calf, thigh, or hip while walking.

» Diminished femoral pulses.

» Tissue loss (ulceration, gangrene) or rest pain.

» General Considerations

Olusive atherslerti lesins develping in the extrem-
ities, r peripheral artery disease (PAD), is evidene f a
systemi atherslerti press. The prevalene f PAD is
30% in patients wh are 70 years ld withut ther risk
fatrs, r 50 years ld with risk fatrs suh as diabetes
mellitus r tba use. Pathlgi hanges f athersle-
rsis may be diffuse, but flw-limiting stenses ur seg-
mentally. In the lwer extremities, stenses lassially
ur in three anatmi segments: the artilia segment,
femral-ppliteal segment, and the infrappliteal r tibial
segment f the arterial tree. Lesins in the distal arta and
prximal mmn ilia arteries lassially ur in White
male smkers aged 50–60 years. Disease prgressin may
lead t mplete lusin f ne r bth mmn ilia
arteries, whih an preipitate lusin f the entire
abdminal arta t the level f the renal arteries.

» Clinical Findings

A. Symptoms and Signs

Apprximately tw-thirds f patients with PAD are either
asymptmati r d nt have lassi symptms. Intermit-
tent laudiatin, whih is pain with ambulatin that urs
frm insuffiient bld flw relative t demand, is typially

12Warren J. Gasper, MD

James C. Iannuzzi, MD, MPH

Meshell D. Johnson, MD

Blood Vessel & Lymphatic
Disorders

desribed as severe and ramping and primarily in the alf
musles. The pain frm artilia lesins may extend int
the thigh and buttks and eretile dysfuntin may ur
frm bilateral mmn ilia disease. Rarely, patients m-
plain nly f weakness in the legs when walking, r simply
extreme limb fatigue. The symptms are relieved with rest
and are reprduible when the patient walks again. Femral
pulses and distal pulses are absent r very weak. Bruits may
be heard ver the arta, ilia, and femral arteries.

B. Doppler and Vascular Findings

The rati f systli bld pressure deteted by Dppler
examinatin at the ankle mpared with the brahial artery
(referred t as the ankle-brahial index [ABI]) is redued t
belw 0.9 (nrmal rati is 0.9–1.2); this differene is exag-
gerated by exerise. Bth the drsalis pedis and the psterir
tibial arteries are measured and the higher f the tw artery
pressures is used fr alulatin. Segmental wavefrms r
pulse vlume rerdings btained by strain gauge tehnl-
gy thrugh bld pressure uffs demnstrate blunting f
the arterial inflw thrughut the lwer extremity.

C. Imaging

CT angigraphy (CTA) and magneti resnane angigra-
phy (MRA) an identify the anatmi latin f disease.
Due t verlying bwel, duplex ultrasund has a limited
rle in imaging the artilia segment. Imaging is required
nly when symptms neessitate interventin, sine a his-
try and physial examinatin with vasular testing shuld
apprpriately identify the invlved levels f the arterial tree.

» Treatment

A. Medical and Exercise Therapy

The rnerstnes f PAD treatment are ardivasular risk
fatr redutin and a supervised r strutured exerise
prgram. Essential elements inlude smking essatin,
antiplatelet therapy, lipid and bld pressure management,
and weight lss. Nitine replaement therapy, buprpin,
and vareniline have established benefits in smking essa-
tin (see Chapter 1). Antiplatelet agents (aspirin, 81 mg
rally daily, r lpidgrel, 75 mg rally daily) redue verall
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ardivasular mrbidity. Lw-dse rivarxaban (2.5 mg
rally twie daily) with aspirin 100 mg rally daily redues
bth majr ardivasular and limb-related adverse events
in symptmati patients. All patients with PAD shuld
reeive high-dse statin (eg, atrvastatin 80 mg daily if tler-
ated) t treat hyperhlesterlemia and inflammatin. A
trial f ilstazl 100 mg rally twie a day, may imprve
walking distane in apprximately tw-thirds f patients.

Supervised exerise prgrams fr PAD prvide signifi-
ant imprvements in pain, walking distane, and quality
f life and may be mre effetive than an endvasular
treatment alne. A minimum training gal is a walking
sessin f 30–45 minutes at least 3 days per week fr a
minimum f 12 weeks. Strutured mmunity r hme-
based exerise prgrams as well as alternative exerises
(yling, upper-bdy ergmetry) may als be effetive.

B. Endovascular Therapy

When the atherslerti lesins are fal, they an be
effetively treated with angiplasty and stenting. This
apprah mathes the results f surgery fr single stenses
but bth effetiveness and durability derease with lnger
r multiple stenses.

C. Surgical Intervention

A prstheti art-femral bypass graft that bypasses the
diseased artery segments is a highly effetive and durable
treatment fr this disease. Patients may als be treated with
a graft frm the axillary artery t the femral arteries
(axill-femral bypass graft) r with a graft frm the n-
tralateral femral artery (femral-femral bypass) when
ilia disease is limited t ne side. The perative risk f
axill-femral and femral-t-femral bypass grafts is
lwer beause the abdminal avity is nt entered and the
arta is nt rss-lamped, but the grafts are less durable.

» Complications

The mpliatins f the art-femral bypass are thse f
any majr abdminal surgery in a patient ppulatin with
a high prevalene f ardivasular disease. Mrtality is
lw (2–3%), but mrbidity is higher and inludes a 5–10%
rate f myardial infartin. While endvasular
apprahes are safer and the mpliatin rate is 1–3%,
they are less durable with extensive disease.

» Prognosis

Patients with islated artilia disease may have a further
redutin in walking distane withut interventin, but
symptms rarely prgress t rest pain r threatened limb
lss. Life expetany is limited by their attendant ardi-
vasular disease with a mrtality rate f 25–40% at 5 years.

Symptmati relief is generally exellent with super-
vised exerise r after interventin. After art-femral
bypass, a pateny rate f 90% at 5 years is mmn. End-
vasular pateny rates and symptm relief fr patients with
shrt stenses are als gd with 80% symptm free at
3 years. Reurrene rates fllwing endvasular treatment
f extensive disease are 30–50%.

» When to Refer

Patients with prgressive redutin in walking distane in
spite f risk fatr mdifiatin and supervised exerise
prgrams and thse with limitatins that interfere with
their ativities f daily living shuld be referred fr nsul-
tatin t a vasular surgen.

Bnaa M P et al. Rivarxaban in peripheral artery disease after
revasularizatin. N Engl J Med. 2020;382:1994. [PMID:
32222135]

MDermtt MM. Medial management f funtinal impair-
ment in peripheral artery disease: a review. Prg Cardivas
Dis. 2018;60:586. [PMID: 29727608]

Mrs R et al. The evlving treatment f peripheral arterial
disease thrugh guideline-direted remmendatins. J Clin
Med. 2018;7:9. [PMID: 29315259]

OCCLUSIVE DISEASE: FEMORAL &
POPLITEAL ARTERIES

E S S E N T I A L S  O F  D I A G N O S I S

» Cramping pain or tiredness in the calf with
exercise.

» Reduced popliteal and pedal pulses.

» Foot pain at rest, relieved by dependency.

» Foot gangrene or ischemic ulcers.

» General Considerations

The superfiial femral artery is the peripheral artery mst
mmnly luded by atherslersis. Atherslersis f
the femral-ppliteal segment usually urs abut a
deade after the develpment f artilia disease, has an
even gender distributin, and mmnly affets Blak and
Hispani patients. The disease frequently urs where the
superfiial femral artery passes thrugh the abdutr
magnus tendn in the distal thigh (Hunter anal). The
mmn femral artery and the ppliteal artery are less
ften diseased but lesins in these vessels are debilitating,
resulting in shrt-distane laudiatin.

» Clinical Findings

A. Symptoms and Signs

Symptms f intermittent laudiatin aused by lesins f
the mmn femral artery, superfiial femral artery, and
ppliteal artery are nfined t the alf. Claudiatin
urs at 2–4 blks when there is lusin r stensis f
the superfiial femral artery at the addutr anal, pr-
vided gd llateral vessels frm the prfunda femris are
maintained. Hwever, with nmitant disease f the
prfunda femris r the ppliteal artery, muh shrter
distanes may trigger symptms. With shrt-distane lau-
diatin, dependent rubr f the ft with blanhing n
elevatin may be present. Chrni lw bld flw states
will als ause atrphi hanges in the lwer leg and ft
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with lss f hair, thinning f the skin and subutaneus
tissues, and disuse atrphy f the musles. With segmental
lusive disease f the superfiial femral artery, the m-
mn femral pulsatin is nrmal, but the ppliteal and
pedal pulses are redued.

B. Doppler and Vascular Findings

ABI values less than 0.9 are diagnsti f PAD and levels
belw 0.4 suggest hrni limb-threatening ishemia (fr-
merly ritial limb ishemia). ABI readings depend n
arterial mpressin. Sine the vessels may be alified in
diabetes mellitus, hrni kidney disease, and in lder
adults, ABIs an be misleading. In suh patients, the te-
brahial index is usually reliable with a value less than 0.7
nsidered diagnsti f PAD. Pulse vlume rerdings
with uffs plaed at the high thigh, mid-thigh, alf, and
ankle will delineate the levels f bstrutin with redued
pressures and blunted wavefrms.

C. Imaging

Duplex ultrasngraphy, CTA, and MRA all adequately
shw the anatmi latin f the bstrutive lesins and
are dne nly if revasularizatin is planned.

» Treatment

A. Medical and Exercise Therapy

As with artilia disease, risk fatr redutin, medial pti-
mizatin with a high-dse statin, and exerise treatment are
the rnerstne f therapy. Cilstazl, 100 mg rally twie a
day, may imprve intermittent laudiatin symptms.

B. Surgical Intervention

Interventin is indiated if laudiatin is prgressive, ina-
paitating, r interferes signifiantly with essential daily
ativities r emplyment. Interventin is mandatry if there
is ishemi rest pain r ishemi ulers threaten the ft.

1. Bypass surgery—The mst effetive and durable treat-
ment fr lesins f the superfiial femral artery is a femral-
ppliteal bypass with autlgus saphenus vein. Syntheti
material, usually plytetraflurethylene (PTFE), an be
used, but these grafts d nt have the durability f vein
bypass.

2. Endovascular surgery—Endvasular tehniques, suh
as angiplasty and stenting, are ften used fr lesins f the
superfiial femral artery. These tehniques have lwer
mrbidity than bypass surgery but als have lwer rates f
durability.

Endvasular therapy is mst effetive in patients
underging aggressive risk fatr mdifiatin in whm
lesins measure less than 10 m lng. Palitaxel-eluting
stents r palitaxel-ated ballns ffer mdest imprve-
ment ver bare metal stents and nnated ballns, but
the effet is nt as rbust as in the rnary arteries. The
1-year pateny rate is 50% fr balln angiplasty, 70% fr
drug-ated ballns, and 80% fr stents. Hwever, by
3 years, the pateny rates are signifiantly wrse fr all three
tehniques and reinterventin fr restensis is mmn.

After a meta-analysis f linial trial data shwed inreased
mrtality at 3–5 years after treatment with palitaxel-ated
devies, the US FDA perfrmed an independent review and
remmends judiius use f the devies. Onging trials,
suh as SWEDEPAD, are expeted t prvide additinal
data n the risks and benefits f palitaxel devies.

3. Thromboendarterectomy—Remval f the athersle-
rti plaque is limited t the lesins f the mmn fem-
ral and the prfunda femris arteries where bypass grafts
and endvasular tehniques have a mre limited rle.

» Complications

Open surgial predures f the lwer extremities, partiu-
larly lng bypasses with vein harvest, have a risk f wund
infetin that is higher than in ther areas f the bdy.
Wund infetin r serma an ur in as many as
10–15% f ases. Myardial infartin rates after pen
surgery are 5–10%, with a 1–4% mrtality rate. Cmplia-
tin rates f endvasular surgery are 1–5%, making these
therapies attrative despite their lwer durability.

» Prognosis

The prgnsis fr mtivated patients with islated superfi-
ial femral artery disease is exellent, and surgery is nt
remmended fr mild r mderate laudiatin in these
patients. Hwever, when laudiatin signifiantly limits
daily ativity undermining quality f life and ardivasu-
lar health, interventin may be warranted. All interven-
tins require lse pstpredure fllw-up with repeated
ultrasund surveillane s that reurrent narrwing an be
treated prmptly with angiplasty r bypass t prevent
mplete lusin. The reprted pateny rate f bypass
grafts f the femral artery, superfiial femral artery, and
ppliteal artery is 65–70% at 3 years, whereas the pateny
f angiplasty is less than 50% at 3 years.

Beause f the extensive atherslerti disease, inlud-
ing assiated rnary lesins, 5-year survival with lwer
extremity PAD is 70% and dereases t 50% when there is
invlvement f the tibial arteries. Hwever, with aggressive
risk fatr mdifiatin, substantial imprvement in ln-
gevity has been reprted.

» When to Refer

Patients with prgressive symptms, shrt-distane laudi-
atin, rest pain, r any uleratin shuld be referred t a
peripheral vasular speialist.

Hiramt JS et al. Interventins fr lwer extremity peripheral
artery disease. Nat Rev Cardil. 2018;15:332. [PMID:
29679023]

Katsans K et al. Risk f death fllwing appliatin f pali-
taxel-ated ballns and stents in the femrppliteal artery
f the leg: a systemati review and meta-analysis f randm-
ized ntrlled trials. J Am Heart Ass. 2018;7:e011245.
[PMID: 30561254]

Nrdanstig J et al. Mrtality with palitaxel-ated devies in
peripheral artery disease. N Engl J Med. 2020;383:2538.
[PMID: 33296560]
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Rha-Singh KJ et al; VIVA Physiians, In. Patient-level meta-
analysis f 999 laudiants underging primary femrppli-
teal nitinl stent implantatin. Catheter Cardivas Interv.
2017;89:1250. [PMID: 28303688]

OCCLUSIVE DISEASE: TIBIAL &
PEDAL ARTERIES

E S S E N T I A L S  O F  D I A G N O S I S

» Severe pain of the forefoot that is relieved by
dependency (ischemic rest pain).

» Pain or numbness of the foot with walking.

» Ulcer or gangrene, and not claudication, is a
frequent initial manifestation.

» Pallor when the foot is elevated.

» General Considerations

Olusive presses f the tibial arteries f the lwer leg and
pedal arteries in the ft ur primarily in patients with dia-
betes. There ften is extensive alifiatin f the artery wall.

» Clinical Findings

A. Symptoms and Signs

Unless there are nmitant lesins in the artilia r
femral/superfiial femral artery segments, the first man-
ifestatin f leg ishemia due t tibial artery disease is fre-
quently an ishemi uler r ft gangrene, rather than
laudiatin. The presene f ishemi rest pain r ulers is
termed chronic limb-threatening ischemia and is assi-
ated with the highest rate f amputatin. Classially, ish-
emi rest pain is nfined t the drsum f the ft and is
relieved with dependeny: the pain des nt ur with
standing, sitting, r dangling the leg ver the edge f the
bed. It is severe and burning in harater, and beause it is
present nly when reumbent, it may awaken the patient
frm sleep.

On examinatin, femral and ppliteal pulses may r
may nt be present depending n disease extent, but pal-
pable pedal pulses will be absent. Dependent rubr may be
prminent with pallr n elevatin. The skin f the ft is
generally l, atrphi, and hairless.

B. Doppler and Vascular Findings

The ABI is ften belw 0.4; hwever, the ABI may be falsely
elevated due t alifiatin f the arterial media layer
(Mönkeberg medial alifi slersis) and may nt be
mpressible. Te-brahial indexes are preferred fr assess-
ing perfusin and prediting wund healing.

C. Imaging

Digital subtratin angigraphy is the gld standard
methd t delineate the anatmy f the tibial-ppliteal

segment. MRA r CTA is less helpful fr detetin f
lesins in this latin due t the small vasulature and
ther tehnial issues related t image reslutin.

» Differential Diagnosis

Beause f the high inidene f neurpathy in these
patients, it is imprtant t differentiate rest pain frm dia-
beti neurpathi dysesthesia. Leg night ramps ause pain
in the leg rather than the ft and shuld nt be nfused
with ishemi rest pain. Dependent rubr in the presene
f a te wund an ften be mistaken fr ellulitis; pallr
n elevatin helps nfirm the diagnsis f rubr.

» Treatment

Gd ft are may prevent ulers, and mst diabeti
patients will d well with a nservative regimen. Hwever,
if uleratins appear and there is n signifiant healing
within 2–3 weeks, bld flw studies (ankle-brahial
index/te-brahial index) are indiated. Pr bld flw
and a ft uler r nightly ishemi rest pain requires expe-
ditius revasularizatin t avid a majr amputatin.

A. Bypass and Endovascular Techniques

Bypass with vein t the distal tibial r pedal arteries is an
effetive therapy t treat rest pain and heal ishemi ulers
f the ft. Beause the ft ften has relative sparing f
vasular disease, these bypasses have had adequate pateny
rates (70% at 3 years). Frtunately, in nearly all series, limb
preservatin rates are muh higher than pateny rates.

Endvasular treatment with plain balln angiplasty
is effetive fr shrt segment lesins. The tehnial failure
and relusin rates inrease drastially with lng seg-
ment disease in multiple tibial arteries. Stents and drug-
ated ballns have nt been suessful in the tibial
vessels t date.

B. Amputation

Patients with ishemi rest pain r ulers have a 30–40%
1-year risk fr majr amputatin that inreases if revasu-
larizatin annt be dne. Patients with diabetes and PAD
have a 4-fld risk f hrni limb-threatening ishemia
mpared with nndiabeti patients with PAD and have a
risk f amputatin up t 20-fld when mpared t an age-
mathed ppulatin. Many patients wh have belw-the-
knee r abve-the-knee amputatins due t vasular
insuffiieny never regain independent ambulatry status
and ften need assisted-living failities. These fatrs m-
bine t demand revasularizatin whenever pssible t
preserve the limb.

» Complications

The mpliatins f interventin are similar t thse listed
fr superfiial femral artery disease with evidene that the
verall ardivasular risk f interventin inreases with
dereasing ABI. Patients with hrni limb-threatening
ishemia require aggressive risk fatr mdifiatin.
Wund infetin rates after bypass are higher if there is an
pen wund in the ft.
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» Prognosis

Patients with tibial atherslersis have extensive ather-
slerti burden and a high prevalene f diabetes. Their
prgnsis withut interventin is pr and mpliated by
the risk f amputatin.

» When to Refer

Patients with diabetes and ft ulers shuld be referred
fr a frmal vasular evaluatin. Interventin may nt be
neessary but the severity f the disease will be quantified,
whih has impliatins fr future symptm develpment.
Any patient with an uler and a diabeti ft infetin
shuld be evaluated fr an emergent perative inisin and
drainage. Brad-spetrum intravenus antibitis shuld
be given empirially; fr example, vanmyin shuld be
given t ver methiillin-resistant Staphylococcus aureus
(MRSA) and ertapenem r piperaillin/tazbatam shuld
be given t ver gram-negative and anaerbi rganisms.
Centers that have a multidisiplinary limb preservatin
enter staffed with vasular surgens, pdiatrists, plasti
and rthpedi surgens, prsthetis and rthti speial-
ists, and diabetes speialists shuld be sught.

Cnte MS et al. Glbal vasular guidelines n the management
f hrni limb-threatening ishemia. J Vas Surg. 2019;69:3.
[PMID: 31159978]

Farber A et al. The urrent state f ritial limb ishemia: a sys-
temati review. JAMA Surg. 2016;151:1070. [PMID:
27551978]

ACUTE ARTERIAL OCCLUSION OF A LIMB

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden pain in a limb with absent limb pulses.

» Usually some neurologic dysfunction with numb-
ness, weakness, or complete paralysis.

» Loss of light touch sensation requires revascular-
ization within 3 hours for limb viability.

» General Considerations

Aute lusin may be due t an emblus r t thrmb-
sis f a diseased atherslerti segment. Embli large
enugh t lude prximal arteries in the lwer extremi-
ties are almst always frm the heart and are related t
atrial fibrillatin. Over 50% f the embli frm the heart g
t the lwer extremities, 20% t the erebrvasular iru-
latin, and the remainder t the upper extremities and
mesenteri and renal irulatin. Atrial fibrillatin is the
mst mmn ause f ardia thrmbus frmatin; ther
auses are valvular disease r thrmbus frmatin n the
ventriular surfae f a large anterir myardial infart.

Embli frm arterial sures suh as arterial uleratins
r alified exresenes are usually small and g t the
distal arterial tree (tes).

The typial patient with primary thrmbsis has had a
histry f laudiatin and nw has an aute lusin. If the
stensis is hrni, llateral bld vessels will develp, and
the resulting lusin may ause nly minimal inrease in
symptms.

» Clinical Findings

A. Symptoms and Signs

The sudden nset f extremity pain, with lss r redutin in
pulses, is diagnsti f aute arterial lusin. This ften will
be ampanied by neurlgi dysfuntin, suh as numb-
ness r paralysis in extreme ases. With ppliteal lusin,
symptms may affet nly the ft. With prximal lusins,
the whle leg may be affeted. Signs f severe arterial ishemia
inlude pallr, lness f the extremity, and mttling.
Impaired neurlgi funtin prgressing t anesthesia with
paralysis indiates irreversible injury requiring amputatin.

B. Doppler and Laboratory Findings

There will be little r n flw fund with Dppler examina-
tin f the distal vessels. Imaging, if dne, may shw an
abrupt utff f ntrast with embli lusin. Bld
wrk may shw myglbinemia and metabli aidsis.

C. Imaging

Whenever pssible, imaging shuld be dne in the perating
rm beause btaining angigraphy, MRA, r CTA may
delay revasularizatin and jepardize the viability f the
extremity. Hwever, in ases with nly mdest symptms and
where light tuh f the extremity is maintained, imaging may
be helpful in planning the revasularizatin predure.

» Treatment

Immediate revasularizatin is required in all ases f
symptmati aute arterial thrmbsis. Evidence of neuro-
logic injury, including loss of light touch sensation, indicates
that collateral flow is inadequate to maintain limb viability
and revascularization should be accomplished within 3 hours.
Lnger delays arry a signifiant risk f irreversible tissue
damage. This risk apprahes 100% at 6 hurs.

A. Heparin

As sn as the diagnsis is made, unfratinated heparin
shuld be administered (5000–10,000 units) intravenusly,
fllwed by a heparin infusin t maintain the ativated
partial thrmbplastin time (aPTT) in the therapeuti
range (60–85 sends) (12–18 units/kg/h). This helps pre-
vent lt prpagatin and may als help relieve assiated
vessel spasm. Antiagulatin may imprve symptms, but
revasularizatin will still be required.

B. Endovascular Techniques

Pharmamehanial thrmbetmy atheters an ahieve
rapid revasularizatin and are mst effetive fr the
smaller arteries f the lwer leg. Catheter-direted hemi-
al thrmblysis int the lt with tissue plasmingen
ativatr (TPA) may be dne but ften requires 24 hurs r
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lnger t fully lyse the thrmbus. This apprah an be
taken nly in patients with an intat neurlgi examina-
tin withut abslute ntraindiatins, suh as bleeding
diathesis, gastrintestinal bleeding, intraranial trauma, r
neursurgery within the past 3 mnths. Heparin is admin-
istered systemially t prevent thrmbus frmatin arund
the sheath. Frequent vasular and aess site examinatins
are required during the thrmblyti predure t guard
against the develpment f a hematma.

C. Surgical Intervention

General anesthesia is usually indiated; lal anesthesia
may be used in extremely high-risk patients if the explra-
tin is t be limited t the mmn femral artery. In
extreme ases, it may be neessary t perfrm thrmb-
embletmy frm the femral, ppliteal, and even the
pedal vessels t revasularize the limb. The mbined use
f devies that pulverize and aspirate lt and intrapera-
tive thrmblysis with TPA imprves utmes.

» Complications

Cmpliatins f revasularizatin f an autely ishemi
limb an inlude severe metabli aidsis, hyperkalemia,
aute kidney injury, and ardia arrest. In ases where sev-
eral hurs have elapsed but revery f viable tissue may still
be pssible, signifiant levels f lati aid, ptassium, and
ther harmful agents suh as myglbin may be released
int the irulatin during revasularizatin. Administering
sdium biarbnate (150 mEq NaHCO

3
in 1 L f dextrse

5% in water) prir t reestablishing arterial flw is required.
Surgery in the presene f thrmblyti agents and heparin
arries a high risk f pstperative wund hematma.

» Prognosis

There is a 10–25% risk f amputatin with an aute arterial
embli lusin, and a 25% r higher in-hspital mrtal-
ity rate. Prgnsis fr aute thrmbti lusin f an
atherslerti segment is generally better beause the l-
lateral flw an maintain extremity viability. The lnger-
term survival reflets the verall nditin f the patient.
In high-risk patients, an aute arterial lusin is assi-
ated with a dismal prgnsis.

OCCLUSIVE CEREBROVASCULAR DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden onset of weakness and numbness of an
extremity or the face, aphasia, dysarthria, or uni-
lateral blindness (amaurosis fugax).

» Bruit heard loudest in the mid neck.

» General Considerations

Unlike the ther vasular territries, symptms f ishemi
erebrvasular disease are predminantly due t embli.
The ishemia is reversible (transient ishemi attaks

[TIAs]) when llateral flw reestablishes perfusin, but is
a sign that the risk f additinal embli and a strke is
high. Mst ishemi strkes are due t embli frm the
heart. One-quarter f all ishemi strkes may be due t
embli frm an arterial sure; apprximately 90% f these
embli riginate frm the prximal internal artid artery,
an area uniquely prne t the develpment f athersler-
sis. Intraranial atherslerti lesins are unmmn in
western ppulatins but are the mst frequent latin f
erebrvasular disease in Asian ppulatins.

» Clinical Findings

A. Symptoms and Signs

Generally, the symptms f a TIA last nly a few sends
t minutes (but may ntinue up t 24 hurs) while a
strke is defined as persistent symptms beynd 24 hurs.
The mst mmn lesins assiated with artid disease
invlve the anterir irulatin in the rtex with bth
mtr and sensry invlvement. Embli t the retinal
artery ause unilateral blindness; transient mnular
blindness is termed “amaursis fugax.” Psterir irula-
tin symptms referable t the brainstem, erebellum, and
visual regins f the brain may be due t atherslersis f
the vertebral basilar systems and are muh less mmn.

Signs f erebrvasular disease may inlude artid
artery bruits. Hwever, there is pr rrelatin between
the degree f stensis and the presene f the bruit. Further-
mre, the presene f a bruit des nt rrelate with strke
risk. Nnfal symptms, suh as dizziness and unsteadi-
ness, seldm are related t erebrvasular atherslersis.

B. Imaging

Duplex ultrasngraphy is the imaging mdality f hie
with high speifiity and sensitivity fr deteting and grad-
ing the degree f stensis at the artid bifuratin (see
Chapter 24).

Exellent depitin f the full anatmy f the erebr-
vasular irulatin frm arti arh t ranium an be
btained with either MRA r CTA. Eah f the mdalities
may have false-psitive r false-negative findings. Sine the
deisin t intervene in ases f artid stensis depends n
an aurate assessment f the degree f stensis, it is rem-
mended that at least tw mdalities be used t nfirm the
degree f stensis. Diagnsti erebral angigraphy is
reserved fr ases where artid artery stenting (CAS) is t
be dne.

» Treatment

See Chapter 24 fr a disussin f the medial manage-
ment f lusive erebrvasular disease.

A. Asymptomatic Patients

Large studies have shwn a 5-year redutin in strke rate
frm 11.5% t 5.0% with surgial treatment f asymptmati
artid stensis that is greater than 60%; patients with
asymptmati artid stensis may benefit frm artid
interventin if their risk frm interventin is lw and their
expeted survival is lnger than 5 years. Aggressive risk
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fatr mdifiatin, inluding high-pteny statins, may be
as valuable as surgial interventin in these patients; the
large NIH-spnsred CREST2 study is examining this issue.

Mild t mderate disease (30–50% stensis) indiates
the need fr nging mnitring and aggressive risk fatr
mdifiatin. Patients with artid stensis that suddenly
wrsens are thught t have an unstable plaque and are at
partiularly high risk fr embli strke.

B. Symptomatic Patients

Large randmized trials have shwn that patients with TIAs
r strkes frm whih they have mpletely r nearly m-
pletely revered will benefit frm artid interventin if the
ipsilateral artid artery has a stensis f mre than 70%
(Figure 12–1), and they are likely t benefit if the artery has a
stensis f 50–69%. In these situatins, artid endartere-
tmy (CEA) and, in seleted ases, CAS have been shwn t
have a durable effet in preventing further events. In symp-
tmati patients, interventin shuld ideally be planned
within 2 weeks sine delays inrease the risk f a send event.

» Complications

The mst mmn mpliatin frm artid interventin
is ranial nerve injury, while the mst dreaded mplia-
tin is strke frm emblizatin r artid lusin. The
Amerian Heart Assiatin’s remmendatins fr upper
limits f aeptable mbined mrbidity and mrtality fr
these interventins is 3% fr patients with asymptmati
artid stensis, 5% fr thse with TIAs, and 7% fr
patients with previus strke. Higher rates f mrbidity

and mrtality negate the therapeuti benefit f artid
interventin.

A. Carotid Endarterectomy

In the 2010 CREST study the strke risk fr CEA was 2.3%.
CEA als arries a 1–2% risk f permanent ranial nerve
injury (usually the vagus nerve). There is als the risk f
pstperative nek hematma, whih an ause aute air-
way mprmise. Crnary artery disease is a mrbidity
in mst f these patients. Myardial infartin rates after
CEA are apprximately 2–6%.

B. Carotid Angioplasty and Stenting

CAS had a strke risk f 4.1% in the 2010 CREST study;
patients ver 70 years f age as well as wmen had higher
strke rates with CAS than with CEA. Hwever, the risk f
myardial infartin was lwer with CAS mpared t
CEA (1.1% vs 2.3%). CAS is indiated fr reperative ases,
prir nek radiatin, and high artid bifuratins nt
therwise aessible surgially. Nnetheless, embli are
mre mmn during transfemral CAS in spite f embli
prtetin devies, espeially when the artid artery is
trtuus and heavily alified. Transervial artid stent-
ing, perfrmed thrugh a small inisin at the base f the
nek, avids artery trtusity and has lwer emblizatin
rates than transfemral artid stenting.

» Prognosis

Twenty-five perent f patients presenting with artid
stensis and a TIA r small strke will have further brain
ishemia within 18 mnths with mst f the events ur-
ring within the first 6 mnths. Histrially, patients with
asymptmati artid stensis are believed t have an
annual strke rate f just ver 2% but this may be lwer in
the statin era. Prspetive ultrasund sreening at least
annually is remmended in asymptmati patients with
knwn artid stensis t identify thse wh have evidene
f plaque prgressin, whih inreases strke risk. Cn-
mitant rnary artery disease is mmn and is an
imprtant fatr in these patients bth fr periperative
risk and lng-term prgnsis. Aggressive risk fatr mdi-
fiatin shuld be presribed fr patients with erebrvas-
ular disease regardless f planned interventin.

» When to Refer

Asymptmati r symptmati patients with a artid ste-
nsis f mre than 70% and patients with artid stensis
f less than 70% with symptms f a TIA r strke shuld
be referred t a vasular speialist fr nsultatin.

Brtt TG et al; CREST Investigatrs. Lng-term results f stent-
ing versus endarteretmy fr artid-artery stensis. N Engl
J Med. 2016;374:1021. [PMID: 26890472]

Mresli P et al. Cartid stenting versus endarteretmy fr
asymptmati artid artery stensis: a systemati review and
meta-analysis. Strke. 2017;48:2150. [PMID: 28679848]

Paraskevas KI et al. An updated systemati review and meta-
analysis f results f transervial artid artery stenting with
flw reversal. J Vas Surg. 2020;72:1489. [PMID: 32422272]

▲ Figure 12–1. Digital subtraction angiography of a
high-grade (90%) stenosis of the internal carotid artery
with ulceration (arrow). (Used, with permission, from
Dean SM, Satiani B, Abraham WT. Color Atlas and Synopsis
of Vascular Diseases. McGraw-Hill, 2014.)
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VISCERAL ARTERY INSUFFICIENCY
(Intestinal Angina)

E S S E N T I A L S  O F  D I A G N O S I S

» Severe postprandial abdominal pain.

» Weight loss with a “fear of eating.”

» Acute mesenteric ischemia: severe abdominal
pain yet minimal findings on physical
examination.

» General Considerations

Acute mesenteric ischemia results frm lusive mesen-
teri arterial disease, either embli lusin r primary
thrmbsis f at least ne majr mesenteri artery. Ishemia
an als result frm nonocclusive mesenteric ischemia,
whih is generally seen in patients with lw flw states, suh
as severe heart failure, sepsis, r hyptensin. Chronic
mesenteric ischemia, als alled intestinal angina, urs
when inreased flw demands during feeding are nt met
resulting in abdminal pain. Beause f the rih llateral
mesenteri netwrk, generally at least tw f the three
majr viseral vessels (elia, superir mesenteri, inferir
mesenteri arteries) are affeted befre symptms develp.
Ischemic colitis, a variant f mesenteri ishemia, usually
urs in the distributin f the inferir mesenteri artery.
The intestinal musa is the mst sensitive t ishemia and
will slugh if underperfused.

» Clinical Findings

A. Symptoms and Signs

1. Acute mesenteric ischemia—Viseral arterial emblism
presents autely with severe abdminal pain. In ntrast,
patients with primary viseral arterial thrmbsis ften
give an anteedent histry nsistent with hrni mesen-
teri ishemia. The key finding with aute mesenteri
ishemia is severe, steady, diffuse abdminal pain with an
absene f fal tenderness r distentin. This “pain ut f
prprtin” t physial examinatin findings urs
beause ishemia initially is musal and des nt impat
the peritneum until transmural ishemia inflames the
peritneal lining. A high white bld ell unt, lati ai-
dsis, hyptensin, and abdminal distentin may aid in
the diagnsis.

2. Chronic mesenteric ischemia—Patients are generally
ver 45 years f age and may have evidene f athersle-
rsis in ther vasular beds. Symptms nsist f epigastri
r periumbilial pstprandial pain lasting 1–3 hurs. T
avid the pain, patients limit fd intake and may develp
a fear f eating. Weight lss is universal.

3. Ischemic colitis—Charateristi symptms are left lwer
quadrant pain and tenderness, abdminal ramping, and
mild diarrhea. Retal disharge will appear muus-like r
bldy and shuld prmpt further evaluatin.

B. Imaging and Colonoscopy

Cntrast-enhaned CT is highly aurate at determining
the presene f ishemi intestine. In patients with aute r
hrni mesenteri ishemia, a CTA r MRA an demn-
strate narrwing f the prximal viseral vessels. In aute
mesenteri ishemia frm a nnlusive lw flw state,
angigraphy is needed t display the typial “pruned tree”
appearane f the distal viseral vasular bed. Ultrasund
sanning f the mesenteri vessels may shw prximal
bstruting lesins.

In patients with ishemi litis, flexible sigmidspy
shuld be perfrmed t assess the grade f ishemia that
urs mst ften in watershed areas, suh as the retal
sigmid and spleni flexure.

» Treatment

A high suspiin f aute mesenteri ishemia ditates
immediate explratin t assess bwel viability. If the
bwel remains viable, arterial bypass using a prstheti
nduit an be dne either frm the supra-elia arta r
mmn ilia artery t the elia and the superir mesen-
tery artery. In ases where bwel viability is questinable r
bwel resetin will be required, the bypass an be dne
with autlgus vein t avid the use f prstheti nduits
in a ptentially ntaminated field. Angiplasty and stent-
ing f the arteries an be used but des nt avid a surgial
evaluatin f bwel viability.

In hrni mesenteri ishemia, angiplasty and stenting
f the prximal vessel may be benefiial depending n the
anatmy f the stensis. Shuld an endvasular slutin
nt be available, an art-viseral artery bypass is the pre-
ferred management. The lng-term results are highly dura-
ble. Viseral artery endarteretmy is reserved fr ases with
multiple lesins where bypass wuld be diffiult.

The mainstay f treatment f ishemi litis is mainte-
nane f bld pressure and perfusin until llateral ir-
ulatin bemes well established. The patient must be
mnitred lsely fr evidene f perfratin neessitating
resetin.

» Prognosis

The mbined mrbidity and mrtality rates are 10–15%
frm surgial interventin in part due t malnutritin and
frailty in patients preeding hrni mesenteri ishemia.
Hwever, withut interventin bth nditins are uni-
frmly fatal. Adequate llateral irulatin usually devel-
ps in thse wh have ishemi litis, and the prgnsis
fr this entity is better than hrni mesenteri ishemia.

» When to Refer

Any patient in whm there is a suspiin f mesenteri
ishemia shuld be urgently referred fr imaging and ps-
sible interventin.

Alahdab F et al. A systemati review and meta-analysis f end-
vasular versus pen surgial revasularizatin fr hrni
mesenteri ishemia. J Vas Surg. 2018;67:1598. [PMID:
29571626]
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Clair DG et al. Mesenteri ishemia. N Engl J Med. 2016;374:959.
[PMID: 26962730]

Lim S et al. Cntemprary management f aute mesenteri
ishemia in the endvasular era. Vas Endvasular Surg.
2019;53:42. [PMID: 30360689]

ACUTE MESENTERIC VEIN OCCLUSION

The hallmarks f aute mesenteri vein lusin are pst-
prandial pain and evidene f a hyperagulable state.
Aute mesenteri vein lusin presents similarly t the
arterial lusive syndrmes but is muh less mmn.
Patients at risk inlude thse with parxysmal nturnal
hemglbinuria; prtein C, prtein S, r antithrmbin
defiienies; r the JAK2 mutatin. These lesins are diffi-
ult t treat surgially, and thrmblysis is the mainstay f
therapy. Aggressive lng-term antiagulatin is required
fr these patients.

º
NONATHEROSCLEROTIC VASCULAR
DISEASE

THROMBOANGIITIS OBLITERANS
(Buerger Disease)

E S S E N T I A L S  O F  D I A G N O S I S

» Typically occurs in male cigarette smokers.

» Distal extremities involved with severe ischemia,
progressing to tissue loss.

» Thrombosis of the superficial veins may occur.

» Smoking cessation is essential to stop disease
progression.

» General Considerations

Buerger disease is a segmental, inflammatry, and thrm-
bti press f the distal-mst arteries and asinally
veins f the extremities. Pathlgi examinatin reveals
arteritis in the affeted vessels. The ause is nt knwn but
it is rarely seen in patients wh d nt smke igarettes.
Arteries mst mmnly affeted are the plantar and digi-
tal vessels f the ft and lwer leg. In advaned stages, the
fingers and hands may beme invlved. The inidene f
Buerger disease has dereased dramatially.

» Clinical Findings

A. Symptoms and Signs

Buerger disease may be initially diffiult t differentiate
frm rutine peripheral vasular disease, but in mst ases,
the lesins are n the tes and the patient is yunger than
40 years f age. The bservatin f superfiial thrmb-
phlebitis may aid the diagnsis. Beause the distal vessels
are usually affeted, intermittent laudiatin is nt m-
mn with Buerger disease, but rest pain, partiularly pain

in the distal mst extremity (ie, tes), is frequent. This pain
ften prgresses t tissue lss and amputatin, unless the
patient stps smking. The prgressin f the disease
seems t be intermittent with aute and dramati episdes
fllwed by sme perids f remissin.

B. Imaging

MRA r invasive angigraphy an demnstrate the blit-
eratin f the distal arterial tree typial f Buerger disease.

» Differential Diagnosis

In atherslerti peripheral vasular disease, the nset f
tissue ishemia tends t be less dramati than in Buerger
disease, and symptms f prximal arterial invlvement,
suh as laudiatin, predminate.

Symptms f Raynaud disease may be diffiult t dif-
ferentiate frm Buerger disease and are ften existent in
40% f patients. Repetitive atherembli may als mimi
Buerger disease and may be diffiult t differentiate. It may
be neessary t image the prximal arterial tree t rule ut
sures f arterial mirembli.

» Treatment

Smking essatin is the mainstay f therapy and will halt
the disease in mst ases. As the distal arterial tree is
luded, revasularizatin is ften nt pssible. Sympa-
thetmy is rarely effetive.

» Prognosis

If smking essatin an be ahieved, the utlk fr Buerger
disease may be better than in patients with premature periph-
eral vasular disease. If smking essatin is nt ahieved,
then the prgnsis is generally pr, with amputatin f bth
lwer and upper extremities a pssible utme.

Le Jnur A et al; Frenh Buerger’s Netwrk. Lng-term utme
and prgnsti fatrs f mpliatins in thrmbangiitis
bliterans (Buerger’s disease): a multienter study f 224
patients. J Am Heart Ass. 2018;7:e010677. [PMID: 30571594]

º
ARTERIAL ANEURYSMS

ABDOMINAL AORTIC ANEURYSM

E S S E N T I A L S  O F  D I A G N O S I S

» Most aortic aneurysms are asymptomatic until
rupture.

» 80% of abdominal aortic aneurysms measuring
5 cm are palpable; the usual threshold for treat-
ment is 5.5 cm.

» Back or abdominal pain with aneurysmal tender-
ness may precede rupture.

» Rupture is catastrophic: excruciating abdominal
pain that radiates to the back; hypotension.

CMDT22_Ch12_p0475-p0501.indd 483 29/06/21 8:37 PM



CHAPTER 12484 CMDT 2022

» General Considerations

Dilatatin f the infrarenal arta is a nrmal part f aging.
The arta f a healthy yung man measures apprximately
2 m. An aneurysm is nsidered present when the arti
diameter exeeds 3 m, but aneurysms rarely rupture until
their diameter exeeds 5 m. Abdminal arti aneurysms
are fund in 2% f men ver 55 years f age; the male t
female rati is 4:1. Ninety perent f abdminal athersle-
rti aneurysms riginate belw the renal arteries. The
aneurysms usually invlve the arti bifuratin and ften
invlve the mmn ilia arteries.

Inflammatry aneurysms are an unusual variant. These
have an inflammatry peel (similar t the inflammatin
seen with retrperitneal fibrsis) that surrunds the
aneurysm and enases adjaent retrperitneal strutures,
suh as the dudenum and, asinally, the ureters.

» Clinical Findings

A. Symptoms and Signs

1. Asymptomatic—Althugh 80% f 5-m infrarenal
aneurysms are palpable n rutine physial examinatin,
mst aneurysms are disvered n ultrasund r CT imag-
ing as part f a sreening prgram r during the evaluatin
f unrelated abdminal symptms.

2. Symptomatic—

a. Pain—Aneurysmal expansin may be ampanied by
pain that is mild t severe midabdminal dismfrt ften
radiating t the lwer bak. The pain may be nstant r
intermittent and is exaerbated by even gentle pressure n
the aneurysm sak. Pain may als ampany inflamma-
try aneurysms. Mst aneurysms have a thik layer f
thrmbus lining the aneurysmal sa, but emblizatin t
the lwer extremities is rarely seen.

b. Rupture—The sudden esape f bld int the retr-
peritneal spae auses severe pain and hyptensin. Free
rupture int the peritneal avity is a lethal event.

B. Laboratory Findings

In aute ases f a ntained rupture, the hematrit may
be nrmal, sine there has been n pprtunity fr
hemdilutin.

Patients with aneurysms may als have rnary artery
disease, artid disease, kidney impairment, and emphysema,
whih are typially seen in elderly men wh smke igarettes.
Preperative testing may indiate the presene f these
mrbid nditins, whih inrease the risk f interventin.

C. Imaging

Abdminal ultrasngraphy is the diagnsti study f
hie fr initial sreening fr the presene f an aneu-
rysm. In apprximately three-quarters f patients with
aneurysms, urvilinear alifiatins utlining prtins f
the aneurysm wall may be visible n plain radigraphs f
the abdmen r bak. CT sans prvide a mre reliable
assessment f aneurysm diameter and shuld be dne
when the aneurysm nears the diameter threshld (5.5 m)

fr treatment. Cntrast-enhaned CT sans shw the arter-
ies abve and belw the aneurysm. The visualizatin f this
vasulature is essential fr planning repair. CT imaging will
ften demnstrate mural thrmbus within the aneurysm
and is nt an indiatin fr antiagulatin.

One an aneurysm is identified, rutine fllw-up with
ultrasund will determine size and grwth rate. The fre-
queny f imaging depends n aneurysm size ranging
frm every 2 years fr aneurysms smaller than 4 m t
every 6 mnths fr aneurysms at r apprahing 5 m.
When an aneurysm measures apprximately 5 m, a CTA
with ntrast shuld be dne t mre aurately assess the
size f the aneurysm and define the anatmy.

» Screening

Guidelines remmend abdminal ultrasund sreening
in men 65–75 years ld with expsure t 100 r mre life-
time igarettes but nflit n whether wmen with the
same expsure shuld be sreened. Guidelines d nt re-
mmend repeated sreening if the arta shws n enlarge-
ment. While patients are mnitred, smking essatin
and treatment f underlying hypertensin, hyperlipidemia,
and diabetes shuld be nsidered.

» Treatment

A. Elective Repair

The risk f rupture inreases with aneurysm diameter. In gen-
eral, eletive repair is indiated fr arti aneurysms 5.5 m r
larger in diameter r aneurysms that demnstrate rapid expan-
sin (mre than 0.5 m in 6 mnths). Symptms suh as pain
r tenderness may indiate impending rupture and require
urgent repair regardless f the aneurysm’s diameter.

B. Aneurysmal Rupture

A ruptured aneurysm is a lethal event. Apprximately half
the patients exsanguinate prir t reahing a hspital. In the
remainder, bleeding may be temprarily ntained in the
retrperitneum (ntained rupture), allwing the patient
t underg emergent surgery. Hwever, nly half f thse
patients will survive. Endvasular repair is available fr
ruptured aneurysm treatment in mst majr vasular en-
ters, with the results ffering sme imprvement ver pen
repair fr these ritially ill patients.

C. Inflammatory Aneurysm

The presene f periarti inflammatin (inflammatry
aneurysm) is nt an indiatin fr surgial treatment,
unless there is assiated mpressin f retrperitneal
strutures, suh as the ureter r pain upn palpatin f the
aneurysm. Interestingly, the inflammatin that enases an
inflammatry aneurysm reedes after either endvasular
r pen surgial aneurysm repair.

D. Assessment of Operative Risk

Aneurysms appear t be a variant f systemi athersler-
sis. Patients with aneurysms have a high rate f rnary
disease but a 2004 trial demnstrated minimal value in
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addressing stable rnary artery disease prir t aneu-
rysm resetin. Hwever, in patients with signifiant
symptms f rnary disease, the rnary disease shuld
be treated first. Aneurysm repair shuld fllw shrtly
thereafter beause there is a slightly inreased risk f aneu-
rysm rupture after the rnary predures.

E. Open Surgical Resection Versus
Endovascular Repair

In pen surgial aneurysm repair, a graft is sutured t the
nn-dilated vessels abve and belw the aneurysm. This
invlves an abdminal inisin, extensive dissetin, and
interruptin f arti bld flw. The mrtality rate is lw
(2–5%) in enters that have a high vlume fr this pre-
dure and when it is perfrmed in gd-risk patients. Older,
siker patients may nt tlerate the ardipulmnary
stresses f the peratin. With endvasular arti repair,
a stent-graft is intrdued thrugh small inisins ver the
femral arteries and psitined within the arta under
flurspi guidane. The stent must be able t seal
seurely against the wall f the arta abve and belw the
aneurysm, thereby exluding bld frm flwing int the
aneurysm sa. T suessfully treat an aneurysm, the ana-
tmi requirements fr endvasular repairs are mre
preise than fr pen repairs. Mst studies have fund that
endvasular arti repair ffers patients redued pera-
tive mrbidity and mrtality as well as shrter revery
perids. Lng-term survival is equivalent between the tw
tehniques. Patients wh underg endvasular repair,
hwever, likely need additinal interventins and need
lifelng mnitring, sine there is a 10–15% inidene f
ntinued aneurysm grwth after endvasular repair.

» Complications

Myocardial infarction, the mst mmn mpliatin,
urs in up t 10% f patients wh underg pen aneurysm
repair. The inidene f myardial infartin is substantially
lwer with endvasular repair. Fr rutine infrarenal aneu-
rysms, renal injury is unusual; hwever, when it des ur,
r if the baseline reatinine is elevated, it is a signifiant m-
pliating fatr in the pstperative perid. Respiratry
mpliatins are similar t thse seen in mst majr
abdminal surgery. Gastrintestinal hemrrhage, even years
after arti surgeries, suggests the pssibility f graft enteric
fistula, mst mmnly between the arta and the distal
dudenum; the inidene f this mpliatin is higher when
the initial surgery is perfrmed n an emergeny basis.

» Prognosis

The mrtality rate fr an pen eletive surgial resetin is
1–5%, and the mrtality rate fr endvasular therapy is
0.5–2%. Of thse wh survive surgery, apprximately 60%
are alive at 5 years; myardial infartin is the leading
ause f death. The lng-term survival (5 years r mre)
after pen and endvasular repairs is equivalent.

Mrtality rates f untreated aneurysms vary with aneu-
rysm diameter. The mrtality rate amng patients with
large aneurysms has been defined as fllws: 12% annual
risk f rupture with an aneurysm larger than 6 m in

diameter and a 25% annual risk f rupture in aneurysms f
mre than 7 m diameter. In general, a patient with an
arti aneurysm larger than 5.5 m has a threefld greater
hane f dying f a nsequene f rupture f the aneu-
rysm than f dying f the surgial resetin.

At present, endvasular aneurysm repair may be less
definitive than pen surgial repair and requires lse fl-
lw up with an imaging predure. Devie migratin,
mpnent separatin, and graft limb thrmbsis r kink-
ing are mmn reasns fr repeat interventin. With
mplete exlusin f bld frm the aneurysm sa, the
pressure is lwered, whih auses the aneurysm t shrink.
An “endleak” frm the tp r bttm seal znes (type 1)
r thrugh a graft defet (type 3) is assiated with a per-
sistent risk f rupture. Indiret leakage f bld thrugh
lumbar and inferir mesenteri branhes f the aneurysm
(type-2 endleak) prdues an intermediate piture with
smewhat redued pressure in the sa, slw shrinkage, and
lw rupture risk. Hwever, type-2 endleak warrants lse
bservatin as aneurysm dilatatin an hange aneurysm
mrphlgy leading t type-1 endleak and rupture.

» When to Refer

• Any patient with a 4.5-m r larger arti aneurysm
shuld be referred t a vasular speialist fr bserva-
tin and assessment.

• Urgent referrals shuld be made if the patient m-
plains f pain and gentle palpatin f the aneurysm
nfirms that it is the sure, regardless f the aneurys-
mal size.

» When to Admit

• Patients with a tender aneurysm t palpatin r signs f
arti rupture require emergent hspital admissin.

• Evidene f infetin after repair.

O’Dnnell TFX et al. Abdminal arti aneurysm sreening
guidelines: United States Preventive Servies Task Fre and
Siety fr Vasular Surgery. J Vas Surg. 2020;71:1457.
[PMID: 32334726]

Jin J. Sreening fr abdminal arti aneurysm. JAMA Patient
Page. JAMA. 2019;322:2256. [PMID: 31821432]

Lederle FA et al; OVER Veterans Affairs Cperative Study
Grup. Open versus endvasular repair f abdminal arti
aneurysm. N Engl J Med. 2019;380:2126. [PMID: 31141634]

US Preventive Servies Task Fre; Owens DK et al. Sreening
fr abdminal arti aneurysm: US Preventive Servies Task
Fre Remmendatin Statement. JAMA. 2019;322:2211.
[PMID: 31821437]

THORACIC AORTIC ANEURYSMS

E S S E N T I A L S  O F  D I A G N O S I S

» Widened mediastinum on chest radiograph.

» With rupture, sudden onset of chest pain radiating
to the back.
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» General Considerations

Mst thrai arti aneurysms are due t atherslersis;
syphilis is a rare ause. Disrders f nnetive tissue and
Ehlers-Danls and Marfan syndrmes als are rare auses
but have imprtant therapeuti impliatins. Traumati,
false aneurysms, aused by partial tearing f the arti wall
with deeleratin injuries, may ur just beynd the ri-
gin f the left sublavian artery. Less than 10% f arti
aneurysms ur in the thrai arta.

» Clinical Findings

A. Symptoms and Signs

Mst thrai aneurysms are asymptmati. When symp-
tms ur, they depend largely n the size and the psi-
tin f the aneurysm and its rate f grwth. Substernal
bak r nek pain may ur. Pressure n the trahea,
esphagus, r superir vena ava an result in the fllwing
symptms and signs: dyspnea, stridr r brassy ugh,
dysphagia, and edema in the nek and arms as well as dis-
tended nek veins. Strething f the left reurrent laryngeal
nerve auses harseness. With aneurysms f the asending
arta, arti regurgitatin may be present due t dilatin f
the arti valve annulus. Rupture f a thrai aneurysm is
atastrphi beause bleeding is rarely ntained, allwing
n time fr emergent repair.

B. Imaging

The aneurysm may be diagnsed n hest radigraph by
the alified utline f the dilated arta. CT sanning with
ntrast enhanement is the mdality f hie, but MRA
an be used t demnstrate the anatmy and aneurysmal
size and t exlude lesins that an mimi aneurysms, suh
as neplasms r substernal giter. There is n lw-st
alternative (eg, ultrasngraphy) fr sreening r surveil-
lane. Cardia atheterizatin and ehardigraphy may
be required t desribe the relatinship f the rnary
vessels t an aneurysm f the asending arta.

» Treatment

Indiatins fr repair depend n the latin f dilatin, rate
f grwth, assiated symptms, and verall nditin f the
patient. Desending thrai aneurysms measuring 6 m r
larger may be nsidered fr repair, sine there is a 5-year
survival f 54% in these patients. Aneurysms f the desend-
ing thrai arta are treated rutinely by endvasular
grafting. Repair f arh aneurysms shuld be undertaken
nly if there is a skilled surgial team with an aeptable
rerd f utmes fr these mplex predures. The avail-
ability f thrai arti endgraft tehnique using mplex
branhed endvasular renstrutins fr aneurysms
invlving the arh r viseral arta (ustm-made grafts with
branhes t the vessels invlved in the aneurysm) des nt
hange the indiatins fr aneurysm repair. Aneurysms that
invlve the prximal arti arh r asending arta repre-
sent partiularly hallenging prblems and may be nsid-
ered fr repair when they measure 5.5 m. Open surgery is
usually required, arrying substantial risk f mrbidity
(inluding strke, diffuse neurlgi injury, and intelletual

impairment) beause interruptin f arh bld flw is
required.

» Complications

With the exeptin f endvasular repair fr disrete sa-
ular aneurysms f the desending thrai arta, the
mrbidity and mrtality f thrai aneurysm repair is
higher than fr infra-renal abdminal arti aneurysm
repair. Paraplegia remains a devastating mpliatin.
Mst large series reprt apprximately 4–10% rate f
paraplegia fllwing endvasular repair f thrai arti
aneurysms. The spinal arterial supply is segmental thrugh
interstal branhes f the arta with variable degrees f
intersegmental nnetin. Therefre, the mre extensive
the aneurysm, the greater is the risk f paraplegia with
repair. Prir infrarenal abdminal arti surgery, subla-
vian r internal ilia artery lusin, and hyptensin all
inrease the paraplegia risk. Invlvement f the arti arh
als inreases the risk f strke, even when the aneurysm
des nt diretly affet the artid artery.

» Prognosis

Generally, degenerative aneurysms f the thrai arta
will enlarge (n average 0.1 m/y) and require repair t
prevent death frm rupture. Saular aneurysms, partiu-
larly thse distal t the left sublavian artery and the
desending thrai arta, have gd results with endvas-
ular repair. Resetin f aneurysms f the arti arh
requires a skilled surgial team and shuld be attempted
nly in lw-risk patients. Branhed r fenestrated endvas-
ular grafting tehnlgy has demnstrated redued mr-
bidity and mrtality.

» When to Refer

• Asending arti aneurysms larger than 4.5 m shuld
be referred t a ardia surgen fr bservatin and
assessment and nsidered fr repair at 5.5 m.

• Desending thrai arti aneurysm shuld be referred
t a vasular speialist when they reah 5 m fr bser-
vatin and assessment and nsidered fr repair at 6 m.

» When to Admit

• Any patient with hest r bak pain with a knwn r
suspeted thrai arta aneurysm must be brught t
the hspital and underg urgent imaging studies t rule
ut the aneurysm as a ause f the pain.

Gasper WJ et al. Assessing the anatmi appliability f the
multibranhed endvasular repair f thraabdminal
arti aneurysm tehnique. J Vas Surg. 2013;57:1553.
[PMID: 23395201]

Uphurh GR et al. Siety fr Vasular Surgery linial pratie
guidelines f thrai endvasular arti repair fr desend-
ing thrai arti aneurysms. J Vas Surg. 2021;73:55S.
[PMID: 32628988]

Werlin EC et al. Multibranhed endvasular arti aneurysm
repair in patients with and withut hrni arti dissetins.
J Vas Surg. 2019;70:1419. [PMID: 31327618]
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PERIPHERAL ARTERY ANEURYSMS

E S S E N T I A L S  O F  D I A G N O S I S

» Widened, prominent pulses.

» Acute leg or foot pain and paresthesias with loss
of distal pulses.

» High association of popliteal aneurysms with
abdominal aortic aneurysms.

» General Considerations

Like arti aneurysms, peripheral artery aneurysms are
silent until ritially symptmati. Hwever, unlike arti
aneurysms, the presenting manifestatins are due t
peripheral emblizatin and thrmbsis. Ppliteal artery
aneurysms aunt fr 70% f peripheral arterial aneu-
rysms. Ppliteal aneurysms may emblize repetitively ver
time and lude distal arteries. Due t the redundant
parallel arterial supply t the ft, ishemia des nt ur
until a final emblus ludes flw.

Primary femral artery aneurysms are muh less m-
mn. Hwever, pseudaneurysms f the femral artery
fllwing arterial puntures fr arterigraphy and ardia
atheterizatin ur with an inidene ranging frm
0.05% t 6% f arterial puntures.

» Clinical Findings

A. Symptoms and Signs

The patient may be aware f a pulsatile mass when the
aneurysm is in the grin, but ppliteal aneurysms are ften
undeteted by the patient and liniian. Rarely, peripheral
aneurysms may prdue symptms by mpressing the
lal vein r nerve. The first symptm may be due t ish-
emia f aute arterial lusin. The symptms range frm
sudden-nset pain and paralysis t shrt-distane laudi-
atin that slwly lessens as llateral irulatin develps.
Symptms frm reurrent emblizatin t the leg are ften
transient, if they ur at all. Sudden ishemia may appear
in a te r part f the ft, fllwed by slw reslutin, and
the true diagnsis may be elusive. The nset f reurrent
episdes f pain in the ft, partiularly if ampanied by
yansis, suggests emblizatin and requires investigatin
f the heart and prximal arterial tree.

Beause ppliteal pulses are smewhat diffiult t pal-
pate even in nrmal individuals, a partiularly prminent
r easily felt pulse is suggestive f aneurysm and shuld be
investigated by ultrasund. Sine ppliteal aneurysms are
bilateral in 60% f ases, the diagnsis f thrmbsis f a
ppliteal aneurysm is ften aided by the palpatin f a
pulsatile aneurysm in the ntralateral ppliteal spae.
Apprximately 50% f patients with ppliteal aneurysms
have an aneurysmal abdminal arta.

B. Imaging Studies

Duplex lr ultrasund is the mst effiient investigatin
t nfirm the diagnsis f peripheral aneurysm, measure

its size and nfiguratin, and demnstrate mural thrm-
bus. MRA r CTA is required t define the aneurysm and
lal arterial anatmy fr renstrutin. Arterigraphy is
nt remmended beause mural thrmbus redues the
apparent diameter f the lumen n angigraphy. Patients
with ppliteal aneurysms shuld underg abdminal ultra-
sngraphy t determine whether an abdminal arti
aneurysm is als present.

» Treatment

T prevent limb lss frm thrmbsis r emblizatin,
surgery is indiated when an aneurysm is assiated with
any peripheral emblizatin, the aneurysm is larger than
2 m, r a mural thrmbus is present. Immediate r urgent
surgery is indiated when aute emblizatin r thrmbsis
has aused aute ishemia. Open surgial bypass is gener-
ally indiated. Endvasular exlusin f the aneurysm an
be dne but has anatmi nstraints and is reserved fr
high-risk patients. Intra-arterial thrmblysis may be dne
in the setting f aute ishemia, if examinatin (light tuh)
remains intat, suggesting that immediate surgery is nt
imperative. Aute pseudaneurysms f the femral artery
due t arterial puntures an be suessfully treated using
ultrasund-guided mpressin r thrmbin injetin.
Open surgery with prstheti interpsitin grafting is pre-
ferred fr primary aneurysms f the femral artery.

» Prognosis

Apprximately ne-third f untreated patients will require
an amputatin. The lng-term pateny f bypass grafts fr
femral and ppliteal aneurysms is generally exellent but
depends n the adequay f the utflw trat. Late graft
lusin is less mmn than in similar surgeries fr
lusive disease.

» When to Refer

• Peripheral arterial aneurysms measuring 2 m r with
ultrasund evidene f thrmbus within the aneurysm
shuld be referred t prevent prgressin t limb-
threatening ishemia.

» When to Admit

• Patients with symptms f ishemia r any signs f
emblizatin shuld be admitted and referred t a vas-
ular speialist.

AORTIC DISSECTION

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden searing chest pain with radiation to the
back, abdomen, or neck in a hypertensive patient.

» Widened mediastinum on chest radiograph.

» Pulse discrepancy in the extremities.

» Acute aortic regurgitation may develop.
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» General Considerations

Arti dissetin urs when a spntaneus intimal tear
develps and bld dissets int the media f the arta. The
tear an result frm repetitive trque applied t the asend-
ing and prximal desending arta during the ardia yle;
hypertensin is an imprtant mpnent f this disease
press. Dissetins are lassified by the entry pint and
distal extent. Type A dissection invlves the arh prximal
t the left sublavian artery, and type B dissection urs in
the prximal desending thrai arta typially just
beynd the left sublavian artery. Dissetins may ur in
the absene f hypertensin but abnrmalities f smth
musle, elasti tissue, r llagen are mre mmn in these
patients. Pregnany, biuspid arti valve, and artatin
als are assiated with inreased risk f dissetin.

Bld entering the intimal tear may extend the dissetin
int the abdminal arta, the lwer extremities, the artid
arteries, r less mmnly, the sublavian arteries. Bth abs-
lute pressure levels and the pulse pressure are imprtant in
prpagatin f dissetin. Aortic dissection is a true emer-
gency and requires immediate control of blood pressure to limit
the extent of the dissection. With type A dissetin, whih has
the wrse prgnsis, death may ur within hurs due t
rupture f the dissetin int the periardial sa r dissetin
int the rnary arteries, resulting in myardial infartin.
Rupture int the pleural avity is als pssible. The intimal/
medial flap f the arti wall reated by the dissetin may
lude majr arti branhes, resulting in ishemia f the
brain, intestines, kidney, r extremities.

» Clinical Findings

A. Symptoms and Signs

Severe persistent hest pain f sudden nset radiating dwn
the bak r pssibly int the anterir hest is harateristi.
Radiatin f the pain int the nek may als ur. The patient
is usually hypertensive. Synpe, hemiplegia, r paralysis f the
lwer extremities may ur. Mesenteri ishemia r kidney
injury may develp. Peripheral pulses may be diminished r
unequal. A diastli murmur may develp as a result f a dis-
setin in the asending arta lse t the arti valve, ausing
valvular regurgitatin, heart failure, and ardia tampnade.

B. Electrocardiographic Findings

Left ventriular hypertrphy frm lng-standing hyperten-
sin is ften present. Aute hanges suggesting myardial
ishemia d nt develp unless dissetin invlves the
rnary artery stium. Classially, inferir wall abnr-
malities predminate sine dissetin leads t mprmise
f the right rather than the left rnary artery. In sme
patients, the ECG may be mpletely nrmal.

C. Imaging

A multiplanar CT san with ntrast enhanement is the
immediate diagnsti imaging mdality f hie; lini-
ians shuld have a lw threshld fr btaining a CT san
in any hypertensive patient with hest pain and equival
findings n ECG. The CT san shuld inlude bth the
hest and abdmen t fully delineate the extent f the

disseted arta. MRA is an exellent imaging mdality fr
hrni dissetins, but in the aute situatin, the lnger
imaging time and the diffiulty f mnitring patients in
the MRI sanner make the CT san preferable. Chest radi-
graphs may reveal an abnrmal arti ntur r widened
superir mediastinum. Althugh transesphageal ehar-
digraphy (TEE) is an exellent diagnsti imaging methd,
it is generally nt readily available in the aute setting.

» Differential Diagnosis

Arti dissetin is mst mmnly misdiagnsed as my-
ardial infartin r ther auses f hest pain suh as
pulmnary emblizatin. Dissetins may ur with
minimal pain; branh vessel lusin f the lwer extrem-
ity an mimi arterial emblus.

» Treatment

A. Medical

Aggressive measures t lwer bld pressure shuld ur
when an arti dissetin is suspeted, even befre the diag-
nsti studies have been mpleted. Treatment requires a
simultaneus redutin f the systli bld pressure t 100–
120 mm Hg and pulse pressure. Beta-blkers have the mst
desirable effet f reduing the left ventriular ejetin fre
that ntinues t weaken the arterial wall and shuld be first-
line therapy. Labetall, bth an alpha- and beta-blker, lw-
ers pulse pressure and ahieves rapid bld pressure ntrl.
Give 20 mg ver 2 minutes by intravenus injetin. Addi-
tinal dses f 40–80 mg intravenusly an be given every
10 minutes (maximum dse 300 mg) until the desired bld
pressure has been reahed. Alternatively, 2 mg/min may be
given by intravenus infusin, titrated t desired effet. In
patients wh have asthma, bradyardia, r ther nditins
that neessitate the patient’s reatin t beta-blkers be tested,
esmll is a reasnable hie beause f its shrt half-life.
Give a lading dse f esmll, 0.5 mg/kg intravenusly ver
1 minute, fllwed by an infusin f 0.0025–0.02 mg/kg/min.
Titrate the infusin t a gal heart rate f 60–70 beats/min. If
beta-blkade alne des nt ntrl the hypertensin,
nitrprusside may be added as fllws: 50 mg f nitrprus-
side in 1000 mL f 5% dextrse and water, infused at a rate
f 0.5 mL/min fr a 70-kg persn (0.3 mg/kg/min); the infu-
sin rate is inreased by 0.5 mL every 5 minutes until adequate
ntrl f the pressure has been ahieved. In patients with
asthma, while there are n data supprting the use f the al-
ium hannel antagnists, diltiazem and verapamil are pten-
tial alternatives t treatment with beta-blking drugs.
Mrphine sulfate is the apprpriate drug t use fr pain relief.
Lng-term medial are f patients shuld inlude beta-
blkers in their antihypertensive regimen.

B. Surgical Intervention

1. Type A dissection—Urgent surgical intervention is required
for all type A dissections. If a skilled ardivasular team is
nt available, the patient shuld be transferred t an appr-
priate faility. The predure invlves grafting and replaing
the diseased prtin f the arh and brahiephali vessels
as neessary. Replaement f the arti valve may be
required with reattahment f the rnary arteries.
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2. Type B dissection with malperfusion—Urgent surgery
is required fr type B dissetins if there is arti branh
mprmise resulting in malperfusin f the renal, vis-
eral, r extremity vessels. The immediate gal f surgery
is t restre flw t the ishemi tissue. Endvasular
stenting f the entry tear at the level f the sublavian
artery may result in bliteratin f the false lumen and
restre flw int the branh vessel frm the true lumen.
The results, hwever, are unpreditable and shuld nly be
attempted by an experiened team.

3. Type B dissection without malperfusion—Fr aute
type B dissetins withut malperfusin, bld pressure
ntrl is the primary treatment. Lng-term arti-speifi
survival and late aneurysm frmatin rates are imprved
with early thrai stent graft repair, espeially in healthy
patients with high-risk anatmi features (arti diameter
greater than 4 m r partial false lumen thrmbsis).

» Prognosis & Follow-Up

The mrtality rate fr untreated type A dissetins is
apprximately 1% per hur fr 72 hurs and ver 90% at
3 mnths. Mrtality is als extremely high fr untreated type
B dissetins with malperfusin r rupture. The surgial and
endvasular therapies fr these patients are tehnially
demanding and require an experiened team t ahieve
periperative mrtalities f less than 10%. Aneurysmal
enlargement f the residual false lumen may develp despite
adequate antihypertensive therapy. Yearly CT sans are
required t mnitr fr aneurysm develpment. Indiatins
fr late aneurysm repair are determined by aneurysm size
(6 m r larger), similar t undisseted thrai aneurysms.

» When to Admit

• All patients with an aute dissetin shuld be hspital-
ized fr bld pressure management and bservatin.

• Urgent surgial repair is indiated fr all type A disse-
tins and fr type B dissetins with malperfusin,
rupture, r persistent symptms.

Bssne E et al. Aute arti syndrmes: diagnsis and manage-
ment, an update. Eur Heart J. 2018;39:739. [PMID: 29106452]

Evangelista A et al; IRAD Investigatrs. Insights frm the Interna-
tinal Registry f Aute Arti Dissetin: a 20-year experiene
f llabrative linial researh. Cirulatin. 2018;137:1846.
[PMID: 29685932]

º
VENOUS DISEASES

VARICOSE VEINS

E S S E N T I A L S  O F  D I A G N O S I S

» Dilated, tortuous superficial veins in the legs.

» Asymptomatic or there may be aching discomfort
or pain.

» Often hereditary.

» Increased frequency after pregnancy.

» General Considerations

Varise veins develp in the lwer extremities. Perids f
high venus pressure related t prlnged standing r
heavy lifting are ntributing fatrs, but the highest ini-
dene urs in wmen after pregnany. Varisities
develp in ver 20% f all adults.

The mbinatin f prgressive venus reflux and
venus hypertensin is the hallmark f hrni venus
disease. The superfiial veins are invlved, typially the
great saphenus vein and its tributaries, but the shrt
saphenus vein (psterir lwer leg) may als be affeted.
Distentin f the vein prevents the valve leaflets frm
apting, reating inmpetene and reflux f bld
tward the ft. Fal venus dilatin and reflux leads t
inreased pressure and distentin f the vein segment
belw that valve, whih in turn auses prgressive failure f
the next lwer valve. Perfrating veins that nnet the
deep and superfiial systems may beme inmpetent,
allwing bld t reflux int the superfiial veins frm the
deep system, inreasing venus pressure and distentin.

Sendary varisities an develp as a result f
bstrutive hanges and valve damage in the deep venus
system fllwing thrmbphlebitis, r rarely as a result f
prximal venus lusin due t neplasm r fibrsis.
Cngenital r aquired arterivenus fistulas r venus
malfrmatins are als assiated with varisities and
shuld be nsidered in yung patients with varisities.

» Clinical Findings

A. Symptoms and Signs

Symptm severity is nt rrelated with the number and
size f the varisities; extensive varise veins may pr-
due n subjetive symptms, whereas minimal varisi-
ties may prdue many symptms. Dull, ahing heaviness
r a feeling f fatigue f the legs brught n by perids f
standing is the mst mmn mplaint. Ithing frm
venus ezema may ur either abve the ankle r
diretly verlying large varisities.

Dilated, trtuus veins f the thigh and alf are visible
and palpable when the patient is standing. Lngstanding
varise veins may prgress t hrni venus insuffiieny
with assiated ankle edema, brwnish skin hyperpigmen-
tatin, and hrni skin induratin r fibrsis. A bruit r
thrill is never fund with primary varise veins and, when
fund, alerts the liniian t the presene f an arterive-
nus fistula r malfrmatin.

B. Imaging

The identifiatin f the sure f venus reflux that feeds
the symptmati veins is neessary fr effetive surgial
treatment. Duplex ultrasngraphy by a tehniian experi-
ened in the diagnsis and lalizatin f venus reflux is
the test f hie fr planning therapy. In mst ases, reflux
will arise frm the greater saphenus vein.

» Differential Diagnosis

Varise veins due t primary superfiial venus reflux
shuld be differentiated frm thse sendary t previus
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r nging bstrutin f the deep veins (pst-thrmbti
syndrme). Pain r dismfrt sendary t neurpathy
shuld be distinguished frm symptms assiated with
existent varise veins. Similarly, vein symptms shuld
be distinguished frm pain due t intermittent laudia-
tin, whih urs after a preditable amunt f exerise
and reslves with rest. In adlesent patients with varise
veins, imaging f the deep venus system is bligatry t
exlude a ngenital malfrmatin r atresia f the deep
veins. Surgical treatment of varicose veins in these patients is
contraindicated because the varicosities may play a signifi-
cant role in venous drainage of the limb.

» Complications

Superfiial thrmbphlebitis f varise veins is unm-
mn. The typial presentatin is aute lalized pain with
tender, firm veins. The press is usually self-limiting,
reslving within several weeks. The risk f deep venus
thrmbsis (DVT) r emblizatin is very lw unless the
thrmbphlebitis extends int the great saphenus vein in
the upper medial thigh. Predispsing nditins inlude
pregnany, lal trauma, r prlnged perids f sitting.

In lder patients, superfiial varisities may bleed with
even minr trauma. The amunt f bleeding an be alarm-
ing as the pressure in the varisity is high.

» Treatment

A. Nonsurgical Measures

Nnsurgial treatment is effetive. Elasti graduated m-
pressin stkings (20–30 mm Hg pressure) redue the
venus pressure in the leg and may prevent the prgressin
f disease. Gd ntrl f symptms an be ahieved
when stkings are wrn daily during waking hurs and
legs are elevated, espeially at night. Cmpressin stk-
ings are well-suited fr elderly patients r patients wh d
nt want surgery.

B. Varicose Vein Sclerotherapy

Diret injetin f a slersing agent indues permanent
fibrsis and bliteratin f the target veins. Chemial irri-
tants (eg, glyerin) r hypertni saline are ften used fr
small, less-than-4-mm retiular veins r telangietasias.
Fam slertherapy is used t treat the great saphenus
vein, varise veins larger than 4 mm, and perfrating
veins. Slertherapy f varise veins withut treatment f
underlying saphenus vein reflux is assiated with vari-
sity reurrene rates ver 50% as unrreted reflux
prgressively dilates adjaent veins. Cmpliatins suh as
phlebitis, tissue nersis, r infetin may ur with any
slersing agent.

C. Surgical Reflux Treatment

Treatment ptins fr reflux arising frm the great
saphenus vein inlude surgial vein stripping (remval)
r endvenus treatments using thermal devies (laser r
radifrequeny atheter), yanarylate glue injetin, r
fam slersant injetin. Endvenus treatments an
ften be perfrmed with lal anesthesia alne and the

early suess is equal t vein stripping. Lng-term suess
is highest with vein stripping and thermal treatments while
the lng-term durability f yanarylate glue and fam is
unknwn. One majr mpliatin f thermal treatments
inludes endthermal heat-indued thrmbsis f the deep
vein and may require prlnged antiagulatin. Less
mmn sures f reflux inlude the small saphenus
vein (fr varisities in the psterir alf) and inmpetent
perfratr veins arising diretly frm the deep venus sys-
tem. Crretin f reflux is perfrmed at the same time as
exisin f the symptmati varise veins. When superfi-
ial venus reflux is present, nmitant reflux in the
deep venus system is ften sendary t vlume verlad,
whih will reslve with rretin f the superfiial reflux.

» Prognosis

Surgial treatment f superfiial vein reflux and exisin f
varise veins prvide exellent results. The 5-year suess
rate (as defined as lak f pain and reurrent varisities) is
85–90%. Simple exisin (phlebetmy) r injetin
slertherapy withut rretin f reflux is assiated
with reurrene rates ver 50%. Even after adequate treat-
ment, sendary tissue hanges may persist.

» When to Refer

• Abslute indiatins fr referral fr saphenus ablatin
inlude thrmbphlebitis and bleeding.

• Pain and smeti nerns are respnsible fr the
majrity f referrals fr ablatin.

Kabnik LS et al. Classifiatin and treatment f endthermal
heat-indued thrmbsis: remmendatins frm the
Amerian Venus Frum and the Siety fr Vasular Sur-
gery. J Vas Surg Venus Lymphat Disrd. 2021;9:6. [PMID:
33012690]

DePpas E et al. Varise veins and lwer extremity venus
insuffiieny. Semin Intervent Radil. 2018;35:56. [PMID:
29628617]

SUPERFICIAL VENOUS THROMBOPHLEBITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Red, painful induration along a superficial vein,
usually at the site of a recent intravenous line.

» Marked swelling of the extremity may not occur.

» General Considerations

Shrt-term venus atheterizatin f superfiial arm veins
as well as the use f lnger-term peripherally inserted en-
tral atheter (PICC) lines are the mst mmn ause f
superfiial thrmbphlebitis. Intravenus atheter sites
shuld be bserved daily fr signs f lal inflammatin
and shuld be remved if a lal reatin develps in the
vein. Serius thrmbti r septi mpliatins an ur
if this pliy is nt fllwed; S aureus is the mst mmn
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pathgen. Other rganisms, inluding fungi, may als be
respnsible.

Superfiial thrmbphlebitis may ur spntaneusly,
ften in pregnant r pstpartum wmen r in individuals
with varise veins, r it may be assiated with trauma, as
with a blw t the leg r fllwing intravenus therapy
with irritating slutins. It als may be a manifestatin f
systemi hyperagulability sendary t abdminal an-
er suh as arinma f the panreas and may be the earli-
est sign f these nditins. Superfiial thrmbphlebitis
may be assiated with ult DVT in abut 20% f ases.
Pulmnary embli are exeedingly rare and ur frm an
assiated DVT. (See Chapters 9 and 14 fr disussin n
deep venus thrmbsis.)

» Clinical Findings

In spntaneus superfiial thrmbphlebitis, the great
saphenus vein is mst ften invlved. The patient usually
experienes a dull pain in the regin f the invlved vein.
Lal findings nsist f induratin, redness, and tender-
ness alng the urse f a vein. The press may be lal-
ized, r it may invlve mst f the great saphenus vein
and its tributaries. The inflammatry reatin generally
subsides in 1–2 weeks; a firm rd may remain fr a muh
lnger perid. Edema f the extremity is unmmn.

Lalized redness and induratin at the site f a reent
intravenus line requires urgent attentin. Prximal exten-
sin f the induratin and pain with hills and high fever
suggest septi phlebitis and requires urgent treatment.

» Differential Diagnosis

The linear rather than irular nature f the lesin and the
distributin alng the urse f a superfiial vein serve t
differentiate superfiial phlebitis frm ellulitis, erythema
ndsum, erythema induratum, panniulitis, and fibrsi-
tis. Lymphangitis and deep thrmbphlebitis must als be
nsidered.

» Treatment

Fr spntaneus thrmbphlebitis if the press is well
lalized and nt near the saphenfemral juntin, lal
heat and nnsteridal anti-inflammatry mediatins are
usually effetive in limiting the press. If the induratin is
extensive r is prgressing tward the saphenfemral
juntin (leg) r ephal-axillary juntin (arm), ligatin
and divisin f the vein at the juntin f the deep and
superfiial veins is indiated.

Antiagulatin therapy is usually nt required fr
fal presses. Prphylati dse lw-mleular-weight
heparin r fndaparinux is remmended fr 5 m r ln-
ger superfiial thrmbphlebitis f the lwer limb veins
(Table 14–14) and full antiagulatin is reserved fr dis-
ease that is rapidly prgressing r if there is nern fr
extensin int the deep system (Table 14–16).

Septi superfiial thrmbphlebitis is an intravasular
absess and requires urgent treatment with heparin r
fndaparinux (see Table 14–16) t limit further thrmbus
frmatin and remval f the ffending atheter in atheter-
related infetins (see Chapter 30). Treat with antibitis

(eg, vanmyin, 15 mg/kg intravenusly every 12 hurs,
plus eftriaxne, 1 g intravenusly every 24 hurs). If ul-
tures are psitive, therapy shuld be ntinued fr 7–10 days
r fr 4–6 weeks if mpliating endarditis annt be
exluded. Surgial exisin f the invlved vein may als be
neessary t ntrl the infetin.

» Prognosis

With spntaneus thrmbphlebitis, the urse is gener-
ally benign and brief. In patients with phlebitis sendary
t varise veins, reurrent episdes are likely unless r-
retin f the underlying venus reflux and exisin f
varisities is dne. In ntrast, the mrtality frm septi
thrmbphlebitis is 20% r higher and requires aggressive
treatment. Hwever, if the invlvement is lalized, the
mrtality is lw and prgnsis is exellent with early
treatment.

Di Nisi M et al. Treatment fr superfiial thrmbphlebitis f
the leg. Chrane Database Syst Rev. 2018;2:CD004982.
[PMID: 29478266]

CHRONIC VENOUS INSUFFICIENCY

E S S E N T I A L S  O F  D I A G N O S I S

» History of prior DVT or leg injury.

» Edema, (brawny) skin hyperpigmentation, subcu-
taneous lipodermosclerosis in the lower leg.

» Venous ulcers: large ulcerations at or above the
medial ankle.

» General Considerations

Chrni venus insuffiieny is a severe manifestatin f
venus hypertensin. One f the mst mmn etilgies
is prir deep venus thrmbphlebitis, althugh abut
25% f patients d nt have a knwn histry f DVT. In
these ases, there may be a histry f leg trauma r surgery;
besity is ften a mpliating fatr. Prgressive superfi-
ial venus reflux is als a mmn ause. Other auses
inlude ngenital r neplasti bstrutin f the pelvi
veins r a ngenital r aquired arterivenus fistula.

The basi pathlgy is aused by valve leaflets that d
nt apt beause they are either thikened and sarred
(pst-thrmbti syndrme) r in a dilated vein and are
therefre funtinally inadequate. Prximal venus
bstrutin due t hrni thrmbus r sarring m-
punds the prblem. With the valves unable t stp venus
bld frm returning t the ft (venus reflux), the leg
develps venus hypertensin and an abnrmally high
hydrstati fre is transmitted t the subutaneus veins
and tissues f the lwer leg. The resulting edema results in
dramati and deleterius sendary hanges. The stigmata
f hrni venus insuffiieny inlude fibrsis f the sub-
utaneus tissue and skin, pigmentatin f skin (hemsid-
erin taken up by the dermal marphages), and, later,

CMDT22_Ch12_p0475-p0501.indd 491 29/06/21 8:37 PM



CHAPTER 12492 CMDT 2022

uleratin, whih is extremely slw t heal. Ithing may
preipitate the frmatin f uleratin r lal wund el-
lulitis. Dilatin f the superfiial veins may ur, leading
t varisities. Althugh surgial treatment fr venus
reflux an imprve symptms, ntrlling edema and the
sendary skin hanges usually require lifelng mpres-
sin therapy.

» Clinical Findings

A. Symptoms and Signs

Prgressive pitting edema f the leg (partiularly the lwer
leg) is the primary presenting symptm. Sendary hanges
in the skin and subutaneus tissues develp ver time
(Figure 12–2). The usual symptms are ithing, a dull dis-
mfrt made wrse by perids f standing, and pain if an
uleratin is present. The skin at the ankle is usually taut
frm swelling, shiny, and a brwnish pigmentatin (hem-
siderin) ften develps. If the nditin is lngstanding,
the subutaneus tissues beme thik and fibrus. Uler-
atins may ur, usually just abve the ankle, n the
medial r anterir aspet f the leg. Healing results in a
thin sar n a fibrti base that ften breaks dwn with
minr trauma r further buts f leg swelling. Varisities
may appear (Figure 12–3) that are assiated with inm-
petent perfrating veins. Cellulitis, whih is ften diffiult
t distinguish frm the hemsiderin pigmentatin, may be
diagnsed by blanhing erythema with pain.

B. Imaging

Patients with pst-thrmbti syndrme r signs f hrni
venus insuffiieny shuld underg duplex ultrasngra-
phy t determine whether superfiial reflux is present and
t evaluate the degree f deep reflux and bstrutin.

» Differential Diagnosis

Patients with heart failure, hrni kidney disease, r dem-
pensated liver disease may have bilateral edema f the lwer
extremities. Many mediatins an ause edema (eg, al-
ium hannel blkers, nnsteridal anti-inflammatry
agents, thiazlidinedines). Swelling frm lymphedema
invlves the feet and may be unilateral, but varisities are
absent. Edema frm these auses pits easily and brawny
dislratin is rare. Lipedema is a disrder f adipse tissue
that urs almst exlusively in wmen, is bilateral and
symmetri, and is haraterized by stpping at a distint line
just abve the ankles.

Primary varise veins may be diffiult t differentiate
frm the sendary varisities f pst-thrmbti syn-
drme r venus bstrutin.

Other nditins assiated with hrni ulers f the
leg inlude neurpathi ulers usually frm diabetes mel-
litus, arterial insuffiieny (ften manifests as painful lat-
eral ankle ulers with absent pulses; medial ankle ulers, n

▲ Figure 12–2. Bilateral pretibial edema and erythema
consistent with stasis dermatitis (sometimes mimicking
cellulitis) in chronic venous insufficiency. (Used, with
permission, from Dean SM, Satiani B, Abraham WT.
Color Atlas and Synopsis of Vascular Diseases. McGraw-Hill,
2014.)

▲ Figure 12–3. Varicose veins, manifested as blue,
subcutaneous, tortuous veins more than 3 mm in diam-
eter. (Used, with permission, from Dean SM, Satiani B,
Abraham WT. Color Atlas and Synopsis of Vascular Diseases.
McGraw-Hill, 2014.)
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the ther hand, are usually due t venus insuffiieny),
autimmune diseases (eg, Felty syndrme), sikle ell ane-
mia, erythema induratum (bilateral and usually n the
psterir aspet f the lwer part f the leg), and fungal
infetins.

» Prevention

Irreversible tissue hanges and assiated mpliatins in
the lwer legs an be redued thrugh early and aggressive
antiagulatin f aute DVT t minimize the valve damages
and by presribing mpressin stkings if hrni edema
develps after the DVT has reslved. Treatment f aute
ilifemral DVT with atheter-direted thrmblysis r
mehanial thrmbetmy des nt redue pst-thrmbti
syndrme and hrni venus insuffiieny.

» Treatment

A. General Measures

Fitted, graduated mpressin stkings (20–30 mm Hg
pressure r higher) wrn frm the ft t just belw the
knee during the day and evening are the mainstays f treat-
ment and are usually suffiient. When they are nt, addi-
tinal measures, suh as avidane f lng perids f
sitting r standing, intermittent elevatins f the invlved
leg, and sleeping with the legs kept abve the level f the
heart, may be neessary t ntrl the swelling. Pneumati
mpressin f the leg, whih an pump the fluid ut f the
leg, is used in refratry ases.

B. Ulceration

As the primary pathlgy is edema and venus hyperten-
sin, healing f the uler will nt ur until the edema is
ntrlled and mpressin is applied. Cirumferential
nnelasti bandages n the lwer leg enhane the pumping
atin f the alf musles n venus bld flw ut f the
alf. A lesin an ften be treated n an ambulatry basis
by means f a semi-rigid gauze bt made with Unna paste
(Gelast, Medipaste) r a multi-layer mpressin
dressing (eg, Prfre). Initially, the uler needs t be
debrided and the bt hanged every 2–3 days t ntrl
uler drainage. As the edema and drainage subside, pti-
mal healing is ahieved when the bt is kept in plae fr
5–7 days. The uler, tendns, and bny prminenes must
be adequately padded. Alternatively, knee-high graduated
mpressin stkings with an absrbent dressing may be
used, if wund drainage is minimal. Hme mpressin
therapy with a pneumati mpressin devie is used in
refratry ases, but many patients have severe pain with
the “milking” atin f the pump devie. Sme patients will
require admissin fr mplete bed rest and leg elevatin
t ahieve uler healing. After the uler has healed, daily
graduated mpressin stking therapy is mandatry t
prevent uler reurrene.

C. Vein Treatment Reflux or Obstruction

Treatment f superfiial vein reflux (see Varise Veins se-
tin, abve) has been shwn t derease the reurrene rate
f venus ulers. Where there is substantial bstrutin f

the femral and ppliteal deep venus system, superfiial
varisities supply the venus return and they shuld nt be
remved.

Venus stents as treatment f hrni ilia deep vein
stensis r bstrutin may imprve venus uler healing
and redue the uler reurrene rate in severe ases.

» Prognosis

Individuals with hrni venus insuffiieny ften have
reurrent edema, partiularly if they d nt nsistently
wear supprt stkings that have at least 20–30 mm Hg
mpressin.

» When to Refer

• Patients with signifiant saphenus reflux shuld be
evaluated fr ablatin.

• Patients with ulers shuld be mnitred by an interdis-
iplinary wund are team s that these hallenging
wunds reeive aggressive are.

Raffett JD. Pathphysilgy f hrni venus disease and
venus ulers. Surg Clin Nrth Am. 2018;98:337. [PMID:
29502775]

Vedantham S et al; ATTRACT Trial Investigatrs. Pharmam-
ehanial atheter-direted thrmblysis fr deep-vein
thrmbsis. N Engl J Med. 2017;377:2240. [PMID: 29211671]

SUPERIOR VENA CAVAL OBSTRUCTION

E S S E N T I A L S  O F  D I A G N O S I S

» Swelling of the neck, face, and upper extremities.

» Dilated veins over the upper chest and neck.

» General Considerations

Partial r mplete bstrutin f the superir vena ava is a
relatively rare nditin that is usually sendary t neplas-
ti r inflammatry presses in the superir mediastinum.
The mst frequent auses are (1) neplasms, suh as lymph-
mas, primary malignant mediastinal tumrs, r arinma f
the lung with diret extensin (ver 80%); (2) hrni fibrti
mediastinitis, either f unknwn rigin r sendary t
tuberulsis, histplasmsis, pygeni infetins, r drugs,
espeially methysergide; (3) DVT, ften by extensin f the
press frm the axillary r sublavian vein int the innmi-
nate vein and vena ava assiated with atheterizatin f
these veins fr dialysis r fr hyperalimentatin; (4) aneu-
rysm f the arti arh; and (5) nstritive periarditis.

» Clinical Findings

A. Symptoms and Signs

The nset f symptms is aute r subaute. Symptms
inlude swelling f the nek and fae and upper extremities.
Symptms are ften pereived as ngestin and present as
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headahe, dizziness, visual disturbanes, stupr, synpe, r
ugh. There is prgressive bstrutin f the venus
drainage f the head, nek, and upper extremities. The uta-
neus veins f the upper hest and lwer nek beme
dilated, and flushing f the fae and nek develps. Brawny
edema f the fae, nek, and arms urs later, and yansis
f these areas then appears. Cerebral and laryngeal edema
ultimately result in impaired funtin f the brain as well as
respiratry insuffiieny. Bending ver r lying dwn
aentuates the symptms; sitting quietly is generally pre-
ferred. The manifestatins are mre severe if the bstru-
tin develps rapidly and if the azygs juntin r the vena
ava between that vein and the heart is bstruted.

B. Laboratory Findings

The venus pressure is elevated (ften mre than 20 m f
water) in the arm and is nrmal in the leg. Sine lung aner
is a mmn ause, brnhspy is ften perfrmed;
transbrnhial bipsy, hwever, is relatively ntraindiated
beause f venus hypertensin and the risk f bleeding.

C. Imaging

Chest radigraphs and a CT san an define the latin
and ften the nature f the bstrutive press, and n-
trast vengraphy r magneti resnane vengraphy
(MRV) will map ut the extent and degree f the venus
bstrutin and the llateral irulatin. Brahial veng-
raphy r radinulide sanning fllwing intravenus
injetin f tehnetium (T-99m) pertehnetate demn-
strates a blk t the flw f ntrast material int the right
heart and enlarged llateral veins. These tehniques als
allw estimatin f bld flw arund the lusin as well
as serial evaluatin f the respnse t therapy.

» Treatment

Cnservative measures, suh as elevatin f the head f the
bed and lifestyle mdifiatin t avid bending ver, are
useful. Balln angiplasty f the bstruted aval segment
mbined with stent plaement prvides prmpt relief f
symptms and is the predure f hie fr all etilgies.
Oasinally, antiagulatin is needed, while thrmbly-
sis is rarely needed.

Urgent treatment fr neplasm nsists f (1) autius
use f intravenus diuretis and (2) mediastinal irradia-
tin, starting within 24 hurs, with a treatment plan
designed t give a high daily dse but a shrt ttal urse
f therapy t rapidly shrink the lal tumr. Intensive m-
bined therapy will palliate the press in up t 90% f
patients. In patients with a subaute presentatin, radiatin
therapy alne usually suffies. Chemtherapy is added if
lymphma r small-ell arinma is diagnsed.

Lng-term utme is mpliated by risk f re-lusin
frm either thrmbsis r neplasm grwth. Surgial pre-
dures t bypass the bstrutin are mpliated by bleed-
ing frm high venus pressure. In ases where the
thrmbsis is sendary t an indwelling atheter, thrm-
blysis may be attempted. Clinial judgment is required
sine a lng-standing lt may be fibrti and the risk f
bleeding an utweigh the ptential benefit.

» Prognosis

The prgnsis depends n the nature and degree f
bstrutin and its speed f nset. Slwly develping frms
sendary t fibrsis may be tlerated fr years. A high
degree f bstrutin f rapid nset sendary t aner is
ften fatal in a few days r weeks beause f inreased
intraranial pressure and erebral hemrrhage, but treat-
ment f the tumr with radiatin and hemtherapeuti
drugs may result in signifiant palliatin. Balln angi-
plasty and stenting prvide gd relief but may require re-
treatment fr reurrent symptms sendary t thrmbsis
r restensis.

» When to Refer

• Any patient with prgressive head and nek swelling
shuld be referred t rule ut superir vena ava
syndrme.

» When to Admit

• Any patient with aute edema f the head and nek r
with signs and symptms f airway mprmise, suh
as harseness r stridr, shuld be admitted.

Kalra M et al. Endvenus and perative treatment f superir
vena ava syndrme. Surg Clin Nrth Am. 2018;98:321.
[PMID: 29502774]

º
DISEASES OF THE LYMPHATIC CHANNELS

LYMPHANGITIS & LYMPHADENITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Red streak from wound or cellulitis toward
regional lymph nodes, which are usually enlarged
and tender.

» Chills, fever, and malaise may be present.

» General Considerations

Lymphangitis and lymphadenitis are mmn manifesta-
tins f a baterial infetin that is usually aused by
hemlyti strepti r S aureus (r by bth rganisms)
and bemes invasive, generally frm an infeted wund,
ellulitis, r an absess. The wund may be very small r
superfiial, r an established absess may be present, feed-
ing bateria int the lymphatis. The invlvement f the
lymphatis is ften manifested by a red streak in the skin
extending in the diretin f the reginal lymph ndes.

» Clinical Findings

A. Symptoms and Signs

Thrbbing pain is usually present at the site f baterial
invasin frm a wund, ellulitis, r absess. Malaise,
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anrexia, sweating, hills, and fever f 38–40°C develp
quikly, ften with a rapid pulse. The red streak, when
present, may be definite r may be faint and easily missed,
espeially in dark-skinned patients. The invlved reginal
lymph ndes may be signifiantly enlarged and are usually
quite tender. The infetin may prgress rapidly, ften in a
matter f hurs, and may lead t septiemia and death.

B. Laboratory Findings

Leukytsis with a left shift is usually present. Bld ul-
tures may be psitive, mst ften fr staphylal r
streptal speies. Culture and sensitivity studies f the
wund exudate r pus may be helpful in treatment f the
mre severe r refratry infetins but are ften diffiult
t interpret beause f skin ntaminants.

» Differential Diagnosis

The erythema and induratin f superfiial thrmbphlebitis
are lalized in and arund the thrmbsed vein. Venus
thrmbsis is nt assiated with lymphadenitis, and a wund
f entrane with sendary ellulitis is generally absent.

Cat-srath fever (Bartonella henselae) is a ause f
lymphadenitis; the ndes, thugh ften very large, are rela-
tively nntender. Expsure t ats is mmn, but the
patient may have frgtten abut the srath.

It is extremely important to differentiate cellulitis from acute
streptococcal hemolytic gangrene or a necrotizing soft tissue
infection. These are deeper infetins that may be extensive
and are ptentially lethal. Patients are mre seriusly ill; there
may be redness due t leakage f red ells, reating a nn-
blanhing erythema; subutaneus repitus, a late finding,
may be palpated r ausultated; and subutaneus air may be
present n radigraphy r CT san. Immediate surgial n-
sultatin is needed fr wide debridement f all invlved deep
tissues if a nertizing infetin is suspeted.

» Treatment

A. General Measures

Prmpt treatment shuld inlude heat (ht, mist m-
presses r heating pad), elevatin when feasible, and
immbilizatin f the infeted area. Analgesis may be
presribed fr pain.

B. Specific Measures

Empiri antibiti therapy fr hemlyti strepti r S
aureus (r bth rganisms) shuld always be instituted.
Cephalsprins r extended-spetrum peniillins are m-
mnly used (eg, ephalexin, 0.5 g rally fur times daily fr
7–10 days; see Table 30–6). Trimethprim-sulfamethxa-
zle (tw duble-strength tablets rally twie daily fr
7–10 days) shuld be nsidered when there is nern
that the pathgen is MRSA (see Tables 30–4 and 30–6).

C. Wound Care

Any wund that is the initiating site f lymphangitis shuld
be treated aggressively. Any nerti tissue must be
debrided and lulated pus drained.

» Prognosis

With prper therapy inluding an antibiti effetive against
the invading bateria, ntrl f the infetin an usually be
ahieved in a few days. Delayed r inadequate therapy an
lead t verwhelming infetin with septiemia.

» When to Admit

• Infetins ausing lymphangitis shuld be treated in the
hspital with intravenus antibitis.

• Debridement may be required and prmpt surgial
nsultatin is prudent.

LYMPHEDEMA

E S S E N T I A L S  O F  D I A G N O S I S

» Painless persistent edema of one or both lower
extremities, primarily in young women.

» Pitting edema without ulceration, varicosities, or
stasis pigmentation.

» Lymphangitis and cellulitis may occur.

» General Considerations

When lymphedema is due t ngenital develpmental
abnrmalities nsisting f hypplasti r hyperplasti
invlvement f the prximal r distal lymphatis, it is
referred t as the primary form. The bstrutin may be
in the pelvi r lumbar lymph hannels and ndes when
the disease is extensive and prgressive. The secondary
form f lymphedema invlves inflammatry r mehani-
al lymphati bstrutin frm trauma, reginal lymph
nde resetin r irradiatin, r extensive invlvement f
reginal ndes by malignant disease r filariasis. Lymph-
edema may ur fllwing surgial remval f the lymph
ndes in the grin r axillae. Sendary dilatin f the
lymphatis that urs in bth frms leads t inmpe-
tene f the valve system, disrupts the rderly flw alng
the lymph vessels, and results in prgressive stasis f a
prtein-rih fluid. Episdes f aute and hrni inflam-
matin may be superimpsed, with further stasis and se-
ndary fibrsis.

» Clinical Findings

Hypertrphy f the limb results, with markedly thikened
and fibrti skin and subutaneus tissue (Figure 12–4) in
very advaned ases.

T
2
–weighted MRI has been used t identify lymphatis

and prximal bstruting masses. Lymphangigraphy and
radiative istpe studies may identify fal defets in
lymph flw but are f little value in planning therapy.

» Treatment

Sine there is n effetive ure fr lymphedema, the treat-
ment strategies are designed t ntrl the prblem and
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allw nrmal ativity and funtin. Mst patients an be
treated with sme f the fllwing measures: (1) The flw
f lymph ut f the extremity an be aided thrugh inter-
mittent elevatin f the extremity, espeially during the
sleeping hurs (ft f bed elevated 15–20 degrees,
ahieved by plaing pillws beneath the mattress); the
nstant use f graduated elasti mpressin stkings;
and massage tward the trunk—either by hand r by
means f pneumati pressure devies designed t milk
edema ut f an extremity. Wund are enters speializ-
ing in the are f patients with lymphedema may be help-
ful. (2) Sendary ellulitis shuld be avided by means f
gd hygiene and treatment f any trihphytsis f the
tes. One an infetin starts, it shuld be treated by peri-
ds f elevatin and antibiti therapy that vers Staphy-
lococcus and Streptococcus rganisms (see Table 30–6).
Infetins an be a serius and reurring prblem and are
ften diffiult t ntrl. Prphylati antibitis have nt
been shwn t be f benefit. (3) Intermittent urses f
diureti therapy, espeially in thse with premenstrual r
seasnal exaerbatins, are rarely helpful. (4) Amputatin
is used nly fr the rare mpliatin f lymphangisar-
ma in the extremity.

» Prognosis

With aggressive treatment, inluding pneumati mpres-
sin devies, gd relief f symptms an be ahieved. The
lng-term utlk is ditated by the assiated nditins
and avidane f reurrent ellulitis.

Chen K et al. Surgial management f pstmastetmy lymph-
edema and review f the literature. Ann Plast Surg. 2021;86:
S173. [PMID: 33346539]

▲ Figure 12–4. Lymphedema with a dorsal pedal
hump and exaggerated skin folds near the ankle.
(Used, with permission, from Dean SM, Satiani B,
Abraham WT. Color Atlas and Synopsis of Vascular Diseases.
McGraw-Hill, 2014.)

º
SHOCK

E S S E N T I A L S  O F  D I A G N O S I S

» Hypotension, tachycardia, oliguria, altered mental
status.

» Peripheral hypoperfusion and impaired oxygen
delivery.

» Four classifications: hypovolemic, cardiogenic,
obstructive, or distributive.

» General Considerations

Shk urs when the rate f arterial bld flw is inad-
equate t meet tissue metabli needs. This results in
reginal hypxia and subsequent lati aidsis frm
anaerbi metablism in peripheral tissues as well as even-
tual end-rgan damage and failure.

» Classification

Table 12–1 utlines mmn auses and mehanisms ass-
iated with eah type f shk.

A. Hypovolemic Shock

Hypvlemi shk results frm dereased intravasular
vlume sendary t lss f bld r fluids and eletr-
lytes. The etilgy may be suggested by the linial setting
(eg, trauma) r by signs and symptms f bld lss (eg,
gastrintestinal bleeding) r dehydratin (eg, vmiting r
diarrhea). Cmpensatry vasnstritin may transiently
maintain the bld pressure but unreplaed lsses f ver
15% f the intravasular vlume an result in hyptensin
and prgressive tissue hypxia.

B. Cardiogenic Shock

Cardigeni shk results frm ardia failure with the
resultant inability f the heart t maintain adequate tissue
perfusin. The linial definitin f ardigeni shk is
evidene f tissue hypxia due t dereased ardia utput
(ardia index less than 2.2 L/min/m2) in the presene f
adequate intravasular vlume. This is mst ften aused
by myardial infartin but an als be due t ardimy-
pathy, myardial ntusin, valvular inmpetene r
stensis, r arrhythmias. See Chapter 10.

C. Obstructive Shock

Periardial tampnade, tensin pneumthrax, and mas-
sive pulmnary emblism an ause an aute derease in
ardia utput resulting in shk. These are medial emer-
genies requiring prmpt diagnsis and treatment.

D. Distributive Shock

Distributive r vasdilatry shk has many auses inlud-
ing sepsis, anaphylaxis, traumati spinal rd injury, r
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aute adrenal insuffiieny. The redutin in systemi
vasular resistane results in inadequate ardia utput and
tissue hypperfusin despite nrmal irulatry vlume.

1. Septic shock—Sepsis is the mst mmn ause f dis-
tributive shk and arries a mrtality rate f 20–50%. The

Siety f Critial Care Mediine and the Eurpean Siety
f Intensive Care Mediine’s 2016 definitin fr sepsis is
life-threatening rgan dysfuntin aused by a dysregu-
lated hst respnse t infetin frm any rganism (bate-
rial, viral, r fungal). Septic shock is linially defined as
sepsis with fluid-unrespnsive hyptensin (systli bld
pressure less than 100 mm Hg), serum latate level higher
than 2 mml/L, and a need fr vaspressrs t keep mean
arterial pressure (MAP) abve 65 mm Hg. The mst m-
mn ause f septi shk in hspitalized patients is infe-
tin with gram-psitive r gram-negative rganisms, with
a grwing inidene f infetin frm multidrug-resistant
rganisms. Sepsis frm viral and fungal rganisms is
inreasing but remain less than that fr baterial infetins.
Risk fatrs fr septi shk inlude bateremia, extremes
f age, diabetes, aner, immunsuppressin, and histry
f a reent invasive predure.

a. Clinical tools to identify sepsis and septic

shock—The Third Internatinal Cnsensus Definitins
fr Sepsis and Septi Shk (SEPSIS-3) remmend using
the Sequential Organ Failure Assessment (SOFA) sre t
define sepsis (https://en.wikipedia.rg/wiki/SOFA_sre);
an inrease f 2 r mre SOFA sre pints in a patient
with infetin is diagnsti f sepsis with a predited 10%
mrtality. The SEPSIS-3 grup als intrdued the quik
SOFA (qSOFA) sring system (https://en.wikipedia.rg/
wiki/SOFA_sre); 1 pint eah is assigned fr hypten-
sin (systli bld pressure belw 100 mm Hg), altered
mental status, r tahypnea (respiratry rate mre than 22
breaths per minute). A qSOFA sre f 2 r mre in a
patient with suspeted infetin suggests wrsened linial
utmes and may influene triage deisins fr intensive
are unit (ICU)-level are.

b. Systemic inflammatory response syndrome

(SIRS)—Defined as a systemi respnse t a nnspeifi
infetius r nninfetius insult resulting in at least tw
f the fllwing findings: (1) bdy temperature higher than
38°C (100.4°F) r lwer than 36°C (96.8°F), (2) heart rate
faster than 90 beats per minute, (3) respiratry rate mre
than 20 breaths per minute r hyperventilatin with an
arterial arbn dixide tensin (Paco

2
) less than 32 mm

Hg, r (4) abnrmal white bld ell unt (greater than
12,000/mL r less than 4000/mL r greater than 10%
immature [band] frms). Vasdilatry shk frm SIRS is
ften due t burns; panreatitis; autimmune disrders,
suh as vasulitis r inflammatry litis; air r amniti
fluid emblus; ishemia; r trauma. SIRS is nt inluded in
the 2016 frmal diagnsti riteria f sepsis. A 2018 meta-
analysis demnstrated that SIRS riteria have higher sensi-
tivity than qSOFA and may therefre identify patients with
sepsis befre ther tests, suggesting that SIRS may be a
better sreening tl fr sepsis, while qSOFA may be better
used as a preditr f ICU mrtality. Studies are nging t
desribe the ptimal patient ppulatins (emergeny
department vs hspitalized nn-ICU patients) where SIRS
and qSOFA sring systems shuld be used.

2. Neurogenic shock—Neurgeni shk is aused by
traumati spinal rd injury r effets f an epidural r
spinal anestheti. This results in lss f sympatheti tne

Table 12–1. Classification of shock by mechanism and
common causes.

Hypovolemic shock

Blood loss

Traumatic hemorrhage

Exsanguination

Hemothorax

Hemoperitoneum

Fracture (femur and pelvis)

Nontraumatic hemorrhage

Gastrointestinal bleed

AAA rupture

Ectopic pregnancy rupture

Volume loss

Burns

Skin integrity loss (toxic epidermal necrolysis)

Vomiting

Diarrhea

Hyperosmolar states (diabetic ketoacidosis)

Third spacing (eg, ascites, pancreatitis)

Decreased intake

Cardiogenic shock

Dysrhythmia

Bradycardias and blocks

Tachycardias

Myocardial disease

Left or right ventricular infarction

Dilated cardiomyopathy

Mechanical

Valvular

Aortic regurgitation from dissection

Papillary muscle rupture from ischemia

Acute valvular rupture from abscess

Ventricular aneurysm rupture

Ventricular septum rupture

Free wall ventricle rupture

Obstructive shock

Tension pneumothorax

Pericardial disease

Pericardial tamponade

Constrictive pericarditis

High-risk (massive) pulmonary embolism

Severe pulmonary hypertension

Auto PEEP from mechanical ventilation

Distributive (vasodilatory) shock

Anaphylactic shock

Septic shock

Neurogenic shock

Drug-induced vasodilation

Adrenal insufficiency

Modified, with permission, from Stone CK, Humphries RL (editors).

Current Emergency Diagnosis & Treatment, 7th ed. McGraw-Hill,

2011.

AAA, abdominal aortic aneurysm; PEEP, positive end expiratory

pressure.
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with a redutin in systemi vasular resistane and hyp-
tensin withut a mpensatry tahyardia. Reflex vagal
parasympatheti stimulatin evked by pain, gastri dila-
tin, r fright may simulate neurgeni shk, prduing
hyptensin, bradyardia, and synpe.

3. Endocrine shock—Endrine shk an arise frm
hyperthyridism, hypthyridism, r adrenal insuffi-
ieny. Adrenal insuffiieny mst ften urs with
abrupt essatin f lng-term rtisterid use, but it an
als be preipitated by infetin, trauma, surgery, r pitu-
itary injury (leading t sendary adrenal insuffiieny). In
additin t hyptensin, symptms inlude weakness,
nausea, abdminal pain, and nfusin. Hypthyridism
an lead t myxedema ma, presenting with vasdilatin
and depressed ardia utput. Shk frm hyperthyrid-
ism mst ften prdues high-utput ardia failure.

» Clinical Findings

A. Symptoms and Signs

Hypotension is traditinally defined as a systli bld
pressure f 90 mm Hg r less r a MAP f less than
60–65 mm Hg but must be evaluated relative t the
patient’s nrmal bld pressure. A drp in systli pressure
f greater than 10–20 mm Hg r an inrease in pulse f
mre than 15 beats per minute with psitinal hange sug-
gests depleted intravasular vlume. Hwever, bld pres-
sure is ften nt the best indiatr f end-rgan perfusin
beause mpensatry mehanisms, suh as inreased heart
rate, inreased ardia ntratility, and vasnstritin
an ur t prevent hyptensin. Patients with hypten-
sin ften have l r mttled extremities and weak r
thready peripheral pulses. Splanhni vasnstritin may
lead t liguria, bwel ishemia, and liver dysfuntin,
whih an ultimately result in multirgan failure. Mentatin
may be nrmal r patients may beme restless, agitated,
nfused, lethargi, r matse as a result f inadequate
perfusin f the brain.

Hypovolemic shock is evident when signs f hypper-
fusin, suh as liguria, altered mental status, and l
extremities, are present. Jugular venus pressure is lw, and
there is a narrw pulse pressure indiative f redued
strke vlume. Rapid replaement f fluids an restre tis-
sue perfusin. In cardiogenic shock, there are als signs f
glbal hypperfusin with liguria, altered mental status,
and l extremities. Jugular venus pressure is elevated
and there may be evidene f pulmnary edema with respi-
ratry mprmise in the setting f left-sided heart failure.
A transthoracic echocardiogram (TTE) or a transesophageal
echocardiogram (TEE) is an effective diagnostic tool to dif-
ferentiate hypovolemic from cardiogenic shock. In hypvle-
mi shk, the left ventrile will be small beause f
dereased filling, but ntratility is ften preserved. In
ardigeni shk, there is a derease in left ventriular
ntratility. The left ventrile may appear dilated and full
beause f the inability f the left ventrile t ejet a suffi-
ient strke vlume.

In obstructive shock, the entral venus pressure
may be elevated but the TTE r TEE may shw redued
left ventriular filling, a periardial effusin in the ase f

tampnade, thikened periardium in the ase f periar-
ditis, r right ventriular dysfuntin in the ase f massive
pulmnary emblism. Periardientesis r periardial
windw fr periardial tampnade, hest tube plaement
fr tensin pneumthrax, r atheter-direted thrmb-
lyti therapy fr massive pulmnary emblism an be life-
saving in ases f bstrutive shk.

In distributive shock, signs inlude hyperdynami heart
sunds, warm extremities initially, and a wide pulse pres-
sure indiative f large strke vlume. The ehardigram
may shw a hyperdynami left ventrile. Septic shock is
diagnsed when there is linial evidene f infetin in the
setting f persistent hyptensin and evidene f rgan
hypperfusin, suh as lati aidsis, dereased urinary
utput, r altered mental status despite adequate vlume
resusitatin. Neurogenic shock is diagnsed when there is
evidene f entral nervus system injury and persistent
hyptensin despite adequate vlume resusitatin. A his-
try f lng-term rtisterid use r thyrid disease an
inrease the likelihd f endocrine shock.

B. Laboratory Findings and Imaging

Bld speimens shuld be evaluated fr mplete bld
unt, eletrlytes, gluse, arterial bld gas determina-
tins, agulatin parameters, latate levels, typing and
rss-mathing, and baterial ultures. An eletrardi-
gram and hest radigraph shuld als be part f the initial
assessment. Pint-f-are ultrasngraphy an rapidly
assess glbal ardia funtin, presene f periardial effu-
sin, and intravasular vlume status via inferir vena ava
inspetin in ases f undifferentiated hyptensin. A TTE
an mre frmally assess right- and left-sided filling pres-
sures and ardia utput.

» Treatment

A. General Measures

Treatment depends n prmpt diagnsis and an aurate
appraisal f initing nditins. Initial management n-
sists f basi life supprt with an assessment f the
patient’s irulatin, airway, and breathing. This may
entail airway intubatin and mehanial ventilatin. Ven-
tilatry failure shuld be antiipated in patients with
severe metabli aidsis due t shk. Mehanial venti-
latin alng with sedatin an derease respiratry musle
xygen demand and allw imprved xygen delivery t
hypperfused tissues. Intravenus aess and fluid resus-
itatin shuld be instituted alng with ardia mnitr-
ing and assessment f hemdynami parameters suh as
bld pressure and heart rate. Cardia mnitring an
detet myardial ishemia r malignant arrhythmias,
whih an be treated by standard advaned ardia life
supprt (ACLS) prtls.

Unrespnsive r minimally respnsive patients shuld
have their gluse heked immediately, and if their gluse
levels are lw, 1 ampule f 50% dextrse intravenusly
shuld be given. An arterial line shuld be plaed fr n-
tinuus bld pressure measurement, and an indwelling
urinary atheter shuld be inserted t mnitr urinary
utput.
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B. Hemodynamic Measurements

Early nsideratin is given t plaement f a entral
venus atheter (CVC) fr infusin f fluids and media-
tins and fr hemdynami pressure measurements. A
CVC an prvide measurements f the entral venus
pressure (CVP) and the entral venus xygen saturatin
(SvO

2
), bth f whih an be used t manage septi and

ardigeni shk. Pulmnary artery atheters (PACs)
allw measurement f the pulmnary artery pressure, left-
sided filling pressure r the pulmnary apillary wedge
pressure (PCWP), the mixed venus xygen saturatin
(SvO

2
), and ardia utput. Multiple studies suggest that

PACs d nt inrease verall mrtality r length f hspital
stay but are assiated with higher use f intrpes and
intravenus vasdilatrs in selet grups f ritially ill
patients. The attendant risks assiated with PACs (infe-
tin, arrhythmias, vein thrmbsis, and pulmnary artery
rupture) an be as high as 4–9%; thus, the rutine use f
PACs annt be remmended. Hwever, in mplex situ-
atins, PACs may be useful in distinguishing between ar-
digeni and septi shk, s the value f the infrmatin
they might prvide must be arefully weighed in eah
patient. TTE is a nninvasive alternative t the PAC. TTE
an prvide infrmatin abut the pulmnary artery pres-
sure and urrent ardia funtin, inluding ardia ut-
put. The SvO

2
, whih is btained thrugh the CVC, an be

used as a surrgate fr the SvO
2
, whih is btained thrugh

the PAC. Pulse pressure variatin, as determined by arterial
wavefrm analysis, r strke vlume variatin is muh
mre sensitive than CVP as dynami measures f fluid
respnsiveness in vlume resusitatin, but these measure-
ments have nly been validated in patients wh are
mehanially ventilated with tidal vlumes f 8 mL/kg, nt
triggering the ventilatr, and in nrmal sinus rhythm.
Pint-f-are ultrasund measurements f the inferir
vena ava (IVC) an suggest intravasular vlume status
and guide fluid replaement. If the patient is mehanially
ventilated and the IVC dilates ~15–20% with respiratins,
they are likely t respnd t intravenus fluids. If the
patient is spntaneusly breathing, they may be fluid-
respnsive if their IVC is less than 2 m in diameter and
llapses by mre than 50% with eah breath.

A CVP less than 5 mm Hg suggests hypvlemia, and a
CVP greater than 18 mm Hg suggests vlume verlad,
ardia failure, tampnade, r pulmnary hypertensin. A
ardia index lwer than 2 L/min/m2 indiates a need fr
intrpi supprt. A ardia index higher than 4 L/min/m2

in a hyptensive patient is nsistent with early septi
shk. The systemi vasular resistane is lw (less than
800 dynes · s/m–5) in sepsis and neurgeni shk and
high (greater than 1500 dynes · s/m–5) in hypvlemi and
ardigeni shk. Treatment is direted at maintaining
a CVP f 8–12 mm Hg, a MAP f 65 mm Hg r higher,
a ardia index f 2–4 L/min/m2, and a SvO

2
greater

than 70%.

C. Volume Replacement

Vlume replaement is ritial in the initial management f
shk. Hemorrhagic shock is treated with immediate

effrts t ahieve hemstasis and rapid infusins f bld
substitutes, suh as type-speifi r type O negative paked
red bld ells (PRBCs) r whle bld, whih prvides
extra vlume and ltting fatrs. Eah unit f PRBC r
whle bld is expeted t raise the hematrit by 3%.
Hypovolemic shock sendary t dehydratin is managed
with rapid bluses f istni rystallid slutins, usually
in 1-L inrements. Cardiogenic shock in the absene f
fluid verlad requires smaller fluid hallenges, usually in
inrements f 250 mL. Septic shock usually requires large
vlumes f fluid fr resusitatin (typially 30 mL/kg) as
the assiated apillary leak releases fluid int the extravas-
ular spae. Caution must be used in cases of large-volume
resuscitation with unwarmed fluids because this can produce
hypothermia, which can lead to hypothermia-induced coag-
ulopathy. Warming f fluids befre administratin an
avid this mpliatin.

Crystallid slutin is the resusitatin fluid f hie
in mst settings. Histrially, 0.9% saline was the mst
widely used rystallid slutin in resusitatin. Data sug-
gest that balaned rystallids, like latated Ringer slutin
r Plasma-Lyte, are assiated with less kidney injury,
fewer instanes f hyperhlremi metabli aidsis, and
dereased verall mrtality. Cmparisns f 0.9% saline
and llid (albumin) slutins in ritially ill patients
fund n differene in utme exept in patients with
traumati brain injury, where albumin resusitatin led t
higher mrtality. Thus, the use f balaned rystallid
slutins fr vlume resusitatin in shk is favred. If
the patient des nt respnd t fluid resusitatin, early
use f vaspressrs shuld be nsidered.

D. Early Goal-Directed Therapy

Cmpensated shk an ur in the setting f nrmalized
hemdynami parameters with nging glbal tissue
hypxia. Traditinal endpints f resusitatin suh as
bld pressure, heart rate, urinary utput, mental status,
and skin perfusin an therefre be misleading. Fllwing
set prtls fr the treatment f septi shk by adjusting
the use f fluids, vaspressrs, and intrpes as well as by
using bld transfusins t meet hemdynami targets
(MAP 65 mm Hg r higher, CVP 8–12 mm Hg, SvO

2

greater than 70%) is termed early goal-directed therapy
(EGDT). Latate learane f mre than 10% an be used
as a substitute fr SvO

2
riteria if SvO

2
mnitring is nt

available.
Tw large randmized trials published in 2014 (Pr-

CESS and ARISE) demnstrated n mrtality benefit frm
the institutin f the riginal algrithm fr EGDT, but this
may have been due t earlier administratin f antibitis,
mpnents f EGDT beming part f the “usual are”
that liniians deliver, and the effetiveness f eduatin
abut deteting and treating sepsis in a timely fashin.

The Surviving Sepsis Campaign’s remmendatins fr
patients with sepsis r septi shk are t measure latate
level; btain bld ultures prir t administratin f
brad-spetrum antibitis, which should occur within
1 hour of sepsis diagnosis; and administer 30 mL/kg rystal-
lid fr hyptensin r latate greater than 4 mml/L
within the first 3 hurs f presentatin. Smaller
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resusitatin vlumes may be apprpriate fr patients with
heart failure, irrhsis, r advaned kidney disease. Vas-
pressrs shuld be administered fr hyptensin nt
respnsive t initial fluid resusitatin t maintain MAP
65 mm Hg r higher. Remeasure latate if initial level was
high, and reassess vlume status and tissue perfusin fre-
quently. A meta-analysis f hemdynami ptimizatin
trials suggests that early treatment befre the develpment
f rgan failure results in imprved survival, and patients
wh respnd well t initial effrts demnstrate a survival
advantage ver nnrespnders.

E. Medications

1. Vasoactive therapy—Vaspressrs and intrpi agents
are administered nly after adequate fluid resusitatin.
Chie f vasative therapy depends n the presumed
etilgy f shk as well as ardia utput. If there is n-
tinued hyptensin with evidene f high ardia utput
after adequate vlume resusitatin, then vaspressr sup-
prt is needed t imprve vasmtr tne. If there is evi-
dene f lw ardia utput with high filling pressures,
intrpi supprt is needed t imprve ntratility.

a. Distributive (vasodilatory) shock—When
inreased vasnstritin is required t maintain an ade-
quate perfusin pressure, alpha-adrenergi atehlamine
agnists (suh as nrepinephrine and phenylephrine) are
generally used. Althugh nrepinephrine is bth an alpha-
adrenergi and beta-adrenergi agnist, it preferentially
inreases MAP ver ardia utput. The initial dse is
1–2 mg/min as an intravenus infusin, titrated t main-
tain MAP at 65 mm Hg r higher. The usual maintenane
dse is 2–4 mg/min intravenusly (maximum dse is
30 mg/min). Patients with refratry shk may require
dsages f 10–30 mg/min intravenusly. Epinephrine, als
with bth alpha-adrenergi and beta-adrenergi effets,
may be used in severe shk and during aute resusitatin.
It is the vaspressr f hie fr anaphylati shk. Fr
severe shk, give 1 mg/min as a ntinuus intravenus
infusin initially and titrate t hemdynami respnse; the
usual dsage range is 1–10 mg/min intravenusly.

Dpamine has variable effets arding t dsage. At
lw dses (2–5 mg/kg/min intravenusly), stimulatin f
dpaminergi and beta-adrenergi reeptrs prdues
inreased glmerular filtratin, heart rate, and ntratil-
ity. At dses f 5–10 mg/kg/min, beta-1-adrenergi effets
predminate, resulting in an inrease in heart rate and
ardia ntratility. At higher dses (greater than 10 mg/
kg/min), alpha-adrenergi effets predminate, resulting
in peripheral vasnstritin. The maximum dse is typi-
ally 50 mg/kg/min.

There is n evidene dumenting a survival benefit
frm, r the superirity f, a partiular vaspressr in septi
shk. Nrepinephrine is the initial vaspressr f hie in
septi shk t maintain the MAP at 65 mm Hg r higher.
Phenylephrine an be used fr hyperdynami septi shk
if dysrhythmias r tahyardias prevent the use f agents
with beta-adrenergi ativity. In meta-analyses, the use f
dpamine as a first-line vaspressr in septi shk resulted
in an increase in 28-day mrtality and a higher inidene f

arrhythmi events. Dpamine shuld nly be used as an
alternative t nrepinephrine in selet patients with septi
shk, inluding patients with signifiant bradyardia r
lw ptential fr tahyarrhythmias.

Vaspressin (antidiureti hrmne r ADH) is ften
used as an adjuntive therapy t atehlamine vaspres-
srs in the treatment f distributive shk. Vaspressin
auses peripheral vasnstritin via V1 reeptrs lated
n smth musle ells. Vaspressin als ptentiates the
effets f atehlamines n the vasulature and stimulates
rtisl prdutin. Intravenus infusin f vaspressin at
a lw dse (0.01–0.04 unit/min) as a send agent t nr-
epinephrine has been benefiial in septi patients with
hyptensin refratry t fluid resusitatin and nven-
tinal atehlamine vaspressrs. Higher dses f vas-
pressin derease ardia utput and may put patients at
greater risk fr splanhni and rnary artery ishemia.
Studies d nt favr the use f vaspressin as first-line
therapy.

Angitensin II, a mpnent f the renin-angitensin-
aldsterne system axis, is a ptent diret vasnstritr
that ats n the arteries and veins t inrease bld pres-
sure. Angitensin II (marketed as Giapreza) an be nsid-
ered as an additional agent in vasdilatry shk that is
refratry t atehlamines and vaspressin. The rem-
mended starting dse is 20 ng/kg/min via ntinuus intra-
venus infusin thrugh a entral venus line. It an be
titrated every 5 minutes by inrements f up t 15 ng/kg/
min as needed t ahieve MAP gals, but nt t exeed
80 ng/kg/min during the first 3 hurs f use. Maintenane
dses shuld nt exeed 40 ng/kg/min. Cnurrent venus
thrmbemblism (VTE) prphylaxis is indiated as studies
revealed a higher inidene f VTE with angitensin II use.

b. Cardiogenic shock—Given meta-analyses du-
menting dereased mrtality, expert pinin suggests nr-
epinephrine be the first-line vaspressr fr ardigeni
shk. Dbutamine, a predminantly beta-adrenergi ag-
nist, inreases ntratility and dereases afterlad. It is
used fr patients with lw ardia utput and high PCWP
but wh d nt have hyptensin. Dbutamine an be
added t a vaspressr if there is redued myardial fun-
tin (dereased ardia utput and elevated PCWP), r if
there are signs f hypperfusin despite adequate vlume
resusitatin and an adequate MAP. The initial dse is
0.1–0.5 mg/kg/min intravenus infusin, whih an be
titrated every few minutes t hemdynami effet; the
usual dsage range is 2–20 mg/kg/min intravenusly.
Tahyphylaxis an ur after 48 hurs sendary t the
dwn-regulatin f beta-adrenergi reeptrs. Amrinne
and milrinne are phsphdiesterase inhibitrs that an be
substituted fr dbutamine. These drugs inrease yli
AMP levels and inrease ardia ntratility, bypassing
the beta-adrenergi reeptr. Vasdilatin is a side effet f
bth amrinne and milrinne.

2. Antibiotics—Definitive therapy fr septi shk inludes
early initiatin f empiri brad-spetrum antibitis after
apprpriate ultures have been btained and within 1 hur
f regnitin f septi shk. Imaging studies may prve
useful t attempt lalizatin f sures f infetin.
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Surgial management may als be neessary if nerti tis-
sue r lulated infetins are present in attempts t n-
trl the sure f infetin (see Table 30–5).

3. Corticosteroids—Crtisterids are the treatment f
hie in patients with shk sendary t adrenal insuf-
fiieny, defined as a rtisl respnse f 9 mg/dL r less
after ne injetin f 250 mg f rtitrpin. Studies
supprting rtisterid use in patients with shk frm
sepsis r ther etilgies are mixed. Trials where either
high r lw dses f rtisterids were administered t
patients in septi shk did nt nsistently shw imprved
survival. The ADRENAL study demnstrated shrter time
t shk reslutin (3 days vs 4 days) but n differene in
90-day mrtality. The APROCCHSS study demnstrated
lwer 90-day all-ause mrtality, exept fr thse reeiving
hydrrtisne plus fludrrtisne. Ntably, sme wrse
utmes were bserved frm inreased rates f sendary
infetins. Crtisterids an be administered in refra-
try shk t derease shk duratin; the urrent rem-
mended regimen is hydrrtisne 50 mg intravenusly
every 6 hurs fr 5–7 days.

F. Other Treatment Modalities

Cardia failure may require use f transutaneus r trans-
venus paing r plaement f an intra-arterial balln
pump r left ventriular assist devie. Emergent revasu-
larizatin by perutaneus angiplasty r rnary artery

bypass surgery appears t imprve lng-term utme
with inreased survival mpared with initial medial sta-
bilizatin fr patients with myardial ishemia leading t
ardigeni shk (see Chapter 10). Urgent renal replae-
ment therapy may be indiated fr maintenane f fluid
and eletrlyte balane during aute kidney injury result-
ing in shk frm multiple mdalities.
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º
ANEMIAS

» General Approach to Anemias

Anemia is present in adults if the hematocrit is below 41%
(hemoglobin less than 13.6 g/dL [135 g/L]) in males or
below 36% (hemoglobin less than 12 g/dL [120 g/L]) in
females. Congenital anemia is suggested by the patient’s
personal and family history. The most common cause of
anemia is iron deficiency. Poor diet may result in folic acid
deficiency and contribute to iron deficiency, but bleeding is
the most common cause of iron deficiency in adults. Physi-
cal examination demonstrates pallor. Attention to physical
signs of primary hematologic diseases (lymphadenopathy;
hepatosplenomegaly; or bone tenderness, especially in the
sternum or anterior tibia) is important. Mucosal changes
such as a smooth tongue suggest megaloblastic anemia.

Anemias are classified according to their pathophysiologic
basis, ie, whether related to diminished production (relative or
absolute reticulocytopenia) or to increased production due to
accelerated loss of red blood cells (reticulocytosis) (Table 13–1),
and according to red blood cell size (Table 13–2). A reticulocy-
tosis occurs in one of three pathophysiologic states: acute blood
loss, recent replacement of a missing erythropoietic nutrient, or
reduced red blood cell survival (ie, hemolysis). A severely
microcytic anemia (mean corpuscular volume [MCV] less than
70 fL) is due either to iron deficiency or thalassemia, while a
severely macrocytic anemia (MCV greater than 120 fL) is
almost always due to either megaloblastic anemia or to cold
agglutinins in blood analyzed at room temperature. A bone
marrow biopsy is generally needed to complete the evaluation
of anemia when the blood laboratory evaluation fails to reveal
an etiology, when there are additional cytopenias present, or
when an underlying primary or secondary bone marrow pro-
cess is suspected.

IRON DEFICIENCY ANEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Iron deficiency: serum ferritin is < 12 ng/mL
(27 pmol/L) or < 30 ng/mL (67 pmol/L) if also
anemic.

13 Lloyd E. Damon, MD

Charalambos Babis Andreadis, MD, MSCE

Blood Disorders

» Caused by bleeding unless proved otherwise.

» Responds to iron therapy.

» General Considerations

Iron deficiency is the most common cause of anemia
worldwide. The causes are listed in Table 13–3. Aside from
circulating red blood cells, the major location of iron in the
body is the storage pool as ferritin or as hemosiderin in
macrophages.

The average American diet contains 10–15 mg of iron per
day. About 10% of this amount is absorbed in the stomach,
duodenum, and upper jejunum under acidic conditions.
Dietary iron present as heme is efficiently absorbed (10–20%)
but nonheme iron less so (1–5%), largely because of interfer-
ence by phosphates, tannins, and other food constituents. The
major iron transporter from the diet across the intestinal
lumen is ferroportin, which also facilitates the transport of
iron to apotransferrin in macrophages for delivery to ery-
throid progenitor cells in the bone marrow prepared to syn-
thesize hemoglobin. Hepcidin, which is increasingly produced
during inflammation, negatively regulates iron transport by
promoting the degradation of ferroportin. Small amounts of
iron—approximately 1 mg/day—are normally lost through
exfoliation of skin and gastrointestinal mucosal cells.

Menstrual blood loss plays a major role in iron metabo-
lism. The average monthly menstrual blood loss is approxi-
mately 50 mL but may be five times greater in some
individuals. Women with heavy menstrual losses must
absorb 3–4 mg of iron from the diet each day to maintain
adequate iron stores, which is not commonly achieved.
Women with menorrhagia of this degree will almost always
become iron deficient without iron supplementation.

In general, iron metabolism is balanced between absorp-
tion of 1 mg/day and loss of 1 mg/day. Pregnancy and lacta-
tion upset the iron balance, since requirements increase to
2–5 mg of iron per day. Normal dietary iron cannot supply
these requirements, and medicinal iron is needed during
pregnancy and lactation. Decreased iron absorption can
also cause iron deficiency, such as in people affected by
celiac disease (gluten enteropathy), and it also commonly
occurs after gastric resection or jejunal bypass surgery.
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Table 13–1. Classification of anemia by red blood cell
(RBC) pathophysiology.

Decreased RBC roducion (relaive or absolue reiculocyoenia)

Hemoglobin synthesis lesion: iron deficiency, thalassemia,

anemia of chronic disease, hypoerythropoietinemia

DNA synthesis lesion: megaloblastic anemia, folic acid

deficiency, DNA synthesis inhibitor medications

Hematopoietic stem cell lesion: aplastic anemia, leukemia

Bone marrow infiltration: carcinoma, lymphoma, fibrosis,

sarcoidosis, Gaucher disease, others

Immune-mediated inhibition: aplastic anemia, pure red

cell aplasia

Increased RBC desrucion or acceleraed RBC loss

(reiculocyosis)

Acute blood loss

Hemolysis (intrinsic)

Membrane lesion: hereditary spherocytosis, elliptocytosis

Hemoglobin lesion: sickle cell, unstable hemoglobin

Glycolysis lesion: pyruvate kinase deficiency

Oxidation lesion: glucose-6-phosphate dehydrogenase

deficiency

Hemolysis (extrinsic)

Immune: warm antibody, cold antibody

Microangiopathic: disseminated intravascular coagulation,

thrombotic thrombocytopenic purpura, hemolytic-uremic

syndrome, mechanical cardiac valve, paravalvular leak

Infection: Clostridium perfringens, malaria

Hypersplenism

Table 13–2. Classification of anemia by mean red
blood cell volume (MCV).

Microcytic

Iron deficiency

Thalassemia

Anemia of chronic disease

Lead toxicity

Zinc deficiency

Macrocytic (Megaloblastic)

Vitamin B
12

deficiency

Folate deficiency

DNA synthesis inhibitors

Macrocytic (Nonmegaloblastic)

Aplastic anemia

Myelodysplasia

Liver disease

Reticulocytosis

Hypothyroidism

Bone marrow failure state (eg, aplastic anemia, marrow

infiltrative disorder, etc)

Copper deficiency

Normocytic

Kidney disease

Non-thyroid endocrine gland failure

Copper deficiency

Mild form of most acquired microcytic or macrocytic etiologies

of anemia

Table 13–3. Causes of iron deficiency.

Deficient diet

Decreased absorption

Autoimmune gastritis

Celiac disease

Helicobacter pylori gastritis

Hereditary iron-refractory iron deficiency anemia

Zinc deficiency

Increased requirements

Pregnancy

Lactation

Blood loss (chronic)

Gastrointestinal

Menstrual

Blood donation

Hemoglobinuria

Iron sequestration

Pulmonary hemosiderosis

Idiopathic

The most important cause of iron deficiency anemia in
adults is chronic blood loss, especially menstrual and gastro-
intestinal blood loss. Iron deficiency demands a search for a
source of gastrointestinal bleeding if other sites of blood loss

(menorrhagia, other uterine bleeding, and repeated blood
donations) are excluded. Prolonged aspirin or nonsteroidal
anti-inflammatory drug use may cause it even without a
documented structural lesion. Celiac disease, even when
asymptomatic, can cause iron deficiency through poor
absorption in the gastrointestinal tract. Zinc deficiency is
another cause of poor iron absorption. Chronic hemoglo-
binuria may lead to iron deficiency, but this is uncommon.
Traumatic hemolysis due to a prosthetic cardiac valve and
other causes of intravascular hemolysis (eg, paroxysmal
nocturnal hemoglobinuria) should also be considered. The
cause of iron deficiency is not found in up to 5% of cases.

Pure iron deficiency might prove refractory to oral iron
replacement. Refractoriness is defined as a hemoglobin incre-
ment of less than 1 g/dL (10 g/L) after 4–6 weeks of 100 mg/day
of elemental oral iron. The differential diagnosis in these cases
(Table 13–3) includes malabsorption from autoimmune gas-
tritis, Helicobacter pylori gastric infection, celiac disease, and
hereditary iron-refractory iron deficiency anemia. Iron-
refractory iron deficiency anemia is a rare autosomal recessive
disorder due to mutations in the transmembrane serine prote-
ase 6 (TMPRSS6) gene, which normally down-regulates hep-
cidin. In iron-refractory iron deficiency anemia, hepcidin
levels are normal to high and ferritin levels are high despite
the iron deficiency.

» Clinical Findings

A. Symptoms and Signs

The primary symptoms of iron deficiency anemia are
those of the anemia itself (easy fatigability, tachycardia,
palpitations, and dyspnea on exertion). Severe deficiency
causes skin and mucosal changes, including a smooth
tongue, brittle nails, spooning of nails (koilonychia), and
cheilosis. Dysphagia due to the formation of esophageal
webs (Plummer-Vinson syndrome) may occur in severe
iron deficiency. Many iron-deficient patients develop pica,
craving for specific foods (ice chips, etc) often not rich in
iron.
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B. Laboratory Findings

Iron deficiency develops in stages. The first is depletion of
iron stores without anemia followed by anemia with a nor-
mal red blood cell size (normal MCV) followed by anemia
with reduced red blood cell size (low MCV). The reticulo-
cyte count is low or inappropriately normal. Ferritin is a
measure of total body iron stores. A ferritin value less than
12 ng/mL (27 pmol/L) (in the absence of scurvy) is a highly
reliable indicator of reduced iron stores. Note that the
lower limit of normal for ferritin is often below 12 ng/mL
(27 pmol/L) in women due to the fact that the normal fer-
ritin range is generated by including healthy menstruating
women who are iron deficient but not anemic. However,
because serum ferritin levels may rise in response to inflam-
mation or other stimuli, a normal or elevated ferritin level
does not exclude a diagnosis of iron deficiency. A ferritin
level less than 30 ng/mL (67 pmol/L) almost always indicates
iron deficiency in anyone who is anemic. As iron deficiency
progresses, serum iron values decline to less than 30 mcg/dL
(67 pmol/L) and transferrin (the iron transport protein)
levels rise to compensate, leading to transferrin saturations
of less than 15%. Low transferrin saturation is also seen in
anemia of inflammation, so caution in the interpretation of
this test is warranted. Isolated iron deficiency anemia has a
low hepcidin level, not yet a clinically available test. As the
MCV falls (ie, microcytosis), the blood smear shows hypo-
chromic microcytic cells. With further progression, anisocy-
tosis (variations in red blood cell size) and poikilocytosis
(variation in shape of red cells) develop. Severe iron defi-
ciency will produce a bizarre peripheral blood smear, with
severely hypochromic cells, target cells, and pencil-shaped
or cigar-shaped cells. Bone marrow biopsy for evaluation of
iron stores is rarely performed. If the biopsy is done, it shows
the absence of iron in erythroid progenitor cells by Prussian
blue staining. The platelet count is commonly increased, but
it usually remains under 800,000/mcL (800 × 109/L).

» Differential Diagnosis

Other causes of microcytic anemia include anemia of
chronic disease (specifically, anemia of inflammation),
thalassemia, lead poisoning, zinc deficiency, and congeni-
tal X-linked sideroblastic anemia. Anemia of chronic dis-
ease is characterized by normal or increased iron stores in
bone marrow macrophages and a normal or elevated fer-
ritin level; the serum iron and transferrin saturation are
low, often drastically so, and the total iron-binding capacity
(TIBC) (the blood’s capacity for iron to bind to transferrin)
and transferrin are either normal or low. Thalassemia pro-
duces a greater degree of microcytosis for any given level of
anemia than does iron deficiency and, unlike virtually
every other cause of anemia, has a normal or elevated
(rather than a low) red blood cell count as well as a reticu-
locytosis. In thalassemia, red blood cell morphology on the
peripheral smear resembles severe iron deficiency.

» Treatment

The diagnosis of iron deficiency anemia can be made either
by the laboratory demonstration of an iron-deficient state
or by evaluating the response to a therapeutic trial of iron

replacement. Since the anemia itself is rarely life-threatening,
the most important part of management is identification of
the cause—especially a source of occult blood loss.

A. Oral Iron

Ferrous sulfate, 325 mg once daily or every other day on an
empty stomach, is a standard approach for replenishing
iron stores. As oral iron stimulates hepcidin production,
once daily or every other day dosing maximizes iron
absorption compared to multiple doses per day, and with
fewer side effects. Nausea and constipation limit compli-
ance with ferrous sulfate. Extended-release ferrous sulfate
with mucoprotease is a well-tolerated oral preparation.
Taking ferrous sulfate with food reduces side effects but
also its absorption. An appropriate response to oral iron is
a return of the hematocrit level halfway toward normal
within 3 weeks with full return to baseline after 2 months.
Iron therapy should continue for 3–6 months after restora-
tion of normal hematologic values to replenish iron stores.
Failure of response to iron therapy is usually due to non-
compliance, although occasional patients may absorb iron
poorly, particularly if the stomach is achlorhydric. Such
patients may benefit from concomitant administration of
oral ascorbic acid. Other reasons for failure to respond
include incorrect diagnosis (anemia of chronic disease,
thalassemia), celiac disease, and ongoing blood loss that
exceeds the rate of new erythropoiesis. Treatment of
H pylori infection, in appropriate cases, can improve oral
iron absorption.

B. Parenteral Iron

The indications are intolerance of or refractoriness to oral
iron (including those with iron-refractory iron deficiency
anemia), gastrointestinal disease (usually inflammatory
bowel disease) precluding the use of oral iron, and contin-
ued blood loss that cannot be corrected, such as chronic
hemodialysis. Historical parenteral iron preparations, such
as high-molecular-weight iron dextran, were problematic
due to long infusion times (hours), polyarthralgia, and
hypersensitivity reactions, including anaphylaxis. Current
parenteral iron preparations coat the iron in protective
carbohydrate shells or contain low-molecular-weight iron
dextran, are safe, and can be administered over 15 minutes
to 1 hour. Most iron deficient patients need 1–1.5 g of par-
enteral iron; this dose corrects for the iron deficit and
replenishes iron stores for the future.

Ferric pyrophosphate citrate (Triferic) is an FDA-
approved additive to the dialysate designed to replace the
5–7 mg of iron that patients with chronic kidney disease
tend to lose during each hemodialysis treatment. Ferric
pyrophosphate citrate delivers sufficient iron to the mar-
row to maintain hemoglobin and not increase iron stores;
it may obviate the need for intravenous iron in hemodialy-
sis patients.

» When to Refer

Patients should be referred to a hematologist if the sus-
pected diagnosis is not confirmed or if they are not respon-
sive to oral iron therapy.
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ANEMIA OF CHRONIC DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Mild or moderate normocytic or microcytic
anemia.

» Normal or increased ferritin and normal or reduced
transferrin.

» Underlying chronic disease.

» General Considerations

Many chronic systemic diseases are associated with mild or
moderate anemia. The anemias of chronic disease are char-
acterized according to etiology and pathophysiology. First,
the anemia of inflammation is associated with chronic
inflammatory states (such as inflammatory bowel disease,
rheumatologic disorders, chronic infections, and malig-
nancy) and is mediated through hepcidin (a negative regu-
lator of ferroportin) primarily via elevated IL-6, resulting
in reduced iron uptake in the gut and reduced iron transfer
from macrophages to erythroid progenitor cells in the bone
marrow. This is referred to as iron-restricted erythropoiesis
since the patient is iron replete. There is also reduced
responsiveness to erythropoietin, the elaboration of hemo-
lysins that shorten red blood cell survival, and the produc-
tion of other inflammatory cytokines that dampen red cell
production. The serum iron is low in the anemia of inflam-
mation. Second, the anemia of organ failure can occur
with kidney disease, liver failure, and endocrine gland
failure. Erythropoietin is reduced and the red blood cell
mass decreases in response to the diminished signal for red
blood cell production; the serum iron is normal (except in
chronic kidney disease where it is low due to the reduced
hepcidin clearance and subsequent enhanced degradation
of ferroportin). Third, the anemia of older adults is pres-
ent in up to 20% of individuals over age 85 years in whom
a thorough evaluation for an explanation of anemia is
negative. The anemia is a consequence of (1) a relative
resistance to red blood cell production in response to
erythropoietin, (2) a decrease in erythropoietin production
relative to the nephron mass, (3) a negative erythropoietic
influence of higher levels of chronic inflammatory cyto-
kines in older adults, and (4) the presence of various
somatic mutations in myeloid genes typically associated
with myeloid neoplasms. The latter condition is now
referred to as clonal cytopenias of undetermined signifi-
cance, which has a 1–1.5% per year rate of transformation
to a myeloid neoplasm, such as a myelodysplastic syn-
drome (MDS). The serum iron is normal.

» Clinical Findings

A. Symptoms and Signs

The clinical features are those of the causative condition.
The diagnosis should be suspected in patients with known
chronic diseases. In cases of significant anemia, coexistent
iron deficiency or folic acid deficiency should be sus-
pected. Decreased dietary intake of iron or folic acid is
common in chronically ill patients, many of whom will also
have ongoing gastrointestinal blood losses. Patients under-
going hemodialysis regularly lose both iron and folic acid
during dialysis.

B. Laboratory Findings

The hematocrit rarely falls below 60% of baseline (except in
kidney failure). The MCV is usually normal or slightly
reduced. Red blood cell morphology is usually normal, and
the reticulocyte count is mildly decreased or normal.

1. Anemia of inflammation—In the anemia of inflamma-
tion, serum iron and transferrin values are low, and the
transferrin saturation may be extremely low, leading to an
erroneous diagnosis of iron deficiency. In contrast to iron
deficiency, serum ferritin values should be normal or
increased. A serum ferritin value less than 30 ng/mL
(67 pmol/L) indicates coexistent iron deficiency. Anemia
of inflammation has elevated hepcidin levels; however, no
clinical test is yet available. A particular challenge is the
diagnosis of iron deficiency in the setting of the anemia of
inflammation, in which the serum ferritin can be as high as
200 ng/mL (450 pmol/L). The diagnosis is established by a
bone marrow biopsy with iron stain. Absent iron staining
indicates iron deficiency, whereas iron localized in marrow
macrophages indicates pure anemia of inflammation.
However, bone marrow biopsies are rarely done for this
purpose. Two other tests all support iron deficiency in the
setting of inflammation: a reticulocyte hemoglobin con-
centration of less than 28 pg or a soluble serum transferrin
receptor (units: mg/L) to log ferritin (units: mcg/L) ratio of
1–8 (a ratio of less than 1 is virtually diagnostic of pure
anemia of chronic disease). A functional test is hemoglobin
response to oral or parenteral iron in the setting of inflam-
mation when iron deficiency is suspected. A note of cau-
tion: certain circumstances of iron-restricted erythropoiesis
(such as malignancy) will partially respond to parenteral
iron infusion even when the iron stores are replete due to
the immediate distribution of iron to erythropoietic pro-
genitor cells after the infusion.

2. Other anemias of chronic disease—In the anemias of
organ failure and of older adults, the iron studies are gener-
ally normal. The anemia of older persons is a diagnosis of
exclusion. Clonal cytopenias of undetermined significance
are diagnosed by sending a blood sample for myeloid gene
sequencing.

» Treatment

In most cases, no treatment of the anemia of chronic dis-
ease is necessary and the primary management is to
address the condition causing the anemia. When the anemia is
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severe or is adversely affecting the quality of life or func-
tional status, then treatment involves either red blood cell
transfusions or parenteral recombinant erythropoietin
(epoetin alfa or darbepoetin). The FDA-approved indica-
tions for recombinant erythropoietin are hemoglobin less
than 10 g/dL and anemia due to rheumatoid arthritis,
inflammatory bowel disease, hepatitis C, zidovudine ther-
apy in HIV-infected patients, myelosuppressive chemo-
therapy of solid malignancy (treated with palliative intent
only), or chronic kidney disease (estimated glomerular fil-
tration rate of less than 60 mL/min). The dosing and
schedule of recombinant erythropoietin are individualized
to maintain the hemoglobin between 10 g/dL (100 g/L) and
12 g/dL (120 g/L). The use of recombinant erythropoietin
is associated with an increased risk of venothromboembo-
lism and arterial thrombotic episodes, especially if the
hemoglobin rises to greater than 12 g/dL (120 g/L). There
is concern that recombinant erythropoietin is associated
with reduced survival in patients with malignancy. For
patients with end-stage renal disease receiving recombi-
nant erythropoietin who are on hemodialysis, the anemia
of chronic kidney disease can be more effectively corrected
by adding soluble ferric pyrophosphate to their dialysate
than by administering intravenous iron supplementation.

» When to Refer

Referral to a hematologist is not usually necessary.
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undetermined significance (ICUS) and clonal cytopenias of
undetermined significance (CCUS). Curr Hematol Malig
Rep. 2019;14:536. [PMID: 31696381]

Weiss G et al. Anemia of inflammation. Blood. 2019;133:40.
[PMID: 30401705]

THE THALASSEMIAS

E S S E N T I A L S  O F  D I A G N O S I S

» Microcytosis disproportionate to the degree of
anemia.

» Positive family history.

» Lifelong personal history of microcytic anemia.

» Normal or elevated red blood cell count.

» Abnormal red blood cell morphology with micro-
cytes, hypochromia, acanthocytes, and target
cells.

» In beta-thalassemia, elevated levels of hemoglo-
bin A

2
and F.

» General Considerations

The thalassemias are hereditary disorders characterized by
reduction in the synthesis of globin chains (alpha or beta).

Reduced globin chain synthesis causes reduced hemoglo-
bin synthesis and a hypochromic microcytic anemia
because of defective hemoglobinization of red blood cells.
Thalassemias can be considered among the hyperprolifera-
tive hemolytic anemias, the anemias related to abnormal
hemoglobin, and the hypoproliferative anemias, since all of
these factors play a role in pathogenesis. The hallmark
laboratory features are small (low MCV) and pale (low
mean corpuscular hemoglobin [MCH]) red blood cells,
anemia, and a normal to elevated red blood cell count (ie,
a large number of the small and pale red blood cells are
being produced). Although patients often exhibit an ele-
vated reticulocyte count, generally the degree of reticulo-
cyte output is inadequate to meet the degree of red blood
cell destruction (hemolysis) occurring in the bone marrow
and the patients remain anemic.

Normal adult hemoglobin is primarily hemoglobin A,
which represents approximately 98% of circulating hemo-
globin. Hemoglobin A is formed from a tetramer of two
alpha-globin chains and two beta-globin chains—and is
designated alpha2beta2. Two copies of the alpha-globin
gene are located on each chromosome 16, and there is no
substitute for alpha-globin in the formation of adult hemo-
globin. One copy of the beta-globin gene resides on each
chromosome 11 adjacent to genes encoding the beta-like
globins delta and gamma (the so-called beta-globin gene
cluster region). The tetramer of alpha2delta2 forms hemo-
globin A

2
, which normally composes 1–3% of adult hemo-

globin. The tetramer alpha2gamma2 forms hemoglobin F,
which is the major hemoglobin of fetal life but which
composes less than 1% of normal adult hemoglobin.

The thalassemias are described as thalassemia trait when
there are laboratory features without significant clinical
impact, thalassemia intermedia when there is an occasional
red blood cell transfusion requirement or other moderate
clinical impact, and thalassemia major when the disorder is
life-threatening and the patient is transfusion-dependent.
Most patients with thalassemia major die of the conse-
quences of iron overload from red blood cell transfusions.

Alpha-thalassemia is due primarily to gene deletions
causing reduced alpha-globin chain synthesis (Table 13–4).

Table 13–4. Alpha-thalassemia syndromes.

Number of

Ala-Globin

Genes

transcribed Syndrome hemaocri MCV

4 Normal Normal Normal

3 Silent carrier Normal Normal

2 Thalassemia

minor (or trait)

28–40% 60–75 fL

1 Hemoglobin H

disease

22–32% 60–70 fL

0 Hydrops fetalis1 < 18% < 60 fL

1Die in utero.

MCV, mean corpuscular volume.
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Table 13–5. Beta-thalassemia syndromes.

Bea-Globin Genes transcribed hb A hb A
2

hb F transfusions

Normal Homozygous beta 97–99% 1–3% < 1% None

Thalassemia minor Heterozygous beta0 80–95% 4–8% 1–5% None

Heterozygous beta+ 80–95% 4–8% 1–5% None

Thalassemia intermedia Homozygous beta+ (mild) 0–30% 4–8% 6–10% Occasional

Thalassemia major Homozygous beta0 0% 4–10% 90–96% Dependent

Homozygous beta+ (severe) 0–10% 4–10% 90–96% Dependent

Hb, hemoglobin; beta0, no beta-globin produced; beta+, some beta-globin produced.

Each alpha-globin gene produces one-quarter of the total
alpha-globin quantity, so there is a predictable proportionate
decrease in alpha-globin output with each lost alpha-globin
gene. Since all adult hemoglobins are alpha containing,
alpha-thalassemia produces no change in the proportions of
hemoglobins A, A

2
, and F on hemoglobin electrophoresis. In

severe forms of alpha-thalassemia, excess beta chains may
form a beta-4 tetramer called hemoglobin H. In the presence
of reduced alpha chains, the excess beta chains are unstable
and precipitate, leading to damage of red blood cell mem-
branes. This leads to both intramedullary (bone marrow)
and peripheral blood hemolysis.

Beta-thalassemias are usually caused by point muta-
tions rather than deletions (Table 13–5). These mutations
result in premature chain termination or in problems with
transcription of RNA and ultimately result in reduced or
absent beta-globin chain synthesis. The molecular defects
leading to beta-thalassemia are numerous and heteroge-
neous. Defects that result in absent beta-globin chain
expression are termed beta0, whereas those causing reduced
but not absent synthesis are termed beta+. In beta+ thalas-
semia, the degree of reduction of beta-globin synthesis is
consistent within families but is quite variable between
families. The reduced beta-globin chain synthesis in beta-
thalassemia results in a relative increase in the proportions
of hemoglobins A

2
and F compared to hemoglobin A on

hemoglobin electrophoresis, as the beta-like globins (delta
and gamma) substitute for the missing beta chains. In the
presence of reduced beta chains, the excess alpha chains are
unstable and precipitate, leading to damage of red blood cell
membranes. This leads to both intramedullary (bone mar-
row) and peripheral blood hemolysis. The bone marrow
demonstrates erythroid hyperplasia under the stimuli of
anemia and ineffective erythropoiesis (intramedullary
destruction of the developing erythroid cells). In cases of
severe thalassemia, the marked expansion of the erythroid
compartment in the bone marrow may cause severe bony
deformities, osteopenia, and pathologic bone fractures.

» Clinical Findings

A. Symptoms and Signs

The alpha-thalassemia syndromes are seen primarily in
persons from southeast Asia and China and, less com-
monly, in Blacks and persons of Mediterranean origin

(Table 13–4). Normally, adults have four copies of the alpha-
globin chain. When three alpha-globin genes are present, the
patient is hematologically normal (silent carrier). When two
alpha-globin genes are present, the patient is said to have
alpha-thalassemia trait, a form of thalassemia minor. In
alpha-thalassemia-1 trait, the alpha gene deletion is hetero-
zygous (alpha –/alpha –) and affects mainly those of Asian
descent. In alpha-thalassemia-2 trait, the alpha gene dele-
tion is homozygous (alpha alpha/– –) and affects mainly
Blacks. These patients are clinically normal and have a
normal life expectancy and performance status, with a mild
microcytic anemia. When only one alpha globin chain is
present (alpha –/– –), the patient has hemoglobin H dis-
ease (alpha-thalassemia-3). This is a chronic hemolytic
anemia of variable severity (thalassemia minor or interme-
dia). Physical examination might reveal pallor and spleno-
megaly. Affected individuals usually do not need
transfusions; however, they may be required during tran-
sient periods of hemolytic exacerbation caused by infection
or other stressors or during periods of erythropoietic shut-
down caused by certain viruses (“aplastic crisis”). When all
four alpha-globin genes are deleted, no normal hemoglobin
is produced and the affected fetus is stillborn (hydrops
fetalis). In hydrops fetalis, the only hemoglobin species
made is gamma and is called hemoglobin Bart’s (gamma4).

Beta-thalassemia primarily affects persons of Mediter-
ranean origin (Italian, Greek) and to a lesser extent Asians
and Blacks (Table 13–5). Patients homozygous for beta-
thalassemia (beta0/beta0 or some with beta+/beta+) have
beta-thalassemia major (Cooley anemia). Affected chil-
dren are normal at birth, but after 6 months, when hemo-
globin synthesis switches from hemoglobin F to hemoglobin
A, severe anemia develops that requires transfusion.
Numerous clinical problems ensue, including stunted
growth, bony deformities (abnormal facial structure,
pathologic bone fractures), hepatosplenomegaly, jaundice
(due to gallstones, hepatitis-related cirrhosis, or both), and
thrombophilia. The clinical course is modified signifi-
cantly by transfusion therapy, but transfusional iron over-
load (hemosiderosis) results in a clinical picture similar to
hemochromatosis, with heart failure, cardiac arrhythmias,
cirrhosis, endocrinopathies, and pseudoxanthoma elasti-
cum (calcification and fragmentation of the elastic fibers of
the skin, retina, and cardiovascular system), usually after
more than 100 units of red blood cells have been
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transfused. Iron overloading occurs because the human
body has no active iron excretory mechanism. Before the
application of allogeneic stem cell transplantation and the
development of more effective forms of iron chelation,
death from iron overload usually occurred between the
ages of 20 and 30 years.

Patients homozygous for a milder form of beta-
thalassemia (beta+/beta+, but allowing a higher rate of beta-
globin synthesis) have beta-thalassemia intermedia. These
patients have chronic hemolytic anemia but do not require
transfusions except under periods of stress or during aplas-
tic crises. They also may develop iron overload because of
periodic transfusion. They survive into adult life but with
hepatosplenomegaly and bony deformities. Patients hetero-
zygous for beta-thalassemia (beta/beta0 or beta/beta+) have
beta-thalassemia minor and a clinically insignificant
microcytic anemia.

Prenatal diagnosis is available, and genetic counseling
should be offered and the opportunity for prenatal diagno-
sis discussed.

B. Laboratory Findings

1. Alphathalassemia trait—These patients have mild or
no anemia, with hematocrits between 28% and 40%. The
MCV is strikingly low (60–75 fL) despite the modest ane-
mia, and the red blood count is normal or increased. The
peripheral blood smear shows microcytes, hypochromia,
occasional target cells, and acanthocytes (cells with irregu-
larly spaced spiked projections). The reticulocyte count
and iron parameters are normal. Hemoglobin electropho-
resis is normal. Alpha-thalassemia trait is thus usually
diagnosed by exclusion. Genetic testing to demonstrate
alpha-globin gene deletion is available.

2. Hemoglobin H disease—These patients have a more
marked anemia, with hematocrits between 22% and 32%.
The MCV is remarkably low (60–70 fL) and the peripheral
blood smear is markedly abnormal, with hypochromia,
microcytosis, target cells, and poikilocytosis. The reticulo-
cyte count is elevated and the red blood cell count is nor-
mal or elevated. Hemoglobin electrophoresis will show a
fast-migrating hemoglobin (hemoglobin H), which com-
prises 10–40% of the hemoglobin. A peripheral blood
smear can be stained with supravital dyes to demonstrate
the presence of hemoglobin H.

3. Betathalassemia minor—These patients have a modest
anemia with hematocrit between 28% and 40%. The MCV
ranges from 55 fL to 75 fL, and the red blood cell count is
normal or increased. The reticulocyte count is normal or
slightly elevated. The peripheral blood smear is mildly
abnormal, with hypochromia, microcytosis, and target
cells. In contrast to alpha-thalassemia, basophilic stippling
is present. Hemoglobin electrophoresis shows an elevation
of hemoglobin A

2
to 4–8% and occasional elevations of

hemoglobin F to 1–5%.

4. Betathalassemia intermedia—These patients have a
moderate anemia with hematocrit between 17% and 33%.
The MCV ranges from 55 fL to 75 fL, and the red blood cell
count is normal or increased. The reticulocyte count is

elevated. The peripheral blood smear is abnormal with
hypochromia, microcytosis, basophilic stippling, and tar-
get cells. Hemoglobin electrophoresis shows up to 30%
hemoglobin A, an elevation of hemoglobin A

2
up to 10%,

and elevation of hemoglobin F from 6% to 10%.

5. Betathalassemia major—These patients have severe
anemia, and without transfusion the hematocrit may fall to
less than 10%. The peripheral blood smear is bizarre, show-
ing severe poikilocytosis, hypochromia, microcytosis, tar-
get cells, basophilic stippling, and nucleated red blood cells.
Little or no hemoglobin A is present. Variable amounts of
hemoglobin A

2
are seen, and the predominant hemoglobin

present is hemoglobin F.

» Differential Diagnosis

Mild forms of thalassemia must be differentiated from iron
deficiency. Compared to iron deficiency anemia, patients with
thalassemia have a lower MCV, a normal or elevated red blood
cell count (rather than low), a more abnormal peripheral
blood smear at modest levels of anemia, and usually a reticu-
locytosis. Iron studies are normal or the transferrin saturation
or ferritin (or both) are elevated. Severe forms of thalassemia
may be confused with other hemoglobinopathies. The diag-
nosis of beta-thalassemia is made by the above findings and
hemoglobin electrophoresis showing elevated levels of hemo-
globins A

2
and F (provided the patient is replete in iron), or

beta-gene sequencing. The diagnosis of alpha-thalassemia is
made by exclusion since there is no change in the proportion
of the normal adult hemoglobin species or confirmed by
alpha gene deletion studies. The only other microcytic anemia
with a normal or elevated red blood cell count is iron defi-
ciency in a patient with polycythemia vera.

» Treatment

Patients with mild thalassemia (alpha-thalassemia trait or
beta-thalassemia minor) require no treatment and should be
identified so that they will not be subjected to repeated
evaluations and treatment for iron deficiency. Patients with
hemoglobin H disease should take folic acid supplementa-
tion (1 mg/day orally) and avoid medicinal iron and oxida-
tive drugs such as sulfonamides. Patients with severe
thalassemia are maintained on a regular transfusion sched-
ule (in part to suppress endogenous erythropoiesis and
therefore bone marrow expansion) and receive folic acid
supplementation. Splenectomy is performed if hypersplen-
ism causes a marked increase in the transfusion requirement
or refractory symptoms. Patients with regular transfusion
requirements should be treated with iron chelation (oral or
parenteral) in order to prevent or delay life-limiting organ
damage from iron overload. A new agent, luspatercept,
has been FDA approved for transfusion-dependent beta-
thalassemia. It is a TGF-beta ligand trap that promotes
erythroid maturation and reduces transfusion needs.

Allogeneic stem cell transplantation is the treatment of
choice for beta-thalassemia major and the only available
cure. Children who have not yet experienced organ dam-
age from iron overload do well, with long-term survival in
more than 80% of cases. Autologous gene therapy is show-
ing promise for thalassemia major.
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» When to Refer

All patients with thalassemia intermedia or major should
be referred to a hematologist. Any patient with an unex-
plained microcytic anemia should be referred to help
establish a diagnosis. Patients with thalassemia minor or
intermedia should be offered genetic counseling because
offspring of thalassemic couples are at risk for inheriting
thalassemia major.
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therapy. Hematology Am Soc Hematol Educ Program.
2018;2018:361. [PMID: 30504333]

Taher AT et al. Thalassaemia. Lancet. 2018;391:155. [PMID:
28774421]

Thompson AA et al. Gene therapy in patients with transfusion-
dependent β-thalassemia. N Engl J Med. 2018;378:1479.
[PMID: 29669226]

VITAMIN B12 DEFICIENCY

E S S E N T I A L S  O F  D I A G N O S I S

» Macrocytic anemia.

» Megaloblastic blood smear (macro-ovalocytes
and hypersegmented neutrophils).

» Low serum vitamin B
12

level.

» General Considerations

Vitamin B
12

belongs to the family of cobalamins and serves
as a cofactor for two important reactions in humans. As
methylcobalamin, it is a cofactor for methionine synthetase
in the conversion of homocysteine to methionine, and as
adenosylcobalamin for the conversion of methylmalonyl-
coenzyme A (CoA) to succinyl-CoA. Vitamin B

12
comes

from the diet and is present in all foods of animal origin.
The daily absorption of vitamin B

12
is 5 mcg.

The liver contains 2–5 mg of stored vitamin B
12

. Since
daily utilization is 3–5 mcg, the body usually has sufficient
stores of vitamin B

12
so that it takes more than 3 years for

vitamin B
12

deficiency to occur if all intake or absorption
immediately ceases.

Since vitamin B
12

is present in foods of animal origin,
dietary vitamin B

12
deficiency is extremely rare but is seen

in vegans—strict vegetarians who avoid all dairy products,
meat, and fish (Table 13–6). Pernicious anemia is an auto-
immune illness whereby autoantibodies destroy gastric
parietal cells (that produce intrinsic factor) and cause
atrophic gastritis or bind to and neutralize intrinsic factor,
or both. Abdominal surgery may lead to vitamin B

12
defi-

ciency in several ways. Gastrectomy will eliminate the site
of intrinsic factor production; blind loop syndrome will
cause competition for vitamin B

12
by bacterial overgrowth

in the lumen of the intestine; and surgical resection of the

ileum will eliminate the site of vitamin B
12

absorption.
Rare causes of vitamin B

12
deficiency include fish tape-

worm (Diphyllobothrium latum) infection, in which the
parasite uses luminal vitamin B

12
; pancreatic insufficiency

(with failure to inactivate competing cobalamin-binding
proteins [R-factors]); severe Crohn disease, causing suffi-
cient destruction of the ileum to impair vitamin B

12

absorption; and perhaps prolonged use of proton pump
inhibitors.

» Clinical Findings

A. Symptoms and Signs

Vitamin B
12

deficiency causes a moderate to severe anemia
of slow onset; patients may have few symptoms relative to
the degree of anemia. In advanced cases, the anemia may
be severe, with hematocrits as low as 10–15%, and may be
accompanied by leukopenia and thrombocytopenia. The
deficiency also produces changes in mucosal cells, leading
to glossitis, as well as other vague gastrointestinal distur-
bances such as anorexia and diarrhea. Vitamin B

12
defi-

ciency also leads to a complex neurologic syndrome.
Peripheral nerves are usually affected first, and patients
complain initially of paresthesias. As the posterior columns
of the spinal cord become impaired, patients complain of
difficulty with balance or proprioception, or both. In more
advanced cases, cerebral function may be altered as well,
and on occasion dementia and other neuropsychiatric
abnormalities may be present. It is critical to recognize that
the nonhematologic manifestations of vitamin B

12
defi-

ciency can be manifest despite a completely normal com-
plete blood count.

Patients are usually pale and may be mildly icteric or
sallow. Typically, later in the disease course, neurologic
examination may reveal decreased vibration and position
sense or memory disturbance (or both).

B. Laboratory Findings

The diagnosis of vitamin B
12

deficiency is made by finding
a low serum vitamin B

12
(cobalamin) level. Whereas the

normal vitamin B
12

level is greater than 300 pg/mL (221
pmol/L), most patients with overt vitamin B

12
deficiency

Table 13–6. Causes of vitamin B
12

deficiency.

Dietary deficiency

Decreased production or availability of intrinsic factor

Pernicious anemia (autoimmune)

Gastrectomy

Helicobacter pylori infection

Competition for vitamin B
12

in the gut

Blind loop syndrome

Fish tapeworm (rare)

Pancreatic insufficiency

Proton pump inhibitors

Decreased ileal absorption of vitamin B
12

Surgical resection

Crohn disease

Transcobalamin II deficiency (rare)
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have serum levels less than 200 pg/mL (148 pmol/L),
with symptomatic patients often having levels less than
100 pg/mL (74 pmol/L). The diagnosis of vitamin B

12
defi-

ciency in low or low-normal values (level of 200–300 pg/mL
[147.6–221.3 pmol/L]) is best confirmed by finding an
elevated level of serum methylmalonic acid or homocyste-
ine. Of note, elevated levels of serum methylmalonic acid
can be due to kidney disease.

The anemia of vitamin B
12

deficiency is typically mod-
erate to severe with the MCV quite elevated (110–140 fL).
However, it is possible to have vitamin B

12
deficiency with

a normal MCV from coexistent thalassemia or iron defi-
ciency; in other cases, the reason is obscure. Patients with
neurologic symptoms and signs that suggest possible
vitamin B

12
deficiency should be evaluated for that defi-

ciency despite a normal MCV or the absence of anemia. In
typical cases, the peripheral blood smear is megaloblastic,
defined as red blood cells that appear as macro-ovalocytes,
(although other shape changes are usually present) and
neutrophils that are hypersegmented (six [or greater]-
lobed neutrophils or mean neutrophil lobe counts greater
than four). The reticulocyte count is reduced. Because
vitamin B

12
deficiency can affect all hematopoietic cell

lines, the white blood cell count and the platelet count are
reduced in severe cases.

Other laboratory abnormalities include elevated serum
lactate dehydrogenase (LD) and a modest increase in indi-
rect bilirubin. These two findings reflect the intramedul-
lary destruction of developing abnormal erythroid cells.

Bone marrow morphology is characteristically abnor-
mal. Marked erythroid hyperplasia is present as a response
to defective red blood cell production (ineffective erythro-
poiesis). Megaloblastic changes in the erythroid series
include abnormally large cell size and asynchronous matu-
ration of the nucleus and cytoplasm—ie, cytoplasmic mat-
uration continues while impaired DNA synthesis causes
retarded nuclear development. In the myeloid series, giant
bands and meta-myelocytes are characteristically seen.

» Differential Diagnosis

Vitamin B
12

deficiency should be differentiated from folic
acid deficiency, the other common cause of megaloblastic
anemia, in which red blood cell folic acid is low while
vitamin B

12
levels are normal. The bone marrow findings

of vitamin B
12

deficiency are sometimes mistaken for a
MDS or even acute erythrocytic leukemia. The distinction
between vitamin B

12
deficiency and myelodysplasia is

based on the characteristic morphology and the low vita-
min B

12
and elevated methylmalonic acid levels.

» Treatment

Initially, patients with vitamin B
12

deficiency are usually
treated with parenteral therapy. Intramuscular or subcuta-
neous injections of 100–1000 mcg of vitamin B

12
are ade-

quate for each dose (with the higher dose recommended
initially). Replacement is usually given daily for the first
week, weekly for the next month, and then monthly for
life. The vitamin deficiency will recur if patients discon-
tinue their therapy. Oral or sublingual methylcobalamin

(1 mg/day) may be used instead of parenteral therapy once
initial correction of the deficiency has occurred. Oral or
sublingual replacement is effective, even in pernicious ane-
mia, since approximately 1% of the dose is absorbed in the
intestine via passive diffusion in the absence of active
transport. It must be continued indefinitely and serum
vitamin B

12
levels must be monitored to ensure adequate

replacement. For patients with neurologic symptoms
caused by vitamin B

12
deficiency, long-term parenteral

vitamin B
12

therapy is recommended, though its superior-
ity over oral vitamin B

12
therapy has not been proven.

Because some patients are concurrently folic acid deficient
from intestinal mucosal atrophy, simultaneous folic acid
replacement (1 mg daily) is advised for the first several
months of vitamin B

12
replacement.

Patients respond to therapy with an immediate improve-
ment in their sense of well-being. Hypokalemia may com-
plicate the first several days of therapy, particularly
if the anemia is severe. A brisk reticulocytosis occurs
in 5–7 days, and the hematologic picture normalizes in
2 months. Central nervous system symptoms and signs are
potentially reversible if they have been present for less than
6 months. Red blood cell transfusions are rarely needed
despite the severity of anemia, but when given, diuretics
are also recommended to avoid heart failure because this
anemia develops slowly and the plasma volume is increased
at the time of diagnosis.

» When to Refer

Referral to a hematologist is not usually necessary.

Socha DS et al. Severe megaloblastic anemia: vitamin deficiency
and other causes. Cleve Clin J Med. 2020;87:153. [PMID:
32127439]

Wolffenbuttel BHR et al. The many faces of cobalamin (vitamin
B

12
) deficiency. Mayo Clin Proc Innov Qual Outcomes.

2019;3:200. [PMID: 31193945]

FOLIC ACID DEFICIENCY

E S S E N T I A L S  O F  D I A G N O S I S

» Macrocytic anemia.

» Megaloblastic blood smear (macro-ovalocytes
and hypersegmented neutrophils).

» Reduced folic acid levels in red blood cells or
serum.

» Normal serum vitamin B
12

level.

» General Considerations

“Folic acid” is the term commonly used for pteroylmono-
glutamic acid. Folic acid is present in most fruits and veg-
etables (especially citrus fruits and green leafy vegetables).
Daily dietary requirements are 50–100 mcg. Total body
stores of folic acid are approximately 5 mg, enough to sup-
ply requirements for 2–3 months.
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The most common cause of folic acid deficiency is inad-
equate dietary intake (Table 13–7). Alcoholic or anorectic
patients, persons who do not eat fresh fruits and vegetables,
and those who overcook their food are candidates for folic
acid deficiency. Reduced folic acid absorption is rarely seen,
since absorption occurs from the entire gastrointestinal
tract. However, medications such as phenytoin, trime-
thoprim-sulfamethoxazole, or sulfasalazine may interfere
with its absorption. Folic acid absorption is poor in some
patients with vitamin B

12
deficiency due to gastrointestinal

mucosal atrophy. Folic acid requirements are increased in
pregnancy, hemolytic anemia, and exfoliative skin disease,
and in these cases the increased requirements (5–10 times
normal) may not be met by a normal diet.

» Clinical Findings

A. Symptoms and Signs

The clinical features are similar to those of vitamin B
12

deficiency. However, isolated folic acid deficiency does not
result in neurologic abnormalities.

B. Laboratory Findings

Megaloblastic anemia is identical to anemia resulting from
vitamin B

12
deficiency. A red blood cell folic acid level

below 150 ng/mL (340 nmol/L) is diagnostic of folic acid
deficiency. Whether to order a serum or a red blood cell
folate level remains unsettled since there are few, if any,
data to support one test over the other. Usually the serum
vitamin B

12
level is normal, and it should always be mea-

sured when folic acid deficiency is suspected. In some
instances, folic acid deficiency is a consequence of the
gastrointestinal mucosal atrophy from vitamin B

12

deficiency.

» Differential Diagnosis

The megaloblastic anemia of folic acid deficiency should
be differentiated from vitamin B

12
deficiency by the finding

of a normal vitamin B
12

level and a reduced red blood cell
(or serum) folic acid level. Alcoholic patients, who often
have nutritional deficiency, may also have anemia of liver
disease. Pure anemia of liver disease causes a macrocytic

anemia but does not produce megaloblastic morphologic
changes in the peripheral blood; rather, target cells are
present. Hypothyroidism is associated with mild macrocy-
tosis and also with pernicious anemia.

» Treatment

Folic acid deficiency is treated with daily oral folic acid
(1 mg). The response is similar to that seen in the treatment
of vitamin B

12
deficiency, with rapid improvement and a

sense of well-being, reticulocytosis in 5–7 days, and total
correction of hematologic abnormalities within 2 months.
Large doses of folic acid may produce hematologic
responses in cases of vitamin B

12
deficiency, but permit

neurologic damage to progress; hence, obtaining a serum
vitamin B

12
level in suspected folic acid deficiency is

paramount.

» When to Refer

Referral to a hematologist is not usually necessary.

Sobczyńska-Malefora A et al. Laboratory assessment of folate
(vitamin B

9
) status. J Clin Pathol. 2018;71:949. [PMID:

30228213]
Socha DS et al. Severe megaloblastic anemia: vitamin deficiency

and other causes. Cleve Clin J Med. 2020;87:153. [PMID:
32127439]

HEMOLYTIC ANEMIAS

The hemolytic anemias are a group of disorders in which
red blood cell survival is reduced, either episodically or
continuously. The bone marrow has the ability to increase
erythroid production up to eightfold in response to reduced
red cell survival, so anemia will be present only when the
ability of the bone marrow to compensate is outstripped.
This will occur when red cell survival is extremely short or
when the ability of the bone marrow to compensate is
impaired.

Hemolytic disorders are generally classified according
to whether the defect is intrinsic to the red cell or due to
some external factor (Table 13–8). Intrinsic defects have
been described in all components of the red blood cell,
including the membrane, enzyme systems, and hemoglo-
bin; most of these disorders are hereditary. Hemolytic
anemias due to external factors are immune, microangio-
pathic hemolytic anemias, and infections of red blood cells.

Certain laboratory features are common to all hemo-
lytic anemias. Haptoglobin, a normal plasma protein that
binds and clears free hemoglobin released into plasma, is
depressed in hemolytic disorders. However, the haptoglo-
bin level is influenced by many factors and is not always a
reliable indicator of hemolysis, particularly in end-stage
liver disease (its site of synthesis). When intravascular
hemolysis occurs, transient hemoglobinemia ensues.
Hemoglobin is filtered through the renal glomerulus and is
usually reabsorbed by tubular cells. Hemoglobinuria will
be present only when the capacity for reabsorption of
hemoglobin by renal tubular cells is exceeded. In the
absence of hemoglobinuria, evidence for prior intravascu-
lar hemolysis is the presence of hemosiderin in shed renal

Table 13–7. Causes of folic acid deficiency.

Dietary deficiency

Decreased absorption

Celiac disease

Medications: phenytoin, sulfasalazine,

trimethoprim-sulfamethoxazole

Concurrent vitamin B
12

deficiency

Increased requirement

Chronic hemolytic anemia

Pregnancy

Exfoliative skin disease

Excess loss: hemodialysis

Inhibition of reduction to active form

Methotrexate
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Table 13–8. Classification of hemolytic anemias.

Inrinsic

Membrane defects: hereditary spherocytosis, hereditary

elliptocytosis, paroxysmal nocturnal hemoglobinuria

Glycolytic defects: pyruvate kinase deficiency, severe

hypophosphatemia

Oxidation vulnerability: glucose-6-phosphate dehydrogenase

deficiency, methemoglobinemia

Hemoglobinopathies: sickle cell syndromes, thalassemia,

unstable hemoglobins, methemoglobinemia

Exrinsic

Immune: autoimmune, lymphoproliferative disease,

drug-induced, idiopathic

Microangiopathic: thrombotic thrombocytopenic purpura,

hemolytic-uremic syndrome, disseminated intravascular

coagulation, valve hemolysis, metastatic adenocarcinoma,

vasculitis, copper overload

Infection: Plasmodium, Clostridium, Borrelia

Hypersplenism

Burns

tubular cells (positive urine hemosiderin). With severe
intravascular hemolysis, hemoglobinemia and methemal-
buminemia may be present. Hemolysis increases the indi-
rect bilirubin, and the total bilirubin may rise to 4 mg/dL
(68 mcmol/L) or more. Bilirubin levels higher than this
may indicate some degree of hepatic dysfunction. Serum
LD levels are strikingly elevated in cases of microangio-
pathic hemolysis (thrombotic thrombocytopenic purpura,
hemolytic-uremic syndrome) and may be elevated in other
hemolytic anemias.

PAROXYSMAL NOCTURNAL
HEMOGLOBINURIA

E S S E N T I A L S  O F  D I A G N O S I S

» Episodic hemoglobinuria.

» Thrombosis is common.

» Suspect in confusing cases of hemolytic anemia
with or without pancytopenia.

» Flow cytometry demonstrates deficiencies of
CD55 and CD59.

» General Considerations

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare
acquired clonal hematopoietic stem cell disorder that
results in abnormal sensitivity of the red blood cell mem-
brane to lysis by complement and therefore hemolysis. Free
hemoglobin is released into the blood that scavenges nitric
oxide and promotes esophageal spasms, male erectile dys-
function, kidney damage, and thrombosis. Patients with
significant PNH live about 10–15 years following diagno-
sis; thrombosis is the primary cause of death.

» Clinical Findings

A. Symptoms and Signs

Classically, patients report episodic hemoglobinuria result-
ing in reddish-brown urine. Hemoglobinuria is most often
noticed in the first morning urine due to the fall in blood pH
while sleeping (hypoventilation) that facilitates this hemoly-
sis. Besides anemia, these patients are prone to thrombosis,
especially within mesenteric and hepatic veins, central ner-
vous system veins (sagittal vein), and skin vessels (with for-
mation of painful nodules). As this is a hematopoietic stem
cell disorder, PNH may appear de novo or arise in the setting
of aplastic anemia or myelodysplasia with possible progres-
sion to acute myeloid leukemia (AML). It is common that
patients with idiopathic aplastic anemia have a small PNH
clone (less than 2%) on blood or bone marrow analysis; this
should not be considered true PNH per se, especially in the
absence of a reticulocytosis or thrombosis.

B. Laboratory Findings

Anemia is of variable severity and frequency, so reticulocy-
tosis may or may not be present at any given time. Abnor-
malities on the blood smear are nondiagnostic but may
include macro-ovalocytes and polychromasia. Since the
episodic hemolysis is mainly intravascular, urine hemosid-
erin is a useful test. Serum LD is characteristically quite
elevated. Iron deficiency is commonly present, related to
chronic iron loss from hemoglobinuria.

The white blood cell count and platelet count may be
decreased and are always decreased in the setting of aplastic
anemia. The best screening test is flow cytometry of blood
erythrocytes, granulocytes, and monocytes to demonstrate
deficiency of CD55 and CD59. The proportion of erythro-
cytes deficient in these proteins might be low due to the
ongoing destruction of affected erythrocytes. The FLAER
assay (fluorescein-labeled proaerolysin) by flow cytometry
is more sensitive. Bone marrow morphology is variable and
may show either generalized hypoplasia or erythroid hyper-
plasia or both. The bone marrow karyotype may be either
normal or demonstrate a clonal abnormality.

» Treatment

Many patients with PNH have mild disease not requiring
intervention. In severe cases and in those occurring in the
setting of myelodysplasia or previous aplastic anemia, alloge-
neic hematopoietic stem cell transplantation may prove cura-
tive. In patients with severe hemolysis (usually requiring red
cell transfusions) or thrombosis (or both), treatment with
eculizumab is warranted. Eculizumab is a humanized mono-
clonal antibody against complement protein C5 given every
2 weeks. Binding of eculizumab to C5 prevents its cleavage so
the membrane attack complex cannot assemble. Eculizumab
improves quality of life and reduces hemolysis, transfusion
requirements, fatigue, and thrombosis risk. Eculizumab
increases the risk of Neisseria meningitidis infections; patients
receiving the antibody should undergo meningococcal vac-
cination (including vaccines for serogroup B) and take oral
penicillin (or equivalent) meningococcal prophylaxis. Ravu-
lizumab is a longer-acting version of eculizumab; it is given
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every 8 weeks and demonstrates fewer breakthrough hemo-
lytic episodes than eculizumab. Iron replacement is indicated
for treatment of iron deficiency when present, which may
improve the anemia while also causing a transient increase in
hemolysis. For unclear reasons, corticosteroids are effective
in decreasing hemolysis.

» When to Refer

Most patients with PNH should be under the care of a
hematologist.

Devos T et al. Diagnosis and management of PNH: review and
recommendations from a Belgian expert panel. Eur J Haema-
tol. 2018;101:737. [PMID: 30171728]

Patriquin CJ et al. How we treat paroxysmal nocturnal hemoglo-
binuria: a consensus statement of the Canadian PNH Net-
work and review of the national registry. Eur J Haematol.
2019;102:36. [PMID: 30242915]

Tomazos I et al. Cost burden of breakthrough hemolysis in
patients with paroxysmal nocturnal hemoglobinuria receiv-
ing ravulizumab versus eculizumab. Hematology. 2020;25:327.
[PMID: 32765045]

GLUCOSE-6-PHOSPHATE DEHYDROGENASE
DEFICIENCY

E S S E N T I A L S  O F  D I A G N O S I S

» X-linked recessive disorder seen commonly in
American Black men.

» Episodic hemolysis in response to oxidant drugs
or infection.

» Bite cells and blister cells on the peripheral blood
smear.

» Reduced levels of glucose-6-phosphate dehydro-
genase between hemolytic episodes.

» General Considerations

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is
a hereditary enzyme defect that causes episodic hemolytic
anemia because of the decreased ability of red blood cells to
deal with oxidative stresses. G6PD deficiency leads to excess
oxidized glutathione that forces hemoglobin to denature
and form precipitants called Heinz bodies. Heinz bodies
cause red blood cell membrane damage, which leads to
premature removal of these red blood cells by reticuloendo-
thelial cells within the spleen (ie, extravascular hemolysis).

Numerous G6PD isoenzymes have been described. The
usual isoenzyme found in American Blacks is designated
G6PD-A and that found in Whites is designated G6PD-B,
both of which have normal function and stability and there-
fore no hemolytic anemia. Ten to 15 percent of American
Blacks have the variant G6PD isoenzyme designated A–, in
which there is both a reduction in normal enzyme activity
and a reduction in its stability. The A– isoenzyme activity
declines rapidly as the red blood cell ages past 40 days, a
fact that explains the clinical findings in this disorder.

More than 150 G6PD isoenzyme variants have been
described, including some Mediterranean, Ashkenazi Jew-
ish, and Asian variants with very low enzyme activity, epi-
sodic hemolysis, and exacerbations due to oxidizing
substances including fava beans. Patients with G6PD defi-
ciency seem to be protected from malaria parasitic infec-
tion, have less coronary artery disease, and possibly have
fewer cancers and greater longevity.

» Clinical Findings

G6PD deficiency is an X-linked disorder affecting 10–15%
of American hemizygous Black males and rare female
homozygotes. Female carriers are rarely affected—only
when an unusually high percentage of cells producing the
normal enzyme are X-inactivated.

A. Symptoms and Signs

Patients are usually healthy, without chronic hemolytic
anemia or splenomegaly. Hemolysis occurs episodically as
a result of oxidative stress on the red blood cells, generated
either by infection or exposure to certain medications.
Medications initiating hemolysis that should be avoided
include dapsone, methylene blue, phenazopyridine, prima-
quine, rasburicase, toluidine blue, nitrofurantoin, trime-
thoprim/sulfamethoxazole, sulfadiazine, pegloticase, and
quinolones. Other medications, such as chloroquine, qui-
nine, high-dose aspirin, and isoniazid, have been impli-
cated but are less certain as offenders since they are often
given during infections. Even with continuous use of the
offending medication, the hemolytic episode is self-limited
because older red blood cells (with low enzyme activity)
are removed and replaced with a population of young red
blood cells (reticulocytes) with adequate functional levels
of G6PD. Severe G6PD deficiency (as in Mediterranean
variants) may produce a chronic hemolytic anemia.

B. Laboratory Findings

Between hemolytic episodes, the blood is normal. During
episodes of hemolysis, the hemoglobin rarely falls below
8 g/dL (80 g/L), and there is reticulocytosis and increased
serum indirect bilirubin. The peripheral blood cell smear
often reveals a small number of “bite” cells—cells that
appear to have had a bite taken out of their periphery, or
“blister” cells. This indicates pitting of precipitated mem-
brane hemoglobin aggregates (ie, Heinz bodies) by the
splenic macrophages. Heinz bodies may be demonstrated
by staining a peripheral blood smear with cresyl violet;
they are not visible on the usual Wright-Giemsa–stained
blood smear. Specific enzyme assays for G6PD reveal a low
level but may be falsely normal if they are performed dur-
ing or shortly after a hemolytic episode during the period
of reticulocytosis. In these cases, the enzyme assays should
be repeated weeks after hemolysis has resolved. In severe
cases of G6PD deficiency, enzyme levels are always low.

» Treatment

No treatment is necessary except to avoid known oxidant
medications.
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Belfield KD et al. Review and drug therapy implications of
glucose-6-phosphate dehydrogenase deficiency. Am J Health
Syst Pharm. 2018;75:97. [PMID: 29305344]

Georgakouli K et al. Exercise in glucose-6-phosphate dehydro-
genase deficiency: harmful or harmless? A narrative review.
Oxid Med Cell Longev. 2019;2019:8060193. [PMID:
31089417]

SICKLE CELL ANEMIA & RELATED
SYNDROMES

E S S E N T I A L S  O F  D I A G N O S I S

» Recurrent pain episodes.

» Positive family history and lifelong history of
hemolytic anemia.

» Irreversibly sickled cells on peripheral blood
smear.

» Hemoglobin S is the major hemoglobin seen on
electrophoresis.

» General Considerations

Sickle cell anemia is an autosomal recessive disorder in
which an abnormal hemoglobin leads to chronic hemolytic
anemia with numerous clinical consequences. A single
DNA base change leads to an amino acid substitution of
valine for glutamate in the sixth position on the beta-
globin chain. The abnormal beta chain is designated betas

and the tetramer of alpha-2betas-2 is designated hemoglobin
SS. Hemoglobin S is unstable and polymerizes in the setting
of various stressors, including hypoxemia and acidosis, lead-
ing to the formation of sickled red blood cells. Sickled cells
result in hemolysis and the release of ATP, which is con-
verted to adenosine. Adenosine binds to its receptor (A2B),
resulting in the production of 2,3-biphosphoglycerate and
the induction of more sickling, and to its receptor (A2A)
on natural killer cells, resulting in pulmonary inflamma-
tion. The free hemoglobin from hemolysis scavenges nitric
oxide causing endothelial dysfunction, vascular injury, and
pulmonary hypertension.

The rate of sickling is influenced by the intracellular
concentration of hemoglobin S and by the presence of
other hemoglobins within the cell. Hemoglobin F cannot
participate in polymer formation, and its presence mark-
edly retards sickling. Factors that increase sickling are red
blood cell dehydration and factors that lead to formation of
deoxyhemoglobin S (eg, acidosis and hypoxemia), either
systemic or local in tissues. Hemolytic crises may be related
to splenic sequestration of sickled cells (primarily in child-
hood before the spleen has been infarcted as a result of
repeated sickling) or with coexistent disorders such as
G6PD deficiency.

The betaS gene is carried in 8% of American Blacks, and
1 of 400 American Black children will be born with sickle
cell anemia; prenatal diagnosis is available when sickle cell
anemia is suspected. Genetic counseling should be made
available to patients.

» Clinical Findings

A. Symptoms and Signs

The disorder has its onset during the first year of life, when
hemoglobin F levels fall as a signal is sent to switch from
production of gamma-globin to beta-globin. Chronic hemo-
lytic anemia produces jaundice, pigment (calcium bilirubi-
nate) gallstones, splenomegaly (early in life), and poorly
healing skin ulcers over the lower tibia. Life-threatening
severe anemia can occur during hemolytic or aplastic crises,
the latter generally associated with viral or other infection
caused by immunoincompetence from hyposplenism or by
folic acid deficiency causing reduced erythropoiesis.

Acute painful episodes due to acute vaso-occlusion from
clusters of sickled red cells may occur spontaneously or be
provoked by infection, dehydration, or hypoxia. Common
sites of acute painful episodes include the spine and long
appendicular bones. These episodes last hours to days and
may produce low-grade fever. Acute vaso-occlusion may
cause strokes due to sagittal sinus venous thrombosis or to
bland or hemorrhagic central nervous system arterial isch-
emia. Vaso-occlusion may also cause priapism. Vaso-occlusive
episodes are not associated with increased hemolysis.

Repeated episodes of vascular occlusion especially
affect the heart, lungs, and liver. The acute chest syndrome
is characterized by acute chest pain, hypoxemia, and pul-
monary infiltrates on a chest radiograph and must be dis-
tinguished from an infectious pneumonia. Ischemic
necrosis of bones may occur, rendering the bone suscepti-
ble to osteomyelitis due to salmonellae and (somewhat less
commonly) staphylococci. Infarction of the papillae of the
renal medulla causes renal tubular concentrating defects
and gross hematuria, more often encountered in sickle cell
trait than in sickle cell anemia. Retinopathy similar to that
noted in diabetes mellitus is often present and may lead to
visual impairment. Pulmonary hypertension may develop
and is associated with a poor prognosis. These patients are
prone to delayed puberty. An increased incidence of infec-
tion is related to hyposplenism as well as to defects in the
alternate complement pathway.

On examination, patients are often chronically ill and
jaundiced. There is often hepatomegaly, but the spleen is not
palpable in adult life. The heart may be enlarged with a hyper-
dynamic precordium and systolic murmurs and, in some
cases, a pronounced increase in P2. Nonhealing cutaneous
ulcers of the lower leg and retinopathy may be present.

B. Laboratory Findings

Chronic hemolytic anemia is present. The hematocrit is
usually 20–30%. The peripheral blood smear is character-
istically abnormal, with sickled cells comprising 5–50% of
red cells. Other findings include reticulocytosis (10–25%),
nucleated red blood cells, and hallmarks of hyposplenism
such as Howell-Jolly bodies and target cells. The white
blood cell count is characteristically elevated to 12,000–
15,000/mcL (12–15 × 109/L), and reactive thrombocytosis
may occur. Indirect bilirubin levels are high.

The diagnosis of sickle cell anemia is confirmed by
hemoglobin electrophoresis (Table 13–9). Hemoglobin S
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will usually comprise 85–98% of hemoglobin. In homozy-
gous S disease, no hemoglobin A will be present. Hemoglo-
bin F levels are sometimes increased, and high hemoglobin
F levels (15–20%) are associated with a more benign clini-
cal course. Patients with S-beta+-thalassemia and SS alpha-
thalassemia also have a more benign clinical course than
straight sickle cell anemia (SS) patients.

» Treatment

When allogeneic hematopoietic stem cell transplantation is
performed before the onset of significant end-organ dam-
age, it can cure more than 80% of children with sickle cell
anemia who have suitable HLA-matched donors, with a
reasonably good quality of life. Transplantation remains
investigational in adults. Other therapies modulate disease
severity: hydroxyurea increases hemoglobin F levels epige-
netically. Hydroxyurea (500–750 mg orally daily) reduces
the frequency of painful crises in patients whose quality of
life is disrupted by frequent vaso-occlusive pain episodes
(three or more per year). Long-term follow-up of patients
taking hydroxyurea demonstrates it improves overall sur-
vival and quality of life with little evidence for secondary
malignancy. The use of omega-3 (n-3) fatty acid supple-
mentation may also reduce vaso-occlusive episodes and
reduce transfusion needs in patients with sickle cell anemia.
L-glutamine has been shown to favorably modulate sickle
pain crises and acute chest syndrome. A monoclonal anti-
body (crizanlizumab-tmca) reduces vaso-occlusive epi-
sodes by 50%. It blocks P-selectin on activated endothelial
cells and thus disrupts the adverse interactions of platelets,
red blood cells, and leukocytes with the endothelial wall.
Voxelotor inhibits the polymerization of deoxygenated
sickle red blood cells and increases the hemoglobin in SS
patients age 12 years or older.

Supportive care is the mainstay of treatment for sickle
cell anemia. Patients are maintained on folic acid supple-
mentation (1 mg orally daily) and given transfusions for
aplastic or hemolytic crises. When acute painful episodes
occur, precipitating factors should be identified and infec-
tions treated if present. The patient should be kept well
hydrated, given generous analgesics, and supplied oxygen

if hypoxic. Pneumococcal vaccination reduces the inci-
dence of infections with this pathogen while hydroxyurea
and L-glutamine reduce hospitalizations for acute pain.
Angiotensin-converting enzyme inhibitors are recom-
mended in patients with microalbuminuria.

Exchange transfusions are indicated for the treatment
of severe or intractable acute vaso-occlusive crises, acute
chest syndrome, priapism, and stroke. Long-term transfu-
sion therapy has been shown to be effective in reducing the
risk of recurrent stroke in children. Phenotypically matched
transfused red blood cells are recommended to reduce the
risk of red blood cell alloimmunization. It has been recom-
mended that children with SS who are aged 2–16 years
have annual transcranial ultrasounds and, if the Doppler
velocity is abnormal (200 cm/s or greater), the clinician
should strongly consider beginning transfusions to prevent
stroke. Iron chelation is needed for those on chronic trans-
fusion therapy.

» Prognosis

Sickle cell anemia becomes a chronic multisystem disease,
leading to organ failure that may result in early death. With
improved supportive care, average life expectancy is now
between 40 and 50 years of age.

» When to Refer

Patients with sickle cell anemia should have their care
coordinated with a hematologist and should be referred to
a Comprehensive Sickle Cell Center, if one is available.

» When to Admit

Patients should be admitted for management of acute chest
syndrome, for aplastic crisis, or for painful episodes that do
not respond to outpatient interventions.

DeBaun MR et al. American Society of Hematology 2020 guide-
lines for sickle cell disease: prevention, diagnosis, and treat-
ment of cerebrovascular disease in children and adults. Blood
Adv. 2020;4:1554. [PMID: 32298430]

Table 13–9. Hemoglobin distribution in sickle cell syndromes.

Genoye Clinical Diagnosis hb A hb S hb A
2

hb F

AA Normal 97–99% 0% 1–2% < 1%

AS Sickle trait 60% 40% 1–2% < 1%

AS, alpha-thalassemia Sickle trait, alpha-thalassemia 70–75% 25–30% 1–2% < 1%

SS Sickle cell anemia 0% 86–98% 1–3% 5–15%

SS, alpha-thalassemia (3 genes) SS alpha-thalassemia, silent 0% 90% 3% 7–9%

SS, alpha-thalassemia (2 genes) SS alpha-thalassemia, trait 0% 80% 3% 11–21%

S, beta0-thalassemia Sickle beta0-thalassemia 0% 70–80% 3–5% 10–20%

S, beta+-thalassemia Sickle beta+-thalassemia 10–20% 60–75% 3–5% 10–20%

Hb, hemoglobin; beta0, no beta-globin produced; beta+, some beta-globin produced.

CMDT22_Ch13_p0502-p0547.indd 515 29/06/21 8:39 PM



ChAptER 13516 CMDT 2022

Kutlar A et al. Effect of crizanlizumab on pain crises in sub-
groups of patients with sickle cell disease: a SUSTAIN study
analysis. Am J Hematol. 2019;94:55. [PMID: 30295335]

Rees DC et al. How I manage red cell transfusions in patients
with sickle cell disease. Br J Haematol. 2018;180:607. [PMID:
29377071]

Thein SL et al. How I treat the older adult with sickle cell disease.
Blood. 2018;132:1750. [PMID: 30206116]

Vichinsky E et al. A phase 3 randomized trial of voxelotor in
sickle cell disease. N Engl J Med. 2019;381:509. [PMID:
31199090]

SICKLE CELL TRAIT

People with the heterozygous hemoglobin genotype AS
have sickle cell trait. These persons are hematologically
normal, with no anemia and normal red blood cells on
peripheral blood smear. Hemoglobin electrophoresis will
reveal that approximately 40% of hemoglobin is hemoglo-
bin S (Table 13–9). People with sickle cell trait experience
more rhabdomyolysis during vigorous exercise but do not
have increased mortality compared to the general popula-
tion. They may be at increased risk for venous thromboem-
bolism. Chronic sickling of red blood cells in the acidotic
renal medulla results in microscopic and gross hematuria,
hyposthenuria (poor urine concentrating ability), and pos-
sibly chronic kidney disease. No treatment is necessary but
genetic counseling is recommended.

Liem RI. Balancing exercise risk and benefits: lessons learned
from sickle cell trait and sickle cell anemia. Hematology Am
Soc Hematol Educ Program. 2018;2018:418. [PMID:
30504341]

Pecker LH et al. The current state of sickle cell trait: implications
for reproductive and genetic counseling. Hematology Am Soc
Hematol Educ Program. 2018;2018:474. [PMID: 30504348]

SICKLE THALASSEMIA

Patients with homozygous sickle cell anemia and alpha-
thalassemia have less vigorous hemolysis and run higher
hemoglobins than SS patients due to reduced red blood cell
sickling related to a lower hemoglobin concentration within
the red blood cell and higher hemoglobin F levels (Table 13–9).
The MCV is low, and the red cells are hypochromic.

Patients who are compound heterozygotes for betas and
beta-thalassemia are clinically affected with sickle cell syn-
dromes. Sickle beta0-thalassemia is clinically very similar
to homozygous SS disease. Vaso-occlusive crises may be
somewhat less severe, and the spleen is not always infarcted.
The MCV is low, in contrast to the normal MCV of sickle
cell anemia. Hemoglobin electrophoresis reveals no hemo-
globin A but will show an increase in hemoglobins A

2
and

F (Table 13–9).
Sickle beta+-thalassemia is a milder disorder than

homozygous SS disease, with fewer pain episodes but more
acute chest syndrome than sickle beta0-thalassemia. The
spleen is usually palpable. The hemolytic anemia is less
severe, and the hematocrit is usually 30–38%, with reticu-
locytes of 5–10%. Hemoglobin electrophoresis shows the
presence of some hemoglobin A and elevated hemoglobins
A

2
and F (Table 13–9). The MCV is low.

AUTOIMMUNE HEMOLYTIC ANEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Acquired hemolytic anemia caused by IgG
autoantibody.

» Spherocytes and reticulocytosis on peripheral
blood smear.

» Positive antiglobulin (Coombs) test.

» General Considerations

Warm autoimmune hemolytic anemia is an acquired disor-
der in which an IgG autoantibody is formed that binds to a
red blood cell membrane protein and does so most avidly at
body temperature (ie, a “warm” autoantibody). The anti-
body is most commonly directed against a basic component
of the Rh system present on most human red blood cells.
When IgG antibodies coat the red blood cell, the Fc portion
of the antibody is recognized by macrophages present in the
spleen and other portions of the reticuloendothelial system.
The interaction between splenic macrophages and the
antibody-coated red blood cell results in removal of red
blood cell membrane and the formation of a spherocyte due
to the decrease in surface-to-volume ratio of the surviving
red blood cell. These spherocytic cells have decreased
deformability and are unable to squeeze through the 2-mcm
fenestrations of splenic sinusoids and become trapped in
the red pulp of the spleen. When large amounts of IgG are
present on red blood cells, complement may be fixed. Direct
complement lysis of cells is rare, but the presence of C3b on
the surface of red blood cells allows Kupffer cells in the liver
to participate in the hemolytic process via C3b receptors.
The destruction of red blood cells in the spleen and liver
designates this as extravascular hemolysis.

Approximately one-half of all cases of autoimmune
hemolytic anemia are idiopathic. The disorder may also be
seen in association with systemic lupus erythematosus, other
rheumatic disorders, chronic lymphocytic leukemia (CLL),
or lymphomas. It must be distinguished from drug-induced
hemolytic anemia. When penicillin (or other medications,
especially cefotetan, ceftriaxone, and piperacillin) coats the
red blood cell membrane, the autoantibody is directed
against the membrane-drug complex. Fludarabine, an anti-
neoplastic, causes autoimmune hemolytic anemia through
its immunosuppression; there is defective self- versus non–
self-immune surveillance permitting the escape of a B-cell
clone, which produces the offending autoantibody.

» Clinical Findings

A. Symptoms and Signs

Autoimmune hemolytic anemia typically produces an ane-
mia of rapid onset that may be life-threatening. Patients
complain of fatigue and dyspnea and may present with
angina pectoris or heart failure. On examination, jaundice
and splenomegaly are usually present.
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B. Laboratory Findings

The anemia is of variable degree but may be very severe,
with hematocrit of less than 10%. Reticulocytosis is pres-
ent, and spherocytes are seen on the peripheral blood
smear. In cases of severe hemolysis, the stressed bone mar-
row may also release nucleated red blood cells. As with
other hemolytic disorders, the serum indirect bilirubin is
increased and the haptoglobin is low. Approximately 10%
of patients with autoimmune hemolytic anemia have coin-
cident immune thrombocytopenia (Evans syndrome).

The antiglobulin (Coombs) test forms the basis for diag-
nosis. The Coombs reagent is a rabbit IgM antibody raised
against human IgG or human complement. The direct anti-
globulin (Coombs) test (DAT) is performed by mixing the
patient’s red blood cells with the Coombs reagent and look-
ing for agglutination, which indicates the presence of anti-
body or complement or both on the red blood cell surface.
The indirect antiglobulin (Coombs) test is performed by
mixing the patient’s serum with a panel of type O red blood
cells. After incubation of the test serum and panel red blood
cells, the Coombs reagent is added. Agglutination in this
system indicates the presence of free antibody (autoanti-
body or alloantibody) in the patient’s serum.

The direct antiglobulin test is positive (for IgG, comple-
ment, or both) in about 90% of patients with autoimmune
hemolytic anemia. The indirect antiglobulin test may or may
not be positive. A positive indirect antiglobulin test indicates
the presence of a large amount of autoantibody that has satu-
rated binding sites on the red blood cell and consequently
appears in the serum. Because the patient’s serum usually
contains the autoantibody, it may be difficult to obtain a
“compatible” cross-match with homologous red blood cells
for transfusions since the cross-match indicates the possible
presence (true or false) of a red blood cell “alloantibody.”

» Treatment

Initial treatment consists of prednisone, 1–2 mg/kg/day
orally in divided doses. Patients with DAT-negative and
DAT-positive autoimmune hemolysis respond equally well
to corticosteroids. Transfused red blood cells will survive
similarly to the patient’s own red blood cells. Because of
difficulty in performing the cross-match, possible “incom-
patible” blood may need to be given. Decisions regarding
transfusions should be made in consultation with a hema-
tologist and a blood bank specialist. Death from cardiovas-
cular collapse can occur in the setting of rapid hemolysis.
In patients with rapid hemolysis, therapeutic plasmapher-
esis should be performed early in management to remove
autoantibodies. If prednisone is ineffective or if the disease
recurs on tapering the dose, splenectomy should be consid-
ered, which may cure the disorder. Patients with autoim-
mune hemolytic anemia refractory to prednisone and
splenectomy may also be treated with a variety of agents.
Treatment with rituximab, a monoclonal antibody against
the B cell antigen CD20, is effective in some cases. The sug-
gested dose is 375 mg/m2 intravenously weekly for 4 weeks.
Rituximab is used in conjunction with corticosteroids as
initial therapy in some patients with severe disease. In
patients with past hepatitis B virus (HBV) infection,

rituximab should be used with anti-HBV agent prophylaxis
since HBV reactivation, fulminant hepatitis, and, rarely, death
can occur otherwise. Danazol, 400–800 mg/day orally, is less
often effective than in immune thrombocytopenia but is well
suited for long-term use because of its low toxicity profile.
Immunosuppressive agents, including cyclophosphamide,
vincristine, azathioprine, mycophenolate mofetil, alemtu-
zumab (an anti-CD52 antibody), or cyclosporine, may also
be used. High-dose intravenous immune globulin (1 g/kg
daily for 2 days) may be effective in controlling hemolysis.
The benefit is short-lived (1–3 weeks), and immune globulin
is very expensive. The long-term prognosis for patients
with this disorder is good, especially if there is no other
underlying autoimmune disorder or lymphoproliferative
disorder. Treatment of an associated lymphoproliferative
disorder will also treat the hemolytic anemia.

» When to Refer

Patients with autoimmune hemolytic anemia should be
referred to a hematologist for confirmation of the diagnosis
and subsequent care.

» When to Admit

Patients should be hospitalized for symptomatic anemia or
rapidly falling hemoglobin levels.

Brodsky RA. Warm autoimmune hemolytic anemia. N Engl J
Med. 2019;381:647. [PMID: 31412178]

Hill A et al. Autoimmune hemolytic anemia. Hematology Am
Soc Hematol Educ Program. 2018;2018:382. [PMID: 30504336]

Hill QA et al. Defining autoimmune hemolytic anemia: a sys-
tematic review of the terminology used for diagnosis and
treatment. Blood Adv. 2019;3:1897. [PMID: 31235526]

Jäger U et al. Diagnosis and treatment of autoimmune hemolytic
anemia in adults: recommendations from the First Interna-
tional Consensus Meeting. Blood Rev. 2020;41:100648.
[PMID: 31839434]

COLD AGGLUTININ DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Increased reticulocytes on peripheral blood smear.

» Antiglobulin (Coombs) test positive only for
complement.

» Positive cold agglutinin titer.

» General Considerations

Cold agglutinin disease is an acquired hemolytic anemia
due to an IgM autoantibody (called a “cold agglutinin”)
usually directed against the I/i antigen on red blood cells.
These IgM autoantibodies characteristically will react
poorly with cells at 37°C but avidly at lower temperatures,
usually at 0–4°C (ie, “cold” autoantibody). Since the blood
temperature (even in the most peripheral parts of the
body) rarely goes lower than 20°C, only cold autoantibod-
ies reactive at relatively higher temperatures will produce
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clinical effects. Hemolysis results indirectly from attach-
ment of IgM, which in the cooler parts of the circulation
(fingers, nose, ears) binds and fixes complement. When the
red blood cell returns to a warmer temperature, the IgM
antibody dissociates, leaving complement on the cell.
Complement lysis of red blood cells rarely occurs. Rather,
C3b, present on the red blood cells, is recognized by
Kupffer cells (which have receptors for C3b), and red blood
cell sequestration and destruction in the liver ensues
(extravascular hemolysis). However, in some cases, the
complement membrane attack complex forms, lysing the
red blood cells (intravascular hemolysis).

Most cases of chronic cold agglutinin disease are idio-
pathic. Others occur in association with Waldenström
macroglobulinemia, lymphoma, or CLL, in which a mono-
clonal IgM paraprotein is produced. Acute postinfectious
cold agglutinin disease occurs following mycoplasma
pneumonia or viral infection (infectious mononucleosis,
measles, mumps, or cytomegalovirus [CMV] with autoan-
tibody directed against antigen i rather than I).

» Clinical Findings

A. Symptoms and Signs

In chronic cold agglutinin disease, symptoms related to red
blood cell agglutination occur on exposure to cold, and
patients may complain of mottled or numb fingers or toes,
acrocyanosis, episodic low back pain, and dark-colored urine.
Hemolytic anemia is occasionally severe, but episodic hemo-
globinuria may occur on exposure to cold. The hemolytic
anemia in acute postinfectious syndromes is rarely severe.

B. Laboratory Findings

Mild anemia is present with reticulocytosis and rarely
spherocytes. The blood smear made at room temperature
shows agglutinated red blood cells (there is no agglutination
on a blood smear made at body temperature). The direct
antiglobulin (Coombs) test will be positive for complement
only. Serum cold agglutinin titer will semi-quantitate the
autoantibody. A monoclonal IgM is often found on serum
protein electrophoresis and confirmed by serum immuno-
electrophoresis. There is indirect hyperbilirubinemia and the
haptoglobin is low during periods of hemolysis.

» Treatment

Treatment is largely symptomatic, based on avoiding expo-
sure to cold. Splenectomy and prednisone are usually inef-
fective (except when associated with a lymphoproliferative
disorder) since hemolysis takes place in the liver and blood
stream. Rituximab is the treatment of choice but in patients
with past HBV infection, it must be used with anti-HBV
prophylaxis. The dose is 375 mg/m2 intravenously weekly
for 4 weeks. Relapses may be effectively re-treated. High-
dose intravenous immunoglobulin (2 g/kg) may be effec-
tive temporarily, but it is rarely used because of the high
cost and short duration of benefit. Patients with severe
disease may be treated with cytotoxic agents, such as
bendamustine (plus rituximab), cyclophosphamide, fluda-
rabine, or bortezomib, or with immunosuppressive agents,

such as cyclosporine. As in warm IgG-mediated autoim-
mune hemolysis, it may be difficult to find compatible
blood for transfusion. Red blood cells should be transfused
through an in-line blood warmer.

Berentsen S et al. Novel insights into the treatment of complement-
mediated hemolytic anemias. Ther Adv Hematol. 2019;10:
2040620719873321. [PMID: 31523413]

Jäger U et al. Diagnosis and treatment of autoimmune hemolytic
anemia in adults: recommendations from the First Interna-
tional Consensus Meeting. Blood Rev. 2020;41:100648.
[PMID: 31839434]

APLASTIC ANEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Pancytopenia.

» No abnormal hematopoietic cells seen in blood or
bone marrow.

» Hypocellular bone marrow.

» General Considerations

Aplastic anemia is a condition of bone marrow failure that
arises from suppression of, or injury to, the hematopoietic
stem cell. The bone marrow becomes hypoplastic, fails to
produce mature blood cells, and pancytopenia develops.

There are a number of causes of aplastic anemia
(Table 13–10). Direct hematopoietic stem cell injury may
be caused by radiation, chemotherapy, toxins, or pharma-
cologic agents. Systemic lupus erythematosus may rarely
cause suppression of the hematopoietic stem cell by an IgG
autoantibody directed against it. However, the most com-
mon pathogenesis of aplastic anemia appears to be autoim-
mune suppression of hematopoiesis by a T-cell-mediated
cellular mechanism, so-called idiopathic aplastic anemia.
In some cases of idiopathic aplastic anemia, defects in
maintenance of the hematopoietic stem cell telomere
length (eg, dyskeratosis congenita) or in DNA repair path-
ways (eg, Fanconi anemia) have been identified and are
likely linked to both the initiation of bone marrow failure

Table 13–10. Causes of aplastic anemia.

Autoimmune: idiopathic, systemic lupus erythematosus

Congenital: defects in telomere length maintenance or

DNA repair (dyskeratosis congenita, Fanconi anemia, etc)

Chemotherapy, radiotherapy

Toxins: benzene, toluene, insecticides

Medications: chloramphenicol, gold salts, sulfonamides,

phenytoin, carbamazepine, quinacrine, tolbutamide

Post-viral hepatitis (viral agent unknown)

Non-hepatitis viruses (EBV, parvovirus, CMV, echovirus 3, others)

Pregnancy

Paroxysmal nocturnal hemoglobinuria

Malignancy: large granular lymphocytic leukemia (T-LGL)

EBV, Epstein-Barr virus; CMV, cytomegalovirus.
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and the propensity to later progress to myelodysplasia,
PNH, or AML. Complex detrimental immune responses to
viruses can also cause aplastic anemia.

» Clinical Findings

A. Symptoms and Signs

Patients come to medical attention because of the conse-
quences of bone marrow failure. Anemia leads to symp-
toms of weakness and fatigue, neutropenia causes
vulnerability to bacterial or fungal infections, and throm-
bocytopenia results in mucosal and skin bleeding. Physical
examination may reveal signs of pallor, purpura, and pete-
chiae. Other abnormalities such as hepatosplenomegaly,
lymphadenopathy, or bone tenderness should not be pres-
ent, and their presence should lead to questioning the
diagnosis.

B. Laboratory Findings

The hallmark of aplastic anemia is pancytopenia. However,
early in the evolution of aplastic anemia, only one or two
cell lines may be reduced.

Anemia may be severe and is always associated with
reticulocytopenia. Red blood cell morphology is unremark-
able, but there may be mild macrocytosis (increased MCV).
Neutrophils and platelets are reduced in number, and no
immature or abnormal forms are seen on the blood smear.
The bone marrow aspirate and the bone marrow biopsy
appear hypocellular, with only scant amounts of morpho-
logically normal hematopoietic progenitors. The prior dic-
tum that the bone marrow karyotype should be normal (or
germline if normal variant) has evolved and some clonal
abnormalities or other genetic aberrations may be present
even in the setting of idiopathic aplastic anemia.

» Differential Diagnosis

Aplastic anemia must be differentiated from other causes of
pancytopenia (Table 13–11). Hypocellular forms of myelo-
dysplasia or acute leukemia may occasionally be confused

with aplastic anemia. These are differentiated by the pres-
ence of cellular morphologic abnormalities, increased per-
centage of blasts, or abnormal karyotype in bone marrow
cells typical of MDS or acute leukemia. Hairy cell leukemia
has been misdiagnosed as aplastic anemia and should be
recognized by the presence of splenomegaly and by abnor-
mal “hairy” lymphoid cells in a hypocellular bone marrow
biopsy. Pancytopenia with a normocellular bone marrow
may be due to systemic lupus erythematosus, disseminated
infection, hypersplenism, nutritional (eg, vitamin B

12
or

folate) deficiency, or myelodysplasia. Isolated thrombocyto-
penia may occur early as aplastic anemia develops and may
be confused with immune thrombocytopenia.

» Treatment

Mild cases of aplastic anemia may be treated with support-
ive care, including erythropoietic (epoetin or darbepoetin)
or myeloid (filgrastim or sargramostim or biosimilars)
growth factors, or both. Red blood cell transfusions and
platelet transfusions are given as necessary, and antibiotics
are used to treat infections.

Severe aplastic anemia is defined by a neutrophil count of
less than 500/mcL (0.5 × 109/L), platelets less than 20,000/
mcL (20 × 109/L), reticulocytes less than 1%, and bone mar-
row cellularity less than 20%. The treatment of choice for
young adults (under age 40 years) who have an HLA-
matched sibling is allogeneic bone marrow transplantation.
Children or young adults may also benefit from allogeneic
bone marrow transplantation using an unrelated donor.
Because of the increased risks associated with unrelated
donor allogeneic bone marrow transplantation compared to
sibling donors, this treatment is usually reserved for patients
who have not responded to immunosuppressive therapy.

For adults over age 40 years or those without HLA-
matched hematopoietic stem cell donors, the treatment of
choice for severe idiopathic aplastic anemia is immunosup-
pression with equine antithymocyte globulin (ATG) plus
cyclosporine. Equine ATG is given in the hospital in con-
junction with transfusion and antibiotic support. A proven
regimen is equine ATG 40 mg/kg/day intravenously for
4 days in combination with cyclosporine, 6 mg/kg orally
twice daily. Equine ATG is superior to rabbit ATG, resulting
in a higher response rate and better survival. Eltrombopag,
a thrombopoietin mimetic, is now being added to ATG plus
cyclosporine with tri-lineage hematologic responses as high
as 90%. ATG should be used in combination with cortico-
steroids (prednisone or methylprednisolone 1–2 mg/kg/day
orally for 1 week, followed by a taper over 2 weeks) to avoid
ATG infusion reactions and serum sickness. Responses
usually occur in 1–3 months and are usually only partial,
but the blood counts rise high enough to give patients a safe
and transfusion-free life. The full benefit of immunosup-
pression is generally assessed at 4 months post-equine ATG.
Cyclosporine and eltrombopag are maintained at full doses
for 6 months and then stopped in responding patients.
Androgens (such as fluoxymesterone 10–20 mg/day orally
in divided doses or danazol 200 mg orally twice daily) have
been widely used in the past, with a low response rate, and
may be considered in mild cases.

Table 13–11. Causes of pancytopenia.

primary bone marrow disorders

Aplastic anemia

Myelodysplasia

Acute leukemia

Chronic idiopathic myelofibrosis

Infiltrative disease: lymphoma, myeloma, carcinoma, hairy cell

leukemia, etc

Non–rimary bone marrow disorders

Hypersplenism (with or without portal hypertension)

Systemic lupus erythematosus

Infection: tuberculosis, HIV, leishmaniasis, brucellosis, CMV,

parvovirus B19

Nutritional deficiency (megaloblastic anemia)

Medications

Cytotoxic chemotherapy

Ionizing radiation

CMV, cytomegalovirus.
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» Course & Prognosis

Patients with severe aplastic anemia have a rapidly fatal ill-
ness if left untreated. Allogeneic bone marrow transplant
from an HLA-matched sibling donor produces survival
rates of over 80% in recipients under 20 years old and of
about 65–70% in those 20 to 50 years old. Respective sur-
vival rates drop 10–15% when the donor is HLA-matched
but unrelated. Equine ATG-cyclosporine immunosuppres-
sive treatment leads to a response in approximately 70% of
patients (including those with hepatitis virus–associated
aplastic anemia) and in up to 90% of patients with the addi-
tion of eltrombopag. Up to one-third of patients will relapse
with aplastic anemia after ATG-based therapy. Clonal
hematologic disorders, such as PNH, AML, or myelodys-
plasia, may develop in one-quarter of patients treated with
immunosuppressive therapy after 10 years of follow-up.
Factors that predict response to ATG-cyclosporine therapy
are patient’s age, reticulocyte count, lymphocyte count, and
age-adjusted telomere length of leukocytes at the time of
diagnosis.

» When to Refer

All patients should be referred to a hematologist.

» When to Admit

Admission is necessary for treatment of neutropenic infec-
tion, the administration of ATG, or allogeneic bone mar-
row transplantation.

Georges GE et al. Severe aplastic anemia: allogeneic bone mar-
row transplantation as first line treatment. Blood Adv. 2020;2:
2020. [PMID: 30108110]

Marsh JCW et al. The case for upfront HLA-matched unrelated
donor hematopoietic stem cell transplantation as a curative
option for adult acquired severe aplastic anemia. Biol Blood
Marrow Transplant. 2019;25:e277. [PMID: 31129354]

Shallis RM et al. Aplastic anemia: etiology, molecular pathogen-
esis, and emerging concepts. Eur J Haematol. 2018;101:711.
[PMID: 30055055]

Zhu Y et al. Allo-HSCT compared with immunosuppressive
therapy for acquired aplastic anemia: a system review and
meta-analysis. BMC Immunol. 2020;2:10. [PMID: 32138642]

NEUTROPENIA

E S S E N T I A L S  O F  D I A G N O S I S

» Neutrophils < 1800/mcL (1.8 × 109/L).

» Severe neutropenia if neutrophils < 500/mcL (0.5
× 109/L).

» General Considerations

Neutropenia is present when the absolute neutrophil count is
less than 1800/mcL (1.8 × 109/L), although Blacks, Asians,
and other specific ethnic groups may have normal neutrophil
counts as low as 1200/mcL (1.2 × 109/L) or even less. The

neutropenic patient is increasingly vulnerable to infection by
gram-positive and gram-negative bacteria and by fungi. The
risk of infection is related to the severity of neutropenia. The
risk of serious infection rises sharply with neutrophil counts
below 500/mcL (0.5 × 109/L), and a high risk of infection
within days occurs with neutrophil counts below 100/mcL
(0.1 × 109/L) (“profound neutropenia”). The classification of
neutropenic syndromes is unsatisfactory as the pathophysiol-
ogy and natural history of different syndromes overlap.
Patients with “chronic benign neutropenia” are free of infec-
tion despite very low stable neutrophil counts; they seem to
physiologically respond adequately to infections and inflam-
matory stimuli with an appropriate neutrophil release from
the bone marrow. In contrast, the neutrophil count of
patients with cyclic neutropenia periodically oscillates (usu-
ally in 21-day cycles) between normal and low, with infec-
tions occurring during the nadirs. Congenital neutropenia is
lifelong neutropenia punctuated with infection.

A variety of bone marrow disorders and non-marrow
conditions may cause neutropenia (Table 13–12). All of the
causes of aplastic anemia (Table 13–10) and pancytopenia
(Table 13–11) may cause neutropenia. The new onset of an
isolated neutropenia is most often due to an idiosyncratic
reaction to a medication, and agranulocytosis (complete
absence of neutrophils in the peripheral blood) is almost
always due to a drug reaction. In these cases, examination
of the bone marrow shows an almost complete absence of
granulocyte precursors with other cell lines undisturbed.
Neutropenia in the presence of a normal bone marrow may
be due to immunologic peripheral destruction (autoim-
mune neutropenia), sepsis, or hypersplenism. The pres-
ence in the serum of antineutrophil antibodies supports
the diagnosis of autoimmune neutropenia but does not
prove this as the pathophysiologic reason for neutropenia.

Table 13–12. Causes of neutropenia.

Bone marrow disorders

Congenital

Dyskeratosis congenita

Fanconi anemia

Cyclic neutropenia

Congenital neutropenia

Hairy cell leukemia

Large granular lymphoproliferative disorder

Myelodysplasia

Non–bone marrow disorders

Medications: antiretroviral medications, cephalosporins,

chlorpromazine, chlorpropamide, cimetidine, methimazole,

myelosuppressive cytotoxic chemotherapy, penicillin, phe-

nytoin, procainamide, rituximab, sulfonamides

Aplastic anemia

Benign chronic neutropenia

Pure white cell aplasia

Hypersplenism

Sepsis

Other immune

Autoimmune (idiopathic)

Felty syndrome

Systemic lupus erythematosus

HIV infection
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Felty syndrome is an immune neutropenia associated with
seropositive nodular rheumatoid arthritis and splenomeg-
aly. Severe neutropenia may be associated with clonal dis-
orders of T lymphocytes, often with the morphology of
large granular lymphocytes, referred to as CD3-positive
T-cell large granular lymphoproliferative disorder. Isolated
neutropenia is an uncommon presentation of hairy cell
leukemia or MDS. By its nature, myelosuppressive cyto-
toxic chemotherapy causes neutropenia in a predictable
manner.

» Clinical Findings

Neutropenia results in stomatitis and in infections due to
gram-positive or gram-negative aerobic bacteria or to
fungi such as Candida or Aspergillus. The most common
infectious syndromes are septicemia, cellulitis, pneumonia,
and neutropenic fever of unknown origin. Fever in neutro-
penic patients should always be initially assumed to be of
infectious origin until proven otherwise (Chapter 30).

» Treatment

Treatment of neutropenia depends on its cause. Potential
causative medications should be discontinued. Myeloid
growth factors (filgrastim or sargramostim or biosimilar
myeloid growth factors) help facilitate neutrophil recovery
after offending medications are stopped. Chronic myeloid
growth factor administration (daily or every other day) is
effective at dampening the neutropenia seen in cyclic or
congenital neutropenia. When Felty syndrome leads to
repeated bacterial infections, splenectomy has been the
treatment of choice, but sustained use of myeloid growth
factors is effective and provides a nonsurgical alternative.
Patients with autoimmune neutropenia often respond
briefly to immunosuppression with corticosteroids and are
best managed with intermittent doses of myeloid growth
factors. The neutropenia associated with large granular
lymphoproliferative disorder may respond to therapy with
oral methotrexate, cyclophosphamide, or cyclosporine.

Fevers during neutropenia should be considered as
infectious until proven otherwise. Febrile neutropenia is a
life-threatening circumstance. Enteric gram-negative bac-
teria are of primary concern and often empirically treated
with fluoroquinolones or third- or fourth-generation ceph-
alosporins (see Infections in the Immunocompromised
Patient, Chapter 30). For protracted neutropenia, fungal
infections are problematic and empiric coverage with
azoles (fluconazole for yeast and voriconazole, itracon-
azole, posaconazole, or isavuconazole for molds) or echi-
nocandins is recommended. The neutropenia following
myelosuppressive chemotherapy is predictable and is par-
tially ameliorated by the use of myeloid growth factors. For
patients with acute leukemia undergoing intense chemo-
therapy or patients with solid cancer undergoing high-dose
chemotherapy, the prophylactic use of antimicrobial agents
and myeloid growth factors is recommended.

» When to Refer

Refer to a hematologist if neutrophils are persistently and
unexplainably less than 1000/mcL (1.0 × 109/L).

» When to Admit

Neutropenia by itself is not an indication for hospitaliza-
tion. However, many patients with severe neutropenia may
have a serious underlying disease that may require inpa-
tient treatment. Most patients with febrile neutropenia
require hospitalization to treat infection.

Abdel-Azim H et al. Strategies to generate functionally normal
neutrophils to reduce infection and infection-related mortal-
ity in cancer chemotherapy. Pharmacol Ther. 2019;204:107403.
[PMID: 31470030]

Atallah-Yunes SA et al. Benign ethnic neutropenia. Blood Rev.
2019;37:100586. [PMID: 31255364]

Singh N et al. Isolated chronic and transient neutropenia.
Cureus. 2019;11:e5616. [PMID: 31720132]

º
LEUKEMIAS & OthER
MYELOpROLIFERAtIVE NEOpLASMS

Myeloproliferative disorders are due to acquired clonal
abnormalities of the hematopoietic stem cell. Since the
stem cell gives rise to myeloid, erythroid, and platelet cells,
qualitative and quantitative changes are seen in all of these
cell lines. Classically, the myeloproliferative disorders pro-
duce characteristic syndromes with well-defined clinical
and laboratory features (Tables 13–13 and 13–14). How-
ever, these disorders are grouped together because they
may evolve from one into another and because hybrid
disorders are commonly seen. All of the myeloproliferative
disorders may progress to AML.

The Philadelphia chromosome seen in chronic myeloid
leukemia (CML) was the first recurrent cytogenetic abnor-
mality to be described in a human malignancy. Since that
time, there has been tremendous progress in elucidating

Table 13–13. World Health Organization classification
of myeloproliferative disorders (modified).

Myeloproliferative neoplasms

Chronic myeloid leukemia, BCR-ABL1–positive

Chronic neutrophilic leukemia

Polycythemia vera

Primary myelofibrosis (PMF)

Essential thrombocythemia

Chronic eosinophilic leukemia, not otherwise specified (NOS)

Myeloproliferative neoplasm, unclassifiable

Mastocytosis

Myelodysplastic/myeloproliferative neoplasms (MDS/MPN)

Myelodysplastic syndromes

Acute myeloid leukemia and related neoplasms

Acute myeloid leukemia with recurrent genetic abnormalities

Acute myeloid leukemia with myelodysplasia-related changes

Therapy-related myeloid neoplasms

Acute myeloid leukemia, NOS

Myeloid sarcoma

Myeloid proliferations related to Down syndrome

Acute leukemias of ambiguous lineage

B lymphoblastic leukemia/lymphoma

T lymphoblastic leukemia/lymphoma
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the genetic nature of these disorders, with identification of
mutations in JAK2, MPL, CALR, CSF3R, and other genes.

Masarova L et al. The rationale for immunotherapy in myelopro-
liferative neoplasms. Curr Hematol Malig Rep. 2019;14:310.
[PMID: 31228096]

Rumi E et al. Myeloproliferative and lymphoproliferative disor-
ders: state of the art. Hematol Oncol. 2020;38:121. [PMID:
31833567]

POLYCYTHEMIA VERA

E S S E N T I A L S  O F  D I A G N O S I S

» JAK2 (V617F) mutation.

» Splenomegaly.

» Normal arterial oxygen saturation.

» Usually elevated white blood count and platelet
count.

» General Considerations

Polycythemia vera is an acquired myeloproliferative disor-
der that causes overproduction of all three hematopoietic
cell lines, most prominently the red blood cells. Erythroid
production is independent of erythropoietin, and the
serum erythropoietin level is low. True erythrocytosis, with
an elevated red blood cell mass, should be distinguished
from spurious erythrocytosis caused by a constricted
plasma volume.

A mutation in exon 14 of JAK2 (V617F), a signaling
molecule, has been demonstrated in 95% of cases. Addi-
tional JAK2 mutations have been identified (exon 12) and
suggest that JAK2 is involved in the pathogenesis of this
disease and is a potential therapeutic target.

» Clinical Findings

A. Symptoms and Signs

Headache, dizziness, tinnitus, blurred vision, and fatigue
are common complaints related to expanded blood volume
and increased blood viscosity. Generalized pruritus, espe-
cially following a warm shower or bath, is related to hista-
mine release from the basophilia. Epistaxis is probably
related to engorgement of mucosal blood vessels in combi-
nation with abnormal hemostasis. Sixty percent of patients

are men, and the median age at presentation is 60 years.
Polycythemia rarely occurs in persons under age 40 years.

Physical examination reveals plethora and engorged
retinal veins. The spleen is palpable in 75% of cases but is
nearly always enlarged when imaged. Thrombosis is the
most common complication of polycythemia vera and the
major cause of morbidity and death in this disorder.
Thrombosis appears to be related both to increased blood
viscosity and abnormal platelet function. Uncontrolled
polycythemia leads to a very high incidence of thrombotic
complications of surgery, and elective surgery should be
deferred until the condition has been treated. Paradoxi-
cally, in addition to thrombosis, increased bleeding can
occur. There is also a high incidence of peptic ulcer
disease.

B. Laboratory Findings

According to the WHO 2016 criteria, the hallmark of poly-
cythemia vera is a hematocrit (at sea level) that exceeds
49% in males or 48% in females. Red blood cell morphol-
ogy is normal (Table 13–14). The white blood count is
usually elevated to 10,000–20,000/mcL (10–20 × 109/L),
and the platelet count is variably increased, sometimes to
counts exceeding 1,000,000/mcL (1000 × 109/L). Platelet
morphology is usually normal. White blood cells are usu-
ally normal, but basophilia and eosinophilia are frequently
present. Erythropoietin is suppressed and serum levels,
usually low. The diagnosis should be confirmed with JAK2
mutation screening. The absence of a mutation in either
exon 14 (most common) or 12 should lead the clinician to
question the diagnosis.

The bone marrow is hypercellular, with panhyperplasia
of all hematopoietic elements, but bone marrow examina-
tion is not necessary to establish the diagnosis. Iron stores
are usually absent from the bone marrow, having been
transferred to the increased circulating red blood cell mass.
Iron deficiency may also result from chronic gastrointesti-
nal blood loss. Bleeding may lower the hematocrit to the
normal range (or lower), creating diagnostic confusion,
and may lead to a situation with significant microcytosis
yet a normal hematocrit.

Vitamin B
12

levels are strikingly elevated because of
increased levels of transcobalamin III (secreted by white
blood cells). Overproduction of uric acid may lead to
hyperuricemia.

Although red blood cell morphology is usually normal
at presentation, microcytosis, hypochromia, and poikilocy-
tosis may result from iron deficiency following treatment

Table 13–14. Laboratory features of myeloproliferative neoplasms.

Wie Coun hemaocri plaele Coun Red Cell Morology

Polycythemia vera N or ↑  ↑↑ N or ↑ N

Essential thrombocytosis N or ↑ N ↑↑ N

Primary myelofibrosis N or ↓ or ↑  ↓  ↓ or N or ↑ Abn

Chronic myeloid leukemia ↑ ↑ N or ↓ N or ↑ or ↓ N

Abn, abnormal; N, normal.
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by phlebotomy. Progressive hypersplenism may also lead to
elliptocytosis (eg, with red cells the size and shape of those
in hereditary elliptocytosis).

» Differential Diagnosis

Spurious polycythemia, in which an elevated hematocrit is
due to contracted plasma volume rather than increased red
cell mass, may be related to diuretic use or may occur with-
out obvious cause.

A secondary cause of polycythemia should be suspected if
splenomegaly is absent and the high hematocrit is not accom-
panied by increases in other cell lines. Secondary causes of
polycythemia include hypoxia and smoking; carboxyhemo-
globin levels may be elevated in smokers (Table 13–15). A
renal CT scan or sonogram may be considered to look for an
erythropoietin-secreting cyst or tumor. A positive family his-
tory should lead to investigation for a congenital high-oxygen-
affinity hemoglobin. An absence of a mutation in JAK2
suggests a different diagnosis. However, JAK2 mutations are
also commonly found in other myeloproliferative disorders,
essential thrombocytosis, and myelofibrosis.

Polycythemia vera should be differentiated from other
myeloproliferative disorders (Table 13–14). Marked elevation
of the white blood count (above 30,000/mcL [30 × 109/L])
suggests CML. Abnormal red blood cell morphology and
nucleated red blood cells in the peripheral blood are seen in
myelofibrosis. Essential thrombocytosis is suggested when
the platelet count is strikingly elevated.

» Treatment

The treatment of choice is phlebotomy. One unit of blood
(approximately 500 mL) is removed weekly until the hema-
tocrit is less than 45%; the hematocrit is maintained at less
than 45% by repeated phlebotomy as necessary. Patients for
whom phlebotomy is problematic (because of poor venous
access or logistical reasons) may be managed primarily with
hydroxyurea. Because repeated phlebotomy intentionally
produces iron deficiency, the requirement for phlebotomy
should gradually decrease. It is important to avoid medici-
nal iron supplementation, as this can thwart the goals of a
phlebotomy program. A diet low in iron is not necessary
but will increase the intervals between phlebotomies. Main-
taining the hematocrit at normal levels has been shown to
decrease the incidence of thrombotic complications.

Occasionally, myelosuppressive therapy is indicated.
Indications include a high phlebotomy requirement, throm-
bocytosis, and intractable pruritus. There is evidence that
reduction of the platelet count to less than 600,000/mcL

(600 × 109/L) will reduce the risk of thrombotic complica-
tions. Hydroxyurea is widely used when myelosuppressive
therapy is indicated. The usual dose is 500–1500 mg/day
orally, adjusted to keep platelets less than 500,000/mcL
(500 × 109/L) without reducing the neutrophil count to less
than 2000/mcL (2.0 × 109/L). The JAK2 inhibitor ruxoli-
tinib is FDA-approved for patients resistant or intolerant to
hydroxyurea. In a randomized study comparing best avail-
able therapy to ruxolitinib, treatment with ruxolitinib was
associated with greater benefit for both hematocrit control
without phlebotomy (60%) and splenic volume reduction
(38%). Symptom burden improved by greater than 50% in
49% of patients.

A randomized phase 3 trial comparing ropeginterferon
alfa-2b, a novel interferon, to hydroxyurea demonstrated
improved disease control rates in patients presenting without
splenomegaly with 53% vs 38% of patients achieving a com-
plete hematologic response and with improved disease bur-
den at 3 years’ follow up. Toxicity included abnormal liver
biochemical tests in the ropeginterferon alfa-2b group, and
leukopenia and thrombocytopenia in the standard therapy
group, with serious adverse events occurring in 2% in the
former and 4% in the latter group. As a result, ropeginter-
feron alfa-2b was approved by the European Medicines
Agency as first-line therapy for patients without symptomatic
splenomegaly. Alkylating agents, such as busulfan and pipo-
broman, have been shown to increase the risk of conversion of
this disease to acute leukemia and should be avoided. Lastly, a
new and promising therapeutic strategy is induction of apop-
tosis via the p53 pathway through pharmacologic inhibition
of human double minute 2 (mdm2).

Low-dose aspirin (75–81 mg/day orally) has been
shown to reduce the risk of thrombosis without excessive
bleeding and should be part of therapy for all patients with-
out contraindications to aspirin. Allopurinol 300 mg orally
daily may be indicated for hyperuricemia. Antihistamine
therapy with diphenhydramine or other H

1
-blockers and,

rarely, selective serotonin reuptake inhibitors are used to
manage pruritus.

» Prognosis

Polycythemia is an indolent disease with median survival
of over 15 years. The major cause of morbidity and mortal-
ity is arterial thrombosis. Over time, polycythemia vera
may convert to myelofibrosis or to CML. In approximately
5% of cases, the disorder progresses to AML, which is usu-
ally refractory to therapy.

» When to Refer

Patients with polycythemia vera should be referred to a
hematologist.

» When to Admit

Inpatient care is rarely required.

Barbui T et al. The 2016 revision of WHO classification of
myeloproliferative neoplasms: clinical and molecular
advances. Blood Rev. 2016;30:453. [PMID: 27341755]

Table 13–15. Causes of polycythemia.

Spurious polycythemia

Secondary polycythemia

Hypoxia: cardiac disease, pulmonary disease, high altitude

Carboxyhemoglobin: smoking

Erythropoietin-secreting tumors, eg, kidney lesions (rare)

Abnormal hemoglobins (rare)

Polycythemia vera
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Gerds AT. Beyond JAK-STAT: novel therapeutic targets in Ph-
negative MPN. Hematology Am Soc Hematol Educ Program.
2019;2019:407. [PMID: 31808852]

Gisslinger H et al; PROUD-PV Study Group. Ropeginterferon
alfa-2b versus standard therapy for polycythaemia vera
(PROUD-PV and CONTINUATION-PV): a randomised,
non-inferiority, phase 3 trial and its extension study. Lancet
Haematol. 2020;7:e196. [PMID: 32014125]

Tefferi A et al. Polycythemia vera and essential thrombocythe-
mia: 2019 update on diagnosis, risk-stratification and man-
agement. Am J Hematol. 2019;94:133. [PMID: 30281843]

ESSENTIAL THROMBOCYTOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Elevated platelet count in absence of other causes.

» Normal red blood cell mass.

» Absence of bcr/abl gene (Philadelphia
chromosome).

» General Considerations

Essential thrombocytosis is an uncommon myeloproliferative
disorder of unknown cause in which marked proliferation of
the megakaryocytes in the bone marrow leads to elevation of
the platelet count. As with polycythemia vera, the finding of a
high frequency of mutations of JAK2 and others in these
patients has advanced the understanding of this disorder.

» Clinical Findings

A. Symptoms and Signs

The median age at presentation is 50–60 years, and there is
a slightly increased incidence in women. The disorder is
often suspected when an elevated platelet count is found.
Less frequently, the first sign is thrombosis, which is the
most common clinical problem. The risk of thrombosis
rises with age. Venous thromboses may occur in unusual
sites such as the mesenteric, hepatic, or portal vein. Some
patients experience erythromelalgia, painful burning of the
hands accompanied by erythema; this symptom is reliably
relieved by aspirin. Bleeding, typically mucosal, is less
common and is related to a concomitant qualitative platelet
defect. Splenomegaly is present in at least 25% of patients.

B. Laboratory Findings

An elevated platelet count is the hallmark of this disorder,
and may be over 2,000,000/mcL (2000 × 109/L) (Table
13–14). The white blood cell count is often mildly elevated,
usually not above 30,000/mcL (30 × 109/L), but with some
immature myeloid forms. The hematocrit is normal. The
peripheral blood smear reveals large platelets, but giant
degranulated forms seen in myelofibrosis are not observed.
Red blood cell morphology is normal.

The bone marrow shows increased numbers of mega-
karyocytes but no other morphologic abnormalities. The
peripheral blood should be tested for the bcr/abl fusion

gene (Philadelphia chromosome) since it can differentiate
CML, where it is present, from essential thrombocytosis,
where it is absent.

» Differential Diagnosis

Essential thrombocytosis must be distinguished from second-
ary causes of an elevated platelet count. In reactive thrombo-
cytosis, the platelet count seldom exceeds 1,000,000/mcL
(1000 × 109/L). Inflammatory disorders such as rheumatoid
arthritis and ulcerative colitis cause significant elevations of
the platelet count, as may chronic infection. The thrombocy-
tosis of iron deficiency is observed only when anemia is sig-
nificant. The platelet count is temporarily elevated after a
splenectomy. JAK2 mutations are found in over 50% of cases.
MPL and CALR mutations frequently occur in patients with
JAK2-negative essential thrombocytosis.

Regarding other myeloproliferative disorders, the lack of
erythrocytosis distinguishes it from polycythemia vera.
Unlike myelofibrosis, red blood cell morphology is normal,
nucleated red blood cells are absent, and giant degranulated
platelets are not seen. In CML, the Philadelphia chromosome
(or bcr/abl by molecular testing) establishes the diagnosis.

» Treatment

Patients are considered at high risk for thrombosis if they are
older than 60 years, have a leukocyte count of 11,000/mcL
(11 × 109/L) or higher, or have a previous history of throm-
bosis. They also have a higher risk for bleeding. The risk of
thrombosis can be reduced by control of the platelet count,
which should be kept under 500,000/mcL (500 × 109/L).
The treatment of choice is oral hydroxyurea in a dose of
500–1000 mg/day. In rare cases in which hydroxyurea is not
well tolerated because of anemia, low doses of anagrelide,
1–2 mg/day orally, may be added. Higher doses of anagrelide
can be complicated by headache, peripheral edema, and
heart failure. Pegylated interferon alfa-2 can induce signifi-
cant hematologic responses and can potentially target the
malignant clone in CALR-mutant cases. Strict control of
coexistent cardiovascular risk factors is mandatory for all
patients.

Vasomotor symptoms such as erythromelalgia and par-
esthesias respond rapidly to aspirin. Historically, low-dose
aspirin (81 mg/day orally) has been used to reduce the risk
of thrombotic complications in low-risk patients, but a
recent study found that once daily dosing is not as effective
as an every 12-hour regimen. In the unusual event of severe
bleeding, the platelet count can be lowered rapidly with
plateletpheresis. In cases of marked thrombocytosis
(greater than or equal to 1,000,000/mcL [1000 × 109/L]) or
of any evidence of bleeding, acquired von Willebrand syn-
drome must be excluded before starting low-dose aspirin.

» Course & Prognosis

Essential thrombocytosis is an indolent disorder that
allows long-term survival. Average survival is longer than
15 years from diagnosis, and the survival of patients
younger than age 50 years does not appear different from
matched controls. The major source of morbidity—
thrombosis—can be reduced by appropriate platelet
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control. Late in the disease course, the bone marrow may
become fibrotic, and massive splenomegaly may occur,
sometimes with splenic infarction. There is a 10–15% risk
of progression to myelofibrosis after 15 years, and a 1–5%
risk of transformation to acute leukemia over 20 years.

» When to Refer

Patients with essential thrombocytosis should be referred
to a hematologist.

Bose P et al. Updates in the management of polycythemia vera
and essential thrombocythemia. Ther Adv Hematol.
2019;10:2040620719870052. [PMID: 31516686]

Rocca B et al. A randomized double-blind trial of 3 aspirin regi-
mens to optimize antiplatelet therapy in essential thrombocy-
themia. Blood. 2020;136:171. [PMID: 32266380]

Sankar K et al. Thrombosis in the Philadelphia chromosome-
negative myeloproliferative neoplasms. Cancer Treat Res.
2019;179:159. [PMID: 31317487]

PRIMARY MYELOFIBROSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Striking splenomegaly.

» Teardrop poikilocytosis on peripheral smear.

» Leukoerythroblastic blood picture; giant abnor-
mal platelets.

» Initially hypercellular, then hypocellular bone mar-
row with reticulin or collagen fibrosis.

» General Considerations

Primary myelofibrosis is a myeloproliferative disorder char-
acterized by clonal hematopoiesis that is often but not always
accompanied by JAK2, CALR, or MPL mutations; bone mar-
row fibrosis; anemia; splenomegaly; and a leukoerythroblas-
tic peripheral blood picture with teardrop poikilocytosis.
Myelofibrosis can also occur as a secondary process follow-
ing the other myeloproliferative disorders (eg, polycythemia
vera, essential thrombocytosis). It is believed that fibrosis
occurs in response to increased secretion of platelet-derived
growth factor (PDGF) and possibly other cytokines. In
response to bone marrow fibrosis, extramedullary hemato-
poiesis takes place in the liver, spleen, and lymph nodes. In
these sites, mesenchymal cells responsible for fetal hemato-
poiesis can be reactivated. According to the 2016 WHO
classification, “prefibrotic” primary myelofibrosis is distin-
guished from “overtly fibrotic” primary myelofibrosis; the
former might mimic essential thrombocytosis in its presen-
tation and it is prognostically relevant to distinguish the two.

» Clinical Findings

A. Symptoms and Signs

Primary myelofibrosis develops in adults over age 50 years
and is usually insidious in onset. Patients most commonly

present with fatigue due to anemia or abdominal fullness
related to splenomegaly. Uncommon presentations include
bleeding and bone pain. On examination, splenomegaly is
almost invariably present and is commonly massive. The
liver is enlarged in more than 50% of cases.

Later in the course of the disease, progressive bone
marrow failure takes place as it becomes increasingly more
fibrotic. Progressive thrombocytopenia leads to bleeding.
The spleen continues to enlarge, which leads to early sati-
ety. Painful episodes of splenic infarction may occur. The
patient becomes cachectic and may experience severe bone
pain, especially in the upper legs. Hematopoiesis in the
liver leads to portal hypertension with ascites, esophageal
varices, and occasionally transverse myelitis caused by
myelopoiesis in the epidural space.

B. Laboratory Findings

Patients are almost invariably anemic at presentation. The
white blood count is variable—either low, normal, or
elevated—and may be increased to 50,000/mcL (50 × 109/L).
The platelet count is variable. The peripheral blood smear
is dramatic, with significant poikilocytosis and numerous
teardrop forms in the red cell line. Nucleated red blood
cells are present and the myeloid series is shifted, with
immature forms including a small percentage of promyelo-
cytes or myeloblasts. Platelet morphology may be bizarre,
and giant degranulated platelet forms (megakaryocyte
fragments) may be seen. The triad of teardrop poikilocyto-
sis, leukoerythroblastic blood, and giant abnormal platelets
is highly suggestive of myelofibrosis.

The bone marrow usually cannot be aspirated (dry tap),
though early in the course of the disease, biopsy shows it to
be hypercellular, with a marked increase in megakaryo-
cytes. Fibrosis at this stage is detected by a silver stain demon-
strating increased reticulin fibers. Later, biopsy reveals more
severe fibrosis, with eventual replacement of hematopoietic
precursors by collagen. There is no characteristic chromo-
somal abnormality. JAK2 is mutated in ~65% of cases, and
MPL and CALR are mutated in the majority of the remaining
cases; 10% of cases are “triple-negative.”

» Differential Diagnosis

A leukoerythroblastic blood picture from other causes may be
seen in response to severe infection, inflammation, or infiltra-
tive bone marrow processes. However, teardrop poikilocytosis
and giant abnormal platelet forms will not be present. Bone
marrow fibrosis may be seen in metastatic carcinoma, Hodg-
kin lymphoma, and hairy cell leukemia. These disorders are
diagnosed by characteristic morphology of involved tissues.

Of the other myeloproliferative disorders, CML is diag-
nosed when there is marked leukocytosis, normal red blood
cell morphology, and the presence of the bcr/abl fusion
gene. Polycythemia vera is characterized by an elevated
hematocrit. Essential thrombocytosis shows predominant
platelet count elevations.

» Treatment

Observation with supportive care is a reasonable treatment
strategy for asymptomatic patients with low risk or an
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intermediate risk—an intermediate-1 score on the Dynamic
International Prognostic Scoring system (DIPSS-plus),
especially in the absence of high-risk mutations. Anemic
patients are supported with transfusion. Anemia can also be
controlled with androgens, prednisone, thalidomide, or
lenalidomide. First-line therapy for myelofibrosis-associ-
ated splenomegaly is hydroxyurea 500–1000 mg/day orally,
which is effective in reducing spleen size by half in approxi-
mately 40% of patients. Both thalidomide and lenalidomide
may improve splenomegaly and thrombocytopenia in some
patients. Splenectomy is not routinely performed but is
indicated for medication-refractory splenic enlargement
causing recurrent painful episodes, severe thrombocytopenia,
or an unacceptable transfusion requirement. Perioperative
complications can occur in 28% of patients and include infec-
tions, abdominal vein thrombosis, and bleeding. Radiation
therapy has a role for painful sites of extramedullary hemato-
poiesis, pulmonary hypertension, or severe bone pain. Tran-
sjugular intrahepatic portosystemic shunt might also be
considered to alleviate symptoms of portal hypertension.

Patients with high-risk or intermediate-2–risk disease on
the DIPSS-plus, or those patients harboring high-risk muta-
tions such as ASXL1 or SRSF2, should be considered for
allogeneic stem cell transplant, which is currently the only
potentially curative treatment modality in this disease.
Nontransplant candidates may be treated with JAK2 inhib-
itors or immunomodulatory agents for symptom control.
Ruxolitinib, the first JAK2 inhibitor to be FDA approved,
results in reduction of spleen size and improvement of
constitutional symptoms but does not induce complete
clinical or cytogenetic remissions or significantly affect the
JAK2/CALR/MPL mutant allele burden. Moreover, ruxoli-
tinib can exacerbate cytopenias. The newer selective JAK2
inhibitor fedratinib, FDA approved in 2019, can lead to
sustained reduction in spleen size and improvement in
disease-associated symptoms for patients with advanced-
stage myelofibrosis. However, it carries a significant risk of
serious and fatal encephalopathy, including Wernicke
encephalopathy, and providers should regularly assess thia-
mine levels in all patients. The immunomodulatory medi-
cations lenalidomide and pomalidomide result in control
of anemia in 25% and thrombocytopenia in ~58% of cases,
without significant reduction in splenic size.

» Course & Prognosis

The median survival from time of diagnosis is approxi-
mately 5 years. Therapies with biologic agents and the
application of reduced-intensity allogeneic stem cell trans-
plantation appear to offer the possibility of improving the
outcome for many patients. End-stage myelofibrosis is
characterized by generalized asthenia, liver failure, and
bleeding from thrombocytopenia, with some cases termi-
nating in AML. The DIPSS-plus incorporates clinical and
genetic risk variables and is associated with overall sur-
vival. Most recently, DIPSS-plus-independent adverse
prognostic relevance has been demonstrated for certain
mutations including ASXL1 and SRSF2. By contrast,
patients with type 1/like CALR mutations, compared to
their counterparts with other driver mutations, displayed
significantly better survival.

» When to Refer

Patients in whom myelofibrosis is suspected should be
referred to a hematologist.

» When to Admit

Admission is not usually necessary.

Finazzi G et al. Prefibrotic myelofibrosis: treatment algorithm
2018. Blood Cancer J. 2018;8:104. [PMID: 30405096]

Schieber M et al. Myelofibrosis in 2019: moving beyond JAK2
inhibition. Blood Cancer J. 2019;9:74. [PMID: 31511492]

CHRONIC MYELOID LEUKEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Elevated white blood cell count.

» Markedly left-shifted myeloid series but with a low
percentage of promyelocytes and blasts.

» Presence of bcr/abl gene (Philadelphia
chromosome).

» General Considerations

CML is a myeloproliferative disorder characterized by
overproduction of myeloid cells. These myeloid cells con-
tinue to differentiate and circulate in increased numbers in
the peripheral blood.

CML is characterized by a specific chromosomal
abnormality and a specific molecular abnormality. The
Philadelphia chromosome is a reciprocal translocation
between the long arms of chromosomes 9 and 22. The por-
tion of 9q that is translocated contains abl, a protooncogene
that is received at a specific site on 22q, the break point
cluster (bcr). The fusion gene bcr/abl produces a novel pro-
tein that possesses tyrosine kinase activity. This disorder is
the first recognized example of tyrosine kinase “addiction”
by cancer cells.

Early CML (“chronic phase”) does not behave like a
malignant disease. Normal bone marrow function is
retained, white blood cells differentiate, and despite some
qualitative abnormalities, the neutrophils combat infection
normally. However, untreated CML is inherently unstable,
and without treatment, the disease progresses to an “accel-
erated” phase and then an “acute blast” phase, which is
morphologically indistinguishable from acute leukemia.

» Clinical Findings

A. Symptoms and Signs

CML is a disorder of middle age (median age at presenta-
tion is 55 years). Patients usually complain of fatigue, night
sweats, and low-grade fevers related to the hypermetabolic
state caused by overproduction of white blood cells.
Patients may also complain of abdominal fullness related to
splenomegaly. In some cases, an elevated white blood count
is discovered incidentally. Rarely, the patient will present with
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a clinical syndrome related to leukostasis with blurred
vision, respiratory distress, or priapism. The white blood
count in these cases is usually greater than 100,000/mcL
(100 × 109/L) but less than 500,000/mcL (500 × 109/L). On
examination, the spleen is enlarged (often markedly so),
and sternal tenderness may be present as a sign of marrow
overexpansion. In cases discovered during routine labora-
tory monitoring, these findings are often absent. Accelera-
tion of the disease is often associated with fever (in the
absence of infection), bone pain, and splenomegaly.

B. Laboratory Findings

CML is characterized by an elevated white blood cell count;
the median white blood count at diagnosis is 150,000/mcL
(150 × 109/L), although in some cases the white blood cell
count is only modestly increased (Table 13–14). The periph-
eral blood is characteristic. The myeloid series is left shifted,
with mature forms dominating and with cells usually present
in proportion to their degree of maturation. Blasts are usu-
ally less than 5%. Basophilia and eosinophilia may be pres-
ent. At presentation, the patient is usually not anemic. Red
blood cell morphology is normal, and nucleated red blood
cells are rarely seen. The platelet count may be normal or
elevated (sometimes to strikingly high levels). A bone mar-
row biopsy is essential to ensure sufficient material for a
complete karyotype and for morphologic evaluation to con-
firm the phase of disease. The bone marrow is hypercellular,
with left-shifted myelopoiesis. Myeloblasts compose less
than 5% of marrow cells. The hallmark of the disease is the
bcr/abl gene that is detected by the polymerase chain reac-
tion (PCR) test in the peripheral blood and bone marrow.

With progression to the accelerated and blast phases,
progressive anemia and thrombocytopenia occur, and the
percentage of blasts in the blood and bone marrow
increases. Blast-phase CML is diagnosed when blasts com-
prise more than 20% of bone marrow cells.

» Differential Diagnosis

Early CML must be differentiated from the reactive leuko-
cytosis associated with infection. In such cases, the white
blood count is usually less than 50,000/mcL (50 × 109/L),
splenomegaly is absent, and the bcr/abl gene is not present.

CML must be distinguished from other myeloprolifera-
tive disease (Table 13–14). The hematocrit should not be
elevated, the red blood cell morphology is normal, and
nucleated red blood cells are rare or absent. Definitive
diagnosis is made by finding the bcr/abl gene.

» Treatment

Treatment is usually not emergent even with white blood
counts over 200,000/mcL (200 × 109/L), since the majority
of circulating cells are mature myeloid cells that are smaller
and more deformable than primitive leukemic blasts. In the
rare instances in which symptoms result from extreme
hyperleukocytosis (priapism, respiratory distress, visual
blurring, altered mental status), emergent leukapheresis is
performed in conjunction with myelosuppressive therapy.

In chronic-phase CML, the goal of therapy is normaliza-
tion of the hematologic abnormalities and suppression of the

malignant bcr/abl-expressing clone. The treatment of choice
consists of a tyrosine kinase inhibitor (eg, imatinib, nilotinib,
dasatinib) targeting the aberrantly active abl kinase. It is
expected that a hematologic complete remission, with nor-
malization of blood counts and splenomegaly will occur
within 3 months of treatment initiation. Second, a reduction
of bcr/abl transcripts to less than 10% on the international
scale should be achieved, ideally within 3 months but cer-
tainly within 6 months. Finally, a major molecular response
(less than or equal to 0.1% transcripts) is desired within
12 months. Patients who achieve this level of molecular
response have an excellent prognosis, with overall survival
approaching 100% since disease progression is uncommon.
On the other hand, patients have a worse prognosis if these
targets are not achieved, molecular response is subsequently
lost, or new mutations or cytogenetic abnormalities develop.

Imatinib mesylate was the first tyrosine kinase inhibitor
to be approved and it results in nearly universal (98%)
hematologic control of chronic-phase disease at a dose of
400 mg/day. The rate of a major molecular response with
imatinib in chronic-phase disease is ~30% at 1 year. The
second-generation tyrosine kinase inhibitors, nilotinib and
dasatinib, are also used as front-line therapy and can signifi-
cantly increase the rate of a major molecular response com-
pared to imatinib (71% for nilotinib at 300–400 mg twice
daily by 2 years, 64% for dasatinib at 100 mg/day by 2 years)
and result in a lower rate of progression to advanced-stage
disease. However, these agents are associated with addi-
tional toxicity. Since they can still salvage 90% of patients
who do not respond to treatment with imatinib, they may
be reserved for use in that situation. A dual bcr/abl tyrosine
kinase inhibitor, bosutinib, is used for patients who are
resistant or intolerant to the other tyrosine kinase inhibi-
tors. The complete cytogenetic response rate to bosutinib is
25%, but it is not active against the T315I mutation.

Patients taking tyrosine kinase inhibitors should be
monitored with a quantitative PCR assay. Those with a con-
sistent increase in bcr/abl transcript or those with a subop-
timal molecular response as defined above should undergo
abl mutation testing and then be switched to an alternative
tyrosine kinase inhibitor. The T315I mutation in abl is spe-
cifically resistant to therapy with imatinib, dasatinib, nilo-
tinib, and bosutinib but appears to be sensitive to the
third-generation agent ponatinib. However, ponatinib is
associated with a high rate of vascular thrombotic compli-
cations. For patients with the T315I mutation as well as
patients who have not responded to multiple tyrosine
kinase inhibitors, including ponatinib, the novel allosteric
inhibitor asciminib can be tried. It has shown a 54% com-
plete hematologic response rate and a 48% sustained major
molecular response in heavily pretreated patients. Dose-
limiting toxic effects include asymptomatic elevations in the
lipase level and clinical pancreatitis. Lastly, omacetaxine—a
non–tyrosine kinase inhibitor therapy approved for patients
with CML who are resistant to at least two tyrosine kinase
inhibitors—can produce major cytogenetic responses in
18% of patients. Patients in whom a good molecular
response to any of these agents cannot be achieved or in
whom disease progresses despite therapy should be consid-
ered for allogeneic stem cell transplantation.
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Patients with advanced-stage disease (accelerated phase
or myeloid/lymphoid blast crisis) should be treated with a
tyrosine kinase inhibitor alone or in combination with
myelosuppressive chemotherapy. The doses of tyrosine
kinase inhibitors in that setting are usually higher than
those appropriate for chronic-phase disease. Since the
duration of response to tyrosine kinase inhibitors in this
setting is limited, patients who have accelerated or blast-
phase disease should ultimately be considered for alloge-
neic stem cell transplantation.

» Course & Prognosis

Patients with good molecular responses to tyrosine kinase
inhibitor therapy have an excellent prognosis, with essentially
100% survival at last follow up. Studies suggest that tyrosine
kinase inhibitor therapy may be safely discontinued after
2 years in patients who achieve a sustained major molecular
response, with ~50% of patients remaining in molecular
remission at least 1 year posttreatment. Of importance, more
than 80% of recurrences occur within the first 6–8 months
after stopping therapy, and loss of major molecular response
is uncommon after 1 year. About 90–95% of patients who
experience molecular recurrence regain their initial molecu-
lar level after restarting tyrosine kinase inhibitor therapy.

» When to Refer

All patients with CML should be referred to a
hematologist.

» When to Admit

Hospitalization is rarely necessary and should be reserved
for symptoms of leukostasis at diagnosis or for transforma-
tion to acute leukemia.

Craddock CF. We do still transplant CML, don’t we? Hematology
Am Soc Hematol Educ Program. 2018;2018:177. [PMID:
30504307]

Hochhaus A et al. European LeukemiaNet 2020 recommenda-
tions for treating chronic myeloid leukemia. Leukemia.
2020;34:966. [PMID: 32127639]

Molica M et al. Insights into the optimal use of ponatinib in
patients with chronic phase chronic myeloid leukaemia. Ther
Adv Hematol. 2019;10:2040620719826444. [PMID: 30854182]

MYELODYSPLASTIC SYNDROMES

E S S E N T I A L S  O F  D I A G N O S I S

» Cytopenias with a hypercellular bone marrow.

» Morphologic abnormalities in one or more hema-
topoietic cell lines.

» General Considerations

The MDS are a group of acquired clonal disorders of the
hematopoietic stem cell. They are characterized by the
constellation of cytopenias, a usually hypercellular marrow,

morphologic dysplasia, and genetic abnormalities. The
disorders are usually idiopathic but may be caused by prior
exposure to cytotoxic chemotherapy, radiation or both. In
addition to cytogenetics, sequencing can detect genetic
mutations in 80–90% of MDS patients. Importantly,
acquired clonal mutations identical to those seen in MDS
can occur in the hematopoietic cells of ~10% of apparently
healthy older individuals, defining the disorder of clonal
hematopoiesis of indeterminate potential (CHIP).

Myelodysplasia encompasses several heterogeneous
syndromes. A key distinction is whether there is an increase
in bone marrow blasts (greater than 5% of marrow ele-
ments). The category of MDS with excess blasts represents
a more aggressive form of the disease, often leading to
AML. Those without excess blasts are characterized by the
degree of dysplasia, eg, MDS with single lineage dysplasia
and MDS with multilineage dysplasia. The morphologic
finding of ringed sideroblasts is used to define a subcate-
gory of the lower-risk MDS syndromes. Patients with iso-
lated 5q loss, which is characterized by the cytogenetic
finding of loss of part of the long arm of chromosome 5,
comprise an important subgroup of patients with a different
natural history. Lastly, a proliferative syndrome including
sustained peripheral blood monocytosis more than 1000/mcL
(1.0 × 109/L) is termed chronic myelomonocytic leukemia
(CMML), a disorder that shares features of myelodysplastic
and myeloproliferative disorders. An International Prog-
nostic Scoring System (IPSS) classifies patients by risk sta-
tus based on the percentage of bone marrow blasts,
cytogenetics, and severity of cytopenias. The IPSS is associ-
ated with the rate of progression to AML and with overall
survival, which can range from a median of 6 years for the
low-risk group to 5 months for the high-risk patients.

» Clinical Findings

A. Symptoms and Signs

Patients are usually over age 60 years. Many patients are
asymptomatic when the diagnosis is made because of the
finding of abnormal blood counts. Fatigue, infection, or
bleeding related to bone marrow failure are usually the
presenting symptoms and signs. The course may be indo-
lent, and the disease may present as a wasting illness with
fever, weight loss, and general debility. On examination,
splenomegaly may be present in combination with pallor,
bleeding, and various signs of infection. MDS can also be
accompanied by a variety of paraneoplastic syndromes
prior to or following this diagnosis.

B. Laboratory Findings

Anemia may be marked with the MCV normal or increased,
and transfusion support may be required. On the peripheral
blood smear, macro-ovalocytes may be seen. The white blood
cell count is usually normal or reduced, and neutropenia is
common. The neutrophils may exhibit morphologic abnor-
malities, including deficient numbers of granules or deficient
segmentation of the nucleus, even a bilobed nucleus (the so-
called Pelger-Huët abnormality). The myeloid series may be
left shifted, and small numbers of promyelocytes or blasts may
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be seen. The platelet count is normal or reduced, and hypo-
granular platelets may be present.

The bone marrow is characteristically hypercellular but
occasionally may be hypocellular. Erythroid hyperplasia is
common, and signs of abnormal erythropoiesis include
megaloblastic features, nuclear budding, or multinucleated
erythroid precursors. The Prussian blue stain may demon-
strate ringed sideroblasts. In the marrow, too, the myeloid
series is often left shifted, with variable increases in blasts.
Deficient or abnormal granules may be seen. A characteris-
tic abnormality is the presence of dwarf megakaryocytes
with a unilobed nucleus. Genetic abnormalities define MDS;
there are frequent cytogenetic abnormalities involving chro-
mosomes 5 and 7. Some patients with an indolent form have
an isolated partial deletion of chromosome 5 (MDS with
isolated del[5q]). Aside from cytogenetic abnormalities, the
most commonly mutated genes are SF3B1, TET2, SRSF2,
ASXL1, DNMT3A, RUNX1, U2AF1, TP53, and EZH2.

» Differential Diagnosis

MDS should be distinguished from megaloblastic anemia,
aplastic anemia, myelofibrosis, HIV-associated cytopenias,
and acute or chronic drug effect. In subtle cases, cytoge-
netic evaluation of the bone marrow may help distinguish
this clonal disorder from other causes of cytopenias. As the
number of blasts increases in the bone marrow, myelodys-
plasia is arbitrarily separated from AML by the presence of
less than 20% blasts.

» Treatment

Myelodysplasia is a heterogeneous disease, and the appro-
priate treatment depends on a number of factors. For
patients with anemia who have a low serum erythropoietin
level (500 units/L or less), erythropoiesis-stimulating agents
may raise the hematocrit and reduce the red cell transfusion
requirement in 40%. Addition of intermittent granulocyte
colony-stimulating factor (G-CSF) therapy may augment
the erythroid response to epoetin. Unfortunately, the
patients with the highest transfusion requirements and
those with erythropoietin levels above 200 units/L are the
least likely to respond. Patients who remain dependent on
red blood cell transfusion and who can tolerate it should
receive iron chelation in order to prevent serious iron over-
load; the dose of oral agent deferasirox is 20 mg/kg/day in
divided dosing. Patients affected primarily with severe neu-
tropenia may benefit from the use of myeloid growth fac-
tors such as filgrastim. Oral thrombopoietin analogs, such
as romiplostim and eltrombopag, have shown effectiveness
in raising the platelet count in myelodysplasia. Finally, occa-
sional patients can benefit from immunosuppressive ther-
apy including ATG. Predictors of response to ATG include
age younger than 60 years, absence of 5q–, and presence of
HLA DR15.

For patients who do not respond to these interventions,
there are several therapeutic options available. Lenalidomide
is the treatment of choice in patients with MDS with isolated
del(5q) with significant responses in 70% of patients, and
responses typically lasting longer than 2 years. In addition,
nearly half of these patients enter a cytogenetic remission

with clearing of the abnormal 5q– clone. The recommended
initial dose is 10 mg/day orally. The most common side
effects are neutropenia and thrombocytopenia, but venous
thrombosis occurs and warrants prophylaxis with aspirin,
325 mg/day orally. A novel agent, luspatercept, has been
developed to target signaling via the SMAD2–SMAD3 path-
way, which is constitutively increased in the bone marrow
cells of patients with MDS and ineffective erythropoiesis. In
a randomized study, luspatercept induced transfusion inde-
pendence in 38% of lower-risk MDS patients who had not
responded to growth factor therapy compared to 13% in the
placebo arm. The most common adverse events included
fatigue, diarrhea, asthenia, nausea, and dizziness.

For patients with high-risk MDS, hypomethylating
agents are the treatment of choice. Azacitidine can improve
both symptoms and blood counts and prolong overall sur-
vival and time to conversion to acute leukemia. It is used at
a dose of 75 mg/m2 daily for 5–7 days every 28 days and up
to six cycles of therapy may be required to achieve a
response. Decitabine, a related hypomethylating agent,
given at 20 mg/m2 daily for 5 days every 28 days can pro-
duce similar hematologic responses but has not demon-
strated a benefit in overall survival compared to supportive
care alone. Unfortunately, the progress that has been made
over the past decade in understanding the complex molec-
ular mechanisms underlying MDS has not yet translated
into new therapeutic options.

Allogeneic stem cell transplantation is the only curative
therapy for myelodysplasia, but its role is limited by the
advanced age of many patients and the variably indolent
course of the disease.

» Course & Prognosis

Myelodysplasia is an ultimately fatal disease, and allogeneic
transplantation is the only curative therapy, with cure rates
of 30–60% depending primarily on the risk status of the
disease. Patients most commonly die of infections or bleed-
ing. Patients with MDS with isolated del(5q) have a favorable
prognosis, with 5-year survival over 90%. Other patients
with low-risk disease (with absence of both excess blasts and
adverse cytogenetics) may also do well, with similar survival.
Those with excess blasts or CMML have a higher (30–50%)
risk of developing acute leukemia, and short survival (less
than 2 years) without allogeneic transplantation.

» When to Refer

All patients with myelodysplasia should be referred to a
hematologist.

» When to Admit

Hospitalization is needed only for specific complications,
such as severe infection.

Angelucci E et al. Iron chelation in transfusion-dependent
patients with low- to intermediate-1-risk myelodysplastic
syndromes: a randomized trial. Ann Intern Med. 2020;172:513.
[PMID: 32203980]
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Fenaux P et al. Luspatercept in patients with lower-risk myelo-
dysplastic syndromes. N Engl J Med. 2020;382:140. [PMID:
31914241]

Park S et al. Clinical effectiveness and safety of erythropoietin-
stimulating agents for the treatment of low- and intermediate-
risk myelodysplastic syndrome: a systematic literature review.
Br J Haematol. 2019;184:134. [PMID: 30549002]

Santini V. How I treat MDS after hypomethylating agent failure.
Blood. 2019;133:521. [PMID: 30545832]

ACUTE LEUKEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Short duration of symptoms, including fatigue,
fever, and bleeding.

» Cytopenias or pancytopenia.

» Blasts in peripheral blood in 90% of patients.

» More than 20% blasts in the bone marrow.

» General Considerations

Acute leukemia is a malignancy of the hematopoietic pro-
genitor cell. Malignant immature cells proliferate in an
uncontrolled fashion and replace normal bone marrow ele-
ments. Most cases arise with no clear cause. However, radia-
tion and some toxins (benzene) are leukemogenic. In
addition, a number of chemotherapeutic agents (especially
cyclophosphamide, melphalan, other alkylating agents, and
etoposide) may cause leukemia. The leukemias seen after
toxin or chemotherapy exposure often develop from a myelo-
dysplastic prodrome and are often associated with abnor-
malities in chromosomes 5 and 7. Those related to etoposide
or anthracyclines may have abnormalities in chromosome
11q23 (MLL locus).

Most of the clinical findings in acute leukemia are due to
replacement of normal bone marrow elements by the malig-
nant cells. Less common manifestations result from organ
infiltration (skin, gastrointestinal tract, meninges). Acute leu-
kemia is potentially curable with combination chemotherapy.

The myeloblastic subtype, AML, is primarily an adult
disease with a median age at presentation of 60 years and an
increasing incidence with advanced age. Acute promyelocytic
leukemia (APL) is characterized by the chromosomal trans-
location t(15;17), which produces the fusion gene PML-RAR-
alpha, leading to a block in differentiation that can be
overcome with pharmacologic doses of retinoic acid. The
lymphoblastic subtype of acute leukemia, ALL, comprises
80% of the acute leukemias of childhood. The peak incidence
is between 3 and 7 years of age. It is also seen in adults, caus-
ing approximately 20% of adult acute leukemias.

» Classification of the Leukemias

A. Acute Myeloid Leukemia (AML)

AML is primarily categorized based on recurrent structural
chromosomal and molecular abnormalities. The cytogenetic
abnormalities can be identified on traditional karyotyping

or metaphase fluorescence in situ hybridization (FISH) and
the molecular abnormalities are identified by either targeted
or genome-wide sequencing of tumor DNA. Favorable cyto-
genetics such as t(8;21) producing a chimeric RUNX1/
RUNX1T1 protein and inv(16)(p13;q22) are seen in 15% of
cases and are termed the “core-binding factor” leukemias.
These patients have a higher chance of achieving both short-
and long-term disease control. Unfavorable cytogenetics
confer a very poor prognosis. These consist of chromosomal
translocations [t(6;9), t(3;3) or inv (3), t(v;11q23)], isolated
monosomy 5 or 7, the presence of two or more other mono-
somies, or three or more separate cytogenetic abnormalities
and account for 25% of the cases. The majority of cases of
AML are of intermediate risk by traditional cytogenetics and
have either a normal karyotype or chromosomal abnormali-
ties that do not confer strong prognostic significance. How-
ever, there are several recurrent gene mutations with
prognostic significance in this subgroup. On the one hand,
internal tandem duplication in the gene FLT3 occurs in
~30% of AML and is conditionally associated with a very
poor prognosis in the setting of wild type NPM1. Other
mutations conferring a poor prognosis occur in RUNX1,
ASXL1, and TP53. On the other hand, a relatively favorable
group of patients has been identified that lacks FLT3-ITD
mutations and includes mutations of nucleophosmin 1
(NPM1) or carries CEBPA biallelic mutations.

B. Acute Promyelocytic Leukemia (APL)

In considering the various types of AML, APL is discussed
separately because of its unique biologic features and
response to non-chemotherapy treatments. APL is charac-
terized by the cytogenetic finding of t(15;17) and the fusion
gene PML-RAR-alpha. It is a highly curable form of leuke-
mia (over 90%) with integration of all-trans-retinoic acid
(ATRA) and arsenic trioxide (ATO) in induction, consoli-
dation, and maintenance regimens.

C. Acute Lymphoblastic Leukemia (ALL)

ALL is most usefully classified by immunologic phenotype
as follows: common, early B lineage, and T cell. Hyperdip-
loidy (with more than 50 chromosomes), especially of
chromosomes 4, 10, and 17, and translocation t(12;21)
(TEL-AML1), is associated with a better prognosis. Unfa-
vorable cytogenetics are hypodiploidy (less than 44 chro-
mosomes), the Philadelphia chromosome t(9;22), the
t(4;11) translocation (which has fusion genes involving the
MLL gene at 11q23), and a complex karyotype with more
than five chromosomal abnormalities.

D. Mixed Phenotype Acute Leukemias

These leukemias consist of blasts that lack differentiation
along the lymphoid or myeloid lineage or blasts that
express both myeloid and lymphoid lineage-specific anti-
gens. This group is considered very high risk and has a
poor prognosis. The limited available data suggest that an
“acute lymphoblastic leukemia–like” regimen followed by
allogeneic stem cell transplant may be advisable; addition
of a tyrosine kinase inhibitor in patients with t(9;22) trans-
location is recommended.
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» Clinical Findings

A. Symptoms and Signs

Most patients have been ill only for days or weeks. Bleeding
(usually due to thrombocytopenia) occurs in the skin and
mucosal surfaces, with gingival bleeding, epistaxis, or menor-
rhagia. Less commonly, widespread bleeding is seen in patients
with disseminated intravascular coagulation (DIC) (in APL
and monocytic leukemia). Infection is due to neutropenia,
with the risk of infection rising as the neutrophil count falls
below 500/mcL (0.5 × 109/L). Common presentations include
cellulitis, pneumonia, and perirectal infections; death within a
few hours may occur if treatment with appropriate antibiotics
is delayed. Fungal infections are also commonly seen.

Patients may also seek medical attention because of
gum hypertrophy and bone and joint pain. The most dra-
matic presentation is hyperleukocytosis, in which a mark-
edly elevated circulating blast count (total white blood
count greater than 100,000/mcL [100 × 109/L]) leads to
impaired circulation, presenting as headache, confusion,
and dyspnea. Such patients require emergent chemother-
apy with adjunctive leukapheresis since mortality
approaches 40% in the first 48 hours.

On examination, patients appear pale and have purpura
and petechiae; signs of infection may not be present. Sto-
matitis and gum hypertrophy may be seen in patients with
monocytic leukemia, as may rectal fissures. There is vari-
able enlargement of the liver, spleen, and lymph nodes.
Bone tenderness may be present, particularly in the ster-
num, tibia, and femur.

B. Laboratory Findings

The hallmark of acute leukemia is the combination of pan-
cytopenia with circulating blasts. However, blasts may be
absent from the peripheral smear in as many as 10% of
cases (“aleukemic leukemia”). The bone marrow is usually
hypercellular and dominated by blasts (greater than 20%).

Hyperuricemia may be seen. If DIC is present, the
fibrinogen level will be reduced, the prothrombin time pro-
longed, and fibrin degradation products or fibrin D-dimers
present. Patients with ALL (especially T cell) may have a
mediastinal mass visible on chest radiograph. Meningeal
leukemia will have blasts present in the spinal fluid, seen in
approximately 5% of cases at diagnosis; it is more common
in monocytic types of AML and can be seen with ALL.

The Auer rod, an eosinophilic needle-like inclusion
in the cytoplasm, is a characteristic of AML (though some-
times seen in APL, high-grade MDS, and myeloprolifera-
tive disorders). The phenotype of leukemia cells is usually
demonstrated by flow cytometry or immunohistochemis-
try. AML cells usually express myeloid antigens such as
CD13 or CD33 and myeloperoxidase. ALL cells of B lin-
eage will express CD19, and most cases will express CD10,
formerly known as the “common ALL antigen.” ALL cells
of T lineage will usually not express mature T-cell markers,
such as CD3, CD4, or CD8, but will express some combina-
tion of CD2, CD5, and CD7 and will not express surface
immunoglobulin. Almost all cells express terminal deoxy-
nucleotidyl transferase (TdT).

» Differential Diagnosis

AML must be distinguished from other myeloproliferative
disorders, CML, and MDS. Acute leukemia may also
resemble a left-shifted bone marrow recovering from a pre-
vious toxic insult. If the diagnosis is in doubt, a bone mar-
row study should be repeated in several days to see if
maturation has taken place. ALL must be separated from
other lymphoproliferative disease such as CLL, lymphomas,
and hairy cell leukemia. It may also be confused with the
atypical lymphocytosis of mononucleosis and pertussis.

» Treatment

Acute leukemia is considered a curable disease, especially
among younger patients without significant comorbidities.
The first step in treatment is to obtain complete remission,
defined as normal peripheral blood with resolution of
cytopenias, normal bone marrow with no excess blasts, and
normal clinical status. The type of initial chemotherapy
depends on the subtype of leukemia.

1. AML—Most patients with AML who are treated with a
curative intent receive a combination of an anthracycline
(daunorubicin or idarubicin) plus cytarabine, either alone
or in combination with other agents (eg, gemtuzumab ozo-
gamicin). This therapy will produce complete remissions
in 80–90% of patients under age 60 years and in 50–60% of
older patients (see Table 39–2). Patients with secondary
AML (evolved from prior myelodysplastic or myeloprolif-
erative disorders) or treatment-associated AML should
receive the drug Vyxeos (a liposomal formulation of dau-
norubicin and cytarabine). Patients with a FLT3 mutation
benefit from the addition of the FLT3 kinase inhibitor
midostaurin to their regimen. Post-remission therapy
options include additional chemotherapy and allogeneic
stem cell transplantation. Patients with a favorable genetic
profile can be treated with chemotherapy alone or with
autologous transplant with cure rates of 60–80%. For
intermediate-risk patients with AML, cure rates are
35–40% with chemotherapy and 40–60% with allogeneic
transplantation. Patients who do not enter remission (pri-
mary induction failure) or those with high-risk genetics
have cure rates of less than 10% with chemotherapy alone
and are referred for allogeneic stem cell transplantation.

Patients who are not treated with initial curative intent
(those older than 75 years or with significant comorbidi-
ties) can derive benefit from newer targeted agents,
including the bcl2 inhibitor venetoclax added to a hypo-
methylating agent or low-dose cytarabine, enasidenib
(targeting IDH2 mutations), ivosidenib (targeting IDH2
mutations), or glasdegib. Some of these patients can still
benefit from a reduced-intensity allogeneic transplant if
they achieve good disease control.

Once leukemia has recurred after initial chemotherapy,
the prognosis is poor. For patients in second remission,
allogeneic transplantation offers a 20–30% chance of cure.
Targeted therapies described above are useful for selected
patients and can offer long-term disease control.

2. ALL—Adults with ALL are treated with combination
chemotherapy, including daunorubicin, vincristine,
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prednisone, and asparaginase. This treatment produces
complete remissions in 90% of patients. Those patients
with Philadelphia chromosome-positive ALL (or bcr-abl-
positive ALL) should receive a tyrosine kinase inhibitor,
such as dasatinib or ponatinib, added to their initial che-
motherapy. Remission induction therapy for ALL is less
myelosuppressive than treatment for AML and does not
necessarily produce prolonged marrow aplasia. Patients
should also receive central nervous system prophylaxis so
that meningeal sequestration of leukemic cells does not
develop.

After achieving complete remission, patients may be
treated with either additional cycles of chemotherapy or
high-dose chemotherapy and stem cell transplantation.
Treatment decisions are made based on patient age and
disease risk factors. Adults younger than 39 years have
uniformly better outcomes when treated under pediatric
protocols. For older patients, minimal residual disease test-
ing early on can identify high-risk patients who will not be
cured with chemotherapy alone and who will do better
with allogeneic transplantation. For patients with relapsed
disease, the bispecific antibody blinatumomab targeting
CD19 and the antibody-drug conjugate inotuzumab ozo-
gamicin targeting CD22 have shown remarkable activity
and are considered superior to traditional chemotherapy
options. Tisagenlecleucel is a therapy utilizing autologous
T cells engineered to express an anti-CD-19 antigen recep-
tor (CART-19) and is FDA-approved for the treatment of
children and young adults with relapsed/refractory B-ALL.

» Prognosis

Approximately 70–80% of adults with AML under age 60
years achieve complete remission and ~50% are cured
using risk-adapted post-remission therapy. Older adults
with AML achieve complete remission in up to 50% of
instances. The cure rates for older patients with AML have
been very low (approximately 10–20%) even if they achieve
remission and are able to receive post-remission
chemotherapy.

Patients younger than 39 years with ALL have excellent
outcomes after undergoing chemotherapy followed by risk-
adapted intensification and transplantation (cure rates of
60–80%). Patients with adverse cytogenetics, poor response
to chemotherapy, or older age have a much lower chance of
cure (cure rates of 20–40%).

» When to Refer

All patients should be referred to a hematologist.

» When to Admit

Most patients with acute leukemia will be admitted for
treatment.

DiNardo CD et al. Azacitidine and venetoclax in previously
untreated acute myeloid leukemia. N Engl J Med.
2020;383:617. [PMID: 32786187]

DiNardo CD et al. How I treat acute myeloid leukemia in the era
of new drugs. Blood. 2020;135:85. [PMID: 31765470]

Sekeres MA et al. American Society of Hematology 2020 guide-
lines for treating newly diagnosed acute myeloid leukemia in
older adults. Blood Adv. 2020;4:3528. [PMID: 32761235]

Smith CC. The growing landscape of FLT3 inhibition in AML.
Hematology Am Soc Hematol Educ Program. 2019;2019:539.
[PMID: 31808872]

CHRONIC LYMPHOCYTIC LEUKEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» B-cell lymphocytosis with CD19 expression
> 5000/mcL (> 5.0 × 109/L).

» Coexpression of CD19, CD5 on lymphocytes.

» General Considerations

CLL is a clonal malignancy of B lymphocytes. The disease
is usually indolent, with slowly progressive accumulation
of long-lived small lymphocytes. These cells are immune-
incompetent and respond poorly to antigenic stimulation.

CLL is manifested clinically by immunosuppression,
bone marrow failure, and organ infiltration with lympho-
cytes. Immunodeficiency is also related to inadequate anti-
body production by the abnormal B cells. With advanced
disease, CLL may cause damage by direct tissue infiltration.

CLL usually pursues an indolent course, but some sub-
types behave more aggressively; a variant, prolymphocytic
leukemia, is more aggressive. The morphology of the latter is
different, characterized by larger and more immature cells.
In 5–10% of cases, CLL may be complicated by autoimmune
hemolytic anemia or autoimmune thrombocytopenia. In
approximately 5% of cases, while the systemic disease
remains stable, an isolated lymph node transforms into an
aggressive large-cell lymphoma (Richter syndrome).

» Clinical Findings

A. Symptoms and Signs

CLL is a disease of older patients, with 90% of cases occur-
ring after age 50 years and a median age at presentation of
70 years. Many patients will be incidentally discovered to
have lymphocytosis. Others present with fatigue or lymph-
adenopathy. On examination, 80% of patients will have
diffuse lymphadenopathy and 50% will have enlargement
of the liver or spleen.

The long-standing Rai classification system remains
prognostically useful: stage 0, lymphocytosis only; stage I,
lymphocytosis plus lymphadenopathy; stage II, organo-
megaly (spleen, liver); stage III, anemia; stage IV, thrombo-
cytopenia. These stages can be collapsed into low risk
(stages 0–I), intermediate risk (stage II), and high risk
(stages III–IV).

B. Laboratory Findings

The hallmark of CLL is isolated lymphocytosis. The
white blood cell count is usually greater than 20,000/mcL
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(20 × 109/L) and may be markedly elevated to several hun-
dred thousand. Usually 75–98% of the circulating cells are
lymphocytes. Lymphocytes appear small and mature, with
condensed nuclear chromatin, and are morphologically
indistinguishable from normal small lymphocytes, but
smaller numbers of larger and activated lymphocytes may
be seen. The hematocrit and platelet count are usually nor-
mal at presentation. The bone marrow is variably infil-
trated with small lymphocytes. The immunophenotype of
CLL demonstrates coexpression of the B lymphocyte lin-
eage marker CD19 with the T lymphocyte marker CD5;
this finding is commonly observed only in CLL and mantle
cell lymphoma. CLL is distinguished from mantle cell lym-
phoma by the expression of CD23, CD200, and LEF-1, low
expression of surface immunoglobulin and CD20, and the
absence of a translocation or overexpression of cyclin D1.
Patients whose CLL cells have mutated forms of the immu-
noglobulin gene (IgVH somatic mutation) have a more
indolent form of disease; these cells typically express low
levels of the surface antigen CD38 and do not express the
zeta-associated protein (ZAP-70). Conversely, patients
whose cells have unmutated IgVH genes and high levels of
ZAP-70 expression do less well and require treatment
sooner. The assessment of genomic changes by FISH pro-
vides important prognostic information. The finding of
deletion of chromosome 17p (TP53) confers the worst
prognosis, while deletion of 11q (ATM) confers an inferior
prognosis to the average genotype, and isolated deletion of
13q has a more favorable outcome.

Hypogammaglobulinemia is present in 50% of patients
and becomes more common with advanced disease. In some,
a small amount of IgM paraprotein is present in the serum.

» Differential Diagnosis

Few syndromes can be confused with CLL. Viral infections
producing lymphocytosis should be obvious from the pres-
ence of fever and other clinical findings; however, fever
may occur in CLL from concomitant bacterial infection.
Pertussis may cause a particularly high total lymphocyte
count. Other lymphoproliferative diseases such as Walden-
ström macroglobulinemia, hairy cell leukemia, or lym-
phoma (especially mantle cell) in the leukemic phase are
distinguished on the basis of the morphology and immu-
nophenotype of circulating lymphocytes and bone marrow.
Monoclonal B-cell lymphocytosis is a disorder character-
ized by fewer than 5000/mcL (5.0 × 109/L) B cells and is
considered a precursor to B-CLL.

» Treatment

The treatment of CLL is evolving as several active targeted
agents have emerged. Most cases of early indolent CLL
require no specific therapy, and the standard of care for
early-stage disease has been observation. Indications for
treatment include progressive fatigue, symptomatic lymph-
adenopathy, anemia, or thrombocytopenia. These patients
have either symptomatic and progressive Rai stage II dis-
ease or stage III/IV disease. Initial treatment for patients
with CLL consists of targeted biologic therapy in most

cases. Options include ibrutinib (a Bruton tyrosine kinase
inhibitor targeting B-cell receptor signaling) or venetoclax
(a bcl2 inhibitor resulting in apoptosis) in combination
with anti-CD20 antibody therapy. Choice between these
agents is based on toxicity as well as preference. Ibrutinib is
a well-tolerated, oral agent given at 420 mg daily; it can be
associated with hypertension, cardiac arrhythmias, rash,
and increased infections. Caution should be exercised
when this agent is used in conjunction with CYP3A inhibi-
tors or inducers. In addition, there is a potential for serious
bleeding when it is used in patients taking warfarin. Vene-
toclax (slowly titrated up to 400 mg daily) is usually given
for a shorter course of therapy and is associated with tumor
lysis syndrome and neutropenia; some patients may require
hospitalization for initial therapy. Venetoclax has to be
combined with a monoclonal CD20 antibody, usually
obinutuzumab, which can result in infusion reactions. Tra-
ditional combination chemotherapy is used only in selected
cases (see Table 39–3). For older patients, chlorambucil,
0.6–1 mg/kg orally every 4 weeks, in combination with
obinutuzumab is another therapy option.

For patients with relapsed or refractory disease, both
venetoclax and ibrutinib or another BTK inhibitor, acala-
brutinib, demonstrate significant activity, even for patients
with high-risk genetics. Other options include idelalisib
and duvelisib (inhibitors of PI3 kinase delta), which are
associated with higher toxicity. The dosage for idelalisib is
150 mg orally twice a day, and the dosage for duvelisib is
25 mg orally twice a day. There are risks for colitis, liver
injury, and fatal infectious complications in patients treated
with PI3k inhibitors. Patients should be given antimicro-
bial prophylaxis and monitored closely while taking these
agents.

Of note, BTK and PI3k inhibitors can be initially
associated with marked lymphocytosis due to release of
tumor cells from the lymph nodes into the peripheral
blood. This results in a significant early reduction in
lymphadenopathy but a potentially misleading, more
delayed clearance of lymphocytes from peripheral blood
and bone marrow.

Associated autoimmune hemolytic anemia or immune
thrombocytopenia may require treatment with ritux-
imab, prednisone, or splenectomy. Fludarabine should be
avoided in patients with autoimmune hemolytic anemia
since it may exacerbate it. Rituximab should be used with
anti-HBV agent prophylaxis in patients with past HBV
infection. Patients with recurrent bacterial infections and
hypogammaglobulinemia benefit from prophylactic
infusions of gamma globulin (0.4 g/kg/month), but this
treatment is cumbersome and expensive, justified only
when these infections are severe. Patients undergoing
therapy with a nucleoside analog (fludarabine, pento-
statin) should receive anti-infective prophylaxis for
Pneumocystis jirovecii pneumonia, herpes viruses, and
invasive fungal infections until there is evidence of T-cell
recovery.

Allogeneic transplantation offers potentially curative
treatment for patients with CLL, but it should be used only
in patients whose disease cannot be controlled by the avail-
able therapies. Nonmyeloablative allogeneic transplant can
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result in over 40% long-term disease control in CLL but
with risk of moderate toxicity.

» Prognosis

Therapies have changed the prognosis of CLL. Patients
with stage 0 or stage I disease have a median survival of
10–15 years, and these patients may be reassured that they
can live a normal life. Patients with stage III or stage IV dis-
ease had a median survival of less than 2 years in the past, but
with current therapies, 5-year survival is more than 70% and
the long-term outlook appears to be substantially changed.
For patients with high-risk and resistant forms of CLL, there
is evidence that allogeneic transplantation can overcome risk
factors and lead to long-term disease control.

» When to Refer

All patients with CLL should be referred to a hematologist.

» When to Admit

Hospitalization is rarely needed.

Aitken MJL et al. Emerging treatment options for patients with
p53-pathway-deficient CLL. Ther Adv Hematol. 2019;10:
2040620719891356. [PMID: 31839919]

Burger JA. Treatment of chronic lymphocytic leukemia. N Engl
J Med. 2020;383:460. [PMID: 32726532]

Wierda WG et al. How I manage CLL with venetoclax-based
treatments. Blood. 2020;135:142. [PMID: 32076705]

Woyach JA. Treatment-naive CLL: lessons from phase 2 and
phase 3 clinical trials. Blood. 2019;134:1796. [PMID:
31751484]

HAIRY CELL LEUKEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Pancytopenia.

» Splenomegaly, often massive.

» Hairy cells present on blood smear and especially
in bone marrow biopsy.

» General Considerations

Hairy cell leukemia is a rare malignancy of hematopoietic
stem cells differentiated as mature B lymphocytes with
hairy cytoplasmic projections. The V600E mutation in the
BRAF gene is recognized as the causal genetic event of
hairy cell leukemia, since it is detectable in almost all cases
at diagnosis and is present at relapse.

» Clinical Findings

A. Symptoms and Signs

The disease characteristically presents in middle-aged
men. The median age at presentation is 55 years, and there

is a striking 5:1 male predominance. Most patients present
with gradual onset of fatigue, others complain of symptoms
related to markedly enlarged spleen, and some come to
attention because of infection.

Splenomegaly is almost invariably present and may be
massive. The liver is enlarged in 50% of cases; lymphade-
nopathy is uncommon.

Hairy cell leukemia is usually an indolent disorder
whose course is dominated by pancytopenia and recurrent
infections, including mycobacterial infections.

B. Laboratory Findings

The hallmark of hairy cell leukemia is pancytopenia. Ane-
mia is nearly universal, and 75% of patients have thrombo-
cytopenia and neutropenia. The “hairy cells” are usually
present in small numbers on the peripheral blood smear
and have a characteristic appearance with numerous cyto-
plasmic projections. The bone marrow is usually inaspi-
rable (dry tap), and the diagnosis is made by characteristic
morphology on bone marrow biopsy. The hairy cells have
a characteristic histochemical staining pattern with tar-
trate-resistant acid phosphatase (TRAP). On immunophe-
notyping, the cells coexpress the antigens CD11c, CD20,
CD22, CD25, CD103, and CD123. Pathologic examination
of the spleen shows marked infiltration of the red pulp with
hairy cells. This is in contrast to the usual predilection of
lymphomas to involve the white pulp of the spleen.

» Differential Diagnosis

Hairy cell leukemia should be distinguished from other
lymphoproliferative diseases such as Waldenström macro-
globulinemia and non-Hodgkin lymphomas. It also may be
confused with other causes of pancytopenia, including
hypersplenism due to any cause, aplastic anemia, and par-
oxysmal nocturnal hemoglobinuria.

» Treatment

Treatment is indicated for symptomatic disease, ie, splenic
discomfort, recurrent infections, or significant cytopenias.
The treatment of choice is a nucleoside analog, specifically
pentostatin or cladribine for a single course, producing a
complete remission in 70–95% of patients. Treatment is
associated with infectious complications, and patients
should be closely monitored. The median duration of
response is over 8 years and patients who relapse a year or
more after initial therapy can be treated again with one of
these agents. Rituximab can be used in the relapsed setting
either as a single agent or in combination with a nucleoside
analog. The BRAF inhibitor vemurafenib exhibits ~100%
overall response rate in patients with refractory/relapsed
hairy cell leukemia, with 35–40% complete remissions. The
median relapse-free survival is ~19 months in patients who
achieved complete remission and 6 months in those who
obtained a partial response. Moxetumomab pasudotox is a
recombinant CD22-targeting immunotoxin approved for
patients with refractory disease. It has shown a durable
complete response rate of 31% in the pivotal trial. However,
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it can be associated with capillary leak and hemolytic-uremic
syndrome attributable to the diphtheria toxin moiety.

» Course & Prognosis

More than 95% of patients with hairy cell leukemia live
longer than 10 years.

Grever MR et al. Consensus guidelines for the diagnosis and
management of patients with classic hairy cell leukemia.
Blood. 2017;129:553. [PMID: 27903528]

Liebers N et al. BRAF inhibitor treatment in classic hairy cell
leukemia: a long-term follow-up study of patients treated
outside clinical trials. Leukemia. 2020;34:1454. [PMID:
31740808]

Maitre E et al. Hairy cell leukemia: 2020 update on diagnosis,
risk stratification, and treatment. Am J Hematol. 2019;94:1413.
[PMID: 31591741]

º
LYMphOMAS

NON-HODGKIN LYMPHOMAS

E S S E N T I A L S  O F  D I A G N O S I S

» Often present with painless lymphadenopathy.

» Diagnosis is made by tissue biopsy.

» General Considerations

The non-Hodgkin lymphomas are a heterogeneous group
of cancers of lymphocytes usually presenting as enlarged
lymph nodes. The disorders vary in clinical presentation
and course from indolent to rapidly progressive.

Molecular biology has provided clues to the pathogenesis
of these disorders, often a matter of balanced chromosomal
translocations whereby an oncogene becomes juxtaposed
next to either an immunoglobulin gene (B-cell lymphoma)
or the T-cell receptor gene or related gene (T-cell lym-
phoma). The net result is oncogene overexpression and
development of lymphoma. The best-studied example is
Burkitt lymphoma, in which a characteristic cytogenetic
abnormality of translocation between the long arms of chro-
mosomes 8 and 14 has been identified. The protooncogene
c-myc is translocated from its normal position on chromo-
some 8 to the immunoglobulin heavy chain locus on chro-
mosome 14. Overexpression of c-myc is related to malignant
transformation through excess B-cell proliferation. In follic-
ular lymphoma, the t(14;18) translocation is characteristic
and bcl-2 is overexpressed, resulting in protection against
apoptosis, the usual mechanism of B-cell death.

Classification of the lymphomas is a dynamic area still
undergoing evolution. The 2017 grouping (Table 13–16)
separates diseases based on both clinical and pathologic
features. Eighty-five percent of non-Hodgkin lymphomas
are B-cell and 15% are T-cell or NK-cell in origin. Even
though non-Hodgkin lymphomas represent a diverse
group of diseases, they are historically divided in two

categories based on clinical behavior and pathology: the
indolent (low-grade) and the aggressive (intermediate- or
high-grade).

» Clinical Findings

A. Symptoms and Signs

Patients with non-Hodgkin lymphomas usually present
with lymphadenopathy. Involved lymph nodes may be
present peripherally or centrally (in the retroperitoneum,
mesentery, and pelvis). The indolent lymphomas are usu-
ally disseminated at the time of diagnosis, and bone mar-
row involvement is frequent. Many patients with lymphoma
have constitutional symptoms such as fever, drenching
night sweats, and weight loss of greater than 10% of prior
body weight (referred to as “B symptoms”).

On examination, lymphadenopathy may be isolated or
diffuse, and extranodal sites of disease (such as the skin,
gastrointestinal tract, liver, and bone marrow) may be
found. Patients with Burkitt lymphoma are noted to have

Table 13–16. World Health Organization classification
of lymphomas.

Precursor B-cell lymphoblastic lymphoma

Mature B-cell lymphomas

Chronic lymphocytic leukemia/small lymphocytic lymphoma

Monoclonal B-cell lymphocytosis

Hairy cell leukemia

Plasma cell myeloma

Diffuse large B-cell lymphoma

Primary diffuse large B-cell lymphoma of the CNS

High-grade B-cell lymphoma, with MYC and BCL2 and/or BCL6

rearrangements

Mediastinal large B-cell lymphoma

Follicular lymphoma

Small lymphocytic lymphoma

Lymphoplasmacytic lymphoma (Waldenström

macroglobulinemia)

Mantle cell lymphoma

Burkitt lymphoma

Marginal zone lymphoma

MALT type

Nodal type

Splenic type

Mature T (and NK cell) lymphomas

Anaplastic large-cell lymphoma

Angioimmunoblastic T-cell lymphoma

Peripheral T-cell lymphoma, NOS

Cutaneous T-cell lymphoma (mycosis fungoides, Sézary

syndrome)

Extranodal NK/T-cell lymphoma, nasal type

Adult T-cell leukemia/lymphoma

T-cell large granular lymphocytic leukemia

Hodgkin lymphoma

Nodular lymphocyte predominant Hodgkin lymphoma

Classic Hodgkin lymphoma

Posttransplant lymphoproliferative disorders

Histiocytic and dendritic cell neoplasms

CNS, central nervous system; MALT, mucosa-associated lymphoid

tissue; NOS, not otherwise specified.
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abdominal pain or abdominal fullness because of the pre-
dilection of the disease for the abdomen.

Once a pathologic diagnosis is established, staging is
done using a whole-body positron emission tomography
(PET)/CT scan, a bone marrow biopsy, and, in patients
with high-grade lymphoma or intermediate-grade lym-
phoma with high-risk features, a lumbar puncture.

B. Laboratory Findings

The peripheral blood is usually normal even with extensive
bone marrow involvement by lymphoma. Circulating lym-
phoma cells in the blood are not commonly seen.

Bone marrow involvement is manifested as paratra-
becular monoclonal lymphoid aggregates. In some high-
grade lymphomas, the meninges are involved and
malignant cells are found with cerebrospinal fluid cytology.
The serum LD, a useful prognostic marker, is incorporated
in risk stratification of treatment.

The diagnosis of lymphoma is made by tissue biopsy.
Needle aspiration may yield evidence for non-Hodgkin
lymphoma, but a lymph node biopsy (or biopsy of involved
extranodal tissue) is required for accurate diagnosis and
classification.

» Treatment

A. Indolent Lymphomas

The most common lymphomas in this group are follicular
lymphoma, marginal zone lymphomas, and small lympho-
cytic lymphoma (SLL). The treatment of indolent lympho-
mas depends on the stage of disease and the clinical status
of the patient. A small number of patients have limited
disease with only one or two contiguous abnormal lymph
node groups and may be treated with localized irradiation
with curative intent. However, most patients (85%) with
indolent lymphoma have disseminated disease at the time
of diagnosis and are not considered curable. Historically,
treatment of these patients has not affected overall survival;
therefore, treatment is offered only when symptoms
develop or for high tumor bulk. Following each treatment
response, patients will experience a relapse at traditionally
shorter intervals. Some patients will have temporary spon-
taneous remissions (8%). There are an increasing number
of reasonable treatment options for indolent lymphomas,
but no consensus exists on the best strategy. Treatment
with rituximab (375 mg/m2 intravenously weekly for
4 weeks) is commonly used either alone or in combination
with chemotherapy and may be the only agent to affect
overall survival in these disorders. Patients should be
screened for hepatitis B because rare cases of fatal fulmi-
nant hepatitis have been described with the use of anti-
CD20 monoclonal therapies without anti-HBV agent
prophylaxis. Rituximab is added to chemotherapy regi-
mens including bendamustine; cyclophosphamide, vincris-
tine, and prednisone (R-CVP); and cyclophosphamide,
doxorubicin, vincristine, and prednisone (R-CHOP) (see
Table 39–3). The immunomodulatory agent lenalidomide
in combination with anti-CD20 therapy is an alternative
option with similar outcomes to chemotherapy. Some

patients with clinically aggressive low-grade lymphomas
may be appropriate candidates for allogeneic stem cell
transplantation with curative intent. The role of autologous
hematopoietic stem cell transplantation remains uncertain,
but some patients with recurrent disease appear to have
prolonged remissions.

Patients with mucosa-associated lymphoid tissue
tumors of the stomach may be appropriately treated with
combination antibiotics directed against H pylori and with
acid blockade but require frequent endoscopic monitoring.
Alternatively, mucosa-associated lymphoid tissue tumors
confined to the stomach can also be cured with whole-
stomach radiotherapy. Mucosa-associated lymphoid
tumors of the spleen are usually associated with hepatitis C
and may remit following hepatitis C eradication therapy.

B. Aggressive Lymphomas

Patients with diffuse large B-cell lymphoma are treated
with curative intent. Most patients are treated with six
cycles of immunochemotherapy such as R-CHOP (see
Table 39–3). Involved nodal radiotherapy (INRT) may be
added for patients with bulky or extranodal disease. About
25% of patients with diffuse large B-cell lymphoma have
been identified as “double-protein expressors” with overex-
pression of MYC and BCL2 proteins by immunohisto-
chemistry. While the outcomes with R-CHOP are inferior,
no definitive alternative treatment recommendations can
be made at this time. High-grade lymphoma with chro-
mosomal translocations affecting MYC, such as t(8;14),
and translocations affecting BCL2, such as t(14;18), also
called “double-hit lymphoma,” has a very aggressive course.
Patients with this disease may do better with dose-adjusted
R-EPOCH as front-line therapy.

Patients with diffuse large B-cell lymphoma or high-
grade lymphoma who relapse after initial chemotherapy
can still be cured by autologous hematopoietic stem cell
transplantation if their disease remains responsive to che-
motherapy. For patients who do not respond to second-line
chemotherapy, the treatment of choice is chimeric antigen
receptor T-cell therapy targeting CD19 with either axicabta-
gene ciloleucel or tisagenlecleucel, which produces durable
complete response rates of ~40%.

Mantle cell lymphoma is not effectively treated with stan-
dard immunochemotherapy regimens. Intensive initial
immunochemotherapy including autologous hematopoietic
stem cell transplantation has been shown to improve out-
comes. The BTK inhibitors ibrutinib, acalabrutinib, and zanu-
brutinib are active in relapsed or refractory patients with
mantle cell lymphoma. Reduced-intensity allogeneic stem cell
transplantation offers curative potential for selected patients.
Chimeric antigen receptor T-cell therapy with brexucabtagene
autoleucel shows promising activity in patients whose disease
progresses after treatment with BTK inhibitors. For primary
central nervous system lymphoma, repetitive cycles of high-
dose intravenous methotrexate with rituximab early in the
treatment course produce better results than whole-brain
radiotherapy and with less cognitive impairment.

Patients with highly aggressive lymphomas (Burkitt or
lymphoblastic) require urgent, intense, cyclic chemother-
apy in the hospital similar to that given for ALL, and they
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also require intrathecal chemotherapy as central nervous
system prophylaxis.

Patients with peripheral T-cell lymphomas usually
have advanced stage nodal and extranodal disease and
typically have inferior response rates to therapy compared
to patients with aggressive B-cell lymphomas. Autologous
stem cell transplantation is often incorporated in first-line
therapy. The antibody-drug conjugate brentuximab vedo-
tin has significant activity in patients with CD30 positive
peripheral T-cell lymphomas, such as anaplastic large-cell
lymphoma.

» Prognosis

The median survival of patients with indolent lymphomas
is 10–15 years. These diseases ultimately become refractory
to chemotherapy. This often occurs at the time of histologic
progression of the disease to a more aggressive form of
lymphoma.

The International Prognostic Index is widely used to
categorize patients with aggressive lymphoma into risk
groups. Factors that confer adverse prognosis are age over
60 years, elevated serum LD, stage III or stage IV disease,
more than one extranodal site of disease, and poor perfor-
mance status. Cure rates range from more than 80% for
low-risk patients (zero risk factors) to less than 50% for
high-risk patients (four or more risk factors).

For patients who relapse after initial chemotherapy,
autologous hematopoietic stem cell transplantation and
chimeric antigen receptor T-cell therapy offer a 40–50%
chance of long-term lymphoma-free survival.

The treatment of older patients with lymphoma has
been difficult because of poorer tolerance of aggressive
chemotherapy. The use of reduced-intensity regimens (eg,
R-miniCHOP) with myeloid growth factors and prophy-
lactic antibiotics is preferred.

» When to Refer

All patients with lymphoma should be referred to a hema-
tologist or an oncologist.

» When to Admit

Admission is necessary only for specific complications of
lymphoma or its treatment and for the treatment of all
high-grade lymphomas.

Chiappella A et al. Diffuse large B-cell lymphoma in the elderly:
standard treatment and new perspectives. Expert Rev Hema-
tol. 2017;10:289. [PMID: 28290728]

Ferreri AJM et al. Evolving treatments for primary central ner-
vous system lymphoma. Am Soc Clin Oncol Educ Book.
2019;39:454. [PMID: 31099614]

Mehta-Shah N. Emerging strategies in peripheral T-cell lym-
phoma. Hematology Am Soc Hematol Educ Program.
2019;2019:41. [PMID: 31808829]

Munshi PN et al. The acceleration of CAR-T therapy in non-
Hodgkin lymphoma. Hematol Oncol. 2019;37:233. [PMID:
30427551]

Ruan J. Molecular profiling and management of mantle cell
lymphoma. Hematology Am Soc Hematol Educ Program.
2019;2019:30. [PMID: 31808882]

HODGKIN LYMPHOMA

E S S E N T I A L S  O F  D I A G N O S I S

» Often painless lymphadenopathy.

» Constitutional symptoms may or may not be
present.

» Pathologic diagnosis by lymph node biopsy.

» General Considerations

Hodgkin lymphoma is characterized by lymph node biopsy
showing Reed-Sternberg cells in an appropriate reactive
cellular background. The malignant cell is derived from
B lymphocytes of germinal center origin.

» Clinical Findings

There is a bimodal age distribution, with one peak in the
20s and a second over age 50 years. Most patients seek
medical attention because of a painless mass, commonly in
the neck. Others may seek medical attention because of
constitutional symptoms such as fever, weight loss, or
drenching night sweats, or because of generalized pruritus.
An unusual symptom of Hodgkin lymphoma is pain in an
involved lymph node following alcohol ingestion.

An important feature of Hodgkin lymphoma is its ten-
dency to arise within single lymph node areas and spread
in an orderly fashion to contiguous areas of lymph nodes.
Late in the course of the disease, vascular invasion leads to
widespread hematogenous dissemination.

Hodgkin lymphoma is divided into two subtypes: clas-
sic Hodgkin (nodular sclerosis, mixed cellularity, lympho-
cyte rich, and lymphocyte depleted) and non-classic
Hodgkin (nodular lymphocyte predominant). Hodgkin
lymphoma should be distinguished pathologically from
other malignant lymphomas and may occasionally be con-
fused with reactive lymph nodes seen in infectious mono-
nucleosis, cat-scratch disease, or drug reactions (eg,
phenytoin).

Patients undergo a staging evaluation to determine the
extent of disease, including serum chemistries, whole-body
PET/CT scan, and bone marrow biopsy.

» Treatment

Chemotherapy is the mainstay of treatment for Hodgkin
lymphoma, and ABVD (doxorubicin, bleomycin, vinblas-
tine, dacarbazine) remains the standard first-line regimen.
The substitution of the antibody-drug conjugate brentux-
imab vedotin for bleomycin (AAVD) has demonstrated
superior progression-free survival to ABV but no change
in overall survival. The more intense regimen, escalated
BEACOPP (bleomycin, etoposide, doxorubicin, cyclo-
phosphamide, vincristine, procarbazine, prednisone), is
associated with increased toxicity and is reserved for
patients with activity on an interim PET/CT scan after
starting ABVD or AAVD. Low-risk patients are those with
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stage I or II disease without bulky lymphadenopathy or
evidence of systemic inflammation. They traditionally
receive a combination of short-course chemotherapy with
INRT, but INRT can be eliminated for those with an early
negative PET/CT scan without a significant change in
outcomes (see Table 39–3). High-risk patients are those
with stage III or IV disease or with stage II disease and a
large mediastinal or other bulky mass or systemic inflam-
mation. These patients are treated with a full course of
chemotherapy for six cycles. Pulmonary toxicity can
unfortunately occur following either chemotherapy (bleo-
mycin) or radiation and should be treated aggressively in
these patients, since it can lead to permanent fibrosis and
death. A negative interim PET/CT scan after two cycles of
chemotherapy can be used to identify patients with an
excellent progression-free survival who can have bleomy-
cin eliminated from their treatment. Conversely, an abnor-
mal interim PET/CT scan is associated with a worse
prognosis and should prompt early intensification of treat-
ment to achieve a complete response (CR).

Classic Hodgkin lymphoma relapsing after initial treat-
ment is treatable with high-dose chemotherapy and autolo-
gous hematopoietic stem cell transplantation. This offers a
35–50% chance of cure when disease is still chemotherapy
responsive. Brentuximab vedotin has shown impressive
activity in patients relapsing after autologous stem cell
transplantation (overall response rate [ORR] of 75%; CR of
34%) and is FDA-approved for this indication. Last,
immune checkpoint inhibition by PD1 blockade with
nivolumab or pembrolizumab has shown remarkable activ-
ity (ORR of 65%) and is another option for patients with
relapsed or refractory disease.

» Prognosis

All patients should be treated with curative intent. Progno-
sis in advanced stage Hodgkin lymphoma is influenced by
seven features: stage, age, gender, hemoglobin, albumin,
white blood cell count, and lymphocyte count. The cure
rate is 75% if zero to two risk features are present and 55%
when three or more risk features are present. The prognosis
of patients with stage IA or IIA disease is excellent, with
10-year survival rates in excess of 90%. Patients with
advanced disease (stage III or IV) have 10-year survival
rates of 50–60%. Inferior results are seen in patients who
are older, those who have bulky disease, and those with
lymphocyte depletion or mixed cellularity on histologic
examination. Non-classic Hodgkin lymphoma (nodular
lymphocyte predominant) is highly curable with radio-
therapy alone for early-stage disease; however, for high-
stage disease, it is characterized by long survival with
repetitive relapses after chemotherapy or monoclonal anti-
CD20 antibody therapy.

» When to Refer

• All patients should be sent to an oncologist or
hematologist.

• Secondary referral to a radiation oncologist might be
appropriate.

» When to Admit

Patients should be admitted for complications of the dis-
ease or its treatment.

Huntington SF. Cure at what (systemic) financial cost? Integrat-
ing novel therapies into first-line Hodgkin lymphoma treat-
ment. Hematology Am Soc Hematol Educ Program.
2019;2019:252. [PMID: 31808838]

LaCasce AS. Treating Hodgkin lymphoma in the new millen-
nium: relapsed and refractory disease. Hematol Oncol.
2019;37:87. [PMID: 31187532]

Spinner MA et al. Risk-adapted therapy for advanced-stage
Hodgkin lymphoma. Hematology Am Soc Hematol Educ
Program. 2018;2018:200. [PMID: 30504311]

Straus DJ. Limited-stage Hodgkin lymphoma: minimizing toxic-
ity. Cancer J. 2018;24:223. [PMID: 30247257]

PLASMA CELL MYELOMA

E S S E N T I A L S  O F  D I A G N O S I S

» Bone pain, often in the spine, ribs, or proximal
long bones.

» Monoclonal immunoglobulin (ie, paraprotein) in
the serum or urine.

» Clonal plasma cells in the bone marrow or in a tis-
sue biopsy, or both.

» Organ damage due to plasma cells (eg, bones,
kidneys, hypercalcemia, anemia) or other defined
criteria.

» General Considerations

Plasma cell myeloma (previously called multiple myeloma)
is a malignancy of hematopoietic stem cells terminally dif-
ferentiated as plasma cells. It is characterized by infiltra-
tion of the bone marrow, bone destruction, and paraprotein
formation. The diagnosis is established when monoclo-
nal plasma cells (either kappa or lambda light chain
restricted) in the bone marrow (any percentage) or as a
tumor (plasmacytoma), or both, are associated with end-
organ damage (such as bone disease [lytic lesions seen on
bone radiographs, magnetic resonance imaging {MRI}, or
PET/CT scan], anemia [hemoglobin less than 10 g/dL
{100 g/L}], hypercalcemia [calcium greater than 11 mg/dL
{2.75 mmol/L}], or kidney injury [creatinine greater than
2 mg/dL {176.8 mcmol/L} or creatinine clearance less than
40 mL/min]) with or without paraprotein elaboration.
Sixty percent or more clonal plasma cells in the bone mar-
row, or a serum free kappa to lambda ratio of greater than
100 or less than 0.01 (both criteria regardless of end-organ
damage), are also diagnostic of plasma cell myeloma.
Smoldering myeloma is defined as 10–59% clonal plasma
cells in the bone marrow, a serum paraprotein level of
3 g/dL (30 g/L) or higher, or both, without plasma cell–
related end-organ damage.

Malignant plasma cells can form tumors (plasmacyto-
mas) that may cause spinal cord compression or other
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soft-tissue–related problems. Bone disease is common and
due to excessive osteoclast activation mediated largely by
the interaction of the receptor activator of NF-kappa-B
(RANK) with its ligand (RANKL). In plasma cell myeloma,
osteoprotegerin (a decoy receptor for RANKL) is under-
produced, thus promoting the binding of RANK with
RANKL with consequent excessive bone resorption.

The paraproteins (monoclonal immunoglobulins)
secreted by the malignant plasma cells may cause problems
in their own right. Very high paraprotein levels (either IgG
or IgA) may cause hyperviscosity, although this is more
common with the IgM paraprotein in Waldenström mac-
roglobulinemia. The light chain component of the immu-
noglobulin, when produced in excess, often leads to kidney
injury (frequently aggravated by hypercalcemia or hyper-
uricemia, or both). Light chain components may be depos-
ited in tissues as amyloid, resulting in kidney failure with
albuminuria and a vast array of other systemic syndromes
(restrictive cardiomyopathy, autonomic and peripheral
neuropathy, enlarged tongue, etc).

Myeloma patients are prone to recurrent infections for a
number of reasons, including neutropenia, the underpro-
duction of normal immunoglobulins (so-called immunopa-
resis), and the immunosuppressive effects of chemotherapy.
Myeloma patients are especially prone to infections with
encapsulated organisms such as Streptococcus pneumoniae
and Haemophilus influenzae.

» Clinical Findings

A. Symptoms and Signs

Myeloma is a disease of older adults (median age 65 years).
The most common presenting complaints are those related
to anemia, bone pain, kidney disease, and infection. Bone
pain is most common in the back, hips, or ribs or may pres-
ent as a pathologic fracture, especially of the femoral neck
or vertebrae. Patients may also come to medical attention
because of spinal cord compression from a plasmacytoma
or the hyperviscosity syndrome (mucosal bleeding, vertigo,
nausea, visual disturbances, alterations in mental status,
hypoxia). Many patients are diagnosed because of labora-
tory findings of elevated total protein, hypercalcemia, pro-
teinuria, elevated sedimentation rate, or abnormalities on
serum protein electrophoresis obtained for symptoms or in
routine screening studies. A few patients come to medical
attention because of organ dysfunction due to amyloidosis.

Examination may reveal pallor, bone tenderness, or soft
tissue masses. Patients may have neurologic signs related to
neuropathy or spinal cord compression. Fever occurs
mainly with infection. Acute oliguric or nonoliguric kid-
ney injury may be present due to hypercalcemia, hyperuri-
cemia, light chain cast injury, or primary amyloidosis.

B. Laboratory Findings

Anemia is nearly universal. Red blood cell morphology is
normal, but rouleaux formation is common and may be
marked. The absence of rouleaux formation, however,
excludes neither plasma cell myeloma nor the presence of
a serum paraprotein. The neutrophil and platelet counts
are usually normal at presentation. Only rarely will plasma

cells be visible on peripheral blood smear (plasma cell leu-
kemia if greater than 20%).

The hallmark of myeloma is the finding of a paraprotein
on serum or urine protein electrophoresis (PEP) or immu-
nofixation electrophoresis (IFE). The majority of patients
will have a monoclonal spike visible in the gamma- or beta-
globulin region of the PEP. The semi-quantification of the
paraprotein on the PEP is referred to as the M-protein, and
IFE will reveal this to be a monoclonal immunoglobulin.
Approximately 15% of patients will have no demonstrable
paraprotein in the serum on PEP because their myeloma
cells produce only light chains and not intact immuno-
globulin (but often seen on serum IFE), and the light
chains pass rapidly through the glomerulus into the urine.
Urine PEP and IFE usually demonstrate the light chain
paraprotein in this setting. The free light chain assay will
sometimes demonstrate excess monoclonal light chains in
serum and urine, and in a small proportion of patients, will
be the only means to identify and quantify the paraprotein
being produced. Overall, the paraprotein is IgG (60%), IgA
(20%), or light chain only (15%) in plasma cell myeloma,
with the remainder being rare cases of IgD, IgM, or
biclonal gammopathy. In sporadic cases, no paraprotein is
present (“nonsecretory myeloma”); these patients have
particularly aggressive disease.

The bone marrow will be infiltrated by variable num-
bers of monoclonal plasma cells. The plasma cells may be
morphologically abnormal often demonstrating multi-
nucleation and vacuolization. The plasma cells will display
marked skewing of the normal kappa-to-lambda light
chain ratio, which will indicate their clonality. Many
benign inflammatory processes can result in bone marrow
plasmacytosis, but with the absence of clonality and mor-
phologic atypia.

C. Imaging

Bone radiographs are important in establishing the diagno-
sis of myeloma. Lytic lesions are most commonly seen in
the axial skeleton: skull, spine, proximal long bones, and
ribs. At other times, only generalized osteoporosis is seen.
The radionuclide bone scan is not useful in detecting bone
lesions in myeloma, since there is little osteoblastic compo-
nent. In the evaluation of patients with known or suspected
plasma cell myeloma, MRI and PET/CT scans are more
sensitive to detect bone disease than plain radiographs and
are preferred.

» Differential Diagnosis

When a patient is discovered to have a paraprotein, the
distinction between plasma cell myeloma or another lym-
phoproliferative malignancy with a paraprotein (CLL/SLL,
Waldenström macroglobulinemia, non-Hodgkin lym-
phoma, primary amyloid, cryoglobulinemia) or monoclo-
nal gammopathy of undetermined significance (MGUS)
must be made. Plasma cell myeloma, smoldering plasma
cell myeloma, and MGUS must be distinguished from
reactive (benign) polyclonal hypergammaglobulinemia
(which is commonly seen in cirrhosis or chronic
inflammation).
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» Treatment

Patients with low-risk smoldering myeloma are observed.
Those with high-risk smoldering disease may be treated
with lenalidomide (an immunomodulatory agent) and
dexamethasone since this therapy prolongs the time to
symptomatic myeloma and may prolong survival com-
pared to no treatment though at the expense of treatment-
related side effects.

Most patients with plasma cell myeloma require treat-
ment at diagnosis because of bone pain or other symptoms
and complications related to the disease. The initial treat-
ment generally involves triple therapy: an immunomodula-
tory agent, such as lenalidomide; a proteasome inhibitor,
such as bortezomib or carfilzomib; and moderate- or high-
dose dexamethasone. An immunomodulatory agent is
sometimes replaced with an alkylating agent, cyclophos-
phamide, in the setting of kidney injury. The major side
effects of lenalidomide are neutropenia and thrombocyto-
penia, skin rash, venous thromboembolism, peripheral
neuropathy, and possibly birth defects. Bortezomib and
carfilzomib have the advantages of producing rapid
responses and of being effective in poor-prognosis
myeloma. The major side effect of bortezomib is neuropa-
thy (both peripheral and autonomic), which is largely
ameliorated when given subcutaneously rather than intra-
venously. Carfilzomib rarely causes neuropathy but some-
times causes acute pulmonary hypertension or cardiac
systolic dysfunction that is usually reversible. A subcutane-
ous dose combination of daratumumab (an anti-CD38
monoclonal antibody) plus hyaluronidase-fihj has received
FDA approval for treatment of patients with plasma cell
myeloma, including newly diagnosed, autologous stem cell
transplant–ineligible patients as well as relapsed or refrac-
tory patients.

An oral proteasome inhibitor, ixazomib, is available for
relapsed disease. Pomalidomide, an immunomodulatory
agent, is effective as salvage therapy after relapse. Other
salvage agents include daratumumab, elotuzumab (an anti-
SLAMF7 monoclonal antibody), panobinostat (a histone
deacetylase inhibitor), selinexor (causes cell cycle arrest
and apoptosis), and belantamab mafodotin (an anti-BCMA
antibody conjugated to a cytotoxic agent).

After initial therapy, many patients under age 80 years are
consolidated with autologous hematopoietic stem cell trans-
plantation following high-dose melphalan (an alkylating
chemotherapeutic agent). Autologous stem cell transplanta-
tion prolongs both duration of remission and overall survival.
Lenalidomide or thalidomide prolong remission and survival
when given as posttransplant maintenance therapy but at the
expense of an elevated rate of second malignancies. Protea-
some inhibitors prolong remissions in high-risk patients after
autologous stem cell transplantation.

Localized radiotherapy may be useful for palliation of
bone pain or for eradicating tumor at the site of pathologic
fracture. Vertebral collapse with its attendant pain and
mechanical disturbance can be treated with vertebroplasty
or kyphoplasty. Hypercalcemia and hyperuricemia should
be treated aggressively with immobilization and dehydra-
tion avoided. The bisphosphonates (pamidronate or zole-
dronic acid) or the RANKL-inhibitor (denosumab) given

intravenously monthly reduces pathologic fractures in
patients with bone disease. These medications are impor-
tant adjuncts in this subset of patients. The bisphospho-
nates are also used to treat myeloma-related hypercalcemia.
However, long-term bisphosphonates have been associated
with a risk of osteonecrosis of the jaw and other bony areas,
so the use of bisphosphonates is limited to 1–2 years after
definitive initial therapy in most patients. Myeloma patients
with oliguric or anuric kidney disease at diagnosis due to
high free light chain levels should be treated aggressively
with chemotherapy and considered for therapeutic plasma
exchange (to reduce the paraprotein burden) because
return of kidney function can sometimes occur.

» Prognosis

The outlook for patients with myeloma has been steadily
improving for the past decade. The median survival of
patients is more than 7 years. Patients with low-stage dis-
ease who lack high-risk genomic changes respond very
well to treatment and derive significant benefit from
autologous hematopoietic stem cell transplantation and
have survivals approaching a decade. The International
Staging System for myeloma relies on two factors: beta-
2-microglobulin and albumin. Stage 1 patients have both
beta-2-microglobulin less than 3.5 mg/L and albumin
greater than 3.5 g/dL (survival more than 5 years). Stage 3
is established when beta-2-microglobulin is greater than
5.5 mg/L (survival less than 2 years). Stage 2 is established
with values in between stage 1 and 3. Other adverse prog-
nostic findings are an elevated serum LD or bone marrow
genetic abnormalities established by FISH involving the
immunoglobulin heavy chain locus at chromosome 14q32,
multiple copies of the 1q21-23 locus, or 17p chromosome
abnormalities (causing the loss or mutation of TP53).

» When to Refer

All patients with plasma cell myeloma should be referred to
a hematologist or an oncologist.

» When to Admit

Hospitalization is indicated for treatment of acute kidney
injury, hypercalcemia, or suspicion of spinal cord compres-
sion, for certain chemotherapy regimens, or for autologous
hematopoietic stem cell transplantation.

Chehab S et al. Daratumumab and its use in the treatment of
relapsed and/or refractory multiple myeloma. Future Oncol.
2018;14:3111. [PMID: 30136602]

Goldschmidt H et al. Navigating the treatment landscape in
multiple myeloma: which combinations to use and when?
Ann Hematol. 2019;98:1. [PMID: 30470875]

Lonial S et al. Belantamab mafodotin for relapsed or refractory
multiple myeloma (DREAMM-2): a two-arm, randomised,
open-label, phase 2 study. Lancet Oncol. 2020;21:207. [PMID:
31859245]

Rajkumar SV. Multiple myeloma: 2020 update on diagnosis, risk-
stratification and management. Am J Hematol. 2020;95:548.
[PMID: 32212178]
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MONOCLONAL GAMMOPATHY OF
UNDETERMINED SIGNIFICANCE

E S S E N T I A L S  O F  D I A G N O S I S

» Monoclonal immunoglobulin (ie, paraprotein) in
the serum (< 3 g/dL [< 30 g/L]) or urine.

» Clonal plasma cells in the bone marrow < 10%
(if performed).

» No symptoms and no organ damage from the
paraprotein.

» General Considerations

MGUS is present in 1% of all adults (3% of those over age
50 years and more than 5% of those over age 70 years).
Among all patients with paraproteins, MGUS is far more
common than plasma cell myeloma. MGUS is defined as
bone marrow clonal plasma cells less than 10% in the set-
ting of a paraprotein in the serum or urine (serum
M-protein less than 3 g/dL [30 g/L]) and the absence of
plasma cell–related end-organ damage. If an excess of
serum free light chains (kappa or lambda) is established,
the kappa to lambda ratio is 100 or less or 0.01 or greater
(otherwise, this is diagnostic of plasma cell myeloma). In
approximately one-quarter of cases, MGUS progresses to
overt malignant disease in a median of one decade. The
transformation of MGUS to plasma cell myeloma is
approximately 1% per year. Two adverse risk factors for
progression of MGUS to a plasma cell or lymphoid malig-
nancy are an abnormal serum kappa to lambda free light
chain ratio and a serum monoclonal protein (M-protein)
level 1.5 g/dL or greater. Patients with MGUS have short-
ened survival (median 8.1 years vs 12.4 years for age- and
sex-matched controls). In addition, 12% of patients with
MGUS will convert to primary amyloidosis in a median of
9 years. Plasma cell myeloma, smoldering plasma cell
myeloma, and MGUS must be distinguished from reactive
(benign) polyclonal hypergammaglobulinemia (common
in cirrhosis or chronic inflammation).

» Laboratory Findings

To establish the diagnosis, serum and urine should be sent
for PEP and IFE to search for a monoclonal protein; serum
should be sent for free light chain analysis and quantitative
immunoglobulins. Additional tests include a hemoglobin
and serum albumin, calcium, and creatinine. If these addi-
tional tests are normal (or if abnormal but otherwise
explained), then a bone marrow biopsy is usually deferred
provided the serum M-protein is less than 3 g/dL (less than
30 g/L). In asymptomatic individuals, a skeletal survey
(radiographs) is performed, but if there are some bone
complaints or a question regarding bone disease, MRI or
PET/CT imaging is preferred. MGUS is diagnosed if
patients do not meet the criteria for smoldering plasma cell
myeloma or plasma cell myeloma.

» Treatment

Patients with MGUS are observed without treatment.

Atkin C et al. What is the significance of monoclonal gammopa-
thy of undetermined significance? Clin Med (Lond). 2018;
18:391. [PMID: 30287433]

Kyle RA et al. Long-term follow up of monoclonal gammopathy
of undetermined significance. N Engl J Med. 2018;378:241.
[PMID: 29342381]

Seth S et al. Monoclonal gammopathy of undetermined signifi-
cance: current concepts and future prospects. Curr Hematol
Malig Rep. 2020;15:45. [PMID: 32222885]

WALDENSTRÖM MACROGLOBULINEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Monoclonal IgM paraprotein.

» Infiltration of bone marrow by plasmacytic
lymphocytes.

» Absence of lytic bone disease.

» General Considerations

Waldenström macroglobulinemia is a syndrome of IgM
hypergammaglobulinemia that occurs in the setting of
a low-grade non-Hodgkin lymphoma characterized by
B cells that are morphologically a hybrid of lymphocytes
and plasma cells. These cells characteristically secrete the
IgM paraprotein, and many clinical manifestations of the
disease are related to this macroglobulin.

» Clinical Findings

A. Symptoms and Signs

This disease characteristically develops insidiously in
patients in their 60s or 70s. Patients usually present with
fatigue related to anemia. Hyperviscosity of serum may be
manifested in a number of ways. Mucosal and gastrointesti-
nal bleeding is related to engorged blood vessels and platelet
dysfunction. Other complaints include nausea, vertigo, and
visual disturbances. Alterations in consciousness vary from
mild lethargy to stupor and coma. The IgM paraprotein
may also cause symptoms of cold agglutinin disease (hemo-
lysis) or chronic demyelinating peripheral neuropathy.

On examination, there may be hepatosplenomegaly or
lymphadenopathy. The retinal veins are engorged. Purpura
may be present. There should be no bone tenderness.

B. Laboratory Findings

Anemia is nearly universal, and rouleaux formation is
common, although the red blood cells are agglutinated
when the blood smear is prepared at room temperature.
The anemia is related in part to expansion of the plasma
volume by 50–100% due to the presence of the paraprotein.
Other blood counts are usually normal. The abnormal
plasmacytic lymphocytes may appear in small numbers on
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the peripheral blood smear. The bone marrow is character-
istically infiltrated by the plasmacytic lymphocytes.

The hallmark of macroglobulinemia is the presence of a
monoclonal IgM spike seen on serum PEP in the beta-
globulin region. The serum viscosity is usually increased
above the normal of 1.4–1.8 times that of water. Symptoms
of hyperviscosity usually develop when the serum viscosity
is over four times that of water, and marked symptoms usu-
ally arise when the viscosity is over six times that of water.
Because paraproteins vary in their physicochemical prop-
erties, there is no strict correlation between the concentra-
tion of paraprotein and serum viscosity.

The IgM paraprotein may cause a positive antiglobulin
(Coombs) test for complement and have cold agglutinin or
cryoglobulin properties. If macroglobulinemia is suspected
but the serum PEP shows only hypogammaglobulinemia,
the test should be repeated while taking special measures
to maintain the blood at 37°C, since the paraprotein may
precipitate out at room temperature. Bone radiographs are
normal, and there is no evidence of kidney injury.

» Differential Diagnosis

Waldenström macroglobulinemia is differentiated from
MGUS by the finding of bone marrow infiltration with
monoclonal malignant cells. It is distinguished from CLL
by bone marrow morphology, the absence of CD5 expres-
sion, and the absence of lymphocytosis, and it is distin-
guished from plasma cell myeloma by bone marrow
morphology, the finding of the characteristic IgM parapro-
tein, and the absence of lytic bone disease.

» Treatment

Patients with marked hyperviscosity syndrome (stupor,
coma, pulmonary edema) should be treated on an emer-
gency basis with plasmapheresis. On a chronic basis, some
patients can be managed with periodic plasmapheresis
alone. As with other indolent malignant lymphoid diseases,
rituximab (375 mg/m2 intravenously weekly for 4–8 weeks)
has significant activity. However, a word of caution: the IgM
often rises first after rituximab therapy before it falls. Com-
bination therapy is recommended for advanced disease (see
Table 39–3). MYD88 is commonly mutated in Waldenström
macroglobulinemia, and in these patients, the BTK inhibitor
ibrutinib (420 mg daily) has shown significant activity with
a 90% response rate and a 73% major response rate that can
result in durable remissions. Bortezomib, lenalidomide, and
bendamustine have also been shown to have activity in this
disease. Autologous hematopoietic stem cell transplantation
is reserved for relapsed or refractory patients.

» Prognosis

Waldenström macroglobulinemia is an indolent disease
with a median survival rate of 5 years, and 10% of patients
are alive at 15 years.

» When to Refer

All patients should be referred to a hematologist or an
oncologist.

» When to Admit

Patients should be admitted for treatment of hyperviscosity
syndrome.

Bustoros M et al. Progression risk stratification of asymptomatic
Waldenström macroglobulinemia. J Clin Oncol. 2019;37:1403.
[PMID: 30990729]

Dimopoulos MA et al. How I treat Waldenström macroglobulin-
emia. Blood. 2019;134:2022. [PMID: 31527073]

Gertz MA. Waldenström macroglobulinemia: 2019 update on
diagnosis, risk stratification, and management. Am J Hematol.
2019;94:266. [PMID: 30328142]

AMYLOIDOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Congo red positive amyloid protein on tissue
biopsy.

» Primary amyloid protein is kappa or lambda
immunoglobulin light chain.

» Serum or urine (or both) light chain paraprotein.

» General Considerations

Amyloidosis is a rare condition whereby a protein abnor-
mally deposits in tissue resulting in organ dysfunction. The
propensity of a protein to be amyloidogenic is a conse-
quence of disturbed translational or posttranslational pro-
tein folding and lack of consequential water solubility. The
input of amyloid protein into tissues far exceeds its output,
so amyloid build up inexorably proceeds to organ dysfunc-
tion and ultimately organ failure and premature death.

Amyloidosis is classified according to the type of amy-
loid protein deposited. The six main categories are primary
(immunoglobulin light chain [AL]), secondary (serum
protein A, produced in inflammatory conditions [AA]),
hereditary (mutated transthyretin [TTR]; many others),
senile (wild-type TTR; atrial natriuretic peptide; others),
dialysis-related (beta-2-microglobulin, not filtered out by
dialysis membranes [Abeta-2M]), and LECT2 (associated
with Latino ethnicity). Amyloidosis is further classified as
localized (amyloid deposits only in a single tissue type or
organ) or, most common, systemic (widespread amyloid
deposition).

» Clinical Findings

A. Symptoms and Signs

Patients with localized amyloidosis have symptoms and
signs related to the affected single organ, such as hoarseness
(vocal cords) or proptosis and visual disturbance (orbits).
Patients with systemic amyloidosis have symptoms and
signs of unexplained medical syndromes, including heart
failure (infiltrative/restrictive cardiomyopathy), nephrotic
syndrome, malabsorption and weight loss, hepatic dysfunc-
tion, autonomic insufficiency, carpal tunnel syndrome
(often bilateral), and sensorimotor peripheral neuropathy.
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Other symptoms and signs include an enlarged tongue;
waxy, rough plaques on skin; contusions (including the
periorbital areas); cough or dyspnea; and disturbed degluti-
tion. These symptoms and signs arise insidiously, and the
diagnosis of amyloidosis is generally made late in the dis-
ease process.

B. Laboratory Findings

The diagnosis of amyloid protein requires a tissue biopsy
that demonstrates deposition of a pink interstitial substance
in the tissue with the hematoxylin and eosin stain. This
protein stains red with Congo red and becomes an apple-
green color when the light is polarized. Amyloid is a triple-
stranded fibril composed of the amyloid protein, amyloid
protein P, and glycosaminoglycan. The amyloid fibrils form
beta-pleated sheets as demonstrated by electron micros-
copy. In primary amyloidosis, the amyloid protein is either
the kappa or lambda immunoglobulin light chain.

When systemic amyloidosis is suspected, a blind aspira-
tion of the abdominal fat pad will reveal amyloid two-
thirds of the time. If the fat pad aspiration is unrevealing,
then the affected organ needs biopsy. In 90% of patients
with primary amyloidosis, analysis of the serum and urine
will reveal a kappa or lambda light chain paraprotein by
PEP, IFE, or free light chain assay; in the remainder, mass
spectroscopy demonstrates light chain in the tissue biopsy.
Lambda amyloid is more common than kappa amyloid, a
relative proportion opposite from normal B-cell stoichiom-
etry. Most patients with primary amyloidosis have a small
excess of kappa- or lambda-restricted plasma cells in the
bone marrow (but less than 10%). The bone marrow may
or may not demonstrate interstitial amyloid deposition or
amyloid in the blood vessels.

Patients with primary cardiac amyloidosis have an infil-
trative cardiomyopathy with thick ventricular walls on
echocardiogram that sometimes shows a specific speckling
pattern. Paradoxically, QRS voltages are low on ECG. Car-
diac MRI has a distinctive delayed enhancement of gado-
linium that is virtually diagnostic. With renal amyloid,
albuminuria is present, which can be in the nephrotic
range. Late in renal involvement, kidney function decreases.

» Differential Diagnosis

Amyloidosis must be distinguished from MGUS and
plasma cell myeloma or other malignant lymphoprolifera-
tive disorders with an associated paraprotein. Of note, 12%
of patients with MGUS will convert to primary amyloidosis
in a median of 9 years. One-fifth of patients who have pri-
mary amyloidosis will meet the diagnostic criteria for
plasma cell myeloma; conversely, 5% of patients with
plasma cell myeloma will have amyloid deposition of their
paraprotein at diagnosis.

» Treatment

The treatment approach to primary amyloidosis closely
resembles that of plasma cell myeloma. Prospective, ran-
domized trials of plasma cell myeloma chemotherapy

versus colchicine have demonstrated a survival benefit to
chemotherapy. The goal is reduction of light chain produc-
tion and deposition as a means to arrest progressive end-
organ dysfunction. Active agents in primary amyloidosis
include melphalan, cyclophosphamide, dexamethasone,
lenalidomide, and bortezomib (see Table 39–3). The anti-
CD38 monoclonal antibody daratumumab has a role in
relapsed or refractory disease. As in plasma cell myeloma,
autologous hematopoietic stem cell transplantation after high-
dose melphalan is used in patients with reasonable organ
function and a good performance status. The treatment-
related mortality, however, is higher in patients with primary
amyloidosis than in plasma cell myeloma (6% vs 1%). Some
patients will demonstrate end-organ improvement after ther-
apy. Agents are being developed that facilitate amyloid disso-
lution or correct protein folding abnormalities in the amyloid
protein. Treatment of AA amyloid is treatment of the underly-
ing cause of inflammation. Treatment of familial TTR is liver
transplantation and of acquired TTR is tafamidis or
inotersen.

» Prognosis

Untreated primary amyloidosis is associated with progres-
sive end-organ failure and premature death. There is no
known cure for primary amyloidosis. Although virtually
every tissue examined at autopsy will contain amyloid,
patients with primary amyloidosis usually have one or two
primary failing organs that clinically drive the presentation
and prognosis. The cardiac biomarkers B-type natriuretic
peptide (BNP), N-terminal pro-BNP, and troponins T and
I are prognostic in this disease regardless of overt clinical
cardiac involvement. Historically, patients with predomi-
nantly cardiac or autonomic nerve presentations had sur-
vivals of 3–9 months, those with carpal tunnel syndrome or
nephrosis had survivals of 1.5–3 years, and those with
peripheral neuropathy had survivals of 5 years. These sur-
vivals are roughly doubled with plasma cell myeloma-like
treatment. In those patients able to undergo autologous
hematopoietic stem cell transplantation, the median sur-
vival approaches 5 years (and approaches 10 years for those
achieving a complete hematologic remission).

» When to Refer

• All patients who have primary amyloidosis or in whom
it is suspected should be referred to a hematologist or
oncologist.

• All patients with hereditary amyloidosis should be
referred to a hepatologist for consideration of liver
transplantation.

» When to Admit

• Patients with systemic amyloidosis require hospitaliza-
tion to treat exacerbations of end-organ failure, includ-
ing heart, liver, or kidney.

• Patients with primary amyloidosis require hospitaliza-
tion to undergo autologous hematopoietic stem cell
transplantation.
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Gertz MA et al. Systemic amyloidosis recognition, prognosis,
and therapy: a systematic review. JAMA. 2020;324:79. [PMID:
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º
BLOOD tRANSFUSIONS

Most blood products are leukoreduced in-line during
acquisition and are thus prospectively leukocyte-poor.
Leukoreduced blood products reduce the incidence of leu-
koagglutination reactions, platelet alloimmunization,
transfusion-related acute lung injury, and CMV exposure.

RED BLOOD CELL TRANSFUSIONS

Red blood cell transfusions are given to raise the hemoglo-
bin levels in patients with anemia or to replace losses after
acute bleeding episodes.

» Preparations of Red Cells for Transfusion

Several types of preparations containing red blood cells are
available (whole blood, packed red blood cells, frozen red
blood cells, or autologous non-frozen red blood cells).

A. Fresh Whole Blood

The advantage of whole blood for transfusion is the simul-
taneous presence of red blood cells, plasma, and fresh
platelets. Fresh whole blood is not absolutely necessary,
since all the above components are available separately. The
major indications for use of whole blood are cardiac sur-
gery or massive hemorrhage when more than 10 units of
blood is required in a 24-hour period.

B. Packed Red Blood Cells

Packed red cells are the component most commonly used
to raise the hemoglobin. Each unit has a volume of about
300 mL, of which approximately 200 mL consists of red
blood cells. One unit of packed red cells will usually raise
the hemoglobin by approximately 1 g/dL. Current guide-
lines recommend a transfusion “trigger” hemoglobin
threshold of 7–8 g/dL (70–80 g/L) for hospitalized critically
ill patients, those undergoing cardiothoracic surgery or
repair of a hip fracture, those with upper gastrointestinal
bleeding, and those with hematologic malignancy under-
going chemotherapy or hematopoietic cell transplant.

C. Autologous Packed Red Blood Cells

Patients scheduled for elective surgery may donate blood
for autologous transfusion. These units may be stored for
up to 35 days before freezing is necessary.

» Compatibility Testing

Before transfusion, the recipient’s and the donor’s blood are
typed and cross-matched to avoid hemolytic transfusion
reactions. Although many antigen systems are present on
red blood cells, only the ABO and Rh systems are

specifically tested prior to all transfusions. The A and B
antigens are the most important, because everyone who
lacks one or both red cell antigens has IgM isoantibodies
(called isoagglutinins) in his or her plasma against the
missing antigen(s). The isoagglutinins activate comple-
ment and can cause rapid intravascular lysis of the incom-
patible red blood cells. In emergencies, type O/Rh-negative
blood can be given to any recipient, but usually packed cells
are given to minimize transfusion of donor plasma con-
taining anti-A and anti-B antibodies with the use of whole
blood.

The other important antigen routinely tested for is the D
antigen of the Rh system. Approximately 15% of the popu-
lation lacks this antigen. In patients lacking the antigen,
anti-D antibodies are not naturally present, but the antigen
is highly immunogenic. A recipient whose red cells lack D
and who receives D-positive blood often develop anti-D
antibodies that can cause severe lysis of subsequent transfu-
sions of D-positive red cells or reject a D-positive fetus.

Blood typing includes a cross-match assay of recipient
serum for alloantibodies directed against donor red blood
cells by mixing recipient serum with panels of red blood
cells representing commonly occurring minor red cell anti-
gens. The screening is particularly important if the recipi-
ent has had previous transfusions or pregnancy.

» Hemolytic Transfusion Reactions

The most severe hemolytic transfusion reactions are acute
(temporally related to the transfusion), involving incompat-
ible mismatches in the ABO system that are isoagglutinin-
mediated. Most of these cases are due to clerical errors
and mislabeled specimens. With current compatibility
testing and double-check clerical systems, the risk of an
acute hemolytic reaction is 1 in 76,000 transfused units of
red blood cells. Death from acute hemolytic reaction
occurs in 1 in 1.8 million transfused units. When hemo-
lysis occurs, it is rapid and intravascular, releasing free
hemoglobin into the plasma. The severity of these reac-
tions depends on the dose of red blood cells given. The
most severe reactions are those seen in surgical patients
under anesthesia.

Delayed hemolytic transfusion reactions are caused by
minor red blood cell antigen discrepancies and are typi-
cally less severe. The hemolysis usually takes place at a
slower rate and is mediated by IgG alloantibodies causing
extravascular red blood cell destruction. These transfusion
reactions may be delayed for 5–10 days after transfusion. In
such cases, the recipient has received red blood cells con-
taining an immunogenic antigen, and in the time since
transfusion, a new alloantibody has formed. The most
common antigens involved in such reactions are Duffy,
Kidd, Kell, and C and E loci of the Rh system. The current
risk of a delayed hemolytic transfusion reaction is 1 in 6000
transfused units of red blood cells.

A. Symptoms and Signs

Major acute hemolytic transfusion reactions cause fever
and chills, with backache and headache. In severe cases,
there may be apprehension, dyspnea, hypotension, and
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cardiovascular collapse. Patients under general anesthesia
will not manifest such symptoms, and the first indication
may be tachycardia, generalized bleeding, or oliguria. The
transfusion must be stopped immediately. In severe cases,
acute DIC, acute kidney injury from tubular necrosis, or
both can occur. Death occurs in 4% of acute hemolytic
reactions due to ABO incompatibility. Delayed hemolytic
transfusion reactions are usually without any or only mild
symptoms or signs.

B. Laboratory Findings

When an acute hemolytic transfusion episode is suspected,
the identification of the recipient and of the transfusion
product bag label should be rechecked. The transfusion
product bag with its pilot tube must be returned to the
blood bank, and a fresh sample of the recipient’s blood must
accompany the bag for retyping and re–cross-matching of
donor and recipient blood samples. The hemoglobin will
fail to rise by the expected amount. Coagulation studies
may reveal evidence of acute kidney injury or acute DIC.
The plasma-free hemoglobin in the recipient will be
elevated resulting in hemoglobinuria.

In cases of delayed hemolytic reactions, there will be an
unexpected drop in hemoglobin and an increase in the
total and indirect bilirubins. The new offending alloanti-
body is easily detected in the patient’s serum.

C. Treatment

If an acute hemolytic transfusion reaction is suspected, the
transfusion should be stopped at once. The patient should
be vigorously hydrated to prevent acute tubular necrosis.
Forced diuresis with mannitol may help prevent or mini-
mize acute kidney injury.

» Leukoagglutinin Reactions

Most transfusion reactions are not hemolytic but represent
reactions to antigens present on transfused passenger leu-
kocytes in patients who have been sensitized to leukocyte
antigens through previous transfusions or pregnancy.
Transfusion products relatively rich in leukocyte-rich
plasma, especially platelets, are most likely to cause this.
Moderate to severe leukoagglutinin reactions occur in 1%
of red blood cell transfusions and 2% of platelet transfu-
sions. The risk of a leukoagglutination reaction is minimal
if the transfused blood product is leukoreduced in-line
upon collection. Most commonly, fever and chills develop
in patients within 12 hours after transfusion. In severe
cases, cough and dyspnea may occur and the chest radio-
graph may show transient pulmonary infiltrates. Because
no hemolysis is involved, the hemoglobin rises by the
expected amount despite the reaction.

Leukoagglutinin reactions may respond to acetamino-
phen (500–650 mg orally) and diphenhydramine (25 mg
orally or intravenously); corticosteroids, such as hydrocor-
tisone (1 mg/kg intravenously), are also of value. Overall,
leukoagglutination reactions are diminishing through the
routine use of in-line leukotrapping during blood donation
(ie, leukoreduced blood). Patients experiencing severe leu-
koagglutination episodes despite receiving leukoreduced

blood transfusions should receive leukopoor or washed
blood products.

» Hypersensitivity Reactions

Urticaria or bronchospasm may develop during or soon
after a transfusion. These reactions are almost always due
to exposure to allogeneic plasma proteins rather than to
leukocytes. The risk is low enough that the routine use of
antihistamine premedications has been eliminated before
packed red blood cell transfusions. However, a hypersensi-
tivity reaction, including anaphylactic shock, may develop
in patients who are IgA deficient because of antibodies to
IgA in the patient’s plasma directed against the IgA in the
transfused blood product. Patients with such reactions may
require transfusion of washed or even frozen red blood
cells to avoid future severe reactions.

» Contaminated Blood

Blood products can be contaminated with bacteria. Plate-
lets are especially prone to bacterial contamination because
they cannot be refrigerated. Bacterial contamination
occurs in 1 of every 30,000 red blood cell donations and 1
of every 5000 platelet donations. Receipt of a blood prod-
uct contaminated with gram-positive bacteria will cause
fever and bacteremia, but rarely causes a sepsis syndrome.
Receipt of a blood product contaminated with gram-nega-
tive bacteria often causes septic shock, acute DIC, and
acute kidney injury due to the transfused endotoxin and is
usually fatal. Strategies to reduce bacterial contamination
include enhanced venipuncture site skin cleansing, divert-
ing of the first few milliliters of donated blood, use of
single-donor blood products (as opposed to pooled-donor
products), and point-of-care rapid bacterial screening in
order to discard questionable units. Blood products infused
with psoralen and then exposed to UVA light will have no
living organisms in them, but add cost to acquisition of the
blood product. The current risk of a septic transfusion
reaction from a culture-negative unit of single-donor plate-
lets (not psoralen treated) is 1 in 60,000. In any patient who
may have received contaminated blood, the recipient and
the donor blood bag should both be cultured, and antibiot-
ics should be given immediately to the recipient.

» Infectious Diseases Transmitted Through
Transfusion

Despite the use of only volunteer blood donors and the
routine screening of blood, transfusion-associated viral
diseases remain a problem. All blood products (red blood
cells, platelets, plasma, cryoprecipitate) can transmit viral
diseases. All blood donors are screened with question-
naires designed to detect (and therefore reject) donors at
high risk for transmitting infectious diseases. For example,
the American Red Cross does not accept blood donation
from persons with a diagnosis of COVID-19 or from con-
tacts of persons who have or are suspected to have the causal
SARS-CoV-2 virus. All blood is screened for hepatitis B
surface antigen, antibody to hepatitis B core antigen and
syphilis, antibodies to HIV-1 and HIV-2 and NAT (nucleic
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acid amplification) for HIV, antibody to hepatitis C virus
(HCV) and NAT for hepatitis C, antibody to human T-cell
lymphotropic/leukemia virus (HTLV), and NAT for West
Nile virus. Zika virus contamination is screened for by
donor questionnaire but the routine use of an FDA-
approved detection test has not been uniformly adopted to
screen donated blood. It is recommended that blood donors
get screened once for antibodies against Trypanosoma cruzi,
the infectious agent that causes Chagas disease (and if nega-
tive, no further screening for additional blood donations).

With improved screening, the risk of posttransfusion
hepatitis has steadily decreased after the receipt of screened
“negative” blood products. The risk of acquiring hepatitis B
is about 1 in 200,000 transfused units in the United States.
The risk of hepatitis C acquisition is 1 in 1.5 to 2 million
transfused units in the United States. The risk of HIV acqui-
sition is 1 in 2 million transfused units. Unscreened but
leukoreduced blood products appear to be equivalent to
CMV screened-negative blood products in terms of the risk
of CMV transmission to a CMV-seronegative recipient.

» Transfusion GraftVersusHost Disease

Allogeneic passenger lymphocytes in transfused blood
products will engraft in some recipients and mount an
alloimmune attack against tissues expressing discrepant
HLA antigens causing graft-versus-host disease (GVHD).
The symptoms and signs of transfusion-associated
GVHD include fever, rash, diarrhea, hepatitis, lymph-
adenopathy, and severe pancytopenia. The outcome is
usually fatal. Transfusion-associated GVHD occurs most
often in recipients with immune defects, malignant lym-
phoproliferative disorders, solid tumors being treated
with chemotherapy or immunotherapy, treatment with
immunosuppressive medications (especially purine ana-
logs such as fludarabine), or older patients undergoing
cardiac surgery. HIV infection alone does not increase
the risk. The use of leukoreduced blood products is inad-
equate to prevent transfusion-associated GVHD. This
complication can be avoided by irradiating blood prod-
ucts (25 Gy or more) to prevent lymphocyte proliferation
in blood products given to recipients at high risk for
transfusion-associated GVHD.

» TransfusionRelated Acute Lung Injury

Transfusion-related acute lung injury (TRALI) occurs in 1
in every 5000 transfused units of blood products. TRALI is
clinically defined as noncardiogenic pulmonary edema
after a blood product transfusion without other explana-
tion. Transfused surgical and critically ill patients seem
most susceptible. It has been associated with allogeneic
antibodies in the donor plasma component that bind to
recipient leukocyte antigens, including HLA antigens and
other granulocyte- and monocyte-specific antigens (such
as human neutrophil antigen [HNA]-1a, -1b, -2a, and -3a).
In 20% of cases, no antileukocyte antibodies are identified
raising the concern that bioactive lipids or other substances
that accumulate while the blood product is in storage can
also mediate TRALI in susceptible recipients. Ten to 20%
of female blood donors and 1–5% of male blood donors

have antileukocyte antibodies in their serum. The risk of
TRALI is reduced through the use of male-only plasma
donors, when possible. There is no specific treatment for
TRALI, only supportive care.

PLATELET TRANSFUSIONS

Platelet transfusions are indicated in cases of thrombocyto-
penia due to decreased platelet production. They are of
some use in immune thrombocytopenia when active bleed-
ing is evident, but the clearance of transfused platelets is
rapid as they are exposed to the same pathophysiologic
forces as the recipient’s endogenous platelets. The risk of
bleeding rises when the platelet count falls to less than
80,000/mcL (80 × 109/L), and the risk of life-threatening
spontaneous bleeding increases when the platelet count is
less than 5000/mcL (5 × 109/L). Because of this, prophylac-
tic platelet transfusions are often given at these very low
levels, usually when less than 10,000/mcL (10 × 109/L).
Platelet transfusions are also given prior to invasive proce-
dures or surgery in thrombocytopenic patients, and the goal
is often to raise the platelet count to 50,000/mcL (50 × 109/L)
or more.

Platelets for transfusion are most commonly derived from
single-donor apheresis collections (roughly the equivalent to
the platelets recovered from six donations of whole blood). A
single donor unit of platelets should raise the platelet count
by 50,000 to 60,000 platelets per mcL (50–60 × 109/L) in a
transfusion-naïve recipient without hypersplenism or ongo-
ing platelet consumptive disorder. Transfused platelets typi-
cally last for 2 or 3 days. Platelet transfusion responses may
be suboptimal with poor platelet increments and short
platelet survival times. This may be due to one of several
causes, including fever, sepsis, hypersplenism, DIC, large
body habitus, low platelet dose in the transfusion, or platelet
alloimmunization (from prior transfusions, prior preg-
nancy or prior organ transplantation). Many, but not all,
alloantibodies causing platelet destruction are directed at
HLA antigens. Patients requiring long periods of platelet
transfusion support should be monitored to document ade-
quate responses to transfusions so that the most appropriate
product can be used. If random platelet transfusions prove
inadequate, then the patient should be cross-matched with
potential donors who might prove better able to provide ade-
quate platelet-transfusion increments and platelet survival.
Patients requiring ongoing platelet transfusions who become
alloimmunized may benefit from HLA-matched platelets
derived from either volunteer donors or family members.

TRANSFUSION OF PLASMA COMPONENTS

Fresh frozen plasma (FFP) is available in units of approxi-
mately 200 mL. FFP contains normal levels of all coagula-
tion factors (about 1 unit/mL of each factor). FFP is used to
correct coagulation factor deficiencies and to treat throm-
botic thrombocytopenia purpura or other thrombotic
microangiopathies. FFP is also used to correct or prevent
coagulopathy in trauma patients receiving massive transfu-
sion of packed red blood cell (PRBC). An FFP:PRBC ratio
of 1:2 or more is associated with improved survival in
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trauma patients receiving massive transfusions, regardless
of the presence of a coagulopathy.

Cryoprecipitate is made from fresh plasma by cooling
the plasma to 4°C and collecting the precipitate. One unit
of cryoprecipitate has a volume of approximately 15–20 mL
and contains approximately 250 mg of fibrinogen and
between 80 and 100 units of factor VIII and von Wille-
brand factor. Cryoprecipitate is most commonly used to
supplement fibrinogen in cases of acquired hypofibrino-
genemia (eg, acute DIC) or in rare instances of congenital
hypofibrinogenemia. One unit of cryoprecipitate will raise
the fibrinogen level by about 8 mg/dL (0.24 mcmol/L).
Cryoprecipitate is sometimes used to temporarily correct

the acquired qualitative platelet dysfunction associated
with kidney disease.

Frank SM et al. Clinical utility of autologous salvaged blood: a
review. J Gastrointest Surg. 2020;24:464. [PMID: 31468332]

Mueller MM; ICC PBM Frankfurt 2018 Group. Patient blood
management: recommendations from the 2018 Frankfurt
Consensus Conference. JAMA. 2019;321:983. [PMID:
30860564]

Roubinian N. TACO and TRALI: biology, risk factors, and pre-
vention strategies. Hematology Am Soc Hematol Educ Pro-
gram. 2018;2018:585. [PMID: 30570487]

Solves Alcaina P. Platelet transfusion: and update on challenges
and outcomes. J Blood Med. 2020;11:19. [PMID: 32158298]
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To evaluate patients or deects o hemostasis, the clinical
context must be considered careully (Table 14–1). Herita-
ble deects are suggested by bleeding that begins in inancy
or childhood, is recurrent, and occurs at multiple anatomic
sites, although other patterns o presentation are possible.
Acquired disorders o hemostasis typically are associated
with bleeding that begins later in lie and may relate to
introduction o medications (eg, agents that aect platelet
activity) or to onset o underlying medical conditions (such
as kidney disease, liver disease, myelodysplasia, aortic ste-
nosis, prosthetic aortic valve, myeloprolierative neo-
plasms), or may be idiopathic (acquired hemophilia A,
acquired von Willebrand disease). Importantly, however, a
suicient hemostatic challenge (such as major trauma)
may produce excessive bleeding even in individuals with
normal hemostasis. A personal history o hemostatic chal-
lenges (eg, circumcision, trauma, injury during youth
sports, tooth extractions, motor vehicle accidents, prior
surgery, and pregnancy and delivery) and a amily history
o bleeding are critical when evaluating someone or a pos-
sible bleeding disorder.

º
PLATELET DISORDERS

THROMBOCYTOPENIA

Selected causes o thrombocytopenia are shown in
Table 14–2. The age o the patient and presence o comor-
bid conditions can help direct the diagnostic workup.

The risk o clinically relevant spontaneous bleeding
(including petechial hemorrhage and bruising) does not
typically increase appreciably until the platelet count
alls below 10,000–20,000/mcL (10–20 × 109/L),
although patients with dysunctional platelets or local
vascular deects can bleed with higher platelet counts.
Suggested platelet counts to prevent spontaneous bleed-
ing or to provide adequate hemostasis around the time
o invasive procedures are ound in Table 14–3. How-
ever, most medical centers develop their own local
guidelines to have a consistent approach to such com-
plex situations.

DECREASED PLATELET PRODUCTION

1. Bone Marrow Failure

E S S E N T I A L S  O F  D I A G N O S I S

» Determine if bone marrow failure is congenital or
acquired.

» Most congenital marrow failure disorders present
in childhood.

» General Considerations

Congenital conditions that cause thrombocytopenia
include amegakaryocytic thrombocytopenia, the
thrombocytopenia-absent radius syndrome, and Wiskott-
Aldrich syndrome; these disorders usually eature isolated
thrombocytopenia, whereas patients with Fanconi anemia
and dyskeratosis congenita typically include cytopenias in
other blood cell lineages. Mutations in genes (FLI1, MYH9,
GATA1, ETV6, among others) that cause thrombocytope-
nia are being identiied.

Acquired causes o bone marrow ailure (see Chapter 13)
leading to thrombocytopenia include, but are not limited to,
acquired aplastic anemia, myelodysplastic syndrome
(MDS), acquired amegakaryocytic thrombocytopenia
(albeit a rare disorder), alcohol, and drugs. Unlike aplastic
anemia, MDS is more common among older patients.

» Clinical Findings

See Chapter 13 or symptoms and signs o aplastic anemia.
Acquired aplastic anemia typically presents with reduc-
tions in multiple blood cell lineages, and the CBC reveals
pancytopenia (anemia, thrombocytopenia, and neutropenia).
A bone marrow biopsy is required or diagnosis and reveals
marked hypocellularity. MDS also presents as cytopenias
and can have pancytopenia, but the marrow typically dem-
onstrates hypercellularity and dysplastic eatures. The pres-
ence o macrocytosis, ringed sideroblasts on iron staining o
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the bone marrow aspirate, dysplasia o hematopoietic ele-
ments, or cytogenetic abnormalities (especially monosomy 5
or 7 and trisomy 8) is more suggestive o MDS.

» Differential Diagnosis

Adult patients with acquired amegakaryocytic thrombocy-
topenia (rare) have isolated thrombocytopenia and reduced
or absent megakaryocytes in the bone marrow, which
along with ailure to respond to immunomodulatory regi-
mens typically administered in immune thrombocytope-
nia (ITP), distinguishes them rom patients with ITP.

» Treatment

A. Congenital Conditions

Treatment is varied but may include blood product sup-
port, blood cell growth actors, androgens and, in some
cases, allogeneic hematopoietic stem cell transplantation.

Table 14–1. Evaluation of the bleeding patient.

Necessary Component

of Evaluation Diagnostic Correlate

Location

Mucocutaneous (bruises,

petechiae, gingivae,

nosebleeds, GI, GU)

Suggests qualitative/quantitative

platelet defects; vWD

Joints, soft tissue Suggests disorders of coagulation

factors

Onset

Infancy/childhood Suggests heritable condition

Adulthood Suggests milder heritable condition or

acquired defect of hemostasis (eg,

ITP, medication, acquired factor VIII

deficiency; acquired vWD)

Clinical Context

Postsurgical Anatomic/surgical defect must be

ruled out

Pregnancy vWD, HELLP syndrome, ITP, acquired

factor VIII inhibitor

Sepsis May indicate DIC

Exposure to

anticoagulants

Rule out excessive anticoagulation

Personal History1

Absent Suggests acquired rather than

congenital defect, or anatomic/

surgical defect (if applicable)

Present Suggests established acquired defect

or congenital disorder

Family History

Absent Suggests acquired defect or no defect

of hemostasis

Present May signify hemophilia A or B, vWD,

other heritable bleeding disorders

1Includes evaluation of prior spontaneous bleeding, as well as exces-

sive bleeding with circumcision, menses, dental extractions, trauma,

minor procedures (eg, endoscopy, biopsies), and major procedures

(surgery).

DIC, disseminated intravascular coagulation; GI, gastrointestinal; GU,

genitourinary; HELLP, hemolysis, elevated liver enzymes, low plate-

lets; ITP, immune thrombocytopenia; vWD, von Willebrand disease.

Table 14–2. Selected causes of thrombocytopenia.

Decreased production of platelets

Congenital bone marrow failure

Amegakaryocytic thrombocytopenia, Wiskott-Aldrich

syndrome, Fanconi anemia

Acquired bone marrow failure

Aplastic anemia, myelodysplastic syndrome, leukemia

Exposure to chemotherapy, irradiation, medications

(https://ouhsc.edu/platelets/ditp.html)

Marrow infiltration (neoplastic, infectious)

Nutritional (deficiency of vitamin B
12

, folate)

Other: HIV infection, alcohol

Increased destruction of platelets

Immune thrombocytopenia (primary)

Immune thrombocytopenia (secondary), including

drug-induced or related to lymphoproliferative disorders

(eg, CLL, hepatitis C virus, Epstein-Barr virus, or HIV)

Heparin-induced thrombocytopenia

Thrombotic microangiopathy

Disseminated intravascular coagulation

Posttransfusion purpura

Mechanical (aortic valvular dysfunction; extracorporeal bypass)

von Willebrand disease, type 2B

Hemophagocytosis

Increased sequestration of platelets

Hypersplenism (eg, cirrhosis, myeloproliferative disorders,

lymphoma)

Other conditions causing thrombocytopenia

Gestational thrombocytopenia

Bernard-Soulier syndrome, gray platelet syndrome,

May-Hegglin anomaly

Pseudothrombocytopenia

CLL, chronic lymphocytic leukemia.

Table 14–3. Desired platelet count ranges.

Clinical Scenario Platelet Count /mcL (× 109/L)

Prevention of spontaneous

mucocutaneous bleeding

> 10,000–20,000 (> 10–20)

Insertion of central venous

catheters

> 20,000–50,0001 (> 20–50)

Administration of therapeutic

anticoagulation

> 30,000–50,000 (> 30–50)

Minor surgery and selected

invasive procedures2

> 50,000–80,000 (> 50–80)

Major surgery > 80,000–100,000 (> 80–100)

1A platelet target within the higher reference range is required for

tunneled catheters.
2Such as endoscopy with biopsy.
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B. Acquired Conditions

Patients with severe aplastic anemia are treated with
immunosuppressive therapy or allogeneic hematopoietic
stem cell transplantation (see Chapter 13).

Treatment o thrombocytopenia due to MDS, i clini-
cally signiicant bleeding is present or i the risk o bleeding
is high, is limited to chronic transusion o platelets in most
instances (Table 14–3). Additional treatment is discussed
in Chapter 13.

Almazni I et al. Inherited thrombocytopenia: update on genes
and genetic variants which may be associated with bleeding.
Front Cardiovasc Med. 2019;6:80. [PMID: 31275945]

Noris P et al. Hereditary thrombocytopenias: a growing list o
disorders. Hematology Am Soc Hematol Educ Program. 2017;
2017:385. [PMID: 29222283]

2. Bone Marrow Infiltration

Replacement o the normal bone marrow elements by leu-
kemic cells, plasma cell myeloma, lymphoma, or nonhema-
tologic tumors or by inections (such as mycobacterial
disease or ehrlichiosis) may cause thrombocytopenia;
however, abnormalities in other blood cell lines are usually
present. These entities are easily diagnosed ater examining
the bone marrow biopsy and aspirate or determining the
inecting organism rom an aspirate specimen, and they
oten lead to a leukoerythroblastic peripheral blood smear
(let-shited myeloid lineage cells, nucleated red blood
cells, and teardrop-shaped red blood cells). Treatment o
thrombocytopenia is directed at eradication o the under-
lying iniltrative disorder, but platelet transusion may be
required i clinically signiicant bleeding is present.

3. Chemotherapy & Irradiation

Chemotherapeutic agents and irradiation may lead to
thrombocytopenia by direct toxicity to megakaryocytes,
hematopoietic progenitor cells, or both. The severity and
duration o chemotherapy-induced depressions in the
platelet count are determined by the speciic regimen used,
although the platelet count typically resolves more slowly
ollowing a chemotherapeutic insult than does neutropenia
or anemia, especially i multiple cycles o treatment have
been given. Until recovery occurs, patients may be sup-
ported with transused platelets i bleeding is present or the
risk o bleeding is high (Table 14–3). Initial studies suggest
that that platelet growth actors, such as eltrombopag and
romiplostim, may help prevent chemotherapy-induced
thrombocytopenia and allow patients to receive their ull
chemotherapy doses on schedule. Checkpoint inhibitors
can also lead to thrombocytopenia that mimics immune
thrombocytopenic purpura.

So GA et al. Romiplostim treatment o chemotherapy-induced
thrombocytopenia. J Clin Oncol. 2019;37:2892. [PMID:
31545663]

Wang Z et al. Recombinant human thrombopoietin (rh-TPO) or
the prevention o severe thrombocytopenia induced by high-
dose cytarabine: a prospective, randomized, sel-controlled
study. Leuk Lymphoma. 2018;59:2821. [PMID: 29909708]

4. Nutritional Deficiencies

Thrombocytopenia, typically in concert with anemia, may
be observed with a deiciency o olate (that may accom-
pany alcoholism) or vitamin B

12
(concomitant neurologic

indings may be maniest). In addition, thrombocytopenia
can occur in very severe iron deiciency, albeit rarely,
whereas thrombocytosis is ar more common. Replacing
the deicient vitamin or mineral results in improvement in
the platelet count.

5. Cyclic Thrombocytopenia

Cyclic thrombocytopenia is a rare disorder that produces
cyclic oscillations o the platelet count, usually with a
periodicity o 3–6 weeks. The pathophysiologic mecha-
nism responsible or the condition is unclear. Severe
thrombocytopenia and bleeding typically occur at the
platelet nadir. Oral contraceptive medications, andro-
gens, azathioprine, and thrombopoietic growth actors
have been used successully in the management o cyclic
thrombocytopenia.

INCREASED PLATELET DESTRUCTION

1. Immune Thrombocytopenia

E S S E N T I A L S  O F  D I A G N O S I S

» Isolated thrombocytopenia (rule out pseudo-
thrombocytopenia by review of peripheral smear).

» Assess for any new causative medications and HIV,
hepatitis B, hepatitis C, and Helicobacter pylori
infections.

» ITP is a diagnosis of exclusion.

» General Considerations

ITP is an autoimmune condition in which pathogenic anti-
bodies bind platelets, accelerating their clearance rom the
circulation. Growing evidence suggests additional patho-
physiologic mechanisms, including a role or T cells. Many
patients with ITP also lack appropriate compensatory
platelet production, thought, at least in part, to relect the
antibody’s eect on megakaryocytopoiesis and thrombo-
poiesis. ITP is primary (idiopathic) in most adult patients,
although it can be secondary (ie, associated with autoim-
mune disease, such as systemic lupus erythematosus [SLE];
lymphoprolierative disease, such as lymphoma; medica-
tions; and inections caused by hepatitis C virus, HIV, and
H pylori). Antiplatelet antibody targets include glycopro-
teins IIb/IIIa and Ib/IX on the platelet membrane, although
antibodies are demonstrable in only two-thirds o patients;
testing or such antibodies is not standard o care given the
signiicant alse-positive and alse-negative results. In addi-
tion to production o antiplatelet antibodies, HIV and
hepatitis C virus may lead to thrombocytopenia through
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additional mechanisms (or instance, by direct suppression
o platelet production [HIV] and cirrhosis-related
decreased thrombopoietin [TPO] production and second-
ary splenomegaly [hepatitis C virus]).

» Clinical Findings

A. Symptoms and Signs

Mucocutaneous bleeding may be present, depending on
the platelet count. Clinically relevant spontaneous bruis-
ing, epistaxis, gingival bleeding, or other types o hemor-
rhage generally do not occur until the platelet count has
allen below 10,000–20,000/mcL (10–20 × 109/L). Indi-
viduals with secondary ITP (such as due to autoimmune
disease, HIV or HCV inection, SLE, or lymphoproliera-
tive malignancy) may have additional disease-speciic
indings.

B. Laboratory Findings

Typically, patients have isolated thrombocytopenia. I sub-
stantial bleeding has occurred, anemia may also be present.
Hepatitis B and C viruses and HIV inections should be
excluded by serologic testing. H pylori inections can some-
times cause isolated thrombocytopenia.

Bone marrow should be examined in patients with
unexplained cytopenias in two or more lineages, in
patients older than 40 years with isolated thrombocytope-
nia, or in those who do not respond to primary ITP-
speciic therapy. A bone marrow biopsy is not necessary
in all cases to make an ITP diagnosis in younger patients.
Megakaryocyte morphologic abnormalities and hypocel-
lularity or hypercellularity are not characteristic o ITP.
ITP patients oten have increased numbers o bone mar-
row megakaryocytes. I there are clinical indings sugges-
tive o a lymphoprolierative malignancy, a CT scan
should be perormed. In the absence o such indings,
otherwise asymptomatic patients younger than 40 years
lacking the above inections and with unexplained iso-
lated thrombocytopenia o recent onset may be consid-
ered to have ITP.

» Treatment

Individuals with platelet counts less than 25,000–30,000/mcL
(25–30 × 109/L) or those with signiicant bleeding should
be treated; the remainder may be monitored serially or
progression, but that is a patient-speciic decision. The
mainstay o initial treatment o new-onset primary ITP is
a short course o prednisone with or without intravenous
immunoglobulin (IVIG) or anti-D (WinRho) (Figure 14–1).
A short course o high-dose dexamethasone is also an
option or initial treatment. Response to corticosteroids is
generally seen within 3–7 days o initiating treatment,
with responses to IVIG typically seen in 24–36 hours.
Platelet transusions may be given concomitantly i active
bleeding is present. Adding the anti-B cell monoclonal
antibody rituximab to corticosteroids as irst-line treat-
ment may improve the initial response rate, but it is

associated with increased toxicity and is not regarded as
standard irst-line therapy in most centers.

Although over two-thirds o patients with ITP respond
to initial treatment with oral corticosteroids, most relapse
ollowing reduction o the corticosteroid dose. Patients
with a persistent platelet count less than 30,000/mcL
(30 × 109/L) or clinically signiicant bleeding are appropri-
ate candidates or second-line treatments (Figure 14–1).
These treatments are chosen empirically, bearing in mind
potential toxicities and patient preerence. IVIG or anti-D
(WinRho) temporarily increases platelet counts (duration,
up to 3 weeks, rarely longer). Serial IVIG or anti-D treat-
ment is an option or some adult patients while alternate
sae treatment is pursued. Rituximab leads to clinical
responses in about 50% o adults with corticosteroid-
reractory chronic ITP, which decreases to about 20% at
5 years. The TPO-mimetics romiplostim (administered
subcutaneously weekly), eltrombopag (taken orally daily),
and avatrombopag (taken orally daily) are approved or
use in adult patients with chronic ITP who have not
responded durably to corticosteroids, IVIG, or splenec-
tomy. Romiplostim, eltrombopag, or avatrombopag can be
taken indeinitely to maintain the platelet response and
can be used as second-line therapy. The Syk inhibitor os-
tamatinib represents a novel mechanism o action to
treat ITP patients who do not respond to corticosteroids,
TPO-mimetics, or rituximab. Splenectomy has a durable
response rate o over 50% and may be considered or cases
o severe ITP that ail to respond durably to initial treat-
ment or are reractory to second-line agents; patients
should receive pneumococcal, Haemophilus influenzae
type b, and meningococcal vaccination at least 2 weeks
beore therapeutic splenectomy. I available, laparoscopic
splenectomy is preerred. Additional treatments or ITP are
ound in Figure 14–1.

Management goals or pregnancy-associated ITP are a
platelet count o 10,000–30,000/mcL (10–30 × 109/L) in
the irst trimester, greater than or equal to 30,000/mcL
(30 × 109/L) during the second or third trimester, and
greater than 50,000/mcL (50 × 109/L) prior to cesarean sec-
tion or vaginal delivery. Moderate-dose oral prednisone or
intermittent IVIG inusions are standard treatment options.
Splenectomy is reserved or ailure to respond to these thera-
pies and may be perormed in the irst or second trimester.
Management requires close interaction between obstetrician
and hematologist. TPO-mimetics are not approved or use
during pregnancy.

For thrombocytopenia associated with HIV or hepatitis
C virus, eective treatment o either inection leads to an
amelioration o thrombocytopenia in most cases; rerac-
tory thrombocytopenia may require the use o IVIG,
splenectomy, TPO-mimetic, or anti-CD20 therapy. Occa-
sionally, ITP treatment response is impaired due to
H pylori inection, which should be ruled out in the appro-
priate situation.

» When to Refer

All patients with ITP need to be managed by a hematolo-
gist because o the complexity o the decision making.
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» When to Admit

Patients with major hemorrhage or very severe thrombocy-
topenia associated with bleeding should be admitted and
monitored in-hospital until the platelet count has consis-
tently risen to more than 20,000–30,000/mcL (20–30 × 109/L)
and hemodynamic stability has been achieved.

Bussel J et al. Fostamatinib or the treatment o adult persistent
and chronic immune thrombocytopenia: results o two
phase 3, randomized, placebo-controlled trials. Am J Hematol.
2018;93:921. [PMID: 29696684]

Chaturvedi S et al. Splenectomy or immune thrombocytopenia:
down but not out. Blood. 2018;131:1172. [PMID: 29295846]

Neunert C et al. American Society o Hematology 2019 guide-
lines or immune thrombocytopenia. Blood Adv. 2019;3:3829.
[PMID: 31794604]

Yang R et al. Therapeutic options or adult patients with previ-
ously treated immune thrombocytopenia—a systematic
review and network meta-analysis. Hematology. 2019;24:290.
[PMID: 30661482]

2. Thrombotic Microangiopathy

E S S E N T I A L S  O F  D I A G N O S I S

» Microangiopathic hemolytic anemia and throm-
bocytopenia, without another plausible explana-
tion, are sufficient for a presumptive diagnosis of
thrombotic microangiopathy (TMA).

» Fever, neurologic impairment, and kidney disease
may occur but are not required for diagnosis.

» Kidney injury is more common and more severe in
hemolytic-uremic syndrome (HUS).

» General Considerations

The TMAs include, but are not limited to, thrombotic
thrombocytopenic purpura (TTP) and HUS. These

Initial

Treatment

Relapsed

or

Persistent ITP

Persistent

or

Worsening ITP

Prednisone, 1 mg/kg/day orally for

10–14 days followed by taper
or

Dexamethasone, 40 mg/day orally

for 4 days every 2–4 weeks for

4–6 cycles

IVIG, 1 g/kg/day

intravenously for 2 days
or

Anti-D, 75 mcg/kg

intravenously for 1 dose1

± ± Platelets,
if bleeding

Note: Consider use of corticosteroids/IVIG to recapture response if clinically

required while initiating second-line therapy.

Fostamatinib 100 mg orally twice daily to start

Rituximab,

375 mg/m2

intravenously

weekly

for 4 weeks

Anti-D,

75 mcg/kg

intravenously

serially
as needed

for platelets

< 30,000/mcL

(< 30 × 109/L)1,2

IVIG, 1 g/kg/day

intravenously

for 2 days

serially as

needed

for platelets

< 30,000/mcL

(< 30 × 109/L)1,2

Thrombopoietin

receptor agonist:

Romiplostim, 1 mcg/kg

subcutaneously weekly

initially

or

Eltrombopag, 25–50 mg

orally daily initially3

or

Avatrombopag, 20 mg

orally daily initially

or or or

Splenectomy

(laparoscopic)

Trial of

additional

agent(s)

above, or

Mycophenolate mofetil Azathioprine/danazol Cyclosporine

Chemotherapy Clinical trial Autologous transplantation

1Use in non-splenectomized, Rh blood type–positive, non-anemic patients only.
2May need to repeat infusion every 2–6 weeks to maintain platelet response.
3Recommended starting dose in Asians is 25 mg daily.

▲ Figure 14–1. Management of immune thrombocytopenia (ITP), a simplified overview.
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disorders are characterized by thrombocytopenia due to
the incorporation o platelets into ibrin thrombi in the
microvasculature, and microangiopathic hemolytic ane-
mia, which results rom shearing o erythrocytes in ibrin
networks in the microcirculation.

In idiopathic TTP, autoantibodies against ADAMTS-13
(a disintegrin and metalloproteinase with thrombospondin
type 1 repeat, member 13), also known as the von Wille-
brand actor (vWF) cleaving protease (vWFCP), lead to
accumulation o ultra-large vWF multimers. The ultra-
large multimers bridge and aggregate platelets in the
absence o hemostatic triggers, which in turn leads to the
vessel obstruction and various organ dysunctions seen in
TTP. In some cases o pregnancy-associated TMA, an anti-
body to ADAMTS-13 is present. In contrast, the activity o
the ADAMTS-13 in congenital TTP is decreased due to a
mutation in the gene encoding the molecule. Classic HUS,
called Shiga toxin–mediated HUS, is thought to be second-
ary to toxin-mediated endothelial damage and is oten
contracted through the ingestion o undercooked ground
bee contaminated with Escherichia coli (especially types
O157:H7 or O145).

Complement-mediated HUS (ormerly called atypical
HUS) is not related to Shiga toxin. Patients with complement-
mediated HUS oten have genetic deects in proteins that
regulate complement activity. Damage to endothelial
cells—such as the damage that occurs in endemic HUS
due to presence o toxins rom E coli (especially type
O157:H7 or O145) or in the setting o cancer, hematopoi-
etic stem cell transplantation, or HIV inection—may also
lead to TMA. Certain drugs (eg, cyclosporine, quinine,
ticlopidine, clopidogrel, mitomycin C, and bleomycin) are

associated with the development o TMA, possibly by pro-
moting injury to endothelial cells, although inhibitory
antibodies to ADAMTS-13 have been demonstrated in
some cases.

» Clinical Findings

A. Symptoms and Signs

Microangiopathic hemolytic anemia and thrombocytope-
nia are presenting signs in all patients with TTP and most
patients with HUS; in a subset o patients with HUS, the
platelet count remains in the normal range. Only about
25% o patients with TMA maniest all components o the
original pentad o indings (microangiopathic hemolytic
anemia, thrombocytopenia, ever, kidney disease, and neu-
rologic abnormalities) (Table 14–4). Most patients (espe-
cially children) with HUS have a recent or current diarrheal
illness, oten bloody. Neurologic maniestations, including
headache, somnolence, delirium, seizures, paresis, and
coma, may result rom deposition o microthrombi in the
cerebral vasculature.

B. Laboratory Findings

Laboratory eatures o TMA include those associated with
microangiopathic hemolytic anemia (anemia, elevated
lactate dehydrogenase [LD], elevated indirect bilirubin,
decreased haptoglobin, schistocytes on the blood smear,
elevated reticulocyte count, and a negative direct anti-
globulin test); thrombocytopenia; elevated creatinine; pos-
itive stool culture or E coli O157:H7 or stool assays or
Shiga toxin; reductions in ADAMTS-13 activity with the

Table 14–4. Presentation and management of thrombotic microangiopathies.

TTP Complement-Mediated HUS Shiga Toxin–Mediated HUS

Patient population Adults Children (occasionally adults) Usually children, often following

bloody diarrhea

Pathogenesis Acquired auto-antibody to

ADAMTS-13

Some cases: heritable deficiency

in function of complement

regulatory proteins

Bacterial (such as enterotoxogenic

Escherichia coli; Shiga toxin)

Thrombocytopenia Typically severe, except in very

early clinical course

Variable May be mild/absent in a minority of

patients

Fever Typical Variable Atypical

Kidney disease Typical, but may be mild Typical Typical

Neurologic impairment Variable Less than half of cases Less than half of cases

Laboratory investigation Decreased activity of ADAMTS-13;

inhibitor usually identified

Defects in complement regula-

tory proteins

Typically normal ADAMTS-13 activity

Positive stool culture for E coli 0157:H7

or detectable antibody to Shiga toxin

Management TPE

Hemodialysis for severe kidney

disease

Caplacizumab (selected patients)

Platelet transfusions contraindi-

cated unless TPE underway

Immediate TPE initially in most

cases

Eculizumab

Supportive care

Hemodialysis for severe kidney

disease

Hemodialysis for severe kidney disease

Supportive care

TPE rarely beneficial (exception:

selected cases in adults)

ADAMTS-13, a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13; HUS, hemolytic-uremic syndrome; TPE,

therapeutic plasma exchange; TTP, thrombotic thrombocytopenic purpura.
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presence (acquired TTP) or absence (inherited TTP) o
ADAMTS-13 inhibitor; and mutations o genes encoding
complement proteins (complement-mediated HUS; spe-
cialized laboratory assessment). Routine coagulation stud-
ies (prothrombin time [PT], activated partial thromboplastin
time [aPTT], ibrinogen) are within the normal range in
most patients with TTP or HUS.

» Treatment

With the exception o children or adults with endemic
diarrhea-associated HUS, who generally recover with
supportive care only, plasma exchange must be initiated
as soon as the diagnosis o TMA is suspected and in all
cases o TTP. Immediate administration o plasma
exchange is essential in most cases o TTP because the
mortality rate without treatment is over 95%. Plasma
exchange usually is administered once daily until the
platelet count and LD have returned to normal or at least
2 days, ater which the requency o treatments may be
tapered slowly while the platelet count and LD are moni-
tored or relapse. In cases o insuicient response to once-
daily plasma exchange, twice-daily treatments can be
considered. Fresh rozen plasma (FFP) may be adminis-
tered i immediate access to plasma exchange is not avail-
able or in cases o amilial TMA. Platelet transfusions are
contraindicated in the treatment o TMA due to reports o
worsening TMA, possibly due to propagation o platelet-rich
microthrombi. In cases o documented lie-threatening
bleeding, however, platelet transusions may be given
slowly and preerably ater plasma exchange is underway.
Red blood cell transusions may be administered in cases
o clinically signiicant anemia. Hemodialysis should be
considered or patients with signiicant kidney injury.
Caplacizumab, a bi-speciic antibody that targets the A1
domain o vWF and prevents vWF interaction with the
platelet glycoprotein Ib-IX-V receptor, can reduce the
time to platelet count normalization and 30-day mortal-
ity. The role o caplacizumab in the treatment o TTP
remains controversial given its high cost and limited ben-
eit, despite its inclusion in 2020 guidelines.

In cases o TTP relapse ollowing initial treatment,
plasma exchange should be reinstituted. I ineective, or in
cases o primary reractoriness, second-line treatments
including rituximab (which has shown eicacy when
administered preemptively in selected cases o relapsing
TTP), corticosteroids, IVIG, vincristine, cyclophospha-
mide, and splenectomy should be used. Idiopathic TTP is a
relapsing autoimmune disorder (antibody inhibitor to
ADAMTS-13) or most patients; careul monitoring o the
ADAMTS-13 activity and inhibitor status and use o ritux-
imab can prevent dangerous relapses.

Cases o complement-mediated HUS may respond to
plasma inusion initially; however, once this diagnosis is
strongly suspected, apheresis is typically stopped and
serial inusions o the anti-complement C5 antibody ecu-
lizumab are given, which have produced sustained remis-
sions in some patients. I irreversible kidney injury has
occurred, hemodialysis or kidney transplantation may be
necessary.

» When to Refer

Consultation by a hematologist or transusion medicine
specialist amiliar with plasma exchange is required at the
time o presentation. Patients with TMA and TTP require
ongoing care by a hematologist.

» When to Admit

All patients with newly suspected or diagnosed TMA
should be hospitalized immediately.

George JN et al. Syndromes o thrombotic microangiopathy asso-
ciated with pregnancy. Hematology Am Soc Hematol Educ
Program. 2015;2015:644. [PMID: 26637783]

Scully M et al; HERCULES Investigators. Caplacizumab treat-
ment or acquired thrombotic thrombocytopenic purpura. N
Engl J Med. 2019;380:335. [PMID: 30625070]

Zheng XL et al. ISTH guidelines or the diagnosis o thrombotic
thrombocytopenic purpura. J Thromb Haemost. 2020;18:2486.
[PMID: 32914582]

Zheng XL et al. ISTH guidelines or treatment o thrombotic
thrombocytopenic purpura. J Thromb Haemost. 2020;18:2496.
[PMID: 32914526]

3. Heparin-Induced Thrombocytopenia

E S S E N T I A L S  O F  D I A G N O S I S

» Thrombocytopenia within 5–14 days of exposure
to heparin.

» Decline in baseline platelet count of ≥ 50%.

» Thrombosis occurs in up to 50% of cases; bleeding
is uncommon.

» General Considerations

Heparin-induced thrombocytopenia (HIT) is an acquired
disorder that aects approximately 3% o patients exposed
to unractionated heparin and ~0.6% o patients exposed
to low-molecular-weight heparin (LMWH). The condition
results rom ormation o IgG antibodies to heparin-
platelet actor 4 (PF4) complexes; the antibody:heparin-PF4
complex binds to and activates platelets independent o
physiologic hemostasis, which leads to thrombocytopenia
and thromboses. von Willebrand actor has been postulated
to play a role in the thrombotic events that take place long
ater heparin is cleared rom the patient’s system.

» Clinical Findings

A. Symptoms and Signs

Patients are oten asymptomatic, and due to the prothrom-
botic nature o HIT, bleeding usually does not occur.
Thrombosis (at any venous or arterial site), however, may
be detected in up to 50% o patients, up to 30 days post
diagnosis. I thrombosis has not already been detected, the
use o duplex Doppler ultrasound o the lower extremities
should be considered to rule out subclinical deep venous
thrombosis (DVT).
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B. Laboratory Findings

A presumptive diagnosis o HIT is made when new-onset
thrombocytopenia is detected in a patient (typically a hos-
pitalized patient) within 5–14 days o initial exposure to
heparin; other presentations (eg, rapid-onset HIT) are less
common and relect recent prior heparin exposure. A
decline o 50% or more rom the baseline platelet count is
typical. The 4T score (http://www.qxmd.com/calculate-
online/hematology/hit-heparin-induced-thrombocytope-
nia-probability) is a clinical prediction rule or assessing
pretest probability or HIT. Low 4T scores have been
shown to be more predictive o excluding HIT than are
intermediate or high scores o predicting its presence.
Once HIT is clinically suspected, the clinician must estab-
lish the diagnosis by perorming a screening PF4-heparin
antibody enzyme-linked immunosorbent assay (ELISA). I
the PF4-heparin antibody ELISA is positive, the diagnosis
must be conirmed using a unctional assay (such as sero-
tonin release assay). The magnitude o a positive ELISA
result correlates with the clinical probability o HIT, but
even high ELISA optical density values may be alsely posi-
tive. The conirmatory unctional assay is essential.

» Treatment

Treatment should be initiated as soon as the diagnosis o
HIT is suspected, beore results o laboratory testing are
available.

Management o HIT (Table 14–5) involves the immedi-
ate discontinuation o all orms o heparin. Despite throm-
bocytopenia, platelet transusions are rarely necessary and
should be avoided. Due to the substantial requency o
thrombosis among HIT patients, an alternative anticoagu-
lant should be administered immediately while awaiting
conirmatory testing. A direct thrombin inhibitor (DTI),
such as argatroban or bivalirudin, is preerred in critical
illness because o the shorter duration o action. The use o
the subcutaneous indirect anti-Xa inhibitor ondaparinux
or initial treatment o HIT is a reasonable option in clini-
cally stable patients. For conirmed HIT, the DTI should be
continued until the platelet count has recovered to at least
100,000/mcL (100 × 109/L), at which point treatment with
a vitamin K antagonist (wararin) may be initiated. The
DTI should be continued until therapeutic anticoagulation
with the vitamin K antagonist wararin has been achieved
(ie, international normalized ratio [INR] o 2.0–3.0); the
inusion o argatroban must be temporarily discontinued
beore the INR is obtained so that it relects the anticoagu-
lant eect o wararin alone. There is a growing acceptance
or using oral anti-Xa agents instead o vitamin K antago-
nists in selected patients. In all patients with HIT, some
orm o anticoagulation (wararin or other) should be
continued or at least 30 days, due to a persistent risk o
thrombosis even ater the platelet count has recovered, but
in patients in whom thrombosis has been documented,
anticoagulation should continue or 3–6 months.

Subsequent exposure to heparin should be avoided in
all patients with a prior history o HIT, i possible. I its use
is regarded as necessary or a procedure, it should be with-
held until PF4-heparin antibodies are no longer detectable

Table 14–5. Management of suspected or proven HIT.

I. Discontinue all forms of heparin. Send PF4-heparin ELISA.

Send confirmatory serotonin release assay if positive ELISA.

II. Begin treatment with direct thrombin inhibitor, or in some

circumstances, fondaparinux.

Agent Indication Dosing

Argatroban Prophylaxis or

treatment of

HIT

Continuous intravenous

infusion of 0.5–1.2 mcg/

kg/min, titrate to aPTT =

1.5 to 3 × the baseline

value.1 Max infusion rate

is 10 mcg/kg/min.

Bivalirudin Percutaneous

coronary

intervention2

Bolus of 0.75 mg/kg intra-

venously followed by

initial continuous intra-

venous infusion of 1.75

mg/kg/h. Manufacturer

indicates monitoring

should be by ACT.

Fondaparinux Treatment of HIT 5–10 mg (weight based)

III. Perform Doppler ultrasound of lower extremities to rule out

subclinical thrombosis (if indicated).

IV. Follow platelet counts daily until recovery occurs.

V. When platelet count has recovered, transition anticoagulation

to warfarin or fondaparinux; treat for 30 days (HIT) or

3–6 months (HITT).

VI. Document heparin allergy in medical record (confirmed cases).

1Liver insufficiency: initial infusion rate = 0.5 mcg/kg/min.
2Not approved for HIT/HITT.

ACT, activated clotting time; aPTT, activated partial thromboplastin

time; ELISA, enzyme-linked immunosorbent assay; HIT, heparin-

induced thrombocytopenia; HITT, heparin-induced thrombocyto-

penia and thrombosis; PF4, platelet factor 4.

by ELISA (usually as o 100 days ollowing an episode o
HIT), and exposure should be limited to the shortest time
period possible. A common example is a cardiac catheter-
ization. The heparin is gone beore the antibody returns, so
HIT is avoided.

» When to Refer

Due to the tremendous thrombotic potential o the disor-
der and the complexity o use o the DTI, all patients with
HIT should be evaluated by a hematologist.

» When to Admit

Most patients with HIT are hospitalized at the time o
detection o thrombocytopenia. Admission is a clinical
decision or an outpatient in whom HIT is suspected and
who is a candidate or subcutaneous ondaparinux. Other
outpatients should be admitted because the DTIs must be
administered by continuous intravenous inusion. Regard-
less, a hematologist needs to be involved as soon as the
diagnosis is suspected or treatment is indicated.
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4. Disseminated Intravascular Coagulation

E S S E N T I A L S  O F  D I A G N O S I S

» Cancer, infection, trauma, and obstetric patients.

» Prolonged PT and aPTT, and low/declining
fibrinogen.

» Thrombocytopenia.

» General Considerations

Disseminated intravascular coagulation (DIC) is caused by
uncontrolled local or systemic activation o coagulation,
which leads to depletion o coagulation actors and
ibrinogen, and oten results in thrombocytopenia as
platelets are activated and consumed.

Numerous disorders are associated with DIC, including
sepsis (in which coagulation is activated by presence o
lipopolysaccharide), cancer, trauma, burns, and pregnancy-
associated complications (in which tissue actor is released).
Aortic aneurysm and cavernous hemangiomas may promote
localized intravascular coagulation, and snake bites may
result in DIC due to the introduction o exogenous toxins.

» Clinical Findings

A. Symptoms and Signs

Bleeding in DIC usually occurs at multiple sites, such as
intravenous catheters or incisions, and may be widespread
(purpura ulminans). Malignancy-related DIC may mani-
est principally as thrombosis (Trousseau syndrome).

B. Laboratory Findings

In early DIC, the platelet count and ibrinogen levels oten
remain within the normal range, albeit reduced rom base-
line levels. There is progressive thrombocytopenia (rarely
severe), prolongation o the PT, decrease in ibrinogen
levels, and eventually elevation in the aPTT. D-dimer levels
typically are elevated due to the activation o coagulation
and diuse cross-linking o ibrin ollowed by ibrinolysis.
Schistocytes on the blood smear, due to shearing o red
cells through the microvasculature, are present in 10–20%
o patients. Laboratory abnormalities in the HELLP syn-
drome (hemolysis, elevated liver enzymes, low platelets), a

Table 14–6. Management of DIC.

I. Assess for underlying cause of DIC and treat.

II. Establish baseline platelet count, PT, aPTT, D-dimer, fibrinogen.

III. Transfuse blood

products only if

ongoing bleeding or

high risk of bleeding.

Platelets: goal > 20,000/mcL (20 ×

109/L) (most patients) or > 50,000/

mcL (50 × 109/L) (severe bleeding,

eg, intracranial hemorrhage)

Cryoprecipitate: goal fibrinogen level

> 80–100 mg/dL

Fresh frozen plasma: goal PT and aPTT

< 1.5 × normal

Packed red blood cells: goal

hemoglobin > 8 g/dL or improve-

ment in symptomatic anemia

IV. Follow platelets, aPTT, PT, fibrinogen every 4–12 hours as

clinically indicated.

V. If persistent bleeding due to severe consumption or consump-

tion that requires excessive blood product use, consider use of

heparin1 (initial infusion, 5 units/kg/h) and titrate to desired

clinical goals; do not administer bolus.

VI. Follow laboratory parameters every 4–12 hours as clinically

indicated until DIC resolves

1Contraindicated if platelets cannot be maintained at > 50,000/

mcL (50 × 109/L), in cases of gastrointestinal or central nervous

system bleeding, in conditions that may require surgical manage-

ment, or placental abruption.

aPTT, activated partial thromboplastin time; DIC, disseminated

intravascular coagulation; PT, prothrombin time.

severe orm o DIC with a particularly high mortality rate
that occurs in peripartum women, include elevated liver
transaminases and kidney injury due to gross hemoglobin-
uria and pigment nephropathy. Malignancy-related DIC
may eature normal platelet counts and coagulation stud-
ies, but clinicians oten see a dropping platelet count and
ibrinogen, with a rising INR, highlighting the importance
o serial laboratory values to help make the diagnosis.

» Treatment

The underlying causative disorder must be treated (eg,
antimicrobials, chemotherapy, surgery, or delivery o con-
ceptus). I clinically signiicant bleeding is present, hemo-
stasis must be achieved (Table 14–6).

Blood products are administered i clinically signii-
cant hemorrhage has occurred or is thought likely to
occur without intervention based on progressively
increasing PT and PTT and decreasing ibrinogen and
platelets levels (Table 14–6). The goal o platelet therapy
or most cases is greater than 20,000/mcL (20 × 109/L) or
greater than 50,000/mcL (50 × 109/L) or serious bleeding,
such as intracranial bleeding. FFP is typically given only to
patients with a prolonged aPTT and PT and signiicant
bleeding. Cryoprecipitate may be given or bleeding or or
ibrinogen levels less than 80–100 mg/dL. The clinician
should correct the ibrinogen level with cryoprecipitate
prior to giving FFP or prolonged PT and aPTT to see i the
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ibrinogen replacement alone corrects the PT and aPTT. The
PT, aPTT, ibrinogen, and platelet count should be moni-
tored at least every 6–8 hours in acutely ill patients with DIC.

In some cases o reractory bleeding despite replace-
ment o blood products, administration o low doses o
heparin can be considered. The clinician must remember
that DIC is primarily a disorder o excessive clotting with
secondary ibrinolysis, and that heparin can interere with
thrombin generation, which leads to less consumption o
coagulation proteins and platelets. An inusion o 5 units/
kg/h (no bolus) may be used with appropriate clinical
judgement, uptitrated as clinically indicated. Heparin, how-
ever, can be contraindicated if the platelet count cannot be
maintained above 50,000/mcL (50 × 109/L) and in cases of
central nervous system hemorrhage, gastrointestinal bleed-
ing, placental abruption, and any other condition that is
likely to require imminent surgery. Fibrinolysis inhibitors
may be considered in select DIC patients with bleeding, but
this can promote dangerous clotting and should be under-
taken with great caution and only in consultation with a
hematologist.

The treatment o HELLP syndrome must include evac-
uation o the uterus (eg, delivery o a term or near-term
inant or removal o retained placental or etal ragments).
Patients with Trousseau syndrome require treatment o the
underlying malignancy and administration o unraction-
ated heparin or subcutaneous therapeutic-dose LMWH as
treatment o thrombosis, since wararin typically is ineec-
tive at secondary prevention o thromboembolism in the
disorder. Typically, the heparin or LMWH treatment will
gradually return the ibrinogen, PT (INR), aPTT, and
platelet count back to normal, but it can take many days.
Oral anti-Xa agents or oral DTIs can be considered once
stabilized with parenteral heparin or LMWH, but extended
LMWH is oten used in this setting.

Immediate initiation o medical treatment (usually
within 24 hours o diagnosis) is required or patients with
acute promyelocytic leukemia (APL)–associated DIC,
along with administration o blood products as clinically
indicated.

» When to Refer

• Diuse bleeding unresponsive to administration o
blood products should be evaluated by a hematologist.

• All patients with DIC should be cared or by a hema-
tologist prior to starting treatment with heparin or
LMWH.

» When to Admit

Most patients with DIC are hospitalized when DIC is
detected.

Cuker A et al. American Society o Hematology 2018 guidelines
or management o venous thromboembolism: heparin-
induced thrombocytopenia. Blood Adv. 2018;2:3360. [PMID:
30482768]

Levi M et al. Disseminated intravascular coagulation: an update
on pathogenesis and diagnosis. Expert Rev Hematol. 2018;
11:663. [PMID: 29999440]

Table 14–7. Selected medications causing drug-asso-
ciated thrombocytopenia.1

Class Examples

Chemotherapy Most agents

Antiplatelet agents Abciximab, eptifibatide, tirofiban

Anagrelide

Ticlopidine

Antimicrobial agents Adefovir, indinavir, ritonavir

Fluconazole

Isoniazid

Linezolid

Penicillins

Remdesivir

Rifampin

Sulfa drugs

Vancomycin

Cardiovascular agents Amiodarone

Atorvastatin, simvastatin

Captopril

Digoxin

Hydrochlorothiazide

Procainamide

Gastrointestinal agents Cimetidine, famotidine

Neuropsychiatric agents Carbamazepine

Haloperidol

Methyldopa

Phenytoin

Analgesic agents Acetaminophen

Diclofenac, ibuprofen, naproxen,

sulindac

Anticoagulant agents Heparin

Low-molecular-weight heparin

Immunomodulator agents Interferon-alpha

Rituximab

Immunosuppressant agents Mycophenolate mofetil

Tacrolimus

Other agents Immunizations

Iodinated contrast dye

1See also https://www.ouhsc.edu/platelets/.

Levi M. Pathogenesis and diagnosis o disseminated intravascular
coagulation. Int J Lab Hematol. 2018;40:15. [PMID: 29741245]

Warkentin TE et al. Direct oral anticoagulants or treatment o
HIT: update o Hamilton experience and literature review.
Blood. 2017;130:1104. [PMID: 28646118]

OTHER CONDITIONS CAUSING
THROMBOCYTOPENIA

1. Drug-Induced Thrombocytopenia

Drug-induced thrombocytopenia is oten immune-medi-
ated but can also be due to marrow suppression. Table 14–7
lists medications associated with thrombocytopenia. The
typical presentation o drug-induced, antibody-mediated
thrombocytopenia is severe thrombocytopenia and
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mucocutaneous bleeding 5–14 days ater exposure to a new
drug, although a range o presentations is possible. Discon-
tinuation o the oending agent leads to resolution o
thrombocytopenia within 3–7 days in most cases, but
recovery kinetics depend on rate o drug clearance, which
can be aected by liver and kidney unction. Patients with
severe thrombocytopenia should be given platelet transu-
sions with or without IVIG. The University o Oklahoma
Health Sciences center maintains a useul website or drug-
induced thrombocytopenia (https://www.ouhsc.edu/
platelets/).

2. Posttransfusion Purpura

Posttransusion purpura (PTP) is a rare disorder o sudden-
onset thrombocytopenia that occurs within 1 week ater
transusion o red cells, platelets, or plasma. Antibodies
against the human platelet antigen PLA1 are detected in
most individuals with PTP. Patients with PTP oten are
either multiparous women or persons who have received
transusions previously. Severe thrombocytopenia and
bleeding are typical. Initial treatment consists o adminis-
tration o IVIG (1 g/kg/day or 2 days), which should be
administered as soon as the diagnosis is suspected. Plate-
lets are not indicated unless severe bleeding is present, but
i they are to be administered, HLA-matched PLA1-negative
platelets are preerred. A second course or IVIG, plasma
exchange, corticosteroids, TPO-mimetics, or splenectomy
may be required in case o reractoriness. PLA1-negative or
washed blood products are preerred or subsequent trans-
usions, but data supporting various treatment options are
limited.

3. Von Willebrand Disease Type 2B

von Willebrand disease (vWD) type 2B leads to chronic,
characteristically mild to moderate thrombocytopenia via
an abnormal vWF molecule that binds platelets with
increased ainity, resulting in aggregation and clearance.

4. Platelet Sequestration

One-third o the platelet mass is typically sequestered in
the spleen. Splenomegaly, due to a variety o conditions,
may lead to thrombocytopenia o variable severity. When
possible, treatment o the underlying disorder should be
pursued, but splenectomy, splenic embolization, or splenic
irradiation may be considered in selected cases.

5. Pregnancy

Gestational thrombocytopenia is thought to result rom
progressive expansion o the blood volume that typically
occurs during pregnancy, leading to hemodilution. Cyto-
penias result even though blood cell production is normal
or increased. Platelet counts less than 100,000/mcL (100 ×
109/L), however, are observed in less than 10% o pregnant
women in the third trimester; decreases to less than
70,000/mcL (70 × 109/L) should prompt consideration
o pregnancy-related ITP as well as preeclampsia or a
pregnancy-related thrombotic microangiopathy.

6. Infection or Sepsis

Both immune- and platelet production–mediated deects
are possible, and there may be signiicant overlap with
concomitant DIC. Regardless, the platelet count typically
improves with eective antimicrobial treatment or ater the
inection has resolved. Hemophagocytosis may occur in
some critically ill patients; a deect in immunomodulation
may lead to bone marrow macrophages (histiocytes)
enguling cellular components o the marrow. The phe-
nomenon typically resolves with resolution o the inec-
tion, but with certain inections (Epstein-Barr virus)
immunosuppression may be required. Hemophagocytosis
also may occur with malignancy, in which case the disor-
der is usually unresponsive to treatment with immunosup-
pression and requires treatment o the malignancy.
Sepsis-related thrombocytopenia may be at least in part
due to increased hepatic clearance o platelets caused by
loss o asialoglycoprotein moieties on the platelet surace.

7. Pseudothrombocytopenia

Pseudothrombocytopenia results rom ethylenediamine-
tetraacetic acid (EDTA) anticoagulant-induced platelet
clumping; the phenomenon typically disappears when
blood is collected in a tube containing citrate anticoagu-
lant. Pseudothrombocytopenia diagnosis requires review
o the peripheral blood smear and is not associated with
bleeding.

Koyama K et al. Time course o immature platelet count and its
relation to thrombocytopenia and mortality in patients with
sepsis. PLoS One. 2018;13:e0192064. [PMID: 29381746]

Menis M et al. Posttransusion purpura occurrence and potential
risk actors among the inpatient US elderly, as recorded in
large Medicare databases during 2011 through 2012. Transu-
sion. 2015;55:284. [PMID: 25065878]

QUALITATIVE PLATELET DISORDERS

CONGENITAL DISORDERS OF
PLATELET FUNCTION

E S S E N T I A L S  O F  D I A G N O S I S

» Usually diagnosed in childhood.

» Family history usually is positive.

» May be diagnosed in adulthood when there is
excessive bleeding.

» General Considerations

Heritable qualitative platelet disorders are ar less common
than acquired platelet unction disorders and lead to vari-
ably severe bleeding, oten beginning in childhood. Occa-
sionally, however, disorders o platelet unction may go
undetected until later in lie when excessive bleeding
occurs ollowing a suicient hemostatic challenge. Thus,
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the true incidence o hereditary qualitative platelet disor-
ders is unknown.

Bernard-Soulier syndrome (BSS) is a rare, autosomal
recessive bleeding disorder due to reduced or abnormal
platelet membrane expression o glycoprotein Ib/IX (vWF
receptor).

Glanzmann thrombasthenia results rom an abnormal-
ity in the platelet glycoprotein IIb/IIIa receptor on the
platelet membrane. Glycoprotein IIb/IIIa is the ibrinogen
receptor critical or linking platelets during initial platelet
aggregation/platelet plug ormation. Inheritance is autoso-
mal recessive.

Under normal circumstances, activated platelets release
the contents o platelet granules to reinorce the aggrega-
tory response. Storage pool disease includes a spectrum o
deects in release o alpha or dense (delta) platelet granules,
or both (alpha-delta storage pool disease).

» Clinical Findings

A. Symptoms and Signs

Bleeding due to deective platelets is usually mucocutane-
ous, but it is not limited to mucocutaneous suraces. The
onset o bleeding with Glanzmann thrombasthenia is
usually in inancy or childhood, but some orms are
milder and present later in lie. The degree o deiciency
in IIb/IIIa may not correlate well with bleeding symp-
toms. Patients with storage pool disease are aected by
variable bleeding, ranging rom mild and trauma-related
to spontaneous.

B. Laboratory Findings

In Bernard-Soulier syndrome, there are abnormally large
platelets (approaching the size o red cells), moderate
thrombocytopenia, and a prolonged bleeding time. Platelet
aggregation studies show a marked deect in response to
ristocetin, whereas aggregation in response to other ago-
nists is normal; the addition o normal platelets corrects
the abnormal aggregation. The diagnosis can be conirmed
by platelet low cytometry.

In Glanzmann thrombasthenia, platelet aggregation
studies show marked impairment o aggregation in
response to stimulation with various agonists, which
relects the critical role o the ibrinogen receptor in plate-
let plug ormation.

Storage pool disease describes deects in the number,
content, or unction o platelet alpha or dense granules, or
both. The gray platelet syndrome comprises abnormalities
o platelet alpha granules, thrombocytopenia, and marrow
ibrosis. The blood smear shows agranular platelets, and
the diagnosis is conirmed with electron microscopy.

» Treatment

The mainstay o treatment (including periprocedural pro-
phylaxis) is transusion o normal platelets, although des-
mopressin acetate (DDAVP), antiibrinolytic agents, and
recombinant human activated actor VII each have a role in
selected clinical situations.

Orsini S et al; European Hematology Association-Scientiic
Working Group (EHA-SWG) on thrombocytopenias and
platelet unction disorders. Bleeding risk o surgery and its
prevention in patients with inherited platelet disorders. Hae-
matologica. 2017;102:1192. [PMID: 28385783]

ACQUIRED DISORDERS OF
PLATELET FUNCTION

Platelet dysunction is more commonly acquired than
inherited; the widespread use o platelet-altering medica-
tions accounts or most o the cases o qualitative deects. In
cases where platelet unction is irreversibly altered, platelet
inhibition typically recovers within 7–9 days ollowing dis-
continuation o the drug, which is the time it takes to
replace all o the impaired platelets with newly produced
platelets. In cases where platelet unction is non-irreversibly
aected, platelet inhibition recovers with clearance o the
drug rom the system. Transusion o platelets may be
required i clinically signiicant bleeding is present.

Lee RH et al. Impaired hemostatic activity o healthy transused
platelets in inherited and acquired platelet disorders: mecha-
nisms and implications. Sci Transl Med. 2019;11:eaay0203.
[PMID: 31826978]

Zheng SL et al. Association o aspirin use or primary prevention
with cardiovascular events and bleeding events: a systematic
review and meta-analysis. JAMA. 2019;321:277. [PMID:
30667501]

DISORDERS OF COAGULATION

CONGENITAL DISORDERS OF COAGULATION

1. Hemophilia A & B

E S S E N T I A L S  O F  D I A G N O S I S

» Hemophilia A: congenital deficiency of coagulation
factor VIII.

» Hemophilia B: congenital deficiency of coagulation
factor IX.

» Recurrent hemarthroses and arthropathy.

» Risk of development of inhibitory antibodies to
factor VIII or factor IX.

» Many older patients received blood products con-
taminated with HIV or hepatitis C virus.

» General Considerations

The requency o hemophilia A is ~1 per 5000 live male
births, whereas hemophilia B occurs in ~1 in 25,000 live
male births. Inheritance is X-linked recessive, leading to
aected males and carrier (aected) emales with variable
bleeding tendencies. Daughters o all aected males are
obligate carriers. There is no race predilection. Factor
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activity testing is indicated or male inants with a hemo-
philic maternal pedigree who are asymptomatic or who
experience excessive bleeding, or all daughters o aected
males (100% chance o being aected) and carrier mothers
(50% chance o being aected), and or otherwise asymp-
tomatic adolescents or adults who experience unexpected
excessive bleeding with trauma or invasive procedures.

Inhibitors to actor VIII will develop in approximately
20–25% o patients with severe hemophilia A; inhibitors to
actor IX will develop in less than 5% o patients with
severe hemophilia B.

A substantial proportion o older patients with hemo-
philia acquired inection with HIV or HCV or both in the
1980s due to exposure to contaminated actor concentrates
and blood products.

» Clinical Findings

A. Symptoms and Signs

Severe hemophilia (actor VIII activity less than 1%) pres-
ents in inant males or in early childhood with spontaneous
bleeding into joints, sot tissues, or other locations. Sponta-
neous bleeding is much less common in patients with mild
hemophilia (actor VIII activity greater than 5%), but
bleeding is common with provoked bleeding (eg, surgery,
trauma). Intermediate clinical symptoms are seen in
patients with moderate hemophilia (actor VIII activity
1–5%). Female carriers o hemophilia can have a wide
range o actor VIII activity and thereore have variable
bleeding tendencies.

Signiicant hemophilic arthropathy is usually avoided
in patients who have received long-term prophylaxis with
actor concentrate starting in early childhood, whereas
destructive joint disease is common in adults who have
experienced recurrent hemarthroses. Patients tend to have
one or two “target” joints into which they bleed most oten.

Inhibitor development to actor VIII or actor IX is
characterized by bleeding episodes that are resistant to
treatment with clotting actor VIII or IX concentrate, and
by new or atypical bleeding.

B. Laboratory Findings

Hemophilia A or B is diagnosed by an isolated reproduc-
ibly low actor VIII or actor IX activity level, in the
absence o other conditions. I the aPTT is prolonged, it
typically corrects upon mixing with normal plasma.
Depending on the level o residual actor VIII or actor IX
activity, and the sensitivity o the thromboplastin used in
the aPTT coagulation reaction, the aPTT may or may not
be prolonged, although it typically is markedly prolonged
in severe hemophilia. Hemophilia is classiied according to
the level o actor activity in the plasma. Mild hemophilia
has greater than 5% actor activity; moderate hemophilia
has 1–5% actor activity; and severe hemophilia has less
than 1% actor activity. Female carriers may become symp-
tomatic i signiicant lyonization has occurred avoring the
deective actor VIII or actor IX gene, leading to actor
VIII or actor IX activity level markedly less than 50%.
Typically, a clinical bleeding diathesis occurs once the

actor activity is less than 20%, but this appears to be
patient-speciic, and bleeding can occur in trauma, surgery,
and delivery i the actor activity is less than 50%.

In the presence o an inhibitor to actor VIII or actor
IX, there is accelerated clearance o and suboptimal or
absent rise in measured activity o inused actor, and the
aPTT does not correct on mixing. The Bethesda assay
measures the potency o the inhibitor.

» Treatment

A. Factor VIII or IX Products

Plasma-derived or recombinant actor VIII or IX products
are the mainstay o treatment. The standard o care or
most individuals with severe hemophilia is primary pro-
phylaxis: by the age o 4 years, most children with severe
hemophilia have begun twice- or thrice-weekly inusions
o actor to prevent the recurrent joint bleeding that oth-
erwise would characterize the disorder and lead to
severe musculoskeletal morbidity. In selected cases o less
severe hemophilia, or as an adjunct to prophylaxis in severe
hemophilia, treatment with actor products is given peri-
procedurally, prior to high-risk activities (such as sports),
or as needed or bleeding episodes (Table 14–8). Recombi-
nant actor VIII and actor IX molecules that are bioengi-
neered to have an extended hal-lie may allow or extended
dosing intervals in patients who are treated prophylacti-
cally. The decision to switch to a long-acting product is
patient speciic. The long-acting actor IX products have
clear added value in reducing requency o actor injections
oten to weekly or less. Long-acting actor VIII products
have not achieved a similar degree o extended hal-lie.
Patients with mild hemophilia A may respond to as-
needed (on demand) intravenous or intranasal treatment
with DDAVP. Antiibrinolytic agents may be useul in cases
o mucosal bleeding and are commonly used adjunctively,
such as ollowing dental procedures.

B. Factor VIII or IX Inhibitors

Factor inhibitors (antibodies that interere with activity or
hal-lie) are a major clinical problem or patients with
hemophilia. It may be possible to overcome low-titer
inhibitors (less than 5 Bethesda units [BU]) by giving larger
doses o actor, whereas treatment o bleeding in the pres-
ence o a high-titer inhibitor (more than 5 BU) requires
inusion o an activated prothrombin complex concentrate
(such as FEIBA [actor eight inhibitor bypassing activity])
or recombinant activated actor VII. Recombinant porcine
actor VIII is also an option but is reserved or selective
circumstances because o its cost. Inhibitor tolerance
induction, achieved by giving large doses (50–300 units/kg
intravenously o actor VIII daily) or 6–18 months, suc-
ceeds in eradicating the inhibitor in 70% o patients with
hemophilia A and in 30% o patients with hemophilia B.
Patients with hemophilia B who receive inhibitor toler-
ance induction, however, are at risk or development o
nephrotic syndrome and anaphylactic reactions, making
eradication o their inhibitors more problematic. Addi-
tional immunomodulation may allow or eradication in
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selected inhibitor tolerance induction–reractory
patients. Emicizumab is a novel bi-speciic antibody that
brings activated actor IX and actor X together, eec-
tively replacing the coactor unction o actor VIII in
the clotting cascade, providing a major therapeutic
advance or patients with inhibitors. Emicizumab has
also been demonstrated to be an eective option or
patients without inhibitors.

C. Gene Therapy

Gene therapy clinical trials or hemophilia A and B have
shown great promise or patients with severe hemophilia A
and B. For most patients, gene therapy has eliminated
spontaneous bleeding as well as the need or actor replace-
ment. While phase III clinical trials have been restricted to
patients 18 years o age and older, the results look extremely
promising. It is hoped that this potentially lie-changing
therapy will become an approved treatment outside o
clinical trials in 2022.

D. Antiretroviral Therapy

Antiretroviral treatment should be administered to hemo-
philia patients with HIV inection. Patients with hepatitis C

inection should be reerred or treatment to eradicate the
virus.

» When to Refer

All patients with hemophilia should be seen regularly in a
comprehensive hemophilia treatment center.

» When to Admit

• Major invasive procedures because o the need or serial
inusions o clotting actor concentrate.

• Bleeding that is unresponsive to outpatient treatment.

George LA et al. Hemophilia B gene therapy with a high-
speciic-activity actor IX variant. N Engl J Med. 2017;
377:2215. [PMID: 29211678]

Mahlangu J et al. Emicizumab prophylaxis in patients who have
hemophilia A without inhibitors. N Engl J Med. 2018;379:811.
[PMID: 30157389]

Manco-Johnson MJ et al; Joint Outcomes Committee o the
Universal Data Collection, US Hemophilia Treatment Center
Network. Prophylaxis usage, bleeding rates, and joint out-
comes o hemophilia, 1999 to 2010: a surveillance project.
Blood. 2017;129:2368. [PMID: 28183693]

Table 14–8. Treatment of bleeding in selected inherited disorders of hemostasis.

Disorder Subtype

Treatment for

Minor Bleeding

Treatment for Major

Bleeding Comment

Hemophilia A Mild DDAVP1 DDAVP1 or factor VIII

product

Treat for 3–10 days for major bleed-

ing or following surgery, keeping

factor activity level 50–80%

initially. Adjunctive EACA may be

useful for mucosal bleeding or

procedures

Moderate or severe Factor VIII product Factor VIII product

Hemophilia B Mild, moderate, or severe Factor IX product Factor IX product

von Willebrand

disease

Type 1 DDAVP1 DDAVP1, vWF product

Type 2 DDAVP,1 vWF product vWF product

Type 3 vWF product vWF product

Factor XI deficiency — FFP or EACA FFP Adjunctive EACA should be used for

mucosal bleeding or procedures

1Mild hemophilia A and type 2A or 2B vWD patients: therapeutic trial must have previously confirmed an adequate response (ie, elevation

of factor VIII or vWF activity level into the normal range) and (for type 2B) no exacerbation of thrombocytopenia. DDAVP is not typically

effective for type 2M vWD. A vWF-containing factor VIII concentrate is preferred for treatment of type 2N vWD.

Notes:

DDAVP dose is 0.3 mcg/kg intravenously in 50 mL saline over 20 minutes, or nasal spray 300 mcg for weight > 50 kg or 150 mcg for < 50 kg,

every 24 hours, maximum of three doses in a 72-hour period. If more than two doses are used in a 48-hour period, free water restriction

and monitoring for hyponatremia is essential.

EACA dose is 50 mg/kg orally four times daily for 3–5 days; maximum 24 g/day, useful for mucosal bleeding/dental procedures.

Factor VIII product dose is 50 units/kg for severe hemophilia A intravenously initially followed by 25 units/kg every 8 hours followed by

lesser doses at longer intervals once hemostasis has been established.

Factor IX product dose is 100 units/kg (120 units/kg if using Benefix) intravenously initially for severe hemophilia B followed by 50 units/

kg (60 units/kg if using Benefix) every 8 hours followed by lesser doses at longer intervals once hemostasis has been established.

vWF-containing factor VIII product dose is 60–80 RCoF units/kg intravenously every 12 hours initially followed by lesser doses at longer

intervals once hemostasis has been established.

FFP is typically administered in 4-unit boluses and may not need to be re-bolused after the initial administration due to the long half-life

of factor XI.

DDAVP, desmopressin acetate; EACA, epsilon-aminocaproic acid; FFP, fresh frozen plasma; vWF, von Willebrand factor.
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Oldenburg J et al. Emicizumab prophylaxis in hemophilia A with
inhibitors. N Engl J Med. 2017;377:809. [PMID: 28691557]

Pasi KJ et al. Multiyear ollow-up o AAV5-hFVIII-SQ gene
therapy or hemophilia A. N Engl J Med. 2020;382:29. [PMID:
31893514]

2. von Willebrand Disease

E S S E N T I A L S  O F  D I A G N O S I S

» The most common inherited bleeding disorder.

» vWF binds platelets to subendothelial surfaces,
aggregates platelets, and prolongs the half-life of
factor VIII.

» General Considerations

vWF is an unusually large multimeric glycoprotein that
binds to subendothelial collagen and its platelet receptor,
glycoprotein Ib, bridging platelets to the subendothelial
matrix at the site o vascular injury and contributing to
linking them together in the platelet plug. vWF also has a
binding site or actor VIII, prolonging actor VIII hal-lie
in the circulation.

Between 75% and 80% o patients with vWD have
type 1, a quantitative abnormality o the vWF molecule
that usually does not eature an identiiable causal mutation
in the vWF gene.

Type 2 vWD is seen in 15–20% o patients with vWD.
In type 2A or 2B vWD, a qualitative deect in the vWF
molecule is causative. Type 2N and 2M vWD are due to
deects in vWF that decrease binding to actor VIII or to
platelets, respectively. Importantly, type 2N vWD can clini-
cally resemble hemophilia A because actor VIII activity
levels are decreased, and vWF activity and antigen (Ag) are
normal. Type 2M vWD eatures a normal multimer pat-
tern. Type 3 vWD is rare, and like type 1, is a quantitative
deect, with mutational homozygosity or compound het-
erozygosity yielding very low levels o vWF and severe
bleeding in inancy or childhood. Due to its actor VIII
carrier unction, a severely low vWF level leads to low ac-
tor VIII activity and prolonged aPTT.

Table 14–9. Laboratory diagnosis of von Willebrand disease.

Type vWF Activity vWF Antigen Factor VIII RIPA Multimer Analysis

1 ↓  ↓ Nl or ↓  ↓ Normal pattern; uniform ↓ intensity of bands

2 A ↓↓  ↓  ↓  ↓ Large and intermediate multimers decreased or absent

B ↓↓  ↓  ↓  ↑ Large multimers decreased or absent

M ↓  ↓  ↓  ↓ Normal pattern; uniform ↓ intensity of bands

N Nl Nl ↓↓ Nl Nl

3 ↓↓↓  ↓↓↓  ↓↓↓  ↓↓↓ Multimers absent

Nl, normal; RIPA, ristocetin-induced platelet aggregation; vWF, von Willebrand factor.

» Clinical Findings

A. Symptoms and Signs

Patients with type 1 vWD usually have mild or moderate
platelet-type bleeding (mucocutaneous) that may be evi-
dent in childhood. Heavier bleeding may occur with men-
ses, surgery, or delivery. Patients with type 2 vWD usually
have moderate to severe bleeding that presents in child-
hood or adolescence. Patient with type 3 vWD demon-
strate a severe bleeding phenotype that typically maniests
in childhood or inancy.

B. Laboratory Findings

In type 1 vWD, the vWF activity (ristocetin co-actor
assay) and the vWF Ag are mildly depressed, whereas the
vWF multimer pattern is normal (Table 14–9). Laboratory
testing o type 2A or 2B vWD typically shows a ratio o
vWF Ag:vWF activity o approximately 2:1 and a multimer
pattern that lacks the highest molecular weight multimers.
Thrombocytopenia is common in type 2B vWD due to a
gain-o-unction mutation o the vWF molecule, which
leads to increased vWF binding to its receptor on platelets,
resulting in platelet clearance; a ristocetin-induced platelet
aggregation (RIPA) study shows an increase in platelet
aggregation in response to low concentrations o ristocetin.
Except in the more severe orms o vWD that eature a
signiicantly decreased actor VIII activity, aPTT is most
commonly normal in patients with vWD. The PT is not
aected by vWD.

» Treatment

The treatment o vWD is outlined in Table 14–8. DDAVP
is useul in the treatment o mild bleeding in most cases o
type 1 and some cases o type 2 vWD. DDAVP causes
release o vWF and actor VIII rom storage sites (endothe-
lial cells), leading to a two- to sevenold increase in vWF
and actor VIII. A therapeutic DDAVP trial to document
suicient rise in vWF level is critical prior to relying on
DDAVP as a treatment option. Due to tachyphylaxis and
the risk o signiicant hyponatremia secondary to luid
retention, DDAVP treatment is limited to one dose per
24 hours and no more than three doses over 5 days. vWF-
containing actor VIII concentrates or recombinant VWF
products are used in all other clinical scenarios, and when
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bleeding is not controlled with DDAVP. Cryoprecipitate is
no longer used as a source o vWD in clinical practice.
Antiibrinolytic agents (eg, aminocaproic acid or
tranexamic acid) may be used adjunctively or mucosal
bleeding or procedures. Pregnant patients with type 1 vWD
usually do not require treatment at the time o delivery
because o the natural physiologic increase in vWF levels
(up to threeold that o baseline) that are observed by par-
turition. However, levels need to be conirmed in late
pregnancy, and i they are low or i excessive bleeding is
encountered, vWF products may be given. Moreover,
patients are at risk or signiicant bleeding 1–2 weeks post-
partum when vWF levels all secondary to the all in estro-
gen levels and related return to baseline vWF levels.

Kouides PA. Present day management o inherited bleeding
disorders in pregnancy. Expert Rev Hematol. 2016;9:987.
[PMID: 27459638]

Sharma R et al. Advances in the diagnosis and treatment o Von
Willebrand disease. Blood. 2017;130:2386. [PMID: 29187375]

3. Factor XI Deficiency

Factor XI deiciency (also called hemophilia C) is inherited
in an autosomal recessive manner, leading to heterozygous,
compound heterozygous, or homozygous deects. It is most
prevalent among individuals o Ashkenazi Jewish descent,
yet it is in the dierential diagnosis o anyone with an
unexplained prolonged aPTT. Levels o actor XI, while
variably reduced, do not correlate well with bleeding symp-
toms. Mild bleeding is most common, and diagnosis is
oten made ater unexpected, excessive bleeding ollowing
surgery or trauma. Importantly, actor XI deiciency that
can lead to provoked excessive bleeding does not always
prolong the aPTT. FFP is the mainstay o treatment when
plasma-derived actor XI concentrate is not available.
Administration o adjunctive aminocaproic acid or
tranexamic acid is regarded as mandatory or procedures
or bleeding episodes involving the mucosa (Table 14–8).

Verghese L et al. Management o parturients with Factor XI
deiciency—10 year case series and review o literature. Eur J
Obstet Gynecol Reprod Biol. 2017;215:85. [PMID: 28622635]

4. Less Common Heritable Disorders
of Coagulation

Congenital deiciencies o clotting actors II, V, VII, and X
are rare and typically are inherited in an autosomal reces-
sive pattern. A prolongation in the PT (and aPTT or actor
X, actor V, and actor II deiciency) that corrects upon mix-
ing with normal plasma is typical. Deinitive diagnosis
requires testing or speciic actor activity. The treatment o
actor II deiciency is with a prothrombin complex concen-
trate; actor V deiciency is treated with inusions o FFP or
platelets (which contain actor V in alpha granules); actor
VII deiciency is treated with recombinant human activated
actor VII. Factor X deiciency is treated with an FDA-
approved plasma-derived actor X product (Coagadex).

Deiciency o actor XIII characteristically leads to
delayed bleeding that occurs hours to days ater

a hemostatic challenge (such as surgery or trauma). The
condition is usually lie-long, and spontaneous intracranial
hemorrhages as well as recurrent pregnancy loss appear to
occur with increased requency in these patients compared
with other congenital deiciencies. Cryoprecipitate can be
used to provide actor XIII, but i available, plasma-derived
actor XIII concentrate (Coriact) is preerred to treat bleed-
ing or or surgical prophylaxis. Regular prophylactic actor
XIII replacement is indicated or patients with severe actor
XIII deiciency. Factor XIII has an A and B subunit. Recom-
binant actor XIII A-subunit (Tretten) is an option or
patients deicient in the actor XIII A subunit. Factor XIII
deiciency does not cause a prolongation o the PT or aPTT.

Peyvandi F et al. Treatment o rare actor deiciencies in 2016.
Hematology Am Soc Hematol Educ Program. 2016;2016:663.
[PMID: 27913544]

ACQUIRED DISORDERS OF COAGULATION

1. Acquired Antibodies to Factor II

Patients with antiphospholipid antibodies occasionally
have antibody speciicity to coagulation actor II (pro-
thrombin) that accelerates actor II clearances and can lead
to severe hypoprothrombinemia and bleeding. Mixing
studies may or may not reveal presence o an inhibitor, as
the antibody typically binds a non-enzymatically active
portion o the molecule leading to accelerated clearance,
but characteristically the PT is prolonged and levels o
actor II are low. FFP should be administered to treat
bleeding. Treatment is immunosuppressive.

2. Acquired Antibodies to Factor V

Products containing bovine actor V (such as topical
thrombin or ibrin glue, requently used in surgical proce-
dures) can lead to ormation o an anti–actor V antibody
that cross-reacts with human actor V. Clinicopathologic
maniestations range rom a prolonged PT in an otherwise
asymptomatic individual to severe bleeding. Mixing stud-
ies suggest the presence o an inhibitor, and the actor V
activity level is low. In cases o serious or lie-threatening
bleeding, IVIG or platelet transusions, or both, should be
administered, and immunosuppression (as or acquired
inhibitors to actor VIII) may be oered.

3. Acquired Antibodies to Factor VIII

Acquired hemophilia A due to actor VIII inhibitors is the
most common acquired actor-based bleeding disorder.
Spontaneous antibodies to actor VIII (acquired hemo-
philia A) can occur in adults without a prior history o
hemophilia; older adults and patients with lymphoproli-
erative malignancy or autoimmune disease and those who
are postpartum or postsurgical are at highest risk. The
clinical presentation, which should be viewed as a medical
emergency, typically includes extensive sot tissue ecchy-
moses, hematomas, and mucosal bleeding, as opposed to
hemarthrosis characteristic o congenital hemophilia A.
The aPTT is typically prolonged and does not correct upon
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mixing; actor VIII activity is low and a Bethesda assay
reveals the titer o the inhibitor. Inhibitors o low titer (less
than 5 BU) may oten be overcome by inusion o high
doses o actor VIII concentrates, whereas high-titer inhib-
itors (greater than 5 BU) must be treated with serial inu-
sions o activated prothrombin complex concentrates,
recombinant human activated actor VII, or recombinant
porcine actor VIII. Along with establishment o hemosta-
sis by one o these measures, immunosuppressive treat-
ment with corticosteroids with or without oral
cyclophosphamide or rituximab should be instituted.
Treatment with IVIG and plasmapheresis can be consid-
ered in reractory cases. Unlike in congenital actor VIII
deiciency, the patient’s bleeding does not correlate well
with the actor VIII activity level, so the clinician must be
concerned with any elevation o aPTT secondary to
acquired actor VIII inhibitor. All such patients require
immediate reerral to a hematologist.

Gibson CJ et al. Clinical problem-solving. A bruising loss.
N Engl J Med. 2016;375:76. [PMID: 27406351]

4. Vitamin K Deficiency

Vitamin K deiciency may occur as a result o deicient
dietary intake o vitamin K (rom green leay vegetables,
soybeans, and other sources), malabsorption, or decreased
production by intestinal bacteria (due to treatment with
chemotherapy or antibiotics). Vitamin K is required or
normal unction o vitamin K epoxide reductase that
assists in posttranslational gamma-carboxylation o the
coagulation actors II, VII, IX, and X, which is necessary
or their activity. Thus, mild to moderate vitamin K dei-
ciency typically eatures a prolonged PT (activity o the
vitamin K–dependent actors is more relected than in the
aPTT; aPTT is prolonged i the deiciency is more severe)
that corrects upon mixing; activity levels o individual clot-
ting actors II, VII, IX, and X typically are low. Importantly,
a concomitantly low actor V activity level is not indicative
o isolated vitamin K deiciency and may indicate an
underlying deect in liver synthetic unction. Hospitalized
patients on broad-spectrum antibiotics and with poor or
no oral intake are at high risk or vitamin K deiciency.

For treatment, vitamin K
1

(phytonadione) may be
administered via intravenous or oral routes; the subcutane-
ous route is not recommended due to erratic absorption.
The oral dose is 5–10 mg/day and absorption is typically
excellent; at least partial improvement in the PT should be
observed within 18–24 hours o administration. Intrave-
nous administration results in aster normalization o a
prolonged PT than oral administration; due to descriptions
o anaphylaxis, parenteral doses should be administered at
lower doses (1–5 mg/day) and slowly (eg, over 30 minutes)
with concomitant monitoring. Overreplacement can make
it diicult to resume wararin when necessary.

5. Coagulopathy of Liver Disease

Impaired liver unction due to cirrhosis or other causes
leads to decreased synthesis o clotting actors, including
actors II, V, VII, IX, X, and ibrinogen; whereas actor VIII

levels, largely made in endothelial cells, may be elevated
despite depressed levels o other coagulation actors. The
PT (and with advanced disease, the aPTT) is typically pro-
longed and usually corrects on mixing with normal plasma.
A normal actor V level, in spite o decreases in the activity
o actors II, VII, IX, and X, however, suggests vitamin K
deiciency rather than liver disease. Qualitative and quan-
titative deiciencies o ibrinogen also are prevalent among
patients with advanced liver disease, typically leading to a
prolonged PT, thrombin time, and reptilase time.

The coagulopathy o liver disease usually does not
require hemostatic treatment unless bleeding occurs. Inu-
sion o FFP may be considered i active bleeding is present
and the aPTT and PT are prolonged; however, the eect is
transient and concern or volume overload may limit inu-
sions. Patients with bleeding and a ibrinogen level consis-
tently below 80–100 mg/dL should receive cryoprecipitate.
Liver transplantation, i easible, results in production o
coagulation actors at normal levels. The use o recombi-
nant human activated actor VII in patients with bleeding
varices is controversial, although some patient subgroups
may experience beneit. The coagulopathy o liver disease
can predispose to bleeding or thrombosis, so caution and
experience are needed or optimal management.

Hunt BJ. Bleeding and coagulopathies in critical care. N Engl J
Med. 2014;370:847. [PMID: 24571757]

Saner FH et al. Assessment and management o coagulopathy in
critically-ill patients with liver ailure. Curr Opin Crit Care.
2019;25:179. [PMID: 30855324]

Tripodi A et al. Changing concepts o cirrhotic coagulopathy.
Am J Gastroenterol. 2017;112:274. [PMID: 27801884]

Tripodi A et al. The coagulopathy o chronic liver disease. N
Engl J Med. 2011;365:147. [PMID: 21751907]

6. Warfarin Ingestion

See Antithrombotic Therapy section, below.

7. Disseminated Intravascular Coagulation

See above.

8. Heparin/Fondaparinux/Direct-Acting Oral
Anticoagulant Use

See Classes o Anticoagulants, below.

9. Lupus Anticoagulants

Lupus anticoagulants prolong the aPTT by interering with
interactions between the clotting cascade and the phospho-
lipid surace on which they unction, but they do not lead
to bleeding. Rather, they predispose to thrombosis. Lupus
anticoagulants were so named because o their early iden-
tiication in patients with autoimmune disease, although
they also occur with increased requency in individuals with
underlying inection, inlammation, or malignancy, and
they also can occur in asymptomatic individuals in the gen-
eral population. A prolongation in the aPTT is observed that
does not correct completely on mixing but that normalizes
with excessive phospholipid. Specialized testing such as a
positive hexagonal phase phospholipid neutralization assay,
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a prolonged dilute Russell viper venom time, and positive
platelet neutralization assays can conirm the presence o a
lupus anticoagulant. Rarely, the antibodies also interere
with actor II activity, and that tiny subset o lupus antico-
agulant patients are at risk or bleeding.

OTHER CAUSES OF BLEEDING

Occasionally, abnormalities o the vasculature and integu-
ment may lead to bleeding despite normal hemostasis;
congenital or acquired disorders may be causative. These
abnormalities include Ehlers-Danlos syndrome, osteogen-
esis imperecta, Osler-Weber-Rendu disease (hereditary
hemorrhagic telangiectasia) (see Chapter 40), and Maran
syndrome (heritable deects) and integumentary thinning
due to prolonged corticosteroid administration or normal
aging, amyloidosis, vasculitis, and scurvy (acquired
deects). The bleeding time oten is prolonged. I possible,
treatment o the underlying condition should be pursued,
but i this is not possible or easible (ie, congenital syn-
dromes), globally hemostatic agents such as DDAVP can
be considered or treatment o bleeding.

ANTITHROMBOTIC THERAPY

The currently available anticoagulants include unraction-
ated heparin, LMWHs, ondaparinux, vitamin K antago-
nists (ie, wararin), and direct-acting oral anticoagulants
(DOACs) (ie, dabigatran, rivaroxaban, apixaban, edoxa-
ban, betrixaban). (For a discussion o the injectable DTIs,
see section Heparin-Induced Thrombocytopenia above.)

» Classes of Anticoagulants

A. Unfractionated Heparin and LMWHs

Only about one-third o the molecules in a given prepara-
tion o unractionated heparin contain the crucial penta-
saccharide sequence necessary or binding o antithrombin
and exerting its anticoagulant eect upon thrombin. The
degree o anticoagulation with unractionated heparin is
typically monitored by aPTT or anti-Xa level in patients
who are receiving the drug in therapeutic doses, although
the pharmacokinetics o unractionated heparin are poorly
predictable. Only a raction o an inused dose o heparin
is metabolized by the kidneys, making it sae to use in most
patients with signiicant kidney disease.

Due to less protein and cellular binding, the pharmacoki-
netics o the LMWHs are much more predictable than those
o unractionated heparin, allowing or ixed weight-based
dosing. All LMWHs are principally renally cleared and must
be avoided or used with extreme caution in individuals with
creatinine clearance less than 30 mL/min. A longer hal-lie
permits once- or twice-daily subcutaneous dosing, allowing
or greater convenience and outpatient therapy in selected
cases. Most patients do not require monitoring, although
monitoring using the anti-Xa activity level is appropriate or
patients with moderate kidney disease, those with elevated
body mass index or low weight, and selected pregnant
patients. LMWHs are associated with a lower requency o
heparin-induced thrombocytopenia and thrombosis
(approximately 0.6%) than unractionated heparin (3%).

1Importantly, because the INR is not standardized or abnormali-
ties o actor V and fbrinogen, the INR should be used only in
reerence to anticoagulation in patients who are receiving wararin.

B. Fondaparinux

Fondaparinux is a synthetic molecule consisting o the
highly active pentasaccharide sequence ound in LMWHs.
As such, it exerts almost no thrombin inhibition and works
to indirectly inhibit actor Xa through binding to anti-
thrombin. Fondaparinux, like the LMWHs, is almost
exclusively metabolized by the kidneys, and should be
avoided in patients with creatinine clearance less than
30 mL/min. Predictable pharmacokinetics allow or
weight-based dosing.

C. Vitamin K Antagonist (Warfarin)

The vitamin K antagonist wararin inhibits the activity o
the vitamin K–dependent carboxylase that is important or
the posttranslational modiication o coagulation actors II,
VII, IX, and X. Although wararin is taken orally, leading
to a signiicant advantage over the heparins and heparin
derivatives, interindividual dierences in nutritional sta-
tus, comorbid diseases, concomitant medications, and
genetic polymorphisms lead to a poorly predictable antico-
agulant response. Individuals taking wararin must
undergo periodic monitoring to veriy the intensity o the
anticoagulant eect, reported as the INR, which corrects
or dierences in potency o commercially available throm-
boplastin used to perorm the PT.1

D. Direct-Acting Oral Anticoagulants

Unlike wararin, the DOACs (1) have a predictable dose
eect and thereore do not require laboratory monitoring,
(2) have anticoagulant activity independent o vitamin K
with no need or dietary stasis, and (3) are renally metab-
olized to varying degrees so there are restrictions or dose
reductions related to reduced kidney unction (Table
14–10). While the DOACs have ewer drug interactions
than wararin, i DOACs are given with potentially inter-
acting medications, there is no reliable way to measure the
impact on anticoagulant activity o the concomitant admin-
istration. There is also no reliable way to measure adher-
ence. Data remain limited on use o DOACs in morbidly
obese patients (more than 120 kg or BMI greater than or
equal to 40) in VTE treatment. The clinician must careully
consider kidney unction, concomitant medications, indi-
cation or use, candidacy or lead-in parenteral therapy (as
required or acute VTE treatment with edoxaban and dabi-
gatran only) and anticipated patient adherence. Providers
must be careul to dose each DOAC properly or the indica-
tion, kidney unction, and weight o patient, and to check
or drug interactions. (See Table 14–10 or details.) There is
a reversal agent available or dabigatran and or the anti-Xa
inhibitors apixaban and rivaroxaban (Table 14–11).

Routine monitoring is not recommended or
patients taking DOACs. However, there are clinical sce-
narios where assessing anticoagulant activity may be
helpul, including active bleeding, pending urgent
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Table 14–10. Direct-acting oral anticoagulants (DOACs) for VTE treatment and prevention.1

Dabigatran Rivaroxaban Apixaban Edoxaban Betrixaban

Mechanism Oral direct thrombin inhibitor Oral direct factor Xa inhibitor Oral direct factor Xa inhibitor Oral direct factor Xa inhibitor Oral direct factor Xa

inhibitor

Approved uses for VTE VTE treatment and secondary

prevention

VTE prophylaxis post-hip

replacement

VTE treatment and secondary

prevention

VTE prophylaxis post-hip or knee

replacement

VTE prophylaxis in select adult

patients hospitalized for acute

medical illness

VTE treatment and secondary

prevention

VTE prophylaxis post-hip or

knee replacement

VTE treatment and second-

ary prevention

Prophylaxis of VTE in select

adults hospitalized for

acute medical illness

Frequency of dosing for VTE Twice daily Twice daily for first 21 days of acute

VTE therapy, then daily

Once daily for DVT prophylaxis

Twice daily Once daily Once daily

Food With or without food With food (for 15- and 20-mg tablets) With or without food With or without food With food

Crushable? No Can crush; do not administer via J

tube

Can crush and administer

orally or via NG tube

No data

Renal clearance 80% 30–60% 25% 50% 15%

Kinetics t ½ = 12–17 hours;

tmax = 2 hours

t ½ = 5–9 hours;

tmax = 3 hours

t ½ = 12 hours;

tmax = 3 hours

t ½ = 10–14 hours;

tmax = 2 hours

t ½ = 19–27 hours;

tmax = 3 hours

Impact on INR ↑ (or →) ↑↑ (or → at low concentrations) ↑ (or →) ↑ Unknown

Impact on aPTT ↑↑  ↑  ↑  ↑ Unknown

Drug interactions (list not

comprehensive)

Avoid rifampin, St John’s wort,

and possibly carbamazepine

Caution with amiodarone, clar-

ithromycin, dronedarone,

ketoconazole, quinidine,

verapamil

No dose adjustment if CrCl

> 50 mL/min

Reduce dose to 75 mg orally

twice daily if CrCl 30–50 mL/min

and concurrent use of

dronedarone or ketoconazole

Avoid carbamazepine, conivaptan,

indinavir/ritonavir, itraconazole,

ketoconazole, lopinavir/ritonavir,

phenytoin, rifampin, ritonavir,

St John’s wort

Caution with the concurrent use of

combined P-gp inhibitors and/or

weak or moderate inhibitors of

CYP3A4 (eg, amiodarone, azithro-

mycin, diltiazem, dronedarone,

erythromycin, felodipine,

quinidine, ranolazine, verapamil)

particularly in patients with

impaired kidney function

Avoid carbamazepine,

clarithromycin, phenytoin,

rifampin, St John’s wort,

itraconazole, ketoconazole,

and ritonavir in patients

already taking apixaban

even at a reduced dose of

2.5 mg twice daily

Caution with clarithromycin,

itraconazole, ketoconazole,

and ritonavir

Avoid rifampin

Reduce dose with certain

P-gp inhibitors (eg,

amiodarone, azithromycin,

verapamil, ketoconazole,

clarithromycin). Use has

not been studied with

many other P-gp inhibi-

tors and inducers.

Some experts recommend

avoiding concurrent use

altogether

Reduce dose to 40 mg

orally daily with concur-

rent use of P-gp inhibi-

tors (eg, amiodarone,

azithromycin, verapamil,

ketoconazole,

clarithromycin)
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Switching from DOAC to

warfarin (per AC Forum

Clinical Guidance: either

approach [ie, stop DOAC

then start LMWH and

warfarin; or overlap

warfarin with DOAC] can

be used for all DOAC to

warfarin transitions. If

overlapping warfarin and

DOAC, measure INR just

before next DOAC dose

and stop DOAC when INR

≥ 2.0)

Start warfarin and overlap with

dabigatran;

CrCl C50 mL/min, overlap 3 days

CrCl 30–50 mL/min, overlap

2 days

CrCl 15–30 mL/min, overlap

1 day

Stop DOAC; start warfarin and LMWH

at time of next scheduled DOAC

dose and bridge until INR ≥ 2.0

Stop DOAC; start warfarin and

LMWH at time of next

scheduled DOAC dose and

bridge until INR ≥ 2.0

For 60-mg dose, reduce dose

to 30 mg and start warfa-

rin concomitantly

For 30-mg dose, reduce dose

to 15 mg and start warfa-

rin concomitantly

Stop edoxaban when

INR ≥ 2.0

No data available

Warfarin to DOAC Start when INR < 2.0 Start when INR < 3.0 Start when INR < 2.0 Start when INR ≤ 2.5 Start when INR < 2.5

Special considerations Dyspepsia is common and starts

within first 10 days

GI bleeding risk higher with dabi-

gatran than with warfarin

GI bleeding risk higher with rivaroxa-

ban than with warfarin

Do not use if CrCl

< 15 mL/min

1Consult prescribing information for updated dosing. Dosing for atrial fibrillation is provided in Table 10–11.

aPTT, activated partial thromboplastin time; CrCl, creatinine clearance; DOAC, direct-acting oral anticoagulant; GI, gastrointestinal; INR, international normalized ratio; LMWH, low-molecular-weight

heparin; NG, nasogastric; PCC, prothrombin complex concentrate; P-gp, P-glycoprotein; VTE, venous thromboembolism.
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Table 14–11. Medications to consider for reversing anticoagulant effect during life-threatening bleeding.1

Anticoagulants Guidance

Parenteral

Heparins Protamine provides total (for unfractionated heparin) or partial (for LMWHs) reversal of anticoagulant effect.
• Administration: Very slow infusion
• Maximum dose: 50 mg intravenously
• Caution: risk of anaphylactoid reactions and true hypersensitivity reactions, especially if allergy to other

protamine-containing medications (such as NPH insulin) or to fish (black box warning)
• Dosing depends on dose given and time elapsed
• Dosing calculator at https://clincalc.com/Protamine/

Unfractionated
heparin

Protamine (100% neutralization)
• 1 mg protamine neutralizes approximately 100 units of heparin sulfate
• Monitor drug activity with aPTT and/or heparin anti-Xa activity

LMWH (enoxaparin,
dalteparin)

Protamine (approximately 60% neutralization)
• Last dose < 8 hours ago: 1 mg protamine for each 100 units of dalteparin or 1 mg enoxaparin
• Last dose > 8 hours ago: 0.5 mg protamine for each 100 units of dalteparin or 1 mg enoxaparin
• Degree of reversal can be assessed with LMWH anti-Xa activity

Oral

DOACs Guidance for all DOAC-associated major bleeding:
• Supportive measures recommended for all patients
• If ingested within 2 hours, administer activated charcoal

• Reversal agent is recommended ONLY if bleeding is life-threatening or into a critical organ
• Reversal agent not recommended for DOAC overdose without bleeding

Dabigatran Idarucizamab 5 g intravenously once
If idarucizamab is not available: administer APCC 50 units/kg intravenously

Apixaban Andexanet alfa:

Last dose ≤ 5 mg AND within 8 hours: low dose2

Last dose > 5 mg AND within 8 hours: high dose3

Last dose > 8 hours ago: low dose2

If andexanet alfa is not available: administer four-factor PCC 2000 units

Rivaroxaban Andexanet alfa:
Last dose ≤ 10 mg AND within 8 hours: low dose2

Last dose > 10 mg AND within 8 hours: high dose3

Last dose > 8 hours ago: low dose2

If andexanet alfa is not available: administer four-factor PCC 2000 units

Warfarin See Table 14–21

1Guidance adopted from 2019 Anticoagulation Forum and American Society of Hematology 2019 guidelines.
2Low-dose andexanet alfa: initial 400 mg intravenous bolus at target rate of 30 mg/min followed by continuous infusion at 4 mg/min for up
to 120 min.
3High-dose andexanet alfa: initial 800 mg intravenous bolus at target rate of 30 mg/min followed by continuous infusion at 8 mg/min for up
to 120 min. Begin infusion within 2 minutes after intravenous bolus to prevent rebound anti-Xa activity.
APCC, three-factor prothrombin complex concentrate; DOACs, direct-acting oral anticoagulants; FFP, fresh frozen plasma; LMWH,
low-molecular-weight heparin; PCC, four-factor prothrombin complex concentrate.
Data from Cuker A et al. Reversal of direct oral anticoagulants: Guidance from the Anticoagulation Forum. Am J Hematol. 2019;94(6):697–709;
data from Witt DM et al. American Society of Hematology 2018 guidelines for management of venous thromboembolism: optimal manage-
ment of anticoagulation therapy. Blood Adv. 2018;2(22):3257–91.

surgery, suspected therapeutic ailure, or concern or
accumulation. Drug-speciic anti-Xa levels are not widely
available, and guidance is lacking regarding clinical
approach to the results. DOACs have varying eects on
the PT and aPTT. In the absence o drug-speciic levels, a
normal dilute thrombin time excludes the presence o
clinically relevant dabigatran levels; an elevated aPTT sug-
gests clinically relevant levels o dabigatran. An elevated
PT suggests clinically relevant levels o rivaroxaban. How-
ever, a normal aPTT or normal PT does not rule out clini-
cally signiicant amounts o dabigatran or rivaroxaban,
respectively.

Douxils J et al. Laboratory testing in patients treated with direct
oral anticoagulants: a practical guide or clinicians. J Thromb
Haemost. 2018;16:209. [PMID: 29193737]

» Prevention of Venous
Thromboembolic Disease

The requency o venous thromboembolic disease (VTE)
among hospitalized patients ranges widely. Up to 60% o
VTE cases occur during or ater hospitalization, with espe-
cially high incidence among critical care patients and high-
risk surgical patients.
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Avoidance o atal PE, which occurs in up to 5% o
high-risk inpatients as a consequence o hospitalization or
surgery, is a major goal o pharmacologic prophylaxis.
Tables 14–12 and 14–13 provide risk stratiication or
DVT/VTE among hospitalized surgical and medical

inpatients. Standard pharmacologic prophylactic regimens
are listed in Table 14–14; prophylactic anticoagulation regi-
mens dier in their recommended duration o use. Pro-
phylactic strategies should be guided by individual risk
stratiication, with all moderate- and high-risk patients
receiving pharmacologic prophylaxis, unless contraindi-
cated. Contraindications to VTE prophylaxis or hospital
inpatients at high risk or VTE are listed in Table 14–15. In
patients at high risk or VTE with absolute contraindica-
tions to pharmacologic prophylaxis, mechanical devices
such as intermittent pneumatic compression devices
should be used, ideally in portable orm with at least an
18-hour daily wear time.

It is recommended that VTE prophylaxis be used judi-
ciously in hospitalized medical patients who are not criti-
cally ill since a comprehensive review o evidence
suggested harm rom bleeding in low-risk patients given
low-dose heparin and skin necrosis in stroke patients
given compression stockings. Risk assessment models like
the Padua Risk Score (Table 14–13) and the IMPROVE
risk score can help clinicians identiy patients who may
beneit rom DVT prophylaxis. The IMPROVE investiga-
tors also developed a bleeding risk model that may aid in
identiying acutely ill medical inpatients at increased risk
or bleeding: https://www.outcomes-umassmed.org/
IMPROVE/risk_score/index.html. While two o the anti-
Xa oral anticoagulants (betrixaban and rivaroxaban) have
been approved or extended duration prophylaxis ater
discharge or medically ill patients, how to identiy those
who will have clinical beneit rom this practice is still
unclear.

The Caprini score may help guide decisions in surgical
patients about VTE prophylaxis (https://www.mdcalc.com/
caprini-score-venous-thromboembolism-2005). In addi-
tion, certain high-risk surgical patients should be consid-
ered or extended-duration prophylaxis o up to 1 month,
including those undergoing total hip replacement, hip
racture repair, and abdominal and pelvic cancer surgery. I
bleeding is present, i the risk o bleeding is high, or i the
risk o VTE is high or the inpatient (Table 14–12) and
thereore combined prophylactic strategies are needed,
some measure o thromboprophylaxis may be provided
through mechanical devices such as intermittent pneu-
matic compression devices and graduated compression
stockings.

A. Primary VTE Prevention in Patients
with Active Cancer

Some ambulatory cancer patients undergoing chemother-
apy who are at moderate to high risk o VTE (Khorana risk
score ≥ 2) (https://www.mdcalc.com/khorana-risk-score-
venous-thromboembolism-cancer-patients) may beneit
rom pharmacologic DVT prophylaxis, although bleeding
risk is increased and caution should be taken, particularly
in patients with gastrointestinal or intracranial malignancy,
and other risk actors or anticoagulant-related bleeding
(such as thrombocytopenia and kidney dysunction).
DOACs should be avoided when there are possible interac-
tions with chemotherapeutic agents.

Table 14–12. Risk stratification for DVT/VTE among
surgical inpatients.

High risk1

Recent major orthopedic surgery/arthroplasty/fracture

Abdominal/pelvic cancer undergoing surgery

Spinal cord injury or major trauma within 90 days

More than three of the intermediate risk factors (see below)

Intermediate risk

Not ambulating independently outside of room at least

twice daily

Active infectious or inflammatory process

Active malignancy

Major surgery (nonorthopedic)

History of VTE

Stroke

Central venous access or PICC line

Inflammatory bowel disease

Prior immobilization (> 72 hours) preoperatively

Obesity (BMI > 30)

Patient age > 50 years

Hormone replacement or oral contraceptive therapy

Hypercoagulable state

Nephrotic syndrome

Burns

Cellulitis

Varicose veins

Paresis

HF (systolic dysfunction)

COPD exacerbation

Low risk

Minor procedure and age < 40 years with no additional risk

factors

Ambulatory with expected length of stay of < 24 hours or

minor surgery

1Risk is highest in first month and persists for up to 90 days.

BMI, body mass index; COPD, chronic obstructive pulmonary dis-

ease; DVT, deep venous thrombosis, HF, heart failure; PICC, periph-

erally inserted central catheter; VTE, venous thromboembolism.

Table 14–13. Padua Risk Assessment Model for VTE
prophylaxis in hospitalized medical patients.

Condition Points1

Active cancer, history of VTE, immobility,

laboratory thrombophilia

3 points each

Recent (≤ 1 mo) trauma and/or surgery 2 points each

Age ≥ 70, acute MI or CVA, acute infec-

tion, rheumatologic disorder, BMI

≥ 30, hormonal therapy

1 point each

1A score ≥ 4 connotes high risk of VTE in the noncritically ill medi-

cal patients and pharmacologic prophylaxis is indicated, absent

absolute contraindications.

BMI, body mass index; CVA, cerebrovascular accident; MI, myocar-

dial infarction; VTE, venous thromboembolism.
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Table 14–14. Pharmacologic prophylaxis of VTE in selected clinical scenarios.1

Anticoagulant Dose Frequency Clinical Scenario Comment

LMWH and Fondaparinux

Enoxaparin 40 mg subcutaneously Once daily Most medical inpatients

and critical care

patients

—

Surgical patients (moder-

ate risk for VTE)

—

Abdominal/pelvic cancer

surgery

Consider continuing for 4 weeks total

duration after abdominopelvic cancer

surgery.

Twice daily Bariatric surgery Higher doses may be required.

30 mg subcutaneously Twice daily Orthopedic surgery2 Give for at least 10 days. For THR, TKR, or

HFS, consider continuing up to 1 month

after surgery in high-risk patients.

Major trauma Not applicable to patients with isolated

lower extremity trauma.

Acute spinal cord injury —

Dalteparin 2500 units

subcutaneously

Once daily Most medical inpatients —

Abdominal surgery

(moderate risk for VTE)

Give for 5–10 days.

5000 units

subcutaneously

Once daily Orthopedic surgery2 First dose = 2500 units. Give for at least

10 days. For THR, TKR, or HFS, consider

continuing up to 1 month after surgery

in high-risk patients.

Abdominal surgery

(higher risk for VTE)

Give for 5–10 days. Consider continuing for

4 weeks total duration after abdomino-

pelvic cancer surgery.

Medical inpatients —

Fondaparinux 2.5 mg subcutaneously Once daily Orthopedic surgery2 Give for at least 10 days. For THR, TKR, or

HFS, consider continuing up to 1 month

after surgery in high-risk patients.

Direct-Acting Oral Anticoagulants

Rivaroxaban 10 mg orally Once daily Orthopedic surgery: THR,

TKR

Give for 12 days following TKR; give for

35 days following THR.

Apixaban 2.5 mg orally Twice daily Following THR or TKR Give for 12 days following TKR; give for

35 days following THR.

Dabigatran 110 mg orally first day,

then 220 mg

Once daily Following THR For patients with CrCl > 30 mL/min.

Consider continuing up to 1 month after

surgery in high-risk patients.

Betrixaban 160 mg orally first dose,

then 80 mg with food

Reduce dose for patients

with severe renal

impairment or taking

P-gp inhibitors

Once daily Medical inpatients with

moderately to severely

restricted mobility and

other risk factors for

VTE

Recommended duration of treatment is

35–42 days.

Unfractionated Heparin

Unfractionated

heparin

5000 units

subcutaneously

Three times daily Higher VTE risk with low

bleeding risk

Includes gynecologic surgery for malig-

nancy and urologic surgery, medical

patients with multiple risk factors for

VTE.

5000 units

subcutaneously

Twice daily Hospitalized patients at

intermediate risk for

VTE

Includes gynecologic surgery

(moderate risk).

(continued)
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Table 14–14. Pharmacologic prophylaxis of VTE in selected clinical scenarios.1

Anticoagulant Dose Frequency Clinical Scenario Comment

Patients with epidural

catheters

LMWHs usually avoided due to risk of

spinal hematoma.

Patients with severe

kidney disease3

LMWHs contraindicated.

Warfarin and Aspirin

Warfarin (Variable) oral Once daily Orthopedic surgery2 Titrate to goal INR = 2.5. Give for at least

10 days. For high-risk patients undergo-

ing THR, TKR, or HFS, consider continuing

up to 1 month after surgery.

Aspirin 81 mg orally Twice daily TKR, THR For patients at otherwise low VTE risk

following major orthopedic surgery.

Give for at least 14 days.

1All regimens administered subcutaneously, except for warfarin.
2Includes TKR, THR, and HFS.
3Defined as creatinine clearance < 30 mL/min.

CrCl, creatine clearance; HFS, hip fracture surgery; INR, international normalized ratio; LMWH, low-molecular-weight heparin; P-gp,

P-glycoprotein; THR, total hip replacement; TKR, total knee replacement; VTE, venous thromboembolic disease.

Table 14–15. Contraindications to VTE prophylaxis
for medical or surgical hospital inpatients at high risk
for VTE.

Absolute contraindications

Acute hemorrhage from wounds or drains or lesions

Intracranial hemorrhage within prior 24 hours

Heparin-induced thrombocytopenia (HIT): consider using

fondaparinux

Severe trauma to head or spinal cord or extremities

Epidural anesthesia/spinal block within 12 hours of initiation of

anticoagulation (concurrent use of an epidural catheter

and anticoagulation other than low prophylactic doses of

unfractionated heparin should require review and approval

by service who performed the epidural or spinal procedure,

eg, anesthesia/pain service, and in many cases, should be

avoided entirely)

Currently receiving warfarin or heparin or LMWH or direct

thrombin inhibitor for other indications

Relative contraindications

Coagulopathy (INR > 1.5)

Intracranial lesion or neoplasm

Severe thrombocytopenia (platelet count < 50,000/mcL

[50 × 109/L])

Intracranial hemorrhage within past 6 months

Gastrointestinal or genitourinary hemorrhage within past

6 months

INR, international normalized ratio; LMWH, low-molecular-weight

heparin; VTE, venous thromboembolic disease.

Adapted from guidelines used at the Veterans Affairs Medical

Center, San Francisco, CA.

B. Primary VTE Prevention, Diagnosis, and
Treatment in Patients with Severe COVID-19

Patients with severe COVID-19 appear to have an increased
incidence o thrombotic complications, including venous
(DVT, PE) and arterial (stroke, limb occlusion) events.
Risk is especially high in the critical care setting. Although

the reasons or this hypercoagulability are not yet well
understood, the proound systemic inlammatory response
associated with severe COVID-19 is thought to play a role.
While the hypercoagulability in COVID-19 resembles
DIC, laboratory and clinical indings are somewhat dier-
ent. Laboratory indings in patients with severe COVID-19
may include markedly elevated D-dimer and modestly
prolonged prothrombin time. However, patients with
COVID-19 tend to have elevated ibrinogen levels; throm-
bocytopenia is rare and nonsevere; and bleeding complica-
tions are unusual. Thrombosis in patients with COVID-19
is associated with a poor prognosis and oten occurs
despite standard pharmacologic prophylaxis.

1. Risk stratification and initial prognostication of
patients with severe COVID-19—Given the prevalence and
prognostic value o abnormal laboratory indings at presen-
tation, patients with COVID-19 should have RP/INR,
PTT, D-dimers, and ibrinogen measured. When results are
abnormal, especially signiicantly elevated D-dimers or
decreased ibrinogen, admission or monitoring should be
considered even in patients who are otherwise clinically
stable. Worsening laboratory parameters during hospi-
talization should prompt consideration o transer to a
higher level o care and heightened clinical suspicion or
thrombosis.

2. VTE prophylaxis for patients with severe COVID-19—
In the absence o strong contraindications, all patients
hospitalized with COVID-19 should receive pharmaco-
logic VTE prophylaxis. LMWH is preerred over unrac-
tionated heparin to minimize sta exposure and the
chance o heparin-induced thrombocytopenia.

For patients with a prior history o VTE who take an
oral anticoagulant or secondary prevention at the time o
admission, transition to LMWH should be considered
due to its shorter hal-lie and potential anti-inlammatory
properties.

(continued)
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For updated recommendations regarding pharmaco-
logic dosing and post-discharge prophylaxis, reer to proes-
sional society guidance (links at end o this section) since
guidance in this area is evolving rapidly.

3. Diagnosis and management of thromboembolic
disease in patients with severe COVID-19—Logistical
challenges complicate the diagnosis o thromboembolism
in patients with COVID-19 due to patient instability and
risks o sta exposures. D-dimers are generally elevated in
hospitalized patients who have COVID-19. A substantial
increase in D-dimers may suggest COVID-19–associated
coagulopathy with or without thrombotic events. Clini-
cians should remain vigilant or signs and symptoms o
thrombosis and consider obtaining surveillance laboratory
testing at least every 3–4 days with low threshold or imag-
ing. Ideally, thrombosis should be conirmed radiographi-
cally, but in situations where these studies cannot saely be
obtained and clinical suspicion is very high, empiric treat-
ment may be considered.

Guidance rom the Anticoagulation Forum (https://
acorum.org/web/), the International Society or Thrombo-
sis and Haemostasis (https://academy.isth.org/isth/#!*menu
=8*browseby=2*sortby=1*label=19794), and the American
Society or Hematology (https://www.hematology.org/
covid-19) is evolving and should be requently consulted.

Al Yami MS et al. Direct oral anticoagulants or extended
thromboprophylaxis in medically ill patients: meta-analysis
and risk/beneit assessment. J Blood Med. 2018;9:25. [PMID:
29503590]

Anderson DR et al. Aspirin or rivaroxaban or VTE prophylaxis
ater hip or knee arthroplasty. N Engl J Med. 2018;378:699.
[PMID: 29466159]

Carrier M et al; AVERT Investigators. Apixaban to prevent
venous thromboembolism in patients with cancer. N Engl J
Med. 2019;380:711. [PMID: 30511879]

Connors JM et al. COVID-19 and its implications or thrombosis
and anticoagulation. Blood. 2020;135:2033. [PMID: 32339221]

Khorana AA et al; CASSINI Investigators. Rivaroxaban or
thromboprophylaxis in high-risk ambulatory patients with
cancer. N Engl J Med. 2019;380:720. [PMID: 30786186]

McBane RD 2nd et al. Anticoagulation in COVID-19: a system-
atic review, meta-analysis, and rapid guidance rom Mayo
Clinic. Mayo Clin Proc. 2020;95:2467. [PMID: 33153635]

Schünemann HJ et al. American Society o Hematology 2018
guidelines or management o venous thromboembolism:
prophylaxis or hospitalized and nonhospitalized medical
patients. Blood Adv. 2018;2:3198. [PMID: 30482763]

» Treatment of Venous
Thromboembolic Disease

A. Anticoagulant Therapy

Treatment or VTE should be oered to patients with
objectively conirmed DVT or PE, or to those in whom the
clinical suspicion is high or the disorder but who have not
yet undergone diagnostic testing (see Chapter 9). The man-
agement o VTE primarily involves administration o anti-
coagulants; the goal is to prevent recurrence, extension and
embolization o thrombosis and to reduce the risk o post-
thrombotic syndrome. Suggested anticoagulation regimens
are ound in Table 14–16.

Table 14–16. Initial anticoagulation for VTE.1

Clinical Scenario

Anticoagulant Dose/Frequency

DVT,

Lower

Extremity

DVT, Upper

Extremity PE

VTE, With

Concomi-

tant Severe

Kidney

Disease2

VTE,

Cancer-

Related Comment

Unfractionated Heparin

Unfractionated

heparin

80 units/kg intravenous

bolus, then

continuous

intravenous infusion

of 18 units/kg/h

× × × ×  Bolus may be omitted if

risk of bleeding is per-

ceived to be elevated.

Maximum bolus,

10,000 units. Requires

aPTT or heparin anti-

Xa monitoring. Most

patients: begin warfa-

rin at time of initiation

of heparin.

330 units/kg subcutane-

ously × 1, then 250

units/kg subcutane-

ously every 12 hours

×  Fixed-dose; no aPTT

monitoring required

(continued)

CMDT22_Ch14_p0548-p0581.indd 572 29/06/21 8:44 PM



DISORDERS OF HEMOSTASIS, THROMBOSIS 573CMDT 2022

Table 14–16. Initial anticoagulation for VTE.1

Clinical Scenario

Anticoagulant Dose/Frequency

DVT,

Lower

Extremity

DVT, Upper

Extremity PE

VTE, With

Concomi-

tant Severe

Kidney

Disease2

VTE,

Cancer-

Related Comment

LMWH and Fondaparinux

Enoxaparin3 1 mg/kg subcutane-

ously every 12 hours

or

1.5 mg/kg

subcutaneously daily

× × ×  Most patients: begin

warfarin at time of

initiation of LMWH

Dalteparin3 200 units/kg

subcutaneously once

daily for first month,

then 150 units/kg/

day

× × ×  × Preferred LMWH for

cancer patients;

administer for at

least 3–6 months (no

transition to warfarin)

Fondaparinux 5–10 mg subcutane-

ously once daily; use

7.5 mg for body

weight 50–100 kg;

10 mg for body

weight > 100 kg

× × ×

Direct-Acting Oral Anticoagulants (DOACs)

Rivaroxaban 15 mg orally twice daily

with food for 21 days,

then 20 mg orally

daily with food

× × ×  × Contraindicated if CrCl

< 30 mL/min

Monotherapy without

need for initial paren-

teral therapy

Caution in luminal gas-

trointestinal or genito-

urinary cancer

Apixaban 10 mg orally twice daily

for first 7 days, then

5 mg twice daily

× × ×  × Contraindicated if CrCl

< 25 mL/min

Monotherapy without

need for initial paren-

teral therapy

Dabigatran 5–10 days of parenteral

anticoagulation, then

begin 150 mg orally

twice daily

× × ×  Contraindicated if CrCl

< 15 mL/min

Initial need for parenteral

therapy

Edoxaban 5–10 days of parenteral

anticoagulation, then

60 mg orally once

daily; 30 mg once

daily recommended

if CrCl is between

15 and 50 mL/min,

if weight ≤ 60 kg,

or if certain P-gp

inhibitors are present

× × ×  × Contraindicated if CrCl

< 15 mL/min

Initial need for parenteral

therapy

Caution in luminal

gastrointestinal or

genitourinary cancer

1Obtain baseline hemoglobin, platelet count, aPTT, PT/INR, and creatinine prior to initiation of anticoagulation.

Anticoagulation is contraindicated in the setting of active bleeding.
2Defined as creatinine clearance < 30 mL/min.
3If body weight < 50 kg, reduce dose and monitor anti-Xa levels.

CrCl, creatinine clearance; DVT, deep venous thrombosis; PE, pulmonary embolism; P-gp, P-glycoprotein; VTE, venous thromboembolic

disease (includes DVT and PE).

Note: An “×” denotes appropriate use of the anticoagulant.

(continued)
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Table 14–17. Patient selection for outpatient treat-
ment of DVT.

Patients considered appropriate for outpatient treatment

No clinical signs or symptoms of PE and pain controlled

Confirmed ability to pay for medication (either by insurance or

out-of-pocket)

Capable and willing to comply with frequent follow-up

Initially, patients may need to be seen daily to weekly

Potential contraindications for outpatient treatment

DVT involving inferior vena cava, iliac, common femoral, or

upper extremity vein (these patients might benefit from

vascular intervention)

Comorbid conditions requiring inpatient management

Active peptic ulcer disease, GI bleeding in past 14 days, liver

synthetic dysfunction

Brain metastases, current or recent CNS or spinal cord injury/

surgery in the last 10 days, CVA ≤ 4–6 weeks

Familial bleeding diathesis

Active bleeding from source other than GI

Thrombocytopenia

Creatinine clearance < 30 mL/min

Weight < 55 kg (male) or < 45 kg (female)

Recent surgery, spinal or epidural anesthesia in the past 3 days

History of heparin-induced thrombocytopenia

Inability to reliably take medication at home, recognize

changes in health status, or understand or follow directions

CNS, central nervous system; CVA, cerebrovascular accident; DVT,

deep venous thrombosis; GI, gastrointestinal.

Table 14–18. Simplified Pulmonary Embolism Severity
Index (PESI).

Points

Age > 80 years old 1

Cancer 1

Chronic cardiopulmonary disease 1

Systolic blood pressure < 100 mm Hg 1

Oxygen saturation ≤ 90% 1

Severity Class Points 30-Day Mortality

Low risk 0 1%

High risk ≥ 1 10%

Data from Jiménez D et al; RIETE Investigators. Simplification of the

pulmonary embolism severity index for prognostication in patients

with acute symptomatic pulmonary embolism. Arch Intern Med.

2010;170:1383.

B. Selecting Appropriate Initial
Anticoagulant Therapy

Most patients with DVT alone may be treated as outpa-
tients, provided that their risk o bleeding is low and they
have good ollow-up. Table 14–17 outlines proposed selec-
tion criteria or outpatient treatment o DVT.

Among patients with PE, risk stratiication at time o
diagnosis should direct treatment and triage. Patients with
persistent hemodynamic instability are classiied as high-
risk patients (previously reerred to as having “massive PE”)
and have an early PE-related mortality o more than 15%.
These patients should be admitted to an intensive care unit
and generally receive thrombolysis and anticoagulation
with intravenous heparin. Intermediate-risk patients (previ-
ously, “submassive PE”) have a mortality rate o up to 15%
and should be admitted to a higher level o inpatient care,
with consideration o thrombolysis on a case-by-case basis.
Catheter-directed techniques, i available, may be an option
or patients who are poor candidates or systemic throm-
bolysis and/or in centers with expertise. Low-risk patients
have a mortality rate less than 3% and are candidates or
expedited discharge or outpatient therapy.

For hemodynamically stable patients, additional assess-
ment ocusing on right ventricular dysunction is warranted
to dierentiate between low-risk, low-intermediate risk,
and high-intermediate risk PE. The Bova score (https://
www.mdcalc.com/bova-score-pulmonary-embolism-
complications) and the simpliied PE severity index accurately
identiy patients at low risk or 30-day PE-related mortality
(Table 14–18) who are potential candidates or expedited

discharge or outpatient treatment. Because the Bova score
includes serum troponin and evidence o right ventricular
dysunction (by CT or echocardiography), it also identiies
patients with high-intermediate risk PE who warrant close
monitoring and may require escalation o therapy. An
RV/LV ratio less than 1.0 on chest CT angiogram has been
shown to have good negative predictive value or adverse
outcome but suers rom inter observer variability. Echo-
cardiography may provide better assessment o right ven-
tricular dysunction when there is concern. Serum
biomarkers such as B-type natriuretic peptide and troponin
are most useul or their negative predictive value, and
mainly in combination with other predictors.

Selection o an initial anticoagulant should be deter-
mined by patient characteristics (kidney unction, imme-
diate bleeding risk, weight) and the clinical scenario (eg,
whether thrombolysis is being considered, active cancer,
thrombosis location) as described in Table 14–16.

1. Parenteral anticoagulants—

Heparins—In patients in whom parenteral anticoagula-
tion is being considered, LMWHs are more eective than
unractionated heparin in the immediate treatment o
DVT and PE; they are preerred as initial treatment
because o predictable pharmacokinetics, which allow or
subcutaneous, once- or twice-daily dosing with no require-
ment or monitoring in most patients. Accumulation o
LMWH and increased rates o bleeding have been observed
among patients with severe kidney disease (creatinine
clearance less than 30 mL/min), leading to a recommenda-
tion to use intravenous unractionated heparin preeren-
tially in these patients. If concomitant thrombolysis is being
considered, unfractionated heparin is indicated. Patients
with VTE and a perceived higher risk o bleeding (ie, post-
surgery) may be better candidates or treatment with
unractionated heparin than LMWH given its shorter hal-
lie and reversibility. Unractionated heparin can be eec-
tively neutralized with the positively charged protamine
sulate while protamine may only have partial reversal
eect on LMWH. Use o unractionated heparin leads to
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heparin-induced thrombocytopenia and thrombosis in
approximately 3% o patients, so daily complete blood
counts are recommended during the initial 10–14 days o
exposure.

Weight-based, ixed-dose daily subcutaneous ondaparinux
(a synthetic actor Xa inhibitor) may also be used or the
initial treatment o DVT and PE, with no increase in bleed-
ing over that observed with LMWH. Its lack o reversibility,
long hal-lie, and renal clearance limit its use in patients
with an increased risk o bleeding or kidney disease.

2. Oral anticoagulants—

a. Direct-acting oral anticoagulants—DOACs
have a predictable dose eect, ew drug-drug interactions,
rapid onset o action, and reedom rom laboratory moni-
toring (Table 14–10). Dabigatran, rivaroxaban, apixaban,
and edoxaban are approved or treatment o acute DVT and
PE. While rivaroxaban and apixaban can be used as mono-
therapy eliminating the need or parenteral therapy, patients
treated with dabigatran or edoxaban must irst receive
5–10 days o parenteral anticoagulation and then be transi-
tioned to the oral agent per prescribing inormation. Unlike
wararin, DOACs do not require an overlap since these
agents are immediately active; the DOAC is started when the
parenteral agent is stopped. Compared to wararin and
LMWH, the DOACs are all noninerior with respect to pre-
vention o recurrent VTE; both rivaroxaban and apixaban
have a lower bleeding risk than wararin with LMWH bridge.
While DOACs are recommended as irst-line therapy or
acute VTE according to the CHEST 2016 VTE guidelines,
agent selection should be individualized with consideration
o kidney unction, concomitant medication use, indication,
ability to use LMWH bridge therapy, cost, and adherence.

b. Warfarin—I wararin is chosen as the oral anticoagu-
lant it will be initiated along with the parenteral antico-
agulant, which is continued until INR is in therapeutic
range. Most patients require 5 mg o wararin daily or
initial treatment, but lower doses (2.5 mg daily) should be
considered or patients o Asian descent, older adults, and
those with hyperthyroidism, heart ailure, liver disease,
recent major surgery, malnutrition, certain polymor-
phisms or the CYP2C9 or the VKORC1 genes or who are
receiving concurrent medications that increase sensitivity
to wararin. Conversely, individuals o Arican descent,
those with larger body mass index or hypothyroidism, and
those who are receiving medications that increase wara-
rin metabolism (eg, riampin) may require higher initial
doses (7.5 mg daily). Daily INR results should guide dos-
ing adjustments in the hospitalized patient while at least
biweekly INR results guide dosing in the outpatient during
the initial period o therapy (Table 14–19). Web-based
wararin dosing calculators incorporating clinical and
genetic actors are available to help clinicians choose
appropriate starting doses (eg, see www.wararindosing.
org). Because an average o 5 days is required to achieve a
steady-state reduction in the activity o vitamin K–
dependent coagulation actors, the parenteral anticoagu-
lant should be continued or at least 5 days and until the
INR is more than 2.0. Meticulous ollow-up should be

arranged or all patients taking wararin because o the bleed-
ing risk associated with initiation o therapy. Once stabilized,
the INR should be checked at an interval no longer than
every 6 weeks and wararin dosing should be adjusted by
guidelines (Table 14–20) since this strategy has been shown to
improve the time patients spend in the therapeutic range and
their clinical outcomes. Supratherapeutic INRs should be man-
aged according to evidence-based guidelines (Table 14–21).

C. Duration of Anticoagulation Therapy

Recurrence rates of VTE after discontinuation of
therapy—The clinical scenario in which the thrombosis
occurred is the strongest predictor o recurrence and, in
most cases, guides duration o anticoagulation (Table 14–22).
In the irst year ater discontinuation o anticoagulation
therapy, the requency o recurrent VTE among individu-
als whose thrombosis occurred in the setting o a transient,
major, reversible risk actor (such as surgery) is approxi-
mately 3% ater completing 3 months o anticoagulation,
compared with at least 8% or individuals whose thrombo-
sis was unprovoked, and greater than 20% in patients with
cancer. Men have a greater than twoold higher risk o
recurrent VTE compared to women; recurrent PE is more
likely to develop in patients with clinically apparent PE
than in those with DVT alone and has a case atality rate
o nearly 10%; and proximal DVT has a higher recurrence
risk than distal DVT.

1. Provoked versus unprovoked VTE—Patients with pro-
voked VTE are generally treated with a minimum o
3 months o anticoagulation, whereas unprovoked VTE
should prompt consideration o indeinite anticoagulation
provided the patient is not at high risk or bleeding.
Merely extending duration o anticoagulation beyond
3 months or unprovoked PE will not reduce risk o recur-
rence once anticoagulation is stopped; i anticoagulants
are stopped ater 3, 6, 12, or 18 months in such a patient,
the risk o recurrence ater cessation o therapy is similar.
Individual risk stratiication may help identiy patients
most likely to suer recurrent disease and thus most likely
to beneit rom ongoing anticoagulation therapy. Normal
D-dimer levels 1 month ater cessation o anticoagulation
are associated with lower recurrence risk, although some
would argue not low enough to consider stopping antico-
agulant therapy, particularly in men.

2. Risk scoring systems to guide therapy duration—The
HERDOO2 risk scoring system uses body mass index, age,
D-dimer, and post-phlebitic symptoms to identiy women
at lower risk or recurrence ater unprovoked VTE (https://
www.mdcalc.com/herdoo2-rule-discontinuing-anticoag-
ulation-unprovoked-vte). The Vienna Prediction Model, a
simple scoring system based on age, sex, D-dimer, and
location o thrombosis, can help estimate an individual’s
recurrence risk to guide duration o therapy decisions.

3. Cancer-related VTE—LMWH has been the mainstay o
treatment or cancer-related VTE based on lower VTE
recurrence in cancer patients treated with dalteparin
compared with wararin. Studies have also shown that
DOACs (edoxaban, rivaroxaban, and apixaban) are at

CMDT22_Ch14_p0548-p0581.indd 575 29/06/21 8:44 PM



CHAPTER 14576 CMDT 2022

Table 14–19. Warfarin dosing adjustment guidelines for initiation of warfarin therapy.

Measurement Day INR Action

For Hospitalized Patients Newly Starting Therapy

Day 1  5 mg (2.5 or 7.5 mg in select populations1)

Day 2 < 1.5 Continue dose

≥ 1.5 Decrease or hold dose2

Day 3 ≤ 1.2 Increase dose2

> 1.2 and < 1.7 Continue dose

≥ 1.7 Decrease dose2

Day 4 until therapeutic Daily increase < 0.2 units Increase dose2

Daily increase 0.2–0.3 units Continue dose

Daily increase 0.4–0.6 units Decrease dose2

Daily increase ≥ 0.7 units Hold dose

For Outpatients Newly Starting Therapy

Measure PT/INR on Day 1 Baseline Start treatment with 2–7.5 mg

Measure PT/INR on Day 3–4 < 1.5 Increase weekly dose by 5–25%

1.5–1.9 No dosage change

2.0–2.5 Decrease weekly dose by 25–50%

> 2.5 Decrease weekly dose by 50% or HOLD dose

Measure PT/INR on Day 5–7 < 1.5 Increase weekly dose by 10–25%

1.5–1.9 Increase weekly dose by 0–20%

2.0–3.0 No dosage change

> 3.0 Decrease weekly dose by 10–25% or HOLD dose

Measure PT/INR on Day 8–10 < 1.5 Increase weekly dose by 15–35%

1.5–1.9 Increase weekly dose by 5–20%

2.0–3.0 No dosage change

> 3.0 Decrease weekly dose by 10–25% or HOLD dose

Measure PT/INR on Day 11–14 < 1.6 Increase weekly dose by 15–35%

1.6–1.9 Increase weekly dose by 5–20%

2.0–3.0 No dosage change

> 3.0 Decrease weekly dose by 5–20% or HOLD dose

1See text.
2In general, dosage adjustments should not exceed 2.5 mg or 50%.

Data from Kim YK et al. J Thromb Haemost. 2010;8:101. From Center for Health Quality, Outcomes, and Economic Research, VA Medical

Center, Bedford, MA.

least as eective as LMWH or VTE treatment. The use
o edoxaban and rivaroxaban is at the expense o
increased bleeding, particularly or patients with gastro-
intestinal cancer. The International Society or Throm-
bosis and Haemostasis suggests use o speciic DOACs
or cancer patients with a diagnosis o acute VTE, no
drug-drug interactions, and a low risk o bleeding but
suggests use o LMWH or those with a high risk o
bleeding, including patients with luminal gastrointestinal
cancers with an intact primary tumor, and those at risk
or bleeding rom the genitourinary or gastrointestinal
tract. For patients with intracranial malignancy and VTE,
bleeding risk depends on tumor type (primary versus

metastatic) and other characteristics; whenever possible,
interdisciplinary consultation is recommended to help
determine risk o initiating anticoagulation. DOACs do
not appear to coner higher bleeding risk compared to
LMWH in patients with brain tumors. Clinicians must be
aware that chemotherapeutic agents may interact with
DOACs and their use should be avoided in cases o poten-
tial interactions because there is no easily accessible and
reliable way to measure the anticoagulant eect o DOACs.

4. Thrombophilia workup in determining duration—
Laboratory workup or thrombophilia is not recommended
routinely or determining duration o therapy because
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Table 14–20. Warfarin-dosing adjustment guidelines
for patients receiving long-term therapy, with target
INR 2–3.

Patient

INR

Weekly Dosing Change

Dose Change Follow-Up INR

≤ 1.5 Increase by 10–15% Within 1 week

1.51–1.79 If falling or low on two or

more occasions, increase

weekly dose by 5–10%.

7–14 days

1.80–2.29 Consider not changing the

dose unless a consistent

pattern has been

observed.

7–14 days

2.3–3.0 (in

range)

No change in dosage. 28 days (42 days if

INR in range three

times

consecutively)

3.01–3.20 Consider not changing the

dose unless a consistent

pattern has been

observed.

7–14 days

3.21–3.69 Do not hold warfarin. If ris-

ing or high on two or

more occasions,

decrease weekly dose by

5–10%.

7–14 days

3.70–4.99 Hold warfarin for 1 day and

decrease weekly dose by

5–10%.

Within 1 week,

sooner if clinically

indicated

5.0–8.99 Hold warfarin. Clinical eval-

uation for bleeding.

When INR is therapeutic,

restart at lower dose

(decrease weekly dose

by 10–15%). Check INR

at least weekly until

stable.

Within 1 week,

sooner if clinically

indicated, then

weekly until

stabilized

≥ 9 See Table 14–21

From Center for Health Quality, Outcomes, and Economic Research,

VA Medical Center, Bedford, MA. Data from Kim YK et al. J Thromb

Haemost. 2010;8:101. See also Van Spall HE et al. Variation in warfa-

rin dose adjustment practice is responsible for differences in the

quality of anticoagulation control between centers and countries:

an analysis of patients receiving warfarin in the randomized evalu-

ation of long-term anticoagulation therapy (RE-LY) trial. Circulation.

2012;126:2309.

clinical presentation is a much stronger predictor o recur-
rence risk. The workup may be pursued in patients
younger than 50 years, with a strong amily history, with a
clot in unusual locations, or with recurrent thromboses
(Table 14–23). In addition, a workup or thrombophilia
may be considered in women o childbearing age in whom
results may inluence ertility and pregnancy outcomes and
management or in those patients in whom results will
inluence duration o therapy. An important hypercoagu-
lable state to identiy is antiphospholipid syndrome because

these patients have a marked increase in recurrence rates,
are at risk or both arterial and venous disease, in general
receive bridge therapy during any interruption o antico-
agulation, and should not receive DOACs as irst-line
antithrombotic therapy due to increased arterial events
compared to wararin. Due to eects o anticoagulants
and acute thrombosis on many o the tests, the thrombo-
philia workup should be delayed in most cases until at
least 3 months ater the acute event, i indicated at all
(Table 14–24). The beneit o anticoagulation must be
weighed against the bleeding risks posed, and the beneit-
risk ratio should be assessed at the initiation o therapy, at
3 months, and then at least annually in any patient receiv-
ing prolonged anticoagulant therapy. Bleeding risk scores,
such as the Riete score (https://www.mdcalc.com/riete-
score-risk-hemorrhage-pulmonary-embolism-treatment)
have been developed to estimate risk o these complica-
tions. Their perormance, however, may not oer any
advantage over a clinician’s subjective assessment, particu-
larly in older individuals. Consideration o bleeding risk is
o particular importance when identiying candidates or
extended duration therapy or treatment o unprovoked
VTE; it is recommended that patients with a high risk o
bleeding receive a deined course o anticoagulation, rather
than indeinite therapy, even i the VTE was unprovoked.

D. Secondary Prevention

Antithrombotic therapy oered ater the initial 3–6 months
o treatment should be considered in patients with VTE
that is not majorly provoked; it is most compelling or
those with unprovoked VTE. For most patients who con-
tinue to take a DOAC to prevent recurrence, the dose can
be reduced to prophylactic intensity ater the initial
6–12 months o therapy. In patients deemed poor candi-
dates or ongoing DOAC or wararin use but who warrant
some secondary prevention, low-dose (81–100 mg) aspirin
may be used; however, this will provide ar less reduction
in risk o recurrent VTE with similar bleeding risk.

Cuker A et al. Reversal o direct oral anticoagulants: guidance rom
the Anticoagulation Forum. Am J Hematol. 2019;94:697.
[PMID: 30916798]

Garcia D et al. Diagnosis and management o the antiphospholipid
syndrome. N Engl J Med. 2018;378:2010. [PMID: 29791828]

Kearon C et al. Antithrombotic therapy or VTE disease: CHEST
guideline and expert panel report. Chest. 2016;149:315.
[PMID: 26867832]

Khorana AA et al. Role o direct oral anticoagulants in the treat-
ment o cancer-associated venous thromboembolism: guid-
ance rom the SSC o the ISTH. J Thromb Haemost. 2018;16:
1891. [PMID: 30027649]

Konstantinides SV et al. The 2019 ESC Guidelines on the
diagnosis and management o acute pulmonary embolism.
Eur Heart J. 2019;40:3453. [PMID: 31697840]

Li A et al. Direct oral anticoagulant or the prevention o throm-
bosis in ambulatory patients with cancer: a systematic review
and meta-analysis. J Thromb Haemost. 2019;17:2141. [PMID:
31420937]

Li A et al. Direct oral anticoagulant (DOAC) versus low-molecu-
lar-weight heparin (LMWH) or treatment o cancer associ-
ated thrombosis (CAT): a systematic review and meta-analysis.
Thromb Res. 2019;173:158. [PMID: 29506866]
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Table 14–21. American College of Chest Physicians Evidence-Based Clinical Practice Guidelines for the Manage-
ment of Supratherapeutic INR.

Clinical Situation INR Recommendations

No significant bleed Above therapeutic

range but < 5.0

• Lower dose or omit dose

• Monitor more frequently and resume at lower dose when INR falls within therapeutic

range (if INR only slightly above range, may not be necessary to decrease dose)

≥ 5.0 but < 9.0 • Hold next 1–2 doses

• Monitor more frequently and resume therapy at lower dose when INR falls within

therapeutic range

• Patients at high risk for bleeding1: Hold warfarin and consider giving vitamin K
1

1–2.5 mg

orally; check INR in 24–48 h to ensure response to therapy

≥ 9.0 • Hold warfarin

• Vitamin K
1

2.5–5 mg orally

• Monitor frequently and resume therapy at lower dose when INR within therapeutic range

Serious/life-

threatening bleed

• Hold warfarin and give 10 mg vitamin K by slow intravenous infusion supplemented

by FFP, PCC, or recombinant factor VIIa (PCC preferred)

1Patients at higher risk for bleeding include elderly people, and conditions that increase the risk of bleeding include kidney disease,

hypertension, falls, liver disease, and history of gastrointestinal or genitourinary bleeding.

FFP, fresh frozen plasma; INR, international normalized ratio; PCC, prothrombin complex concentrate.

Table 14–22. Duration of treatment of VTE.

Scenario

Suggested Duration

of Therapy Comments

Provoked by major transient risk factor

(eg, major surgery, major trauma,

major hospitalization)

3 months VTE prophylaxis upon future exposure to transient risk

factors

Unprovoked At least 3 months; consider

indefinite if bleeding risk

allows

May individually risk-stratify for recurrence with D-dimer,

clinical risk scores, and clinical presentation

Consider transition to DOAC secondary prevention dose

after initial treatment period

Recurrent unprovoked Indefinite If recurrent despite therapeutic anticoagulation, consider

hematology consultation for further evaluation and

guidance

Cancer-related ≥ 3–6 months or as long as

cancer is active, whichever is

longer

LMWH or carefully selected DOAC recommended for initial

treatment (see Table 14–16)

Underlying significant thrombophilia (eg,

antiphospholipid antibody syndrome,

antithrombin deficiency, protein C defi-

ciency, protein S deficiency, ≥ two con-

comitant thrombophilic conditions)

Indefinite To avoid false positives, consider delaying investigation for

laboratory thrombophilia until 3 months after event

DOAC, direct-acting anticoagulant; LMWH, low-molecular-weight heparin; VTE, venous thromboembolic disease.

Witt DM et al. American Society o Hematology 2018 guidelines
or management o venous thromboembolism: optimal man-
agement o anticoagulation therapy. Blood Adv. 2018;2:3257.
[PMID: 30482765]

E. Thrombolytic Therapy

Anticoagulation alone is appropriate treatment or most
patients with PE; however, those with high-risk, massive
PE, deined as PE with persistent hemodynamic instability,

have an in-hospital mortality rate that approaches 30% and,
absent contraindications (Table 14–25), require immediate
thrombolysis in combination with anticoagulation
(Table 14–26). Systemic thrombolytic therapy has been
used in careully selected patients with intermediate-risk,
submassive PE, deined as PE without hemodynamic insta-
bility but with evidence o right ventricular compromise
and myocardial injury. Thrombolysis in this cohort
decreases risk o hemodynamic compromise but increases
the risk o major hemorrhage and stroke. A lower dose o

CMDT22_Ch14_p0548-p0581.indd 578 29/06/21 8:44 PM



DISORDERS OF HEMOSTASIS, THROMBOSIS 579CMDT 2022

tPA commonly used or PE treatment has been evaluated
in small trials but additional data are needed to recom-
mend its use. Catheter-directed therapy or acute PE may
be considered or high-risk or intermediate-risk PE when
systemic thrombolysis has ailed or as an alternative to
systemic thrombolytic therapy.

In patients with large proximal ilioemoral DVT, data
rom randomized controlled trials are conlicting on the
beneit o catheter-directed thrombolysis in addition to
treatment with anticoagulation; the CaVenT trial showed
some reduction in risk o postthrombotic syndrome, but
the larger ATTRACT trial ailed to show reduction in post-
thrombotic syndrome but did ind an increased risk o
major bleeding.

Table 14–23. Candidates for thrombophilia workup if
results will influence management.

Patients < 50 years of age

Strong family history of VTE

Clot in unusual locations

Recurrent thromboses

Women of childbearing age

Suspicion for APS (avoid DOACs if APS is strongly suspected or

confirmed)

APS, antiphospholipid syndrome; DOACs, direct-acting anticoagu-

lants; VTE, venous thromboembolism.

Table 14–24. Laboratory evaluation of thrombophilia.

Hypercoagulable State When to Suspect Laboratory Workup

Influence of Anticoagulation

and Acute Thrombosis

Antiphospholipid antibody

syndrome

Unexplained DVT/PE

CVA/TIA before age 50 years

Recurrent thrombosis (despite

anticoagulation)

Thrombosis at an unusual site

Arterial and venous thrombosis

Livedo reticularis, Raynaud phe-

nomenon, thrombocytopenia,

recurrent early pregnancy loss

Anti-cardiolipin IgG and/or

IgM medium or high titer

(ie, > 40 GPL or MPL, or > the

99th percentile)1

Anti-beta-2 glycoprotein I IgG

and/or IgM medium or high

titer (> the 99th percentile)1

Lupus anticoagulant1

Lupus anticoagulant can be

falsely positive or falsely

negative on anticoagulation

Protein C, S, antithrombin

deficiencies

Thrombosis < 50 years of age with

family history of VTE

Screen with protein C activity,

free protein S, antithrombin

activity2; if free protein S is

normal, check protein S

activity

Acute thrombosis can result in

decreased protein C, S and

antithrombin activity. Warfarin

can decrease protein C and S

activity; heparin can decrease

antithrombin activity. DOACs

can increase protein C, S, and

antithrombin activity

Factor V Leiden, prothrombin

gene mutation

Thrombosis on OCPs, cerebral vein

thrombosis, DVT/PE in White

population

PCR for factor V Leiden or pro-

thrombin gene mutation

No influence

Hyperhomocysteinemia  Fasting homocysteine No influence

1Detected on two occasions not < 12 weeks apart.
2Nephrotic syndrome and liver disease can reduce protein C, protein S, and antithrombin; pregnancy causes decreased free protein S.

CVA/TIA, cerebrovascular accident/transient ischemic attack; DOACs, direct-acting oral anticoagulants; DVT/PE, deep venous thrombosis/

pulmonary embolism; OCPs, oral contraceptives; PCR, polymerase chain reaction; VTE, venous thromboembolism.

Chiasakul T et al. Thrombolytic therapy in acute venous throm-
boembolism. Hematology Am Soc Hematol Educ Program.
2020;2020:612. [PMID: 33275702]

Hennemeyer C et al. Outcomes o catheter-directed therapy plus
anticoagulation versus anticoagulation alone or submassive
and massive pulmonary embolism. Am J Med. 2019;132:240.
[PMID: 30367851]

Kiser TH et al. Hal-dose versus ull-dose alteplase or treatment
o pulmonary embolism. Crit Care Med. 2018;46:1617.
[PMID: 29979222]

Konstantinides SV et al. 2019 ESC Guidelines on the diagnosis
and management o acute pulmonary embolism. Eur Heart J.
2019;40:3453. [PMID: 31697840]

Vedantham S et al; ATTRACT Trial Investigators. Pharmacom-
echanical catheter-directed thrombolysis or deep-vein
thrombosis. N Engl J Med. 2017;377:2240. [PMID: 29211671]

F. Nonpharmacologic Therapy

1. Graduated compression stockings—Graduated com-
pressions stockings may provide symptomatic relie to
selected patients with ongoing swelling but do not reduce
risk o postthrombotic syndrome at 6 months. They are
contraindicated in patients with peripheral vascular disease.

2. Inferior vena caval (IVC) filters—There is a paucity o
data to support the use o IVC ilters or the prevention o
PE in any clinical scenario. There are two randomized,
controlled trials o IVC ilters or prevention o PE. In the
irst study, patients with documented DVT received ull-
intensity, time-limited anticoagulation with or without
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placement o a permanent IVC ilter. Patients with IVC
ilters had a lower rate o nonatal asymptomatic PE at
12 days but an increased rate o DVT at 2 years. In the
second study, patients with symptomatic PE and residual
proximal DVT plus at least one additional risk actor or
severity received ull intensity anticoagulation with or
without a retrievable IVC ilter. IVC ilter use did not
reduce the risk o symptomatic recurrent PE at 3 months.
Most experts agree with placement o an IVC ilter in
patients with acute proximal DVT and an absolute con-
traindication to anticoagulation despite lack o evidence
to support this practice. While IVC ilters were once com-
monly used to prevent VTE recurrence in the setting o

anticoagulation ailure, many experts now recommend
switching to an alternative agent or increasing the inten-
sity o the current anticoagulant regimen instead. The
remainder o the indications (submassive/intermediate-
risk PE, ree-loating ilioemoral DVT, perioperative risk
reduction) are controversial. I the contraindication to
anticoagulation is temporary (active bleeding with subse-
quent resolution), placement o a retrievable IVC ilter may
be considered so that the device can be removed once
anticoagulation has been started and has been shown to be
tolerated. Rates o IVC ilter retrieval are very low, oten
due to ailure to arrange or its removal. Thus, i a device is
placed, removal should be arranged at the time o device
placement.

Complications o IVC ilters include local thrombosis,
tilting, migration, racture, and inability to retrieve the
device. When considering placement o an IVC ilter, it is
best to consider both short- and long-term complications,
since devices intended or removal may become perma-
nent. To improve patient saety, institutions should develop
systems that guide appropriate patient selection or IVC
ilter placement, tracking, and removal.

» When to Refer

• Presence o large ilioemoral VTE, unprovoked upper
extremity DVT, IVC thrombosis, portal vein thrombo-
sis, or Budd-Chiari syndrome or consideration o
catheter-directed thrombolysis.

• High-risk PE or urgent embolectomy or catheter-
directed therapies.

• Intermediate-risk PE i considering thrombolysis.

• History o HIT or prolonged PTT plus renal ailure or
alternative anticoagulation regimens.

• Consideration o IVC ilter placement.

• Clots in unusual locations (eg, renal, hepatic, or cere-
bral vein), or simultaneous arterial and venous throm-
bosis, to assess possibility o a hypercoagulable state.

• Recurrent VTE while receiving therapeutic anticoagulation.

Table 14–25. Contraindications to thrombolytic
therapy for pulmonary embolism.

Absolute contraindication

History of hemorrhagic stroke or stroke of unknown origin

Ischemic stroke in previous 6 months

Central nervous system neoplasm

Major trauma, surgery, or head injury in previous 3 weeks

Bleeding diathesis

Active bleeding

Relative contraindication

Transient ischemic attack in previous 6 months

Oral anticoagulation

Pregnancy or first postpartum week

Noncompressible puncture sites

Traumatic resuscitation

Refractory hypertension (systolic blood pressure > 180 mm Hg)

Advanced liver disease

Infective endocarditis

Active peptic ulcer

Source: Modified, with permission, from Konstantinides SV et al;

ESC Scientific Document Group. 2019 ESC Guidelines for the diag-

nosis and management of acute pulmonary embolism developed

in collaboration with the European Respiratory Society (ERS). Eur

Heart J. 2020;41:543. © The European Society of Cardiology 2019.

Table 14–26. Thrombolytic therapies for high risk (massive) pulmonary embolism.

Thrombolytic Agent Dose Frequency Comment

Alteplase (r-TPA)

(preferred)

100 mg Continuous intravenous infusion over

2 hours

Follow with continuous intravenous

infusion of unfractionated heparin

(see Table 14–16 for dosage)

Urokinase 4400 international

units/kg

Intravenous bolus × 1 followed by

4400 international units/kg continuous

intravenous infusion for 12 hours

Streptokinase 250,000 international

units

250,000 international units intravenously

loading dose over 30 min, followed by

100,000 international units/h over

12–24 h

Source: Modified, with permission, from Konstantinides SV et al; ESC Scientific Document Group. 2019 ESC Guidelines for the diagnosis and

management of acute pulmonary embolism developed in collaboration with the European Respiratory Society (ERS). Eur Heart J.

2020;41:543. © The European Society of Cardiology 2019.
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» When to Admit

• Documented or suspected intermediate- or high-risk
PE, low-risk PE at high risk or bleeding, poor candi-
date or outpatient treatment.

• DVT with poorly controlled pain, high bleeding risk, or
concerns about ollow-up.

• Large ilioemoral DVT or consideration o thrombolysis.

• Acute DVT and absolute contraindication to anticoagu-
lation or IVC ilter placement.

• Venous thrombosis despite therapeutic anticoagulation.

• Suspected Paget-Schroetter syndrome (spontaneous
upper extremity thrombosis related to thoracic outlet
syndrome).

Bikdeli B et al. Systematic review o eicacy and saety o retriev-
able inerior vena caval ilters. Thromb Res. 2018;165:79.
[PMID: 29579576]

Mismetti P et al; PREPIC2 Study Group. Eect o a retrievable
inerior vena cava ilter plus anticoagulation vs anticoagula-
tion alone on risk o recurrent pulmonary embolism: a ran-
domized clinical trial. JAMA. 2015;313:1627. [PMID:
25919526]
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º
SYMPTOMS & SIGNS OF
GASTROINTESTINAL DISEASE

DYSPEPSIA

E S S E N T I A L S  O F  D I A G N O S I S

» Predominant epigastric pain.

» May be associated with epigastric fullness, nausea,

heartburn, or vomiting.

» Endoscopy is warranted in all patients age 60 years

or older and selected younger patients with alarm
features.

» In all other patients, testing for Helicobacter pylori
is recommended; if positive, antibacterial treat-
ment is given.

» Patients who are H pylori negative or do not
improve after H pylori eradication should be pre-

scribed a trial of empiric proton pump inhibitor

therapy.

» Patients with refractory symptoms should be
offered a trial of tricyclic antidepressant, prokinetic

agent, or psychological therapy.

» General Considerations

Dyspepsia refers to acute, chronic, or recurrent pain or
discomfort centered in the upper abdomen. Predomi-
nant epigastric pain that is present for at least 1 month
is clinically relevant. The epigastric pain may be associ-
ated with other symptoms of heartburn, nausea, full-
ness, or vomiting. Heartburn (retrosternal burning)
should be distinguished from dyspepsia. When heart-
burn is the dominant complaint, gastroesophageal reflux
is nearly always present. Dyspepsia occurs in 10–20% of
the adult population and accounts for 3% of general
medical office visits.

15 Kenneth R. McQuaid, MD

Gastrointestinal Disorders

» Etiology

A. Food or Drug Intolerance

Acute, self-limited “indigestion” may be caused by overeat-
ing, eating too quickly, eating high-fat foods, eating during
stressful situations, or drinking too much alcohol or coffee.
Prescription and nonprescription medications should be
carefully reviewed since many may cause dyspepsia.

B. Functional Dyspepsia

Functional dyspepsia refers to dyspepsia for which no
organic etiology has been determined by endoscopy or
other testing. This is the most common cause of chronic
dyspepsia, accounting for the majority of patients. Symp-
toms may arise from a complex interaction of increased
visceral afferent sensitivity, gastric delayed emptying or
impaired accommodation to food or psychosocial stressors
or may develop de novo following an enteric infection.
Although benign, these symptoms may be chronic and dif-
ficult to treat.

C. Luminal Gastrointestinal Tract Dysfunction

Peptic ulcer disease is present in 5–15% of patients with
dyspepsia. Gastroesophageal reflux disease (GERD) is pres-
ent in up to 20% of patients with dyspepsia, even without
significant heartburn. Gastric or esophageal cancer is iden-
tified in less than 1% but is extremely rare in persons under
age 60 years with uncomplicated dyspepsia. Other causes
include gastroparesis (especially in diabetes mellitus) and
parasitic infection (Giardia, Strongyloides, Anisakis).

D. Helicobacter pylori Infection

Chronic gastric infection with H pylori is an important cause
of peptic ulcer disease and may cause dyspepsia in a small
number of patients in the absence of peptic ulcer disease.

E. Pancreatic Disease

Pancreatic carcinoma and chronic pancreatitis may cause
chronic epigastric pain that is more severe, sometimes
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radiates to the back, and usually is associated with anorexia,
rapid weight loss, steatorrhea, or jaundice.

F. Biliary Tract Disease

The abrupt onset of epigastric or right upper quadrant pain
due to cholelithiasis or choledocholithiasis should be read-
ily distinguished from dyspepsia.

G. Other Conditions

Diabetes mellitus, thyroid disease, chronic kidney disease,
myocardial ischemia, intra-abdominal malignancy, gastric
volvulus or paraesophageal hernia, chronic gastric or intes-
tinal ischemia, and pregnancy are sometimes accompanied
by acute or chronic epigastric pain or discomfort.

» Clinical Findings

A. Symptoms and Signs

Given the nonspecific nature of dyspeptic symptoms, the
history has limited diagnostic utility. It should clarify the
chronicity, location, and quality of the epigastric pain, and
its relationship to meals. The pain may be accompanied by
one or more upper abdominal symptoms including post-
prandial fullness, heartburn, nausea, or vomiting. Con-
comitant weight loss, persistent vomiting, constant or
severe pain, progressive dysphagia, hematemesis, or melena
warrants endoscopy or abdominal CT imaging. Potentially
offending medications and excessive alcohol use should be
identified and discontinued if possible. The patient’s reason
for seeking care should be determined. Recent changes in
employment, marital discord, physical and sexual abuse,
anxiety, depression, and fear of serious disease may all
contribute to the development and reporting of symptoms.
Patients with functional dyspepsia often are younger,
report a variety of abdominal and extragastrointestinal
complaints, show signs of anxiety or depression, or have a
history of use of psychotropic medications.

The symptom profile alone does not differentiate
between functional dyspepsia and organic gastrointestinal
disorders. Based on the clinical history alone, primary care
clinicians misdiagnose nearly half of patients with peptic
ulcers or gastroesophageal reflux.

The physical examination is rarely helpful. Signs of seri-
ous organic disease such as weight loss, organomegaly,
abdominal mass, or fecal occult blood are to be further
evaluated.

B. Laboratory Findings

In patients younger than age 60 with uncomplicated dys-
pepsia (in whom gastric cancer is rare), initial noninvasive
strategies should be pursued. In patients older than age
60 years, initial laboratory work should include a complete
blood count, serum electrolytes, liver enzymes, calcium, and
thyroid function tests. The cost-effectiveness of routine labora-
tory studies is uncertain. In most patients younger than age 60,
a noninvasive test for H pylori (urea breath test, fecal antigen
test) should be performed first. Although serologic tests are
inexpensive, performance characteristics are poor in low-
prevalence populations, whereas breath and fecal antigen

tests have 95% accuracy. If H pylori breath test or fecal
antigen test results are negative in a patient not taking non-
steroidal anti-inflammatory drugs (NSAIDs), peptic ulcer
disease is virtually excluded.

C. Upper Endoscopy

Upper endoscopy is mainly indicated to look for upper gas-
tric or esophageal malignancy in patients over age 60 years
with new-onset dyspepsia (in whom there is increased
malignancy risk) and in selected younger patients with
“alarm” features. In patients under age 60, the risk of malig-
nancy is less than 1%—even among patients with reported
“alarm” features. Recent guidelines therefore recommend
against routine endoscopy for younger patients—even
those with “alarm” features. However, endoscopy should be
performed in patients with prominent “alarm” features,
such as progressive weight loss, rapidly progressive dyspha-
gia, severe vomiting, evidence of bleeding or anemia, or
jaundice. It is also helpful for selected patients who are
excessively concerned about serious underlying disease.
For patients born in regions in which there is a higher
incidence of gastric cancer, such as Central or South
America, China and Southeast Asia, or Africa, an age
threshold of 45 years may be more appropriate.

Endoscopic evaluation may also be warranted when
symptoms fail to respond to initial empiric management
strategies or when frequent symptom relapse occurs after
discontinuation of empiric therapy.

D. Other Tests

In patients with refractory symptoms or progressive weight
loss, antibodies for celiac disease or stool testing for ova
and parasites or Giardia antigen, fat, or elastase may be
considered. Abdominal imaging (ultrasonography or CT
scanning) is performed only when pancreatic, biliary tract,
vascular disease, or volvulus is suspected. Gastric emptying
studies may be useful in patients with recurrent nausea and
vomiting who have not responded to empiric therapies.

» Treatment

Initial empiric treatment is warranted for patients who are
younger than age 60 years and who lack severe or worri-
some “alarm” features. All other patients as well as patients
whose symptoms do not to respond to or relapse after
empiric treatment should undergo upper endoscopy with
subsequent treatment directed at the specific disorder
identified (eg, peptic ulcer, gastroesophageal reflux, can-
cer). When endoscopy is performed, gastric biopsies
should be obtained to test for H pylori infection. If infec-
tion is present, antibacterial treatment should be given.

A. Empiric Therapy

H pylori–negative patients most likely have functional dys-
pepsia or atypical GERD and can be treated with an antise-
cretory agent (proton pump inhibitor) for 4 weeks. For
patients who have symptom relapse after discontinua-
tion of the proton pump inhibitor, intermittent or long-
term proton pump inhibitor therapy may be considered.
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For patients in whom test results are positive for H pylori,
antibiotic therapy proves definitive for patients with under-
lying peptic ulcers and may improve symptoms in a small
subset (less than 10%) of infected patients with functional
dyspepsia. Patients with persistent dyspepsia after H pylori
eradication can be given a trial of proton pump inhibitor
therapy.

B. Treatment of Functional Dyspepsia

Patients who have no significant findings on endoscopy as
well as patients under age 60 who do not respond to
H pylori eradication or empiric proton pump inhibitor
therapy are presumed to have functional dyspepsia. Patients
with mild, intermittent symptoms may respond to reassur-
ance and lifestyle or dietary changes. A food diary, in which
patients record their food intake, symptoms, and daily
events, may reveal dietary or psychosocial precipitants of
pain. Herbal therapies (peppermint, caraway) may offer
benefit with little risk of adverse effects.

Antisecretory drugs (proton pump inhibitors or
H

2
-receptor antagonists) have demonstrated limited efficacy

in the treatment of functional dyspepsia. A small number of
patients (less than 10%) derive benefit from H pylori eradica-
tion therapy. Low doses of antidepressants (eg, desipramine
or nortriptyline, 25–50 mg orally at bedtime) benefit some
patients, possibly by moderating visceral afferent sensitivity.
Doses should be increased slowly to minimize side effects.
Although some prokinetics have demonstrated modest
improvement in global symptoms compared to placebo in
controlled trials, the more effective agents are either not
available in the United States (domperidone) or were
removed from the market to due rare but serious adverse
events (cisapride). Metoclopramide (5–10 mg three times
daily) may improve symptoms but cannot be recommended
for long-term use due to the risk of tardive dyskinesia.

Carbone F et al. Prucalopride in gastroparesis: a randomized
placebo-controlled crossover study. Am J Gastroenterol.
2019;114:1265. [PMID: 31295161]

Ford AC et al. Systematic review and network meta-analysis:
efficacy of drugs for functional dyspepsia. Aliment Pharma-
col Ther. 2021;53:8. [PMID: 32936964]

Koduru P et al. Definition, pathogenesis, and management of
that cursed dyspepsia. Clin Gastroenterol Hepatol.
2018;16:467. [PMID: 28899670]

Masuy I et al. Review article: treatment options for functional
dyspepsia. Aliment Pharmacol Ther. 2019;49:1134. [PMID:
30924176]

NAUSEA & VOMITING

Nausea is a vague, intensely disagreeable sensation of sick-
ness or “queasiness” and is distinguished from anorexia.
Vomiting often follows, as does retching (spasmodic respi-
ratory and abdominal movements). Vomiting should be
distinguished from regurgitation, the effortless reflux of
liquid or food stomach contents; and from rumination, the
chewing and swallowing of food that is regurgitated voli-
tionally after meals.

The brainstem vomiting center is composed of a group of
neuronal areas (area postrema, nucleus tractus solitarius, and

central pattern generator) within the medulla that coordinate
emesis. It may be stimulated by four different sources of affer-
ent input: (1) Afferent vagal fibers from the gastrointestinal
viscera are rich in serotonin 5-HT

3
receptors; these may be

stimulated by biliary or gastrointestinal distention, mucosal
or peritoneal irritation, or infections. (2) Fibers of the ves-
tibular system, which have high concentrations of histamine
H

1
and muscarinic cholinergic receptors. (3) Higher central

nervous system centers (amygdala); here, certain sights,
smells, or emotional experiences may induce vomiting. For
example, patients receiving chemotherapy may start vomit-
ing in anticipation of its administration. (4) The chemorecep-
tor trigger zone, located outside the blood-brain barrier in
the area postrema of the medulla, which is rich in opioid,
serotonin 5-HT

3
, neurokinin 1 (NK

1
), and dopamine D

2

receptors. This region may be stimulated by drugs and che-
motherapeutic agents, toxins, hypoxia, uremia, acidosis, and
radiation therapy. Although the causes of nausea and vomit-
ing are many, a simplified list is provided in Table 15–1.

» Clinical Findings

A. Symptoms and Signs

Acute symptoms without abdominal pain are typically
caused by food poisoning, infectious gastroenteritis, drugs,
or systemic illness. A 2020 American Gastroenterological
Association (AGA) meta-analysis reported a pooled preva-
lence of nausea or vomiting (usually mild) in 7.8% of
patients with acute COVID-19. Up to 16% of patients may
present with gastrointestinal symptoms (anorexia, nausea,
diarrhea) in the absence of respiratory symptoms. Inquiry
should be made into recent changes in medications, diet,
other intestinal symptoms, or similar illnesses in family
members. The acute onset of severe pain and vomiting sug-
gests peritoneal irritation, acute gastric or intestinal
obstruction, or pancreaticobiliary disease. Persistent vom-
iting suggests pregnancy, gastric outlet obstruction, gastro-
paresis, intestinal dysmotility, psychogenic disorders, and
central nervous system or systemic disorders. Vomiting
that occurs in the morning before breakfast is common
with pregnancy, uremia, alcohol intake, and increased
intracranial pressure. Inquiry should be made into use of
cannabis products. Suspect cannabinoid hyperemesis syn-
drome in patients with prolonged use, especially in those
who report compulsive showering or bathing. Vomiting
immediately after meals strongly suggests bulimia or psy-
chogenic causes. Vomiting of undigested food one to sev-
eral hours after meals is characteristic of gastroparesis or a
gastric outlet obstruction; physical examination may reveal
a succussion splash. Patients with acute or chronic symp-
toms should be asked about neurologic symptoms (eg,
headache, stiff neck, vertigo, and focal paresthesias or
weakness) that suggest a central nervous system cause.

B. Special Examinations

With vomiting that is severe or protracted, serum electro-
lytes should be obtained to look for hypokalemia, azote-
mia, or metabolic alkalosis resulting from loss of gastric
contents. Flat and upright abdominal radiographs or
abdominal CT are obtained in patients with severe pain or
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Table 15–1. Causes of nausea and vomiting.

Visceral afferent stimulation Infections

Mecanical obstruction

Gastric outlet obstruction: peptic ulcer disease, malignancy, gastric volvulus

Small intestinal obstruction: adhesions, hernias, volvulus, Crohn disease, carcinomatosis

Dysmotility

Gastroparesis: diabetic, postviral, postvagotomy

Small intestine: systemic sclerosis (scleroderma), amyloidosis, chronic intestinal pseudo-obstruction,

familial myoneuropathies

Peritoneal irritation

Peritonitis: perforated viscus, appendicitis, spontaneous bacterial peritonitis

Viral gastroenteritis: Norwalk agent, rotavirus, COVID-19

“Food poisoning”: toxins from Bacillus cereus, Staphylococcus aureus, Clostridium perfringens

Acute systemic infections

hepatobiliary or pancreatic disorders

Acute or chronic pancreatitis

Cholecystitis or choledocholithiasis

Topical gastrointestinal irritants

Alcohol, NSAIDs, oral antibiotics

Postoperative

Oter

Cardiac disease: acute myocardial infarction, heart failure

Urologic disease: stones, pyelonephritis

Vascular: chronic mesenteric ischemia, superior mesenteric artery syndrome

Vestibular disorders Vestibular disorders

Labyrinthitis, Ménière syndrome, motion sickness

CNS disorders Increased intracranial pressure

CNS tumors, subdural or subarachnoid hemorrhage

Migraine

Cyclical vomiting syndrome

Infections

Meningitis, encephalitis

Psycogenic

Anticipatory vomiting, anorexia nervosa and bulimia, psychiatric disorders

Irritation of chemoreceptor

trigger zone

Antitumor cemoterapy

Medications and drugs

Opioids

Marijuana

Anticonvulsants

Antiparkinsonism drugs

Beta-blockers, antiarrhythmics, digoxin

Oral contraceptives

Cholinesterase inhibitors

Diabetes medications (metformin, acarbose, pramlintide, exenatide)

Radiation terapy

Systemic disorders

Diabetic ketoacidosis

Uremia

Adrenocortical crisis

Parathyroid disease

Hypothyroidism

Pregnancy

Paraneoplastic syndrome

CNS, central nervous system; COVID-19, coronavirus disease 2019; NSAIDs, nonsteroidal anti-inflammatory drugs.

suspicion of mechanical obstruction to look for free intra-
peritoneal air or dilated loops of small bowel. The cause of
gastric outlet obstruction is best demonstrated by upper
endoscopy, and the cause of small intestinal obstruction is
best demonstrated with abdominal CT imaging. Gastropa-
resis is confirmed by nuclear scintigraphic studies or

13C-octanoic acid breath tests, which show delayed gastric
emptying and either upper endoscopy or barium upper
gastrointestinal series showing no evidence of mechanical
gastric outlet obstruction. Abnormal liver biochemical
tests or elevated amylase or lipase suggest pancreaticobili-
ary disease, which may be investigated with an abdominal
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sonogram or CT scan. Central nervous system causes are
best evaluated with either head CT or MRI.

» Complications

Complications include dehydration, hypokalemia, metabolic
alkalosis, aspiration, rupture of the esophagus (Boerhaave
syndrome), and bleeding secondary to a mucosal tear at the
gastroesophageal junction (Mallory-Weiss syndrome).

» Treatment

A. General Measures

Most causes of acute vomiting are mild, self-limited, and
require no specific treatment. Patients should ingest clear
liquids (broths, tea, soups, carbonated beverages) and
small quantities of dry foods (soda crackers). Ginger may
be an effective nonpharmacologic treatment. For more
severe acute vomiting, hospitalization may be required.
Patients unable to eat and losing gastric fluids may become
dehydrated, resulting in hypokalemia with metabolic alka-
losis. Intravenous 0.45% saline solution with 20 mEq/L of
potassium chloride is given in most cases to maintain
hydration. A nasogastric suction tube for gastric or
mechanical small bowel obstruction improves patient
comfort and permits monitoring of fluid loss.

B. Antiemetic Medications

Medications may be given either to prevent or to control
vomiting. Combinations of drugs from different classes
may provide better control of symptoms with less toxicity
in some patients. Table 15–2 outlines common antiemetic
dosing regimens.

1. Serotonin 5HT
3
receptor antagonists—Ondansetron,

granisetron, dolasetron, and palonosetron are effective in
preventing chemotherapy- and radiation-induced emesis
when initiated prior to treatment. Due to its prolonged
half-life and internalization of the 5-HT

3
-receptor, palono-

setron is superior to other 5-HT
3
-receptor antagonists for

the prevention of acute and delayed chemotherapy-induced
emesis from moderately or highly emetogenic chemothera-
peutic regimens. Although 5-HT

3
-receptor antagonists are

effective as single agents for the prevention of chemother-
apy-induced nausea and vomiting, their efficacy is
enhanced by combination therapy with a corticosteroid
(dexamethasone) and an NK

1
-receptor antagonist. Sero-

tonin antagonists increasingly are used for the prevention
of postoperative nausea and vomiting because of increased
restrictions on the use of other antiemetic agents (such as
droperidol).

2. Corticosteroids—Corticosteroids (eg, dexamethasone)
have antiemetic properties, but the basis for these effects is
unknown. These agents enhance the efficacy of serotonin
receptor antagonists for preventing acute and delayed nau-
sea and vomiting in patients receiving moderately to highly
emetogenic chemotherapy regimens.

3. Neurokinin receptor antagonists—Aprepitant, fosapre-
pitant, and rolapitant are highly selective antagonists for
NK

1
-receptors in the area postrema. They are

used in combination with corticosteroids and serotonin
antagonists for the prevention of acute and delayed nausea
and vomiting with highly emetogenic chemotherapy regi-
mens. Netupitant is another oral NK

1
-receptor antagonist

that is administered in a fixed-dose combination with
palonosetron. Combined therapy with a neurokinin-1
receptor antagonist prevents acute emesis in 80–90% and
delayed emesis in more than 70% of patients treated with
highly emetogenic regimens.

4. Dopamine antagonists—The phenothiazines, butyro-
phenones, and substituted benzamides (eg, prochlorpera-
zine, promethazine) have antiemetic properties that are
due to dopaminergic blockade as well as to their sedative
effects. High doses of these agents are associated with anti-
dopaminergic side effects, including extrapyramidal reac-
tions and depression. With the advent of more effective
and safer antiemetics, these agents are infrequently used,
mainly in outpatients with minor, self-limited symptoms.
The atypical antipsychotic agent olanzapine has potent
antiemetic properties that may be mediated by blockade of
both dopamine and serotonin neurotransmitters. It may be
used in patients with poor control of chemotherapy-
induced nausea and vomiting.

5. Antihistamines and anticholinergics—These drugs (eg,
meclizine, dimenhydrinate, transdermal scopolamine)
may be valuable in the prevention of vomiting arising from
stimulation of the labyrinth, ie, motion sickness, vertigo,
and migraines. They may induce drowsiness. A combina-
tion of oral vitamin B

6
and doxylamine is recommended by

the American College of Obstetricians and Gynecologists
as first-line therapy for nausea and vomiting during
pregnancy.

6. Cannabinoids—Marijuana has been used widely as an
appetite stimulant and antiemetic. Some states allow the
use of medical marijuana with a clinician’s certification.
Strains of medical marijuana with different proportions of
various naturally occurring cannabinoids (primarily THC
and cannabidiol [CBD]) can be chosen to minimize its
psychoactive effects. Excessive cannabinoid may cause
nausea, vomiting, and abdominal pain (cannabinoid
hyperemesis syndrome), which may be temporarily
relieved with hot showers or bathing.

Cangemi DJ et al. Practical perspectives in the treatment of nau-
sea and vomiting. J Clin Gastroenterol. 2019;53:170. [PMID:
30614944]

Lacy BE et al. Chronic nausea and vomiting: evaluation and
treatment. Am J Gastroenterol. 2018;113:647. [PMID:
29545633]

Richards JR. Cannabinoid hyperemesis syndrome: pathophysi-
ology and treatment in the emergency department. J Emerg
Med. 2018;54:354. [PMID: 29310960]

Sultan S et al. AGA Institute rapid review of the gastrointestinal
and liver manifestations of COVID-19, meta-analysis of
international data and recommendations for the consultative
management of patients with COVID-19. Gastroenterology.
2020;159:320. [PMID: 32407808]

Tsakiridis I et al. The management of nausea and vomiting of
pregnancy: synthesis of national guidelines. Obstet Gynecol
Surv. 2019;74:161. [PMID: 31634919]
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Table 15–2. Common antiemetic dosing regimens.

Dosage Route

Serotonin 5-hT
3

Antagonists

Ondansetron Doses vary: 4–8 mg twice daily for postoperative nausea

and vomiting

Intravenously, orally

8 mg twice daily for moderately or highly emetogenic

chemotherapy

Intravenously, orally

Granisetron 1 mg once daily Intravenously

1–2 mg once daily Orally

Dolasetron 12.5 mg postoperatively Intravenously

100 mg once daily Orally

Palonosetron 0.25 mg once as a single dose 30 min before start of

chemotherapy

Intravenously

0.5 mg once as single dose Orally

Corticosteroids

Dexamethasone 4–12 mg once pre-induction for prevention of

postoperative nausea and vomiting

Intravenously, orally

8 mg once daily for chemotherapy Intravenously, orally

Methylprednisolone 40–100 mg once daily Intravenously, intramuscularly, orally

Dopamine Receptor Antagonists

Metoclopramide 10–20 mg or 0.5 mg/kg every 6–8 hours Intravenously

10–20 mg every 6–8 hours Orally

Prochlorperazine 5–10 mg every 4–6 hours Intravenously, intramuscularly, orally

25 mg suppository every 6 hours Per rectum

Promethazine 12.5–25 mg every 6–8 hours Intravenously, orally

25 mg every 6–8 hours Per rectum

Trimethobenzamide 200 mg every 6–8 hours Orally

250–300 mg every 6–8 hours Intravenously, orally

Olanzapine 5–10 mg once daily on days 1–4 for chemotherapy

Neurokinin Receptor Antagonists1

Aprepitant 125 mg once before chemotherapy; then 80 mg on

days 1 and 2 after chemotherapy

Orally

Fosaprepitant 150 mg once 30 min before chemotherapy Intravenously

Rolapitant 180 mg once before chemotherapy Orally

Netupitant/palonosetron Netupitant 300 mg/palonosetron 0.50 mg once before

chemotherapy

Orally

1Neurokinin receptor antagonists are used solely for highly emetogenic chemotherapy regimens in combination with 5-HT
3

antagonists or

dexamethasone or both.

HICCUPS

Though usually a benign and self-limited annoyance, hiccups
may be persistent and a sign of serious underlying illness. In
patients on mechanical ventilation, hiccups can trigger a full
respiratory cycle and result in respiratory alkalosis.

Causes of benign, self-limited hiccups include gastric
distention (carbonated beverages, air swallowing, overeat-
ing), sudden temperature changes (hot then cold liquids,
hot then cold shower), alcohol ingestion, and states of
heightened emotion (excitement, stress, laughing). There
are over 100 causes of recurrent or persistent hiccups due
to gastrointestinal, central nervous system, cardiovascular,
and thoracic disorders.

» Clinical Findings

Evaluation of the patient with persistent hiccups should
include a detailed neurologic examination, serum creatinine,
liver chemistry tests, and a chest radiograph. When the cause
remains unclear, CT or MRI of the head, chest, and abdomen,
echocardiography, and upper endoscopy may help.

» Treatment

A number of simple remedies may be helpful in patients
with acute benign hiccups. (1) Irritation of the nasopharynx
by tongue traction, lifting the uvula with a spoon, catheter
stimulation of the nasopharynx, or eating 1 teaspoon (tsp)
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(7 g) of dry granulated sugar. (2) Interruption of the respi-
ratory cycle by breath holding, Valsalva maneuver, sneez-
ing, gasping (fright stimulus), or rebreathing into a bag. (3)
Stimulation of the vagus by carotid massage. (4) Irritation
of the diaphragm by holding knees to chest or by continu-
ous positive airway pressure during mechanical ventila-
tion. (5) Relief of gastric distention by belching or insertion
of a nasogastric tube.

A number of drugs have been promoted as being useful
in the treatment of hiccups. Chlorpromazine, 25–50 mg
orally or intramuscularly, is most commonly used. Other
agents reported to be effective include anticonvulsants
(phenytoin, carbamazepine), benzodiazepines (lorazepam,
diazepam), metoclopramide, baclofen, gabapentin, and
occasionally general anesthesia.

Adam E. A systematic review of the effectiveness of oral baclofen
in the management of hiccups in adult palliative care patients.
J Pain Palliat Care Pharmacother. 2020;34:43. [PMID:
31910072]

Jeon YS et al. Management of hiccups in palliative care patients.
BMJ Support Palliat Care. 2018;8:1. [PMID: 28705925]

CONSTIPATION

Constipation occurs in 15% of adults and up to one-third of
elderly adults and is a common reason for seeking medical
attention. It is more common in women. Older individuals
are predisposed due to comorbid medical conditions, medi-
cations, poor eating habits, decreased mobility, and in some
cases, inability to sit on a toilet (bed-bound patients). The
first step in evaluating the patient is to determine what is
meant by “constipation.” Patients may define constipation as
infrequent stools (fewer than three in a week), hard or lumpy
stools, excessive straining, or a sense of incomplete evacua-
tion. Table 15–3 summarizes the many causes of constipa-
tion, which are discussed below.

» Etiology

A. Primary Constipation

Most patients have constipation that cannot be attributed
to any structural abnormalities or systemic disease.
Approximately 40% of these patients have normal colonic
transit time, 20% slow transit, and 40% defecatory disor-
ders (with or without slow colonic transit). Normal colonic
transit time is approximately 35 hours; more than 72 hours
is significantly abnormal. Slow colonic transit is commonly
idiopathic but may be part of a generalized gastrointestinal
dysmotility syndrome. Normal defecation requires coordi-
nation between relaxation of the anal sphincter and pelvic
floor musculature while abdominal pressure is increased.
Patients with defecatory disorders (also known dyssynergic
defecation)—women more often than men—have impaired
relaxation or paradoxical contraction of the anal sphincter
and/or pelvic floor muscles during attempted defecation
that impedes the bowel movement. This problem may be
acquired during childhood or adulthood. Patients may
complain of excessive straining, sense of incomplete evacu-
ation, need for digital manipulation, or adoption of a non-
sitting (eg, standing) position during defecation. Patients

with predominant complaints of abdominal pain or bloat-
ing with chronic idiopathic constipation are more appro-
priately given a diagnosis of irritable bowel syndrome (IBS)
with constipation.

B. Secondary Constipation

Constipation may be caused by systemic disorders, medi-
cations, or obstructing colonic lesions. Systemic disorders
can cause constipation because of neurologic gut dysfunc-
tion, myopathies, endocrine disorders, or electrolyte
abnormalities (eg, hypercalcemia or hypokalemia); medi-
cation side effects are often responsible (eg, anticholiner-
gics or opioids). Colonic lesions that obstruct fecal passage,
such as neoplasms and strictures, are an uncommon cause
but important in new-onset constipation. Such lesions
should be excluded in patients older than age 50 years, in
patients with “alarm” symptoms or signs (hematochezia,
weight loss, anemia, or positive fecal occult blood tests
[FOBT] or fecal immunochemical tests [FIT]), and in
patients with a family history of colon cancer or inflamma-
tory bowel disease. Defecatory difficulties also can be due
to a variety of anorectal problems that impede or obstruct

Table 15–3. Causes of constipation in adults.

Most common

Inadequate fiber or fluid intake

Poor bowel habits

Systemic disease

Endocrine: hypothyroidism, hyperparathyroidism,

diabetes mellitus

Metabolic: hypokalemia, hypercalcemia, uremia, porphyria

Neurologic: Parkinson disease, multiple sclerosis, sacral nerve

damage (prior pelvic surgery, tumor), paraplegia, autonomic

neuropathy

Medications

Opioids

Diuretics

Calcium channel blockers

Anticholinergics

Psychotropics

Calcium and iron supplements

NSAIDs

Clonidine

Cholestyramine

Structural abnormalities

Anorectal: rectal prolapse, rectocele, rectal intussusception,

anorectal stricture, anal fissure, solitary rectal ulcer syndrome

Perineal descent

Colonic mass with obstruction: adenocarcinoma

Colonic stricture: radiation, ischemia, diverticulosis

Hirschsprung disease

Idiopathic megarectum

Slow colonic transit

Idiopathic: isolated to colon

Psychogenic

Eating disorders

Chronic intestinal pseudo-obstruction

Pelvic floor dyssynergia

Irritable bowel syndrome

NSAIDs, nonsteroidal anti-inflammatory drugs.
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flow (perineal descent, rectal prolapse, rectocele), some of
which may require surgery, and to Hirschsprung disease
(usually suggested by lifelong constipation).

» Clinical Findings

A. Symptoms and Signs

All patients should undergo a history and physical examina-
tion to distinguish primary from secondary causes of consti-
pation. Physical examination should include digital rectal
examination with assessment for anatomic abnormalities,
such as anal stricture, rectocele, rectal prolapse, or perineal
descent during straining as well as assessment of pelvic floor
motion during simulated defecation (ie, the patient’s ability
to “expel the examiner’s finger”). Further diagnostic tests
should be performed in patients with any of the following:
age 50 years or older, severe constipation, signs of an organic
disorders, alarm symptoms (hematochezia, weight loss,
positive FOBT or FIT), or a family history of colon cancer or
inflammatory bowel disease. These tests should include
laboratory studies (complete blood count; serum electro-
lytes, calcium, glucose, and thyroid-stimulating hormone)
and a colonoscopy or flexible sigmoidoscopy.

B. Special Examinations

Patients with refractory constipation not responding to
routine medical management warrant further diagnostic
studies. Anorectal manometry including a balloon expul-
sion test should be performed first to evaluate for defeca-
tory disorders. Inability to expel a balloon (attached to a
16F indwelling urinary catheter) filled with 50 mL of warm
water within 1–2 minutes while sitting on a toilet is
strongly suggestive of pelvic floor dyssynergia. Defecogra-
phy to further assess pelvic floor function may be consid-
ered in selected patients. Subsequent colon transit studies
are recommended only after defecatory disorders have
been excluded. Colon transit time may be assessed by radi-
opaque markers, scintigraphy, or wireless motility capsule.

» Treatment

A. Chronic Constipation

1. Dietary and lifestyle measures—Patients should be
instructed on normal defecatory function and optimal
toileting habits, including regular timing, proper position-
ing, and abdominal pressure. Adequate dietary fluid and
fiber intake should be emphasized. A trial of soluble fiber
supplements (ie, psyllium) is recommended (Table 15–4).
Increased dietary fiber may cause distention or flatulence,
which often diminishes over several days. Response to
fiber therapy is not immediate and increases in dosage
should be made gradually over 7–10 days. Fiber is most
likely to benefit patients with normal colonic transit, but it
may not benefit patients with colonic inertia, defecatory
disorders, opioid-induced constipation, or IBS; it may even
exacerbate symptoms in these patients. Regular exercise is
associated with a decreased risk of constipation. When
possible, discontinue medications that may be causing or
contributing to constipation. Probiotics are widely

promoted to patients in direct advertising for treatment of
constipation. A 2014 meta-analysis of randomized con-
trolled trials suggests probiotics improve stool frequency
and consistency; however, more study is needed.

2. Laxatives—Laxatives may be given on an intermittent
or chronic basis for constipation that does not respond to
dietary and lifestyle changes (Table 15–4). In a 2020 survey
of US adults with constipation symptoms (hard, lumpy, or
infrequent stools or straining), 45% were taking fibers
supplements or nonprescription laxatives; only 3% were
taking prescription laxatives. There is no evidence that
long-term use of these agents is harmful.

a. Osmotic laxatives—Treatment usually is initiated
with regular (daily) use of an osmotic laxative. Nonabsorb-
able osmotic agents increase secretion of water into the
intestinal lumen, thereby softening stools and promoting
defecation. Magnesium hydroxide, nondigestible carbohy-
drates (sorbitol, lactulose), and polyethylene glycol are all
efficacious and safe for treating acute and chronic cases.
The dosages are adjusted to achieve soft to semi-liquid
movements. Magnesium-containing saline laxatives should
not be given to patients with chronic renal insufficiency.
Nondigestible carbohydrates may induce bloating, cramps,
and flatulence. Polyethylene glycol 3350 (MiraLAX) is a
component of solutions traditionally used for colonic
lavage prior to colonoscopy and does not cause flatulence.
When used in conventional doses, the onset of action of
these osmotic agents is generally within 24 hours. For more
rapid treatment of acute constipation, purgative laxatives
may be used, such as magnesium citrate. Magnesium
citrate may cause hypermagnesemia.

b. Stimulant laxatives—For patients with incomplete
response to osmotic agents, stimulant laxatives may be
prescribed as needed as a “rescue” agent or on a daily basis.
These agents stimulate fluid secretion and colonic contrac-
tion, resulting in a bowel movement within 6–12 hours
after oral ingestion or 15–60 minutes after rectal adminis-
tration. Oral agents are usually administered once daily at
bedtime. Common nonprescription preparations include
bisacodyl and senna (Table 15–4).

c. Secretagogues—Several agents stimulate intestinal
chloride secretion either through activation of chloride
channels (lubiprostone) or guanylcyclase C (linaclotide
and plecanatide), resulting in increased intestinal fluid and
accelerated colonic transit. In multicenter controlled trials,
patients treated with lubiprostone 24 mcg orally twice
daily, linaclotide 145 mcg once daily, or plecanatide 3 mg
once daily increased the number of bowel movements
compared with patients treated with placebo. Because these
agents are expensive, they should be reserved for patients
who have suboptimal response or side effects with less
expensive agents.

d. Serotonin 5-ht-receptor agonist—Stimulation of
5-HT

4
-receptors in the colon leads to increased release of

acetylcholine within smooth muscle of the intestinal tract,
which stimulates high-amplitude peristaltic contractions in
the proximal colon. Prucalopride is a high-affinity 5-HT

4
-

agonist that is approved in the United States for the
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Table 15–4. Pharmacologic management of constipation.

Agent Dosage

Onset of

Action Comments

Fiber Laxatives

Psyllium 1–3 tsp once or twice daily Days (Metamucil; Perdiem)

Methylcellulose 1–3 tsp once or twice daily Days (Citrucel) Less gas, flatulence

Calcium polycarbophil 1 or 2 tablets once or twice daily 12–24 hours (FiberCon) Does not cause gas; pill form

Guargum 1 tbsp once or twice daily Days (Benefiber) Non-gritty, tasteless, less gas

Stool Surfactants

Docusate sodium 100 mg once or twice daily 12–72 hours (Colace) Marginal benefit

Mineral oil 15–45 mL once or twice daily 6–8 hours May cause lipoid pneumonia if aspirated

Osmotic Laxatives

Magnesium hydroxide 15–30 mL orally once or twice

daily

6–24 hours (Milk of magnesia; Epsom salts) May cause

hypermagnesemia if chronic kidney disease

Lactulose or 70% sorbitol 15–60 mL orally once daily to three

times daily

6–48 hours Cramps, bloating, flatulence

Polyethylene glycol (PEG 3350) 17 g in 8 oz liquid once or twice

daily

6–24 hours (MiraLAX) Less bloating than lactulose, sorbitol

Stimulant Laxatives

Bisacodyl 5–20 mg orally as needed 6–8 hours May cause cramps; avoid daily use if possible

Bisacodyl suppository 10 mg per rectum as needed 1 hour

Senna 17.2–34.4 mg orally 8–12 hours (ExLax; Senekot; SennaS) May cause cramps;

avoid daily use if possible

Lubiprostone 24 mcg orally twice daily 12–48 hours Expensive; may cause nausea. Contraindicated in

pregnancy

Linaclotide 72–145 mcg orally once daily  Expensive; contraindicated in pediatric patients

Plecanatide 3–6 mg once daily  Expensive; contraindicated in pediatric patients

Enemas

Tap water 500 mL per rectum 5–15 minutes

Sodium phosphate enema 120 mL per rectum 5–15 minutes Commonly used for acute constipation or to

induce movement prior to medical procedures

Mineral oil enema 100–250 mL per rectum 5–15 minutes To soften and lubricate fecal impaction

Agents Used for Acute Purgative or to Clean Bowel Prior to Medical Procedures

Polyethylene glycol (PEG 3350) 4 L orally administered over 2–4

hours

< 4 hours (GoLYTELY; CoLYTE; NuLYTE, MoviPrep) Used to

cleanse bowel before colonoscopy

Magnesium citrate 10 oz orally 3–6 hours Lemon-flavored

treatment of chronic constipation (2 mg once daily). In six
clinical trials, 19–38% of patients treated with prucalopride
experienced at least three spontaneous bowel movements
per week, which was 5–23% more than with placebo. In
contrast to prior, less-selective 5-HT

4
-agonists (cisapride,

tegaserod), which were removed from the market due to
adverse cardiovascular events, prucalopride does not have
affinity for hERG K+ channels and does not appear to have
any cardiovascular risk.

e. Opioid-receptor antagonists—Long-term use of
opioids can cause constipation by inhibiting peristalsis and

increasing intestinal fluid absorption. Methylnaltrexone
(450 mg orally once daily), naloxegol (12.5–25 mg orally
once daily), and naldemedine (0.2 mg orally once daily) are
mu-opioid receptor antagonists that block peripheral opioid
receptors (including in the gastrointestinal tract) without
affecting central analgesia. They are approved for the treat-
ment of opioid-induced constipation in patients receiving
opioids for chronic noncancer pain (see Chapter 5). A sub-
cutaneous formulation of methylnaltrexone also is approved
for treatment of patients receiving palliative care for
advanced illness who have not responded to conventional
laxative regimens.
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B. Fecal Impaction

Severe impaction of stool in the rectal vault may result in
obstruction to further fecal flow, leading to partial or com-
plete large bowel obstruction. Predisposing factors include
medications (eg, opioids), severe psychiatric disease, pro-
longed bed rest, neurogenic disorders of the colon, and
spinal cord disorders. Clinical presentation includes
decreased appetite, nausea and vomiting, and abdominal
pain and distention. There may be paradoxical “diarrhea”
as liquid stool leaks around the impacted feces. Firm feces
are palpable on digital examination of the rectal vault. Ini-
tial treatment is directed at relieving the impaction with
enemas (saline, mineral oil, or diatrizoate) or digital dis-
ruption of the impacted fecal material. Long-term care is
directed at maintaining soft stools and regular bowel
movements (as above).

» When to Refer

• Patients with refractory constipation for anorectal
testing.

• Patients with defecatory disorders may benefit from
biofeedback therapy.

• Patients with alarm symptoms or who are over age 50
should be referred for colonoscopy.

• Rarely, surgery (subtotal colectomy) is required for
patients with severe colonic inertia.

Bharucha AE et al. Mechanisms, evaluation, and management of
chronic constipation. Gastroenterology. 2020;18:1232.
[PMID: 31945360]

Brandler J et al. Pretest and post-test probabilities of diagnoses
of rectal evacuation disorders based on symptoms, rectal
exam, and basic tests: a systematic review. Clin Gastroenterol
Hepatol. 2020;18:2479. [PMID: 31811949]

Crockett SD et al. American Gastroenterological Association
Institute guideline on the medical management of opioid-
induced constipation. Gastroenterology. 2019;156:218.
[PMID: 30340754]

Luthra P et al. Efficacy of drugs in chronic idiopathic constipa-
tion: a systematic review and network meta-analysis. Lancet
Gastroenterol Hepatol. 2019;4:831. [PMID: 31474542]

Oh SJ et al. Chronic constipation in the United States: results
from a population-based survey assessing healthcare seeking
and use of pharmacotherapy. Am J Gastroenterol.
2020;115:895. [PMID: 32324606]

GASTROINTESTINAL GAS

1. Belcing

Belching (eructation) is the involuntary or voluntary
release of gas from the stomach or esophagus. It occurs
most frequently after meals, when gastric distention results
in transient lower esophageal sphincter (LES) relaxation.
Belching is a normal reflex and does not itself denote gas-
trointestinal dysfunction. Virtually all stomach gas comes
from swallowed air. With each swallow, 2–5 mL of air is
ingested, and excessive amounts may result in distention,
flatulence, and abdominal pain. This may occur with rapid
eating, gum chewing, smoking, and the ingestion of car-
bonated beverages. Evaluation should be restricted to

patients with other complaints such as dysphagia, heart-
burn, early satiety, or vomiting.

Chronic excessive belching is almost always caused by
supragastric belching (voluntary diaphragmatic contrac-
tion, followed by upper esophageal relaxation with air
inflow to the esophagus) or true air swallowing (aeropha-
gia), both of which are behavioral disorders that are more
common in patients with anxiety or psychiatric disorders.
These patients may benefit from referral to a behavioral or
speech therapist.

Pauwels A et al. A randomized, double-blind, placebo-
controlled, cross-over study using baclofen in the treatment
of rumination syndrome. Am J Gastroenterol. 2018;113:97.
[PMID: 29206813]

2. Bloating & Flatus

Bloating is a complaint of increased abdominal pressure that
may or may not be accompanied by visible distention.
Organic causes of acute bloating with distention, vomiting,
and/or pain include ascites, gastrointestinal obstruction (gas-
tric fundoplication, gastric outlet obstruction, small intestine
or colon obstruction, and constipation). Complaints of
chronic abdominal distention or bloating are common. Some
patients swallow excess air (aerophagia, poorly fitting den-
tures, sleep apnea, and rapid eating) or produce excess gas
(excessive FODMAP [fermentable oligosaccharides, disac-
charides, monosaccharides, and polyols] ingestion and mal-
absorption). Others have impaired gas propulsion or
expulsion, increased bowel wall tension, enhanced visceral
sensitivity, or altered viscerosomatic reflexes leading to
abdominal protrusion. Many of these patients have an under-
lying functional gastrointestinal disorder such as IBS or
functional dyspepsia. Constipation should be treated, and
exercise (which accelerates gas propulsion) is recommended.
Medications that inhibit gastrointestinal motility should be
avoided (opioids and calcium channel blockers).

Healthy adults pass flatus up to 20 times daily and
excrete up to 750 mL. Flatus is derived from two sources:
swallowed air (primarily nitrogen) and bacterial fermenta-
tion of undigested carbohydrate (which produces H

2
, CO

2
,

and methane). A number of short-chain carbohydrates
(FODMAPs) are incompletely absorbed in the small intes-
tine and pass into the colon. These include lactose (dairy
products); fructose (fruits, corn syrups, and some sweeten-
ers); polyols (stone-fruits, mushrooms, and some sweeten-
ers); and oligosaccharides (legumes, lentils, cruciferous
vegetables, garlic, onion, pasta, and whole grains). Abnor-
mal gas production may be caused by increased ingestion
of these carbohydrates or, less commonly, by disorders of
malabsorption. Foul odor may be caused by garlic, onion,
eggplant, mushrooms, and certain herbs and spices.

Determining abnormal from normal amounts of flatus
is difficult. Patients who report excess flatus may also com-
plain of bloating, cramping, and altered stool habits (diar-
rhea or constipation). Patients with a long-standing history
of flatulence and no other symptoms or signs of malab-
sorption disorders can be treated conservatively. Gum
chewing and carbonated beverages should be avoided to
reduce air swallowing. Lactose intolerance may be assessed
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by a 2-week trial of a lactose-free diet or by a hydrogen
breath test. A list of foods containing FODMAPs should
be provided and high FODMAP foods eliminated for
2–4 weeks. If symptoms improve, FODMAP groups may
be sequentially introduced to identify triggers. Multiple low-
FODMAP dietary guides are available; however, referral to a
knowledgeable dietician may be helpful.

The nonprescription agent Beano (alpha-d-galactosidase
enzyme) reduces gas caused by foods containing galacto-
oligosaccharides (legumes, chickpeas, lentils) but not other
FODMAPs. Activated charcoal may afford relief. Simethicone
has no proven benefit.

Many patients report reduced flatus production with
use of probiotics, although there has been limited con-
trolled study of these agents for this purpose.

Lacy BE et al. Management of chronic abdominal distention and
bloating. Clin Gastroenterol Hepatol. 2021;19:219. [PMID:
32246999]

Scarlata K. Low FODMAP diet: what your patients need to
know. Am J Gastroenterol. 2019;114:189. [PMID: 30356177]

DIARRHEA

Diarrhea can range in severity from an acute self-limited
episode to a severe, life-threatening illness. To properly
evaluate the complaint, the clinician must determine the
patient’s normal bowel pattern and the nature of the cur-
rent symptoms.

Approximately 10 L/day of fluid enter the duodenum of
which all but 1.5 L/day are absorbed by the small intestine.
The colon absorbs most of the remaining fluid, with less
than 200 mL/day lost in the stool. Although diarrhea
sometimes is defined as a stool weight of more than 200–
300 g/24 h, quantification of stool weight is necessary only
in some patients with chronic diarrhea. In most cases, the
physician’s working definition of diarrhea is increased stool
frequency (more than three bowel movements per day) or
liquidity of feces.

The causes of diarrhea are myriad. In clinical practice, it
is helpful to distinguish acute from chronic diarrhea, as the
evaluation and treatment are entirely different (Tables 15–5
and 15–6).

1. Acute Diarrea

E S S E N T I A L S  O F  D I A G N O S I S

» Diarrhea of < 2 weeks’ duration is most commonly
caused by invasive or noninvasive pathogens and
their enterotoxins.

Acute noninflammatory diarrea

» Watery, nonbloody.

» Usually mild, self-limited.

» Caused by a virus or noninvasive bacteria.

» Diagnostic evaluation is limited to patients with
diarrhea that is severe or persists beyond 7 days.

Table 15–5. Causes of acute infectious diarrhea.

Noninflammatory Diarrea Inflammatory Diarrea

Viral

Noroviruses, astrovirus,

adenovirus, rotavirus,

sapovirus, coronavirus

SARS-CoV-2

Viral

Cytomegalovirus

Protozoal

Giardia lamblia

Cryptosporidium

Cyclospora

Protozoal

Entamoeba histolytica

Bacterial

1. Preformed enterotoxin

production

Staphylococcus aureus

Bacillus cereus

Clostridium perfringens

2. Enterotoxin production

Enterotoxigenic

Escherichia coli (ETEC)

Vibrio cholera,

Vibrio vulnificus

Bacterial

1. Cytotoxin production

Enterohemorrhagic E coli

O157:H5 and O157:H7

(EHEC)

Vibrio parahaemolyticus

Clostridioides difficile

Plesiomonas shigelloides

2. Mucosal invasion

Shigella

Campylobacter jejuni

Salmonella

Enteroinvasive E coli (EIEC)

Aeromonas

Yersinia enterocolitica

Chlamydia

Neisseria gonorrhoeae

Listeria monocytogenes

Acute inflammatory diarrea

» Blood or pus, fever.

» Usually caused by an invasive or toxin-producing
bacterium.

» Diagnostic evaluation requires routine stool bac-
terial testing (including E coli O157:H5 and
O157:H7) in all and testing as clinically indicated
for Clostridioides difficile and parasites.

» Etiology & Clinical Findings

Diarrhea acute in onset and persisting for less than 2 weeks
is most commonly caused by infectious agents, bacterial
toxins (either preformed or produced in the gut), or medi-
cations. Community outbreaks (including norovirus and
SARS-CoV-2 in nursing homes, schools, cruise ships) sug-
gest a viral etiology or a common food source. Among
patients with COVID-19 infection, watery diarrhea (usu-
ally mild) occurs in 7.7% and it may be the presenting
symptom. Similar recent illnesses in family members sug-
gest an infectious origin. Ingestion of improperly stored or
prepared food implicates food poisoning. Pregnant women
have an increased risk of developing listeriosis. Day care
attendance or exposure to unpurified water (camping,
swimming) may result in infection with Giardia or Crypto-
sporidium. Large Cyclospora outbreaks have been traced to
contaminated produce. Recent travel abroad suggests
“traveler’s diarrhea” (see Chapter 30). Antibiotic
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Table 15–6. Causes of chronic diarrhea.

Osmotic diarrea

CLUES: Stool volume decreases with fasting; increased stool

osmotic gap

1. Medications: antacids, lactulose, sorbitol

2. Disaccharidase deficiency: lactose intolerance

3. Factitious diarrhea: magnesium (antacids, laxatives)

Secretory diarrea

CLUES: Large volume (> 1 L/day); little change with fasting;

normal stool osmotic gap

1. Hormonally mediated: VIPoma, carcinoid, medullary

carcinoma of thyroid (calcitonin), Zollinger-Ellison syndrome

(gastrin)

2. Factitious diarrhea (laxative abuse); phenolphthalein, senna

3. Villous adenoma

4. Bile salt malabsorption (idiopathic, ileal resection; Crohn ileitis;

postcholecystectomy)

5. Medications

Inflammatory conditions

CLUES: Fever, hematochezia, abdominal pain

1. Ulcerative colitis

2. Crohn disease

3. Microscopic colitis

4. Malignancy: lymphoma, adenocarcinoma (with obstruction

and pseudodiarrhea)

5. Radiation enteritis

Medications

Common offenders: SSRIs, cholinesterase inhibitors, NSAIDs,

proton pump inhibitors, angiotensin II receptor blockers,

metformin, allopurinol

Malabsorption syndromes

CLUES: Weight loss, abnormal laboratory values; fecal fat > 10 g/24 h

1. Small bowel mucosal disorders: celiac disease, tropical sprue,

Whipple disease, eosinophilic gastroenteritis, small bowel

resection (short bowel syndrome), Crohn disease

2. Lymphatic obstruction: lymphoma, carcinoid, infectious

(tuberculosis, MAI), Kaposi sarcoma, sarcoidosis, retroperito-

neal fibrosis

3. Pancreatic disease: chronic pancreatitis, pancreatic carcinoma

4. Bacterial overgrowth: motility disorders (diabetes, vagotomy),

systemic sclerosis (scleroderma), fistulas, small intestinal

diverticula

Motility disorders

CLUES: Systemic disease or prior abdominal surgery

1. Postsurgical: vagotomy, partial gastrectomy, blind loop with

bacterial overgrowth

2. Systemic disorders: systemic sclerosis (scleroderma), diabetes

mellitus, hyperthyroidism

3. Irritable bowel syndrome

Cronic infections

1. Parasites: Giardia lamblia, Entamoeba histolytica,

Strongyloides stercoralis, Capillaria philippinensis

2. AIDS-related: Viral: Cytomegalovirus; Bacterial: Clostridioides

difficile, Mycobacterium avium complex; Protozoal:

Microsporidia (Enterocytozoon bieneusi), Cryptosporidium,

Cystoisospora belli (formerly Isospora belli)

Factitious

See Osmotic and Secretory diarrhea above

MAI, Mycobacterium avium-intracellulare; NSAIDs, nonsteroidal anti-inflammatory drugs; SSRIs, selective serotonin reuptake inhibitors.

administration within the preceding several weeks
increases the likelihood of C difficile colitis. Finally, risk
factors for HIV infection or sexually transmitted diseases
should be determined. (AIDS-associated diarrhea is dis-
cussed in Chapter 31; infectious proctitis is discussed later
in this chapter under Anorectal Infections.) Persons engag-
ing in anal intercourse or oral-anal sexual activities are at
risk for a variety of infections that cause proctitis, including
gonorrhea, syphilis, lymphogranuloma venereum, and
herpes simplex.

The nature of the diarrhea helps distinguish among dif-
ferent infectious causes (Table 15–5).

A. Noninflammatory Diarrhea

Watery, nonbloody diarrhea associated with periumbilical
cramps, bloating, nausea, or vomiting suggests a small
bowel source caused by either a virus (rotavirus, norovirus,
adenovirus, coronavirus), a toxin-producing bacterium
(enterotoxigenic E coli [ETEC], Staphylococcus aureus,
Bacillus cereus, Clostridium perfringens, Plesiomonas shigel-
loides), or another agent (Giardia) that disrupts normal
absorption and secretory process in the small intestine.
Prominent vomiting suggests viral enteritis or S aureus
food poisoning. Although typically mild, the diarrhea
(which originates in the small intestine) can be voluminous
and result in dehydration with hypokalemia and metabolic

acidosis (eg, cholera). Because tissue invasion does not
occur, fecal leukocytes are not present.

B. Inflammatory Diarrhea

The presence of fever and bloody diarrhea (dysentery)
indicates colonic tissue damage caused by invasion (shigel-
losis, salmonellosis, Campylobacter or Yersinia infection,
amebiasis) or a toxin (C difficile, Aeromonas, Shiga-toxin–
producing E coli [STEC; also known as enterohemorrhagic
E coli]). Because these organisms predominantly involve
the colon, the diarrhea is small in volume (less than 1 L/
day) and associated with left lower quadrant cramps,
urgency, and tenesmus. Fecal leukocytes or lactoferrin usu-
ally are present in infections with invasive organisms. E coli
O157:H7 is a Shiga-toxin–producing noninvasive organ-
ism most commonly acquired from contaminated meat
that has resulted in several outbreaks of an acute, often
severe hemorrhagic colitis. A major complication of STEC
is hemolytic-uremic syndrome, which develops in 6–22%
of cases. In immunocompromised and HIV-infected
patients, cytomegalovirus (CMV) can cause intestinal
ulceration with watery or bloody diarrhea.

Infectious dysentery must be distinguished from acute
ulcerative colitis, which may also present acutely with fever,
abdominal pain, and bloody diarrhea. Diarrhea that per-
sists for more than 14 days is not attributable to bacterial
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pathogens (except for C difficile) and should be evaluated
as chronic diarrhea.

» Evaluation

In over 90% of patients with acute noninflammatory diar-
rhea, the illness is mild and self-limited, responding within
5 days to simple rehydration therapy or antidiarrheal
agents. The isolation rate of bacterial pathogens from stool
cultures in patients with acute noninflammatory diarrhea
is under 3%; therefore, diagnostic investigation is unneces-
sary except in suspected outbreaks or in patients at high
risk for spreading infection to others.

The goal of initial evaluation of acute diarrhea is to
distinguish patients with mild disease from those with
more serious illness. Prompt medical evaluation is indi-
cated in the following situations (Figure 15–1): (1) signs of
inflammatory diarrhea manifested by any of the following:
fever (higher than 38.5°C), WBC 15,000/mcL (15 × 109/L)
or more, bloody diarrhea, or severe abdominal pain; (2) the
passage of six or more unformed stools in 24 hours; (3)
profuse watery diarrhea and dehydration; (4) frail older
patients or nursing home residents; (5) immunocompro-
mised patients (AIDS, posttransplantation); (6) exposure
to antibiotics; (7) hospital-acquired diarrhea (onset follow-
ing at least 3 days of hospitalization); or (8) systemic
illness.

Physical examination pays note to the patient’s level of
hydration, mental status, and the presence of abdominal
tenderness or peritonitis. Peritoneal findings may be pres-
ent in infection with C difficile or STEC. Hospitalization is
required in patients with severe dehydration, organ failure,
marked abdominal pain, or altered mental status.

Stool should be sent for microbial assessment when
patients have dysentery (bloody stools), severe illness, or
persistent diarrhea beyond 7 days. Until recently, stool speci-
mens were sent for microscopy (to assess for fecal white cells
and protozoa) and bacterial cultures. These traditional
methods provided a positive diagnosis in 60–75% of patients
with dysenteric diarrhea but required 48–72 hours. Cur-
rently, most centers perform microbial assessment using
multiplex molecular techniques with nucleic acid amplifica-
tion (eg, polymerase chain reaction [PCR] assays) that
screen for a panel of pathogens, including viruses, protozoa,
and bacteria, within 1–5 hours. In patients who are hospital-
ized or who have a history of antibiotic exposure, a stool
sample should be tested for C difficile.

» Treatment

A. Diet

Most mild diarrhea will not lead to dehydration provided the
patient takes adequate oral fluids containing carbohydrates

Are the following present?

1. Severe illness: T > 38.5°C, abdominal pain,

bloody diarrhea, > 6 stools/24 h, dehydration

2. Immunocompromised patient: AIDS, posttransplantation

3. Elderly patient (> 70 yrs)

Acute diarrhea (≤ 7 days)

YesNo

Send stool for following:

1. Fecal leukocytes

2. Routine stool culture

3. C difficile assay, if recent hospitalization or antibiotics

4. Ova and parasite testing, if:

a. Diarrhea > 10 days

b. Travel to endemic region

c. Community water-borne outbreak

d. HIV infection or men who have sex with men

Consider empiric antibiotic therapy while awaiting

culture, if:

1. Fecal leukocytes positive

2. Bloody diarrhea, fever, abdominal pain

3. Dehydration or > 8 stools/24 h

4. Immunocompromised

5. Hospitalization required

Symptomatic therapy

Antidiarrheal agents: loperamide,

bismuth subsalicylate

Illness resolves Illness persists for 7–10
days or worsens

&

▲ Figure 15–1. Evaluation of acute diarrhea.
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and electrolytes. Patients find it more comfortable to rest the
bowel by avoiding high-fiber foods, fats, milk products, caf-
feine, and alcohol. Frequent feedings of tea, “flat” carbonated
beverages, and soft, easily digested foods (eg, soups, crackers,
bananas, applesauce, rice, toast) are encouraged.

B. Rehydration

In more severe diarrhea, dehydration can occur quickly,
especially in children and frail older adults. Oral rehydration
with fluids containing glucose, Na+, K+, Cl–, and bicarbonate
or citrate is preferred when feasible. A convenient mixture is
½ tsp salt (3.5 g), 1 tsp baking soda (2.5 g NaHCO

3
), 8 tsp

sugar (40 g), and 8 oz orange juice (1.5 g KCl), diluted to 1 L
with water. Alternatively, oral electrolyte solutions (eg,
Pedialyte, Gatorade) are readily available. Fluids should be
given at rates of 50–200 mL/kg/24 h depending on the
hydration status. Intravenous fluids (lactated Ringer injec-
tion) are preferred in patients with severe dehydration.

C. Antidiarrheal Agents

Antidiarrheal agents may be used safely in patients with
mild to moderate diarrheal illnesses to improve patient
comfort. Opioid agents help decrease the stool number
and liquidity and control fecal urgency. However, they
should not be used in patients with bloody diarrhea, high
fever, or systemic toxicity and should be discontinued in
patients whose diarrhea is worsening despite therapy.
With these provisos, such drugs provide excellent symp-
tomatic relief. Loperamide is preferred, in a dosage of
4 mg orally initially, followed by 2 mg after each loose
stool (maximum: 8 mg/24 h).

Bismuth subsalicylate (Pepto-Bismol), two tablets or
30 mL orally four times daily, reduces symptoms in patients
with traveler’s diarrhea by virtue of its anti-inflammatory and
antibacterial properties. It also reduces vomiting associated
with viral enteritis. Anticholinergic agents (eg, diphenoxylate
with atropine) are contraindicated in acute diarrhea because
of the rare precipitation of toxic megacolon.

D. Antibiotic Therapy

1. Empiric treatment—Empiric antibiotic treatment of
patients with acute, community-acquired diarrhea gener-
ally is not indicated. Even patients with inflammatory diar-
rhea caused by invasive pathogens usually have symptoms
that will resolve within several days without antimicrobials.
In centers in which stool microbial testing with rapid
molecular assays is not available, empiric treatment may be
considered while the stool bacterial culture is incubating in
certain patients: those with non–hospital-acquired diar-
rhea; those with moderate to severe fever, tenesmus, or
bloody stools; and those with no suspicion of infection with
STEC. It should also be considered in patients who are
immunocompromised or who have significant dehydration.
The oral drugs of choice for empiric treatment are the fluo-
roquinolones (eg, ciprofloxacin 500 mg, ofloxacin 400 mg,
or levofloxacin 500 mg once daily) for 1–3 days. Alterna-
tives include trimethoprim-sulfamethoxazole, 160/800 mg
twice daily; or doxycycline, 100 mg twice daily. Macrolides
and penicillins are no longer recommended because of

widespread microbial resistance to these agents. Rifaximin
(200 mg three times daily for 3 days) and azithromycin
(1000 mg single dose or 500 mg daily for 3 days) are
approved for empiric treatment of noninflammatory trav-
eler’s diarrhea (see Chapter 30).

2. Specific antimicrobial treatment—Antibiotics are not
recommended in patients with nontyphoid Salmonella,
Campylobacter, STEC, Aeromonas, or Yersinia, except in
severe disease, because they do not hasten recovery or
reduce the period of fecal bacterial excretion. The infec-
tious bacterial diarrheas for which treatment is recom-
mended are shigellosis, cholera, extraintestinal
salmonellosis, listeriosis, and C difficile. The parasitic
infections for which treatment is indicated are amebiasis,
giardiasis, cryptosporidiosis, cyclosporiasis, and Enterocy-
tozoon bienusi infection. Therapy for traveler’s diarrhea,
infectious (sexually transmitted) proctitis, and AIDS-
related diarrhea is presented in Chapters 30 and 31.

» When to Admit

• Severe dehydration for intravenous fluids, especially if
vomiting or unable to maintain sufficient oral fluid
intake.

• Bloody diarrhea that is severe or worsening in order to
distinguish infectious versus noninfectious cause.

• Severe abdominal pain, worrisome for toxic colitis,
inflammatory bowel disease, intestinal ischemia, or
surgical abdomen.

• Signs of severe infection or sepsis (temperature higher
than 39.5°C, leukocytosis, rash).

• Severe or worsening diarrhea in patients who are older
than 70 years or immunocompromised.

• Signs of hemolytic-uremic syndrome (acute kidney
injury, thrombocytopenia, hemolytic anemia).

Siciliano V et al. Clinical management of infectious diarrhea.
Rev Recent Clin Trials. 2020;15:298. [PMID: 32598272]

Sultan S et al. AGA Institute rapid review of the gastrointestinal
and liver manifestations of COVID-19, meta-analysis of
international data, and recommendations for the consultative
management of patients with COVID-19. Gastroenterology.
2020;159:320. [PMID: 32407808]

2. Cronic Diarrea

E S S E N T I A L S  O F  D I A G N O S I S

» Diarrhea present for > 4 weeks.

» Before embarking on extensive workup, common
causes should be excluded, including medica-
tions, chronic infections, and IBS.

» Etiology

The causes of chronic diarrhea may be grouped into the
following major pathophysiologic categories: medications,
osmotic diarrheas, secretory conditions, inflammatory
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conditions, malabsorptive conditions, motility disorders,
chronic infections, and systemic disorders (Table 15–6).

A. Medications

Numerous medications can cause diarrhea. All medica-
tions should be carefully reviewed, and discontinuation of
potential culprits should be considered.

B. Osmotic Diarrheas

As stool leaves the colon, fecal osmolality is equal to the
serum osmolality, ie, approximately 290 mOsm/kg. Under
normal circumstances, the major osmoles are Na+, K+, Cl–,
and HCO

3
–. The stool osmolality may be estimated by mul-

tiplying the stool (Na+ + K+) × 2. The osmotic gap is the
difference between the measured osmolality of the stool (or
serum) and the estimated stool osmolality and is normally
less than 50 mOsm/kg. An increased osmotic gap (greater
than 75 mOsm/kg) implies that the diarrhea is caused by
ingestion or malabsorption of an osmotically active sub-
stance. The most common causes are carbohydrate malab-
sorption (lactose, fructose, sorbitol), laxative abuse, and
malabsorption syndromes. Osmotic diarrheas resolve dur-
ing fasting. Those caused by malabsorbed carbohydrates are
characterized by abdominal distention, bloating, and flatu-
lence due to increased colonic gas production.

Carbohydrate malabsorption is common and should be
considered in all patients with chronic, postprandial diar-
rhea. Patients should be asked about their intake of dairy
products (lactose), fruits and artificial sweeteners (fructose
and sorbitol), processed foods and soft drinks (high-fructose
corn syrup), and alcohol. The diagnosis of carbohydrate
malabsorption may be established by an elimination trial for
2–3 weeks or by hydrogen breath tests.

Ingestion of magnesium- or phosphate-containing
compounds (laxatives, antacids) should be considered in
enigmatic chronic diarrhea. The fat substitute olestra also
causes diarrhea and cramps in occasional patients.

C. Secretory Conditions

Increased intestinal secretion or decreased absorption results
in a high-volume watery diarrhea with a normal osmotic gap.
There is little change in stool output during the fasting state,
and dehydration and electrolyte imbalance may develop.
Causes include endocrine tumors (stimulating intestinal or
pancreatic secretion), bile salt malabsorption (stimulating
colonic secretion), and microscopic colitis. Microscopic coli-
tis is a common cause of chronic watery diarrhea in older
adults (see Inflammatory Bowel Disease, below).

D. Inflammatory Conditions

Diarrhea is present in most patients with inflammatory
bowel disease (ulcerative colitis, Crohn disease). A variety
of other symptoms may be present, including abdominal
pain, fever, weight loss, and hematochezia.

E. Malabsorptive Conditions

The major causes of malabsorption are small mucosal
intestinal diseases, intestinal resections, lymphatic

obstruction, small intestinal bacterial overgrowth, and
pancreatic insufficiency. Its characteristics are weight loss,
osmotic diarrhea, steatorrhea, and nutritional deficiencies.
Significant diarrhea in the absence of weight loss is not
likely to be due to malabsorption. The physical and labora-
tory abnormalities related to deficiencies of vitamins or
minerals are discussed in Chapter 29.

F. Motility Disorders Including IBS

IBS is the most common cause of chronic diarrhea in
young adults (see Irritable Bowel Syndrome, below). It
should be considered in patients with lower abdominal
pain and altered bowel habits who have no other evidence
of serious organic disease (weight loss, nocturnal diarrhea,
anemia, or gastrointestinal bleeding). Abnormal intestinal
motility secondary to systemic disorders, radiation enteri-
tis, or surgery may result in diarrhea due to rapid transit or
to stasis of intestinal contents with bacterial overgrowth,
resulting in malabsorption.

G. Chronic Infections

Chronic parasitic infections may cause diarrhea through
a number of mechanisms. Pathogens most commonly
associated with diarrhea include the protozoans Giardia,
Entamoeba histolytica, and Cyclospora as well as the intes-
tinal nematodes. Strongyloidiasis and capillariasis should
be excluded in patients from endemic regions, especially
in the presence of eosinophilia. Bacterial infections with
C difficile and, uncommonly, Aeromonas and Plesiomonas
may cause chronic diarrhea.

Immunocompromised patients are susceptible to infec-
tious organisms that can cause acute or chronic diarrhea
(see Chapter 31), including microsporidia, Cryptosporid-
ium, CMV, Cystoisospora belli (formerly Isospora belli),
Cyclospora, and Mycobacterium avium complex.

H. Systemic Conditions

Chronic systemic conditions, such as thyroid disease, dia-
betes, and collagen vascular disorders, may cause diarrhea
through alterations in motility or intestinal absorption.

» Clinical Findings

The history and physical examination commonly suggest
the underlying pathophysiology that guides the subsequent
diagnostic workup (Figure 15–2). The clinician should
establish whether the diarrhea is continuous or intermit-
tent, its relationship to meals, and whether it occurs at
night or during fasting. The stool appearance may suggest
a malabsorption disorder (greasy or malodorous), inflam-
matory disorder (containing blood or pus), or a secretory
process (watery). The presence of abdominal pain suggests
IBS or inflammatory bowel disease. Medications, diet, and
recent psychosocial stressors should be reviewed. Physical
examination should assess for signs of malnutrition, dehy-
dration, and inflammatory bowel disease.

Because chronic diarrhea is caused by so many condi-
tions, the subsequent diagnostic approach is guided by the
relative suspicion for the underlying cause, and no specific
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algorithm can be followed in all patients. Prior to embark-
ing on an extensive evaluation, the most common causes of
chronic diarrhea should be considered, including medica-
tions, IBS, and lactose intolerance. The presence of noctur-
nal diarrhea, weight loss, anemia, or positive results on
FOBT are inconsistent with these disorders and warrant
further evaluation. AIDS-associated diarrhea is discussed
in Chapter 31.

A. Initial Diagnostic Tests

1. Routine laboratory tests—Complete blood count,
serum electrolytes, liver chemistries, calcium, phosphorus,
albumin, thyroid-stimulating hormone, vitamin A and D
levels, prothrombin time with international normalized
ratio (INR), erythrocyte sedimentation rate, and C-reactive
protein should be obtained in most patients. Serologic test-
ing for celiac disease with an IgA tissue transglutaminase
(TG) test is recommended in the evaluation of most
patients with chronic diarrhea even in the absence of signs
of malabsorption. Anemia occurs in malabsorption syn-
dromes (folate, iron deficiency, or vitamin B

12
) as well as

inflammatory conditions. Hypoalbuminemia is present in
malabsorption, protein-losing enteropathies, and inflam-
matory diseases. Hyponatremia and nonanion gap meta-
bolic acidosis occur in secretory diarrheas. Increased
erythrocyte sedimentation rate or C-reactive protein sug-
gests inflammatory bowel disease.

2. Routine stool studies—Stool samples should be ana-
lyzed for ova and parasites, electrolytes (to calculate
osmotic gap), qualitative staining for fat (Sudan stain),
occult blood, and either leukocytes or fecal calprotectin or
lactoferrin. Parasitic infections (Giardia, E histolytica,
Cryptosporidia, and Cyclospora) may be diagnosed with
stool multiplex PCR assays that test for a panel of patho-
gens within 1–5 hours, or, where PCR is unavailable, by
microscopy with special stains. As discussed previously, an
increased osmotic gap suggests an osmotic diarrhea or
disorder of malabsorption. A positive fecal fat stain sug-
gests a disorder of malabsorption. In patients with positive
fecal fat or suspicion for chronic pancreatitis, a stool sam-
ple should be sent for measurement of pancreatic elastase,
which is low with pancreatic insufficiency. The presence of

CHRONIC DIARRHEA

Exclude: 1. Causes of acute diarrhea
2. Lactose intolerance
3. Irritable bowel syndrome
4. Previous gastric surgery or ileal resection
5. Parasitic infections
6. Medications
7. Systemic disease

Fecal leukocytes and occult blood
Colonoscopy with biopsy
Small bowel imaging with barium, CT, or MR enterography

Abnormal

Inflammatory bowel disease Cancer

Normal

Stool electrolytes, osmolality,
weight/24 h, quantitative fat

Increased osmotic gap

Increased fecal fat

Malabsorption syndromes
Pancreatic insufficiency
Bacterial overgrowth

Normal fecal fat

Lactose intolerance
Sorbitol, lactulose
Laxative abuse

Normal stool weight

Irritable bowel syndrome
Factitious diarrhea

Increased stool weight

Secretory laxative abuse
(> 1000 g/24 h)

Normal osmotic gap

▲ Figure 15–2. Decision diagram for diagnosis of causes of chronic diarrhea.

CMDT22_Ch15_p0582-p0676.indd 597 29/06/21 8:46 PM



ChAPTER 15598 CMDT 2022

fecal leukocytes or elevated calprotectin or lactoferrin may
suggest inflammatory bowel disease.

3. Endoscopic examination and mucosal biopsy—Most
patients with chronic persistent diarrhea undergo colonos-
copy with mucosal biopsy to exclude inflammatory bowel
disease (including Crohn disease and ulcerative colitis),
microscopic colitis, and colonic neoplasia. Upper endos-
copy with small bowel biopsy is performed when a small
intestinal malabsorptive disorder is suspected (celiac dis-
ease, Whipple disease) from abnormal laboratory studies
or a positive fecal fat stain. It may also be done in patients
with advanced AIDS to document Cryptosporidium,
microsporidia, and M avium-intracellulare infection.

B. Further Studies

If the cause of diarrhea is still not apparent, further studies
may be warranted.

1. 24hour stool collection quantification of total weight
and fat—A stool weight of less than 200–300 g/24 h
excludes diarrhea and suggests a functional disorder such
as IBS. A weight greater than 1000–1500 g suggests a sig-
nificant secretory process, including neuroendocrine
tumors. A fecal fat determination in excess of 10 g/24 h
confirms a malabsorptive disorder. Fecal elastase less than
100 mcg/g may be caused by pancreatic insufficiency. (See
Celiac Disease and specific tests for malabsorption, below.)

2. Other imaging studies—Calcification on a plain abdom-
inal radiograph confirms a diagnosis of chronic pancreati-
tis, although abdominal CT and endoscopic ultrasonography
are more sensitive for the diagnosis of chronic pancreatitis
as well as pancreatic cancer. Small intestinal imaging with
CT or MRI enterography is helpful in the diagnosis of
Crohn disease, small bowel lymphoma, carcinoid, and jeju-
nal diverticula. Neuroendocrine tumors may be localized
using somatostatin receptor scintigraphy. Retention of less
than 11% at 7 days of intravenous 75Se-homotaurocholate
on scintigraphy suggests bile salt malabsorption.

3. Laboratory tests—

a. Serologic tests for neuroendocrine tumors—

Secretory diarrheas due to neuroendocrine tumors are rare
but should be considered in patients with chronic, high-
volume watery diarrhea (greater than 1 L/day) with a normal
osmotic gap that persists during fasting. Measurements of
the secretagogues of various neuroendocrine tumors may be
assayed, including serum chromogranin A (pancreatic neu-
roendocrine tumors), vasoactive intestinal peptide (VIP)
(VIPoma), calcitonin (medullary thyroid carcinoma), gas-
trin (Zollinger-Ellison syndrome), and urinary 5-hydroxyin-
doleacetic acid (5-HIAA) (carcinoid).

b. Breath test—The diagnosis of small bowel bacterial
overgrowth is suggested by a noninvasive breath test (glu-
cose or lactulose); however, a high rate of false-positive test
results limits the utility of these tests. A definitive diagnosis
of bacterial overgrowth is determined by aspirate of small
intestinal contents for quantitative aerobic and anaerobic
bacterial culture; however, this procedure is not available at
most centers.

» Treatment

A number of antidiarrheal agents may be used in certain
patients with chronic diarrheal conditions and are listed
below. Opioids are safe in most patients with chronic, sta-
ble symptoms.

Loperamide: 4 mg orally initially, then 2 mg after each
loose stool (maximum: 16 mg/day).

Diphenoxylate with atropine: One tablet orally three
or four times daily as needed.

Codeine and deodorized tincture of opium: Because
of potential habituation, these drugs are avoided except in
cases of chronic, intractable diarrhea. Codeine may be
given in a dosage of 15–60 mg orally every 4 hours; tincture
of opium, 0.3–1.2 mL orally every 6 hours as needed.

Clonidine: Alpha-2-adrenergic agonists inhibit intesti-
nal electrolyte secretion. Clonidine, 0.1–0.3 mg orally twice
daily, or a clonidine patch, 0.1–0.2 mg/day, may help in
some patients with secretory diarrheas, diabetic diarrhea,
or cryptosporidiosis.

Octreotide: This somatostatin analog stimulates intes-
tinal fluid and electrolyte absorption and inhibits intesti-
nal fluid secretion and the release of gastrointestinal
peptides. It is given for secretory diarrheas due to neuro-
endocrine tumors (VIPomas, carcinoid). Effective doses
range from 50 mcg to 250 mcg subcutaneously three times
daily.

Bile salt binders: Cholestyramine 2–4 g or colestipol
(1–2 g once to three times daily) or colesevelam (625 mg,
1–3 tablets once or twice daily) may be useful in patients
with bile salt-induced diarrhea, which may be idiopathic or
secondary to intestinal resection or ileal disease.

Burgers K et al. Chronic diarrhea in adults: evaluation and dif-
ferential diagnosis. Am Fam Physician. 2020;15:472. [PMID:
32293842]

Sadowski DC et al. Canadian Association of Gastroenterology
clinical practice guideline on the management of bile acid
diarrhea. Clin Gastroenterol Hepatol. 2020;18:24. [PMID:
31526844]

Smalley W et al. AGA clinical practice guidelines on the laboratory
evaluation of functional diarrhea and diarrhea-predominant
irritable bowel syndrome in adults (IBS-D). Gastroenterology.
2019;157:851. [PMID: 31302098]

GASTROINTESTINAL BLEEDING

1. Acute Upper Gastrointestinal Bleeding

E S S E N T I A L S  O F  D I A G N O S I S

» Hematemesis (bright red blood or “coffee
grounds”).

» Melena in most cases; hematochezia in massive
upper gastrointestinal bleeds.

» Volume status to determine severity of blood loss;
hematocrit is a poor early indicator of blood loss.

» Endoscopy diagnostic and may be therapeutic.
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» General Considerations

There are over 250,000 hospitalizations a year in the United
States for acute upper gastrointestinal bleeding. In the
United States, the mortality rate for nonvariceal upper gas-
trointestinal bleeding has declined steadily over the past
20 years to 2.1% in 2009. Mortality is higher in patients who
are older than age 60 years and in patients in whom bleed-
ing develops during hospitalization. Patients seldom die of
exsanguination but rather of complications from an under-
lying disease.

The most common presentation of upper gastrointesti-
nal bleeding is hematemesis or melena. Hematemesis may
be either bright red blood or brown “coffee grounds” mate-
rial. Melena develops after as little as 50–100 mL of blood
loss in the upper gastrointestinal tract, whereas hemato-
chezia requires a loss of more than 1000 mL. Although
hematochezia generally suggests a lower bleeding source
(eg, colonic), severe upper gastrointestinal bleeding may
present with hematochezia in 10% of cases.

Upper gastrointestinal bleeding is self-limited in 80% of
patients; urgent medical therapy and endoscopic evalua-
tion are obligatory in the rest. Patients with bleeding more
than 48 hours prior to presentation have a low risk of
recurrent bleeding.

» Etiology

Peptic ulcers account for 40% of major upper gastrointesti-
nal bleeding with an overall mortality rate of less than 5%.
In North America, the incidence of bleeding from ulcers is
declining due to eradication of H pylori and prophylaxis
with proton pump inhibitors in high-risk patients.

Portal hypertension accounts for 10–20% of upper gas-
trointestinal bleeding. Bleeding usually arises from esopha-
geal varices and less commonly gastric or duodenal varices
or portal hypertensive gastropathy. Approximately 25% of
patients with cirrhosis have medium to large esophageal
varices, of whom 30% experience acute variceal bleeding
within a 2-year period. Due to improved care, the hospital
mortality rate has declined over the past 20 years from 40%
to 15%. Nevertheless, a mortality rate of 60–80% is expected
at 1–4 years due to recurrent bleeding or other complica-
tions of chronic liver disease.

Lacerations of the gastroesophageal junction cause
5–10% of cases of upper gastrointestinal bleeding. Many
patients report a history of heavy alcohol use or retching.
Less than 10% have continued or recurrent bleeding.

Vascular anomalies are found throughout the gastroin-
testinal tract and may be the source of chronic or acute gas-
trointestinal bleeding. They account for 7% of cases of acute
upper tract bleeding. The most common are angioectasias
(angiodysplasias), which are 1–10 mm distorted, aberrant
submucosal vessels caused by chronic, intermittent obstruc-
tion of submucosal veins. They have a bright red stellate
appearance and occur throughout the gastrointestinal tract
but most commonly in the right colon. Telangiectasias are
small, cherry red lesions caused by dilation of venules that
may be part of systemic conditions (hereditary hemorrhagic
telangiectasia, CREST syndrome) or occur sporadically. The
Dieulafoy lesion is an aberrant, large-caliber submucosal

artery, most commonly in the proximal stomach that causes
recurrent, intermittent bleeding.

Gastric neoplasms result in 1% of upper gastrointestinal
hemorrhages.

Erosive gastritis is superficial, so it is a relatively
unusual cause of severe gastrointestinal bleeding (less than
5% of cases) and more commonly results in chronic blood
loss. Gastric mucosal erosions are due to NSAIDs, alcohol,
or severe medical or surgical illness (stress-related mucosal
disease).

Severe erosive esophagitis due to chronic gastroesopha-
geal reflux may rarely cause significant upper gastrointesti-
nal bleeding, especially in patients who are bedbound
long-term.

An aortoenteric fistula complicates 2% of abdominal
aortic grafts or, rarely, can occur as the initial presentation of
a previously untreated aneurysm. Unusual causes of upper
gastrointestinal bleeding include hemobilia (from hepatic
tumor, angioma, penetrating trauma), and pancreatic malig-
nancy and pseudoaneurysm (hemosuccus pancreaticus).

» Initial Evaluation & Treatment

A. Stabilization

The initial step is assessment of the hemodynamic status.
A systolic blood pressure lower than 100 mm Hg identi-
fies a high-risk patient with severe acute bleeding. A heart
rate over 100 beats/min with a systolic blood pressure
over 100 mm Hg signifies moderate acute blood loss. A
normal systolic blood pressure and heart rate suggest rela-
tively minor hemorrhage. Postural hypotension and tachy-
cardia are useful when present but may be due to causes
other than blood loss. Because the hematocrit may take
24–72 hours to equilibrate with the extravascular fluid, it is
not a reliable indicator of the severity of acute bleeding.

In patients with significant bleeding, two 18-gauge or
larger intravenous lines should be started prior to further
diagnostic tests. Blood is sent for complete blood count,
prothrombin time with INR, serum creatinine, liver
enzymes, and blood typing and screening (in anticipation
of the possible need for transfusion). In patients without
hemodynamic compromise or overt active bleeding,
aggressive fluid repletion can be delayed until the extent of
the bleeding is further clarified. Patients with evidence of
hemodynamic compromise are given 0.9% saline or lac-
tated Ringer infusion and cross-matched for 2–4 units of
packed red blood cells. It is rarely necessary to administer
type-specific or O-negative blood. Central venous pressure
monitoring is desirable in some cases, but line placement
should not interfere with rapid volume resuscitation.

Placement of a nasogastric tube is not routinely rec-
ommended in clinical guidelines but may be helpful in
the initial assessment and triage of selected patients with
suspected active upper tract bleeding. The aspiration of
red blood or “coffee grounds” confirms an upper gastro-
intestinal source of bleeding, though up to 18% of
patients with confirmed upper tract sources of bleeding
have nonbloody aspirates—especially when bleeding
originates in the duodenum. Erythromycin (250 mg)
administered intravenously 30 minutes prior to upper
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endoscopy promotes gastric emptying and may improve
the quality of endoscopic evaluation when substantial
amounts of blood or clot in the stomach is suspected.
Efforts to stop or slow bleeding by gastric lavage with
large volumes of fluid are of no benefit and expose the
patient to an increased risk of aspiration.

B. Blood Replacement

The amount of fluid and blood products required is based
on assessment of vital signs, evidence of active bleeding from
nasogastric aspirate, and laboratory tests. Sufficient packed
red blood cells should be given to maintain a hemoglobin of
7–9 g/dL, based on the patient’s hemodynamic status,
comorbidities (especially cardiovascular disease), and pres-
ence of continued bleeding. In the absence of continued
bleeding, the hemoglobin should rise approximately 1 g/dL
for each unit of transfused packed red cells. Transfusion of
blood should not be withheld from patients with massive
active bleeding regardless of the hemoglobin value. In
patients with severe gastrointestinal bleeding, it is desirable
to transfuse blood before the hemoglobin reaches 7 g/dL to
prevent decreases below that level occurring from hemodi-
lution with fluid resuscitation. In actively bleeding patients,
platelets are transfused if the platelet count is under 50,000/
mcL (50 × 109/L) and considered if there is impaired platelet
function due to aspirin or clopidogrel use (regardless of the
platelet count). Uremic patients (who also have dysfunc-
tional platelets) with active bleeding are given three doses of
desmopressin (DDAVP), 0.3 mcg/kg intravenously, at
12-hour intervals. In patients with active bleeding who have
been taking anticoagulation therapy, the benefits of reversal
of anticoagulation (reduced bleeding and reduced need for
blood products) must be weighed against the risks (throm-
boembolism, ischemia). In general, endoscopy may be per-
formed safely and effective hemostasis treatment applied if
the INR is less than 2.5. In patients taking warfarin, antico-
agulation with active bleeding and INR greater than 2.5,
either fresh frozen plasma or four factor prothrombin com-
plex (Kcentra®) may be administered. In the face of massive
bleeding, administration of four factor prothrombin com-
plex concentrates is preferred (rather than fresh frozen
plasma) because it is more rapid and effective at correcting
the INR and requires a smaller volume. In patients receiving
anticoagulation therapy with the direct thrombin inhibitor
(dabigatran) or factor Xa inhibitors (rivaroxaban, apixaban,
edoxaban), restoration of normal anticoagulation usually
requires 24–48 hours (presuming normal kidney and liver
function). Therefore, reversal should only be considered in
patients with life-threatening bleeding. Idarucizumab (an
intravenous monoclonal antibody) is approved for the rever-
sal of dabigatran, and andexanet alfa (a modified factor Xa
decoy protein) is approved for the reversal of apixaban and
rivaroxaban. For management of coagulation abnormalities
in patients with cirrhosis and upper gastrointestinal bleed-
ing, see Esophageal Varices.

C. Initial Triage

A preliminary assessment of risk based on several clinical
factors aids in the resuscitation as well as the rational triage

of the patient. Clinical predictors of increased risk of
rebleeding and death include age over 60 years, comorbid
illnesses, systolic blood pressure less than 100 mm Hg,
pulse greater than 100 beats/min, and bright red blood in
the nasogastric aspirate or on rectal examination.

1. High risk—Patients with active bleeding manifested by
hematemesis or bright red blood on nasogastric aspirate,
shock, persistent hemodynamic derangement despite fluid
resuscitation, serious comorbid medical illness, or evi-
dence of advanced liver disease require admission to an
intensive care unit (ICU). After adequate resuscitation,
endoscopy should be performed within 12 hours in most
patients but may be delayed in selected patients with seri-
ous comorbidities (eg, acute coronary syndrome) who do
not have signs of continued bleeding.

2. Low to moderate risk—All other patients are admitted
to a step-down unit or medical ward after appropriate sta-
bilization for further evaluation and treatment. Patients
without evidence of active bleeding undergo nonemergent
endoscopy usually within 24 hours.

» Subsequent Evaluation & Treatment

Specific treatment of the various causes of upper gastroin-
testinal bleeding is discussed elsewhere in this chapter. The
following general comments apply to most patients with
bleeding.

The clinician’s impression of the bleeding source is correct
in only 40% of cases. Signs of chronic liver disease implicate
bleeding due to portal hypertension, but a different lesion is
identified in 25% of patients with cirrhosis. A history of dys-
pepsia, NSAID use, or peptic ulcer disease suggests peptic
ulcer. Acute bleeding preceded by heavy alcohol ingestion or
retching suggests a Mallory-Weiss tear, though most patients
with Mallory-Weiss tears have neither.

A. Upper Endoscopy

Virtually all patients with upper tract bleeding should
undergo upper endoscopy within 24 hours of arriving in
the emergency department. The benefits of endoscopy in
this setting are threefold.

1. To identify the source of bleeding—The appropriate
acute and long-term medical therapy is determined by the
cause of bleeding. Patients with portal hypertension will be
treated differently from those with ulcer disease. If surgery
or radiologic interventional therapy is required for uncon-
trolled bleeding, the source of bleeding identified at endos-
copy will determine the approach.

2. To determine the risk of rebleeding and guide triage—
Patients with a nonbleeding Mallory-Weiss tear, esophagi-
tis, gastritis, and ulcers that have a clean, white base have a
very low risk (less than 5%) of rebleeding. Patients with one
of these findings who are younger than 60 years, without
hemodynamic instability or transfusion requirement, with-
out serious coexisting illness, and who have stable social
support may be discharged from the emergency depart-
ment or medical ward after endoscopy with outpatient
follow-up. All others with one of these low-risk lesions
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should be observed on a medical ward for 24–48 hours.
Patients with ulcers that are actively bleeding or have a vis-
ible vessel or adherent clot, or who have variceal bleeding
usually require at least a 3-day hospitalization with closer
initial observation in an ICU or step-down unit.

3. To render endoscopic therapy—Hemostasis can be
achieved in actively bleeding lesions with endoscopic
modalities such as cautery, injection, or endoclips. About
90% of bleeding or nonbleeding varices can be effectively
treated immediately with application of rubber bands to
the varices. Similarly, 90% of bleeding ulcers, angiomas, or
Mallory-Weiss tears can be controlled with either injection
of epinephrine, direct cauterization of the vessel by a heater
probe or multipolar electrocautery probe, or application of
an endoclip. Certain nonbleeding lesions such as ulcers
with visible blood vessels, and angioectasias are also
treated with these therapies. Specific endoscopic therapy of
varices, peptic ulcers, and Mallory-Weiss tears is dealt with
elsewhere in this chapter.

B. Acute Pharmacologic Therapies

1. Acid inhibitory therapy—Intravenous proton pump
inhibitors (esomeprazole or pantoprazole, 80 mg bolus,
followed by 8 mg/h continuous infusion for 72 hours)
reduce the risk of rebleeding in patients with peptic ulcers
with high-risk features (active bleeding, visible vessel, or
adherent clot) after endoscopic treatment. Oral proton
pump inhibitors (omeprazole, esomeprazole, or pantopra-
zole 40 mg; lansoprazole or dexlansoprazole 30–60 mg)
once or twice daily are sufficient for lesions at low-risk for
rebleeding (eg, esophagitis, gastritis, clean-based ulcers,
and Mallory-Weiss tears).

Administration of continuous intravenous proton
pump inhibitor before endoscopy results in a decreased
number of ulcers with lesions that require endoscopic
therapy. It therefore is standard clinical practice at many
institutions to administer either an intravenous or a high-
dose oral proton pump inhibitor prior to endoscopy in
patients with significant upper gastrointestinal bleeding.
Based on the findings during endoscopy, the intravenous
proton pump inhibitor may be continued or discontinued.

2. Octreotide—Continuous intravenous infusion of octreo-
tide (100 mcg bolus, followed by 50–100 mcg/h) reduces
splanchnic blood flow and portal blood pressures and is
effective in the initial control of bleeding related to portal
hypertension. It is administered promptly to all patients
with active upper gastrointestinal bleeding and evidence of
liver disease or portal hypertension until the source of
bleeding can be determined by endoscopy. In countries
where it is available, terlipressin may be preferred to octreo-
tide for the treatment of bleeding related to portal hyperten-
sion because of its sustained reduction of portal and
variceal pressures and its proven reduction in mortality.

C. Other Treatment

1. Intraarterial embolization—Angiographic treatment is
used in patients with persistent bleeding from ulcers, angio-
mas, or Mallory-Weiss tears who have failed endoscopic

therapy and are poor operative risks. Compared with surgi-
cal intervention for recurrent or refractory bleeding,
embolization achieves equivalent clinical success rates with
lower mortality.

2. Transvenous intrahepatic portosystemic shunts
TIPS—Placement of a wire stent from the hepatic vein
through the liver to the portal vein provides effective
decompression of the portal venous system and control of
acute variceal bleeding. It is indicated in patients in whom
endoscopic modalities have failed to control acute variceal
bleeding.

Mullady DK et al. AGA Clinical Practice Update on endoscopic
therapies for non-variceal upper gastrointestinal bleeding:
expert review. Gastroenterology. 2020;159:1120. [PMID:
32574620]

Rogers KC et al. A new option for reversing the anticoagulant
effect of Factor Xa inhibitors: andexanet alfa (ANDEXXA).
Am J Med. 2019;132:38. [PMID: 30053385]

Stanley AJ et al. Management of acute upper gastrointestinal
bleeding. BMJ. 2019;364:l536. [PMID: 30910853]

2. Acute Lower Gastrointestinal Bleeding

E S S E N T I A L S  O F  D I A G N O S I S

» Hematochezia usually present.

» Ten percent of cases of hematochezia due to
upper gastrointestinal source.

» Evaluation with colonoscopy in stable patients.

» Massive active bleeding calls for evaluation with
sigmoidoscopy, upper endoscopy, angiography,
or nuclear bleeding scan.

» General Considerations

Lower gastrointestinal bleeding is defined as that arising
below the ligament of Treitz, ie, the small intestine or
colon; however, up to 95% of cases arise from the colon.
The severity of lower gastrointestinal bleeding ranges from
mild anorectal bleeding to massive, large-volume hemato-
chezia. Bright red blood that drips into the bowl after a
bowel movement or is mixed with solid brown stool signi-
fies mild bleeding, usually from an anorectosigmoid
source, and can be evaluated in the outpatient setting. In
patients hospitalized with gastrointestinal bleeding, lower
tract bleeding is one-third as common as upper gastroin-
testinal hemorrhage and tends to have a more benign
course. Patients hospitalized with lower gastrointestinal
tract bleeding are less likely to present with shock or ortho-
stasis (less than 5%) or to require transfusions (less than
40%). Spontaneous cessation of bleeding occurs in over
75% of cases, and hospital mortality is approximately 1%.

» Etiology

The cause of these lesions depends on both the age of the
patient and the severity of the bleeding. In patients under
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50 years of age, the most common causes are infectious
colitis, anorectal disease, and inflammatory bowel disease.
In older patients, significant hematochezia is most often
seen with diverticulosis, angioectasias, malignancy, or
ischemia. There is an increased risk of lower gastrointesti-
nal bleeding in patients taking aspirin, nonaspirin anti-
platelet agents, and NSAIDs.

A. Diverticulosis

Hemorrhage occurs in 3–5% of all patients with diverticu-
losis and is the most common cause of major lower tract
bleeding, accounting for over 50% of cases. Diverticular
bleeding usually presents as acute, painless, large-volume
maroon or bright red hematochezia in patients over age
50 years. More than 95% of cases require less than 4 units
of blood transfusion. Bleeding subsides spontaneously in
80% but may recur in up to 25% of patients.

B. Angioectasias

Angioectasias (angiodysplasias) occur throughout the upper
and lower intestinal tracts and cause painless bleeding rang-
ing from melena or hematochezia to occult blood loss. They
are responsible for 5% of cases of lower gastrointestinal
bleeding, where they are most often seen in the cecum and
ascending colon. They are flat, red lesions (2–10 mm) with
ectatic peripheral vessels radiating from a central vessel,
and are most common in patients over age 70 years and in
those with chronic renal failure. Bleeding in younger
patients more commonly arises from the small intestine.

Ectasias can be identified in up to 6% of persons over
age 60 years, so the mere presence of ectasias does not
prove that the lesion is the source of bleeding, since active
bleeding is seldom seen.

C. Neoplasms

Benign polyps and malignant carcinomas are associated
with chronic occult blood loss or intermittent anorectal
hematochezia. Furthermore, they may cause up to 7% of
acute lower gastrointestinal hemorrhage.

After endoscopic removal of colonic polyps, important
bleeding may occur up to 2 weeks later in 0.1–1% of
patients overall but in 3–10% following mucosal resection
of large (greater than 2 cm) polyps. In up to one-half of
cases, colonoscopy is required to treat postpolypectomy
hemorrhage and minimize the need for transfusions.

D. Inflammatory Bowel Disease

Patients with inflammatory bowel disease (especially ulcer-
ative colitis) often have diarrhea with variable amounts of
hematochezia. Bleeding varies from occult blood loss to
recurrent hematochezia mixed with stool. Symptoms of
abdominal pain, tenesmus, and urgency are often present.

E. Anorectal Disease

Anorectal disease (hemorrhoids, fissures) usually results in
small amounts of bright red blood noted on the toilet
paper, streaking of the stool, or dripping into the toilet
bowl; clinically significant blood loss can sometimes occur.

Hemorrhoids are the source in 10% of patients admitted
with lower bleeding. Rectal ulcers may account for up to
8% of lower bleeding, usually in elderly or debilitated
patients with constipation.

F. Ischemic Colitis

This condition is seen commonly in older patients, most of
whom have atherosclerotic disease. Most cases occur spon-
taneously due to transient episodes of nonocclusive isch-
emia. Ischemic colitis may also occur in 5% of patients
after surgery for ileoaortic or abdominal aortic aneurysm.
In younger patients, colonic ischemia may develop due to
vasculitis, coagulation disorders, estrogen therapy, and
long-distance running. Ischemic colitis results in hemato-
chezia or bloody diarrhea associated with mild cramps. In
most patients, the bleeding is mild and self-limited.

G. Others

Radiation-induced proctitis causes anorectal bleeding that
may develop months to years after pelvic radiation. Endos-
copy reveals multiple rectal telangiectasias. Acute infec-
tious colitis (see Acute Diarrhea, above) commonly causes
bloody diarrhea. Rare causes of lower tract bleeding
include vasculitic ischemia, solitary rectal ulcer, NSAID-
induced ulcers in the small bowel or right colon, small
bowel diverticula, and colonic varices.

» Clinical Findings

A. Symptoms and Signs

The color of the stool helps distinguish upper from lower
gastrointestinal bleeding, especially when observed by the
clinician. Brown stools mixed or streaked with blood pre-
dict a source in the rectosigmoid or anus. Large volumes of
bright red blood suggest a colonic source; maroon stools
imply a lesion in the right colon or small intestine; and
black stools (melena) predict a source proximal to the liga-
ment of Treitz. Although 10% of patients admitted with
self-reported hematochezia have an upper gastrointestinal
source of bleeding (eg, peptic ulcer), this almost always
occurs in the setting of massive hemorrhage with hemody-
namic instability. Painless large-volume bleeding usually
suggests diverticular bleeding. Bloody diarrhea associated
with cramping abdominal pain, urgency, or tenesmus is
characteristic of inflammatory bowel disease, infectious
colitis, or ischemic colitis.

B. Diagnostic Tests

Important considerations in management include exclu-
sion of an upper tract source, anoscopy and sigmoidos-
copy, colonoscopy, nuclear bleeding scans and angiography,
and small intestine push enteroscopy or capsule imaging.

1. Exclusion of an upper tract source—A nasogastric tube
with aspiration should be considered, especially in patients
with hemodynamic compromise. Aspiration of red blood
or dark brown (“coffee grounds”) guaiac-positive material
strongly implicates an upper gastrointestinal source of
bleeding. Upper endoscopy should be performed in most
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patients presenting with hematochezia and hemodynamic
instability to exclude an upper gastrointestinal source
before proceeding with evaluation of the lower gastrointes-
tinal tract.

2. Anoscopy and sigmoidoscopy—In otherwise healthy
patients without anemia under age 45 years with small-
volume bleeding, anoscopy and sigmoidoscopy are per-
formed to look for evidence of anorectal disease,
inflammatory bowel disease, or infectious colitis. If a lesion
is found, no further evaluation is needed immediately
unless the bleeding persists or is recurrent. In patients over
age 45 years with small-volume hematochezia, the entire
colon must be evaluated with colonoscopy to exclude
tumor.

3. Colonoscopy—In patients with acute, large-volume
bleeding requiring hospitalization, colonoscopy is the pre-
ferred initial study in most cases. A meta-analysis of four
randomized trials comparing colonoscopy within 24 hours
versus elective colonoscopy found that colonoscopy within
24 hours did not reduce length of stay, rebleeding, or mor-
tality. Thus, for patients with stable vital signs and whose
lower gastrointestinal bleeding appears to have stopped
(more than 75% of patients), colonoscopy can be per-
formed electively within 24–36 hours of admission after
appropriate resuscitation and bowel cleansing. For patients
who are resuscitated and hemodynamically stable but
have signs of continued active bleeding (less than 25% of
patients), earlier colonoscopy (within 12–24 hours) can
be considered after oral administration of colonic lavage
solution (4–8 L of GoLytely, CoLYTE, or NuLyte) over
2–5 hours to clear the bowel of clots. The probable site of
bleeding can be identified in 70–85% of patients, and a
high-risk lesion can be identified and treated in up to 25%.

4. Nuclear bleeding scans and angiography—In patients
with massive lower gastrointestinal bleeding manifested by
continued hemodynamic instability and hematochezia
despite resuscitative efforts and in patients in whom colo-
noscopic hemostasis was unsuccessful, urgent radiographic
imaging is warranted. In most settings, multidetector CT
angiography is preferred to technetium-labeled red blood
cell scanning to detect active arterial bleeding and to help
localize bleeding to the small intestine, right colon, or left
colon. If scintigraphy or CT angiography demonstrates
active bleeding, urgent angiography is performed in an
attempt to further localize the bleeding site and make
embolization therapy possible. In patients with massive
lower gastrointestinal bleeding and continued hemody-
namic instability, urgent angiography may be performed
without first attempting scintigraphy or CT angiography.

» Treatment

Initial stabilization, blood replacement, and triage are
managed in the same manner as described above in Acute
Upper Gastrointestinal Bleeding. In patients with ongoing
bleeding, consideration should be given to discontinuation
of antiplatelet agents and anticoagulants. Compared to
persons who do not take long-term low-dose aspirin, the
incidence of recurrent lower gastrointestinal bleeding

within 5 years was higher in those who resumed low-dose
aspirin postdischarge (18.9% vs 6.9%); however, these
patients had a lower risk of serious cardiovascular events
(22.8% vs 36.5%) and death (8.2% vs 26.7%).

A. Therapeutic Colonoscopy

High-risk lesions (eg, angioectasia or diverticulum, rectal
ulcer with active bleeding, or a visible vessel) may be
treated endoscopically with epinephrine injection, cautery
(bipolar or heater probe), application of metallic endoclips
or bands, or application of a hemostatic powder (TC-325).
Radiation proctitis is effectively treated with applications
of cautery therapy to the rectal telangiectasias, preferably
with an argon plasma coagulator or radiofrequency wave
ablation.

B. Intraarterial Embolization

When a bleeding lesion is identified, angiography with selec-
tive embolization achieves immediate hemostasis in more
than 95% of patients. Major complications occur in 5%
(mainly ischemic colitis) and rebleeding occurs in up to 25%.

C. Surgical Treatment

Emergency surgery is rarely required with acute lower gas-
trointestinal bleeding due to the efficacy of colonoscopic
and angiographic therapies.

Surgery may be considered in patients with recurrent
diverticular hemorrhage depending on the severity of
bleeding and the patient’s other comorbid conditions.

Nigam N et al. Early colonoscopy for diverticular bleeding does
not reduce risk of postdischarge recurrent bleeding: a propen-
sity score matching analysis. Clin Gastroenterol Hepatol.
2019;17:1105. [PMID: 30296595]

Niikura R et al. Efficacy and safety of early vs elective colonos-
copy for acute lower gastrointestinal bleeding. Gastroenterol-
ogy. 2020;158:168. [PMID: 31563627]

Oakland K et al. Rebleeding and mortality after lower gastroin-
testinal bleeding in patients taking antiplatelets or anticoagu-
lants. Clin Gastroenterol Hepatol. 2019;17:1276. [PMID:
29277620]

Tsay C et al. Early colonoscopy does not improve outcomes of
patients with lower gastrointestinal bleeding: systematic
review of randomized trials. Clin Gastroenterol Hepatol.
2020;18:1696. [PMID: 31843595]

3. Suspected Small Bowel Bleeding

Bleeding from the small intestine can be overt or occult.
Overt small bowel bleeding manifests as melena, maroon
stools, or bright red blood per rectum. Up to 5–10% of
patients admitted to hospitals with clinically overt gastro-
intestinal bleeding do not have a cause identified on upper
endoscopy or colonoscopy and may be suspected to have a
small bowel source. In up to one-fourth of cases, however,
a source of bleeding has been overlooked in the upper or
lower tract on prior endoscopic studies. Occult small bowel
bleeding refers to bleeding that is manifested by recurrent
positive FOBTs or FITs or recurrent iron deficiency ane-
mia, or both in the absence of visible blood loss. Occult
small bowel bleeding is discussed in the next section.
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The likely etiology of overt small bowel bleeding
depends on the age of the patient. The most common
causes of small intestinal bleeding in patients younger than
40 years are neoplasms (stromal tumors, lymphomas, ade-
nocarcinomas, carcinoids), Crohn disease, celiac disease,
and Meckel diverticulum. These disorders also occur in
patients over age 40; however, angioectasias and NSAID-
induced ulcers are far more common.

» Evaluation of Suspected Overt Small
Bowel Bleeding

The evaluation of suspected overt small bowel bleeding
depends on the age and overall health status of the patient,
associated symptoms, and severity of the bleeding. Before
pursuing evaluation of the small intestine, upper endos-
copy and colonoscopy are often repeated to ascertain that a
lesion in these regions has not been overlooked. Repeat
upper endoscopy should be performed with a longer
instrument (usually a colonoscope) to evaluate the distal
duodenum. If these studies are unrevealing and the patient
is hemodynamically stable, capsule endoscopy should be
performed to evaluate the small intestine. Further manage-
ment depends on the capsule endoscopic findings, most
commonly, angioectasias (25%), ulcers (10–25%), and
neoplasms (1–10%). Multiphasic CT enterography may be
considered if capsule endoscopy is unrevealing, since it is
more sensitive for the detection of small bowel neoplasms
and can exclude hepatic or pancreatic sources of bleeding.
Laparotomy is warranted if a small bowel tumor is identi-
fied by capsule endoscopy or radiographic studies. Most
other lesions identified by capsule imaging can be further
evaluated with enteroscopes that use overtubes with bal-
loons to advance the scope through most of the small
intestine in a forward and retrograde direction (balloon-
assisted enteroscopy). Neoplasms can be biopsied or
resected, and angioectasias may be cauterized.

For active, hemodynamically significant acute bleeding,
multiphasic CT angiography may be useful to identify and
localize active small bowel bleeding and guide subsequent
urgent angiography with embolization. A nuclear scan for
Meckel diverticulum should be obtained in patients under
age 30. With the advent of capsule imaging and advanced
endoscopic technologies for evaluating and treating bleed-
ing lesions in the small intestine, intraoperative enteros-
copy of the small bowel is seldom required.

4. Occult Gastrointestinal Bleeding

Occult gastrointestinal bleeding refers to bleeding that is
not apparent to the patient. Chronic gastrointestinal blood
loss of less than 100 mL/day may cause no appreciable
change in stool appearance. Thus, occult bleeding in an
adult is identified by a positive FOBT, FIT, or by iron defi-
ciency anemia in the absence of visible blood loss. FOBT or
FIT may be performed in patients with gastrointestinal
symptoms or as a screening test for colorectal neoplasia
(see Chapter 39). From 2% to 6% of patients in screening
programs have a positive FOBT or FIT.

In the United States, 2% of men and 5% of women
have iron deficiency anemia (serum ferritin less than

30–45 mcg/L). In premenopausal women, iron deficiency
anemia is most commonly attributable to menstrual and
pregnancy-associated iron loss; however, a gastrointestinal
source of chronic blood loss is present in 10%. Occult
blood loss may arise from anywhere in the gastrointestinal
tract. Among men and postmenopausal women, a poten-
tial gastrointestinal cause of blood loss can be identified in
the colon in 15–30% and in the upper gastrointestinal tract
in 35–55%; a malignancy is present in the lower gastroin-
testinal tract in 8.9% and upper tract in 2.0%. Iron defi-
ciency on rare occasions is caused by malabsorption
(especially celiac disease) or malnutrition. The most com-
mon causes of occult bleeding with iron deficiency are (1)
neoplasms; (2) vascular abnormalities (angioectasias); (3)
acid-peptic lesions (esophagitis, peptic ulcer disease, ero-
sions in hiatal hernia); (4) infections (nematodes, espe-
cially hookworm; tuberculosis); (5) medications (especially
NSAIDs or aspirin); and (6) other causes such as inflam-
matory bowel disease.

» Evaluation of Occult Bleeding

Asymptomatic adults with positive FOBTs or FITs that are
performed for routine colorectal cancer screening should
undergo colonoscopy (see Chapter 39). All symptomatic
adults with positive FOBTs or FITs or iron deficiency ane-
mia should undergo evaluation of the lower and upper
gastrointestinal tract with colonoscopy and upper endos-
copy, unless the anemia can be definitively ascribed to a
nongastrointestinal source (eg, menstruation, blood dona-
tion, or recent surgery). Patients with iron deficiency ane-
mia should be evaluated for possible celiac disease with
either IgA anti-tissue transglutaminase or duodenal biopsy.
After evaluation of the upper and lower gastrointestinal
tract with upper endoscopy and colonoscopy, the origin of
occult bleeding remains unexplained in 30–50% of patients.
In some of these patients, a source for occult bleeding from
a small intestine source is suspected.

For patients with iron deficiency anemia who have no
significant findings on upper endoscopy or colonoscopy
and who are without symptoms of small intestinal disease,
a 2020 AGA guideline recommends an initial trial of
empiric iron therapy. A sustained rise in ferritin and hemo-
globin with 1–2 months of iron therapy may obviate the
need for further studies.

Further investigation of the small intestine is recom-
mended in patients who have anemia that responds poorly
to empiric iron supplementation, who have signs of ongo-
ing bleeding (fecal occult blood), or who have worrisome
symptoms (abdominal pain, weight loss). Capsule endos-
copy is recommended as the initial study in most patients
to look for vascular ectasias and to exclude a small intesti-
nal neoplasia or inflammatory bowel disease. If a small
intestine source is identified, push enteroscopy, balloon-
assisted enteroscopy, abdominal CT, angiography, or lapa-
rotomy is pursued, as indicated. When possible, antiplatelet
agents (aspirin, NSAIDs, clopidogrel) should be discontin-
ued. Patients with occult bleeding without a bleeding
source identified after upper endoscopy, colonoscopy, and
capsule endoscopy have a low risk of recurrent bleeding
and usually can be managed with close observation.
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º
DISEASES OF ThE PERITONEUM

ASSESSMENT OF THE PATIENT WITH ASCITES

» Etiology of Ascites

The term “ascites” denotes the pathologic accumulation of
fluid in the peritoneal cavity. Healthy men have little or no
intraperitoneal fluid, but women normally may have up to
20 mL depending on the phase of the menstrual cycle. The
causes of ascites may be classified into two broad patho-
physiologic categories: that which is associated with a
normal peritoneum and that which occurs due to a dis-
eased peritoneum (Table 15–7). The most common cause
of ascites is portal hypertension secondary to chronic liver
disease, which accounts for over 80% of patients with asci-
tes. The management of portal hypertensive ascites is dis-
cussed in Chapter 16. The most common causes of
nonportal hypertensive ascites include infections (tubercu-
lous peritonitis), intra-abdominal malignancy, inflamma-
tory disorders of the peritoneum, and ductal disruptions
(chylous, pancreatic, biliary).

» Clinical Findings

A. Symptoms and Signs

The history usually is one of increasing abdominal girth,
with the presence of abdominal pain depending on the
cause. Because most ascites is secondary to chronic liver
disease with portal hypertension, patients should be asked
about risk factors for liver disease, especially alcohol con-
sumption, transfusions, tattoos, injection drug use, a his-
tory of viral hepatitis or jaundice, and birth in an area
endemic for hepatitis. A history of cancer or marked
weight loss arouses suspicion of malignant ascites. Fevers
may suggest infected peritoneal fluid, including bacterial
peritonitis (spontaneous or secondary). Patients with
chronic liver disease and ascites are at greatest risk for
developing spontaneous bacterial peritonitis. In immi-
grants, immunocompromised hosts, or severely malnour-
ished alcoholics, tuberculous peritonitis should be
considered.

Physical examination should emphasize signs of portal
hypertension and chronic liver disease. Elevated jugular
venous pressure may suggest right-sided heart failure or
constrictive pericarditis. A large tender liver is characteris-
tic of acute alcoholic hepatitis or Budd-Chiari syndrome
(thrombosis of the hepatic veins). The presence of large
abdominal wall veins with cephalad flow also suggests

Table 15–7. Causes of ascites.

Normal Peritoneum

Portal ypertension (SAAG ≥ 1.1 g/dL)

1. hepatic congestion1

Heart failure

Constrictive pericarditis

Tricuspid insufficiency

Budd-Chiari syndrome

Veno-occlusive disease

2. Liver disease2

Cirrhosis

Alcoholic hepatitis

Fulminant hepatic failure

Massive hepatic metastases

Hepatic fibrosis

Acute fatty liver of pregnancy

3. Portal vein occlusion

4. Miscellaneous

Myxedema

hypoalbuminemia (SAAG < 1.1 g/dL)

Nephrotic syndrome

Protein-losing enteropathy

Severe malnutrition with anasarca

Miscellaneous conditions (SAAG < 1.1 g/dL)

Chylous ascites

Pancreatic ascites

Bile ascites

Nephrogenic ascites

Urine ascites

Ovarian disease

Diseased peritoneum (SAAG < 1.1 g/dL)2

Infections

Bacterial peritonitis

Tuberculous peritonitis

Fungal peritonitis

HIV-associated peritonitis

Malignant conditions

Peritoneal carcinomatosis

Primary mesothelioma

Pseudomyxoma peritonei

Massive hepatic metastases

Hepatocellular carcinoma

Oter conditions

Familial Mediterranean fever

Vasculitis

Granulomatous peritonitis

Eosinophilic peritonitis

1Hepatic congestion is usually associated with SAAG ≥ 1.1 g/dL
and ascitic fluid total protein > 2.5 g/dL.
2There may be cases of “mixed ascites” in which portal hypertensive
ascites is complicated by a secondary process such as infection. In
these cases, the SAAG is ≥ 1.1 g/dL.
SAAG, serum-ascites albumin gradient = serum albumin minus
ascitic fluid albumin.

portal hypertension; inferiorly directed flow implies
hepatic vein obstruction. Signs of chronic liver disease
include palmar erythema, cutaneous spider angiomas,
gynecomastia, and muscle wasting. Asterixis secondary to
hepatic encephalopathy may be present. Anasarca results
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from cardiac failure or nephrotic syndrome with hypoalbu-
minemia. Finally, firm lymph nodes in the left supracla-
vicular region or umbilicus may suggest intra-abdominal
malignancy.

The physical examination is relatively insensitive for
detecting ascitic fluid. In general, patients must have at
least 1500 mL of fluid to be detected reliably by this
method. Even the experienced clinician may find it diffi-
cult to distinguish between obesity and small-volume
ascites. Abdominal ultrasound establishes the presence of
fluid.

B. Laboratory Testing

1. Abdominal paracentesis—Abdominal paracentesis is
performed as part of the diagnostic evaluation in all
patients with new onset of ascites to help determine the
cause. It also is recommended for patients admitted to the
hospital with cirrhosis and ascites (in whom the prevalence
of bacterial peritonitis is 10–20%) and when patients with
known ascites deteriorate clinically (development of fever,
abdominal pain, rapid worsening of kidney function, or
worsened hepatic encephalopathy) to exclude bacterial
peritonitis.

a. Inspection—Cloudy fluid suggests infection. Milky
fluid is seen with chylous ascites due to high triglyceride
levels. Bloody fluid is most commonly attributable to a
traumatic paracentesis, but up to 20% of cases of malignant
ascites are bloody.

b. Routine studies—

(1) Ce cunt—A white blood cell count with differen-
tial is the most important test. Normal ascitic fluid con-
tains less than 500 leukocytes/mcL (0.5 × 109/L) and less
than 250 polymorphonuclear neutrophils (PMNs)/mcL.
Any inflammatory condition can cause an elevated ascitic
white blood cell count. A PMN count of greater than
250/mcL (0.25 × 109/L) (neutrocytic ascites) with a PMN
percentage of more than 75% of all white cells is highly
suggestive of bacterial peritonitis, either spontaneous pri-
mary peritonitis or secondary peritonitis (ie, caused by an
intra-abdominal source of infection, such as a perforated
viscus or appendicitis). An elevated white count with a
predominance of lymphocytes arouses suspicion of tuber-
culosis or peritoneal carcinomatosis.

(2) Abumn and tta ten—The serum-ascites
albumin gradient (SAAG) is the best single test for the clas-
sification of ascites into portal hypertensive and nonportal
hypertensive causes (Table 15–7). Calculated by subtract-
ing the ascitic fluid albumin from the serum albumin, the
gradient correlates directly with the portal pressure. An
SAAG of 1.1 g/dL or more suggests underlying portal
hypertension, while gradients less than 1.1 g/dL implicate
nonportal hypertensive causes.

The accuracy of the SAAG exceeds 95% in classifying
ascites. It should be recognized, however, that approxi-
mately 4% of patients have “mixed ascites,” ie, underlying
cirrhosis with portal hypertension complicated by a second
cause for ascites formation (such as malignancy or tuber-
culosis). Thus, a high SAAG is indicative of portal hyper-
tension but does not exclude concomitant malignancy.

The ascitic fluid total protein provides some additional
clues to the cause. An elevated SAAG and a high protein
level (greater than 2.5 g/dL) are seen in most cases of
hepatic congestion secondary to cardiac disease or Budd-
Chiari syndrome. However, an increased ascitic fluid pro-
tein is also found in up to 20% of cases of uncomplicated
cirrhosis. Two-thirds of patients with malignant ascites
have a total protein level more than 2.5 g/dL.

(3) Cutue and Gam stan—The best technique con-
sists of the inoculation of aerobic and anaerobic blood
culture bottles with 5–10 mL of ascitic fluid at the patient’s
bedside, which increases the sensitivity for detecting bacte-
rial peritonitis to over 85% in patients with neutrocytic
ascites (greater than 250 PMNs/mcL [0.25 × 109/L]), com-
pared with approximately 50% sensitivity by conventional
agar plate or broth cultures.

c. Optional studies—Other laboratory tests are of util-
ity in some specific clinical situations. Glucose and lactate
dehydrogenase (LD) may be helpful in distinguishing
spontaneous from secondary bacterial peritonitis. An ele-
vated amylase may suggest pancreatic ascites or a perfora-
tion of the gastrointestinal tract with leakage of pancreatic
secretions into the ascitic fluid. Perforation of the biliary
tree is suspected with an ascitic bilirubin concentration
that is greater than the serum bilirubin. An elevated ascitic
creatinine suggests leakage of urine from the bladder or
ureters. Ascitic fluid cytologic examination is ordered if
peritoneal carcinomatosis is suspected. Adenosine deami-
nase may be useful for the diagnosis of tuberculous
peritonitis.

C. Imaging

Abdominal ultrasound is useful in confirming the presence
of ascites and in the guidance of paracentesis. Both ultra-
sound and CT imaging are useful in distinguishing between
causes of portal and nonportal hypertensive ascites. Dop-
pler ultrasound and CT can detect Budd-Chiari syndrome.
In patients with nonportal hypertensive ascites, these stud-
ies are useful in detecting lymphadenopathy and masses of
the mesentery and of solid organs such as the liver, ovaries,
and pancreas. Furthermore, they permit directed percuta-
neous needle biopsies of these lesions. Ultrasound and CT
are poor procedures for the detection of peritoneal carci-
nomatosis; the role of positron emission tomography
(PET) imaging is unclear.

D. Laparoscopy

Laparoscopy is an important test in the evaluation of some
patients with nonportal hypertensive ascites (low SAAG)
or mixed ascites. It permits direct visualization and biopsy
of the peritoneum, liver, and some intra-abdominal lymph
nodes. Cases of suspected peritoneal tuberculosis or sus-
pected malignancy with nondiagnostic CT imaging and
ascitic fluid cytology are best evaluated by this method.

Aithal GP et al. Guidelines on the management of ascites in cir-
rhosis. Gut. 2021;70:9. [PMID: 33067334]
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SPONTANEOUS BACTERIAL PERITONITIS

E S S E N T I A L S  O F  D I A G N O S I S

» A history of chronic liver disease and ascites.

» Fever and abdominal pain.

» Peritoneal signs uncommonly encountered on
examination.

» Ascitic fluid neutrophil count > 250 white blood
cells/mcL (0.25 × 109/L).

» General Considerations

“Spontaneous” bacterial infection of ascitic fluid occurs in
the absence of an apparent intra-abdominal source of
infection. It is seen with few exceptions in patients with
ascites caused by chronic liver disease. Translocation of
enteric bacteria across the gut wall or mesenteric lymphat-
ics leads to seeding of the ascitic fluid, as may bacteremia
from other sites. Approximately 20–30% of cirrhotic
patients with ascites develop spontaneous peritonitis; how-
ever, the incidence is greater than 40% in patients with
ascitic fluid total protein less than 1 g/dL, probably due to
decreased ascitic fluid opsonic activity.

Virtually all cases of spontaneous bacterial peritonitis
are caused by a monomicrobial infection. The most com-
mon pathogens are enteric gram-negative bacteria (E coli,
Klebsiella pneumoniae) or gram-positive bacteria (Strepto-
coccus pneumoniae, viridans streptococci, Enterococcus
species). Anaerobic bacteria are not associated with spon-
taneous bacterial peritonitis.

» Clinical Findings

A. Symptoms and Signs

Eighty to 90 percent of patients with spontaneous bacterial
peritonitis are symptomatic; in many cases the presenta-
tion is subtle. Spontaneous bacterial peritonitis may be
present in 10–20% of patients hospitalized with chronic
liver disease, sometimes in the absence of any suggestive
symptoms or signs.

The most common symptoms are fever and abdominal
pain, present in two-thirds of patients. Spontaneous bacte-
rial peritonitis may also present with a change in mental
status due to exacerbation or precipitation of hepatic
encephalopathy, or sudden worsening of kidney function.
Physical examination typically demonstrates signs of
chronic liver disease with ascites. Abdominal tenderness is
present in less than 50% of patients, and its presence sug-
gests other processes.

B. Laboratory Findings

The most important diagnostic test is abdominal paracen-
tesis. Ascitic fluid should be sent for cell count with dif-
ferential, and blood culture bottles should be inoculated at
the bedside; Gram stain and reagent strips are insensitive.

In the proper clinical setting, an ascitic fluid PMN
count of greater than 250 cells/mcL (neutrocytic ascites) is
presumptive evidence of bacterial peritonitis. The percent-
age of PMNs is greater than 50–70% of the ascitic fluid
white blood cells and commonly approximates 100%.
Patients with neutrocytic ascites are presumed to be
infected and should be started—regardless of symptoms—
on antibiotics. Although 10–30% of patients with neutro-
cytic ascites have negative ascitic bacterial cultures
(“culture-negative neutrocytic ascites”), it is presumed that
these patients have bacterial peritonitis and should be
treated empirically. Occasionally, a positive blood culture
identifies the organism when ascitic fluid is sterile.

» Differential Diagnosis

Spontaneous bacterial peritonitis must be distinguished
from secondary bacterial peritonitis, in which ascitic fluid
has become secondarily infected by an intra-abdominal
infection. Even in the presence of perforation, clinical
symptoms and signs of peritonitis may be lacking owing to
the separation of the visceral and parietal peritoneum by
the ascitic fluid. Causes of secondary bacterial peritonitis
include appendicitis, diverticulitis, perforated peptic ulcer,
and perforated gallbladder. Secondary bacterial infection
accounts for 3% of cases of infected ascitic fluid.

Ascitic fluid total protein, LD, and glucose are useful in
distinguishing spontaneous bacterial peritonitis from sec-
ondary infection. Up to two-thirds of patients with second-
ary bacterial peritonitis have at least two of the following:
decreased glucose level (less than 50 mg/dL), an elevated
LD level (greater than serum), and total protein greater
than 1 g/dL. Ascitic neutrophil counts greater than 10,000/
mcL (10 × 109/L) also are suspicious; however, most
patients with secondary peritonitis have neutrophil counts
within the range of spontaneous peritonitis. The presence
of multiple organisms on ascitic fluid Gram stain or culture
is diagnostic of secondary peritonitis.

If secondary bacterial peritonitis is suspected, abdomi-
nal CT imaging of the upper and lower gastrointestinal
tracts should be obtained to look for evidence of an intra-
abdominal source of infection. If these studies are negative
and secondary peritonitis still is suspected, repeat paracen-
tesis should be performed after 48 hours of antibiotic
therapy to confirm that the PMN count is decreasing.
Secondary bacterial peritonitis should be suspected in
patients in whom the PMN count is not below the pretreat-
ment value at 48 hours.

Neutrocytic ascites may also be seen in some patients
with peritoneal carcinomatosis, pancreatic ascites, or tuber-
culous ascites. In these circumstances, however, PMNs
account for less than 50% of the ascitic white blood cells.

» Prevention

Up to 70% of patients who survive an episode of spontane-
ous bacterial peritonitis will have another episode within
1 year. Oral once-daily prophylactic therapy—with cipro-
floxacin, 500 mg, trimethoprim-sulfamethoxazole, one
double-strength tablet, or norfloxacin, 400 mg (no longer
available in the United States)—has been shown to reduce
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the rate of recurrent infections to less than 20%. Prophy-
laxis should be considered also in patients who have not
had prior bacterial peritonitis but are at increased risk for
infection due to low-protein ascites (total ascitic protein
less than 1.5 g/dL) with impaired kidney function (serum
creatinine 1.2 g/dL or higher) or decompensated cirrhosis
(Child-Pugh class C). When used in appropriately selected
high-risk patients, prophylactic antibiotics are associated
with a lower risk spontaneous bacterial peritonitis, hepa-
torenal syndrome, and mortality.

» Treatment

Empiric therapy for spontaneous bacterial peritonitis
should be initiated with a third-generation cephalosporin
(such as cefotaxime, 2 g intravenously every 8–12 hours, or
ceftriaxone, 1–2 g intravenously every 24 hours) or a com-
bination beta-lactam/beta-lactamase agent (such as ampi-
cillin/sulbactam, 2 g/1 g intravenously every 6 hours).
Because of a high risk of nephrotoxicity in patients with
chronic liver disease, aminoglycosides should not be used.
Although the optimal duration of therapy is unknown, an
empiric course of 5–10 days is recommended, or treatment
until the ascites fluid PMN count decreases to less than
250 cells/mcL. For most infections, 5 days is sufficient; how-
ever, infections caused by more serious, virulent pathogens
(S aureus, viridans streptococci, Pseudomonas, or Entero-
bacteriaceae) warrant 10 days of treatment. Patients with-
out significant clinical improvement after 5 days should
undergo repeat paracentesis to assess treatment efficacy. If
the ascitic neutrophil count has not decreased by 25%, anti-
biotic coverage should be adjusted (guided by culture and
sensitivity results, if available) and secondary causes of
peritonitis excluded. If the ascitic PMN count has decreased
but remains more than 250 cells/mcL, antibiotics should be
continued for an additional 2–3 days before paracentesis is
repeated. Patients with suspected secondary bacterial peri-
tonitis should be given broad-spectrum coverage for enteric
aerobic and anaerobic flora with a third-generation cepha-
losporin and metronidazole, pending identification and
definitive (usually surgical) treatment of the cause.

Kidney injury develops in up to 40% of patients and is
a major cause of death. Intravenous albumin increases
effective arterial circulating volume and renal perfusion,
decreasing both kidney injury and mortality. Intravenous
albumin, 1.5 g/kg on day 1 and 1 g/kg on day 3, should be
administered to patients at high risk for hepatorenal failure
(ie, patients with baseline creatinine greater than 1 mg/dL,
blood urea nitrogen [BUN] greater than 30 mg/dL, or bili-
rubin greater than 4 mg/dL). Nonselective beta-blockers
increase the risk of hepatorenal syndrome in patients with
bacterial peritonitis. They should be discontinued perma-
nently due to their adverse impact on cardiac output and
renal perfusion in advanced cirrhosis, both of which are
associated with decreased long-term survival.

» Prognosis

The mortality rate of spontaneous bacterial peritonitis is 25%.
However, if the disease is recognized and treated early, the
mortality rate is less than 10%. Since the majority of patients

have underlying severe liver disease, many may die of liver
failure, hepatorenal syndrome, or bleeding complications of
portal hypertension. The most effective treatment for recur-
rent spontaneous bacterial peritonitis is liver transplantation.

Bajaj JS et al. Outcomes in patients with cirrhosis on primary
compared to secondary prophylaxis for spontaneous bacterial
peritonitis. Am J Gastroenterol. 2019;114:599. [PMID:
30694868]

Fernandez J et al. Efficacy of albumin treatment for patients with
cirrhosis and infections unrelated to spontaneous bacterial
peritonitis. Clin Gastroenterol Hepatol. 2020;18:963. [PMID:
31394283]

Komolafe O et al. Antibiotic prophylaxis to prevent spontaneous
bacterial peritonitis in people with liver cirrhosis: a network
meta-analysis. Cochrane Database Syst Rev. 2020;1:CD013125.
[PMID: 31978256]

MALIGNANT ASCITES

Two-thirds of cases of malignant ascites are caused by peri-
toneal carcinomatosis. The most common tumors causing
carcinomatosis are primary adenocarcinomas of the ovary,
uterus, pancreas, stomach, colon, lung, or breast. The
remaining one-third is due to lymphatic obstruction or
portal hypertension due to hepatocellular carcinoma or dif-
fuse hepatic metastases. Patients present with nonspecific
abdominal discomfort and weight loss associated with
increased abdominal girth. Nausea or vomiting may be
caused by partial or complete intestinal obstruction.
Abdominal CT may be useful to demonstrate the primary
malignancy or hepatic metastases but seldom confirms the
diagnosis of peritoneal carcinomatosis. In patients with
carcinomatosis, paracentesis demonstrates a low serum
ascites-albumin gradient (less than 1.1 mg/dL), an increased
total protein (greater than 2.5 g/dL), and an elevated white
cell count (often both neutrophils and mononuclear cells)
but with a lymphocyte predominance. Cytology is positive
in over 95%, but laparoscopy may be required in patients
with negative cytology to confirm the diagnosis and to
exclude tuberculous peritonitis, with which it may be con-
fused. Malignant ascites attributable to portal hypertension
usually is associated with an increased serum ascites-albumin
gradient (greater than 1.1 g/dL), a variable total protein, and
negative ascitic cytology. Ascites caused by peritoneal carci-
nomatosis does not respond to diuretics.

Patients may be treated with periodic large-volume
paracentesis for symptomatic relief. Indwelling catheters
can be left in place for patients approaching the end of life
who require periodic paracentesis for symptomatic relief.
Intraperitoneal chemotherapy is sometimes used to shrink
the tumor, but the overall prognosis is extremely poor, with
only 10% survival at 6 months. Ovarian cancers represent
an exception to this rule. With newer treatments consisting
of surgical debulking and intraperitoneal chemotherapy,
long-term survival from ovarian cancer is possible.

Ba M et al. Cytoreductive surgery and HIPEC for malignant
ascites from colorectal cancer—a randomized study. Medi-
cine (Baltimore). 2020;99:e21546. [PMID: 32872001]

Hodge C et al. Palliation of malignant ascites. J Surg Oncol.
2019;120:67. [PMID: 30903617]
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FAMILIAL MEDITERRANEAN FEVER

This is a rare autosomal recessive disorder of unknown
pathogenesis that almost exclusively affects people of Medi-
terranean ancestry, especially Sephardic Jews, Armenians,
Turks, and Arabs. Patients lack a protease in serosal fluids
that normally inactivates interleukin-8 and the chemotac-
tic complement factor 5A. Symptoms present in most
patients before the age of 20 years. It is characterized by
episodic bouts of acute peritonitis that may be associated
with serositis involving the joints and pleura. Peritoneal
attacks are marked by the sudden onset of fever, severe
abdominal pain, and abdominal tenderness with guarding
or rebound tenderness. If left untreated, attacks resolve
within 24–48 hours. Because symptoms resemble those of
surgical peritonitis, patients may undergo unnecessary
exploratory laparotomy. Colchicine, 0.6 mg orally two or
three times daily, has been shown to decrease the fre-
quency and severity of attacks.

Bodur H et al. Familial mediterranean fever: assessment of clini-
cal manifestations, pregnancy, genetic mutational analyses,
and disease severity in a national cohort. Rheumatol Int.
2020;40:29. [PMID: 31522233]

Papa R et al. Secondary, AA, amyloidosis. Rheum Dis Clin North
Am. 2018;44:585. [PMID: 30274625]

MESOTHELIOMA

(See Chapter 39.)

DISEASES OF THE ESOPHAGUS

(See Chapter 39 for Esophageal Cancer.)

» Symptoms

Heartburn, dysphagia, and odynophagia almost always
indicate a primary esophageal disorder.

A. Heartburn

Heartburn (pyrosis) is the feeling of substernal burning,
often radiating to the neck. Most commonly caused by the
reflux of acidic (or, rarely, alkaline) material into the
esophagus, heartburn is highly suggestive of GERD.

B. Dysphagia

Dysphagia is defined as difficulty swallowing food or liq-
uid due to the sensation of it sticking in the throat or chest,
with a discomfort, or a choking sensation. In a 2020 survey
of US adults, 15% of adults reported recent dysphagia that
required compensatory maneuvers (avoiding certain foods
or cutting into smaller pieces; eating more slowly; drinking
liquids). Up to one-half of these adults previously had
sought evaluation for their symptoms. Difficulties in swal-
lowing may arise from problems in transferring the food
bolus from the oropharynx to the upper esophagus (oro-
pharyngeal dysphagia) or from impaired transport of
the bolus through the body of the esophagus (esophageal
dysphagia). The history usually suggests the correct
diagnosis.

1. Oropharyngeal dysphagia—The oropharyngeal phase
of swallowing is a complex process requiring elevation of
the tongue, closure of the nasopharynx, relaxation of the
upper esophageal sphincter, closure of the airway, and pha-
ryngeal peristalsis. A variety of mechanical and neuromus-
cular conditions can disrupt this process (Table 15–8).
Problems with the oral phase of swallowing cause drooling
or spillage of food from the mouth, inability to chew or
initiate swallowing, or dry mouth. Pharyngeal dysphagia is
characterized by an immediate sense of the bolus catching
in the neck, the need to swallow repeatedly to clear food
from the pharynx, or coughing or choking during meals.
There may be associated dysphonia, dysarthria, or other
neurologic symptoms.

2. Esophageal dysphagia—Esophageal dysphagia may be
caused by mechanical obstructions of the esophagus or by
motility disorders (Table 15–9). Patients with mechanical
obstruction experience dysphagia, primarily for solids.
This is recurrent, predictable, and, if the lesion progresses,
will worsen as the lumen narrows. Patients with motility
disorders have dysphagia for both solids and liquids. It is
episodic, unpredictable, and can be progressive.

C. Odynophagia

Odynophagia is sharp substernal pain on swallowing that
may limit oral intake. It usually reflects severe erosive dis-
ease. It is most commonly associated with infectious
esophagitis due to Candida, herpesviruses, or CMV, espe-
cially in immunocompromised patients. It may also be
caused by corrosive injury due to caustic ingestions and by
pill-induced ulcers.

Table 15–8. Causes of oropharyngeal dysphagia.

Neurologic disorders

Brainstem cerebrovascular accident, mass lesion

Amyotrophic lateral sclerosis, multiple sclerosis, pseudobulbar

palsy, post-polio syndrome, Guillain-Barré syndrome

Parkinson disease, Huntington disease, dementia

Tardive dyskinesia

Muscular and reumatologic disorders

Myopathies, polymyositis

Oculopharyngeal dystrophy

Sjögren syndrome

Metabolic disorders

Thyrotoxicosis, amyloidosis, Cushing disease, Wilson disease

Medication side effects: anticholinergics, phenothiazines

Infectious diseases

Polio, diphtheria, botulism, Lyme disease, syphilis,

mucositis (Candida, herpes)

Structural disorders

Zenker diverticulum

Cervical osteophytes, cricopharyngeal bar, proximal

esophageal webs

Oropharyngeal tumors

Postsurgical or radiation changes

Pill-induced injury

Motility disorders

Upper esophageal sphincter dysfunction
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» Diagnostic Studies

A. Upper Endoscopy

Endoscopy is the study of choice for evaluating persistent
heartburn, dysphagia, odynophagia, and structural abnor-
malities detected on barium esophagography. In addition
to direct visualization, it allows biopsy of mucosal abnor-
malities and of normal mucosa (to evaluate for eosino-
philic esophagitis) as well as dilation of strictures.

B. Videoesophagography

Oropharyngeal dysphagia is best evaluated with rapid-
sequence videoesophagography.

C. Barium Esophagography

Patients with esophageal dysphagia often are evaluated first
with a radiographic barium study to differentiate between
mechanical lesions and motility disorders, providing
important information about the latter in particular. In
patients with esophageal dysphagia and a suspected motil-
ity disorder, barium esophagoscopy should be obtained
first. In patients in whom there is a high suspicion of a
mechanical lesion, many clinicians will proceed first to
endoscopic evaluation because it better identifies mucosa
lesions (eg, erosions) and permits mucosal biopsy and dila-
tion. However, barium study is more sensitive for detecting
subtle esophageal narrowing due to rings, achalasia, and
proximal esophageal lesions.

D. Esophageal Manometry

Esophageal motility may be assessed using manometric
techniques. High-resolution manometry with multiple,
closely spaced sensors has replaced conventional

manometry in most centers. Manometry is indicated (1) to
determine the location of the LES to allow precise place-
ment of a conventional electrode pH probe; (2) to establish
the etiology of dysphagia in patients in whom a mechanical
obstruction cannot be found, especially if a diagnosis of
achalasia is suspected by endoscopy or barium study; and
(3) for the preoperative assessment of patients being con-
sidered for antireflux surgery to exclude an alternative
diagnosis (eg, achalasia) or possibly to assess peristaltic
function in the esophageal body.

E. Esophageal pH Recording and Impedance Testing

The pH within the esophageal lumen may be monitored
continuously for 24–48 hours. There are two kinds of sys-
tems in use: catheter-based and wireless. Traditional sys-
tems use a long transnasal catheter that is connected
directly to the recording device. With wireless systems, a
capsule is attached directly to the esophageal mucosa under
endoscopic visualization and data are transmitted by radio-
telemetry to the recording device. The recording provides
information about the amount of esophageal acid reflux and
the temporal correlations between symptoms and reflux.

Esophageal pH monitoring devices provide informa-
tion about the amount of esophageal acid reflux but not
nonacid reflux. Techniques using combined pH and multi-
channel intraluminal impedance allow assessment of acid
and nonacid liquid reflux. They may be useful in evalua-
tion of patients with atypical reflux symptoms or persistent
symptoms despite therapy with proton pump inhibitors to
diagnose hypersensitivity, functional symptoms, and
symptoms caused by nonacid reflux.

Adkins C et al. Prevalence and characteristics of dysphagia based
on population-based survey. Clin Gastroenterol Hepatol.
2020;18:1970. [PMID: 31669055]

Gyawali CP et al. ACG Clinical Guidelines: clinical use of
esophageal physiologic testing. Am J Gastroenterol.
2020;115:1412. [PMID: 32769426]

Kahrilas PJ et al. Advances in management of esophageal motil-
ity disorders. Clin Gastroenterol Hepatol. 2018;16:1692.
[PMID: 29702296]

GASTROESOPHAGEAL REFLUX DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Heartburn; may be exacerbated by meals, bend-
ing, or recumbency.

» Typical uncomplicated cases do not require diag-
nostic studies.

» Endoscopy demonstrates abnormalities in one-
third of patients.

» General Considerations

GERD is a condition that develops when the reflux of
stomach contents causes troublesome symptoms or com-
plications. In a 2020 survey of US adults, 31% reported

Table 15–9. Causes of esophageal dysphagia.

Cause Clues

Mecanical

obstruction

Solid foods worse tan liquids

Schatzki ring Intermittent dysphagia; not progressive

Peptic stricture Chronic heartburn; progressive

dysphagia

Esophageal cancer Progressive dysphagia; age over 50 years

Eosinophilic

esophagitis

Young adults; small-caliber lumen,

proximal stricture, corrugated rings,

or white papules

Motility disorder Solid and liquid foods

Achalasia Progressive dysphagia

Diffuse esophageal

spasm

Intermittent; not progressive; may have

chest pain

Systemic sclerosis

(scleroderma)

Chronic heartburn; Raynaud

phenomenon

Ineffective esophageal

motility

Intermittent; not progressive;

commonly associated with GERD
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GERD symptoms within the prior week. The two most
common symptoms are heartburn and regurgitation. How-
ever, other symptoms of GERD include dyspepsia, dyspha-
gia, belching, chest pain, cough, and hoarseness. Although
most patients have mild disease, esophageal mucosal dam-
age (reflux esophagitis) develops in up to one-third and
more serious complications develop in a few others. Sev-
eral factors may contribute to GERD.

A. Dysfunction of the Gastroesophageal Junction

The antireflux barrier at the gastroesophageal junction
depends on LES pressure, the intra-abdominal location of
the sphincter (resulting in a “flap valve” caused by angula-
tion of the esophageal-gastric junction), and the extrinsic
compression of the sphincter by the crural diaphragm. In
most patients with GERD, baseline LES pressures are nor-
mal (10–35 mm Hg). Most reflux episodes occur during
transient relaxations of the LES that are triggered by gastric
distention by a vagovagal reflex. A subset of patients with
GERD have an incompetent (less than 10 mm Hg) LES that
results in increased acid reflux, especially when supine or
when intra-abdominal pressures are increased by lifting or
bending. A hypotensive sphincter is present in up to 50%
of patients with severe erosive GERD.

Hiatal hernias are found in one-fourth of patients with
nonerosive GERD, three-fourths of patients with severe
erosive esophagitis, and over 90% of patients with Barrett
esophagus. They are caused by movement of the LES above
the diaphragm, resulting in dysfunction of the gastro-
esophageal junction reflux barrier. Hiatal hernias are com-
mon and may cause no symptoms; however, in patients
with gastroesophageal reflux, they are associated with
higher amounts of acid reflux and delayed esophageal acid
clearance, leading to more severe esophagitis and Barrett
esophagus. Increased reflux episodes occur during normal
swallowing-induced relaxation, transient LES relaxations,
and straining due to reflux of acid from the hiatal hernia
sac into the esophagus.

Truncal obesity may contribute to GERD, presumably
due to an increased intra-abdominal pressure, which con-
tributes to dysfunction of the gastroesophageal junction
and increased likelihood of hiatal hernia.

B. Irritant Effects of Refluxate

Esophageal mucosal damage is related to the potency of the
refluxate and the amount of time it is in contact with the
mucosa. Acidic gastric fluid (pH less than 4.0) is extremely
caustic to the esophageal mucosa and is the major injurious
agent in the majority of cases. In some patients, reflux of
bile or alkaline pancreatic secretions may be contributory.

C. Abnormal Esophageal Clearance

Acid refluxate normally is cleared and neutralized by
esophageal peristalsis and salivary bicarbonate. Patients
with severe GERD may have diminished clearance due to
hypotensive peristaltic contractions (less than 30 mm Hg)
or intermittent failed peristalsis after swallowing. Certain
medical conditions such as systemic sclerosis (scleroderma)
are associated with diminished peristalsis. Sjögren syndrome,

anticholinergic medications, and oral radiation therapy
may exacerbate GERD due to impaired salivation.

D. Delayed Gastric Emptying

Impaired gastric emptying due to gastroparesis or partial
gastric outlet obstruction potentiates GERD.

» Clinical Findings

A. Symptoms and Signs

The typical symptom is heartburn. This most often occurs
30–60 minutes after meals and upon reclining. Patients
often report relief from taking antacids or baking soda.
When this symptom is dominant, the diagnosis is estab-
lished with a high degree of reliability. Many patients,
however, have less specific dyspeptic symptoms with or
without heartburn. Overall, a clinical diagnosis of gastro-
esophageal reflux has a sensitivity and specificity of only
65%. Severity is not correlated with the degree of tissue
damage. In fact, some patients with severe esophagitis are
only mildly symptomatic. Patients may complain of regur-
gitation—the spontaneous reflux of sour or bitter gastric
contents into the mouth. Dysphagia occurs in one-third of
patients and may be due to erosive esophagitis, abnormal
esophageal peristalsis, or the development of an esophageal
stricture.

“Atypical” or “extraesophageal” manifestations of gas-
troesophageal disease may occur, including asthma,
chronic cough, chronic laryngitis, sore throat, noncardiac
chest pain, and sleep disturbances. In the absence of heart-
burn or regurgitation, atypical symptoms are unlikely to be
related to gastroesophageal reflux.

Physical examination and laboratory data are normal in
uncomplicated disease.

B. Special Examinations

Initial diagnostic studies are not warranted for patients with
typical GERD symptoms suggesting uncomplicated reflux
disease. Patients with typical symptoms of heartburn and
regurgitation should be treated empirically with a twice-
daily H

2
-receptor antagonist or a once-daily proton pump

inhibitor for 4–8 weeks. Further investigation is required in
patients with symptoms that persist despite empiric acid
inhibitory therapy to identify complications of reflux dis-
ease and to diagnose other conditions, particularly in
patients with “alarm features” (troublesome dysphagia,
odynophagia, weight loss, iron deficiency anemia).

1. Upper endoscopy—Upper endoscopy is excellent for
documenting the type and extent of tissue damage in gas-
troesophageal reflux; for detecting other gastroesophageal
lesions that may mimic GERD; and for detecting GERD
complications, including esophageal stricture, Barrett
metaplasia, and esophageal adenocarcinoma. In the
absence of prior antisecretory therapy, up to one-third of
patients with GERD have visible mucosal damage (known
as reflux esophagitis), characterized by single or multiple
erosions or ulcers in the distal esophagus at the squamoco-
lumnar junction. In patients treated with a proton pump
inhibitor prior to endoscopy, preexisting reflux esophagitis
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may be partially or completely healed. The Los Angeles
(LA) classification grades reflux esophagitis on a scale of A
(one or more isolated mucosal breaks 5 mm or less that do
not extend between the tops of two mucosal folds) to D
(one or more mucosal breaks that involve at least 75% of
the esophageal circumference).

2. Barium esophagography—This study should not be
performed to diagnose GERD. In patients with severe dys-
phagia, it is sometimes obtained prior to endoscopy to
identify a stricture.

3. Esophageal pH or combined esophageal pHimpedance
testing—Esophageal pH monitoring measures the amount
of esophageal acid reflux, whereas combined pH-imped-
ance testing measures both acidic and nonacidic reflux.
Both tests may also be useful to establish whether there is a
temporal relationship between reflux events and symp-
toms. They are the most accurate studies for documenting
gastroesophageal reflux but are unnecessary in most
patients who have typical symptoms and satisfactory
response to empiric antisecretory therapy. They are indi-
cated in patients with typical symptoms who have unsatis-
factory response to empiric therapy, patients with atypical
or extraesophageal symptoms, and patients who are being
considered for antireflux surgery.

» Differential Diagnosis

Symptoms of GERD may be similar to those of other dis-
eases such as angina pectoris, eosinophilic esophagitis,
esophageal motility disorders, dyspepsia, peptic ulcer, or
functional disorders. Reflux erosive esophagitis may be
confused with pill-induced damage, eosinophilic esophagi-
tis, or infections (CMV, herpes, Candida).

» Complications

A. Barrett Esophagus

This is a condition in which the squamous epithelium of the
esophagus is replaced by metaplastic columnar epithelium
containing goblet and columnar cells (specialized intestinal
metaplasia). Present in 1.5% of the general population and
7–10% of patients with chronic reflux, Barrett esophagus is
believed to arise from chronic reflux-induced injury to the
esophageal squamous epithelium; however, it is also
increased in patients with truncal obesity independent of
GERD. Barrett esophagus is suspected at endoscopy from
the presence of orange, gastric type epithelium that extends
upward more than 1 cm from the gastroesophageal junction
into the distal tubular esophagus in a tongue-like or circum-
ferential fashion. Biopsies obtained at endoscopy confirm
the diagnosis. Three types of columnar epithelium may be
identified: gastric cardiac, gastric fundic, and specialized
intestinal metaplasia. There is agreement that the latter car-
ries an increased risk of dysplasia; however, some authori-
ties believe that gastric cardiac mucosa also raises risk.

Barrett esophagus does not provoke specific symptoms
but gastroesophageal reflux does. Most patients have a long
history of reflux symptoms, such as heartburn and regurgi-
tation. Barrett esophagus should be treated with long-term

proton pump inhibitors once or twice daily to control
reflux symptoms. Although these medications do not
appear to cause regression of Barrett esophagus, they may
reduce the risk of cancer. Paradoxically, one-third of
patients report minimal or no symptoms of GERD, sug-
gesting decreased acid sensitivity of Barrett epithelium.
Indeed, over 90% of individuals with Barrett esophagus in
the general population do not seek medical attention.

The most serious complication of Barrett esophagus is
esophageal adenocarcinoma. It is believed that most ade-
nocarcinomas of the esophagus and many such tumors of
the gastric cardia arise from dysplastic epithelium in Bar-
rett esophagus. The incidence of adenocarcinoma in
patients with Barrett esophagus is estimated at 0.2–0.5%
per year. Although this still is an 11-fold increased risk
compared with patients without Barrett esophagus, adeno-
carcinoma of the esophagus remains a relatively uncom-
mon malignancy in the United States (9000 cases/year).
Given the large number of adults with chronic GERD rela-
tive to the small number in whom adenocarcinoma devel-
ops and the costs and risks of upper endoscopy, a 2019
clinical guideline recommended against endoscopic
screening for Barrett esophagus in adults with GERD
except in those with one or more risk factors for adenocar-
cinoma (aged older than 50 years, truncal obesity, current
or prior history of smoking, or male gender) or in adults
with a family history of Barrett esophagus or esophageal
adenocarcinoma.

In patients known to have nondysplastic Barrett esopha-
gus, surveillance endoscopy every 3–5 years is recom-
mended to look for low- or high-grade dysplasia or
adenocarcinoma. In patients with nondysplastic Barrett
esophagus, the risk of progression to high-grade dysplasia
or cancer is related to the length of Barrett epithelium. This
risk is 0.29%/year for those with columnar epithelium
lengths of 1–3 cm (short-segment) and 0.91%/year in those
with lengths greater than 3 cm (long-segment). During
endoscopy, biopsies are obtained from nodular or irregular
mucosa (which have an increased risk of high-grade dyspla-
sia or cancer) as well as randomly from the esophagus every
1–2 cm. The finding of dysplasia should be confirmed by a
second, expert pathologist. The detection of dysplasia is
increased with use of the WATS (wide-area trans-epithelial
sampling) technique in which a brush is deployed through
the endoscope to obtain deep epithelial samples that are
analyzed by a central laboratory computer.

Endoscopic therapy now is the standard of care for
patients who have Barrett esophagus with dysplasia (low-
grade, high-grade) or well-differentiated mucosal adeno-
carcinoma (Tis or T1a). Therapy should be performed by
endoscopists with expertise in advanced resection and
ablation techniques. All nodules should be removed with
mucosal snare resection or dissection techniques to assess
for the presence and depth of cancer. Of the patients who
have cancer confined to the mucosa, less than 2% have
recurrence of cancer or high-grade dysplasia after snare
resection. Following resection, ablation of any remaining
Barrett mucosa—including flat (nonnodular) high-grade
dysplasia—is performed with radiofrequency wave electro-
cautery or cryotherapy. Current guidelines also
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recommend that patients with flat low-grade dysplasia
(confirmed by a second expert pathologist) also be consid-
ered for ablation, reserving annual endoscopic surveillance
to patients with increased comorbidities and reduced life-
expectancy. The efficacy of endoscopic ablation therapies
in patients with Barrett dysplasia is supported by several
studies. When high-dose proton pump inhibitors are
administered to normalize intraesophageal pH, radiofre-
quency wave ablation electrocautery eradication of Barrett
columnar epithelium is followed by complete healing with
normal squamous epithelium in greater than 78% of
patients and elimination of dysplasia in 91%.

Endoscopic ablation techniques have a risk of complica-
tions (bleeding, perforation, strictures). Therefore, endo-
scopic eradication therapy currently is not recommended
for patients with nondysplastic Barrett esophagus for
whom the risk of developing esophageal cancer is low and
treatment does not appear to be cost-effective.

B. Peptic Stricture

Stricture formation occurs in about 5% of patients with
esophagitis. It is manifested by the gradual development of
solid food dysphagia progressive over months to years. Most
strictures are located at the gastroesophageal junction.
Endoscopy with biopsy is mandatory in all cases to differen-
tiate peptic stricture from stricture by esophageal carcinoma.
Active erosive esophagitis is often present. Up to 90% of
symptomatic patients are effectively treated with dilation
with graduated polyvinyl catheters passed over a wire placed
at the time of endoscopy or fluoroscopically, or balloons
passed fluoroscopically or through an endoscope. Dilation is
continued over one to several sessions. A luminal diameter
of 15–18 mm is usually sufficient to relieve dysphagia. Long-
term therapy with a proton pump inhibitor is required to
decrease the likelihood of stricture recurrence.

» Treatment

A. Medical Treatment

The goal of treatment is to provide symptomatic relief, to
heal esophagitis (if present), and to prevent complications.
In the majority of patients with uncomplicated disease,
empiric treatment is initiated based on a compatible his-
tory without the need for further confirmatory studies.
Patients not responding and those with suspected compli-
cations undergo further evaluation with upper endoscopy
or esophageal manometry and pH recording.

1. Mild, intermittent symptoms—Patients with mild or
intermittent symptoms that do not impact adversely on
quality of life may benefit from lifestyle modifications with
medical interventions taken as needed. Patients may find
that eating smaller meals and elimination of acidic foods
(citrus, tomatoes, coffee, spicy foods), foods that precipi-
tate reflux (fatty foods, chocolate, peppermint, alcohol),
and cigarettes may reduce symptoms. Weight loss should
be recommended for patients who are overweight or have
had recent weight gain. All patients should be advised to
avoid lying down within 3 hours after meals (the period of
greatest reflux). Patients with nocturnal symptoms should

also elevate the head of the bed on 6-inch blocks or a foam
wedge to reduce reflux and enhance esophageal clearance.

Patients with infrequent heartburn (less than once
weekly) may be treated on demand with antacids or oral
H

2
-receptor antagonists. Antacids provide rapid relief of

heartburn; however, their duration of action is less than
2 hours. Many are available over the counter. Those contain-
ing magnesium should not be used for patients with kidney
disease, and patients with acute or chronic kidney disease
should be cautioned appropriately.

The oral H
2
-receptor antagonists come in a variety of

strengths: cimetidine 200 mg; famotidine 10 mg and 20 mg;
and nizatidine 75 mg and 150 mg. Most of these drug
strengths are now available over the counter without need
for a prescription. When taken for active heartburn, these
agents have a delay in onset of at least 30 minutes. How-
ever, once these agents take effect, they provide heartburn
relief for up to 8 hours. When taken before meals known to
provoke heartburn, these agents reduce the symptom.

2. Troublesome symptoms—

a. Initial therapy—Patients with troublesome reflux
symptoms and patients with known complications of GERD
(erosive esophagitis, Barrett esophagus, stricture) should be
treated with a once-daily oral proton pump inhibitor
(omeprazole or rabeprazole, 20 mg; omeprazole, 40 mg
with sodium bicarbonate; lansoprazole, 30 mg; dexlanso-
prazole, 60 mg; esomeprazole or pantoprazole, 40 mg)
taken 30 minutes before breakfast for 4–8 weeks. Because
there appears to be little difference between these agents in
efficacy or side effect profiles, the choice of agent is deter-
mined by cost. Oral omeprazole, 20 mg, and lansoprazole,
15 mg, are available as over-the-counter formulations.
Once-daily proton pump inhibitors achieve adequate con-
trol of heartburn in 70–80% of patients, complete heartburn
resolution in over 50%, and healing of erosive esophagitis
(when present) in 75–85%. In contrast, proton pump
inhibitors are less effective in reducing bothersome regurgi-
tation. Because of their superior efficacy and ease of use,
proton pump inhibitors are preferred to H

2
-receptor antag-

onists for the initial treatment of acute and chronic GERD.

b. Long-term therapy—In those who achieve good
symptomatic relief with a course of empiric once-daily
proton pump inhibitor, therapy may be discontinued after
8–12 weeks. Most patients (over 80%) will experience
relapse of GERD symptoms, usually within 3 months.
Patients whose symptoms relapse may be treated with
either continuous proton pump inhibitor therapy, intermit-
tent 2- to 4-week courses, or “on demand” therapy (ie, drug
taken until symptoms abate) depending on symptom fre-
quency and patient preference. Alternatively, twice-daily
H

2
-receptor antagonists may be used to control symptoms

in patients without erosive esophagitis. Patients who
require twice-daily proton pump inhibitor therapy for ini-
tial symptom control and patients with complications of
GERD, including severe erosive esophagitis, Barrett esoph-
agus, or peptic stricture, should be maintained on long-
term therapy with a once- or twice-daily proton pump
inhibitor titrated to the lowest effective dose to achieve
satisfactory symptom control.
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Proton pump inhibitors are considered to be extremely
safe. Although a number of safety concerns have been
raised in retrospective observational studies, it is difficult to
determine whether the modest associations identified are
due to a causal relationship. Long-term use of proton pump
inhibitors likely does have a small increased risk of infec-
tious gastroenteritis (including C difficile), small intestinal
bacterial overgrowth, and micronutrient deficiencies (iron,
vitamin B

12
, magnesium). A large prospective study of over

17,000 patients taking proton pump inhibitors for a median
of 3 years did not find an increased risk of other previously
reported adverse events, including pneumonia, bone frac-
tures, kidney disease (due to interstitial nephritis), demen-
tia, or myocardial infarction. Long-term proton pump
inhibitor therapy should be prescribed to patients with
appropriate indications and at the lowest effective dose.

3. Unresponsive disease—Up to one-third of patients
report inadequate relief of heartburn or regurgitation with
once-daily proton pump inhibitor therapy. Approximately
25% respond to an increase in proton pump inhibitor
therapy to twice daily (30–45 minutes before breakfast and
dinner). Patients unresponsive to twice-daily therapy
should undergo endoscopy for detection of severe, inade-
quately treated reflux esophagitis and for other gastro-
esophageal conditions (including eosinophilic esophagitis
and achalasia) that may mimic GERD. Truly refractory
esophagitis may be caused by medical noncompliance,
resistance to proton pump inhibitors, gastrinoma with
gastric acid hypersecretion (Zollinger-Ellison syndrome),
or pill-induced esophagitis. Patients without endoscopi-
cally visible esophagitis should undergo ambulatory pH
monitoring to determine whether the symptoms are cor-
related with reflux episodes. Combined esophageal pH
monitoring with impedance monitoring is preferred over
pH testing alone because of its ability to detect both acid
and nonacid reflux events. The study generally is per-
formed on twice-daily proton pump inhibitor therapy to
determine the number of reflux episodes (acid and non-
acid) and symptom association with reflux episodes.
Refractory GERD is diagnosed in patients with confirmed
reflux (increased acid reflux or significant correlation of
symptoms with acid or nonacid reflux episodes) despite
proton pump inhibitor therapy. These patients may be
candidates for surgical or endoscopic therapy. Approxi-
mately 30% of patients with unresponsive symptoms do
not have increased reflux or a significant symptom correla-
tion with reflux episodes and are diagnosed with “func-
tional heartburn,” a functional disorder. Treatment with a
low-dose tricyclic antidepressant (eg, imipramine or nor-
triptyline 25 mg orally at bedtime) may be beneficial.

4. Extraesophageal reflux manifestations—Establishing
a causal relationship between gastroesophageal reflux and
extraesophageal symptoms (eg, asthma, hoarseness, cough,
sleep disturbances) is difficult. Gastroesophageal reflux
seldom is the sole cause of extraesophageal disorders but
may be a contributory factor. Although ambulatory esoph-
ageal pH testing can document the presence of increased
acid esophageal reflux, it does not prove a causative con-
nection. Current guidelines recommend that a trial of a
twice-daily proton pump inhibitor be administered for

2–3 months in patients with suspected extraesophageal
GERD syndromes who also have typical GERD symptoms.
Improvement of extraesophageal symptoms suggests but
does not prove that acid reflux is the causative factor.
Esophageal impedance-pH testing may be performed in
patients whose extraesophageal symptoms persist after
3 months of proton pump inhibitor therapy and may be
considered before proton pump inhibitor therapy in
patients without typical GERD symptoms in whom other
causes of extraesophageal symptoms have been excluded.

B. Surgical Treatment

Surgical fundoplication affords good to excellent relief of
symptoms and healing of esophagitis in over 85% of prop-
erly selected patients and can be performed laparoscopi-
cally with low complication rates in most instances.
Although patient satisfaction is high, typical reflux symp-
toms recur in 10–30% of patients. Furthermore, new symp-
toms of dysphagia, bloating, increased flatulence, dyspepsia,
or diarrhea develop in over 30% of patients. In a 2019
randomized controlled trial of patients with refractory
heartburn and confirmed reflux (acid or nonacid) despite
twice-daily proton pump inhibitor therapy, fundoplication
resulted in 67% adequate symptom relief at 1 year com-
pared with 12–28% with continued medical therapy.

A minimally invasive magnetic artificial sphincter is
FDA approved for the treatment of GERD in patients with
hiatal hernias less than 3 cm in size. The device is made up
of a flexible, elastic string of titanium beads (wrapped
around a magnetic core) that is placed laparoscopically
below the diaphragm at the gastroesophageal junction. The
magnets are designed to open with pressures generated dur-
ing swallowing but remain closed during gastroesophageal
reflux events, which generate lower pressure than swallow-
ing. In prospective clinical trials with up to 5 years of follow
up, magnetic sphincter augmentation has demonstrated
GERD symptom relief equivalent to laparoscopic fundopli-
cation but far fewer side effects (long-term dysphagia
4–10%, bloating 8%, diarrhea 2%, nausea/vomiting 2%). In
2020, results were reported comparing magnetic sphincter
augmentation with twice-daily proton pump inhibitor ther-
apy in patients with GERD and moderate to severe regurgi-
tation. After 1 year, sphincter augmentation led to significant
improvement of regurgitation in 96% of patients and of
GERD symptoms in 81% of patients compared with 19%
and 8% of patients, respectively, treated with twice-daily
proton pump inhibitors. Given the excellent safety and effi-
cacy data demonstrated with this device to date, it should be
considered as an alternative to fundoplication surgery for
patients with GERD, especially those with troublesome
regurgitation, and hiatal hernias less than 3 cm in size.

Surgical treatment is not recommended for patients
who are well controlled with medical therapies but should
be considered for those with severe reflux disease who are
unwilling to accept lifelong medical therapy due to its
expense, inconvenience, or theoretical risks as well as for
patients with proven refractory GERD symptoms or both-
ersome regurgitation despite proton pump inhibitor ther-
apy. Gastric bypass (rather than fundoplication) should be
considered for obese patients with GERD.
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Several endoscopic procedures have been developed to
treat GERD; however, none have found wide acceptance,
largely due to limited long-term efficacy.

» When to Refer

• Patients with typical GERD whose symptoms do not
resolve with empiric management with a twice-daily
proton pump inhibitor.

• Patients with suspected extraesophageal GERD symp-
toms that do not resolve with 3 months of twice-daily
proton pump inhibitor therapy.

• Patients with significant dysphagia or other alarm
symptoms for upper endoscopy.

• Patients with Barrett esophagus for endoscopic
surveillance.

• Patients who have Barrett esophagus with dysplasia or
early mucosal cancer.

• Surgical therapy is considered.
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INFECTIOUS ESOPHAGITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Immunosuppressed patient.

» Odynophagia, dysphagia, and chest pain.

» Endoscopy with biopsy establishes diagnosis.

» General Considerations

Infectious esophagitis occurs most commonly in immuno-
suppressed patients. Patients with AIDS, solid organ trans-
plants, leukemia, lymphoma, and those receiving
immunosuppressive drugs are at particular risk for oppor-
tunistic infections. Candida albicans, herpes simplex, and
CMV are the most common pathogens. Candida infection
may occur also in patients who have uncontrolled diabetes
and those being treated with systemic corticosteroids,
radiation therapy, or systemic antibiotic therapy. Herpes
simplex can affect normal hosts, in which case the infec-
tion is generally self-limited.

» Clinical Findings

A. Symptoms and Signs

The most common symptoms are odynophagia and dys-
phagia. Substernal chest pain occurs in some patients.
Patients with candidal esophagitis are sometimes asymp-
tomatic. Oral thrush is present in only 75% of patients with
candidal esophagitis and 25–50% of patients with viral
esophagitis and is therefore an unreliable indicator of the
cause of esophageal infection. Patients with esophageal
CMV infection may have infection at other sites such as the
colon and retina. Oral ulcers (herpes labialis) are often
associated with herpes simplex esophagitis.

B. Special Examinations

Treatment may be empiric. For diagnostic certainty, endos-
copy with biopsy and brushings (for microbiologic and
histopathologic analysis) is preferred because of its high
diagnostic accuracy. The endoscopic signs of candidal
esophagitis are diffuse, linear, yellow-white plaques adher-
ent to the mucosa. CMV esophagitis is characterized by
one to several large, shallow, superficial ulcerations. Herpes
esophagitis results in multiple small, deep ulcerations.

» Treatment

A. Candidal Esophagitis

Systemic therapy is required for esophageal candidiasis. An
empiric trial of antifungal therapy is often administered
without performing diagnostic endoscopy. Initial therapy
is generally with fluconazole, 400 mg on day 1, then 200–
400 mg/day orally for 14–21 days. Patients not responding
to empiric therapy within 3–5 days should undergo endos-
copy with brushings, biopsy, and culture to distinguish
resistant fungal infection from other infections (eg, CMV,
herpes). Esophageal candidiasis not responding to flucon-
azole therapy may be treated with itraconazole suspension
(not capsules), 200 mg/day orally, or voriconazole, 200 mg
orally twice daily. Refractory infection may be treated
intravenously with caspofungin, 50 mg daily.

B. Cytomegalovirus Esophagitis

In patients with HIV infection, immune restoration with
antiretroviral therapy is the most effective means of con-
trolling CMV disease. Initial therapy is with ganciclovir,
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5 mg/kg intravenously every 12 hours for 3–6 weeks.
Neutropenia is a frequent dose-limiting side effect. Once
resolution of symptoms occurs, it may be possible to com-
plete the course of therapy with oral valganciclovir, 900 mg
once daily. Patients who either do not respond to or cannot
tolerate ganciclovir are treated acutely with foscarnet,
90 mg/kg intravenously every 12 hours for 3–6 weeks. The
principal toxicities are acute kidney injury, hypocalcemia,
and hypomagnesemia.

C. Herpetic Esophagitis

Immunocompetent patients may be treated symptomati-
cally and generally do not require specific antiviral therapy.
Immunosuppressed patients may be treated with oral acy-
clovir, 400 mg orally five times daily, or 250 mg/m2 intrave-
nously every 8–12 hours, usually for 14–21 days. Oral
famciclovir, 500 mg orally three times daily, or valacyclovir,
1 g twice daily, are also effective but more expensive than
generic acyclovir. Nonresponders require therapy with fos-
carnet, 40 mg/kg intravenously every 8 hours for 21 days.

» Prognosis

Most patients with infectious esophagitis can be effectively
treated with complete symptom resolution. Depending on
the patient’s underlying immunodeficiency, relapse of
symptoms off therapy can raise difficulties. Long-term
suppressive therapy is sometimes required.

Hoversten P et al. Risk factors, endoscopic features, and clinical
outcomes of cytomegalovirus esophagitis based on a 10-year
analysis at a single center. Clin Gastroenterol. 2020;18:736.
[PMID: 31077832]

Narasimhalu T et al. Educational case: infectious esophagitis.
Acad Pathol. 2020;7:2374289520903438. [PMID: 32083170]

PILL-INDUCED ESOPHAGITIS

A number of different medications may injure the esopha-
gus, presumably through direct, prolonged mucosal contact
or mechanisms that disrupt mucosal integrity. The most
commonly implicated are the NSAIDs, potassium chloride
pills, quinidine, zalcitabine, zidovudine, alendronate and
risedronate, emepronium bromide, iron, vitamin C, and
antibiotics (doxycycline, tetracycline, clindamycin, trime-
thoprim-sulfamethoxazole). Because injury is most likely to
occur if pills are swallowed without water or while supine,
hospitalized or bed-bound patients are at greater risk.
Symptoms include severe retrosternal chest pain, odyno-
phagia, and dysphagia, often beginning several hours after
taking a pill. These may occur suddenly and persist for days.
Some patients (especially older patients) have relatively lit-
tle pain, presenting with dysphagia. Endoscopy may reveal
one to several discrete ulcers that may be shallow or deep.
Chronic injury may result in severe esophagitis with stric-
ture, hemorrhage, or perforation. Healing occurs rapidly
when the offending agent is eliminated. To prevent pill-
induced damage, patients should take pills with 4 oz of
water and remain upright for 30 minutes after ingestion.
Known offending agents should not be given to patients
with esophageal dysmotility, dysphagia, or strictures.

Syed M. Pill-induced oesophagitis. Postgrad Med J. 2020. [Epub
ahead of print] [PMID: 32423921]

BENIGN ESOPHAGEAL LESIONS

1. Mallory-Weiss Syndrome (Mucosal Laceration
of Gastroesopageal Junction)

E S S E N T I A L S  O F  D I A G N O S I S

» Hematemesis; usually self-limited.

» Prior history of vomiting, retching in 50%.

» Endoscopy establishes diagnosis.

» General Considerations

Mallory-Weiss syndrome is characterized by a nonpene-
trating mucosal tear at the gastroesophageal junction that
is hypothesized to arise from events that suddenly raise
transabdominal pressure, such as lifting, retching, or vom-
iting. Alcoholism is a strong predisposing factor. Mallory-
Weiss tears are responsible for approximately 5% of cases of
upper gastrointestinal bleeding.

» Clinical Findings

A. Symptoms and Signs

Patients usually present with hematemesis with or without
melena. A history of retching, vomiting, or straining is
obtained in about 50% of cases.

B. Special Examinations

As with other causes of upper gastrointestinal hemorrhage,
upper endoscopy should be performed after the patient has
been appropriately resuscitated. The diagnosis is established
by identification of a 0.5- to 4-cm linear mucosal tear usu-
ally located either at the gastroesophageal junction or, more
commonly, just below the junction in the gastric mucosa.

» Differential Diagnosis

At endoscopy, other potential causes of upper gastrointes-
tinal hemorrhage are found in over 35% of patients with
Mallory-Weiss tears, including peptic ulcer disease, erosive
gastritis, arteriovenous malformations, and esophageal
varices. Patients with underlying portal hypertension are at
higher risk for continued or recurrent bleeding.

» Treatment

Patients are initially treated as needed with fluid resuscita-
tion and blood transfusions. Most patients stop bleeding
spontaneously and require no therapy. Endoscopic hemo-
static therapy is employed in patients who have continuing
active bleeding. Injection with epinephrine (1:10,000),
cautery with a bipolar or heater probe coagulation device,
or mechanical compression of the artery by application of
an endoclip or band is effective in 90–95% of cases.
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Angiographic arterial embolization or operative interven-
tion is required in patients who fail endoscopic therapy.

He L et al. The prediction value of scoring systems in Mallory-
Weiss syndrome patients. Medicine (Baltimore). 2019;98:
e15751. [PMID: 31145291]

2. Eosinopilic Esopagitis

» General Considerations

Eosinophilia of the esophagus may be caused by eosino-
philic esophagitis and GERD (and, rarely, celiac disease,
Crohn disease, and pemphigus).

Eosinophilic esophagitis is a disorder in which food or
environmental antigens are thought to stimulate an inflam-
matory response. Initially recognized in children, it is
increasingly identified in young or middle-aged adults
(estimated prevalence 43/100,000). A history of allergies or
atopic conditions (asthma, eczema, hay fever) is present in
over half of patients.

» Clinical Findings

Most adults have a long history of dysphagia for solid-
foods or an episode of food impaction. Heartburn or chest
pain may be present. Children may have abdominal pain,
vomiting, or failure to thrive. On laboratory tests, a few
have eosinophilia or elevated IgE levels. Barium swallow
studies may demonstrate a small-caliber esophagus; focal
or long, tapered strictures; or multiple concentric rings.
However, endoscopy with esophageal biopsy and histologic
evaluation is required to establish the diagnosis. Endo-
scopic appearances include edema, concentric rings (“tra-
chealization”), exudates (white plaques), furrows (vertical
lines), and strictures (EREFS); however, the esophagus is
grossly normal in up to 5% of patients. Multiple biopsies
(4–8) from the proximal and distal esophagus should be
obtained to demonstrate multiple (greater than 15/high-
powered field) eosinophils in the mucosa. Consideration
should be given to the disorders that may cause increased
esophageal eosinophils, including hypereosinophilic syn-
drome, eosinophilic gastroenteritis, achalasia, connective
tissue disorders, drug hypersensitivity, and Crohn disease.
Skin testing for food allergies may be helpful to identify
causative factors.

» Treatment

The goals of therapy are improvement of symptoms, reduc-
tion of inflammation, and prevention and treatment of
esophageal strictures. Treatment options include proton
pump inhibitors, topical corticosteroids, food elimination
diets, and esophageal dilation. First-line therapy for most
adults is a proton pump inhibitor orally twice daily for
2 months followed by repeat endoscopy and mucosal
biopsy. Up to one-third of symptomatic patients with
increased esophageal eosinophils have clinical and histo-
logic improvement with proton pump inhibitor treatment.
It is hypothesized that esophageal acid exposure may con-
tribute to antigen-mediated eosinophilic inflammation.

Proton pump inhibitor therapy should be discontinued in
patients with persistent symptoms and inflammation.

In patients with continued symptoms, optimal treatment
is uncertain. Referral to an allergist for evaluation of coexist-
ing atopic disorders and for testing for food and environmen-
tal allergens may be considered, but studies suggest limited
predictive value in adults. Empiric elimination of suspected
dietary allergens leads to clinical, endoscopic and histologic
improvement in 50–70% of adults. The most common aller-
genic foods are dairy, eggs, wheat, and soy followed by pea-
nuts and shellfish. With progressive reintroduction of each
food group, the trigger food group may be identified in up to
85% of patients. Topical corticosteroids lead to symptom
resolution in 70% of adults. Either budesonide in sucralose
suspension, 1 mg, or powdered fluticasone, 880 mcg (from
foil-lined inhaler diskus), is administered twice daily for
6–8 weeks with similar efficacy. Symptomatic relapse is com-
mon after discontinuation of therapy and may require mainte-
nance therapy at reduced doses of 0.25 mg twice daily.
Graduated dilation of strictures should be conducted in
patients with dysphagia and strictures or narrow-caliber
esophagus but should be performed cautiously because there is
an increased risk of perforation and postprocedural chest pain.

Hirano I et al. AGA Institute and the Joint Task Force on
Allergy-Immunology Practice Parameters Clinical Guidelines
for the management of eosinophilic esophagitis. Gastroenter-
ology. 2020;158:1776. [PMID: 32359562]

Kim JP et al. Clinical outcomes of adults with eosinophilic
esophagitis with severe stricture. Gastrointest Endosc.
2020;92:44. [PMID: 31954704]

Rank MA et al. Technical review on the management of eosino-
philic esophagitis: a report of the AGA Institute and the Joint
Task Force on Allergy-Immunology Practice Parameters.
Gastroenterology. 2020;158:1789. [PMID: 32359563]

3. Esopageal Webs & Rings

Esophageal webs are thin, diaphragm-like membranes of
squamous mucosa that typically occur in the mid or upper
esophagus and may be multiple. They may be congenital but
also occur with eosinophilic esophagitis, graft-versus-host
disease, pemphigoid, epidermolysis bullosa, pemphigus vul-
garis, and, rarely, in association with iron deficiency anemia
(Plummer-Vinson syndrome). Esophageal “Schatzki” rings
are smooth, circumferential, thin (less than 4 mm in thick-
ness) mucosal structures located in the distal esophagus at
the squamocolumnar junction. Their pathogenesis is con-
troversial. They are associated in nearly all cases with a hiatal
hernia, and reflux symptoms are common, suggesting that
acid gastroesophageal reflux may be contributory in many
cases. Most webs and rings are over 20 mm in diameter and
are asymptomatic. Solid food dysphagia most often occurs
with rings less than 13 mm in diameter. Characteristically,
dysphagia is intermittent and not progressive. Large poorly
chewed food boluses such as beefsteak are most likely to
cause symptoms. Obstructing boluses may pass by drinking
extra liquids or after regurgitation. In some cases, an
impacted bolus must be extracted endoscopically. Esopha-
geal webs and rings are best visualized using a barium
esophagogram with full esophageal distention. Endoscopy is
less sensitive than barium esophagography.
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The majority of symptomatic patients with a single ring
or web can be effectively treated with the passage of bougie
or endoscopic balloon dilators to disrupt the lesion or
endoscopic electrosurgical incision of the ring. A mini-
mum lumen diameter of 15–18 mm achieves symptom
remission in most patients. A single dilation may suffice,
but repeat dilations are required in many patients. Patients
who have heartburn or who require repeated dilation
should receive long-term acid suppressive therapy with a
proton pump inhibitor.

Vermeulen BD et al. Risk factors and clinical outcomes of endo-
scopic dilation in benign esophageal strictures: a long-term
follow-up study. Gastrointest Endosc. 2020;91:1058. [PMID:
31917167]

4. Zenker Diverticulum

Zenker diverticulum is a protrusion of pharyngeal mucosa
that develops at the pharyngoesophageal junction between
the inferior pharyngeal constrictor and the cricopharyn-
geus. The cause is believed to be loss of elasticity of the
upper esophageal sphincter, resulting in restricted opening
during swallowing. Symptoms of dysphagia and regurgita-
tion tend to develop insidiously over years in older, pre-
dominantly male patients. Initial symptoms include vague
oropharyngeal dysphagia with coughing or throat discom-
fort. As the diverticulum enlarges and retains food, patients
may note halitosis, spontaneous regurgitation of undi-
gested food, nocturnal choking, gurgling in the throat, or a
protrusion in the neck. Complications include aspiration
pneumonia, bronchiectasis, and lung abscess. The diagno-
sis is best established by a videoesophagography.

Symptomatic patients require upper esophageal myot-
omy. Minimally invasive intraluminal approaches have
been developed in which the septum between the esopha-
gus and diverticulum is incised using a rigid or flexible
endoscope or a diverticuloscope. Significant improvement
occurs in over 90% of patients. Small asymptomatic diver-
ticula may be observed.

Brewer Gutierrez OI et al. Zenker’s diverticulum per-oral endo-
scopic myotomy techniques: changing paradigms. Gastroen-
terology. 2019;156:2134. [PMID: 30851303]

Pang M et al. Comparison of flexible endoscopic cricopharyn-
geal myectomy and myotomy approaches for Zenker diver-
ticulum repair. Gastrointest Endosc. 2019;89:880. [PMID:
30342027]

5. Esopageal Varices

E S S E N T I A L S  O F  D I A G N O S I S

» Develop secondary to portal hypertension.

» Found in 50% of patients with cirrhosis.

» One-third of patients with varices develop upper
gastrointestinal bleeding.

» Diagnosis established by upper endoscopy.

» General Considerations

Esophageal varices are dilated submucosal veins that develop
in patients with underlying portal hypertension and that
may result in serious upper gastrointestinal bleeding. The
causes of portal hypertension are discussed in Chapter 16.
Under normal circumstances, there is a 2–6 mm Hg pres-
sure gradient between the portal vein and the inferior vena
cava. When the gradient exceeds 10–12 mm Hg, significant
portal hypertension exists. Esophageal varices are the most
common cause of important gastrointestinal bleeding due
to portal hypertension, though gastric varices and, rarely,
intestinal varices may also bleed. Bleeding from esophageal
varices most commonly occurs in the distal 5 cm of the
esophagus.

The most common cause of portal hypertension is cir-
rhosis. Approximately 50% of patients with cirrhosis have
esophageal varices. Bleeding from varices occurs in 30% of
patients with esophageal varices. In the absence of any
treatment, variceal bleeding spontaneously stops in about
50% of patients. Patients surviving this bleeding episode
have a 60% chance of recurrent variceal bleeding, usually
within the first 6 weeks. With current therapies, the in-
hospital mortality rate associated with bleeding esophageal
varices is 15%.

A number of factors have been identified that may por-
tend an increased risk of bleeding from esophageal varices.
The most important are (1) the size of the varices; (2) the
presence at endoscopy of red wale markings (longitudinal
dilated venules on the varix surface); (3) the severity of
liver disease (as assessed by Child scoring); and (4) active
alcohol abuse—patients with cirrhosis who continue to
drink have an extremely high risk of variceal bleeding.

» Clinical Findings

A. Symptoms and Signs

Patients with bleeding esophageal varices present with
symptoms and signs of acute gastrointestinal hemorrhage.
(See Acute Upper Gastrointestinal Bleeding, above.) In
some cases, there may be preceding retching or dyspepsia
attributable to alcoholic gastritis or withdrawal. Varices per
se do not cause symptoms of dyspepsia, dysphagia, or retch-
ing. Variceal bleeding usually is severe, resulting in hypovo-
lemia manifested by postural vital signs or shock. But 20%
of patients with chronic liver disease in whom bleeding devel-
ops have a nonvariceal source of bleeding.

B. Laboratory Findings

These are identical to those listed above in the section on
Acute Upper Gastrointestinal Bleeding.

» Initial Management

A. Acute Resuscitation

The initial management of patients with acute upper gastro-
intestinal bleeding is also discussed in the section on Acute
Upper Gastrointestinal Bleeding. Variceal hemorrhage is
life-threatening; rapid assessment and resuscitation with
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fluids or blood products are essential. Overtransfusion
should be avoided because it leads to increased central and
portal venous pressures, increasing the risk of rebleeding.
Most patients with bleeding esophageal varices have
advanced liver disease with coagulopathy due to thrombo-
cytopenia; deficiencies of liver-derived clotting factors I
(fibrinogen), II, VII, IX, and X; and accelerated intravascu-
lar fibrinolysis. The INR does not provide an accurate
reflection of coagulopathy in advanced liver disease. Fresh
frozen plasma should not be administered routinely in sta-
ble patients with an elevated INR because it has no proven
benefit but does have potential harms, including increased
portal pressures and risk of portal vein or deep venous
thrombosis. In patients with decompensated cirrhosis and
active severe upper gastrointestinal bleeding, platelet trans-
fusion is recommended for platelet counts below 50,000/
mcL (50 × 109/L) and fresh frozen plasma may be consid-
ered for INRs greater than 1.8. Recombinant factor VIIa has
not demonstrated efficacy in controlled studies and is not
recommended. The role of prothrombin complex concen-
trates requires further study. Patients with advanced liver
disease are at high risk for poor outcome regardless of the
bleeding source and should be in an ICU.

B. Pharmacologic Therapy

1. Antibiotic prophylaxis—Cirrhotic patients admitted with
upper gastrointestinal bleeding have a greater than 50%
chance of developing a severe bacterial infection during
hospitalization—such as bacterial peritonitis, pneumonia, or
urinary tract infection. Most infections are caused by gram-
negative organisms of gut origin. Prophylactic administra-
tion of intravenous third-generation cephalosporins (eg,
ceftriaxone, 1 g/day) for 5–7 days reduces the risk of serious
infection to 10–20% as well as hospital mortality, especially
in patients with Child-Pugh class C cirrhosis.

2. Vasoactive drugs—Octreotide and somatostatin infu-
sions reduce portal pressures in ways that are poorly
understood. Octreotide (50 mcg intravenous bolus fol-
lowed by 50 mcg/h) or somatostatin (250 mcg/h)—not
available in the United States—reduces splanchnic and
hepatic blood flow and portal pressures in cirrhotic
patients. Both agents appear to provide acute control of
variceal bleeding in up to 80% of patients although neither
has been shown to reduce mortality. Combined treatment
with octreotide or somatostatin infusion and endoscopic
therapy (band ligation or sclerotherapy) is superior to
either modality alone in controlling acute bleeding and
early rebleeding, and it may improve survival. In patients
with advanced liver disease and upper gastrointestinal hem-
orrhage, it is reasonable to initiate therapy with octreotide
or somatostatin on admission and continue for 3–5 days if
varices are confirmed by endoscopy. If bleeding is deter-
mined by endoscopy not to be secondary to portal hyper-
tension, the infusion can be discontinued.

Terlipressin, 1–2 mg intravenously every 4 hours (not
available in the United States), is a synthetic vasopressin
analog that causes a significant and sustained reduction in
portal and variceal pressures while preserving renal perfu-
sion. Where available, terlipressin may be preferred to

somatostatin or octreotide. Terlipressin is contraindicated
in patients with significant coronary, cerebral, or periph-
eral vascular disease.

3. Vitamin K—In cirrhotic patients with an abnormal pro-
thrombin time, vitamin K (10 mg intravenously) should be
administered.

4. Lactulose—Encephalopathy may complicate an episode
of gastrointestinal bleeding in patients with severe liver
disease. In patients with encephalopathy, lactulose should
be administered in a dosage of 30 mL orally every 1–2
hours until evacuation occurs then reduced to 15–45 mL/h
every 8–12 hours as needed to promote two or three bowel
movements daily. (See Chapter 16.)

C. Emergent Endoscopy

Emergent endoscopy is performed after the patient’s hemo-
dynamic status has been appropriately stabilized (usually
within 12–24 hours). In patients with active bleeding,
endotracheal intubation is commonly performed to protect
against aspiration during endoscopy. An endoscopic exam-
ination is performed to exclude other or associated causes
of upper gastrointestinal bleeding such as Mallory-Weiss
tears, peptic ulcer disease, and portal hypertensive gas-
tropathy. In many patients, variceal bleeding has stopped
spontaneously by the time of endoscopy, and the diagnosis
of variceal bleeding is made presumptively. Immediate
endoscopic treatment of the varices generally is performed
with banding. In clinical practice, sclerotherapy is now
seldom used. These techniques arrest active bleeding in
80–90% of patients and reduce the chance of in-hospital
recurrent bleeding to about 20%.

If banding is chosen, repeat sessions are scheduled at
intervals of 2–4 weeks until the varices are obliterated or
reduced to a small size. Banding achieves lower rates of
rebleeding, complications, and death than sclerotherapy
and should be considered the endoscopic treatment of
choice. For patients with platelet counts less than 50,000/
mcL (50 × 109/L), consideration should be given to prepro-
cedure administration of avatrombopag, an oral thrombo-
poietin receptor agonist approved by the FDA in 2018. In
phase 3 clinical trials at a dose of 40–60 mg/day for 5 con-
secutive days beginning 10–13 days prior to endoscopy,
68% of patients with baseline platelet counts less than
40,000/mcL (40 × 109/L) and 88% with baseline counts
40,000–50,000/mcL achieved platelet counts greater than
50,000/mcL (50 × 109/L) and avoided periprocedural plate-
let transfusions.

D. Balloon Tube Tamponade

In patients with massive variceal gastrointestinal bleeding,
mechanical tamponade with specially designed nasogastric
tubes containing large gastric and esophageal balloons
(Minnesota or Sengstaken-Blakemore tubes) may provide
initial control of hemorrhage in 60–90% of patients. Bal-
loon tamponade is used as a temporizing measure only in
patients with bleeding that cannot be controlled with phar-
macologic or endoscopic techniques until more definitive
decompressive therapy (eg, TIPS) can be provided.
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E. Portal Decompressive Procedures

In the 10–20% of patients with variceal bleeding that can-
not be controlled with pharmacologic or endoscopic ther-
apy, emergency portal decompression may be considered.

1. Transvenous intrahepatic portosystemic shunts
TIPS—Over a wire that is passed through a catheter
inserted in the jugular vein, an expandable wire mesh stent
(8–12 mm in diameter) is passed through the liver paren-
chyma, creating a portosystemic shunt from the portal vein
to the hepatic vein. TIPS can control acute hemorrhage in
over 90% of patients actively bleeding from gastric or
esophageal varices. However, when TIPS is performed in
the actively bleeding patient, the mortality approaches 40%,
especially in patients requiring ventilatory support or blood
pressure support and patients with renal insufficiency, bili-
rubin greater than 3 mg/dL, or encephalopathy. Therefore,
TIPS should be considered in the 10–20% of patients with
acute variceal bleeding that cannot be controlled with phar-
macologic and endoscopic therapy, but it may not be war-
ranted in patients with a particularly poor prognosis.

2. Emergency portosystemic shunt surgery—Emergency
portosystemic shunt surgery is associated with a 40–60%
mortality rate. At centers where TIPS is available, emer-
gency portosystemic shunts are no longer performed.

» Prevention of Rebleeding

Once the initial bleeding episode has been controlled, ther-
apy is warranted to reduce the high risk (60%) of rebleeding.

A. Combination BetaBlockers and
Variceal Band Ligation

Nonselective beta-adrenergic blockers (propranolol, nado-
lol) reduce the risk of rebleeding from esophageal varices to
about 40%. Likewise, long-term treatment with band liga-
tion reduces the incidence of rebleeding to about 30%. In
most patients, two to six treatment sessions (performed at
2- to 4-week intervals) are needed to eradicate the varices.

Meta-analyses of randomized controlled trials suggest
that a combination of band ligation plus beta-blockers is
superior to either variceal band ligation alone (RR 0.68) or
beta-blockers alone (RR 0.71). Therefore, combination ther-
apy is recommended for patients without contraindications to
beta-blockers. Recommended starting doses of beta-blockers
are propranolol (20 mg orally twice daily), long-acting pro-
pranolol (60 mg orally once daily), or nadolol (20–40 mg
orally once daily), with gradual increases in the dosage every
1–2 weeks until the heart rate falls by 25% or reaches 55–
60 beats/min, provided the systolic blood pressure remains
above 90 mm Hg and the patient has no side effects. The aver-
age dosage of long-acting propranolol is 120 mg once daily
and for nadolol, 80 mg once daily. One-third of patients with
cirrhosis are intolerant of beta-blockers, experiencing fatigue
or hypotension. Drug administration at bedtime may reduce
the frequency and severity of side effects.

B. Transvenous Intrahepatic Portosystemic Shunt

TIPS has resulted in a significant reduction in recurrent
bleeding compared with endoscopic sclerotherapy or band

ligation—either alone or in combination with beta-blocker
therapy. At 1 year, rebleeding rates in patients treated with
TIPS versus various endoscopic therapies average 20% and
40%, respectively. However, TIPS was also associated with a
higher incidence of encephalopathy (35% vs 15%) and did
not result in a decrease in mortality. Another limitation of
TIPS is that stenosis and thrombosis of the stents occur in
the majority of patients over time with a consequent risk of
rebleeding. Therefore, periodic monitoring with Doppler
ultrasonography or hepatic venography is required. Stent
patency usually can be maintained by balloon angioplasty
or additional stent placement. Given these problems, TIPS
should be reserved for patients who have recurrent (two or
more) episodes of variceal bleeding that have failed endo-
scopic or pharmacologic therapies. TIPS is also useful in
patients with recurrent bleeding from gastric varices or
portal hypertensive gastropathy (for which endoscopic
therapies cannot be used). TIPS is likewise considered in
patients who are noncompliant with other therapies or who
live in remote locations (without access to emergency care).

C. Surgical Portosystemic Shunts

Shunt surgery has a significantly lower rate of rebleeding
compared with endoscopic therapy but also a higher inci-
dence of encephalopathy. With the advent and widespread
adoption of TIPS, surgical shunts are seldom performed.

D. Liver Transplantation

Candidacy for orthotopic liver transplantation should be
assessed in all patients with chronic liver disease and bleed-
ing due to portal hypertension. Transplant candidates
should be treated with band ligation or TIPS to control
bleeding pretransplant.

» Prevention of First Episodes of
Variceal Bleeding

Among patients with varices that have not previously bled,
bleeding occurs in 12% of patients each year, with a lifetime
risk of 30%. Because of the high mortality rate associated
with variceal hemorrhage, prevention of the initial bleed-
ing episode is desirable. Therefore, it is recommended that
patients with chronic liver disease with compensated cir-
rhosis or suspected cirrhosis should undergo diagnostic
endoscopy or capsule endoscopy to determine whether
varices are present. Transient elastography (FibroScan) is a
noninvasive method for assessing liver stiffness and fibro-
sis that may be used to stratify patients at high risk for vari-
ces (who may benefit from endoscopy) versus those at low
risk (in whom endoscopy is not needed). Varices are pres-
ent in 40% of patients with Child-Pugh class A cirrhosis
and in 85% with Child-Pugh class C cirrhosis. In patients
without varices on screening endoscopy, a repeat endos-
copy is recommended in 3 years, since varices develop in
8% of patients per year. Patients with varices have a higher
risk of bleeding if they have varices larger than 5 mm, vari-
ces with red wale markings, or Child-Pugh class B or C
cirrhosis. The risk of bleeding in patients with varices
smaller than 5 mm is 5% per year and with large varices is
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15–20% per year. Patients with small varices without red
wale marks and compensated (Child-Pugh class A) cirrho-
sis have a low risk of bleeding; hence, prophylaxis is unnec-
essary, but endoscopy should be repeated in 1–2 years to
reassess size.

Nonselective beta-adrenergic blockers are recom-
mended to reduce the risk of first variceal hemorrhage in
patients with medium/large varices and patients with small
varices who either have variceal red wale marks or advanced
cirrhosis (Child-Pugh class B or C). (See Combination
Beta-Blockers and Variceal Band Ligation, above.) Band
ligation is not recommended for small varices due to tech-
nical difficulties in band application. Prophylactic band
ligation may be preferred over beta-blockers for patients at
higher risk for bleeding, especially patients with medium/
large varices with red wale markings or with advanced cir-
rhosis (Child-Pugh class B or C) as well as patients with
contraindications to or intolerance of beta-blockers.

» When to Refer

• All patients with upper gastrointestinal bleeding and
suspected varices should be evaluated by a physician
skilled in therapeutic endoscopy.

• Patients being considered for TIPS procedures or liver
transplantation.

• Patients with cirrhosis for endoscopic evaluation for
varices.

» When to Admit

All patients with acute upper gastrointestinal bleeding and
suspected cirrhosis should be admitted to an ICU.

Baiges A et al. Pharmacologic prevention of variceal bleeding
and rebleeding. Hepatol Int. 2018;12:68. [PMID: 29210030]

Ibrahim M et al. New developments in managing variceal bleed-
ing. Gastroenterology. 2018;154:1964. [PMID: 29481777]

Jakab SS et al. Screening and surveillance of varices in patients
with cirrhosis. Clin Gastroenterol Hepatol. 2019;17:26.
[PMID: 29551741]

O’Leary JG et al. AGA Clinical Practice Update: coagulation in
cirrhosis. Gastroenterology. 2019;157:34. [PMID: 30986390]

Sozio MS. Fibroscan for the rest of us—how to incorporate
Fibroscan into management of patients with liver disease.
Clin Gastroenterol Hepatol. 2019;17:1714. [PMID: 30771497]

ESOPHAGEAL MOTILITY DISORDERS

1. Acalasia

E S S E N T I A L S  O F  D I A G N O S I S

» Gradual, progressive dysphagia for solids and
liquids.

» Regurgitation of undigested food.

» Barium esophagogram with “bird’s beak” distal
esophagus.

» Esophageal manometry confirms diagnosis.

» General Considerations

Achalasia is an idiopathic motility disorder characterized
by loss of peristalsis in the distal two-thirds (smooth mus-
cle) of the esophagus and impaired relaxation of the LES.
There appears to be denervation of the esophagus resulting
primarily from loss of nitric oxide–producing inhibitory
neurons in the myenteric plexus. The cause of the neuronal
degeneration is unknown.

» Clinical Findings

A. Symptoms and Signs

There is a steady increase in the incidence of achalasia with
age; however, it can be seen in individuals as young as
25 years. Patients complain of the gradual onset of dysphagia
for solid foods and, in the majority, of liquids also. Symptoms
at presentation may have persisted for months to years. Sub-
sternal discomfort or fullness may be noted after eating. Many
patients eat more slowly and adopt specific maneuvers such as
lifting the neck or throwing the shoulders back to enhance
esophageal emptying. Regurgitation of undigested food is
common and may occur during meals or up to several hours
later. Nocturnal regurgitation can provoke coughing or aspira-
tion. Up to 50% of patients report substernal chest pain that is
unrelated to meals or exercise and may last up to hours. Weight
loss is common. Physical examination is unhelpful.

B. Imaging

Chest radiographs may show an air-fluid level in the enlarged,
fluid-filled esophagus. Barium esophagography discloses
characteristic findings, including esophageal dilation, loss of
esophageal peristalsis, poor esophageal emptying, and a
smooth, symmetric “bird’s beak” tapering of the distal esoph-
agus. Five minutes after ingestion of 8 oz of barium, a column
height of more than 2 cm has a sensitivity and specificity of
greater than 85% in differentiating achalasia from other
causes of dysphagia. Without treatment, the esophagus may
become markedly dilated (“sigmoid esophagus”).

C. Special Examinations

After esophagography, endoscopy is always performed to
evaluate the distal esophagus and gastroesophageal junction
to exclude a distal stricture or a submucosal infiltrating
carcinoma. The diagnosis is confirmed by high-resolution
esophageal manometry demonstrating absence of normal
peristalsis and impaired esophagogastric junction relax-
ation after swallowing. An integrated post-swallow relax-
ation pressure greater than 15 mm Hg has a diagnostic
sensitivity of 97%. Three achalasia subtypes are recognized
based on esophageal contractility and pressure patterns:
types I and II (nonspastic) and type III (characterized by
distal high-amplitude spastic contractions).

» Differential Diagnosis

Chagas disease is associated with esophageal dysfunction
that is indistinguishable from idiopathic achalasia and
should be considered in patients from endemic regions
(Central and South America); it is becoming more common
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in the southern United States. Primary or metastatic tumors
can invade the gastroesophageal junction, resulting in a pic-
ture resembling that of achalasia, called “pseudoachalasia.”
Endoscopic ultrasonography and chest CT may be required
to examine the distal esophagus in suspicious cases.

» Treatment

Several effective treatment options are available, all of
which promote improved esophageal emptying by lower-
ing distal esophageal pressure either through endoscopic
injection with botulinum or disruption of the LES by pneu-
matic balloon dilation or cardioesophageal myotomy (sur-
gical or endoscopic).

A. Botulinum Toxin Injection

Endoscopically guided injection of botulinum toxin directly
into the LES results in a marked reduction in LES pressure
with initial improvement in symptoms in 65–85% of
patients. However, symptom relapse occurs in over 50% of
patients within 6–9 months and in all patients within 2
years. Because it is inferior to pneumatic dilation therapy
and surgery in producing sustained symptomatic relief, this
therapy is most appropriate for patients with comorbidities
who are poor candidates for more invasive procedures.

B. Pneumatic Dilation

Over 80% of patients derive good to excellent relief of dys-
phagia after one to three sessions of pneumatic dilation of
the LES. Dilation is less effective in patients who are
younger than age 45, have the type III variant, or have a
dilated esophagus. Perforations occur in less than 3% of
dilations but infrequently require operative repair. Patients
who do not respond to initial treatment with pneumatic
dilation should be referred for cardiomyotomy (Heller or
POEM). Conversely, pneumatic dilation is the preferred
initial treatment option for patients with inadequate symp-
tom relief after cardiomyotomy.

C. Surgical Heller Cardiomyotomy

A modified Heller cardiomyotomy of the LES and cardia
(usually performed with a laparoscopic approach) results
in symptomatic improvement in approximately 90% of
patients. Because gastroesophageal reflux develops in up to
20% of patients after myotomy, most surgeons also per-
form an antireflux procedure (fundoplication), and most
patients are prescribed a once-daily proton pump inhibitor.
Symptoms recur in greater than 5–15% of cases within 10
years but usually respond to pneumatic dilation. A 2017
systematic review of five randomized comparative cardio-
myotomy trials detected a higher clinical success rate after
1 year with laparoscopic myotomy than Heller myotomy
(RR 1.14) but no significant differences after 2–5 years.

D. Per Oral Endoscopic Myotomy POEM

POEM is a less invasive endoscopic procedure in which an
endoscope is inserted into the patient’s mouth and passed
into the upper esophagus. After a small incision is made in

the esophageal mucosa, the endoscope dissects through the
submucosal space to the lower esophageal sphincter, where
the circular muscle fibers of the cardia and distal esopha-
gus are incised. Because a fundoplication is not performed,
long-term antisecretory therapy for gastroesophageal
reflux with a proton pump inhibitor is required in most
patients. POEM may be the preferred treatment modality
for type III achalasia (where a longer myotomy of the distal
esophagus is indicated). In a 2019 randomized controlled
trial of 133 patients with achalasia, satisfactory symptom
improvement was significantly higher at 2 years in patients
treated with POEM (92%) than in those treated with pneu-
matic dilation(s) (76%). However, gastroesophageal reflux
symptoms, esophagitis, and proton pump inhibitor use
were significantly greater in patients treated with POEM
than pneumatic dilation. Another 2019 randomized con-
trolled trial of 221 patients with achalasia showed that sat-
isfactory symptom improvement was equivalent both in
patients treated with POEM (83%) and in those treated
with surgical myotomy (81.7%) 2 years after treatment.
Serious adverse events occurred in 2.7% of patients treated
with POEM and 7.3% with surgical myotomy, but postop-
erative reflux esophagitis was higher with POEM (44%)
than with surgical myotomy (29%).

In summary, optimal treatment of achalasia depends on
the patient’s age, achalasia subtype, provider’s expertise,
and patient’s preferences or concerns regarding surgery or
posttreatment gastroesophageal reflux. Pneumatic dilation,
Heller cardiomyotomy, and POEM provide comparable
short- and long-term symptomatic improvement in achala-
sia types I or II. For type III (spastic) achalasia, POEM with
a long distal myotomy may be preferred to Heller cardio-
myotomy where expertise is available.

» Management of Refractory Achalasia

Complete esophagectomy or percutaneous gastrostomy is
required in the 1% of patients in whom massive dilation of
the esophagus (megaesophagus) develops despite dilation
or myotomy. In megaesophagus, dysphagia, food retention,
and regurgitation may decrease nutrition and quality of life
and increase risk of aspiration.

Carlson DA et al. Personalized approach to the management of
achalasia: how we do it. Am J Gastroenterol. 2020;115:1556.
[PMID: 32558688]

Khashab M et al. ASGE guideline on the management of achala-
sia. Gastrointest Endosc. 2020;91:213. [PMID: 31839408]

Vaezi MF et al. ACG Clinical Guideline: diagnosis and manage-
ment of achalasia. Am J Gastroenterol. 2020;115:1393.
[PMID: 32773454]

2. Oter Primary Esopageal Motility Disorders

» Clinical Findings

A. Symptoms and Signs

Abnormalities in esophageal motility may cause dysphagia
or chest pain. Dysphagia for liquids as well as solids tends
to be intermittent and nonprogressive. Periods of normal
swallowing may alternate with periods of dysphagia, which
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usually is mild though bothersome—rarely severe enough
to result in significant alterations in lifestyle or weight loss.
Dysphagia may be provoked by stress, large boluses of
food, or hot or cold liquids. Some patients may experience
anterior chest pain that may be confused with angina pec-
toris but usually is nonexertional. The pain generally is
unrelated to eating. (See Chest Pain of Undetermined Ori-
gin, below.)

B. Diagnostic Tests

The evaluation of suspected esophageal motility disorders
includes barium esophagography, upper endoscopy, and, in
some cases, esophageal manometry. Barium esophagogra-
phy is useful to exclude mechanical obstruction and to
evaluate esophageal motility. The presence of simultaneous
contractions (spasm), disordered peristalsis, or failed peri-
stalsis supports a diagnosis of esophageal dysmotility. Upper
endoscopy also is performed to exclude a mechanical
obstruction (as a cause of dysphagia) and to look for evi-
dence of erosive reflux esophagitis (a common cause of chest
pain) or eosinophilic esophagitis (confirmed by esophageal
biopsy). Manometry is not routinely used for mild to mod-
erate symptoms because the findings seldom influence fur-
ther medical management, but it may be useful in patients
with persistent, disabling dysphagia to exclude achalasia and
to look for other disorders of esophageal motility. These
include diffuse esophageal spasm, hypercontractile (“jack-
hammer”) esophagus, esophagogastric junction outflow
obstruction, and findings of ineffective esophageal peristal-
sis (failed or weak esophageal peristalsis). The further evalu-
ation of noncardiac chest pain is discussed below.

» Treatment

For patients with mild symptoms of dysphagia, therapy is
directed at symptom reduction and reassurance. Patients
should be instructed to eat more slowly and take smaller
bites of food. In some cases, a warm liquid at the start of a
meal may facilitate swallowing. Because unrecognized gas-
troesophageal reflux may cause dysphagia, a trial of a proton
pump inhibitor (esomeprazole 40 mg, lansoprazole 30 mg)
orally twice daily should be administered for 4–8 weeks.
Treatment of patients with severe dysphagia is empiric. Sus-
pected spastic disorders may be treated with (1) smooth
muscle relaxants (isosorbide [10–20 mg four times daily] or
nitroglycerin [0.4 mg sublingually as needed]); (2) calcium
channel blockers (nifedipine [10 mg] or diltiazem [60–90 mg]
30–45 minutes before meals); (3) phosphodiesterase type
5 inhibitors (eg, sildenafil); (4) botulinum toxin injection into
the lower esophagus; or (5) POEM. Esophageal dilation
provides symptomatic relief in some cases.

Kahrilas PJ et al. Advances in management of esophageal motil-
ity disorders. Clin Gastroenterol Hepatol. 2018;16:1692.
[PMID: 29702296]

Khalaf M et al. Distal esophageal spasm: a review. Am J Med.
2018;131:1034. [PMID: 29605413]

Mittal R et al. Esophageal motility disorders and gastroesopha-
geal reflux disease. N Engl J Med. 2020;383:1961. [PMID:
33176086]

CHEST PAIN OF UNDETERMINED ORIGIN

One-third of patients with chest pain undergo negative
cardiac evaluation. Patients with recurrent noncardiac chest
pain thus pose a difficult clinical problem. Because coro-
nary artery disease is common and can present atypically, it
must be excluded prior to evaluation for other causes.

Causes of noncardiac chest pain may include the
following.

A. Chest Wall and Thoracic Spine Disease

These are easily diagnosed by history and physical
examination.

B. Gastroesophageal Reflux

Up to 50% of patients have increased amounts of gastro-
esophageal acid reflux or a correlation between acid reflux
episodes and chest pain demonstrated on esophageal pH
testing. An empiric 4-week trial of acid-suppressive therapy
with a high-dose proton pump inhibitor is recommended
(eg, omeprazole or rabeprazole, 40 mg orally twice daily;
lansoprazole, 30–60 mg orally twice daily; or esomeprazole
or pantoprazole, 40 mg orally twice daily), especially in
patients with reflux symptoms. In patients with persistent
symptoms, ambulatory esophageal pH or impedance and pH
study may be useful to exclude definitively a relationship
between acid and nonacid reflux episodes and chest pain
events.

C. Esophageal Dysmotility

Esophageal motility abnormalities such as diffuse esopha-
geal spasm or hypercontractile swallow (“jackhammer
esophagus”) are uncommon causes of noncardiac chest
pain. In patients with chest pain and dysphagia, a barium
swallow radiograph should be obtained to look for evi-
dence of achalasia or diffuse esophageal spasm. Esophageal
manometry is not routinely performed because of low
specificity and the unlikelihood of finding a clinically sig-
nificant disorder, but it may be recommended in patients
with frequent symptoms.

D. Heightened Visceral Sensitivity

Some patients with noncardiac chest pain report pain in
response to a variety of minor noxious stimuli such as
physiologically normal amounts of acid reflux, inflation of
balloons within the esophageal lumen, injection of intrave-
nous edrophonium (a cholinergic stimulus), or intracardiac
catheter manipulation. Low doses of oral antidepressants
such as trazodone 50 mg or imipramine 10–50 mg reduce
chest pain symptoms and are thought to reduce visceral
afferent awareness. In a 2010 controlled crossover trial, over
50% of patients treated with venlafaxine, 75 mg once daily
at bedtime, achieved symptomatic improvement compared
with only 4% treated with placebo.

E. Psychological Disorders

A significant number of patients have underlying depres-
sion, anxiety, and panic disorder. Patients reporting
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dyspnea, sweating, tachycardia, suffocation, or fear of
dying should be evaluated for panic disorder.

Albers D et al. Peroral endoscopic myotomy (POEM) is effective
in treatment of noncardiac chest pain caused by hypercon-
tractile esophageal motility disorders: results of the POEM-
HYPE-Study. Z Gastroenterol. 2018;56:1337. [PMID:
30296811]

Fass R et al. Diagnosis and management of functional chest pain
in the Rome IV era. J Neurogastroenterol Motil. 2019;25:487.
[PMID: 31587539]

Wertli MM et al. Non-cardiac chest pain patients in the emer-
gency department: do physicians have a plan how to diagnose
and treat them? A retrospective study. PLoS One.
2019;14:e0211615. [PMID: 30707725]

º
DISEASES OF ThE STOMACh &
DUODENUM

(See Chapter 39 for Gastric Cancers.)

GASTRITIS & GASTROPATHY

The term “gastropathy” should be used to denote condi-
tions in which there is epithelial or endothelial damage
without inflammation, and “gastritis” should be used to
denote conditions in which there is histologic evidence of
inflammation. In clinical practice, the term “gastritis” is
commonly applied to three categories: (1) erosive and
hemorrhagic “gastritis” (gastropathy); (2) nonerosive, non-
specific (histologic) gastritis; and (3) specific types of gas-
tritis, characterized by distinctive histologic and endoscopic
features diagnostic of specific disorders.

1. Erosive & hemorragic “Gastritis”
(Gastropaty)

E S S E N T I A L S  O F  D I A G N O S I S

» Most commonly seen in alcoholic or critically ill
patients, or patients taking NSAIDs.

» Often asymptomatic; may cause epigastric pain,
nausea, and vomiting.

» May cause hematemesis; usually insignificant
bleeding.

» General Considerations

The most common causes of erosive gastropathy are medi-
cations (especially NSAIDs), alcohol, stress due to severe
medical or surgical illness, and portal hypertension (“por-
tal gastropathy”). Major risk factors for stress gastritis
include mechanical ventilation, coagulopathy, trauma,
burns, shock, sepsis, central nervous system injury, liver
failure, kidney disease, and multiorgan failure. The use of
enteral nutrition reduces the risk of stress-related bleeding.
Uncommon causes of erosive gastropathy include isch-
emia, caustic ingestion, and radiation. Erosive and hemor-
rhagic gastropathy typically are diagnosed at endoscopy,

often being performed because of dyspepsia or upper gas-
trointestinal bleeding. Endoscopic findings include subepi-
thelial hemorrhages, petechiae, and erosions. These lesions
are superficial, vary in size and number, and may be focal
or diffuse. There usually is no significant inflammation on
histologic examination.

» Clinical Findings

A. Symptoms and Signs

Erosive gastropathy is usually asymptomatic. Symptoms,
when they occur, include anorexia, epigastric pain, nausea,
and vomiting. There is poor correlation between symp-
toms and the number or severity of endoscopic abnormali-
ties. The most common clinical manifestation of erosive
gastritis is upper gastrointestinal bleeding, which presents
as hematemesis, “coffee grounds” emesis, or bloody aspi-
rate in a patient receiving nasogastric suction, or as melena.
Because erosive gastritis is superficial, hemodynamically
significant bleeding is rare.

B. Laboratory Findings

The laboratory findings are nonspecific. The hematocrit is
low if significant bleeding has occurred; iron deficiency
may be found.

C. Special Examinations

Upper endoscopy is the most sensitive method of diagno-
sis. Although bleeding from gastritis is usually insignifi-
cant, it cannot be distinguished on clinical grounds from
more serious lesions such as peptic ulcers or esophageal
varices. Hence, endoscopy is generally performed within
24 hours in patients with upper gastrointestinal bleeding to
identify the source. An upper gastrointestinal series is
sometimes obtained in lieu of endoscopy in patients with
hemodynamically insignificant upper gastrointestinal
bleeds to exclude serious (eg, mass) lesions but is insensi-
tive for the detection of gastritis.

» Differential Diagnosis

Epigastric pain may be due to peptic ulcer, gastroesopha-
geal reflux, gastric cancer, biliary tract disease, food poi-
soning, viral gastroenteritis, and functional dyspepsia.
With severe pain, one should consider a perforated or
penetrating ulcer, pancreatic disease, esophageal rupture,
ruptured aortic aneurysm, gastric volvulus, gastrointestinal
ischemia, and myocardial ischemia. Causes of upper gas-
trointestinal bleeding include peptic ulcer disease, esopha-
geal varices, Mallory-Weiss tear, and angioectasias.

» Specific Causes & Treatment

A. Stress Gastritis

1. Prophylaxis—Stress-related mucosal erosions and sub-
epithelial hemorrhages may develop within 72 hours in
critically ill patients. Clinically overt bleeding occurs in 6%
of ICU patients, but clinically important bleeding in less
than 1.5%. Bleeding is associated with a higher mortality
rate but is seldom the cause of death. Two of the most
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important risk factors for bleeding are coagulopathy (plate-
lets less than 50,000/mcL [50 × 109/L] or INR greater than
1.5) and respiratory failure with the need for mechanical
ventilation for over 48 hours. When these two risk factors
are absent, the risk of significant bleeding is only 0.1%.
Other risk factors include traumatic brain injury, severe
burns, sepsis, shock, liver disease, and prior history of pep-
tic ulcer disease and gastrointestinal bleeding. Early enteral
tube feeding may decrease the risk of significant bleeding.

Prophylaxis should be routinely administered to criti-
cally ill patients with risk factors for significant bleeding
upon admission. Prophylactic suppression of gastric acid
with H

2
-receptor antagonists (intravenous) or proton

pump inhibitors (oral or intravenous) have both been
shown to reduce the incidence of clinically overt and sig-
nificant bleeding. A 2018 Cochrane meta-analysis of 57
randomized controlled trials suggested that proton pump
inhibitors were more effective than H

2
-receptor antago-

nists in reducing clinically significant bleeding (OR 0.38)
but may increase the risk of pneumonia (OR 1.27). A 2020
randomized clinical trial of 26,828 patients in 50 intensive
care units requiring mechanical ventilation reported a
lower incidence of clinically significant bleeding in patients
given prophylactic proton pump inhibitors (1.3%) than in
those given H

2
-antagonists (1.8%) but a nonsignificant

higher mortality (HR, 1.05; 95% CI, 1.00–1.10).
The optimal, cost-effective prophylactic regimen

remains uncertain, hence clinical practices vary. For
patients with nasoenteric tubes, immediate-release
omeprazole (40 mg at 1 and 6 hours on day 1; then 40 mg
once daily beginning on day 2) may be preferred because of
lower cost and ease of administration. For patients requir-
ing intravenous administration, continuous intravenous
infusions of H

2
-receptor antagonists provide adequate

control of intragastric pH in most patients in the following
doses over 24 hours: cimetidine (900–1200 mg) or famoti-
dine (20 mg). Alternatively, intravenous proton pump
inhibitors, although more expensive, may be preferred due
to superior efficacy. The optimal dosing of intravenous
proton pump inhibitors is uncertain; however, in clinical
trials pantoprazole doses ranging from 40 mg to 80 mg and
administered every 8–24 hours appear equally effective.

2. Treatment—Once bleeding occurs, patients should
receive continuous infusions of a proton pump inhibitor
(esomeprazole or pantoprazole, 80 mg intravenous bolus,
followed by 8 mg/h continuous infusion) as well as sucral-
fate suspension, 1 g orally every 4 to 6 hours. Endoscopy
should be performed in patients with clinically significant
bleeding to look for treatable causes, especially stress-
related peptic ulcers with active bleeding or visible vessels.
When bleeding arises from diffuse gastritis, endoscopic
hemostasis techniques are not helpful.

B. NSAID Gastritis

Of patients receiving NSAIDs in clinical trials, 25–50%
have gastritis and 10–20% have ulcers at endoscopy; how-
ever, symptoms of significant dyspepsia develop in about
5%. NSAIDs that are more selective for the cyclooxygenase
(COX)-2 enzyme (“coxibs”), such as celecoxib, etodolac,

and meloxicam, decrease the incidence of endoscopically
visible ulcers by approximately 75% and significant ulcer
complications by up to 50% compared with nonselective
NSAIDs (nsNSAIDs). COX-2 selective NSAIDs are associ-
ated with increased risk of cardiovascular complications
and therefore should be used with caution in patients with
cardiovascular risk factors (see Peptic Ulcer Disease –
NSAID-Induced Ulcers).

Dyspepsia is increased 1.5- to 2-fold with both nsN-
SAID and coxib use. However, dyspeptic symptoms corre-
late poorly with mucosal abnormalities (erosions or ulcers)
or the development of adverse clinical events (ulcer bleed-
ing or perforation). Given the frequency of dyspeptic
symptoms in patients taking NSAIDs, it is neither feasible
nor desirable to investigate all such cases. Patients with
alarm symptoms or signs, such as severe pain, weight loss,
vomiting, gastrointestinal bleeding, or anemia, should
undergo diagnostic upper endoscopy. For other patients,
symptoms may improve with discontinuation of the agent,
reduction to the lowest effective dose, or administration
with meals. Proton pump inhibitors have demonstrated
efficacy in controlled trials for the treatment of NSAID-
related dyspepsia and superiority to H

2
-receptor antago-

nists for healing of NSAID-related ulcers even in the
setting of continued NSAID use. Therefore, an empiric 2-
to 4-week trial of an oral proton pump inhibitor (omepra-
zole, rabeprazole, or esomeprazole, 20–40 mg/day;
lansoprazole or dexlansoprazole, 30 mg/day; pantoprazole,
40 mg/day) is recommended for patients with NSAID-
related dyspepsia, especially those in whom continued
NSAID treatment is required. If symptoms do not improve,
diagnostic upper endoscopy should be conducted.

C. Alcoholic Gastritis

Excessive alcohol consumption may lead to dyspepsia,
nausea, emesis, and minor hematemesis—a condition
sometimes labeled “alcoholic gastritis.” However, it is not
proven that alcohol alone actually causes significant erosive
gastritis. Therapy with H

2
-receptor antagonists, proton

pump inhibitors, or sucralfate for 2–4 weeks often is
empirically prescribed.

D. Portal Hypertensive Gastropathy

Portal hypertension commonly results in gastric mucosal
and submucosal congestion of capillaries and venules,
which is correlated with the severity of the portal hyperten-
sion and underlying liver disease. Usually asymptomatic, it
may cause chronic gastrointestinal bleeding in 10% of
patients and, less commonly, clinically significant bleeding
with hematemesis. Treatment with propranolol or nadolol
reduces the incidence of recurrent acute bleeding by lower-
ing portal pressures. Patients who fail propranolol therapy
may be successfully treated with portal decompressive
procedures (see section above on treatment of esophageal
varices).

Alhazzani W et al. Efficacy and safety of stress ulcer prophylaxis
in critically ill patients: a network meta-analysis of random-
ized trials. Intensive Care Med. 2018;44:1. [PMID: 29199388]

CMDT22_Ch15_p0582-p0676.indd 625 29/06/21 8:46 PM



ChAPTER 15626 CMDT 2022

PEPTIC Investigators for the Australian and New Zealand Inten-
sive Care Society Clinical Trials Group, Alberta Health Ser-
vices Critical Care Strategic Clinical Network, and the Irish
Critical Care Trials Group; Young PJ et al. Effect of stress
ulcer prophylaxis with proton pump inhibitors vs histamine-2
receptor blockers on in-hospital mortality among ICU
patients receiving invasive mechanical ventilation: the PEP-
TIC randomized clinical trial. JAMA. 2020;323:616. [PMID:
31950977]

Wang Y et al. Efficacy and safety of gastrointestinal bleeding
prophylaxis in critically ill patients: a systematic review and
network meta-analysis. BMJ. 2020;368:16744. [PMID:
31907166]

2. Nonerosive, Nonspecific Gastritis &
Intestinal Metaplasia

Nonerosive gastritis is characterized by histologic inflam-
mation. The main types of nonerosive gastritis are those
due to H pylori infection, those associated with pernicious
anemia, and eosinophilic gastritis, and possibly other
genetic and environmental factors (see Specific Types of
Gastritis below). The diagnosis of nonerosive gastritis is
based on histologic assessment of mucosal biopsies. Endo-
scopic findings are normal in many cases and do not reli-
ably predict the presence of histologic inflammation.
While clinically silent in most patients, ongoing inflamma-
tion and glandular destruction may lead to patchy or dif-
fuse atrophy of the normal cardia, fundic or antral mucosa
with subsequent development of gastric intestinal metapla-
sia, diagnosed histologically by the presence of goblet cells
and Paneth cells. Gastric intestinal metaplasia is believed to
an important precursor to the development of gastric can-
cer. The prevalence of gastric metaplasia varies dramatically
worldwide, ranging from 3% to 5% in the United States and
Northern European countries to over 20% in East Asia and
South America. In the United States, the prevalence is
higher among Hispanics, Blacks, and Native Americans.
The estimated risk of developing gastric cancer with intesti-
nal metaplasia is 1.6% within 10 years. Population-based
screening for intestinal metaplasia and early gastric cancer is
not endorsed by professional guidelines in regions with low
gastric cancer incidence but is practiced in high-incidence
regions.

In patients undergoing endoscopy for other indica-
tions in whom gastric biopsies are obtained, gastric intes-
tinal metaplasia may be identified incidentally. Testing for
H pylori is recommended, and if present, followed by
eradication, which is associated with a 32% reduction in
risk of gastric cancer. Routine surveillance in patients with
gastric dysplasia for cancer is not recommended by profes-
sional guidelines but may be considered in higher risk
individuals (eg, family history of gastric cancer).

Altayar O et al. AGA technical review on gastric intestinal
metaplasia—epidemiology and risk factors. Gastroenterology.
2020;158:732. [PMID: 31816301]

Gawron AJ et al. AGA technical review on gastric intestinal
metaplasia—natural history and clinical outcomes. Gastroen-
terology. 2020;158:705. [PMID: 31816300]

Shah SC et al. Surveillance of gastric intestinal metaplasia. Am J
Gastroenterol. 2020;115:641. [PMID: 32058339]

A. Helicobacter pylori Gastritis

H pylori is a spiral gram-negative rod that resides beneath
the gastric mucous layer adjacent to gastric epithelial cells.
Although not invasive, it causes gastric mucosal inflamma-
tion with PMNs and lymphocytes.

In developed countries, the prevalence of H pylori is
rapidly declining. In the United States, the prevalence rises
from less than 10% in non-immigrants under age 30 years
to over 50% in those over age 60 years. The prevalence is
higher in non-Whites and immigrants from developing
countries and is correlated inversely with socioeconomic
status. Transmission is from person to person, mainly dur-
ing infancy and childhood; however, the mode of transmis-
sion is unknown.

Acute infection with H pylori may cause a transient
clinical illness characterized by nausea and abdominal pain
that may last for several days and is associated with acute
histologic gastritis with PMNs. After these symptoms
resolve, the majority progress to chronic infection with
chronic, diffuse mucosal inflammation (gastritis) charac-
terized by PMNs and lymphocytes. Most persons are
asymptomatic and suffer no sequelae. Many patients have
inflammation that predominates in the gastric antrum but
spares the gastric body (where acid is secreted). People with
this phenotype tend to have increased gastrin; increased
acid production; and increased risk of developing peptic
ulcers, especially duodenal ulcers. Over time, inflammation
may become more diffuse, involving the gastric body. In
some patients, this may lead to destruction of acid-secreting
glands with resultant mucosal atrophy, decreased acid
secretion, and intestinal metaplasia. This phenotype is asso-
ciated with an increased risk of gastric ulcers and gastric
cancer. Chronic H pylori gastritis leads to the development
of duodenal or gastric ulcers in up to 10%, gastric cancer in
0.1–3%, and low-grade B cell gastric lymphoma (mucosa-
associated lymphoid tissue lymphoma; MALToma) in less
than 0.01%. H pylori is estimated to account for 80–89% of
non-cardia gastric cancers.

Eradication of H pylori may be achieved with antibiotics
in over 85% of patients and leads to resolution of the
chronic gastritis (see section on Peptic Ulcer Disease).
Testing for H pylori is indicated for patients with either
active or a past history of documented peptic ulcer disease,
gastric metaplasia (see above), gastric MALToma, and a
personal or family history of gastric carcinoma. Testing
and empiric treatment are cost-effective in young patients
(less than 60 years of age) with uncomplicated dyspepsia
prior to further medical evaluation. Testing for and treat-
ing H pylori in patients with functional dyspepsia is gener-
ally recommended (see Dyspepsia, above). In addition, to
reduce the risk of ulcer-related bleeding, testing for (and, if
positive, treating) H pylori infection is recommended in
patients taking low-dose aspirin or NSAIDs long-term.
Some groups recommend population-based screening
of all asymptomatic persons in regions in which there is
a high prevalence of H pylori and gastric cancer (such
as Japan, Korea, and China) to reduce the incidence of
gastric cancer. Population-based screening of asymp-
tomatic individuals is not recommended in western coun-
tries, in which the incidence of gastric cancer is low, but
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should be considered in immigrants from high-prevalence
regions.

1. Noninvasive testing for H pylori—Although serologic
tests are easily obtained and widely available, clinical guide-
lines no longer endorse their use for testing for H pylori
infection because they are less accurate than other nonin-
vasive tests that measure active infection. Laboratory-
based quantitative serologic ELISA tests have an overall
accuracy of only 80%. In comparison, the fecal antigen
immunoassay and [13C] urea breath test have excellent
sensitivity and specificity (greater than 90–95%). Although
more expensive and cumbersome to perform, these tests of
active infection are more cost-effective in most clinical set-
tings because they reduce unnecessary treatment for
patients without active infection.

Recent proton pump inhibitors or antibiotics signifi-
cantly reduce the sensitivity of urea breath tests and fecal
antigen assays (but not serologic tests). Prior to testing,
proton pump inhibitors should be discontinued for 14 days
and antibiotics for at least 28 days.

2. Endoscopic testing for H pylori—When upper endos-
copy is performed in patients with symptoms suggestive of
upper gastrointestinal disease (dyspepsia, dysphagia, vom-
iting, weight loss, gastrointestinal bleeding), gastric biopsy
specimens can be obtained for histology and detection of
H pylori with a sensitivity and specificity of greater than 95%.

Crowe SE. Helicobacter pylori infection. N Engl J Med. 2019;380:
1158. [PMID: 3089353]

Gupta S et al. AGA Clinical Practice Guidelines on management
of gastric intestinal metaplasia. Gastroenterology. 2020;158:
693. [PMID: 31816298]

Sonnenberg A et al. Low prevalence of Helicobacter pylori-positive
peptic ulcers in private outpatient endoscopy centers in the
United States. Am J Gastroenterol. 2020;115:244. [PMID:
31972622]

B. Pernicious Anemia Gastritis

Pernicious anemia gastritis is a rare autoimmune disorder
involving the fundic glands with resultant achlorhydria,
decreased intrinsic factor secretion, and vitamin B

12
mal-

absorption. Of patients with B
12

deficiency, a small number
have pernicious anemia. Most patients have malabsorption
secondary to chronic H pylori infection that results in atro-
phic gastritis, small intestine bacterial overgrowth, or
dietary insufficiency. Fundic histology in pernicious ane-
mia is characterized by severe gland atrophy and intestinal
metaplasia caused by autoimmune destruction of the gas-
tric fundic mucosa. Anti-intrinsic factor antibodies are
present in 70% of patients. Achlorhydria leads to pro-
nounced hypergastrinemia (greater than 1000 pg/mL) due
to loss of acid inhibition of gastrin G cells. Hypergastrin-
emia may induce hyperplasia of gastric enterochromaffin-
like cells that may lead to the development of small,
multicentric carcinoid tumors in 5% of patients. Metastatic
spread is uncommon in lesions smaller than 2 cm. The risk
of gastric adenocarcinoma is increased threefold, with a
prevalence of 1–3%. Endoscopy with biopsy is indicated in
patients with pernicious anemia at the time of diagnosis.
Endoscopic surveillance for dysplasia or cancer is not

recommended. Pernicious anemia is discussed in detail in
Chapter 13.

Annibale E et al. A current clinical overview of atrophic gastritis.
Expert Rev Gastroenterol Hepatol. 2020;14:93. [PMID:
31951768]

Massironi S et al. The changing face of chronic autoimmune
atrophic gastritis: an updated comprehensive perspective.
Autoimmun Rev. 2019;18:215. [PMID: 30639639]

3. Specific Types of Gastritis

» Infections

Acute bacterial infection of the gastric submucosa and
muscularis with a variety of aerobic or anaerobic organ-
isms produces a rare, rapidly progressive, life-threatening
condition known as phlegmonous or necrotizing gastritis,
which requires broad-spectrum antibiotic therapy and, in
many cases, emergency gastric resection. Viral infection
with CMV is seen in patients with AIDS and after bone
marrow or solid organ transplantation. Endoscopic find-
ings include thickened gastric folds and ulcerations. Fungal
infection with mucormycosis and Candida may occur in
immunocompromised and diabetic patients. Larvae of
Anisakis marina ingested in raw fish or sushi may become
embedded in the gastric mucosa, producing severe abdom-
inal pain. Pain persists for several days until the larvae die.
Endoscopic removal of the larvae provides rapid symptom-
atic relief.

PEPTIC ULCER DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» History of dyspepsia present in 80–90% of patients
with variable relationship to meals.

» Ulcer symptoms characterized by rhythmicity and
periodicity.

» Ulcer complications present without antecedent
symptoms in 10–20% of patients.

» Most NSAID-induced ulcers are asymptomatic.

» Upper endoscopy with gastric biopsy for H pylori is
the diagnostic procedure of choice in most
patients.

» Gastric ulcer biopsy or documentation of com-
plete healing necessary to exclude gastric
malignancy.

» General Considerations

Peptic ulcer is a break in the gastric or duodenal mucosa
that arises when the normal mucosal defensive factors are
impaired or are overwhelmed by aggressive luminal factors
such as acid and pepsin. In the United States, there are about
500,000 new cases per year of peptic ulcer and 4 million
ulcer recurrences; the lifetime prevalence of ulcers in the
adult population is approximately 10%. Ulcers occur either
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in the duodenum, where over 95% are in the bulb or
pyloric channel, or in the stomach, where benign ulcers are
located most commonly in the antrum (60%) or at the
junction of the antrum and body on the lesser curvature
(25%).

Although ulcers can occur in any age group, duodenal
ulcers most commonly occur in patients between the ages
of 30 and 55 years, whereas gastric ulcers are more com-
mon in patients between the ages of 55 and 70 years. The
incidence of duodenal ulcer disease has been declining
dramatically for the past 30 years (due to the eradication of
H pylori), but the incidence of gastric ulcers has not been
declining (due to the widespread use of NSAIDs and low-
dose aspirin).

» Etiology

There are two major causes of peptic ulcer disease: NSAIDs
and chronic H pylori infection. Evidence of H pylori infec-
tion or NSAID ingestion should be sought in all patients
with peptic ulcer. Alcohol, dietary factors, and stress do not
appear to cause ulcer disease. Less than 5–10% of ulcers are
caused by other conditions, including acid hypersecretory
states (such as Zollinger-Ellison syndrome or systemic
mastocytosis), CMV (especially in transplant recipients),
Crohn disease, lymphoma, medications (eg, alendronate),
or chronic medical illness (cirrhosis or chronic kidney
disease), or are idiopathic. NSAID-induced and H pylori–
associated ulcers will be presented in this section; Zollinger-
Ellison syndrome will be discussed subsequently.

A. H pylori–Associated Ulcers

H pylori infection with associated gastritis appears to be a
necessary cofactor for the majority of duodenal and gastric
ulcers not associated with NSAIDs. Ulcer disease will
develop in an estimated 10% of infected patients. The
prevalence of H pylori infection in duodenal ulcer patients
is 70–90%. The association with gastric ulcers is lower, but
H pylori is found in most patients in whom NSAIDs cannot
be implicated.

The natural history of H pylori–associated peptic ulcer
disease is well defined. In the absence of specific antibiotic
treatment to eradicate the organism, 85% of patients will
have an endoscopically visible recurrence within 1 year.
Half of these will be symptomatic. After successful eradica-
tion of H pylori with antibiotics, ulcer recurrence rates are
reduced dramatically to 5–20% at 1 year. Most of these
ulcer recurrences are due to NSAID use or, rarely, reinfec-
tion with H pylori.

B. NSAIDInduced Ulcers

There is a 10–20% prevalence of gastric ulcers and a 2–5%
prevalence of duodenal ulcers in long-term NSAID users.
Approximately 2–5%/year of long-term NSAID users will
have an ulcer that causes clinically significant dyspepsia or
a serious complication. The incidence of serious gastroin-
testinal complications (hospitalization, bleeding, perfora-
tion) is 0.2–1.9%/year. Meta-analyses of clinical trials
detected an increased risk of upper gastrointestinal bleeding
in patients taking low-dose aspirin (1 of 1000), coxibs (2 of

1000), and nsNSAIDs (4–6 of 1000). The risk of NSAID
complications is greater within the first 3 months of therapy
and in patients who are older than 60 years; who have a
prior history of ulcer disease; or who take NSAIDs in com-
bination with aspirin, corticosteroids, or anticoagulants.

Traditional nsNSAIDs inhibit prostaglandins through
reversible inhibition of both COX-1 and COX-2 enzymes.
Aspirin causes irreversible inhibition of COX-1 and COX-2
as well as of platelet aggregation. Coxibs (or selective
NSAIDs) preferentially inhibit COX-2—the principal
enzyme involved in prostaglandin production at sites of
inflammation—while providing relative sparing of COX-1,
the principal enzyme involved with mucosal cytoprotection
in the stomach and duodenum. Celecoxib is the only coxib
currently available in the United States, although other
older NSAIDs (etodolac, meloxicam) may have similar
COX-2/COX-1 selectivity.

Coxibs decrease the incidence of endoscopically visible
ulcers by approximately 75% compared with nsNSAIDs. Of
greater clinical importance, the risk of significant clinical
events (obstruction, perforation, bleeding) is reduced by
up to 50% in patients taking coxibs versus nsNSAIDs.
However, a twofold increase in the incidence in cardiovas-
cular complications (myocardial infarction, cerebrovascu-
lar infarction, and death) has been detected in patients
taking coxibs compared with placebo, prompting the vol-
untary withdrawal of two highly selective coxibs (rofecoxib
and valdecoxib) from the market by the manufacturers. A
review by an FDA panel suggested that all NSAIDs (other
than aspirin and, possibly, naproxen) may be associated
with an increased risk of cardiovascular complications, but
concluded that celecoxib, which has less COX-2 selectivity
than rofecoxib and valdecoxib, does not have higher risk
than other nsNSAIDs when used in currently recom-
mended doses (200 mg/day). In 2016, a large, randomized,
noninferiority trial comparing ibuprofen, naproxen, and
celecoxib in arthritis patients with increased cardiovascu-
lar risk found no difference in cardiovascular safety
between the three drugs over 3 years. However, celecoxib
was associated with significantly fewer serious gastrointes-
tinal events than both naproxen (hazard ratio 0.71) and
ibuprofen (hazard ratio 0.65).

Use of even low-dose aspirin (81–325 mg/day) leads to
a twofold increased risk of gastrointestinal bleeding com-
plications. In population studies, gastrointestinal bleeding
occurs in 1.2% of patients each year. Patients with a prior
history of peptic ulcers or gastrointestinal bleeding have a
markedly increased risk of complications on low-dose aspi-
rin. It should be noted that low-dose aspirin in combina-
tion with NSAIDs or coxibs increases the risk of ulcer
complications by up to tenfold compared with NSAIDs or
low-dose aspirin alone. Dual antiplatelet therapy with aspi-
rin and a thienopyridine (eg, clopidogrel) incurs a twofold
to threefold increased risk of bleeding compared with
aspirin alone.

H pylori infection increases the risk of ulcer disease and
complications over threefold in patients taking NSAIDs or
low-dose aspirin. It is hypothesized that NSAID initiation
may potentiate or aggravate ulcer disease in susceptible
infected individuals.
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» Clinical Findings

A. Symptoms and Signs

Epigastric pain (dyspepsia), the hallmark of peptic ulcer
disease, is present in 80–90% of patients. However, this
complaint is not sensitive or specific enough to serve as a
reliable diagnostic criterion for peptic ulcer disease. The
clinical history cannot accurately distinguish duodenal
from gastric ulcers. Less than 25% of patients with dyspep-
sia have ulcer disease at endoscopy. Twenty percent of
patients with ulcer complications such as bleeding have no
antecedent symptoms (“silent ulcers”). Nearly 60% of
patients with NSAID-related ulcer complications do not
have prior symptoms.

Pain is typically well localized to the epigastrium and
not severe. It is described as gnawing, dull, aching, or
“hunger-like.” Approximately 50% of patients report relief
of pain with food or antacids (especially those with duode-
nal ulcers) and a recurrence of pain 2–4 hours later. How-
ever, many patients deny any relationship to meals or report
worsening of pain. Two-thirds of duodenal ulcers and one-
third of gastric ulcers cause nocturnal pain that awakens the
patient. A change from a patient’s typical rhythmic discom-
fort to constant or radiating pain may reflect ulcer penetra-
tion or perforation. Most patients have symptomatic periods
lasting up to several weeks with intervals of months to years
in which they are pain free (periodicity).

Nausea and anorexia may occur with gastric ulcers.
Significant vomiting and weight loss are unusual with
uncomplicated ulcer disease and suggest gastric outlet
obstruction or gastric malignancy.

The physical examination is often normal in uncompli-
cated peptic ulcer disease. Mild, localized epigastric ten-
derness to deep palpation may be present. FOBT or FIT is
positive in one-third of patients.

B. Laboratory Findings

Laboratory tests are normal in uncomplicated peptic ulcer
disease but are ordered to exclude ulcer complications or
confounding disease entities. Anemia may occur with acute
blood loss from a bleeding ulcer or less commonly from
chronic blood loss. Leukocytosis suggests ulcer penetration
or perforation. An elevated serum amylase in a patient with
severe epigastric pain suggests ulcer penetration into the
pancreas. A fasting serum gastrin level to screen for
Zollinger-Ellison syndrome is obtained in some patients.

C. Endoscopy

Upper endoscopy is the procedure of choice for the diagno-
sis of duodenal and gastric ulcers. Duodenal ulcers are
virtually never malignant and do not require biopsy. Three
to 5 percent of benign-appearing gastric ulcers prove to be
malignant. Hence, biopsies of the ulcer margin are almost
always performed. Provided that the gastric ulcer appears
benign to the endoscopist and adequate biopsy specimens
reveal no evidence of cancer, dysplasia, or atypia, the
patient may be monitored without further endoscopy. If
these conditions are not fulfilled, follow-up endoscopy
should be performed 12 weeks after the start of therapy to

document complete healing; nonhealing ulcers are suspi-
cious for malignancy.

D. Imaging

Abdominal CT imaging is obtained in patients with sus-
pected complications of peptic ulcer disease (perforation,
penetration, or obstruction). Barium upper gastrointesti-
nal series is no longer recommended.

E. Testing for H pylori

In patients in whom an ulcer is diagnosed by endoscopy,
gastric mucosal biopsies should be obtained for histologic
evaluation. Noninvasive assessment for H pylori with fecal
antigen assay or urea breath testing may be done in patients
with a history of peptic ulcer disease to diagnose active
infection or in patients following its treatment to confirm
successful eradication. Both tests have a sensitivity and
specificity of 92–95%. Proton pump inhibitors may cause
false-negative urea breath tests and fecal antigen tests and
should be withheld for at least 14 days before testing.
Because of its lower sensitivity (85%) and specificity (79%),
serologic testing should not be performed unless fecal anti-
gen testing or urea breath testing is unavailable.

» Differential Diagnosis

Peptic ulcer disease must be distinguished from other causes
of epigastric distress (dyspepsia). Over 50% of patients with
dyspepsia have no obvious organic explanation for their
symptoms and are classified as having functional dyspepsia
(see sections above on Dyspepsia and Functional Dyspepsia).
Atypical gastroesophageal reflux may be manifested by epi-
gastric symptoms. Biliary tract disease is characterized by
discrete, intermittent episodes of pain that should not be
confused with other causes of dyspepsia. Severe epigastric
pain is atypical for peptic ulcer disease unless complicated by
a perforation or penetration. Other causes include acute pan-
creatitis, acute cholecystitis or choledocholithiasis, esopha-
geal rupture, gastric volvulus, gastric or intestinal ischemia,
and ruptured aortic aneurysm.

» Pharmacologic Agents

The pharmacology and use of several agents that enhance
the healing of peptic ulcers are briefly discussed here. They
may be divided into three categories: (1) acid-antisecretory
agents, (2) mucosal protective agents, and (3) agents that
promote healing through eradication of H pylori.

A. AcidAntisecretory Agents

1. Proton pump inhibitors—Proton pump inhibitors cova-
lently bind the acid-secreting enzyme H+-K+-ATPase, or
“proton pump,” permanently inactivating it.

There are six oral proton pump inhibitors currently
available: omeprazole, rabeprazole, esomeprazole, lanso-
prazole, dexlansoprazole, and pantoprazole. Despite minor
differences in their pharmacology, they are equally effica-
cious in the treatment of peptic ulcer disease. Treatment
with oral proton pump inhibitors results in over 90% heal-
ing of duodenal ulcers after 4 weeks and 90% of gastric
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ulcers after 8 weeks when given once daily (30 minutes
before breakfast) at the following recommended doses:
omeprazole, 20–40 mg; esomeprazole, 40 mg; rabeprazole,
20 mg; lansoprazole, 30 mg; dexlansoprazole, 30–60 mg;
and pantoprazole, 40 mg. Compared with H

2
-receptor

antagonists, proton pump inhibitors provide faster pain
relief and more rapid ulcer healing.

The proton pump inhibitors are remarkably safe for
short-term therapy. (For potential long-term risks, see
Gastroesophageal Reflux Disease.) Long-term use may
lead to increased risk of enteric infections (including C dif-
ficile) and micronutrient deficiencies (vitamin B

12
, iron,

magnesium, and possibly calcium). Observational studies
report an association with a number of adverse events,
including interstitial nephritis, pneumonia, bone fracture,
myocardial infarction and dementia, but these have not
been confirmed in large prospective studies. Nonetheless,
long-term proton pump inhibitor therapy should be pre-
scribed only for patients with appropriate indications.
Serum gastrin levels rise significantly in 3% of patients
receiving long-term therapy but return to normal limits
within 2 weeks after discontinuation.

2. H
2
receptor antagonists—Although H

2
-receptor antago-

nists are effective in the treatment of peptic ulcer disease,
proton pump inhibitors are now the preferred agents because
of their ease of use and superior efficacy. Three H

2
-receptor

antagonists are available: cimetidine, famotidine, and nizati-
dine. For uncomplicated peptic ulcers, H

2
-receptor antago-

nists may be administered once daily at bedtime as follows:
nizatidine 300 mg, famotidine 40 mg, and cimetidine 800
mg. Duodenal and gastric ulcer healing rates of 85–90% are
obtained within 6 weeks and 8 weeks, respectively. NOTE:
Ranitidine has now been withdrawn from the US market by
the FDA after an ongoing investigation showed that, when
stored at higher-than-normal temperatures, it could contain
an increased and unsafe quantity of N-nitrosodimethyl-
amine (NDMA), a probable human carcinogen.

B. Agents Enhancing Mucosal Defenses

Bismuth sucralfate, misoprostol, and antacids all have been
shown to promote ulcer healing through the enhancement
of mucosal defensive mechanisms. Given the greater effi-
cacy and safety of antisecretory agents and better compli-
ance of patients, these agents are no longer used as first-line
therapy for active ulcers in most clinical settings.

C. H pylori Eradication Therapy

Eradication of H pylori has proved difficult. Combination
regimens that use two or three antibiotics with a proton
pump inhibitor or bismuth are required to achieve adequate
rates of eradication and to reduce the number of failures
due to antibiotic resistance. In the United States, up to 50%
of strains are resistant to metronidazole and 10–20% are
resistant to clarithromycin. Recommended regimens are
listed in Table 15–10. Ideally, the optimal regimen would be
determined by antibiotic susceptibility testing. However,
this requires endoscopic biopsy, and few laboratories are
equipped for H pylori cultures. Thus, in most clinical set-
tings, therapy is chosen empirically. Until recently, in the

United States a 14-day course of so-called triple therapy
with a proton pump inhibitor, clarithromycin, and either
amoxicillin (or metronidazole, if penicillin allergic) was
recommended as first-line therapy. However, a 2016
updated guideline from the Toronto Consensus group and
2017 guideline from the American College of Gastroenter-
ology recommended that triple therapy no longer be used
(due to increasing clarithromycin resistance) except in areas
with known low-level clarithromycin resistance (less than
15%). In most settings, empiric treatment with a 14-day
bismuth-based or a nonbismuth-based regimen of so-called
quadruple therapy is now recommended as first-line ther-
apy. Both achieve a greater than 85% eradication rate. The
bismuth-based quadruple therapy regimen consists of bis-
muth, tetracycline, a proton pump inhibitor, and metroni-
dazole or tinidazole (Table 15–10). It is effective even for
metronidazole-resistant strains. Nonbismuth-based qua-
druple therapy consists of a proton pump inhibitor, amoxi-
cillin, metronidazole, and clarithromycin; it is effective even
for clarithromycin-resistant strains.

» Medical Treatment

Patients should be encouraged to eat balanced meals at
regular intervals. There is no justification for bland or
restrictive diets. Moderate alcohol intake is not harmful.
Smoking retards the rate of ulcer healing and increases the
frequency of recurrences and should be prohibited.

A. Treatment of H pylori–Associated Ulcers

1. Treatment of active ulcer—The goals of treatment of
active H pylori–associated ulcers are to relieve dyspeptic
symptoms, to promote ulcer healing, and to eradicate
H pylori infection. Uncomplicated H pylori–associated ulcers
should be treated for 14 days with one of the proton pump
inhibitor–based H pylori eradication regimens listed in
Table 15–10. At that point, no further antisecretory therapy
is needed, provided the ulcer was small (less than 1 cm)
and dyspeptic symptoms have resolved. For patients with
large or complicated ulcers, an antisecretory agent should
be continued for an additional 2–4 weeks (duodenal ulcer)
or 4–6 weeks (gastric ulcer) after completion of the antibi-
otic regimen to ensure complete ulcer healing. A once-
daily oral proton pump inhibitor (as listed in Table 15–10)
is recommended. Confirmation of H pylori eradication is
recommended for all patients more than 4 weeks after
completion of antibiotic therapy and more than 2 weeks
after discontinuation of the proton pump inhibitor either
with noninvasive tests (urea breath test, fecal antigen test)
or endoscopy with biopsy for histology.

2. Therapy to prevent recurrence—Successful eradication
reduces ulcer recurrences to less than 20% after 1–2 years.
The most common cause of recurrence after antibiotic
therapy is failure to achieve successful eradication. Once
cure has been achieved, reinfection rates are less than 0.5%
per year. Although H pylori eradication has reduced the
need for long-term maintenance antisecretory therapy to
prevent ulcer recurrences, there remains a subset of
patients who require long-term therapy with a proton
pump inhibitor once daily. This subset includes patients
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Table 15–10. Treatment options for peptic ulcer disease.

Active Helicobacter pylori–associated ulcer

1. Treat with anti–H pylori regimen for 14 days. Treatment options:

Standard Bismut Quadruple Terapy

• Proton pump inhibitor orally twice daily1,2

• Bismuth subsalicylate 262 mg two tablets orally four times daily or bismuth subcitrate 120–400 mg orally four times daily

• Tetracycline 500 mg orally four times daily

• Metronidazole 500 mg three times daily

OR

• Proton pump inhibitor orally twice daily1

• Bismuth subcitrate potassium 140 mg/metronidazole 125 mg/tetracycline 125 mg (Pylera) three capsules orally four times daily

for 10 days3

Standard Nonbismut Quadruple Terapy

• Proton pump inhibitor orally twice daily

• Amoxicillin 1000 mg orally twice daily

• Metronidazole 500 mg orally twice daily

• Clarithromycin 500 mg orally twice daily

Standard Triple Terapy (No longer recommended except in locales where clarithromycin resistance is < 15%)

• Proton pump inhibitor orally twice daily

• Clarithromycin 500 mg orally twice daily

• Amoxicillin 1 g orally twice daily (or, if penicillin allergic, metronidazole 500 mg orally twice daily)

Levofloxacin Triple Terapy (Recommended after failed previous treatment in a patient with clarithromycin and tetracycline allergy)

• Proton pump inhibitor orally twice daily

• Levofloxacin 500 mg orally twice daily

• Amoxicillin 1 g orally twice daily

2. After completion of course of H pylori eradication therapy, continue treatment with proton pump inhibitor1 once daily for 4–6 weeks

if ulcer is large (> 1 cm) or complicated.

3. Confirm successful eradication of H pylori with urea breath test, fecal antigen test, or endoscopy with biopsy at least 4 weeks after

completion of antibiotic treatment and 2 weeks after completion of proton pump inhibitor treatment.

Active ulcer not attributable to H pylori

Consider other causes: NSAIDs, Zollinger-Ellison syndrome, gastric malignancy. Treatment options:

• Proton pump inhibitors1:

Uncomplicated duodenal ulcer: treat for 4 weeks

Uncomplicated gastric ulcer: treat for 8 weeks

• H
2
-receptor antagonists:

Uncomplicated duodenal ulcer: cimetidine 800 mg, nizatidine 300 mg, famotidine 40 mg, orally once daily at bedtime for 6 weeks

Uncomplicated gastric ulcer: cimetidine 400 mg, nizatidine 150 mg, famotidine 20 mg, orally twice daily for 8 weeks

Complicated ulcers: proton pump inhibitors1 are the preferred drugs

Prevention of ulcer relapse

1. NSAID-induced ulcer: prophylactic therapy for high-risk patients (prior ulcer disease or ulcer complications, use of corticosteroids or

anticoagulants, age > 60 years, serious comorbid illnesses). Treatment options:

• Proton pump inhibitor once daily

• Celecoxib (contraindicated in patients with increased risk of cardiovascular disease)

• Misoprostol 200 mcg orally 4 times daily

2. Long-term “maintenance” therapy indicated in patients with recurrent ulcers who either are H pylori–negative or who have failed

attempts at eradication therapy: once-daily oral proton pump inhibitor1

1Oral proton pump inhibitors: omeprazole 40 mg, rabeprazole 20 mg, lansoprazole 30 mg, dexlansoprazole 30–60 mg, pantoprazole 40 mg,

esomeprazole 40 mg. Proton pump inhibitors are administered 30 minutes before meals.
2Preferred regimen in regions with high clarithromycin resistance or in patients who have previously received a macrolide antibiotic or are

penicillin allergic. Effective against metronidazole-resistant organisms.
3Pylera is an FDA-approved formulation containing bismuth subcitrate 140 mg/tetracycline 125 mg/metronidazole 125 mg per capsule.

NSAIDs, nonsteroidal anti-inflammatory drugs.

with H pylori–positive ulcers who have not responded to
repeated attempts at eradication therapy, patients with a
history of H pylori–positive ulcers who have recurrent
ulcers despite successful eradication, and patients with
idiopathic ulcers (ie, H pylori–negative and not taking
NSAIDs). In all patients with recurrent ulcers, NSAID
usage (unintentional or surreptitious) and hypersecretory
states (including gastrinoma) should be excluded.

B. Treatment of NSAIDInduced Ulcers

1. Treatment of active ulcers—In patients with NSAID-
induced ulcers, the offending agent should be discontinued
whenever possible. Both gastric and duodenal ulcers respond
rapidly to therapy with H

2
-receptor antagonists or proton

pump inhibitors (Table 15–10) once NSAIDs are eliminated.
All patients with NSAID-associated ulcers should undergo
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testing for H pylori infection. Antibiotic eradication therapy
should be given if H pylori tests are positive.

2. Prevention of NSAIDinduced ulcers—Clinicians should
carefully weigh the benefits of NSAID therapy with the risks
of cardiovascular and gastrointestinal complications. Ulcer
complications occur in up to 2% of all nsNSAID-treated
patients per year, but in up to 10–20% per year of patients
with multiple risk factors. These include age over 60 years,
history of ulcer disease or complications, concurrent use of
antiplatelet therapy (low-dose aspirin or clopidogrel, or
both), concurrent therapy with anticoagulants or cortico-
steroids, and serious underlying medical illness. After con-
sidering the patient’s risk of cardiovascular and
gastrointestinal complications due to NSAID use, the clini-
cian can decide what type of NSAID (nsNSAID vs coxib) is
appropriate and what strategies should be used to reduce
the risk of such complications. To minimize cardiovascular
and gastrointestinal risks, all NSAIDs should be used at the
lowest effective dose and for the shortest time necessary.

a. Test for and treat h pylori infection—All patients
with a known history of peptic ulcer disease who are treated
with NSAIDs or antiplatelet agents (aspirin, clopidogrel)
should be tested for H pylori infection and treated, if posi-
tive. Although H pylori eradication may decrease the risk of
NSAID-related complications, co-therapy with a proton
pump inhibitor is still required in high-risk patients.

b. Proton pump inhibitor—Treatment with an oral
proton pump inhibitor given once daily (rabeprazole 20 mg,
omeprazole 20–40 mg, lansoprazole 30 mg, dexlansopra-
zole 30–60 mg, or pantoprazole or esomeprazole 40 mg) is
effective in the prevention of NSAID-induced gastric and
duodenal ulcers and is approved by the FDA for this indi-
cation. Among high-risk patients taking nsNSAIDs or
coxibs, the incidence of endoscopically visible gastric and
duodenal ulcers after 6 months of therapy in patients
treated with esomeprazole 20–40 mg/day was 5%, com-
pared with 17% who were given placebo. Nonetheless,
proton pump inhibitors are not fully protective in high-risk
patients in preventing NSAID-related complications. In
prospective, controlled trials of patients with a prior his-
tory of NSAID-related ulcer complications, the incidence
of recurrent bleeding was almost 5% after 6 months in
patients taking nsNSAIDs and a proton pump inhibitor. In
prospective, controlled trials of patients with a prior his-
tory of ulcer complications related to low-dose aspirin, the
incidence of recurrent ulcer bleeding in patients taking
low-dose aspirin alone was approximately 15% per year
compared with 0–2% per year in patients taking low-dose
aspirin and proton pump inhibitor and 9–14% per year in
patients taking clopidogrel. Thus, proton pump inhibitors
are highly effective in preventing complications related to
low-dose aspirin, even in high-risk patients. Enteric coat-
ing of aspirin may reduce direct topical damage to the
stomach but does not reduce its other complications.

c. Recommendations to reduce risk of ulcer com-

plications from nsNSAID and coxibs—For patients
with a low risk of cardiovascular disease who have no risk
factors for gastrointestinal complications, an nsNSAID

alone may be given. For patients with one or two gastroin-
testinal risk factors, a coxib alone or an nsNSAID
should be given with a proton pump inhibitor once daily
to reduce the risk of gastrointestinal complications.
NSAIDs should be avoided, if possible, in patients with
multiple risk factors; if required, however, combination
therapy of a coxib or a partially COX-2 selective nsNSAID
(etodolac, meloxicam) with a proton pump inhibitor once
daily is recommended.

For patients with an increased risk of cardiovascular com-
plications, it is preferable to avoid NSAIDs, if possible. Almost
all patients with increased cardiovascular risk also will be tak-
ing antiplatelet therapy with low-dose aspirin or clopidogrel,
or both. Because combination therapy with an nsNSAID and
antiplatelet therapy increases the risks of gastrointestinal com-
plications, these patients should all receive cotherapy with a
proton pump inhibitor once daily or misoprostol.

d. Recommendations to reduce risk of ulcer

complications with use of antiplatelet agents—

The risk of significant gastrointestinal complications in
persons taking low-dose aspirin (81–325 mg/day) or clopi-
dogrel, or both, for cardiovascular prophylaxis is 0.5%/year.
Aspirin, 81 mg/day, is recommended in most patients
because it has a lower risk of gastrointestinal complications
but equivalent cardiovascular protection compared with
higher aspirin doses. Complications are increased with com-
binations of aspirin and clopidogrel or aspirin and antico-
agulants. Clopidogrel does not cause gastrointestinal ulcers
or erosions. However, its antiplatelet activity may promote
bleeding from erosions or ulcers caused by low-dose aspirin
or H pylori. Patients with dyspepsia or prior ulcer disease
should be tested for H pylori infection and treated, if posi-
tive. Patients younger than 60–70 years who have no other
risk factors for gastrointestinal complications may be treated
with low-dose aspirin or dual antiplatelet therapy without a
proton pump inhibitor. Virtually all other patients who
require low-dose aspirin or aspirin plus anticoagulant ther-
apy should receive a proton pump inhibitor once daily.

At the present time, the optimal management of patients
who require dual antiplatelet therapy with clopidogrel and
aspirin is uncertain. Clopidogrel is a prodrug that is acti-
vated by the cytochrome P450 CYP2C19 enzyme. All pro-
ton pump inhibitors inhibit CYP2C19 to varying degrees,
with omeprazole having the highest and pantoprazole the
least level of inhibition. In vitro and in vivo platelet aggrega-
tion studies demonstrate that proton pump inhibitors
(especially omeprazole) may attenuate the antiplatelet
effects of clopidogrel, although the clinical importance of
this interaction is uncertain. The FDA has issued a warning
that patients should avoid using clopidogrel with omepra-
zole and esomeprazole. A 2010 expert consensus panel
concluded that once daily treatment with an oral proton
pump inhibitor (pantoprazole 40 mg; rabeprazole 20 mg;
lansoprazole or dexlansoprazole 30 mg) may be recom-
mended for patients who have an increased risk of upper
gastrointestinal bleeding (prior history of peptic ulcer dis-
ease or gastrointestinal bleeding; concomitant NSAIDs).
For patients with a lower risk of gastrointestinal bleeding,
the risks and benefits of proton pump inhibitors must be
weighed. Pending further recommendations, an acceptable
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alternative is to treat with an oral H
2
-receptor antagonist

(famotidine 20 mg, nizatidine 150 mg) twice daily; however,
proton pump inhibitors are more effective in preventing
upper gastrointestinal bleeding. Cimetidine is a CYP2C19
inhibitor and should not be used. An alternative strategy is
ticagrelor, an antiplatelet agent approved for use with low-
dose aspirin in the treatment of acute coronary syndrome.
Like clopidogrel, ticagrelor blocks the platelet ADP p2y12
receptor; however, it does not require hepatic activation, it
does not interact with the CYP2C19 enzyme, and its effi-
cacy is not diminished by proton pump inhibitors.

C. Refractory Ulcers

Ulcers that are truly refractory to medical therapy are now
uncommon. Less than 5% of ulcers are unhealed after 8
weeks of once daily therapy with proton pump inhibitors,
and almost all benign ulcers heal with twice-daily therapy.
Thus, noncompliance is the most common cause of ulcer
nonhealing. NSAID and aspirin use, sometimes surrepti-
tious, are commonly implicated in refractory ulcers and must
be stopped. Single or multiple linear gastric ulcers may occur
in large hiatal hernias where the stomach slides back and
forth through the diaphragmatic hiatus (“Cameron lesions”);
this may be a cause of iron deficiency anemia. Other causes
of nonhealing ulcers include acid hypersecretion (Zollinger-
Ellison syndrome), unrecognized malignancy (adenocarci-
noma or lymphoma), medications causing gastrointestinal
ulceration (eg, iron or bisphosphonates), Crohn disease, and
unusual infections (H heilmanii, CMV, mucormycosis). Fast-
ing serum gastrin levels should be obtained to exclude gastri-
noma with acid hypersecretion (Zollinger-Ellison syndrome).
Repeat ulcer biopsies are mandatory after 2–3 months of
therapy in all nonhealed ulcers to look for malignancy or
infection. Patients with persistent nonhealing ulcers are
referred for surgical therapy after exclusion of NSAID use
and persistent H pylori infection.

Crowe SE. Helicobacter pylori infection. N Engl J Med.
2019;380:1158. [PMID: 30893536]

Guevara B et al. Helicobacter pylori: a review of current diagnos-
tic and management strategies. Dig Dis Sci. 2020;65:1917.
[PMID: 32170476]

Kavitt RT et al. Diagnosis and treatment of peptic ulcer disease.
Am J Med. 2019;132:447. [PMID: 30611829]

Rice TW et al. Proton pump inhibitors vs histamine-2 receptor
blockers for stress ulcer prophylaxis in critically ill patients:
issues of interpretability in pragmatic trials. JAMA.
2020;323:611. [PMID: 31950973]

COMPLICATIONS OF PEPTIC ULCER DISEASE

1. Gastrointestinal hemorrage

E S S E N T I A L S  O F  D I A G N O S I S

» “Coffee grounds” emesis, hematemesis, melena, or
hematochezia.

» Emergent upper endoscopy is diagnostic and
therapeutic.

» General Considerations

Approximately 50% of all episodes of upper gastrointesti-
nal bleeding are due to peptic ulcer. Clinically significant
bleeding occurs in 10% of ulcer patients. About 80% of
patients stop bleeding spontaneously and generally have an
uneventful recovery; the remaining 20% have more severe
bleeding. The overall mortality rate for ulcer bleeding is
7%, but it is higher in older patients, in patients with
comorbid medical problems, and in patients with hospital-
associated bleeding. Mortality is also higher in patients
who present with persistent hypotension or shock, bright
red blood in the vomitus or nasogastric lavage fluid, or
severe coagulopathy.

» Clinical Findings

A. Symptoms and Signs

Up to 20% of patients have no antecedent symptoms of
pain; this is particularly true of patients receiving NSAIDs.
Common presenting signs include melena and hemateme-
sis. Massive upper gastrointestinal bleeding or rapid gas-
trointestinal transit may result in hematochezia rather than
melena; this may be misinterpreted as signifying a lower
tract bleeding source. Nasogastric lavage that demonstrates
“coffee grounds” or bright red blood confirms an upper
tract source. Recovered nasogastric lavage fluid that is
negative for blood does not exclude active bleeding from a
duodenal ulcer.

B. Laboratory Findings

The hematocrit may fall as a result of bleeding or expan-
sion of the intravascular volume with intravenous fluids.
The BUN may rise as a result of absorption of blood nitro-
gen from the small intestine and prerenal azotemia.

» Treatment

The assessment and initial management of upper gastroin-
testinal tract bleeding are discussed above. Specific issues
pertaining to peptic ulcer bleeding are described below.

A. Medical Therapy

1. Antisecretory agents—Intravenous proton pump
inhibitors should be administered for 3 days in patients
with ulcers whose endoscopic appearance suggests a high
risk of rebleeding after endoscopic therapy. Intravenous
proton pump inhibitors have been associated with a reduc-
tion in rebleeding, transfusions, need for further endo-
scopic therapy, and surgery in the subset of patients with
high-risk ulcers, ie, an ulcer with active bleeding, visible
vessel, or adherent clot. After initial successful endoscopic
treatment of ulcer hemorrhage, intravenous esomeprazole,
pantoprazole, or omeprazole (80 mg bolus injection, fol-
lowed by 8 mg/h continuous infusion for 72 hours) reduces
the rebleeding rate from approximately 20% to less than
10%; however, intravenous omeprazole is not available in
the United States.

High-dose oral proton pump inhibitors (omeprazole
40 mg twice daily) also appear to be effective in reducing
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rebleeding but have not been compared with the intrave-
nous regimen. Intravenous H

2
-receptor antagonists have

not been demonstrated to be of any benefit in the treat-
ment of acute ulcer bleeding.

2. Longterm prevention of rebleeding—Recurrent ulcer
bleeding develops within 3 years in one-third of patients if
no specific therapy is given. In patients with bleeding
ulcers who are H pylori–positive, successful eradication
effectively prevents recurrent ulcer bleeding in almost all
cases. It is therefore recommended that all patients with
bleeding ulcers be tested for H pylori infection and treated
if positive. Four weeks after completion of antibiotic ther-
apy, a urea breath or fecal antigen test for H pylori should
be administered or endoscopy performed with biopsy and
histology for confirmation of successful eradication. In
patients in whom H pylori persists or the small subset of
patients whose ulcers are not associated with NSAIDs or
H pylori, long-term acid suppression with a once-daily
proton pump inhibitor should be prescribed to reduce the
likelihood of recurrence of bleeding.

B. Endoscopy

Endoscopy is the preferred diagnostic procedure in almost
all cases of upper gastrointestinal bleeding because of its
high diagnostic accuracy, its ability to predict the likeli-
hood of recurrent bleeding, and its availability for thera-
peutic intervention in high-risk lesions. Endoscopy should
be performed within 24 hours in most cases. In cases of
severe active bleeding, endoscopy is performed as soon as
patients have been appropriately resuscitated and are
hemodynamically stable.

On the basis of clinical and endoscopic criteria, it is
possible to predict which patients are at a higher risk of
rebleeding and therefore to make more rational use of hos-
pital resources. Nonbleeding ulcers under 2 cm in size with
a base that is clean have a less than 5% chance of rebleed-
ing. Most young (under age 60 years), otherwise healthy
patients with clean-based ulcers may be safely discharged
from the emergency department or hospital after endos-
copy. Ulcers that have a flat red or black spot have a less
than 10% chance of significant rebleeding. Patients who are
hemodynamically stable with these findings should be
admitted to a hospital ward for 24–72 hours and may begin
immediate oral feedings and antiulcer (or anti–H pylori)
medication.

By contrast, the risk of rebleeding or continued bleed-
ing in ulcers with a nonbleeding visible vessel is 50%, and
with active bleeding, it is 80–90%. Endoscopic therapy with
thermocoagulation (bipolar or heater probes) or applica-
tion of endoscopic clips (akin to a staple) is the standard of
care for such lesions because it reduces the risk of rebleed-
ing, the number of transfusions, and the need for subse-
quent surgery. The optimal treatment of ulcers with a
dense clot that adheres despite vigorous washing is contro-
versial; removal of the clot followed by endoscopic treat-
ment of an underlying vessel may be considered in selected
high-risk patients. For actively bleeding ulcers, a combina-
tion of epinephrine injection followed by thermocoagula-
tion or clip application commonly is used. These techniques

achieve successful hemostasis of actively bleeding lesions
in 90% of patients. After endoscopic therapy followed by an
intravenous proton pump inhibitor, significant rebleeding
occurs in less than 10% of cases, of which over 70% can be
managed successfully with repeat endoscopic treatment.
After endoscopic treatment, patients should remain hospi-
talized for at least 72 hours, when the risk of rebleeding
falls to below 3%.

C. Recurrent Bleeding

Less than 5% of patients have persistent or recurrent bleed-
ing that cannot be controlled with endoscopic techniques.
The availability of newer, larger over-the-scope clips (“bear
claw”) has further reduced the risk of persistent bleeding
requiring other more aggressive interventions. In a ran-
domized prospective study of patients with recurrent ulcer
bleeding after conventional medical and endoscopic ther-
apy, persistent bleeding occurred in 6% of patients treated
with over-the-scope clips versus 42.4% treated with further
conventional endoscopic modalities. For patients in whom
endoscopic therapy is unsuccessful, percutaneous radio-
logic embolization or surgery should be considered. Over-
all surgical mortality for emergency ulcer bleeding is less
than 6%. The prognosis is poorer for patients over age 60
years, those with serious underlying medical illnesses or
chronic kidney disease, and those who require more than
10 units of blood transfusion.

2. Ulcer Perforation

Perforations develop in less than 5% of ulcer patients, usu-
ally from ulcers on the anterior wall of the stomach or
duodenum. Perforation results in a chemical peritonitis
that causes sudden, severe generalized abdominal pain that
prompts most patients to seek immediate attention. Elderly
or debilitated patients and those receiving long-term corti-
costeroid therapy may experience minimal initial symp-
toms, presenting late with bacterial peritonitis, sepsis, and
shock. On physical examination, patients appear ill, with a
rigid, quiet abdomen and rebound tenderness. Hypoten-
sion develops later after bacterial peritonitis has developed.
If hypotension is present early with the onset of pain, other
abdominal emergencies should be considered such as a
ruptured aortic aneurysm, mesenteric infarction, or acute
pancreatitis. Leukocytosis is almost always present. A
mildly elevated serum amylase (less than twice normal) is
sometimes seen with ulcer perforation. Abdominal CT
usually establishes the diagnosis without need for further
studies. The absence of free air may lead to a misdiagnosis
of pancreatitis, cholecystitis, or appendicitis.

Laparoscopic closure of perforations can be performed
in many centers, significantly reducing operative morbidity
compared with open laparotomy.

3. Gastric Outlet Obstruction

Gastric outlet obstruction occurs in less than 2% of
patients with ulcer disease and is due to edema or cicatri-
cial narrowing of the pylorus or duodenal bulb. With the
advent of potent antisecretory therapy with proton pump
inhibitors and the eradication of H pylori, obstruction now
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is less commonly caused by peptic ulcers than by gastric
neoplasms or extrinsic duodenal obstruction by intra-
abdominal neoplasms. The most common symptoms are
early satiety, vomiting, and weight loss. Later, vomiting
may develop that typically occurs one to several hours after
eating and consists of partially digested food contents.
Patients may develop dehydration, metabolic alkalosis, and
hypokalemia. On physical examination, a succussion
splash may be heard in the epigastrium. In most cases,
nasogastric aspiration will result in evacuation of a large
amount (greater than 200 mL) of foul-smelling fluid, which
establishes the diagnosis. Patients are treated initially with
intravenous isotonic saline and KCl to correct fluid and
electrolyte disorders, an intravenous proton pump inhibi-
tor, and nasogastric decompression of the stomach. Upper
endoscopy is performed after 24–72 hours to define the
nature of the obstruction and to exclude gastric neoplasm.

Abougergi MS et al. Thirty-day readmission among patients
with non-variceal upper gastrointestinal hemorrhage and
effects on outcomes. Gastroenterology. 2018;155:38. [PMID:
29601829]

Brandler J et al. Efficacy of over-the-scope clips in management
of high-risk gastrointestinal bleeding. Clin Gastroenterol
Hepatol. 2018;16:690. [PMID: 28756055]

Kochhar R et al. Etiological spectrum and response to endo-
scopic balloon dilation in patients with benign gastric outlet
obstruction. Gastrointest Endosc. 2018;88:899. [PMID:
30017869]

Schmidt A et al. Over-the-scope clips are more effective than
standard endoscopic therapy for patients with recurrent
bleeding of peptic ulcers. Gastroenterology. 2018;155:674.
[PMID: 29803838]

Shimomura A et al. New predictive model for acute gastrointes-
tinal bleeding in patients taking oral anticoagulants: a cohort
study. J Gastroenterol Hepatol. 2018;33:164. [PMID:
28544091]

Stanley AJ et al. Management of acute upper gastrointestinal
bleeding. BMJ. 2019;364:l536. [PMID: 30910853]

ZOLLINGER-ELLISON SYNDROME
(Gastrinoma)

E S S E N T I A L S  O F  D I A G N O S I S

» Peptic ulcer disease; may be severe and atypical.

» Gastric acid hypersecretion.

» Diarrhea common, relieved by nasogastric
suction.

» Most cases are sporadic; 25% occur with multiple
endocrine neoplasia type 1 (MEN 1).

» General Considerations

Zollinger-Ellison syndrome is caused by gastrin-secreting
gut neuroendocrine tumors (gastrinomas), which result in
hypergastrinemia and acid hypersecretion. Less than 1% of
peptic ulcer disease is caused by gastrinomas. Primary
gastrinomas may arise in the pancreas (25%), duodenal
wall (45%), or lymph nodes (5–15%), and in

other locations including unknown primary sites (20%).
Approximately 80% arise within the “gastrinoma triangle”
bounded by the porta hepatis, the neck of the pancreas,
and the third portion of the duodenum. Most gastrinomas
are solitary or multifocal nodules that are potentially
resectable. Approximately 25% of patients have small mul-
ticentric gastrinomas associated with MEN 1 that are more
difficult to resect. Over two-thirds of gastrinomas are
malignant, and one-third have already metastasized to the
liver at initial presentation.

» Clinical Findings

A. Symptoms and Signs

Over 90% of patients with Zollinger-Ellison syndrome
develop peptic ulcers. In most cases, the symptoms are
indistinguishable from other causes of peptic ulcer disease,
and therefore, the syndrome may go undetected for years.
Ulcers usually are solitary and located in the duodenal
bulb, but they may be multiple or occur more distally in the
duodenum. Isolated gastric ulcers do not occur. Gastro-
esophageal reflux symptoms occur often. Diarrhea occurs
in one-third of patients, in some cases in the absence of
peptic symptoms. Gastric acid hypersecretion can cause
direct intestinal mucosal injury and pancreatic enzyme
inactivation, resulting in diarrhea, steatorrhea, and weight
loss; nasogastric aspiration of stomach acid stops the diar-
rhea. Screening for Zollinger-Ellison syndrome with fast-
ing gastrin levels should be done in patients with ulcers
that are refractory to standard therapies, giant ulcers
(larger than 2 cm), ulcers located distal to the duodenal
bulb, multiple duodenal ulcers, frequent ulcer recurrences,
ulcers associated with diarrhea, ulcers occurring after ulcer
surgery, and ulcers with complications. Ulcer patients with
hypercalcemia or family histories of ulcers (suggesting
MEN 1) should also be screened. Finally, patients with
peptic ulcers who are H pylori negative and who are not
taking NSAIDs should be screened.

B. Laboratory Findings

The most sensitive and specific method for identifying
Zollinger-Ellison syndrome is demonstration of an
increased fasting serum gastrin concentration (greater
than 150 pg/mL [150 ng/L]). If possible, levels should be
obtained with patients not taking H

2
-receptor antagonists

for 24 hours or proton pump inhibitors for 6 days; however,
withdrawal of the proton pump inhibitor may result in
marked gastric hypersecretion with serious consequences
and patients should be closely monitored. The median
gastrin level is 500–700 pg/mL (500–700 ng/L), and 60% of
patients have levels less than 1000 pg/mL (1000 ng/L).
Hypochlorhydria with increased gastric pH is a much more
common cause of hypergastrinemia than is gastrinoma.
Therefore, a measurement of gastric pH (and, where avail-
able, a gastric secretory study) is performed in patients
with fasting hypergastrinemia. Most patients have a basal
acid output of over 15 mEq/h. A gastric pH of greater than
3.0 implies hypochlorhydria and excludes gastrinoma. In a
patient with a serum gastrin level of greater than 1000 pg/mL
(1000 ng/L) and acid hypersecretion, the diagnosis of
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Zollinger-Ellison syndrome is established. With lower gas-
trin levels (150–1000 pg/mL [150–1000 ng/L]) and acid
secretion, a secretin stimulation test may be performed to
distinguish Zollinger-Ellison syndrome from other causes
of hypergastrinemia. Intravenous secretin (2 units/kg) pro-
duces a rise in serum gastrin of over 200 pg/mL (200 ng/L)
within 2–30 minutes in 85% of patients with gastrinoma.
An elevated serum calcium suggests hyperparathyroidism
and MEN 1 syndrome. In all patients with Zollinger-Ellison
syndrome, serum parathyroid hormone (PTH), prolactin,
luteinizing hormone-follicle-stimulating hormone (LH-FSH),
and growth hormone (GH) levels should be obtained to
exclude MEN 1.

C. Imaging

Imaging studies are obtained in an attempt to determine
whether there is metastatic disease and, if not, to identify
the site of the primary tumor. CT and MRI scans are com-
monly obtained first to look for large hepatic metastases
and primary lesions, but they have low sensitivity for small
lesions. Gastrinomas express somatostatin receptors that
bind radiolabeled octreotide. Somatostatin receptor scin-
tigraphy (SRS) with single photon emission computed
tomography (SPECT) allows total body imaging for detec-
tion of primary gastrinomas in the pancreas and lymph
nodes, primary gastrinomas in unusual locations, and
metastatic gastrinomas (liver and bone). The 80% sensitiv-
ity for tumor detection of SRS exceeds all other imaging
studies combined. If SRS is positive for tumor localization,
further imaging studies are not necessary. In patients with
negative SRS, endoscopic ultrasonography (EUS) may be
useful to detect small gastrinomas in the duodenal wall,
pancreas, or peripancreatic lymph nodes. With a combina-
tion of SRS and EUS, more than 90% of primary gastrino-
mas can be localized preoperatively.

» Differential Diagnosis

Gastrinomas are one of several gut neuroendocrine tumors
that have similar histopathologic features and arise either
from the gut or pancreas. These include carcinoid, insuli-
noma, VIPoma, glucagonoma, and somatostatinoma.
These tumors usually are differentiated by the gut peptides
that they secrete; however, poorly differentiated neuroen-
docrine tumors may not secrete any hormones. Patients
may present with symptoms caused by tumor metastases
(jaundice, hepatomegaly) rather than functional symp-
toms. Once a diagnosis of a neuroendocrine tumor is
established from the liver biopsy, the specific type of tumor
can subsequently be determined. Both carcinoid and gas-
trinoma tumors may be detected incidentally during
endoscopy after biopsy of a submucosal nodule and must
be distinguished by subsequent studies.

Hypergastrinemia due to gastrinoma must be distin-
guished from other causes of hypergastrinemia. Atrophic
gastritis with decreased acid secretion is detected by gastric
secretory analysis. Other conditions associated with hyper-
gastrinemia (eg, gastric outlet obstruction, vagotomy,
chronic kidney disease) are associated with a negative
secretin stimulation test.

» Treatment

A. Metastatic Disease

The most important predictor of survival is the presence of
hepatic metastases. In patients with multiple hepatic
metastases, initial therapy should be directed at controlling
hypersecretion. Oral proton pump inhibitors (omeprazole,
esomeprazole, rabeprazole, pantoprazole, lansoprazole,
dexlansoprazole) are given at a dose of 40–120 mg/day,
titrated to achieve a basal acid output of less than 10 mEq/h.
At this level, there is complete symptomatic relief and ulcer
healing. Owing to the slow growth of these tumors, 30% of
patients with hepatic metastases have a survival of 10 years.

B. Localized Disease

Cure can be achieved only if the gastrinoma can be
resected before hepatic metastatic spread has occurred.
Lymph node metastases do not adversely affect prognosis.
Laparotomy should be considered in all patients in whom
preoperative studies fail to demonstrate hepatic or other
distant metastases. A combination of preoperative studies,
duodenotomy with careful duodenal inspection, and intra-
operative palpation and sonography allows successful
localization and resection in the majority of cases. The
15-year survival of patients who do not have liver metasta-
ses at initial presentation is over 95%. Surgery usually is not
recommended in patients with MEN 1 due to the presence
of multifocal tumors and long-term survival in the absence
of surgery in most patients.

De Angelis C et al. Diagnosis and management of Zollinger-
Ellison syndrome in 2017. Minerva Endocrinol. 2018;43:212.
[PMID: 28949124]

Norton JA et al. Gastrinomas: medical or surgical treatment.
Endocrinol Metab Clin North Am. 2018;47:577. [PMID:
30098717]

º
DISEASES OF ThE SMALL INTESTINE

MALABSORPTION

The term “malabsorption” denotes disorders in which
there is a disruption of digestion and nutrient absorption.
The clinical and laboratory manifestations of malabsorp-
tion are summarized in Table 15–11.

1. Celiac Disease

E S S E N T I A L S  O F  D I A G N O S I S

» Typical symptoms: weight loss, chronic diarrhea,
abdominal distention, growth retardation.

» Atypical symptoms: dermatitis herpetiformis, iron
deficiency anemia, osteoporosis.

» Abnormal serologic test results.

» Abnormal small bowel biopsy.

» Clinical improvement on gluten-free diet.
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Table 15–11. Clinical manifestations and laboratory findings in malabsorption of various nutrients.

Manifestations Laboratory Findings Malabsorbed Nutrients

Steatorrhea (bulky, light-colored stools) Increased fecal fat; decreased serum cholesterol;

decreased serum carotene, vitamin A,

vitamin D

Triglycerides, fatty acids, phospholipids,

cholesterol. Fat-soluble vitamins:

A, D, E, K

Diarrhea (increased fecal water) Increased stool volume and weight; increased

fecal fat; increased stool osmolality gap

Fats, carbohydrates

Weight loss; muscle wasting Increased fecal fat; decreased carbohydrate

(D-xylose) absorption

Fat, protein, carbohydrates

Microcytic anemia Low serum iron Iron

Macrocytic anemia Decreased serum vitamin B
12

or red blood cell

folate

Vitamin B
12

or folic acid

Paresthesia; tetany; positive Trousseau and

Chvostek signs

Decreased serum calcium or magnesium Calcium, vitamin D, magnesium

Bone pain; pathologic fractures; skeletal

deformities

Osteopenia on radiograph; osteoporosis (adults);

osteomalacia (children)

Calcium, vitamin D

Bleeding tendency (ecchymoses, epistaxis) Prolonged prothrombin time or INR Vitamin K

Edema Decreased serum total protein and albumin;

increased fecal loss of alpha-1-antitrypsin

Protein

Milk intolerance (cramps, bloating, diarrhea) Abnormal lactose tolerance test Lactose

INR, international normalized ratio.

» General Considerations

Celiac disease (also called sprue, celiac sprue, and gluten
enteropathy) is a permanent dietary disorder caused by an
immunologic response to gluten, a storage protein found in
certain grains, that results in diffuse damage to the proxi-
mal small intestinal mucosa with malabsorption of nutri-
ents. Although symptoms may manifest between 6 months
and 24 months of age after the introduction of weaning
foods, most cases present in childhood or adulthood.
Population screening with serologic tests suggests that the
global prevalence of this disease is 1.4%. In North America,
the prevalence of biopsy-confirmed disease is 0.5%.
Although the precise pathogenesis is unclear, celiac disease
arises in a small subset of genetically susceptible (-DQ2 or
-DQ8) individuals when dietary gluten stimulates an inap-
propriate immunologic response.

» Clinical Findings

The most important step in diagnosing celiac disease is to
consider the diagnosis. Because of its protean manifestations,
celiac disease is underdiagnosed in the adult population.

A. Symptoms and Signs

The gastrointestinal symptoms and signs of celiac disease
depend on the length of small intestine involved and the
patient’s age when the disease presents. “Classic” symptoms
of malabsorption, including diarrhea, steatorrhea, weight
loss, abdominal distention, weakness, muscle wasting, or
growth retardation, more commonly present in infants
(younger than 2 years). Older children and adults are less
likely to manifest signs of serious malabsorption. They may

report chronic diarrhea, dyspepsia, or flatulence due to
colonic bacterial digestion of malabsorbed nutrients, but the
severity of weight loss is variable. Many adults have minimal
or no gastrointestinal symptoms but present with extraintes-
tinal “atypical” manifestations, including fatigue, depression,
iron deficiency anemia, osteoporosis, short stature, delayed
puberty, amenorrhea, or reduced fertility. Approximately
40% of patients with positive serologic tests consistent with
disease have no symptoms of disease; the natural history of
these patients with “silent” disease is unclear.

Physical examination may be normal in mild cases or
may reveal signs of malabsorption such as loss of muscle
mass or subcutaneous fat, pallor due to anemia, easy bruising
due to vitamin K deficiency, hyperkeratosis due to vitamin A
deficiency, bone pain due to osteomalacia, or neurologic
signs (peripheral neuropathy, ataxia) due to vitamin B

12
or

vitamin E deficiency (Table 15–11). Abdominal examination
may reveal distention with hyperactive bowel sounds.

Dermatitis herpetiformis is regarded as a cutaneous
variant of celiac disease. It is a characteristic skin rash con-
sisting of pruritic papulovesicles over the extensor surfaces
of the extremities and over the trunk, scalp, and neck.
Dermatitis herpetiformis occurs in less than 10% of
patients with celiac disease; however, almost all patients
who present with dermatitis herpetiformis have evidence
of celiac disease on intestinal mucosal biopsy, though it
may not be clinically evident.

B. Laboratory Findings

1. Routine laboratory tests—Depending on the severity of
illness and the extent of intestinal involvement, nonspecific
laboratory abnormalities may be present that may raise the
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suspicion of malabsorption and celiac disease (Table 15–11).
Limited proximal involvement may result only in micro-
cytic anemia due to iron deficiency. Up to 3% of adults with
iron deficiency not due to gastrointestinal blood loss have
undiagnosed celiac disease. Megaloblastic anemia may be
due to folate or vitamin B

12
deficiency (due to terminal ileal

involvement or associated autoimmune gastritis). Low
serum calcium or elevated alkaline phosphatase may reflect
impaired calcium or vitamin D absorption with osteomala-
cia or osteoporosis. Dual-energy x-ray densitometry scan-
ning is recommended for all patients with celiac disease to
screen for osteoporosis. Elevations of prothrombin time, or
decreased vitamin A or D levels reflect impaired fat-soluble
vitamin absorption. A low serum albumin may reflect small
intestine protein loss or poor nutrition. Other deficiencies
may include zinc and vitamin B

6
. Mild elevations of amino-

transferases are found in up to 40%.

2. Serologic tests—Serologic tests should be performed in all
patients in whom there is a suspicion of celiac disease. Patient
self-elimination of gluten before serologic testing may result
in false-negative test results. The recommended test is the
IgA transglutaminase-2 (IgA TG2) antibody, which has a
98% sensitivity and 98% specificity for the diagnosis of celiac
disease. Antigliadin antibodies are not recommended
because of their lower sensitivity and specificity. An IgA level
should be obtained in patients with a negative IgA TG anti-
body when celiac disease is strongly suspected because up to
3% of patients with celiac disease have IgA deficiency. In
patients with IgA deficiency, tests that measures IgG antibod-
ies to tissue transglutaminase (IgG TG) or to deamidated
gliadin peptides (anti-DGP) have excellent sensitivity and
specificity. Levels of all antibodies become undetectable after
3–24 months of dietary gluten withdrawal and may be used
to monitor dietary compliance, especially in patients whose
symptoms fail to resolve after institution of a gluten-free diet.

C. Mucosal Biopsy

Endoscopic mucosal biopsy of the proximal duodenum
(bulb) and distal duodenum is the standard method for
confirmation of the diagnosis in patients with a positive
serologic test for celiac disease. At endoscopy, atrophy or
scalloping of the duodenal folds may be observed. Histol-
ogy reveals abnormalities ranging from intraepithelial
lymphocytosis alone to extensive infiltration of the lamina
propria with lymphocytes and plasma cells, hypertrophy of
the intestinal crypts, and blunting or complete loss of intes-
tinal villi. In patients in whom celiac disease is first sus-
pected on intestinal biopsies, celiac serologic tests should be
obtained to confirm the diagnosis. Partial or complete
reversion of these abnormalities occurs within 3–24 months
after a patient is placed on a gluten-free diet, but symptom
resolution remains incomplete in 30% of patients. If a
patient with a compatible biopsy demonstrates prompt
clinical improvement on a gluten-free diet and a decrease in
serologic markers, a repeat biopsy is unnecessary.

» Differential Diagnosis

Many patients with chronic diarrhea or flatulence are erro-
neously diagnosed as having IBS. Celiac disease must be

distinguished from other causes of malabsorption, as out-
lined above. Severe panmalabsorption of multiple nutri-
ents is almost always caused by mucosal disease. The
histologic appearance of celiac disease may resemble other
mucosal diseases such as tropical sprue, bacterial over-
growth, cow’s milk intolerance, viral gastroenteritis, eosin-
ophilic gastroenteritis, and mucosal damage caused by acid
hypersecretion associated with gastrinoma. Documenta-
tion of clinical response to gluten withdrawal therefore is
essential to the diagnosis.

Over the past decade, there has been a growing propor-
tion (now 10%) of the population reporting symptoms
after gluten ingestion who do not have serologic or histo-
logic evidence of celiac disease. This has led to increases in
gluten-free offerings from the restaurant and food indus-
try. Foods with gluten often contain a number of other
FODMAPs. Blinded clinical trials suggest that self-reported
wheat sensitivity is not due to gluten intolerance and that
the symptom improvement reported by patients with glu-
ten restriction is due to broader FODMAP elimination.

» Treatment

Removal of all gluten (wheat, rye, and barley) from the diet
is essential to therapy. Although oats appear to be safe for
many patients, commercial products may be contaminated
with wheat or barley during processing. Because of the
pervasive use of gluten products in manufactured foods
and additives, in medications, and by restaurants, it is
imperative that patients and their families confer with a
knowledgeable dietitian to comply satisfactorily with this
lifelong diet. Several excellent dietary guides and patient
support groups are available. Most patients with celiac dis-
ease also have lactose intolerance either temporarily or per-
manently and should avoid dairy products until the intestinal
symptoms have improved on the gluten-free diet. Dietary
supplements (folate, iron, zinc, calcium, and vitamins A, B

6
,

B
12

, D, and E) should be provided in the initial stages of
therapy but usually are not required long-term with a
gluten-free diet. Patients with confirmed osteoporosis may
require long-term calcium, vitamin D, and bisphosphonate
therapy.

Improvement in symptoms should be evident within a
few weeks on the gluten-free diet. The most common rea-
son for treatment failure is incomplete removal of gluten.
Intentional or unintentional rechallenge with gluten may
trigger acute severe diarrhea with dehydration and electro-
lyte imbalance and may require TPN and intravenous or
oral corticosteroids (prednisone 40 mg or budesonide 9 mg)
for 2 or more weeks while a gluten-free diet is reinitiated.

» Prognosis & Complications

If appropriately diagnosed and treated, patients with celiac
disease have an excellent prognosis. Celiac disease may be
associated with other autoimmune disorders, including
Addison disease, Graves disease, type 1 diabetes mellitus,
myasthenia gravis, systemic sclerosis, Sjögren syndrome,
atrophic gastritis, and pancreatic insufficiency. In some
patients, celiac disease may evolve and become refractory
to the gluten-free diet. The most common cause is

CMDT22_Ch15_p0582-p0676.indd 638 29/06/21 8:46 PM



GASTROINTESTINAL DISORDERS 639CMDT 2022

intentional or unintentional dietary noncompliance, which
may be suggested by positive serologic tests. Celiac disease
that is truly refractory to gluten withdrawal occurs in less
than 5% and generally carries a poor prognosis. There are
two types of refractory disease, which are distinguished by
their intraepithelial lymphocyte phenotype. This diagnosis
should be considered in patients previously responsive to
the gluten-free diet in whom new weight loss, abdominal
pain, and malabsorption develop.

Celiac Disease Foundation, 20350 Ventura Blvd, Suite #240,
Woodland Hills, CA 91364. https://celiac.org

Croall ID et al. Gluten does not induce gastrointestinal symp-
toms in healthy volunteers: a double-blind randomized pla-
cebo trial. Gastroenterology. 2019;157:881. [PMID: 31129127]

Husby S et al. AGA clinical practice update on diagnosis and
monitoring of celiac disease—changing utility of serology and
histologic measures: expert review. Gastroenterology.
2019;156:885. [PMID: 30578783]

Rubin JE et al. Celiac disease. Ann Intern Med. 2020;172:ITC1.
[PMID: 31905394]

2. Wipple Disease

E S S E N T I A L S  O F  D I A G N O S I S

» Multisystem disease.

» Fever, lymphadenopathy, arthralgias.

» Weight loss, malabsorption, chronic diarrhea.

» Duodenal biopsy with periodic acid-Schiff (PAS)-
positive macrophages with characteristic bacillus.

» General Considerations

Whipple disease is a rare multisystem illness with an esti-
mated prevalence of 1 per 100,000 caused by infection with
the bacillus Tropheryma whipplei. It may occur at any age
but most commonly affects White men in the fourth to
sixth decades. The source of infection is unknown, but no
cases of human-to-human spread have been documented.

» Clinical Findings

A. Symptoms and Signs

The clinical manifestations are protean; however, the most
common are arthralgias, diarrhea, abdominal pain, and
weight loss. Arthralgias or a migratory, nondeforming
arthritis occurs in 80% and is typically the first symptom
experienced. Gastrointestinal symptoms occur in approxi-
mately 75% of cases. They include abdominal pain, diar-
rhea, and some degree of malabsorption with distention,
flatulence, and steatorrhea. Weight loss is the most com-
mon presenting symptom—seen in almost all patients.
Loss of protein due to intestinal or lymphatic involvement
may result in protein-losing enteropathy with hypoalbu-
minemia and edema. In the absence of gastrointestinal
symptoms, the diagnosis often is delayed for several years.
Intermittent low-grade fever occurs in over 50% of cases.

Physical examination may reveal hypotension (a late find-
ing), low-grade fever, and evidence of malabsorption (see
Table 15–11). Lymphadenopathy is present in 50%. Heart
murmurs due to valvular involvement may be evident. Periph-
eral joints may be enlarged or warm, and peripheral edema
may be present. Neurologic findings are cited above. Hyper-
pigmentation on sun-exposed areas is evident in up to 40%.

B. Laboratory Findings

If significant malabsorption is present, patients may have
laboratory abnormalities as outlined in Table 15–11. There
may be steatorrhea.

C. Histologic Evaluation

The diagnosis of Whipple disease is established in 90% of
cases by endoscopic biopsy of the duodenum with histo-
logic evaluation, which demonstrates infiltration of the
lamina propria with PAS-positive macrophages that contain
gram-positive bacilli (which are not acid-fast) and dilation
of the lacteals. The remainder of cases are diagnosed by
T whipplei–specific PCR or immunohistochemistry of duo-
denal biopsies or extraintestinal fluids (cerebrospinal, syno-
vial) or tissue (lymph nodes, synovium, endocardium). The
sensitivity of PCR is 97% and the specificity 100%. Because
asymptomatic central nervous system infection occurs in
40% of patients, examination of the cerebrospinal fluid by
PCR for T whipplei should be performed routinely.

» Differential Diagnosis

Whipple disease should be considered in patients who
present with signs of malabsorption, fever of unknown
origin, lymphadenopathy, seronegative arthritis, culture-
negative endocarditis, or multisystem disease. Small bowel
biopsy readily distinguishes Whipple disease from other
mucosal malabsorptive disorders, such as celiac disease.

» Treatment

Antibiotic therapy results in a dramatic clinical improve-
ment within several weeks, even in some patients with
neurologic involvement. The optimal regimen is unknown.
Complete clinical response usually is evident within
1–3 months; however, relapse may occur in up to one-third
of patients after discontinuation of treatment. Therefore,
prolonged treatment for at least 1 year is required. Drugs that
cross the blood-brain barrier are preferred. A randomized
controlled trial in 40 patients with 3–10 years’ follow-up
demonstrated 100% remission with either ceftriaxone 1 g
intravenously twice daily or meropenem 1 g intravenously
three times daily for 2 weeks, followed by trimethoprim-
sulfamethoxazole 160/800 mg twice daily for 12 months.
After treatment, repeat duodenal biopsies for histologic
analysis and cerebrospinal fluid PCR should be obtained
every 6 months for at least 1 year. The absence of PAS-pos-
itive material predicts a low likelihood of clinical relapse.

» Prognosis

If untreated, the disease is fatal. Because some neurologic
signs may be permanent, the goal of treatment is to prevent
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this progression. Patients must be followed closely after
treatment for signs of symptom recurrence.

Elchert JA et al. Epidemiology of Whipple’s disease in the USA
between 2012 and 2017: a population-based national study.
Dig Dis Sci. 2019;64:1305. [PMID: 30488239]

Ferrieres L et al. Whipple’s disease; diagnosis and predictive fac-
tor of relapse. Eur J Gastroenterol Hepatol. 2020;32:325.
[PMID: 31764405]

Hujoel IA et al. Tropheryma whipplei infection (Whipple disease)
in the USA. Dig Dis Sci. 2019;64:213. [PMID: 29572616]

3. Bacterial Overgrowt

E S S E N T I A L S  O F  D I A G N O S I S

» Symptoms of distention, bloating, flatulence, and
diarrhea.

» Advanced cases associated with weight loss, steat-
orrhea, and deficiencies of iron or vitamins A, D,
and B

12
.

» Diagnosis suggested by breath tests using glu-
cose or lactulose as substrates.

» Diagnosis confirmed by jejunal aspiration with
quantitative bacterial cultures.

» General Considerations

The small intestine normally contains a small number of
bacteria. Bacterial overgrowth in the small intestine of
whatever cause may result in malabsorption via several
mechanisms. Passage of the malabsorbed bile acids and
carbohydrates into the colon leads to an osmotic and secre-
tory diarrhea and increased flatulence.

Causes of bacterial overgrowth include (1) gastric
achlorhydria (including proton pump inhibitor therapy);
(2) anatomic abnormalities of the small intestine with stag-
nation (afferent limb of Billroth II gastrojejunostomy,
resection of ileocecal valve, small intestine diverticula,
obstruction, blind loop); (3) small intestine motility disor-
ders (vagotomy, systemic sclerosis, diabetic enteropathy,
chronic intestinal pseudo-obstruction); (4) gastrocolic or
coloenteric fistula (Crohn disease, malignancy, surgical
resection); and (5) miscellaneous disorders. Bacterial over-
growth is an important cause of malabsorption in older
patients, perhaps because of decreased gastric acidity or
impaired intestinal motility. It may also be present in a
subset of patients with IBS.

» Clinical Findings

Many patients with bacterial overgrowth are asymptom-
atic. Symptoms are nonspecific and include bloating, flatu-
lence, abdominal pain, diarrhea, and sometimes steatorrhea
with weight loss. Bacterial overgrowth should be consid-
ered in any patient with these symptoms, especially if the
patient has a predisposing cause (such as prior gastrointes-
tinal surgery). Severe cases may result in clinically signifi-
cant vitamin and mineral deficiencies, including fat-soluble

vitamins A or D, vitamin B
12

, and iron (Table 15–11). A
specific diagnosis can be established firmly only by an
aspirate and culture of distal duodenal secretion that dem-
onstrates over 103 organisms/mL. However, this is an inva-
sive and laborious test that requires careful collection and
culturing techniques and therefore is not available in most
clinical settings. Noninvasive breath hydrogen and meth-
ane tests with glucose or lactulose as substrates are gener-
ally preferred because of their ease of use. Following
ingestion of glucose 75 g or lactulose 10 g, a rise in exhaled
breath hydrogen of 20 ppm or methane of 10 ppm or more
within 90 minutes is suggestive of bacterial overgrowth and
has 65% diagnostic agreement with small bowel cultures. A
small bowel study (CT or MR enterography, barium radi-
ography) may be obtained to look for mechanical factors
predisposing to intestinal stasis.

A 2020 American College of Gastroenterology guideline
suggests breath testing when bacterial overgrowth is sus-
pected. However, many clinicians prefer to use an empiric
antibiotic trial as a diagnostic and therapeutic strategy.

» Treatment

Where possible, the anatomic defect that has potentiated
bacterial overgrowth should be corrected. Otherwise,
treatment for 7–10 days with oral broad-spectrum antibi-
otics improves symptoms in up to 90% of patients for
weeks to months. Recommended regimens include cipro-
floxacin, 500 mg twice daily; norfloxacin, 400 mg twice
daily; or amoxicillin clavulanate, 875 mg twice daily; trim-
ethoprim-sulfamethoxazole (one double-strength tablet)
twice daily; rifaximin, 400–550 mg three times daily; or a
combination of neomycin, 500 mg twice daily, plus metro-
nidazole, 250 mg three times daily.

Within 6 months of completing antibiotic therapy,
symptoms recur in over 25% of patients. In patients with
more frequent symptomatic relapse, cyclic antibiotic ther-
apy (eg, 1 week out of 4) may be sufficient. Continuous
antibiotics should be avoided, if possible, to avoid develop-
ment of bacterial antibiotic resistance.

Pimental M et al. ACG Clinical Guideline: small intestinal bacte-
rial overgrowth. Am J Gastroenterol. 2020;115:165. [PMID:
32023228]

Quigley EM et al. AGA Clinical Practice update on small intes-
tinal bacterial overgrowth: expert review. Gastroenterology.
2020;159:1526. [PMID: 32679220]

4. Sort Bowel Syndrome

Short bowel syndrome is the malabsorptive condition that
arises secondary to removal of significant segments of the
small intestine. The most common causes in adults are
Crohn disease, mesenteric infarction, radiation enteritis,
volvulus, tumor resection, and trauma. The type and degree
of malabsorption depend on the length and site of the resec-
tion and the degree of adaptation of the remaining bowel.

» Terminal Ileal Resection

Resection of the terminal ileum results in malabsorption
of bile salts and vitamin B

12
, which are normally absorbed
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in this region. Patients with low serum vitamin B
12

levels
or resection of over 50 cm of ileum require monthly sub-
cutaneous or intramuscular vitamin B

12
injections. In

patients with less than 100 cm of ileal resection, bile salt
malabsorption stimulates fluid secretion from the colon,
resulting in watery diarrhea. This may be treated with
administration of bile salt-binding resins one to three
times daily with meals (cholestyramine, 2–4 g/day orally,
colestipol tablets, 2 g orally, or colesevelam, 625 mg
orally). Resection of over 100 cm of ileum leads to a
reduction in the bile salt pool that results in steatorrhea
and malabsorption of fat-soluble vitamins. Treatment is
with a low-fat diet and vitamins supplemented with
medium-chain triglycerides, which do not require micel-
lar solubilization. Unabsorbed fatty acids bind with cal-
cium, reducing its absorption and enhancing the
absorption of oxalate. Oxalate kidney stones may develop.
Calcium supplements should be administered to bind
oxalate and increase serum calcium. Cholesterol gall-
stones due to decreased bile salts are common also. In
patients with resection of the ileocolonic valve, bacterial
overgrowth may occur in the small intestine, further
complicating malabsorption.

» Extensive Small Bowel Resection

Resection of up to 40–50% of the total length of small
intestine usually is well tolerated. A more massive resection
may result in “short bowel syndrome,” characterized by
weight loss and diarrhea due to nutrient, water, and elec-
trolyte malabsorption. If the colon is preserved, 100 cm of
proximal jejunum may be sufficient to maintain adequate
oral nutrition with a low-fat, high–complex carbohydrate
diet, though fluid and electrolyte losses may still be signifi-
cant. In patients in whom the colon has been removed, at
least 200 cm of proximal jejunum is typically required to
maintain oral nutrition. Antidiarrheal agents (loperamide,
2–4 mg orally three times daily) slow transit and reduce
diarrheal volume. Octreotide reduces intestinal transit
time and fluid and electrolyte secretion. Gastric hyperse-
cretion initially complicates intestinal resection and should
be treated with proton pump inhibitors.

Patients with less than 100–200 cm of proximal jeju-
num remaining almost always require parenteral nutrition.
Teduglutide (recombinant) is a glucagon-like peptide-2
analogue that stimulates small bowel growth and absorp-
tion and is FDA approved for the treatment of short bowel
syndrome. In clinical trials, it resulted in a reduced need
for parenteral nutrition. Small intestine transplantation has
reported 5-year graft survival rates of 40%. Currently, it is
performed chiefly in patients in whom serious problems
develop due to parenteral nutrition.

Da Roach HM et al. Treating short bowel syndrome with phar-
macotherapy. Expert Opin Pharmacother. 2020;21:709.
[PMID: 32057270]

Sadowski DC et al. Canadian Association of Gastroenterology
clinical practice guideline on the management of bile acid
diarrhea. Clin Gastroenterol Hepatol. 2020;18:24. [PMID:
31526844]

5. Lactase Deficiency

E S S E N T I A L S  O F  D I A G N O S I S

» Diarrhea, bloating, flatulence, and abdominal pain
after ingestion of milk-containing products.

» Diagnosis supported by symptomatic improve-
ment on lactose-free diet.

» Diagnosis confirmed by hydrogen breath test.

» General Considerations

Lactase is a brush border enzyme that hydrolyzes the disac-
charide lactose into glucose and galactose. The concentration
of lactase enzyme levels is high at birth but declines steadily
in most people of non-European ancestry during childhood
and adolescence and into adulthood. As many as 90% of
Asian Americans, 70% of African Americans, 95% of Native
Americans, 50% of Mexican Americans, and 60% of Jewish
Americans are lactose intolerant compared with less than
25% of White adults. Lactase deficiency may also arise sec-
ondary to other gastrointestinal disorders that affect the
proximal small intestinal mucosa. These include Crohn dis-
ease, celiac disease, viral gastroenteritis, giardiasis, short
bowel syndrome, and malnutrition. Malabsorbed lactose is
fermented by intestinal bacteria, producing gas and organic
acids. The nonmetabolized lactose and organic acids result in
an increased stool osmotic load with an obligatory fluid loss.

» Clinical Findings

A. Symptoms and Signs

Patients have great variability in clinical symptoms,
depending both on the severity of lactase deficiency and
the amount of lactose ingested. Because of the nonspecific
nature of these symptoms, there is a tendency for both
lactose-intolerant and lactose-tolerant individuals to mis-
takenly attribute a variety of abdominal symptoms to lac-
tose intolerance. Most patients with lactose intolerance can
drink at least one 8-oz serving of milk daily (12 g of lac-
tose) without symptoms, though rare patients have almost
complete intolerance. With mild to moderate amounts of
lactose malabsorption, patients may experience bloating,
abdominal cramps, and flatulence. With higher lactose
ingestions, an osmotic diarrhea will result. Isolated lactase
deficiency does not result in other signs of malabsorption
or weight loss. If these findings are present, other gastroin-
testinal disorders should be pursued.

B. Laboratory Findings

The most widely available test for the diagnosis of lactase
deficiency is the hydrogen breath test. After ingestion of
50 g of lactose, a rise in breath hydrogen of more than
20 ppm within 90 minutes is a positive test, indicative of
bacterial carbohydrate metabolism. In clinical practice, many
clinicians prescribe an empiric trial of a lactose-free diet for
2 weeks. Resolution of symptoms (bloating, flatulence,
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diarrhea) is suggestive of lactase deficiency (though a pla-
cebo response cannot be excluded) and may be confirmed,
if necessary, with a hydrogen breath test.

» Differential Diagnosis

The symptoms of late-onset lactose intolerance are nonspe-
cific and may mimic several gastrointestinal disorders,
such as inflammatory bowel disease, mucosal malabsorp-
tive disorders, IBS, and pancreatic insufficiency. Further-
more, lactase deficiency frequently develops secondary to
other gastrointestinal disorders (as listed above).

» Treatment

The goal of treatment in patients with isolated lactase defi-
ciency is achieving patient comfort. Patients usually find
their “threshold” of intake at which symptoms will occur.
Foods that are high in lactose include milk (12 g/cup), ice
cream (9 g/cup), and cottage cheese (8 g/cup). Aged
cheeses have a lower lactose content (0.5 g/oz). Unpasteur-
ized yogurt contains bacteria that produce lactase and is
generally well tolerated.

By spreading dairy product intake throughout the day in
quantities of less than 12 g of lactose (one cup of milk), most
patients can take dairy products without symptoms and do
not require lactase supplements. Most food markets provide
milk that has been pretreated with lactase, rendering it
100% lactose free (Fairlife). Lactase enzyme replacement is
commercially available as nonprescription formulations
(Lactaid, Lactrase, Dairy Ease). Caplets or drops of lactase
may be taken with milk products, improving lactose absorp-
tion and eliminating symptoms. The number of caplets
ingested depends on the degree of lactose intolerance.
Patients who choose to restrict or eliminate milk products
should consider calcium supplementation (calcium carbon-
ate 500 mg orally two to three times daily) to meet calcium
intake needs and reduce risk of osteoporosis.

Misselwitz B et al. Update on lactose malabsorption and intoler-
ance: pathogenesis, diagnosis and clinical management. Gut.
2019;68:2080. [PMID: 31427404]

Silberman ES et al. JAMA patient page. Lactose intolerance.
JAMA. 2019;322:1620. [PMID: 31638683]

INTESTINAL MOTILITY DISORDERS

1. Acute Paralytic Ileus

E S S E N T I A L S  O F  D I A G N O S I S

» Precipitating factors: surgery, peritonitis, electro-
lyte abnormalities, medications, severe medical
illness.

» Nausea, vomiting, obstipation, distention.

» Minimal abdominal tenderness; decreased bowel
sounds.

» Plain abdominal radiography with gas and fluid
distention in small and large bowel.

» General Considerations

Ileus is a condition in which there is neurogenic failure or
loss of peristalsis in the intestine in the absence of any
mechanical obstruction. It is commonly seen in hospital-
ized patients as a result of (1) intra-abdominal processes
such as recent gastrointestinal or abdominal surgery or
peritoneal irritation (peritonitis, pancreatitis, ruptured
viscus, hemorrhage); (2) severe medical illness such as
pneumonia, respiratory failure requiring intubation, sepsis
or severe infections, uremia, diabetic ketoacidosis, and
electrolyte abnormalities (hypokalemia, hypercalcemia,
hypomagnesemia, hypophosphatemia); and (3) medica-
tions that affect intestinal motility (opioids, anticholiner-
gics, phenothiazines). Following surgery, small intestinal
motility usually normalizes first (often within hours),
followed by the stomach (24–48 hours), and the colon
(48–72 hours). Postoperative ileus is reduced with mini-
mally invasive (eg, laparoscopic) surgery, by the use of
patient-controlled or epidural analgesia, and by avoidance
of intravenous opioids as well as early ambulation, gum
chewing, and initiation of a clear liquid diet.

» Clinical Findings

A. Symptoms and Signs

Patients who are conscious report mild diffuse, continuous
abdominal discomfort with nausea and vomiting. General-
ized abdominal distention is present with minimal abdom-
inal tenderness but no signs of peritoneal irritation (unless
due to the primary disease). Bowel sounds are diminished
to absent.

B. Laboratory Findings

The laboratory abnormalities are attributable to the under-
lying condition. Serum electrolytes (sodium, potassium),
magnesium, phosphorus, and calcium, should be obtained
to exclude abnormalities as contributing factors.

C. Imaging

Plain film radiography of the abdomen demonstrates dis-
tended gas-filled loops of the small and large intestine.
Air-fluid levels may be seen. Under some circumstances, it
may be difficult to distinguish ileus from partial small
bowel obstruction. A CT scan may be useful in such
instances to exclude mechanical obstruction, especially in
postoperative patients.

» Differential Diagnosis

Ileus must be distinguished from mechanical obstruction
of the small bowel or proximal colon. Pain from small
bowel mechanical obstruction is usually intermittent,
cramping, and associated initially with profuse vomiting.
Acute gastroenteritis, acute appendicitis, and acute pancre-
atitis may all present with ileus.

» Treatment

The primary medical or surgical illness that has precipi-
tated adynamic ileus should be treated. Most cases of ileus
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respond to restriction of oral intake with gradual liberaliza-
tion of diet as bowel function returns. Severe or prolonged
ileus requires nasogastric suction and parenteral adminis-
tration of fluids and electrolytes. Alvimopan is a peripher-
ally acting mu-opioid receptor antagonist with limited
absorption or systemic activity that reverses opioid-
induced inhibition of intestinal motility.

2. Acute Colonic Pseudo-Obstruction
(Ogilvie Syndrome)

E S S E N T I A L S  O F  D I A G N O S I S

» Severe abdominal distention.

» Arises in postoperative state or with severe medi-
cal illness.

» May be precipitated by electrolyte imbalances,
medications.

» Absent to mild abdominal pain; minimal
tenderness.

» Massive dilation of cecum or right colon.

» General Considerations

Spontaneous massive dilation of the cecum and proximal
colon may occur in many different settings in hospitalized
patients. Progressive cecal dilation may lead to ischemia
and spontaneous perforation with dire consequences. The
risk of perforation increases with duration of distention
beyond 6 days but correlates poorly with absolute cecal
size. Early detection and management are important to
reduce morbidity and mortality. Colonic pseudo-obstruc-
tion is most commonly detected in postsurgical patients
(mean 3–5 days), after trauma, and in medical patients
with respiratory failure, metabolic imbalance, malignancy,
myocardial infarction, heart failure, pancreatitis, or a
recent neurologic event (stroke, subarachnoid hemorrhage,
trauma). Liberal use of opioids or anticholinergic agents
may precipitate colonic pseudo-obstruction in susceptible
patients.

» Clinical Findings

A. Symptoms and Signs

Many patients are on ventilatory support or are unable to
report symptoms due to altered mental status. Abdominal
distention is frequently noted by the clinician as the first
sign, often leading to a plain film radiograph that demon-
strates colonic dilation. Some patients are asymptomatic,
although most report constant but mild abdominal pain.
Nausea and vomiting may be present. Bowel movements
may be absent, but up to 40% of patients continue to pass
flatus or stool. Abdominal tenderness with some degree of
guarding or rebound tenderness may be detected; however,
signs of peritonitis are absent unless perforation has
occurred. Bowel sounds may be normal or decreased.

B. Laboratory Findings

Laboratory findings reflect the underlying medical or sur-
gical problems. Serum sodium, potassium, magnesium,
phosphorus, and calcium should be obtained to exclude
abnormalities as contributing factors. Significant fever or
leukocytosis raises concern for colonic ischemia or
perforation.

C. Imaging

Radiographs demonstrate colonic dilation, usually con-
fined to the cecum and proximal colon. The upper limit of
normal for cecal size is 9 cm. A cecal diameter greater than
10–12 cm is associated with an increased risk of colonic
perforation. Varying amounts of small intestinal dilation
and air-fluid levels due to adynamic ileus may be seen.
Generally, a CT scan should be obtained to exclude a distal
colonic mechanical obstruction due to malignancy, volvu-
lus, or fecal impaction.

» Differential Diagnosis

Colonic pseudo-obstruction should be distinguished from
distal colonic mechanical obstruction (as above) and toxic
megacolon, which is acute dilation of the colon due to
inflammation (inflammatory bowel disease) or infection
(C difficile–associated colitis, CMV). Patients with toxic
megacolon manifest fever; dehydration; significant abdom-
inal pain; leukocytosis; and diarrhea, which is often bloody.

» Treatment

Conservative treatment is the appropriate first step for
patients with no or minimal abdominal tenderness, no
fever, no leukocytosis, and a cecal diameter smaller than
12 cm. The underlying illness is treated appropriately. A
nasogastric tube and a rectal tube should be placed.
Patients should be ambulated or periodically rolled from
side to side and to the knee-chest position in an effort to
promote expulsion of colonic gas. All drugs that reduce
intestinal motility, such as opioids, anticholinergics, and
calcium channel blockers, should be discontinued if
possible. Enemas may be administered judiciously if large
amounts of stool are evident on radiography. Oral laxatives
are not helpful and may cause perforation, pain, or electro-
lyte abnormalities.

Conservative treatment is successful in over 80% of
cases within 1–2 days. Patients must be watched for signs
of worsening distention or abdominal tenderness. Cecal
size should be assessed by abdominal radiographs every
12 hours. Intervention should be considered in patients
with any of the following: (1) no improvement or clinical
deterioration after 24–48 hours of conservative therapy;
(2) cecal dilation greater than 10 cm for a prolonged period
(more than 3–4 days); or (3) patients with cecal dilation
greater than 12 cm. Neostigmine injection should be given
unless contraindicated. A single dose (2 mg intravenously)
results in rapid (within 30 minutes) colonic decompression
in 75–90% of patients. Cardiac monitoring during neostig-
mine infusion is indicated for possible bradycardia that
may require atropine administration. Colonoscopic
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decompression is indicated in patients who fail to respond
to neostigmine. Colonic decompression with aspiration of
air or placement of a decompression tube is successful in
70% of patients. However, the procedure is technically dif-
ficult in an unprepared bowel and has been associated with
perforations in the distended colon. Dilation recurs in up
to 50% of patients. In patients in whom colonoscopy is
unsuccessful, a tube cecostomy can be created through a
small laparotomy or with percutaneous radiologically
guided placement.

» Prognosis

In most cases, the prognosis is related to the underlying
illness. The risk of perforation or ischemia is increased
with cecal diameter more than 12 cm and when distention
has been present for more than 6 days. With aggressive
therapy, the development of perforation is unusual.

Jeong SJ et al. Endoscopic management of benign colonic
obstruction and pseudo-obstruction. Clin Endosc. 2020;53:18.
[PMID: 31645090]

Naveed M et al. American Society for Gastrointestinal Endos-
copy guideline on the role of endoscopy in the management
of acute colonic pseudo-obstruction and colonic volvulus.
Gastrointest Endosc. 2020;91:228. [PMID: 31791596]

3. Cronic Intestinal Pseudo-Obstruction &
Gastroparesis

Gastroparesis and chronic intestinal pseudo-obstruction are
chronic conditions characterized by intermittent, waxing
and waning symptoms and signs of gastric or intestinal
obstruction in the absence of any mechanical lesions to
account for the findings. They are caused by a heterogeneous
group of endocrine disorders (diabetes mellitus, hypothy-
roidism, cortisol deficiency), postsurgical conditions (vagot-
omy, partial gastric resection, fundoplication, gastric bypass,
Whipple procedure), neurologic conditions (Parkinson dis-
ease, muscular and myotonic dystrophy, autonomic dys-
function, multiple sclerosis, postpolio syndrome, porphyria),
rheumatologic syndromes (progressive systemic sclerosis),
infections (postviral, Chagas disease), amyloidosis, paraneo-
plastic syndromes, medications, and eating disorders
(anorexia); a cause may not always be identified.

» Clinical Findings

A. Symptoms and Signs

Gastric involvement leads to chronic or intermittent symp-
toms of gastroparesis with postprandial fullness (early sati-
ety), nausea, and vomiting (1–3 hours after meals). Upper
abdominal symptoms correlate poorly with the severity of
gastric emptying and may be attributable to impaired proxi-
mal gastric accommodation after meals, visceral hypersen-
sitivity to gastric distention, afferent nerve dysfunction,
gastric electrical rhythm disturbances, or concomitant
small intestinal dysmotility. Patients with predominantly
small bowel involvement may have abdominal distention,
vomiting, diarrhea, and varying degrees of malnutrition.
Abdominal pain is not common and should prompt

investigation for structural causes of obstruction. Bacterial
overgrowth in the stagnant intestine may result in malab-
sorption. Colonic involvement may result in constipation or
alternating diarrhea and constipation.

B. Imaging

Plain film radiography may demonstrate dilation of the
esophagus, stomach, small intestine, or colon resembling
ileus or mechanical obstruction. Mechanical obstruction of
the stomach, small intestine, or colon is much more com-
mon than gastroparesis or intestinal pseudo-obstruction
and must be excluded with endoscopy or CT enterography,
especially in patients with prior surgery, recent onset of
symptoms, or abdominal pain. In cases of unclear origin,
studies based on the clinical picture are obtained to exclude
underlying systemic disease. Gastric scintigraphy with a
low-fat solid meal remains the preferred method for assess-
ing gastric emptying. Gastric retention of 60% after 2 hours
or more than 10% after 4 hours is abnormal. A wireless
motility capsule and a nonradioactive or 13-C labeled
breath test using blue-green algae (Spirulina platensis) also
are available. Small bowel manometry is useful for distin-
guishing visceral from myopathic disorders and for exclud-
ing cases of mechanical obstruction that are otherwise
difficult to diagnose by endoscopy or radiographic
studies.

» Treatment

There is no specific therapy for gastroparesis or pseudo-
obstruction. Acute exacerbations are treated with nasogas-
tric suction and intravenous fluids. Long-term treatment is
directed at maintaining nutrition. Patients should eat small,
frequent meals that are low in fiber, milk, gas-forming foods,
and fat. Foods that are well tolerated include tea, ginger ale,
soup, white rice, potatoes and sweet potatoes, fish, gluten-
free foods, and applesauce. Some patients may require liquid
enteral supplements. Agents that reduce gastrointestinal
motility (opioids, anticholinergics) should be avoided. In
diabetic patients, glucose levels should be maintained below
200 mg/dL, as hyperglycemia may slow gastric emptying
even in the absence of diabetic neuropathy, and amylin and
GLP-1 analogs (exenatide or pramlintide) should be discon-
tinued. Currently available prokinetic agents have shown
limited improvement of gastric emptying or upper gastroin-
testinal symptoms in patients with gastroparesis. Metoclo-
pramide (5–20 mg orally or 5–10 mg intravenously or
subcutaneously four times daily) may enhance gastric emp-
tying but not small bowel dysmotility. Since the use of meto-
clopramide for more than 3 months is associated with a less
than 1% risk of tardive dyskinesia, patients are advised to
discontinue the medication if neuromuscular side effects,
particularly involuntary movements, develop. Older patients
are at greatest risk. In 2019, a small, blinded, crossover trial
involving 34 patients with confirmed gastroparesis showed
that prucalopride, a serotonin 5-HT

4
-receptor agonist (cur-

rently FDA approved for treatment of chronic constipation),
significantly improved gastric emptying and symptoms after
2 weeks of therapy (2 mg daily orally) compared with pla-
cebo. Uncontrolled studies report symptom improvement
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with modalities that reduce intrapyloric pressure, including
botulinum toxin injection, laparoscopic myotomy, and
endoscopic myotomy. Bacterial overgrowth should be
treated with intermittent antibiotics. Patients with predomi-
nant small bowel distention may require a venting gastros-
tomy to relieve distress. Some patients may require placement
of a jejunostomy for long-term enteral nutrition. Patients
unable to maintain adequate enteral nutrition require TPN
or small bowel transplantation. Difficult cases should be
referred to centers with expertise in this area.

Navas CM et al. Symptomatic management of gastroparesis.
Gastrointest Endosc Clin N Am. 2019;29:55. [PMID:
30396528]

Parsi MA et al. Techniques and devices for the endoscopic treat-
ment of gastroparesis (with video). Gastrointest Endosc.
2020;92:483. [PMID: 32684298]

Shen S et al. Diabetic gastroparesis and nondiabetic gastropare-
sis. Gastrointest Endosc Clin N Am. 2019;29:15. [PMID:
30396524]

Vijayvargiya P et al. Effects of promotility agents on gastric emp-
tying and symptoms: a systematic review and meta-analysis.
Gastroenterology. 2019;156:1650. [PMID: 30711628]

APPENDICITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Early: periumbilical pain; later: right lower quad-
rant pain and tenderness.

» Anorexia, nausea and vomiting, obstipation.

» Tenderness or localized rigidity at McBurney point.

» Low-grade fever and leukocytosis.

» General Considerations

Appendicitis is the most common abdominal surgical emer-
gency, affecting approximately 10% of the population. It
occurs most commonly between the ages of 10 and 30 years.
It is initiated by obstruction of the appendix by a fecalith,
inflammation, foreign body, or neoplasm. Obstruction leads
to increased intraluminal pressure, venous congestion, infec-
tion, and thrombosis of intramural vessels. If untreated,
gangrene and perforation develop within 36 hours.

» Clinical Findings

A. Symptoms and Signs

Appendicitis usually begins with vague, often colicky peri-
umbilical or epigastric pain. Within 12 hours the pain shifts
to the right lower quadrant, manifested as a steady ache that
is worsened by walking or coughing. Almost all patients
have nausea with one or two episodes of vomiting. Pro-
tracted vomiting or vomiting that begins before the onset of
pain suggests another diagnosis. A sense of constipation is
typical, and some patients administer cathartics in an effort
to relieve their symptoms—though some report diarrhea.

Low-grade fever (below 38°C) is typical; high fever or rigors
suggest another diagnosis or appendiceal perforation.

On physical examination, localized tenderness with
guarding in the right lower quadrant can be elicited with
gentle palpation with one finger. When asked to cough,
patients may be able to precisely localize the painful area, a
sign of peritoneal irritation. Light percussion may also elicit
pain. Although rebound tenderness is also present, it is
unnecessary to elicit this finding if the above signs are pres-
ent. The psoas sign (pain on passive extension of the right
hip) and the obturator sign (pain with passive flexion and
internal rotation of the right hip) are indicative of adjacent
inflammation and strongly suggestive of appendicitis.

B. Atypical Presentations of Appendicitis

Owing to the variable location of the appendix, there are a
number of “atypical” presentations. Because the retrocecal
appendix does not touch the anterior abdominal wall, the
pain remains less intense and poorly localized; abdominal
tenderness is minimal and may be elicited in the right
flank. The psoas sign may be positive. With pelvic appen-
dicitis, there is pain in the lower abdomen, often on the left,
with an urge to urinate or defecate. Abdominal tenderness
is absent, but tenderness is evident on pelvic or rectal
examination; the obturator sign may be present. In elderly
patients, the diagnosis of appendicitis is often delayed
because patients present with minimal, vague symptoms
and mild abdominal tenderness.

C. Laboratory Findings

Moderate leukocytosis (10,000–20,000/mcL [10–20 ×
109/L]) with neutrophilia is common. Microscopic hema-
turia and pyuria are present in 25% of patients.

D. Imaging

Both abdominal ultrasound and CT scanning are useful in
diagnosing appendicitis as well as excluding other diseases
presenting with similar symptoms, including adnexal dis-
ease in younger women. However, CT scanning appears to
be more accurate (sensitivity 94%, specificity 95%, positive
likelihood ratio 13.3, negative likelihood ratio 0.09).
Abdominal CT scanning is also useful in cases of suspected
appendiceal perforation to diagnose a periappendiceal
abscess. In patients in whom there is a clinically high sus-
picion of appendicitis, some surgeons feel that preoperative
diagnostic imaging is unnecessary. However, studies sug-
gest that even in this group, imaging studies suggest an
alternative diagnosis in up to 15%.

» Differential Diagnosis

Given its frequency and myriad presentations, appendicitis
should be considered in the differential diagnosis of all
patients with abdominal pain. A several-hour period of
close observation with reassessment usually clarifies the
diagnosis. In a 2020 retrospective review of 123,711 adults
with appendicitis, the diagnosis was more commonly
missed in women, patients with comorbidities, and patients
who experienced abdominal pain with constipation.
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Absence of classic migration of pain (from epigastrium to
right lower abdomen); right lower quadrant pain; fever; or
guarding each makes appendicitis less likely. Widespread
use of ultrasonography and CT has reduced the number of
incorrect diagnoses to less than 2%. Still, in some cases,
diagnostic laparotomy or laparoscopy is required.

The most common causes of diagnostic confusion are
gastroenteritis and gynecologic disorders. Viral gastroenteri-
tis presents with nausea, vomiting, low-grade fever, and
diarrhea and can be difficult to distinguish from appendici-
tis. The onset of vomiting before pain makes appendicitis
less likely. As a rule, the pain of gastroenteritis is more gen-
eralized and the tenderness less well localized. Acute salpin-
gitis or tubo-ovarian abscess should be considered in young,
sexually active women with fever and bilateral abdominal or
pelvic tenderness. A twisted ovarian cyst may also cause sud-
den severe pain. The sudden onset of lower abdominal pain
in the middle of the menstrual cycle suggests mittelschmerz.
Sudden severe abdominal pain with diffuse pelvic tender-
ness and shock suggests a ruptured ectopic pregnancy. A
positive pregnancy test and pelvic ultrasonography are diag-
nostic. Retrocecal or retroileal appendicitis (often associated
with pyuria or hematuria) may be confused with ureteral
colic or pyelonephritis. Other conditions that may resemble
appendicitis are diverticulitis, carcinoid of the appendix,
perforated colonic cancer, Crohn ileitis, perforated peptic
ulcer, cholecystitis, and mesenteric adenitis. It is virtually
impossible to distinguish appendicitis from Meckel diver-
ticulitis, but both require surgical treatment.

» Complications

Perforation occurs in 20% of patients and should be sus-
pected in patients with pain persisting for over 36 hours,
high fever, diffuse abdominal tenderness or peritoneal
findings, a palpable abdominal mass, or marked leukocyto-
sis. Localized perforation results in a contained abscess,
usually in the pelvis. A free perforation leads to suppura-
tive peritonitis with toxicity. Septic thrombophlebitis (pyle-
phlebitis) of the portal venous system is rare and suggested
by high fever, chills, bacteremia, and jaundice.

» Treatment

The treatment of early, uncomplicated appendicitis is surgi-
cal appendectomy in most patients. When possible, a laparo-
scopic approach is preferred to open laparotomy. Prior to
surgery, patients should be given broad-spectrum antibiotics
with gram-negative and anaerobic coverage to reduce the
incidence of postoperative infections. Recommended preop-
erative intravenous regimens include cefoxitin or cefotetan
1–2 g every 8 hours; ampicillin-sulbactam 3 g every 6 hours;
or ertapenem 1 g as a single dose. Up to 80–90% of patients
with uncomplicated appendicitis treated with antibiotics
alone for 7 days have resolution of symptoms and signs.
Therefore, conservative management with antibiotics alone
may be considered in patients with a nonperforated appen-
dicitis with surgical contraindications or with a strong pref-
erence to avoid surgery; however, appendectomy generally
still is recommended in most patients to prevent recurrent
appendicitis (20–35% within 1 year).

Emergency appendectomy is required in patients with
perforated appendicitis with generalized peritonitis. The
optimal treatment of stable patients with perforated appen-
dicitis and a contained abscess is controversial. Surgery in
this setting can be difficult. Many recommend percutane-
ous CT-guided drainage of the abscess with intravenous
fluids and antibiotics to allow the inflammation to subside.
An interval appendectomy may be performed after 6 weeks
to prevent recurrent appendicitis.

» Prognosis

The mortality rate from uncomplicated appendicitis is
extremely low. Even with perforated appendicitis, the mor-
tality rate in most groups is only 0.2%, though it approaches
15% in older adults.

Majajan P et al. Factors associated with potentially missed diag-
nosis of appendicitis in the emergency department. JAMA
Netw Open. 2020;3:e200612. [PMID: 32150270]

Nimmagadda N et al. Complicated appendicitis: immediate
operation or trial of nonoperative management? Am J Surg.
2019;217:713. [PMID: 30635209]

Poprom N et al. The efficacy of antibiotic treatment versus surgi-
cal treatment of uncomplicated acute appendicitis: systematic
review and network meta-analysis of randomized controlled
trial. Am J Surg. 2019;218:192. [PMID: 30340760]

INTESTINAL TUBERCULOSIS

Intestinal tuberculosis is common in underdeveloped
countries but rare in the United States except in immigrant
groups or in patients with untreated AIDS. It is caused by
both Mycobacterium tuberculosis and M bovis. Active pul-
monary disease is present in less than 50% of patients. The
most frequent site of involvement is the ileocecal region;
however, any region of the gastrointestinal tract may be
involved. Patients may be without symptoms or complain
of chronic abdominal pain, obstructive symptoms, weight
loss, and diarrhea. An abdominal mass may be palpable.
Complications include intestinal obstruction, hemorrhage,
and fistula formation. The purified protein derivative
(PPD) skin test may be negative, especially in patients with
weight loss or AIDS. Abdominal CT may show thickening
of the cecum and ileocecal valve and massive lymphade-
nopathy. Colonoscopy may demonstrate an ulcerated mass,
multiple ulcers with steep edges and adjacent small sessile
polyps, small ulcers or erosions, or small diverticula, most
commonly in the ileocecal region. The differential diagno-
sis includes Crohn disease, carcinoma, lymphoma, and
intestinal amebiasis. The diagnosis is established by either
endoscopic or surgical biopsy revealing acid-fast bacilli,
caseating granuloma, or positive cultures for the organism.
Detection of tubercle bacilli in biopsy specimens by PCR is
now the most sensitive means of diagnosis.

Treatment with standard antituberculous regimens
(Tables 9–14 and 9–15) is effective.

Lu S et al. Clinical diagnosis and endoscopic analysis of 10 cases
of intestinal tuberculosis. Medicine (Baltimore). 2020;99:
e21175. [PMID: 32664157]
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PROTEIN-LOSING ENTEROPATHY

Protein-losing enteropathy comprises a number of condi-
tions that result in excessive loss of serum proteins into the
gastrointestinal tract.

Hypoalbuminemia is the sine qua non of protein-los-
ing enteropathy. However, other serum proteins such as
alpha-1-antitrypsin also are lost from the gut epithelium.
In protein-losing enteropathy caused by lymphatic
obstruction, loss of lymphatic fluid commonly results in
lymphocytopenia (less than 1000/mcL), hypoglobu-
linemia, and hypocholesterolemia.

In most cases, protein-losing enteropathy is recognized
as a sequela of a known gastrointestinal disorder. In patients
in whom the cause is unclear, evaluation is indicated and is
guided by the clinical suspicion. Protein-losing enteropathy
must be distinguished from other causes of hypoalbumin-
emia, which include liver disease and nephrotic syndrome,
and from heart failure. Protein-losing enteropathy is con-
firmed by determining the gut alpha-1-antitrypsin clearance
(24-hour volume of feces × stool concentration of alpha-
1-antitrypsin ÷ serum alpha-1-antitrypsin concentration). A
clearance of more than 27 mL/24 h is abnormal.

Laboratory evaluation of protein-losing enteropathy
includes serum protein electrophoresis, lymphocyte count,
and serum cholesterol to look for evidence of lymphatic
obstruction. Serum ANA and C3 levels are useful to screen for
autoimmune disorders. Stool samples should be examined for
ova and parasites. Evidence of malabsorption is evaluated by
means of a stool qualitative fecal fat determination. Intestinal
imaging is performed with small bowel enteroscopy, CT
enterography, or wireless capsule endoscopy of the small
intestine. Colonic diseases are excluded with colonoscopy. A
CT scan of the abdomen is performed to look for evidence of
neoplasms or lymphatic obstruction. Rarely, lymphangiogra-
phy is helpful. In some situations, laparotomy with full-thick-
ness intestinal biopsy is required to establish a diagnosis.

Treatment is directed at the underlying cause.

Elli L et al. Protein-losing enteropathy. Curr Opin Gastroenterol.
2020;36:238. [PMID: 32073507]

Tseng YJ et al. Protein-losing enteropathy and primary intestinal
lymphangiectasia. QJM. 2020;113:224. [PMID: 31309229]

º
DISEASES OF ThE COLON & RECTUM

(See Chapter 39 for Colorectal Cancer.)

IRRITABLE BOWEL SYNDROME

E S S E N T I A L S  O F  D I A G N O S I S

» Chronic functional disorder characterized by
abdominal pain with alterations in bowel habits.

» Symptoms usually begin in late teens to early
twenties.

» Limited evaluation to exclude organic causes of
symptoms.

» General Considerations

IBS can be defined as an idiopathic clinical entity charac-
terized by chronic (more than 3 months) abdominal pain
that occurs in association with altered bowel habits. These
symptoms may be continuous or intermittent. The 2016
Rome IV consensus definition of IBS is abdominal pain
that has two of the following three features: (1) related to
defecation, (2) associated with a change in frequency of
stool, or (3) associated with a change in form (appearance)
of stool. Symptoms of abdominal pain should be present on
average at least 1 day per week. Other symptoms support-
ing the diagnosis include abnormal stool frequency; abnor-
mal stool form (lumpy or hard; loose or watery); abnormal
stool passage (straining, urgency, or feeling of incomplete
evacuation); and abdominal bloating or a feeling of abdom-
inal distention.

Patients may have other somatic or psychological com-
plaints such as dyspepsia, heartburn, chest pain, head-
aches, fatigue, myalgias, urologic dysfunction, gynecologic
symptoms, anxiety, or depression.

The disorder is a common problem presenting to both
gastroenterologists and primary care physicians. Up to 10%
of adults have symptoms compatible with the diagnosis,
but most never seek medical attention. Approximately two-
thirds of patients with IBS are women.

» Pathogenesis

A. Abnormal Motility

A variety of abnormal myoelectrical and motor abnormali-
ties have been identified in the colon and small intestine. In
some cases, these are temporally correlated with episodes
of abdominal pain or emotional stress. Differences between
patients with constipation-predominant (slow intestinal
transit) and diarrhea-predominant (rapid intestinal transit)
syndromes are reported.

B. Visceral Hypersensitivity

Patients often have a lower visceral pain threshold, report-
ing abdominal pain at lower volumes of colonic gas insuf-
flation or colonic balloon inflation than controls. Many
patients complain of bloating and distention, which may be
due to several different factors including increased visceral
sensitivity, increased gas production, impaired gas transit
through the intestine, or impaired rectal expulsion. Many
patients also report rectal urgency despite small rectal vol-
umes of stool.

C. Intestinal Inflammation

The intestinal epithelium and immune system interact with
the intra-intestinal microbiome, which is made up of an
estimated 30,000 different microbial species. It is postu-
lated that dietary factors, medications (antibiotics), or
infections may increase intestinal permeability, leading to
intestinal inflammation that may contribute to alterations
in intestinal motility or visceral hypersensitivity. Increased
inflammatory cells have been found in the mucosa, submu-
cosa, and muscularis of some patients with IBS, but their
importance is unclear.
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Symptoms compatible with IBS develop within 1 year in
over 10% of patients after an episode of bacterial gastroen-
teritis compared with less than 2% of controls. Women and
patients with antibiotic exposure or psychological stress at
the onset of gastroenteritis appear to be at increased risk
for developing “postinfectious” IBS.

Alterations in the intestinal microbiome composition
may cause increased postprandial gas as well as bloating
and distention due to degradation of undigested, ferment-
able carbohydrates in the small intestine or colon. A subset
of patients with IBS appear to have small intestinal bacte-
rial overgrowth. However, estimates of the proportions of
patients affected vary widely in part due to the different
methods used to diagnose bacterial overgrowth. In a 2020
meta-analysis of 25 studies of IBS patients who underwent
testing for bacterial overgrowth, an increase in breath
hydrogen or methane excretion was reported in 62% fol-
lowing lactulose ingestion but in 21% following glucose
ingestion, and only 14% using the “gold standard” of jeju-
nal aspirates and bacterial cultures.

D. Psychosocial Abnormalities

More than 50% of patients with irritable bowel who seek
medical attention have underlying depression, anxiety, or
somatization. Psychological abnormalities may influence
how the patient perceives or reacts to illness and minor
visceral sensations. Chronic stress may alter intestinal
motility or modulate pathways that affect central and spi-
nal processing of visceral afferent sensation.

» Clinical Findings

A. Symptoms and Signs

Irritable bowel is a chronic condition. Symptoms usually
begin in the late teens to twenties. The diagnosis is estab-
lished in the presence of compatible symptoms and the
judicious use of tests to exclude organic disease.

Abdominal pain usually is intermittent, crampy, and in
the lower abdominal region. As previously stated, pain
typically is associated with a change in stool frequency or
form and may be improved or worsened by defecation. It
does not usually occur at night or interfere with sleep.
Patients with IBS may be classified into one of four catego-
ries based on the predominant stool habits and stool form:
IBS with diarrhea, IBS with constipation, IBS with mixed
constipation and diarrhea, or IBS that is not subtyped. It is
important to clarify what the patient means by these com-
plaints. Patients with irritable bowel and constipation
report infrequent bowel movements (less than three per
week), hard or lumpy stools, or straining. Patients with IBS
with diarrhea refer to loose or watery stools, frequent
stools (more than three per day), urgency, or fecal inconti-
nence. Many patients report that they have a firm stool in
the morning followed by progressively looser movements.
Complaints of visible distention and bloating are common,
though these are not always clinically evident.

The patient should be asked about “alarm symptoms”
that suggest a diagnosis other than IBS and warrant further
investigation. The acute onset of symptoms raises the

likelihood of organic disease, especially in patients older
than 40–50 years. Nocturnal diarrhea, severe constipation
or diarrhea, hematochezia, weight loss, and fever are
incompatible with a diagnosis of IBS and warrant investi-
gation for underlying disease. Patients who have a family
history of cancer, inflammatory bowel disease, or celiac
disease should undergo additional evaluation.

A physical examination should be performed to look
for evidence of organic disease and to allay the patient’s
anxieties. The physical examination usually is normal.
Abdominal tenderness, especially in the lower abdomen, is
common but not pronounced. A digital rectal examination
should be performed in patients with constipation to
screen for paradoxical anal squeezing during attempted
straining that may suggest pelvic floor dyssynergia. A pel-
vic examination is recommended for postmenopausal
women with recent onset constipation and lower abdomi-
nal pain to screen for gynecologic malignancy.

B. Laboratory Findings and Special Examinations

Although the vague nature of symptoms and patient anxi-
ety may prompt clinicians to consider a variety of diagnos-
tic studies, overtesting should be avoided, since the
likelihood of serious organic disease is low. Nonetheless, a
2019 AGA practice guideline recommends selected labora-
tory tests in patients with chronic diarrhea to exclude other
diagnoses. A complete blood count should be obtained to
screen for iron deficiency anemia. A fecal calprotectin level
is recommended to screen for inflammatory bowel disease;
a value of greater than 50 mcg/g may warrant further endo-
scopic evaluation. Serologic testing for celiac disease (TG
IgA) should be performed. Stool specimen examinations
should be obtained in patients with increased likelihood of
parasitic infection (eg, day care workers, campers, foreign
travelers) for Giardia antigen or for multiple organisms
(Giardia, Cryptosporidium, Cyclospora, Entamoeba histo-
lytica) using nucleic acid amplification (PCR) tests. If these
tests are negative, further testing is not necessary in most
patients and education, reassurance, and initial empiric
treatment is recommended. Routine sigmoidoscopy or
colonoscopy is not recommended in young patients with
symptoms of IBS without alarm symptoms but should be
considered along with further laboratory testing in patients
who do not improve with conservative management. In all
patients aged 50 years or older who have not had a previous
evaluation, colonoscopy should be obtained to exclude
malignancy. When colonoscopy is performed, random
mucosal biopsies should be obtained to look for evidence
of microscopic colitis (which may have similar symptoms).
Routine testing for bacterial overgrowth with hydrogen
breath tests is not recommended.

» Differential Diagnosis

A number of disorders may present with similar symptoms.
Examples include colonic neoplasia, inflammatory bowel
disease (ulcerative colitis, Crohn disease, microscopic coli-
tis), bile-acid diarrhea, hyperthyroidism or hypothyroidism,
parasites, malabsorption (especially celiac disease, bacterial
overgrowth, lactase deficiency), causes of chronic secretory
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diarrhea (carcinoid), and gynecologic disorders (endome-
triosis, ovarian cancer). Psychiatric disorders such as depres-
sion, panic disorder, and anxiety must be considered as well.
Women with refractory symptoms have an increased inci-
dence of prior sexual and physical abuse. These diagnoses
should be excluded in patients with presumed IBS who do
not improve within 2–4 weeks of empiric treatment or in
whom subsequent alarm symptoms develop.

» Treatment

A. General Measures

As with other functional disorders, the most important
interventions the clinician can offer are reassurance, educa-
tion, and support. This includes identifying and responding
to the patient’s concerns, careful explanation of the patho-
physiology and natural history of the disorder, setting real-
istic treatment goals, and involving the patient in the
treatment process. Because irritable bowel symptoms are
chronic, the patient’s reasons for seeking consultation at this
time should be determined. These may include major life
events or recent psychosocial stressors, dietary or medica-
tion changes, concerns about serious underlying disease, or
reduced quality of life and impairment of daily activities. In
discussing with the patient the importance of the mind-gut
interaction, it may be helpful to explain that alterations in
visceral motility and sensitivity may be exacerbated by envi-
ronmental, social, or psychological factors such as foods,
medications, hormones, and stress. Symptoms such as pain,
bloating, and altered bowel habits may lead to anxiety and
distress, which in turn may further exacerbate bowel distur-
bances due to disordered communication between the gut
and the central nervous system. Fears that the symptoms
will progress, require surgery, or degenerate into serious
illness should be allayed. The patient should understand
that IBS is a chronic disorder characterized by periods of
exacerbation and quiescence. The emphasis should be
shifted from finding the cause of the symptoms to finding a
way to cope with them. Moderate exercise is beneficial.
Clinicians must resist the temptation to chase chronic com-
plaints with new or repeated diagnostic studies.

B. Dietary Therapy

Patients commonly report dietary intolerances. Proposed
mechanisms for dietary intolerance include food allergy,
hypersensitivity, effects of gut hormones, changes in bacte-
rial flora, increased bacterial gas production (arising in the
small or large intestine), and direct chemical irritation.
Fatty foods, alcohol, caffeine, spicy foods, and grains are
poorly tolerated by many patients with IBS. In patients
with diarrhea, bloating, and flatulence, lactose intolerance
should be excluded with a hydrogen breath test or a trial of
a lactose-free diet. A host of poorly absorbed, fermentable,
monosaccharides and short-chain carbohydrates (FOD-
MAPs) may exacerbate bloating, flatulence, and diarrhea in
some patients. These include six food groups: fructose
(corn syrups, apples, pears, honey, watermelon, raisins),
lactose, fructans (garlic, onions, leeks, asparagus, arti-
chokes), wheat-based products (breads, pasta, cereals,
cakes), sorbitol (stone fruits), and raffinose (legumes, lentils,

brussel sprouts, soybeans, cabbage). Dietary restriction of
these fermentable carbohydrates for 2–4 weeks may
improve symptoms (especially abdominal pain and bloat-
ing) in 50–65% of patients. Responders should gradually
reintroduce different FODMAPs to identify food triggers.
Ingestion of alpha-galactosidase supplement (“Beano”)
with meals containing foods with high galactoside content
(eg, beans, peas, lentils, soy) may improve bowel symp-
toms. Gluten has not been demonstrated to increase bowel
symptoms independent of other FODMAPs, and a gluten-
free diet is not recommended.

Poorly fermentable soluble fiber (psyllium, oatmeal)
improves global symptoms in many patients and is recom-
mended by the 2018 American College of Gastroenterol-
ogy guideline. Fermentable or insoluble fiber (bran) may
increase gas and bloating.

C. Pharmacologic Measures

More than two-thirds of patients with IBS have mild symp-
toms that respond readily to education, reassurance, and
dietary interventions. Drug therapy should be reserved for
patients with moderate to severe symptoms that do not
respond to conservative measures. These agents should be
viewed as being adjunctive rather than curative. Given the
wide spectrum of symptoms, no single agent is expected to
provide relief in all or even most patients. Nevertheless,
therapy targeted at the specific dominant symptom (pain,
constipation, or diarrhea) may be beneficial.

1. Antispasmodic agents—Anticholinergic agents are used
by some practitioners for treatment of acute episodes of
pain or bloating despite a lack of well-designed trials dem-
onstrating efficacy. Available agents include hyoscyamine,
0.125 mg orally (or sublingually as needed) or sustained-
release, 0.037 mg or 0.75 mg orally twice daily; dicyclomine,
10–20 mg orally; or methscopolamine, 2.5–5 mg orally
before meals and at bedtime. Anticholinergic side effects are
common, including urinary retention, constipation, tachy-
cardia, and dry mouth. Hence, these agents should be used
with caution in older patients and in patients with constipa-
tion. Over-the-counter, enteric-coated peppermint oil for-
mulations (believed to relax smooth intestine) are widely
available. In a 2020 randomized controlled trial, a formula-
tion that is released in the small intestine improved abdomi-
nal pain in a higher proportion of treated patients (47%)
compared with patients given placebo (34%).

2. Antidiarrheal agents—Loperamide (2 mg orally three
or four times daily) is effective for the treatment of patients
with diarrhea, reducing stool frequency, liquidity, and
urgency. It may best be used “prophylactically” in situa-
tions in which diarrhea is anticipated (such as stressful
situations) or would be inconvenient (social engagements).
Increased intracolonic bile acids due to alterations in
enterohepatic circulation may contribute to diarrhea in a
subset of patients with diarrhea. An empiric trial of bile
salt–binding agents (cholestyramine, 2–4 g one to three
times daily with meals; colesevelam, 625 mg, 1–3 tablets
twice daily) may be considered. Eluxadoline (75–100 mg
twice daily) is an opioid antagonist that is approved for
treatment of IBS with diarrhea. In phase 3 trials, it
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decreased abdominal pain and improved stool consistency
in approximately 25% of patients versus 16–19% with pla-
cebo; however, sphincter of Oddi dysfunction and pancre-
atitis developed in a small percentage (0.5%) of patients.
Given its minimal efficacy, adverse side effect profile, and
unproven benefit versus loperamide, further study is
needed before its use can be recommended.

3. Anticonstipation agents—Treatment with oral osmotic
laxatives polyethylene glycol 3350 (MiraLAX, 17–34 g/day)
may increase stool frequency, improve stool consistency, and
reduce straining. Lactulose or sorbitol produces increased
flatus and distention, which are poorly tolerated in patients
with IBS and should be avoided. Lubiprostone (8 mcg orally
twice daily), linaclotide (290 mcg orally once daily), plecana-
tide (3 mg orally once daily), and tegaserod (6 mg orally twice
daily) are FDA approved for treatment of IBS with constipa-
tion based on modest demonstrated efficacy. Through differ-
ent mechanisms, they stimulate increased intestinal chloride
and fluid secretion, resulting in accelerated colonic transit. In
clinical trials, lubiprostone led to global symptom improve-
ment in 18% of patients compared with 10% of patients who
received placebo (a therapeutic gain of 8%). Using different
FDA-approved endpoints for significant clinical response
(30% reduction in abdominal pain and more than three spon-
taneous bowel movements per week), phase 3 trials of lina-
clotide and plecanatide have demonstrated similar therapeutic
gains: linaclotide 12.5% versus placebo 4% and plecanatide
26% versus placebo 16%. Tegaserod, a 5-HT

4
-receptor ago-

nist, was originally approved by the FDA in 2002 for IBS with
constipation, but voluntarily withdrawn from the market in
2007 because of cardiovascular safety concerns. But in March
2019, it was reapproved by the FDA for women under age 65
after evaluation of clinical data from 29 placebo-controlled
trials and newer treatment outcome data. Patients with
intractable constipation should undergo further assessment
for slow colonic transit and pelvic floor dysfunction (see
Constipation, above).

4. Psychotropic agents—Patients with predominant
symptoms of pain or bloating may benefit from low doses
of tricyclic antidepressants, which are believed to have
effects on motility, visceral sensitivity, and central pain
perception that are independent of their psychotropic
effects. Because of their anticholinergic effects, these agents
may be more useful in patients with diarrhea-predominant
than constipation-predominant symptoms. Oral nortripty-
line, desipramine, or imipramine may be started at a low
dosage of 10 mg at bedtime and increased gradually to
50–150 mg as tolerated. Response rates do not correlate
with dosage, and many patients respond to doses of 50 mg
or less daily. Side effects are common, and lack of efficacy
with one agent does not preclude benefit from another.
Agents with higher anticholinergic activity may improve
diarrhea but worsen constipation. Improvement should be
evident within 4 weeks. The oral serotonin reuptake inhibi-
tors (sertraline, 25–100 mg daily; citalopram, 10–20 mg;
paroxetine, 20–50 mg daily; or fluoxetine, 10–40 mg daily)
may be used to treat irritable bowel symptoms as well as
treat mood disorders. SSRIs may accelerate gastrointestinal
transit and improve constipation. Anxiolytics should not

be used chronically in IBS because of their habituation
potential. Patients with major depression or anxiety disor-
ders should be identified and treated with therapeutic
doses of appropriate agents.

5. Serotonin receptor antagonists—Alosetron is a 5-HT
3

antagonist that is FDA approved for the treatment of
women with severe IBS with predominant diarrhea. Unfor-
tunately, due to cases of severe constipation and a small
(1:1000) but significant risk of ischemic colitis, alosetron is
restricted to women with severe IBS with diarrhea who
have not responded to conventional therapies and who
have been educated about the relative risks and benefits of
the agent. A randomized crossover trial of another 5-HT

3

antagonist, ondansetron 4–8 mg three times daily, showed
overall superior symptom improvement, including stool
frequency, consistency, and urgency. At this time, 5-HT

3

antagonists may be considered after careful discussion of
the risks and benefits in carefully selected patients with
severe diarrhea-predominant IBS.

6. Nonabsorbable antibiotics—Rifaximin (550 mg, three
times daily for 14 days) may be considered in patients with
refractory symptoms, especially bloating. A 2012 meta-
analysis identified a 9.9% greater improvement in bloating
with rifaximin compared with placebo, a modest gain that is
similar to other less expensive therapies. Symptom improve-
ment may be attributable to suppression of bacteria in either
the small intestine or colon, resulting in decreased bacterial
carbohydrate fermentation, diarrhea, and bloating.

7. Probiotics—Meta-analyses of small controlled clinical
trials of probiotics report improved symptoms of pain,
bloating, and flatulence in some patients; however, there is
no proven benefit. It is hypothesized that alterations in gut
flora may reduce symptoms through suppression of inflam-
mation or reduction of bacterial gas production, resulting
in reduced distention, flatus, and visceral sensitivity. A
2018 American College of Gastroenterology guideline gave
probiotics a weak recommendation, but a 2020 AGA
guideline recommended use only within clinical trials.

D. Psychological Therapies

Cognitive-behavioral therapies, relaxation techniques,
yoga, and hypnotherapy appear to be beneficial in some
patients. Patients with underlying psychological abnormali-
ties may benefit from evaluation by a psychiatrist or psy-
chologist. Patients with severe disability should be referred
to a pain treatment center.

» Prognosis

Most patients with IBS learn to cope with their symptoms
and lead productive lives.

Barbara G et al. Rome Foundation working team report on post-
infection irritable bowel syndrome. Gastroenterology.
2019;156:46. [PMID: 30009817]

Black DJ et al. Efficacy of pharmacological therapies in patients
with IBS with diarrhoea or mixed stool pattern: systematic
review and network meta-analysis. Gut. 2020;69:74. [PMID:
30996042]
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ANTIBIOTIC-ASSOCIATED COLITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Most cases of antibiotic-associated diarrhea are
not attributable to C difficile and are usually mild
and self-limited.

» Symptoms of antibiotic-associated colitis vary
from mild to fulminant; almost all colitis is attribut-
able to C difficile.

» Diagnosis in most cases established by stool assay.

» General Considerations

Antibiotic-associated diarrhea is a common clinical occur-
rence. Characteristically, the diarrhea occurs during the
period of antibiotic exposure, is dose related, and resolves
spontaneously after discontinuation of the antibiotic. In
most cases, this diarrhea is mild, self-limited, and does not
require any specific laboratory evaluation or treatment.
Stool examination usually reveals no fecal leukocytes, and
stool cultures reveal no pathogens. Although C difficile is
identified in the stool of 15–25% of cases of antibiotic-
associated diarrhea, it is also identified in 5–10% of
patients treated with antibiotics who do not have diarrhea.
Most cases of antibiotic-associated diarrhea are due to
changes in colonic bacterial fermentation of carbohydrates
and are not due to C difficile.

Antibiotic-associated colitis is a significant clinical
problem almost always caused by C difficile infection that
colonizes the colon and releases two toxins: TcdA and
TcdB. Found throughout hospitals in patient rooms and
bathrooms, C difficile is readily transmitted from patient to
patient by hospital personnel. Fastidious hand washing and
use of disposable gloves are helpful in minimizing trans-
mission and reducing infections in hospitalized patients. In
hospitalized patients, C difficile colitis occurs in approxi-
mately 20% of those who are colonized at admission and
3.5% of those not colonized. In both hospital-associated
and community infections, most episodes of colitis occur

in people who have received antibiotics that disrupt the
normal bowel flora and thus allow bacterium to flourish.
Although almost all antibiotics have been implicated, coli-
tis most commonly develops after use of ampicillin,
clindamycin, third-generation cephalosporins, and fluoro-
quinolones. Symptoms usually begin during or shortly
after antibiotic therapy but may be delayed for up to
8 weeks. All patients with acute diarrhea should be asked
about recent antibiotic exposure. Patients who are elderly;
debilitated; immunocompromised; receiving multiple anti-
biotics or prolonged (more than 10 days) antibiotic ther-
apy; receiving enteral tube feedings, proton pump
inhibitors, or chemotherapy; or who have inflammatory
bowel disease have a higher risk of acquiring C difficile and
developing C difficile–associated diarrhea.

Pathogenic strains of C difficile produce two toxins:
toxin TcdA is an enterotoxin and toxin TcdB is a cytotoxin.
A more virulent strain of C difficile (NAP1) that contains
an 18-base pair deletion of the TcdC inhibitory gene results
in higher toxin A and B production. This hypervirulent
strain is more prevalent among hospital-associated infec-
tions (31%) than community-acquired infections (19%)
and has been associated with outbreaks of severe disease
with up to 7% mortality.

» Clinical Findings

A. Symptoms and Signs

Most patients report mild to moderate greenish, foul-smell-
ing watery diarrhea 5–15 times per day with lower abdomi-
nal cramps. Physical examination is normal or reveals mild
left lower quadrant tenderness. The stools may have mucus
but seldom gross blood. Over half of hospitalized patients
diagnosed with C difficile colitis have severe disease as
defined by a white blood count greater than 15,000/mcL
(15 × 109/L) or serum creatinine greater than 1.5 g/dL.

Fulminant disease occurs in up to 10 % of patients. It is
characterized by fever; hemodynamic instability; and
abdominal distention, pain, and tenderness. Most patients
have profuse diarrhea (up to 30 stools/day); however, diar-
rhea may be absent or appear to be improving in patients
with fulminant disease or ileus. Laboratory data suggestive
of severe disease include a white blood count greater than
30,000/mcL (30 × 109/L), serum albumin less than 2.5 g/dL
(due to protein-losing enteropathy), elevated serum lactate,
and rising serum creatinine.

B. Special Examinations

1. Stool studies—Stool testing for C difficile is recom-
mended in hospitalized patients with dysentery or three or
more liquid stools within 24 hours or outpatients with
diarrhea persisting longer than 1 week. Three types of
diagnostic tests are in common use: (1) an immunoassay
for glutamate dehydrogenase (GDH) protein has high sen-
sitivity and negative predictive value (95%) for the detec-
tion of toxigenic and nontoxigenic C difficile, though it
does not distinguish active infection with toxin secretion
from colonization; (2) PCR tests amplify the C difficile
toxin gene (usually TcdB); they have extremely high sensi-
tivity (97–99%) for detection of C difficile as well as the
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ability to detect the hypervirulent NAP1 strain but like the
GDH assay cannot distinguish active infection from colo-
nization; (3) rapid enzyme immunoassays (EIAs) detect the
presence of C difficile–toxins TcdA and TcdB with 75–95%
sensitivity, confirming active toxin-secreting infection. As
the initial diagnostic test, most laboratories screen for C
difficile with either the PCR toxin gene test or the GDH
protein assay. A negative PCR or GDH assay effectively
excludes infection. Treatment based on PCR or GDH test-
ing alone may result in unnecessary treatment of patients
with C difficile colonization. Therefore, laboratories may
perform secondary testing with toxin EIA to distinguish
colonization from active toxin-producing infection.

2. Flexible sigmoidoscopy—Flexible sigmoidoscopy is not
needed in patients who have typical symptoms and a posi-
tive stool test. It may clarify the diagnosis in patients with
positive C difficile toxin assays who have atypical symptoms
or who have persistent diarrhea despite appropriate therapy.
In patients with mild to moderate symptoms, there may be
no abnormalities or only patchy or diffuse, nonspecific
colitis indistinguishable from other causes. In patients with
severe illness, true pseudomembranous colitis is seen.

3. Imaging studies—Abdominal radiographs or noncon-
trast abdominal CT scans are obtained in patients with
severe or fulminant symptoms to look for evidence of
colonic dilation and wall thickening. Abdominal CT also is
useful in the evaluation of hospitalized patients with
abdominal pain or ileus without significant diarrhea, in
whom the presence of colonic wall thickening suggests
unsuspected C difficile colitis. CT scanning is also useful in
the detection of possible perforation.

» Differential Diagnosis

In the hospitalized patient in whom acute diarrhea devel-
ops after admission, the differential diagnosis includes
simple antibiotic-associated diarrhea (not related to C dif-
ficile), enteral feedings, medications, and ischemic colitis.
Other infectious causes are unusual in hospitalized patients
in whom diarrhea develops more than 72 hours after
admission, and it is not cost-effective to obtain stool cul-
tures unless tests for C difficile are negative. Klebsiella oxy-
toca may cause a distinct form of antibiotic-associated
hemorrhagic colitis that is segmental (usually in the right
or transverse colon); spares the rectum; and is more com-
mon in younger, healthier outpatients.

» Complications

Severe colitis may progress quickly to fulminant disease,
resulting in hemodynamic instability, respiratory failure,
metabolic acidosis, megacolon (more than 7-cm diameter),
perforation, and death. Chronic untreated colitis may
result in weight loss and protein-losing enteropathy.

» Treatment

A. Initial Treatment

To reduce transmission within health care facilities, patients
with suspected or proven C difficile infection should be

placed on strict contact precautions and health care workers
should apply careful handwashing before and after contact.
If possible, therapy of the inciting antibiotic should be dis-
continued as soon as possible. The treatment of an initial
episode of C difficile colitis is determined by the severity of
disease. For patients with nonsevere disease, oral fidaxomi-
cin (200 mg orally two times daily) and vancomycin (125 mg
orally four times daily) are equally effective for initial treat-
ment, but recurrence rates are lower with fidaxomicin than
vancomycin (15% vs 25%). Fidaxomicin may be preferred
as first-line treatment for patients believed to be at higher
risk for recurrent disease. Recommended treatment dura-
tion is 10 days in most situations but is extended in patients
requiring prolonged antibiotic therapy for other infections.
Metronidazole (500 mg orally three times daily) is no longer
recommended for initial therapy except when vancomycin
or fidaxomicin is unavailable. Symptomatic improvement
occurs in most patients within 72 hours. Following treat-
ment, stool assays may remain positive for several weeks
after symptom resolution.

For patients with fulminant disease, vancomycin 500 mg
orally four times daily along with metronidazole 500 mg
intravenously every 8 hours are recommended. In patient
with ileus, vancomycin may be administered by nasoen-
teric tube and by rectal enema (500 mg in 100 mL normal
saline by enema every 6 hours). The efficacy of fidaxomi-
cin for severe or fulminant disease requires further investi-
gation. Early surgical consultation is recommended for all
patients with severe or fulminant disease. Total abdominal
colectomy or loop ileostomy with colonic lavage may be
required in patients with toxic megacolon, perforation,
sepsis, or hemorrhage.

B. Treatment of Relapse

Up to 20% of patients have a relapse of diarrhea from
C difficile within 8 weeks after stopping initial therapy. This
may be due to reinfection or failure to eradicate the organ-
ism. Current Infectious Disease Society of America guide-
lines recommend that the first recurrence be treated with
fidaxomicin 200 mg orally twice daily for 10 days or with a
prolonged tapering regimen of vancomycin 125 mg orally
four times daily for 14 days; twice daily for 7 days; once
daily for 7 days; then every other 2 or 3 days for 2–8 weeks.
Second recurrence should be treated with an additional
vancomycin tapering regimen, as above.

For patients with three or more relapses, guidelines
recommend consideration of fecal microbiota transplanta-
tion (FMT), in which a suspension of fecal bacteria from a
healthy donor is given to the patient with infection. Fecal
specimens that have been screened for infectious agents are
commercially available. The fecal microbiota may be
instilled into the patient by one of three methods: (1) infu-
sion through a colonoscope into the terminal ileum and
colon, (2) infusion through a nasoenteric tube into the
duodenum, or (3) ingestion of multiple freeze-dried cap-
sules. Due to its efficacy and relative safety and ease of
administration, the oral capsule method has become the
preferred mode of fecal administration in most patients.
Using all three infusion modalities, multiple case series
reported disease remission after a single treatment in over
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90% of patients with recurrent C difficile infection. Fur-
thermore, randomized studies have demonstrated signifi-
cantly higher resolution of C difficile diarrhea with FMT
(94%) than vancomycin (31%) and with FMT (92%) versus
fidaxomicin (42%) or vancomycin (19%). However, FMT
carries the potential risk of transmission of serious, even
sometimes fatal, infection. Clinicians considering offering
FMT must discuss with their patient this possible uncom-
mon but very serious risk. Nonetheless, with proper
screening and stool testing of donors, the risk of infections
appears to be very low.

Cheng YW et al. Fecal microbiota transplant decreases mortality
in patients with refractory severe or fulminant Clostridioides
difficile infection. Clin Gastroenterol Hepatol. 2020;18:2234.
[PMID: 31923639]

FDA. Fecal microbiota for transplantation: safety alert—risk of
serious adverse events likely due to transmission of patho-
genic organisms. MedWatch: The FDA Safety Information
and Adverse Event Reporting Program, Medical Product
Safety Information Alert. Update posted 04/07/20. https://
www.fda.gov/safety/medical-product-safety-information/
fecal-microbiota-transplantation-safety-alert-risk-serious-
adverse-events-likely-due-transmission.

Hvas CL et al. Fecal microbiota transplantation is superior to
fidaxomicin for treatment of recurrent Clostridium difficile
infection. Gastroenterology. 2019;156:1324. [PMID:
30610862]

Rao K et al. Diagnosis and treatment of Clostridioides (Clostrid-
ium) difficile infection in adults in 2020. JAMA. 2020;323:1403.
[PMID: 32150234]

INFLAMMATORY BOWEL DISEASE

The term “inflammatory bowel disease” includes ulcerative
colitis and Crohn disease. In the United States, there are
approximately 1.6 million people with inflammatory bowel
disease with adjusted annual incidences of 12.2 cases/100,000
and 10.7 cases/100,000 person-years for ulcerative colitis
and Crohn disease, respectively. Ulcerative colitis is a
chronic, recurrent disease characterized by diffuse mucosal
inflammation involving only the colon. Ulcerative colitis
invariably involves the rectum and may extend proximally
in a continuous fashion to involve part or all of the colon.
Crohn disease is a chronic, recurrent disease characterized
by patchy transmural inflammation involving any segment
of the gastrointestinal tract from the mouth to the anus.

Crohn disease and ulcerative colitis may be associated
in 50% of patients with a number of extraintestinal mani-
festations, including oral ulcers, oligoarticular or polyar-
ticular nondeforming peripheral arthritis, spondylitis or
sacroiliitis, episcleritis or uveitis, erythema nodosum,
pyoderma gangrenosum, hepatitis and sclerosing cholangi-
tis, and thromboembolic events.

» Pharmacologic Therapy

Although ulcerative colitis and Crohn disease appear to be
distinct entities, several pharmacologic agents are used to
treat both. Despite extensive research, there are still no
specific therapies for these diseases. The mainstays of
therapy are 5-aminosalicylic acid derivatives, corticoste-
roids, immunomodulating agents (such as mercaptopurine
or azathioprine and methotrexate), and biologic agents.

A. 5Aminosalicylic Acid 5ASA

5-ASA is a topically active agent that has a variety of anti-
inflammatory effects. It is readily absorbed from the small
intestine but demonstrates minimal colonic absorption. Sev-
eral oral and topical compounds have been designed to target
delivery of 5-ASA to the colon or distal small intestine.

1. Oral formulations—Mesalamine compounds are oral
5-ASA formulations that are either coated in various pH-
sensitive resins (Asacol, Apriso, and Lialda) that release
5-ASA throughout the colon or packaged in timed-release
capsules (Pentasa) that release 5-ASA in the small intestine
and colon. Side effects of these compounds are uncommon
but include nausea, rash, diarrhea, pancreatitis, and acute
interstitial nephritis. Sulfasalazine and balsalazide are oral
formulations that contain 5-ASA linked by an azo bond to
another agent (sulfapyridine or an inert peptide, respec-
tively) in order to prevent small intestine absorption. Fol-
lowing cleavage of the azo bond by colonic bacteria, 5-ASA
is released in the colon. The sulfapyridine group is absorbed
and may cause side effects in 15–30% of patients, including
nausea, oligospermia, leukopenia, agranulocytosis, impaired
folate metabolism, and hypersensitivity (fever, rash, hemo-
lytic anemia, pneumonitis). Because of its side effects, sul-
fasalazine is used less frequently than other 5-ASA agents.

2. Topical mesalamine—5-ASA is provided in the form of
suppositories (Canasa; 1000 mg) and enemas (Rowasa;
4 g/60 mL). These formulations can deliver much higher
concentrations of 5-ASA to the distal colon than oral com-
pounds. Side effects are uncommon.

B. Corticosteroids

A variety of intravenous, oral, and topical corticosteroid
formulations have been used in inflammatory bowel disease.
They have utility in the short-term treatment of moderate to
severe disease. However, long-term use is associated with
serious, potentially irreversible side effects and is to be
avoided. The agents, route of administration, duration of
use, and tapering regimens used are based more on personal
bias and experience than on data from rigorous clinical tri-
als. In hospitalized adult patients with severe disease, current
guidelines recommend intravenous methylprednisolone
40–60 mg/day, which may be given in single or divided doses.
Oral formulations are prednisone or methylprednisolone.
Budesonide is an oral corticosteroid with high topical anti-
inflammatory activity but low systemic activity due to high
first-pass hepatic metabolism. An enteric-coated formulation
is available (Entocort) that targets delivery to the terminal
ileum and proximal colon. An enteric coated, multi-matrix,
delayed-release formulation (budesonide Multi Matrix
[MMX] formulation [Uceris]) is available that releases
budesonide throughout the colon. Topical preparations are
provided as hydrocortisone suppositories (100 mg), foam
(90 mg), and enemas (100 mg) and as budesonide foam (2 mg).

C. Immunomodulating Drugs and
Other Small Molecules

1. Thiopurines mercaptopurine and azathioprine—
These drugs are used in many patients with moderate to
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severe Crohn disease and ulcerative colitis either alone or
in combination with anti-TNF agents. Thiopurines are
used alone in patients who are corticosteroid-dependent in
an attempt to reduce or withdraw corticosteroids and in
patients in remission to reduce the risk of disease recur-
rence. Thiopurines are used in combination with biologic
agents (especially anti-TNF agents) to reduce antibody
formation against the biologic agent and to increase the
likelihood of clinical remission through increased anti-
TNF drug levels and possible synergistic effects. Side
effects of mercaptopurine and azathioprine, including
allergic reactions (fever, rash, or arthralgias) and nonaller-
gic reactions (nausea, vomiting, pancreatitis, hepatotoxic-
ity, bone marrow suppression, infections), occur in 15% of
patients. Thiopurines are associated with up to a 2.5-fold
increased risk of non-Hodgkin lymphomas (0.5/1000
patient-years). The risk rises after 1–2 years of exposure and
is higher in men younger than age 30 years and patients
older than age 50 years. Thiopurines also are associated
with a risk of human papillomavirus (HPV)–related cervi-
cal dysplasia and with an increased risk of non-melanoma
skin cancer. Younger patients also are at risk for severe
primary Epstein-Barr virus (EBV) infection, if not previ-
ously exposed.

About 1 person in 300 has a homozygous mutation of
one of the enzymes that metabolizes thiopurine methyl-
transferase (TPMT), placing them at risk for profound
immunosuppression; 1 person in 9 is heterozygous for
TPMT, resulting in intermediate enzyme activity. Measure-
ment of TPMT functional activity is recommended prior to
initiation of therapy. Treatment should be withheld in
patients with absent TPMT activity. The most effective
dose of mercaptopurine is 1–1.5 mg/kg. For azathioprine,
it is 2–3 mg/kg daily. For patients with normal TPMT
activity, both drugs may be initiated at the weight-calcu-
lated dose. A complete blood count should be obtained
weekly for 4 weeks, biweekly for 4 weeks, and then every
1–3 months for the duration of therapy. Liver biochemical
tests should be measured periodically. Some clinicians
prefer gradual dose escalation, especially for patients with
intermediate TPMT activity or for whom TPMT measure-
ment is not available; both drugs may be started at 25 mg/
day and increased by 25 mg every 1–2 weeks while moni-
toring for myelosuppression until the target dose is reached.
If the white blood count falls below 4000/mcL (4.0 × 109/L)
or the platelet count falls below 100,000/mcL (100 × 109/L),
the medication should be held for at least 1 week before
reducing the daily dose by 25–50 mg. Measurement of
thiopurine metabolites (6-TG and 6-MMP) is of unproved
value in most patients but is recommended in patients who
have not responded to standard, weight-based dosing or in
whom adverse effects develop.

2. Methotrexate—Low-dose oral methotrexate is used in
combination with biologic agents to prevent immunogenic-
ity. Methotrexate is an analog of dihydrofolic acid. Side
effects of methotrexate include nausea, vomiting, stomatitis,
infections, bone marrow suppression, hepatic fibrosis, and
life-threatening pneumonitis. A complete blood count and
liver chemistries should be monitored every 3 months.
Folate supplementation (1 mg/day) should be administered.

Because methotrexate is teratogenic, it should be discontin-
ued in men and women at least 6 months before conception
and during pregnancy.

3. Janus kinase inhibitors—Tofacitinib is a nonbiologic
small-molecule inhibitor of Janus kinase (JAK 1/3), which
is involved through the JAK-STAT pathway in modulation
of multiple interleukins. It is currently approved by the
FDA as second-line therapy for the treatment of moderate
to severe ulcerative colitis (not Crohn disease) that has not
responded to anti-TNF therapy. It has rapid oral absorp-
tion and lacks immunogenicity. The FDA has issued a
black box warning about an increased risk of blood clots
and deaths in rheumatoid arthritis patients taking tofaci-
tinib 10 mg orally twice daily compared with patients tak-
ing 5 mg orally twice daily of anti-TNF agents. Tofacitinib
should not be prescribed to patients deemed at higher risk
for thrombosis. It has a low risk of adverse events, includ-
ing infections, with the exception of herpes zoster (it
occurs in up to 5% of patients). Vaccination with inacti-
vated (not live) recombinant zoster (Shingrix) is recom-
mended in all patients older than 50 years and in younger
patients with other risk factors for reactivation.

D. Biologic Therapies

A number of biologic therapies are available or in clinical
testing that target various components of the immune sys-
tem. Biologic agents are highly effective for patients with
moderate to severe disease and when administered early in
the disease course may improve the natural history of dis-
ease. The potential benefits of these agents must be
weighed with their high cost and risk of rare but serious
and potentially life-threatening side effects.

1. AntiTNF therapies—Four monoclonal antibodies to
TNF currently are available for the treatment of inflamma-
tory bowel disease: infliximab, adalimumab, golimumab,
and certolizumab. All four agents bind and neutralize sol-
uble as well as membrane-bound TNF on macrophages
and activated T lymphocytes, thereby preventing TNF
stimulation of effector cells.

Infliximab is a chimeric (75% human/25% mouse) IgG
1

antibody that is administered by intravenous infusion. A
three-dose regimen of 5 mg/kg administered at 0, 2, and 6
weeks is recommended for acute induction, followed by
infusions every 8 weeks for maintenance therapy. Acute
infusion reactions occur in 5–10% of infusions but occur
less commonly in patients receiving regularly scheduled
infusions or concomitant immunomodulators (ie, azathio-
prine or methotrexate). Most reactions are mild and can be
treated by slowing the infusion rate and administering
acetaminophen and diphenhydramine. Severe reactions
(hypotension, severe shortness of breath, rigors, severe
chest discomfort) occur in less than 1% and may require
oxygen, diphenhydramine, hydrocortisone, and epineph-
rine. Delayed serum sickness-like reactions occur in 1%.
With repeated, intermittent intravenous injections, anti-
bodies to infliximab develop in up to 40% of patients,
which are associated with a shortened duration or loss of
response and increased risk of acute or delayed infusion
reactions. Giving infliximab in a regularly scheduled
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maintenance therapy (eg, every 8 weeks) or in combination
with other immunomodulating agents (azathioprine, mer-
captopurine, or methotrexate) significantly reduces the
development of antibodies to less than 10%.

Adalimumab and golimumab are fully human IgG
1

antibodies that are administered by subcutaneous injec-
tion. For adalimumab, a dose of 160 mg at week 0 and
80 mg at week 2 is recommended for acute induction,
followed by maintenance therapy with 40 mg subcutane-
ously every other week. For golimumab, a dose of 200 mg
at week 0 and 100 mg at week 2 is recommended for acute
induction, followed by maintenance therapy with 100 mg
subcutaneously every 4 weeks.

Certolizumab is a fusion compound in which the Fab1
portion of a chimeric (95% human/5% mouse) TNF-anti-
body is bound to polyethylene glycol in order to prolong
the drug half-life. However, certolizumab is infrequently
used due to lower clinical efficacy.

Acute and delayed hypersensitivity reactions are rare
with subcutaneous anti-TNF therapies. Antibodies to
adalimumab or golimumab develop in 5% of patients and
to certolizumab in 10%, which may lead to shortened dura-
tion or loss of response to the drug.

Serious infections with anti-TNF therapies may occur in
2–5% of patients, including sepsis, pneumonia, abscess, and
cellulitis; however, controlled studies suggest the increased
risk may be attributable to increased severity of disease and
concomitant use of corticosteroids or immunomodulators.
Patients treated with anti-TNF therapies are at increased
risk for the development of opportunistic infections with
intracellular bacterial pathogens including tuberculosis,
mycoses (candidiasis, histoplasmosis, coccidioidomycosis,
nocardiosis), and listeriosis, and with reactivation of viral
infections, including hepatitis B, herpes simplex, varicella
zoster, and EBV. Prior to use of these agents, patients should
be screened for latent tuberculosis with PPD testing and a
chest radiograph. Antinuclear and anti-DNA antibodies
occur in a large percentage of patients; however, the devel-
opment of drug-induced lupus is rare. All agents may cause
severe hepatic reactions leading to acute hepatic failure;
liver biochemical tests should be monitored routinely dur-
ing therapy. Anti-TNF therapies may increase the risk of
skin cancer, hence annual dermatologic examinations are
recommended. There may be a small risk of non-Hodgkin
lymphoma in patients taking anti-TNF monotherapy; how-
ever, the risk is much higher in patients receiving a combi-
nation of anti-TNF and a thiopurine (6.1-fold increase;
0.95/1000 person-years). Rare cases of optic neuritis and
demyelinating diseases, including multiple sclerosis have
been reported. Anti-TNF therapies may worsen heart fail-
ure in patients with cardiac disease.

In patients with active inflammatory bowel disease,
monitoring of anti-TNF trough levels and any anti-drug
antibodies is useful to optimize drug levels and guide
therapy. Therapeutic drug monitoring is indicated in
patients who have poor clinical response or who have lost
clinical response. Patients with high titers of anti-drug
antibodies should be switched to a different anti-TNF
agent. Anti-TNF therapy is considered to have failed when
patients have a poor response despite adequate anti-TNF

trough concentrations; another class of drugs should be
tried. Increasingly, experts recommend proactive measure-
ment of drug and antibody concentrations in all patients to
optimize clinical response and minimize drug antibody
formation (more common at low drug levels). At present,
recommended trough concentrations during maintenance
therapy are greater than 5–7 mcg/mL for infliximab,
greater than 7–10 mcg/mL for adalimumab, and greater
than 1 mcg/mL for golimumab.

2. Antiintegrins—Anti-integrins decrease the trafficking
of circulating leukocytes through the vasculature, reducing
chronic inflammation. Vedolizumab is FDA approved for
patients with moderately active ulcerative colitis or Crohn
disease who have an inadequate response to or intolerance
of corticosteroids, immunomodulators, or anti-TNF
agents. Induction therapy is given as a 300-mg intravenous
dose at weeks 0, 2, and 6. This is followed by maintenance
therapy of 300 mg intravenously every 4–8 weeks based on
clinical response or serum trough concentrations. Thus far,
vedolizumab does not appear to be associated with an
increased risk of serious infections or malignancy. Infusion
reactions are uncommon. Antibodies develop in 5%, which
may interfere with drug efficacy.

3. AntiIL12/23 antibody—Ustekinumab is a human IgG
1

monoclonal antibody that binds the p40 subunit of IL-12
and IL-23, interfering with their receptor binding on T
cells, NK cells, and antigen presenting cells. Ustekinumab
is FDA approved for the treatment of patients with moder-
ate to severe Crohn disease and for those with moderate
to severe ulcerative colitis. Induction therapy is given as a
single, weight-based intravenous dose (approximately
5–7 mg/kg), followed by 90 mg every 8 weeks by subcuta-
neous injection. There has been no demonstrated increase
in severe infections or malignancy, and other serious
events are rare. Antibodies to ustekinumab develop in less
than 5% of patients but their impact on treatment efficacy
is uncertain.
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» Social Support for Patients

Inflammatory bowel disease is a lifelong illness that can
have profound emotional and social impacts on the
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individual. Patients should be encouraged to become
involved in the Crohn’s and Colitis Foundation of America
(CCFA). National headquarters may be contacted at 733
Third Avenue, Suite 510, New York, NY 10017; phone 800-
932-2423. https://www.crohnscolitisfoundation.org/

1. Cron Disease

E S S E N T I A L S  O F  D I A G N O S I S

» Insidious onset.

» Intermittent bouts of low-grade fever, diarrhea,
and right lower quadrant pain.

» Right lower quadrant mass and tenderness.

» Perianal disease with abscess, fistulas.

» Radiographic or endoscopic evidence of ulcer-
ation, stricturing, or fistulas of the small intestine
or colon.

» General Considerations

One-third of cases of Crohn disease involve the small
bowel only, most commonly the terminal ileum (ileitis).
Half of all cases involve the small bowel and colon, most
often the terminal ileum and adjacent proximal ascending
colon (ileocolitis). In 20% of cases, the colon alone is
affected. One-third of patients have associated perianal
disease (fistulas, fissures, abscesses). Less than 5% of
patients have symptomatic involvement of the upper intes-
tinal tract. Unlike ulcerative colitis, Crohn disease is a
transmural process that can result in mucosal inflamma-
tion and ulceration, stricturing, fistula development, and
abscess formation. Cigarette smoking is strongly associated
with the development of Crohn disease, resistance to medi-
cal therapy, and early disease relapse.

» Clinical Findings

A. Symptoms and Signs

Because of the variable location of involvement and sever-
ity of inflammation, Crohn disease may present with a
variety of symptoms and signs. In eliciting the history, the
clinician should take particular note of fevers, the patient’s
general sense of well-being, weight loss, the presence of
abdominal pain, the number of liquid bowel movements
per day, and prior surgical resections. Physical examination
should focus on the patient’s temperature, weight, and
nutritional status, the presence of abdominal tenderness or
mass, rectal examination, and extraintestinal manifesta-
tions. Approximately 20–30% of patients have an indolent,
nonprogressive course. The majority will require specific
therapies (often biologic agents) to reduce inflammation,
improve quality of life, and reduce the risk of surgery and
hospitalization. Most commonly, there is one or a combi-
nation of the following clinical constellations.

1. Luminal inflammatory disease—This is the most com-
mon presentation at diagnosis (60–80%). Patients report

malaise, weight loss, and loss of energy. In patients with
ileitis or ileocolitis, there may be diarrhea, which is usually
nonbloody and often intermittent. In patients with colitis
involving the rectum or left colon, there may be bloody
diarrhea and fecal urgency, which may mimic the symp-
toms of ulcerative colitis. Cramping or steady right lower
quadrant or periumbilical pain is common. Physical exam-
ination reveals focal tenderness, usually in the right lower
quadrant. A palpable, tender mass that represents thick-
ened or matted loops of inflamed intestine may be present
in the lower abdomen.

2. Intestinal stricturing—Narrowing of the small bowel
may occur as a result of inflammation or fibrotic stenosis.
Patients report postprandial bloating, cramping pains, and
loud borborygmi. This may occur in patients with active
inflammatory symptoms or later in the disease from
chronic fibrosis without other systemic symptoms or signs
of inflammation.

3. Penetrating disease and fistulae—Sinus tracts that
penetrate through the bowel, where they may be contained
or form fistulas to adjacent structures, develop in a subset
of patients. Penetration through the bowel can result in an
intra-abdominal or retroperitoneal phlegmon or abscess
manifested by fevers, chills, a tender abdominal mass, and
leukocytosis. Fistulas between the small intestine and
colon commonly are asymptomatic, but can result in diar-
rhea, weight loss, bacterial overgrowth, and malnutrition.
Fistulas to the bladder produce recurrent infections. Fistu-
las to the vagina result in malodorous drainage and prob-
lems with personal hygiene. Fistulas to the skin usually
occur at the site of surgical scars.

4. Perianal disease—One-third of patients with either
large or small bowel involvement develop perianal disease
manifested by large painful skin tags, anal fissures, perianal
abscesses, and fistulas.

5. Extraintestinal manifestations—Extraintestinal mani-
festations may include arthralgias, arthritis, iritis or uveitis,
pyoderma gangrenosum, or erythema nodosum. Oral
aphthous lesions are common.

B. Laboratory Findings

Laboratory values may reflect inflammatory activity or
nutritional complications of disease. A complete blood
count and serum albumin should be obtained in all
patients. Anemia may reflect chronic inflammation, muco-
sal blood loss, iron deficiency, or vitamin B

12
malabsorp-

tion secondary to terminal ileal inflammation or resection.
Leukocytosis may reflect inflammation or abscess forma-
tion or may be secondary to corticosteroid therapy. Hypo-
albuminemia may be due to intestinal protein loss,
malabsorption, bacterial overgrowth, or chronic inflam-
mation. The sedimentation rate or C-reactive protein level
is elevated in many patients during active inflammation;
however, one-third have a normal C-reactive protein level.
Fecal calprotectin is an excellent noninvasive test. Elevated
levels are correlated with active inflammation as demon-
strated by ileocolonoscopy or radiologic CT or MR
enterography. Stool specimens are sent for examination for
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routine pathogens and C difficile toxin by microscopy, cul-
ture, and toxin assay or by rapid multiplex PCR diagnostic
assessment.

C. Special Diagnostic Studies

In most patients, the initial diagnosis of Crohn disease is
based on a compatible clinical picture with supporting
endoscopic, pathologic, and radiographic findings. Colo-
noscopy usually is performed first to evaluate the colon
and terminal ileum and to obtain mucosal biopsies. Typical
endoscopic findings include aphthoid, linear or stellate
ulcers, strictures, and segmental involvement with areas of
normal-appearing mucosa adjacent to inflamed mucosa.
Large or deep mucosal ulcers portend a higher risk for
progressive disease. In 10% of cases, it may be difficult to
distinguish ulcerative colitis from Crohn disease. Granulo-
mas on biopsy are present in less than 25% of patients but
are highly suggestive of Crohn disease. CT or MR enterog-
raphy is obtained in patients with suspected small bowel
involvement. Suggestive findings include ulcerations, stric-
tures, and fistulas; in addition, CT or MR enterography
may identify bowel wall thickening and vascularity, muco-
sal enhancement, and fat stranding. MR enterography,
where available, may be preferred due its lack of radiation
exposure. Capsule imaging may help establish a diagnosis
when clinical suspicion for small bowel involvement is
high but radiographs are normal or nondiagnostic. Barium
upper gastrointestinal series with small bowel follow
through should no longer be performed except where CT
or MR enterography is unavailable.

» Complications

A. Abscess

The presence of a tender abdominal mass with fever and leu-
kocytosis suggests an abscess. Emergent CT or MR of the
abdomen is necessary to confirm the diagnosis. Patients
should be given broad-spectrum antibiotics. Smaller abscesses
(less than 3 cm) respond to antibiotic therapy but larger
abscesses usually require percutaneous or surgical drainage.

B. Obstruction

Small bowel obstruction may develop secondary to active
inflammation or chronic fibrotic stricturing and is often
acutely precipitated by dietary indiscretion. Patients should
be given intravenous fluids with nasogastric suction. Sys-
temic corticosteroids are indicated in patients with symp-
toms or signs of active inflammation but are unhelpful in
patients with inactive, fixed disease. Patients unimproved
on medical management require surgical resection of the
stenotic area or stricturoplasty.

C. Abdominal and Rectovaginal Fistulas

Many fistulas are asymptomatic and require no specific
therapy. For symptomatic fistulas, medical therapy is effec-
tive in a subset of patients and is usually tried first in out-
patients who otherwise are stable. Anti-TNF agents may
promote closure in up to 60% within 10 weeks; however,
relapse occurs in over one-half of patients within 1 year

despite continued therapy. Surgical therapy is required for
symptomatic fistulas that do not respond to medical ther-
apy. Fistulas that arise above (proximal to) areas of intesti-
nal stricturing commonly require surgical treatment.

D. Perianal Disease

Patients with fissures, fistulas, and skin tags commonly
have perianal discomfort. Successful treatment of active
intestinal disease also may improve perianal disease. Spe-
cific treatment of perianal disease can be difficult and is
best approached jointly with a surgeon with an expertise in
colorectal disorders. Pelvic MRI is the best noninvasive
study for evaluating perianal fistulas. Patients should be
instructed on proper perianal skin care, including gentle
wiping with a premoistened pad (baby wipes) followed by
drying with a cool hair dryer, daily cleansing with sitz baths
or a water wash, and use of perianal cotton balls or pads to
absorb drainage. Oral antibiotics (metronidazole, 250 mg
three times daily, or ciprofloxacin, 500 mg twice daily) may
promote symptom improvement or healing in patients
with fissures or uncomplicated fistulas; however, recurrent
symptoms are common. Immunomodulators or anti-TNF
agents or both promote short-term symptomatic improve-
ment from anal fistulas in two-thirds of patients and com-
plete closure in up to one-half of patients; however, less
than one-third maintain symptomatic remission during
long-term maintenance treatment.

Anorectal abscesses should be suspected in patients
with severe, constant perianal pain, or perianal pain in
association with fever. Superficial abscesses are evident on
perianal examination, but deep perirectal abscesses may be
detected by digital examination or pelvic CT or MR scan.
Depending on the abscess location, surgical drainage may
be achieved by incision, or catheter or seton placement.
Surgery should be considered for patients with severe,
refractory symptoms but is best approached after medical
therapy of the Crohn disease has been optimized.

E. Carcinoma

Patients with colonic Crohn disease are at increased risk
for developing colon carcinoma; hence, annual screening
colonoscopy to detect dysplasia or cancer is recommended
for patients with a history of 8 or more years of Crohn
colitis. Patients with Crohn disease have an increased risk
of lymphoma and of small bowel adenocarcinoma; how-
ever, both are rare.

F. Hemorrhage

Unlike ulcerative colitis, severe hemorrhage is unusual in
Crohn disease.

G. Malabsorption

Malabsorption may arise after extensive surgical resections of
the small intestine and from bacterial overgrowth in patients
with enterocolonic fistulas, strictures, and stasis resulting in
bacterial overgrowth. Serum levels of vitamins A, D, and B

12

should be obtained at diagnosis and monitored periodically
in patients with ileal inflammation or resection.
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» Differential Diagnosis

Chronic cramping abdominal pain and diarrhea are typical
of both IBS and Crohn disease, but radiographic examina-
tions are normal in the former. Celiac disease may cause
diarrhea with malabsorption. Acute fever and right lower
quadrant pain may resemble appendicitis or Yersinia entero-
colitica enteritis. Intestinal lymphoma causes fever, pain,
weight loss, and abnormal small bowel radiographs that may
mimic Crohn disease. Patients with undiagnosed AIDS may
present with fever and diarrhea. Segmental colitis may be
caused by tuberculosis, E histolytica, Chlamydia, or ischemic
colitis. C difficile or CMV infection may develop in patients
with inflammatory bowel disease, mimicking disease recur-
rence. In patients from tuberculosis-endemic countries, it
can be extremely difficult to distinguish active intestinal
tuberculosis from Crohn disease, even with biopsies and PCR
analyses. Diverticulitis or appendicitis with abscess forma-
tion may be difficult to distinguish acutely from Crohn dis-
ease. NSAIDs may exacerbate inflammatory bowel disease
and may also cause NSAID-induced colitis characterized by
small bowel or colonic ulcers, erosion, or strictures that tend
to be most severe in the terminal ileum and right colon.

» Treatment of Active Disease

Crohn disease is a chronic lifelong illness characterized by
exacerbations and periods of remission. As no specific
therapy exists, current treatment is directed toward symp-
tomatic improvement and control of the disease process, in
order to improve quality of life and reduce disease progres-
sion and complications. Most patients have moderate to
severe disease with increased risk of progression to intesti-
nal complications. However, 20–30% of patients have mild,
intermittent disease with a nonprogressive course. Risk
factors for an aggressive disease course include (1) young
age at disease onset, early need for corticosteroids, perianal
disease, stricturing disease, or upper gastrointestinal
involvement; (2) laboratory markers of severe inflammation,
including low albumin or hemoglobin, or high C-reactive
protein; or (3) endoscopic findings of deep ulcerations.
Choice of therapies therefore depends on the disease sever-
ity, patient age and comorbidities, and patient preference.
Sustained clinical remission with intestinal mucosal healing
should be the therapeutic goal in most patients; however,
this cannot always be achieved. Early introduction of bio-
logic therapy should be strongly considered in patients who
have moderate to severe disease, most especially those with
risk factors for a progressive course. The pharmacology of
medications used in Crohn disease treatment, including
mechanisms of action, adverse effects, dosing, and monitor-
ing, are detailed in Inflammatory Bowel Disease: Pharma-
cologic Therapy. All patients with Crohn disease should be
counseled to discontinue cigarettes.

A. Mild/LowRisk Disease

Patients may be characterized as having mild disease with a
low-risk of disease progression if they have mild symptoms,
no significant weight loss, normal or only mildly elevated
inflammatory markers (C-reactive protein, fecal calprotec-
tin, serum albumin), absence of intestinal complications

(stricturing, abscess, fistula, perianal disease), and limited
intestinal involvement with superficial mucosal ulcers.

1. Nutrition—Patients should eat a well-balanced diet with
as few restrictions as possible. Eating smaller but more
frequent meals may be helpful. Patients with diarrhea
should be encouraged to drink fluids to avoid dehydration.
Many patients report that certain foods worsen symptoms,
especially fried or greasy foods. Because lactose intolerance
is common, a trial off dairy products is warranted if flatu-
lence or diarrhea is a prominent complaint. Probiotics have
not proven beneficial for Crohn disease.

2. Symptomatic therapy—Loperamide (2–4 mg) may be
given for diarrhea as needed up to four times daily.

3. Drug therapy—It is recommended that therapy for
mild, low-risk Crohn disease begin with medications that
are less potent but have a lower risk of adverse effects. Rec-
ommended drug treatment depends on the location of
disease involvement.

a. Terminal ileum or ascending colon disease—For
patients with mild disease involving the terminal ileum or
ascending colon, initial treatment is recommended with
extended-release budesonide (Entocort), 9 mg once daily for
8 weeks, which induces remission in 50–70% of patients. If
disease remission is achieved, budesonide is tapered over 2–4
weeks in 3 mg increments and the patient observed. For
treatment of mild ileocolonic Crohn disease, 5-ASA agents
remain in widespread clinical use despite an absence of clini-
cal trial data supporting their efficacy. Formulations that
release mesalamine in the distal small intestine (Asacol 2.4–
4.8 g/day or Pentasa 2–4 g/day) are most often prescribed.

b. Left-sided or diffuse colitis—For patients with
mild colitis that is diffuse or involves only the left-side of
the colon, oral corticosteroids (prednisone or predniso-
lone) are recommended. The initial dose of either agent is
40 mg once daily for 1–2 weeks, followed in those who
respond by gradual tapering of 5–10 mg/week over 4–8
weeks. Sulfasalazine (1.5–3 g orally twice daily) appears
effective in improving symptoms and inducing remission
in patients with mild Crohn disease involving the colon
(not small intestine) and is recommended in current treat-
ment guidelines. Sulfasalazine is associated with poten-
tially severe side effects in up to 30% of patients (see
Inflammatory Bowel Disease: Pharmacologic Therapy).
For patients who respond, sulfasalazine 2–4 g/day may be
continued as long-term maintenance. Because of sulfasala-
zine’s side effects, many clinicians prescribe other oral
5-ASA agents for mild Crohn colitis despite an absence of
clinical data supporting efficacy. Such agents include those
that release 5-ASA throughout the colon: delayed-release
mesalamine (Lialda or Asacol 2.4–4.8 g/day; Apriso
2.25–4.5 g/day) and balasalazide 2.25 g three times daily.

c. Long-term follow up—In patients with mild Crohn
disease who respond to initial therapy with budesonide or
prednisone, treatment should be discontinued and the
patient monitored periodically for disease recurrence (symp-
toms, C-reactive protein, fecal calprotectin, or endoscopy
every 1–2 years). Patients who respond to treatment with
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sulfasalazine or other 5-ASA formulations should continue
long-term maintenance therapy. Patients with mild disease
who either do not respond to initial therapy or who experi-
ence symptom relapse more than once every 1–2 years) fol-
lowing tapering of corticosteroids should be reclassified as
moderate- to high-risk for disease progression and ‘stepped
up’ to more potent therapies (oral corticosteroids, immuno-
modulators, or biologic agents).

B. Moderate to Severe/HighRisk Crohn Disease

Moderate to severe disease may be characterized by fre-
quent diarrhea, weight loss, daily abdominal pain, abdomi-
nal tenderness, and perianal disease. Evidence of significant
inflammation includes elevated C-reactive protein; ane-
mia; low serum albumin; or the findings of deep ulcer-
ation, stricture, or penetrating disease on endoscopy or
radiologic imaging. Patients characterized as having mod-
erate to severe Crohn disease are at high risk for the devel-
opment of intestinal complications and therefore warrant
early aggressive “top down” management with biologic
agents or immunomodulators (or both) in an effort to pro-
mote sustained clinical remission.

1. Nutrition—Patients with obstructive symptoms should
be placed on a low-roughage diet, ie, no raw fruits or veg-
etables, popcorn, nuts, etc. TPN sometimes is used short
term in patients with active disease and progressive weight
loss, especially those awaiting surgery who have malnutri-
tion but cannot tolerate enteral feedings because of high-
grade obstruction, high-output fistulas, severe diarrhea, or
abdominal pain. Parenteral vitamin B

12
(1000 mcg subcu-

taneously per month) and oral vitamin D supplementation
commonly are needed for patients with previous ileal
resection or extensive terminal ileal disease.

2. Symptomatic therapy—Involvement of the terminal ileum
with Crohn disease or prior ileal resection may lead to
reduced absorption of bile acids that may induce secretory
diarrhea from the colon. Secretory diarrhea responds to
agents that bind the malabsorbed bile salts: cholestyramine
2–4 g or colestipol 1–2 g one to three times daily with meals;
colesevelam, 625 mg, one to three tablets twice daily. Patients
with extensive ileal disease (requiring more than 100 cm of
ileal resection) have severe bile salt malabsorption causing
steatorrhea. Such patients may benefit from a low-fat diet; bile
salt–binding agents exacerbate the diarrhea and should not be
given. Patients with Crohn disease are at risk for the develop-
ment of small intestinal bacterial overgrowth due to enteral
fistulas, ileal resection, and impaired motility and may benefit
from a course of broad-spectrum antibiotics (see Bacterial
Overgrowth, above). Other causes of diarrhea include lactase
deficiency and short bowel syndrome. Use of oral antidiar-
rheal agents may provide benefit in some patients.

3. Drug therapy—The goal of drug treatment for moderate
to severe, high-risk Crohn disease is to induce and main-
tain clinical disease remission, including mucosal healing,
whenever possible.

a. Corticosteroids—Corticosteroids dramatically sup-
press the acute clinical symptoms and signs in most
patients with both small and large bowel disease; however,

they do not alter the natural history of the underlying dis-
ease. Because of their rapidity of onset, corticosteroids
commonly are used in patients with moderate to severe
disease to promote early symptomatic improvement while
other disease-modifying agents with slower onset of action
are initiated. Hospitalization is warranted in some patients
with symptoms or signs of severe disease, especially those
with high fever, persistent vomiting, evidence of intestinal
obstruction, severe weight loss, severe abdominal tender-
ness, or suspicion of an abscess. In patients with a tender,
palpable inflammatory abdominal mass, CT scan of the
abdomen should be obtained prior to administering corti-
costeroids to rule out an abscess. If no abscess is identified,
parenteral corticosteroids (methylprednisolone 40–60 mg
daily) should be administered as described for ulcerative
colitis. Outpatients with moderate to severe disease may
be treated with oral prednisone or methylprednisolone,
40 mg/day for 1–2 weeks followed by slow tapering of
5–10 mg/week over 4–8 weeks as described above for mild
Crohn disease. Remission or significant improvement
occurs in greater than 80% of patients after 8–16 weeks of
therapy. It is recommended in most patients that a biologic
agent be initiated as the corticosteroid is tapered and with-
drawn. Use of long-term low corticosteroid doses should
be avoided because of associated complications. If a deci-
sion is made not to initiate a biologic agent, long-term
treatment with an immunomodulator (azathioprine, mer-
captopurine, or methotrexate) is recommended to attempt
to provide a steroid-free disease maintenance. However,
approximately 20% of patients cannot be completely with-
drawn from corticosteroids without experiencing a symp-
tomatic flare-up.

b. Biologic therapies—Induction therapy with a bio-
logic agent is recommended for almost all patients with
moderate to severe Crohn disease; those with a favorable
clinical response to induction treatment should be main-
tained on long-term therapy with a goal of achieving clinical
and endoscopic remission. Current treatment options
include anti-TNF monoclonal antibodies (infliximab, adali-
mumab, certolizumab), anti-integrin monoclonal antibody
(vedolizumab), and anti-IL 12/23 monoclonal antibody
(ustekinumab) (see Inflammatory Bowel Disease: Pharma-
cology, above). In the absence of head-to-head comparative
trials of these agents, relative differences in efficacy and
safety are suggested by network meta-analyses. The choice of
biologic agent depends on the disease severity, patient age
and comorbidities, patient preference, and drug cost/phar-
macy tiering.

(1) Ant-TNF teaes—For most patients with moder-
ate to severe Crohn disease, two anti-TNF therapies (inflix-
imab or adalimumab) are recommended as the preferred
first-line agents to induce remission either as monotherapy
or in combination with immunomodulating agents (aza-
thioprine, mercaptopurine, or methotrexate). Up to two-
thirds of patients have significant clinical improvement
during acute induction therapy (see Inflammatory Bowel
Disease: Pharmacology above for dosing). Although direct
comparisons of these anti-TNF agents are unavailable,
indirect evidence suggests that intravenous, weight-based
infliximab infusion may be preferred to subcutaneous,

CMDT22_Ch15_p0582-p0676.indd 659 29/06/21 8:46 PM



ChAPTER 15660 CMDT 2022

fixed-dose adalimumab for patients with severe disease,
extraintestinal manifestations, perianal disease, or obesity.
Certolizumab appears inferior to other anti-TNF agents.
Compared with anti-TNF monotherapy, clinical trials sug-
gest that combination of an anti-TNF agent (infliximab or
adalimumab) with an immunomodulator (azathioprine,
mercaptopurine, or methotrexate) achieves higher rates of
clinical and mucosal healing. This benefit is ascribed to
increased anti-TNF serum drug levels, reduced develop-
ment of neutralizing, anti-TNF antibodies, and synergistic
anti-inflammatory effects. Despite these benefits, the role of
combination therapy versus monotherapy is controversial
due to an increased risk of adverse events, including myelo-
suppression, infections, and malignancies (lymphoma, skin
cancer). Due to the complexity and higher risks of combina-
tion therapy, many clinicians prefer monotherapy with drug
monitoring to optimize anti-TNF trough levels and reduce
the risk of developing anti-drug antibodies. Retrospective
clinical trial data suggest that remission rates are similar
between combination therapy and anti-TNF monotherapy
when adjusted for trough levels. Combination therapy is
favored for patients at higher risk for disease progression or
who previously developed antibodies to a biologic agent.

After initial clinical response, symptom relapse occurs
in more than 80% of patients within 1 year in the absence
of further maintenance therapy. Therefore, scheduled
maintenance therapy is usually recommended (eg, inflix-
imab, 5 mg/kg infusion every 8 weeks; or adalimumab,
40 mg subcutaneous injection every 1–2 weeks). With long-
term maintenance therapy, approximately two-thirds of
patients have continued clinical response and up to one-
half have complete symptom remission. Serum anti-TNF
trough levels and drug antibody levels may guide therapy
in patients who have lost response. Patients with low serum
anti-TNF trough levels and absent drug antibodies should
receive increased anti-TNF dosing (infliximab 10 mg/kg;
adalimumab 80 mg) or decreased dosing intervals (inflix-
imab every 6 weeks; adalimumab every week). Patients
with high antibodies to the anti-TNF agent and low anti-
TNF trough levels should be switched to another anti-TNF
agent. Patients with inadequate response despite adequate
anti-TNF trough levels should be changed to an alternative
biologic agent, such as vedolizumab or ustekinumab. In
patients receiving combination therapy, consideration
should be given to stopping or reducing the dose of the
immunomodulating agent after 6–12 months for patients
in remission, most especially men younger than age
30 years who have a higher risk of hepatosplenic T-cell
lymphoma and for adults older than age 50–60 years in
whom there is a higher risk of lymphoma and of infectious
complications.

(2) Ant-ntegns—Vedolizumab may be preferred as
first-line agent for induction therapy in patients with mod-
erate Crohn disease who are deemed at increased risk for
complications from anti-TNF therapy due to advanced age,
multiple comorbidities, or prior malignancy. Vedolizumab
may also be used as a second- or third-line agent in
patients who have not responded or lost response to anti-
TNF agents or ustekinumab. In a phase 3 trial, among
patients demonstrating initial clinical improvement with

vedolizumab induction therapy, 39% of patients treated
with long-term vedolizumab (300 mg every 8 weeks) were
in remission at 1 year compared with 21.6% of patients
given placebo. Vedolizumab may be less effective than anti-
TNF or ustekinumab in the treatment of fistulous disease.

(3) Ant-IL-12/IL-23 antbd—Ustekinumab is
approved by the FDA for treatment of patients with moder-
ate to severe Crohn disease who have not responded to or
are intolerant of conventional therapies. It may also be
appropriate as first-line induction therapy for patients with
severe Crohn disease who are deemed to be at increased risk
for complications of anti-TNF therapy. In a phase 3 trial
involving 741 patients with Crohn disease in whom anti-
TNF therapy failed, clinical response was seen in 34% of
patients 6 weeks after a single dose of intravenous
ustekinumab compared to 21.5% with placebo. In a second
phase 3 trial composed of patients in whom conventional
therapy with immunomodulators or corticosteroids (but not
anti-TNF) had failed, clinical improvement occurred in 55%
compared to 28.7% with placebo. Among patients from both
induction trials who were enrolled in a chronic maintenance
trial (ustekinumab versus placebo subcutaneously every
8 weeks), 53% of those given ustekinumab were in clinical
remission at week 44 versus 36% given the placebo.

» Indications for Surgery

Over 50% of patients will require at least one surgical proce-
dure. The main indications for surgery are intractability to
medical therapy, intra-abdominal abscess, massive bleeding,
symptomatic refractory internal or perianal fistulas, and
intestinal obstruction. Patients with chronic obstructive
symptoms due to a short segment of ileal stenosis are best
treated with resection or stricturoplasty (rather than long-
term medical therapy), which promotes rapid return of well-
being and elimination of corticosteroids. After surgery,
endoscopic evidence of recurrence occurs in 60% within
1 year. Endoscopic recurrence precedes clinical recurrence
by months to years; clinical recurrence occurs in 20% of
patients within 1 year and 80% within 10–15 years. Therapy
with metronidazole, 250 mg three times daily for 3 months,
or long-term therapy with immunomodulators (mercapto-
purine or azathioprine) has only been modestly effective in
preventing clinical and endoscopic recurrence after ileocolic
resection. In a 2016 controlled trial of 297 patients undergo-
ing ileocolonic resection, endoscopic recurrence occurred in
30% of patients treated with infliximab every 8 weeks com-
pared with 60% treated with placebo. It may be reasonable to
initiate empiric infliximab postoperatively for patients at
high risk for disease recurrence and to perform endoscopy
in low-risk patients 6 months after surgery in order to iden-
tify patients with early endoscopic recurrence who may
benefit from anti-TNF therapy.

» Prognosis

With proper medical and surgical treatment, the majority
of patients are able to cope with this chronic disease and its
complications and lead productive lives. Few patients die as
a direct consequence of the disease.
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» When to Refer

• For expertise in endoscopic procedures or capsule
endoscopy.

• For follow-up of any patient requiring hospitalization.

• Patients with moderate to severe disease for whom
therapy with immunomodulators or biologic agents is
being considered.

• When surgery may be necessary.

» When to Admit

• An intestinal obstruction is suspected.

• An intra-abdominal or perirectal abscess is suspected.

• A serious infectious complication is suspected, espe-
cially in patients who are immunocompromised due to
concomitant use of corticosteroids, immunomodula-
tors, or anti-TNF agents.

• Patients with severe symptoms of diarrhea, dehydra-
tion, weight loss, or abdominal pain.

• Patients with severe or persisting symptoms despite
treatment with corticosteroids.
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2. Ulcerative Colitis

E S S E N T I A L S  O F  D I A G N O S I S

» Bloody diarrhea.

» Lower abdominal cramps and fecal urgency.

» Anemia, low serum albumin.

» Negative stool studies for pathogens.

» Sigmoidoscopy is the key to diagnosis.

» General Considerations

Ulcerative colitis is an idiopathic inflammatory condition
that involves the mucosal surface of the colon, resulting in
diffuse friability and erosions with bleeding. Approxi-
mately one-fourth of patients have disease confined to the
rectosigmoid region (proctosigmoiditis); one-half have
disease that extends to the splenic flexure (left-sided coli-
tis); and one-fourth have disease that extends more proxi-
mally (extensive colitis). In patients with distal colitis, the
disease progresses with time to more extensive involve-
ment in 25%. There is some correlation between disease
extent and symptom severity. In most patients, the disease
is characterized by periods of symptomatic flare-ups and
periods of mild activity or remission. Approximately 15%
of patients may have an aggressive course with increased
risk of hospitalization or surgery. Of patients hospitalized
with severe colitis, colectomy is required in up to 30% for
unresponsive or “fulminant” disease. Ulcerative colitis is
more common in nonsmokers and former smokers. Dis-
ease severity may be lower in active smokers and may
worsen in patients who stop smoking. Appendectomy
before the age of 20 years for acute appendicitis is associ-
ated with a reduced risk of developing ulcerative colitis.

» Clinical Findings

A. Symptoms and Signs

The clinical profile in ulcerative colitis is highly variable.
Bloody diarrhea is the hallmark. Several clinical and labora-
tory parameters help classify patients as having mild, mod-
erate, or severe disease (Table 15–12). Patients should be
asked about stool frequency, the presence and amount of
rectal bleeding, cramps, abdominal pain, fecal urgency,
tenesmus, and extraintestinal symptoms. Physical examina-
tion should focus on the patient’s volume status as deter-
mined by orthostatic blood pressure and pulse measurements
and by nutritional status. On abdominal examination, the
clinician should look for tenderness and evidence of perito-
neal inflammation. Red blood may be present on digital
rectal examination.

1. Mild to moderate disease—Patients with mild to mod-
erate disease have fewer than four to six bowel movements

Table 15–12. Ulcerative colitis: assessment of disease
activity.

Mild Moderate Severe

Stool frequency

(per day)

< 4 4–6 > 6 (mostly

bloody)

Pulse (beats/min) < 90 90–100 > 100

Hematocrit (%) Normal 30–40 < 30

Weight loss (%) None 1–10 > 10

Temperature (°F) Normal 99–100 > 100

ESR (mm/h) < 20 20–30 > 30

Albumin (g/dL) Normal 3–3.5 < 3

ESR, erythrocyte sedimentation rate.

CMDT22_Ch15_p0582-p0676.indd 661 29/06/21 8:46 PM



ChAPTER 15662 CMDT 2022

per day, mild to moderate rectal bleeding, and no constitu-
tional symptoms. Stools may be formed or loose in consis-
tency. Because of rectal inflammation, there is fecal urgency
and tenesmus. Left lower quadrant cramps relieved by
defecation are common, but there is no significant abdomi-
nal pain or tenderness. There may be mild anemia and
hypoalbuminemia.

2. Severe disease—Patients with severe disease have more
than six bloody bowel movements per day, resulting in
severe anemia, hypovolemia, and impaired nutrition with
hypoalbuminemia. Abdominal pain and tenderness are
present. “Fulminant colitis” is a subset of severe disease
characterized by rapidly worsening symptoms with signs of
toxicity.

B. Laboratory Findings

The degree of abnormality of the hematocrit, serum albu-
min, and inflammatory markers (erythrocyte sedimenta-
tion rate and C-reactive protein) reflects disease severity
(Table 15–12).

C. Endoscopy

In acute colitis, the diagnosis is readily established by sig-
moidoscopy. The mucosal appearance is characterized by
edema, friability, mucopus, and erosions. The “Mayo”
endoscopic scoring system is commonly used in clinical
practice and therapeutic trials. A score of 0 indicates nor-
mal or inactive colitis; 1 indicates erythema, decreased
vascularity; 2 indicates friability, marked erythema, ero-
sions; and 3 indicates ulcerations, severe friability, sponta-
neous bleeding. Mayo endoscopic scores 1–2 are consistent
with mild to moderate disease clinical activity, and Mayo
scores 2–3 are usually seen in patients with moderate to
severe clinical activity. Colonoscopy should not be per-
formed in patients with fulminant disease because of the
risk of perforation. After patients have demonstrated
improvement on therapy, colonoscopy is performed to
determine the extent of disease.

D. Imaging

Abdominal imaging with plain radiographs or CT is
obtained in patients with severe colitis to look for signifi-
cant colonic dilation. Barium enemas are of little utility in
the evaluation of acute ulcerative colitis and may precipi-
tate toxic megacolon in patients with severe disease.

» Differential Diagnosis

The initial presentation of ulcerative colitis is indistinguish-
able from other causes of colitis, clinically as well as endo-
scopically. Thus, the diagnosis of idiopathic ulcerative
colitis is reached after excluding other known causes of
colitis. Infectious colitis should be excluded by sending
stool specimens for routine testing to exclude Salmonella,
Shigella, Campylobacter, E coli O157, C difficile, and amebia-
sis. Where available, microbial assessment using multiplex
molecular techniques provides results within 1–4 hours
with excellent sensitivity and is preferred to conventional
labor-intensive stool microscopy, culture, and toxin testing.

CMV colitis occurs in immunocompromised patients,
including patients receiving prolonged corticosteroid ther-
apy, and is diagnosed on mucosal biopsy. Gonorrhea, chla-
mydial infection, herpes, and syphilis are considerations in
sexually active patients with proctitis. In elderly patients
with cardiovascular disease, ischemic colitis may involve
the rectosigmoid. A history of radiation to the pelvic region
can result in proctitis months to years later. Crohn disease
involving the colon but not the small intestine may be con-
fused with ulcerative colitis. In 10% of patients, a distinction
between Crohn disease and ulcerative colitis may not be
possible.

» Treatment

There are three main treatment objectives: (1) to terminate
the acute, symptomatic attack; (2) to achieve complete
remission of clinical and endoscopic disease activity; and
(3) to prevent recurrence of attacks. The treatment of acute
ulcerative colitis depends on the extent of colonic involve-
ment and the severity of illness. Patients with systemic signs
of inflammation (ie, anemia, low serum albumin, elevated
C-reactive protein or erythrocyte sedimentation rate levels)
and ulcerations with extensive disease on colonoscopy are
at increased risk for hospitalization or surgery, and early
aggressive therapy with biologic agents is warranted.

A. Mild to Moderate Distal Colitis

Patients with disease confined to the rectum or rectosigmoid
region generally have mild to moderate but distressing
symptoms. Patients may be treated with topical mesalamine,
topical corticosteroids, or oral aminosalicylates (5-ASA)
according to patient preference and cost considerations.
Topical mesalamine is the drug of choice and is superior to
topical corticosteroids and oral 5-ASA. Mesalamine is
administered as a suppository, 1000 mg once daily at bed-
time for proctitis, and as an enema, 4 g at bedtime for proc-
tosigmoiditis, for 4–8 weeks, with 75% of patients improving.
Patients who either decline or are unable to manage topical
therapy may be treated with oral 5-ASA, as discussed below.
Although topical corticosteroids are a less expensive alterna-
tive to mesalamine, they are also less effective. Hydrocorti-
sone enema or foam (80–100 mg) or budesonide foam are
prescribed for proctitis or proctosigmoiditis. Systemic effects
from short-term use are very slight. For patients with distal
disease who do not improve with topical or oral mesalamine
therapy, the following options may be considered: (1) a com-
bination of a topical agent with an oral 5-ASA agent; (2)
topical corticosteroid; or (3) addition of oral prednisone (as
described below) or budesonide MMX 9 mg/day for 4–8
weeks to rectal and oral 5-ASA.

Most patients with proctitis or proctosigmoiditis who
achieve complete remission with oral or rectal 5-ASA
should continue indefinitely on the same therapy to reduce
the likelihood of symptomatic relapse. Maintenance treat-
ment with 5-ASA reduces the 12-month relapse rate from
75% to less than 40%. Some patients, however, may prefer
intermittent therapy for symptomatic relapse. Topical cor-
ticosteroids are ineffective for maintaining remission of
distal colitis.
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B. Mild to Moderate Colitis

1. 5ASA agents—Disease extending above the sigmoid
colon is best treated with both an oral and rectal 5-ASA
agent. For induction of remission, the optimal dose of oral
5-ASA (mesalamine or balsalazide) is 2–3 g once daily in
combination with mesalamine 1 g suppository or 4 g enema
at bedtime. Most patients improve within 4–8 weeks. Some
patients may prefer to initiate therapy with an oral agent,
adding topical therapy if initial response is inadequate.
These agents achieve clinical improvement in 75% of
patients and remission in 20–30%. Oral sulfasalazine (1.5–2 g
twice daily) is uncommonly used due to its side effects but
is sometimes prescribed in patients with significant arthri-
tis. To minimize side effects, sulfasalazine is begun at a
dosage of 500 mg twice daily and increased gradually over
1–2 weeks to 2 g twice daily. Folic acid, 1 mg/day orally,
should be administered to all patients taking sulfasalazine.

2. Corticosteroids—Patients with mild to moderate colitis
who do not improve within 4–8 weeks of 5-ASA therapy
should have an oral corticosteroid therapy added with
budesonide MMX or prednisone. Budesonide MMX (Uce-
ris) 9 mg/day orally for 4–8 weeks may be preferred in mild
to moderate colitis due to its low incidence of corticoste-
roid-associated side effects, especially in those for whom
other systemic corticosteroids are deemed high risk. For
patients who require more than one course of corticoste-
roid therapy every 1–2 years for symptomatic relapse,
treatment should be “stepped up” to include a thiopurine
(azathioprine or mercaptopurine) or a biologic agent, as
described below for Moderate to Severe Colitis.

C. Moderate to Severe Colitis

1. Corticosteroids—An oral corticosteroid (prednisone or
methylprednisolone) is commonly prescribed as the first-
line agent for nonhospitalized patients with moderate to
severe colitis or as second-line therapy in patients in whom
initial 5-ASA therapy was ineffective. The initial oral dose
of prednisone is 40 mg daily. Rapid improvement is
observed in most cases within 2 weeks. Thereafter, tapering
of prednisone should proceed by 5–10 mg/wk. After taper-
ing to 20 mg/day, slower tapering (2.5 mg/wk) is some-
times required. Complete tapering of prednisone without
symptomatic flare-ups is possible in the majority of
patients. Corticosteroids should not be continued long-
term to control symptoms because of an unacceptable risk
of adverse events. Patients achieving remission should be
maintained on oral mesalamine (2–4 g/day). Up to 30% of
patients either do not respond to prednisone or have symp-
tomatic flares during tapering that prevent its complete
withdrawal. The addition of a thiopurine (azathioprine or
mercaptopurine) is sometimes used to promote complete
steroid withdrawal and maintain long-term remission.
Tofacitinib or biologic agents are recommended for patients
in whom corticosteroids cannot be completely withdrawn
or who require more than one course of corticosteroids
every 1–2 years.

2. Biologic agents—Anti-TNF antibodies (infliximab,
adalimumab, golimumab), vedolizumab (integrin antibody),

ustekinumab (IL-12/23 antibody) and tofacitinib (Janus
kinase inhibitor) have demonstrated efficacy for treatment
of moderate to severe colitis. The preferred agent depends
on several considerations: prior exposure and response to
biologic agents; disease severity; patient comorbidities; pre-
ferred mode of administration (intravenous, subcutaneous,
oral); and pharmacy/insurance company tiering.

a. Treatment of patients naïve to prior biologic

therapy—A 2020 AGA guideline recommends either
infliximab or vedolizumab as first-line therapies for mod-
erate to severe colitis based on their efficacy and safety
profiles. These two agents had the highest rankings of all
biologic agents for induction of clinical remission in a 2020
network meta-analysis. Although infliximab may be the
more effective agent (especially for severe disease), vedoli-
zumab may be the preferred first-line therapy in patients
who are elderly or have increased medical comorbidities
due to its significantly lower incidence of infectious
complications.

An induction regimen of infliximab (5 mg/kg adminis-
tered at 0, 2, and 6 weeks) results in clinical response in
65% of patients. During long-term maintenance treatment
with infliximab (5–10 mg/kg every 4–8 weeks), clinical
improvement or remission is achieved in approximately
50% of patients. Network meta-analyses suggest superior-
ity of infliximab (weight-based, intravenous infusion) over
the other anti-TNF agents adalimumab and golimumab
(fixed-dose, subcutaneous injection). Treatment with
adalimumab or golimumab may nonetheless be selected in
patients with moderate (not severe) disease who prefer the
convenience of subcutaneous, self-injection.

Vedolizumab induction (300 mg intravenously at 0, 2,
and 6 weeks) led to clinical improvement in 47.1% of
patients compared with 25.5% who were given placebo.
Among patients who demonstrated initial clinical improve-
ment, 41.8% of those given long-term maintenance treat-
ment with vedolizumab (300 mg intravenously every
8 weeks) were in clinical remission at 1 year compared with
15.9% of those given placebo. The 2019 VARSITY trial
randomized patients with moderate to severe ulcerative
colitis to induction and maintenance therapy with vedoli-
zumab versus adalimumab. At 1 year, clinical remission
(31.3% vs 22.5%) and endoscopic improvement (39.7% vs
27.7%) were seen in significantly more patients treated
with vedolizumab than adalimumab. This was the first
controlled trial in ulcerative colitis comparing agents from
different biologic classes. Due to its efficacy and superior
safety profile, vedolizumab may become the preferred first-
line biologic agent for the treatment of moderate ulcerative
colitis.

When initiating induction therapy with anti-TNF
agents, many clinicians add an immunomodulator (azathio-
prine, mercaptopurine, or methotrexate) for the first year to
increase the likelihood of disease remission and to reduce
the development of antibodies that may result in secondary
loss of response to anti-TNF therapies. If monotherapy is
preferred, proactive drug monitoring of serum trough levels
and anti-drug antibody titers should be obtained during
induction and maintenance therapy in order to optimize
drug dosing. Vedolizumab and ustekinumab have a lower
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incidence of anti-drug antibodies; hence, the benefit of
immunomodulator cotherapy is uncertain.

b. Second-line treatment for patients who have

not responded to infliximab—In patients with mod-
erate to severe colitis who have not responded to or lost
response to infliximab, the 2020 AGA treatment guideline
recommends ustekinumab or tofacitinib rather than vedol-
izumab or adalimumab as second-line therapy based on
network meta-analyses. In phase 3 trials, the clinical
response rates at 8 weeks following intravenous adminis-
tration of ustekinumab 6 mg/kg vs placebo were 62% vs
31%, respectively. Among responders who entered long-
term maintenance treatment with ustekinumab 90 mg or
placebo subcutaneous injection every 8 weeks, clinical
remission was significantly higher with ustekinumab (44%)
than with placebo (24%).

Tofacitinib, an oral, small-molecule JAK 1/3 inhibitor,
was approved by the FDA in 2018 for the treatment of
moderate to severe ulcerative colitis. However, in 2019 the
FDA issued a black box warning about an increased risk of
thrombosis and death in rheumatoid arthritis patients
treated with tofacitinib 10 mg orally twice daily for pro-
longed periods. Therefore, the 2020 AGA treatment guide-
line recommends that tofacitinib currently be restricted to
second-line therapy in patients who have not responded or
who have lost response to anti-TNF therapy. A network
meta-analysis of controlled trials found that tofacitinib
ranked highest among biologic therapies for induction of
remission in patients who have received anti-TNF
therapy.

3. Probiotics—Probiotics have not demonstrated significant
benefit versus placebo in the treatment of mild to moderate
ulcerative colitis in randomized, controlled trials.

D. Severe and Fulminant Colitis

About 15% of patients with ulcerative colitis have a more
severe course. Of these, a small subset has a fulminant
course with rapid progression of symptoms over 1–2 weeks
and signs of severe toxicity. These patients appear quite ill,
with fever, prominent hypovolemia, hemorrhage requiring
transfusion, and abdominal distention with tenderness.
Toxic megacolon develops in less than 2% of cases of ulcer-
ative colitis. It is characterized by colonic dilation of more
than 6 cm on plain films with signs of toxicity.

1. General measures—Discontinue all oral intake for
24–48 hours or until the patient demonstrates clinical
improvement. TPN is indicated only in patients with poor
nutritional status or if feedings cannot be reinstituted
within 7–10 days. All opioid or anticholinergic agents
should be discontinued. Restore circulating volume with
fluids, correct electrolyte abnormalities, and consider
transfusion for significant anemia (hematocrit less than
25–28%). A plain abdominal radiograph or CT scan should
be ordered on admission to look for evidence of colonic
dilation. Send stools for assessment of bacterial pathogens,
C difficile and parasites, either by conventional bacterial
culture, C difficile toxin assay, and ova and parasite exami-
nations or by rapid, multiplex PCR assay. CMV

superinfection should be considered in patients receiving
long-term immunosuppressive therapy who are unrespon-
sive to corticosteroid therapy. Due to a high risk of venous
thromboembolic (VTE) disease, VTE prophylaxis should
be administered to all hospitalized patients with inflamma-
tory bowel disease. Surgical consultation should be sought
for all patients with severe disease.

Patients with fulminant disease are at higher risk for
perforation or toxic megacolon and must be monitored
closely. Abdominal examinations should be repeated to
look for evidence of worsening distention or pain. A 2020
AGA guideline does not recommend the use of empiric
broad-spectrum antibiotics in the absence of confirmed
infection. In addition to the therapies outlined above,
nasogastric suction should be initiated. Patients should be
instructed to roll from side to side and onto the abdomen
in an effort to decompress the distended colon. Serial
abdominal plain films should be obtained to look for wors-
ening dilation or signs of ischemia. Patients with fulminant
disease or toxic megacolon who worsen or do not improve
within 48–72 hours should undergo surgery to prevent
perforation. If the operation is performed before perfora-
tion, the mortality rate should be low.

2. Corticosteroid therapy—Methylprednisolone, 40–60 mg,
is administered intravenously. There appears to be no differ-
ence in efficacy between single-dose, divided dose, or con-
tinuous infusion regimens. Higher or “pulse” doses are of no
benefit. Hydrocortisone enemas (100 mg) may also be
administered twice daily for treatment of urgency or tenes-
mus. Clinical improvement with systemic corticosteroids
should be evident within 3–5 days in 50–75% of patients.
Once symptomatic improvement has occurred, oral fluids
are reinstituted. If fluids are well tolerated, intravenous cor-
ticosteroids are discontinued and the patient is started on
oral prednisone (as described for moderate disease). Patients
without significant improvement within 3–5 days of intrave-
nous corticosteroid therapy should be referred for surgery or
considered for anti-TNF therapies or cyclosporine.

3. AntiTNF therapies—Infusion of infliximab, 5–10 mg/
kg, has been shown in uncontrolled and controlled studies
to be effective in treating severe colitis in patients who did
not improve within 4–7 days of intravenous corticosteroid
therapy. In a controlled study of patients hospitalized for
ulcerative colitis, colectomy was required within 3 months
in 69% who received placebo therapy, compared with 47%
who received infliximab. Thus, infliximab therapy should
be considered in patients with severe ulcerative colitis who
have not improved with intravenous corticosteroid ther-
apy. Recent studies have demonstrated more rapid clear-
ance of infliximab in patients with severe ulcerative colitis.
Uncontrolled trials have found lower colectomy rates in
patients administered higher doses of infliximab (three
infusions of 5–10 mg/kg within 2–3 weeks) than with con-
ventional dosing (5 mg/kg at 0, 2, and 6 weeks).

4. Cyclosporine—Intravenous cyclosporine (2–4 mg/kg/day
as a continuous infusion) benefits 60–75% of patients with
severe colitis who have not improved after 7–10 days of corti-
costeroids, but it is associated with significant toxicity (neph-
rotoxicity, seizures, infection, hypertension). Up to two-thirds

CMDT22_Ch15_p0582-p0676.indd 664 29/06/21 8:46 PM



GASTROINTESTINAL DISORDERS 665CMDT 2022

of responders may be maintained in remission with a com-
bination of oral cyclosporine for 3 months and long-term
therapy with mercaptopurine or azathioprine. A 2011 ran-
domized study of patients with severe colitis refractory to
intravenous corticosteroids found similar response rates
(85%) with cyclosporine and infliximab therapy.

5. Surgical therapy—Patients with severe disease who do
not improve after corticosteroid, infliximab, or cyclospo-
rine therapy are unlikely to respond to further medical
therapy, and surgery is recommended.

» Risk of Colon Cancer

In patients with ulcerative colitis with disease proximal to
the rectum and in patients with Crohn colitis, there is an
increased risk of developing colon carcinoma. Although
older meta-analyses from referral centers reported a high
risk (8% after 20 years), more recent systematic reviews of
population-based studies report a 2.4-fold increased risk
(1.4% after a mean of 14 years of follow-up). Retrospective
studies suggest that the risk of colon cancer may be
reduced in patients treated with long-term 5-ASA therapy.
Ingestion of folic acid, 1 mg/day, also is associated with a
decreased risk of cancer development. Colonoscopies are
recommended every 1–2 years in patients with colitis,
beginning 8 years after diagnosis. Several prospective stud-
ies demonstrate that dye spraying with methylene blue or
indigo carmine (“chromoendoscopy”) enhances the detec-
tion of subtle mucosal lesions, thereby significantly increas-
ing the detection of dysplasia compared with standard
colonoscopy. At colonoscopy, all polypoid and nonpolyp-
oid lesions should be resected, when possible, and biopsies
obtained of endoscopically unresectable lesions.

» Surgery in Ulcerative Colitis

Surgery is required in 25% of patients. Severe hemorrhage,
perforation, and documented carcinoma are absolute indi-
cations for surgery. Surgery is indicated also in patients
with fulminant colitis or toxic megacolon that does not
improve within 48–72 hours, in patients with invisible flat
dysplasia or non-endoscopically resectable dysplastic
lesions on surveillance colonoscopy, and in patients with
refractory disease requiring long-term corticosteroids to
control symptoms.

Although total proctocolectomy (with placement of an
ileostomy) provides complete cure of the disease, most
patients seek to avoid it out of concern for the impact it
may have on their bowel function, their self-image, and
their social interactions. After complete colectomy, patients
may have a standard ileostomy with an external appliance,
a continent ileostomy, or an internal ileal pouch that is
anastomosed to the anal canal (ileal pouch–anal anastomo-
sis). The latter maintains intestinal continuity, thereby
obviating an ostomy. Under optimal circumstances,
patients have five to seven loose bowel movements per day
without incontinence. Endoscopic or histologic inflamma-
tion in the ileal pouch (“pouchitis”) develops in over 40%
of patients within 1 year and in up to 80% over the long
term, resulting in increased stool frequency, fecal urgency,

cramping, and bleeding, but usually resolves with a 2-week
course of oral metronidazole (250–500 mg three times
daily) or ciprofloxacin (500 mg twice daily). Patients with
frequently relapsing pouchitis may need continuous antibi-
otics. Probiotics do not appear to be of benefit.

» Prognosis

Ulcerative colitis is a lifelong disease characterized by exac-
erbations and remissions. For most patients, the disease is
readily controlled by medical therapy without need for
surgery. The majority never require hospitalization. A sub-
set of patients with more severe disease will require sur-
gery, which results in complete cure of the disease. Properly
managed, most patients with ulcerative colitis lead close to
normal productive lives.

» When to Refer

• Colonoscopy: for evaluation of activity and extent
of active disease and for surveillance for neoplasia
in patients with quiescent disease for more than
8–10 years.

• For follow-up of any patient requiring hospitalization.

• When surgical colectomy is indicated.

» When to Admit

• Patients with severe disease manifested by frequent
bloody stools, anemia, weight loss, and fever.

• Patients with fulminant disease manifested by rapid
progression of symptoms, worsening abdominal pain,
distention, high fever, and tachycardia.

• Patients with moderate to severe symptoms that do not
respond to oral corticosteroids and require a trial of
bowel rest and intravenous corticosteroids.

Alexandersson B et al. High-definition chromoendoscopy supe-
rior to high-definition white-light endoscopy in surveillance
of inflammatory bowel diseases in a randomized trial. Clin
Gastroenterol Hepatol. 2020;18:2101. [PMID: 32353535]

Danese S et al. Positioning therapies in ulcerative colitis. Clin
Gastroenterol Hepatol. 2020;18:1280. [PMID: 31982609]

Feuerstein JD et al. AGA Clinical Practice Guidelines on the
management of moderate to severe ulcerative colitis. Gastro-
enterology. 2020;158:1450. [PMID: 30576644]

Ko CW et al. American Gastroenterological Association Insti-
tute guideline on the management of mild-to-moderate ulcer-
ative colitis. Gastroenterology. 2019;156:748. [PMID:
30576644]

Rubin DT et al. ACG clinical guideline: ulcerative colitis in
adults. Am J Gastroenterol. 2019;114:384. [PMID: 30840605]

Singh S et al. First- and second-line pharmacotherapies for
patients with moderate to severe active ulcerative colitis: an
updated network meta-analysis. Clin Gastroenterol Hepatol.
2020;18:2179. [PMID: 31945470]

3. Microscopic Colitis

Microscopic colitis is an idiopathic condition that is found
in up to 15% of patients who have chronic or intermittent
watery diarrhea with normal-appearing mucosa at endos-
copy. There are two major subtypes—lymphocytic colitis
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and collagenous colitis. In both, histologic evaluation of
mucosal biopsies reveals chronic inflammation (lympho-
cytes, plasma cells) in the lamina propria and increased
intraepithelial lymphocytes. Collagenous colitis is further
characterized by the presence of a thickened band (greater
than 10 mcm) of subepithelial collagen. Both forms occur
more commonly in women, especially in the fifth to sixth
decades. Symptoms tend to be chronic or recurrent but
may remit in most patients after several years. A more
severe illness characterized by abdominal pain, fatigue,
dehydration, and weight loss may develop in a subset of
patients. The cause of microscopic colitis usually is
unknown. Several medications have been implicated as
etiologic agents, including NSAIDs, proton pump inhibi-
tors, low-dose aspirin, selective serotonin reuptake inhibi-
tors, ACE inhibitors, beta-blockers, and menopausal
estrogen hormonal therapy. Diarrhea usually abates within
30 days of stopping the offending medication. Celiac dis-
ease may be present in 2–9% of patients and should be
excluded with serologic testing (anti-tissue transglutamin-
ase IgA). Treatment is largely empiric since there are few
well-designed, controlled treatment trials. Antidiarrheal
therapy with loperamide is the first-line treatment, provid-
ing symptom improvement in up to 70%. For patients who
do not respond to loperamide, bismuth subsalicylate (three
262-mg tablets three times daily) leads to complete
response in up to 50% patients in some series. The next
option is delayed-release budesonide (Entocort), 9 mg/day
for 6–8 weeks. Budesonide has been shown in three pro-
spective controlled studies to induce clinical remission in
greater than 80% of patients; however, relapse occurs in
most patients after stopping therapy. Remission is main-
tained in 75% of patients treated long-term with low doses
of budesonide. In clinical practice, budesonide is tapered to
the lowest effective dose for suppressing symptoms (3 mg
every other day to 6 mg daily). For patients who do not
respond to budesonide, uncontrolled studies report that
treatment with bile-salt binding agents (cholestyramine,
colestipol) or 5-ASAs (sulfasalazine, mesalamine) may be
effective in some patients. Less than 3% of patients have
refractory or severe symptoms, which may be treated with
immunosuppressive agents (azathioprine or methotrexate)
or anti-TNF agents (infliximab, adalimumab).

Miehlke S et al. Microscopic colitis: pathophysiology and clinical
management. Lancet Gastroenterol Hepatol. 2019;4:405.
[PMID: 30860066]

Virine B et al. Biopsies from the ascending and descending colon
are sufficient for diagnosis of microscopic colitis. Clin Gastro-
enterol Hepatol. 2020;18:2003. [PMID: 32109628]

DIVERTICULAR DISEASE OF THE COLON

Colonic diverticulosis increases with age, ranging from a
prevalence of 5% in those under age 40 to over 50% by age
60 years in Western societies. Most are asymptomatic, dis-
covered incidentally at endoscopy or on barium enema.
Complications occur in less than 5%, including gastroin-
testinal bleeding and diverticulitis.

Colonic diverticula may vary in size from a few milli-
meters to several centimeters and in number from one to

several dozen. Almost all patients with diverticulosis have
involvement in the sigmoid and descending colon; how-
ever, only 15% have proximal colonic disease.

For over 40 years, it has been believed that diverticulo-
sis arises after many years of a diet deficient in fiber. Recent
epidemiologic studies challenge this theory, finding no
association between the prevalence of asymptomatic diver-
ticulosis and low dietary fiber intake or constipation. Thus,
the etiology of diverticulosis is uncertain. The extent to
which abnormal motility and hereditary factors contribute
to diverticular disease is unknown. Patients with abnormal
connective tissue are also disposed to development of
diverticulosis, including Ehlers-Danlos syndrome, Marfan
syndrome, and systemic sclerosis.

1. Uncomplicated Diverticulosis

More than 90% of patients with diverticulosis have uncom-
plicated disease and no specific symptoms. In most, diver-
ticulosis is an incidental finding detected during
colonoscopic examination or barium enema examination.
Some patients have nonspecific complaints of chronic con-
stipation, abdominal pain, or fluctuating bowel habits. It is
unclear whether these symptoms are due to alterations in
the colonic motility, visceral hypersensitivity, gut microbi-
ota, or low-grade inflammation. Physical examination is
usually normal but may reveal mild left lower quadrant
tenderness with a thickened, palpable sigmoid and
descending colon. Screening laboratory studies should be
normal in uncomplicated diverticulosis.

There is no reason to perform imaging studies for the
purpose of diagnosing asymptomatic, uncomplicated dis-
ease. Diverticula are well seen on barium enema, colonos-
copy, and CT imaging. Involved segments of colon may
also be narrowed and deformed.

Patients in whom diverticulosis is discovered should be
encouraged to increase dietary fiber either through diet
(fruits, vegetables, whole grains) or fiber supplements
(psyllium, methylcellulose), which is associated with a
lower risk of diverticulitis in prospective cohort studies.
Studies suggest that the risk of diverticulitis may be further
reduced with exercise and avoidance of red meats and
NSAIDs.

Ma W et al. Intake of dietary fiber, fruits, and vegetables and risk
of diverticulitis. Am J Gastroenterol. 2019;114:1531. [PMID:
31397679]

Strate LL et al. Epidemiology, pathophysiology, and treatment of
diverticulitis. Gastroenterology. 2019;156:1282. [PMID:
30660732]

2. Diverticulitis

E S S E N T I A L S  O F  D I A G N O S I S

» Acute abdominal pain and fever.

» Left lower abdominal tenderness and mass.

» Leukocytosis.
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» Clinical Findings

A. Symptoms and Signs

Diverticulitis is defined as macroscopic inflammation of a
diverticulum that may reflect a spectrum from inflamma-
tion alone, to microperforation with localized paracolic
inflammation, to macroperforation with either abscess or
generalized peritonitis. Thus, there is a range from mild to
severe disease. Most patients with localized inflammation
or infection report mild to moderate aching abdominal
pain, usually in the left lower quadrant. Constipation or
loose stools may be present. Nausea and vomiting are fre-
quent. In many cases, symptoms are so mild that the patient
may not seek medical attention until several days after
onset. Physical findings include a low-grade fever, left lower
quadrant tenderness, and a palpable mass. Stool occult
blood is common, but hematochezia is rare. Leukocytosis is
mild to moderate. Patients with free perforation present
with a more dramatic picture of generalized abdominal pain
and peritoneal signs.

B. Imaging

In most patients with suspected diverticulitis, a CT scan of
the abdomen is obtained, especially in those with fever,
leukocytosis, and signs of sepsis or peritonitis or with
immunocompromise to look for evidence of complicated
disease (abscess, phlegmon, perforation, fistula) and in
those presenting for the first time with mild symptoms to
look for evidence of diverticulitis (colonic diverticula, wall
thickening, pericolic fat infiltration) and to exclude other
causes of abdominal pain. Patients who respond to acute
medical management should undergo complete colonic
evaluation with colonoscopy or radiologic imaging (CT
colonography) 4–8 weeks after resolution of clinical symp-
toms to exclude colorectal cancer (which may mimic diver-
ticulitis), which is identified in 1.3% and 7.9% of patients
following a diagnosis of uncomplicated or complicated
diverticulitis, respectively. Endoscopy and colonography
are contraindicated during the initial stages of an acute
attack because of the risk of free perforation.

» Differential Diagnosis

Diverticulitis must be distinguished from other causes of
lower abdominal pain, including perforated colonic carci-
noma, Crohn disease, appendicitis, ischemic colitis, C dif-
ficile–associated colitis, and gynecologic disorders (ectopic
pregnancy, ovarian cyst or torsion), by abdominal CT scan,
pelvic ultrasonography, or radiographic studies of the dis-
tal colon that use water-soluble contrast enemas.

» Complications

Complications, such as phlegmon, abscess, perforation,
peritonitis, or sepsis, develop in approximately 12% of
patients with acute diverticulitis. Chronic inflammation or
an untreated abscess may lead to smoldering disease
(ongoing pain, leukocytosis), fistula formation that may
involve the bladder, ureter, vagina, uterus, bowel, and
abdominal wall or stricturing of the colon with partial or
complete obstruction.

» Treatment

A. Medical Management

Most patients with uncomplicated disease can be managed
with conservative measures. Patients with mild symptoms
and no peritoneal signs may be managed initially as outpa-
tients on a clear liquid diet for 2–3 days. Although broad-
spectrum oral antibiotics with anaerobic activity commonly
are prescribed, large clinical trials confirm that antibiotics
are not beneficial in uncomplicated disease. A 2015 AGA
guideline suggests that antibiotics should be used selectively
for uncomplicated disease, including patients who are
immunocompromised, have significant comorbid disease,
or have small pericolonic abscesses (less than 3–4 cm).
Reasonable regimens include amoxicillin and clavulanate
potassium (875 mg/125 mg) twice daily; or metronidazole,
500 mg three times daily plus either ciprofloxacin, 500 mg
twice daily, or trimethoprim-sulfamethoxazole, 160/800 mg
twice daily orally, for 7–10 days or until the patient is afe-
brile for 3–5 days. Symptomatic improvement usually
occurs within 3 days, at which time the diet may be
advanced. Once the acute episode has resolved, a high-fiber
diet is recommended.

Patients with increasing pain, fever, or inability to toler-
ate oral fluids require hospitalization. Hospitalization is
required in patients who are immunocompromised, have
significant comorbid illness, have abscesses greater than
3–4 cm, or have signs of severe diverticulitis (high fevers,
leukocytosis, or peritoneal signs). Patients should be given
nothing by mouth and should receive intravenous fluids. If
ileus is present, a nasogastric tube should be placed. Intra-
venous antibiotics should be given to cover anaerobic and
gram-negative bacteria. Single-agent therapy with either a
second-generation cephalosporin (eg, cefoxitin), piperacil-
lin-tazobactam, or ticarcillin clavulanate appears to be as
effective as combination therapy (eg, metronidazole or
clindamycin plus an aminoglycoside or third-generation
cephalosporin [eg, ceftazidime, cefotaxime]). Symptomatic
improvement should be evident within 2–3 days. Intrave-
nous antibiotics should be continued for 5–7 days, before
changing to oral antibiotics.

B. Surgical Management

Surgical consultation and repeat abdominal CT imaging
should be obtained on all patients with severe disease or
those who do not improve after 72 hours of medical man-
agement. Patients with a localized abdominal abscess 4 cm
in size or larger are usually treated urgently with a percuta-
neous catheter drain placed by an interventional radiolo-
gist. This permits control of the infection and resolution of
the immediate infectious inflammatory process. Indica-
tions for emergent surgical management include general-
ized peritonitis, large undrainable abscesses, and clinical
deterioration despite medical management and percutane-
ous drainage. Following recovery from complicated diver-
ticulitis, a subsequent elective one-stage surgical resection
is generally recommended to reduce recurrent episodes of
complicated disease. Patients with chronic disease result-
ing in fistulas or colonic obstruction will require elective
surgical resection.
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» Prognosis

Diverticulitis recurs in 15–20% of patients treated with
medical management over 10–20 years. However, less than
5% have more than two recurrences. Among patients who
have an episode of uncomplicated diverticulitis, less than
5% later develop complicated disease. Therefore, elective
surgical resection is no longer routinely recommended in
patients with recurrent bouts of uncomplicated disease but
is individualized based on patient preference, age, comor-
bid disease, and frequency and severity of attacks. Diver-
ticulosis is not associated with an increased risk of
colorectal cancer.

» When to Refer

• Failure to improve within 72 hours of medical
management.

• Presence of significant peridiverticular abscesses (4 cm
or larger) requiring possible percutaneous or surgical
drainage.

• Generalized peritonitis or sepsis.

• Recurrent attacks.

• Chronic complications, including colonic strictures or
fistulas.

» When to Admit

• Severe pain or inability to tolerate oral intake.

• Signs of sepsis or peritonitis.

• CT scan showing signs of complicated disease (abscess,
perforation, obstruction).

• Failure to improve with outpatient management.

• Immunocompromised or frail, elderly patient.

Ahmed AM et al. Surgical treatment of diverticulitis and its
complications: a systematic review and meta-analysis of ran-
domized control trials. Surgeon. 2018;16:372. [PMID:
30033140]

Huston JM et al. Antibiotics versus no antibiotics for the treat-
ment of acute uncomplicated diverticulitis: review of the evi-
dence and future directions. Surg Infect (Larchmt).
2018;19:648. [PMID: 30204549]

Knott L et al. Medical management of diverticular disease. Clin
Colon Rectal Surg. 2018;31:214. [PMID: 29942209]

Tehranian S et al. Prevalence of colorectal cancer and advanced
adenoma in patients with acute diverticulitis: implications for
follow up colonoscopy. Gastrointest Endosc. 2020;91:634.
[PMID: 31521778]

3. Diverticular Bleeding

Half of all cases of acute lower gastrointestinal bleeding are
attributable to diverticulosis. For a full discussion, see the
section on Acute Lower Gastrointestinal Bleeding, above.

POLYPS OF THE COLON

Polyps are discrete mass lesions that protrude into the
intestinal lumen. Although most commonly sporadic, they
may be inherited as part of a familial polyposis syndrome.
Polyps may be divided into four major pathologic groups:

mucosal adenomatous polyps (tubular, tubulovillous, and
villous), mucosal serrated polyps (hyperplastic, sessile ser-
rated polyps, and traditional serrated adenoma), mucosal
nonneoplastic polyps (juvenile polyps, hamartomas,
inflammatory polyps), and submucosal lesions (lipomas,
lymphoid aggregates, carcinoids, pneumatosis cystoides
intestinalis). Of polyps removed at colonoscopy, over 70%
are adenomatous; most of the remainder are serrated.
Adenomatous polyps and serrated polyps have significant
clinical implications and will be considered further below.

NONFAMILIAL ADENOMATOUS &
SERRATED POLYPS

Adenomas and serrated polyps may be non-polypoid (flat,
slightly elevated, or depressed), sessile, or pedunculated
(containing a stalk). Their significance is that over 95% of
cases of adenocarcinoma of the colon are believed to arise
from these lesions. Early detection and removal of these
precancerous lesions through screening programs has
resulted in a 34% reduction in deaths from colorectal cancer
since 2000. It is proposed that there is a polyp → carcinoma
sequence whereby nonfamilial colorectal cancer develops
through a continuous process from normal mucosa to ade-
nomatous or serrated polyp and later to carcinoma. An
estimated 75% of cancers arise in adenomas after inactiva-
tion of the APC gene leads to chromosomal instability and
inactivation or loss of other tumor suppressor genes. The
remaining 25% of cancers arise through the serrated path-
way in which hyperplastic polyps develop Kras mutations
(forming traditional serrated adenomas) or BRAF onco-
gene activation (forming sessile serrated lesions) with wide-
spread methylation of CpG-rich promoter regions that
leads to inactivation of tumor suppressor genes or mis-
match repair genes (MLH1) with microsatellite instability.

A. Adenomas

Adenomas are present in more than 30% of men and 20% of
women over the age of 50. Most adenomas are smaller than
5 mm and have a low risk of becoming malignant. Adeno-
mas are classified as “advanced” if they are 1 cm or larger or
contain villous features or high-grade dysplasia. In the
general population, the prevalence of advanced adenomas is
6%. Advanced lesions are believed to have a higher risk of
harboring or progressing to malignancy. It has been esti-
mated from longitudinal studies that it takes an average of 5
years for a medium-sized polyp to develop from normal-
appearing mucosa and 10 years for a gross cancer to arise.

B. Serrated Polyps

There are three types of serrated polyps: hyperplastic pol-
yps, sessile serrated lesions, and traditional serrated adeno-
mas. It is believed that sessile serrated lesions (prevalence
5–12%) and traditional serrated adenomas (prevalence less
than 1%) harbor an increased risk of colorectal cancer
similar or greater to that of adenomas and account for up
to 20–30% of colorectal cancers. Many pathologists cannot
reliably distinguish between hyperplastic polyps and sessile
serrated lesions. Diminutive hyperplastic polyps (less than
5 mm) are extremely common (prevalence 20–30%),
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especially in the rectum, and believed to be without signifi-
cant risk.

» Clinical Findings

A. Symptoms and Signs

Most patients with adenomatous and serrated polyps are
completely asymptomatic. Chronic occult blood loss may
lead to iron deficiency anemia. Large polyps may ulcerate,
resulting in intermittent hematochezia.

B. Fecal Occult Blood or Multitarget DNA Tests

FOBT, FIT, and fecal DNA tests are available as part of
colorectal cancer screening programs (see Chapter 39). FIT
is a fecal immunochemical test for hemoglobin with a sin-
gle specimen having a sensitivity of approximately 80% for
colorectal cancer and 20–30% for advanced adenomas but
a much lower sensitivity for serrated lesions. FIT is more
sensitive than guaiac-based tests for the detection of
colorectal cancer and advanced adenomas. In 2014, a test
combining a fecal DNA test with a fecal immunochemical
test for stool hemoglobin (under the proprietary name
“Cologuard”) was approved by the FDA. In a prospective
comparative trial conducted in persons at average risk for
colorectal cancer undergoing colonoscopy, the sensitivity
for colorectal cancer for Cologuard was 92.3% compared to
73.8% for FIT and the sensitivity for large (greater than
1 cm) adenomas or serrated polyps for Cologuard was
42.4% compared to 23.8% for FIT.

C. Radiologic Tests

CT colonography (“virtual colonoscopy”) uses data from
helical CT imaging with computer-enabled luminal image
reconstruction to generate two-dimensional and three-
dimensional images of the colon. Using optimal imaging
software with multidetector helical CT scanners, several
studies report a sensitivity of 90% or more for the detection
of polyps larger than 10 mm in size. However, the accuracy
for detection of polyps 5–9 mm in size is significantly lower
(sensitivity 50%). A small proportion of these diminutive
polyps harbor advanced histology (up to 1.2%) or carci-
noma (less than 1%). Abdominal CT imaging also results
in a radiation exposure that may lead to a small risk of
cancer. Barium enema is no longer recommended due to its
poor diagnostic accuracy.

D. Endoscopic Tests

Colonoscopy allows evaluation of the entire colon and is
the best means of detecting and removing adenomatous
and serrated polyps. It should be performed in all patients
who have positive FOBT, FIT, or fecal DNA tests or iron
deficiency anemia (see Occult Gastrointestinal Bleeding
above), as the prevalence of colonic neoplasms is increased
in these patients. Colonoscopy should also be performed in
patients with polyps detected on radiologic imaging stud-
ies (CT colonography or barium enema) or adenomas
detected on flexible sigmoidoscopy to remove these polyps
and to fully evaluate the entire colon. The newest

generation of capsule endoscopy of the colon has an 86%
sensitivity and 88% specificity for detection of adenomas
greater than 6 mm compared with colonoscopy, but only
29% sensitivity and 33% specificity for sessile serrated pol-
yps. Capsule endoscopy may be considered in patients who
are unsuitable or unwilling to undergo colonoscopy or who
have an incomplete colonoscopy.

» Treatment

A. Colonoscopic Polypectomy

Most adenomatous and serrated polyps are less than 2 cm
in size and are readily amenable to colonoscopic removal;
this can be done with biopsy forceps (for those less than
3 mm), with cold snare excision (for those less than 10 mm),
or with cold snare or hot snare cautery (for those 10–20 mm).
Sessile polyps larger than 2 cm may be removed by appro-
priately trained physicians using a variety of endoscopic
techniques (eg, saline-lift mucosal resection or dissection)
or infrequently may require surgical resection. Patients
with large sessile polyps removed in piecemeal fashion
should undergo repeated colonoscopy in 6 months to
verify complete polyp removal. Complications after colo-
noscopic polypectomy include perforation in 0.2% and
clinically significant bleeding in 0.3–1.0% of all patients,
but 4–8% following mucosal resection of large lesions.

B. Postpolypectomy Surveillance

Adenomas and serrated polyps can be found in 30–40% of
patients when another colonoscopy is performed within
3–5 years after the initial examination and polyp removal.
Periodic colonoscopic surveillance is therefore recom-
mended to detect these “metachronous” lesions, which either
may be new or may have been overlooked during the initial
examination. Most of these polyps are small, without high-
risk features, and of little immediate clinical significance.
The probability of detecting advanced neoplasms at surveil-
lance colonoscopy depends on the number, size, and histo-
logic features of the polyps removed on initial (index)
colonoscopy. The US Multi-Society Task Force Guideline
provides the following recommendations for repeat colonos-
copy that depend on the findings at baseline colonoscopy:
(1) 10 years: normal colonoscopy or fewer than 20 hyper-
plastic polyps less than 10 mm in the distal colon or rectum;
(2) 7–10 years: 1–2 adenomas less than 10 mm; (3) 5–10 years:
1–2 sessile serrated polyps less than 10 mm; (4): 3–5 years:
3–4 adenomas or sessile serrated polyps less than 10 mm;
(5) 3 years: 5–10 adenomas or sessile serrated polyps less
than 10 mm; or 1 or more adenomas or sessile serrated polyp
10 mm or larger or an adenoma containing villous features or
high-grade dysplasia or a sessile serrated polyp with dyspla-
sia. Patients with more than 10 adenomas should have a
repeat colonoscopy at 1 year and may be considered for
evaluation for a familial polyposis syndrome.

Gupta S et al. Recommendations for follow-up after colonoscopy
and polypectomy: a consensus updated by the US Multi-
Society Task Force on Colorectal Cancer. Gastroenterology.
2020;158:1131. [PMID: 32039982]
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Kaltenbach T et al. Endoscopic removal of colorectal lesions—
recommendations of the US Multi-Society Task Force on
Colorectal Cancer. Gastroenterology. 2020;158:1095. [PMID:
32058340]

Meester RG et al. Prevalence and clinical features of sessile ser-
rated polyps: a systematic review. Gastroenterology.
2020;159:105. [PMID: 32199884]

HEREDITARY COLORECTAL CANCER &
POLYPOSIS SYNDROMES

Up to 4% of all colorectal cancers are caused by germline
genetic mutations that impose on carriers a high lifetime risk
of developing colorectal cancer (see Chapter 39). Because the
diagnosis of these disorders has important implications for
treatment of affected patients and for screening of family
members, it is important to consider these disorders in
patients with a family history of colorectal cancer that has
affected more than one family member, those with a personal
or family history of colorectal cancer developing at an early
age (50 years or younger), those with a personal or family his-
tory of multiple polyps (more than 10), and those with a per-
sonal or family history of multiple extracolonic malignancies.

1. Familial Adenomatous Polyposis

E S S E N T I A L S  O F  D I A G N O S I S

» Inherited condition characterized by early devel-
opment of hundreds to thousands of colonic
adenomatous polyps.

» Variety of extracolonic manifestations (eg, duode-
nal adenomas, desmoid tumors, and osteomas)
and extracolonic cancers (stomach, duodenum,
thyroid).

» Attenuated variant with < 100 (average 25) colonic
adenomas.

» Genetic testing confirms mutation of APC gene
(90%) or MUTYH gene (8%).

» Prophylactic colectomy recommended to prevent
otherwise inevitable colorectal cancer
(adenocarcinoma).

» General Considerations

Familial adenomatous polyposis (FAP) is a syndrome
affecting 1:10,000 people and accounts for approximately
0.5% of colorectal cancers. The classic form of FAP is char-
acterized by the development of hundreds to thousands of
colonic adenomatous polyps and a variety of extracolonic
manifestations. Of patients with classic FAP, approximately
90% have a mutation in the APC gene that is inherited in
an autosomal dominant fashion and 8% have mutations in
the MUTYH gene that are inherited in an autosomal reces-
sive fashion. FAP arises de novo in 25% of patients in the
absence of genetic mutations in the parents. An attenuated
variant of FAP also has been recognized in which an aver-
age of only 25 polyps (range of 1–100) develop.

» Clinical Findings

A. Symptoms and Signs

In classic FAP, colorectal polyps develop by a mean age of
15 years and cancer often by age 40 years. Unless prophy-
lactic colectomy is performed, colorectal cancer is inevita-
ble by age 50 years. In attenuated FAP, the mean age for
development of cancer is about 56 years.

Adenomatous polyps of the duodenum and periampul-
lary area develop in over 90% of patients, resulting in a
5–8% lifetime risk of adenocarcinoma. Adenomas occur
less frequently in the gastric antrum and small bowel and,
in those locations, have a lower risk of malignant transfor-
mation. Gastric fundus gland polyps occur in over 50% but
have an extremely low (0.6%) malignant potential.

A variety of other benign extraintestinal manifestations,
including soft tissue tumors of the skin, desmoid tumors,
osteomas, and congenital hypertrophy of the retinal pig-
ment, develop in some patients with FAP. These extraintes-
tinal manifestations vary among families, depending in
part on the type or site of mutation in the APC gene. Des-
moid tumors are locally invasive fibromas, most com-
monly intra-abdominal, that may cause bowel obstruction,
ischemia, or hemorrhage. They occur in 15% of patients
and are the second leading cause of death in FAP. Malig-
nancies of the central nervous system (Turcot syndrome)
and tumors of the thyroid and liver (hepatoblastomas) may
also develop in patients with FAP.

B. Genetic Testing

Genetic counseling and testing should be offered to patients
found to have multiple adenomatous polyps at endoscopy
and to first-degree family members of patients with FAP.
Most centers now perform genetic testing using a multi-
gene panel of 14–67 hereditary cancer genes, including
APC and MUTYH. APC gene mutations are identified in
80% of patients with more than 1000, and 56% with 100–
1000 polyps (ie, the classic phenotype of FAP). Current
guidelines recommend that genetic testing be considered
in individuals with as few as 10 adenomas to exclude a
diagnosis of attenuated disease, most especially in patients
less than age 50–60 years.

» Treatment

Once the diagnosis has been established, complete procto-
colectomy with ileoanal anastomosis or colectomy with
ileorectal anastomosis is recommended in most patients,
usually before age 20 years. Colonoscopy every 1–2 years
with polypectomy may be considered for patients with
attenuated FAP and a low number of polyps. Upper endo-
scopic evaluation of the stomach, duodenum, and periam-
pullary area should be performed every 1–3 years to look
for adenomas or carcinoma with resection of duodenal or
ampullary polyps greater than 10 mm, increasing in size,
or suspicious for high-grade dysplasia or cancer. Sulindac
and celecoxib have been shown to decrease the number
and size of polyps in the rectal stump but not the
duodenum.
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Kupfer SS et al. Patients in whom to consider genetic evaluation
and testing for hereditary colorectal cancer syndromes. Am J
Gastroenterol. 2020;115:1. [PMID: 31634263]

Stanich PP et al. Prevalence of germline mutations in polyposis
and colorectal cancer-associated genes in patients with multi-
ple colorectal polyps. Clin Gastroenterol Hepatol. 2019;17:2008.
[PMID: 30557735]

Yang J et al. American Society for Gastrointestinal Endosocopy
guideline on the role of endoscopy in familial adenomatous
polyposis syndromes. Gastrointest Endosc. 2020;91:963.
[PMID: 32169282]

2. hamartomatous Polyposis Syndromes

Hamartomatous polyposis syndromes are rare and account
for less than 0.1% of colorectal cancers.

Peutz-Jeghers syndrome is an autosomal dominant
condition characterized by hamartomatous polyps
throughout the gastrointestinal tract (most notably in the
small intestine) as well as mucocutaneous pigmented mac-
ules on the lips, buccal mucosa, and skin. The hamartomas
may become large, leading to bleeding, intussusception, or
obstruction. Although hamartomas are not malignant,
gastrointestinal malignancies (stomach, small bowel, and
colon) develop in 40–60%, breast cancer in 30–50%, and a
host of other malignancies of nonintestinal organs (gonads,
pancreas). The defect has been localized to the serine
threonine kinase 11 gene, and genetic testing is available.

Familial juvenile polyposis is also autosomal domi-
nant and is characterized by multiple (more than ten)
juvenile hamartomatous polyps located most commonly in
the colon. There is an increased risk (up to 50%) of adeno-
carcinoma due to synchronous adenomatous polyps or
mixed hamartomatous-adenomatous polyps. Genetic
defects have been identified to loci on 18q and 10q
(MADH4 and BMPR1A). Genetic testing is available.

PTEN multiple hamartoma syndrome (Cowden dis-
ease) is characterized by hamartomatous polyps and lipo-
mas throughout the gastrointestinal tract, trichilemmomas,
and cerebellar lesions. An increased rate of malignancy is
demonstrated in the thyroid, breast, and urogenital tract.

Byrne RM et al. Colorectal polyposis and inherited colorectal
cancer syndromes. Ann Gastroenterol. 2018;31:24. [PMID:
29333064]

Daniell J et al. An exploration of genotype-phenotype link
between Peutz-Jeghers syndrome and STK11: a review. Fam
Cancer. 2018;17:421. [PMID: 28900777]

3. Lync Syndrome

E S S E N T I A L S  O F  D I A G N O S I S

» Autosomal dominant inherited condition.

» Caused by mutations in a gene that detects and
repairs DNA base-pair mismatches, resulting in
DNA microsatellite instability and inactivation of
tumor suppressor genes.

» Increased lifetime risk of colorectal cancer (22–
75%), endometrial cancer (30–60%), and other
cancers that may develop at young age.

» Evaluation warranted in patients with personal
history of early-onset colorectal cancer or family
history of colorectal, endometrial, or other Lynch
syndrome–related cancers at young age or in mul-
tiple family members.

» Diagnosis suspected by tumor tissue immunohis-
tochemical staining for mismatch repair proteins
or by testing for microsatellite instability.

» Diagnosis confirmed by genetic testing.

» General Considerations

Lynch syndrome (also known as hereditary nonpolyposis
colon cancer [HNPCC]) is an autosomal dominant condition
in which there is a markedly increased risk of developing
colorectal cancer as well as a host of other cancers, including
endometrial, ovarian, renal or bladder, hepatobiliary, gastric,
and small intestinal cancers. It is estimated to account for up
to 3% of all colorectal cancers. Affected individuals have a
22–75% lifetime risk of developing colorectal carcinoma and
a 30–60% lifetime risk of endometrial cancer, depending on
the affected gene. Unlike individuals with familial adenoma-
tous polyposis, patients with Lynch syndrome develop only a
few adenomas, which may be flat and more often contain
villous features or high-grade dysplasia. In contrast to the
traditional polyp → cancer progression (which may take over
10 years), these polyps are believed to undergo rapid trans-
formation over 1–2 years from normal tissue → adenoma →
cancer. Colon and endometrial cancer tend to develop at an
earlier age than sporadic, nonhereditary cancers (mean age
45–50 years). A germline mutation is identified in 20% of
patients in whom colon cancer was diagnosed before age 50.
Compared with patients with sporadic tumors of similar
pathologic stage, those with Lynch syndrome tumors have
improved survival. Synchronous or metachronous cancers
occur within 10 years in up to 45% of patients.

Lynch syndrome is caused by a defect in one of several
genes that are important in the detection and repair of DNA
base-pair mismatches: MLH1, MSH2, MSH6, and PMS2 or
EPCAM, a promoter for MSH2. Germline mutations in
MLH1 and MSH2 account for almost 90% of the known
mutations in families with Lynch syndrome. Mutations in any
of these mismatch repair genes result in a characteristic phe-
notypic DNA abnormality known as microsatellite instability.

» Clinical Findings

A thorough family cancer history is essential to identify
families that may be affected by the Lynch syndrome so that
appropriate genetic and colonoscopic screening can be
offered. The National Colorectal Cancer Roundtable recom-
mends a simple three-question tool for identifying increased
risk and meriting more detailed assessment: (1) Have you
had colorectal cancer or polyps diagnosed before age 50? (2)
Do you have three or more relatives with colorectal cancer?
and (3) Do you have a first-degree relative with colorectal
cancer or another Lynch syndrome–related cancer diag-
nosed before age 50? The PREMM5 probability model is
available for calculating the likelihood of Lynch syndrome
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based on family and personal history (https://premm.dfci.
harvard.edu/). Genetic evaluation is recommended for those
with a personal or family history of colorectal cancer under
age 50, a history of multiple family members with cancer, or
a greater than 5% PREMM5 model-predicted chance of
Lynch syndrome. Genetic testing can be performed with
multigene panels that test for germline cancer genes (ie,
Lynch, familial adenomatous polyposis, and hamartomatous
syndromes) as well as others of uncertain significance for
approximately $250. Referral to a genetic counselor there-
fore is recommended.

Personal and family history alone are insufficient to
identify a significant proportion of patients with Lynch
syndrome. For this reason, the National Comprehensive
Cancer Network recommend that all colorectal cancers
should undergo testing for Lynch syndrome with either
immunohistochemistry or microsatellite instability. Univer-
sal testing has the greatest sensitivity for the diagnosis of
Lynch syndrome and is cost-effective. Individuals whose
tumors have normal immunohistochemical staining or do
not have microsatellite instability are unlikely to have germ-
line mutations in mismatch repair genes, do not require
further genetic testing, and do not require intensive cancer
surveillance. Up to 15% of sporadic (noninherited) tumors
have microsatellite instability or absent MLH1 staining due
to somatic (noninherited) methylation of the MLH1 gene
promoter and somatic BRAF mutations, which must be
excluded before further genetic testing is considered. Germ-
line testing for gene mutations is positive in more than 90%
of individuals whose tumors show absent histochemical
staining of one of the mismatch repair genes or high level of
microsatellite instability without a BRAF mutation.

» Screening & Treatment

If a mutation is detected in a patient with cancer in one of
the known mismatch genes, genetic testing of other first-
degree family members is indicated. If genetic testing
documents a Lynch syndrome gene mutation, affected rela-
tives should be screened with colonoscopy every 1–2 years
beginning at age 25 (or at age 5 years younger than the age
at diagnosis of the youngest affected family member). If
cancer is found, subtotal colectomy with ileorectal anasto-
mosis (followed by annual surveillance of the rectal stump)
should be performed. Women should undergo screening
for endometrial and ovarian cancer beginning at age 30–35
years with pelvic examination, transvaginal ultrasound,
and endometrial sampling. Prophylactic hysterectomy and
oophorectomy are recommended to women at age 40 or
once they have finished childbearing. Screening for gastric
cancer with upper endoscopy should be considered every
2–3 years beginning at age 30–35 years.

Ballester V et al. How and when to consider genetic testing for
colon cancer? Gastroenterology. 2018;155:955. [PMID:
30148981]

Burn J et al; CAPP2 Investigators. Cancer prevention with aspi-
rin in hereditary colorectal cancer (Lynch syndrome), 10-year
follow-up and registry-based 20-year data in the CAPP2
study: a double-blind, randomised, placebo-controlled trial.
Lancet. 2020;395:1855. [PMID: 32534647]

Ladabaum U. What is Lynch-like syndrome and how should we
manage it? Clin Gastroenterol Hepatol. 2020;18:294. [PMID:
31408703]

Pan JY et al. Worldwide practice patterns in Lynch syndrome
diagnosis and management, based on data from the Interna-
tional Mismatch Repair Consortium. Clin Gastroenterol
Hepatol. 2018;16:1901. [PMID: 29702294]

º
ANORECTAL DISEASES

(See Chapter 39 for Carcinoma of the Anus.)

HEMORRHOIDS

E S S E N T I A L S  O F  D I A G N O S I S

» Bright red blood per rectum.

» Protrusion, discomfort.

» Characteristic findings on external anal inspection
and anoscopic examination.

» General Considerations

Internal hemorrhoids are subepithelial vascular cushions
consisting of connective tissue, smooth muscle fibers, and
arteriovenous communications between terminal branches
of the superior rectal artery and rectal veins. They are a
normal anatomic entity, occurring in all adults, that con-
tribute to normal anal pressures and ensure a water-tight
closure of the anal canal. They commonly occur in three
primary locations—right anterior, right posterior, and left
lateral. External hemorrhoids arise from the inferior hem-
orrhoidal veins located below the dentate line and are
covered with squamous epithelium of the anal canal or
perianal region.

Hemorrhoids may become symptomatic as a result of
activities that increase venous pressure, resulting in disten-
tion and engorgement. Straining at stool, diarrhea, consti-
pation, prolonged sitting, pregnancy, obesity, and low-fiber
diets all may contribute. With time, redundancy and
enlargement of the venous cushions may develop and
result in bleeding or protrusion.

» Clinical Findings

A. Symptoms and Signs

Patients often attribute a variety of perianal complaints to
“hemorrhoids.” However, the principal problems attribut-
able to internal hemorrhoids are bleeding, prolapse, and
mucoid discharge. Bleeding is manifested by bright red
blood that may range from streaks of blood visible on toilet
paper or stool to bright red blood that drips into the toilet
bowl after a bowel movement. Uncommonly, bleeding is
severe and prolonged enough to result in anemia. Initially,
internal hemorrhoids are confined to the anal canal (stage
I). Over time, the internal hemorrhoids may gradually
enlarge and protrude from the anal opening. At first, this
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mucosal prolapse occurs during straining and reduces
spontaneously (stage II). With progression over time, the
prolapsed hemorrhoids may require manual reduction
after bowel movements (stage III) or may remain chroni-
cally protruding (stage IV). Chronically prolapsed hemor-
rhoids may result in a sense of fullness or discomfort and
mucoid discharge, resulting in irritation of perianal skin
and soiling of underclothes. Pain is unusual with internal
hemorrhoids, occurring only when there is extensive
inflammation and thrombosis of irreducible tissue or with
thrombosis of an external hemorrhoid.

B. Examination

External hemorrhoids are readily visible on perianal
inspection. Nonprolapsed internal hemorrhoids are not
visible but may protrude through the anus with gentle
straining while the clinician spreads the buttocks. Pro-
lapsed hemorrhoids are visible as protuberant purple nod-
ules covered by mucosa. The perianal region should also be
examined for other signs of disease such as fistulas, fis-
sures, skin tags, condyloma, anal cancer, or dermatitis. On
digital examination, uncomplicated internal hemorrhoids
are neither palpable nor painful. Anoscopic evaluation,
best performed in the prone jackknife position, provides
optimal visualization of internal hemorrhoids.

» Differential Diagnosis

Small volume rectal bleeding may be caused by an anal fis-
sure or fistula, neoplasms of the distal colon or rectum,
ulcerative colitis or Crohn colitis, infectious proctitis, or
rectal ulcers. Rectal prolapse, in which a full thickness of
rectum protrudes concentrically from the anus, is readily
distinguished from mucosal hemorrhoidal prolapse. Proc-
tosigmoidoscopy or colonoscopy should be performed in
all patients with hematochezia to exclude disease in the
rectum or sigmoid colon that could be misinterpreted in
the presence of hemorrhoidal bleeding.

» Treatment

A. Conservative Measures

Most patients with early (stage I and stage II) disease can
be managed with conservative treatment. To decrease
straining with defecation, patients should be given instruc-
tions for a high-fiber diet and told to increase fluid intake
with meals, avoid straining, and limit sitting time on the
toilet to less than 5 minutes. Dietary fiber may be supple-
mented with bran powder (1–2 tbsp twice daily added to
food or in 8 oz of liquid) or with commercial bulk laxatives
(eg, Benefiber, Metamucil, Citrucel). Suppositories and
rectal ointments have no demonstrated utility in the man-
agement of mild disease. Mucoid discharge may be treated
effectively by the local application of a cotton ball tucked
next to the anal opening after bowel movements.

B. Medical Treatment

Patients with stage I, stage II, and stage III hemorrhoids
and recurrent bleeding despite conservative measures may
be treated without anesthesia with injection sclerotherapy,

rubber band ligation, or application of electrocoagulation
(bipolar cautery or infrared photocoagulation). The choice
of therapy is dictated by operator preference, but rubber
band ligation is preferred due to its ease of use and high
rate of efficacy. Major complications occur in less than 2%,
including pelvic sepsis, pelvic abscess, urinary retention,
and bleeding. Recurrence is common unless patients alter
their dietary habits. Edematous, prolapsed (stage IV) inter-
nal hemorrhoids, may be treated acutely with topical
creams, foams, or suppositories containing various combi-
nations of emollients, topical anesthetics, (eg, pramoxine,
dibucaine), vasoconstrictors (eg, phenylephrine), astrin-
gents (witch hazel), and corticosteroids. Common prepara-
tions include Preparation H (several formulations), Anusol
HC, Proctofoam, Nupercainal, Tucks, and Doloproct (not
available in the United States).

C. Surgical Treatment

Surgical excision (hemorrhoidectomy) is reserved for less
than 5–10% of patients with chronic severe bleeding due to
stage III or stage IV hemorrhoids or patients with acute
thrombosed stage IV hemorrhoids with necrosis. Compli-
cations of surgical hemorrhoidectomy include postopera-
tive pain (which may persist for 2–4 weeks) and impaired
continence.

» Thrombosed External Hemorrhoid

Thrombosis of the external hemorrhoidal plexus results in
a perianal hematoma. It most commonly occurs in other-
wise healthy young adults and may be precipitated by
coughing, heavy lifting, or straining at stool. The condition
is characterized by the relatively acute onset of an exqui-
sitely painful, tense and bluish perianal nodule covered with
skin that may be up to several centimeters in size. Pain is
most severe within the first few hours but gradually eases
over 2–3 days as edema subsides. Symptoms may be
relieved with warm sitz baths, analgesics, and ointments.
With symptom resolution, a perianal skin tag may persist,
which can be a source of irritation. If the patient is evaluated
in the first 24–48 hours, removal of the clot may hasten
symptomatic relief. With the patient in the lateral position,
the skin around and over the lump is injected subcutaneously
with 1% lidocaine using a tuberculin syringe with a 30-gauge
needle. An ellipse of skin is then excised and the clot evacu-
ated. A dry gauze dressing is applied for 12–24 hours, and
daily sitz baths are then begun.

» When to Refer

• Stage I, II, or III: When conservative measures fail and
expertise in medical procedures is needed (injection,
banding, thermocoagulation).

• Stage IV: When surgical excision is required.

Gardner IH et al. Benign anorectal disease: hemorrhoids, fis-
sures, and fistulas. Ann Gastroenterol. 2020;33:9. [PMID:
31892792]

Qureshi WA. Office management of hemorrhoids. Am J Gastro-
enterol. 2018;113:795. [PMID: 29487411]
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ANORECTAL INFECTIONS

A number of organisms can cause inflammation of the anal
and rectal mucosa. Proctitis is characterized by anorectal
discomfort, tenesmus, constipation, and mucus or bloody
discharge. Most cases of proctitis are sexually transmitted,
especially by anal-receptive intercourse. Infectious procti-
tis must be distinguished from noninfectious causes of
anorectal symptoms, including anal fissures or fistulae,
perirectal abscesses, anorectal carcinomas, and inflamma-
tory bowel disease (ulcerative colitis or Crohn disease).

» Etiology & Management

Several organisms may cause infectious proctitis.

A. Neisseria gonorrhoeae

Gonorrhea may cause itching, burning, tenesmus, and a
mucopurulent discharge, although many anorectal infec-
tions are asymptomatic. Rectal swab specimens should be
taken during anoscopy for culture; Gram staining is unreli-
able. Cultures should also be taken from the pharynx and
urethra in men and from the pharynx and cervix in women.
Complications of untreated infections include strictures,
fissures, fistulas, and perirectal abscesses. (For treatment,
see Chapter 33.)

B. Treponema pallidum

Anal syphilis may be asymptomatic or may lead to perianal
pain and discharge. With primary syphilis, the chancre
may be at the anal margin or within the anal canal and may
mimic a fissure, fistula, or ulcer. Proctitis or inguinal
lymphadenopathy may be present. With secondary syphi-
lis, condylomata lata (pale-brown, flat verrucous lesions)
may be seen, with secretion of foul-smelling mucus.
Although the diagnosis may be established with dark-field
microscopy or fluorescent antibody testing of scrapings
from the chancre or condylomas, this requires proper
equipment and trained personnel. The VDRL or RPR test
is positive in 75% of primary cases and in 99% of secondary
cases. (For treatment, see Chapter 34.)

C. Chlamydia trachomatis

Chlamydial infection may cause proctitis similar to gonor-
rheal proctitis; however, some infections are asymptomatic.
It also may cause lymphogranuloma venereum, character-
ized by proctocolitis with fever and bloody diarrhea, painful
perianal ulcerations, anorectal strictures and fistulas, and
inguinal adenopathy (buboes). Previously rare in developed
countries, an increasing number of cases have been identi-
fied among men who have sex with men. The diagnosis is
established by serology, culture, or PCR-based testing of
rectal discharge or rectal biopsy. Recommended treatment
is doxycycline 100 mg orally twice daily for 21 days.

D. Herpes Simplex Type 2

Herpes simplex type 2 virus is a common cause of anorectal
infection. Symptoms occur 4–21 days after exposure and
include severe pain, itching, constipation, tenesmus,

urinary retention, and radicular pain from involvement of
lumbar or sacral nerve roots. Small vesicles or ulcers may be
seen in the perianal area or anal canal. Sigmoidoscopy is not
usually necessary but may reveal vesicular or ulcerative
lesions in the distal rectum. Diagnosis is established by viral
culture, PCR, or antigen detection assays of vesicular fluid.
Symptoms resolve within 2 weeks, but viral shedding may
continue for several weeks. Patients may remain asymptom-
atic with or without viral shedding or may have recurrent
mild relapses. Treatment of acute infection for 7–10 days
with acyclovir, 400 mg, or famciclovir, 250 mg orally three
times daily, or valacyclovir, 1 g twice daily, has been shown
to reduce the duration of symptoms and viral shedding.
Patients with AIDS and recurrent relapses may benefit from
long-term suppressive therapy (see Chapter 31).

E. Condylomata Acuminata

Condylomata acuminata (warts) are a significant cause of
anorectal symptoms. Caused by the HPV, they may occur
on the perianal area, in the anal canal, or on the genitals.
Perianal or anal warts are seen in up to 25% of men who
have sex with men. HIV-positive individuals with condylo-
mas have a higher relapse rate after therapy and a higher
rate of progression to high-grade dysplasia or anal cancer.
The warts are located on the perianal skin and extend
within the anal canal up to 2 cm above the dentate line.
Patients may have no symptoms or may report itching,
bleeding, and pain. The warts may be small and flat or ver-
rucous, or may form a confluent mass that may obscure the
anal opening. Warts must be distinguished from condyloma
lata (secondary syphilis) or anal cancer. Biopsies should be
obtained from large or suspicious lesions. Treatment can be
difficult. Sexual partners should also be examined and
treated. The treatment of anogenital warts is discussed in
Chapter 30. The HPV vaccine, Gardasil-9 valent, has dem-
onstrated efficacy in preventing anogenital warts and is now
recommended for all persons aged 9–14 (two or three
doses) and persons aged 15–45 (three doses), as well as all
men of any age who have sex with men (see Chapters 1 and
30). HIV-positive individuals with condylomas who have
detectable serum HIV RNA levels should have anoscopic
surveillance for anal cancer every 3–6 months.

Murphy M et al. Non-HPV perianal and anorectal sexually
transmitted viral infections. Clin Colon Rectal Surg
2019;32:340. [PMID: 31507343]

FECAL INCONTINENCE

In a 2018 survey, 4.7% of US adults reported fecal inconti-
nence within the prior 30 days. There are five general
requirements for bowel continence: (1) solid or semisolid
stool (even healthy young adults have difficulty maintain-
ing continence with liquid rectal contents); (2) a distensible
rectal reservoir (as sigmoid contents empty into the rec-
tum, the vault must expand to accommodate); (3) a sensa-
tion of rectal fullness (if the patient cannot sense this,
overflow may occur before the patient can take appropriate
action); (4) intact pelvic nerves and muscles; and (5) the
ability to reach a toilet in a timely fashion.
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» Minor Incontinence

Many patients complain of inability to control flatus or
slight soilage of undergarments that tends to occur after
bowel movements or with straining or coughing. This may
be due to local anal problems such as prolapsed hemor-
rhoids that make it difficult to form a tight anal seal or
isolated weakness of the internal anal sphincter, especially
if stools are somewhat loose. Patients should be treated
with fiber supplements to provide greater stool bulk. Cof-
fee and other caffeinated beverages should be eliminated.
The perianal skin should be cleansed with moist, lanolin-
coated tissue (baby wipes) to reduce excoriation and infec-
tion. After wiping, loose application of a cotton ball near
the anal opening may absorb small amounts of fecal leak-
age. Prolapsing hemorrhoids may be treated with band
ligation or surgical hemorrhoidectomy. Control of flatus
and seepage may be improved by Kegel perineal exercises.
Conditions such as ulcerative proctitis that cause tenesmus
and urgency, chronic diarrheal conditions, and IBS may
result in difficulty in maintaining complete continence,
especially if a toilet is not readily available. Loperamide
may be helpful to reduce urge incontinence in patients with
loose stools and may be taken in anticipation of situations
in which a toilet may not be readily available. Older
patients may require more time or assistance to reach a
toilet, which may lead to incontinence. Scheduled toileting
and the availability of a bedside commode are helpful.
Elderly patients with chronic constipation may develop
stool impaction leading to “overflow” incontinence.

» Major Incontinence

Complete uncontrolled loss of stool reflects a significant
problem with central perception or neuromuscular func-
tion. Incontinence that occurs without awareness suggests
a loss of central awareness (eg, dementia, cerebrovascular
accident, multiple sclerosis) or peripheral nerve injury (eg,
spinal cord injury, cauda equina syndrome, pudendal
nerve damage due to obstetric trauma or pelvic floor pro-
lapse, aging, or diabetes mellitus). Incontinence that occurs
despite awareness and active efforts to retain stool suggests
sphincteric damage, which may be caused by traumatic
childbirth (especially forceps delivery), episiotomy, pro-
lapse, prior anal surgery, and physical trauma.

Physical examination should include careful inspection
of the perianal area for hemorrhoids, rectal prolapse, fis-
sures, fistulas, and either gaping or a keyhole defect of the
anal sphincter (indicating severe sphincteric injury or
neurologic disorder). The perianal skin should be stimu-
lated to confirm an intact anocutaneous reflex. Digital
examination during relaxation gives valuable information
about resting tone (due mainly to the internal sphincter)
and contraction of the external sphincter and pelvic floor
during squeezing. It also excludes fecal impaction. Anos-
copy is required to evaluate for hemorrhoids, fissures, and
fistulas. Proctosigmoidoscopy is useful to exclude rectal
carcinoma or proctitis. Anal ultrasonography or pelvic
MRI is the most reliable test for definition of anatomic
defects in the external and internal anal sphincters. Anal
manometry may also be useful to define the severity of

weakness, to assess sensation, and to predict response to
biofeedback training. In special circumstances, surface
electromyography is useful to document sphincteric dener-
vation and proctography to document perineal descent or
rectal intussusception.

Patients who are incontinent only of loose or liquid
stools are treated with bulking agents and antidiarrheal
drugs (eg, loperamide, 2 mg before meals and prophylacti-
cally before social engagements, shopping trips, etc).
Patients with incontinence of solid stool benefit from
scheduled toilet use after glycerin suppositories or tap
water enemas. Biofeedback training with pelvic floor
strengthening (Kegel) exercises (alternating 5-second
squeeze and 10-second rest for 10 minutes twice daily) may
be helpful in motivated patients to lower the threshold for
awareness of rectal filling and improve incontinence. In a
2019 randomized controlled trial, global incontinence
symptom improvement occurred in 38% of patients
instructed on daily pelvic floor contraction exercises (three
sets of 10 contractions sustained for up to 10 seconds and
two sets of 3 contractions sustained for up to 30 seconds)
compared with 18% who did not perform these exercises.
Operative management is seldom needed, but should be
considered in patients with major incontinence due to
prior injury to the anal sphincter who have not responded
to medical therapy.

» When to Refer

• Conservative measures fail.

• Anorectal tests are deemed necessary (manometry,
ultrasonography, electromyography).

• A surgically correctable lesion is suspected.

Pasricha T et al. Fecal incontinence in the elderly. Clin Geriatr
Med. 2021;37:71. [PMID: 33213775]

Ussing A et al. Efficacy of supervised pelvic floor muscle training
and biofeedback vs attention-control treatment in adults with
fecal incontinence. Clin Gastroenterol Hepatol. 2019;17:2253.
[PMID: 30580089]

Whitehead WE et al. Fecal incontinence diagnosed by Rome IV
criteria in the United States, Canada, and the United King-
dom. Clin Gastroenterol Hepatol. 2020;18:385. [PMID:
31154029]

OTHER ANAL CONDITIONS

» Anal Fissures

Anal fissures are linear or rocket-shaped ulcers that are
usually less than 5 mm in length. Most fissures are believed
to arise from trauma to the anal canal during defecation,
perhaps caused by straining, constipation, or high internal
sphincter tone. They occur most commonly in the poste-
rior midline, but 10% occur anteriorly. Fissures that occur
off the midline should raise suspicion for Crohn disease,
HIV/AIDS, tuberculosis, syphilis, or anal carcinoma.
Patients complain of severe, tearing pain during defecation
followed by throbbing discomfort that may lead to consti-
pation due to fear of recurrent pain. There may be mild
associated hematochezia, with blood on the stool or toilet
paper. Anal fissures are confirmed by visual inspection of
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the anal verge while gently separating the buttocks. Acute
fissures look like cracks in the epithelium. Chronic fissures
result in fibrosis and the development of a skin tag at the
outermost edge (sentinel pile). Digital and anoscopic
examinations may cause severe pain and may not be pos-
sible. Medical management is directed at promoting effort-
less, painless bowel movements. Fiber supplements and sitz
baths should be prescribed. Topical anesthetics (5% lido-
caine; 2.5% lidocaine plus 2.5% prilocaine) may provide
temporary relief. Healing occurs within 2 months in up to
45% of patients with conservative management. Chronic
fissures may be treated with topical 0.125–0.4% nitroglyc-
erin, diltiazem 2% ointment, or nifedipine 0.5% (1 cm of
ointment) applied twice daily just inside the anus with the
tip of a finger for 4–8 weeks, or injection of botulinum
toxin (20 units) into the internal anal sphincter. All these
treatments result in healing in 50–80% of patients with
chronic anal fissure, but headaches occur in up to 40% of
patients treated with nitroglycerin. Botulinum toxin may
cause transient anal incontinence. Fissures recur in up to
40% of patients after treatment. Chronic or recurrent fis-
sures benefit from lateral internal sphincterotomy; how-
ever, minor incontinence may complicate this procedure.

Kyriakakis R et al. What predicts successful nonoperative man-
agement with botulinum toxin for anal fissure? Am J Surg.
2020;219:442. [PMID: 31679653]

Newman M et al. Anal fissure: diagnosis, management, and
referral in primary care. Br J Gen Pract. 2019;69:409. [PMID:
31345824]

Qureshi W. How I approach it: anal fissures. Am J Gastroenterol.
2020;115:315. [PMID: 31972621]

» Perianal Abscess & Fistula

The anal glands located at the base of the anal crypts at the
dentate line may become infected, leading to abscess for-
mation. Other causes of abscess include anal fissure and
Crohn disease. Abscesses may extend upward or down-
ward through the intersphincteric plane. Symptoms of
perianal abscess are throbbing, continuous perianal pain.
Erythema, fluctuance, and swelling may be found in the
perianal region on external examination or in the ischio-
rectal fossa on digital rectal examination. Perianal abscesses
are treated with local incision and drainage, while ischio-
rectal abscesses require drainage in the operating room.
After drainage of an abscess, most patients are found to
have a fistula in ano.

Fistula in ano most often arises in an anal crypt and is
usually preceded by an anal abscess. In patients with fistu-
las that connect to the rectum, other disorders such as
Crohn disease, lymphogranuloma venereum, rectal tuber-
culosis, and cancer should be considered. Fistulas are asso-
ciated with purulent discharge that may lead to itching,

tenderness, and pain. The treatment of Crohn-related fis-
tula is discussed elsewhere in this chapter. Treatment of
simple idiopathic fistula in ano is by surgical incision or
excision under anesthesia. Care must be taken to preserve
the anal sphincters. Surgical fistulotomy for treatment of
complex (high, transphincteric) anal fissures carries a high
risk of incontinence. Techniques for healing the fistula
while preserving the sphincter include an endoanal
advancement flap over the internal opening and insertion
of a bioprosthetic plug into the fistula opening.

Jamshidi R. Anorectal complaints: hemorrhoids, fissures,
abscesses, fistulae. Clin Colon Rectal Surg. 2018;31:117.
[PMID: 29487494]

Schlichtemeier S et al. Treatment for complex anal fistula, are we
any wiser? Colorectal Dis. 2018;20:1067. [PMID: 30506657]

Williams G et al. The treatment of anal fistula: second ACPGBI
Position Statement—2018. Colorectal Dis. 2018;20:5. [PMID:
30178915]

» Perianal Pruritus

Perianal pruritus is characterized by perianal itching and
discomfort. It may be caused by poor anal hygiene associ-
ated with fistulas, fissures, prolapsed hemorrhoids, skin
tags, and minor incontinence. Conversely, overzealous
cleansing with soaps may contribute to local irritation or
contact dermatitis. Contact dermatitis, atopic dermatitis,
bacterial infections (Staphylococcus or Streptococcus), para-
sites (pinworms, scabies), candidal infection (especially in
diabetics), sexually transmitted disease (condylomata acu-
minata, herpes, syphilis, molluscum contagiosum), and
other skin conditions (psoriasis, Paget disease, lichen scle-
rosis) must be excluded. In patients with idiopathic peri-
anal pruritus, examination may reveal erythema,
excoriations, or lichenified, eczematous skin. Education is
vital to successful therapy. Spicy foods, coffee, chocolate,
and tomatoes may cause irritation and should be elimi-
nated. After bowel movements, the perianal area should be
cleansed with nonscented wipes premoistened with lanolin
followed by gentle drying. A piece of cotton ball should be
tucked next to the anal opening to absorb perspiration or
fecal seepage. Anal ointments and lotions may exacerbate
the condition and should be avoided. A short course of
high-potency topical corticosteroid may be tried, although
efficacy has not been demonstrated. Diluted capsaicin
cream (0.006%) led to symptomatic relief in 75% of
patients in a double-blind crossover study.

Cohee MW et al. Benign anorectal conditions: evaluation and
management. Am Fam Physician. 2020;101:24. [PMID:
31894930]

Ortega AE et al. Idiopathic pruritus ani and acute perianal der-
matitis. Clin Colon Rectal Surg. 2019;32:327. [PMID:
31507341]
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JAUNDICE & EVALUATION OF ABNORMAL
LIVER BIOCHEMICAL TESTS

E S S E N T I A L S  O F  D I A G N O S I S

» Jaundice results from accumulation of bilirubin in
body tissues; the cause may be hepatic or
nonhepatic.

» Hyperbilirubinemia may be due to abnormalities
in the formation, transport, metabolism, or excre-
tion of bilirubin.

» Persistent mild elevations of the aminotransferase
levels are common in clinical practice and caused
most often by nonalcoholic fatty liver disease
(NAFLD).

» Evaluation of obstructive jaundice begins with
ultrasonography and is usually followed by
cholangiography.

» General Considerations

Jaundice (icterus) results from the accumulation of
bilirubin—a product of heme metabolism—in body tissues.
Hyperbilirubinemia may be due to abnormalities in the
formation, transport, metabolism, or excretion of bilirubin.
Total serum bilirubin is normally 0.2–1.2 mg/dL (3.42–
20.52 mcmol/L). Mean levels are higher in men than
women, higher in Whites and Hispanics than Blacks, and
correlate with an increased risk of symptomatic gallstone
disease and inversely with the risk of stroke, respiratory
disease, cardiovascular disease, and mortality, presumably
because of antioxidant and intestinal anti-inflammatory
effects. Jaundice may not be recognizable until serum bili-
rubin levels are about 3 mg/dL (51.3 mcmol/L).

Jaundice may be caused by predominantly unconju-
gated or conjugated bilirubin in the serum (Table 16–1).
Unconjugated hyperbilirubinemia may result from over-
production of bilirubin because of hemolysis; impaired

hepatic uptake of bilirubin due to certain drugs; or impaired
conjugation of bilirubin by glucuronide, as in Gilbert syn-
drome, due to mild decreases in uridine diphosphate
(UDP) glucuronyl transferase, or Crigler-Najjar syndrome,
caused by moderate decreases (type II) or absence (type I)
of UDP glucuronyl transferase. Hemolysis alone rarely
elevates the serum bilirubin level to more than 7 mg/dL
(119.7 mcmol/L). Predominantly conjugated hyperbiliru-
binemia may result from impaired excretion of bilirubin
from the liver due to hepatocellular disease, drugs, sepsis,
or hereditary hepatocanalicular transport defects (such as
Dubin-Johnson syndrome, progressive familial intrahe-
patic cholestasis syndromes, and intrahepatic cholestasis of
pregnancy) or from extrahepatic biliary obstruction. Fea-
tures of some hyperbilirubinemic syndromes are summa-
rized in Table 16–2. The term “cholestasis” denotes
retention of bile in the liver, and the term “cholestatic
jaundice” is often used when conjugated hyperbilirubine-
mia results from impaired bile formation or flow. Media-
tors of pruritus due to cholestasis have been identified to be
lysophosphatidic acid and autotaxin, the enzyme that
forms lysophosphatidic acid.

» Clinical Findings

A. Unconjugated Hyperbilirubinemia

Stool and urine color are normal, and there is mild jaun-
dice and indirect (unconjugated) hyperbilirubinemia with
no bilirubin in the urine. Splenomegaly occurs in all hemo-
lytic disorders except in sickle cell disease.

B. Conjugated Hyperbilirubinemia

Cholestasis is often accompanied by pruritus, light-colored
stools, and jaundice, although the patient may be asymp-
tomatic. Malaise, anorexia, low-grade fever, and right
upper quadrant discomfort are frequent with hepatocellu-
lar disease. Dark urine, jaundice, and, in women, amenor-
rhea occur. An enlarged tender liver, spider telangiectasias,
palmar erythema, ascites, gynecomastia, sparse body hair,
fetor hepaticus, and asterixis may be present, depending on
the cause, severity, and chronicity of liver dysfunction.

16Lawrence S. Friedman, MD

Liver, Biliary Tract, &
Pancreas Disorders
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C. Biliary Obstruction

There may be right upper quadrant pain, weight loss (sug-
gesting carcinoma), jaundice, pruritus, dark urine, and
light-colored stools. Symptoms and signs may be intermit-
tent if caused by a stone, carcinoma of the ampulla, or
cholangiocarcinoma. Pain may be absent early in pancre-
atic cancer. Occult blood in the stools suggests cancer of
the ampulla. A palpable gallbladder (Courvoisier sign) is
characteristic, but neither specific nor sensitive, of a pan-
creatic head tumor. Fever and chills are more common in
benign obstruction with associated cholangitis.

» Diagnostic Studies

(See Tables 16–3 and 16–4.)

A. Laboratory Findings

Elevated serum alanine and aspartate aminotransferase
(ALT and AST) levels reflect hepatocellular injury. Normal
reference values for ALT and AST are lower than generally
reported when persons with risk factors for fatty liver are
excluded. The upper limit of normal for ALT is
29–33 units/L in men and 19–25 units/L in women. Levels
decrease with age and correlate with body mass index and
mortality from liver disease and inversely with caffeine
consumption and physical activity. There is controversy
about whether a persistently elevated ALT level is associ-
ated with a low or high vitamin D level and, in the general
population, with mortality from coronary artery disease,
cancer, diabetes mellitus, and all causes; elevated AST lev-
els have been reported to be associated with shorter life

expectancy. Truncal fat and early-onset paternal obesity are
risk factors for increased ALT levels. Levels are mildly elevated
in more than 25% of persons with untreated celiac disease and
in type 1 diabetic patients with so-called glycogenic hepatopa-
thy and often rise transiently in healthy persons who begin
taking 4 g of acetaminophen per day or experience rapid
weight gain on a fast-food diet. Levels may rise strikingly but
transiently in patients with acute biliary obstruction from
choledocholithiasis. NAFLD is by far the most common cause
of persistent mildly to moderately elevated aminotransferase
levels. Elevated ALT and AST levels, often greater than
1000 units/L (20 mckat/L), are the hallmark of hepatocellular
necrosis or inflammation. Modest elevations are frequent in
systemic infections, including coronavirus disease 2019
(COVID-19). The differential diagnosis of any liver test eleva-
tion always includes toxicity caused by drugs, herbal and
dietary supplements, and toxins.

Elevated alkaline phosphatase levels are seen in cho-
lestasis or infiltrative liver disease (such as tumor, granulo-
matous disease, or amyloidosis). Isolated alkaline
phosphatase elevations of hepatic rather than bone, intesti-
nal, or placental origin are confirmed by concomitant ele-
vation of gamma-glutamyl transpeptidase or 5′-nucleotidase
levels. Serum gamma-glutamyl transpeptidase levels
appear to correlate with the risk of mortality and disability
in the general population.

B. Imaging

Demonstration of dilated bile ducts by ultrasonography or
CT indicates biliary obstruction (90–95% sensitivity).
Ultrasonography, CT, and MRI may also demonstrate

Table 16–1. Classification of jaundice.

ty of hybiliubinmi Locion nd Cus

Unconjugated hyperbilirubinemia

(predominantly indirect bilirubin)

Increased bilirubin production (eg, hemolytic anemias, hemolytic reactions, hematoma, pulmonary

infarction)

Impaired bilirubin uptake and storage (eg, posthepatitis hyperbilirubinemia, Gilbert syndrome,

Crigler-Najjar syndrome, drug reactions)

Conjugated hyperbilirubinemia

(predominantly direct bilirubin)

hdiy Colsic Syndoms (see also Table 16–2)

Faulty excretion of bilirubin conjugates (eg, Dubin-Johnson syndrome, Rotor syndrome) or mutation

in genes coding for bile salt transport proteins (eg, progressive familial intrahepatic cholestasis

syndromes, benign recurrent intrahepatic cholestasis, and some cases of intrahepatic cholestasis

of pregnancy)

hocllul Dysfuncion

Biliary epithelial and hepatocyte damage (eg, hepatitis, hepatic cirrhosis)

Intrahepatic cholestasis (eg, certain drugs, biliary cirrhosis, sepsis, postoperative jaundice)

Hepatocellular damage or intrahepatic cholestasis resulting from miscellaneous causes (eg, spiro-

chetal infections, infectious mononucleosis, cholangitis, sarcoidosis, lymphomas, hyperthyroidism,

industrial toxins)

Biliy Obsucion

Choledocholithiasis, biliary atresia, carcinoma of biliary duct, sclerosing cholangitis, IgG
4
-related

cholangitis, ischemic cholangiopathy, choledochal cyst, external pressure on bile duct, pancreati-

tis, pancreatic neoplasms

Ig, immunoglobulin.
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Table 16–2. Hyperbilirubinemic disorders.

Nu of Dfc

ty of

hybiliubinmi Clinicl nd pologic Ccisics

Gilbert syndrome1 Reduced activity of

uridine diphosphate

glucuronyl transferase

Unconjugated

(indirect) bilirubin

Benign, asymptomatic hereditary jaundice. Hyperbilirubinemia

increased by 24- to 36-hour fast. No treatment required. Asso-

ciated with reduced mortality from cardiovascular disease.

Dubin-Johnson

syndrome2

Reduced excretory

function of

hepatocytes

Conjugated (direct)

bilirubin

Benign, asymptomatic hereditary jaundice. Gallbladder does

not visualize on oral cholecystography. Liver darkly pig-

mented on gross examination. Biopsy shows centrilobular

brown pigment. Prognosis excellent.

Rotor syndrome3 Reduced hepatic reuptake

of bilirubin conjugates

Conjugated (direct)

bilirubin

Similar to Dubin-Johnson syndrome, but liver is not pigmented

and the gallbladder is visualized on oral cholecystography.

Prognosis excellent.

Recurrent or

progressive

intrahepatic

cholestasis4

Cholestasis, often on a

familial basis

Predominantly

conjugated (direct)

bilirubin

Episodic attacks of or progressive jaundice, itching, and malaise.

Onset in early life and may persist for a lifetime. Alkaline

phosphatase increased. Cholestasis found on liver biopsy.

(Biopsy may be normal during remission.) Prognosis is gener-

ally excellent for “benign” recurrent intrahepatic cholestasis

but may not be for familial forms.

Intrahepatic

cholestasis of

pregnancy5

Cholestasis Predominantly

conjugated (direct)

bilirubin

Benign cholestatic jaundice, usually occurring in the third trimester

of pregnancy. Itching, gastrointestinal symptoms, and abnormal

liver excretory function tests. Cholestasis noted on liver biopsy.

Prognosis excellent, but recurrence with subsequent pregnan-

cies or use of oral contraceptives is characteristic.

1Gilbert syndrome generally results from the addition of extra dinucleotide(s) TA sequences to the TATA promoter of the conjugating

enzyme UGT1A1.
2Dubin-Johnson syndrome is caused by a mutation in the ABCC2 gene coding for organic anion transporter multidrug resistance protein 2

in bile canaliculi on chromosome 10q24.
3Rotor syndrome is caused by mutations in the genes coding for organic anion transporting polypeptides OATP1B1 and OATP1B3 on chro-

mosome 12p.
4Mutations in genes that control hepatocellular transport systems that are involved in the formation of bile and inherited as autosomal

recessive traits are on chromosomes 18q21–22, 2q24, 7q21, and others in families with progressive familial intrahepatic cholestasis. Gene

mutations on chromosome 18q21–22 alter a P-type ATPase expressed in the small intestine and liver and on chromosome 2q24 alter the

bile acid export pump and also cause benign recurrent intrahepatic cholestasis. Mutations in the ABCB4 gene on chromosome 7 that

encodes multidrug resistance protein 3 account for progressive familial intrahepatic cholestasis type 3. Less common causes of progressive

familial intrahepatic cholestasis are mutations in genes that encode TJP2, FXR, and MY05B.
5Mutations in genes (especially ABCB4 and ABCB11) that encode biliary canalicular transporters account for many cases of intrahepatic

cholestasis of pregnancy.

Table 16–3. Liver biochemical tests: normal values and changes in hepatocellular and obstructive jaundice.

tss Noml Vlus hocllul Jundic Obsuciv Jundic

Bilirubin1

Direct

Indirect

0.1–0.3 mg/dL (1.71–5.13 mcmol/L)

0.2–0.7 mg/dL (3.42–11.97 mcmol/L)

Increased

Increased

Increased

Increased

Urine bilirubin None Increased Increased

Serum albumin 3.5–5.5 g/dL (35–55 g/L) Decreased Generally unchanged

Alkaline phosphatase 30–115 units/L (0.6–2.3 mkat/L) Mildly increased (+) Markedly increased (++++)

Prothrombin time INR of 1.0–1.4. After vitamin K, 10%

decrease in 24 hours

Prolonged if damage is severe;

does not respond to

parenteral vitamin K

Prolonged if obstruction is

marked; generally responds to

parenteral vitamin K

ALT, AST ALT, ≤ 30 units/L (0.6 mkat/L) (men),

≤ 19 units/L (0.38 mkat/L) (women);

AST, 5–40 units/L (0.1–0.8 mkat/L)

Increased, as in viral hepatitis Minimally increased

1Measured by the van den Bergh reaction, which overestimates direct bilirubin in normal persons.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, international normalized ratio.
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hepatomegaly, intrahepatic tumors, and portal hyperten-
sion. Use of color Doppler ultrasonography or contrast
agents that produce microbubbles increases the sensitivity of
transcutaneous ultrasonography for detecting small neo-
plasms. MRI is the most accurate technique for identifying
isolated liver lesions such as hemangiomas, focal nodular
hyperplasia, or focal fatty infiltration and for detecting
hepatic iron overload. The most sensitive techniques for
detection of individual small hepatic metastases in patients
eligible for resection are multiphasic helical or multislice CT;
MRI with use of gadolinium or ferumoxides as contrast
agents; CT arterial portography, in which imaging follows
intravenous contrast infusion via a catheter placed in the
superior mesenteric artery; and intraoperative ultrasonogra-
phy. Dynamic gadolinium-enhanced MRI and MRI follow-
ing administration of superparamagnetic iron oxide show
promise in visualizing hepatic fibrosis. Because of its much
lower cost, ultrasonography is preferable to CT (~six times
more expensive) or MRI (~seven times more expensive) as a
screening test for hepatocellular carcinoma in persons with
cirrhosis. Positron emission tomography (PET) can be used
to detect small pancreatic tumors and metastases. Ultraso-
nography can detect gallstones with a sensitivity of 95%.

Magnetic resonance cholangiopancreatography (MRCP)
is a sensitive, noninvasive method of detecting bile duct

stones, strictures, and dilatation; however, it is less reliable
than endoscopic retrograde cholangiopancreatography
(ERCP) for distinguishing malignant from benign stric-
tures. ERCP requires a skilled endoscopist and may be used
to demonstrate pancreatic or ampullary causes of jaundice,
carry out sphincterotomy and stone extraction, insert a
stent through an obstructing lesion, or facilitate direct
cholangiopancreatoscopy. Complications of ERCP include
pancreatitis (5% or less) and, less commonly, cholangitis,
bleeding, or duodenal perforation after sphincterotomy.
Risk factors for post-ERCP pancreatitis include female sex,
pregnancy, prior post-ERCP pancreatitis, suspected
sphincter of Oddi dysfunction, and a difficult or failed can-
nulation. Percutaneous transhepatic cholangiography
(PTC) is an alternative approach to evaluating the anatomy
of the biliary tract. Serious complications of PTC occur in
3% and include fever, bacteremia, bile peritonitis, and
intraperitoneal hemorrhage. Endoscopic ultrasonography
(EUS) is the most sensitive test for detecting small lesions
of the ampulla or pancreatic head and for detecting portal
vein invasion by pancreatic cancer. It is also accurate for
detecting or excluding bile duct stones.

C. Liver Biopsy

Percutaneous liver biopsy is considered the definitive
study for determining the cause and histologic severity of
hepatocellular dysfunction or infiltrative liver disease,
although it is subject to sampling error. It is generally
performed under ultrasound or, in some patients with
suspected metastatic disease or a hepatic mass, CT guid-
ance. A transjugular route can be used in patients with
coagulopathy or ascites, and in selected cases endoscopic
ultrasound-guided liver biopsy has proved advantageous.
The risk of bleeding after a percutaneous liver biopsy is
approximately 0.6% and is increased in persons with a
platelet count of 50,000/mcL (50 × 109/mcL) or less. The
risk of death is less than 0.1%. Panels of blood tests (eg,
FibroSure, NAFLD fibrosis score, enhanced liver fibrosis
score) and, more accurately, elastography (vibration-
controlled transient, shear wave, acoustic radiation force
impulse, or magnetic resonance elastography) to measure
liver stiffness are used for estimating the stage of liver
fibrosis and degree of portal hypertension without the
need for liver biopsy; they are most useful for excluding
advanced fibrosis.

» When to Refer

Patients with jaundice should be referred for diagnostic
procedures.

» When to Admit

Patients with liver failure should be hospitalized.

Fix OK et al. Clinical best practice advice for hepatology and
liver transplant providers during the COVID-19 pandemic:
AASLD Expert Panel Consensus Statement. Hepatology.
2020;72:287. [PMID: 32298473]

Loomba R et al. Advances in non-invasive assessment of hepatic
fibrosis. Gut. 2020;69:1343. [PMID: 32066623]

Table 16–4. Causes of serum aminotransferase
elevations.1

Mild elvions

(< 5 × noml)

Sv elvions

(> 15 × noml)

Hepatic: ALT-predominant

Chronic hepatitis B, C, and D

Acute viral hepatitis (A-E, EBV, CMV)

Steatosis/steatohepatitis

Hemochromatosis

Medications/toxins

Autoimmune hepatitis

Alpha-1-antitrypsin

(alpha-1-antiprotease) deficiency

Wilson disease

Celiac disease

Glycogenic hepatopathy

Hepatic: AST-predominant

Alcohol-related liver injury

(AST:ALT > 2:1)

Cirrhosis

Nonhepatic

Strenuous exercise

Hemolysis

Myopathy

Thyroid disease

Macro-AST

Acute viral hepatitis

(A–E, herpes)

Medications/toxins

Ischemic hepatitis

Autoimmune hepatitis

Wilson disease

Acute bile duct

obstruction

Acute Budd-Chiari

syndrome

Hepatic artery ligation

1Almost any liver disease can cause moderate aminotransferase

elevations (5–15 × normal).

ALT, alanine aminotransferase; AST, aspartate aminotransferase;

CMV, cytomegalovirus; EBV, Epstein-Barr virus.

Adapted, with permission, from Green RM et al. AGA technical

review on the evaluation of liver chemistry tests. Gastroenterology.

2002 Oct;123(4):1367–84. Copyright © Elsevier.
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Neuberger J et al. Guidelines on the use of liver biopsy in clinical
practice from the British Society of Gastroenterology, the
Royal College of Radiologists and the Royal College of
Pathology. Gut. 2020;69:1382. [PMID: 32467090]

º
DISeaSeS OF the LIVer

See Chapter 39 for Hepatocellular Carcinoma.

ACUTE HEPATITIS A

E S S E N T I A L S  O F  D I A G N O S I S

» Prodrome of anorexia, nausea, vomiting, malaise,
aversion to smoking.

» Fever, enlarged and tender liver, jaundice.

» Normal to low white cell count; markedly elevated
aminotransferases.

» General Considerations

Hepatitis can be caused by viruses, including the five hepa-
totropic viruses—A, B, C, D, and E—and many drugs and
toxic agents; the clinical manifestations may be similar
regardless of cause. Hepatitis A virus (HAV) is a 27-nm
RNA hepatovirus (in the picornavirus family) that causes
epidemics or sporadic cases of hepatitis. HAV infection is
hyperendemic in developing countries. Globally, 15 million
people are infected with HAV annually. The virus is trans-
mitted by the fecal-oral route by either person-to-person
contact or ingestion of contaminated food or water, and its
spread is favored by crowding and poor sanitation. Since
introduction of the HAV vaccine in the United States in
1995, the incidence rate of HAV infection has declined
from as much as 14 to 0.4 per 100,000 population, with a
corresponding decline in the mortality rate from 0.1 to 0.02
death per 100,000 population and an increase in the mean
age of infection and death. Nevertheless, over 80% of per-
sons aged 20–60 years in the United States are still suscep-
tible to HAV, and vulnerable populations are especially at
risk. The highest incidence rate (2.1 per 100,000) is in
adults aged 30–39. Common source outbreaks resulting
from contaminated food, including inadequately cooked
shellfish, or untreated ground water from wells continue to
occur, although no drinking water–associated outbreaks
have occurred in the United States since 2009. In 2017, an
outbreak beginning in California and extending to 33 other
states affected a large number of homeless persons and
resulted in many deaths. Outbreaks among people who
inject drugs or who are unvaccinated residents in institu-
tions and cases among international adoptees and their
contacts also occur. In the United States, international
travel emerged as an important risk factor, accounting for
over 40% of cases in the early 2000s but a lower percentage
in the 2010s. Overall, however, reports of HAV infection
increased by nearly 300% during 2016–2018 compared to
2013–2015.
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▲ Figure 16–1. The typical course of acute type A
hepatitis. (HAV, hepatitis A virus; anti-HAV, antibody to
hepatitis A virus; ALT, alanine aminotransferase.)
(Reprinted, with permission, from Koff RS. Acute viral
hepatitis. In: Friedman LS, Keeffe EB [editors]. Handbook of
Liver Disease, 4th ed. Philadelphia: Saunders Elsevier, 2018.
Copyright © Elsevier.)

The incubation period averages 30 days. HAV is
excreted in feces for up to 2 weeks before clinical illness but
rarely after the first week of illness. The mortality rate for
hepatitis A is low, and acute liver failure due to hepatitis A
is uncommon except for rare instances in which it occurs
in a patient with concomitant chronic hepatitis C. There is
no chronic carrier state. In the United States, about 30% of
the population have serologic evidence of previous HAV
infection.

» Clinical Findings

A. Symptoms and Signs

Figure 16–1 shows the typical course of acute hepatitis A.
Clinical illness is more severe in adults than in children, in
whom it is usually asymptomatic. The onset may be abrupt
or insidious, with malaise, myalgia, arthralgia, easy fatiga-
bility, upper respiratory symptoms, and anorexia. A dis-
taste for smoking, paralleling anorexia, may occur early.
Nausea and vomiting are frequent, and diarrhea or consti-
pation may occur. Fever is generally present but is low-
grade except in occasional cases in which systemic toxicity
may occur. Defervescence and a fall in pulse rate often
coincide with the onset of jaundice.

Abdominal pain is usually mild and constant in the
right upper quadrant or epigastrium, often aggravated by
jarring or exertion, and rarely may be severe enough to
simulate cholecystitis. Jaundice occurs after 5–10 days but
may appear at the same time as the initial symptoms. In
many patients, jaundice never develops. With the onset of
jaundice, prodromal symptoms often worsen, followed by
progressive clinical improvement. Stools may be acholic
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during this phase. Hepatomegaly—rarely marked—is
present in over half of cases. Liver tenderness is usually
present. Splenomegaly is reported in 15% of patients, and
soft, enlarged lymph nodes—especially in the cervical or
epitrochlear areas—may be noted.

The acute illness usually subsides over 2–3 weeks with
complete clinical and laboratory recovery by 9 weeks. In
some cases, clinical, biochemical, and serologic recovery
may be followed by one or two relapses, but recovery is the
rule. Acute cholecystitis occasionally complicates the
course of acute hepatitis A. Other occasional extrahepatic
complications include acute kidney injury, arthritis, vascu-
litis, acute pancreatitis, aplastic anemia, and a variety of
neurologic manifestations.

B. Laboratory Findings

The white blood cell count is normal to low, especially in
the preicteric phase. Large atypical lymphocytes may occa-
sionally be seen. Mild proteinuria is common, and bilirubi-
nuria often precedes the appearance of jaundice. Strikingly
elevated ALT or AST levels occur early, followed by eleva-
tions of bilirubin and alkaline phosphatase; in a minority of
patients, the latter persist after aminotransferase levels
have normalized. Cholestasis is occasionally marked. Anti-
body to hepatitis A (anti-HAV) appears early in the course
of the illness (Figure 16–1). Both IgM and IgG anti-HAV
are detectable in serum soon after the onset. Peak titers of
IgM anti-HAV occur during the first week of clinical dis-
ease and usually disappear within 3–6 months. Detection
of IgM anti-HAV is an excellent test for diagnosing acute
hepatitis A but is not recommended for the evaluation of
asymptomatic persons with persistently elevated serum
aminotransferase levels because false-positive results occur.
False-negative results have been described in a patient
receiving rituximab for rheumatoid arthritis. Titers of IgG
anti-HAV rise after 1 month of the disease and may persist
for years. IgG anti-HAV (in the absence of IgM anti-HAV)
indicates previous exposure to HAV, noninfectivity, and
immunity.

» Differential Diagnosis

The differential diagnosis includes other viruses that cause
hepatitis, particularly hepatitis B and C, and diseases such
as infectious mononucleosis, cytomegalovirus infection,
herpes simplex virus infection, Middle East respiratory
syndrome, and infections caused by many other viruses,
including influenza, Ebola virus, and SARS-CoV-2; spiro-
chetal diseases such as leptospirosis and secondary syphi-
lis; brucellosis; rickettsial diseases such as Q fever;
drug-induced liver injury; and ischemic hepatitis (shock
liver). Occasionally, autoimmune hepatitis may have an
acute onset mimicking acute viral hepatitis. Rarely, meta-
static cancer of the liver, lymphoma, or leukemia may pres-
ent as a hepatitis-like picture.

The prodromal phase of viral hepatitis must be distin-
guished from other infectious disease such as influenza
and COVID-19, upper respiratory infections, and the pro-
dromal stages of the exanthematous diseases. Cholestasis
may mimic obstructive jaundice.

» Prevention

Strict isolation of patients is not necessary, but hand wash-
ing after bowel movements is required. Unvaccinated per-
sons who are exposed to HAV are advised to receive
postexposure prophylaxis with a single dose of HAV vac-
cine or immune globulin (0.01 mL/kg), or both, within
2 weeks of exposure. The vaccine is preferred in healthy
persons aged 1 year to 40 years, whereas immune globulin
and the vaccine is preferred in those who are younger than
1 year or older than 40 years, are immunocompromised, or
have chronic liver disease.

Vaccination with one of two effective inactivated hepatitis
A vaccines available in the United States provides long-term
immunity and is recommended for persons living in or trav-
eling to endemic areas (including military personnel), per-
sons over age 40, patients with chronic liver disease upon
diagnosis after prescreening for immunity (although the
cost-effectiveness of vaccinating all patients with concomi-
tant chronic hepatitis C has been questioned), men who have
sex with men, persons with HIV infection, animal handlers,
persons who use injection or noninjection drugs, persons
experiencing homelessness, persons who are incarcerated,
close personal contacts of international adoptees, persons
living in group settings for those with developmental disabili-
ties, and persons who request protection against HAV. For
healthy travelers, a single dose of vaccine at any time before
departure can provide adequate protection. Routine vaccina-
tion is advised by the Advisory Committee on Immunization
Practices of the Centers for Disease Control and Prevention
(CDC) in all children aged 12–23 months in the United
States, with catch-up vaccination for children and adoles-
cents aged 2–18 years who have not previously received the
HAV vaccine. HAV vaccine is also effective in the prevention
of secondary spread to household contacts of primary cases.
The recommended dose for adults is 1 mL (1440 ELISA
units) of Havrix (GlaxoSmithKline) or 1 mL (50 units) of
Vaqta (Merck) intramuscularly, followed by a booster dose at
6–18 months. A combined hepatitis A and B vaccine
(Twinrix, GlaxoSmithKline) is available. HIV infection
impairs the response to the HAV vaccine, especially in
persons with a CD4 count less than 200/mcL (0.2 × 109/L).

» Treatment

Bed rest is recommended only if symptoms are marked. If
nausea and vomiting are pronounced or if oral intake is sub-
stantially decreased, intravenous 10% glucose is indicated.

Dietary management consists of palatable meals as tol-
erated, without overfeeding; breakfast is usually tolerated
best. Strenuous physical exertion, alcohol, and hepatotoxic
agents should be avoided. Small doses of oxazepam are safe
because metabolism is not hepatic; morphine sulfate
should be avoided.

Corticosteroids have no benefit in patients with viral
hepatitis, including those with acute liver failure.

» Prognosis

In most patients, clinical recovery is generally complete
within 3 months. Laboratory evidence of liver dysfunction
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may persist for a longer period, but most patients recover
completely. Hepatitis A does not cause chronic liver dis-
ease, although it may persist for up to 1 year, and clinical
and biochemical relapses may occur before full recovery.
The mortality rate is less than 1.0%, with a higher rate in
older adults than in younger persons.

» When to Admit

• Encephalopathy is present.

• International normalized ratio (INR) greater than 1.6.

• The patient is unable to maintain hydration.

Desai AN et al. Management of hepatitis A in 2020–2021. JAMA.
2020;324:383. [PMID: 32628251]

Freedman M et al. Recommended adult immunization schedule,
United States, 2020. Ann Intern Med. 2020;172:337. [PMID:
32016359]

Nelson NP et al. Prevention of hepatitis A virus infection in the
United States: recommendations of the Advisory Committee
on Immunization Practices, 2020. MMWR Recomm Rep.
2020;69:1. [PMID: 32614811]

ACUTE HEPATITIS B

E S S E N T I A L S  O F  D I A G N O S I S

» Prodrome of anorexia, nausea, vomiting, malaise,
aversion to smoking.

» Fever, enlarged and tender liver, jaundice.

» Normal to low white blood cell count; markedly
elevated aminotransferases early in the course.

» Liver biopsy shows hepatocellular necrosis and
mononuclear infiltrate but is rarely indicated.

» General Considerations

Hepatitis B virus (HBV) is a 42-nm hepadnavirus with a
partially double-stranded DNA genome, inner core protein
(hepatitis B core antigen, HBcAg), and outer surface coat
(hepatitis B surface antigen, HBsAg). There are 10 different
genotypes (A–J), which may influence the course of infec-
tion and responsiveness to antiviral therapy. HBV is usually
transmitted by inoculation of infected blood or blood
products or by sexual contact and it is present in saliva,
semen, and vaginal secretions. HBsAg-positive mothers
may transmit HBV at delivery; the risk of chronic infection
in the infant is as high as 90%.

Since 1990, the incidence of HBV infection in the
United States has decreased from 8.5 to 1.5 cases per
100,000 population. The prevalence is 0.27% in persons
aged 6 or older. Because of universal vaccination since
1992, exposure to HBV is now very low among persons
aged 18 or younger. HBV is prevalent in men who have
sex with men and in people who inject drugs (about 7%
of HIV-infected persons are coinfected with HBV), but
the greatest number of cases result from heterosexual

transmission. Other groups at risk include patients and
staff at hemodialysis centers, physicians, dentists, nurses,
and personnel working in clinical and pathology labora-
tories and blood banks. Half of all patients with acute
hepatitis B in the United States have previously been
incarcerated or treated for a sexually transmitted disease.
The risk of HBV infection from a blood transfusion in the
United States is no higher than 1 in 350,000 units trans-
fused. Screening for HBV infection is recommended for
high-risk groups by the US Preventive Services Task
Force.

The incubation period of hepatitis B is 6 weeks to
6 months (average 12–14 weeks). The onset of hepatitis B
is more insidious, and the aminotransferase levels are
higher on average, than in HAV infection. Acute liver fail-
ure occurs in less than 1%, with a mortality rate of up to
60%. Following acute hepatitis B, HBV infection persists in
1–2% of immunocompetent adults, but in a higher per-
centage of children and immunocompromised adults.
There are an estimated 1.59 (range, 1.25–2.49) million
persons (including an estimated 1.32 million foreign-born
persons from endemic areas) with chronic hepatitis B in
the United States and 248 million worldwide. Compared
with the general population, the prevalence of chronic
HBV infection is increased 2- to 3-fold in non-Hispanic
Blacks and 10-fold in Asians. Persons with chronic
hepatitis B, particularly when HBV infection is acquired
early in life and viral replication persists, are at substantial
risk for cirrhosis and hepatocellular carcinoma (up to
25–40%); men are at greater risk than women.

» Clinical Findings

A. Symptoms and Signs

The clinical picture of viral hepatitis is extremely variable,
ranging from asymptomatic infection without jaundice to
acute liver failure and death in a few days to weeks.
Figure 16–2 shows the typical course of acute HBV infec-
tion. The onset may be abrupt or insidious, and the clinical
features are similar to those for acute hepatitis A. Serum
sickness may be seen early in acute hepatitis B. Fever is
generally present and is low-grade. Defervescence and a
fall in pulse rate often coincide with the onset of jaundice.
Infection caused by HBV may be associated with glomeru-
lonephritis and polyarteritis nodosa.

The acute illness usually subsides over 2–3 weeks with
complete clinical and laboratory recovery by 16 weeks. In
5–10% of cases, the course may be more protracted, but
less than 1% will develop acute liver failure. Hepatitis B
may become chronic.

B. Laboratory Findings

The laboratory features are similar to those for acute
hepatitis A, although serum aminotransferase levels are
higher on average in acute hepatitis B, and marked cholesta-
sis is not a feature. Marked prolongation of the prothrombin
time in severe hepatitis correlates with increased mortality.

There are several antigens and antibodies as well as
HBV DNA that relate to HBV infection and that are useful
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in diagnosis. Interpretation of common serologic patterns
is shown in Table 16–5.

1. HBsAg—The appearance of HBsAg in serum is the first
evidence of infection, appearing before biochemical evi-
dence of liver disease, and persisting throughout the clini-
cal illness. Persistence of HBsAg more than 6 months after
the acute illness signifies chronic hepatitis B.

2. AntiHBs—Specific antibody to HBsAg (anti-HBs)
appears in most individuals after clearance of HBsAg and
after successful vaccination against hepatitis B. Disappear-
ance of HBsAg and the appearance of anti-HBs signal

recovery from HBV infection, noninfectivity, and
immunity.

3. AntiHBc—IgM anti-HBc appears shortly after HBsAg
is detected. In the setting of acute hepatitis, IgM anti-HBc
indicates a diagnosis of acute hepatitis B, and it fills the
serologic gap in rare patients who have cleared HBsAg
but do not yet have detectable anti-HBs. IgM anti-HBc
can persist for 3–6 months, and sometimes longer. IgM
anti-HBc may also reappear during flares of previously
inactive chronic hepatitis B. IgG anti-HBc also appears
during acute hepatitis B but persists indefinitely, whether
the patient recovers (with the appearance of anti-HBs in
serum) or chronic hepatitis B develops (with persistence
of HBsAg). In asymptomatic blood donors, an isolated
anti-HBc with no other positive HBV serologic results
may represent a falsely positive result or latent infection
in which HBV DNA is detectable in serum only by poly-
merase chain reaction (PCR) testing.

4. HBeAg—HBeAg is a secretory form of HBcAg that
appears in serum during the incubation period shortly
after the detection of HBsAg. HBeAg indicates viral repli-
cation and infectivity. Persistence of HBeAg beyond
3 months indicates an increased likelihood of chronic
hepatitis B. Its disappearance is often followed by the
appearance of anti-HBe, generally signifying diminished
viral replication and decreased infectivity.

5. HBV DNA—The presence of HBV DNA in serum gener-
ally parallels the presence of HBeAg, although HBV DNA
is a more sensitive and precise marker of viral replication
and infectivity. In some patients with chronic hepatitis B,
HBV DNA is present at high levels without HBeAg in
serum because of development of a mutation in the core
promoter or precore region of the gene that codes HBcAg;
these mutations prevent synthesis of HBeAg in infected
hepatocytes. When additional mutations in the core gene
are also present, the severity of HBV infection is enhanced
and the risk of cirrhosis is increased.

Table 16–5. Common serologic patterns in hepatitis B virus (HBV) infection and their interpretation.

hBsag ani-hBs ani-hBc hBag ani-hB Inion

+ – IgM + – Acute hepatitis B

+ – IgG1 + – Chronic hepatitis B with active viral replication

+ – IgG – + Inactive HBV carrier state (low HBV DNA level) or

HBeAg-negative chronic hepatitis B with active viral

replication (high HBV DNA level)

+ + IgG + or – + or – Chronic hepatitis B with heterotypic anti-HBs (about

10% of cases)

– – IgM + or – – Acute hepatitis B

– + IgG – + or – Recovery from hepatitis B (immunity)

– + – – – Vaccination (immunity)

– – IgG – – False-positive; less commonly, infection in remote past

1Low levels of IgM anti-HBc may also be detected.
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▲ Figure 16–2. The typical course of acute type B
hepatitis. (anti-HBs, antibody to HBsAg; HBeAg, hepatitis
Be antigen; HBsAg, hepatitis B surface antigen; anti-HBe,
antibody to HBeAg; anti-HBc, antibody to hepatitis B core
antigen; ALT, alanine aminotransferase.) (Reprinted, with
permission, from Koff RS. Acute viral hepatitis. In: Friedman
LS, Keeffe EB [editors]. Handbook of Liver Disease, 3rd ed.
Philadelphia: Saunders Elsevier, 2012. Copyright © Elsevier.)
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» Differential Diagnosis

The differential diagnosis includes hepatitis A and the
same disorders listed for the differential diagnosis of acute
hepatitis A. In addition, coinfection with HDV must be
considered.

» Prevention

Strict isolation of patients is not necessary. Thorough hand
washing by medical staff who may contact contaminated
utensils, bedding, or clothing is essential. Medical staff
should handle disposable needles carefully and not recap
them. Screening of donated blood for HBsAg, anti-HBc, and
anti-HCV has reduced the risk of transfusion-associated
hepatitis markedly. All pregnant women should undergo test-
ing for HBsAg. HBV-infected persons should practice safe
sex. Immunoprophylaxis of the neonate reduces the risk of
perinatal transmission of HBV infection; when the mother’s
serum HBV DNA level is 200,000 international units/mL or
higher (or the mother’s serum HBsAg level is above 4–4.5 log

10

international units/mL), antiviral treatment of the mother
should also be initiated in the third trimester (see Chronic
Hepatitis B & Chronic Hepatitis D). HBV-infected health
care workers are not precluded from practicing medicine or
dentistry if they follow CDC guidelines.

Hepatitis B immune globulin (HBIG) may be protective—
or may attenuate the severity of illness—if given within
7 days after exposure (adult dose is 0.06 mL/kg body
weight) followed by initiation of the HBV vaccine series.
This approach is recommended for unvaccinated persons
exposed to HBsAg-contaminated material via mucous
membranes or through breaks in the skin and for individu-
als who have had sexual contact with a person with HBV
infection (irrespective of the presence or absence of HBeAg
in the source). HBIG is also indicated for newborn infants
of HBsAg-positive mothers, with initiation of the vaccine
series at the same time, both within 12 hours of birth
(administered at different injection sites).

The CDC recommends HBV vaccination of all infants
and children in the United States and all adults who are at
risk for hepatitis B (including persons under age 60 with
diabetes mellitus) or who request vaccination; the vaccine
appears to be underutilized in adults for whom vaccination
is recommended. Over 90% of recipients of the vaccine
mount protective antibody to hepatitis B; immunocompro-
mised persons, including patients receiving dialysis (espe-
cially those with diabetes mellitus), respond poorly (see
Table 30–7). Reduced response to the vaccine may have a
genetic basis in some cases and has also been associated
with age over 40 years and celiac disease. The standard
regimen for adults is 10–20 mcg (depending on the formu-
lation) repeated again at 1 and 6 months, but alternative
schedules have been approved, including accelerated
schedules of 0, 1, 2, and 12 months and of 0, 7, and 21 days
plus 12 months. For greatest reliability of absorption, the
deltoid muscle is the preferred site of inoculation. Vaccine
formulations free of the mercury-containing preservative
thimerosal are given to infants under 6 months of age. A
newer vaccine, Heplisav-B, which uses a novel immune
system–stimulating ingredient, was approved by the FDA

for adults in 2017. Immunization requires only two injec-
tions, and Heplisav-B appears to be more effective than
previous HBV vaccines. When documentation of serocon-
version is considered desirable, postimmunization anti-
HBs titers may be checked. Protection appears to be
excellent even if the titer wanes—persisting for at least
20 years—and booster reimmunization is not routinely
recommended but is advised for immunocompromised
persons in whom anti-HBs titers fall below 10 milli-
international units/mL. For vaccine nonresponders, three
additional vaccine doses may elicit seroprotective anti-HBs
levels in 30–50% of persons. Doubling of the standard dose
may also be effective. Universal vaccination of neonates in
countries endemic for HBV has reduced the incidence of
hepatocellular carcinoma. Incomplete immunization is the
most important predictor of liver disease among vaccinees.
Unfortunately, approximately 64 million high-risk adults in
the United States remain susceptible to HBV.

» Treatment

Treatment of acute hepatitis B is the same as that for acute
hepatitis A. Encephalopathy or severe coagulopathy indi-
cates acute liver failure, and hospitalization at a liver trans-
plant center is mandatory. Antiviral therapy is generally
unnecessary in patients with acute hepatitis B but is usually
prescribed in cases of acute liver failure caused by HBV as
well as in spontaneous reactivation of chronic hepatitis B
presenting as acute-on-chronic liver failure (see Acute
Liver Failure).

» Prognosis

In most patients, clinical recovery is complete in
3–6 months. Laboratory evidence of liver dysfunction may
persist for a longer period, but most patients recover com-
pletely. The mortality rate for acute hepatitis B is 0.1–1%
but is higher with superimposed hepatitis D.

Chronic hepatitis, characterized by elevated amino-
transferase levels for more than 3–6 months, develops in
1–2% of immunocompetent adults with acute hepatitis B,
but in as many as 90% of infected neonates and infants and
a substantial proportion of immunocompromised adults.
Ultimately, cirrhosis develops in up to 40% of those with
chronic hepatitis B; the risk of cirrhosis is even higher in
HBV-infected patients coinfected with hepatitis C or HIV.
Patients with cirrhosis are at risk for hepatocellular carci-
noma at a rate of 3–5% per year. Even in the absence of
cirrhosis, patients with chronic hepatitis B—particularly
those with active viral replication—are at increased risk for
hepatocellular carcinoma.

» When to Refer

Refer patients with acute hepatitis who require liver biopsy
for diagnosis.

» When to Admit

• Encephalopathy is present.

• INR greater than 1.6.

• The patient is unable to maintain hydration.
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ACUTE HEPATITIS C & OTHER CAUSES OF
ACUTE VIRAL HEPATITIS

Viruses other than HAV and HBV that can cause hepatitis
are hepatitis C virus (HCV), hepatitis D virus (HDV) (delta
agent), and hepatitis E virus (HEV) (an enterically transmit-
ted hepatitis seen in epidemic form in Asia, the Middle East,
and North Africa and sporadically in Western countries).
Human pegivirus (formerly hepatitis G virus [HGV]) rarely,
if ever, causes frank hepatitis. A related virus has been
named human hepegivirus-1. A DNA virus designated the
TT virus (TTV) has been identified in up to 7.5% of blood
donors and found to be transmitted readily by blood trans-
fusions, but an association between this virus and liver dis-
ease has not been established. A related virus known as
SEN-V has been found in 2% of US blood donors, is trans-
mitted by transfusion, and may account for some cases of
transfusion-associated non-ABCDE hepatitis. In immuno-
compromised and rare immunocompetent persons, cyto-
megalovirus, Epstein-Barr virus, and herpes simplex virus
should be considered in the differential diagnosis of hepati-
tis. Middle East respiratory syndrome (MERS), severe acute
respiratory syndrome (SARS), SARS coronavirus infection
(SARS-CoV-2), Ebola virus infection, and influenza may be
associated with elevated serum aminotransferase levels
(occasionally marked). Unidentified pathogens account for a
small percentage of cases of acute viral hepatitis.

1. hiis C

HCV is a single-stranded RNA virus (hepacivirus) with
properties similar to those of flaviviruses. Seven major
genotypes of HCV have been identified. In the past, HCV
was responsible for over 90% of cases of posttransfusion
hepatitis, yet only 4% of cases of hepatitis C were attribut-
able to blood transfusions. Over 50% of cases are transmit-
ted by injection drug use, and both reinfection and
superinfection of HCV are common in people who actively
inject drugs. Body piercing, tattoos, and hemodialysis are
risk factors. The risk of sexual and maternal–neonatal
transmission is low and may be greatest in a subset of
patients with high circulating levels of HCV RNA. Having
multiple sexual partners may increase the risk of HCV

infection, and HIV coinfection, unprotected receptive anal
intercourse with ejaculation, and sex while high on meth-
amphetamine increase the risk of HCV transmission in
men who have sex with men. Transmission via breastfeed-
ing has not been documented. An outbreak of hepatitis C
in patients with immune deficiencies has occurred in some
recipients of intravenous immune globulin. Hospital- and
outpatient facility–acquired transmission has occurred via
multidose vials of saline used to flush Portacaths; through
reuse of disposable syringes; through drug “diversion” and
tampering with injectable opioids by an infected health
care worker; through contamination of shared saline,
radiopharmaceutical, and sclerosant vials; via inadequately
disinfected endoscopy equipment; and between hospitalized
patients on a liver unit. In the developing world, unsafe
medical practices lead to a substantial number of cases of
HCV infection. Covert transmission during bloody fisticuffs
has even been reported, and incarceration in prison is a risk
factor, with a seroprevalence of 26% in the United States and
rates as high as 90% in some states. In many patients, the
source of infection is unknown. Coinfection with HCV is
found in at least 30% of HIV-infected persons. HIV infec-
tion leads to an increased risk of acute liver failure and more
rapid progression of chronic hepatitis C to cirrhosis; in addi-
tion, HCV increases the hepatotoxicity of antiretroviral
therapy. The number of cases of chronic HCV infections in
the United States is reported to have decreased from
3.2 million in 2001 to 2.3 million in 2013 with a small increase
to 2.4 million between 2013 and 2016, although estimates of at
least 4.6 million exposed and 3.5 million currently infected
have also been reported. The incidence of new cases of acute,
symptomatic hepatitis C declined from 1992 to 2005, but an
increase was observed in persons aged 15 to 24 after 2002, as
a result of injection drug use, with a 3.8-fold increase in over-
all incidence since 2010. An increase has also been observed
in women of reproductive age. Worldwide, 71 million people
are infected with HCV, with the highest rates in Central and
East Asia, North Africa, and the Middle East.

» Clinical Findings

A. Symptoms and Signs

Figure 16–3 shows the typical course of HCV infection.
The incubation period for hepatitis C averages 6–7 weeks,
and clinical illness is often mild, usually asymptomatic, and
characterized by waxing and waning aminotransferase
elevations and a high rate (greater than 80%) of chronic
hepatitis. Spontaneous clearance of HCV following acute
infection is more common (64%) in persons with the CC
genotype of the IFNL3 (IL28B) gene than in those with the
CT or TT genotype (24% and 6%, respectively). In persons
with the CC genotype, jaundice is more likely to develop
during the course of acute hepatitis C. In pregnant patients
with chronic hepatitis C, serum aminotransferase levels
frequently normalize despite persistence of viremia, only to
increase again after delivery.

B. Laboratory Findings

Diagnosis of hepatitis C is based on an enzyme immunoas-
say (EIA) that detects antibodies to HCV. Anti-HCV is not
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protective, and in patients with acute or chronic hepatitis,
its presence in serum generally signifies that HCV is the
cause. Limitations of the EIA include moderate sensitivity
(false-negatives) for the diagnosis of acute hepatitis C early
in the course and low specificity (false-positives) in some
persons with elevated gamma-globulin levels. A diagnosis
of hepatitis C may be confirmed by using an assay for HCV
RNA. Occasional persons are found to have anti-HCV
without HCV RNA in the serum, suggesting recovery from
HCV infection in the past.

» Complications

HCV is a pathogenic factor in mixed cryoglobulinemia and
membranoproliferative glomerulonephritis and may be
related to lichen planus, autoimmune thyroiditis, lympho-
cytic sialadenitis, idiopathic pulmonary fibrosis, sporadic
porphyria cutanea tarda, and monoclonal gammopathies.
HCV infection confers a 20–30% or more increased risk of
non-Hodgkin lymphoma, and chronic HCV infection
(especially genotype 1) is associated with an increased risk
of end-stage renal disease. Hepatic steatosis is a particular
feature of infection with HCV genotype 3 and may also
occur in patients infected with other HCV genotypes who
have risk factors for fatty liver. On the other hand, chronic
HCV infection is associated with a decrease in serum cho-
lesterol and low-density lipoprotein levels.

» Prevention

Testing donated blood for HCV has helped reduce the risk of
transfusion-associated hepatitis C from 10% in 1990 to
about 1 case per 2 million units in 2011. The US Preventive
Services Task Force recommends that asymptomatic adults
ages 18–79 be screened for HCV infection. The CDC rec-
ommends HCV screening for all persons over age 18 at least
once in a lifetime and all pregnant women (in both cases
except in settings where the prevalence of HCV infection is

less than 0.1% [very rare]). Screening of all pregnant women
for HCV infection has also been recommended by profes-
sional societies. HCV-infected persons should practice safe
sex, but there is little evidence that HCV is spread easily by
sexual contact or perinatally, and no specific preventive
measures are recommended for persons in a monogamous
relationship or for pregnant women. Because a majority of
cases of HCV infection are acquired by injection drug use,
public health officials have recommended avoidance of
shared needles and access to needle exchange programs for
injection drug users. As yet, there is no vaccine for HCV.
Vaccination against HAV (after prescreening for prior
immunity) and HBV is recommended for patients with
chronic hepatitis C, just as vaccination against HAV is rec-
ommended for patients with chronic hepatitis B.

» Treatment

In the past, treatment of patients with acute hepatitis C
with a peginterferon-based regimen for 6–24 weeks was
shown to appreciably decrease the risk of chronic hepatitis
in patients in whom serum HCV RNA levels had failed to
clear spontaneously after 3 months. Oral direct-acting
agents have supplanted interferon-based therapy (see
Chronic Viral Hepatitis), and a 6-week course of ledipasvir
and sofosbuvir has been shown to prevent chronic hepatitis
in patients with acute genotype-1 hepatitis C. Treatment of
acute hepatitis C may be cost effective.

» Prognosis

In most patients, clinical recovery is complete in
3–6 months. Laboratory evidence of liver dysfunction may
persist for a longer period. The overall mortality rate is less
than 1%, but the rate is reportedly higher in older people.
Acute liver failure due to HCV is rare in the United States.

Chronic hepatitis, which progresses very slowly in
many cases, develops in as many as 85% of all persons with
acute hepatitis C. Ultimately, cirrhosis develops in up to
30% of those with chronic hepatitis C; the risk of cirrhosis
and hepatic decompensation is higher in patients coin-
fected with both HCV and HBV or HIV. Patients with cir-
rhosis are at risk for hepatocellular carcinoma at a rate of
3–5% per year. Long-term morbidity and mortality in
patients with chronic hepatitis C is lower in Black than in
White patients and lowest in those infected with HCV
genotype 2 and highest in those with HCV genotype 3.

Awan AA et al. Hepatitis C in chronic kidney disease: an over-
view of the KDIGO Guideline. Clin Gastroenterol Hepatol.
2020;18:2158. [PMID: 31376491]

Schillie S et al. CDC recommendations for hepatitis C screening
among adults—United States, 2020. MMWR Recomm Rep.
2020;69:1. [PMID: 32271723]

Spearman CW et al. Hepatitis C. Lancet. 2019;394:1451. [PMID:
31631857]

2. hiis D (Dl agn)

HDV is a defective RNA virus that causes hepatitis only in
association with HBV infection and specifically only in the
presence of HBsAg; it is cleared when the latter is cleared.

Symptoms

Jaundice

HCV RNA (PCR)

0  1  2  3  4  5  6  1  2  3  4  5  6

YearsMonths

Anti-HCV

ALT

Time after exposure

▲ Figure 16–3. The typical course of acute and
chronic hepatitis C. (ALT, alanine aminotransferase; Anti-
HCV, antibody to hepatitis C virus by enzyme immuno-
assay; HCV RNA [PCR], hepatitis C viral RNA by
polymerase chain reaction.)
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HDV may coinfect with HBV or may superinfect a
person with chronic hepatitis B, usually by percutaneous
exposure. When acute hepatitis D is coincident with acute
HBV infection, the infection is generally similar in severity
to acute hepatitis B alone. In chronic hepatitis B, superin-
fection by HDV appears to carry a worse short-term prog-
nosis, often resulting in acute liver failure or severe chronic
hepatitis that progresses rapidly to cirrhosis.

New cases of hepatitis D are infrequent in the United
States primarily because of the control of HBV infection
(although rates of testing HBV carriers for HDV are inap-
propriately low), and cases seen today are usually from
cohorts infected years ago who survived the initial impact
of hepatitis D and now have cirrhosis. These patients are at
risk for decompensation and have a threefold increased
risk of hepatocellular carcinoma. HDV is estimated to
cause 18% of cases of cirrhosis and 20% of cases of hepato-
cellular carcinoma associated with HBV infection. New
cases are seen primarily in immigrants from endemic
areas, including Africa, Central Asia, Eastern Europe, and
the Amazon region of Brazil. As many as 13% of HBV car-
riers are infected with HDV worldwide; principal risk fac-
tors are injecting drug use, high-risk sexual behavior, and
HIV and HCV coinfections. The diagnosis of hepatitis D is
made by detection of antibody to hepatitis D antigen (anti-
HDV) and, where available, hepatitis D antigen (HDAg) or
HDV RNA in serum.

3. hiis e

HEV is a 27- to 34-nm RNA hepevirus (in the Hepeviridae
family) that is a major cause of acute hepatitis throughout
Central and Southeast Asia (about 16% of the population
there have antibodies to the virus), and it should be consid-
ered in patients with acute hepatitis after a trip to an
endemic area. In rare cases, hepatitis E can be mistaken for
drug-induced liver injury. In industrialized countries, it
may be spread by swine, and having a pet in the home and
consuming undercooked organ meats or infected cow’s
milk are risk factors. The risk appears to be increased in
patients undergoing hemodialysis.

Illness generally is self-limited (no carrier state), but
instances of chronic hepatitis with rapid progression to cir-
rhosis attributed to HEV genotype 3 have been reported in
transplant recipients (particularly when tacrolimus rather
than cyclosporine is used as the main immunosuppressant)
and, rarely, in persons with HIV infection, preexisting liver
disease, or cancer undergoing chemotherapy. The diagnosis of
acute hepatitis E is made most readily by testing for IgM anti-
HEV in serum, although available tests may not be reliable.

Reported extrahepatic manifestations include arthritis;
pancreatitis; thyroiditis; myocarditis; glomerulonephritis;
monoclonal gammopathy; thrombocytopenia; aplastic
anemia; a variety of neurologic complications, including
Guillain-Barré syndrome and neuralgic amyotrophy
(which involves the brachial plexuses bilaterally); and
hemophagocytic lymphohistiocytosis. In endemic regions,
the mortality rate is high (15–25%) in pregnant women
and correlates with high levels of HEV RNA in serum
and gene mutations that lead to reduced expression of

progesterone receptors. The risk of hepatic decompensa-
tion and death is increased in patients with underlying
chronic liver disease.

A 3-month course of treatment with oral ribavirin has
been reported to induce sustained clearance of HEV RNA
from the serum in 78% of patients with persistent HEV
infection and may be considered in patients with severe
acute hepatitis E. Improved public hygiene reduces the risk
of HEV infection in endemic areas. Recombinant vaccines
against HEV have shown promise in clinical trials, and one
(Hecolin) is approved in China.

Whitsett M et al. Hepatitis E virus infection in the United States:
current understanding of the prevalence and significance in
the liver transplant patient population and proposed diagnos-
tic and treatment strategies. Liver Transpl. 2020;26:709.
[PMID: 32061053]

ACUTE LIVER FAILURE

E S S E N T I A L S  O F  D I A G N O S I S

» May be fulminant or subfulminant; both forms
carry a poor prognosis.

» Acetaminophen and idiosyncratic drug reactions
are the most common causes.

» General Considerations

Acute liver failure may be fulminant or subfulminant. Ful-
minant hepatic failure is characterized by the development
of hepatic encephalopathy within 8 weeks after the onset of
acute liver injury. Coagulopathy (INR 1.5 or higher) is
invariably present. Subfulminant hepatic failure occurs
when these findings appear between 8 weeks and 6 months
after the onset of acute liver injury and carries an equally
poor prognosis. Acute-on-chronic liver failure refers to
acute deterioration in liver function (often caused by infec-
tion) and associated failure of other organs in a person with
preexisting chronic liver disease.

An estimated 1600 cases of acute liver failure occur
each year in the United States. Toxicity caused by acet-
aminophen (a direct hepatotoxin) is the most common
cause, accounting for at least 45% of cases. Suicide attempts
account for 44% of cases of acetaminophen-induced
hepatic failure, and unintentional overdoses (“therapeutic
misadventures”), which are often a result of a decrease in
the threshold toxic dose because of chronic alcohol use or
fasting and have been reported after weight loss surgery,
account for at least 48%. Other causes include idiosyncratic
(in some cases, immune-mediated) drug reactions (the
second most common cause, with antibiotics, antitubercu-
losis drugs, and antiepileptics implicated most commonly),
viral hepatitis, poisonous mushrooms (Amanita phalloides),
shock, heat stroke, Budd-Chiari syndrome, malignancy
(most commonly lymphomas), Wilson disease, Reye syn-
drome, fatty liver of pregnancy and other disorders of fatty
acid oxidation, autoimmune hepatitis, parvovirus B19
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infection, and rarely grand mal seizures. The cause is inde-
terminate in approximately 5.5% of cases. The risk of acute
liver failure is increased in patients with diabetes mellitus,
and outcome is worsened by obesity. Herbal and dietary
supplements are thought to be contributory to acute liver
failure in a substantial portion of cases, regardless of cause,
and may be associated with lower rates of transplant-free
survival. Acute-on-chronic liver failure is often precipi-
tated by a bacterial infection or an alcohol binge and alco-
hol-associated hepatitis.

Viral hepatitis now accounts for only 12% of all cases of
acute liver failure. The decline of viral hepatitis as the prin-
cipal cause of acute liver failure is due to universal vaccina-
tion of infants and children against hepatitis B and the
availability of the hepatitis A vaccine. Acute liver failure may
occur after reactivation of hepatitis B in carriers who receive
immunosuppressive therapy. In endemic areas, hepatitis E is
an important cause of acute liver failure, particularly in preg-
nant women. Hepatitis C is a rare cause of acute liver failure
in the United States, but acute hepatitis A or B superimposed
on chronic hepatitis C may cause acute liver failure.

» Clinical Findings

Gastrointestinal symptoms, systemic inflammatory
response, and kidney dysfunction are common. Clinically
significant bleeding is uncommon and reflects severe sys-
temic inflammation rather than coagulopathy. Adrenal
insufficiency and subclinical myocardial injury (manifest-
ing as an elevated serum troponin I level) often complicate
acute liver failure. Jaundice may be absent or minimal early
in the course, but laboratory tests show severe hepatocel-
lular damage. In acetaminophen toxicity, serum amino-
transferase elevations are often towering (greater than
5000 units/L), and acetaminophen is undetectable in
plasma in 50% of cases. In acute liver failure due to
microvesicular steatosis (eg, fatty liver of pregnancy),
serum aminotransferase elevations may be modest (less
than 300 units/L). Over 10% of patients have an elevated
serum amylase level at least three times the upper limit of
normal, often as a result of renal dysfunction. The blood
ammonia level is typically elevated and correlates (along
with the Model for End-Stage Liver Disease [MELD] score)
with the development of encephalopathy and intracranial
hypertension. Intracranial hypertension rarely develops
when the blood ammonia level is less than 75 mcmol/L and
is invariable when it is greater than 200 mcmol/L. The
severity of extrahepatic organ dysfunction (as assessed by
the Sequential Organ Failure Assessment [SOFA]) also cor-
relates with the likelihood of intracranial hypertension.
Acute kidney injury frequently complicates acute-on-
chronic liver failure.

» Treatment

The treatment of acute liver failure is directed toward
achieving metabolic and hemodynamic stability. Intravas-
cular volume should be preserved, but large-volume infu-
sions of hypotonic fluids should be avoided. Norepinephrine
is the preferred vasopressor; vasopressin may be added
for persistent hypotension. Hypoglycemia should be

prevented. Intermittent renal replacement therapy may be
required. To preserve muscle mass and immune function,
enteral administration of protein, 1–1.5 g/kg/day, is
advised, with careful monitoring of the ammonia level.

Cerebral edema and sepsis are the leading causes of
death. Prophylactic antibiotic therapy decreases the risk of
infection, observed in up to 90%, but has no effect on sur-
vival and is not routinely recommended. Microbiological
screening cultures should be obtained for patients admit-
ted to hospital. For suspected sepsis, broad coverage is
indicated. Despite a high rate of adrenal insufficiency,
corticosteroids do not reduce mortality and may lower
overall survival in patients with a high MELD score,
although they may reduce vasopressor requirements. Stress
gastropathy prophylaxis with an H

2
-receptor blocker or

proton pump inhibitor is recommended. Administration of
acetylcysteine (140 mg/kg orally followed by 70 mg/kg
orally every 4 hours for an additional 17 doses or 150 mg/kg
in 5% dextrose intravenously over 15 minutes followed by
50 mg/kg over 4 hours and then 100 mg/kg over 16 hours)
prevents acetaminophen toxicity if administered within
12 hours of ingestion and may be beneficial when given up
to 72 hours after ingestion. For massive acetaminophen
overdoses, treatment with intravenous acetylcysteine may
need to be extended in duration until the serum amino-
transferase levels are declining and serum acetaminophen
levels are undetectable. Treatment with acetylcysteine
improves cerebral blood flow and oxygenation as well as
transplant-free survival in patients with stage 1 or 2
encephalopathy due to acute liver failure of any cause.
(Acetylcysteine treatment can prolong the prothrombin
time, leading to the erroneous assumption that liver failure
is worsening; it can also cause nausea, vomiting, and an
anaphylactoid reaction [especially in persons with a history
of asthma].) Penicillin G (300,000 to 1 million units/kg/
day) or silibinin (silymarin or milk thistle), which is not
licensed in the United States, is administered to patients
with mushroom poisoning. Nucleoside analogs are recom-
mended for patients with acute liver failure caused by HBV
(see Chronic Viral Hepatitis), and intravenous acyclovir
has shown benefit in those with herpes simplex virus hepa-
titis. Plasmapheresis combined with D-penicillamine has
been used in acute liver failure due to Wilson disease.
Subclinical seizure activity is common in patients with
acute liver failure, but the value of prophylactic phenytoin
is uncertain.

Early transfer to a liver transplantation center is essen-
tial. The head of the patient’s bed should be elevated to
30 degrees, and patients with stage 3 or 4 encephalopathy
should be intubated. In some centers, extradural sensors
are placed in patients at high risk for intracranial hyperten-
sion to monitor intracranial pressure for impending cere-
bral edema with the goal of maintaining the intracranial
pressure below 20 mm Hg and the cerebral perfusion pres-
sure above 70 mm Hg but may be associated with compli-
cations. Lactulose is of uncertain value. Mannitol, 0.5 g/kg,
or 100–200 mL of a 20% solution by intravenous infusion
over 10 minutes, may decrease cerebral edema but should
be used with caution in patients with advanced chronic
kidney disease. Intravenously administered hypertonic
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saline to induce hypernatremia (serum sodium concentra-
tion of 145–155 mEq/L [145–155 mmol/L]) also may
reduce intracranial hypertension. Hypothermia to a tem-
perature of 32–34°C may reduce intracranial pressure
when other measures have failed and may improve survival
long enough to permit liver transplantation, although a
controlled trial showed no benefit and some authorities
recommend a target core temperature of 35–36°C. The
value of hyperventilation is uncertain. A short-acting bar-
biturate, propofol, or intravenous boluses of indomethacin,
25 mg, are considered for refractory intracranial hyperten-
sion. Hemodialysis raises intracranial pressure and should
be avoided, but continuous renal replacement therapy may
be used, if necessary, in patients with acute kidney injury.

» Prognosis

With earlier recognition of acute liver failure, the fre-
quency of cerebral edema has declined, and overall survival
has improved steadily since the 1970s and is now as high as
75%. However, the survival rate in acute liver failure with
severe encephalopathy is as low as 20%. The cause of liver
injury is the most important determinant of transplant-free
survival. In acetaminophen hepatotoxicity, the transplant-
free survival is 75%, and no more than 8% of patients
undergo liver transplantation. Survival rates are also favor-
able for hepatitis A, ischemic hepatitis, and pregnancy-
related liver disease. For patients with acute liver failure not
due to acetaminophen, the outlook is poor in patients
younger than 10 and older than 40 years of age and in those
with an idiosyncratic drug reaction but appears to be
improved when acetylcysteine is administered to patients
with stage 1 or 2 encephalopathy. Other adverse prognostic
factors are a serum bilirubin level greater than 18 mg/dL
(307.8 mcmol/L), INR higher than 6.5, onset of encepha-
lopathy more than 7 days after the onset of jaundice, and a
low factor V level (less than 20% of normal in patients
younger than 30 years and 30% or less in those 30 years of
age or older). For acetaminophen-induced acute liver fail-
ure, indicators of a poor outcome are acidosis (pH < 7.3),
INR greater than 6.5, and azotemia (serum creatinine
3.4 mg/dL [283.22 mcmol/L] or higher), whereas a rising
serum alpha-fetoprotein level predicts a favorable out-
come. Other predictors of poor survival in patients with
acute liver failure are an elevated blood lactate level
(greater than 3.5 mEq/L [3.5 mmol/L]), elevated blood
ammonia level (greater than 211 mcg/dL [124 mcmol/L]),
and possibly hyperphosphatemia (greater than 3.7 mg/dL
[1.2 mmol/L]). The development of thrombocytopenia in
the first week is associated with the development of multi-
organ system failure and a poor outcome. A number of
prognostic indices have been proposed: the “BiLE” score,
based on the serum bilirubin, serum lactate, and etiology;
the Acute Liver Failure Early Dynamic (ALFED) model,
based on the arterial ammonia level, serum bilirubin, INR,
and hepatic encephalopathy; and the Acute Liver Failure
Study Group (ALFSG) index, based on coma grade, INR,
serum bilirubin and phosphorous levels, and serum levels
of M30, a cleavage product of cytokeratin-18 caspase. The
likelihood of transplant-free survival on admission has
been reported to be predicted by a regression model that

incorporates the grade of hepatic encephalopathy, etiology,
vasopressor use, and log transformations of the serum bili-
rubin and INR. For acetaminophen-induced acute liver
failure, a model that incorporates hepatic encephalopathy
grade equal to or greater than 3, Glasgow coma score, car-
diovascular failure, mean arterial pressure, INR, serum
bilirubin, serum AST, serum creatinine, arterial pH, and
arterial lactate has shown good discrimination. In general,
emergency liver transplantation is considered for patients
with stage 2 to stage 3 encephalopathy or a MELD score of
30.5 or higher (see Cirrhosis) and is associated with a 70%
survival rate at 5 years. For mushroom poisoning, liver
transplantation should be considered when the interval
between ingestion and the onset of diarrhea is less than
8 hours or the INR is 6.0 or higher, even in the absence of
encephalopathy. Acute-on-chronic liver failure has a poor
prognosis, particularly when associated with kidney
dysfunction; some patients may be candidates for liver
transplantation.

» When to Admit

All patients with acute liver failure should be hospitalized.

Liukkonen V et al. Role of autoimmunity in patients trans-
planted for acute liver failure of unknown origin: a clinical
and graft biopsy analysis. Liver Transpl. 2020;26:764.
[PMID: 32034878]

Stravitz RT et al. Acute liver failure. Lancet. 2019;394:869.
[PMID: 31498101]

CHRONIC VIRAL HEPATITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Defined by chronic infection (HBV, HCV, HDV) for
longer than 3–6 months.

» Diagnosis is usually made by antibody tests and
viral nucleic acid in serum.

» General Considerations

Chronic hepatitis is defined as chronic necroinflammation
of the liver of more than 3–6 months’ duration, demon-
strated by persistently elevated serum aminotransferase
levels or characteristic histologic findings, often in the
absence of symptoms. In many cases, the diagnosis of
chronic hepatitis may be made on initial presentation. The
causes of chronic hepatitis include HBV, HCV, and HDV as
well as autoimmune hepatitis; alcohol-associated and
nonalcoholic steatohepatitis; certain medications, such as
isoniazid and nitrofurantoin; Wilson disease; alpha-1-anti-
protease deficiency; and, rarely, celiac disease. Mortality
from chronic HBV and HCV infection has been rising in
the United States, and HCV has surpassed HIV as a cause
of death. Chronic hepatitis is categorized on the basis of
etiology; the grade of portal, periportal, and lobular
inflammation (minimal, mild, moderate, or severe); and
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the stage of fibrosis (none, mild, moderate, severe, cirrho-
sis). In the absence of advanced cirrhosis, patients are often
asymptomatic or have mild nonspecific symptoms. The
World Health Organization has outlined a strategy for
eliminating chronic viral hepatitis by 2030 (by measures
such as vaccinating against hepatitis B, ensuring blood
safety and injection safety, timely birth dosing of hepatitis
B vaccine, harm reduction from injecting drug use, and
testing and treating persons coinfected with hepatitis
viruses and HIV).

1. Conic hiis B & Conic hiis D

» Clinical Findings & Diagnosis

Chronic hepatitis B afflicts 248 million people worldwide
(2 billion overall have been infected; endemic areas include
Asia and sub-Saharan Africa) and an estimated 1.59
(range, 1.25–2.49) million (predominantly males) in the
United States. It may be noted as a continuum of acute
hepatitis B or diagnosed because of repeated detection of
HBsAg in serum, often with elevated aminotransferase
levels.

Five phases of chronic HBV infection are recognized:
immune tolerant phase, immune active (or immune clear-
ance) phase, inactive HBsAg carrier state, reactivated
chronic hepatitis B phase, and the HBsAg-negative phase.
In the immune tolerant phase (HBeAg-positive chronic
HBV infection), HBeAg and HBV DNA are present in
serum and are indicative of active viral replication, and
serum aminotransferase levels are normal, with little
necroinflammation in the liver. This phase is common in
infants and young children whose immature immune sys-
tem fails to mount an immune response to HBV.

Persons in the immune tolerant phase and those who
acquire HBV infection later in life may enter an immune
active phase (HBeAg-positive chronic hepatitis B), in
which aminotransferase and HBV DNA levels are elevated
and necroinflammation is present in the liver, with a risk of
progression to cirrhosis (at a rate of 2–5.5% per year) and
of hepatocellular carcinoma (at a rate of more than 2% per
year in those with cirrhosis); low-level IgM anti-HBc is
present in serum in about 70%.

Patients enter the inactive HBsAg carrier state (HBeAg-
negative chronic HBV infection) when biochemical
improvement follows immune clearance. This improve-
ment coincides with disappearance of HBeAg and reduced
HBV DNA levels (less than 105 copies/mL, or less than
20,000 international units/mL) in serum, appearance of
anti-HBe, and integration of the HBV genome into the host
genome in infected hepatocytes. Patients in this phase are
at a low risk for cirrhosis (if it has not already developed)
and hepatocellular carcinoma, and those with persistently
normal serum aminotransferase levels infrequently have
histologically significant liver disease, especially if the
HBsAg level is low.

The reactivated chronic hepatitis B phase (HBeAg-
negative chronic hepatitis B) may result from infection by
a pre-core mutant of HBV or spontaneous mutation of the
pre-core or core promoter region of the HBV genome dur-
ing the course of chronic hepatitis caused by wild-type

HBV. HBeAg-negative chronic hepatitis B accounts for less
than 10% of cases of chronic hepatitis B in the United
States, up to 50% in Southeast Asia, and up to 90% in Medi-
terranean countries, reflecting in part differences in the
frequencies of HBV genotypes. In reactivated chronic
hepatitis B, there is a rise in serum HBV DNA levels and
possible progression to cirrhosis (at a rate of 8–10% per
year), particularly when additional mutations in the core
gene of HBV are present. Risk factors for reactivation
include male sex and HBV genotype C as well as immuno-
suppression. Treatment of HCV infection with direct-
acting antiviral agents has been reported to lead to instances
of HBV reactivation.

In patients with either HBeAg-positive or HBeAg-
negative chronic hepatitis B, the risk of cirrhosis and of
hepatocellular carcinoma correlates with the serum HBV
DNA level. Other risk factors include advanced age, male
sex, alcohol use, cigarette smoking, HBV genotype C, and
coinfection with HCV or HDV. HIV coinfection is also
associated with an increased frequency of cirrhosis when
the CD4 count is low.

Only 1% of treated and untreated patients per year
reach the HBsAg-negative phase, in which anti-HBe may
remain, serum ALT levels are normal, and HBV DNA is
undetectable in serum but remains present in the liver.
This phase is also referred to as a “functional cure.” In some
cases, anti-HBs appears in serum.

Acute hepatitis D infection superimposed on chronic
HBV infection may result in severe chronic hepatitis,
which may progress rapidly to cirrhosis and may be fatal.
Patients with long-standing chronic hepatitis D and B often
have inactive cirrhosis and are at risk for decompensation
and hepatocellular carcinoma. The diagnosis is confirmed
by detection of anti-HDV or HDAg (or HDV RNA) in
serum.

» Treatment

Patients with active viral replication (HBeAg and HBV
DNA [105 copies/mL or more, or 20,000 international
units/mL or more] in serum and elevated aminotransferase
levels) may be treated with a nucleoside or nucleotide ana-
log or with pegylated interferon. Nucleoside and nucleo-
tide analogs are preferred because they are better tolerated
and can be taken orally. For patients who are HBeAg-
negative, the threshold for treatment is a serum HBV DNA
level of 104 copies/mL, or 2000 international units/mL. If
the threshold HBV DNA level for treatment is met but the
serum ALT level is normal, treatment may still be consid-
ered in patients over age 35–40 if liver biopsy or a noninva-
sive assessment of liver fibrosis demonstrates a fibrosis
stage of 2 of 4 (moderate) or higher. Therapy is aimed at
reducing and maintaining the serum HBV DNA level to
the lowest possible levels, thereby leading to normalization
of the ALT level and histologic improvement. An addi-
tional goal in HBeAg-positive patients is seroconversion to
anti-HBe, and some responders eventually clear HBsAg.
Although nucleoside and nucleotide analogs generally have
been discontinued 6–12 months after HBeAg-to-anti-HBe
seroconversion, some patients (especially Asian patients)
serorevert to HBeAg after discontinuation, have a rise in
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HBV DNA levels and recurrence of hepatitis activity, and
require long-term therapy, which also is required when
seroconversion does not occur and in patients with cirrho-
sis (at least until HBsAg clears and possibly indefinitely).
HBeAg-negative patients with chronic hepatitis B also
generally require long-term therapy because relapse is fre-
quent when therapy is stopped. The ultimate goal of ther-
apy is “functional cure,” characterized by loss of HBsAg,
with or without appearance of anti-HBs, and undetectable
HBV DNA in serum.

The available nucleoside and nucleotide analogs—
entecavir, tenofovir, lamivudine, adefovir, and telbivudine—
differ in efficacy and rates of resistance; however, in
HBeAg-positive patients, they all achieve an HBeAg-to-
anti-HBe seroconversion rate of about 20% at 1 year, with
higher rates after more prolonged therapy. The preferred
first-line oral agents are entecavir and tenofovir. Entecavir is
rarely associated with resistance unless a patient is already
resistant to lamivudine. The daily dose is 0.5 mg orally for
patients not resistant to lamivudine and 1 mg for patients
who previously became resistant to lamivudine. Suppres-
sion of HBV DNA in serum occurs in nearly all treated
patients, and histologic improvement is observed in 70% of
patients. Entecavir has been reported to cause lactic acidosis
when used in patients with decompensated cirrhosis. Teno-
fovir disoproxil fumarate, 300 mg orally daily, is equally
effective and is used as a first-line agent or when resistance
to a nucleoside analog has developed. Like entecavir, teno-
fovir has a low rate of resistance when used as initial ther-
apy. Long-term use may lead to an elevated serum creatinine
level and reduced serum phosphate level (Fanconi-like
syndrome) that is reversible with discontinuation of the
drug. Tenofovir alafenamide, 25 mg orally daily, is an alter-
native formulation of tenofovir that was approved by the
FDA in 2016; it is associated with a lower rate of renal and
bone toxicity than tenofovir disoproxil fumarate.

The first available nucleoside analog was lamivudine,
100 mg orally daily. No longer considered first-line therapy
in the United States, it still may be used in countries in
which cost is a deciding factor. Adefovir dipivoxil has activ-
ity against wild-type and lamivudine-resistant HBV but in
a standard dose of 10 mg daily is the least potent of the oral
antiviral agents for HBV and is now rarely if ever used.
Telbivudine, given in a daily dose of 600 mg orally, is more
potent than either lamivudine or adefovir but like them is
associated with resistance. Elevated creatine kinase levels
are common in patients treated with telbivudine.

Nucleoside and nucleotide analogs are well tolerated
even in patients with decompensated cirrhosis (for whom
the treatment threshold may be an HBV DNA level less
than 104 copies/mL and therapy should be continued
indefinitely) and may be effective in patients with rapidly
progressive hepatitis B (“fibrosing cholestatic hepatitis”)
following organ transplantation. Combined use of a nucle-
oside and nucleotide analog or of peginterferon and a
nucleoside or nucleotide analog has not been shown con-
vincingly to have a substantial advantage over the use of
one drug alone.

Nucleoside analogs are also recommended to prevent
reactivation in both inactive HBV carriers and

those positive only for anti-HBc prior to the initiation of
immunosuppressive therapy (including rituximab or anti-
tumor necrosis factor antibody therapy) or cancer chemo-
therapy. In patients infected with both HBV and HIV,
antiretroviral therapy, including two drugs active against
both viruses (eg, tenofovir plus lamivudine or emtric-
itabine), has been recommended when treatment of HIV
infection is indicated. Telbivudine, tenofovir, and lamivu-
dine have been shown to be safe in pregnant women. Anti-
viral therapy has been recommended, beginning in the
third trimester, when the mother’s serum HBV DNA level
is 200,000 international units/mL or higher to reduce levels
at the time of delivery.

Peginterferon alfa-2a is still an alternative to the oral
agents in selected cases. A dose of 180 mcg subcutaneously
once weekly for 48 weeks leads to sustained normalization
of aminotransferase levels, disappearance of HBeAg and
HBV DNA from serum, and appearance of anti-HBe in up
to 40% of treated patients and results in improved survival.
A response is most likely in patients with a low baseline
HBV DNA level and high aminotransferase levels and is
more likely in those who are infected with HBV genotype
A than with other genotypes (especially genotype D).
Moreover, many complete responders eventually clear
HBsAg and develop anti-HBs in serum, and are thus cured.
Relapses are uncommon in complete responders who sero-
convert from HBeAg to anti-HBe. Peginterferon may be
considered in order to avoid long-term therapy with an
oral agent, as in young women who may want to become
pregnant in the future. Patients with HBeAg-negative
chronic hepatitis B have a response rate of 60% after
48 weeks of therapy with peginterferon, but the response
may not be durable once peginterferon is stopped. The
response to peginterferon is poor in patients with HIV
coinfection.

In chronic hepatitis D, peginterferon alfa-2b
(1.5 mcg/kg/wk for 48 weeks) may lead to normalization of
serum aminotransferase levels, histologic improvement,
and elimination of HDV RNA from serum in 20–50% of
patients, but relapse may occur and tolerance is poor.
Nucleoside and nucleotide analogs are generally not effec-
tive in treating chronic hepatitis D.

» Prognosis

The sequelae of chronic hepatitis secondary to hepatitis B
include cirrhosis, liver failure, and hepatocellular carci-
noma. The 5-year mortality rate is 0–2% in those without
cirrhosis, 14–20% in those with compensated cirrhosis,
and 70–86% following decompensation. The risk of cir-
rhosis and hepatocellular carcinoma correlates with serum
HBV DNA levels, and a focus of therapy is to suppress
HBV DNA levels below 300 copies/mL (60 international
units/mL). In patients with cirrhosis, even low levels of
HBV DNA in serum increase the risk of hepatocellular
carcinoma compared with undetectable levels. HBV geno-
type C is associated with a higher risk of cirrhosis and
hepatocellular carcinoma than other genotypes. Antiviral
treatment improves the prognosis in responders, prevents
(or leads to regression of) cirrhosis, and decreases the
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frequency of liver-related complications (although the risk
of hepatocellular carcinoma does not become as low as that
in inactive HBV carriers and hepatocellular carcinoma
may even occur after clearance of HBsAg). A risk score
(PAGE-B) based on a patient’s age, sex, and platelet count
has been reported to predict the 5-year risk of hepatocel-
lular carcinoma in White patients taking entecavir or
tenofovir.

2. Conic hiis C

» Clinical Findings & Diagnosis

Chronic hepatitis C develops in up to 85% of patients with
acute hepatitis C. It is clinically indistinguishable from
chronic hepatitis due to other causes and may be the most
common. Worldwide, 71 million people are infected with
HCV, with 1.8% of the US population infected. Peak preva-
lence in the United States (about 4%) is in persons born
between 1945 and 1964. In approximately 40% of cases,
serum aminotransferase levels are persistently normal. The
diagnosis is confirmed by detection of anti-HCV by EIA.
In rare cases of suspected chronic hepatitis C but a negative
EIA, HCV RNA is detected by PCR testing. Progression to
cirrhosis occurs in 20% of affected patients after 20 years,
with an increased risk in men, those who drink more than
50 g of alcohol daily, and those who acquire HCV infection
after age 40 years. The rate of fibrosis progression acceler-
ates after age 50. Blacks have a higher rate of chronic
hepatitis C but lower rates of fibrosis progression and
response to therapy than Whites. Immunosuppressed
persons—including patients with hypogammaglobu-
linemia or HIV infection with a low CD4 count or those
receiving immunosuppressants—appear to progress more
rapidly to cirrhosis than immunocompetent persons with
chronic hepatitis C. Tobacco and cannabis smoking and
hepatic steatosis also appear to promote progression of
fibrosis, whereas coffee consumption appears to slow
progression. Persons with chronic hepatitis C and persis-
tently normal serum aminotransferase levels usually have
mild chronic hepatitis with slow or absent progression to
cirrhosis; however, cirrhosis is present in 10% of these
patients. Serum fibrosis testing (eg, FibroSure) or elastog-
raphy may be used to identify the absence of fibrosis or
presence of cirrhosis.

» Treatment

The introduction of direct-acting and host-targeting anti-
viral agents has rapidly expanded the therapeutic arma-
mentarium against HCV (Table 16–6). Standard therapy
for HCV infection from the late 1990s to the early 2010s
was a combination of peginterferon plus ribavirin, and
ribavirin continues to be used in some all-oral regimens.
Sustained virologic response rates (negative HCV RNA in
serum at 24 weeks after completion of therapy) for pegin-
terferon plus ribavirin were 45% in patients with HCV
genotype 1 infection and 70–80% in those with genotype 2
or 3 infection. Treatment with peginterferon-based therapy
is associated with frequent, often distressing, side effects,
and discontinuation rates are as high as 15–30%.

After the introduction of all-oral regimens, the crite-
rion for a sustained virologic response was shortened from
24 weeks to 12 weeks following the completion of treat-
ment. The definition of clearance of HCV RNA requires
use of a sensitive real-time reverse transcriptase-PCR assay
to monitor HCV RNA during treatment (the lower limit of
quantification should be 25 international units/mL or less,
and the limit of detection should be 10–15 international
units/mL).

Several types of direct-acting antiviral agents have been
developed (Tables 16–6 and 16–7). HCV protease inhibi-
tors (“…previrs”) generally have high antiviral potency but
differ with respect to the development of resistance
(although resistance-associated substitutions in the HCV
genome tend not to persist after therapy with these agents
is stopped). Examples include glecaprevir and voxilaprevir.
Medications in this class are contraindicated in patients
with decompensated cirrhosis.

NS5A inhibitors (“…asvirs”), such as ledipasvir and
velpatasvir, are characterized by high antiviral potency at
picomolar doses. The cross-genotype efficacy of these
agents varies.

HCV polymerase inhibitors (“…buvirs”) are categorized
as nucleoside or nucleotide analog and non-nucleoside poly-
merase inhibitors. Nucleos(t)ide analogs are active against
all HCV genotypes and have a high barrier to resistance.
Sofosbuvir has been the sole available agent in this category.
Non-nucleos(t)ide polymerase inhibitors, such as dasabuvir,
are the weakest class of compounds against HCV because of
a low barrier to resistance. Drugs in this class are generally
more active against HCV genotype 1b than HCV genotype
1a. They have been developed to be used only in combina-
tion with the other direct-acting antiviral agents, mainly
protease inhibitors and NS5A inhibitors.

In late 2019, the American Association for the Study of
Liver Diseases and the Infectious Diseases Society of
America recommended two preferred combination regi-
mens: glecaprevir plus pibrentasvir for 8 weeks for geno-
types 1–6 and sofosbuvir plus velpatasvir for 12 weeks for
genotypes 1, 2, 4, 5, or 6 (see Table 16–7). The combination
of glecaprevir and pibrentasvir is approved for 8 weeks in
treatment-naïve, noncirrhotic or compensated cirrhotic
and treatment-experienced noncirrhotic patients, includ-
ing those coinfected with HIV, and for 12 weeks in treat-
ment-experienced, compensated cirrhotic patients.
Sofosbuvir and velpatasvir should also be administered for
12 weeks in treatment-experienced compensated cirrhotic
patients. Additional modifications may be required in
patients with genotype-3 treatment-experienced compen-
sated or decompensated cirrhosis. The combination of
glecaprevir and pibrentasvir is also a pangenotypic option
for patients with chronic kidney disease, including those
receiving dialysis. The combination of sofosbuvir, velpatas-
vir, and voxilaprevir is recommended as “rescue” therapy
in patients with nonresponse or relapse following treat-
ment with an NS5A-containing regimen. Where available,
testing for resistance-associated substitutions may be help-
ful in some cases before re-treatment. Use of any regimen
containing a protease inhibitor is contraindicated in
patients with decompensated cirrhosis.
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Overall treatment rates are still less than 20% and lowest
among Hispanics and persons with Medicaid or indigent
care insurance. The cost of direct-acting antiviral agents has
been high (although declining), and lack of insurance cover-
age has often been a barrier to their use. Additional factors
to consider in the selection of a regimen are the presence of
cirrhosis or kidney dysfunction, prior treatment, potential
drug interactions (of which there are many), and the likeli-
hood that a patient may require liver transplantation in the
future. Certain cytochrome P450/P-glycoprotein inducing

medications, such as carbamazepine, phenytoin, and pheno-
barbital, contraindicate the use of all HCV direct-acting
antiviral regimens. HCV genotype 1 is now easy to cure with
oral direct-acting agents, with expected sustained virologic
response rates well above 90%, and virtually all HCV geno-
type 2 infection is curable with all-oral regimens. HCV
genotype 3 infection, particularly in association with cirrho-
sis, has been the most challenging to treat, but the newest
regimens achieve a high rate of cure. Interferon is now rarely
required, and the need for ribavirin has also decreased.

Table 16–6. Direct-acting antiviral agents for HCV infection (in alphabetic order within class).1

agn Gnoy(s) Dos2 Commn

NS3/4a pos Inibios

Glecaprevir 1–6 300 mg orally once daily Used in combination with pibrentasvir3 with or without ribavirin

Grazoprevir 1 and 4 100 mg orally once daily Used in combination with elbasvir4

Paritaprevir 1 and 4 150 mg orally once daily Used in combination with ombitasvir and dasabuvir; ritonavir

(100 mg) boosted5; for genotype 1b with cirrhosis and genotype

1a, used with ribavirin. Used in combination with ombitasvir,

ritonavir boosting, and ribavirin for genotype 46

Simeprevir 1 and 4 150 mg orally once daily Used in combination with sofosbuvir

Voxilaprevir 1–6 100 mg orally once daily Used in combination with sofosbuvir and velpatasvir7

NS5a Inibios

Daclatasvir8 1–6 60 mg orally once daily Used in combination with sofosbuvir (genotypes 1–6, with or

without ribavirin depending on presence of cirrhosis) or with

asunaprevir (not available in the United States)

Elbasvir 1 and 4 50 mg orally once daily Used in combination with grazoprevir (see above)

Ledipasvir 1, 4–6 90 mg orally once daily Used in combination with sofosbuvir9

Ombitasvir 1 and 4 25 mg orally once daily Used in combination with paritaprevir (ritonavir boosted) with or

without dasabuvir and with or without ribavirin as per

paritaprevir above

Pibrentasvir 1–6 120 mg orally once daily Used in combination with glecaprevir with or without ribavirin

Velpatasvir 1–6 100 mg orally once daily Used in combination with sofosbuvir,10 may be used with sofosbuvir

and voxilaprevir

NS5B Nuclos()id polyms Inibio

Sofosbuvir 1–6 400 mg orally once daily Used in combination with ribavirin (genotypes 2 and 3) or with

simeprevir (genotypes 1 and 4) or with daclatasvir (all genotypes)

or with ledipasvir (genotypes 1, 3, and 4) or with velpatasvir (all

genotypes) or with velpatasvir and voxilaprevir (all genotypes)

NS5B Non-Nuclos()id polyms Inibio

Dasabuvir 1 and 4 250 mg orally twice daily Used in combination with paritaprevir (ritonavir boosted) and

ombitasvir with or without ribavirin as per paritaprevir above

1Regimens approved by the FDA as of early 2021.
2The preferred regimen and duration of treatment may vary depending on HCV genotype, presence or absence of cirrhosis or chronic

kidney disease, or nonresponse to prior therapy for HCV infection. In selected cases, testing for resistance-associated substitutions may be

considered.
3Marketed as Mavyret (AbbVie).
4Marketed as Zepatier (Merck) for HCV genotypes 1 and 4 infection.
5Marketed as Viekira Pak and Viekira XR (AbbVie).
6Marketed as Technivie (AbbVie).
7Marketed as Vosevi (Gilead Sciences).
8Approved by the FDA for use with sofosbuvir in HCV genotypes 1 and 3 infection but taken off the market in the United States in 2019.
9Marketed as Harvoni (Gilead Sciences).
10Marketed as Epclusa (Gilead Sciences).
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Other agents that have been studied include NS3/4A prote-
ase inhibitors (eg, danoprevir); polymerase inhibitors (eg,
mericitabine); virus entry, assembly, and secretion inhibi-
tors; microRNA-122 antisense oligonucleotides (eg, mira-
virsen); cyclophilin A inhibitors (eg, alisporivir); interferon
lambda-3; and therapeutic vaccines.

Antiviral therapy has been shown to be beneficial in the
treatment of cryoglobulinemia associated with chronic
hepatitis C; an acute flare of cryoglobulinemia may first
require treatment with rituximab, cyclophosphamide plus
methylprednisolone, or plasma exchange. As noted above,
patients with HCV and HIV coinfection have been shown
to respond well to treatment of HCV infection. Moreover,
in persons coinfected with HCV and HIV, long-term liver
disease–related mortality increases as HIV infection–
related mortality is reduced by antiretroviral therapy.
Occasional instances of reactivation of HBV infection, as
well as herpesvirus, have occurred with direct-acting anti-
viral agents for HCV infection, and all candidates should
be prescreened for HBV infection, with the initiation of
antiviral prophylactic therapy in those who are HBsAg
positive before treatment of HCV infection is begun.

» Prognosis

Chronic hepatitis C is an indolent, often subclinical disease
that may lead to cirrhosis and hepatocellular carcinoma
after decades. The overall mortality rate in patients with
transfusion-associated hepatitis C may be no different
from that of an age-matched control population. Neverthe-
less, mortality or transplantation rates clearly rise to 5% per
year once cirrhosis develops. A risk score combining age,
sex, platelet count, and AST-to-ALT ratio has been pro-
posed. There is some evidence that HCV genotype 1b is
associated with a higher risk of hepatocellular carcinoma
than other genotypes. Antiviral therapy has a beneficial
effect on mortality, cardiovascular events, type 2 diabetes
mellitus, and quality of life, is cost-effective, appears to
retard and even reverse fibrosis, and reduces (but does not
eliminate) the risk of decompensated cirrhosis and hepato-
cellular carcinoma in responders with advanced fibrosis.
Even patients who achieve a sustained virologic response
remain at an increased risk for mortality compared with
the general population. An increased risk of death from
extrahepatic cancers has been described in this group, as

well as in patients who achieve suppression of HBV infec-
tion. Although mortality from cirrhosis and hepatocellular
carcinoma due to hepatitis C is still substantial, the need
for liver transplantation for chronic hepatitis C has
declined, and survival after transplantation has improved.
The risk of mortality from drug addiction is higher than
that for liver disease in patients with chronic hepatitis C.
HCV infection appears to be associated with increased
cardiovascular mortality, especially in persons with diabe-
tes mellitus and hypertension. Statin use has been reported
to be associated with improved virologic response to anti-
viral therapy and decreased progression of liver fibrosis
and frequency of hepatocellular carcinoma.

» When to Refer

• For liver biopsy.

• For antiviral therapy.

» When to Admit

For complications of decompensated cirrhosis.

European Association for the Study of the Liver. EASL recom-
mendations on treatment of hepatitis C: final update of the
series. J Hepatol. 2020;73:1170. [PMID: 32956768]

Gonzalez HC et al. Hepatitis C: does successful treatment alter
the natural history and quality of life? Gastroenterol Clin
North Am. 2020;49:301. [PMID: 32389364]

Rabaan AA et al. Overview of hepatitis C infection, molecular
biology, and new treatment. J Infect Public Health. 2020;13:
773. [PMID: 31870632]

AUTOIMMUNE HEPATITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Usually young to middle-aged women.

» Chronic hepatitis with high serum globulins and
characteristic liver histology.

» Positive antinuclear antibody (ANA) and/or smooth
muscle antibody in most cases in the United States.

» Responds to corticosteroids.

Table 16–7. Preferred FDA-approved oral direct-acting antiviral (DAA) treatment regimens for HCV infection.1

rgimn Indicion

Duion of tmn in Noncioic

tmn-Nïv pins (wks)

Glecaprevir and pibrentasvir Genotypes 1–6 and DAA-experienced genotype 1 8

Sofosbuvir and velpatasvir Genotypes 1–6, and DAA-experienced genotypes 1b and 2 12

Sofosbuvir, velpatasvir, and

voxilaprevir

DAA-experienced genotypes 1–6 –

1Based on the American Association for the Study of Liver Diseases/Infectious Diseases Society of America 2018 Guidance. In late 2019, two

preferred regimens were proposed: glecaprevir and pibrentasvir for 8 weeks (genotypes 1–6) and sofosbuvir and velpatasvir for 12 weeks

(genotypes 1, 2, 4, 5, 6). See HCV Guidance: Recommendation for testing, managing, and treating hepatitis C. http://www.hcvguidelines.

org, accessed December 18, 2020.
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» General Considerations

Although autoimmune hepatitis is usually seen in young
women, it can occur in either sex at any age. The incidence,
which has been rising, and prevalence are estimated to be
8.5 and 107 per million population, respectively. The risk
of autoimmune hepatitis is increased in first-degree rela-
tives of affected patients.

» Clinical Findings

A. Symptoms and Signs

The onset is usually insidious. About 25% of cases present
with acute severe hepatitis (and occasionally acute liver
failure), and some cases follow a viral illness (such as
hepatitis A, Epstein-Barr infection, or measles) or exposure
to a drug or toxin (such as nitrofurantoin, minocycline,
hydralazine, methyldopa, infliximab, or an immune check-
point inhibitor). Exacerbations may occur postpartum.
Amenorrhea may be a presenting feature, and the frequency
of depression appears to be increased. Thirty-four percent
of patients, and particularly elderly patients, are asymp-
tomatic. Examination may reveal a healthy-appearing
young woman with multiple spider telangiectasias, cutane-
ous striae, acne, hirsutism, and hepatomegaly. Extrahepatic
features include arthritis, Sjögren syndrome, thyroiditis,
nephritis, ulcerative colitis, and Coombs-positive hemo-
lytic anemia. Patients, especially elderly patients, with
autoimmune hepatitis are at increased risk for cirrhosis,
which, in turn, increases the risk of hepatocellular carci-
noma (at a rate of about 1% per year).

B. Laboratory Findings

Serum aminotransferase levels may be greater than
1000 units/L, and the total bilirubin is usually increased.
Autoimmune hepatitis has been classified as type I or
type II, although the clinical features and response to treat-
ment are similar between the two types. In type I (classic)
autoimmune hepatitis, ANA or smooth muscle antibodies
(either or both) are usually detected in serum. Serum
gamma-globulin levels are typically elevated (up to
5–6 g/dL [0.05–0.06 g/L]); in such patients, the EIA for
antibody to HCV may be falsely positive. Other antibodies,
including atypical perinuclear antineutrophil cytoplasmic
antibodies (pANCA) and antibodies to histones, F-actin,
and alpha-actinin may be found. In acute severe autoim-
mune hepatitis, ANAs are absent and serum IgG is normal
each in up to 39% of cases. Antibodies to soluble liver
antigen (anti-SLA) characterize a variant of type I that is
marked by severe disease, a high relapse rate after treat-
ment, and absence of the usual antibodies (ANA and
smooth muscle antibodies). Type II, seen more often in
girls under age 14 in Europe, is characterized by circulating
antibodies to liver-kidney microsome type 1 (anti-LKM1)
without smooth muscle antibodies or ANA. In some cases,
antibodies to liver cytosol type 1 are detected. Type II auto-
immune hepatitis can be seen in patients with autoimmune
polyglandular syndrome type 1. Concurrent primary bili-
ary cholangitis (PBC) or primary sclerosing cholangitis
(“overlap syndrome”) has been recognized in 7–13% and

6–11% of patients with autoimmune hepatitis, respectively.
Liver biopsy is indicated to help establish the diagnosis
(interface hepatitis is the hallmark), evaluate disease severity
and stage of fibrosis, and determine the need for treatment.
Histologic features of NAFLD are found in 17–30% of
patients with autoimmune hepatitis. Cirrhosis is present in
28–33% of adults at presentation.

Simplified diagnostic criteria based on the detection of
autoantibodies (1 point for a titer of > 1:40 or 2 points for
a titer of > 1:80), elevated IgG levels (1 point for IgG level ≥
upper limit of normal or 2 points for level ≥ 1.1 times
upper limit of normal), characteristic histologic features
(1 or 2 points depending on how typical the features are),
and exclusion of viral hepatitis (2 points) can be useful for
diagnosis; a score of 6 indicates probable and a score of 7
indicates definite autoimmune hepatitis with a high degree
of specificity but moderate sensitivity. Diagnostic criteria
for an overlap of autoimmune hepatitis and PBC (“Paris
criteria”) have been proposed.

» Treatment

Prednisone with or without azathioprine (often started
2 weeks after prednisone) improves symptoms; decreases
the serum bilirubin, aminotransferase, and gamma-
globulin levels; and reduces hepatic inflammation. Symp-
tomatic patients with aminotransferase levels elevated
10-fold (or 5-fold if the serum globulins are elevated at
least 2-fold) are optimal candidates for therapy, and asymp-
tomatic patients with modest enzyme elevations may be
considered for therapy depending on the clinical circum-
stances and histologic severity; however, asymptomatic
patients usually remain asymptomatic, have either mild
hepatitis or inactive cirrhosis on liver biopsy specimens,
and have a good long-term prognosis without therapy.

Prednisone is given initially in a dose of 30 mg orally
daily with azathioprine, 50 mg orally daily, which is gener-
ally well tolerated and permits the use of lower corticoste-
roid doses than a regimen beginning with prednisone
60 mg orally daily alone. A decrease in serum AST levels by
80% after 8 weeks predicts normalization of AST levels at
1 year. Intravenous corticosteroids or prednisone, 60 mg
orally daily, is recommended for patients with acute severe
autoimmune hepatitis; azathioprine is often started 2 weeks
later. In patients with noncirrhotic autoimmune hepatitis,
budesonide, 3 mg orally two or three times daily, may be at
least as effective as prednisone as first-line treatment and
associated with fewer side effects. Whether patients should
undergo testing for the genotype or level of thiopurine
methyltransferase prior to treatment with azathioprine to
predict toxicity is debated. Adjusting the dose of azathio-
prine based on metabolite levels, as in inflammatory bowel
disease, has been suggested. Blood counts are monitored
weekly for the first 2 months of therapy and monthly there-
after because of the small risk of bone marrow suppression.
The dose of prednisone is lowered from 30 mg/day after
1 week to 20 mg/day and again after 2 or 3 weeks to
15 mg/day. Treatment is response guided, and ultimately, a
maintenance dose of 10 mg/day should be achieved. While
symptomatic improvement is often prompt, biochemical
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improvement is more gradual, with normalization of
serum aminotransferase levels after an average of
22 months. Histologic resolution of inflammation lags bio-
chemical remission by 3–6 months, and repeat liver biopsy
should be considered in persons with at least 2 years of
biochemical remission. Failure of aminotransferase levels
to return to normal invariably predicts lack of histologic
resolution.

The response rate to therapy with prednisone and aza-
thioprine is 80%, with remission in 65% by 3 years. Older
patients and those with HLA genotype DRB1*04 are more
likely to respond than younger patients and those with HLA
DRB1*03, hyperbilirubinemia, or a high MELD score (12 or
higher, see Cirrhosis). Fibrosis may reverse with therapy and
rarely progresses after apparent biochemical and histologic
remission. Once complete remission is achieved, therapy
may be withdrawn, but the subsequent relapse rate is 90% by
3 years. Relapses may again be treated in the same manner
as the initial episode, with the same remission rate. After
successful treatment of a relapse, the patient may continue
taking azathioprine (up to 2 mg/kg) or the lowest dose of
prednisone with or without azathioprine (50 mg/day)
needed to maintain aminotransferase levels as close to nor-
mal as possible; another attempt at withdrawing therapy
may be considered in patients remaining in remission long
term (eg, 4 years or longer). During pregnancy, flares can be
treated with prednisone, and maintenance azathioprine does
not have to be discontinued.

Nonresponders to corticosteroids and azathioprine (fail-
ure of serum aminotransferase levels to decrease by 50%
after 6 months) may be considered for a trial of cyclosporine,
tacrolimus, sirolimus, everolimus, methotrexate, rituximab,
or infliximab. Mycophenolate mofetil, 500 mg increased to
1 g twice daily, is an effective alternative to azathioprine in
patients who cannot tolerate it but is less effective in nonre-
sponders to azathioprine and is a known teratogen that must
be withdrawn prior to conception. It may be effective in up
to 60% of patients refractory to or intolerant of corticoste-
roids. Occasionally, 6-mercaptopurine may be tolerated in
patients who do not tolerate azathioprine. Bone density
should be monitored—particularly in patients receiving
maintenance corticosteroid therapy—and measures under-
taken to prevent or treat osteoporosis (see Chapter 26). Liver
transplantation may be required for treatment failures and
patients with a severe acute presentation (immediately in
those with acute liver failure and after 2 weeks in those with
acute severe autoimmune hepatitis and a lack of improve-
ment with corticosteroids), but the outcome may be worse
than that for PBC because of an increased rate of infectious
complications. As immunosuppression is reduced, the dis-
ease has been recognized to recur in up to 70% of trans-
planted livers at 5 years (and rarely to develop de novo);
sirolimus can be effective in such cases.

Overall long-term mortality of patients with autoim-
mune hepatitis and cirrhosis appears to be twofold higher
than that of the general population despite response to
immunosuppressive therapy. Factors that predict the need
for liver transplantation or that predict liver-related death
include the following: (1) age 20 years or younger or age
60 years or older at presentation, (2) low serum albumin

level at diagnosis, (3) cirrhosis at diagnosis, (4) the pres-
ence of anti-SLA, and (5) incomplete normalization of the
serum ALT level after 6 months of treatment. The disease
appears to be more aggressive in Black patients than in
White patients.

» When to Refer

• For liver biopsy.

• For immunosuppressive therapy.

» When to Admit

• Hepatic encephalopathy.

• INR greater than 1.6.

Mack CL et al. Diagnosis and management of autoimmune
hepatitis in adults and children: 2019 practice guidance and
guidelines from the American Association for the Study of
Liver Diseases. Hepatology. 2020;72:671. [PMID: 31863477]

Pape S et al. Rapid response to treatment of autoimmune
hepatitis associated with remission at 6 and 12 months. Clin
Gastroenterol Hepatol. 2020;18:1609. [PMID: 31715274]

Trivedi PJ et al. Grand Rounds: Autoimmune hepatitis. J Hepatol.
2019;70:773. [PMID: 30465775]

ALCOHOL-ASSOCIATED LIVER DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Chronic alcohol intake usually exceeds 80 g/day in
men and 30–40 g/day in women with alcohol-
associated hepatitis or cirrhosis.

» Fatty liver is often asymptomatic.

» Fever, right upper quadrant pain, tender hepato-
megaly, and jaundice characterize alcohol-
associated hepatitis, but the patient may be
asymptomatic.

» AST is usually elevated but infrequently
> 300 units/L (6 mckat/L); AST is > ALT, usually by
a factor of 2 or more.

» Alcohol-associated hepatitis is often reversible,
but it is the most common precursor of cirrhosis in
the United States.

» General Considerations

Excessive alcohol intake can lead to fatty liver, hepatitis,
and cirrhosis. Validated tools, such as the Alcohol Use
Disorders Inventory Test (AUDIT), can be used to identify
persons with alcohol abuse and dependence (see Table 1–6).
Alcohol-associated hepatitis is characterized by acute or
chronic inflammation and parenchymal necrosis of the
liver induced by alcohol. Alcohol-associated hepatitis is
often a reversible disease, but it is the most common pre-
cursor of cirrhosis in the United States. It is associated with
four to five times the number of hospitalizations and
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deaths as hepatitis C. Mortality from alcohol-associated
liver disease has been increasing since 1999.

The frequency of alcohol-associated cirrhosis is esti-
mated to be 10–15% among persons who consume over
50 g of alcohol (4 oz of 100-proof whiskey, 15 oz of wine,
or four 12-oz cans of beer) daily for over 10 years (although
the risk of cirrhosis may be lower for wine than for a com-
parable intake of beer or spirits). The risk of cirrhosis is
lower (5%) in the absence of other cofactors such as
chronic viral hepatitis and obesity. Genetic factors may also
account for differences in susceptibility to and severity of
liver disease. Women appear to be more susceptible than
men, in part because of lower gastric mucosal alcohol
dehydrogenase levels, but young men who drink exces-
sively are at increased risk for liver disease later in life when
they are no longer drinking as much.

» Clinical Findings

A. Symptoms and Signs

The clinical presentation of alcohol-associated liver disease
can vary from asymptomatic hepatomegaly to a rapidly
fatal acute illness (acute-on-chronic liver failure) or end-
stage cirrhosis. A recent period of heavy drinking, com-
plaints of anorexia and nausea, and the demonstration of
hepatomegaly and jaundice strongly suggest the diagnosis.
Abdominal pain and tenderness, splenomegaly, ascites,
fever, and encephalopathy may be present. Infection,
including invasive aspergillosis, is common in patients
with severe alcohol-associated hepatitis.

B. Laboratory Findings

In patients with steatosis, mild liver enzyme elevations may
be the only laboratory abnormality. Anemia (usually mac-
rocytic) may be present. Leukocytosis with a shift to the
left is common in patients with severe alcohol-associated
hepatitis. Leukopenia is occasionally seen and resolves
after cessation of drinking. About 10% of patients have
thrombocytopenia related to a direct toxic effect of alcohol
on megakaryocyte production or to hypersplenism.

AST is usually elevated but infrequently above
300 units/L (6 mckat/L). AST is greater than ALT, usually
by a factor of 2 or more. Serum alkaline phosphatase is
generally elevated, but seldom more than three times the
normal value. Serum bilirubin is increased in 60–90% of
patients with alcohol-associated hepatitis.

Serum bilirubin levels greater than 10 mg/dL (171 mcmol/L)
and marked prolongation of the prothrombin time (6 seconds
or more above control) indicate severe alcohol-associated
hepatitis with a mortality rate as high as 50%. The serum albu-
min is depressed, and the gamma-globulin level (especially
IgA) is elevated in 50–75% of individuals, even in the absence
of cirrhosis. Increased transferrin saturation, hepatic iron
stores, and sideroblastic anemia are found in many alcoholic
patients. Folic acid deficiency may coexist.

C. Imaging

Imaging studies can detect moderate to severe hepatic
steatosis reliably but not inflammation or fibrosis.

Ultrasonography helps exclude biliary obstruction and
identifies subclinical ascites. CT with intravenous con-
trast or MRI may be indicated in selected cases to evalu-
ate patients for collateral vessels, space-occupying lesions
of the liver, or concomitant disease of the pancreas.

D. Liver Biopsy

Liver biopsy, if done, demonstrates macrovesicular fat and,
in patients with alcohol-associated hepatitis, polymorpho-
nuclear infiltration with hepatic necrosis, Mallory (or
Mallory-Denk) bodies (alcoholic hyaline), and perivenular
and perisinusoidal fibrosis. Micronodular cirrhosis may be
present as well. The findings are similar to those of nonal-
coholic steatohepatitis.

» Differential Diagnosis

Alcohol-associated hepatitis may be closely mimicked by
cholecystitis and cholelithiasis and by drug toxicity. Other
causes of hepatitis or chronic liver disease may be excluded
by serologic or biochemical testing, imaging studies, or
liver biopsy. A formula based on the AST/ALT ratio, body
mass index, mean corpuscular volume, and sex has been
reported to reliably distinguish alcohol-associated liver
disease from NAFLD.

» Treatment

A. General Measures

Abstinence from alcohol is essential. Hospitalized patients
should be monitored for alcohol withdrawal; the Clinical
Institute Withdrawal Assessment for Alcohol-Revised
(CIWA-Ar) is often used in practice (see Figure 25–3).
Acamprosate, naltrexone, or baclofen may be considered in
combination with counseling to reduce the likelihood of
recidivism. Baclofen appears to be safe in persons with
end-stage alcohol-associated liver disease but can worsen
hepatic encephalopathy. Fatty liver is quickly reversible
with abstinence. Every effort should be made to provide
sufficient amounts of carbohydrates and calories in anorec-
tic patients to reduce endogenous protein catabolism, pro-
mote gluconeogenesis, and prevent hypoglycemia.
Nutritional support (30–40 [and no less than 21.5] kcal/kg
with 1.0–1.5 g/kg as protein) improves liver disease, but not
necessarily survival, in patients with malnutrition. Inten-
sive enteral nutrition is difficult to implement, however.
The administration of micronutrients, particularly folic
acid, thiamine, and zinc, is indicated, especially when defi-
ciencies are noted; glucose administration increases the
thiamine requirement and can precipitate Wernicke-
Korsakoff syndrome if thiamine is not coadministered.
Nephrotoxic drugs should be avoided in patients with
severe alcohol-associated hepatitis.

B. Pharmacologic Measures

Methylprednisolone, 32 mg/day orally, or the equivalent,
for 1 month, may reduce short-term (1-month but not
6-month) mortality in patients with alcohol-associated
hepatitis and encephalopathy or a Maddrey discriminant
function index (defined by the patient’s prothrombin time
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minus the control prothrombin time times 4.6 plus the
total bilirubin in mg/dL) of 32 or more, or a MELD score
of 20 or more (see Cirrhosis). Concomitant gastrointestinal
bleeding or infection may not preclude treatment with
corticosteroids if otherwise indicated, but treatment with
prednisolone increases the risk of serious infections during
and after treatment is completed. The combination of cor-
ticosteroids and N-acetylcysteine has been reported to
further improve 1-month but not 6-month survival and
reduce the risk of hepatorenal syndrome and infections;
the combination may be superior to corticosteroids alone,
but more data are needed.

Pentoxifylline, 400 mg orally three times daily for
4 weeks, decreases the risk of hepatorenal syndrome. It
does not appear to reduce short-term mortality. Its use is
not recommended in some guidelines, but it has been used
when corticosteroids are contraindicated. The addition of
pentoxifylline to prednisolone does not appear to improve
survival but may reduce the frequency of hepatorenal syn-
drome compared with prednisolone alone. Other experi-
mental therapies include propylthiouracil; oxandrolone;
S-adenosyl-l-methionine; infliximab; antioxidants; granu-
locyte colony-stimulating factor; interleukin-2 agonists;
interleukin-22; the combination of anakinra, zinc, and
pentoxifylline; modulation of intestinal flora; and extracor-
poreal liver support.

» Prognosis

A. ShortTerm

The overall mortality rate for alcohol-associated hepatitis is
34% (20% within 1 month) without corticosteroid therapy.
Individuals in whom the prothrombin time prohibits liver
biopsy have a 42% mortality rate at 1 year. Other unfavor-
able prognostic factors are older age, a serum bilirubin
greater than 10 mg/dL (171 mcmol/L), hepatic encepha-
lopathy, coagulopathy, azotemia, leukocytosis, sepsis and
other infections, systematic inflammatory response syn-
drome (which is associated with multiorgan failure), lack
of response to corticosteroid therapy, a low serum transfer-
rin level, and possibly a paucity of steatosis on a liver
biopsy specimen and reversal of portal blood flow by Dop-
pler ultrasonography. Concomitant gastrointestinal bleed-
ing does not appear to worsen survival. Failure of the
serum bilirubin level to decline after 7 days of treatment
with corticosteroids predicts nonresponse and poor long-
term survival, as does the Lille model (which includes age,
serum creatinine, serum albumin, prothrombin time [or
INR], serum bilirubin on admission, and serum bilirubin
on day 7). The MELD score used for cirrhosis and the
Glasgow alcohol-associated hepatitis score (based on age,
white blood cell count, blood urea nitrogen, prothrombin
time ratio, and bilirubin level) also correlate with mortality
from alcohol-associated hepatitis and have higher speci-
ficities than the discriminant function and Lille score. A
scoring system based on age, serum bilirubin, INR, and
serum creatinine (ABIC) has been proposed, and at least
one study has shown that the development of acute kidney
injury is the most accurate predictor of 90-day mortality.
Another scoring system based on hepatic encephalopathy,

systemic inflammatory response syndrome, and MELD
score has also been reported to predict acute kidney injury
and mortality. The combination of the MELD score and
Lille model has been reported to be the best predictor of
short-term mortality among the scoring systems. Histo-
logic features associated with 90-day mortality include the
degree of fibrosis and neutrophil infiltration, presence of
megamitochondria, and bilirubinostasis.

B. LongTerm

Overall mortality from alcohol-associated liver disease
has declined slightly in the United States since 1980. Nev-
ertheless, the 3-year mortality rate of persons who recover
from acute alcohol-associated hepatitis is 10 times greater
than that of control individuals of comparable age; the
5-year mortality rate is as high as 85%. Histologically
severe disease is associated with continued excessive mor-
tality rates after 3 years, whereas the death rate is not
increased after the same period in those whose liver
biopsy specimens show only mild alcohol-associated
hepatitis. Complications of portal hypertension (ascites,
variceal bleeding, hepatorenal syndrome), coagulopathy,
and severe jaundice following recovery from acute
alcohol-associated hepatitis also suggest a poor long-term
prognosis.

The most important long-term prognostic factor is
continued excessive drinking. There is no safe level of
drinking in persons with alcohol-associated liver disease or
other liver diseases. The risk of alcohol-associated cirrhosis
is greater in women than in men and associated with obe-
sity, cigarette smoking, chronic hepatitis C, and low
vitamin D levels; the risk is inversely associated with coffee
drinking. Alcohol-associated cirrhosis is a risk factor for
hepatocellular carcinoma, and the risk is highest in carriers
of the C282Y mutation for hemochromatosis or those with
increased hepatic iron. A 6-month period of abstinence is
generally required before liver transplantation is consid-
ered, although this requirement has been questioned and
early liver transplantation has been performed in selected
patients with alcohol-associated hepatitis, with good out-
comes. Optimal candidates have adequate social support,
do not smoke, have no psychosis or personality disorder,
are adherent to therapy, and have regular appointments
with a psychiatrist or psychologist who specializes in
addiction treatment. Patients with alcohol-associated liver
disease are at higher risk for posttransplant malignancy
than those with other types of liver disease because of alco-
hol and tobacco use.

» When to Refer

Refer patients with alcohol-associated hepatitis who
require liver biopsy for diagnosis.

» When to Admit

• Hepatic encephalopathy.

• INR greater than 1.6.

• Total bilirubin 10 mg/dL or more.

• Inability to maintain hydration.
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DRUG- & TOXIN-INDUCED LIVER INJURY

E S S E N T I A L S  O F  D I A G N O S I S

» Drug-induced liver injury can mimic viral hepatitis,
biliary tract obstruction, or other types of liver
disease.

» Clinicians must inquire about the use of many
widely used therapeutic agents, including over-
the-counter “natural” and herbal and dietary sup-
plements, in any patient with liver disease.

» General Considerations

Many therapeutic agents may cause drug-induced liver
injury, with jaundice occurring in 30% of cases and up to
10% of patients with drug-induced liver injury dying or
undergoing liver transplantation within 6 months of onset.
In any patient with liver disease, the clinician must inquire
carefully about the use of potentially hepatotoxic drugs or
exposure to hepatotoxins, including over-the-counter
herbal and dietary supplements. Khat chewing has been
associated with an increased risk of chronic liver disease.
The medications most commonly implicated are antibiot-
ics because of their widespread use. In some cases, coad-
ministration of a second agent may increase the toxicity of
the first (eg, isoniazid and rifampin, acetaminophen and
alcohol, combinations of immune checkpoint inhibitors).
For some drugs, HLA and other genetic associations have
been identified (eg, HLA-B57:01 in flucloxacillin hepato-
toxicity in Asians, HLA-DRB1*15:01 in amoxicillin-
clavulanic acid hepatotoxicity, and HLA-B*35:01 in toxicity
caused by green tea extract). The diagnosis often depends
on exclusion of other causes of liver disease. A relationship
between increased serum ALT levels in premarketing clini-
cal trials and postmarketing reports of hepatotoxicity has
been identified. Except for drugs used to treat tuberculosis
and HIV infection, obeticholic acid, and possibly azithro-
mycin, the risk of hepatotoxicity is not increased in
patients with preexisting cirrhosis, but hepatotoxicity may
be more severe and the outcome worse when it does occur.
Older persons may be at higher risk for hepatotoxicity
from certain agents, such as amoxicillin-clavulanic acid,
isoniazid, and nitrofurantoin, and more likely to have per-
sistent and cholestatic, rather than hepatocellular, injury
compared with younger persons. Drug toxicity may be
categorized on the basis of pathogenesis or predominant

histologic appearance. Drug-induced liver injury can
mimic viral hepatitis, biliary tract obstruction, or other
types of liver disease (and vice versa). The development of
jaundice in a patient with serum aminotransferase levels at
least three times the upper limit of normal predicts a
mortality rate of at least 10% (“Hy’s Law”). A model based
on the presence of comorbidities, the MELD score, and
serum albumin has been reported to predict 6-month
mortality.

» Categorization by Pathogenesis

A. Direct Hepatotoxicity

Liver toxicity caused by this group of drugs is character-
ized by dose-related severity, a latent period following
exposure, and susceptibility in all individuals. One exam-
ple is acetaminophen (the toxicity of which is enhanced
by fasting because of depletion of glutathione and by
long-term alcohol use both because of depletion of gluta-
thione and because of induction of cytochrome P450 2E1;
and the toxicity of which is possibly reduced by statins,
fibrates, and nonsteroidal anti-inflammatory drugs
[NSAIDs] and acetylcysteine treatment). Other examples
include alcohol, Amanita phalloides mushrooms, carbon
tetrachloride, chloroform, heavy metals, mercaptopurine,
niacin, obeticholic acid, plant alkaloids, phosphorus,
pyrazinamide, tetracyclines, tipranavir, valproic acid, and
vitamin A.

B. Idiosyncratic Reactions

Except for acetaminophen, most severe hepatotoxicity is
idiosyncratic. Reactions of this type are (1) sporadic, (2)
not related to dose above a general threshold of 100 mg/day,
and (3) occasionally associated with features suggesting an
allergic reaction, such as fever and eosinophilia (including
drug rash with eosinophilia and systemic symptoms
[DRESS] syndrome), which may be associated with a
favorable outcome. In many instances, the drug is lipo-
philic, and toxicity results directly from a reactive metabo-
lite that is produced only in certain individuals on a genetic
basis. Illness tends to be more severe in Blacks than in
Whites. Drug-induced liver injury may be observed only
during post-marketing surveillance and not during pre-
clinical trials. Examples include abacavir, amiodarone,
aspirin, carbamazepine, chloramphenicol, dapsone, diclof-
enac, disulfiram, duloxetine, ezetimibe, flavocoxid (a
“medical food”), fluoroquinolones (levofloxacin and moxi-
floxacin, in particular), flutamide, halothane, isoniazid,
ketoconazole, lamotrigine, methyldopa, natalizumab, nevi-
rapine, oxacillin, phenytoin, pyrazinamide, quinidine, riva-
roxaban, streptomycin, temozolomide, thiazolidinediones,
tolvaptan, and perhaps tacrine. Statins, like all cholesterol-
lowering agents, may cause serum aminotransferase eleva-
tions but rarely cause true hepatitis, and even more rarely
cause acute liver failure, and are no longer considered
contraindicated in patients with liver disease. Most acute
idiosyncratic drug-induced liver injury is reversible with
discontinuation of the offending agent. Risk factors for
chronicity (longer than 1 year) are older age, dyslipidemia,
and severe acute injury.
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C. Indirect Hepatotoxicity

Indirect hepatotoxicity refers to liver injury that results
when use of a drug leads to exacerbation of preexisting
liver disease. An example is a flare of HBV infection in the
setting of immunosuppressive therapy for a nonhepatic
autoimmune disease.

» Categorization by Histopathology

A. Cholestasis

1. Noninflammatory—Drug-induced cholestasis results
from inhibition or genetic deficiency of various hepatobili-
ary transporter systems. The following drugs cause cho-
lestasis: anabolic steroids containing an alkyl or ethinyl
group at carbon 17, azathioprine, cetirizine, cyclosporine,
diclofenac, estrogens, febuxostat, indinavir (increased risk
of indirect hyperbilirubinemia in patients with Gilbert
syndrome), mercaptopurine, methyltestosterone, tamoxi-
fen, temozolomide, and ticlopidine.

2. Inflammatory—The following drugs cause inflamma-
tion of portal areas with bile duct injury (cholangitis [and,
in some cases, bile duct loss]), often with allergic features
such as eosinophilia: amoxicillin-clavulanic acid (among
the most common causes of drug-induced liver injury),
azathioprine, azithromycin, captopril, celecoxib, cephalo-
sporins, chlorothiazide, chlorpromazine, chlorpropamide,
erythromycin, mercaptopurine, pazopanib, penicillamine,
prochlorperazine, semisynthetic penicillins (eg, cloxacillin),
sulfadiazine, and temozolomide. Ketamine abuse may
cause secondary biliary cirrhosis. Cholestatic and mixed
cholestatic-hepatocellular toxicity is more likely than pure
hepatocellular toxicity to lead to chronic liver disease.

B. Acute or Chronic Hepatitis

Medications that may result in acute or chronic hepatitis
that is histologically and, in some cases, clinically similar to
autoimmune hepatitis include minocycline and nitrofuran-
toin, most commonly, as well as aspirin, isoniazid
(increased risk in HBV and HCV carriers), methyldopa,
NSAIDs, propylthiouracil, terbinafine, tumor necrosis fac-
tor inhibitors, and varenicline. Histologic features that
favor a drug cause include portal tract neutrophils and
hepatocellular cholestasis. Hepatitis also can occur in
patients taking cocaine, diclofenac, dimethyl fumarate,
efavirenz, imatinib mesylate, ipilimumab, nivolumab, and
other checkpoint inhibitors (hepatotoxicity occurs in up to
16% of patients; the rate is higher with combination ther-
apy than with monotherapy), methylenedioxymetham-
phetamine (MDMA; Ecstasy), nefazodone (has a black box
warning for a potential to cause liver failure), nevirapine
(like other HIV protease inhibitors, increased risk in HBV
and HCV carriers), pioglitazone, ritonavir (greater rate
than other HIV protease inhibitors), rosiglitazone, saqui-
navir, sulfonamides, telithromycin, tocilizumab, and zafir-
lukast, as well as a variety of alternative remedies (eg, black
cohosh, chaparral, garcinia cambogia, germander, green
tea extract, Herbalife products, Hydroxycut, jin bu huan,
kava, saw palmetto, skullcap, usnic acid, and other tradi-
tional Chinese herbal preparations), in addition to dietary

supplements (eg, 1,3-dimethylamylamine in OxyELITE
Pro, a weight-loss supplement withdrawn from the US
market).

C. Other Reactions

1. Fatty liver—

a. Macrovesicular—This type of liver injury may be
produced by alcohol, amiodarone, corticosteroids, halo-
peridol, irinotecan, lomitapide, methotrexate, mipomersen,
tamoxifen, vinyl chloride (in exposed workers), zalcitabine,
and possibly oxaliplatin.

b. Microvesicular—Often resulting from mitochon-
drial injury, microvesicular steatosis is associated with
aspirin (Reye syndrome), didanosine, linezolid, stavudine,
tetracyclines, valproic acid, and zidovudine.

2. Granulomas—Allopurinol, hydralazine, pembroli-
zumab and other immune checkpoint inhibitors, phenyt-
oin, pyrazinamide, quinidine, quinine, sulfasalazine, and
vemurafenib can lead to granulomas and, in some cases,
granulomatous hepatitis.

3. Fibrosis and cirrhosis—Methotrexate and vitamin A are
associated with fibrosis and cirrhosis.

4. Sinusoidal obstruction syndrome venoocclusive
disease—This disorder may result from treatment with
antineoplastic agents (eg, pre–bone marrow transplant,
busulfan, gemtuzumab ozogamicin, inotuzumab ozogami-
cin, oxaliplatin), mycophenolate mofetil, and pyrrolizidine
alkaloids (eg, comfrey).

5. Peliosis hepatis bloodfilled cavities—Peliosis hepatis
may be caused by anabolic steroids and oral contraceptive
steroids as well as azathioprine and mercaptopurine, which
may also cause nodular regenerative hyperplasia and other
forms of liver injury.

6. Nodular regenerative hyperplasia—Nodular regenera-
tive hyperplasia may be caused by azathioprine,
5-fluorouracil, oxaliplatin, and thioguanine.

7. Neoplasms—Neoplasms may result from therapy with
oral contraceptive steroids, including estrogens (hepatic
adenoma but not focal nodular hyperplasia) and vinyl
chloride (angiosarcoma).

» When to Refer

Refer patients with drug- and toxin-induced hepatitis who
require liver biopsy for diagnosis.

» When to Admit

Patients with liver failure should be hospitalized.

Gholam PM (editor). Drug hepatotoxicity. Clin Liver Dis
2020;24:1. [Full issue]

Hoofnagle JH et al. Drug-induced liver injury—types and phe-
notypes. N Engl J Med. 2019;381:264. [PMID: 31314970]

Peeraphatdit TB et al. Hepatotoxicity from immune checkpoint
inhibitors: a systematic review and management recommen-
dation. Hepatology. 2020;72:315. [PMID: 32167613]
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NONALCOHOLIC FATTY LIVER DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Often asymptomatic.

» Elevated aminotransferase levels, hepatomegaly,
or steatosis on ultrasonography.

» Predominantly macrovesicular steatosis with or
without inflammation and fibrosis on liver biopsy.

» General Considerations

NAFLD is estimated to affect 20–45% of the US population
and has increased in incidence at least fivefold since the
late 1990s. Even adolescents and young adults may be
affected. The principal causes of NAFLD are obesity (pres-
ent in 40% or more of affected patients), diabetes mellitus
(in 20% or more), and hypertriglyceridemia (in 20% or
more) in association with insulin resistance as part of the
metabolic syndrome. In fact, the alternative designation
“metabolic-associated (or metabolic dysfunction‒
associated) fatty liver disease” (MAFLD) has been pro-
posed. The risk of NAFLD in persons with metabolic syn-
drome is 4 to 11 times higher than that of persons without
insulin resistance. Nonobese persons (more frequently
Asians) account for 3–30% of persons with NAFLD and
have metabolic profiles characteristic of insulin resistance.
Other causes of fatty liver include corticosteroids, amioda-
rone, diltiazem, tamoxifen, irinotecan, oxaliplatin, antiret-
roviral therapy, toxins (vinyl chloride, carbon tetrachloride,
yellow phosphorus), endocrinopathies such as Cushing
syndrome and hypopituitarism, polycystic ovary syn-
drome, hypothyroidism, hypobetalipoproteinemia and
other metabolic disorders, obstructive sleep apnea (with
chronic intermittent hypoxia), excessive dietary fructose
consumption, starvation and refeeding syndrome, and
total parenteral nutrition. NAFLD may be a predisposing
factor in liver injury caused by some drugs. Gut dysbiosis,
altered bile acid metabolism, and genetic factors play a role
in NAFLD (and likely account for NAFLD in lean persons),
and polymorphisms of the patatin-like phospholipase
domain containing 3 (PNPLA3) gene modify the natural
history of NAFLD and may account in part for an increased
risk in Hispanics. The risk of NAFLD is increased in per-
sons with psoriasis and appears to correlate with the activ-
ity of psoriasis. Soft drink consumption and cholecystectomy
have been reported to be associated with NAFLD. Physical
activity protects against the development of NAFLD.

In addition to macrovesicular steatosis, histologic fea-
tures may include focal infiltration by polymorphonuclear
neutrophils and Mallory hyalin, a picture indistinguishable
from that of alcohol-associated hepatitis and referred to as
nonalcoholic steatohepatitis (NASH), which affects 3–6%
of the US population and leads to cirrhosis in approxi-
mately 20% of affected persons. In patients with NAFLD,
older age, obesity, and diabetes mellitus are risk factors for
advanced hepatic fibrosis and cirrhosis, whereas coffee

consumption reduces the risk. The frequency and severity
of NAFLD is greater in men than in women during repro-
ductive age, but after menopause the frequency is higher in
women than men, suggesting that estrogen is protective.
However, in women, synthetic hormone use (oral contra-
ceptives and hormone replacement therapy) increases the
histologic severity of NASH. Cirrhosis caused by NASH
appears to be uncommon in Blacks. Persons with NAFLD
are at increased risk for cardiovascular disease, chronic
kidney disease, and colorectal cancer.

Microvesicular steatosis is seen with Reye syndrome,
with toxicity caused by didanosine, stavudine, linezolid,
valproic acid, or high-dose tetracycline, and with acute
fatty liver of pregnancy and may result in acute liver failure.
Women in whom fatty liver of pregnancy develops often
have a defect in fatty acid oxidation due to reduced long-
chain 3-hydroxyacyl-CoA dehydrogenase activity.

» Clinical Findings

A. Symptoms and Signs

Most patients with NAFLD are asymptomatic or have mild
right upper quadrant discomfort. Hepatomegaly is present
in up to 75% of patients, but stigmata of chronic liver dis-
ease are uncommon. Rare instances of subacute liver fail-
ure caused by previously unrecognized NASH have been
described. Signs of portal hypertension generally signify
advanced liver fibrosis or cirrhosis, but occasionally occur
in patients with mild or no fibrosis and severe steatosis.

B. Laboratory Findings

Laboratory studies may show mildly elevated aminotrans-
ferase and alkaline phosphatase levels; however, laboratory
values may be normal in up to 80% of persons with hepatic
steatosis. In contrast to alcohol-associated liver disease, the
ratio of ALT to AST is almost always greater than 1 in
NAFLD, but it decreases, often to less than 1, as advanced
fibrosis and cirrhosis develop. Antinuclear or smooth
muscle antibodies and an elevated serum ferritin level may
each be detected in 30% of patients with NASH. Iron defi-
ciency is also common and associated with female sex,
obesity, increased waist circumference, diabetes mellitus,
and Black or Native American race.

C. Imaging

Macrovascular steatosis may be demonstrated on ultraso-
nography, CT, or MRI. However, imaging does not distin-
guish steatosis from steatohepatitis or detect fibrosis.

D. Liver Biopsy

Percutaneous liver biopsy is diagnostic and is the standard
approach to assessing the degree of inflammation and
fibrosis. The risks of the procedure must be balanced
against the impact of the added information on manage-
ment decisions and assessment of prognosis. Liver biopsy
is generally not recommended in asymptomatic persons
with unsuspected hepatic steatosis detected on imaging but
normal liver biochemistry test results. The histologic spec-
trum of NAFLD includes fatty liver, isolated portal fibrosis,
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steatohepatitis, and cirrhosis. A risk score for predicting
advanced fibrosis, known as BARD, is based on body mass
index more than 28, AST/ALT ratio 0.8 or more, and dia-
betes mellitus; it has a high negative predictive value (ie, a
low score reliably excludes advanced fibrosis). Another risk
score for advanced fibrosis, the NAFLD Fibrosis Score
(http://nafldscore.com) based on age, hyperglycemia, body
mass index, platelet count, albumin, and AST/ALT ratio,
has a positive predictive value of over 80% and identifies
patients at increased risk for liver-related complications
and death. Another index for predicting fibrosis that has
also performed well is FIB-4, which is based on age, platelet
count, and serum AST and ALT levels. A clinical scoring
system to predict the likelihood of NASH in morbidly
obese persons includes six predictive factors: hypertension,
type 2 diabetes mellitus, sleep apnea, AST greater than
27 units/L (0.54 mckat/L), ALT greater than 27 units/L
(0.54 mckat/L), and non-Black race. The role of liver stiff-
ness measurement by elastography to assess the fibrosis
stage continues to evolve; in general, results are less accu-
rate in obese than in nonobese persons.

» Treatment

Treatment consists of lifestyle changes to remove or modify
the offending factors. Weight loss, dietary fat restriction,
and moderate exercise (through reduction of abdominal
obesity) often lead to improvement in liver biochemical
tests and steatosis in obese patients with NAFLD. A Medi-
terranean diet can reduce liver fat without weight loss and
is often recommended. Loss of 3–5% of body weight
appears necessary to improve steatosis, but loss of at least
10% may be needed to improve necroinflammation and
fibrosis. Exercise may reduce liver fat with minimal or no
weight loss and no reduction in ALT levels. Resistance
training and aerobic exercise are equally effective in reduc-
ing hepatic fat content in patients with NAFLD and type 2
diabetes mellitus. Although avoidance of alcohol is recom-
mended, modest wine consumption may not be detrimen-
tal in nonsmokers. Various drugs for the treatment of
NASH are under study. Vitamin E 800 international units/
day (to reduce oxidative stress) appears to be of benefit in
patients with NASH who do not have diabetes mellitus;
there is controversy as to whether vitamin E increases the
risk of prostate cancer in men. Thiazolidinediones reverse
insulin resistance and, in most relevant studies, have
improved both serum aminotransferase levels and histo-
logic features of steatohepatitis but lead to weight gain.
Metformin, which reduces insulin resistance, improves
abnormal liver chemistries but may not reliably improve
liver histology. Pentoxifylline improves liver biochemical
test levels but is associated with a high rate of side effects,
particularly nausea. Ursodeoxycholic acid, 12–15 mg/kg/
day, has not consistently resulted in biochemical and histo-
logic improvement in patients with NASH but may be
effective when given in combination with vitamin E.
Hepatic steatosis due to total parenteral nutrition may be
ameliorated—and perhaps prevented—with supplemental
choline. Obeticholic acid, a farnesoid X receptor agonist
that has been approved for the treatment of PBC, has been
shown to improve liver fibrosis in patients with NASH.

Statins are not contraindicated in persons with NAFLD
and may protect against histologic progression in some
patients. Bariatric surgery may be considered in patients
with a body mass index greater than 35 and leads to histo-
logic regression of NASH in most patients (but worsening
in a few). Liver transplantation is indicated in appropriate
candidates with advanced cirrhosis caused by NASH, now
the third most common (and most rapidly increasing)
indication for liver transplantation in the United States.
Liver transplantation for NASH with advanced cirrhosis
may be associated with increased mortality from cardio-
vascular disease and sepsis compared with liver transplan-
tation for other indications.

» Prognosis

Fatty liver often has a benign course and is readily revers-
ible with discontinuation of alcohol (or no more than one
glass of wine per day, which has been reported in some, but
not other, studies to reduce the frequency of NASH in per-
sons with NAFLD), or treatment of other underlying condi-
tions; if untreated, fibrosis progresses at an average rate of
1 stage every 14 years, with 20% of patients progressing
more rapidly. In patients with NAFLD, the likelihood of
NASH is increased by the following factors: obesity, older
age, non–Black ethnicity, female sex, diabetes mellitus,
hypertension, higher ALT or AST level, higher AST/ALT
ratio, low platelet count, elevated fasting C-peptide level,
and a high ultrasound steatosis score. NASH may be associ-
ated with hepatic fibrosis in 40% of cases with progression
at a rate of 1 stage every 7 years; cirrhosis develops in
9–25%; and decompensated cirrhosis occurs in 30–50% of
cirrhotic patients over 10 years. The course may be more
aggressive in diabetic persons than in nondiabetic persons.
In the United States, NAFLD is associated with 8% of all-
cause mortality and more than one-third of deaths associ-
ated with liver disease and with diabetes mellitus. Risk
factors for fibrosis in patients with fatty liver without NASH
are severe steatosis and the I148M variant of the PNPLA3
gene. Heterozygous alpha-1-antitrypsin deficiency also
appears to be a risk factor for fibrosis in patients with
NASH. Mortality is increased in patients with NAFLD, cor-
relates with fibrosis stage, and is more likely to be the result
of cardiovascular disease and malignancy (including hepa-
tocellular carcinoma, colorectal cancer, and breast cancer)
than of liver disease. Risk factors for mortality are older age,
male sex, White race, the I148M variant of the PNPLA3
gene, smoking, higher body mass index, hypertension, dia-
betes mellitus, and cirrhosis. In the general population, in
fact, both excess adiposity and reduced activity are signifi-
cant predictors of liver-related mortality. Steatosis is a
cofactor for the progression of fibrosis in patients with
other causes of chronic liver disease, such as hepatitis C,
and NAFLD appears to be a risk factor for chronic kidney
disease. Hepatocellular carcinoma is a complication of cir-
rhosis caused by NASH, as it is for other causes of cirrhosis,
and has been reported even in the absence of cirrhosis.
NASH accounts for a substantial percentage of cases labeled
as cryptogenic cirrhosis and can recur following liver trans-
plantation. Central obesity is an independent risk factor for
death from cirrhosis of any cause.
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» When to Refer

Refer patients with NAFLD who require liver biopsy for
diagnosis.
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CIRRHOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Result of injury that leads to both fibrosis and
regenerative nodules.

» May be reversible if cause is removed.

» The clinical features result from hepatic cell dys-
function, portosystemic shunting, and portal
hypertension.

» General Considerations

Cirrhosis is the result of hepatocellular injury that leads to
both fibrosis and regenerative nodules throughout the
liver. It is the eleventh leading cause of death globally and
eighth leading cause of death in the United States. The
prevalence rate is 0.27%, with an estimated 1.5 billion per-
sons having chronic liver disease and 2.14 million liver-
related deaths worldwide. Hospitalization rates for cirrhosis
and portal hypertension are rising in the United States, and
patients with chronic liver disease have longer hospital
stays, more readmissions, and less access to post-acute care
than patients with other chronic diseases. Causes include
chronic viral hepatitis; alcohol; drug toxicity; autoimmune
and metabolic liver diseases, including NAFLD; and mis-
cellaneous disorders. Celiac disease appears to be associ-
ated with an increased risk of cirrhosis. Many patients have
more than one risk factor (eg, chronic hepatitis and alcohol
use) and likely genetic predisposition. Mexican Americans
and Blacks have a higher frequency of cirrhosis than
Whites because of a higher rate of risk factors. In persons
at increased risk for liver injury (eg, heavy alcohol use,
obesity, iron overload), higher coffee and tea consumption
and statin use reduce the risk of cirrhosis.

Clinically, cirrhosis is considered to progress through
three stages that correlate with the thickness of fibrous septa:
compensated, compensated with varices, and decompensated
(ascites, variceal bleeding, encephalopathy, or jaundice).

A diagnosis of acute-on-chronic liver failure should be
made in a patient with cirrhosis and acute decompensation
(new or worsening ascites, gastrointestinal hemorrhage,

overt encephalopathy, worsening nonobstructive jaundice,
or bacterial infection associated with other organ failure).
Various definitions have been proposed. The pathophysiol-
ogy is largely unknown but is thought to involve intense
systemic inflammation and oxidative stress. Precipitating
factors include infections, hemodynamic instability, heavy
alcohol use, and drug hepatotoxicity.

» Clinical Findings

A. Symptoms and Signs

The clinical features of cirrhosis result from hepatocyte
dysfunction, portosystemic shunting, and portal hyperten-
sion. Patients may have no symptoms for long periods. The
onset of symptoms may be insidious or, less often, abrupt.
Fatigue, disturbed sleep, muscle cramps, and weight loss
are common. In advanced cirrhosis, anorexia is usually
present and may be extreme, with associated nausea and
occasional vomiting, as well as reduced muscle strength
and exercise capacity. Abdominal pain may be present and
is related either to hepatic enlargement and stretching of
Glisson capsule or to the presence of ascites. Menstrual
abnormalities (usually amenorrhea), erectile dysfunction,
loss of libido, sterility, and gynecomastia may occur.
Hematemesis is the presenting symptom in 15–25%. The
risk of falls is increased in hospitalized patients with cir-
rhosis who are taking psychoactive medications.

Skin manifestations consist of spider telangiectasias
(invariably on the upper half of the body), palmar erythema
(mottled redness of the thenar and hypothenar eminences),
and Dupuytren contractures. Evidence of vitamin deficien-
cies (glossitis and cheilosis) is common. Weight loss, wasting
(due to sarcopenia), and the appearance of chronic illness are
present in advanced cirrhosis. Jaundice—usually not an ini-
tial sign—is mild at first, increasing in severity during the
later stages of the disease. In 70% of cases, the liver is
enlarged, palpable, and firm if not hard and has a sharp or
nodular edge; the left lobe may predominate. Splenomegaly is
present in 35–50% of cases and is associated with an increased
risk of complications of portal hypertension. The superficial
veins of the abdomen and thorax are dilated, reflecting the
intrahepatic obstruction to portal blood flow, as do rectal
varices. The abdominal wall veins fill from below when com-
pressed. Ascites, pleural effusions, peripheral edema, and
ecchymoses are late findings. Ascites is classified as grade 1,
or mild, when it is detectable only by ultrasound; grade 2, or
moderate, when associated with symmetrical abdominal
distention; and grade 3, or gross, when associated with
marked abdominal distention. Encephalopathy, character-
ized by day-night reversal, asterixis, tremor, dysarthria,
delirium, drowsiness, and, ultimately, coma also occurs late
in the course except when precipitated by an acute hepato-
cellular insult or an episode of gastrointestinal bleeding or
infection. Fever is present in up to 35% of patients and usu-
ally reflects associated alcohol-associated hepatitis, spontane-
ous bacterial peritonitis, or another intercurrent infection.

B. Laboratory Findings

Laboratory abnormalities are either absent or minimal in
early or compensated cirrhosis. Anemia, a frequent
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finding, is often macrocytic; causes include suppression of
erythropoiesis by alcohol as well as folate deficiency, hemo-
lysis, hypersplenism, and occult or overt blood loss from
the gastrointestinal tract. The white blood cell count may
be low, reflecting hypersplenism, or high, suggesting infec-
tion. Thrombocytopenia, the most common cytopenia in
cirrhotic patients, is secondary to alcohol-induced marrow
suppression, sepsis, folate deficiency, or splenic sequestra-
tion. Prolongation of the prothrombin time may result
from reduced levels of clotting factors (except factor VIII).
However, bleeding risk correlates poorly with the pro-
thrombin time because of concomitant abnormalities of
fibrinolysis, and among hospitalized patients under age 45,
cirrhosis is associated with an increased risk of venous
thromboembolism.

Blood chemistries reflect hepatocellular injury and dys-
function, manifested by modest elevations of AST and
alkaline phosphatase and progressive elevation of the bili-
rubin. Serum albumin decreases as the disease progresses;
gamma-globulin levels are increased and may be as high as
in autoimmune hepatitis. The risk of diabetes mellitus is
increased in patients with cirrhosis, particularly when
associated with HCV infection, alcoholism, hemochro-
matosis, or NAFLD. Vitamin D deficiency has been
reported in as many as 91% of patients with cirrhosis. In
cirrhosis of all causes, the following are common: (1)
blunted cardiac inotropic and chronotropic responses to
exercise, stress, and drugs, (2) prolongation of the QT
interval in the setting of a hyperkinetic circulation, and
(3) systolic and diastolic ventricular dysfunction in the
absence of other known causes of cardiac disease (“cirrhotic
cardiomyopathy”). Relative adrenal insufficiency appears
to be common in patients with advanced cirrhosis, even in
the absence of sepsis, and in those with acute-on-chronic
liver failure and may relate in part to reduced synthesis of
cholesterol and increased levels of proinflammatory
cytokines.

C. Imaging

Ultrasonography is helpful for assessing liver size and
detecting ascites or hepatic nodules, including small hepa-
tocellular carcinomas. Together with a Doppler study, it
may establish patency of the splenic, portal, and hepatic
veins. Hepatic nodules are characterized further by
contrast-enhanced CT or MRI. Nodules indeterminant for
malignancy may be biopsied under ultrasound or CT
guidance.

D. Liver Biopsy

Liver biopsy may show inactive cirrhosis (fibrosis with
regenerative nodules) with no specific features to suggest
the underlying cause. Alternatively, there may be addi-
tional features of alcohol-associated liver disease, chronic
hepatitis, NASH, or other specific causes of cirrhosis. Liver
biopsy may be performed by laparoscopy or, in patients
with coagulopathy and ascites, by a transjugular or endo-
scopic ultrasonographic approach. Combinations of rou-
tine blood tests (eg, AST, platelet count), including the
FibroSure test, serum markers of hepatic fibrosis

(eg, hyaluronic acid, amino-terminal propeptide of type III
collagen, tissue inhibitor of matrix metalloproteinase 1),
and ultrasound or magnetic resonance elastography are
potential alternatives to liver biopsy for the diagnosis or
exclusion of cirrhosis. In persons with chronic hepatitis C,
for example, a low FibroSure or elastography score reliably
excludes advanced fibrosis, a high score reliably predicts
advanced fibrosis, and intermediate scores are inconclu-
sive. The combination of increased liver stiffness and a
platelet count below 150,000/mcL (150 × 109/L) is an indi-
cator of clinically significant portal hypertension.

E. Other Tests

Esophagogastroduodenoscopy confirms the presence of
varices and detects specific causes of bleeding in the
esophagus, stomach, and proximal duodenum. In selected
cases, wedged hepatic vein pressure measurement may
establish the presence and cause of portal hypertension.

» Differential Diagnosis

The most common causes of cirrhosis are alcohol, chronic
hepatitis C infection, NAFLD, and hepatitis B infection.
Hemochromatosis is the most commonly identified genetic
disorder that causes cirrhosis. Other diseases associated
with cirrhosis include Wilson disease, alpha-1-antitrypsin
(alpha-1-antiprotease) deficiency, and celiac disease. PBC
occurs more frequently in women than men. Secondary
biliary cirrhosis may result from chronic biliary obstruc-
tion due to a stone, stricture, or neoplasm. Heart failure
and constrictive pericarditis may lead to hepatic fibrosis
(“cardiac cirrhosis”) complicated by ascites. Hereditary
hemorrhagic telangiectasia can lead to portal hypertension
because of portosystemic shunting and nodular transfor-
mation of the liver as well as high-output heart failure.
Many cases of cirrhosis are “cryptogenic,” in which unrec-
ognized NAFLD may play a role.

» Complications

Upper gastrointestinal tract bleeding may occur from vari-
ces, portal hypertensive gastropathy, or gastroduodenal
ulcer (see Chapter 15). Varices may also result from portal
vein thrombosis, which may complicate cirrhosis. Liver
failure may be precipitated by alcoholism, surgery, and
infection. Hepatic Kupffer cell (reticuloendothelial) dys-
function and decreased opsonic activity lead to an increased
risk of systemic infection (which may be increased further
by the use of proton pump inhibitors, which increase mor-
tality fourfold). These infections include nosocomial infec-
tions, which may be classified as spontaneous bloodstream
infections, urinary tract infections, pulmonary infections,
spontaneous bacterial peritonitis, Clostridioides difficile
infection, and intervention-related infections. These noso-
comial infections are increasingly caused by multidrug-
resistant bacteria. Osteoporosis occurs in 12–55% of
patients with cirrhosis. The risk of hepatocellular carci-
noma is increased greatly in persons with cirrhosis (see
Chapter 39). Varices, ascites, and encephalopathy may arise
when there is clinically significant portal hypertension
(hepatic venous pressure gradient greater than 10 mm Hg).
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» Treatment

A. General Measures

Most important is abstinence from alcohol. The diet
should be palatable, with adequate calories (20–40 kcal/kg
body weight per day depending on the patient’s body mass
index and the presence or absence of malnutrition) and
protein (1.2–1.5 g/kg/day depending on the presence or
absence of malnutrition) and, if there is fluid retention,
sodium restriction. In the presence of hepatic encepha-
lopathy, protein intake should be reduced to no less than
60–80 g/day. Vitamin supplementation is desirable. Muscle
cramps may be helped by L-carnitine, 300 mg orally four
times a day, calcium, quinidine, or muscle relaxants.
Patients with cirrhosis should receive the HAV, HBV, and
pneumococcal vaccines, a yearly influenza vaccine, and,
when available, a COVID vaccine. Liver transplantation in
appropriate candidates is curative. Care coordination and
palliative care, when appropriate, have been shown to
improve outcomes and reduce readmission rates.

B. Treatment of Complications

1. Ascites and edema—Diagnostic paracentesis is indi-
cated for patients who have new ascites or who have been
hospitalized for a complication of cirrhosis; it reduces mor-
tality, especially if performed within 12 hours of admission.
Serious complications of paracentesis, including bleeding,
infection, or bowel perforation, occur in 1.6% of procedures
and are associated with therapeutic (vs diagnostic) paracen-
tesis and possibly with Child-Pugh class C, a platelet count
less than 50,000/mcL (50 × 109/L), and alcohol-associated
cirrhosis. In patients with coagulopathy, however, pre-
paracentesis prophylactic transfusions do not appear to be
necessary. In addition to a cell count and culture, the ascitic
albumin level should be determined: a serum-ascites albu-
min gradient (serum albumin minus ascitic fluid albumin)
greater than or equal to 1.1 suggests portal hypertension. An
elevated ascitic adenosine deaminase level is suggestive of
tuberculous peritonitis, but the sensitivity of the test is
reduced in patients with portal hypertension. Occasionally,
cirrhotic ascites is chylous (rich in triglycerides); other
causes of chylous ascites are malignancy, tuberculosis, and
recent abdominal surgery or trauma.

In individuals with ascites, the urinary sodium concen-
tration is often less than 10 mEq/L (10 mmol/L). Free water
excretion is also impaired in cirrhosis, and hyponatremia
may develop.

In all patients with cirrhotic ascites, dietary sodium
intake may initially be restricted to 2000 mg/day; the
intake of sodium may be liberalized slightly after diuresis
ensues. NSAIDs are contraindicated, and aminoglycosides,
angiotensin-converting enzyme inhibitors, and angioten-
sin II antagonists should be avoided. In some patients,
ascites diminishes promptly with bed rest and dietary
sodium restriction alone. Fluid intake is often restricted (to
800–1000 mL/day) in patients with hyponatremia. Treat-
ment of severe hyponatremia (serum sodium less than
125 mEq/L [125 mmol/L]) with vasopressin receptor
antagonists (eg, intravenous conivaptan, 20 mg daily) can

be considered, but such treatment is expensive, causes
thirst, and does not improve survival; oral tolvaptan is
contraindicated in patients with liver disease because of
potential hepatotoxicity. Long-term intravenous adminis-
tration of albumin has been reported to improve 18-month
survival in patients with cirrhotic ascites.

a. Diuretics—Spironolactone, generally in combination
with furosemide, should be used in patients who do not
respond to salt restriction alone. The dose of spironolac-
tone is initially 100 mg orally daily and may be increased
by 100 mg every 3–5 days (up to a maximal conventional
daily dose of 400 mg/day, although higher doses have been
used) until diuresis is achieved, typically preceded by a rise
in the urinary sodium concentration. A “spot” urine
sodium concentration that exceeds the potassium concen-
tration correlates with a 24-hour sodium excretion greater
than 78 mmol/day, which predicts diuresis in patients
adherent to a salt-restricted diet. Monitoring for hyperka-
lemia is important. In patients who cannot tolerate spi-
ronolactone because of side effects, such as painful
gynecomastia, amiloride (another potassium-sparing
diuretic) may be used in a starting dose of 5–10 mg orally
daily. Diuresis is augmented by the addition of a loop
diuretic such as furosemide. This potent diuretic, however,
will maintain its effect even with a falling glomerular filtra-
tion rate, with resulting prerenal azotemia. The dose of oral
furosemide is increased in concert with spironolactone and
ranges from 40 mg/day to 160 mg/day, and blood pressure,
urinary output, mental status, and serum electrolytes
(especially potassium) should be monitored in patients
taking the drug. The goal of weight loss in the ascitic
patient without associated peripheral edema should be no
more than 1–1.5 lb/day (0.5–0.7 kg/day).

b. Large-volume paracentesis—In patients with mas-
sive ascites and respiratory compromise, ascites refractory
to diuretics (“diuretic resistant”), or intolerable diuretic
side effects (“diuretic intractable”), large-volume paracen-
tesis (more than 5 L) is effective. Intravenous albumin
concomitantly at a dosage of 6–8 g/L of ascites fluid
removed protects the intravascular volume and may pre-
vent post-paracentesis circulatory dysfunction, although
the usefulness of this practice is debated and albumin is
expensive. Large-volume paracentesis can be repeated daily
until ascites is largely resolved and may decrease the need
for hospitalization. If possible, diuretics should be contin-
ued in the hope of preventing recurrent ascites.

c. Transjugular intrahepatic portosystemic

shunt (TIPS)—TIPS is an effective treatment of variceal
bleeding refractory to standard therapy (eg, endoscopic
band ligation) and has shown benefit in the treatment of
severe refractory ascites. The technique involves insertion
of an expandable metal stent between a branch of the
hepatic vein and the portal vein over a catheter inserted via
the internal jugular vein. Increased renal sodium excretion
and control of ascites refractory to diuretics can be achieved
in about 75% of selected cases. The success rate is lower in
patients with underlying chronic kidney disease. TIPS
appears to be the treatment of choice for refractory hepatic

CMDT22_Ch16_p0677-p0740.indd 706 29/06/21 8:39 PM



LIVer, BILIarY traCt, & paNCreaS DISOrDerS 707CMDT 2022

hydrothorax (translocation of ascites across the diaphragm
to the pleural space); video-assisted thoracoscopy with
pleurodesis using talc may be effective when TIPS is con-
traindicated. Complications of TIPS include hepatic
encephalopathy in 20–30% of cases, infection, shunt steno-
sis in up to 60% of cases, and shunt occlusion in up to 30%
of cases when bare stents are used; polytetrafluoroethyl-
ene-covered stents are associated with long-term patency
rates of 80–90%. Long-term patency often requires peri-
odic shunt revisions. In most cases, patency can be main-
tained by balloon dilation, local thrombolysis, or placement
of an additional stent. TIPS is particularly useful in patients
who require short-term control of variceal bleeding or
ascites until liver transplantation can be performed. In
patients with refractory ascites, TIPS results in lower rates
of ascites recurrence and hepatorenal syndrome but a
higher rate of hepatic encephalopathy than occurs with
repeated large-volume paracentesis; a benefit in survival
has been demonstrated in one study and a meta-analysis.
Chronic kidney disease, diastolic cardiac dysfunction,
refractory encephalopathy, and hyperbilirubinemia
(greater than 5 mg/dL [85.5 mcmol/L]) are associated with
mortality after TIPS, and patients with a serum bilirubin
greater than 3 mg/dL (50 mcmol/L), platelets less than
75,000/mcL (75 × 109/L), preexisting encephalopathy,
active infection, severe heart failure, or severe pulmonary
hypertension may not benefit from TIPS.

2. Spontaneous bacterial peritonitis—Spontaneous bac-
terial peritonitis is heralded by abdominal pain, increasing
ascites, fever, and progressive encephalopathy in a patient
with cirrhotic ascites; symptoms are typically mild. (Analo-
gously, spontaneous bacterial empyema may complicate
hepatic hydrothorax and is managed similarly.) Risk fac-
tors in cirrhotic patients with ascites include gastroesopha-
geal variceal bleeding and possibly use of a proton pump
inhibitor. Paracentesis reveals an ascitic fluid with, most
commonly, a total white cell count of up to 500 cells/mcL
(0.5 × 109/L) with a high polymorphonuclear (PMN) cell
count (250/mcL [0.25 × 109/L] or more) and a protein con-
centration of 1 g/dL (10 g/L) or less, corresponding to
decreased ascitic opsonic activity. Cultures of ascites give
the highest yield—80–90% positive—when specialized
culture bottles are inoculated at the bedside. Common
isolates are Escherichia coli and Streptococcus spp. Gram-
positive cocci are the most common isolates in patients
who have undergone an invasive procedure such as central
venous line placement, and the frequency of enterococcal
isolates is increasing. Anaerobes are uncommon. Pending
culture results, if there are 250 or more PMNs/mcL or
symptoms or signs of infection, intravenous antibiotic
therapy should be initiated with cefotaxime, 2 g every
8–12 hours for at least 5 days. Alternative choices include
ceftriaxone, amoxicillin-clavulanic acid, and levofloxacin
(in patients not receiving fluoroquinolone prophylaxis).
Oral ofloxacin, 400 mg twice daily for 7 days, or, in a
patient not already taking a fluoroquinolone for prophy-
laxis against bacterial peritonitis, a 2-day course of intrave-
nous ciprofloxacin, 200 mg twice daily, followed by oral
ciprofloxacin, 500 mg twice daily for 5 days, may

be effective alternative regimens in selected patients. A
carbapenem or piperacillin-tazobactam has been recom-
mended for patients with hospital-acquired spontaneous
bacterial peritonitis, which is increasingly caused by multi-
drug-resistant organisms, and specific therapy should be
guided by local resistance patterns. In patients with spon-
taneous bacterial peritonitis in the setting of acute-on-
chronic liver failure, treatment with meropenem and
daptomycin is recommended. Supplemental administra-
tion of intravenous albumin, 1.5 g/kg at diagnosis and
1 g/kg on day 3 (which may have anti-inflammatory
effects in addition to expanding plasma volume), prevents
further renal impairment and reduces mortality, particu-
larly in patients with a serum creatinine greater than
1 mg/dL (83.3 mcmol/L), blood urea nitrogen greater than
30 mg/dL (10.8 mmol/L), or total bilirubin greater than
4 mg/dL (68.4 mcmol/L). Response to therapy can be
documented, if necessary, by a decrease in the PMN count
of at least 50% on repeat paracentesis 48 hours after initia-
tion of therapy. The overall mortality rate is high—up to
30% during hospitalization and up to 70% by 1 year. Mor-
tality may be predicted by the 22/11 model: MELD score
greater than 22 and peripheral white blood cell count
higher than 11,000/mcL (11 × 109/L). Another model pre-
dictive of mortality includes the blood urea nitrogen, white
blood cell count, Child-Pugh score, and mean arterial pres-
sure. Patients with cirrhosis and septic shock have a high
frequency of relative adrenal insufficiency, which if present
requires administration of hydrocortisone.

In survivors of bacterial peritonitis, the risk of recurrent
peritonitis may be decreased by long-term ciprofloxacin
(eg, 500 mg orally once per day), norfloxacin (400 mg
orally daily; no longer available in the United States), or
trimethoprim-sulfamethoxazole (eg, one double-strength
tablet once per day). In cases of recurrent peritonitis, the
causative organism is often resistant to fluoroquinolones
and may become multidrug resistant in some cases. In
high-risk cirrhotic patients without prior peritonitis (eg,
those with an ascitic protein less than 1.5 g/dL and serum
bilirubin greater than 3 mg/dL (51.3 mcmol/L), serum
creatinine greater than 1.2 mg/dL (99.96 mcmol/L), blood
urea nitrogen 25 mg/dL (9 mmol/L) or more, sodium
130 mEq/L (130 mmol/L) or less, or Child-Pugh score of 9
or more, the risk of peritonitis, hepatorenal syndrome, and
mortality for at least 1 year may be reduced by prophylactic
trimethoprim-sulfamethoxazole, one double-strength tab-
let once per day, ciprofloxacin, 500 mg once per day, or
norfloxacin, 400 mg orally once a day (though not in the
United States). In patients hospitalized for acute variceal
bleeding, intravenous ceftriaxone (1 g per day), followed by
oral trimethoprim-sulfamethoxazole (one double-strength
tablet once per day) or ciprofloxacin (500 mg every
12 hours), for a total of 7 days, reduces the risk of bacterial
peritonitis. Nonantibiotic prophylactic strategies, includ-
ing probiotics, bile acids, and statins, are under study.

3. Hepatorenal syndrome—Hepatorenal syndrome occurs
in up to 10% of patients with advanced cirrhosis and asci-
tes. It is characterized by azotemia (increase in serum cre-
atinine level of greater than 0.3 mg/dL [26.5 mcmol/L])
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within 48 hours or increase by 50% or more from baseline
within the previous 7 days or a urine volume less than
0.5 mL/kg/h for 6 hours or longer in the absence of (1) cur-
rent or recent nephrotoxic drug use, (2) macroscopic signs
of structural kidney injury, or (3) shock and failure of kid-
ney function to improve following 2 days of diuretic with-
drawal and volume expansion with albumin, 1 g/kg up to a
maximum of 100 g/day. Oliguria, hyponatremia, and a low
urinary sodium concentration are typical features. Hepa-
torenal syndrome is diagnosed only when other causes of
acute kidney injury (including prerenal azotemia and acute
tubular necrosis) have been excluded. Acute kidney injury-
hepatorenal syndrome (formerly type 1 hepatorenal syn-
drome) is typically associated with at least doubling of the
serum creatinine to a level greater than 2.5 mg/dL
(208.25 mcmol/L) or by halving of the creatinine clearance
to less than 20 mL/min (0.34 mL/s/1.73 m2 BSA) in less
than 2 weeks. Chronic kidney disease (or nonacute kidney
injury)-hepatorenal syndrome (formerly type 2 hepatore-
nal syndrome) is more slowly progressive and chronic. An
acute decrease in cardiac output is often the precipitant.

In addition to discontinuation of diuretics, clinical
improvement and an increase in short-term survival may
follow intravenous infusion of albumin in combination
with one of the following vasoconstrictor regimens for
7–14 days: (1) intravenous terlipressin (not yet approved by
the US FDA, which in 2020 requested more information
regarding its risk-benefit profile; it remains the preferred
agent where available); (2) intravenous norepinephrine; or
(3) oral midodrine plus octreotide, subcutaneously or
intravenously. Oral midodrine, 7.5 mg three times daily,
added to diuretics, increases the blood pressure and has
also been reported to convert refractory ascites to diuretic-
sensitive ascites. Prolongation of survival has been associ-
ated with use of MARS, a modified dialysis method that
selectively removes albumin-bound substances. Improve-
ment and sometimes normalization of kidney function
may also follow placement of a TIPS; survival after 1 year
is reported to be predicted by the combination of a serum
bilirubin level less than 3 mg/dL (50 mcmol/L) and a plate-
let count greater than 75,000/mcL (75 × 109/L). Continu-
ous venovenous hemofiltration and hemodialysis are of
uncertain value in hepatorenal syndrome. Liver transplan-
tation is the ultimate treatment of choice, but many
patients die before a donor liver can be obtained. Mortality
correlates with the MELD score and presence of a systemic
inflammatory response. Acute kidney injury-hepatorenal
syndrome is often irreversible in patients with a systemic
infection. The 3-month probability of survival in cirrhotic
patients with hepatorenal syndrome (15%) is lower than
that for renal failure associated with infections (31%), hypo-
volemia (46%), and parenchymal kidney disease (73%).

4. Hepatic encephalopathy—Hepatic encephalopathy is a
state of disordered central nervous system function result-
ing from failure of the liver to detoxify noxious agents of
gut origin because of hepatocellular dysfunction and por-
tosystemic shunting. The clinical spectrum ranges from
day-night reversal and mild intellectual impairment to
coma. Patients with covert (formerly minimal) hepatic

encephalopathy have no recognizable clinical symptoms
but demonstrate mild cognitive, psychomotor, and atten-
tion deficits on standardized psychometric tests and an
increased rate of traffic accidents. The stages of overt
encephalopathy are (1) mild confusion, (2) drowsiness, (3)
stupor, and (4) coma. A revised staging system known as
SONIC (spectrum of neurocognitive impairment in cir-
rhosis) encompasses absent, covert, and stages 2 to 4
encephalopathy. Ammonia is the most readily identified
and measurable toxin but is not solely responsible for the
disturbed mental status. Bleeding into the intestinal tract
may significantly increase the amount of protein in the
bowel and precipitate encephalopathy. Other precipitants
include constipation, alkalosis, and potassium deficiency
induced by diuretics, opioids, hypnotics, and sedatives;
medications containing ammonium or amino compounds;
paracentesis with consequent hypovolemia; hepatic or sys-
temic infection; and portosystemic shunts (including
TIPS). In one study, risk factors for hepatic encephalopathy
in patients with cirrhosis included a higher serum bilirubin
level and use of a nonselective beta-blocker, whereas a
higher serum albumin level and use of a statin were protec-
tive. The diagnosis is based primarily on detection of char-
acteristic symptoms and signs, including asterixis. A
smartphone app called EncephalApp using the “Stroop
test” (asking the patient to name the color of a written word
rather than the word itself, even when the word is the name
of a different color) has proved useful for detecting covert
hepatic encephalopathy. The role of neuroimaging studies
(eg, cerebral PET, magnetic resonance spectroscopy) in the
diagnosis of hepatic encephalopathy is evolving.

Oral protein intake is withheld during acute episodes if
the patient cannot eat. When the patient resumes oral
intake, protein intake should be 60–80 g/day as tolerated;
vegetable protein is better tolerated than meat protein.
Gastrointestinal bleeding should be controlled and blood
purged from the gastrointestinal tract. This can be accom-
plished with 120 mL of magnesium citrate by mouth or
nasogastric tube every 3–4 hours until the stool is free of
gross blood or by administration of lactulose. The value of
treating patients with covert hepatic encephalopathy is
uncertain; probiotic agents may have some benefit.

Lactulose, a nonabsorbable synthetic disaccharide syrup,
is digested by bacteria in the colon to short-chain fatty acids,
resulting in acidification of colon contents. This acidification
favors the formation of ammonium ion in the NH

4
+ ↔ NH

3

+ H+ equation; NH
4
+ is not absorbable, whereas NH

3
is

absorbable and thought to be neurotoxic. Lactulose also
leads to a change in bowel flora so that fewer ammonia-
forming organisms are present. When given orally, the initial
dose of lactulose for acute hepatic encephalopathy is 30 mL
three or four times daily. The dose should then be titrated so
that the patient produces 2–3 soft stools per day. When given
rectally because the patient is unable to take medicines
orally, the dose is 200 g/300 mL given as a solution of lactu-
lose in saline or sorbitol in a retention enema for
30–60 minutes; it may be repeated every 4–6 hours. Bowel
cleansing with a polyethylene glycol colonoscopy prepara-
tion is also effective in patients with acute overt hepatic
encephalopathy and may be preferable. Continued use of
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lactulose after an episode of acute encephalopathy reduces
the frequency of recurrences.

The ammonia-producing intestinal flora may also be
controlled with an oral antibiotic. The nonabsorbable agent
rifaximin, 550 mg orally twice daily, is preferred and has
been shown as well to maintain remission of and reduce
the risk of rehospitalization for hepatic encephalopathy
over a 24-month period, with or without the concomitant
use of lactulose. Metronidazole, 250 mg orally three times
daily, has also shown benefit. Patients who do not respond
to lactulose alone may improve with a course of an antibi-
otic added to treatment with lactulose.

Opioids and sedatives metabolized or excreted by the
liver should be avoided. If agitation is marked, oxazepam,
10–30 mg, which is not metabolized by the liver, may be
given cautiously by mouth or by nasogastric tube. Zinc
deficiency should be corrected, if present, with oral zinc
sulfate, 600 mg/day in divided doses. Sodium benzoate, 5 g
orally twice daily, ornithine aspartate, 9 g orally three times
daily, and L-acyl-carnitine (an essential factor in the mito-
chondrial transport of long-chain fatty acids), 4 g orally
daily, may lower blood ammonia levels, but there is less
experience with these drugs than with lactulose. Flumaze-
nil is effective in about 30% of patients with severe hepatic
encephalopathy, but the drug is short-acting and intrave-
nous administration is required. Use of special dietary
supplements enriched with branched-chain amino acids is
usually unnecessary except in occasional patients who are
intolerant of standard protein supplements.

5. Coagulopathy—Hypoprothrombinemia caused by mal-
nutrition and vitamin K deficiency may be treated with
vitamin K (eg, phytonadione, 5 mg orally or intravenously
daily); however, this treatment is ineffective when synthesis
of coagulation factors is impaired because of hepatic dis-
ease. In such cases, correcting the prolonged prothrombin
time would require large volumes of fresh frozen plasma
(see Chapter 14). Because the effect is transient, plasma
infusions are not indicated except for active bleeding or
before an invasive procedure, and even then, their value
has been questioned because of concomitant alterations in
anti-hemostatic factors and because bleeding risk does not
correlate with the INR. Recombinant activated factor VIIa
may be an alternative but is expensive and poses a 1–2%
risk of thrombotic complications. In fact, bleeding risk in
critically ill patients with cirrhosis has been shown to cor-
relate with bleeding on hospital admission, a platelet count
less than 30,000/mcL (30 × 109/L), a fibrinogen level less
than 60 mg/dL (1.764 mcmol/L), and an activated partial
thromboplastin time greater than 100 seconds. In patients
with active bleeding or undergoing an invasive procedure,
goals for management according to some guidelines
include a hematocrit value greater than 25%, platelet count
greater than 50,000/mcL (50 × 109/L), and fibrinogen level
greater than 120 mg/dL (3.528 mcmol/L). A thrombopoi-
etin analog, eg, avatrombopag or lusutrombopag, reduces
the need for platelet transfusions in patients with cirrhosis
and a platelet count less than 50,000/mcL (50 × 109/L) who
undergo invasive procedures but must be administered for
at least 3–5 days for the platelet count to start to rise.

Eltrombopag, the first-generation agent, was associated
with an increased risk of portal vein thrombosis and arte-
rial thromboembolism.

6. Hemorrhage from esophageal varices—See Chapter 15.

7. Hepatopulmonary syndrome and portopulmonary
hypertension—Shortness of breath in patients with cirrhosis
may result from pulmonary restriction and atelectasis caused
by massive ascites or hepatic hydrothorax. The hepatopulmo-
nary syndrome—the triad of chronic liver disease, an increased
alveolar-arterial gradient while the patient is breathing room
air, and intrapulmonary vascular dilatations or arteriovenous
communications that result in a right-to-left intrapulmonary
shunt—occurs in 5–32% of patients with cirrhosis. Patients
often have greater dyspnea (platypnea) and arterial deoxygen-
ation (orthodeoxia) in the upright than in the recumbent
position. The diagnosis should be suspected in a cirrhotic
patient with a pulse oximetry level of 94–96% or lower.

Contrast-enhanced echocardiography is a sensitive
screening test for detecting pulmonary vascular dilatations,
whereas macroaggregated albumin lung perfusion scanning
is more specific and may be used to confirm the diagnosis.
High-resolution CT may be useful for detecting dilated pul-
monary vessels that may be amenable to embolization in
patients with severe hypoxemia (PO

2
less than 60 mm Hg

[7.8 kPa]) who respond poorly to supplemental oxygen.
Medical therapy has been disappointing. Long-term

oxygen therapy is recommended for severely hypoxemic
patients. The syndrome may reverse with liver transplanta-
tion, although postoperative morbidity and mortality from
severe hypoxemic respiratory failure are increased in
patients with a preoperative arterial PO

2
less than 44 mm Hg

(5.9 kPa) or with substantial intrapulmonary shunting.
TIPS may provide palliation in patients with hepatopulmo-
nary syndrome awaiting transplantation.

Portopulmonary hypertension occurs in 0.7% of patients
with cirrhosis. Female sex and autoimmune hepatitis have
been reported to be risk factors, and large spontaneous por-
tosystemic shunts are present in many affected patients and
are associated with a lack of response to treatment. In cases
confirmed by right-sided heart catheterization, treatment
with the prostaglandins epoprostenol, iloprost, or treprosti-
nil (the latter two are easier to administer); the endothelin-
receptor antagonists bosentan (no longer used because of
potential hepatotoxicity), ambrisentan, or macitentan; the
phosphodiesterase-5 inhibitors sildenafil, tadalafil, or varde-
nafil; the oral prostacyclin receptor agonist selexipag; or the
direct cyclic GMP analog riociguat may reduce pulmonary
hypertension and thereby facilitate liver transplantation.
Beta-blockers worsen exercise capacity and are contraindi-
cated, and calcium channel blockers should be used with
caution because they may worsen portal hypertension. Liver
transplantation is contraindicated in patients with moderate
to severe pulmonary hypertension (mean pulmonary pres-
sure greater than 35 mm Hg).

C. Liver Transplantation

Liver transplantation is indicated in selected cases of irre-
versible, progressive chronic liver disease, acute-on-chronic
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liver failure, acute liver failure, and certain metabolic dis-
eases in which the metabolic defect is in the liver. Absolute
contraindications include malignancy (except relatively
small hepatocellular carcinomas in a cirrhotic liver—see
Chapter 39), advanced cardiopulmonary disease (except
hepatopulmonary syndrome), and sepsis. Relative contra-
indications include age over 70 years, morbid obesity,
portal and mesenteric vein thrombosis, active alcohol or
drug abuse, severe malnutrition, and lack of patient under-
standing. With the emergence of effective antiretroviral
therapy for HIV disease, a major cause of mortality in these
patients has shifted to liver disease caused by HCV and
HBV infection; experience to date suggests that the out-
come of liver transplantation is comparable to that for
non–HIV-infected liver transplant recipients. Patients with
alcoholism should generally be abstinent for 6 months.
Liver transplantation should be considered in patients with
worsening functional status, rising bilirubin, decreasing
albumin, worsening coagulopathy, refractory ascites,
recurrent variceal bleeding, or worsening encephalopathy;
prioritization is based on the MELD (or MELD-Na) score.
Treatment of HCV infection should be deferred until after
transplantation in patients in whom the MELD score is 21
or higher. Combined liver-kidney transplantation is indi-
cated in patients with associated kidney failure presumed
to be irreversible. The major impediment to more wide-
spread use of liver transplantation is a shortage of donor
organs. Adult living donor liver transplantation is an
option for some patients, and extended-criteria donors are
used. Five-year survival rates over 80% are now reported.
Hepatocellular carcinoma, hepatitis B and C, Budd-Chiari
syndrome, and autoimmune liver disease may recur in the
transplanted liver. The incidence of recurrence of hepatitis
B can be reduced by preoperative and postoperative treat-
ment with a nucleoside or nucleotide analog and periop-
erative administration of HBIG, and hepatitis C can be
treated with direct-acting antiviral agents. Immunosup-
pression is achieved with combinations of cyclosporine,
tacrolimus, sirolimus, corticosteroids, azathioprine, and
mycophenolate mofetil and may be complicated by infec-
tions, advanced chronic kidney disease, neurologic disor-
ders, and drug toxicity, as well as graft rejection, vascular
occlusion, or bile leaks. Patients taking these drugs are at
risk for obesity, diabetes mellitus, and hyperlipidemia and
may develop recurrent or de novo NAFLD following
transplantation.

» Prognosis

The risk of death from compensated cirrhosis is 4.7 times
that of the risk in the general population, and the risk from
decompensated cirrhosis is 9.7 times higher. Use of statins
appears to decrease the risk of decompensation in patients
with compensated cirrhosis, in whom the risk of decompen-
sation can be predicted with a scoring system that includes
serum albumin, serum bilirubin, age, serum AST and ALT,
and platelet count. Prognostic scoring systems for cirrhosis
include the Child-Pugh score and MELD score (Table 16–8).
The MELD (or MELD-Na) score, which incorporates the
serum bilirubin, creatinine, and sodium levels and the INR,
is also a measure of mortality risk in patients with end-stage

liver disease and is particularly useful for predicting short-
and intermediate-term survival and complications of cir-
rhosis (eg, bacterial peritonitis) as well as determining
allocation priorities for donor livers. Additional (MELD-
exception) points are given for patients with conditions such
as hepatopulmonary syndrome and hepatocellular carci-
noma that may benefit from liver transplantation. A MELD
score of 17 or more is required for liver transplant listing. In
patients with a relatively low MELD score (less than 21) and
a low priority for liver transplantation, an elevated hepatic
venous pressure gradient, persistent ascites, hepatic enceph-
alopathy, and a low health-related quality of life are addi-
tional independent predictors of mortality, and further
modifications of the MELD score are under consideration.
Only 50% of patients with severe hepatic dysfunction
(serum albumin less than 3 g/dL [30 g/L], bilirubin greater
than 3 mg/dL [51.3 mcmol/L], ascites, encephalopathy,
cachexia, and upper gastrointestinal bleeding) survive
6 months without transplantation. The risk of death in this
subgroup of patients with advanced cirrhosis is associated
with muscle wasting, age 65 years or older, mean arterial
pressure 82 mm Hg or less, severe kidney dysfunction, cog-
nitive dysfunction, ventilatory insufficiency, prothrombin

Table 16–8. Child-Pugh and Model for End-Stage Liver
Disease (MELD) scoring systems for staging cirrhosis.

Cild-pug Scoing Sysm

pm

Numicl Sco

1 2 3

Ascites None Slight Moderate to

severe

Encephalopathy None Slight to

moderate

Moderate to

severe

Bilirubin, mg/dL

(mcmol/L)

< 2.0 (34.2) 2–3 (34.2–51.3) > 3.0 (51.3)

Albumin, g/dL (g/L) > 3.5 (35) 2.8–3.5 (28–35) < 2.8 (28)

Prothrombin time

(seconds

increased)

1–3 4–6 > 6.0

tol Numicl Sco nd Cosonding

Cild-pug Clss

Sco Clss

5–6 A

7–9 B

10–15 C

MeLD Scoing Sysm

Original MELD = 11.2 log
e

(INR) + 3.78 log
e

(bilirubin [mg/dL]) +

9.57 log
e

(creatinine [mg/dL]) + 6.43. (Range 6–40.)

The MELD-Na score was developed in 2016 by adding the serum

sodium as a component: MELD-Na = MELD + (140 – Na) ×

(1 – 0.025 × MELD).

INR, international normalized ratio.
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time 16 seconds or longer, delayed and suboptimal treat-
ment of sepsis, and second infections. For cirrhotic patients
admitted to an intensive care unit, the Royal Free Hospital
score, consisting of the serum bilirubin, INR, serum lactate,
alveolar-arterial oxygen gradient, and blood urea nitrogen,
has been reported to predict mortality. The combination of
the MELD score and serum lactate at the time of hospitaliza-
tion has been reported to predict inpatient mortality better
than the MELD score alone. Severe kidney dysfunction
increases mortality up to sevenfold in patients with cirrhosis,
and at least 25% of patients who survive an episode of acute
kidney injury develop chronic kidney disease. The ratio of
neutrophils to lymphocytes in peripheral blood has been
reported to correlate with mortality 1 year after a nonelective
hospitalization in patients with cirrhosis. Obesity and diabe-
tes mellitus appear to be risk factors for clinical deterioration
and cirrhosis-related mortality, as is continued alcohol use in
patients with alcohol-associated cirrhosis. The use of beta-
blockers for portal hypertension is beneficial early in the
course. However, beta-blockers become ineffective and may
be associated with reduced survival in patients with refrac-
tory ascites, spontaneous bacterial peritonitis, sepsis, or
severe alcohol-associated hepatitis because of their negative
effect on cardiac compensatory reserve. In general, beta-
blockers should be discontinued when the systolic blood
pressure is less than 90 mm Hg, the serum sodium level is
less than 130 mEq/L, or acute kidney injury has developed,
although results of some studies have challenged these
guidelines. Patients with cirrhosis are at risk for the develop-
ment of hepatocellular carcinoma, with rates of 3–5% per
year for alcohol-associated and viral hepatitis–related cir-
rhosis. Liver transplantation has markedly improved the
outlook for patients with cirrhosis who are candidates and
are referred for evaluation early in the course. Patients with
compensated cirrhosis are given additional priority for liver
transplantation if they are found to have a lesion larger than
2 cm in diameter consistent with hepatocellular carcinoma.
In-hospital mortality from cirrhosis declined from 9.1% in
2002 to 5.4% in 2010 and that from variceal bleeding in
patients with cirrhosis declined from over 40% in 1980 to
15% in 2000. Rates and costs of hospital admissions increased
substantially between 2005 and 2015, primarily because of
increases in the rates of cirrhosis caused by NAFLD. Patients
hospitalized with cirrhosis and an infection are at high risk
for subsequent infections, particularly if they are older, tak-
ing a proton pump inhibitor, or receiving antibiotic prophy-
laxis for spontaneous bacterial peritonitis.

» When to Refer

• For liver biopsy.

• When the MELD score is 14 or higher.

• For upper endoscopy to screen for gastroesophageal
varices.

» When to Admit

• Gastrointestinal bleeding.

• Stage 3–4 hepatic encephalopathy.

• Worsening kidney function.

• Severe hyponatremia.

• Serious infection.

• Profound hypoxia.

Aithal GP et al. Guidelines on the management of ascites in cir-
rhosis. Gut. 2021;70:9. [PMID: 33067334]

Arroyo V et al. Acute-on-chronic liver failure. N Engl J Med.
2020;382:2137. [PMID: 32459924]

Bajaj JS et al. Important unresolved questions in the manage-
ment of hepatic encephalopathy: an ISHEN consensus. Am J
Gastroenterol. 2020;115:989. [PMID: 32618647]

John S, Friedman LS. Portal hypertensive ascites: current status.
Curr Hepatology Rep. 2020;19:226. https://doi.org/10.1007/
s11901-020-00524-y

Zermatten MG et al. Hemostatic alterations in patients with cir-
rhosis: from primary hemostasis to fibrinolysis. Hepatology.
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PRIMARY BILIARY CHOLANGITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Occurs in middle-aged women.

» Often asymptomatic.

» Elevation of alkaline phosphatase, positive antimi-
tochondrial antibodies, elevated IgM, increased
cholesterol.

» Characteristic liver biopsy.

» In later stages, can present with fatigue, jaundice,
features of cirrhosis, xanthelasmas, xanthomas,
steatorrhea.

» General Considerations

PBC is a chronic disease of the liver characterized by auto-
immune destruction of small intrahepatic bile ducts and
cholestasis. The designation “primary biliary cholangitis” has
replaced “primary biliary cirrhosis” because many patients
do not have cirrhosis. The disease is insidious in onset,
occurs usually in women aged 40–60 years, and is often
detected by the chance finding of elevated alkaline phospha-
tase levels. Estimated incidence and prevalence rates in the
United States are 4.5 and 65.4 per 100,000, respectively, in
women, and 0.7 and 12.1 per 100,000, respectively, in men.
These rates may be increasing. The frequency of the dis-
ease among first-degree relatives of affected persons is
1.3–6%, the risk is increased in second- and third-degree
relatives, and the concordance rate in identical twins is
high. PBC is associated with HLA DRB1*08 and DQB1.
The disease may be associated with Sjögren syndrome,
autoimmune thyroid disease, Raynaud syndrome, systemic
sclerosis (scleroderma), hypothyroidism, and celiac disease;
all patients with PBC should be screened for these condi-
tions. Infection with Novosphingobium aromaticivorans or
Chlamydophila pneumoniae may trigger or cause PBC. A
history of urinary tract infections (caused by E coli or
Lactobacillus delbrueckii) and smoking, and possibly use
of hormone replacement therapy and hair dye, are risk
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factors, and clustering of cases in time and space argues for
a causative role of environmental agents.

» Clinical Findings

A. Symptoms and Signs

Many patients are asymptomatic for years. The onset of
clinical illness is insidious and is heralded by fatigue
(excessive daytime somnolence) and pruritus. With pro-
gression, physical examination reveals hepatospleno-
megaly. Xanthomatous lesions may occur in the skin and
tendons and around the eyelids. Jaundice, steatorrhea,
and signs of portal hypertension are late findings,
although occasional patients have esophageal varices
despite an early histologic stage. Autonomic dysfunction,
including orthostatic hypotension and associated fatigue
and cognitive dysfunction, appear to be common. The
risk of low bone density, osteoporosis, and fractures is
increased in patients with PBC (who tend to be older
women) possibly due in part to polymorphisms of the
vitamin D receptor.

B. Laboratory Findings

Blood counts are normal early in the disease. Liver bio-
chemical tests reflect cholestasis with elevation of alkaline
phosphatase, cholesterol (especially high-density lipopro-
teins and lipoprotein X), and, in later stages, bilirubin.
Antimitochondrial antibodies are present in 95% of
patients, and serum IgM levels are elevated.

» Diagnosis

The diagnosis of PBC is based on the detection of choles-
tatic liver chemistries (often initially an isolated elevation
of the alkaline phosphatase) and antimitochondrial anti-
bodies in a titer greater than 1:40 in serum. Baseline ultra-
sonography should be obtained. Liver biopsy is not
necessary for diagnosis unless antimitochondrial antibod-
ies are absent but permits histologic staging: I, portal
inflammation with granulomas; II, bile duct proliferation,
periportal inflammation; III, interlobular fibrous septa;
and IV, cirrhosis. Estimations of histologic stage by an
“enhanced liver fibrosis (ELF) assay,” which incorporates
serum levels of hyaluronic acid, tissue inhibitor of metal-
loproteinase-1, and procollagen III aminopeptide, and by
elastography have shown promise.

» Differential Diagnosis

The disease must be differentiated from chronic biliary
tract obstruction (stone or stricture), carcinoma of the bile
ducts, primary sclerosing cholangitis, sarcoidosis, choles-
tatic drug toxicity (eg, chlorpromazine), and (in some
cases) chronic hepatitis. Patients with a clinical and histo-
logic picture of PBC but no antimitochondrial antibodies
are said to have antimitochondrial antibody-negative PBC
(previously termed “autoimmune cholangitis”), which has
been associated with lower serum IgM levels and a greater
frequency of smooth muscle antibodies and ANA. Many
such patients are found to have antimitochondrial

antibodies by immunoblot against recombinant proteins
(rather than standard immunofluorescence). Some patients
have overlapping features of PBC and autoimmune
hepatitis.

» Treatment

Cholestyramine (4 g) in water or juice three times daily
may be beneficial for pruritus; colestipol and colesevelam
may be better tolerated but have not been shown to
reduce pruritus. Rifampin, 150–300 mg orally twice daily,
is inconsistently beneficial. Opioid antagonists (eg, nalox-
one, 0.2 mcg/kg/min by intravenous infusion, or naltrex-
one, starting at 12.5 mg/day by mouth) show promise in
the treatment of pruritus but may cause opioid with-
drawal symptoms. The 5-hydroxytryptamine (5-HT

3
)

serotonin receptor antagonist ondansetron, 4 mg orally
three times a day as needed, and the selective serotonin
reuptake inhibitor sertraline, 75–100 mg/day orally, may
also provide some benefit. For refractory pruritus, plas-
mapheresis or extracorporeal albumin dialysis may be
needed. Modafinil, 100–200 mg/day orally, may improve
daytime somnolence but is poorly tolerated. Deficiencies
of vitamins A, D, and K may occur if steatorrhea is pres-
ent and are aggravated when cholestyramine is
administered.

Ursodeoxycholic acid (13–15 mg/kg/day in one or two
doses) is the preferred medical treatment for PBC. It has
been shown to slow the progression of disease (particularly
in early-stage disease), stabilize histology, improve long-
term survival, reduce the risk of developing esophageal
varices, and delay (and possibly prevent) the need for liver
transplantation, even in the absence of liver biochemical
improvement. Complete normalization of liver biochemi-
cal tests occurs in 20% of treated patients within 2 years
and 40% within 5 years, and survival is similar to that of
healthy controls when the drug is given to patients with
stage 1 or 2 PBC. The rate of improvement in the alkaline
phosphatase to normal or near-normal levels has been
reported to be lower in men than women (72% vs 80%) and
higher in women diagnosed after age 70 than before age 30
(90% vs 50%). Ursodeoxycholic acid has also been reported
to reduce the risk of recurrent colorectal adenomas in
patients with PBC. Side effects include weight gain and
rarely loose stools. The drug can be continued during
pregnancy.

Obeticholic acid, a farnesoid-X receptor agonist, was
approved by the FDA in 2016 for the treatment of PBC in
patients with an incomplete response or intolerance to
ursodeoxycholic acid. Obeticholic acid is begun in a dose
of 5 mg orally daily and increased to 10 mg daily at
6 months if tolerated, based on the decline in serum alka-
line phosphatase and bilirubin levels. In patients with
Child-Pugh class B or C cirrhosis, the initial dose is 5 mg
weekly. Treatment with obeticholic acid has been shown to
stabilize or reverse hepatic fibrosis. The principal side
effect is pruritus. Given the expense of the drug, the cost-
effectiveness of obeticholic acid has been questioned.

Bezafibrate (not available in the United States) and
fenofibrate, which activate peroxisome proliferator–
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activated receptors (PPARs) and inhibit bile acid synthesis,
have shown promise as second-line agents and improve
symptoms, liver biochemical test levels, and fibrosis. Col-
chicine (0.6 mg orally twice daily) and methotrexate
(15 mg/wk orally) have had some reported benefit in
improving symptoms and serum levels of alkaline phos-
phatase and bilirubin. Methotrexate may also improve liver
histology in some patients, but overall response rates have
been disappointing. For patients with advanced disease,
liver transplantation is the treatment of choice.

» Prognosis

Without liver transplantation, survival averages 7–10 years
once symptoms develop but has improved for younger
women since the introduction of ursodeoxycholic acid.
Progression to liver failure and portal hypertension may be
accelerated by smoking. Patients with early-stage disease in
whom the alkaline phosphatase and AST are less than 1.5
times normal and bilirubin is 1 mg/dL (17.1 mcmol/L) or
less after 1 year of therapy with ursodeoxycholic acid
(Paris II criteria) are at low long-term risk for cirrhosis and
have a life expectancy similar to that of the healthy popula-
tion. Attainment of a serum bilirubin level less than 0.6
times the upper limit of normal or a normal alkaline phos-
phatase level is associated with the lowest risk for liver
transplantation or death. Pregnancy is well tolerated in
younger patients. In advanced disease, an adverse progno-
sis is indicated by a high Mayo risk score that includes
older age, high serum bilirubin, edema, low serum albu-
min, and prolonged prothrombin time as well as by vari-
ceal hemorrhage. Other prognostic models include the
Globe index, which is based on age, serum bilirubin, serum
albumin, serum alkaline phosphatase, and platelet count
and, in treated patients, the UK-PBC score, which is based
on the baseline serum albumin and platelet count and the
serum bilirubin, aminotransferases, and alkaline phospha-
tase after 12 months of ursodeoxycholic acid. An increase
in liver stiffness of more than 2.1 kilopascals per year indi-
cates an adverse prognosis. A prediction tool for varices
has been proposed based on the serum albumin, serum
alkaline phosphatase, platelet count, and splenomegaly.
Fatigue is associated with an increased risk of cardiac mor-
tality and may not be reversed by liver transplantation.
Among asymptomatic patients, a decline in liver function is
observed in up to 50% by 5 years, and at least one-third will
become symptomatic within 15 years. The risk of hepatocel-
lular carcinoma appears to be increased in patients with
PBC; risk factors include older age, male sex, prior blood
transfusions, advanced histologic stage, signs of cirrhosis or
portal hypertension, and a biochemical nonresponse to
ursodeoxycholic acid. Liver transplantation should be con-
sidered when the MELD-Na score is at least 15, total serum
bilirubin at least 6, or Mayo risk score at least 7.8. Liver
transplantation for advanced PBC is associated with a 1-year
survival rate of 85–90%. The disease recurs in the graft in
20% of patients by 3 years and 37% by 10 years. A reduced
risk of recurrence, graft loss, and death is associated with
preventive treatment with ursodeoxycholic acid in combina-
tion with cyclosporine (rather than tacrolimus).

» When to Refer

• For liver biopsy.

• For liver transplant evaluation.

» When to Admit

• Gastrointestinal bleeding.

• Stage 3–4 hepatic encephalopathy.

• Worsening kidney function.

• Severe hyponatremia.

• Profound hypoxia.

Gatselis NK et al. Factors associated with progression and out-
comes of early stage primary biliary cholangitis. Clin Gastro-
enterol Hepatol. 2020;18:684. [PMID: 31419573]

Lindor KD et al. Primary biliary cholangitis: 2018 practice guid-
ance from the American Association for the Study of Liver
Diseases. Hepatology. 2019;69:394. [PMID: 30070375]

Murillo Perez CF et al. Goals of treatment for improved survival in
primary biliary cholangitis: treatment target should be bilirubin
within the normal range and normalization of alkaline phospha-
tase. Am J Gastroenterol. 2020;115:1066. [PMID: 32618657]

Younossi ZM et al. Diagnosis and management of primary biliary
cholangitis. Am J Gastroenterol. 2019;114:48. [PMID: 30429590]

HEMOCHROMATOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Usually suspected because of a family history or
an elevated iron saturation or serum ferritin.

» Most patients are asymptomatic; the disease is
rarely recognized clinically before the fifth decade.

» Hepatic abnormalities and cirrhosis, heart failure,
hypogonadism, and arthritis.

» HFE gene mutation (usually C282Y/C282Y) is found
in most cases.

» General Considerations

Hemochromatosis is an autosomal recessive disease caused
in most cases by a mutation in the HFE gene on chromo-
some 6. The HFE protein is thought to play an important
role in the process by which duodenal crypt cells sense
body iron stores, and a mutation of the gene leads to
increased iron absorption from the duodenum. A decrease
in the synthesis or expression of hepcidin, the principal
iron regulatory hormone, is thought to be a key pathogenic
factor in all forms of hemochromatosis. About 85% of per-
sons with well-established hemochromatosis are homozy-
gous for the C282Y mutation (type 1a hemochromatosis).
The frequency of the C282Y mutation averages 7% in
Northern European and North American White popula-
tions, resulting in a 0.5% frequency of homozygotes (of
whom 38–50% will develop biochemical evidence of iron
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overload but only 28% of men and 1% of women will
develop clinical symptoms). The C282Y mutation and
hemochromatosis are uncommon in Blacks and Asian
American populations. A second genetic mutation (H63D)
may contribute to the development of iron overload in a
small percentage (1.5%) of persons who are compound
heterozygotes for C282Y and H63D (type 1b); iron over-
load–related disease develops in only a few patients
(particularly those who have a comorbidity such as diabe-
tes mellitus and fatty liver). A third mutation (S65C) may
lead to increased serum iron and ferritin levels without
clinical significance (type 1c). High serum ferritin levels are
seen in hyperferritinemia cataract syndrome associated
with mutations in the FTL (ferritin L-chain) gene. An
uncommon juvenile-onset variant that is characterized by
severe iron overload, cardiac dysfunction, hypogonado-
tropic hypogonadism, and a high mortality rate is usually
linked to a mutation of a gene on chromosome 1q desig-
nated HJV that produces a protein called hemojuvelin
(type 2a) or, rarely, to a mutation in the HAMP gene on
chromosome 19 that encodes hepcidin (type 2b). Rare
instances of hemochromatosis result from mutations in the
genes that encode transferrin receptor 2 (TFR2) (type 3) and
ferroportin (SLC40A1) (type 4a). Type 4b hemochromatosis
is characterized by resistance of ferroportin to hepcidin.

Hemochromatosis is characterized by increased accu-
mulation of iron as hemosiderin in the liver, pancreas,
heart, adrenals, testes, pituitary, and kidneys. Cirrhosis is
more likely to develop in affected persons who drink alco-
hol excessively or have obesity-related hepatic steatosis
than in those who do not; other risk factors include age and
diabetes mellitus. Eventually, hepatic and pancreatic insuf-
ficiency, heart failure, and hypogonadism may develop;
overall mortality is increased slightly. Heterozygotes do not
develop cirrhosis in the absence of associated disorders
such as viral hepatitis or NAFLD.

» Clinical Findings

A. Symptoms and Signs

The onset of clinical disease is usually after age 50 years—
earlier in men than in women; however, because of wide-
spread liver biochemical testing and iron screening, the
diagnosis is usually made long before symptoms develop.
Early symptoms are nonspecific (eg, fatigue, arthralgia).
Later clinical manifestations include a symmetric arthrop-
athy that is similar to osteoarthritis and calcium pyrophos-
phate deposition disease (and ultimately the need for joint
replacement surgery in some cases), hepatomegaly and
evidence of hepatic dysfunction, skin pigmentation (com-
bination of slate-gray due to iron and brown due to mela-
nin, sometimes resulting in a bronze color), cardiac
enlargement with or without heart failure or conduction
defects, diabetes mellitus with its complications, and erec-
tile dysfunction in men. Interestingly, population studies
have shown an increased prevalence of liver disease but not
of diabetes mellitus, arthritis, or heart disease in C282Y
homozygotes. In patients in whom cirrhosis develops,
bleeding from esophageal varices may occur, and there is a
15–20% frequency of hepatocellular carcinoma. Affected

patients are at increased risk of infection with Vibrio vulni-
ficus, Listeria monocytogenes, Yersinia enterocolitica, and
other siderophilic organisms. The risk of porphyria cuta-
nea tarda is increased in persons with the C282Y or H63D
mutation, and C282Y homozygotes have twice the risk of
colorectal and breast cancer than persons without the
C282Y variant.

B. Laboratory Findings

Laboratory findings include mildly abnormal liver tests
(AST, alkaline phosphatase), an elevated plasma iron with
greater than 45% transferrin saturation, a low unsaturated
iron-binding capacity, and an elevated serum ferritin
(although a normal iron saturation or a normal ferritin
does not exclude the diagnosis). Affected men are more
likely than affected women to have an elevated ferritin
level. Testing for HFE mutations is indicated in any patient
with evidence of iron overload. Interestingly, in persons
with an elevated serum ferritin, the likelihood of detecting
C282Y homozygosity decreases with increasing ALT and
AST levels, which likely reflect hepatic inflammation and
secondary iron overload. In contrast to secondary iron
overload, the serum ALT level is often normal.

C. Imaging

MRI and CT may show changes consistent with iron over-
load of the liver, and MRI-based techniques (eg, T2 spin
echo and T2* gradient-recalled echo MRI) can quantitate
hepatic iron stores and help assess the degree of hepatic
fibrosis.

D. Liver Biopsy

In patients who are homozygous for C282Y, liver biopsy is
often indicated to determine whether cirrhosis is present.
Biopsy can be deferred, however, in patients in whom the
serum ferritin level is less than 1000 mcg/L, serum AST
level is normal, and hepatomegaly is absent; the likelihood
of cirrhosis is low in these persons. Risk factors for
advanced fibrosis include male sex, excess alcohol con-
sumption, and diabetes mellitus. Liver biopsy also may be
indicated when iron overload is suspected even though the
patient is neither homozygous for C282Y nor a C282Y/
H63D compound heterozygote. In patients with hemo-
chromatosis, the liver biopsy characteristically shows
extensive iron deposition in hepatocytes and in bile ducts,
and the hepatic iron index—hepatic iron content per gram
of liver converted to micromoles and divided by the
patient’s age—is generally higher than 1.9 (though no
longer used for diagnosis). Only 5% of patients with heredi-
tary hemochromatosis identified by screening in a primary
care setting have cirrhosis.

» Screening

Iron studies and HFE testing are recommended for all first-
degree family members of a proband; children of an
affected person (C282Y homozygote) need to be
screened only if the patient’s spouse carries the C282Y
or H63D mutation. General population screening for
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hemochromatosis is not recommended because the clinical
penetrance of C282Y homozygosity and morbidity and
mortality from hemochromatosis are low. Patients with
otherwise unexplained chronic liver disease, chondrocalci-
nosis, erectile dysfunction, and type 1 diabetes mellitus
(especially late-onset) should be screened for iron
overload.

» Treatment

Affected persons are advised to avoid foods rich in iron
(such as red meat), alcohol, vitamin C, raw shellfish, and
supplemental iron, although dietary restrictions may not
be necessary in those undergoing phlebotomy. Weekly
phlebotomies of 1 or 2 units (250–500 mL) of blood (each
containing about 250 mg of iron) are indicated in all symp-
tomatic patients, and those with a serum ferritin level of at
least 300 mcg/L (men) or 200 mcg/L (women) with an
increased fasting iron saturation (greater than or equal to
45%); these phlebotomies should be continued for up to
2–3 years to achieve depletion of iron stores. The hemato-
crit and serum iron values should be monitored. When
iron store depletion is achieved (iron saturation less than
50% and serum ferritin level 50–100 mcg/L), phlebotomies
(every 2–4 months) to maintain serum ferritin levels
between 50 mcg/L and 100 mcg/L are continued, although
compliance has been reported to decrease with time.
Administration of a proton pump inhibitor, which reduces
intestinal iron absorption, decreases the maintenance phle-
botomy volume requirement. In C282Y homozygous
women, a body mass index greater than 28 is associated
with a lower phlebotomy requirement, possibly because
hepcidin levels are increased by overweight. Complications
of hemochromatosis—arthropathy, diabetes mellitus, heart
disease, portal hypertension, and hypopituitarism—also
require treatment.

The chelating agent deferoxamine is indicated for
patients with hemochromatosis and anemia or in those with
secondary iron overload due to thalassemia who cannot
tolerate phlebotomies. The drug is administered intrave-
nously or subcutaneously in a dose of 20–40 mg/kg/day
infused over 24 hours and can mobilize 30 mg of iron per
day; however, treatment is painful and time-consuming.
Two oral chelators, deferasirox, 20 mg/kg once daily, and
deferiprone, 25 mg/kg three times daily, have been approved
for treatment of iron overload due to blood transfusions and
may be appropriate in persons with hemochromatosis who
cannot tolerate phlebotomy; however, these agents have a
number of side effects and drug-drug interactions.

The course of hemochromatosis appears to be favorably
altered by phlebotomy therapy, although the evidence for a
benefit is surprisingly sparse. There is some evidence that
persons with hemochromatosis have better survival than
that of the general population. With phlebotomy therapy,
hepatic fibrosis may regress, and in precirrhotic patients,
cirrhosis may be prevented. Cardiac conduction defects
may improve with treatment. Joint disease, diabetes melli-
tus, and hypogonadism may not reverse with treatment of
hemochromatosis. More severe joint symptoms are associ-
ated with persistent increases in the transferrin saturation,
even if the serum ferritin level is maintained below

50 mcg/L. In patients with cirrhosis, varices may reverse,
the risk of variceal bleeding declines, and the risk of hepa-
tocellular carcinoma may be reduced. In those with an
initial serum ferritin level greater than 1000 mcg/L
(2247 pmol/L), the risk of death is fivefold greater than in
those with a serum ferritin of 1000 mcg/L (2247 pmol/L)
or less. In treated patients, only those with a serum ferritin
greater than 2000 mcg/L (4494 pmol/L) are reported to
have increased mortality, mainly related to liver disease.
Since 1997, posttransplant survival rates have been excel-
lent. Following liver transplantation, serum iron studies
and hepcidin levels are normal, and phlebotomy is not
required.

» When to Refer

• For liver biopsy.

• For initiation of therapy.

Bardou-Jacquet E et al. Regression of fibrosis stage with treat-
ment reduces long-term risk of liver cancer in patients with
hemochromatosis caused by mutation in HFE. Clin Gastroen-
terol Hepatol. 2020;18:1851. [PMID: 31622736]

Kowdley KV et al. ACG Clinical Guideline: hereditary hemochro-
matosis. Am J Gastroenterol. 2019;114:1202. [PMID: 31335359]

Prabhu A et al. Systematic review of the clinical outcomes of iron
reduction in hereditary hemochromatosis. Hepatology.
2020;72:1469. [PMID: 32500577]

WILSON DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Rare autosomal recessive disorder that usually
occurs in persons under age 40.

» Excessive deposition of copper in the liver and
brain.

» Serum ceruloplasmin, the plasma copper-carrying
protein, is low.

» Urinary excretion of copper and hepatic copper
concentration are high.

» General Considerations

Wilson disease (hepatolenticular degeneration) is a rare
autosomal recessive disorder that usually occurs in persons
between 3 and 55 years of age. The worldwide prevalence is
generally stated to be about 30 per million population, but
the frequency of the allele appears to be greater than
implied by this estimate. The condition is characterized by
excessive deposition of copper in the liver and brain. The
genetic defect, localized to chromosome 13 (ATP7B), has
been shown to affect a copper-transporting adenosine tri-
phosphatase in the liver and leads to copper accumulation
in the liver and oxidative damage of hepatic mitochondria.
Most patients are compound heterozygotes (ie, carry two
different mutations). Over 600 mutations in the Wilson
disease gene have been identified. The H1069Q mutation
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accounts for 37–63% of disease alleles in populations of
Northern European descent. The major physiologic aber-
ration in Wilson disease is excessive absorption of copper
from the small intestine and decreased excretion of copper
by the liver, resulting in increased tissue deposition, espe-
cially in the liver, brain, cornea, and kidney.

» Clinical Findings

Wilson disease tends to present as liver disease in adoles-
cents (more common in females) and neuropsychiatric
disease in young adults (more common in males), but there
is great variability, and onset of symptoms after age 40 is
more common than previously thought. The diagnosis
should always be considered in any child or young adult
with hepatitis, splenomegaly with hypersplenism, Coombs-
negative hemolytic anemia, portal hypertension, and neu-
rologic or psychiatric abnormalities. Wilson disease should
also be considered in persons under 40 years of age with
chronic hepatitis or acute liver failure.

Hepatic involvement may range from elevated liver
biochemical tests (although the alkaline phosphatase may
be low, particularly in patients with acute severe liver dis-
ease) to cirrhosis and portal hypertension. In patients with
acute liver failure (seen much more often in females than
males), the diagnosis of Wilson disease is suggested by an
alkaline phosphatase (in units/L)-to-total bilirubin (in
mg/dL) ratio less than 4 and an AST-to-ALT ratio greater
than 2.2. The neurologic manifestations of Wilson disease
are related to basal ganglia dysfunction and include an
akinetic-rigid syndrome similar to parkinsonism, pseudo-
sclerosis with tremor, ataxia, and a dystonic syndrome.
Dysarthria, dysphagia, incoordination, and spasticity are
common. Migraines, insomnia, and seizures have been
reported. Psychiatric features include behavioral and per-
sonality changes and emotional lability and may precede
characteristic neurologic features. The risk of depression is
increased. The pathognomonic sign of the condition is the
brownish or gray-green Kayser-Fleischer ring, which rep-
resents fine pigmented granular deposits in Descemet
membrane in the cornea (Figure 16–4). The ring is usually
most marked at the superior and inferior poles of the cor-
nea. It is sometimes seen with the naked eye and is readily
detected by slit-lamp examination. It may be absent in
patients with hepatic manifestations only but is usually
present in those with neuropsychiatric disease. Renal cal-
culi, aminoaciduria, renal tubular acidosis, hypoparathy-
roidism, infertility, hemolytic anemia, and subcutaneous
lipomas may occur.

» Diagnosis

The diagnosis can be challenging, even with the use of
scoring systems (eg, the Leipzig criteria), and is generally
based on demonstration of increased urinary copper
excretion (greater than 40 mcg/24 h and usually greater
than 100 mcg/24 h) or low serum ceruloplasmin levels
(less than 14 mg/dL [140 mg/L]; less than 10 mg/dL
[100 mg/L] strongly suggests the diagnosis), and elevated
hepatic copper concentration (greater than 250 mcg/g of

dry liver) as well as Kayser-Fleischer rings, neurologic
symptoms, and Coombs-negative hemolytic anemia.
However, increased urinary copper (on three separate
24-hour collections) and a low serum ceruloplasmin level
(by a standard immunologic assay), while useful, are nei-
ther completely sensitive nor specific for Wilson disease,
although an enzymatic assay for ceruloplasmin appears to
be more accurate; lipemia can interfere with the measure-
ment of ceruloplasmin by the standard assay. The ratio of
exchangeable copper to total copper in serum has been
reported to be a reliable test for the diagnosis of Wilson
disease. In the past, demonstration of a rise in urinary
copper after a penicillamine challenge was used in equiv-
ocal cases (when the serum ceruloplasmin level was nor-
mal), but the test has been validated only in children,
lacks sensitivity, and is rarely used now. Liver biopsy may
show acute or chronic hepatitis or cirrhosis. MRI of the
brain may show evidence of increased basal ganglia,
brainstem, and cerebellar copper even early in the course
of the disease. If available, molecular analysis of ATP7B
mutations can be diagnostic.

» Treatment

Early treatment to remove excess copper before it can
produce hepatic or neurologic damage is essential. Ini-
tially, restriction of dietary copper (shellfish, organ foods,
nuts, mushrooms, and chocolate) may be of value. Oral D-
penicillamine (0.75–2 g/day in divided doses taken 1 hour
before or 2 hours after food) has traditionally been the
drug of choice and enhances urinary excretion of chelated
copper. Oral pyridoxine, 50 mg per week, is added
because D-penicillamine is an antimetabolite of this
vitamin. If D-penicillamine treatment cannot be tolerated
because of gastrointestinal intolerance, hypersensitivity,
autoimmune reactions, nephrotoxicity, or bone marrow
toxicity, trientine, 250–500 mg three times a day, a chelat-
ing agent as effective as D-penicillamine but with a lower

▲ Figure 16–4. Brownish Kayser-Fleischer ring at the
rim of the cornea in a patient with Wilson disease.
(Used, with permission, from Marc Solioz, University of
Berne in Usatine RP, Smith MA, Chumley H, Mayeaux EJ Jr.
The Color Atlas of Family Medicine, 2nd ed. New York, NY:
McGraw-Hill, 2013.)
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rate of adverse effects, is used. Trientine is increasingly
used as a first-line agent, although its cost has become
exorbitant. Oral zinc acetate or zinc gluconate, 50 mg of
elemental zinc three times a day taken 30 minutes before
or 2 hours after a meal, interferes with intestinal absorp-
tion of copper, promotes fecal copper excretion, and has
been used as first-line therapy in asymptomatic or preg-
nant patients and those with neurologic disease, in com-
bination with a chelating agent, or as maintenance
therapy after decoppering with a chelating agent, but
adverse gastrointestinal effects often lead to discontinua-
tion and its long-term efficacy and safety (including a risk
of hepatotoxicity) have been questioned; it can lead to
copper deficiency in normal persons. Ammonium tetra-
thiomolybdate, which complexes copper in the intestinal
tract, showed promise as initial therapy for neurologic
Wilson disease, and a newer formulation, bis-choline
tetrathiomolybdate, is more chemically stable and appears
to be effective.

Treatment should continue indefinitely. The doses of
penicillamine and trientine should be reduced during
pregnancy. Supplemental vitamin E, an antioxidant, has
been recommended but not rigorously studied. Once the
serum nonceruloplasmin copper level is within the normal
range (50–150 mcg/L), the dose of chelating agent can be
reduced to the minimum necessary for maintaining that
level. The prognosis is good in patients who are effectively
treated before liver or brain damage has occurred, but
long-term survival is reduced in patients with cirrhosis at
diagnosis (84% after 20 years). Liver transplantation is
indicated for acute liver failure (often after plasma exchange
or dialysis with MARS as a stabilizing measure) and
decompensated cirrhosis (with excellent outcomes). Liver
transplantation is generally not recommended for intrac-
table isolated neuropsychiatric disease. All first-degree
relatives, especially siblings, require screening with serum
ceruloplasmin, liver biochemical tests, and slit-lamp exam-
ination or, if the causative mutation is known, with muta-
tion analysis.

» When to Refer

All patients with Wilson disease should be referred for
diagnosis and treatment.

» When to Admit

• Acute liver failure.

• Gastrointestinal bleeding.

• Stage 3–4 hepatic encephalopathy.

• Worsening kidney function.

• Severe hyponatremia.

• Profound hypoxia.

Ferrarese A et al. Outcomes of liver transplant for adults
with Wilson’s disease. Liver Transpl. 2020;26:507. [PMID:
31901209]

Shribman S et al. Clinical presentations of Wilson disease. Ann
Transl Med. 2019;7:S60. [PMID: 31179297]

HEPATIC VENOUS OUTFLOW OBSTRUCTION
(Budd-Chiari Syndrome)

E S S E N T I A L S  O F  D I A G N O S I S

» Right upper quadrant pain and tenderness.

» Ascites.

» Imaging studies show occlusion/absence of flow
in the hepatic vein(s) or inferior vena cava.

» Clinical picture is similar in sinusoidal obstruction
syndrome but major hepatic veins are patent.

» General Considerations

Factors that predispose patients to hepatic venous out-
flow obstruction, or Budd-Chiari syndrome, including
hereditary and acquired hypercoagulable states, can be
identified in 75% of affected patients; multiple disorders
are found in up to 45%. Up to 50% of cases are associated
with polycythemia vera or other myeloproliferative neo-
plasms (which entail a 1% risk of Budd-Chiari syn-
drome). These cases are often associated with a specific
mutation (V617F) in the gene that codes for JAK2 tyro-
sine kinase and may otherwise be subclinical. Other
predispositions to thrombosis (eg, activated protein C
resistance [factor V Leiden mutation] [25% of cases],
protein C or S or antithrombin deficiency, hyperpro-
thrombinemia [factor II G20210A mutation] [rarely], the
methylenetetrahydrofolate reductase TT677 mutation,
antiphospholipid antibodies) may be identified in other
cases. Hepatic vein obstruction may be associated with
caval webs, right-sided heart failure or constrictive peri-
carditis, neoplasms that cause hepatic vein occlusion,
paroxysmal nocturnal hemoglobinuria, Behçet syn-
drome, vasculitis, sarcoidosis, inflammatory bowel dis-
ease, blunt abdominal trauma, use of oral contraceptives,
and pregnancy. In India, China, and South Africa, Budd-
Chiari syndrome is associated with a poor standard of
living and often the result of occlusion of the hepatic
portion of the inferior vena cava, presumably due to
prior thrombosis. The clinical presentation is mild but
the course is frequently complicated by hepatocellular
carcinoma.

Some cytotoxic agents and pyrrolizidine alkaloids
(comfrey or “bush teas”) may cause sinusoidal obstruction
syndrome (previously known as veno-occlusive disease
because the terminal venules are often occluded), which
mimics Budd-Chiari syndrome clinically. Sinusoidal
obstruction syndrome may occur in patients who have
undergone hematopoietic stem cell transplantation, par-
ticularly those with pretransplant serum aminotransferase
elevations or fever during cytoreductive therapy with
cyclophosphamide, azathioprine, carmustine, busulfan,
etoposide, or gemtuzumab ozogamicin or those receiving
high-dose cytoreductive therapy or high-dose total body
irradiation.
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» Clinical Findings

A. Symptoms and Signs

The presentation is most commonly subacute but may
be fulminant, acute, or chronic; it may present as
acute-on-chronic liver failure (see Cirrhosis). Clinical
manifestations generally include tender, painful hepatic
enlargement, jaundice, splenomegaly, and ascites. With
chronic disease, bleeding varices and hepatic encepha-
lopathy may be evident; hepatopulmonary syndrome
may occur.

B. Imaging

Hepatic imaging studies may show a prominent caudate
lobe, since its venous drainage may be occluded. The
screening test of choice is contrast-enhanced, color, or
pulsed-Doppler ultrasonography, which has a sensitivity
of 85% for detecting evidence of hepatic venous or infe-
rior vena caval thrombosis. MRI with spin-echo and
gradient-echo sequences and intravenous gadolinium
injection allows visualization of the obstructed veins
and collateral vessels. Direct venography can delineate
caval webs and occluded hepatic veins (“spider-web”
pattern) most precisely but is rarely required. Concomi-
tant splanchnic vein thrombosis may be found in 4–21%
of cases.

C. Liver Biopsy

Percutaneous or transjugular liver biopsy in Budd-
Chiari syndrome may be considered when the results of
noninvasive imaging are inconclusive and frequently
shows characteristic centrilobular congestion and fibro-
sis and often multiple large regenerative nodules. Liver
biopsy is rarely required, however, and is often contrain-
dicated in sinusoidal obstruction syndrome because of
thrombocytopenia, and the diagnosis is based on clini-
cal findings.

» Treatment

Ascites should be treated with salt restriction and diuret-
ics. Treatable causes of Budd-Chiari syndrome should be
sought. Prompt recognition and treatment of an underly-
ing hematologic disorder may avoid the need for surgery;
however, the optimal anticoagulation regimen is uncer-
tain, and anticoagulation is associated with a high risk of
bleeding, particularly in patients with portal hypertension
and those undergoing invasive procedures. Low-molecular-
weight heparins are preferred over unfractionated hepa-
rin because of a high rate of heparin-induced thrombocy-
topenia with the latter. Warfarin is also an acceptable
treatment, but direct-acting oral anticoagulants have not
been well studied for this indication. Infusion of a throm-
bolytic agent into recently occluded veins has been
attempted with success. Defibrotide, an adenosine recep-
tor agonist that increases endogenous tissue plasminogen
activator levels, has been approved by the FDA for the
prevention and treatment of the sinusoidal obstruction

syndrome. The drug is given as an intravenous infusion
every 6 hours for a minimum of 21 days. Serious adverse
effects include hypotension and hemorrhage; the drug is
expensive and has no benefit in severe sinusoidal obstruc-
tion syndrome.

TIPS placement may be attempted in patients with
Budd-Chiari syndrome and persistent hepatic congestion
or failed thrombolytic therapy and possibly in those with
sinusoidal obstruction syndrome. Late TIPS dysfunction is
less frequent with the use of polytetrafluoroethylene-cov-
ered stents than uncovered stents. TIPS is now preferred
over surgical decompression (side-to-side portacaval,
mesocaval, or mesoatrial shunt), which, in contrast to
TIPS, has generally not been proven to improve long-term
survival. Older age, a higher serum bilirubin level, and a
greater INR predict a poor outcome with TIPS. When TIPS
is technically not feasible because of complete hepatic vein
obstruction, ultrasound-guided direct intrahepatic porto-
systemic shunt is an alternative approach. Balloon angio-
plasty, in some cases with placement of an intravascular
metallic stent, is preferred in patients with an inferior vena
caval web and is being performed increasingly in patients
with a short segment of thrombosis in the hepatic vein.
Liver transplantation can be considered in patients with
acute liver failure, cirrhosis with hepatocellular dysfunc-
tion, and failure of a portosystemic shunt, and outcomes
have improved with the advent of patient selection based
on the MELD score. Patients with Budd-Chiari syndrome
often require lifelong anticoagulation and treatment of the
underlying myeloproliferative disease; antiplatelet therapy
with aspirin and hydroxyurea has been suggested as an
alternative to warfarin in patients with a myeloproliferative
disorder. For all patients with Budd-Chiari syndrome, a
poor outcome has been reported to correlate with Child-
Pugh class C and a lack of response to interventional ther-
apy of any kind.

» Prognosis

The overall 5-year survival rate is 50–90% with treat-
ment (but less than 10% without intervention). Adverse
prognostic factors in patients with Budd-Chiari syn-
drome are older age, high Child-Pugh score, ascites,
encephalopathy, elevated total bilirubin, prolonged pro-
thrombin time, elevated serum creatinine, concomitant
portal vein thrombosis, and histologic features of acute
liver disease superimposed on chronic liver injury. The
3-month mortality may be predicted by the Rotterdam
score, which is based on encephalopathy, ascites, pro-
thrombin time, and bilirubin. A serum ALT level at least
fivefold above the upper limit of normal on presentation
indicates hepatic ischemia and also predicts a poor out-
come, particularly when the ALT level decreases slowly.
The risk of hepatocellular carcinoma is increased, and
patients with chronic Budd-Chiari syndrome should
undergo surveillance with abdominal ultrasonography
and serum alpha-fetoprotein levels every 6 months; risk
factors include cirrhosis, combined hepatic vein and
inferior vena cava obstruction, and a long-segment infe-
rior vena cava block.
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» When to Admit

All patients with hepatic vein obstruction should be
hospitalized.

Haque LYK et al. Budd-Chiari syndrome: an uncommon cause
of chronic liver disease that cannot be missed. Clin Liver Dis.
2020;24:453. [PMID: 32620283]

Simonetto DA et al. ACG Clinical Guideline: disorders of the
hepatic and mesenteric circulation. Am J Gastroenterol.
2020;115:18. [PMID: 31895720]

THE LIVER IN HEART FAILURE

Ischemic hepatitis, also called ischemic hepatopathy,
hypoxic hepatitis, shock liver, or acute cardiogenic liver
injury, may affect 2.5 of every 100 patients admitted to an
intensive care unit and results from an acute fall in cardiac
output due to acute myocardial infarction, arrhythmia, or
septic or hemorrhagic shock, usually in a patient with pas-
sive congestion of the liver. Rare cases have occurred in
patients with COVID-19. Clinical hypotension may be
absent (or unwitnessed). In some cases, the precipitating
event is arterial hypoxemia due to respiratory failure, sleep
apnea, severe anemia, heat stroke, carbon monoxide poi-
soning, cocaine use, or bacterial endocarditis. More than
one precipitant is common. Statin therapy prior to admis-
sion may protect against ischemic hepatitis.

The hallmark of ischemic hepatitis is a rapid and strik-
ing elevation of serum aminotransferase levels (often
greater than 5000 units/L); an early rapid rise in the
serum lactate dehydrogenase (LD) level (with an ALT-to-
LD ratio less than 1.5) is also typical. Elevations of serum
alkaline phosphatase and bilirubin are usually mild, but
jaundice is associated with worse outcomes. The pro-
thrombin time may be prolonged, and encephalopathy or
hepatopulmonary syndrome may develop. The mortality
rate due to the underlying disease is high (particularly in
patients receiving vasopressor therapy or with septic
shock, acute kidney disease, or coagulopathy), but in
patients who recover, the aminotransferase levels return
to normal quickly, usually within 1 week—in contrast to
viral hepatitis.

In patients with passive congestion of the liver (“nut-
meg liver”) due to right-sided heart failure, the serum bili-
rubin level may be elevated, occasionally as high as
40 mg/dL (684 mcmol/L), due in part to hypoxia of peri-
venular hepatocytes, and its level is a predictor of mortality
and morbidity. Serum alkaline phosphatase levels are nor-
mal or slightly elevated, and, in the absence of superim-
posed ischemia, aminotransferase levels are only mildly
elevated. Hepatojugular reflux is present, and with tricus-
pid regurgitation the liver may be pulsatile. Ascites may be
out of proportion to peripheral edema, with a high serum
ascites-albumin gradient (greater than or equal to 1.1) and
an ascitic fluid protein level of more than 2.5 g/dL (25 g/L).
A markedly elevated serum N-terminal-proBNP or BNP
level (greater than 364 pg/mL [364 ng/L]) has been
reported to distinguish ascites due to heart failure from
ascites due to cirrhosis in the absence of renal insufficiency.

In severe cases, signs of encephalopathy may develop. Liver
stiffness measurement by elastography is increased even in
the absence of fibrosis. Mortality is generally attributable to
the underlying heart disease but has also been reported to
correlate with a noninvasive measure of liver stiffness. The
MELD score excluding the INR (MELD-XI) predicts the
clinical outcome.

Breu AC et al. A multicenter study into causes of severe acute
liver injury. Clin Gastroenterol Hepatol. 2019;17:1201.
[PMID: 30103039]

Horvatits T et al. Liver injury and failure in critical illness. Hepa-
tology. 2019;70:2204. [PMID: 31215660]

Kudaravalli P et al. Case series and review of liver dysfunction in
COVID-19 patients. Eur J Gastroenterol Hepatol. 2020;
32:1244. [PMID: 32568805]

NONCIRRHOTIC PORTAL HYPERTENSION

E S S E N T I A L S  O F  D I A G N O S I S

» Splenomegaly or upper gastrointestinal bleeding
from esophageal or gastric varices in patients
without liver disease.

» Portal vein thrombosis complicating cirrhosis.

» General Considerations

Causes of noncirrhotic portal hypertension include
extrahepatic portal vein obstruction (portal vein thrombosis
often with cavernous transformation [portal cavernoma]),
splenic vein obstruction (presenting as gastric varices with-
out esophageal varices), schistosomiasis, nodular regenera-
tive hyperplasia, and arterial-portal vein fistula. Idiopathic
noncirrhotic portal hypertension is common in India and
has been attributed to chronic infections, exposure to medi-
cations or toxins, prothrombotic disorders, immunologic
disorders, and genetic disorders that result in obliterative
vascular lesions in the liver. It is rare in Western countries,
where increased mortality is attributable to associated disor-
ders and older age; the term portosinusoidal vascular disease
has been proposed.

Portal vein thrombosis may occur in 10–25% of patients
with cirrhosis, is associated with the severity of the liver
disease and related in part to acquired protein C deficiency
and splenorenal shunts (resulting in stagnant portal venous
blood flow), and may be associated with hepatocellular
carcinoma but not with increased mortality. Other risk fac-
tors are oral contraceptive use, pregnancy, chronic inflam-
matory diseases (including pancreatitis), injury to the
portal venous system (including surgery), other malignan-
cies, and treatment of thrombocytopenia with eltrom-
bopag. Portal vein thrombosis may be classified as type 1,
involving the main portal vein; type 2, involving one (2a)
or both (2b) branches of the portal vein; or type 3, involv-
ing the trunk and branches of the portal vein. Additional
descriptors are occlusive or nonocclusive, recent or chronic,
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and extension (into the mesenteric vein) as well as the
nature of any underlying liver disease. Splenic vein throm-
bosis may complicate pancreatitis or pancreatic cancer.
Pylephlebitis (septic thrombophlebitis of the portal vein)
may complicate intra-abdominal inflammatory disorders
such as appendicitis or diverticulitis, particularly when
anaerobic organisms (especially Bacteroides species) are
involved. Nodular regenerative hyperplasia results from
altered hepatic perfusion and can be associated with colla-
gen vascular diseases; myeloproliferative disorders; and
drugs, including azathioprine, 5-fluorouracil, oxaliplatin,
and thioguanine. In patients infected with HIV, long-term
use of didanosine and use of a combination of didanosine
and stavudine have been reported to account for some
cases of noncirrhotic portal hypertension often due to
nodular regenerative hyperplasia; genetic factors may play
a role. The term “obliterative portal venopathy” is used to
describe primary occlusion of intrahepatic portal veins in
the absence of cirrhosis, inflammation, or hepatic
neoplasia.

» Clinical Findings

A. Symptoms and Signs

Acute portal vein thrombosis usually causes abdominal
pain. Aside from splenomegaly, the physical findings are
not remarkable, although hepatic decompensation can fol-
low severe gastrointestinal bleeding, and a concurrent
hepatic disorder or intestinal infarction may occur when
portal vein thrombosis is associated with mesenteric
venous thrombosis. Ascites may occur in 25% of persons
with noncirrhotic portal hypertension. Covert hepatic
encephalopathy is reported to be common in patients with
noncirrhotic portal vein thrombosis.

B. Laboratory Findings

Liver biochemical test levels are usually normal, but there
may be findings of hypersplenism. An underlying hyper-
coagulable state is found in many patients with portal
vein thrombosis; this includes myeloproliferative neo-
plasms (often associated with a specific mutation [V617F]
in the gene coding for JAK2 tyrosine kinase, which is
found in 24% of cases of portal vein thrombosis), muta-
tion G20210A of prothrombin, factor V Leiden mutation,
protein C and S deficiency, antiphospholipid syndrome,
mutation TT677 of methylenetetrahydrofolate reductase,
elevated factor VIII levels, hyperhomocysteinemia, and a
mutation in the gene that codes for thrombin-activatable
fibrinolysis inhibitor. It is possible, however, that in many
cases evidence of hypercoagulability is a secondary phe-
nomenon due to portosystemic shunting and reduced
hepatic blood flow.

C. Imaging

Color Doppler ultrasonography is usually the initial diag-
nostic test for portal vein thrombosis. Contrast-enhanced
CT or magnetic resonance angiography (MRA) of the
portal system is generally confirmatory and can assess
extension of thrombus into the mesenteric veins and

exclude tumor thrombus in patients with cirrhosis. EUS
may be helpful in some cases. In patients with jaundice,
magnetic resonance cholangiography may demonstrate
compression of the bile duct by a large portal cavernoma
(portal biliopathy), a finding that may be more common in
patients with an underlying hypercoagulable state than in
those without one. In patients with pylephlebitis, CT may
demonstrate an intra-abdominal source of infection,
thrombosis or gas in the portal venous system, or a hepatic
abscess.

D. Other Studies

Endoscopy shows esophageal or gastric varices. Needle
biopsy of the liver may be indicated to diagnose schistoso-
miasis, nodular regenerative hyperplasia, and noncirrhotic
portal fibrosis and may demonstrate sinusoidal dilatation.
A low liver stiffness measurement by elastography may
help distinguish noncirrhotic portal hypertension from
cirrhosis.

» Treatment

If splenic vein thrombosis is the cause of variceal bleeding,
splenectomy is curative. For other causes of noncirrhotic
portal hypertension, band ligation followed by beta-
blockers to reduce portal pressure is initiated for variceal
bleeding, with portosystemic shunting (including TIPS)
reserved for failures of endoscopic therapy; rarely, progres-
sive liver dysfunction requires liver transplantation. Anti-
coagulation, particularly with low-molecular-weight or
unfractionated heparin or thrombolytic therapy, may be
indicated for isolated acute portal vein thrombosis (and
leads to at least partial recanalization in up to 75% of cases
when started within 6 months of thrombosis) and possibly
for acute splenic vein thrombosis; an oral anticoagulant is
continued long-term if a hypercoagulable disorder is iden-
tified or if an acute portal vein thrombosis extends into the
mesenteric veins. The decision to prescribe an anticoagu-
lant for a patient with cirrhosis and portal vein thrombosis
depends on the presence of ascites, the patient’s fall risk,
and the patient’s candidacy for liver transplantation. More-
over, partial portal vein thrombosis may resolve in 30–50%
of cases. There is a paucity of data on the use of direct-
acting oral anticoagulants in patients with cirrhosis and
portal vein thrombosis. The use of enoxaparin to prevent
portal vein thrombosis and hepatic decompensation in
patients with cirrhosis has shown promise.

» When to Refer

All patients with noncirrhotic portal hypertension should
be referred.

Khanna R et al. Noncirrhotic portal hypertension: current and
emerging perspectives. Clin Liver Dis. 2019;23:781. [PMID:
31563222]

Simonetto DA et al. ACG Clinical Guideline: disorders of the
hepatic and mesenteric circulation. Am J Gastroenterol.
2020;115:18. [PMID: 31895720]

Valla DC. Recent developments in the field of vascular liver
diseases. Liver Int. 2020;40:142. [PMID: 32077611]
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PYOGENIC HEPATIC ABSCESS

E S S E N T I A L S  O F  D I A G N O S I S

» Fever, right upper quadrant pain, jaundice.

» Often occur in setting of biliary disease, but up to
40% are “cryptogenic” in origin.

» Detected by imaging studies.

» General Considerations

The incidence of liver abscess is 3.6 per 100,000 population
in the United States and has increased since the 1990s. The
liver can be invaded by bacteria via (1) the bile duct (acute
“suppurative” [formerly ascending] cholangitis); (2) the
portal vein (pylephlebitis); (3) the hepatic artery, second-
ary to bacteremia; (4) direct extension from an infectious
process; and (5) traumatic implantation of bacteria through
the abdominal wall or gastrointestinal tract (eg, a fish or
chicken bone). Risk factors for liver abscess include older
age and male sex. Predisposing conditions and factors
include presence of malignancy, diabetes mellitus, inflam-
matory bowel disease, and cirrhosis; necessity for liver
transplantation; endoscopic sphincterotomy; and use of a
proton pump inhibitor. Statin use may reduce the risk of
pyogenic liver abscess. Pyogenic liver abscess has been
observed to be associated with a subsequent increased risk
of gastrointestinal malignancy and hepatocellular
carcinoma.

Acute cholangitis resulting from biliary obstruction due
to a stone, stricture, or neoplasm is the most common
identifiable cause of hepatic abscess in the United States. In
10% of cases, liver abscess is secondary to appendicitis or
diverticulitis. At least 40% of abscesses have no demon-
strable cause and are classified as cryptogenic; a dental
source is identified in some cases. The most frequently
encountered organisms are E coli, Klebsiella pneumoniae,
Proteus vulgaris, Enterobacter aerogenes, and multiple
microaerophilic and anaerobic species (eg, Streptococcus
anginosus [also known as S milleri]). Liver abscess caused
by virulent strains of K pneumoniae may be associated with
thrombophlebitis of the portal or hepatic veins and hema-
togenously spread septic ocular or central nervous system
complications; the abscess may be gas-forming, associated
with diabetes mellitus, and result in a high mortality rate.
Staphylococcus aureus is usually the causative organism in
patients with chronic granulomatous disease. Uncommon
causative organisms include Salmonella, Haemophilus,
Yersinia, and Listeria. Hepatic candidiasis, tuberculosis,
and actinomycosis are seen in immunocompromised
patients and those with hematologic malignancies. Rarely,
hepatocellular carcinoma can present as a pyogenic abscess
because of tumor necrosis, biliary obstruction, and super-
imposed bacterial infection (see Chapter 39); even more
rarely, liver abscess may be the result of a necrotic liver
metastasis. The possibility of an amoebic liver abscess must
always be considered (see Chapter 35).

» Clinical Findings

A. Symptoms and Signs

The presentation is often insidious. Fever (either steady or
spiking fever) is almost always present and may antedate other
symptoms or signs. Pain may be a prominent complaint and is
localized to the right upper quadrant or epigastric area. Jaun-
dice and tenderness in the right upper abdomen are the chief
physical findings. The risk of acute kidney injury is increased.

B. Laboratory Findings

Laboratory examination reveals leukocytosis with a shift to
the left. Liver biochemical tests are nonspecifically abnor-
mal. Blood cultures are positive in 50–100% of cases.

C. Imaging

Chest films usually reveal elevation of the diaphragm if the
abscess is in the right lobe of the liver. Ultrasonography, CT, or
MRI may reveal the presence of intrahepatic lesions. On MRI,
characteristic findings include high signal intensity on
T2-weighted images and rim enhancement. The characteristic
CT appearance of hepatic candidiasis, usually seen in the set-
ting of systemic candidiasis, is that of multiple “bull’s-eyes,” but
imaging studies may be negative in neutropenic patients.

» Treatment

Treatment should consist of antimicrobial agents (generally a
third-generation cephalosporin such as ceftriaxone 2 g intrave-
nously every 24 hours and metronidazole 500 mg intrave-
nously every 6 hours) that are effective against coliform
organisms and anaerobes. Antibiotics are administered for
2–3 weeks, and sometimes up to 6 weeks. If the abscess is at
least 5 cm in diameter or the response to antibiotic therapy is
not rapid, intermittent needle aspiration, percutaneous or
EUS-guided catheter drainage or stent placement or, if neces-
sary, surgical (eg, laparoscopic) drainage should be done.
Other suggested indications for abscess drainage are patient
age of at least 55 years, symptom duration of at least 7 days, and
involvement of two lobes of the liver. The underlying source
(eg, biliary disease, dental infection) should be identified and
treated. The mortality rate is still substantial (at least 5% in
most studies) and is highest in patients with underlying biliary
malignancy or severe multiorgan dysfunction. Other risk fac-
tors for mortality include older age, cirrhosis, chronic kidney
disease, and other cancers. Hepatic candidiasis often responds
to intravenous amphotericin B (total dose of 2–9 g). Fungal
abscesses are associated with mortality rates of up to 50% and
are treated with intravenous amphotericin B and drainage.

» When to Admit

Nearly all patients with pyogenic hepatic abscess should be
hospitalized.

Kubovy J et al. Pyogenic liver abscess: incidence, causality, man-
agement and clinical outcomes in a New Zealand cohort. N Z
Med J. 2019;132:30. [PMID: 30921309]

Mukthinuthalapati VVPK et al. Risk factors, management, and
outcomes of pyogenic liver abscess in a US safety net hospital.
Dig Dis Sci. 2020;65:1529. [PMID: 31559551]
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BENIGN LIVER NEOPLASMS

Benign neoplasms of the liver must be distinguished from
hepatocellular carcinoma, intrahepatic cholangiocarci-
noma, and metastases (see Chapter 39). The most common
benign neoplasm of the liver is the cavernous hemangi-
oma, often an incidental finding on ultrasonography or
CT. This lesion may enlarge in women who take hormonal
therapy and must be differentiated from other space-
occupying intrahepatic lesions, usually by contrast-
enhanced MRI, CT, or ultrasonography. Rarely, fine-needle
biopsy is necessary to differentiate these lesions and does
not appear to carry an increased risk of bleeding. Surgical
resection of cavernous hemangiomas is infrequently neces-
sary but may be required for abdominal pain or rapid
enlargement, to exclude malignancy, or to treat Kasabach-
Merritt syndrome (consumptive coagulopathy complicating
a hemangioendothelioma or rapidly growing hemangioma,
usually in infants).

In addition to rare instances of sinusoidal dilatation and
peliosis hepatis, two distinct benign lesions with character-
istic clinical, radiologic, and histopathologic features are
focal nodular hyperplasia and hepatocellular adenoma.
Focal nodular hyperplasia occurs at all ages and in both
sexes and is probably not caused by oral contraceptives. It
is often asymptomatic and appears as a hypervascular
mass, often with a central hypodense “stellate” scar on
contrast-enhanced ultrasonography, CT, or MRI. Micro-
scopically, focal nodular hyperplasia consists of hyperplas-
tic units of hepatocytes that stain positively for glutamine
synthetase with a central stellate scar containing proliferat-
ing bile ducts. It is not a true neoplasm but a proliferation
of hepatocytes in response to altered blood flow. Focal
nodular hyperplasia may also occur in patients with cir-
rhosis, with exposure to certain drugs such as azathioprine,
and with antiphospholipid syndrome. The prevalence of
hepatic hemangiomas is increased in patients with focal
nodular hyperplasia.

Hepatocellular adenoma occurs most commonly in
women in the third and fourth decades of life and is usu-
ally caused by oral contraceptives; acute abdominal pain
may occur if the tumor undergoes necrosis or hemor-
rhage. The tumor may be associated with mutations in a
variety of genes, some of which are associated with an
increased risk of malignant transformation. Unclassified
adenomas account for up to 7% of tumors. Rare instances
of multiple hepatocellular adenomas in association with
maturity-onset diabetes of the young occur in families
with a germline mutation in HNF1alpha. Hepatocellular
adenomas (inflammatory or unclassified adenomas) also
occur in patients with glycogen storage disease and famil-
ial adenomatous polyposis. The tumor is hypovascular.
Grossly, the cut surface appears structureless. As seen
microscopically, the hepatocellular adenoma consists of
sheets of hepatocytes without portal tracts or central
veins.

Cystic neoplasms of the liver, such as cystadenoma and
cystadenocarcinoma, must be distinguished from simple
and echinococcal cysts, von Meyenburg complexes (ham-
artomas), and polycystic liver disease.

» Clinical Findings

The only physical finding in focal nodular hyperplasia or
hepatocellular adenoma is a palpable abdominal mass in a
minority of cases. Liver function is usually normal.
Contrast-enhanced ultrasonography, arterial phase helical
CT, and especially multiphase dynamic MRI with contrast
can distinguish an adenoma from focal nodular hyperpla-
sia without the need for biopsy in 80–90% of cases and may
suggest a specific subtype of adenoma (eg, homogeneous
fat pattern in HNF1alpha-mutated adenomas and marked
and persistent arterial enhancement in inflammatory
adenomas).

» Treatment

Oral contraceptives should not necessarily be discontin-
ued in women who have focal nodular hyperplasia, and
affected women who continue taking oral contraceptives
should have annual ultrasonography for 2–3 years to
ensure that the lesion is not enlarging. The prognosis is
excellent.

Hepatocellular adenoma may undergo bleeding, necro-
sis, and rupture, often after hormone therapy; in the third
trimester of pregnancy; or in men, in whom the rate of
malignant transformation is high. A lesion less than 5 cm
in diameter, however, poses little risk of complications to a
pregnant woman, who should undergo ultrasonography
during each trimester and 12 weeks postpartum. Resection
is advised in all affected men and in women in whom the
tumor causes symptoms or is 5 cm or greater in diameter,
even in the absence of symptoms. If an adenoma is less
than 5 cm in size, resection is also recommended if a beta-
catenin gene mutation is present in a biopsy sample. In
selected cases, laparoscopic resection or percutaneous
radiofrequency ablation may be feasible. Rarely, liver trans-
plantation is required. Regression of benign hepatic tumors
may follow cessation of oral contraceptives. Transarterial
embolization is the initial treatment for adenomas compli-
cated by hemorrhage.

» When to Refer

• Diagnostic uncertainty.

• For surgery.

» When to Admit

• Severe pain.

• Rupture.

Gaspersz MP et al. Growth of hepatocellular adenoma during
pregnancy: a prospective study. J Hepatol. 2020;72:119.
[PMID: 31550458]

Myers L et al. Focal nodular hyperplasia and hepatic adenoma:
evaluation and management. Clin Liver Dis. 2020;24:389.
[PMID: 32620279]

º
DISeaSeS OF the BILIarY traCt

See Chapter 39 for Carcinoma of the Biliary Tract.
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CHOLELITHIASIS (Gallstones)

E S S E N T I A L S  O F  D I A G N O S I S

» Often asymptomatic.

» Classic biliary pain (“episodic gallbladder pain”)
characterized by infrequent episodes of steady
severe pain in epigastrium or right upper quad-
rant with radiation to right scapula.

» Gallstones detected on ultrasonography.

» General Considerations

Gallstones are more common in women than in men and
increase in incidence in both sexes and all races with age.
In the United States, the prevalence of gallstones is 8.6% in
women and 5.5% in men. The highest rates are in persons
over age 60, and rates are higher in Mexican Americans
than in non-Hispanic Whites and Blacks. Although choles-
terol gallstones are less common in Black people, choleli-
thiasis attributable to hemolysis occurs in over a third of
individuals with sickle cell disease. Native Americans of
both the Northern and Southern Hemispheres have a high
rate of cholesterol cholelithiasis, probably because of a pre-
disposition resulting from “thrifty” (LITH) genes that
promote efficient calorie utilization and fat storage. As
many as 75% of Pima and other American Indian women
over 25 years of age have cholelithiasis. Other genetic
mutations that predispose persons to gallstones have been
identified. Obesity is a risk factor for gallstones, especially
in women. Rapid weight loss, as occurs after bariatric sur-
gery, also increases the risk of symptomatic gallstone for-
mation. Diabetes mellitus, glucose intolerance, and insulin
resistance are risk factors for gallstones, and a high intake
of carbohydrate and high dietary glycemic load increase
the risk of cholecystectomy in women. Hypertriglyceridemia
may promote gallstone formation by impairing gallbladder
motility. The prevalence of gallbladder disease is increased
in men (but not women) with cirrhosis and hepatitis C virus
infection. Moreover, cholecystectomy has been reported to
be associated with an increased risk of NAFLD and cirrho-
sis, possibly because gallstones and liver disease share risk
factors. Gallstone disease is associated with increased over-
all, cardiovascular, and cancer mortality.

The incidence of gallstones is high in individuals with
Crohn disease; approximately one-third of those with
inflammatory involvement of the terminal ileum have gall-
stones due to disruption of bile salt resorption that results
in decreased solubility of the bile. Drugs such as clofibrate,
octreotide, and ceftriaxone can cause gallstones. Prolonged
fasting (over 5–10 days) can lead to formation of biliary
“sludge” (microlithiasis), which usually resolves with
refeeding but can lead to gallstones or biliary symptoms.
Pregnancy, particularly in obese women and those with
insulin resistance, is associated with an increased risk of
gallstones and of symptomatic gallbladder disease. Hor-
mone replacement therapy appears to increase the risk of

gallbladder disease and need for cholecystectomy; the risk
is lower with transdermal than oral therapy. Gallstones
detected by population screening have been reported to be
associated with an increased risk of right-sided colon can-
cers. A low-carbohydrate diet and a Mediterranean diet as
well as physical activity and cardiorespiratory fitness may
help prevent gallstones. Consumption of caffeinated coffee
appears to protect against gallstones in women, and a high
intake of magnesium and of polyunsaturated and monoun-
saturated fats reduces the risk of gallstones in men. A diet
high in fiber and rich in fruits and vegetables and statin use
reduce the risk of cholecystectomy, particularly in women.
Aspirin and other NSAIDs may protect against gallstones.

Gallstones are classified according to their predominant
chemical composition as cholesterol or calcium bilirubi-
nate stones. The latter comprise less than 20% of the gall-
stones found in patients in the United States or Europe but
30–40% of gallstones found in patients in Japan.

» Clinical Findings

Table 16–9 lists the clinical and laboratory features of several
diseases of the biliary tract as well as their treatment. Choleli-
thiasis is frequently asymptomatic and is discovered during a
routine imaging study, surgery, or autopsy. Symptoms (biliary
[or “episodic gallbladder”] pain) develop in 10–25% of
patients (1–4% annually), and acute cholecystitis develops in
20% of these symptomatic persons over time. Risk factors for
the development of symptoms or complications include
female sex; young age; awareness of having gallstones; and
large, multiple, and older stones. Occasionally, small intestinal
obstruction due to “gallstone ileus” (or Bouveret syndrome
when the obstructing stone is in the pylorus or duodenum)
presents as the initial manifestation of cholelithiasis.

» Treatment

NSAIDs (eg, diclofenac 50–75 mg intramuscularly) can be
used to relieve biliary pain. Laparoscopic cholecystectomy
is the treatment of choice for symptomatic gallbladder dis-
ease. Pain relief after cholecystectomy is most likely in
patients with episodic pain (generally once a month or
less), pain lasting 30 minutes to 24 hours, pain in the eve-
ning or at night, and the onset of symptoms 1 year or less
before presentation. Patients may go home within 1 day of
the procedure and return to work within days (instead of
weeks for those undergoing open cholecystectomy). The
procedure is often performed on an outpatient basis and is
suitable for most patients, including those with acute cho-
lecystitis. Conversion to a conventional open cholecystec-
tomy may be necessary in 2–8% of cases (higher for acute
cholecystitis than for uncomplicated cholelithiasis). Bile
duct injuries occur in 0.1% of cases done by experienced
surgeons, and the overall complication rate is 11% and cor-
relates with the patient’s comorbidities, duration of surgery,
and emergency admissions for gallbladder disease prior to
cholecystectomy. There is generally no need for prophylac-
tic cholecystectomy in an asymptomatic person unless the
gallbladder is calcified, gallstones are 3 cm or greater in
diameter, or the patient is a Native American or a candidate
for bariatric surgery or cardiac transplantation.
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Cholecystectomy may increase the risk of esophageal,
proximal small intestinal, and colonic adenocarcinomas as
well as hepatocellular carcinoma because of increased duo-
denogastric reflux and changes in intestinal exposure to
bile. In pregnant patients, a conservative approach to bili-
ary pain is advised, but for patients with repeated attacks of
biliary pain or acute cholecystitis, cholecystectomy can be
performed—even by the laparoscopic route—preferably in
the second trimester. Enterolithotomy alone is considered
adequate treatment in most patients with gallstone ileus.

Ursodeoxycholic acid is a bile salt that when given
orally for up to 2 years dissolves some cholesterol stones
and may be considered in occasional, selected patients who
refuse cholecystectomy. The dose is 8–10 mg/kg in two or
three divided doses daily. It is most effective in patients
with a functioning gallbladder, as determined by gallblad-
der visualization on oral cholecystography, and multiple
small “floating” gallstones (representing not more than
15% of patients with gallstones). In half of patients, gall-
stones recur within 5 years after treatment is stopped.
Ursodeoxycholic acid, 500–600 mg daily, and diets higher
in fat reduce the risk of gallstone formation with rapid
weight loss. Lithotripsy in combination with bile salt ther-
apy for single radiolucent stones smaller than 20 mm in
diameter was an option in the past but is no longer gener-
ally used in the United States.

» When to Refer

Patients should be referred when they require surgery.

Gutt C et al. The treatment of gallstone disease. Dtsch Arztebl
Int. 2020;117:148. [PMID: 32234195]

Sutherland JM et al. A cost-utility study of laparoscopic chole-
cystectomy for the treatment of symptomatic gallstones.
J Gastrointest Surg. 2020;24:1314. [PMID: 31144191]

ACUTE CHOLECYSTITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Steady, severe pain and tenderness in the right
hypochondrium or epigastrium.

» Nausea and vomiting.

» Fever and leukocytosis.

» General Considerations

Cholecystitis is associated with gallstones in over 90% of
cases. It occurs when a stone becomes impacted in the

Table 16–9. Diseases of the biliary tract.

Clinicl Fus Lbooy Fus Dignosis tmn

Asymptomatic

gallstones

Asymptomatic Normal Ultrasonography None

Symptomatic

gallstones

Biliary pain Normal Ultrasonography Laparoscopic

cholecystectomy

Cholesterolosis of

gallbladder

Usually asymptomatic Normal Oral cholecystography None

Adenomyomatosis May cause biliary pain Normal Oral cholecystography Laparoscopic cholecystec-

tomy if symptomatic

Porcelain gallbladder Usually asymptomatic,

high risk of gallbladder

cancer

Normal Radiograph or CT Laparoscopic

cholecystectomy

Acute cholecystitis Epigastric or right upper

quadrant pain, nausea,

vomiting, fever,

Murphy sign

Leukocytosis Ultrasonography,

HIDA scan

Antibiotics, laparoscopic

cholecystectomy

Chronic cholecystitis Biliary pain, constant

epigastric or right

upper quadrant

pain, nausea

Normal Ultrasonography (stones),

oral cholecystography

(nonfunctioning

gallbladder)

Laparoscopic

cholecystectomy

Choledocholithiasis Asymptomatic or biliary

pain, jaundice, fever;

gallstone pancreatitis

Cholestatic liver biochemical

tests; leukocytosis and

positive blood cultures in

cholangitis; elevated

amylase and lipase in

pancreatitis

Ultrasonography

(dilated ducts), EUS,

MRCP, ERCP

Endoscopic sphincterot-

omy and stone extrac-

tion; antibiotics for

cholangitis

ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasonography; HIDA, hepatic iminodiacetic acid; MRCP,

magnetic resonance cholangiopancreatography.
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cystic duct and inflammation develops behind the obstruc-
tion. Acalculous cholecystitis should be considered when
unexplained fever or right upper quadrant pain occurs
within 2–4 weeks of major surgery or in a critically ill
patient who has had no oral intake for a prolonged period;
multiorgan failure is often present. Acute cholecystitis may
be caused by infectious agents (eg, cytomegalovirus, cryp-
tosporidiosis, microsporidiosis) in patients with AIDS or
by vasculitis (eg, polyarteritis nodosa, Henoch-Schönlein
purpura).

» Clinical Findings

A. Symptoms and Signs

The acute attack is often precipitated by a large or fatty
meal and is characterized by the sudden appearance of
steady pain localized to the epigastrium or right hypochon-
drium, which may gradually subside over a period of
12–18 hours. Vomiting occurs in about 75% of patients and
in half of instances affords variable relief. Fever is typical.
Right upper quadrant abdominal tenderness (often with a
Murphy sign, or inhibition of inspiration by pain on palpa-
tion of the right upper quadrant) is almost always present
and is usually associated with muscle guarding and
rebound tenderness (Table 16–9). A palpable gallbladder is
present in about 15% of cases. Jaundice is present in about
25% of cases and, when persistent or severe, suggests the
possibility of choledocholithiasis.

B. Laboratory Findings

The white blood cell count is usually high (12,000–15,000/mcL
[12–15 × 109/L]). Total serum bilirubin values of 1–4 mg/dL
(17.1–68.4 mcmol/L) may be seen even in the absence of
bile duct obstruction. Serum aminotransferase and alka-
line phosphatase levels are often elevated—the former as
high as 300 units/mL, and even higher when associated
with acute cholangitis. Serum amylase may also be moder-
ately elevated.

C. Imaging

Plain films of the abdomen may show radiopaque gall-
stones in 15% of cases. 99mTc hepatobiliary imaging (using
iminodiacetic acid compounds), also known as the hepatic
iminodiacetic acid (HIDA) scan, is useful in demonstrat-
ing an obstructed cystic duct, which is the cause of acute
cholecystitis in most patients. This test is reliable if the bili-
rubin is under 5 mg/dL (85.5 mcmol/L) (98% sensitivity
and 81% specificity for acute cholecystitis). False-positive
results can occur with prolonged fasting, liver disease, and
chronic cholecystitis, and the specificity can be improved
by intravenous administration of morphine, which induces
spasm of the sphincter of Oddi. Right upper quadrant
abdominal ultrasonography, which is often performed
first, may show gallstones but is not as sensitive for acute
cholecystitis (67% sensitivity, 82% specificity); findings
suggestive of acute cholecystitis are gallbladder wall thick-
ening, pericholecystic fluid, and a sonographic Murphy
sign. CT may show complications of acute cholecystitis,
such as perforation or gangrene.

» Differential Diagnosis

The disorders most likely to be confused with acute chole-
cystitis are perforated peptic ulcer, acute pancreatitis,
appendicitis in a high-lying appendix, perforated colonic
carcinoma or diverticulum of the hepatic flexure, liver
abscess, hepatitis, pneumonia with pleurisy on the right
side, and myocardial ischemia. Definite localization of pain
and tenderness in the right upper quadrant, with radiation
of pain around to the infrascapular area, strongly favors the
diagnosis of acute cholecystitis. True cholecystitis without
stones suggests acalculous cholecystitis.

» Complications

A. Gangrene of the Gallbladder

Continuation or progression of right upper quadrant
abdominal pain, tenderness, muscle guarding, fever, and
leukocytosis after 24–48 hours suggests severe inflamma-
tion and possible gangrene of the gallbladder, resulting
from ischemia due to splanchnic vasoconstriction and
intravascular coagulation. Necrosis may occasionally
develop without specific signs in the obese, diabetic,
elderly, or immunosuppressed patient. Gangrene may lead
to gallbladder perforation, usually with formation of a
pericholecystic abscess, and rarely to generalized peritoni-
tis. Other serious acute complications include emphysema-
tous cholecystitis (secondary infection with a gas-forming
organism) and empyema.

B. Chronic Cholecystitis and Other Complications

Chronic cholecystitis results from repeated episodes of
acute cholecystitis or chronic irritation of the gallbladder
wall by stones and is characterized pathologically by vary-
ing degrees of chronic inflammation of the gallbladder.
Calculi are usually present. In about 4–5% of cases, the
villi of the gallbladder undergo polypoid enlargement
due to deposition of cholesterol that may be visible to
the naked eye (“strawberry gallbladder,” cholesterolosis).
In other instances, hyperplasia of all or part of the gall-
bladder wall may be so marked as to give the appearance
of a myoma (adenomyomatosis). Hydrops of the gallblad-
der results when acute cholecystitis subsides but cystic
duct obstruction persists, producing distention of the
gallbladder with a clear mucoid fluid. Occasionally, a
stone in the neck of the gallbladder may compress the
common hepatic duct and cause jaundice (Mirizzi syn-
drome). Xanthogranulomatous cholecystitis is a rare,
aggressive variant of chronic cholecystitis characterized
by grayish-yellow nodules or streaks, representing lipid-
laden macrophages, in the wall of the gallbladder and
often presents with acute jaundice.

Cholelithiasis with chronic cholecystitis may be associ-
ated with acute exacerbations of gallbladder inflammation,
bile duct stone, fistulization to the bowel, pancreatitis and,
rarely, carcinoma of the gallbladder. Calcified (porcelain)
gallbladder is associated with gallbladder carcinoma and is
generally an indication for cholecystectomy; the risk of
gallbladder cancer may be higher when calcification is
mucosal rather than intramural.
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» Treatment

Acute cholecystitis usually subsides on a conservative
regimen, including withholding oral feedings, intrave-
nous alimentation, analgesics, and intravenous antibiotics
(generally a second- or third-generation cephalosporin
such as ceftriaxone 1 g intravenously every 24 hours, with
the addition of metronidazole, 500 mg intravenously
every 6 hours), although the need for antibiotics has been
questioned in patients undergoing immediate cholecys-
tectomy. In severe cases, a fluoroquinolone such as cipro-
floxacin, 400 mg intravenously every 12 hours, plus
metronidazole may be given. Morphine or meperidine
may be administered for pain. Because of the high risk of
recurrent attacks (up to 10% by 1 month and over 20% by
1 year), cholecystectomy—generally laparoscopically—
should be performed within 24 hours of admission to the
hospital for acute cholecystitis. Compared with delayed
surgery, surgery within 24 hours is associated with a
shorter length of stay, lower costs, and greater patient
satisfaction. If nonsurgical treatment has been elected,
the patient (especially if diabetic or elderly) must be
watched carefully for recurrent symptoms, evidence of
gangrene of the gallbladder, or cholangitis. In high-risk
patients, ultrasound-guided aspiration of the gallbladder,
if feasible, percutaneous or EUS-guided cholecystostomy,
or endoscopic insertion of a stent or nasobiliary drain
into the gallbladder may postpone or even avoid the need
for surgery. Immediate cholecystectomy is mandatory
when there is evidence of gangrene or perforation. Surgi-
cal treatment of chronic cholecystitis is the same as for
acute cholecystitis. If indicated, cholangiography can be
performed during laparoscopic cholecystectomy. Cho-
ledocholithiasis can also be excluded by either preopera-
tive or postoperative MRCP or ERCP.

» Prognosis

The overall mortality rate of cholecystectomy is less than
0.2%, but hepatobiliary tract surgery is a more formidable
procedure in older patients, in whom mortality rates are
higher; mortality rates are also higher in persons with dia-
betes mellitus and cirrhosis. A technically successful surgi-
cal procedure in an appropriately selected patient is
generally followed by complete resolution of symptoms.

» When to Admit

All patients with acute cholecystitis should be
hospitalized.

Fleming CA et al. Clinical and survival outcomes using percuta-
neous cholecystostomy tube alone or subsequent interval
cholecystectomy to treat acute cholecystitis. J Gastrointest
Surg. 2020;24:627. [PMID: 30887298]

Teoh AYB et al. Endosonography-guided gallbladder drainage
versus percutaneous cholecystostomy in very high-risk surgi-
cal patients with acute cholecystitis: an international ran-
domised multicentre controlled superiority trial (DRAC 1).
Gut. 2020;69:1085. [PMID: 32165407]

van Heesewijk AE et al. Outcome after cholecystectomy in the
elderly. Am J Surg. 2019;218:368. [PMID: 30587332]

PRE- & POSTCHOLECYSTECTOMY
SYNDROMES

1. pcolcyscomy

In a small group of patients (mostly women) with bili-
ary pain, conventional radiographic studies of the
upper gastrointestinal tract and gallbladder—including
cholangiography—are unremarkable. Emptying of the
gallbladder may be markedly reduced on gallbladder
scintigraphy following injection of cholecystokinin;
cholecystectomy may be curative in such cases. Histologic
examination of the resected gallbladder may show chronic
cholecystitis or microlithiasis. An additional diagnostic
consideration is sphincter of Oddi dysfunction.

2. poscolcyscomy

Following cholecystectomy, some patients complain of
continuing symptoms, ie, right upper quadrant pain, flatu-
lence, and fatty food intolerance. The persistence of symp-
toms in this group of patients suggests the possibility of an
incorrect diagnosis prior to cholecystectomy, eg, esophagi-
tis, pancreatitis, radiculopathy, or functional bowel disease.
Choledocholithiasis or bile duct stricture should be ruled
out. Pain may also be associated with dilatation of the cys-
tic duct remnant, neuroma formation in the ductal wall,
foreign body granuloma, anterior cutaneous nerve entrap-
ment syndrome, or traction on the bile duct by a long cystic
duct.

The clinical presentation of right upper quadrant pain,
chills, fever, or jaundice suggests biliary tract disease. EUS
is recommended to demonstrate or exclude a stone or stric-
ture. Biliary pain associated with elevated liver biochemical
tests or a dilated bile duct in the absence of an obstructing
lesion suggests sphincter of Oddi dysfunction. Biliary
manometry may be useful for documenting elevated base-
line sphincter of Oddi pressures typical of sphincter dys-
function when biliary pain is associated with elevated liver
biochemical tests (twofold) or a dilated bile duct (greater
than 10 mm) (“sphincter disorder,” formerly type II sphinc-
ter of Oddi dysfunction), but is not necessary when both
are present (“sphincter stenosis,” formerly type I sphincter
of Oddi dysfunction) and is associated with a high risk of
pancreatitis. In the absence of either elevated liver bio-
chemical tests or a dilated bile duct (“functional pain,”
formerly type III sphincter of Oddi dysfunction), a nonbili-
ary source of symptoms should be suspected, and biliary
sphincterotomy does not benefit this group. (Analogous
criteria have been developed for pancreatic sphincter dys-
function.) Biliary scintigraphy after intravenous adminis-
tration of morphine and MRCP following intravenous
administration of secretin have been studied as screening
tests for sphincter dysfunction. Endoscopic sphincterot-
omy is most likely to relieve symptoms in patients with a
sphincter disorder or stenosis, although many patients
continue to have some pain. In some cases, treatment
with a calcium channel blocker, long-acting nitrate, phos-
phodiesterase inhibitor (eg, vardenafil), duloxetine, or
tricyclic antidepressant or possibly injection of the
sphincter with botulinum toxin may be beneficial. The rate
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of psychosocial comorbidity with sphincter of Oddi dys-
function does not appear to differ from that of the general
population. In refractory cases, surgical sphincteroplasty
or removal of the cystic duct remnant may be considered.

» When to Refer

Patients with sphincter of Oddi dysfunction should be
referred for diagnostic procedures.

Isherwood J et al. A systematic review of the aetiology and man-
agement of post cholecystectomy syndrome. Surgeon.
2019;17:33. [PMID: 29730174]

Miyatani H et al. Clinical course of biliary-type sphincter of
Oddi dysfunction: endoscopic sphincterotomy and functional
dyspepsia as affecting factors. Ther Adv Gastrointest Endosc.
2019;12:2631774519867184. [PMID: 31448369]

CHOLEDOCHOLITHIASIS & CHOLANGITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Often a history of biliary pain, which may be
accompanied by jaundice.

» Occasional patients present with painless
jaundice.

» Nausea and vomiting.

» Cholangitis should be suspected with fever fol-
lowed by hypothermia and gram-negative shock,
jaundice, and leukocytosis.

» Stones in bile duct most reliably detected by ERCP
or EUS.

» General Considerations

About 15% of patients with gallstones have choledocholi-
thiasis (bile duct stones). The percentage rises with age,
and the frequency in elderly people with gallstones may be
as high as 50%. Bile duct stones usually originate in the
gallbladder but may also form spontaneously in the bile
duct after cholecystectomy. The risk is increased twofold in
persons with a juxtapapillary duodenal diverticulum.
Symptoms and possible cholangitis result if there is
obstruction.

» Clinical Findings

A. Symptoms and Signs

A history of biliary pain or jaundice may be obtained. Bili-
ary pain results from rapid increases in bile duct pressure
due to obstructed bile flow. The features that suggest the
presence of a bile duct stone are (1) frequently recurring
attacks of right upper abdominal pain that is severe and
persists for hours, (2) chills and fever associated with
severe pain, and (3) a history of jaundice associated with
episodes of abdominal pain (Table 16–9). The combination
of right upper quadrant pain, fever (and chills), and

jaundice represents Charcot triad and denotes the classic
picture of acute cholangitis. The addition of altered mental
status and hypotension (Reynolds pentad) signifies acute
suppurative cholangitis and is an endoscopic emergency.
According to the Tokyo guidelines (2006), the diagnosis of
acute cholangitis is established by the presence of either (1)
the Charcot triad or (2) two elements of the Charcot triad
plus laboratory evidence of an inflammatory response (eg,
elevated white blood cell count, C-reactive protein) and/or
elevated liver biochemical test levels, and/or imaging evi-
dence of biliary dilatation or obstruction.

Hepatomegaly may be present in calculous biliary
obstruction, and tenderness is usually present in the right
upper quadrant and epigastrium. Bile duct obstruction
lasting more than 30 days results in liver damage leading to
cirrhosis. Hepatic failure with portal hypertension occurs
in untreated cases. In a population-based study from Den-
mark, acute cholangitis was reported to be a marker of
occult gastrointestinal cancer.

B. Laboratory Findings

Acute obstruction of the bile duct typically produces a
transient albeit striking increase in serum aminotransfer-
ase levels (often greater than 1000 units/L [20 mckat/L]).
Bilirubinuria and elevation of the serum bilirubin are pres-
ent if the bile duct remains obstructed; levels commonly
fluctuate. Serum alkaline phosphatase levels rise more
slowly. Not uncommonly, serum amylase elevations are
present because of secondary pancreatitis. When extrahe-
patic obstruction persists for more than a few weeks, dif-
ferentiation of obstruction from chronic cholestatic liver
disease becomes more difficult. Leukocytosis is present in
patients with acute cholangitis. Prolongation of the pro-
thrombin time can result from the obstructed flow of bile
to the intestine. In contrast to hepatocellular dysfunction,
hypoprothrombinemia due to obstructive jaundice will
respond to intravenous vitamin K, 10 mg, or water-soluble
oral vitamin K (phytonadione), 5 mg, within 24–36 hours.
In patients with acute calculous cholecystitis, predictors of
concomitant choledocholithiasis are serum aminotransfer-
ase levels over three times the upper limit of normal, an
alkaline phosphatase level above normal, a serum lipase
over three times the upper limit of normal, a bilirubin of
1.8 mg/dL or more, and a bile duct diameter above 6 mm.

C. Imaging

Ultrasonography and CT may demonstrate dilated bile
ducts, and radionuclide imaging may show impaired bile
flow. EUS, helical CT, and magnetic resonance cholangiog-
raphy are accurate in demonstrating bile duct stones and
may be used in patients thought to be at intermediate risk
for choledocholithiasis (age older than 55 years, cholecys-
titis, bile duct diameter greater than 6 mm on ultrasonog-
raphy, serum bilirubin 1.8–4 mg/dL [30.78–68.4 mcmol/L],
elevated serum liver enzymes, or pancreatitis). A decision
analysis has suggested that magnetic resonance cholangi-
ography is preferable when the risk of bile duct stones is
low (less than 40%), and EUS is preferable when the risk
is intermediate (40–91%). ERCP (occasionally with
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intraductal ultrasonography) or percutaneous transhepatic
cholangiography (PTC) provides the most direct and accu-
rate means of determining the cause, location, and extent
of obstruction, but in patients at intermediate risk of cho-
ledocholithiasis, initial cholecystectomy with intraopera-
tive cholangiography results in a shorter length of hospital
stay, fewer bile duct investigations, and no increase in
morbidity. If the likelihood that obstruction is caused by a
stone is high (bile duct stone seen on ultrasonography,
serum bilirubin greater than 4 mg/dL [68.4 mcmol/L], or
acute cholangitis), ERCP with sphincterotomy and stone
extraction or stent placement is the procedure of choice;
meticulous technique is required to avoid causing acute
cholangitis. Because the sensitivity of these criteria for
choledocholithiasis is only 80%, it is not unreasonable for
magnetic resonance cholangiography or EUS to be done
before ERCP.

» Differential Diagnosis

The most common cause of obstructive jaundice is a bile
duct stone. Next in frequency are neoplasms of the pancreas,
ampulla of Vater, or bile duct or an obstructed stent placed
previously for decompression of an obstructing tumor.
Extrinsic compression of the bile duct may result from meta-
static carcinoma (usually from the gastrointestinal tract or
breast) involving porta hepatis lymph nodes or, rarely, from
a large duodenal diverticulum. Gallbladder cancer extend-
ing into the bile duct often presents as obstructive jaundice.
Chronic cholestatic liver diseases (PBC, sclerosing cholangi-
tis, drug-induced) must be considered. Hepatocellular jaun-
dice can usually be differentiated by the history, clinical
findings, and liver biochemical tests, but liver biopsy is nec-
essary on occasion. Recurrent pyogenic cholangitis should
be considered in persons from Asia (and occasionally else-
where) with intrahepatic biliary stones (particularly in the
left ductal system) and recurrent cholangitis.

» Treatment

In general, bile duct stones, even small ones, should be
removed, even in an asymptomatic patient. A bile duct
stone in a patient with cholelithiasis or cholecystitis is usu-
ally treated by endoscopic sphincterotomy and stone
extraction followed by laparoscopic cholecystectomy
within 72 hours in patients with cholecystitis and within
2 weeks in those without cholecystitis. In select cases, lapa-
roscopic cholecystectomy and ERCP can be performed in a
single session. An alternative approach, which is also asso-
ciated with a shorter duration of hospitalization in patients
at intermediate risk for choledocholithiasis, is laparoscopic
cholecystectomy and bile duct exploration.

For patients older than 70 years or poor-risk patients
with cholelithiasis and choledocholithiasis, cholecystec-
tomy may be deferred after endoscopic sphincterotomy
because the risk of subsequent cholecystitis is low (although
the risk of subsequent complications is lower when chole-
cystectomy is performed). ERCP with sphincterotomy,
generally within 48 hours, should be performed before
cholecystectomy in patients with gallstones and cholangi-
tis, jaundice (serum total bilirubin greater than 4 mg/dL

[68.4 mcmol/L]), a dilated bile duct (greater than 6 mm),
or stones in the bile duct seen on ultrasonography or CT.
(Stones may ultimately recur in up to 12% of patients, par-
ticularly in older patients, when the bile duct diameter is
15 mm or greater or when brown pigment stones are found
at the time of the initial sphincterotomy.) For bile duct
stones 1 cm or more in diameter, endoscopic sphincterot-
omy followed by large balloon dilation has been recom-
mended. Endoscopic balloon dilation of the sphincter of
Oddi is otherwise reserved for patients with coagulopathy
because the risk of bleeding is lower with balloon dilation
than with sphincterotomy. Balloon dilation is not associ-
ated with a higher rate of pancreatitis than endoscopic
sphincterotomy if adequate dilation for more than 1 minute
is carried out, and it may be associated with a lower rate of
stone recurrence. EUS-guided biliary drainage and PTC
with drainage are second-line approaches if ERCP fails or
is not possible. In patients with biliary pancreatitis that
resolves rapidly, the stone usually passes into the intestine,
and ERCP prior to cholecystectomy is not necessary if
intraoperative cholangiography is planned.

Choledocholithiasis discovered at laparoscopic chole-
cystectomy may be managed via laparoscopic or, if neces-
sary, open bile duct exploration or by postoperative
endoscopic sphincterotomy. Operative findings of choled-
ocholithiasis are palpable stones in the bile duct, dilatation
or thickening of the wall of the bile duct, or stones in the
gallbladder small enough to pass through the cystic duct.
Laparoscopic intraoperative cholangiography (or intraop-
erative ultrasonography) should be done at the time of
cholecystectomy in patients with liver enzyme elevations
but a bile duct diameter of less than 5 mm; if a ductal stone
is found, the duct should be explored. In the post-
cholecystectomy patient with choledocholithiasis, endo-
scopic sphincterotomy with stone extraction is preferable
to transabdominal surgery. Lithotripsy (endoscopic or
external), peroral cholangioscopy (choledoscopy), or bili-
ary stenting may be a therapeutic consideration for large
stones. For the patient with a T tube and bile duct stone,
the stone may be extracted via the T tube.

Postoperative antibiotics are not administered routinely
after biliary tract surgery. Cultures of the bile are always taken
at operation. If biliary tract infection was present preopera-
tively or is apparent at operation, ampicillin-sulbactam (3 g
intravenously every 6 hours) or piperacillin-tazobactam
(3.375 or 4.5 g intravenously every 6 hours) or a third-
generation cephalosporin (eg, ceftriaxone, 1 g intravenously
every 24 hours) is administered postoperatively until the
results of sensitivity tests on culture specimens are available. A
T-tube cholangiogram should be done before the tube is
removed, usually about 3 weeks after surgery. A small amount
of bile frequently leaks from the tube site for a few days.

Urgent ERCP with sphincterotomy and stone extraction
(within 24–48 hours) is generally indicated for choledocho-
lithiasis complicated by acute cholangitis and is preferred to
surgery. Before ERCP, liver function should be evaluated
thoroughly. The prothrombin time should be restored to
normal by intravenous administration of vitamin K. For
mild-to-moderately severe community-acquired acute chol-
angitis, ciprofloxacin (400 mg intravenously every 12 hours),
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penetrates well into bile and is effective treatment, with
metronidazole (500 mg intravenously every 6–8 hours) for
anaerobic coverage. An alternative regimen is ampicillin-
sulbactam (3 g intravenously every 6 hours). Regimens for
patients with severe or hospital-acquired acute cholangitis,
and those potentially infected with an antibiotic-resistant
pathogen, include intravenous piperacillin-tazobactam
(3.375 or 4 g every 6 hours) or a carbopenem such as
meropenem (1 g intravenously every 8 hours). Aminoglyco-
sides (eg, gentamicin 5–7 mg/kg intravenously every
24 hours) may be added in cases of severe sepsis or septic
shock but should not be given for more than a few days
because the risk of aminoglycoside nephrotoxicity is
increased in patients with cholestasis. Regimens that include
drugs active against anaerobes are required when a biliary-
enteric communication is present.

Emergent decompression of the bile duct, generally by
ERCP, is required for patients who are septic or fail to
improve on antibiotics within 12–24 hours. Medical ther-
apy alone is most likely to fail in patients with tachycardia,
a serum albumin less than 3 g/dL (30 g/L), marked hyper-
bilirubinemia, a high serum ALT level, a high white blood
cell count, and a prothrombin time greater than 14 seconds
on admission. If sphincterotomy cannot be performed, the
bile duct can be decompressed by a biliary stent or naso-
biliary catheter. Once decompression is achieved, antibiot-
ics are generally continued for at least another 3 days.
Cholecystectomy can be undertaken after resolution of
cholangitis, unless the patient remains unfit for surgery.
Mortality from acute cholangitis has been reported to cor-
relate with a high total bilirubin level, prolonged partial
thromboplastin time, malnutrition, presence of a liver
abscess, and unsuccessful ERCP.

» When to Refer

All symptomatic patients with choledocholithiasis should
be referred.

» When to Admit

All patients with acute cholangitis should be hospitalized.

Chen H et al. Incidence and predictors of common bile duct
stones in patients with acute cholecystitis: a systematic litera-
ture review and meta-analysis. ANZ J Surg. 2020;90:1598.
[PMID: 31743951]

Discolo A et al. Outcomes following early versus delayed chole-
cystectomy performed for acute cholangitis. Surg Endosc.
2020;34:3204. [PMID: 31482348]

Iqbal U et al. Emergent versus urgent ERCP in acute cholangitis:
a systematic review and meta-analysis. Gastrointest Endosc.
2020;91:753. [PMID: 31628955]

BILIARY STRICTURE

Benign biliary strictures are the result of surgical (including
liver transplantation) anastomosis or injury in about 95% of
cases. The remainder of cases are caused by blunt external
injury to the abdomen, pancreatitis, IgG

4
-related disease,

erosion of the duct by a gallstone, or prior endoscopic
sphincterotomy.

Signs of injury to the duct may or may not be recognized
in the immediate postoperative period. If complete occlu-
sion has occurred, jaundice will develop rapidly; more often,
however, a tear has been made accidentally in the duct, and
the earliest manifestation of injury may be excessive or pro-
longed loss of bile from the surgical drains. Bile leakage
resulting in a bile collection (biloma) may predispose to
localized infection, which in turn accentuates scar formation
and the ultimate development of a fibrous stricture.

Cholangitis is the most common complication of stric-
ture. Typically, the patient experiences episodes of pain,
fever, chills, and jaundice within a few weeks to months
after cholecystectomy. Physical findings may include jaun-
dice during an acute attack of cholangitis and right upper
quadrant abdominal tenderness. Serum alkaline phospha-
tase is usually elevated. Hyperbilirubinemia is variable,
fluctuating during exacerbations and usually remaining in
the range of 5–10 mg/dL (85.5–171 mcmol/L). Blood cul-
tures may be positive during an acute episode of cholangi-
tis. Secondary biliary cirrhosis will inevitably develop if a
stricture is not treated.

MRCP or multidetector CT is valuable in demonstrat-
ing the stricture and outlining the anatomy. ERCP is the
first-line interventional approach and permits biopsy and
cytologic specimens to exclude malignancy (in conjunc-
tion with EUS-guided fine-needle aspiration, an even more
sensitive test for distal bile duct malignancy), sphincterot-
omy to allow a bile leak to close, and dilation (often
repeated) and stent placement, thereby avoiding surgical
repair in some cases. When ERCP is unsuccessful, dilation
of a stricture may be accomplished by PTC or under EUS
guidance. Placement of multiple plastic stents appears to be
more effective than placement of a single stent. The use of
fully covered self-expanding metal stents, which are more
easily removed endoscopically than uncovered metal
stents, as well as bioabsorbable stents, is an alternative to
use of plastic stents and requires fewer ERCPs to achieve
stricture resolution; stent migration may occur in 10% of
cases. Uncovered metal stents, which often cannot be
removed endoscopically, are generally avoided in benign
strictures unless life expectancy is less than 2 years. Stric-
tures related to chronic pancreatitis are more difficult than
postsurgical strictures to treat endoscopically and may be
best managed with a temporary covered metal stent. Fol-
lowing liver transplantation, endoscopic management is
more successful for anastomotic than for nonanastomotic
strictures. Results for nonanastomotic strictures may be
improved with repeated dilations or the use of multiple
plastic stents. Biliary strictures after live liver donor liver
transplantation, particularly in patients with a late-onset
(after 24 weeks) stricture or with intrahepatic biliary dilata-
tion, are also challenging and require aggressive endo-
scopic therapy; in addition, the risk of post-ERCP
pancreatitis appears to be increased.

When malignancy cannot be excluded with certainty,
additional endoscopic diagnostic approaches may be
considered—if available—including intraductal ultrasonog-
raphy, peroral cholangioscopy, confocal laser endomicros-
copy, optical coherence tomography, and fluorescence in situ
hybridization. Differentiation from cholangiocarcinoma
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may ultimately require surgical exploration in 20% of cases.
Operative treatment of a stricture frequently necessitates
performance of an end-to-end ductal repair, choledochoje-
junostomy, or hepaticojejunostomy to reestablish bile flow
into the intestine.

» When to Refer

All patients with biliary stricture should be referred.

» When to Admit

Patients with acute cholangitis should be hospitalized.

Gerges C et al. Digital single-operator peroral cholangioscopy-
guided biopsy sampling versus ERCP-guided brushing for
indeterminate biliary strictures: a prospective, randomized,
multicenter trial (with video). Gastrointest Endosc. 2020;
91:1105. [PMID: 31778656]

Lakhtakia S et al. Long-term outcomes after temporary place-
ment of a self-expanding fully covered metal stent for benign
biliary strictures secondary to chronic pancreatitis. Gastroin-
test Endosc. 2020;91:361. [PMID: 31494135]

PRIMARY SCLEROSING CHOLANGITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Most common in men aged 20–50 years.

» Often associated with ulcerative colitis.

» Progressive jaundice, itching, and other features
of cholestasis.

» Diagnosis based on characteristic cholangio-
graphic findings.

» At least 10% risk of cholangiocarcinoma.

» General Considerations

Primary sclerosing cholangitis is an uncommon disease
thought to result from an increased immune response to
intestinal endotoxins and characterized by diffuse inflamma-
tion of the biliary tract leading to fibrosis and strictures of the
biliary system. From 60% to 70% of affected persons are male,
usually 20–50 years of age (median age 41). The incidence is
nearly 3.3 per 100,000 in Asian Americans, 2.8 per 100,000 in
Hispanic Americans, and 2.1 per 100,000 in Blacks, with an
intermediate (and increasing) incidence in Whites and a
prevalence of 16.2 per 100,000 population (21 per 100,000
men and 6 per 100,000 women) in the United States.

Primary sclerosing cholangitis is closely associated with
inflammatory bowel disease (more commonly ulcerative
colitis than Crohn colitis), which is present in approximately
two-thirds of patients with primary sclerosing cholangitis;
however, clinically significant sclerosing cholangitis develops
in only 1–4% of patients with ulcerative colitis. Smoking is
associated with a decreased risk of primary sclerosing chol-
angitis in patients who also have inflammatory bowel dis-
ease. Coffee consumption is also associated with a decreased

risk of primary sclerosing cholangitis, and statin use is asso-
ciated with improved outcomes in patients with primary
sclerosing cholangitis. Women with primary sclerosing chol-
angitis may be more likely to have recurrent urinary tract
infections and less likely to use hormone replacement ther-
apy than healthy controls. Associations with cardiovascular
disease and diabetes mellitus have been reported. Primary
sclerosing cholangitis is associated with the histocompatibil-
ity antigens HLA-B8 and -DR3 or -DR4, and first-degree
relatives of patients with primary sclerosing cholangitis have
a fourfold increased risk of primary sclerosing cholangitis
and a threefold increased risk of ulcerative colitis. A subset of
patients with primary sclerosing cholangitis have increased
serum IgG

4
levels and distinct HLA associations (with a

poorer prognosis) but do not meet criteria for IgG
4
-related

sclerosing cholangitis. The diagnosis of primary sclerosing
cholangitis may be difficult to make after biliary surgery.

» Clinical Findings

A. Symptoms and Signs

Primary sclerosing cholangitis presents as progressive
obstructive jaundice, frequently associated with fatigue, pru-
ritus, anorexia, and indigestion. Patients may be diagnosed
in the presymptomatic phase because of an elevated alkaline
phosphatase level or a subclinical phase based on abnormali-
ties on magnetic resonance cholangiography despite normal
liver enzyme levels. Complications of chronic cholestasis,
such as osteoporosis, malabsorption of fat-soluble vitamins,
and malnutrition, may occur late in the course. Risk factors
for osteoporosis include older age, lower body mass index,
and longer duration of inflammatory bowel disease. Esopha-
geal varices on initial endoscopy are most likely in patients
with a higher Mayo risk score based on age, bilirubin, albu-
min, and AST and a higher AST/ALT ratio, and new varices
are likely to develop in those with a lower platelet count and
higher bilirubin at 2 years. In patients with primary scleros-
ing cholangitis, ulcerative colitis is frequently characterized
by rectal sparing and backwash ileitis.

B. Diagnostic Findings

The diagnosis of primary sclerosing cholangitis is generally
made by MRCP, the sensitivity of which approaches that of
ERCP. Characteristic cholangiographic findings are seg-
mental fibrosis of bile ducts with saccular dilatations
between strictures. Biliary obstruction by a stone or tumor
should be excluded. Liver biopsy is not necessary for diag-
nosis when cholangiographic findings are characteristic.
The disease may be confined to small intrahepatic bile
ducts in about 15% of cases, in which case MRCP and
ERCP are normal and the diagnosis is suggested by liver
biopsy findings. These patients have a longer survival than
patients with involvement of the large ducts and do not
appear to be at increased risk for cholangiocarcinoma
unless large-duct sclerosing cholangitis develops (which
occurs in about 20% over 7–10 years). Liver biopsy may
show characteristic periductal fibrosis (“onion-skinning”)
and allows staging, which is based on the degree of fibrosis
and which correlates with liver stiffness as measured by
elastography. Perinuclear ANCA as well as antinuclear,
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anticardiolipin, antithyroperoxidase, and anti-Saccharomyces
cerevisiae antibodies and rheumatoid factor are frequently
detected in serum.

Occasional patients have clinical and histologic features
of both sclerosing cholangitis and autoimmune hepatitis.
Cholangitis in IgG

4
-related disease may be difficult to dis-

tinguish from primary sclerosing cholangitis and even
cholangiocarcinoma, is associated with autoimmune pan-
creatitis (see Chronic Pancreatitis), and is responsive to
corticosteroids. A serum IgG

4
level more than four times

the upper limit of normal or an IgG
4
:IgG

1
ratio of more

than 0.24 strongly suggests IgG
4
-related sclerosing cholan-

gitis, but in up to one-third of cases, the serum IgG
4

level is
normal. Primary sclerosing cholangitis must also be distin-
guished from idiopathic adulthood ductopenia (a rare dis-
order that affects young to middle-aged adults who
manifest cholestasis resulting from loss of interlobular and
septal bile ducts yet who have a normal cholangiogram; it
is caused in some cases by a mutation in the canalicular
phospholipid transporter gene ABCB4). Primary scleros-
ing cholangitis must also be distinguished from other
cholangiopathies (including PBC; cystic fibrosis; eosino-
philic cholangitis; AIDS cholangiopathy; histiocytosis X;
allograft rejection; graft-versus-host disease; ischemic
cholangiopathy [often with biliary “casts,” a rapid progres-
sion to cirrhosis, and a poor outcome] caused by hepatic
artery thrombosis, shock, respiratory failure, or drugs [a
similar entity has been described in patients with COVID];
intra-arterial chemotherapy; and sarcoidosis).

» Complications

Cholangiocarcinoma may complicate the course of primary
sclerosing cholangitis in up to 20% of cases (1.2% per year)
and may be difficult to diagnose by cytologic examination or
biopsy because of false-negative results. A serum CA 19-9
level above 100 units/mL is suggestive but not diagnostic of
cholangiocarcinoma. Annual MRI with MRCP or right-
upper-quadrant ultrasonography and, by some guidelines
but not others, serum CA 19-9 testing (a level of 20 is the
threshold for further investigation) are recommended for
surveillance, with ERCP and biliary cytology if the results
are suggestive of malignancy. MRCP is more sensitive than
ultrasonography. PET and peroral cholangioscopy may play
roles in the early detection of cholangiocarcinoma. Patients
with ulcerative colitis and primary sclerosing cholangitis are
at high risk (tenfold higher than ulcerative colitis patients
without primary sclerosing cholangitis) for colorectal
neoplasia. The risks of gallstones, cholecystitis, gallbladder
polyps, and gallbladder carcinoma appear to be increased in
patients with primary sclerosing cholangitis.

» Treatment

Episodes of acute bacterial cholangitis may be treated with
ciprofloxacin (750 mg twice daily orally or intravenously).
Ursodeoxycholic acid in standard doses (10–15 mg/kg/day
orally) may improve liver biochemical test results but does
not appear to alter the natural history. However, with-
drawal of ursodeoxycholic acid may result in worsening of
liver biochemical test levels and increased pruritus, and

ursodeoxycholic acid in intermediate doses (17–23 mg/kg/
day) has been reported to be beneficial.

Careful endoscopic evaluation of the biliary tract may
permit balloon dilation of localized strictures, and repeated
dilation of a dominant stricture may improve survival,
although such patients have reduced survival compared
with patients who do not have a dominant stricture. Short-
term (2–3 weeks) placement of a stent in a major stricture
also may relieve symptoms and improve biochemical
abnormalities, with sustained improvement after the stent
is removed, but may not be superior to balloon dilation
alone; long-term stenting may increase the rate of compli-
cations such as cholangitis and is not recommended.

Cholecystectomy is indicated in patients with primary
sclerosing cholangitis and a gallbladder polyp greater than
8 mm in diameter. In patients without cirrhosis, surgical
resection of a dominant bile duct stricture may lead to
longer survival than endoscopic therapy by decreasing the
subsequent risk of cholangiocarcinoma. When feasible,
extensive surgical resection of cholangiocarcinoma com-
plicating primary sclerosing cholangitis may result in
5-year survival rates of greater than 50%. In patients with
ulcerative colitis, primary sclerosing cholangitis is an inde-
pendent risk factor for the development of colorectal dys-
plasia and cancer (especially in the right colon), and strict
adherence to a colonoscopic surveillance program (yearly
for those with ulcerative colitis and every 5 years for those
without ulcerative colitis) is recommended. Whether treat-
ment with ursodeoxycholic acid reduces the risk of colorec-
tal dysplasia and carcinoma in patients with ulcerative
colitis and primary sclerosing cholangitis is still uncertain.
For patients with cirrhosis and clinical decompensation,
liver transplantation is the treatment of choice; primary
sclerosing cholangitis recurs in the graft in 30% of cases,
with a possible reduction in the risk of recurrence when
colectomy has been performed for ulcerative colitis before
transplantation.

» Prognosis

Survival of patients with primary sclerosing cholangitis
averages 9–17 years, and up to 21 years in population-
based studies. Adverse prognostic markers are older age,
hepatosplenomegaly, higher serum bilirubin and AST
levels, lower albumin levels, a history of variceal bleeding,
a dominant bile duct stricture, and extrahepatic duct
changes. Variceal bleeding is also a risk factor for cholan-
giocarcinoma. Patients in whom serum alkaline phospha-
tase levels decline by 40% or more (spontaneously, with
ursodeoxycholic acid therapy, or after treatment of a domi-
nant stricture) have longer transplant-free survival times
than those in whom the alkaline phosphatase does not
decline. Moreover, improvement in the serum alkaline phos-
phatase to less than 1.5 times the upper limit of normal is
associated with a reduced risk of cholangiocarcinoma. Risk
of progression can be predicted by three findings on MRI
and MRCP: a cirrhotic appearance to the liver, portal hyper-
tension, and enlarged perihepatic lymph nodes.

The Amsterdam-Oxford model has been proposed to
predict transplant-free survival and is based on disease sub-
type (large- vs. small-duct involvement), age at diagnosis,
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serum albumin, platelet count, serum AST, serum alkaline
phosphatase, and serum bilirubin. Another promising scor-
ing system is the UK-PSC risk score based on age, serum
bilirubin, serum alkaline phosphatase, albumin, platelet
count, presence of extrahepatic disease, and variceal hemor-
rhage. The PSC risk estimate tool (PREsTo) based on nine
variables (bilirubin, albumin, alkaline phosphatase, platelets,
AST, hemoglobin, sodium, patient age, and number of years
since the diagnosis of primary sclerosing cholangitis) has
been reported to accurately predict hepatic decompensation.
Transplant-free survival can also be predicted by serum
levels of markers of liver fibrosis—hyaluronic acid, tissue
inhibitor of metalloproteinase-1, and propeptide of type III
procollagen. Reduced quality of life is associated with older
age, large-duct disease, and systemic symptoms. Maternal
primary sclerosing cholangitis is associated with preterm
birth and cesarean section delivery; risk of congenital malfor-
mations is not increased. Interestingly, patients with milder
ulcerative colitis tend to have more severe primary cholangitis
and a higher rate of liver transplantation. Actuarial survival
rates with liver transplantation are as high as 72% at 5 years,
but rates are much lower once cholangiocarcinoma has devel-
oped. Following transplantation, patients have an increased
risk of nonanastomotic biliary strictures and—in those with
ulcerative colitis—colon cancer, and the disease recurs in 25%.
The retransplantation rate is higher than that for PBC.
Patients who are unable to undergo liver transplantation will
ultimately require high-quality palliative care (see Chapter 5).

Chapman MH et al. British Society of Gastroenterology and UK-
PSC guidelines for the diagnosis and management of primary
sclerosing cholangitis. Gut. 2019;68:1356. [PMID: 31154395]

Eaton JE et al. Primary sclerosing cholangitis risk estimate tool
(PREsTo) predicts outcomes of the disease: a derivation and
validation study using machine learning. Hepatology.
2020;71:214. [PMID: 29742811]

Trivedi PJ et al. Effects of primary sclerosing cholangitis on risks
of cancer and death in people with inflammatory bowel dis-
ease, based on sex, race, and age. Gastroenterology. 2020;
159:915. [PMID: 32445859]

DISEASES OF THE PANCREAS

See Chapter 39 for Carcinoma of the Pancreas and Peri-
ampullary Area.

ACUTE PANCREATITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Abrupt onset of deep epigastric pain, often with
radiation to the back.

» History of previous episodes, often related to
alcohol intake.

» Nausea, vomiting, sweating, weakness.

» Abdominal tenderness and distention and fever.

» Leukocytosis, elevated serum amylase, elevated
serum lipase.

» General Considerations

The annual incidence of acute pancreatitis ranges from 13
to 45 per 100,000 population and has increased since 1990.
A majority of cases of acute pancreatitis are related to bili-
ary tract disease (45%) (a passed gallstone, usually 5 mm or
less in diameter) or heavy alcohol intake (20%), with
worldwide variations. The exact pathogenesis is not known
but may include edema or obstruction of the ampulla of
Vater, reflux of bile into pancreatic ducts, and direct injury
of pancreatic acinar cells by prematurely activated pancre-
atic enzymes. Among the numerous other causes or asso-
ciations are (1) hyperlipidemias (chylomicronemia,
hypertriglyceridemia, or both); (2) hypercalcemia;
(3) abdominal trauma (including surgery); (4) medications
(including azathioprine, mercaptopurine, asparaginase,
pentamidine, didanosine, valproic acid, tetracyclines, dap-
sone, isoniazid, metronidazole, estrogen and tamoxifen [by
raising serum triglycerides], sulfonamides, mesalamine,
celecoxib, sulindac, leflunomide, thiazides, simvastatin,
fenofibrate, enalapril, methyldopa, procainamide, sita-
gliptin, exenatide, possibly corticosteroids, and others);
(5) vasculitis; (6) infections (eg, mumps, cytomegalovirus,
HEV, M avium intracellulare complex, SARS-CoV-2); (7)
peritoneal dialysis; (8) cardiopulmonary bypass, single- or
double-balloon enteroscopy; and (9) ERCP. Medication-
induced acute pancreatitis is generally dose-related and
associated with worse outcomes than that due to other
causes. In patients with pancreas divisum, a congenital
anomaly in which the dorsal and ventral pancreatic ducts
fail to fuse, acute pancreatitis may result from stenosis of
the minor papilla with obstruction to flow from the acces-
sory pancreatic duct, although concomitant genetic muta-
tions, particularly in the cystic fibrosis transmembrane
conductance regulator (CFTR) gene, may actually account
for acute pancreatitis in these patients. Acute pancreatitis
may also result from an anomalous junction of the pancre-
aticobiliary duct (pancreaticobiliary malunion). Rarely,
acute pancreatitis may be the presenting manifestation of a
pancreatic or ampullary neoplasm. Celiac disease appears
to be associated with an increased risk of acute and chronic
pancreatitis. Apparently “idiopathic” acute pancreatitis is
often caused by occult biliary microlithiasis but unlikely to
be caused by sphincter of Oddi dysfunction involving the
pancreatic duct. Between 15% and 25% of cases are truly
idiopathic. Smoking, high dietary glycemic load, and
abdominal adiposity increase the risk of pancreatitis, and
older age and obesity increase the risk of a severe course;
vegetable consumption, dietary fiber, and use of statins
may reduce the risk of pancreatitis, and coffee drinking
may reduce the risk of nonbiliary pancreatitis.

» Clinical Findings

A. Symptoms and Signs

Epigastric abdominal pain, generally abrupt in onset, is
steady, boring, and severe and often made worse by walk-
ing and lying supine and better by sitting and leaning for-
ward. The pain usually radiates into the back but may
radiate to the right or left. Nausea and vomiting are usually
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present. Weakness, sweating, and anxiety are noted in
severe attacks. There may be a history of alcohol intake or
a heavy meal immediately preceding the attack or a history
of milder similar episodes or biliary pain in the past.

The upper abdomen is tender, most often without
guarding, rigidity, or rebound. The abdomen may be dis-
tended, and bowel sounds may be absent with associated
ileus. Fever of 38.4–39°C, tachycardia, hypotension (even
shock), pallor, and cool clammy skin are present in severe
cases. Mild jaundice may be seen. Occasionally, an upper
abdominal mass due to the inflamed pancreas or a pseudo-
cyst may be palpated. Acute kidney injury (usually prerenal
azotemia) may occur early in the course of acute
pancreatitis.

B. Laboratory Findings

Serum amylase and lipase are elevated—usually more than
three times the upper limit of normal—within 24 hours in
90% of cases; their return to normal is variable depending
on the severity of disease. Lipase remains elevated longer
than amylase and is slightly more accurate for the diagnosis
of acute pancreatitis. Leukocytosis (10,000–30,000/mcL
[10–30 × 109/L]), proteinuria, granular casts, glycosuria
(10–20% of cases), hyperglycemia, and elevated serum bili-
rubin may be present. Blood urea nitrogen and serum
alkaline phosphatase may be elevated and coagulation tests
abnormal. An elevated serum creatinine level (greater than
1.8 mg/dL [149.94 mcmol/L]) at 48 hours is associated with
the development of pancreatic necrosis. In patients with
clear evidence of acute pancreatitis, a serum ALT level of
more than 150 units/L (3 mkat/L) suggests biliary pancre-
atitis. A decrease in serum calcium may reflect saponifica-
tion and correlates with severity of the disease. Levels lower
than 7 mg/dL (1.75 mmol/L) (when serum albumin is
normal) are associated with tetany and an unfavorable prog-
nosis. Patients with acute pancreatitis caused by hypertri-
glyceridemia generally have fasting triglyceride levels above
1000 mg/dL (10 mmol/L) and often have other risk factors
for pancreatitis; in some cases, the serum amylase is not
elevated substantially because of an inhibitor in the serum of
patients with marked hypertriglyceridemia that interferes
with measurement of serum amylase. An early rise in the
hematocrit value above 44% suggests hemoconcentration
and predicts pancreatic necrosis. An elevated C-reactive
protein concentration (greater than 150 mg/L [1500 mg/L])
at 48 hours suggests severe disease.

Other diagnostic tests that offer the possibility of
simplicity, rapidity, ease of use, and low cost—including
urinary trypsinogen-2, trypsinogen activation peptide, and
carboxypeptidase B—are not widely available. In patients
in whom ascites or a left pleural effusion develops, fluid
amylase content is high. Electrocardiography may show
ST–T wave changes.

C. Assessment of Severity

In addition to the individual laboratory parameters noted
above, the severity of acute alcohol-associated pancreatitis
can be assessed using several scoring systems (none of
which has been shown to have high prognostic accuracy),

including the Ranson criteria (Table 16–10). The Sequen-
tial Organ Failure Assessment (SOFA) score or modified
Marshall scoring system can be used to assess injury to
other organs, and the Acute Physiology and Chronic
Health Evaluation (APACHE II) score is another tool for
assessing severity. The severity of acute pancreatitis can
also be predicted by the Pancreatitis Activity Scoring
System (PASS) based on organ failure, intolerance to a
solid diet, systemic inflammatory response syndrome,
abdominal pain, and dose of intravenous morphine (or its
equivalent). Another simple 5-point clinical scoring system
(the Bedside Index for Severity in Acute Pancreatitis, or
BISAP) based on blood urea nitrogen above 25 mg/dL
(9 mmol/L), impaired mental status, systemic inflamma-
tory response syndrome, age older than 60 years, and
pleural effusion during the first 24 hours (before the onset
of organ failure) identifies patients at increased risk for
mortality. More simply, the presence of a systemic inflam-
matory response alone and an elevated blood urea nitrogen
level on admission as well as a rise in blood urea nitrogen
within the first 24 hours of hospitalization are indepen-
dently associated with increased mortality; the greater the
rise in blood urea nitrogen after admission, the greater the
mortality rate. A model based on the change in serum
amylase in the first 2 days after admission and the body
mass index has been proposed. An early rise in serum
levels of neutrophil gelatinase-associated lipocalin has also
been proposed as a marker of severe acute pancreatitis. The
absence of rebound abdominal tenderness or guarding, a
normal hematocrit value, and a normal serum creatinine
level (the “harmless acute pancreatitis score,” or HAPS)

Table 16–10. Ranson criteria for assessing the severity
of acute pancreatitis.

t o mo of  following dic  sv cous

comlicd by ncic ncosis wi  snsiiviy

of 60–80%

Age over 55 years

White blood cell count > 16 × 103/mcL (> 16 × 109/L)

Blood glucose > 200 mg/dL (> 11 mmol/L)

Serum lactic dehydrogenase > 350 units/L (> 7 mkat/L)

Aspartate aminotransferase > 250 units/L (> 5 mkat/L)

Dvlomn of  following in  fis 48 ous indics 

wosning ognosis

Hematocrit drop of more than 10 percentage points

Blood urea nitrogen rise > 5 mg/dL (> 1.8 mmol/L)

Arterial Po
2

of < 60 mm Hg (< 7.8 kPa)

Serum calcium of < 8 mg/dL (< 0.2 mmol/L)

Base deficit over 4 mEq/L

Estimated fluid sequestration of > 6 L

Moliy s col wi  numb of cii sn

Numb of Cii Moliy r

0–2 1%

3–4 16%

5–6 40%

7–8 100%
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predict a nonsevere course with 98% accuracy. The revised
Atlanta classification of the severity of acute pancreatitis
uses the following three categories: (1) mild disease is the
absence of organ failure and local ([peri]pancreatic necrosis
or fluid collections) or systemic complications; (2) moderate
disease is the presence of transient (under 48 hours) organ
failure or local or systemic complications, or both; and
(3) severe disease is the presence of persistent (48 hours or
more) organ failure. A similar “determinant-based” classi-
fication also includes a category of critical acute pancreatitis
characterized by both persistent organ failure and infected
peripancreatic necrosis.

D. Imaging

Plain radiographs of the abdomen may show gallstones (if
calcified), a “sentinel loop” (a segment of air-filled small
intestine most commonly in the left upper quadrant), the
“colon cutoff sign”—a gas-filled segment of transverse colon
abruptly ending at the area of pancreatic inflammation—or
focal linear atelectasis of the lower lobes of the lungs with or
without pleural effusions. Ultrasonography is often not help-
ful in diagnosing acute pancreatitis because of intervening
bowel gas but may identify gallstones in the gallbladder.
Unenhanced CT is useful for demonstrating an enlarged
pancreas when the diagnosis of pancreatitis is uncertain, dif-
ferentiating pancreatitis from other possible intra-abdominal
catastrophes, and providing an initial assessment of progno-
sis but is often unnecessary early in the course (Table 16–11).
Rapid-bolus intravenous contrast-enhanced CT following
aggressive volume resuscitation is of particular value after
the first 3 days of severe acute pancreatitis for identifying
areas of necrotizing pancreatitis and assessing the degree of
necrosis (although the use of intravenous contrast may
increase the risk of complications of pancreatitis and of acute
kidney injury and should be avoided when the serum creati-
nine level is above 1.5 mg/dL [124.95 mcmol/L]). MRI
appears to be a suitable alternative to CT. Perfusion CT on
day 3 demonstrating areas of ischemia in the pancreas has
been reported to predict the development of pancreatic
necrosis. The presence of a fluid collection in the pancreas
correlates with an increased mortality rate. CT-guided nee-
dle aspiration of areas of necrotizing pancreatitis after the

third day may disclose infection, usually by enteric organ-
isms, which typically requires debridement; however, the
false-negative rate is 25%. The presence of gas bubbles on
CT implies infection by gas-forming organisms. EUS is use-
ful in identifying occult biliary disease (eg, small stones,
sludge, microlithiasis), which is present in a majority of
patients with apparently idiopathic acute pancreatitis, and is
indicated in persons over age 40 to exclude malignancy.
ERCP is generally not indicated after a first attack of acute
pancreatitis unless there is associated cholangitis or jaundice
or a bile duct stone is known to be present, but EUS or
MRCP should be considered, especially after repeated
attacks of idiopathic acute pancreatitis. Following a single
attack of idiopathic acute pancreatitis, a negative EUS
examination predicts a low risk of relapse. In select cases,
aspiration of bile for crystal analysis may confirm the suspi-
cion of microlithiasis, and manometry of the pancreatic duct
sphincter may detect sphincter of Oddi dysfunction as a
cause of recurrent pancreatitis.

» Differential Diagnosis

Acute pancreatitis must be differentiated from an acutely
perforated duodenal ulcer, acute cholecystitis, acute intes-
tinal obstruction, leaking aortic aneurysm, renal colic, and
acute mesenteric ischemia. Serum amylase may also be
elevated in proximal intestinal obstruction, gastroenteritis,
mumps not involving the pancreas (salivary amylase), and
ectopic pregnancy and after administration of opioids and
abdominal surgery. Serum lipase may also be elevated in
many of these conditions.

» Complications

Intravascular volume depletion secondary to leakage of
fluids into the pancreatic bed and to ileus with fluid-filled
loops of bowel may result in prerenal azotemia and even
acute tubular necrosis without overt shock. This sequence
usually occurs within 24 hours of the onset of acute pan-
creatitis and lasts 8–9 days. Some patients require renal
replacement therapy.

According to the revised Atlanta classification, fluid col-
lections and necrosis may be acute (within the first 4 weeks)

Table 16–11. Severity index for acute pancreatitis.

Ct Gd Points

pncic

Ncosis

Additional

Points

Sviy

Indx1

Moliy

r2

A Normal pancreas 0 0% 0 0 0%

B Pancreatic enlargement 1 0% 0 1 0%

C Pancreatic inflammation and/or peripancreatic fat 2 < 30% 2 4 < 3%

D Single acute peripancreatic fluid collection 3 30–50% 4 7 6%

E Two or more acute peripancreatic fluid collections or

retroperitoneal air

4 > 50% 6 10 > 17%

1Severity Index = CT Grade Points + Pancreatic Necrosis Additional Points.
2Based on the Severity Index.

Adapted with permission from Balthazar EJ. Acute pancreatitis: assessment of severity with clinical and CT evaluation. Radiology. 2002;

223(3):603–13.
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or chronic (after 4 weeks) and sterile or infected. Chronic
collections, including pseudocysts and walled-off necrosis,
are characterized by encapsulation. Sterile or infected necro-
tizing pancreatitis may complicate the course in 5–10% of
cases and accounts for most of the deaths. The risk of infec-
tion does not correlate with the extent of necrosis. Pancreatic
necrosis is often associated with fever, leukocytosis, and, in
some cases, shock and is associated with organ failure (eg,
gastrointestinal bleeding, respiratory failure, acute kidney
injury) in 50% of cases. It may lead to complete transection
of the pancreatic duct (disconnected pancreatic duct syn-
drome), which may result in recurrent fluid collections or
persistent fistulae months or years after necrosis has resolved.
Because infected pancreatic necrosis is often an indication
for debridement, fine-needle aspiration of necrotic tissue
under CT guidance should be performed (if necessary,
repeatedly) for Gram stain and culture.

A serious complication of acute pancreatitis is acute
respiratory distress syndrome (ARDS); cardiac dysfunction
may be superimposed. It usually occurs 3–7 days after the
onset of pancreatitis in patients who have required large
volumes of fluid and colloid to maintain blood pressure and
urinary output. Most patients with ARDS require intuba-
tion, mechanical ventilation, and supplemental oxygen.

Pancreatic abscess (also referred to as infected or sup-
purative pseudocyst) is a suppurative process characterized
by rising fever, leukocytosis, and localized tenderness and
an epigastric mass usually 6 or more weeks into the course
of acute pancreatitis. The abscess may be associated with a
left-sided pleural effusion or an enlarging spleen secondary
to splenic vein thrombosis. In contrast to infected necrosis,
the mortality rate is low following drainage.

Pseudocysts, encapsulated fluid collections with high
amylase content, commonly appear in pancreatitis when CT
is used to monitor the evolution of an acute attack. Pseudo-
cysts that are smaller than 6 cm in diameter often resolve
spontaneously. They most commonly are within or adjacent
to the pancreas but can present almost anywhere (eg, medi-
astinal, retrorectal) by extension along anatomic planes.
Multiple pseudocysts are seen in 14% of cases. Pseudocysts
may become secondarily infected, necessitating drainage as
for an abscess. Pancreatic ascites may present after recovery
from acute pancreatitis as a gradual increase in abdominal
girth and persistent elevation of the serum amylase level in
the absence of frank abdominal pain. Marked elevations in
ascitic protein (greater than 3 g/dL) and amylase (greater
than 1000 units/L [20 mkat/L]) concentrations are typical.
The condition results from disruption of the pancreatic duct
or drainage of a pseudocyst into the peritoneal cavity.

Rare complications of acute pancreatitis include hemor-
rhage caused by erosion of a blood vessel to form a pseudoa-
neurysm and by colonic necrosis. Portosplenomesenteric
venous thrombosis frequently develops in patients with
necrotizing acute pancreatitis but rarely leads to compli-
cations. Other local complications include abdominal
compartment syndrome, intestinal ischemia, and gastric
outlet obstruction. Chronic pancreatitis develops in about
10% of cases of acute pancreatitis. Diabetes mellitus and
exocrine pancreatic insufficiency may develop after acute
pancreatitis.

» Treatment

A. Treatment of Acute Disease

1. Mild disease—In most patients, acute pancreatitis is a
mild disease (“nonsevere acute pancreatitis”) that subsides
spontaneously within several days. The pancreas is “rested”
by a regimen of withholding food and liquids by mouth,
bed rest, and, in patients with moderately severe pain or
ileus and abdominal distention or vomiting, nasogastric
suction. Goal-directed therapy with early aggressive
fluid resuscitation (one-third of the total 72-hour fluid
volume administered within 24 hours of presentation,
250–500 mL/h initially) may reduce the frequency of sys-
temic inflammatory response syndrome and organ failure
in this group of patients and appears to have the greatest
benefit in patients with acute pancreatitis predicted to be
mild in severity when started within 4 hours of the patient’s
arrival at the hospital. Lactated Ringer solution may be
preferable to normal saline; however, overly aggressive
fluid resuscitation may lead to morbidity as well.

Pain is controlled with meperidine, up to 100–150 mg
intramuscularly every 3–4 hours as necessary. In those
with severe liver or kidney dysfunction, the dose may need
to be reduced. Morphine had been thought to cause
sphincter of Oddi spasm but is now considered an accept-
able alternative and, given the potential side effects of
meperidine, may even be preferable. Oral intake of fluid
and foods can be resumed when the patient is largely free
of pain and has bowel sounds (even if the serum amylase is
still elevated). Clear liquids are given first (this step may be
skipped in patients with mild acute pancreatitis), followed
by gradual advancement to a low-fat diet, guided by the
patient’s tolerance and by the absence of pain. Pain may
recur on refeeding in 20% of patients.

Following recovery from acute biliary pancreatitis, lapa-
roscopic cholecystectomy is generally performed, prefera-
bly during the same hospital admission, and is associated
with a reduced rate of recurrent gallstone-related complica-
tions compared with delayed cholecystectomy. In selected
cases endoscopic sphincterotomy alone may be done. In
patients with recurrent pancreatitis associated with pan-
creas divisum, insertion of a stent in the minor papilla (or
minor papilla sphincterotomy) may reduce the frequency of
subsequent attacks, although complications of such therapy
are frequent. In patients with recurrent acute pancreatitis
attributed to pancreatic sphincter of Oddi dysfunction, bili-
ary sphincterotomy alone is as effective as combined biliary
and pancreatic sphincterotomy in reducing the frequency of
recurrent acute pancreatitis, but chronic pancreatitis may
still develop in treated patients. Hypertriglyceridemia with
acute pancreatitis has been treated with combinations of
insulin, heparin, apheresis, and hemofiltration, but the ben-
efit of these approaches has not been proven.

2. Severe disease—In more severe pancreatitis—particularly
necrotizing pancreatitis—there may be considerable leak-
age of fluids, necessitating large amounts of intravenous
fluids (eg, 500–1000 mL/h for several hours, then
250–300 mL/h) to maintain intravascular volume. Risk fac-
tors for high levels of fluid sequestration include younger
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age, alcohol etiology, higher hematocrit value, higher
serum glucose, and systemic inflammatory response syn-
drome in the first 48 hours of hospital admission. Hemo-
dynamic monitoring in an intensive care unit is required,
and the importance of aggressive goal-directed intravenous
hydration targeted to result in adequate urinary output,
stabilization of blood pressure and heart rate, restoration of
central venous pressure, and a modest decrease in hemato-
crit value cannot be overemphasized. Calcium gluconate
must be given intravenously if there is evidence of hypocal-
cemia with tetany. Infusions of fresh frozen plasma or
serum albumin may be necessary in patients with coagu-
lopathy or hypoalbuminemia. With colloid solutions, the
risk of ARDS may be increased. If shock persists after
adequate volume replacement (including packed red cells),
vasopressors may be required. For the patient requiring a
large volume of parenteral fluids, central venous pressure
and blood gases should be monitored at regular intervals.

Enteral nutrition via a nasojejunal or possibly nasogas-
tric feeding tube is preferable to parenteral nutrition in
patients who will otherwise be without oral nutrition for at
least 7–10 days and reduces the risk of multiorgan failure
and mortality when started within 48 hours of admission,
but may not be tolerated in some patients with an ileus and
does not reduce the rates of infection and death compared
with the introduction of an oral diet after 72 hours. Paren-
teral nutrition (including lipids) should be considered in
patients who have severe pancreatitis and ileus; glutamine
supplementation appears to reduce the risk of infectious
complications and mortality.

The routine use of antibiotics to prevent conversion of
sterile necrotizing pancreatitis to infected necrosis is of no
benefit and generally is not indicated in patients with less
than 30% pancreatic necrosis. Imipenem (500 mg intrave-
nously every 6 hours) or possibly cefuroxime (1.5 g intra-
venously three times daily, then 250 mg orally twice daily)
administered for no more than 14 days to patients with
sterile necrotizing pancreatitis has been reported in some
studies to reduce the risk of pancreatic infection and mor-
tality, but in general, prophylactic antibiotics are not
recommended; meropenem and the combination of cipro-
floxacin and metronidazole do not appear to reduce the
frequency of infected necrosis, multiorgan failure, or mor-
tality. When infected necrotizing pancreatitis is confirmed,
imipenem or meropenem should be continued. Drug-
resistant organisms are increasingly prevalent. In occa-
sional cases, a fungal infection is found, and appropriate
antifungal therapy should be prescribed.

The role of intravenous somatostatin in severe acute
pancreatitis is uncertain, and octreotide is thought to have
no benefit. A small study has suggested benefit from pent-
oxifylline. To date, probiotic agents have not been shown to
reduce infectious complications of severe pancreatitis and
may increase mortality.

NSAIDs (eg, indomethacin administered rectally) and
aggressive hydration with lactated Ringer solution have been
reported to reduce the frequency and severity of post-ERCP
pancreatitis in persons at high risk, and rectal indomethacin
is widely used, but studies of the benefit of indomethacin in
unselected patients have yielded conflicting results.

Placement of a stent across the pancreatic duct or orifice
has been shown to reduce the risk of post-ERCP pancreati-
tis by 60–80% and is a common practice.

B. Treatment of Complications and FollowUp

A surgeon should be consulted in all cases of severe acute
pancreatitis. If the diagnosis is in doubt and investigation
indicates a strong possibility of a serious surgically correct-
able lesion (eg, perforated peptic ulcer), exploratory lapa-
rotomy is indicated. When acute pancreatitis is found
unexpectedly, it is usually wise to close without interven-
tion. If the pancreatitis appears mild and cholelithiasis or
microlithiasis is present, cholecystectomy or cholecystos-
tomy may be justified. When severe pancreatitis results
from choledocholithiasis and jaundice (serum total biliru-
bin above 5 mg/dL [85.5 mcmol/L]) or cholangitis is pres-
ent, ERCP with endoscopic sphincterotomy and stone
extraction is indicated. MRCP may be useful in selecting
patients for therapeutic ERCP. Endoscopic sphincterotomy
does not appear to improve the outcome of severe pancre-
atitis in the absence of cholangitis or jaundice.

Necrosectomy may improve survival in patients with
necrotizing pancreatitis and clinical deterioration with
multiorgan failure or lack of resolution by 4 weeks and is
often indicated for infected necrosis, although a select
group of relatively stable patients with infected pancreatic
necrosis may be managed with antibiotics alone. The goal
is to debride necrotic pancreas and surrounding tissue
and establish adequate drainage. Outcomes are best if
necrosectomy is delayed until the necrosis has organized,
usually about 4 weeks after disease onset. A “step-up”
approach in which nonsurgical endoscopic transluminal
(transgastric or transduodenal) or percutaneous catheter
drainage of walled-off pancreatic necrosis under radio-
logic guidance with subsequent open surgical necrosec-
tomy if necessary has been shown to reduce mortality and
resource utilization in select patients with necrotizing
pancreatitis and confirmed or suspected secondary infec-
tion. In some cases, laparoscopic guidance (video-assisted
retroperitoneal debridement) is an additional option,
depending on local expertise. Lumen-apposing metal
stents (LAMS) or double-pigtail plastic stents are used for
endoscopic transluminal drainage, with removal of LAMS
after 4 weeks to minimize the risk of complications. Treat-
ment is labor intensive, and multiple procedures are often
required, although costs and complication rates are lower
than those for surgery. Peritoneal lavage has not been shown
to improve survival in severe acute pancreatitis, in part
because the risk of late septic complications is not reduced.
Endoscopic or surgical interventions may be required for
chronic disconnected pancreatic duct syndrome.

The development of a pancreatic abscess is an indica-
tion for prompt percutaneous or surgical drainage. Chronic
pseudocysts require endoscopic, percutaneous catheter, or
surgical drainage when infected or associated with persist-
ing pain, pancreatitis, or bile duct obstruction. For pancre-
atic infections, imipenem, 500 mg every 8 hours
intravenously, is a good choice of antibiotic because it
achieves bactericidal levels in pancreatic tissue for most

CMDT22_Ch16_p0677-p0740.indd 736 29/06/21 8:39 PM



LIVer, BILIarY traCt, & paNCreaS DISOrDerS 737CMDT 2022

causative organisms. Pancreatic duct leaks and fistulas may
require endoscopic or surgical therapy.

» Prognosis

Mortality rates for acute pancreatitis have declined from at
least 10% to around 5% since the 1980s, but the mortality
rate for severe acute pancreatitis (more than three Ranson
criteria; see Table 16–10) remains at least 20%, with rates of
10% and 25% in those with sterile and infected necrosis,
respectively. Severe acute pancreatitis is predicted by fea-
tures of the systemic inflammatory response on admission;
a persistent systemic inflammatory response is associated
with a mortality rate of 25% and a transient response with a
mortality rate of 8%. Half of the deaths, usually from multi-
organ failure, occur within the first 2 weeks. Multiorgan
failure is associated with a mortality rate of at least 30%, and
if it persists beyond the first 48 hours, a mortality rate of
over 50%. Later deaths occur because of complications of
infected necrosis. The risk of death doubles when both
organ failure and infected necrosis are present. Moreover,
hospital-acquired infections increase the mortality of acute
pancreatitis, independent of severity. Readmission to the
hospital for acute pancreatitis within 30 days may be pre-
dicted by a scoring system based on five factors during the
index admission: eating less than a solid diet at discharge;
nausea, vomiting, or diarrhea at discharge; pancreatic necro-
sis; use of antibiotics at discharge; and pain at discharge.
Male sex, an alcohol etiology, and severe acute disease are
risk factors. Recurrences are common (24%) in alcohol-
associated pancreatitis, particularly in patients who smoke
(40%), but can be reduced by repeated, regularly scheduled
interventions to eliminate alcohol consumption and smok-
ing after discharge from the hospital. A severe initial attack
also increases the risk of recurrence and of subsequent exo-
crine pancreatic insufficiency. The risk of chronic pancreati-
tis following an episode of acute alcohol-associated
pancreatitis is 8% in 5 years, 13% in 10 years, and 16% in
20 years, and the risk of diabetes mellitus is increased more
than twofold over 5 years. Overall, chronic pancreatitis
develops in 36% of patients with recurrent acute pancreati-
tis; alcohol use and smoking are principal risk factors. An
association between a diagnosis of acute pancreatitis and
long-term risk of pancreatic cancer has been reported.

» When to Admit

Nearly all patients with acute pancreatitis should be
hospitalized.
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CHRONIC PANCREATITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Chronic or intermittent epigastric pain, steator-
rhea, weight loss, abnormal pancreatic imaging.

» A mnemonic for the predisposing factors of
chronic pancreatitis is TIGAR-O: toxic-metabolic,
idiopathic, genetic, autoimmune, recurrent and
severe acute pancreatitis, or obstructive.

» General Considerations

The prevalence of chronic pancreatitis in the United States
is 25–99 per 100,000 population with a peak in persons
aged 46–55 years. Chronic pancreatitis occurs most often
in patients with alcoholism (45–80% of all cases). The risk
of chronic pancreatitis increases with the duration and
amount of alcohol consumed, but pancreatitis develops in
only 5–10% of heavy drinkers. Tobacco smoking is a risk
factor for idiopathic chronic pancreatitis and has been
reported to accelerate progression of alcohol-associated
chronic pancreatitis. About 2% of patients with hyperpara-
thyroidism develop pancreatitis. In tropical Africa and
Asia, tropical pancreatitis, related in part to malnutrition,
is the most common cause of chronic pancreatitis. By con-
trast, in Western societies, obesity can lead to pancreatic
steatosis, which may lead ultimately to pancreatic exocrine
and endocrine insufficiency and an increased risk of pan-
creatic cancer. A stricture, stone, or tumor obstructing the
pancreas can lead to obstructive chronic pancreatitis.
Autoimmune pancreatitis is associated with hypergamma-
globulinemia (IgG

4
in particular), often with autoantibod-

ies and other autoimmune diseases, and is responsive to
corticosteroids. Affected persons are at increased risk for
various cancers. Type 1 autoimmune pancreatitis (lympho-
plasmacytic sclerosing pancreatitis, or simply autoimmune
pancreatitis) is a multisystem disease, typically in a patient
over age 60, characterized by lymphoplasmacytic infiltra-
tion and fibrosis on biopsy, associated bile duct strictures,
retroperitoneal fibrosis, renal and salivary gland lesions,
and a high rate of relapse after treatment. It is the pancre-
atic manifestation of IgG

4
-related disease. Type 2 (“idio-

pathic duct-centric chronic pancreatitis”) affects the
pancreas alone, typically in a patient aged 40–50 years, and
is characterized by intense duct-centric lymphoplasma-
cytic infiltration on biopsy, lack of systemic IgG

4
involve-

ment, an association with inflammatory bowel disease in
25% of cases, often a tumor-like mass, and a low rate of
relapse after treatment. Between 10% and 30% of cases of
chronic pancreatitis are idiopathic, with either early onset
(median age 23) or late onset (median age 62). Genetic fac-
tors may predispose to chronic pancreatitis in some of
these cases and include mutations of the cystic fibrosis
transmembrane conductance regulator (CFTR) gene,
the pancreatic secretory trypsin inhibitory gene (PSTI,
also known as the serine protease inhibitor, SPINK1), the
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chymotrypsin-C (CTRC) gene, and the genes for carboxy-
peptidase A1 (CPA1) and possibly uridine 5′-diphosphate
glucuronosyltransferase (UGT1A7). Mutation of the cat-
ionic trypsinogen gene on chromosome 7 (serine protease
1, PRSS1) is associated with hereditary pancreatitis, trans-
mitted as an autosomal dominant trait with variable pene-
trance. A useful mnemonic for the predisposing factors to
chronic pancreatitis is TIGAR-O: toxic-metabolic, idio-
pathic, genetic, autoimmune, recurrent and severe acute
pancreatitis, or obstructive.

The pathogenesis of chronic pancreatitis may be
explained by the SAPE (sentinel acute pancreatitis event)
hypothesis by which the first (sentinel) acute pancreatitis
event initiates an inflammatory process that results in
injury and later fibrosis (“necrosis-fibrosis”). In many
cases, chronic pancreatitis is a self-perpetuating disease
characterized by chronic pain or recurrent episodes of
acute pancreatitis and ultimately by pancreatic exocrine or
endocrine insufficiency (sooner in alcohol-associated pan-
creatitis than in other types). After many years, chronic
pain may resolve spontaneously or as a result of surgery
tailored to the cause of pain. Over 80% of adults develop
diabetes mellitus within 25 years after the clinical onset of
chronic pancreatitis.

» Clinical Findings

A. Symptoms and Signs

Persistent or recurrent episodes of epigastric and left upper
quadrant pain are typical. The pain results in part from
impaired inhibitory pain modulation by the central ner-
vous system. Anorexia, nausea, vomiting, constipation,
flatulence, and weight loss are common. During attacks,
tenderness over the pancreas, mild muscle guarding, and
ileus may be noted. Attacks may last only a few hours or as
long as 2 weeks; pain may eventually be almost continuous.
Steatorrhea (as indicated by bulky, foul, fatty stools) may
occur late in the course.

B. Laboratory Findings

Serum amylase and lipase may be elevated during acute
attacks; however, normal values do not exclude the diagno-
sis. Serum alkaline phosphatase and bilirubin may be ele-
vated owing to compression of the bile duct. Glycosuria
may be present. Excess fecal fat may be demonstrated on
chemical analysis of the stool. Exocrine pancreatic insuffi-
ciency generally is confirmed by response to therapy with
pancreatic enzyme supplements; the secretin stimulation
test can be used if available (and has a high negative predic-
tive value for ruling out early acute chronic pancreatitis), as
can detection of decreased fecal chymotrypsin or elastase
levels, although the latter tests lack sensitivity and specific-
ity. Vitamin B

12
malabsorption is detectable in about 40%

of patients, but clinical deficiency of vitamin B
12

and fat-
soluble vitamins is rare. Accurate diagnostic tests are avail-
able for the major trypsinogen gene mutations, but because
of uncertainty about the mechanisms linking heterozygous
CFTR and PSTI mutations with pancreatitis, genetic testing
for mutations in these two genes is recommended primar-
ily in younger patients in whom the etiology of chronic

pancreatitis is unclear. Elevated IgG
4

levels, ANA, antibod-
ies to lactoferrin and carbonic anhydrase II, and other
autoantibodies are often found in patients with autoim-
mune pancreatitis (especially type 1). Pancreatic biopsy, if
necessary, shows a lymphoplasmacytic inflammatory infil-
trate with characteristic IgG

4
immunostaining, which is

also found in biopsy specimens of the major papilla, bile
duct, and salivary glands, in type 1 autoimmune
pancreatitis.

C. Imaging

CT or MRI is recommended as initial testing for diagnosis
of chronic pancreatitis, although plain films show calcifica-
tions due to pancreaticolithiasis in 30% of affected patients.
CT may show calcifications not seen on plain films as well
as ductal dilatation and heterogeneity or atrophy of the
gland. Occasionally, the findings raise suspicion of pancre-
atic cancer (“tumefactive chronic pancreatitis”). Secretin-
enhanced MRCP may be considered in selected cases.
When CT or MRI is inconclusive, EUS (with pancreatic
tissue sampling) may be needed. Endoscopic ultrasono-
graphic (“Rosemont”) criteria for the diagnosis of chronic
pancreatitis include hyperechoic foci with shadowing
indicative of calculi in the main pancreatic duct and lobu-
larity with honeycombing of the pancreatic parenchyma.
ERCP is the most sensitive imaging study for chronic pan-
creatitis and may show dilated ducts, intraductal stones,
strictures, or pseudocyst but is infrequently used for diag-
nosis alone; moreover, the results may be normal in
patients with so-called minimal change pancreatitis. His-
tology is the gold standard for diagnosis when clinical
suspicion is strong but imaging studies are inconclusive.

Characteristic imaging features of autoimmune pancre-
atitis include diffuse enlargement of the pancreas, a periph-
eral rim of hypoattenuation, and irregular narrowing of the
main pancreatic duct. In the United States, the diagnosis of
autoimmune pancreatitis is based on the HISORt criteria:
histology, imaging, serology, other organ involvement, and
response to corticosteroid therapy.

» Complications

Opioid addiction is common. Other frequent complica-
tions include often brittle diabetes mellitus, pancreatic
pseudocyst or abscess, cholestatic liver enzymes with or
without jaundice, bile duct stricture, exocrine pancreatic
insufficiency, malnutrition, osteoporosis, and peptic ulcer.
Pancreatic cancer develops in 4% of patients after 20 years;
the risk may relate to tobacco and alcohol use. In patients
with hereditary pancreatitis, the risk of pancreatic cancer
rises after 50 years of age and reaches 19% by age 70 (see
Chapter 39).

» Treatment

A. Medical Measures

A low-fat diet should be prescribed. Alcohol is forbidden
because it frequently precipitates attacks. Opioids should
be avoided if possible. Preferred agents for pain are
acetaminophen, NSAIDs, and tramadol, along with
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pain-modifying agents such as tricyclic antidepressants,
selective serotonin reuptake inhibitors, and gabapentin or
pregabalin. Exocrine pancreatic insufficiency is treated
with pancreatic enzyme replacement therapy selected on
the basis of high lipase activity (Table 16–12). A total dose
of at least 40,000 units of lipase in capsules is given with
each meal. Doses of 90,000 units or more of lipase per meal
may be required in some cases. The tablets should be taken
at the start of, during, and at the end of a meal. Concurrent
administration of an H

2
-receptor antagonist (eg, nizati-

dine, 150 mg orally twice daily), a proton pump inhibitor
(eg, omeprazole, 20–60 mg orally daily), or sodium

bicarbonate (650 mg orally before and after meals)
decreases the inactivation of lipase by acid and may thereby
further decrease steatorrhea. In select cases of alcohol-
associated pancreatitis and in cystic fibrosis, enteric-coated
microencapsulated preparations may offer an advantage;
however, in patients with cystic fibrosis, high-dose pancre-
atic enzyme replacement therapy has been associated with
strictures of the ascending colon. Pain secondary to idio-
pathic chronic pancreatitis may be alleviated in some cases
by the use of pancreatic enzyme replacement therapy (not
enteric-coated preparations) or octreotide, 200 mcg subcu-
taneously three times daily, although some guidelines rec-
ommend against such therapy. Associated diabetes mellitus
should be treated (see Chapter 27). Autoimmune pancre-
atitis is treated with prednisone 40 mg/day orally for
1–2 months, followed by a taper of 5 mg every 2–4 weeks.
Nonresponse or relapse occurs in 45% of type 1 cases
(particularly in those with concomitant IgG

4
-associated

cholangitis); rituximab is an effective induction and main-
tenance agent, and azathioprine or long-term low-dose
corticosteroid use appears to reduce the risk of relapse.

B. Endoscopic and Surgical Treatment

Endoscopic therapy or surgery may be indicated in chronic
pancreatitis to treat underlying biliary tract disease, ensure
free flow of bile into the duodenum, drain persistent pseu-
docysts, treat other complications, eliminate obstruction of
the pancreatic duct, attempt to relieve pain, or exclude
pancreatic cancer. Liver fibrosis may regress after biliary
drainage. Distal bile duct obstruction may be relieved by
endoscopic placement of multiple plastic stents or a fully
covered self-expandable metal stent in the bile duct. When
obstruction of the duodenal end of the pancreatic duct can
be demonstrated by ERCP, dilation of or placement of such
stents in the duct and pancreatic duct stone lithotripsy or
surgical resection of the tail of the pancreas with implanta-
tion of the distal end of the duct by pancreaticojejunos-
tomy may be performed. Endoscopic therapy is successful
in about 50% of cases. In patients who do not respond to
endoscopic therapy, surgery is successful in about 50%.
When the pancreatic duct is diffusely dilated, anastomosis
between the duct after it is split longitudinally and a
defunctionalized limb of jejunum (modified Puestow pro-
cedure), in some cases combined with resection of the head
of the pancreas (Beger or Frey procedure), is associated
with relief of pain in 80% of cases. In advanced cases, sub-
total or total pancreatectomy with islet autotransplantation
may be considered as a last resort but has variable efficacy
and causes pancreatic insufficiency and diabetes mellitus.
Endoscopic or surgical (including laparoscopic) drainage is
indicated for symptomatic pseudocysts and, in many cases,
those over 6 cm in diameter. EUS may facilitate selection of
an optimal site for endoscopic drainage. Pancreatic ascites
or pancreaticopleural fistulas due to a disrupted pancreatic
duct can be managed by endoscopic placement of a stent
across the disrupted duct. Pancreatic sphincterotomy or
fragmentation of stones in the pancreatic duct by litho-
tripsy and endoscopic removal of stones from the duct may
relieve pain in selected patients. For patients with chronic
pain and nondilated ducts, a percutaneous celiac plexus

Table 16–12. FDA-approved pancreatic enzyme
(pancrelipase) preparations.

poduc

enzym Conn/Uni Dos, USp Unis

Lis amyls pos

Immdi-rls Csuls

Nonenteric-coated

Viokace 10,440 10,440 39,150 39,150

Viokace 20,880 20,880 78,300 78,300

Dlyd-rls Csuls

Enteric-coated minimicrospheres

Creon 3000 3000 15,000 9500

Creon 6000 6000 30,000 19,000

Creon 12,000 12,000 60,000 38,000

Creon 24,000 24,000 120,000 76,000

Creon 36,000 36,000 180,000 114,000

Enteric-coated minitablets

Ultresa 13,800 13,800 27,600 27,600

Ultresa 20,700 20,700 46,000 41,400

Ultresa 23,000 23,000 46,000 41,400

Enteric-coated beads

Zenpep 3000 3000 16,000 10,000

Zenpep 5000 5000 27,000 17,000

Zenpep 10,000 10,000 55,000 34,000

Zenpep 15,000 15,000 82,000 51,000

Zenpep 20,000 20,000 109,000 68,000

Zenpep 25,000 25,000 136,000 85,000

Enteric-coated microtablets

Pancreaze 4200 4200 17,500 10,000

Pancreaze 10,500 10,500 43,750 25,000

Pancreaze 16,800 16,800 70,000 40,000

Pancreaze 21,000 21,000 61,000 37,000

Bicarbonate-buffered enteric-coated microspheres

Pertzye 8000 8000 30,250 28,750

Pertzye + 16,000 16,000 60,500 57,500

FDA, US Food and Drug Administration; USP, US Pharmacopeia.
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nerve block may be considered under either CT or EUS
guidance, with pain relief (albeit often short-lived) in
approximately 50% of patients (see Chapter 5). A single
session of radiation therapy to the pancreas has been
reported to relieve otherwise refractory pain.

» Prognosis

Chronic pancreatitis often leads to disability and reduced
life expectancy; pancreatic cancer is the main cause of
death. The prognosis is best in patients with recurrent
acute pancreatitis caused by a remediable condition, such
as cholelithiasis, choledocholithiasis, stenosis of the sphinc-
ter of Oddi, or hyperparathyroidism, and in those with
autoimmune pancreatitis. Medical management of hyper-
lipidemia, if present, may also prevent recurrent attacks of
pancreatitis. The Chronic Pancreatitis Diagnosis Score
based on pain, hemoglobin A

1c
level, C-reactive protein

level, body mass index, and platelet count has been shown
to correlate with hospital admissions and number of hospi-
tal days. In alcohol-associated pancreatitis, pain relief is
most likely when a dilated pancreatic duct can be decom-
pressed. In patients with disease not amenable to decom-
pressive surgery, addiction to opioids is a frequent outcome

of treatment. A poorer quality of life is associated with
constant rather than intermittent pain, pain-related
disability or unemployment, current smoking, and
comorbidities.

» When to Refer

All patients with chronic pancreatitis should be referred for
diagnostic and therapeutic procedures.

» When to Admit

• Severe pain.

• New jaundice.

• New fever.

Beyer G et al. Chronic pancreatitis. Lancet. 2020;396:499.
[PMID: 32798493]

Gardner TB et al. ACG Clinical Guideline: chronic pancreatitis.
Am J Gastroenterol. 2020;115:322. [PMID: 32022720]

Issa Y et al; Dutch Pancreatitis Study Group. Effect of early sur-
gery vs endoscopy-first approach on pain in patients with
chronic pancreatitis: the ESCAPE randomized clinical trial.
JAMA. 2020;323:237. [PMID: 31961419]
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º
BENIGN BREAST DISORDERS

FIBROCYSTIC CONDITION

E S S E N T I A L S  O F  D I A G N O S I S

» Painful breast masses; often multiple and
bilateral.

» Rapid fluctuation in mass size is common.

» Pain often worsens during premenstrual phase of
cycle.

» Most common age is 30–50. Rare in postmenopausal
women not receiving hormonal replacement.

» General Considerations

Fibrocystic condition is the most frequent lesion of the
breast. Although commonly referred to as “fibrocystic dis-
ease,” it does not, in fact, represent a pathologic or ana-
tomic disorder. It is common in women 30–50 years of age
but rare in postmenopausal women who are not taking
hormonal replacement. Estrogen is considered a causative
factor. There may be an increased risk in women who
drink alcohol, especially women between 18 and 22 years
of age. Fibrocystic condition encompasses a wide variety of
benign histologic changes in the breast epithelium, some of
which are found so commonly in normal breasts that they
are probably variants of normal but have nonetheless been
termed a “condition” or “disease.”

The microscopic findings of fibrocystic condition
include cysts (gross and microscopic), papillomatosis,
adenosis, fibrosis, and ductal epithelial hyperplasia.
Although it has been thought that a fibrocystic condition
increases the risk of breast cancer, only the variants with a
component of epithelial proliferation (especially with atypia),
papillomatosis, or increased breast density on mammogram
represent true risk factors.

» Clinical Findings

A. Symptoms and Signs

Fibrocystic condition may produce an asymptomatic
mass in the breast that is discovered by accident, but
pain or tenderness often calls attention to it. Discomfort
often occurs or worsens during the premenstrual phase
of the cycle, at which time the cysts tend to enlarge.
Fluctuations in size and rapid appearance or disappear-
ance of a breast mass are common as are multiple or
bilateral masses and serous nipple discharge. Patients
will give a history of a transient lump in the breast or
cyclic breast pain.

B. Diagnostic Tests

Mammography and ultrasonography should be used to
evaluate a mass in a patient with fibrocystic condition.
Ultrasonography alone may be used in women under
30 years of age; mammography may be helpful, but the
breast tissue in young women is usually too radiodense to
permit a worthwhile study. Ultrasonography is useful in
differentiating a cystic mass from a solid mass, especially in
women with dense breasts. Simple cysts are not worrisome
and require no treatment or follow-up unless they are
symptomatic and causing pain, in which case they may be
aspirated. Ultrasonography can reliably distinguish fibro-
adenoma from carcinoma but not from a phyllodes tumor.
Because a mass due to fibrocystic condition may be diffi-
cult to distinguish from carcinoma on the basis of clinical
findings and imaging studies, suspicious lesions should be
biopsied. Core needle biopsy, rather than fine-needle aspi-
ration (FNA), is the preferable technique unless the lesion
is cystic. Excisional biopsy is rarely necessary but should be
done for lesions with atypia or where imaging and biopsy
results are discordant. Surgery should be conservative,
since the primary objective is to exclude cancer. Occasion-
ally, FNA cytology will suffice. Simple mastectomy or
extensive removal of breast tissue is rarely, if ever, indicated
for fibrocystic condition.

17Armando E. Giuliano, MD, FACS, FRCSEd
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» Differential Diagnosis

Pain, fluctuation in size, and multiplicity of lesions are the
features consistent with fibrocystic condition and most
helpful in differentiating it from carcinoma. If a dominant
mass is present, the diagnosis of cancer should be assumed
until disproven by imaging or biopsy. Final diagnosis
depends on analysis of a biopsy specimen.

» Treatment

When the diagnosis of fibrocystic condition has been
established by previous biopsy or is likely because the
history is classic, aspiration of a discrete mass suggestive
of a cyst is indicated to alleviate pain and, more impor-
tantly, to confirm the cystic nature of the mass. The
patient is reexamined at intervals thereafter. If no fluid
is obtained by aspiration, if fluid is bloody, if a mass
persists after aspiration, or if at any time during follow-
up a persistent or recurrent mass is noted, biopsy should be
performed.

Breast pain associated with generalized fibrocystic
condition is best treated by avoiding trauma and by wear-
ing a good supportive brassiere during the night and day.
Hormone therapy is not advisable because it does not
cure the condition and has undesirable side effects. Dan-
azol (100–200 mg orally twice daily), a synthetic androgen,
is the only treatment approved by the US Food and Drug
Administration (FDA) for patients with severe pain. This
treatment suppresses pituitary gonadotropins, but andro-
genic effects (acne, edema, hirsutism) usually make this
treatment intolerable; in practice, it is rarely used. Simi-
larly, tamoxifen reduces some symptoms of fibrocystic
condition, but because of its side effects, it is not useful for
young women unless it is given to reduce the risk of cancer.
Postmenopausal women receiving hormone replacement
therapy may stop or change doses of hormones to reduce
pain. Oil of evening primrose, a natural form of gamolenic
acid, has been shown to decrease pain in 44–58% of users.
The dosage of gamolenic acid is six capsules of 500 mg
orally twice daily. Studies have also demonstrated a low-fat
diet or decreasing dietary fat intake may reduce the painful
symptoms associated with fibrocystic condition. Topical
treatments such as nonsteroidal anti-inflammatory drugs
are rarely of value.

The role of caffeine consumption in the development
and treatment of fibrocystic condition is controversial.
Some studies suggest that eliminating caffeine from the
diet is associated with improvement while other studies
refute the benefit. Many patients report relief of symptoms
after giving up coffee, tea, and chocolate. Similarly, many
women find vitamin E (400 international units daily) help-
ful; however, these observations remain anecdotal.

» Prognosis

Exacerbations of pain, tenderness, and cyst formation may
occur at any time until menopause, when symptoms usu-
ally subside, except in patients receiving hormonal replace-
ment. The patient should be advised to examine her own
breasts regularly just after menstruation and to inform her

clinician if a mass appears. The risk of breast cancer devel-
oping in women with fibrocystic condition with a prolif-
erative or atypical epithelial hyperplasia or papillomatosis
is higher than that of the general population. These women
should be monitored carefully with physical examinations
and imaging studies.

Groen JW et al. Cyclic and non-cyclic breast pain: a systematic
review on pain reduction, side effects, and quality of life for
various treatments. Eur J Obstet Gynecol Reprod Biol. 2017;
219:74. [PMID: 29059585]

Qu P et al. Detection rate is not higher for women with BBD
history in breast cancer screening. J Public Health (Oxf).
2019. [Epub ahead of print] [PMID: 31774529]

FIBROADENOMA OF THE BREAST

This common benign neoplasm occurs most frequently in
young women, usually within 20 years after puberty. It is
somewhat more frequent and tends to occur at an earlier
age in Black women. Multiple tumors are found in 10–15%
of patients.

The typical fibroadenoma is a round or ovoid, rub-
bery, discrete, relatively movable, nontender mass 1–5 cm
in diameter. Clinical diagnosis in young patients is gener-
ally not difficult. In women over 30 years, fibrocystic
condition of the breast and carcinoma of the breast must
be considered. Cysts can be identified by aspiration or ultra-
sonography. Fibroadenoma does not normally occur after
menopause but may occasionally develop after administra-
tion of hormones.

No treatment is usually necessary if the diagnosis can
be made by core needle biopsy. Excision with pathologic
examination of the specimen is performed if the diagnosis
is uncertain or the lesion grows significantly. Cryoablation,
or freezing of the fibroadenoma, appears to be a safe pro-
cedure if the lesion is a biopsy-proven fibroadenoma prior
to ablation. Cryoablation is not appropriate for all fibroad-
enomas because some are too large to freeze or the diagno-
sis may not be certain. There is no obvious clinical
advantage to cryoablation of a histologically proven fibro-
adenoma except that some patients may feel relief that a
mass is gone. However, at times a mass of scar or fat necro-
sis replaces the mass of the fibroadenoma. Reassurance
seems preferable. Distinguishing a large fibroadenoma
from a phyllodes tumor based on needle biopsy results or
imaging alone is usually not possible; histologic examina-
tion after excision is usually required. Presumed fibroade-
nomas larger than 3–4 cm should be excised to rule out
phyllodes tumors.

Phyllodes tumor is a fibroadenoma-like tumor with
cellular stroma that grows rapidly. It may reach a large size
and, if inadequately excised, will recur locally. The lesion
can be benign or malignant. If benign, phyllodes tumor is
treated by local excision. The treatment of malignant phyl-
lodes tumor is more controversial, but complete removal of
the tumor with a margin of normal tissue avoids recur-
rence. Because these tumors may be large, total mastec-
tomy is sometimes necessary. Lymph node dissection is not
performed, since the sarcomatous portion of the tumor
metastasizes to the lungs and not the lymph nodes.
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Co M et al. Mammary phyllodes tumour: a 15-year multicentre
clinical review. J Clin Pathol. 2018;71:493. [PMID: 29146885]

Erickson LA et al. Fibroadenoma of the breast. Mayo Clin Proc.
2020;95:2573. [PMID: 33153651]

Rayzah M. Phyllodes tumors of the breast: a literature review.
Cureus. 2020;12:e10288. [PMID: 32923300]

NIPPLE DISCHARGE

In order of decreasing frequency, the following are the
most common causes of nipple discharge in the nonlactat-
ing breast: duct ectasia, intraductal papilloma, and carci-
noma. The important characteristics of the discharge and
other factors to be evaluated are listed in Table 17–1.

1. Discharge from a single duct—Spontaneous, unilateral,
serous or serosanguineous discharge from a single duct is
usually caused by an ectatic duct or an intraductal papil-
loma or, rarely, by an intraductal cancer. A mass may not be
palpable. The involved duct may be identified by pressure at
different sites around the nipple at the margin of the areola.
Bloody discharge is suggestive of cancer but is more often
caused by a benign papilloma in the duct. Cytologic exami-
nation may identify malignant cells, but negative findings do
not rule out cancer, which is more likely in older women.
In any case, the involved bloody duct—and a mass if pres-
ent—should be excised. A ductogram (a mammogram of a
duct after radiopaque dye has been injected), like cytology,
is of limited value since excision of the suspicious ductal
system is indicated regardless of findings. Ductoscopy,
evaluation of the ductal system with a small scope inserted

Table 17–1. Characteristics of nipple discharge in the
nonpregnant, nonlactating woman.

Finding Significance

Serous Most likely benign FCC, ie, duct ectasia

Bloody More likely neoplastic–papilloma,

carcinoma

Associated mass More likely neoplastic

Unilateral Either neoplastic or non-neoplastic

Bilateral Most likely non-neoplastic

Single duct More likely neoplastic

Multiple ducts More likely FCC

Milky Endocrine disorders, medications

Spontaneous Either neoplastic or non-neoplastic

Produced by pressure

at single site

Either neoplastic or non-neoplastic

Persistent Either neoplastic or non-neoplastic

Intermittent Either neoplastic or non-neoplastic

Related to menses More likely FCC

Premenopausal More likely FCC

Taking hormones More likely FCC

FCC, fibrocystic condition.

through the nipple, has been attempted but is not effective
management.

2. Discharge from multiple ducts—In premenopausal
women, spontaneous multiple duct discharge, unilateral or
bilateral, most noticeable just before menstruation, is often
due to fibrocystic condition. Discharge may be green or
brownish. Papillomatosis and ductal ectasia are usually
detected only by biopsy. If a mass is present, it should be
removed.

A milky discharge from multiple ducts in the nonlactat-
ing breast may occur from hyperprolactinemia. Serum
prolactin levels should be obtained to search for a pituitary
tumor. Thyroid-stimulating hormone (TSH) helps exclude
causative hypothyroidism. Numerous antipsychotic medi-
cations and other medications may also cause a milky dis-
charge that ceases on discontinuance of the medication.

Oral contraceptive agents or estrogen replacement
therapy may cause clear, serous, or milky discharge from a
single duct, but multiple duct discharge is more common.
In the premenopausal woman, the discharge is more evi-
dent just before menstruation and disappears on stopping
the medication. If it does not stop, is from a single duct,
and is copious, exploration should be performed since this
may be a sign of cancer.

A purulent discharge may originate in a subareolar
abscess and require removal of the abscess and the related
lactiferous sinus.

When localization of the discharge is not possible, no
mass is palpable, and the discharge is nonbloody, the
patient should be reexamined every 3 or 4 months for a
year, and a mammogram and an ultrasound should be
performed. Although most discharge is from a benign pro-
cess, patients may find it annoying or disconcerting. To
eliminate the discharge, proximal duct excision can be
performed both for treatment and diagnosis.

Çetin K et al. Evaluation and management of pathological nipple
discharges without using intraductal imaging methods. Ir J
Med Sci. 2020;189:451. [PMID: 31631245]

Gupta D et al. Nipple discharge: current clinical and imaging
evaluation. AJR Am J Roentgenol. 2021;216:330. [PMID:
33295815]

Zacharioudakis K et al. Can we see what is invisible? The role of
MRI in the evaluation and management of patients with
pathological nipple discharge. Breast Cancer Res Treat.
2019;178:115. [PMID: 31352554]

FAT NECROSIS

Fat necrosis is a rare lesion of the breast but is of clinical
importance because it produces a mass (often accompa-
nied by skin or nipple retraction) that is usually indistin-
guishable from carcinoma even with imaging studies. Fat
necrosis can occur after trauma; after fat injections to aug-
ment breast size or fill defects after breast surgery; and after
segmental resection, radiation therapy, or flap reconstruc-
tion following mastectomy.

The resultant mass may be confused with cancer. If
untreated, the mass gradually disappears. If imaging is not
typical of fat necrosis, the safest course is to obtain a biopsy.
Core needle biopsy is usually adequate.
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BREAST ABSCESS

During nursing, an area of redness, tenderness, and indu-
ration may develop in the breast. The organism most com-
monly found in these abscesses is Staphylococcus aureus
(see Puerperal Mastitis, Chapter 19).

Infection in the nonlactating breast is rare. A subareolar
abscess may develop in young or middle-aged women who
are not lactating. These infections tend to recur after inci-
sion and drainage unless the area is explored during a
quiescent interval, with excision of the involved lactiferous
duct or ducts at the base of the nipple. In the nonlactating
breast, inflammatory carcinoma must always be consid-
ered. Thus, incision and biopsy of any indurated tissue with
a small piece of erythematous skin is indicated when sus-
pected abscess or cellulitis in the nonlactating breast does
not resolve promptly with antibiotics. Often needle or
catheter drainage is adequate to treat an abscess, but surgi-
cal incision and drainage may be necessary.

O’Brien C et al. Breast abscess: not just a puerperal problem.
Breast J. 2020;26:339. [PMID: 31544305]

Omranipour R et al. Mastitis, breast abscess, and granulomatous
mastitis. Adv Exp Med Biol. 2020;1252:53. [PMID: 32816262]

DISORDERS OF THE AUGMENTED BREAST

At least 4 million American women have had breast
implants. Breast augmentation is performed by placing
implants under the pectoralis muscle or, less desirably, in
the subcutaneous tissue of the breast. Most implants are
made of an outer silicone shell filled with a silicone gel,
saline, or some combination of the two. Capsule contrac-
tion or scarring around the implant develops in about
15–25% of patients, leading to a firmness and distortion of
the breast that can be painful. Some require removal of the
implant and surrounding capsule.

Implant rupture may occur in as many as 5–10% of
women, and bleeding of gel through the capsule is noted even
more commonly. Although silicone gel may be an immuno-
logic stimulant, there is no increase in autoimmune disorders
in patients with such implants. The FDA has advised symp-
tomatic women with ruptured silicone implants to discuss
possible surgical removal with their clinicians. However,
women who are asymptomatic and have no evidence of rup-
ture of a silicone gel prosthesis do not require removal of the
implant. Women with symptoms of autoimmune illnesses
often undergo removal, but no benefit has been shown.

Studies have failed to show any association between
implants and an increased incidence of breast cancer. How-
ever, breast cancer may develop in a patient with an augmen-
tation prosthesis, as it does in women without them. Detection
in patients with implants may be more difficult because mam-
mography is less able to detect early lesions. Mammography is
better if the implant is subpectoral rather than subcutaneous.
Local recurrence is usually cutaneous or subcutaneous and is
easily detected by palpation. Rarely, lymphoma of the breast
with silicone implants has been reported.

If a cancer develops in a patient with implants, it should
be treated in the same manner as in women without

implants. Such women should be offered the option of
mastectomy or breast-conserving therapy, which may
require removal or replacement of the implant. Radiother-
apy of the augmented breast often results in marked capsu-
lar contracture. Adjuvant treatments should be given for
the same indications as for women who have no implants.

Mak JC et al. Complications in post-mastectomy immediate
breast reconstruction: a ten-year analysis of outcomes. Clin
Breast Cancer. 2020;20:402. [PMID: 32665188]

Marra A et al. Breast implant-associated anaplastic large cell
lymphoma: a comprehensive review. Cancer Treat Rev.
2020;84:101963. [PMID: 31958739]

º
CARCINOMA OF ThE FEMALE BREAST

E S S E N T I A L S  O F  D I A G N O S I S

» Risk factors: Age, nulliparity, childbirth after age
30, family history of breast cancer or deleterious
mutations (BRCA1, BRCA2, or others), and personal
history of breast cancer or some types of prolifera-
tive conditions.

» Early findings: Mammographic abnormalities and
no palpable mass, or single, nontender, firm to
hard mass with ill-defined margins.

» Later findings: Skin or nipple retraction; axillary
lymphadenopathy; breast enlargement, erythema,
edema, pain; fixation of mass to skin or chest wall.

» Incidence & Risk Factors

Breast cancer will develop in one of eight American women.
Next to skin cancer, breast cancer is the most common
cancer in women; it is second only to lung cancer as a cause
of death. In 2020, there were approximately 279,100 new
cases and 42,690 deaths from breast cancer in the
United States. Worldwide, breast cancer is diagnosed in
approximately 2.2 million women, and about 684,996 die
of breast cancer each year.

The most significant risk factor for the development of
breast cancer is age. A woman’s risk of breast cancer rises
rapidly until her early 60s, peaks in her 70s, and then
declines. A significant family history of breast or ovarian
cancer imparts a high risk of developing breast cancer.
Germline mutations in the BRCA family of tumor suppres-
sor genes or other breast cancer susceptibility genes
accounts for approximately 5–10% of breast cancer diagno-
ses and tend to cluster in certain ethnic groups, including
women of Ashkenazi Jewish descent. Women with a muta-
tion in the BRCA1 gene, located on chromosome 17, have
an estimated 85% chance of developing breast cancer in
their lifetime. Other genes associated with an increased
risk of breast and other cancers include BRCA2 (associated
with a gene on chromosome 13); ataxia-telangiectasia
mutation (ATM), BARD1, CHEK2, PALB2, RAD51D; and
mutation of the tumor suppressor gene p53. Primary care
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clinicians should assess a woman’s personal and family his-
tory for breast, ovarian, tubal or peritoneal cancer using a
familial risk assessment tool (eg, https://bcrisktool.cancer.
gov). Those with a positive result should receive genetic
counseling in order to decide whether genetic testing is
indicated.

Even when genetic testing fails to reveal a predispos-
ing genetic mutation, women with a strong family history
of breast cancer are at higher risk for development of
breast cancer. Compared with a woman with no affected
family members, a woman who has one first-degree rela-
tive with breast cancer has double the risk of developing
breast cancer and a woman with two first-degree relatives
with breast cancer has triple the risk of developing breast
cancer. The risk is further increased for a woman whose
affected family member was premenopausal at the time of
diagnosis or had bilateral breast cancer. Lifestyle and
reproductive factors also contribute to risk of breast can-
cer. Nulliparous women and women whose first full-term
pregnancy occurred after the age of 30 have an elevated
risk. Early menarche (under age 12) and late natural
menopause (after age 55) are associated with an increase
in risk, especially for hormone receptor–positive breast
cancer. Combined oral contraceptive pills also appear to
increase the risk of breast cancer, with longer use associ-
ated with higher risk. Several studies show that concomi-
tant administration of progesterone and estrogen to
postmenopausal women may increase the incidence of
breast cancer, compared with the use of estrogen alone or
with no hormone replacement treatment. Alcohol con-
sumption, high dietary intake of fat, and lack of exercise
may also increase the risk of breast cancer. Fibrocystic
breast condition is also associated with an increased inci-
dence of cancer but only when it is accompanied by pro-
liferative changes, papillomatosis, atypical epithelial
hyperplasia, or increased breast density on mammogram.
A woman who had cancer in one breast is at increased
risk for cancer developing in the other breast. In these
women, a contralateral cancer develops at rate of 1% or
2% per year. Women with cancer of the uterine corpus
have a risk of breast cancer significantly higher than that
of the general population, and women with breast cancer
have a comparably increased risk of endometrial cancer.
Breast cancer tends to be diagnosed more frequently in
women of higher socioeconomic status.

Women at greater than average risk for developing breast
cancer (Table 17–2) should be identified by their clinicians
and monitored carefully. Several risk assessment models
have been validated to estimate a woman’s risk of developing
cancer. Women with genetic mutations in whom breast can-
cer develops may be treated in the same way as women who
do not have mutations (ie, lumpectomy), though there is an
increased risk of ipsilateral and contralateral breast cancer
after lumpectomy for these women.

Bahl M. Management of high-risk breast lesions. Radiol Clin
North Am. 2021;59:29. [PMID: 33222998]

Bray F et al. Global cancer statistics 2018: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin. 2018;68:394. [PMID: 30207593]

Jin J. JAMA patient page. Should I be tested for BRCA muta-
tions? JAMA. 2019;322:702. [PMID: 31429898]

Lewin AA et al. Atypical ductal hyperplasia and lobular neopla-
sia: update and easing of guidelines. AJR Am J Roentgenol.
2020;214:265. [PMID: 31825261]

Minami CA et al. Menopausal hormone therapy and long-term
breast cancer risk: further data from the Women’s Health
Initiative Trials. JAMA. 2020;324:347. [PMID: 32720989]

Sabiani L et al. How to manage BRCA mutation carriers? Horm
Mol Biol Clin Investig. 2020;41:1868. [PMID: 32459193]

Siegel RL et al. Cancer statistics, 2020. CA Cancer J Clin. 2020;
70:7. [PMID: 31912902]

Tung NM et al. Management of hereditary breast cancer:
American Society of Clinical Oncology, American Society for
Radiation Oncology, and Society of Surgical Oncology
Guideline. J Clin Oncol. 2020;38:2080. [PMID: 32243226]

US Preventive Services Task Force; Owens DK et al. Risk assess-
ment, genetic counseling, and genetic testing for BRCA-related
cancer: US Preventive Services Task Force Recommendation
Statement. JAMA. 2019;322:652. [PMID: 31429903]

» Prevention

Multiple clinical trials have evaluated the use of selective
estrogen receptor modulators (SERMs), including tamoxi-
fen and raloxifene, or aromatase inhibitors for prevention
of breast cancer in women with no personal history of
breast cancer but at high risk for developing the disease. A
network meta-analysis of six of these studies including
50,927 women demonstrated a 32% reduction in breast
cancer incidence with the use of tamoxifen compared to
placebo and a 47% reduction in risk of breast cancer with
the use of an aromatase inhibitor compared to placebo. An
increased risk of endometrial cancer, cataracts, and venous
thromboembolic events has been associated with tamoxi-
fen and a higher rate of fractures and musculoskeletal side
effects are associated with aromatase inhibitors. While
preventive agents have been shown to be effective at reduc-
ing the risk of breast cancer and saving costs, the use of this
intervention by women has been relatively low, possibly
due to the perceived risks and side effects of therapy.

Some women at high risk may consider prophylactic
mastectomy or oophorectomy.

Table 17–2. Factors associated with increased risk of
breast cancer (listed in alphabetical order).

Age Older

Family history Breast cancer in parent, sibling, or child

(especially bilateral or

premenopausal)

Genetics BRCA1, BRCA2, or other unknown

mutations

Menstrual history Early menarche (under age 12)

Late menopause (after age 55)

Previous medical

history

Endometrial cancer

Proliferative forms of fibrocystic disease

Cancer in other breast

Race White

Reproductive history Nulliparous or late first pregnancy
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Graham D et al. Breast cancer risk-reducing medications.
JAMA. 2020;324:310. [PMID: 32692388]

Shieh Y et al. Medications for primary prevention of breast can-
cer. JAMA. 2020;324:291. [PMID: 32692377]

US Preventive Services Task Force; Owens DK et al. Medication
use to reduce risk of breast cancer: US Preventive Services
Task Force Recommendation Statement. JAMA. 2019;322:857.
[PMID: 31479144]

» Early Detection of Breast Cancer

A. Screening Programs

Screening detects breast cancer before it has spread to the
lymph nodes in about 80% of the women evaluated. This
increases the chance of survival to greater than 85% at 5 years.

Substantial evidence supports the use of routine
screening mammography; however, recommendations
relating to timing and frequency vary by different agencies
and countries. About one-third of the abnormalities
detected on screening mammograms will be found to be
malignant when biopsy is performed. The probability of
cancer on a screening mammogram is directly related to
the Breast Imaging Reporting and Data System (BIRADS)
assessment, and workup should be performed based on
this classification. The sensitivity of mammography varies
from approximately 60% to 90%. This sensitivity depends
on several factors, including patient age, breast density,
tumor size, tumor histology (lobular versus ductal), loca-
tion, and mammographic appearance. In young women
with dense breasts, mammography is less sensitive than in
older women with fatty breasts, in whom mammography
can detect at least 90% of malignancies. Smaller tumors,
particularly those without calcifications, are more difficult
to detect, especially in dense breasts. The lack of sensitivity
and the low incidence of breast cancer in young women
have led to questions concerning the value of mammogra-
phy for screening in women 40–50 years of age. The speci-
ficity of mammography in women under 50 years varies
from about 30% to 40% for nonpalpable mammographic
abnormalities to 85% to 90% for clinically evident malig-
nancies. Guidelines from at least six separate organizations
exist in the United States and each differs slightly, making
it somewhat complex for clinicians and patients to navi-
gate. While the American College of Radiology, American
Medical Association, and National Comprehensive Cancer
Network (NCCN) recommend starting mammography
screening at age 40, the US Preventive Services Task Force
(USPSTF) recommends starting screening at age 50. Most
guidelines recommend annual screening; however, the
American Cancer Society recommends decreasing the fre-
quency of screening to every 1–2 years starting at age
55 years and the USPSTF recommends routine mammog-
raphy be done no more than every 2 years beginning at age
50 years. It is generally agreed that mammography should
continue until life expectancy is shorter than 7–10 years,
although the USPSTF recommends stopping screening
after age 74 years regardless of life expectancy. Thus, clini-
cians should have an informed discussion with patients
about screening mammography regarding its potential
risks (eg, false positives, overdiagnosis, radiation exposure)

and benefits (eg, early diagnosis), taking into consideration
a patient’s individual risk factors.

B. Imaging

1. Mammography—Mammography is the most reliable
means of detecting breast cancer before a mass can be pal-
pated. Most slowly growing cancers can be identified by
mammography at least 2 years before reaching a size
detectable by palpation.

Indications for mammography are as follows: (1) screen-
ing at regular intervals asymptomatic women at risk for
developing breast cancer; (2) evaluating each breast when
a diagnosis of potentially curable breast cancer has been
made, and at regular intervals thereafter; (3) evaluating a
questionable or ill-defined breast mass or other suspicious
change in the breast; (4) searching for an occult breast
cancer in women with metastatic disease in axillary nodes
or elsewhere from an unknown primary; (5) screening
women prior to cosmetic operations or prior to biopsy of a
mass, to examine for an unsuspected cancer; (6) monitor-
ing women with breast cancer who have been treated with
breast-conserving surgery and radiation; and (7) monitor-
ing the contralateral breast in women with breast cancer
treated with mastectomy.

Calcifications are the most easily recognized mammo-
graphic abnormality. The most common findings associ-
ated with carcinoma of the breast are clustered pleomorphic
microcalcifications. Such calcifications are usually at least
five to eight in number, aggregated in one part of the breast
and differing from each other in size and shape, often
including branched or V- or Y-shaped configurations.
There may be an associated mammographic mass density
or, at times, only a mass density with no calcifications. Such
a density usually has irregular or ill-defined borders and
may lead to architectural distortion within the breast, but
may be subtle and difficult to detect.

Patients with a dominant or suspicious mass on exami-
nation must undergo biopsy despite mammographic find-
ings. The mammogram should be obtained prior to biopsy
so that other suspicious areas can be noted and the contra-
lateral breast can be evaluated. Mammography is never a
substitute for biopsy because it may not reveal clinical can-
cer, especially in a very dense breast.

Communication and documentation among the
patient, the referring clinician, and the interpreting physi-
cian are critical for high-quality screening and diagnostic
mammography. The patient should be told about how she
will receive timely results of her mammogram; that mam-
mography does not “rule out” cancer; and that she may
receive a correlative examination such as ultrasound at the
mammography facility if referred for a suspicious lesion.
She should also be aware of the technique and need for
breast compression and that this may be uncomfortable.
The mammography facility should be informed in writing
by the clinician of abnormal physical examination findings.
The Agency for Health Care Policy and Research (AHCPR)
Clinical Practice Guidelines strongly recommend that all
mammography reports be communicated in writing to the
patient and referring clinician. Legislation has been passed
in a number of US states that requires imaging facilities to
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report to patients the density of their breasts. This may
prompt women with dense breasts to discuss with their
clinician whether or not additional screening options
would be appropriate in addition to mammogram.

2. Other imaging—MRI and ultrasound may be useful
screening modalities in women who are at high risk for
breast cancer but not for the general population. The
sensitivity of MRI is much higher than mammography;
however, the specificity is significantly lower and this
results in multiple unnecessary biopsies. The increased
sensitivity despite decreased specificity may be considered
a reasonable trade-off for those at increased risk for devel-
oping breast cancer but not for normal-risk population.
The NCCN guidelines recommend MRI in addition to
screening mammography for high-risk women, including
those with deleterious mutations, those who have a lifetime
risk of breast cancer of at least 20%, and those with a per-
sonal history of lobular carcinoma in situ (LCIS).

Women who received radiation therapy to the chest in
their teens or twenties are also known to be at high risk for
developing breast cancer and screening MRI may be con-
sidered in addition to mammography. A Netherlands study
(Dense Tissue and Early Breast Neoplasm Screening
“DENSE”) involving over 40,000 women with extremely
dense breast tissue demonstrated that the addition of
annual MRI to screening mammography was associated
with a lower rate of cancers being diagnosed in 2 years.

C. Clinical Breast Examination and
Self-Examination

Breast self-examination has not been shown to improve
survival. Because of the lack of strong evidence demon-
strating value, the American Cancer Society no longer
recommends monthly breast self-examination. Nonethe-
less, patients should recognize and report any breast
changes to their clinicians as it remains an important facet
of proactive care.

Destounis SV et al. Update on breast density, risk estimation,
and supplemental screening. AJR Am J Roentgenol.
2020;214:296. [PMID: 31743049]

García-Albéniz X et al. Continuation of annual screening mam-
mography and breast cancer mortality in women older than
70 years. Ann Intern Med. 2020;172:381. [PMID: 32092767]

Harkness EF et al. Risk-based breast cancer screening strategies
in women. Best Pract Res Clin Obstet Gynaecol. 2020;65:3.
[PMID: 31848103]

Hong S et al. Effect of digital mammography for breast cancer
screening: a comparative study of more than 8 million Korean
women. Radiology. 2020;294:247. [PMID: 31793847]

» Clinical Findings Associated with Early
Detection of Breast Cancer

A. Symptoms and Signs

The presenting complaint in about 70% of patients with
breast cancer is a lump (usually painless) in the breast.
About 90% of these breast masses are discovered by the
patient. Less frequent symptoms are breast pain; nipple
discharge; erosion, retraction, enlargement, or itching of

the nipple; and redness, generalized hardness, enlarge-
ment, or shrinking of the breast. Rarely, an axillary mass or
swelling of the arm may be the first symptom. Back or bone
pain, jaundice, or weight loss may be the result of systemic
metastases, but these symptoms are rarely seen on initial
presentation.

The relative frequency of carcinoma in various ana-
tomic sites in the breast is shown in Figure 17–1.

Inspection of the breast is the first step in physical
examination and should be carried out with the patient
sitting, arms at her sides and then overhead. Abnormal
variations in breast size and contour, minimal nipple
retraction, and slight edema, redness, or retraction of
the skin can be identified (Figure 17–2). Asymmetry of
the breasts and retraction or dimpling of the skin can often
be accentuated by having the patient raise her arms over-
head or press her hands on her hips to contract the pecto-
ralis muscles. Axillary and supraclavicular areas should be

15%

5%

60%

15%

5%

▲ Figure 17–1. Frequency of breast carcinoma at vari-
ous anatomic sites.

▲ Figure 17–2. Skin dimpling. (Used, with permission,
from Armando E. Giuliano, MD.)
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thoroughly palpated for enlarged nodes with the patient
sitting. Palpation of the breast for masses or other changes
should be performed with the patient both seated and
supine with the arm abducted. Palpation with a rotary
motion of the examiner’s fingers as well as a horizontal
stripping motion has been recommended.

Breast cancer usually consists of a nontender, firm or
hard mass with poorly delineated margins (caused by local
infiltration). Very small (1–2 mm) erosions of the nipple
epithelium may be the only manifestation of Paget disease
of the breast (Figure 17–3). Watery, serous, or bloody dis-
charge from the nipple is an occasional early sign but is
more often associated with benign disease.

A lesion smaller than 1 cm in diameter may be difficult
or impossible for the examiner to feel but may be discov-
ered by the patient. The patient should always be asked to
demonstrate the location of the mass. If the clinician fails
to confirm the patient’s suspicions and imaging studies are
normal, the examination should be repeated in 2–3 months,
preferably 1–2 weeks after the onset of menses. During the
premenstrual phase of the cycle, increased innocuous
nodularity may suggest neoplasm or may obscure an
underlying lesion. If there is any question regarding the
nature of an abnormality under these circumstances, the
patient should be asked to return after her menses.

Metastases tend to first involve regional lymph nodes,
which may be palpable. One or two movable, nontender, not
particularly firm axillary lymph nodes 5 mm or less in diam-
eter are frequently present and are generally of no signifi-
cance. Firm or hard nodes larger than 1 cm are typical of
metastases. Axillary nodes that are matted or fixed to skin or
deep structures indicate advanced disease (at least stage III).
If the examiner thinks that the axillary nodes are involved,
that impression will be borne out by histologic section in
about 85% of cases. The incidence of positive axillary nodes
increases with the size of the primary tumor. Noninvasive
cancers (in situ) do not metastasize. Metastases are present
in about 30% of patients with clinically negative nodes.

In most cases, no nodes are palpable in the supracla-
vicular fossa. Firm or hard nodes of any size in this location

or just beneath the clavicle should be biopsied. Ipsilateral
supraclavicular or infraclavicular nodes containing cancer
indicate that the tumor is in an advanced stage (stage III or
IV). Edema of the ipsilateral breast or arm, commonly
caused by metastatic infiltration of regional lymphatics, is
also a sign of advanced cancer.

B. Laboratory Findings

Liver or bone metastases may be associated with elevation
of serum alkaline phosphatase. Hypercalcemia is an occa-
sional important finding in advanced cancer of the breast.
Serum tumor markers such as carcinoembryonic antigen
(CEA) and CA 15-3 or CA 27-29 are not recommended for
diagnosis of early lesions or for routine surveillance for
recurrence after a breast cancer diagnosis.

C. Imaging

1. For lesions felt only by the patient—Ultrasonography
is often valuable and mammography essential when an area
is felt by the patient to be abnormal but the clinician feels
no mass. MRI should not be used to rule out cancer
because MRI has a false-negative rate of about 3–5%.
Although lower than mammography, this false-negative
rate cannot permit safe elimination of the possibility of
cancer. False-negative results with imaging are more likely
seen in infiltrating lobular carcinomas and ductal carci-
noma in situ (DCIS) than invasive ductal carcinoma.

2. For metastatic lesions—For patients with suspicious
symptoms or signs (bone pain, abdominal symptoms, ele-
vated liver biochemical tests) or locally advanced disease
(clinically abnormal lymph nodes or large primary tumors),
staging scans are indicated prior to surgery or systemic
therapy. Chest imaging with CT or radiographs may be
done to evaluate for pulmonary metastases. Abdominal
imaging with CT or ultrasound may be obtained to evalu-
ate for liver metastases. Bone scans using 99mTc-labeled
phosphates or phosphonates are more sensitive than skel-
etal radiographs in detecting metastatic breast cancer. Bone
scanning has not proved to be of clinical value as a routine
preoperative test in the absence of symptoms, physical
findings, or abnormal alkaline phosphatase or calcium
levels. The frequency of abnormal findings on bone scan
parallels the status of the axillary lymph nodes on patho-
logic examination. Positron emission tomography (PET)
scanning alone or combined with CT (PET-CT) may also
be used for detecting soft tissue or visceral metastases in
patients with locally advanced disease or with symptoms or
signs of metastatic disease.

D. Diagnostic Tests

1. Biopsy—The diagnosis of breast cancer depends ulti-
mately on examination of tissue or cells removed by biopsy.
Treatment should never be undertaken without an
unequivocal histologic or cytologic diagnosis of cancer.
About 60% of lesions clinically thought to be cancer prove
on biopsy to be benign, while about 30% of clinically
benign lesions are found to be malignant. These findings
demonstrate the fallibility of clinical judgment and the

▲ Figure 17–3. Paget disease. (Used, with permission,
from Armando E. Giuliano, MD.)

CMDT22_Ch17_p0741-p0767.indd 748 29/06/21 8:41 PM



BREAST DISORDERS 749CMDT 2022

necessity for biopsy. The safest course is biopsy examination
of all suspicious lesions found on physical examination or
imaging, or both.

There is only one probable exception to the need for a
histologic diagnosis of a breast mass: a nonsuspicious, pre-
sumably fibrocystic mass, in a premenopausal woman.
Rather, these masses can be observed through one or two
menstrual cycles. However, the mass must be biopsied if it
does not completely resolve during this time and ultraso-
nographic findings show that it is not cystic or benign
appearing (like a fibroadenoma or intramammary lymph
node). Figures 17–4 and 17–5 present algorithms for man-
agement of breast masses in premenopausal and post-
menopausal patients.

The simplest biopsy method is needle biopsy, either by
aspiration of tumor cells (FNA cytology) or by obtaining a
small core of tissue with a hollow needle (core needle
biopsy). Core needle biopsy is preferable.

Core (large) needle biopsy removes a core of tissue
with a large cutting needle for histologic examination and
is the diagnostic procedure of choice for both palpable and
image-detected abnormalities. Handheld biopsy devices
make large-core needle (14-gauge) biopsy of a palpable
mass easy and cost effective in the office with local anes-
thesia. As in the case of any needle biopsy, the main
problem is sampling error due to improper positioning
of the needle, giving rise to a false-negative test result.
This is extremely unusual with image-guided biopsies.

Solitary mass Dominant mass

Multiple nodules

Not clinically
malignant

Mammogram;
ultrasound

No abnormality, or solid
mass but not suggestive

of malignancy

Appears
malignant

Core needle biopsy1

or reexamine after next
menses or 1–4 months

ResolutionPersistence

Excision Routine
follow-up

Clinically
malignant

Mammogram;
ultrasound

Core needle
biopsy1

Core needle
biopsy1

Preoperative
evaluation and

counseling

Definitive
procedure

1Lesions that are atypical but not malignant should be excised.

Cystic

Aspirate

Nonbloody fluid

Completely
resolves

Reexamine

No recurrenceRecurrence

Core needle
biopsy

or
excision

Routine
follow-up

▲ Figure 17–4. Evaluation of breast masses in premenopausal women. (Adapted, with permission, from Giuliano AE,
Srour MK. Breast disease. In: Berek JS, Hacker. NF [editors], Berek & Hacker’s Gynecologic Oncology, 7th ed, Philadelphia: Wolters
Kluwer, 2021.)
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Core needle biopsy allows the tumor to be tested for the
expression of biological markers, such as estrogen receptor
(ER), progesterone receptor (PR), and HER2.

FNA cytology is a technique whereby cells are aspirated
with a small needle and examined cytologically. This tech-
nique can be performed easily with virtually no morbidity
and is much less expensive than excisional or open biopsy.
The main disadvantages are that it requires a pathologist
skilled in the cytologic diagnosis of breast cancer and it is
subject to sampling problems. Furthermore, noninvasive
cancers usually cannot be distinguished from invasive can-
cers. The incidence of false-positive diagnoses is extremely
low, perhaps 1–2%. The false-negative rate is as high as
10%. Most experienced clinicians would not leave a suspi-
cious dominant mass in the breast even when FNA cytol-
ogy is negative unless the clinical diagnosis, breast imaging
studies, and cytologic studies were all in agreement, such as
a fibrocystic lesion or fibroadenoma. Given the stated limi-
tations, FNA is not the modality of choice for sampling an
abnormal breast mass and has been largely replaced by core
needle biopsy. FNA can be useful for biopsy of suspicious
lymph nodes near the axillary vein.

Open biopsy under local anesthesia as a separate pro-
cedure prior to deciding upon definitive treatment has
become less common with the increased use of core needle
biopsy. Needle biopsy, when positive, offers a more rapid
approach with less expense and morbidity, but when non-
diagnostic it must be followed by open biopsy. It generally
consists of an excisional biopsy, which is done through an
incision with the intent to remove the entire abnormality,
not simply a sample. Intraoperative frozen section exami-
nation of a breast biopsy has generally been abandoned
unless there is a high clinical suspicion of malignancy in a

patient well prepared for the diagnosis of cancer and its
treatment options.

2. Biopsy with ultrasound guidance—Ultrasonography
may show signs suggestive of carcinoma, such as an irregu-
lar mass or a mass within a cyst in the rare case of intracys-
tic carcinoma. If a tumor is palpable and feels like a cyst, an
18-gauge needle can be used to aspirate the fluid and make
the diagnosis of cyst. If a cyst is aspirated and the fluid is
nonbloody, it does not have to be examined cytologically. If
the mass does not recur, no further diagnostic test is neces-
sary. Nonpalpable mammographic densities that appear
benign should be investigated with ultrasound to deter-
mine whether the lesions are cystic or solid or have features
suggestive of a malignancy. These may even be needle
biopsied with ultrasound guidance.

3. Core needle biopsy with mammographic guidance
(“stereotactic biopsy”) —When a suspicious abnormality
is identified by mammography alone and cannot be pal-
pated by the clinician, the lesion should be biopsied under
mammographic guidance. In the computerized stereotactic
guided core needle technique, a biopsy needle is inserted
into the lesion with mammographic guidance, and a core
of tissue for histologic examination can then be examined.

Mammographic localization excisional biopsy is per-
formed by obtaining a mammogram in two perpendicu-
lar views and placing a needle, hook-wire, or radioactive
or radar-detectable seed localizer near the abnormality so
that the surgeon can locate the lesion intraoperatively.
After mammography confirms the position of the local-
izer in relation to the lesion, an incision is made and the
localizer is identified. Often, the abnormality cannot even
be palpated through the incision—as is the case with
microcalcifications—and thus it is essential to obtain a
mammogram of the specimen to document that the lesion
was excised. Image-guided core needle biopsies have
proved equivalent to mammographic localization biopsies.
Core needle biopsy is preferable to mammographic local-
ization for accessible lesions since an operation can be
avoided. A metal clip should be placed after any image-
guided core biopsy to facilitate finding the site of the lesion
if subsequent treatment is necessary. Some atypical lesions
such as atypical ductal hyperplasia or papilloma may
require excision because they are associated with a malig-
nancy in 15–25% of cases.

4. Other imaging modalities—Other modalities of breast
imaging have been investigated for diagnostic purposes.
Automated breast ultrasonography is useful in distinguish-
ing cystic from solid lesions but should be used only as a
supplement to physical examination and mammography.
MRI is highly sensitive but not specific and should not be
used for screening except in highly selective cases. For
example, MRI is useful in differentiating scar from recur-
rence postlumpectomy and is valuable to screen high-risk
women (eg, women with deleterious mutations). It may
also be of value to examine for multicentricity when there
is a known primary cancer; to examine the contralateral
breast in women with cancer; to examine the extent of
cancer, especially lobular carcinomas; or to determine the
response to neoadjuvant chemotherapy. Moreover,

Palpable mass

Mammography;
ultrasound

Mammography;
ultrasound

Core needle biopsy1

Core needle
biopsy1

Definitive procedure

Preoperative evaluation
and counseling

Not clinically
malignant

Clinically
malignant

1Lesions that are atypical but not malignant
should be excised.

▲ Figure 17–5. Evaluation of breast masses in post-
menopausal women. (Adapted, with permission, from
Giuliano AE, Srour MK. Breast disease. In: Berek JS, Hacker.
NF [editors], Berek & Hacker’s Gynecologic Oncology, 7th ed,
Philadelphia: Wolters Kluwer, 2021.)
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MRI-detected suspicious findings that are not seen on
mammogram or ultrasound may be biopsied under MRI
guidance. PET scanning does not appear useful in evaluat-
ing the breast itself but is useful to examine for distant
metastases.

5. Cytology—Cytologic examination of nipple discharge or
cyst fluid may be helpful on rare occasions. As a rule,
mammography (or ductography) and breast biopsy are
required when nipple discharge or cyst fluid is bloody or
cytologically questionable.

» Differential Diagnosis

The most common lesions in the differential diagnosis of
breast cancer are the following, in descending order of
frequency: fibrocystic condition of the breast, fibroade-
noma, intraductal papilloma, lipoma, and fat necrosis.

» Staging

The American Joint Committee on Cancer and the Inter-
national Union Against Cancer have a joint TNM (tumor,
regional lymph nodes, distant metastases) staging system
for breast cancer (www.cancerstaging.org) (Table 17–3).
The eighth edition is a landmark change in the TNM stag-
ing system because it adds biologic markers to modify the
anatomic staging.

» Pathologic Types

Numerous pathologic subtypes of breast cancer can be
identified histologically (Table 17–4).

Except for the in situ cancers, the histologic subtypes
have only a slight bearing on prognosis when outcomes
are compared after accurate staging. The noninvasive
cancers by definition are confined by the basement mem-
brane of the ducts and lack the ability to spread. Histo-
logic parameters for invasive cancers, including
lymphovascular invasion and tumor grade, have been
shown to be of prognostic value. Immunohistochemical
analysis for expression of hormone receptors and for
overexpression of HER2 in the primary tumor offers
prognostic and therapeutic information.

» Special Clinical Forms of Breast Cancer

A. Paget Carcinoma

Paget carcinoma is uncommon (about 1% of all breast can-
cers). Over 85% of cases are associated with an underlying
invasive or noninvasive cancer, usually a well differentiated
infiltrating ductal carcinoma or a DCIS. Gross nipple
changes are often minimal, and a tumor mass may not be
palpable.

Because the nipple changes appear innocuous, the diag-
nosis is frequently missed. The first symptom is often itch-
ing or burning of the nipple, with superficial erosion or
ulceration. These are often diagnosed and treated as der-
matitis or bacterial infection, leading to delay or failure in
detection. The diagnosis is established by biopsy of the area
of erosion. When the lesion consists of nipple changes only
or an associated DCIS, the incidence of axillary metastases

is extremely low, and the prognosis is excellent. When a
breast mass or invasive cancer is also present, the incidence
of axillary metastases rises, with an associated marked
decrease in prospects for cure by surgical or other
treatment.

B. Inflammatory Carcinoma

This is the most malignant form of breast cancer and con-
stitutes less than 3% of all cases. The clinical findings con-
sist of a rapidly growing, sometimes painful mass that
enlarges the breast. The overlying skin becomes erythema-
tous, edematous, and warm. Often there is no distinct mass
since the tumor diffusely infiltrates the involved breast.
The inflammatory changes, often mistaken for an infec-
tion, are caused by carcinomatous invasion of the subder-
mal lymphatics, with resulting edema and hyperemia. If
the clinician suspects infection but the lesion does not
respond to antibiotics within 1–2 weeks, biopsy should be
performed. Metastases tend to occur early and widely;
while rarely deemed curable in the past, anti-HER2 therapy
(if HER2 overexpressing or amplified), surgery, and che-
motherapy have resulted in some long-term cures for
patients with inflammatory carcinoma. Mastectomy is
indicated when chemotherapy and radiation have resulted
in clinical remission with no evidence of distant metasta-
ses. In these cases, residual disease in the breast may be
eradicated. Sentinel node biopsy is not indicated due to the
high false-negative rate.

» Breast Cancer Occurring During Pregnancy
or Lactation

Breast cancer complicates up to one in 3000 pregnancies.
Its incidence is increasing as women delay childbearing.
The diagnosis is frequently delayed because physiologic
changes in the breast may obscure the lesion and screening
mammography is not done in young or pregnant women.
Termination of pregnancy has not been shown to improve
maternal prognosis. The decision whether to terminate the
pregnancy must be made on an individual basis, taking
into account the patient’s wishes, the clinical stage of the
cancer and overall prognosis, the gestational age of the
fetus, and the potential for premature ovarian failure in
the future with systemic therapy.

It is important for primary care and reproductive spe-
cialists to aggressively work up any breast abnormality
discovered in a pregnant woman. Pregnancy (or lactation)
is not a contraindication to operation or treatment, and
therapy should be based on the stage of the disease as in the
nonpregnant (or nonlactating) woman. Women with early-
stage gestational breast cancer who choose to continue
their pregnancy should undergo surgery to remove the
tumor and systemic therapy if indicated. Often neoadju-
vant systemic therapy may be given during pregnancy and
the operation and radiation therapy delayed. Retrospective
reviews of patients treated with anthracycline-containing
regimens for gestational cancers (including leukemia and
lymphomas) have established the relative safety of these
regimens during pregnancy for both the patient and the
fetus. Taxane-based and trastuzumab-based regimens have
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Table 17–3. Abbreviated TNM staging for breast cancer.

Category Criteria

primary Tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis (DCIS) Ductal carcinoma in situ

T1–T1c Tumor ≤ 20 mm in greatest dimension

T2 Tumor > 20 mm but ≤ 50 mm in greatest dimension

T3 Tumor > 50 mm in greatest dimension

T4 Tumor of any size with direct extension to the chest wall and/or to the skin (ulceration or macroscopic nodules); invasion of the

dermis alone does not qualify as T4

T4a Extension to the chest wall; invasion or adherence to pectoralis muscle in the absence of invasion of chest wall structures does

not qualify as T4

T4b Ulceration and/or ipsilateral macroscopic satellite nodules and/or edema (including peau d’orange) of the skin that does not

meet the criteria for inflammatory carcinoma

T4c Both T4a and T4b are present

T4d Inflammatory carcinoma

Regional Lym Nodes (N)1 Clinical (cN)

cNX2 Regional lymph nodes cannot be assessed (eg, previously removed)

cN0 No regional lymph node metastases (by imaging or clinical examination)

cN1 Metastases to movable ipsilateral Level I, II axillary lymph node(s)

cN1mi3 Micrometastases (approximately 200 cells, > 0.2 mm, but none > 2.0 mm)

cN2 Metastases in ipsilateral Level I, II axillary lymph nodes that are clinically fixed or matted; or in ipsilateral internal mammary

nodes in the absence of axillary lymph node metastases

cN2a Metastases in ipsilateral Level I, II axillary lymph nodes fixed to one another (matted) or to other structures

cN2b Metastases only in ipsilateral internal mammary nodes in the absence of axillary lymph node metastases

cN3 Metastases in ipsilateral infraclavicular (Level III axillary) lymph node(s) with or without Level I, II axillary lymph node

involvement;

or in ipsilateral internal mammary lymph node(s) with Level I, II axillary lymph node metastases; or metastases in ipsilateral

supraclavicular lymph node(s) with or without axillary or internal mammary lymph node involvement

cN3a Metastases in ipsilateral infraclavicular lymph node(s)

cN3b Metastases in ipsilateral internal mammary lymph node(s) and axillary lymph node(s)

cN3c Metastases in ipsilateral supraclavicular lymph node(s)

Distant Metastasis (M)

M0 No clinical or radiographic evidence of distant metastases; imaging studies not required to assign this category.

cM0(i+) No clinical or radiographic evidence of distant metastases in the presence of tumor cells or deposits no > 0.2 mm detected

microscopically or by molecular techniques

cM1 Distant metastases detected by clinical and radiographic means

pM1 Any histologically proven metastases in distant organs; or if in non-regional nodes, metastases > 0.2 mm

1Note: (sn) and (f ) suffixes should be added to the N category to denote confirmation of metastasis by sentinel node biopsy or fine-needle

aspiration/core needle biopsy, respectively.
2The cNX category is used sparingly in cases where regional lymph nodes have previously been surgically removed or where there is no

documentation of physical examination of the axilla.
3cN1mi is rarely used but may be appropriate in cases where sentinel node biopsy is performed before tumor resection, most likely to occur

in cases treated with neoadjuvant therapy.

Used, with permission, of the American College of Surgeons. Amin MB, Edge SB, Greene FL et al (editors). AJCC Cancer Staging Manual, 8th ed.

Springer New York, 2017.
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not been evaluated extensively, however. Radiation therapy
should be delayed until after delivery.

» Bilateral Breast Cancer

Bilateral breast cancer occurs in less than 5% of cases, but
there is as high as a 20–25% incidence of later occur-
rence of cancer in the second breast. Bilaterality occurs
more often in familial breast cancer, in women under
age 50 years, and when there is a deleterious mutation.
The incidence of second breast cancers increases directly
with the length of time the patient is alive after her first
cancer—about 1–2% per year. Tamoxifen or aromatase
inhibitors decrease the risk of a contralateral hormone
receptor–positive cancer.

In patients with breast cancer, mammography should
be performed before primary treatment and at regular
intervals thereafter to search for occult cancer in the oppo-
site breast or conserved ipsilateral breast.

» Noninvasive Cancer

Noninvasive cancer can occur within the ducts (DCIS) or
lobules (LCIS). DCIS tends to be unilateral and is believed
to progress to invasive cancer if untreated. Invasive cancer
will develop in the same breast in approximately 40–60% of
women who have unresected DCIS. LCIS is generally
agreed to be a marker of an increased risk of breast cancer
rather than a direct precursor of breast cancer itself. In the
eighth edition of the American Joint Committee on
Cancer (AJCC) Cancer Staging Manual, LCIS is no longer
considered a cancer. The probability of breast cancer
(DCIS or invasive cancer in either breast) in a woman in
whom LCIS has been diagnosed is estimated to be 1% per
year. If LCIS is detected on core needle biopsy, an exci-
sional biopsy without lymph node sampling may be per-
formed to rule out DCIS or invasive cancer, but NCCN

guidelines suggest observation alone is satisfactory. The
incidence of LCIS is rising, likely due to increased use of
screening mammography. In addition, the rate of mastec-
tomy after the diagnosis of LCIS is increasing in spite of the
fact that mastectomy is only recommended in those
patients who otherwise have an increased risk of breast
cancer through family history, genetic mutation, or past
exposure to thoracic radiation. Pleomorphic LCIS may
behave more like DCIS and may be associated with inva-
sive carcinoma. For this reason, pleomorphic LCIS should
be surgically removed with clear margins.

The treatment of intraductal lesions is controversial. DCIS
can be treated by wide excision with or without radiation
therapy or with total mastectomy. Conservative management
is advised in patients with small lesions amenable to lumpec-
tomy. Patients in whom LCIS is diagnosed or who have
received lumpectomy for DCIS may discuss chemoprevention
(with hormonal blockade therapy) with their clinician, which
is effective in reducing the risk of invasive breast cancer. Axil-
lary metastases from in situ cancers should not occur unless
there is an occult invasive cancer. Because a sentinel lymph
node biopsy after mastectomy cannot be performed, it should
be performed in a patient undergoing mastectomy for DCIS
in case an invasive component is discovered.

Giuliano AE et al. Eighth edition of the AJCC Cancer Staging
Manual: Breast cancer. Ann Surg Oncol. 2018;25:1783.
[PMID: 29671136]

Macdonald HR et al. Pregnancy associated breast cancer. Breast
J. 2020;26:81. [PMID: 31943583]

Sisti A et al. Paget disease of the breast: a national retrospective
analysis of the US population. Breast Dis. 2020;39:119.
[PMID: 32390594]

Wang Z et al. A large-cohort retrospective study of metastatic
patterns and prognostic outcomes between inflammatory and
non-inflammatory breast cancer. Ther Adv Med Oncol.
2020;12:1. [PMID: 32550867]

» Biomarkers & Gene Expression Profiling

Hormone receptor–positive tumors are ER (estrogen
receptor)-positive or PR (progesterone receptor)-positive
or both. Treatment with a hormonally targeted agent (anti-
estrogen or anti-estrogen receptor) is an essential therapy
for hormone receptor–positive breast cancer. Hormone
receptor–negative cancers do not respond to endocrine
treatments. Patients whose tumors are hormone receptor–
positive tend to have a more indolent disease course than
those whose tumors are hormone receptor–negative.

The HER2 (human epidermal growth factor receptor 2)
gene is an oncogene; breast cancer cells that overproduce
the HER2 gene (HER2-amplified or “HER2-positive” can-
cers) overproduce the growth-promoting protein HER2.
HER2-positive breast cancer is generally more aggressive
than breast cancer with normal HER2 expression (HER2-
negative breast cancer). Targeted therapies that block
HER2 have been shown to significantly improve outcomes
for patients with HER2-positive disease.

Determining the ER, PR, and HER2 status of the tumor
at the time early breast cancer is diagnosed and, if possible,
at the time of recurrence is critical, both to gauge a patient’s

Table 17–4. Histologic types of breast cancer.

Tye Frequency of Occurrence

Infiltrating ductal

(not oterwise secified)

80–90%

Medullary 5–8%

Colloid (mucinous) 2–4%

Tubular 1–2%

Papillary 1–2%

Invasive lobular 6–8%

Noninvasive 4–6%

Intraductal 2–3%

Lobular in situ 2–3%

Rare cancers < 1%

Juvenile (secretory)

Adenoid cystic

Epidermoid

Sudoriferous
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prognosis and to determine the best treatment regimen. In
addition to ER, PR, and HER2 status, other important prog-
nostic factors include the rate at which tumor divides
(assessed by an immunohistochemical stain for Ki67) and
the grade and differentiation of the cells. These markers
may be obtained on core biopsy or surgical specimens, but
not reliably on FNA cytology. Individually these biomark-
ers are predictive and thus provide insight to guide appro-
priate therapy. Moreover, when combined, they provide
useful information regarding risk of recurrence and prog-
nosis in the curative setting.

In general, tumors that lack expression of HER2, ER,
and PR (“triple negative”) have a higher risk of early
recurrence and metastases and are associated with a worse
survival compared with other types. Neither endocrine
therapy nor HER2-targeted agents are useful for this type
of breast cancer. Chemotherapy has been the primary
treatment option for triple-negative breast cancer. In con-
trast, patients with early stage, hormone receptor–positive
breast cancer may not benefit from the addition of chemo-
therapy to hormonally targeted treatments. Several molec-
ular tests have been developed to assess risk of recurrence
and to predict which patients are most likely to benefit
from chemotherapy for early-stage disease. Oncotype DX
(Genomic Health) evaluates the expression of 21 genes
relating to ER, HER2, and proliferation in a tumor speci-
men and categorizes a patient’s risk of recurrence (recur-
rence score) as high, intermediate, or low risk. Patients in
low- or intermediate-risk categories do not benefit from
chemotherapy, especially when age 50 or over. This test is
primarily indicated for ER-positive, lymph node–negative
tumors, but a 2020 study (RxPONDER, NCT01272037)
suggests that postmenopausal women with 1–3 positive
lymph nodes with a recurrence score of less than 25 may
not benefit from the use of chemotherapy.

MammaPrint (Agendia) is an FDA-approved 70-gene
signature assay that is available for evaluating prognosis. This
test classifies patients into good and poor prognostic groups to
predict clinical outcome and may be used on patients with
hormone receptor–positive or hormone receptor–negative
breast cancer. American Society of Clinical Oncology
(ASCO) guidelines indicate this assay may be best used to
help determine whether chemotherapy may be safely with-
held in patients with hormone receptor–negative, HER2-
negative, node-positive breast cancer at high clinical risk.
ASCO does not recommend using this assay in hormone
receptor–negative or HER2-positive breast cancer. The
eighth edition of the AJCC staging system incorporates
genomic assays to provide a prognostic stage. Patients with
low-risk genomic assays may be downstaged from their
TNM stage. For example, a patient who has a TNM stage of
II but has a low Oncotype Recurrence Score could be classi-
fied as having stage I disease per the eighth edition.

Kalinsky K et al. First results from a phase III randomized clini-

cal trial of standard adjuvant endocrine therapy +/- chemo-
therapy in patients with 1-3 positive nodes, hormone
receptor–positive and HER2-negative breast cancer with
recurrence score of 25 or less: SWOG S1007. San Antonio
Breast Cancer Symposium 2020. Abstract GS3-00.

Sparano JA et al. Adjuvant chemotherapy guided by a 21-gene
expression assay in breast cancer. N Engl J Med. 2018;379:111.
[PMID: 29860917]

Sparano JA et al. Development and validation of a tool integrat-
ing the 21-gene recurrence score and clinical-pathological
features to individualize prognosis and prediction of chemo-
therapy benefit in early breast cancer. J Clin Oncol. 2021;39:557.
[PMID: 33306425]

Wolff AC et al. Human epidermal growth factor receptor 2 test-
ing in breast cancer: American Society of Clinical Oncology/
College of American Pathologists Clinical Practice Guideline
Focused Update. Arch Pathol Lab Med. 2018;142:1364.
[PMID: 29846104]

» Curative Treatment

Most patients with early breast cancer can be cured. Treat-
ment with a curative intent is advised for clinical stage I, II,
and III disease (see Table 39–2). Patients with locally
advanced (T3, T4) and even inflammatory tumors may be
cured with multimodality therapy. When metastatic dis-
ease is diagnosed, palliation becomes the goal of therapy.
Treatment with palliative intent is appropriate for all
patients with stage IV disease and for patients with unre-
sectable local cancers.

A. Choice and Timing of Primary Therapy

The extent of disease and its biologic aggressiveness are the
principal determinants of the outcome of primary therapy.
Clinical and pathologic staging help in assessing extent of
disease (see Table 17–3), but each is imprecise. Other fac-
tors such as tumor grade, hormone receptor assays, HER2
amplification, and genomic assays are of prognostic and
predictive value for benefits from systemic therapy but are
not as relevant in determining the type of local therapy.

Controversy has surrounded the choice of primary
therapy of stage I, II, and III breast carcinoma. Currently,
the standard of care for stage I, stage II, and most stage III
cancer is surgical resection followed by adjuvant radiation
or systemic therapy, or both, when indicated. Neoadjuvant
chemotherapy may shrink large tumors prior to surgery,
making some patients who require mastectomy candidates
for lumpectomy. (Neoadjuvant therapy is given before sur-
gery, while adjuvant therapy is given after surgery in order
to destroy remaining cancer cells.) In addition, in some
cases of triple-negative and HER2-amplified breast cancer,
the response to neoadjuvant therapy may determine the
need for additional postoperative systemic therapy, which
may result in improved survival. It is important for patients
to understand all the surgical options, including recon-
structive options, prior to having surgery. Patients with
large primary tumors, inflammatory cancer, or palpably
enlarged lymph nodes should have staging scans per-
formed to rule out distant metastatic disease prior to
definitive surgery. In general, adjuvant systemic therapy is
started when the breast has adequately healed, ideally
within 4–8 weeks after surgery. While no prospective stud-
ies have defined the appropriate timing of adjuvant chemo-
therapy, a single-institution study of over 6800 patients
suggests that systemic therapy should be started within
60 days of surgery, especially in women with stage II or III
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breast cancer, triple-negative breast cancer, or HER2-
positive disease.

B. Surgical Resection

1. Breast-conserving therapy—Multiple, large, random-
ized studies including the Milan and NSABP trials show
that disease-free and overall survival rates are similar for
patients with stage I and stage II breast cancer treated with
partial mastectomy (breast-conserving lumpectomy or
“breast conservation”) plus axillary dissection followed by
radiation therapy and for those treated by modified radical
mastectomy (total mastectomy plus axillary dissection).

Tumor size is a major consideration in determining the
feasibility of breast conservation. The NSABP lumpectomy
trial randomized patients with tumors as large as 4 cm. To
achieve an acceptable cosmetic result, the patient must
have a breast of sufficient size to enable excision of a 4-cm
tumor without considerable deformity. Therefore, large
tumor size is only a relative contraindication. Subareolar
tumors, also difficult to excise without deformity, are not
contraindications to breast conservation. Oncoplastic tech-
niques combining principles of plastic and reconstructive
surgery with surgical oncologic principles are enabling
resection of large tumors with excellent cosmetic results.
Clinically detectable multifocality is a relative contraindi-
cation to breast-conserving surgery, as is fixation to the chest
wall or skin or involvement of the nipple or overlying skin.
The patient—not the surgeon—should be the judge of what
is cosmetically acceptable. Given the relatively high risk of
poor outcome after radiation, concomitant systemic sclerosis
(scleroderma) is a contraindication to breast-conserving
surgery. A history of prior therapeutic radiation to the ipsilat-
eral breast or chest wall (or both) is also generally a contrain-
dication for breast conservation, although accelerated partial
breast irradiation may permit a second breast irradiation.

Axillary dissection is primarily used to properly stage
cancer and plan radiation and systemic therapy. Intraop-
erative lymphatic mapping and sentinel node biopsy iden-
tify lymph nodes most likely to harbor metastases if
present (Figure 17–6). Sentinel node biopsy is a proven
alternative to axillary dissection in patients without clinical

evidence of axillary lymph node metastases. If sentinel
node biopsy reveals no evidence of axillary metastases, it is
highly likely that the remaining lymph nodes are free of
disease and axillary dissection may be omitted. An impor-
tant study from the American College of Surgeons Oncol-
ogy Group randomized women with sentinel node
metastases to undergo completion of axillary dissection or
to receive no further axillary-specific treatment after
lumpectomy; no difference in 10-year survival was found.
Omission of axillary dissection is acceptable for women with
tumor-free sentinel nodes or those with involvement of one or
two sentinel nodes who are treated with lumpectomy, whole
breast irradiation, and adjuvant systemic therapy.

Breast-conserving surgery with sentinel node biopsy and
radiation is the preferred form of treatment for patients with
early-stage breast cancer. Despite the numerous random-
ized trials showing no survival benefit of mastectomy over
breast-conserving partial mastectomy with irradiation or
of axillary dissection over sentinel node biopsy, these con-
servative procedures still appear to be underutilized.

2. Mastectomy—Modified radical mastectomy was previ-
ously the standard therapy for most patients with early-
stage breast cancer. This operation removes the entire
breast, overlying skin, nipple, and areolar complex usually
with underlying pectoralis fascia with the axillary lymph
nodes in continuity. The major advantage of modified
radical mastectomy is that radiation therapy may not be
necessary, although radiation may be used when lymph
nodes are involved with cancer or when the primary
tumor is 5 cm or larger. The disadvantage of mastectomy
is the cosmetic and psychological impact associated with
breast loss. Radical mastectomy, which removes the
underlying pectoralis muscle, should be performed rarely,
if at all. Axillary node dissection is not indicated for non-
invasive cancers because nodal metastases are rarely pres-
ent. Skin-sparing and nipple-sparing mastectomy is
available but is not appropriate for all patients. Breast
reconstruction, immediate or delayed, should be dis-
cussed with patients who choose or require mastectomy.
Patients should have an interview with a reconstructive
plastic surgeon to discuss options prior to making a deci-
sion regarding reconstruction. Time is well spent preop-
eratively in educating the patient and family about these
matters. Skin-sparing mastectomies, including those with
presentation of the nipple-areolar complex, are becoming
more commonly used with excellent cosmetic and onco-
logic results.

C. Radiotherapy

Radiotherapy after breast-conserving surgery consists of
5–7 weeks of five daily fractions to a total dose of 5000–
6000 cGy. Most radiation oncologists use a boost dose to
the cancer location. Shorter fractionation schedules may be
reasonable for women with low-risk, early-stage breast
cancer. Guidelines by the American Society of Radiation
Oncology (ASTRO) and the European Society for Radio-
therapy (ESTRO) indicate that it is appropriate to discuss
partial breast radiation for women over the age of 50 with
node-negative, hormone receptor–positive, small (T1)

▲ Figure 17–6. Sentinel node. (Used, with permission,
from Armando E. Giuliano, MD.)
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tumors with surgical margins of at least 2 mm. Moreover,
in women over the age of 70 with small (less than 2 cm),
lymph node–negative, hormone receptor–positive cancers,
radiation therapy may be avoided. The recurrence rates
after intraoperative radiation, while low, appear signifi-
cantly higher than postoperative whole breast radiation
therapy. However, in all these situations, a balanced discus-
sion with a radiation oncologist to weigh the risks and
benefits of each approach is warranted.

Current studies suggest that radiotherapy after mastec-
tomy may improve recurrence rates and survival in younger
patients and those with tumors 5 cm or larger or positive
lymph nodes.

Deli T et al. Hormone replacement therapy in cancer
survivors—review of the literature. Pathol Oncol Res.
2020;26:63. [PMID: 30617760]

Giuliano AE. The evolution of sentinel node biopsy for breast
cancer: personal experience. Breast J. 2020;26:17. [PMID:
31876042]

Giuliano AE et al. Locoregional recurrence after sentinel lymph
node dissection with or without axillary dissection in patients
with sentinel lymph node metastases: long-term follow-up
from the American College of Surgeons Oncology Group
(Alliance) ACOSOG Z0011 Randomized Trial. Ann Surg.
2016;264:413. [PMID: 27513155]

Patel AU et al. Functional return after implant-based breast
reconstruction: a prospective study of objective and patient-
reported outcomes. J Plast Reconstr Aesthet Surg. 2020;73:850.
[PMID: 31973982]

Shah C et al. Modern approaches for breast brachytherapy.
Semin Radiat Oncol. 2020;30:61. [PMID: 31727301]

Vicini FA et al. Long-term primary results of accelerated partial
breast irradiation after breast-conserving surgery for early-
stage breast cancer: a randomised, phase 3, equivalence trial.
Lancet. 2019;394:2155. [PMID: 31813636]

Whelan TJ et al; RAPID Trial Investigators. External beam acceler-
ated partial breast irradiation versus whole breast irradiation
after breast conserving surgery in women with ductal carcinoma
in situ and node-negative breast cancer (RAPID): a randomised
controlled trial. Lancet. 2019;394:2165. [PMID: 31813635]

D. Adjuvant Systemic Therapy

Systemic therapy improves survival and is advocated for
most patients with curable breast cancer. In practice, most
medical oncologists use adjuvant chemotherapy for
patients with either node-positive or higher-risk (eg, hor-
mone receptor–negative or HER2-positive) node-negative
breast cancer and use endocrine therapy for all hormone
receptor–positive invasive breast cancer unless contraindi-
cated. Prognostic factors other than nodal status that are
used to determine the patient’s risks of recurrence are
tumor size, ER and PR status, nuclear grade, histologic
type, proliferative rate, oncogene expression (Table 17–5),
and patient’s age and menopausal status. In general, sys-
temic chemotherapy decreases the chance of recurrence by
about 30%, hormonal modulation decreases the relative
risk of recurrence by 40–50% (for hormone receptor–
positive cancer), and HER2-targeted therapy decreases the
relative risk of recurrence by approximately 40% (for
HER2-positive cancer). Systemic chemotherapy is usually
given sequentially, rather than concurrently with radiation.

In terms of sequencing, typically chemotherapy is given
before radiation and endocrine therapy is started concur-
rent with or after radiation therapy.

The long-term advantage of systemic therapy is well
established. All patients with invasive hormone receptor–
positive tumors should consider the use of hormone-
modulating therapy. Most patients with HER2-positive
tumors should receive trastuzumab-containing chemother-
apy regimens. In general, adjuvant systemic chemotherapy
should not be given to women who have small node-
negative breast cancers with favorable histologic findings
and tumor biomarkers. The ability to predict more accu-
rately which patients with HER2-negative, hormone
receptor–positive, lymph node–negative tumors should
receive chemotherapy is improving with the advent of prog-
nostic tools, such as Oncotype DX and MammaPrint (see
Biomarkers and Gene Expression Profiling above). These
validated tools enable clinicians to better select patients who
can safely omit chemotherapy.

1. Chemotherapy—The Early Breast Cancer Trialists’ Col-
laborative Group (EBCTCG) meta-analysis involving over
28,000 women enrolled in 60 trials of adjuvant polychemo-
therapy versus no chemotherapy demonstrated a signifi-
cant beneficial impact of chemotherapy on clinical outcome
in non–stage IV breast cancer. This study showed that
adjuvant chemotherapy reduces the risk of recurrence and
breast cancer–specific mortality in all women and women
under the age of 50 derived the greatest benefit.

a. Anthracycline- and cyclophosphamide-

containing regimens—On the basis of the superiority
of anthracycline-containing regimens in metastatic breast
cancer, both doxorubicin and epirubicin have been studied
extensively in the adjuvant setting. Studies comparing
Adriamycin (doxorubicin) and cyclophosphamide (AC) or
epirubicin and cyclophosphamide (EC) to cyclophospha-
mide-methotrexate-5-fluorouracil (CMF) have shown that
treatments with anthracycline-containing regimens are at

Table 17–5. Prognostic factors for recurrence in node-
negative breast cancer.

prognostic Factors

Increased

Recurrence

Decreased

Recurrence

Size1 T3, T2 T1, T0

Hormone receptors (ER, PR) Negative Positive

Histologic grade High Low

S phase fraction > 5% < 5%

Lymphatic or vascular invasion Present Absent

HER2 oncogene amplification High Low

Epidermal growth factor receptor High Low

High Oncotype DX Recurrence

Score or other genomic

prognostic assays

High score Low score

1See Table 17–3 for TNM staging for breast cancer.
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least as effective as treatment with CMF. The EBCTCG
analysis of over 14,000 patients comparing anthracycline-
based regimens to CMF showed a small but statistically
significant improved disease-free and overall survival with
the use of anthracycline-based regimens. It should be
noted, however, that most of these studies included a
mixed population of patients with HER2-positive and
HER2-negative breast cancer and were performed before
the introduction of trastuzumab. Retrospective analyses of
a number of these studies suggest that anthracyclines may
be primarily effective in tumors with HER2 overexpression
or alteration in the expression of topoisomerase IIa (the
target of anthracyclines and close to the HER2 gene). Given
this, for HER2-negative, node-negative breast cancer, four
cycles of AC or six cycles of CMF are probably equally
effective.

b. Taxanes—Multiple trials of taxanes (paclitaxel and
docetaxel) have been conducted to evaluate their use in
combination with anthracycline-based regimens. The
majority of these trials showed an improvement in disease-
free survival and at least one showed an improvement in
overall survival with the taxane-based regimen. A meta-
analysis of taxane versus non-taxane anthracycline-based
regimen trials showed an improvement in disease-free and
overall survival for the taxane-based regimens. Several
regimens have been reported including AC followed by
paclitaxel (AC-P) or docetaxel (Taxotere) (AC-T), docetaxel
concurrent with AC (TAC), 5-fluorouracil-epirubicine-
cyclophosphamide (FEC)-docetaxel, and FEC-paclitaxel.

While it is generally agreed that taxanes should be used
for most patients receiving chemotherapy for early breast
cancer, data relating to the benefits of anthracyclines are
conflicting; thus, a balanced discussion regarding the
potential risks versus benefits of the addition of anthra-
cyclines is warranted, especially in hormone receptor–
positive disease.

c. Duration and dose of chemotherapy—The ideal
duration of adjuvant chemotherapy still remains uncertain.
However, based on the meta-analysis performed in the
Oxford Overview (EBCTCG), the current recommenda-
tion is for 3–6 months of the commonly used regimens.
Data suggest that the timing and sequencing of
anthracycline-taxane–based chemotherapy may be impor-
tant. Multiple trials beginning in the 1980s sought to dem-
onstrate whether dose-intensification of adjuvant
chemotherapy by shortening the intervals between cycles
(“dose-dense”), or by giving chemotherapy at full dose
sequentially rather than concurrently at reduced doses is
associated with better outcomes. The EBCTCG meta-
analysis included 37,298 patients treated on 26 trials and
showed a significant 3.4% absolute decrease and 14% rela-
tive risk reduction in breast cancer recurrences with dose-
intensification. Moreover, the absolute 10-year breast
cancer mortality was improved by 2.4%. While impres-
sive, the benefit of dose-intensification appeared to be
strongest in node-positive disease. Its benefit, if any, in
HER2-positive disease in the era of HER2-targeted
therapy has not been validated. Additionally, the use of

dose-intensification in (non-anthracycline) taxane-based
regimens has not been evaluated.

d. Chemotherapy side effects—Chemotherapy side
effects, which are discussed in Chapter 39, are generally
well controlled.

2. Targeted therapy—Targeted therapy refers to agents
that are directed specifically against a protein or molecule
expressed uniquely on tumor cells or in the tumor
microenvironment.

a. HER2 overexpression—Approximately 20% of breast
cancers are characterized by amplification of the HER2
oncogene leading to overexpression of the HER2 oncopro-
tein. The poor prognosis associated with HER2 overex-
pression has been drastically improved with the
development of HER2-targeted therapy. Trastuzumab
(Herceptin [H]), a monoclonal antibody that binds to
HER2, is effective in combination with chemotherapy (AC-
TH or TCH [docetaxel, carboplatin, trastuzumab]) in
patients with HER2-overexpressing early breast cancer.
Both AC-TH and TCH are FDA-approved for nonmeta-
static, HER2-positive breast cancer. In these regimens,
trastuzumab is given with chemotherapy and then contin-
ued beyond the course of chemotherapy with a goal, in
general, to complete a full year. Neoadjuvant chemotherapy
plus dual HER2-targeted therapy with trastuzumab and
pertuzumab (also a HER2-targeted monoclonal antibody
that prevents dimerization of HER2 with HER3 and has
been shown to be synergistic in combination with trastu-
zumab) is a standard of care option available to patients
with stage II/III HER2-positive breast cancer (see Neoadju-
vant Therapy). Adjuvant pertuzumab in combination with
trastuzumab is primarily restricted to patients with high-
risk, node-positive disease. Neratinib, an orally bioavail-
able dual HER1 (EGFR), HER2 tyrosine kinase inhibitor, is
FDA-approved as extended adjuvant therapy (to be given
after completion of 1 year of trastuzumab). The phase 3
placebo-controlled EXTENET study demonstrated that
neratinib improves invasive disease-free survival when
given for 1 year after completion of a year of standard adju-
vant trastuzumab-based therapy (median follow-up
5.2 years, stratified HR 0.73, 95% CI 0.57, 0.92, P = 0.0083).
The benefit of neratinib appears to be restricted to those
with tumor co-expression of hormone receptor(s). Nera-
tinib is associated with gastrointestinal toxicity, most nota-
bly moderate to severe diarrhea in approximately 40% of
patients who did not use antidiarrheal prophylaxis. Mea-
sures such as starting at a lower dose of neratinib and
escalating as tolerated or using prophylactic colestipol or
budesonide have been shown to mitigate this side effect in
the CONTROL clinical trial (NCT02400476).

Patients who undergo neoadjuvant trastuzumab-based
chemotherapy and have residual disease remaining at the
time of surgery have a comparatively poor outcome com-
pared to those who achieve a pathologic complete response.
In the phase 3 randomized KATHERINE trial, 1486
patients with residual disease after standard neoadjuvant
trastuzumab/taxane-based therapy (18% of whom also
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received neoadjuvant pertuzumab) were randomized to
receive the antibody-drug conjugate trastuzumab emtan-
sine or standard trastuzumab for 14 cycles after surgery.
Patients treated with trastuzumab emtansine had a statisti-
cally significantly improved 3-year invasive disease-free
survival (88% vs 77%), associated with a 50% relative risk
reduction. Adjuvant trastuzumab emtansine is FDA-
approved for patients with residual disease after standard
trastuzumab-containing neoadjuvant therapy.

Retrospective studies have shown that even small (stage
T1a,b) HER2-positive tumors have a worse prognosis com-
pared with same-sized HER2-negative tumors and may
thus be appropriate for trastuzumab-based regimens.

Cardiomyopathy develops in a small but significant
percentage (0.4–4%) of patients who receive trastuzumab-
based regimens. For this reason, anthracyclines and trastu-
zumab are rarely given concurrently and cardiac function
is monitored periodically throughout therapy.

b. Endocrine therapy—Adjuvant hormone modulation
therapy is highly effective in decreasing relative risk of
recurrence by 40–50% and mortality by 25% in women
with hormone receptor–positive tumors regardless of
menopausal status.

(1) Tamoxifen—The traditional 5-year regimen of adju-
vant estrogen-receptor antagonist/agonist tamoxifen was
compared to a 10-year regimen in the Adjuvant Tamoxifen
Longer Against Shorter (ATLAS) trial. Disease-free and
overall survival were significantly improved in women who
received 10 years of tamoxifen, particularly after year 10.
Though these results are impressive, the clinical applica-
tion of long-term tamoxifen use must be discussed with
patients individually, taking into consideration risks of
tamoxifen (such as secondary uterine cancers, venous
thromboembolic events, and side effects that impact qual-
ity of life). Ovarian suppression in addition to tamoxifen
has been shown to significantly improve 8-year disease-
free survival (83.2% vs 78.9%) and 8-year overall survival
(93.3% vs 91.5%) compared to tamoxifen alone in the
randomized Suppression of Ovarian Function Trial (SOFT)
study, though the benefits appeared to be seen primarily in
chemotherapy-treated patients with higher risk disease.

(2) Aromatase inhibitors—AIs, including anastrozole,
letrozole, and exemestane, reduce estrogen production and
are also effective in the adjuvant setting for postmeno-
pausal women. AIs should not be used in a patient with
functioning (premenopausal) ovaries since they do not block
ovarian production of estrogen. At least seven large ran-
domized trials enrolling more than 24,000 postmenopausal
patients with hormone receptor–positive nonmetastatic
breast cancer have compared the use of AIs with tamoxifen
or placebo as adjuvant therapy. All of these studies have
shown small but statistically significant improvements in
disease-free survival (absolute benefits of 2–6%) with the
use of AIs. In addition, AIs have been shown to reduce the
risk of contralateral breast cancers and to have fewer asso-
ciated serious side effects (such as endometrial cancers and
thromboembolic events) than tamoxifen. However, they
are associated with accelerated bone loss and an increased
risk of fractures as well as a musculoskeletal syndrome

characterized by arthralgias or myalgias (or both) in the
majority of patients. The American Society of Clinical
Oncology and the NCCN have recommended that post-
menopausal women with hormone receptor–positive breast
cancer be offered an AI either initially or after tamoxifen
therapy. HER2 status should not affect the use or choice of
hormone therapy. A combined analysis of the SOFT and
Tamoxifen and Exemestane Trial (TEXT) studies showed
for the first time that exemestane plus ovarian suppression
with triptorelin was associated with a reduced risk of
relapse compared to tamoxifen, making this a viable adju-
vant therapy option for premenopausal women with high-
risk ER-positive breast cancers.

3. Bisphosphonates—Multiple randomized studies have
evaluated the use of adjuvant bisphosphonates in addition
to standard local and systemic therapy for early-stage
breast cancer and have shown, in addition to improvement
in bone density, a consistent reduction in the risk of meta-
static recurrence in postmenopausal patients. A meta-
analysis evaluating more than 18,000 women with
early-stage breast cancer treated with bisphosphonates or
placebo showed that bisphosphonates reduce the risk of
cancer recurrence (especially in bone) and improve breast
cancer–specific survival primarily in postmenopausal
women. Side effects associated with bisphosphonate ther-
apy include bone pain, fever, osteonecrosis of the jaw (rare,
less than 1%), esophagitis or ulcers (for oral bisphospho-
nates), and kidney injury. Although the FDA has not yet
approved the adjuvant use of bisphosphonates to reduce
the risk of breast cancer recurrence, the 2017 jointly pub-
lished guidelines of the Cancer Care Ontario and
American Society of Clinical Oncology recommend that
bisphosphonate use (zoledronic acid or clodronate) be
considered in the adjuvant therapy plan for postmeno-
pausal breast cancer patients. In addition, denosumab
(another bone stabilizing medication), which is an anti-
body directed against receptor activator of nuclear factor
kappa B ligand (RANK-L), was evaluated in two phase 3
adjuvant trials with discordant results. The “D-CARE”
study randomized patients with early-stage breast cancer
(all biologic subtypes) to receive denosumab or placebo
and failed to demonstrate a reduction in breast cancer
recurrences or deaths. It is speculated that one possible
reason for this negative result may be due to the fact that
premenopausal patients (who do not have a demonstrated
metastatic recurrence benefit from bisphosphonates)
were included in the study. In contrast, the ABCSG-18
trial restricted enrollment to postmenopausal women and
did show an improvement in disease-free survival with
denosumab.

4. Adjuvant therapy in older women—Data relating to the
optimal use of adjuvant systemic treatment for women over
the age of 65 are limited. Results from the EBCTCG over-
view indicate that while adjuvant chemotherapy yields a
smaller benefit for older women compared with younger
women, it still improves clinical outcomes. Moreover, indi-
vidual studies do show that older women with higher risk
disease derive benefits from chemotherapy. One study
compared the use of oral chemotherapy (capecitabine) to
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standard chemotherapy in older women and concluded
that standard chemotherapy is preferred. Another study
(USO TC vs AC) showed that women over the age of 65
derive similar benefits from the taxane-based regimen as
women who are younger. The benefits of endocrine ther-
apy for hormone receptor–positive disease appear to be
independent of age. In general, decisions relating to the use
of systemic therapy should take into account a patient’s
comorbidities and physiological age, more so than chrono-
logic age.

E. Neoadjuvant Therapy

The use of systemic therapy prior to resection of the pri-
mary tumor (neoadjuvant) is a standard option that in
many cases should be discussed with patients prior to sur-
gery. This enables the assessment of in vivo sensitivity of
the tumor to the selected systemic therapy. Patients with
hormone receptor–negative, triple-negative, or HER2-
positive breast cancer are more likely to have a pathologic
complete response (meaning no residual invasive cancer in
the breast and sampled nodes at the time of surgery) to
neoadjuvant chemotherapy than those with hormone
receptor–positive breast cancer. A pathologic complete
response at the time of surgery, especially in hormone
receptor–negative tumors, is associated with improvement
in event-free and overall survival. Neoadjuvant chemo-
therapy also increases the chance of breast conservation by
shrinking the primary tumor in women who would other-
wise need mastectomy for local control. Survival after
neoadjuvant chemotherapy is similar to that seen with
postoperative adjuvant chemotherapy.

1. HER2-positive breast cancer—Dual targeting of HER2
with two monoclonal antibodies, trastuzumab and pertu-
zumab, showed positive results in two phase 2 clinical trials
in the neoadjuvant setting, the TRYPHAENA and the
NEOSPHERE studies.

Based on these clinical trials, three regimens are FDA-
approved in the HER2-positive neoadjuvant setting:
docetaxel (T), cyclophosphamide (C), trastuzumab (H),
and pertuzumab (P) (TCHP) for 6 cycles; 5-fluorouracil,
epirubicin, cyclophosphamide (FEC) for 3 cycles followed
by THP for 3 cycles; or THP for 4 cycles (followed by 3
cycles of postoperative FEC). After completing surgery,
patients should resume HER2-targeted therapy. If there is
residual disease, the standard of care is to give 14 cycles of
trastuzumab emtansine based on the KATHERINE trial
that showed a significantly improved invasive disease-free
survival for patients who received trastuzumab emtansine
if they had a non-pathologic complete response to neoad-
juvant treatment. In the case of pathologic complete
response, trastuzumab with or without pertuzumab is
given to complete 1 year of total therapy with consider-
ation for the use of neratinib as extended adjuvant ther-
apy for high-risk (lymph node–positive, hormone receptor–
positive) disease.

2. Hormone receptor–positive, HER2-negative breast
cancer—Patients with hormone receptor–positive breast
cancer have a lower chance of achieving a pathologic

complete response with neoadjuvant therapy than those
patients with triple-negative or HER2-positive breast can-
cers. Studies indicate similar clinical response rates with
neoadjuvant endocrine therapy compared to neoadjuvant
chemotherapy. Typically, responses are not appreciated
unless 4–6 or more months of therapy are given. Outside of
the clinical trial setting, the use of neoadjuvant hormonal
therapy is generally restricted to postmenopausal patients
who are unable or unwilling to tolerate chemotherapy.

3. Triple-negative breast cancer—No targeted therapy has
yet demonstrated meaningful improvements in long-term
outcomes for patients with curable breast cancer that is
lacking in HER2 amplification or hormone receptor expres-
sion. Neoadjuvant chemotherapy leads to pathologic com-
plete response in up to 40–50% of patients with
triple-negative breast cancer. Patients who achieve a patho-
logic complete response seem to have a similar prognosis
to other breast cancer subtypes with pathologic complete
response. However, those patients with residual disease at
the time of surgery have a poor prognosis. Based on the
theory that triple-negative breast cancers may be more
vulnerable to DNA-damaging agents, several studies have
evaluated whether the addition of platinum salts to a neo-
adjuvant chemotherapy regimen is beneficial in this dis-
ease subtype, several of which have shown improved
outcomes (pathologic complete response and disease-free
survival) with platinum use. Studies are ongoing to evalu-
ate the pathologic complete response rates and long-term
outcomes associated with incorporating platinums into
standard chemotherapy regimens. One randomized
phase 3 study, CREATE-X, indicated that the use of eight
cycles of adjuvant capecitabine improved disease-free sur-
vival and overall survival in patients with residual disease
after standard neoadjuvant therapy. This benefit was pri-
marily observed in those with triple-negative breast cancer.
As such, it has become a standard option available to
patients who do not experience a complete response after
neoadjuvant therapy. Immune checkpoint inhibitors have
been evaluated in the neoadjuvant and adjuvant setting for
triple-negative breast cancer. While some have shown an
improvement in pathologic complete response rates when
added to chemotherapy, none are yet FDA approved for
this indication. Longer term outcomes, such as event-free
survival, are awaited.

4. Timing of sentinel lymph node biopsy in neoadjuvant
setting—There is considerable concern about the timing
of sentinel lymph node biopsy, since the chemotherapy
may affect cancer present in the lymph nodes. Several stud-
ies have shown that sentinel node biopsy can be done after
neoadjuvant therapy. However, a large multicenter study,
ACOSOG 1071, demonstrated a false-negative rate of
10.7%, well above the false-negative rate outside the neoad-
juvant setting (less than 1–5%). If three nodes are removed
and isotope and dye are used, the false-negative rate falls to
an acceptable level. Some physicians recommend perform-
ing sentinel lymph node biopsy before administering the
chemotherapy in order to avoid a false-negative result and
to aid in planning subsequent radiation therapy. Others
prefer to perform sentinel lymph node biopsy after

CMDT22_Ch17_p0741-p0767.indd 759 29/06/21 8:41 PM



ChApTER 17760 CMDT 2022

neoadjuvant therapy to avoid a second operation and
assess post-chemotherapy nodal status. If a complete dis-
section is desired, this can be performed at the time of the
definitive breast surgery. The SENTINA trial showed simi-
larly poor results for sentinel node biopsy after neoadju-
vant therapy. An effective approach for sentinel node
biopsy for patients who had involved nodes pre-
chemotherapy is to place a clip in the positive node and be
sure to excise it at the time of sentinel node biopsy. No
study has evaluated the survival impact of no axillary treat-
ment for node-positive patients who become node-nega-
tive after neoadjuvant therapy. Important questions remain
to be answered involving the use of neoadjuvant therapy,
including which neoadjuvant agents to use, duration of
treatment, and additional postoperative therapy.
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» Palliative Treatment

Palliative treatments are aimed to manage symptoms,
improve quality of life, and even prolong survival, without
the expectation of achieving cure. Even with cure of the
disease not expected, palliative treatments are appropriate
for breast cancer metastatic to distant sites. In the United
States, it is uncommon to have distant metastases at the
time of diagnosis (de novo metastases). However, most
patients who have a breast cancer recurrence after initial
local and adjuvant therapy have metastatic rather than
local (in breast) disease. Breast cancer most commonly
metastasizes to the liver, lungs, and bone, causing

symptoms such as fatigue, change in appetite, abdominal
pain, cough, dyspnea, or bone pain. Headaches, imbalance,
vision changes, vertigo, and other neurologic symptoms
may be signs of brain metastases. Triple-negative (ER-, PR-,
HER2-negative) and HER2-positive tumors have a higher
rate of brain metastases than hormone receptor–positive,
HER2-negative tumors.

A. Radiotherapy and Bisphosphonates

Palliative radiotherapy may be advised for primary treat-
ment of locally advanced cancers with distant metastases to
control ulceration, pain, and other manifestations in the
breast and regional nodes. Irradiation of the breast and
chest wall and the axillary, internal mammary, and supra-
clavicular nodes should be undertaken in an attempt to
cure locally advanced and inoperable lesions when there is
no evidence of distant metastases. A small number of
patients in this group are cured in spite of extensive breast
and regional node involvement.

Palliative irradiation is of value also in the treatment of
certain bone or soft-tissue metastases to control pain or
avoid fracture. Radiotherapy is especially useful in the
treatment of isolated bony metastases, chest wall recur-
rences, brain metastases and sometimes, in lieu of the
preferred option of orthopedic surgery for acute spinal
cord compression.

In addition to radiotherapy, bisphosphonate therapy
has shown excellent results in delaying and reducing skel-
etal events in women with bony metastases. Pamidronate
and zoledronic acid are FDA-approved intravenous
bisphosphonates given for bone metastases or hypercalce-
mia of malignancy from breast cancer. Denosumab is
FDA-approved for the treatment of bone metastases from
breast cancer, with data showing that it reduced the time to
first skeletal-related event (eg, pathologic fracture) com-
pared to zoledronic acid.

Caution should be exercised when combining radiation
therapy with chemotherapy because toxicity of either or
both may be augmented by their concurrent administra-
tion. In general, only one type of therapy should be given at
a time unless it is necessary to irradiate a destructive lesion
of weight-bearing bone while the patient is receiving che-
motherapy. Systemic therapy should be changed only if the
disease is clearly progressing or if intolerable side effects
have developed. This is especially difficult to determine for
patients with destructive bone metastases, since changes in
the status of these lesions are difficult to determine
radiographically.

B. Targeted Therapy

1. Hormonally based therapy for metastatic disease—
The following therapies have all been shown to be effective
in hormone receptor–positive metastatic breast cancer:
administration of medications that block or downregulate
estrogen receptors (such as tamoxifen or fulvestrant,
respectively) or medications that block the synthesis of
hormones (such as AIs); ablation of the ovaries, adrenals,
or pituitary; and the administration of hormones (eg,
estrogens, androgens, progestins); see Table 17–6. Because
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only 5–10% of women with ER-negative tumors respond, they
should not receive endocrine therapy. Women within 1 year of
their last menstrual period are arbitrarily considered to be
premenopausal and should have surgical (bilateral oophorec-
tomy) or chemical ovarian ablation (using a gonadotropin-
releasing hormone [GnRH] analog such as leuprolide
[Lupron], goserelin [Zoladex], or triptorelin). Premenopausal
women who have had chemical or surgical ovarian ablation
are then eligible to receive the same hormonally targeted
therapies that are available to postmenopausal women. Cur-
rent guidelines indicate that sequential hormonal therapy is
the preferred treatment for hormone receptor–positive meta-
static breast cancer except in the rare case when disease is
immediately threatening visceral organs.

a. First-line treatment options—

(1) Hormonally targeted agents—Single-agent hor-
monally targeted therapy options include the pure estrogen
receptor antagonist fulvestrant (500 mg intramuscularly
days 1 and 15, then every month), tamoxifen (20 mg orally
daily), or an AI (anastrozole, letrozole, or exemestane; all
oral daily). The average time to progression associated with
single agent first-line tamoxifen is 5–8 months and with AI
is approximately 8–12 months. The side effect profile of
AIs differs from tamoxifen. The main side effects of tamox-
ifen are nausea, skin rash, and hot flushes. Rarely, tamoxi-
fen induces hypercalcemia in patients with bony metastases.
Tamoxifen also increases the risk of venous thromboem-
bolic events and uterine hyperplasia and cancer. The main
side effects of AIs include hot flushes, vaginal dryness, and
joint stiffness; however, osteoporosis and bone fractures

are significantly higher than with tamoxifen. Results from
the phase 3 FALCON study (comparing first-line treatment
with fulvestrant to anastrozole) showed that the use of
first-line fulvestrant improves progression-free survival by
almost 3 months (HR 0.79, 95% CI 0.637, 0.999, P =
0.0486) with the largest treatment effect observed in
patients without visceral disease. Overall survival data are
needed.

(2) Hormonally targeted therapy plus cyclin dependent
kinase inhibition—Hormonally driven breast cancer may
be particularly sensitive to inhibition of cell cycle regula-
tory proteins, called cyclin dependent kinases (CDK).
Studies of three CDK inhibitors (palbociclib 125 mg daily,
ribociclib 600 mg daily, and abemaciclib 150 mg twice
daily) combined with an endocrine agent (AI or fulves-
trant) all demonstrated a median progression-free survival
of over 2 years; the longest median progression-free sur-
vival reported in metastatic ER-positive breast cancer to
date. Similar progression-free survival benefits were
achieved with ribociclib in younger women in the phase 3
randomized trial (MONALEESA-7) that exclusively
enrolled premenopausal women (treated with goserelin to
suppress ovarian function in combination with endocrine
therapy). Collectively, clinical trials support the use of a
CDK4/6 inhibitor plus AI as the gold standard treatment
in the first-line setting. Importantly, these therapies yield
objective response rates as good as or better than that seen
with chemotherapy. All three agents are FDA-approved in
the first-line setting in combination with endocrine ther-
apy. Thus far, ribociclib is the only CDK4/6 inhibitor to
report an overall survival benefit (in MONALEESA-3 and

Table 17–6. Hormonal agents commonly used for management of metastatic breast cancer (listed in alphabetical order).

Medications Action Dose, Route, Frequency Major Side Effects

Anastrozole

(Arimidex)

AI 1 mg orally daily Hot flushes, skin rashes, nausea and vomiting,

bone loss

Exemestane

(Aromasin)

AI 25 mg orally daily Hot flushes, increased arthralgia/arthritis,

myalgia, bone loss

Fulvestrant

(Faslodex)

Steroidal estrogen receptor

antagonist

500 mg intramuscularly days 1,

15, 29 and then monthly

Gastrointestinal upset, headache, back pain,

hot flushes, pharyngitis, injection site pain

Goserelin (Zoladex) Synthetic luteinizing hor-

mone releasing analog

3.6 mg subcutaneously monthly Arthralgias, blood pressure changes, hot flushes,

headaches, vaginal dryness, bone loss

Letrozole (Femara) AI 2.5 mg orally daily Hot flushes, arthralgia/arthritis, myalgia,

bone loss

Leuprolid (Lupron) Synthetic luteinizing hor-

mone releasing analog

3.75 or 7.5 mg subcutaneously

monthly

Arthralgias, blood pressure changes, hot flushes,

headaches, vaginal dryness, bone loss

Megestrol acetate

(Megace)

Progestin 40 mg orally four times daily Fluid retention, venous thromboembolic

events; rarely used except in very late stage,

treatment-refractory disease

Tamoxifen citrate

(Nolvadex)

SERM 20 mg orally daily Hot flushes, uterine bleeding, thrombophlebitis,

rash

Toremifene citrate

(Fareston)

SERM 60 mg orally daily Hot flushes, sweating, nausea, vaginal discharge,

dry eyes, dizziness

AI, aromatase inhibitor; SERM, selective estrogen receptor modulator.
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MONALEESA-7) when added to endocrine therapy in
patients who previously have not received endocrine ther-
apy for metastatic disease (first-line setting). In general,
CDK4/6 inhibitors are well tolerated, though monitoring
patients for neutropenia (especially with ribociclib and
palbociclib) and management of diarrhea (especially with
abemaciclib) are necessary. Febrile neutropenia and infec-
tions are rare and use of growth factors is not required;
however, palbociclib and ribociclib are given for 3 consecu-
tive weeks, stopping for 1 week to allow white cell count to
recover. Abemaciclib is given twice daily continuously
(28-day cycles).

b. Treatment options when disease progresses

after hormonal-based therapy—

(1) Fulvestrant plus CDK4/6 inhibitor—Palbociclib,
ribociclib, and abemaciclib have been evaluated in phase 3
trials (PALOMA-3, MONALEESA-3, MONARCH-2,
respectively) in patients whose disease has progressed on
prior endocrine therapy. All three have shown a significant
improvement in median progression-free survival; riboci-
clib and abemaciclib have shown a significant improvement
in overall survival when added to fulvestrant. Palbociclib,
ribociclib, and abemaciclib are FDA approved in combina-
tion with fulvestrant for this indication and are the gold
standard second-line regimen in patients who have not
received a CDK4/6 inhibitor in the first-line setting.
Abemaciclib is also FDA-approved as a single agent
(200 mg orally twice daily) for patients with advanced ER-
positive breast cancer who have received prior endocrine
therapy and chemotherapy. There is no evidence to date
that use of a CDK4/6 inhibitor benefits patients whose
disease has progressed after therapy with a CDK4/6 inhibi-
tor. Thus, at this time, use of any CDK4/6 inhibitor after
disease progression on a CDK4/6 inhibitor is not appropri-
ate outside of a clinical trial.

(2) Secondary or tertiary hormonal therapy—Patients
who have disease progression following first-line endo-
crine-based therapy may be offered a different form of
endocrine therapy. For example, if a patient has been
treated with an AI as first-line therapy, fulvestrant or
tamoxifen should be considered at the time of disease pro-
gression as second-line therapy.

(3) Everolimus plus endocrine therapy—Everolimus
(Afinitor) is an oral inhibitor of the mammalian target of
rapamycin (MTOR)—a protein whose activation has been
associated with the development of endocrine resistance. A
phase 3, placebo-controlled trial (BOLERO-2) evaluated the
AI exemestane with or without everolimus in 724 patients
with AI-resistant, hormone receptor–positive metastatic
breast cancer and found that patients treated with everolimus
had a significantly improved progression-free survival
(7.8 months vs 3.2 months; HR, 0.45; 95% CI, 0.38–0.54;
P < 0.0001) but no significant difference in overall survival.
Everolimus has also been evaluated in combination with ful-
vestrant and shown to have similar improvements in progres-
sion-free survival compared to single agent fulvestrant. The
main side effect of everolimus is stomatitis (mouth sores).
This can be avoided, almost completely, by the prophylactic
use of oral steroid mouthwash starting with cycle 1.

(4) Phosphatidylinositol-3-kinase (PI3K) inhibitors
plus endocrine therapy—Approximately 40% of hormone
receptor–positive breast cancers have activation of the
PI3K-AKT-mTOR pathway, most commonly due to an
activating mutation of PI3K on the PIK3CA gene. Alpelisib
is FDA-approved for PIK3CA-mutated hormone receptor–
positive breast cancer. Side effects of alpelisib include
hyperglycemia, diarrhea, rash, and transaminitis.

2. HER2-targeted agents—For patients with HER2-
positive tumors, trastuzumab plus chemotherapy signifi-
cantly improves clinical outcomes, including survival com-
pared to chemotherapy alone. Pertuzumab is an
FDA-approved monoclonal antibody that targets the extra-
cellular domain of HER2 at a different epitope than
targeted by trastuzumab and inhibits receptor dimeriza-
tion. Treatment with the combination of pertuzumab,
trastuzumab, and docetaxel imparts a significantly longer
progression-free and overall survival compared with treat-
ment with docetaxel and trastuzumab and is the first-line
gold standard for HER2-positive metastatic breast
cancer. Trastuzumab emtansine (ado-trastuzumab emtan-
sine) (Kadcyla) is an FDA-approved novel antibody-drug
conjugate in which trastuzumab is stably linked to a deriva-
tive of maytansine, enabling targeted delivery of the
cytotoxic chemotherapy to HER2-overexpressing cells.
Trastuzumab emtansine is the second-line gold standard
for HER2-positive metastatic breast cancer based on two
phase 3 clinical trials (EMIILIA and TH3ERESA) showing
improved progression-free and overall survival compared
to standard of care therapy.

In addition to pertuzumab, trastuzumab, and trastu-
zumab emtansine, there are six other HER2-targeted thera-
pies approved for patients who have received two or more
prior lines of therapy for advanced stage disease. The FDA-
approved antibody-drug conjugate, trastuzumab deruxte-
can (DS8201, TDxd), in which an HER2-targeted antibody is
linked to a novel toxic payload (topoisomerase-I inhibitor),
has demonstrated striking activity in heavily pretreated
HER2-positive metastatic breast cancer. In a nonrandom-
ized phase 2 trial (DESTINY-BREAST), the objective
response rate was 60.9% and median progression-free sur-
vival was 16.4 months. The FDA provided accelerated
approval for this medication in 2019. A novel HER2-
selective oral tyrosine kinase inhibitor, tucatinib, has also
been evaluated for HER2-positive metastatic breast cancer.
This medication is of particular interest given its ability to
penetrate the blood-brain barrier, potentially improving
outcomes for those with brain metastases. A phase 3 trial
(HER2CLIMB) compared capecitabine plus trastuzumab
plus either tucatinib or placebo in patients with pretreated,
HER2-positive advanced disease and demonstrated an
improved progression-free survival in the overall popula-
tion, improved progression-free survival in those with
central nervous system metastases and, importantly, a sig-
nificantly improved overall survival. These data led to the
2020 FDA approval of this agent in combination with
trastuzumab and capecitabine. In 2020, the FDA also
approved neratinib (in combination with capecitabine)
and margetuximab, a monoclonal antibody similar to
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trastuzumab that is designed to improve the antibody depen-
dent cellular cytotoxicity mechanism of action when used
with chemotherapy. Several other medications targeting
HER2 and its associated signaling pathways are in develop-
ment, including trastuzumab duocarmazine, HER2-targeted
bispecific antibodies, and HER2-targeted vaccines.

3. Targeting “triple-negative” breast cancer—Breast can-
cers lacking expression of the hormone receptors ER and
PR and of HER2 behave more aggressively and have tradi-
tionally been amenable only to therapy with cytotoxic
chemotherapy. However, data support the use of immune
modulation in the treatment of breast cancer. A novel
therapy (atezolizumab) is FDA-approved for metastatic
triple-negative breast cancer that is positive for PD-L1
expression. A phase 3 randomized trial (IMPASSION 130)
demonstrated the anti-PD-L1 antibody atezolizumab sig-
nificantly improved the median progression-free survival
in the intent to treat population (7.2 months vs 5.5 months)
and in the population with PD-L1-positive tumors
(7.5 months vs 5.0 months) when added to nab-paclitaxel.
While median overall survival was not significantly
improved in the intent to treat population, there was
almost a 10-month improvement in overall survival in
patients with PD-L1-positive tumors (25.0 months vs
15.5 months). These are the first results to demonstrate
effectiveness of immune modulation therapy in breast
cancer and have been practice changing. In 2020, a
second immune checkpoint inhibitor, pembrolizumab,
was FDA approved in patients with PD-L1-positive dis-
ease in combination with chemotherapy (taxane or gem-
citabine/carboplatin) based on results from the KEYNOTE
355 trial showing an improved median progression-free
survival with the addition of this antibody to standard
chemotherapy. Another therapy garnering attention for
triple-negative disease is sacituzumab govitecan, an anti-
body-drug conjugate that delivers SN-38 (active metabo-
lite of the chemotherapy irinotecan) to Trop-2
overexpressing breast cancer cells. This antibody-drug
conjugate has demonstrated significant clinical activity in
heavily pretreated triple-negative breast cancer, leading to
its accelerated approval by the FDA in 2020. A phase 3
confirmatory trial, ASCENT, reported in 2020 demon-
strated that sacituzumab govitecan (TRODELVY) is asso-
ciated with a statistically significant improvement in
progression-free and overall survival when compared to
single-agent chemotherapy in patients with triple-
negative breast cancer who had received at least two prior
lines of standard chemotherapy for metastatic disease,
making this the first antibody-drug conjugate approved
for triple-negative breast cancer.

4. Targeting PARP in BRCA1/2 mutation-associated
breast cancer—Poly (adenosine diphosphate-ribose)
polymerase (PARP) is an enzyme important in single-
strand DNA repair. Patients who carry germline muta-
tions in BRCA1 or BRCA2 have tumors with deficient
double-strand DNA repair mechanisms. Experts have
theorized that inhibiting PARP selectively kills BRCA1/2-
mutated cancers. A phase 3 clinical trial (OlympiAD) that
compared olaparib (an oral PARP inhibitor) to treatment

of physician’s choice (single-agent chemotherapy) demon-
strated a significantly improved progression-free survival
(7.0 months vs 4.2 months, HR 0.58; P < 0.001), an
improved response rate, and a lower rate of adverse events
than standard therapy. Talazoparib, a second PARP inhibi-
tor, has also been shown to improve outcomes similarly in
the phase 3 EMBRACA study. Both olaparib and talazopa-
rib are FDA-approved for BRCA-mutated metastatic breast
cancer as single agents.

C. Palliative Chemotherapy

Cytotoxic medications should be considered for the
treatment of metastatic breast cancer (1) if life- or organ-
threatening visceral metastases are present (especially
brain, liver, or lymphangitic pulmonary), (2) if hormonal
treatment is unsuccessful or the disease has progressed
after an initial response to hormonal manipulation (for
hormone receptor–positive breast cancer), or (3) if the
tumor is ER-negative or HER2-positive. Prior adjuvant
chemotherapy does not seem to alter response rates in
patients who relapse. A number of chemotherapy medica-
tions (including vinorelbine, paclitaxel, docetaxel, gem-
citabine, ixabepilone, carboplatin, cisplatin, capecitabine,
albumin-bound paclitaxel, eribulin, and liposomal doxoru-
bicin) may be used as single agents with first-line objective
response rates ranging from 30% to 50%.

Combination chemotherapy yields statistically signifi-
cantly higher response rates and progression-free survival
rates, but has not been conclusively shown to improve
overall survival rates compared with sequential single-
agent therapy. Combinations that have been tested in
phase 3 studies and have proven efficacy compared with
single-agent therapy include capecitabine/docetaxel, gem-
citabine/paclitaxel, and capecitabine/ixabepilone (see
Tables 39–3 and 39–13). Various other combinations of
medications have been tested in phase 2 studies, and a
number of clinical trials are ongoing to identify effective
combinations and to evaluate novel oral formulations of
chemotherapy. Patients should be encouraged to partici-
pate in clinical trials given the number of promising tar-
geted therapies in development. It is generally appropriate
to treat willing patients with multiple sequential lines of
therapy as long as they tolerate the treatment and as long
as their performance status is good (eg, at least ambulatory
and able to care for self, up out of bed more than 50% of
waking hours).
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N Engl J Med. 2019;380:1929. [PMID: 31091374]

Bardia A et al. Sacituzumab govitecan in metastatic triple-negative
breast cancer. N Engl J Med. 2021. 2021;384:1529. [PMID:
33882206].

Burstein HJ. Systemic therapy for estrogen receptor-positive,
HER2-negative breast cancer. N Engl J Med. 2020;383:2557.
[PMID: 33369357]

Cortes J et al. Pembrolizumab plus chemotherapy versus placebo
plus chemotherapy for previously untreated locally recurrent
inoperable or metastatic triple-negative breast cancer (KEY-
NOTE-355): a randomised, placebo-controlled, double-blind,
phase 3 clinical trial. Lancet. 2020;396:1817. [PMID: 33278935]
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Im SA et al. Overall survival with ribociclib plus endocrine
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HER2-positive breast cancer. N Engl J Med. 2020;382:610.
[PMID: 31825192]
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HER2-positive metastatic breast cancer. N Engl J Med.
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gls/f_guidelines.asp

Saura C et al. Neratinib plus capecitabine versus lapatinib plus
capecitabine in HER2-positive metastatic breast cancer previ-
ously treated with ≥2 HER2-directed regimens: phase III
NALA trial. J Clin Oncol. 2020;38:3138. [PMID: 32678716]

Slamon DJ et al. Overall survival with ribociclib plus fulvestrant
in advanced breast cancer. N Engl J Med. 2020;382:514.
[PMID: 31826360]

Sledge GW Jr et al. The effect of abemaciclib plus fulvestrant on
overall survival in hormone receptor–positive, ERBB2-
negative breast cancer that progressed on endocrine therapy-
MONARCH 2: a randomized clinical trial. JAMA Oncol.
2019;6:116. [PMID: 31563959]

Swain S et al. Pertuzumab, trastuzumab, and docetaxel for HER2-
positive metastatic breast cancer (CLEOPATRA): end-of-study
results from a double-blind, randomised, placebo-controlled,
phase 3 study. Lancet Oncol. 2020;21:519. [PMID: 32171426]

» Prognosis

Stage of breast cancer is the most reliable indicator of
prognosis (Table 17–7). Axillary lymph node status is the
best-analyzed prognostic factor and correlates with sur-
vival at all tumor sizes. When cancer is localized to the
breast with no evidence of regional spread after pathologic
examination, the clinical cure rate with most accepted
methods of therapy is 75% to more than 90%. In fact,
patients with small mammographically detected biologi-
cally favorable tumors and no evidence of axillary spread
have a 5-year survival rate greater than 95%. When the
axillary lymph nodes are involved with tumor, the survival
rate drops to 50–70% at 5 years and probably around

Table 17–7. Approximate survival of patients with
breast cancer by TNM stage.

TNM Stage 5 Years 10 Years

0 95% 90%

I 85% 70%

IIA 70% 50%

IIB 60% 40%

IIIA 55% 30%

IIIB 30% 20%

IV 5–10% 2%

All 65% 30%

25–40% at 10 years. The use of biologic markers, such as
ER, PR, grade, and HER2, helps identify high-risk tumor
types as well as direct treatment used (see Biomarkers &
Gene Expression Profiling). Gene analysis studies can pre-
dict disease-free survival for some subsets of patients. The
eighth edition of the AJCC Staging Manual has incorpo-
rated these factors into staging, resulting in incorporation
of biologic factors to predict outcome.

Five-year statistics do not accurately reflect the final
outcome of therapy. The mortality rate of breast cancer
patients exceeds that of age-matched normal controls for
nearly 20 years. Thereafter, the mortality rates are equal,
though deaths that occur among breast cancer patients are
often directly the result of tumor.

In general, breast cancer appears to be somewhat more
aggressive and associated with worse outcomes in younger
than in older women, and this may be related to the fact
that fewer younger women have ER-positive tumors. Dis-
parities in treatment outcome for different racial and eth-
nic backgrounds have been reported by several studies.
These differences appear to be not only due to different
socioeconomic factors (and a resulting difference in access
to health care) but also due to differences in the subtype of
breast cancer diagnosed.

For those patients whose disease progresses despite
treatment, some studies suggest supportive group therapy
may improve survival. Especially as they approach the end
of life, such patients will require meticulous palliative care
(see Chapter 5).

DeSantis CE et al. Cancer statistics for African Americans, 2019.
CA Cancer J Clin. 2019;69:211. [PMID: 30762872]

Giuliano AE et al. Eighth edition of the AJCC Cancer Staging
Manual: Breast Cancer. Ann Surg Oncol. 2018;25:1783.
[PMID: 29671136]

Jemal A et al. Factors that contributed to black-white disparities
in survival among nonelderly women with breast cancer
between 2004 and 2013. J Clin Oncol. 2018;36:14. [PMID:
29035645]

Miller KD et al. Cancer statistics for hispanics/latinos, 2018. CA
Cancer J Clin. 2018;68:425. [PMID: 30285281]

» Follow-Up Care

After primary therapy, patients with breast cancer should
be monitored long term in order to detect recurrences
and to observe the opposite breast for a second primary
carcinoma. Local and distant recurrences occur most
frequently within the first 2–5 years, especially for hor-
mone receptor–negative tumors. During the first 2 years,
most patients should be examined every 6 months, then
annually thereafter. Special attention is paid to the contra-
lateral breast because a new primary breast malignancy
will develop in 20–25% of patients. In some cases, espe-
cially in hormone receptor–positive breast cancer, metas-
tases are dormant for long periods and may appear
20 years or longer after removal of the primary tumor.
Although studies have failed to show an adverse effect of
hormonal replacement in disease-free patients, it is rarely
used after breast cancer treatment, particularly if the
tumor was hormone receptor–positive. Even pregnancy
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has not been associated with shortened survival of
patients rendered disease free—yet many oncologists are
reluctant to advise a young patient with breast cancer that
it is safe to become pregnant. The use of estrogen replace-
ment for conditions such as osteoporosis, vaginal dry-
ness, and hot flushes may be considered for a woman with
a history of breast cancer after discussion of the benefits
and risks; however, it is not routinely recommended,
especially given the availability of nonhormonal agents
for these conditions (such as bisphosphonates and deno-
sumab for osteoporosis).

A. Local Recurrence

The incidence of local recurrence correlates with tumor
size, the presence and number of involved axillary nodes,
the histologic type of tumor, the presence of skin edema or
skin and fascia fixation with the primary tumor, and the
type of definitive surgery and local irradiation. Local
recurrence on the chest wall after total mastectomy and
axillary dissection develops in as many as 8% of patients.
When the axillary nodes are not involved, the local recur-
rence rate is less than 5%, but the rate is as high as 25%
when they are heavily involved. A similar difference in
local recurrence rate is noted between small and large
tumors. Factors such as multifocal cancer, in situ tumors,
lymphovascular invasion, positive resection margins, che-
motherapy, and radiotherapy have an effect on local recur-
rence in patients treated with breast-conserving surgery.
Adjuvant systemic therapy greatly decreases the rate of
local recurrence. Genomic analysis with identification of
high mutation scores also predicts local recurrence.

Chest wall recurrences usually appear within the first
several years but may occur as late as 15 or more years after
mastectomy. All suspicious nodules and skin lesions should
be biopsied. Local excision or localized radiotherapy may
be feasible if an isolated nodule is present. If lesions are
multiple or accompanied by evidence of regional involve-
ment in the internal mammary or supraclavicular nodes,
the disease is best managed by radiation treatment of the
entire chest wall including the parasternal, supraclavicular,
and axillary areas as well as systemic therapy.

Local recurrence after mastectomy usually signals the
presence of widespread disease and is an indication for
studies to search for metastases. Distant metastases will
develop within a few years in most patients with locally
recurrent tumor after mastectomy. When there is no evi-
dence of metastases beyond the chest wall and regional
nodes, irradiation for cure after complete local excision
should be attempted. After partial mastectomy, local recur-
rence does not have as serious a prognostic significance as
after mastectomy. However, those patients in whom a
recurrence develops have a worse prognosis than those
who do not. It is speculated that the ability of a cancer to
recur locally after radiotherapy is a sign of aggressiveness
and resistance to therapy. Completion of the mastectomy
should be done for local recurrence after partial mastec-
tomy; some of these patients will survive for prolonged
periods, especially if the breast recurrence is DCIS or
occurs more than 5 years after initial treatment. Systemic
chemotherapy or hormonal treatment should be used for

women in whom disseminated disease develops or those in
whom local recurrence occurs. In rare cases, re-irradiation
with accelerated partial breast techniques may be
effective.

B. Breast Cancer Survivorship Issues

Given that most women with non-metastatic breast cancer
will be cured, a significant number of women face survi-
vorship issues stemming from either the diagnosis or the
treatment of the breast cancer, or both. These challenges
include psychological struggles, cognitive dysfunction
(also called “chemo brain”), upper extremity lymphedema,
weight management problems, cardiovascular issues, bone
loss, postmenopausal side effects, and fatigue. One ran-
domized study reported that survivors who received psy-
chological intervention from the time of diagnosis had a
lower risk of recurrence and breast cancer–related
mortality. A randomized study in older, overweight cancer
survivors showed that diet and exercise reduced the rate of
self-reported functional decline compared with no
intervention.

1. Edema of the arm—Significant edema of the arm occurs
in about 10–30% of patients after axillary dissection with
or without mastectomy. It occurs more commonly in obese
women, in women who had radiotherapy, and in women
who had postoperative infection. Partial mastectomy with
radiation to the axillary lymph nodes is followed by
chronic edema of the arm in 10–20% of patients. Sentinel
lymph node dissection has proved to be an accurate form
of axillary staging without the side effects of edema or
infection. Judicious use of radiotherapy, with treatment
fields carefully planned to spare the axilla as much as pos-
sible, can greatly diminish the incidence of edema, which
will occur in only 5% of patients if no radiotherapy is given
to the axilla after a partial mastectomy and lymph node
dissection.

Late or secondary edema of the arm may develop years
after treatment, as a result of axillary recurrence or infec-
tion in the hand or arm, with obliteration of lymphatic
channels. When edema develops, a careful examination of
the axilla for recurrence or infection is performed. Infec-
tion in the arm or hand on the dissected side should be
treated with antibiotics, rest, and elevation. If there is no
sign of recurrence or infection, the swollen extremity
should be treated with rest and elevation. A mild diuretic
may be helpful. If there is no improvement, a compressor
pump or manual compression decreases the swelling, and
the patient is then fitted with an elastic glove or sleeve.
Most patients are not bothered enough by mild edema to
wear an uncomfortable glove or sleeve and will treat them-
selves with elevation or manual compression alone. Rarely,
edema may be severe enough to interfere with use of the
limb. A prospective randomized study has shown that
twice weekly progressive weight lifting improves lymph-
edema symptoms and exacerbations and improves extrem-
ity strength.

2. Breast reconstruction—Breast reconstruction is usually
feasible after total or modified radical mastectomy. Recon-
struction should be discussed with patients prior to
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mastectomy, because it offers an important psychological
focal point for recovery. Reconstruction is not an obstacle
to the diagnosis of recurrent cancer. The most common
breast reconstruction has been implantation of a silicone
gel or saline prosthesis in the subpectoral plane between
the pectoralis minor and pectoralis major muscles. Alter-
natively, autologous tissue can be used for reconstruction.

Autologous tissue flaps have the advantage of not feel-
ing like a foreign body to the patient. The most popular
autologous technique currently is reconstruction using
abdominal tissue flaps. This includes the deep inferior
epigastric perforator (DIEP) flap and the more traditional
transrectus abdominis muscle (TRAM) flap. A latissimus
dorsi flap can be swung from the back but offers less vol-
ume than the TRAM flap and thus often requires supple-
mentation with an implant. Reconstruction may be
performed immediately (at the time of initial mastec-
tomy) or may be delayed until later, usually when the
patient has completed adjuvant therapy. When consider-
ing reconstructive options, concomitant illnesses should
be considered, since the ability of an autologous flap to
survive depends on medical comorbidities. In addition,
the need for radiotherapy may affect the choice of recon-
struction as radiation may increase fibrosis around an
implant or decrease the volume of a flap. Skin-sparing
and nipple-sparing mastectomies with immediate recon-
struction, when feasible, may afford superior cosmetic
outcomes.

3. Risks of pregnancy—Clinicians are often asked to
advise patients regarding the potential risk of future preg-
nancy after definitive treatment for early-stage breast
cancer. To date, no adverse effect of pregnancy on survival of
women who have had breast cancer has been demonstrated.
When counseling patients, oncologists must take into con-
sideration the patients’ overall prognosis, age, comorbidi-
ties, and life goals.

In patients with inoperable or metastatic cancer (stage
IV disease), induced abortion may be advisable because of
the possible adverse effects of hormonal treatment, radio-
therapy, or chemotherapy upon the fetus in addition to the
expectant mother’s poor prognosis.

Ma KK et al. Obstetric outcomes in young women with breast
cancer: prior, postpartum, and subsequent pregnancies. Am J
Perinatol. 2020;37:370. [PMID: 30726999]

Marsden J et al. The risks and benefits of hormone replacement
therapy before and after a breast cancer diagnosis. Post
Reprod Health. 2020;26:126. [PMID: 32997592]

McLaughlin SA et al. Breast cancer-related lymphedema: risk
factors, screening, management, and the impact of locoregional
treatment. J Clin Oncol. 2020;38:2341. [PMID: 32442064]

Sisti A et al. Paget disease of the breast: a national retrospective
analysis of the US population. Breast Dis. 2020;39:119.
[PMID: 32390594]

Van Dyk K et al. The cognitive effects of endocrine therapy in sur-
vivors of breast cancer: a prospective longitudinal study up to
6 years after treatment. Cancer. 2019;125:681. [PMID: 30485399]

Wagner LI et al. Patient-reported cognitive impairment among
women with early breast cancer randomly assigned to endo-
crine therapy alone versus chemoendocrine therapy: results
from TAILORx. J Clin Oncol. 2020;38:1875. [PMID: 32271671]

º
CARCINOMA OF ThE MALE BREAST

E S S E N T I A L S  O F  D I A G N O S I S

» A painless lump beneath the areola in a man usu-
ally over 50 years of age.

» Nipple discharge, retraction, or ulceration may be
present.

» Generally poorer prognosis than in women.

» General Considerations

Breast cancer in men is a rare disease; the incidence is only
about 1% of all breast cancer diagnoses. The average age at
occurrence is about 70 years, and there may be an increased
incidence of breast cancer in men with prostate cancer. As
in women, hormonal influences are probably related to the
development of male breast cancer. There is a high inci-
dence of both breast cancer and gynecomastia in Bantu
men, theoretically owing to failure of estrogen inactivation
by associated liver disease. It is important to note that first-
degree relatives of men with breast cancer are considered to
be at high risk. This risk should be taken into account
when discussing options with the patient and family. In
addition, BRCA2 mutations are common in men with
breast cancer. Men with breast cancer, especially with a his-
tory of prostate cancer, should receive genetic counseling.

» Clinical Findings

A painless lump, occasionally associated with nipple dis-
charge, retraction, erosion, or ulceration, is the primary
complaint. Examination usually shows a hard, ill-defined,
nontender mass beneath the nipple or areola. Gynecomastia
not uncommonly precedes or accompanies breast cancer in
men. Nipple discharge is an uncommon presentation for
breast cancer in men but is an ominous finding associated
with carcinoma in nearly 75% of cases.

Breast cancer staging is the same in men as in women.
Gynecomastia and metastatic cancer from another site (eg,
prostate) must be considered in the differential diagnosis.
Benign tumors are rare, and biopsy should be performed
on all males with a defined breast mass.

» Treatment

Treatment consists of modified radical mastectomy in
operable patients, who should be chosen by the same crite-
ria as women with the disease. Breast conserving therapy
remains underutilized. Irradiation is the first step in treat-
ing localized metastases in the skin, lymph nodes, or skel-
eton that are causing symptoms. Examination of the cancer
for hormone receptors and HER2 overexpression is of
value in determining adjuvant therapy. Over 95% of men
have ER-positive tumors and less than 10% have overex-
pression of HER2. Androgen receptor is also commonly
overexpressed in male breast cancer, though this does not
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impact systemic therapy decisions. Adjuvant systemic
therapy and radiation are used for the same indications as
in breast cancer in women.

Because breast cancer in men is frequently hormone
receptor positive, diagnosed late, and is a disseminated dis-
ease, endocrine therapy is of considerable importance in its
management. Tamoxifen is the main medication for manage-
ment of advanced breast cancer in men. Tamoxifen (20 mg
orally daily) should be the initial treatment. There are few data
regarding the use of AIs in men, but they are being used more
frequently. Castration in advanced breast cancer is a success-
ful measure and more beneficial than the same procedure in
women but is rarely used. Objective evidence of regression
may be seen in 60–70% of men with endocrine therapy for
metastatic disease—approximately twice the proportion in
women. Bone is the most frequent site of metastases from
breast cancer in men (as in women), and endocrine therapy
relieves bone pain in most patients so treated. The longer the
interval between mastectomy and recurrence, the longer is the
remission following treatment.

Chemotherapy should be administered for the same
indications and using the same dosage schedules as for
women with metastatic disease or for adjuvant treatment.

» Prognosis

A large population-based, international breast cancer study
reported that after adjustment for prognostic features (age,
stage, treatment), men have a similar relative survival stage
for stage compared to women. For node-positive disease,
5-year survival is approximately 69%, and for node-
negative disease, it is about 88%.

For those patients whose disease progresses despite
treatment, meticulous efforts at palliative care are essential
(see Chapter 5).

Giordano SH. Breast cancer in men. N Engl J Med. 2018;378:2311.
[PMID: 29897847]

Hassett MJ et al. Management of male breast cancer: ASCO
guideline. J Clin Oncol. 2020;38:1849. [PMID: 32058842]
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PREMENOPAUSAL ABNORMAL
UTERINE BLEEDING

E S S E N T I A L S  O F  D I A G N O S I S

» Accurate diagnosis of abnormal uterine bleeding
(AUB) depends on appropriate categorization and
diagnostic tests.

» The evaluation of AUB depends on the age and
risk factors of the patient.

» Pregnancy should always be ruled out as a cause
of AUB in reproductive age women.

» General Considerations

Normal menstrual frequency varies individually from 24 to
38 days with bleeding lasting an average of 5 days (range,
2–8 days), with a mean blood loss of 40 mL per cycle. AUB
refers to menstrual bleeding of abnormal quantity, dura-
tion, or schedule. he International Federation of Gynecol-
ogy and Obstetrics (FIGO) introduced the current
classification system for AUB in 2011, which was then
endorsed by the American College of Obstetrics and Gyne-
cology. his classification system pairs AUB with descrip-
tive terms denoting the bleeding pattern (ie, heavy, light
and menstrual, intermenstrual) and etiology (the acro-
nym PALM-COEIN standing for Polyp, Adenomyosis,
Leiomyoma, Malignancy and hyperplasia, Coagulopathy,
Ovulatory dysfunction, Endometrial, Iatrogenic, and Not
yet classified). In adolescents, AUB often occurs as a result
of persistent anovulation due to the immaturity of the
hypothalamic-pituitary-ovarian axis. Once regular menses
have been established during adolescence, ovulatory dys-
function AUB (AUB-O) accounts for most cases. AUB in
women aged 19–39 years is often a result of pregnancy,
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structural lesions, anovulatory cycles, use of hormonal
contraception, or endometrial hyperplasia.

» Clinical Findings

A. Symptoms and Signs

he diagnosis depends on the following: (1) confirming
uterine source of the bleeding; (2) excluding pregnancy
and confirming patient is premenopausal; (3) ascertaining
whether the bleeding pattern suggests regular ovulatory
bleeding or anovulatory bleeding; (4) determining contri-
bution of structural abnormalities (PALM), including risk
for malignancy/hyperplasia; (5) identifying risk of medical
conditions that may impact bleeding (eg, inherited bleed-
ing disorders, endocrine disease, risk of infection); and (6)
assessing contribution of current medications, including
contraceptives or natural product supplements or combi-
nations that may affect bleeding.

B. Laboratory Studies

A complete blood count, pregnancy test, and thyroid tests
should be done. For adolescents with heavy menstrual
bleeding and adults with a positive screening history,
coagulation studies should be considered, since up to 18%
of women with severe heavy menstrual bleeding have an
underlying coagulopathy. Vaginal or urine samples should
be obtained for polymerase chain reaction (PCR) or cul-
ture to rule out infectious causes. If indicated, cervical
cytology should also be obtained.

C. Imaging

ransvaginal ultrasound is useful to assess for presence of
fibroids, suspicion of adenomyosis, and to evaluate endo-
metrial thickness. Sonohysterography or hysteroscopy may
be used to diagnose endometrial polyps or subserous myo-
mas. MRI is not a primary imaging modality for AUB but
can more definitively diagnose submucous myomas and
adenomyosis.

D. Endometrial Sampling

he purpose of endometrial sampling is to determine if
hyperplasia or carcinoma is present. Sampling methods
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and other gynecologic diagnostic procedures are described
in able 18–1. Polyps, endometrial hyperplasia and, occa-
sionally, submucous myomas are identified on endometrial
biopsy. Endometrial sampling should be performed in
patients with AUB who are 45 years and older, or in
younger patients with a history of unopposed estrogen
exposure (including obesity or chronic ovulatory dysfunc-
tion) or failed medical management and persistent AUB.

» Treatment

reatment for premenopausal patients with AUB
depends on the etiology of the bleeding, determined by
history, physical examination, laboratory findings, imag-
ing, and endometrial sampling. Patients with AUB due to

submucosal myomas, thrombophilia, or pelvic (endome-
trial) neoplasms may require targeted therapy. A large
proportion of premenopausal patients, however, have ovu-
latory dysfunction AUB (AUB-O).

reatment for AUB-O should include consideration of
potentially contributing medical conditions, such as thy-
roid dysfunction. Often AUB-O can be treated hormonally.
For women amenable to using contraceptives, estrogen-
progestin contraceptives and the 52-mg levonorgestrel-
releasing intrauterine device (IUD) are both effective
treatments. he choice between the two depends on
whether any contraindications to these treatments exist as
well as patient preference. High-dose oral or injectable
progestin-only medications are also generally effective, but
there is little consensus on optimal regimens, and they
appear to be less effective than other medical therapies like
the levonorgestrel IUD and tranexamic acid. Nonhor-
monal options include nonsteroidal anti-inflammatory
drugs (NSAIDs), such as naproxen or mefenamic acid, in
the usual anti-inflammatory doses taken during menses,
and tranexamic acid 1300 mg three times per day orally for
up to 5 days. Both have been shown to decrease menstrual
blood loss by about 40%, with tranexamic acid superior to
NSAIDs in direct comparative studies.

Women who are experiencing heavier bleeding can be
given a taper of any of the combination oral contraceptives
(with 30–35 mcg of estrogen estradiol) to control the
bleeding. here are several commonly used contraceptive
dosing regimens, including three times daily for 1 or 2 days
followed by two pills daily through day 5 and then one pill
daily through day 20; after withdrawal bleeding occurs,
pills are taken in the usual dosage for three cycles. In cases
of heavy bleeding requiring hospitalization, intravenous
conjugated estrogens, 25 mg every 4 hours for three or four
doses, can be used to stop acute bleeding. his can be fol-
lowed by oral conjugated estrogens, 2.5 mg daily, or ethinyl
estradiol, 20 mcg orally daily, for 3 weeks, with the addition
of medroxyprogesterone acetate, 10 mg orally daily for the
last 10 days of treatment, or a combination oral contracep-
tive daily for 3 weeks. his will stabilize the endometrium
and control the bleeding.

For women with ineffective results from medical man-
agement or who do not desire medical management, surgi-
cal options can be considered. Heavy menstrual bleeding
due to structural lesions (eg, fibroids, adenomyosis, pol-
yps) is the most common indication for surgery. Minimally
invasive procedural options for fibroids include uterine
artery embolization and focused ultrasound ablation. Sur-
gical options include myomectomy or hysterectomy. For
adenomyosis, the definitive treatment is hysterectomy.
Polyps can often be excised hysteroscopically. For women
without structural abnormalities, endometrial ablation has
similar results compared to the levonorgestrel-releasing
IUD in reducing menstrual blood loss. Hysteroscopic sur-
gical approaches include endometrial ablation with laser
photocoagulation or electrocautery. Nonhysteroscopic
techniques include balloon thermal ablation, cryoablation,
free-fluid thermal ablation, impedance bipolar radiofre-
quency ablation, and microwave ablation. he latter meth-
ods are well-adapted to outpatient therapy under local

Table 18–1. Common gynecologic diagnostic
procedures.

Coloscoy

Visualization of cervical, vaginal, or vulvar epithelium under

5–50 × magnification with and without dilute acetic acid to

identify abnormal areas requiring biopsy. An office

procedure.

Dilion & curege (D&C)

Dilation of the cervix and curettage of the entire endometrial

cavity, using a metal curette or suction cannula and often

using forceps for the removal of endometrial polyps. Can

usually be done in the office under local anesthesia or in the

operating room under sedation or general anesthesia. D&C is

often combined with hysteroscopy for improved sensitivity.

Endomeril biosy

Blind sampling of the endometrium by means of a curette or

small aspiration device without cervical dilation. Diagnostic

accuracy similar to D&C. An office procedure performed with

or without local anesthesia.

Endocervicl curege

Removal of endocervical epithelium with a small curette for

diagnosis of cervical dysplasia and cancer. An office

procedure performed with or without local anesthesia.

Hyseroslingogrhy

Injection of radiopaque dye through the cervix to visualize the

uterine cavity and oviducts. Mainly used in investigation of

infertility or to identify a space-occupying lesion.

Hyseroscoy

Visual examination of the uterine cavity with a small fiberoptic

endoscope passed through the cervix. Curettage, endome-

trial ablation, biopsies of lesions, and excision of myomas or

polyps can be performed concurrently. Can be done in the

office under local anesthesia or in the operating room under

sedation or general anesthesia. Greater sensitivity for diagno-

sis of uterine pathology than D&C.

Lroscoy

Visualization of the abdominal and pelvic cavity through a

small fiberoptic endoscope passed through a subumbilical

incision. Permits diagnosis, tubal sterilization, and treatment

of many conditions previously requiring laparotomy. General

anesthesia is used.

Sline infusion sonohyserogrhy

Introduction of saline solution into endometrial cavity with a

catheter to visualize submucous myomas or endometrial

polyps by transvaginal ultrasound. May be performed in the

office with oral or local analgesia, or both.
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anesthesia. While hysterectomy was used commonly in the
past for bleeding unresponsive to medical therapy, the low
risk of complications and the good short-term results of
both endometrial ablation and levonorgestrel-releasing
IUD make them attractive alternatives to hysterectomy.

» When to Refer

• If bleeding is not controlled with first-line therapy.

• If expertise is needed for a surgical procedure.

» When to Admit

If bleeding is uncontrollable with first-line therapy or the
patient is not hemodynamically stable.

Bofill Rodriguez M et al. Cyclical progestogens for heavy
menstrual bleeding. Cochrane Database Syst Rev. 2019;8:
CD001016. [PMID: 31425626]

Bryant-Smith AC et al. Antifibrinolytics for heavy menstrual
bleeding. Cochrane Database Syst Rev. 2018;4:CD000249.
[PMID: 29656433]

Munro MG et al; FIGO Menstrual Disorders Committee.
he wo FIGO Systems for normal and abnormal uterine
bleeding symptoms and classification of causes of abnormal
uterine bleeding in the reproductive years: 2018 revisions. Int
J Gynaecol Obstet. 2018;143:393. [PMID: 30198563]

Singh S et al. SOGC Clinical Practice Guideline No. 292. Abnor-
mal uterine bleeding in pre-menopausal women. J Obstet
Gynaecol Can. 2018;40:e391. [PMID: 29731212]

Wouk N et al. Abnormal uterine bleeding in premenopausal
women. Am Fam Physician. 2019;99:435. [PMID: 30932448]

POSTMENOPAUSAL UTERINE BLEEDING

E S S E N T I A L S  O F  D I A G N O S I S

» Any uterine bleeding in a postmenopausal woman
(12 months or more following cessation of men-
strual cycles) is abnormal and should be evaluated.

» Transvaginal ultrasound measurement of the
endometrium is an important tool in evaluating
the cause of postmenopausal bleeding.

» General Considerations

Menopause is defined as 1 year without menstrual bleed-
ing. he most common causes of postmenopausal bleeding
are endometrial atrophy, endometrial proliferation or
hyperplasia, endometrial or cervical cancer, and adminis-
tration of estrogens without or with added progestin. Other
causes include atrophic vaginitis, trauma, endometrial
polyps, abrasion of the cervix associated with prolapse of
the uterus, and blood dyscrasias.

» Diagnosis

he vulva and vagina should be inspected for areas of
bleeding, ulcers, or neoplasms. Cervical cytology should be
obtained, if indicated. ransvaginal sonography should be

used to measure endometrial thickness. An endometrial
stripe measurement of 4 mm or less indicates a low likeli-
hood of hyperplasia or endometrial cancer. If the endome-
trial thickness is greater than 4 mm, endometrial sampling
is indicated. If there is focal thickening of the endometrium
on ultrasound or persistent bleeding despite negative results
on endometrial biopsy, guided sampling with hysteroscopy
is more appropriate than random endometrial sampling.

» Treatment

Management options for simple endometrial hyperplasia
without atypia include surveillance, oral contraceptives, or
progestin therapy. Surveillance may be used if the risk of
occult cancer or progression to cancer is low and the incit-
ing factor (eg, anovulation) has been eliminated. Progestin
therapy may include cyclic or continuous therapy
(medroxyprogesterone acetate, 10–20 mg/day orally, or
norethindrone acetate, 15 mg/day orally) or the use of a
levonorgestrel-releasing IUD. Repeat sampling should be
performed if symptoms recur. For complex hyperplasia
without atypia, options include progestin therapy with
scheduled repeat endometrial sampling or hysterectomy.
Hysterectomy is indicated for endometrial hyperplasia
with atypia (also called endometrial intraepithelial
neoplasia) or carcinoma of the endometrium.

» When to Refer

• Expertise in performing ultrasonography is required.

• Endometrial hyperplasia with atypia is present.

• Hysteroscopy is indicated.

Bar-On S et al. Is outpatient hysteroscopy accurate for the diag-
nosis of endometrial pathology among perimenopausal and
postmenopausal women? Menopause. 2018;25:160. [PMID:
28763396]

Khafaga A et al. Abnormal uterine bleeding. Obstet Gynecol
Clin North Am. 2019;46:595. [PMID: 31677744]

LEIOMYOMA OF THE UTERUS
(Fibroid Tumor)

E S S E N T I A L S  O F  D I A G N O S I S

» Irregular enlargement of the uterus (may be
asymptomatic).

» Heavy or irregular uterine bleeding.

» Pelvic pain, dysmenorrhea, and pressure.

» General Considerations

Uterine leiomyomas are the most common benign neo-
plasm of the female genital tract. hey are discrete, round,
firm, often multiple, uterine tumors composed of smooth
muscle and connective tissue. he most convenient classi-
fication is by anatomic location: (1) intramural, (2)
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submucous, (3) subserous, and (4) cervical. Submucous
myomas may become pedunculated and descend through
the cervix into the vagina.

» Clinical Findings

A. Symptoms and Signs

In nonpregnant women, myomas are frequently asymp-
tomatic. he two most common symptoms of uterine
leiomyomas for which women seek treatment are AUB and
pelvic pain or pressure. Occasionally, degeneration occurs,
causing intense pain. Myomas that significantly distort the
uterine cavity may affect pregnancy by interfering with
implantation, rapidly distending in early pregnancy, or
impairing uterine contractility postpartum.

B. Laboratory Findings

Iron deficiency anemia may result from blood loss.

C. Imaging

Ultrasonography will confirm the presence of uterine myo-
mas and can be used sequentially to monitor growth. MRI
can delineate intramural and submucous myomas accu-
rately and is typically used prior to uterine artery emboliza-
tion to determine fibroid size and location in relation to
uterine blood supply. Hysterography or hysteroscopy can
also confirm cervical or submucous myomas.

» Differential Diagnosis

Irregular myomatous enlargement of the uterus must be
differentiated from the similar, but symmetric enlargement
that may occur with pregnancy or adenomyosis. Subserous
myomas must be distinguished from ovarian tumors. Leio-
myosarcoma is an unusual tumor occurring in 0.5% of
women operated on for symptomatic myomas. It is very
rare under the age of 40 but increases in incidence
thereafter.

» Treatment

A. Nonsurgical Measures

Women who have small asymptomatic myomas can be
managed expectantly and evaluated annually. In patients
wishing to defer surgical management, nonhormonal ther-
apies (such as NSAIDs and tranexamic acid) have been
shown to decrease menstrual blood loss. Women with
heavy bleeding related to fibroids may respond to estrogen-
progestin oral contraceptives or the levonorgestrel IUD,
although an IUD cannot be used with a distorted cavity.
Hormonal therapies, such as GnRH agonists, GnRH antag-
onists, and selective progesterone receptor modulators (eg,
low-dose mifepristone and ulipristal acetate), have been
shown to reduce myoma volume, uterine size, and men-
strual blood loss. However, ulipristal acetate was with-
drawn from the market in the European Union and
Canada as of September 2020 due to rare reports of serious
drug-induced liver injury. Additionally, selective progester-
one receptor modulators are not approved for fibroid treat-
ment in the United States.

B. Surgical Measures

Surgical intervention is based on the patient’s symptoms,
desire for future fertility or uterine preservation, and long-
term treatment goals. A variety of surgical measures are
available for the treatment of myomas: myomectomy (hys-
teroscopic, laparoscopic, or abdominal) and hysterectomy
(vaginal, laparoscopy-assisted vaginal, laparoscopic, abdom-
inal, or robotic). Submucous myomas may be amenable to
hysteroscopic resection. Myomectomy is the surgical treat-
ment of choice for women who wish to preserve fertility.

Because the risk of surgical complications increases with
the increasing size of the myoma, preoperative reduction of
myoma size is sometimes desirable prior to hysterectomy.
GnRH analogs, such as depot leuprolide, 3.75 mg intramus-
cularly monthly, can be used preoperatively for 3- to
4-month periods to temporarily reduce the size of myomas
and surrounding vascularity. GnRH analogs also can be
used as a bridge to surgery in patients who are anemic. By
stopping menses, patients may improve their hemoglobin
level, perhaps decreasing their need for blood transfusion
perioperatively.

Uterine artery embolization is a minimally invasive
treatment for uterine fibroids. In uterine artery emboliza-
tion, the goal is to block the blood vessels supplying the
fibroids, causing them to shrink. Magnetic resonance–
guided high-intensity focused ultrasound, myolysis/radio-
frequency ablation, and laparoscopic or vaginal occlusion
of uterine vessels are newer interventions with a smaller
body of evidence.

» Prognosis

In women desiring future fertility, myomectomy can be
offered, but patients should be counseled that recurrence is
common, postoperative pelvic adhesions may impact fer-
tility, and cesarean delivery may be necessary secondary to
disruption of the myometrium. Approximately 80% of
women have long-term improvement in symptoms follow-
ing uterine artery embolization. Definitive surgical therapy
(ie, hysterectomy) is curative.

» When to Refer

Refer to a gynecologist for treatment of symptomatic
leiomyomata.

» When to Admit

For acute abdomen associated with an infarcted leiomyoma
or for hemorrhage not controlled by outpatient measures.

Barra F et al. Relugolix for the treatment of uterine fibroids.
Drugs oday (Barc). 2019;55:503. [PMID: 31461087]

Chudnoff S et al. Ultrasound-guided transcervical ablation of
uterine leiomyomas. Obstet Gynecol 2019;133:13. [PMID:
30531573]

Donnez J et al. he current place of medical therapy in uterine
fibroid management. Best Pract Res Clin Obstet Gynaecol.
2018;46:57. [PMID: 29169896]

Manyonda I et al; FEMME Collaborative Group. Uterine-artery
embolization or myomectomy for uterine fibroids. N Engl J
Med. 2020;383:440. [PMID: 32726530]
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Osuga Y et al. Oral gonadotropin-releasing hormone antagonist
relugolix compared with leuprorelin injections for uterine
leiomyomas: a randomized clinical trial. Obstet Gynecol.
2019;133:423. [PMID: 30741797]

CERVICAL POLYPS

E S S E N T I A L S  O F  D I A G N O S I S

» Irregular or postcoital bleeding.

» Polyps visible in the cervical os on speculum
examination.

» Clinical Findings

Cervical polyps commonly occur during the reproductive
years, particularly after age 40, and are occasionally noted
in postmenopausal women. he cause is not known, but
inflammation may play an etiologic role. he principal
symptoms are discharge and abnormal vaginal bleeding.
However, abnormal bleeding should not be ascribed to a
cervical polyp without sampling the endocervix and endo-
metrium. he polyps are visible in the cervical os on specu-
lum examination.

Cervical polyps must be differentiated from polypoid
neoplastic disease of the endometrium, small submucous
pedunculated myomas, large nabothian cysts, and endo-
metrial polyps. Cervical polyps rarely contain foci of dys-
plasia (0.5%) or of malignancy (0.5%). Asymptomatic
polyps in women under age 45 may be left untreated.

» Treatment

Cervical polyps can generally be removed in the office by
avulsion with uterine packing forceps or ring forceps.

» When to Refer

• Polyp with a wide base.

• Inability to differentiate endocervical from endometrial
polyp.

Budak A et al. Role of endometrial sampling in cases with
asymptomatic cervical polyps. J Gynecol Obstet Hum Reprod.
2019;48:207. [PMID: 30660657]

PELVIC PAIN

E S S E N T I A L S  O F  D I A G N O S I S

» Determine if pain is acute or chronic.

» Categorize if pain is cyclic or continuous.

» Consider nongynecologic causes.

1. primry Dysmenorrhe

Primary dysmenorrhea is menstrual pain associated with
menstrual cycles in the absence of pathologic findings.
Primary dysmenorrhea usually begins within 1–2 years
after menarche and may become progressively more severe.
he frequency of cases increases up to age 20 and then
decreases with both increasing age and parity. Fifty percent
to 75% of women are affected by dysmenorrhea at some
time and 5–6% have incapacitating pain.

» Clinical Findings

Primary dysmenorrhea is low, midline, wave-like, cramp-
ing pelvic pain often radiating to the back or inner thighs.
Cramps may last for 1 or more days and may be associated
with nausea, diarrhea, headache, and flushing. he pain is
produced by uterine vasoconstriction, anoxia, and sus-
tained contractions mediated by prostaglandins. he pelvic
examination is normal between menses; examination dur-
ing menses may produce discomfort, but there are no
pathologic findings.

» Treatment

NSAIDs (ibuprofen, ketoprofen, mefenamic acid, naproxen)
and the cyclooxygenase (COX)-2 inhibitor (celecoxib) are
generally helpful. he medication should be started 1–2
days before expected menses. Symptoms can be suppressed
with use of combined hormonal contraceptives, depo-
medroxyprogesterone acetate (DMPA), etonogestrel sub-
dermal implant (Nexplanon), or the levonorgestrel-releasing
IUD. Oral contraceptives taken continuously can be used to
suppress menstruation completely and prevent dysmenor-
rhea. Other therapies that have shown some benefit include
local heat, thiamine 100 mg/day orally, vitamin E 200 units/
day orally, and high-frequency transcutaneous electrical
nerve stimulation around the time of menses. hese options
may be offered to patients who desire nonhormonal therapy,
although they have less supporting evidence.

2. Endomeriosis

» General Considerations

Endometriosis is an aberrant growth of endometrium out-
side of the uterus, particularly in the dependent parts of the
pelvis and in the ovaries. Its principal manifestations are
chronic pain and infertility. While retrograde menstrua-
tion is the most widely accepted cause, its pathogenesis and
natural course are not fully understood. he overall preva-
lence in the United States is 6–10%.

» Clinical Findings

he clinical manifestations of endometriosis are variable
and unpredictable in both presentation and course. Dys-
menorrhea, chronic pelvic pain, and dyspareunia are
among the well-recognized symptoms. A significant num-
ber of women with endometriosis, however, remain asymp-
tomatic, and most women with endometriosis have a
normal pelvic examination. However, in some women,
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pelvic examination can disclose tender nodules in the
cul-de-sac or rectovaginal septum, uterine retroversion
with decreased uterine mobility, uterine tenderness, or
adnexal mass or tenderness.

Endometriosis must be distinguished from pelvic
inflammatory disease (PID), ovarian neoplasms, and uter-
ine myomas. Bowel invasion by endometrial tissue may
produce blood in the stool that must be distinguished from
that produced by bowel neoplasm.

Imaging is useful mainly in the presence of a pelvic or
adnexal mass. ransvaginal ultrasonography is the imaging
modality of choice to detect the presence of deeply pene-
trating endometriosis of the rectum or rectovaginal sep-
tum; MRI should be reserved for equivocal cases of
rectovaginal or bladder endometriosis. A definitive diag-
nosis of endometriosis is made only by histology of lesions
removed at surgery.

» Treatment

A. Medical Treatment

Although there is no conclusive evidence that NSAIDs
improve the pain associated with endometriosis, these
agents are a reasonable option in appropriately selected
patients. Medical treatment, using a variety of hormonal
therapies, is effective in the amelioration of pain associated
with endometriosis. Most of these regimens are designed to
inhibit ovulation over 4–9 months and to lower hormone
levels, thus preventing cyclic stimulation of endometriotic
implants and inducing atrophy. he optimum duration of
hormonal therapies is not clear, and their relative merits in
terms of side effects and long-term risks and benefits show
insignificant differences when compared with one another
and even, in mild cases, with placebo. Commonly used
medical regimens include the following:

1. Combined hormonal (estrogen-progestin) contracep-
tives are first-line treatment because they suppress
ovulation, which may inhibit stimulation of endome-
triosis. Any of the combination oral contraceptives, the
contraceptive patch, or the vaginal ring may be used
continuously, which is preferred for treatment of endo-
metriosis. Breakthrough bleeding can be treated with
conjugated estrogens, 1.25 mg orally daily for 1 week, or
estradiol, 2 mg daily orally for 1 week. Alternatively, a
short hormone-free interval to allow a withdrawal
bleed can be used whenever bothersome breakthrough
bleeding occurs.

2. Progestins, specifically oral norethindrone acetate and
subcutaneous DMPA, have been approved by the FDA
for treatment of endometriosis-associated pain. he
etonogestrel implant has also been shown to decrease
endometriosis-related pain.

3. Intrauterine progestin, using the levonorgestrel-releas-
ing IUD, has been shown to be effective in reducing
endometriosis-associated pelvic pain and should be
considered before surgery.

4. GnRH agonists are highly effective in reducing pain
associated with endometriosis; however, they are not
superior to other methods such as combined hor-

monal contraceptives as first-line therapy. he
GnRH analog (such as long-acting injectable leupro-
lide acetate, 3.75 mg intramuscularly monthly, used
for 6 months) suppresses ovulation. Side effects of
vasomotor symptoms and bone demineralization may
be relieved by “add-back” therapy, such as conjugated
equine estrogen, 0.625 mg orally daily, or norethindrone,
5 mg orally daily.

5. Danazol is an androgenic medication that has been
used for the treatment of endometriosis-associated pain.
It may be used for 4–6 months in the lowest dose neces-
sary to suppress menstruation, usually 200–400 mg
orally twice daily. However, danazol has a high inci-
dence of androgenic side effects, including decreased
breast size, weight gain, acne, and hirsutism, that are
more severe than with other medications available.

6. Aromatase inhibitors (such as anastrozole or letrozole)
in combination with conventional therapy have been
evaluated with positive results in premenopausal
women with endometriosis-associated pain and pain
recurrence.

7. GnRH antagonists suppress pituitary gonadotropin
production and create a hypoestrogenic state, like
GnRH agonists, but they are effective immediately
rather than requiring 7–14 days for GnRH suppression.
Injectable and oral forms (eg, cetrorelix and elagolix,
respectively) are available.

B. Surgical Measures

Surgical treatment of endometriosis—particularly exten-
sive disease—is effective both in reducing pain and in
promoting fertility. Laparoscopic ablation of endometrial
implants significantly reduces pain. Ablation of implants
and, if necessary, removal of ovarian endometriomas
enhance fertility, although subsequent pregnancy rates are
inversely related to the severity of disease. Women with
disabling pain for whom childbearing is not a consider-
ation can be treated definitively with hysterectomy plus
bilateral salpingo-oophorectomy. In premenopausal
women, hormone replacement may then be used to relieve
vasomotor symptoms.

» Prognosis

here is little systematic research regarding either the pro-
gression of the disease or the prediction of clinical out-
comes. he prognosis for reproductive function in early or
moderately advanced endometriosis appears to be good
with conservative therapy. Hysterectomy, with bilateral
salpingo-oophorectomy, often is regarded as definitive
treatment of endometriosis associated with intractable
pelvic pain, adnexal masses, or multiple previous ineffec-
tive conservative surgical procedures. However, symptoms
may recur even after hysterectomy and oophorectomy.

» When to Refer

Refer to a gynecologist for laparoscopic diagnosis or surgi-
cal treatment.
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» When to Admit

Rarely necessary except for acute abdomen associated with
ruptured or bleeding endometrioma.

3. Oher Eiologies of pelvic pin

Additional causes of pelvic pain may include adenomyosis,
fibroids, PID, malpositioned IUD, or other abnormalities
of the pelvic organs, including the bowel or bladder.

» Clinical Findings

he history may be suggestive of the causes mentioned
above. Physical examination may be useful to narrow the
differential diagnosis.

» Diagnosis

argeted physical examination may help identify the ana-
tomic source of pelvic pain. PID should be considered in
sexually active women with pelvic pain and examination
findings of cervical motion tenderness, uterine, or adnexal
tenderness without another explanation for the pain. Pelvic
imaging is useful for diagnosing the presence of uterine
fibroids or other anomalies. Adenomyosis (the presence of
endometrial glands and stroma within the myometrium)
may be detected with ultrasound or MRI. Laparoscopy
may help diagnose endometriosis or other pelvic abnor-
malities not visualized by imaging.

» Treatment

reatment should be directed at the underlying cause. For
example, PID should be treated with antibiotics as
described below. If pain symptoms are marked or pro-
longed or unresponsive to medical management, diagnos-
tic laparoscopy may be warranted. Definitive surgery
depends on the intra-operative findings and the underlying
etiology. For example, adenomyosis may respond to the
levonorgestrel-releasing IUD, uterine artery embolization,
or hormonal approaches used to treat endometriosis, but if
those are unsuccessful, hysterectomy remains the definitive
treatment of choice for women for whom childbearing is
not a consideration.

» When to Refer

• Standard therapy fails to relieve pain.

• Suspicion of pelvic pathology, such as endometriosis,
leiomyomas, adenomyosis, or PID.

American College of Obstetricians and Gynecologists’ Committee
on Practice Bulletins—Gynecology. Chronic pelvic pain:
ACOG Practice Bulletin, Number 218. Obstet Gynecol.
2020;135:e98. [PMID: 32080051]

Brown J et al. Oral contraceptives for pain associated with
endometriosis. Cochrane Database Syst Rev. 2018;5:CD001019.
[PMID: 29786828]

Carey E et al. Updates in the approach to chronic pelvic pain:
what the treating gynecologist should know. Clin Obstet Gyne-
col. 2019;62:666. [PMID: 31524660]

Ferrero S et al. Current and emerging treatment options for endo-
metriosis. Expert Opin Pharmacother. 2018;19:1109. [PMID:
29975553]

Oladosu FA et al. Nonsteroidal anti-inflammatory drug resis-
tance in dysmenorrhea: epidemiology, causes, and treatment.
Am J Obstet Gynecol. 2018;218:390. [PMID: 28888592]

Samy A et al. Medical therapy options for endometriosis related
pain, which is better? A systematic review and network meta-
analysis of randomized controlled trials. J Gynecol Obstet
Hum Reprod. 2021;50:101798. [PMID: 32479894]

Singh SS et al. Surgical outcomes in patients with endometriosis:
a systematic review. J Obstet Gynaecol Can. 2020;42:881.
[PMID: 31718952]

Vilasagar S et al. A practical guide to the clinical evaluation of
endometriosis-associated pelvic pain. J Minim Invasive
Gynecol. 2020;27:270. [PMID: 31669551]

PELVIC ORGAN PROLAPSE

» General Considerations

Pelvic organ prolapse, including cystocele, rectocele, and
enterocele, are vaginal hernias commonly seen in multipa-
rous women. Cystocele is a hernia of the bladder wall into
the vagina, causing a soft anterior fullness. Cystocele may
be accompanied by urethrocele, which is not a hernia but
a sagging of the urethra following its detachment from the
pubic symphysis during childbirth. Rectocele is a hernia-
tion of the terminal rectum into the posterior vagina, caus-
ing a collapsible pouch-like fullness. Enterocele is a vaginal
vault hernia containing small intestine, usually in the pos-
terior vagina and resulting from a deepening of the pouch
of Douglas. wo or all three types of hernia may occur in
combination. he cause of pelvic organ prolapse is multi-
factorial. Risk factors include vaginal birth, genetic predis-
position, advancing age, prior pelvic surgery, connective
tissue disorders, and increased intra-abdominal pressure
associated with obesity or straining associated with chronic
constipation or coughing.

» Clinical Findings

Symptoms of pelvic organ prolapse may include a sensa-
tion of a bulge or protrusion in the vagina, urinary or fecal
incontinence, constipation, sense of incomplete bladder or
bowel emptying, and dyspareunia.

» Treatment

reatment depends on the extent of prolapse; associated
symptoms; impact on the patient’s quality of life; the
patient’s age; and her desire for menstruation, pregnancy,
and coitus.

A. General Measures

Supportive measures include a high-fiber diet and laxatives
to improve constipation. Weight reduction in obese
patients and limitation of straining and lifting are helpful.
Pelvic muscle training (Kegel exercises) is a simple, nonin-
vasive intervention that may improve pelvic function; it has
demonstrated clear benefit for women with urinary or fecal
symptoms, especially incontinence. Pessaries may reduce a
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cystocele, rectocele, or enterocele and are helpful in women
who do not wish to undergo surgery or who are poor surgi-
cal candidates.

B. Surgical Measures

he most common surgical procedure is vaginal or abdom-
inal hysterectomy with additional attention to restoring
apical support after the uterus is removed, with suspension
either by vaginal uterosacral, sacrospinous fixation, or by
abdominal sacral colpopexy. Since stress urinary inconti-
nence and urinary retention may coexist with apical pro-
lapse, women should be evaluated for these conditions
prior to surgery. An anti-incontinence procedure may be
done in conjunction with prolapse surgery if indicated.
Surgical mesh placed transvaginally for pelvic organ pro-
lapse repair was introduced into clinical practice in 2002,
but in 2011 the FDA issued warnings about concerns for
serious complications associated with this practice (includ-
ing mesh erosion and pain). Use of these methods subse-
quently declined significantly. In April 2019, the US FDA
withdrew its approval of surgical mesh for the indication of
transvaginal repair of anterior compartment prolapse.
Patients planning to have surgical repair of pelvic organ
prolapse should discuss all treatment options with their
clinician. Women who have received transvaginal mesh for
the surgical repair of pelvic organ prolapse but who have
no associated symptoms or complications should continue
with their annual check-ups and other routine follow-up
care. hey should let their clinician know that they have a
surgical mesh implant, especially if they plan to have
another pelvic surgery or related medical procedure. In
addition, they should notify their clinician if they develop
symptoms such as persistent vaginal bleeding or discharge,
pelvic or groin pain, or dyspareunia.

If a woman with symptomatic prolapse desires preg-
nancy, the same procedures for vaginal suspension can be
performed without hysterectomy, though limited data on
pregnancy outcomes or prolapse outcomes are available.
Generally, surgical repair of pelvic organ prolapse is reserved
until after completion of childbearing. For elderly women
who do not desire coitus, colpocleisis, the partial obliteration
of the vagina, is an effective and straightforward procedure.
Uterine suspension with sacrospinous cervicocolpopexy
may be an effective approach in older women who wish to
avoid hysterectomy but preserve coital function.

» When to Refer

• Refer to urogynecologist or gynecologist for inconti-
nence evaluation.

• Refer if nonsurgical therapy is ineffective.

• Refer for removal of mesh if symptoms develop.

American College of Obstetricians and Gynecologists. Practice
Bulletin No. 214: Pelvic organ prolapse. Obstet Gynecol.
2019;134:e126. [PMID: 31651832]

Carter P et al. Management of mesh complications following sur-
gery for stress urinary incontinence or pelvic organ prolapse: a
systematic review. BJOG. 2020;127:28. [PMID: 31541614]

Gluck O et al. Laparoscopic sacrocolpopexy: a comprehensive
literature review on current practice. Eur J Obstet Gynecol
Reprod Biol. 2020;245:94. [PMID: 31891897]

Hemming C et al. Surgical interventions for uterine prolapse and
for vault prolapse: the two VUE RCs. Health echnol Assess.
2020;24:1. [PMID: 32138809]

Ko KJ et al. Current surgical management of pelvic organ pro-
lapse: strategies for the improvement of surgical outcomes.
Investig Clin Urol. 2019;60:413. [PMID: 31692921]

PREMENSTRUAL SYNDROME

» General Considerations

he premenstrual syndrome (PMS) is a recurrent, variable
cluster of troublesome physical and emotional symptoms
that develop during the 5 days before the onset of menses
and subside within 4 days after menstruation occurs. PMS
intermittently affects about 40% of all premenopausal
women, primarily those 25–40 years of age. In about 5–8%
of affected women, the syndrome may be severe. Although
not every woman experiences all the symptoms or signs at
one time, many describe bloating, breast pain, headache,
swelling, irritability, aggressiveness, depression, inability to
concentrate, libido change, lethargy, and food cravings.
When emotional or mood symptoms predominate, along
with physical symptoms, and there is a clear functional
impairment with work or personal relationships, the term
“premenstrual dysphoric disorder” (PMDD) may be
applied. he pathogenesis of PMS/PMDD is still uncertain,
and current treatment methods are mainly empiric. he
clinician should provide support for both the patient’s emo-
tional and physical distress, including the following:

1. Careful evaluation of the patient, with understanding,
explanation, and reassurance.

2. Advice to keep a daily diary of all symptoms for
2–3 months, such as the Daily Record of Severity of
Problems, to evaluate the timing and characteristics of
her symptoms. If her symptoms occur throughout the
month rather than in the 2 weeks before menses, she
may have depression or other mental health diagnosis
instead of or in addition to PMS.

» Treatment

For mild to moderate symptoms, a program of aerobic
exercise; reduction of caffeine, salt, and alcohol intake; and
use of alternative therapies, such as acupuncture and
herbal treatments may be helpful, although these interven-
tions remain unproven.

Medications that prevent ovulation, such as hormonal
contraceptives, may lessen physical symptoms. hese
include continuous combined hormonal contraceptive
methods (pill, patch, or vaginal ring) or GnRH agonist
with “add-back” therapy (eg, conjugated equine estrogen,
0.625 mg orally daily, with medroxyprogesterone acetate,
2.5–5 mg orally daily).

When mood disorders predominate, several serotonin
reuptake inhibitors have been shown to be effective in
relieving tension, irritability, and dysphoria with few side
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effects. First-line medication therapy includes serotonergic
antidepressants (citalopram, escitalopram, fluoxetine, ser-
traline, venlafaxine) either daily or only on symptom days.
here are limited data to support the use of calcium, vitamin D,
and vitamin B

6
supplementation. here is insufficient evi-

dence to support cognitive behavioral therapy.

Yonkers KA et al. Premenstrual disorders. Am J Obstet Gynecol.
2018;218:68. [PMID: 28571724]

MENOPAUSAL SYNDROME

See Chapter 26, Endocrine Disorders.

POLYCYSTIC OVARIAN SYNDROME

E S S E N T I A L S  O F  D I A G N O S I S

» Clinical or biochemical evidence of
hyperandrogenism.

» Oligoovulation or anovulation.

» Polycystic ovaries on ultrasonography.

» General Considerations

Polycystic ovary syndrome (PCOS) is a common endo-
crine disorder of unknown etiology affecting 5–10% of
reproductive age women. PCOS is characterized by chronic
anovulation, polycystic ovaries, and hyperandrogenism. It
is associated with hirsutism and obesity as well as an
increased risk of diabetes mellitus, cardiovascular disease,
and metabolic syndrome. Unrecognized or untreated
PCOS is a risk factor for cardiovascular disease. he Rot-
terdam Criteria, endorsed by the National Institutes of
Health, identify hyperandrogenism, ovulatory dysfunc-
tion, and polycystic ovaries as the key diagnostic features
of the disorder in adult women; at least two of these fea-
tures must be present for diagnosis.

» Clinical Findings

PCOS often presents as a menstrual disorder (ranging from
amenorrhea to heavy menstrual bleeding) and infertility.
Skin disorders due to peripheral androgen excess, including
hirsutism and acne, are common. Patients may also show
signs of insulin resistance and hyperinsulinemia, and these
women are at increased risk for early-onset type 2 diabetes
mellitus and metabolic syndrome. Patients who do become
pregnant are at increased risk for perinatal complications,
such as gestational diabetes and preeclampsia. In addition,
they have an increased long-term risk of endometrial can-
cer secondary to chronic exposure to unopposed estrogen.

» Differential Diagnosis

Anovulation in the reproductive years may also be due to
(1) premature ovarian failure (high FSH, low estradiol); (2)
functional hypothalamic amenorrhea, often associated with

rapid weight loss or extreme physical exertion (low to nor-
mal FSH for age); (3) discontinuation of hormonal contra-
ceptives (return to ovulation typically occurs within
90 days); (4) pituitary adenoma with elevated prolactin
(galactorrhea may or may not be present); and (5) hyper-
thyroidism or hypothyroidism. o rule out other etiologies
in women with suspected PCOS, serum FSH, LH, prolactin,
and thyroid-stimulating hormone should be evaluated.
Because of the high risk of insulin resistance and dyslipid-
emia, all women with suspected PCOS should have a hemo-
globin A

1C
and fasting glucose along with a lipid profile.

Women with clinical evidence of androgen excess should
have total testosterone, free (bioavailable) testosterone, and
17-hydroxyprogesterone measured. Women with stigmata
of Cushing syndrome should have a 24-hour urinary free
cortisol or a low-dose dexamethasone suppression test.
Congenital adrenal hyperplasia and androgen-secreting
adrenal tumors also tend to have high circulating androgen
levels and anovulation with polycystic ovaries; these disor-
ders must also be ruled out in women with presumed
PCOS and high serum androgens.

» Treatment

In obese patients with PCOS, weight reduction and exercise
are often effective in reversing the metabolic effects and in
inducing ovulation. For women who do not respond to
weight loss and exercise, combined hormonal contracep-
tives are first-line treatment to manage hyperandrogenism
and menstrual irregularities. Intermittent or continuous
progestin therapy or a progestin-releasing IUD may be used
for endometrial protection in women who cannot or choose
not to use combined hormonal contraceptives. Metformin
therapy may be used as a second-line therapy to improve
menstrual function. Metformin has little or no benefit in
the treatment of hirsutism, acne, or infertility. Contracep-
tive counseling should be offered to prevent unplanned
pregnancy in case of a return of ovulatory cycles. For
women who are seeking pregnancy and remain anovula-
tory, clomiphene, letrozole, or other medications can be
used for ovarian stimulation (see section on Infertility
below). Women with PCOS are at greater risk than normal
women for twin gestation with ovarian stimulation.

If hirsutism does not improve after 6 months of treat-
ment with combined hormonal contraceptives, an antian-
drogen, such as spironolactone, may be added. opical
eflornithine cream applied to affected facial areas twice
daily for 6 months may be helpful in most women. Hirsut-
ism may also be managed with depilatory creams, electroly-
sis, and laser therapy. he combination of laser therapy and
topical eflornithine may be particularly effective.

Weight loss, exercise, and treatment of unresolved
metabolic derangements are important in preventing car-
diovascular disease. Women with PCOS should be man-
aged aggressively and should have regular monitoring of
lipid profiles and glucose.

» When to Refer

• If expertise in diagnosis is needed.

• If patient is infertile.
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American College of Obstetricians and Gynecologists. Practice
Bulletin No. 194: Polycystic ovary syndrome. Obstet Gynecol.
2018;131:e157. [PMID: 29794677]

Gadalla MA et al. Medical and surgical treatment of reproductive
outcomes in polycystic ovary syndrome: an overview of system-
atic reviews. Int J Fertil Steril. 2020;13:257. [PMID: 31710185]

Shi S et al. Letrozole and human menopausal gonadotropin for
ovulation induction in clomiphene resistance polycystic
ovary syndrome patients: a randomized controlled study.
Medicine (Baltimore). 2020;99:e18383. [PMID: 31977842]

INFERTILITY

A couple is said to be infertile if pregnancy does not result
after 1 year of normal sexual activity without contracep-
tion. Up to 20% of couples experience infertility at some
point in their reproductive lives; the incidence of infertility
increases with age, with a decline in fertility beginning in
the early 30s and accelerating in the late 30s. he male
partner contributes to about 40% of cases of infertility, and
a combination of factors is common. he most recent data
from the CDC National Survey of Family Growth noted
that 12% of women in the United States aged 15–44 have
impaired fecundity.

A. Initial Testing

During the initial interview, the clinician can present an
overview of infertility and discuss an evaluation and man-
agement plan. Private consultations with each partner
separately are then conducted, allowing appraisal of psy-
chosexual adjustment without embarrassment or criticism.
Pertinent details (eg, sexually transmitted infection history
or prior pregnancies) must be obtained. he ill effects of
cigarettes, alcohol, and other recreational drugs on male
fertility should be discussed. Prescription medications that
impair male potency and factors that may lead to scrotal
hyperthermia, such as tight underwear or frequent use of
saunas or hot tubs, should be discussed. he gynecologic
history should include the menstrual pattern, the use and
types of contraceptives, frequency and success of coitus,
and correlation of intercourse with time of ovulation. he
American Society for Reproductive Medicine provides
patient information on the infertility evaluation and treat-
ment (https://www.reproductivefacts.org/topics/topics-
index/infertility/).

General physical and genital examinations are per-
formed on the female partner. Basic laboratory studies
include assessment of ovarian reserve (eg, antimüllerian
hormone, and day 3 FSH and estradiol) and thyroid func-
tion tests. If the woman has regular menses with moliminal
symptoms, the likelihood of ovulatory cycles is very high.
A luteal phase serum progesterone above 3 ng/mL estab-
lishes ovulation. Couples should be advised that coitus
resulting in conception occurs during the 6-day window
prior to the day of ovulation. Ovulation predictor kits have
largely replaced basal body temperatures for predicting
ovulation, but temperature charting may be used to iden-
tify most fertile days. Basal body temperature charts can-
not predict ovulation; they can only retrospectively confirm
that ovulation occurred.

A semen analysis should be completed to rule out a
male factor for infertility (see Chapter 29).

B. Further Testing

1. Gross deficiencies of sperm (number, motility, or
appearance) require a repeat confirmatory analysis.

2. A screening pelvic ultrasound and hysterosalpingogra-
phy to identify uterine cavity or tubal anomalies should
be performed. Hysterosalpingography is performed
within 3 days following the menstrual period if struc-
tural abnormalities are suspected. his radiographic
study will demonstrate uterine abnormalities (septa,
polyps, submucous myomas) and tubal obstruction.
Women who have had prior pelvic inflammation should
receive doxycycline, 100 mg orally twice daily for 5 days.

3. Absent or infrequent ovulation requires additional lab-
oratory evaluation. Elevated FSH and low estradiol and
antimüllerian hormone levels indicate ovarian insuffi-
ciency. Patients with elevated prolactin levels should be
evaluated for pituitary adenoma. Women over age 35
may require further assessment of ovarian reserve. A
markedly elevated FSH (greater than 15–20 interna-
tional units/L) on day 3 of the menstrual cycle suggests
inadequate ovarian reserve. Although less widely used
clinically, a clomiphene citrate challenge test, with mea-
surement of FSH on day 10 after administration of clo-
miphene from days 5–9, can help confirm a diagnosis of
diminished ovarian reserve. he number of antral fol-
licles during the early follicular phase of the cycle can
provide useful information about ovarian reserve and
can confirm serum testing. An antimüllerian hormone
level can be measured at any time during the menstrual
cycle and is less likely to be affected by hormones.

4. If all the above testing is normal, unexplained infertil-
ity is diagnosed. In approximately 25% of women
whose basic evaluation is normal, the first-line therapy
is usually controlled ovarian hyperstimulation (usually
with clomiphene citrate) and intrauterine insemination.
IVF may be recommended as second-line therapy.

» Treatment

A. Medical Measures

Fertility may be restored by treatment of endocrine abnor-
malities, particularly hypothyroidism or hyperthyroidism.
Women who are anovulatory as a result of low body weight
or exercise may become ovulatory when they gain weight
or decrease their exercise levels; conversely, obese women
who are anovulatory may become ovulatory with loss of
even 5–10% of body weight.

B. Surgical Measures

Excision of ovarian tumors or ovarian foci of endometrio-
sis can improve fertility. Microsurgical relief of tubal
obstruction due to salpingitis or tubal ligation will reestab-
lish fertility in a significant number of cases, although with
severe disease or proximal obstruction, IVF is preferable.
Peritubal adhesions or endometriotic implants often can be
treated via laparoscopy.
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In a male with a varicocele, sperm characteristics may
be improved following surgical treatment. For men who
have sperm production but obstructive azoospermia,
trans-epidermal sperm aspiration or microsurgical epider-
mal sperm aspiration has been successful.

C. Induction of Ovulation

1. Clomiphene citrate—Clomiphene citrate stimulates
gonadotropin release, especially FSH. It acts as a selective
estrogen receptor modulator, similar to tamoxifen and
raloxifene, and binds to the estrogen receptor. A low level
of estrogen decreases the negative feedback on the hypo-
thalamus, thereby increasing the release of FSH and LH.
When FSH and LH are present in the appropriate amounts
and timing, ovulation occurs.

After a normal menstrual period or induction of with-
drawal bleeding with progestin, clomiphene 50 mg orally
should be given daily for 5 days, typically on days 3–7 of
the cycle. If ovulation does not occur, the clomiphene dos-
age is increased to 100 mg orally daily for 5 days. While
doses of 150 mg may be used, doses greater than 100 mg
do not appear to improve clinical pregnancy rates. he
rate of ovulation following clomiphene treatment is
approximately 80% in the absence of other infertility fac-
tors. he pregnancy rate is 30–40%, and twinning occurs
in 5% of these pregnancies. hree or more fetuses are rare
(less than 0.5% of cases). Pregnancy is most likely to occur
within the first three ovulatory cycles, and unlikely to
occur after cycle six. In addition, several studies have sug-
gested a twofold to threefold increased risk of ovarian
cancer with the use of clomiphene for more than 1 year, so
treatment with clomiphene is usually limited to a maxi-
mum of six cycles.

2. Letrozole—he aromatase inhibitor letrozole appears to
be at least as effective as clomiphene for induction of ovula-
tion in women with PCOS. here is a reduced risk of mul-
tiple pregnancy, a lack of antiestrogenic effects, and a
reduced need for ultrasound monitoring. he dose of
letrozole is 2.5–7.5 mg daily, starting on day 3 of the men-
strual cycle. In women who have a history of estrogen
dependent tumors, such as breast cancer, letrozole is pre-
ferred over other agents because the estrogen levels with
this medication are much lower.

3. Human menopausal gonadotropins hMG or recombi-
nant FSH—hMG or recombinant FSH is indicated in cases
of hypogonadotropism and most other types of anovula-
tion resistant to clomiphene treatment. Because of the
complexities, laboratory tests, and expense associated with
this treatment, these patients should be referred to an
infertility specialist.

D. Artificial Insemination in Azoospermia

If azoospermia is present, artificial insemination by a
donor usually results in pregnancy, assuming female func-
tion is normal. he use of frozen sperm provides the
opportunity for screening for sexually transmitted infec-
tions, including HIV infection.

E. Assisted Reproductive Technology ART

Couples who have not responded to traditional infertility
treatments and those with occlusive tubal disease, severe
endometriosis, oligospermia, and immunologic or unex-
plained infertility, may benefit from AR. All AR procedures
involve ovarian stimulation to produce multiple oocytes,
oocyte retrieval by transvaginal sonography–guided needle
aspiration, and handling of the oocytes outside the body.
With IVF, the eggs are fertilized in vitro and the embryos
transferred to the uterus. Intracytoplasmic sperm injection
allows fertilization with a single sperm. While originally
intended for couples with male factor infertility, it is now used
in two-thirds of all IVF procedures in the United States.

he chance of a multiple gestation pregnancy (ie, twins,
triplets) is increased in all assisted reproductive procedures,
increasing the risk of preterm delivery and other pregnancy
complications. o minimize this risk, most infertility spe-
cialists recommend transferring only one embryo in appro-
priately selected patients with a favorable prognosis.

» Prognosis

he prognosis for conception and normal pregnancy is
good if minor (even multiple) disorders can be identified
and treated; it is poor if the causes of infertility are severe,
untreatable, or of prolonged duration (over 3 years).

In the absence of identifiable causes of infertility, 60%
of couples will achieve a spontaneous pregnancy within
3 years. Couples in which the woman is younger than
35 years who do not achieve pregnancy within 1 year of
trying may be candidates for infertility treatment, and
within 6 months for women age 35 years and older. Also,
offering appropriately timed information about adoption is
considered part of a complete infertility regimen.

» When to Refer

Refer to reproductive endocrinologist if AR is indicated,
or surgery is required.

American College of Obstetricians and Gynecologists. Commit-
tee Opinion No. 781: Infertility workup for the women’s health
specialist. Obstet Gynecol. 2019;133:e377. [PMID: 31135764]

Hodgson RM et al. Interventions for endometriosis-related
infertility: a systematic review and network meta-analysis.
Fertil Steril. 2020;113:374. [PMID: 32106991]

Merritt BA et al. Imaging of infertility, Part 1: Hysterosalpingo-
grams to magnetic resonance imaging. Radiol Clin North
Am. 2020;58:215. [PMID: 32044003]

Merritt BA et al. Imaging of infertility, Part 2: Hysterosalpingo-
grams to magnetic resonance imaging. Radiol Clin North
Am. 2020;58:227. [PMID: 32044004]

Shi S et al. Letrozole and human menopausal gonadotropin for
ovulation induction in clomiphene resistance polycystic
ovary syndrome patients: a randomized controlled study.
Medicine (Baltimore). 2020;99:e18383. [PMID: 31977842]

CONTRACEPTION & FAMILY PLANNING

Unintended pregnancies are a worldwide problem but dis-
proportionately impact developing countries. From 2010
to 2014, it is estimated that 44% of pregnancies worldwide
were unintended and 56% of them resulted in an abortion.
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In developed regions, the unintended pregnancy rate fell by
30% compared to 1990–1994, whereas it fell by only 16% in
developing regions over this time frame. It is important for
primary care providers to educate their patients about the
benefits of contraception and to provide options that are
appropriate and desirable for the patient.

1. Orl Conrceives

A. Combined Oral Contraceptives

1. Efficacy and methods of use—Combined oral contra-
ceptives have a perfect use failure rate of 0.3% and a typical
use failure rate of 8%. heir primary mode of action is
suppression of ovulation. he pills can be initially started
on the first day of the menstrual cycle, the first Sunday
after the onset of the cycle, or on any day of the cycle. If
started more than 5 days after the first day of the cycle, a
backup method should be used for the first 7 days. If an
active pill is missed at any time, and no intercourse
occurred in the past 5 days, two pills should be taken
immediately, and a backup method should be used for
7 days. If intercourse occurred in the previous 5 days,
emergency contraception should be offered. A backup
method should be used for 7 days.

2. Benefits of oral contraceptives—Noncontraceptive
benefits of oral contraceptives include lighter menses and
improvement of dysmenorrhea, decreased risk of ovarian
and endometrial cancer, and improvement in acne. Func-
tional ovarian cysts are less likely with oral contraceptive
use. here is also a beneficial effect on bone mass.

3. Selection of an oral contraceptive—Any of the combi-
nation oral contraceptives containing 35 mcg or less of
ethinyl estradiol or 3 mg of estradiol valerate are suitable for
most women. here is some variation in potency of the
various progestins in the pills, but there are essentially no
clinically significant differences for most women among the
progestins in the low-dose pills. here is insufficient evi-
dence that triphasic oral contraceptives provide any benefit
compared to monophasic oral contraceptives in terms of
effectiveness, bleeding patterns, or discontinuation rates.
herefore, monophasic pills are recommended as a first
choice for women starting oral contraceptive use. Women
who have acne or hirsutism may benefit from treatment
with desogestrel, drospirenone, or norgestimate, since they
are the least androgenic. Pills are typically packaged in 21-
or 28-day cyclic regimens but may be taken continuously to
allow the user to decide if and when she has a withdrawal
bleed. Studies have not shown any significant risk from
long-term amenorrhea in patients taking continuous oral
contraceptives. he low-dose oral contraceptives com-
monly used in the United States are listed in able 18–2.

4. Drug interactions—Several medications interact with
oral contraceptives potentially decreasing their efficacy, typi-
cally by causing induction of microsomal enzymes in the
liver. Some commonly prescribed medications in this cate-
gory are phenytoin, phenobarbital (and other barbiturates),
primidone, topiramate, carbamazepine, rifampin, and
St. John’s wort. Women taking these medications should use
another means of contraception for maximum safety.

Antiretroviral medications, specifically ritonavir-
boosted protease inhibitors, may significantly decrease the
efficacy of combined oral contraceptives. Other antiretro-
virals, such as nonnucleoside reverse transcriptase inhibi-
tors, have smaller effects on oral contraceptive efficacy.

5. Contraindications and adverse effects—Oral contra-
ceptives have been associated with many adverse effects;
they are contraindicated with some conditions and should
be used with caution in others (able 18–3).

a. Myocardial infarction—he risk of heart attack is
higher with use of oral contraceptives in certain popula-
tions, but the risk attributable to oral contraceptives is low
in reproductive age women. Cigarette smoking, obesity,
hypertension, diabetes mellitus, or hypercholesterolemia
increases the risk. Smokers over age 35 and women with
other cardiovascular risk factors should use other non-
estrogen–containing methods of birth control.

b. Thromboembolic disease—A three- to five-fold
increased rate of venous thromboembolism is found in oral
contraceptive users, but the absolute risk is very low (5–6
per 100,000 woman-years compared to a rate of 50–300 per
100,000 pregnancies). Several studies have reported a two-
fold increased risk in women using oral contraceptives
containing the progestins, gestodene (not available in the
United States), drospirenone, or desogestrel, compared
with women using oral contraceptives with levonorgestrel
and norethindrone. Women in whom thromboembolism
develops should stop using oral contraceptives, as should
those at increased risk for thromboembolism associated
with surgery, fracture, serious injury, hypercoagulable con-
dition, or immobilization. Women with a known thrombo-
philia should not use estrogen-containing contraceptives.

c. Cerebrovascular disease—Overall, a small
increased risk of hemorrhagic stroke and subarachnoid
hemorrhage and a somewhat greater increased risk of
thrombotic stroke have been found; smoking, hyperten-
sion, and age over 35 years are associated with increased
risk. Women should stop using estrogen-containing con-
traceptives if such warning symptoms as severe headache,
blurred or lost vision, or other transient neurologic disor-
ders develop.

d. Carcinoma—here is no increased risk of breast can-
cer in women aged 35–64 who are current or former users
of oral contraceptives. Women with a family history of
breast cancer or women who started oral contraceptive use
at a young age are not at increased risk. Combination oral
contraceptives reduce the risk of endometrial carcinoma by
40% after 2 years of use and 60% after 4 or more years of
use. he risk of ovarian cancer is reduced by 30% with
pill use for less than 4 years, by 60% with pill use for
5–11 years, and by 80% with use for 12 or more years. Oral
contraceptives have been associated with the development
of benign hepatocellular adenomas and peliosis hepatis
(blood-filled cavities) (but not focal nodular hyperplasia or
hepatocellular carcinoma); hepatocellular adenomas may
rarely cause rupture of the liver, hemorrhage, and death.
he risk of hepatocellular adenoma increases with higher
dosage, longer duration of use, and older age.
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Table 18–2. Commonly used low-dose oral contraceptives (listed within each group in order of increasing estrogen dose).

Nme progesin Esrogen (Ehinyl Esrdiol) Cos er Monh1

Combinion

Alesse2,3 0.1 mg levonorgestrel 20 mcg $35.20

Loestrin 1/202 1 mg norethindrone acetate 20 mcg $28.65

Mircette2 0.15 mg desogestrel 20 mcg $59.98

Yaz2 3 mg drospirenone 20 mcg $67.87

Loestrin 21 1.5/302 1.5 mg norethindrone acetate 30 mcg $26.67

Low Ogestrel2 0.3 mg norgestrel 30 mcg $30.52

Levora2 0.15 mg levonorgestrel 30 mcg $30.92

Desogen2 0.15 mg desogestrel 30 mcg $34.33

Yasmin2 3 mg drospirenone 30 mcg $76.72

Brevicon2, Modicon2 0.5 mg norethindrone 35 mcg $32.17

Demulen 1/352 1 mg ethynodiol diacetate 35 mcg $29.88

Ortho-Novum 1/352 1 mg norethindrone 35 mcg $29.47

Ortho-Cyclen2 0.25 mg norgestimate 35 mcg $32.23

Gildagia2 0.4 mg norethindrone 35 mcg $44.84

Combinion: Exended-Cycle

LoSeasonique (91-day
cycle)2

0.10 mg levonorgestrel (days 1–84)/0 mg levonorgestrel
(days 85–91)

20 mcg (84 days)/10 mcg
(7 days)

$88.53

Amethyst (28-day pack) 90 mcg levonorgestrel 20 mcg $59.40

Seasonique (91-day
cycle)2

0.15 mg levonorgestrel (days 1–84)/0 mg levonorgestrel
(days 85–91)

30 mcg (84 days)/10 mcg
(7 days)

$66.95

trihsic

Estrostep2 1 mg norethindrone acetate (days 1–5)
1 mg norethindrone acetate (days 6–12)
1 mg norethindrone acetate (days 13–21)

20 mcg
30 mcg
35 mcg

$141.81

Cyclessa2 0.1 mg desogestrel (days 1–7)
0.125 mg desogestrel (days 8–14)
0.15 mg desogestrel (days 15–21)

25 mcg $33.64

Tri-Lo-Estarylla 0.18 mg norgestimate (days 1–7)
0.215 mg norgestimate (days 8–14)
0.25 mg norgestimate (days 15–21)

25 mcg $61.56

Trivora2,3 0.05 mg levonorgestrel (days 1–6)
0.075 mg levonorgestrel (days 7–11)
0.125 mg levonorgestrel (days 12–21)

30 mcg
40 mcg
30 mcg

$27.48

Ortho-Novum 7/7/72,3 0.5 mg norethindrone (days 1–7)
0.75 mg norethindrone (days 8–14)
1 mg norethindrone (days 15–21)

35 mcg $32.17

Tri Estarylla2,3 0.18 mg norgestimate (days 1–7)
0.215 mg norgestimate (days 8–14)
0.25 mg norgestimate (days 15–21)

35 mcg $39.32

Tri-Norinyl2,3 0.5 mg norethindrone (days 1–7)
1 mg norethindrone (days 8–16)
0.5 mg norethindrone (days 17–21)

35 mcg $39.35

progesin-Only pill

Ortho Micronor2,3 0.35 mg norethindrone to be taken continuously None $39.54

Slynd 4 mg drospirenone (days 1–24) None $194.00

1Average wholesale price (AWP, for AB-rated generic when available) for quantity listed. Source: IBM Micromedex Redbook (electronic ver-
sion), IBM Watson Health, Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com (cited April 18, 2021). AWP may
not accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.
2Generic equivalent available.
3Multiple other brands available.
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e. Hypertension—Oral contraceptives may cause hyper-
tension in some women; the risk is increased with longer
duration of use and older age. Women in whom hyperten-
sion develops while using oral contraceptives should use
other non-estrogen–containing contraceptive methods.
However, with regular blood pressure monitoring, non-
smoking women with well-controlled mild hypertension
may use oral contraceptives.

f. Headache—Migraine or other vascular headaches may
occur or worsen with pill use. If severe or frequent head-
aches develop while using this method, it should be discon-
tinued. Women with migraine headaches with aura should
not use oral contraceptives due to the increased risk of
stroke.

g. Lactation—Combined oral contraceptives can impair
the quantity and quality of breast milk. While it is prefera-
ble to avoid the use of combination oral contraceptives
during lactation, the effects on milk quality are small and
are not associated with developmental abnormalities in
infants. Combination oral contraceptives should be started
no earlier than 6 weeks postpartum to allow for establish-
ment of lactation. Progestin-only pills, levonorgestrel
implants, and DMPA are alternatives with no adverse
effects on milk supply.

h. Obesity—Obese and overweight women have gener-
ally been excluded from oral contraceptive trials until
recently. Obesity is an independent risk factor for throm-
boembolic complications. However, it is important that
obese women are not denied effective contraception as a
result of concerns about oral contraceptive complications
or efficacy. Current evidence suggests that efficacy is

similar for overweight and obese women as for normal-
weight individuals.

i. Other disorders—Depression may occur or be wors-
ened with oral contraceptive use. Fluid retention may
occur. Patients who had cholestatic jaundice during preg-
nancy may develop it while taking birth control pills.

6. Minor side effects—Nausea and dizziness may occur in
the first few months of pill use. Spotting or breakthrough
bleeding between menstrual periods may occur; this may
be helped by switching to a pill of slightly greater estrogen
potency. Missed menstrual periods may occur, especially
with low-dose pills. A pregnancy test should be performed
if pills have been skipped or an expected menstrual period
is missed. Fatigue and decreased libido can occur. Chlo-
asma may occur, as in pregnancy, and is increased by expo-
sure to sunlight.

B. Progestin Minipill

1. Efficacy and methods of use—A formulation contain-
ing 0.35 mg of norethindrone alone is available in the
United States. he efficacy is similar to that of combined
oral contraceptives but is highly dependent on consistent
use (eg, taking the pill within the same 3-hour window
every day). A progestin-only pill containing drospirenone
was approved by the FDA in the United States in 2019, and
a desogestrel-only pill is available in several countries out-
side the United States. he minipill is believed to prevent
conception by causing thickening of the cervical mucus to
make it hostile to sperm, by causing alteration of ovum
transport (which may account for the slightly higher rate of
ectopic pregnancy with these pills), and by causing inhibi-
tion of implantation. Ovulation is inhibited inconsistently
with this method. he minipill is begun on the first day of
a menstrual cycle and then taken continuously for as long
as contraception is desired; there is no “placebo week.”

2. Advantages—he low dose of progestin and absence of
estrogen make the minipill safe for women with contraindi-
cations to estrogen therapy. Because estrogen may decrease
initial milk production during lactation, the progestin mini-
pill is an ideal choice for breastfeeding women. It also is
often tried by women who want minimal doses of hor-
mones and by patients who are over age 35. he minipill
lacks the cardiovascular side effects of combination pills.

3. Complications and contraindications—here are few
contraindications to the minipill (ie, malabsorptive disease,
current or past ischemic heart disease, and history of
stroke). Minipill users often have bleeding irregularities (eg,
prolonged flow, spotting, or amenorrhea); such patients
may need regular pregnancy tests if there is a concern about
contraceptive effectiveness. Many of the absolute contrain-
dications and relative contraindications listed in able 18–3
apply to the minipill; however, the contraceptive benefit of
the minipill may outweigh the risks for patients who smoke,
who are over age 35, or who have conditions such as super-
ficial or deep venous thrombosis or known thromboem-
bolic disorders or diabetes mellitus with vascular disease.
Minor side effects of combination oral contraceptives such
as mild headache may also occur with the minipill.

Table 18–3. Contraindications to use of combined hor-
monal contraceptives.

absolue conrindicions

Pregnancy

Thrombophlebitis or thromboembolic disorders

(past or present)

Stroke or coronary artery disease (past or present)

Cancer of the breast (known or suspected)

Undiagnosed abnormal vaginal bleeding

Estrogen-dependent cancer (known or suspected)

Hepatocellular adenoma (past or present)

Uncontrolled hypertension

Diabetes mellitus with vascular disease

Age ≥ 35 and smoking ≥ 15 cigarettes daily

Known thrombophilia

Migraine with aura

Active hepatitis

Surgery or orthopedic injury requiring prolonged immobilization

Relive conrindicions

Migraine without aura

Hypertension

Heart or kidney disease

Diabetes mellitus

Gallbladder disease

Cholestasis during pregnancy

Sickle cell disease (S/S or S/C type)

Lactation
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Bastianelli C et al. Pharmacodynamics of combined estrogen-
progestin oral contraceptives: 4. Effects on uterine and cervi-
cal epithelia. Expert Rev Clin Pharmacol. 2020;13:163.
[PMID: 31975619]

Bearak J et al. Global, regional, and subregional trends in unin-
tended pregnancy and its outcomes from 1990 to 2014: esti-
mates from a Bayesian hierarchical model. Lancet Glob
Health. 2018;6:e380. [PMID: 29519649]

Serfaty D. Update on contraceptive contraindications. J Gynecol
Obstet Hum Reprod. 2019;48:297. [PMID: 30796985]

Shufelt C et al. Hormonal contraception in women with hyper-
tension. JAMA. 2020;324:1451. [PMID: 32955577]

2. Conrceive Injecions & Imlns
(Long-acing progesins)

he injectable progestin depot-medroxyprogesterone ace-
tate (DMPA) is approved for contraceptive use in the United
States. here has been extensive worldwide experience with
this method over the past 3 decades. he medication is given
as a deep intramuscular injection of 150 mg every 3 months
and has a contraceptive efficacy of 99.7%. A subcutaneous
preparation, containing 104 mg of DMPA is also available in
the United States. Common side effects include irregular
bleeding, amenorrhea, weight gain, and headache. It is asso-
ciated with bone mineral loss that is reversible after discon-
tinuation of the method. Users commonly have irregular
bleeding initially and subsequently develop amenorrhea.
Ovulation may be delayed after its discontinuation. Contra-
indications are similar to those for the minipill.

A single-rod, subdermal progestin implant, etonogestrel
(Nexplanon), is approved for use in the United States. Nex-
planon is a 40-mm by 2-mm rod containing 68 mg of the
progestin etonogestrel that is inserted in the inner aspect of
the nondominant arm. It is approved for use for 3 years, but
data suggest it maintains effectiveness through 5 years. Hor-
mone levels drop rapidly after removal, and there is no delay
in the return of fertility. In clinical trials, the pregnancy rate
was 0.0% with 3 years of use. he side effect profile is similar
to the minipill and DMPA. Irregular bleeding has been the
most common reason for discontinuation.

American College of Obstetricians and Gynecologists. Practice
Bulletin No. 206: Use of hormonal contraception in women
with coexisting medical conditions. 2019;133:e128. [PMID:
30681544]

Bahamondes L et al. Long-acting reversible contraceptive
(LARCs) methods. Best Pract Res Clin Obstet Gynaecol.
2020;66:28. [PMID: 32014434]

Dianat S et al. Side effects and health benefits of depot medroxy-
progesterone acetate: a systematic review. Obstet Gynecol.
2019;133:332. [PMID: 30633132]

Espey E et al. Barriers and solutions to improve adolescent intra-
uterine device access. J Pediatr Adolesc Gynecol. 2019;32:S7.
[PMID: 31585618]

Horvath S et al. From uptake to access: a decade of learning from
ACOG LARC program. Am J Obstet Gynecol. 2020;222:S866.
[PMID: 31794720]

3. Oher Combined Hormonl Conrceives

A transdermal contraceptive patch containing norelge-
stromin (150 mcg) and ethinyl estradiol (20 mcg) and
measuring 20 cm2 is available. he patch is applied to the

lower abdomen, upper torso, or buttock once a week for 3
consecutive weeks, followed by 1 week without the patch. It
appears that the average steady-state concentration of ethinyl
estradiol with the patch is approximately 60% higher than
with a 35-mcg pill. However, there is currently no evidence
for an increased incidence of estrogen-related side effects.
he mechanism of action, side effects, and efficacy are simi-
lar to those associated with oral contraceptives, although
compliance may be better. However, discontinuation due to
side effects is more frequent.

A contraceptive vaginal ring that releases 120 mcg of
etonogestrel and 15 mcg of ethinyl estradiol daily (Nuva-ring)
is available. he ring is soft and flexible and is placed in the
upper vagina for 3 weeks, removed, and replaced 1 week later,
or can be removed and replaced after 4 weeks for continuous
cycling, similar to oral contraceptives. he 1-year reusable
segesterone acetate/ethinyl estradiol vaginal ring (Annovera)
was approved by the US FDA in 2018. he ring is worn for
3 weeks and removed for 1 week, and that pattern is repeated
for a total of 13 cycles. he efficacy, mechanism of action, and
systemic side effects of combined hormonal vaginal rings are
similar to those associated with oral contraceptives. Ring
users may experience increased vaginal discharge.

4. Inruerine Devices

In the United States, the following IUDs are available: the
levonorgestrel-releasing Mirena, Liletta, Kyleena, and Skyla
IUDs and the copper-bearing TCu380A (Paragard). he
mechanism of action of the copper IUD is thought to involve
either spermicidal or inhibitory effects on sperm capacitation
and transport. he levonorgestrel-containing IUDs also cause
thickening of cervical mucus, prevent endometrial thicken-
ing, and can inhibit ovulation. IUDs are not abortifacients.

Skyla is FDA approved for use for 3 years, Kyleena for
5 years, Mirena and Liletta for 6 years, and the Cu380A
for 10–12 years. hese hormone-containing IUDs have the
advantage of reducing cramping and menstrual flow.
Mirena is FDA approved for the treatment of heavy men-
strual bleeding.

he IUD is an excellent contraceptive method for most
women. he devices are highly effective, with failure rates
similar to those achieved with surgical sterilization. IUDs
may be used in nulliparous women and adolescents. Women
who are not in mutually monogamous relationships should
(also) use condoms for protection from sexually transmitted
diseases. Levonorgestrel-containing IUDs may have a pro-
tective effect against upper tract infection similar to that of
oral contraceptives.

A. Insertion

Insertion can be performed at any time during the menstrual
cycle if pregnancy can be reasonably excluded. here is
growing evidence to suggest that IUDs can be safely inserted
in the immediate postabortal and postpartum periods.

Both types of IUDs (levonorgestrel-releasing and cop-
per bearing) may be inserted up to 48 hours after vaginal
delivery, or prior to closure of the uterus at the time of
cesarean section. Insertion immediately following abortion
is acceptable if there is no sepsis and if follow-up insertion

CMDT22_Ch18_p0768-p0798.indd 782 29/06/21 8:41 PM



GYNECOLOGIC DISORDERS 783CMDT 2022

a month later will not be possible; otherwise, it is wise to
wait until 4 weeks postabortion. NSAIDs given as premedi-
cation may be helpful.

B. Contraindications and Complications

Contraindications to use of IUDs are outlined in able 18–4.

1. Pregnancy—A copper-containing IUD can be inserted
within 5 days following a single episode of unprotected
midcycle coitus as a postcoital contraceptive. An IUD
should not be inserted into a pregnant uterus. If pregnancy
occurs as an IUD failure, there is a greater chance of spon-
taneous abortion if the IUD is left in situ (50%) than if it is
removed (25%). Women using an IUD who become preg-
nant should have the IUD removed if the string is visible. It
can be removed at the time of abortion if that is desired. If
the string is not visible and the patient wants to continue
the pregnancy, she should be informed of the increased risk
of miscarriage, infection, preterm birth, and abruption. She
should be informed that any flu-like symptoms such as
fever, myalgia, headache, or nausea warrant immediate
medical attention for possible septic abortion.

Since the risk of ectopic pregnancy is increased in IUD
users who become pregnant with an IUD in situ, clinicians
should search for adnexal masses in early pregnancy and
should always check the products of conception for placen-
tal tissue following abortion.

2. Pelvic infection—here is an increased risk of pelvic
infection during the first month following insertion; how-
ever, prophylactic antibiotics are not recommended at the
time of insertion since they do not appear to decrease this
risk. he subsequent risk of pelvic infection appears to be
primarily related to the risk of acquiring sexually transmit-
ted infections. Infertility rates do not appear to be increased
among women who have previously used the currently
available IUDs. At the time of insertion, women with an
increased risk of sexually transmitted diseases should be
screened for gonorrhea and Chlamydia. Women with a his-
tory of recent or recurrent pelvic infection are not good
candidates for an IUD.

3. Heavy menstrual bleeding or severe dysmenorrhea—
he copper IUD can cause heavier menstrual periods,
bleeding between periods, and more cramping, so it is

generally not suitable for women who already suffer from
these problems. Alternatively, the hormone-releasing IUD
Mirena has been approved by the FDA to treat heavy men-
strual bleeding. NSAIDs are also helpful in decreasing
bleeding and pain in IUD users.

4. Complete or partial expulsion—Spontaneous expulsion
of the IUD occurs in up to 10% of women during the first
year of use. Any IUD should be removed if the body of the
device can be seen or felt in the cervical os.

5. Missing IUD strings—If the transcervical tail cannot be
seen, this may signify unnoticed expulsion, perforation of
the uterus with abdominal migration of the IUD, or simply
retraction of the string into the cervical canal or uterus
owing to movement of the IUD or uterine growth with
pregnancy. Once pregnancy is ruled out, the clinician may
probe for the IUD with sterile sound or forceps designed
for IUD removal. If the IUD cannot be detected, pelvic
ultrasound will demonstrate if the IUD is intrauterine.
Alternatively, obtain anteroposterior and lateral radio-
graphs of the pelvis to evaluate for an extrauterine IUD. If
the IUD is in the abdominal cavity, it should generally be
removed by laparoscopy or laparotomy. Perforations of the
uterus are less likely if insertion is performed slowly, with
meticulous care taken to follow directions applicable to
each type of IUD.

Averbach SH et al. Expulsion of intrauterine devices after post-
partum placement by timing of placement, delivery type, and
intrauterine device type: a systematic review and meta-
analysis. Am J Obstet Gynecol. 2020;223:177. [PMID: 32142826]

De Nadai MN et al. Intracervical block for levonorgestrel-
releasing intrauterine system placement among nulligravid
women: a randomized double-blind controlled trial. Am J
Obstet Gynecol. 2020;222:245. [PMID: 31541635]

Mazza D et al. Increasing long-acting reversible contraceptives:
the Australian Contraceptive ChOice pRoject (ACCORd)
cluster randomized trial. Am J Obstet Gynecol. 2020;222:S921.
[PMID: 31837291]

5. Dihrgm & Cervicl C

he diaphragm (with contraceptive jelly) is a safe and
effective contraceptive method with features that make it
acceptable to some women and not others. Failure rates
range from 6% to 16%, depending on the motivation of the
woman and the care with which the diaphragm is used.
he advantages of this method are that it has no systemic
side effects and gives significant protection against pelvic
infection and cervical dysplasia as well as pregnancy. he
disadvantages are that it must be inserted near the time of
coitus and that pressure from the rim predisposes some
women to cystitis after intercourse.

he cervical cap (with contraceptive jelly) is similar to
the diaphragm but fits snugly over the cervix only (the
diaphragm stretches from behind the cervix to behind the
pubic symphysis). he cervical cap is more difficult to
insert and remove than the diaphragm. he main advan-
tages are that it can be used by women who cannot be fitted
for a diaphragm because of a relaxed anterior vaginal wall
or by women who have discomfort with or in whom

Table 18–4. Contraindications to IUD use.

absolue conrindicions

Pregnancy

Acute or subacute pelvic inflammatory disease or purulent

cervicitis

Significant anatomic abnormality of uterus

Unexplained uterine bleeding

Wilson disease or copper allergy (copper IUD)

Breast cancer (levonorgestrel IUD)

Cervical, endometrial, or gestational trophoblastic neoplasia

Relive conrindicions

Active liver disease (levonorgestrel IUD)

Menorrhagia or severe dysmenorrhea (copper IUD)

IUD, intrauterine device.
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repeated bladder infections develop with the diaphragm.
However, failure rates are 9% (perfect use) and 16% (typi-
cal use) in nulliparous women and 26% (perfect use) and
32% (typical use) in parous women.

Because of the small risk of toxic shock syndrome, a
cervical cap or diaphragm should not be left in the vagina
for over 24 hours, nor should these devices be used during
the menstrual period.

6. Conrceive Fom, Crem, Film, Songe,
Jelly, & Suosiory

hese products are available without prescription, are easy
to use, and have typical failure rates of 10–22%. All contain
the spermicide nonoxynol-9, which also has some viricidal
and bactericidal activity. Nonoxynol-9 does not appear to
adversely affect the vaginal colonization of hydrogen per-
oxide–producing lactobacilli. he FDA requires products
containing nonoxynol-9 to include a warning that the
products do not protect against HIV or other sexually
transmitted diseases and that use of these products can
irritate the vagina and rectum and may increase the risk of
HIV acquisition from an infected partner. A different on-
demand vaginal contraceptive, a vaginal pH regulator gel
containing lactic acid–citric acid–potassium bitartrate
(commercial name Phexxi), was FDA approved for use in
the United States in 2020. he supporting clinical trial
estimated 27.5 pregnancies per 100 woman-years.

Phexxi—a nonhormonal contraceptive gel. Med Lett Drugs
her. 2020;62:129. [PMID: 32970042]

7. Condom

he male condom of latex, polyurethane or animal mem-
brane affords protection against pregnancy—equivalent to
that of a diaphragm and spermicidal jelly; latex and polyure-
thane (but not animal membrane) condoms also offer pro-
tection against many sexually transmitted diseases, including
HIV. When a spermicide, such as vaginal foam, is used with
the condom, perfect use failure rate is approximately 2% and
typical use, 15%. he disadvantages of condoms are dulling
of sensation and spillage of semen due to tearing, slipping,
or leakage with detumescence of the penis.

wo female condoms, one made of polyurethane and
the other of synthetic nitrile, are available in the United
States. he reported failure rates range from 5% to 21%; the
efficacy is comparable to that of the diaphragm. hese are
the only female-controlled method that offers significant
protection against both pregnancy and sexually transmit-
ted diseases.

Beksinska M et al. Male and female condoms: their key role in
pregnancy and SI/HIV prevention. Best Pract Res Clin
Obstet Gynaecol. 2020;66:55. [PMID: 32007451]

8. Conrceion Bsed on
awreness of Ferile periods

hese methods are most effective when the couple restricts
intercourse to the post-ovular phase of the cycle or uses a
barrier method at other times. Well-instructed, motivated

couples may be able to achieve low pregnancy rates with
fertility awareness methods. Examples of some of these
include monitoring cervical mucus changes, basal body
temperature fluctuations, and menstrual cycle calculations
to avoid having intercourse on fertile days. However, prop-
erly done randomized clinical trials comparing the efficacy
of most of these methods with other contraceptive meth-
ods do not exist.

9. Emergency Conrceion

Emergency contraception can be used to decrease the risk
of pregnancy after intercourse but before the establishment
of pregnancy. hese methods should be started as soon as
possible and within 120 hours after unprotected coitus: (1)
Levonorgestrel, 1.5 mg orally as a single dose (available in
the United States prepackaged as Plan B and available over-
the-counter [OC] for women aged 17 years and older),
has a 1–2% failure rate when taken within 72 hours. It
remains efficacious up to 120 hours after intercourse,
though less so compared with earlier use. (2) If the levo-
norgestrel regimen is not available, a combination oral
contraceptive containing ethinyl estradiol and levonorg-
estrel given twice in 12 hours may be used. At least 20
brands of pills may be used in this way. For specific dosages
and instructions for each pill brand, consult “not-2-late” at
http://ec.princeton.edu/. Used within 72 hours, the failure
rate of these regimens is approximately 3%, but antinausea
medication is often necessary. (3) Ulipristal acetate, a selec-
tive progesterone receptor modulator, taken orally as a
single 30 mg dose, has been shown to be more effective
than levonorgestrel, especially when used between 72 and
120 hours, particularly among overweight and obese
women. It is available by prescription in the United States
but was withdrawn from the market in the European
Union and Canada in 2020 due to rare reports of serious
drug-induced liver injury. Patients should wait 5 days after
taking ulipristal to start or restart a hormonal contracep-
tive method. (4) Copper IUD insertion within 5 days after
one episode of unprotected midcycle coitus will also pre-
vent pregnancy. Copper IUD use for emergency contracep-
tion is the most effective available method, with first cycle
pregnancy rates of 0.1%. All victims of sexual violence
should be offered emergency contraception.

Information on clinics or individual clinicians provid-
ing emergency contraception in the United States may be
obtained by calling 1-888-668-2528.

Goldstuck ND et al. he efficacy of intrauterine devices for emer-
gency contraception and beyond: a systemic review update. Int
J Womens Health. 2019;11:471. [PMID: 31686919]

Shen J et al. Interventions for emergency contraception. Cochrane
Database Syst Rev. 2019;1:CD001324. [PMID: 30661244]

Upadhya KK; Committee on Adolescence. Emergency contra-
ception. Pediatrics. 2019;144:e20193149. [PMID: 31740497]

10. Serilizion

In the United States, sterilization is the most popular
method of birth control for couples who want no more
children. Although sterilization is reversible in some
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instances, reversal surgery for both women and men is
costly, complicated, and not always successful. herefore,
patients should be counseled carefully before sterilization
and should view the procedure as permanent.

Female sterilization procedures include laparoscopic
bipolar electrocoagulation, salpingectomy, plastic ring
application on the uterine tubes, or minilaparotomy with
tubal resection. Salpingectomy may be preferred for the
added benefit of decreasing ovarian cancer risk. he
advantages of laparoscopy are minimal postoperative pain,
small incisions, and rapid recovery. he advantages of
minilaparotomy are that it can be performed with standard
surgical instruments under local or general anesthesia.
However, there is more postoperative pain and a longer
recovery period. he cumulative 10-year failure rate for all
methods combined is 1.85%, varying from 0.75% for post-
partum partial salpingectomy and laparoscopic unipolar
coagulation to 3.65% for spring clips; this fact should be
discussed with women preoperatively. Some studies have
found an increased risk of menstrual irregularities as a
long-term complication of tubal ligation, but findings in
different studies have been inconsistent. A method of
trans-cervical sterilization, Essure, involving placement of
an expanding nickel-titanium microcoil into the proximal
uterine tube under hysteroscopic guidance, was approved
by the FDA in 2002. However, as of 2018, Essure was no
longer marketed due to concerns related to complications
and side effects reported by users.

Male sterilization by vasectomy is a safe, simple proce-
dure in which the vas deferens is severed and sealed
through a scrotal incision under local anesthesia. Long-
term follow-up studies on vasectomized men show no
excess risk of cardiovascular disease. Despite past contro-
versy, there is no definite association of vasectomy with
prostate cancer.

» When to Refer

Refer to experienced clinicians for etonogestrel subdermal
(Nexplanon) insertion, IUD insertion, tubal occlusion or
ligation, therapeutic abortion, or vasectomy.

ACOG Practice Bulletin No. 208 Summary: Benefits and risks of
sterilization. Obstet Gynecol. 2019;133:592. [PMID: 30801465]

Mercier RJ et al. Expedited scheduling of interval tubal ligation: a
randomized controlled trial. Obstet Gynecol. 2019;134:1178.
[PMID: 31764727]

Zamorano AS et al. Postpartum salpingectomy: a procedure
whose time has come. Am J Obstet Gynecol. 2019;220:8.
[PMID: 30591122]

11. aborion

Since the legalization of abortion in the United States in
1973, the related maternal mortality rate has fallen mark-
edly because illegal and self-induced abortions have been
replaced by safer medical procedures. Abortions in the first
trimester of pregnancy are performed by vacuum aspira-
tion under local anesthesia or with medical regimens. Dila-
tion and evacuation, a variation of vacuum aspiration is
generally used in the second trimester. echniques utilizing

intra-amniotic instillation of hypertonic saline solution or
various prostaglandins regimens, along with medical or
osmotic dilators are occasionally used after 18 weeks. Sev-
eral medical abortion regimens using mifepristone and
multiple doses of misoprostol have been reported as being
effective in the second trimester. Overall, legal abortion in
the United States has a mortality rate of less than 1:100,000.
Rates of morbidity and mortality rise with length of gesta-
tion. In the United States, more than 60% of abortions are
performed before 9 weeks, and more than 90% are per-
formed before 13 weeks’ gestation; only 1.2% are per-
formed after 20 weeks. If abortion is chosen, every effort
should be made to encourage the patient to seek an early
procedure. In the United States, while numerous state laws
limiting access to abortion and a federal law banning a
rarely used variation of dilation and evacuation have been
enacted, abortion remains legal and available until fetal
viability (definition varies by state), under Roe v. Wade.

Complications resulting from abortion include
retained products of conception (often associated with
infection and heavy bleeding), uterine perforation, and
unrecognized ectopic pregnancy. Immediate analysis of
the removed tissue for placenta can exclude or corrobo-
rate the diagnosis of ectopic pregnancy. Women who have
fever, bleeding, or abdominal pain after abortion should
be examined; use of broad-spectrum antibiotics and
reaspiration of the uterus are frequently necessary. Hospi-
talization is advisable if postabortal endometritis requires
administration of intravenous antibiotics. Complications
following illegal abortion often need emergency care for
hemorrhage, septic shock, or uterine perforation.

Prophylactic antibiotics are recommended prior to
surgical abortion; for example, a single dose of doxycy-
cline 200 mg orally can be given 1 hour before the proce-
dure. Rh immune globulin should be given to all
Rh-negative women following abortion. Contraception
should be thoroughly discussed, and contraceptive supplies
or pills provided at the time of abortion. here is growing
evidence to support the safety and efficacy of immediate
postabortal insertion of IUDs.

Mifepristone (RU 486) is approved by the FDA as an
oral abortifacient at a dose of 200 mg orally on day 1, fol-
lowed by misoprostol 800 mcg buccally 24–48 hours later.
he WHO recommended regimen includes mifepristone
orally followed by misoprostol vaginally, sublingually, or
buccally. hese combinations are 93% successful in termi-
nating pregnancies of up to 70 days’ gestation with few
complications. here is a 5–10% risk of incomplete abor-
tion requiring curettage and approximately 1% risk of
requiring intervention for excessive bleeding. Overall, the
risk of uterine infection is lower with medical than with
surgical abortion.

Baiju N et al. Effectiveness, safety and acceptability of self-
assessment of the outcome of first-trimester medical abor-
tion: a systematic review and meta-analysis. BJOG. 2019;126:
1536. [PMID: 31471989]

Mark KS et al. Risk of complication during surgical abortion in
obese women. Am J Obstet Gynecol. 2018;218:238. [PMID:
29074080]
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Schmidt-Hansen M et al. Follow-up strategies to confirm the
success of medical abortion of pregnancies up to 10 weeks’
gestation: a systematic review with meta-analyses. Am J Obstet
Gynecol. 2020;222:551. [PMID: 31715147]

FEMALE SEXUAL DYSFUNCTION

» General Considerations

Female sexual dysfunction is a common problem. Depend-
ing on the questions asked, surveys have shown that from
35% to 98% of women report sexual concerns. Questions
related to sexual functioning should be asked as part of the
routine medical history. hree helpful questions to broach
the topic are “Are you currently involved in a sexual rela-
tionship?,” “With men, women, or both?,” and “Do you
have any sexual concerns or any pain with sex?” If the
woman is not involved in a sexual relationship, she should
be asked if there are any concerns that are contributing to
a lack of sexual behavior. If a history of sexual dysfunction
is elicited, a complete history of factors that may affect
sexual function should be taken. hese factors include her
reproductive history (including pregnancies and mode of
delivery) as well as history of infertility, sexually transmit-
ted infection, rape or sexual violence, gynecologic or uro-
logic disorders, endocrine abnormalities (such as diabetes
mellitus or thyroid disease), neurologic problems, cardio-
vascular disease, psychiatric disease, and current prescrip-
tion and over-the-counter medication use. A detailed
history of the specific sexual dysfunction should be elic-
ited, and a gynecologic examination should focus on find-
ings that may contribute to sexual complaints.

» Etiology

A. Disorders of Sexual Desire

Sexual desire in women is a complex and poorly under-
stood phenomenon. Emotion is a key factor. Relationship
conflict, fear or anxiety related to previous sexual encoun-
ters, or history of sexual abuse or violence may contribute
to a lack of desire. Physical factors such as chronic illness,
fatigue, depression, and specific medical disorders (such as
diabetes mellitus, thyroid disease, or adrenal insufficiency)
may also contribute. Menopause and attitudes toward aging
may play a role. In addition, sexual desire may be influenced
by other sexual dysfunction, such as arousal disorders,
dyspareunia, or anorgasmia.

B. Sexual Arousal Disorders

Sexual arousal disorders may be both subjective and objec-
tive. Sexual stimulation normally leads to genital vasocon-
gestion and lubrication. Some women may have a
physiologic response to sexual stimuli but may not subjec-
tively feel aroused because of factors such as distractions;
negative expectations; anxiety; fatigue; depression; or med-
ications, such as SSRIs or oral contraceptives. Other
women with vaginal atrophy may lack both a subjective
and physiologic response to sexual stimuli.

C. Orgasmic Disorders

In spite of subjective and physiologic arousal, women may
experience a marked delay in orgasm, diminished sensa-
tion of an orgasm, or anorgasmia. he etiology of orgasmic
disorders is complex and typically multifactorial, but the
cause of a particular patient’s orgasmic disorder is usually
amenable to treatment.

D. Sexual Pain Disorders

Dyspareunia (female sexual pain) is defined as recurrent
or persistent genital pain that is provoked by sexual contact.
Vulvodynia is a frequent cause of dyspareunia in premeno-
pausal women. It is defined as vulvar pain of at least
3 months’ duration without an identifiable cause. he dis-
comfort may be experienced as either constant or intermit-
tent, focal or diffuse, and spontaneous or provoked. here
are generally no physical findings, except a subset of
patients may have vulvar erythema.

Vaginismus is defined as recurrent or persistent invol-
untary spasm of the musculature of the lower third of the
vagina that interferes with sexual intercourse, resulting
from fear, pain, sexual violence, or a negative attitude
toward sex, and causing marked distress or interpersonal
difficulty. Other medical causes of sexual pain may include
vulvovaginitis; vulvar disease, including lichen planus,
lichen sclerosus, and lichen simplex chronicus; and pelvic
disease, such as endometriosis or chronic PID; or vaginal
atrophy.

» Treatment

A. Disorders of Sexual Desire

In the absence of specific medical disorders, arousal or
orgasmic disorders or dyspareunia, the focus of therapy
is psychological. Cognitive behavioral therapy, sexual
therapy, and couples therapy may all play a role. Success
with pharmacologic therapy, particularly the use of
dopamine agonists or testosterone with estrogen, has
been reported, but data from large long-term clinical tri-
als are lacking.

B. Sexual Arousal Disorders

As with disorders of sexual desire, arousal disorders may
respond to psychological therapy. he phosphodiesterase
inhibitors used in men do not appear to benefit the major-
ity of women with sexual arousal disorders. However, there
is some evidence to suggest a role for sildenafil in women
with sexual dysfunction due to multiple sclerosis, type 1
diabetes mellitus, spinal cord injury, and antidepressant
medications if other established approaches fail.

Flibanserin (Addyi), an antidepressant, was approved
by the FDA in August 2015 as an effective treatment of
hypoactive sexual desire disorder in premenopausal
women; however, it must be used long term to be effective
and has significant risks that require specific certifications
of providers and pharmacies for dispensation to patients in
the United States. While this medication remains available,
it is not commonly prescribed.
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C. Orgasmic Disorders

For many women, counseling or sex therapy may be ade-
quate treatment. here is an FDA-cleared vacuum device
that increases clitoral blood flow and may improve the
likelihood of orgasm.

D. Sexual Pain Disorders

Specific medical disorders, such as endometriosis, vul-
vovaginitis, vulvar dermatoses, or vaginal atrophy,
should be treated as outlined in other sections of this
chapter.

Vaginismus may be treated initially with sexual coun-
seling and education on anatomy and sexual functioning.
he patient can be instructed in self-dilation, using a
lubricated finger or dilators of graduated sizes. Before
coitus (with adequate lubrication) is attempted, the
patient—and then her partner—should be able to easily
and painlessly introduce two fingers into the vagina. Pen-
etration should never be forced, and the woman should
always be the one to control the depth of insertion during
dilation or intercourse. Injection of botulinum toxin has
been used successfully in refractory cases.

Since the cause of vulvodynia is unknown, manage-
ment is difficult. Few treatment approaches have been
subjected to methodologically rigorous trials. A variety of
topical agents have been tried, although only topical anes-
thetics (eg, estrogen cream and a compounded mixture of
topical amitriptyline 2% and baclofen 2% in a water wash-
able base) have been useful in relieving vulvodynia. Useful
oral medications include tricyclic antidepressants, such as
amitriptyline in gradually increasing doses from 10 mg/day
to 75–100 mg/day; various SSRIs; and anticonvulsants,
such as gabapentin, starting at 300 mg three times daily
and increasing to 1200 mg three times daily. Biofeedback
and physical therapy, with a physical therapist experienced
with the treatment of vulvar pain, have been shown to be
helpful. Surgery—usually consisting of vestibulectomy—
has been useful for women with introital dyspareunia. See
also Chapter e6.

» When to Refer

• When symptoms or concerns persist despite first-line
therapy.

• For expertise in surgical procedures.

Clayton AH et al. Female sexual dysfunction. Med Clin North
Am. 2019;103:681. [PMID: 31078200]

Kingsberg SA et al. Bremelanotide for the treatment of hypoac-
tive sexual desire disorder: two randomized phase 3 trials.
Obstet Gynecol. 2019;134:899. [PMID: 31599840]

Kingsberg SA et al. Female sexual dysfunction—medical and
psychological treatments, Committee 14. J Sex Med. 2017;
14:1463. [PMID: 29198504]

Rogers RG et al. An International Urogynecological Association
(IUGA)/International Continence Society (ICS) joint report
on the terminology for the assessment of sexual health of
women with pelvic floor dysfunction. Int Urogynecol J.
2018;29:647. [PMID: 29577166]

SEXUAL VIOLENCE

E S S E N T I A L S  O F  D I A G N O S I S

» The legal definition of rape varies by state and
geographic location. The term “sexual violence” is
used by the CDC and will be used in this discus-
sion. It can be committed by a stranger, but more
commonly the assailant is known to the victim,
including a current or former partner or spouse (a
form of intimate partner violence [IPV]).

» All victims of sexual violence should be offered
emergency contraception.

» The large number of individuals affected, the enor-
mous health care costs, and the need for a multi-
disciplinary approach make sexual violence and
IPV important health care issues.

» Knowledge of state laws and collection of evi-
dence requirements are essential for clinicians
evaluating possible victims of sexual violence,
including IPV.

» General Considerations

Rape, or sexual assault, is legally defined in different ways
in various jurisdictions. Clinicians and emergency depart-
ment personnel who deal with victims of sexual violence
should be familiar with the laws pertaining to sexual
assault in their own state. From a medical and psychologi-
cal viewpoint, it is essential that persons treating victims of
sexual violence recognize the nonconsensual and violent
nature of the crime. About 95% of reported victims of
sexual violence are women. Each year in the United States,
4.8 million incidents of physical or sexual assault are
reported by women. Penetration may be vaginal, anal, or
oral and may be by the penis, hand, or a foreign object. he
assailant may be unknown to the victim or, more fre-
quently, may be an acquaintance or even the spouse.

“Unlawful sexual intercourse,” or statutory rape, is
intercourse with a female before the age of majority even
with her consent.

Health care providers can have a significant impact in
increasing the reporting of sexual violence and in identify-
ing resources for the victims. he International Rescue
Committee has developed a multimedia training tool to
encourage competent, compassionate, and confidential
clinical care for sexual violence survivors in low-resource
settings. hey have studied this intervention in over 100
health care providers and found that knowledge increased
from 49% to 62% (P < 0.001) and confidence from 58% to
73% (P < 0.001) in clinical care for sexual violence survi-
vors following training. here was also a documented
increase in eligible survivors receiving emergency contra-
ception from 50% to 82% (P < 0.01), HIV postexposure
prophylaxis from 42% to 92% (P < 0.001), and sexually
transmitted infection prophylaxis and treatment from 45%
to 96% (P < 0.01). his training encourages providers to
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offer care in the areas of pregnancy and sexually transmit-
ted infection prevention as well as assistance for psycho-
logical trauma.

Because sexual violence is a personal crisis, each patient
will react differently, but anxiety disorders and posttrau-
matic stress disorder (PSD) are common sequelae. he
rape trauma syndrome comprises two principal phases. (1)
Immediate or acute: shaking, sobbing, and restless activity
may last from a few days to a few weeks. he patient may
experience anger, guilt, or shame or may repress these emo-
tions. Reactions vary depending on the victim’s personality
and the circumstances of the attack. (2) Late or chronic:
problems related to the attack may develop weeks or
months later. Sexual violence survivors are at increased risk
for developing several psychological and behavioral adverse
effects, including PSD, sleep disturbances, anxiety, depres-
sion, suicide attempt, and medication misuse.

Clinicians and emergency department personnel who
deal with victims of sexual violence should work with com-
munity rape crisis centers or other sources of ongoing
psychological support and counseling.

» Examination

he clinician who first sees the alleged victim of sexual
violence should be empathetic and prepared with appro-
priate evidence collection and treatment materials. Stan-
dardized information and training, such as the program
created by the International Rescue Committee, can be a
helpful resource to the providers caring for these patients.
Many emergency departments have a protocol for sexual
violence victims and personnel who are trained in inter-
viewing and examining victims of sexual violence.

» Treatment

1. Give analgesics or sedatives if indicated. Administer teta-
nus toxoid if deep lacerations contain soil or dirt particles.

2. Give ceftriaxone, 250 mg intramuscularly, plus azithro-
mycin, 1 g orally, to prevent gonorrhea and chlamydia.
In addition, give metronidazole, 2 g orally, as a single
dose to treat trichomoniasis. Incubating syphilis will
probably be prevented by these medications, but the
VDRL test should be repeated 6 weeks after the assault.

3. Prevent pregnancy by using one of the methods dis-
cussed under Emergency Contraception.

4. Vaccinate against hepatitis B.

5. Offer HIV prophylaxis (see Chapter 31).

6. Because women who are sexually assaulted are at
increased risk for long-term psychological sequelae,
such as PSD and anxiety disorders, it is critical that
the patient and her family and friends have a source of
ongoing counseling and psychological support.

» When to Refer

All women who seek care for sexual assault should be
referred to a facility that has expertise in the management
of victims of sexual violence and is qualified to perform
expert forensic examination, if requested.

Adams JA et al. Interpretation of medical findings in suspected
child sexual abuse: an update for 2018. J Pediatr Adolesc
Gynecol. 2018;31:225. [PMID: 29294380]

American College of Obstetricians and Gynecologists. ACOG
Committee Opinion No. 777: Sexual assault. Obstet Gynecol.
2019;133:e296. [PMID: 30913202]

Pastor-Moreno G et al. Intimate partner violence during preg-
nancy and risk of fetal and neonatal death: a meta-analysis
with socioeconomic context indicators. Am J Obstet Gynecol.
2020;222:123. [PMID: 31394067]

BARTHOLIN DUCT CYSTS & ABSCESSES

rauma or infection may involve the Bartholin duct, caus-
ing obstruction of the gland. Drainage of secretions is
obstructed, leading to pain, swelling, and abscess forma-
tion (Figure 18–1).

he principal symptoms are periodic painful swelling
on either side of the introitus and dyspareunia. A fluctuant
swelling, usually 1–4 cm in diameter lateral to either
labium minus, is a sign of occlusion of a Bartholin duct.
enderness is suggestive of active infection.

Purulent drainage or secretions from the gland should
be tested for gonorrhea, Chlamydia, and other pathogens,
and treated accordingly (see Chapter 33); frequent warm
sitz baths may be helpful. Abscesses or cysts that are symp-
tomatic should undergo incision and drainage with addi-
tional efforts to keep the drainage tract open (eg, Word
catheter or marsupialization). Marsupialization should be
considered for recurrence. Antibiotics are unnecessary
unless cellulitis is present. In women under 40 years of age,
asymptomatic cysts do not require therapy; in women over
age 40, biopsy or removal should be considered to rule out
vulvar carcinoma.

» When to Refer

When surgical therapy (marsupialization) is indicated.

Dole DM et al. Management of Bartholin duct cysts and gland
abscesses. J Midwifery Womens Health. 2019;64:337. [PMID:
30734519]

Omole F et al. Bartholin duct cyst and gland abscess: office man-
agement. Am Fam Physician. 2019;99:760. [PMID: 31194482]

▲ Figure 18–1. Bartholin cyst (abscess). The Bartholin
gland is located in the lower two-thirds of the introitus.
(From Susan Lindsley, Public Health Image Library, CDC.)
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VAGINITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Vaginal irritation.

» Pruritus.

» Abnormal or malodorous discharge.

» General Considerations

Inflammation and infection of the vagina are common gyne-
cologic complaints, resulting from a variety of pathogens,
allergic reactions to vaginal contraceptives or other prod-
ucts, vaginal atrophy, or friction during coitus. he normal
vaginal pH is 4.5 or less, and Lactobacillus is the predomi-
nant organism. Normal secretions during the middle of the
cycle, or during pregnancy, can be confused with vaginitis.

» Clinical Findings

When the patient complains of vaginal irritation, pain, pru-
ritus or unusual or malodorous discharge, a history should
be taken, noting the onset, location, duration, and charac-
terization of symptoms including triggers and alleviating
factors. Additional history should include the LMP; recent
sexual activity; use of contraceptives, tampons, or douches;
and recent changes in medications or use of antibiotics. he
physical examination should include careful inspection of
the vulva and speculum examination of the vagina and cer-
vix. A vaginal, cervical, or urine sample can be obtained for
detection of gonococcus and Chlamydia, if clinically indi-
cated. Evaluation for yeast, bacterial vaginosis, and tricho-
monas should be performed. he vaginal pH should be
tested; it is frequently greater than 4.5 in infections due to
trichomonads and bacterial vaginosis. A bimanual examina-
tion to look for evidence of pelvic infection, namely cervical
motion, uterine, or adnexal tenderness, should follow.
Point-of-care testing is available for all three main organ-
isms that cause vaginitis and can be used if microscopy is
not available or for confirmatory testing of microscopy.

A. Vulvovaginal Candidiasis

Pregnancy, diabetes mellitus, and use of broad-spectrum
antibiotics or corticosteroids predispose patients to Can-
dida infections. Heat, moisture, and occlusive clothing also
contribute to the risk. Pruritus, vulvovaginal erythema,
and a white curd-like discharge that is not malodorous are
found (Figure 18–2). Microscopic examination with 10%
potassium hydroxide reveals hyphae and spores. A swab
for cultures or for PCR testing may be performed if Can-
dida is suspected but not demonstrated.

B. Trichomonas vaginalis Vaginitis

his sexually transmitted protozoal flagellate infects the
vagina, Skene ducts, and lower urinary tract in women and
the lower genitourinary tract in men. Pruritus and a mal-
odorous frothy, yellow-green discharge occur, along with
diffuse vaginal erythema and red macular lesions on the
cervix in severe cases (“strawberry cervix,” Figure 18–3).

Motile organisms with flagella seen by microscopic exami-
nation of a wet mount with saline solution is confirmatory
but is identified in only 60–70% of cases. Nucleic acid
amplification tests are highly sensitive and specific to iden-
tify T vaginalis. Other commercially available rapid diag-
nostic tests (eg, Affirm VP III and OSOM Trichomonas
Rapid est) have high sensitivity.

C. Bacterial Vaginosis

Bacterial vaginosis is a polymicrobial disease that is not
considered a sexually transmitted infection, but sexual
activity is a risk factor. An overgrowth of Gardnerella and

▲ Figure 18–2. Cervical candidiasis. (Public Health
Image Library, CDC.)

▲ Figure 18–3. Strawberry cervix in Trichomonas vagina-

lis infection, with inflammation and punctate hemor-
rhages. (Used, with permission, from Richard P. Usatine, MD,
in Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley HS. The
Color Atlas and Synopsis of Family Medicine, 3rd ed.
McGraw-Hill, 2019.)
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other anaerobes is often associated with increased malodor-
ous discharge without obvious vulvitis or vaginitis. he
discharge is grayish and sometimes frothy, with a pH of
5.0–5.5. An amine-like (“fishy”) odor is present if a drop of
discharge is alkalinized with 10% potassium hydroxide. On
wet mount in saline, epithelial cells are covered with bacte-
ria to such an extent that cell borders are obscured (clue
cells, Figure 18–4). Vaginal cultures are generally not useful
in diagnosis; however, molecular testing is available.

» Treatment

A. Vulvovaginal Candidiasis

A variety of topical and oral regimens are available to treat
vulvovaginal candidiasis. Women with uncomplicated vulvo-
vaginal candidiasis will usually respond to a 1- to 3-day regi-
men of a topical azole or a one-time dose of oral fluconazole
150 mg. Women with complicated infection (including four
or more episodes in 1 year [recurrent vulvovaginal candidiasis],
severe signs and symptoms, non-albicans species, uncon-
trolled diabetes mellitus, HIV infection, corticosteroid treat-
ment, or pregnancy) should receive 7–14 days of a topical
regimen or two doses of oral fluconazole 3 days apart. In
recurrent non-albicans infections, boric acid 600 mg in a
gelatin capsule intravaginally once daily for 2 weeks is approx-
imately 70% effective. If recurrence occurs, referral to a gyne-
cologist or an infectious disease specialist is indicated.

1. Single-dose regimens—Effective single-dose regimens
include miconazole (1200-mg vaginal suppository), tio-
conazole (6.5% cream, 5 g vaginally), sustained-release
butoconazole (2% cream, 5 g vaginally), or fluconazole
(150-mg oral tablet).

2. Three-day regimens—Effective 3-day regimens include
butoconazole (2% cream, 5 g vaginally once daily), clotrim-
azole (2% cream, 5 g vaginally once daily), terconazole
(0.8% cream, 5 g, or 80-mg vaginal suppository once daily),
or miconazole (200-mg vaginal suppository once daily).

3. Seven-day regimens—he following regimens are
given once daily: clotrimazole (1% cream), miconazole (2%
cream, 5 g, or 100-mg vaginal suppository), or terconazole
(0.4% cream, 5 g).

4. Recurrent vulvovaginal candidiasis maintenance
therapy—Clotrimazole (500-mg vaginal suppository
once weekly or 200 mg cream twice weekly) or fluconazole
(100, 150, or 200 mg orally once weekly) is an effective
regimen for maintenance therapy for up to 6 months.

B. Trichomonas vaginalis Vaginitis

reatment of both partners simultaneously is recom-
mended; metronidazole or tinidazole, 2 g orally as a single
dose or 500 mg orally twice a day for 7 days, is usually used.

In the case of treatment failure with metronidazole in
the absence of reexposure, the patient should be re-treated
with metronidazole, 500 mg orally twice a day for 7 days,
or tinidazole, 2 g orally as a single dose. If treatment failure
occurs again, give metronidazole or tinidazole, 2 g orally
once daily for 5 days. If this is not effective in eradicating
the organisms, metronidazole and tinidazole susceptibility
testing can be arranged with the Centers for Disease Control
and Prevention (CDC) at 404-718-4141 or at https://www.
cdc.gov/std. Women infected with T vaginalis are at
increased risk for concurrent infection with other sexually
transmitted diseases (SDs) and should be offered com-
prehensive SD testing.

C. Bacterial Vaginosis

he recommended regimens are metronidazole (500 mg
orally, twice daily for 7 days), clindamycin vaginal cream
(2%, 5 g, once daily for 7 days), or metronidazole gel
(0.75%, 5 g, twice daily for 5 days). Alternative regimens
include clindamycin (300 mg orally twice daily for 7 days),
clindamycin ovules (100 g intravaginally at bedtime for
3 days), tinidazole (2 g orally once daily for 3 days), or tini-
dazole (1 g orally once daily for 7 days). he National SD
Curriculum offers a helpful training module to clinicians to
review current recommendations for treatment of vaginitis
(https://www.std.uw.edu/custom/self-study/vaginitis).

American College of Obstetricians and Gynecologists. ACOG
Practice Bulletin No. 215: Vaginitis in nonpregnant patient.
Obstet Gynecol. 2020;135:e1. [PMID: 31856123]

Giovanini AF et al. Bacterial vaginosis and desquamative
inflammatory vaginitis. N Engl J Med. 2019;380:1088.
[PMID: 30865815]

Neal CM et al. Noncandidal vaginitis: a comprehensive approach
to diagnosis and management. Am J Obstet Gynecol. 2020;
222:114. [PMID: 31513780]

PELVIC INFLAMMATORY DISEASE
(Salpingitis, Endometritis)

E S S E N T I A L S  O F  D I A G N O S I S

» Lower abdominal or pelvic pain.

» Uterine, adnexal, or cervical motion tenderness.

» Absence of a competing diagnosis.

▲ Figure 18–4. Clue cells seen in bacterial vaginosis
due to Gardnerella vaginalis. (Used, with permission, from
Richard P. Usatine, MD, in Usatine RP, Smith MA, Mayeaux
EJ Jr, Chumley HS. The Color Atlas and Synopsis of Family
Medicine, 3rd ed. McGraw-Hill, 2019.)
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» General Considerations

Pelvic inflammatory disease (PID) is a polymicrobial
infection of the upper genital tract associated with the
sexually transmitted organisms Neisseria gonorrhoeae and
Chlamydia trachomatis as well as endogenous organisms,
including anaerobes, Haemophilus influenzae, enteric
gram-negative rods, and streptococci. It is most common
in young, nulliparous, sexually active women with multiple
partners and is a leading cause of infertility and ectopic
pregnancy. he use of barrier methods of contraception
may provide significant protection.

» Clinical Findings

A. Symptoms and Signs

Patients with PID most commonly present with lower
abdominal pain. Additional complaints may include AUB
and abnormal vaginal discharge. Systemic features such as
fever typically indicate more severe disease, including pel-
vic abscess. Right upper quadrant pain may indicate an
associated perihepatitis (Fitz-Hugh-Curtis syndrome).
Diagnosis of PID is complicated by the fact that many
women may have subtle or mild symptoms that are not
readily recognized as PID, such as postcoital bleeding, uri-
nary frequency, or low back pain.

B. Minimum Diagnostic Criteria

PID is diagnosed clinically. Women with cervical motion,
uterine, or adnexal tenderness meet diagnostic criteria for PID
and should be treated with antibiotics unless there is a compet-
ing diagnosis, such as ectopic pregnancy or appendicitis.

C. Additional Criteria

No single historical, physical, or laboratory finding is
definitive for acute PID. he following criteria may be used
to enhance the specificity of the diagnosis: (1) oral tem-
perature higher than 38.3°C, (2) abnormal cervical or vagi-
nal discharge with white cells on saline microscopy (greater
than 1 leukocyte per epithelial cell), (3) elevated erythro-
cyte sedimentation rate, (4) elevated C-reactive protein,
and (5) laboratory documentation of cervical infection
with N gonorrhoeae or C trachomatis. esting for gonor-
rhea and chlamydia should be performed routinely, but
treatment should not be delayed while awaiting results.

» Differential Diagnosis

Appendicitis, ectopic pregnancy, septic abortion, hemor-
rhagic or ruptured ovarian cysts or tumors, torsion of an
ovarian cyst, degeneration of a myoma, and acute enteritis
must be considered. PID is more likely to occur when there
is a prior history of PID, recent sexual contact, recent onset
of menses, recent insertion of an IUD, or recent intercourse
with a partner who has a sexually transmitted infection.
Acute PID is highly unlikely when recent (within 60 days)
intercourse has not taken place. A sensitive serum preg-
nancy test should be obtained to rule out ectopic preg-
nancy. Pelvic ultrasonography is helpful to rule out
tubo-ovarian abscess. Laparoscopy should be considered

when imaging is not informative and the patient has not
responded to outpatient treatment for PID or has not
improved after 72 hours of inpatient treatment; it should
also be considered when an acutely ill patient has a high
suspicion of a competing diagnosis requiring surgical
intervention (eg, appendicitis). he appendix should be
visualized at laparoscopy to rule out appendicitis. Cultures
should be obtained at laparoscopy.

» Treatment

A. Antibiotics

Early treatment with appropriate antibiotics effective against
N gonorrhoeae, C trachomatis, and the endogenous organ-
isms listed above is essential to prevent long-term sequelae.
he sexual partner should be treated appropriately. Most
women with mild to moderate disease can be treated suc-
cessfully as an outpatient. he recommended outpatient
regimen is ceftriaxone (250 mg intramuscularly) plus doxy-
cycline (100 mg orally twice a day for 14 days) or a single
dose of cefoxitin (2 g intramuscularly) with probenecid (1 g
orally) plus doxycycline (100 mg orally twice daily for
14 days). Metronidazole 500 mg orally twice daily for
14 days may also be added to either of these two regimens
and will also treat bacterial vaginosis that is frequently asso-
ciated with PID. For patients with severe disease or those
who meet criteria for hospitalization, there are two recom-
mended regimens. One regimen includes either cefotetan, 2 g
intravenously every 12 hours, or cefoxitin, 2 g intravenously
every 6 hours, plus doxycycline, 100 mg orally or intrave-
nously every 12 hours. he other recommended regimen is
clindamycin, 900 mg intravenously every 8 hours, plus gen-
tamicin, a loading dose of 2 mg/kg intravenously or intra-
muscularly followed by a maintenance dose of 1.5 mg/kg
every 8 hours (or as a single daily dose, 3–5 mg/kg). hese
regimens should be continued for a minimum of 24 hours
after the patient shows significant clinical improvement.
hen, an oral regimen should be given for a total course of
antibiotics of 14 days with either doxycycline, 100 mg orally
twice a day, or clindamycin, 450 mg orally four times a day.
If a tubo-ovarian abscess is present, clindamycin or metro-
nidazole should be used with doxycycline to complete the
14-day treatment for better anaerobic coverage.

B. Surgical Measures

ubo-ovarian abscesses may require surgical excision or
transcutaneous or transvaginal aspiration. Unless rupture
is suspected, institute high-dose antibiotic therapy in the
hospital, and monitor therapy with ultrasound. In 70% of
cases, antibiotics are effective; in 30%, there is inadequate
response in 48–72 hours, and surgical intervention is required.
Unilateral adnexectomy is acceptable for unilateral abscess.
Hysterectomy and bilateral salpingo-oophorectomy may
be necessary for overwhelming infection or in cases of
chronic disease with intractable pelvic pain.

» Prognosis

In spite of treatment, long-term sequelae, including
repeated episodes of infection, chronic pelvic pain,
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dyspareunia, ectopic pregnancy, or infertility, develop in
one-fourth of women with acute disease. he risk of infer-
tility increases with repeated episodes of salpingitis: it is
estimated at 10% after the first episode, 25% after a second
episode, and 50% after a third episode.

» When to Admit

he following patients with acute PID should be admitted
for intravenous antibiotic therapy:

• he patient has a tubo-ovarian abscess (direct inpatient
observation for at least 24 hours before switching to
outpatient parenteral therapy).

• he patient is pregnant.

• he patient is unable to follow or tolerate an outpatient
regimen.

• he patient has not responded clinically to outpatient
therapy within 72 hours.

• he patient has severe illness, nausea and vomiting, or
high fever.

• Another surgical emergency, such as appendicitis, can-
not be ruled out.

Curry A et al. Pelvic inflammatory disease: diagnosis, manage-
ment and prevention. Am Fam Physician. 2019;100:357.
[PMID: 31524362]

Ross J et al. 2017 European guideline for the management of
pelvic inflammatory disease. Int J SD AIDS. 2018;29:108.
[PMID: 29198181]

US Preventive Services ask Force; Krist AH et al. Behavioral
counseling interventions to prevent sexually transmitted
infections: US Preventive Services ask Force Recommenda-
tion Statement. JAMA. 2020;324:674. [PMID: 32809008]

CONDYLOMA ACUMINATA

Warty growths on the vulva, perianal area, vaginal walls, or
cervix are caused by various types of the human papilloma-
virus (HPV). Pregnancy and immunosuppression favor
growth. Ninety percent of genital warts are caused by HPV
6 and 11. With increasing use of the HPV vaccine in the
United States, the prevalence of HPV types 6, 11, 16 and 18
decreased from 11.5% in 2003–2006 to 4.3% in 2009–2012
among girls aged 14–19 years, and from 18.5% to 12.1% in
women aged 20–24 years. Vulvar lesions may be obviously
wart-like or may be diagnosed only after application of 4%
acetic acid (vinegar) and colposcopy, when they appear
whitish, with prominent papillae. Vaginal lesions may
show diffuse hypertrophy or a cobblestone appearance.

Recommended treatments for vulvar warts include
podophyllum resin 10–25% in tincture of benzoin (do not
use during pregnancy or on bleeding lesions) or 80–90%
trichloroacetic or bichloroacetic acid, carefully applied to
avoid the surrounding skin. he pain of bichloroacetic or
trichloroacetic acid application can be lessened by a
sodium bicarbonate paste applied immediately after treat-
ment. Podophyllum resin must be washed off after
2–4 hours. Freezing with liquid nitrogen or a cryoprobe and
electrocautery are also effective. Patient-applied regimens,

useful when the entire lesion is accessible to the patient,
include podofilox 0.5% solution or gel, imiquimod 5%
cream, or sinecatechins 15% ointment. Vaginal warts may
be treated with cryotherapy with liquid nitrogen or trichlo-
roacetic acid. Extensive warts may require treatment with
CO

2
laser, electrocautery, or excision under local or general

anesthesia.

Grennan D. JAMA patient page. Genital warts. JAMA.
2019;321:520. [PMID: 30721297]

Meites E et al. Human papillomavirus vaccination for adults:
updated recommendations of the Advisory Committee on
Immunization Practices. MMWR Morb Mortal Wkly Rep.
2019;68:698. [PMID: 31415491]

CERVICAL INTRAEPITHELIAL NEOPLASIA
(CIN) (Dysplasia of the Cervix)

E S S E N T I A L S  O F  D I A G N O S I S

» The presumptive diagnosis is made by an abnor-
mal Papanicolaou smear.

» Diagnose by colposcopically directed biopsy.

» General Considerations

he squamocolumnar junction of the cervix is an area of
active squamous cell proliferation. In childhood, this junc-
tion is located on the exposed vaginal portion of the cervix.
At puberty, because of hormonal influence and possibly
because of changes in the vaginal pH, the squamous mar-
gin begins to encroach on the single-layered, mucus-
secreting epithelium, creating an area of metaplasia
(transformation zone). Infection with HPV (see Preven-
tion, below) may lead to cellular abnormalities, which over
time may develop into squamous cell dysplasia or cancer.
here are varying degrees of dysplasia (able 18–5),
defined by the degree of cellular atypia; all atypia must be
observed and treated if persistent or worsening.

Table 18–5. Classification systems for Papanicolaou
smears.

Dyslsi CIN Behesd Sysem

Benign Benign Normal

Benign with

inflammation

Benign with

inflammation

Normal, ASC-US

Mild dysplasia CIN I Low-grade SIL

Moderate dysplasia CIN II High-grade SIL

Severe dysplasia CIN III High-grade SIL

Carcinoma in situ — —

Invasive cancer Invasive cancer Invasive cancer

ASC-US, atypical squamous cells of undetermined significance; CIN,

cervical intraepithelial neoplasia; SIL, squamous intraepithelial lesion.
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» Clinical Findings

here are no specific symptoms or signs of CIN. he pre-
sumptive diagnosis is made by cytologic screening of an
asymptomatic population with no grossly visible cervical
changes. All visible abnormal cervical lesions should be
biopsied (Figure 18–5).

» Screening & Diagnosis

A. Cytologic Examination Papanicolaou Smear

In immunocompetent women, cervical cancer screening
should begin at age 21. he recommendation to start
screening at age 21 years regardless of the age of onset of
sexual intercourse is based on the very low incidence of
cancer in younger women and the potential for adverse
effects associated with treatment of young women with
abnormal cytology screening results. In contrast to the
high rate of infection with HPV in sexually active adoles-
cents, invasive cervical cancer is very rare in women
younger than age 21 years. he US Preventive Services
ask Force (USPSF) 2018 statement recommends screen-
ing for cervical cancer in women aged 21 to 65 years as
follows: for women aged 21 to 29 years, screening with
cytology (conventional [Papanicolaou smear] or liquid
based) alone every 3 years; and for women aged 30 to
65 years, screening with cytology alone every 3 years, with
high-risk HPV testing alone every 5 years, or with a com-
bination of cytology and high-risk HPV testing (cotesting)
every 5 years. hese recommendations apply to women
who have a cervix, regardless of their sexual history or
HPV vaccination status. hey do not apply to women who
have previously been diagnosed with cervical cancer or a
high-grade precancerous cervical lesion (ie, CIN grade II
or III) or to women with immune compromise (eg, living
with HIV) or with in utero exposure to diethylstilbestrol;
such women may require more frequent screening.

he USPSF recommends against screening for cervical
cancer for women younger than age 21 years, for women
older than age 65 years who have had adequate prior
screening and are not otherwise at high risk for cervical

cancer, and for women who have had a hysterectomy with
removal of the cervix and who have no history of cervical
cancer or a high-grade precancerous lesion.

he goal of screening is to identify high-grade precan-
cerous cervical lesions to prevent their progression to cervi-
cal cancer. hese high-grade cervical lesions may be treated
with excisional and ablative therapies. Screening and man-
agement guidelines are continually undergoing evaluation
and change frequently. For the most current guidelines,
please consult these sources: https://www.uspreventiveser-
vicestaskforce.org/Page/Document/RecommendationState-
mentFinal/cervical-cancer-screening (August 2018) and
https://www.asccp.org/guidelines (April 2019).

Cytologic reports from the laboratory may describe find-
ings in one of several ways (see able 18–5). he Bethesda
System uses the terminology “atypical squamous cells of
unknown significance” (ASC-US) and “squamous intraepi-
thelial lesions,” either low-grade (LSIL) or high-grade (HSIL).
HPV DNA testing can be used adjunctively as a triage test to
stratify risk in women age 21 years and older with a cytologic
diagnosis of ASC-US and in postmenopausal women with a
cytologic diagnosis of ASC-US or LSIL.

B. Colposcopy

Women with ASC-US and a negative HPV screening may be
followed up in 1 year for a repeat Papanicolaou smear and
HPV co-testing. If the HPV screen is positive, colposcopy is
indicated. If HPV screening is unavailable, repeat cytology
may be done at 12 months. Women between ages 21–24 with
LSIL should have repeat Papanicolaou smear in 1 year.
Women age 25 and older with SIL or atypical glandular
cells should undergo colposcopy. Viewing the cervix with
10–20 × magnification allows for assessment of the size and
margins of an abnormal transformation zone and determi-
nation of extension into the endocervical canal. he applica-
tion of 3–5% acetic acid (vinegar) dissolves mucus, and the
acid’s desiccating action sharpens the contrast between nor-
mal and actively proliferating squamous epithelium. Abnor-
mal changes include white patches and vascular atypia,
which indicate areas of greatest cellular activity.

C. Biopsy

Colposcopically directed biopsy and endocervical curettage are
office procedures. Data from both cervical biopsy and endo-
cervical curettage are important in deciding on treatment.

» Prevention

Cervical infection with the HPV is associated with virtually
all cervical dysplasias and cancers. here are over 100 rec-
ognized HPV subtypes. ypes 6 and 11 tend to cause geni-
tal warts and mild dysplasia and rarely progress to cervical
cancer; types 16, 18, 31, and others cause higher-grade
dysplasia. he HPV 9-valent (Gardasil-9) recombinant
vaccine (9vHPV) is indicated for the prevention of cervi-
cal, vaginal, and vulvar cancers (in women) and anal can-
cers (in women and men) caused by HPV types 16, 18, 31,
33, 45, 52, and 58; genital warts (in women and men)
caused by HPV types 6 and 11; and precancerous/dysplas-
tic lesions of cervix, vagina, vulva (in women), and anus (in

▲ Figure 18–5. Erosion of the cervix due to cervical
intraepithelial neoplasia (CIN), a precursor lesion to cer-
vical cancer. (Public Health Image Library, CDC.)
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women and men) caused by HPV types 6, 11, 16, 18, 31, 33,
45, 52, and 58. Gardasil-9 is recommended for vaccination
of females and males ages 9-45 years old. he earlier HPV
4-valent vaccine known as Gardasil that was indicated for
prevention of diseases related to HPV types 6, 11, 16, and
18 has been discontinued in the United States. he use of
HPV vaccination in the United States continues to increase;
however, the HPV vaccination continues to lag far behind
other vaccines recommended for adolescents. In 2018, 51%
of adolescents were up to date with the three-dose HPV
vaccine series compared with 48% in 2017.

Because complete coverage of all carcinogenic HPV
types is not provided by either vaccine, all women need to
have regular cervical cancer screening as outlined above. In
addition to vaccination, preventive measures include limit-
ing the number of sexual partners and thus exposure to
HPV, using a condom for coitus, and smoking cessation
and avoiding exposure to secondhand smoke.

» Treatment

reatment varies depending on the degree and extent of
CIN. Biopsies should precede treatment, except in cases of
HSIL where it may be appropriate to proceed directly to a LEEP.

A. Cryosurgery

he use of freezing (cryosurgery) is effective for noninva-
sive small lesions visible on the cervix without endocervi-
cal extension.

B. CO
2

Laser

his well-controlled method minimizes tissue destruction.
It is colposcopically directed and requires special training.
It may be used with large visible lesions and involves vapor-
ization of the transformation zone on the cervix and the
distal 5–7 mm of endocervical canal.

C. Loop Excision

When the CIN is clearly visible in its entirety, a wire loop
can be used for excisional biopsy. his office procedure,
called LEEP (loop electrosurgical excision procedure),
done with local anesthesia is quick and straightforward.
Cutting and hemostasis are achieved with a low-voltage
electrosurgical machine.

D. Conization of the Cervix

Conization is surgical removal of the entire transformation
zone and endocervical canal. It is reserved for cases of
severe dysplasia (CIN III) or carcinoma in situ, particularly
those with endocervical extension. It can be performed with
scalpel, CO

2
laser, needle electrode, or large-loop excision.

» Follow-Up

Because recurrence is possible—especially in the first
2 years after treatment—and because the false-negative rate
of a single cervical cytologic test is 20%, close follow-up
after colposcopy and biopsy is imperative. Following exci-
sional or ablative procedure, HPV-based testing should be
performed at 6 months and then annually for 3 years

followed by HPV-based testing every 3 years for at least 25
years. Colposcopy and endocervical sampling should be
performed for any abnormality.

he American Society for Colposcopy and Cervical
Pathology Guidelines for cervical cancer screening and
management of abnormal Papanicolaou smears are avail-
able online (https://www.asccp.org/guidelines).

» When to Refer

• Patients with CIN II/III should be referred to an expe-
rienced colposcopist.

• Patients requiring conization biopsy should be referred
to a gynecologist.
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CARCINOMA OF THE CERVIX

E S S E N T I A L S  O F  D I A G N O S I S

» Increased risk in women who smoke and those
with HIV or high-risk HPV types.

» Gross lesions should be evaluated by colposcopi-
cally directed biopsies and not cytology alone.

» General Considerations

Cervical cancer is the third most common cancer in the
world and the leading cause of cancer death among
women in developing countries. It is considered a sexually
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transmitted disease as both squamous cell and adenocarci-
noma of the cervix are secondary to infection with HPV,
primarily types 16 and 18. Women infected with HIV and
other forms of immunosuppression are at an increased risk
for high-risk HPV infection and CIN. Smoking appears to
be a cofactor for squamous cell carcinoma (SCC). SCC
accounts for approximately 80% of cervical cancers, while
adenocarcinoma accounts for 15%, and adenosquamous
carcinoma for 3–5%; neuroendocrine or small cell carcino-
mas are rare.

SCC appears first in the intraepithelial layers (the
preinvasive stage, or carcinoma in situ). Preinvasive cancer
(CIN III) is most commonly diagnosed in women
25–35 years of age. wo to 10 years are required for carci-
noma to penetrate the basement membrane and become
invasive. While cervical cancer mortality has declined
steadily in the United States due to high rates of screening
and improved treatment, the rate of decline has slowed in
recent years. In general, Black women experienced much
higher incidence and mortality than White women. he
5-year survival rate ranges from 73% for stage II cervical
cancer to less than 20% for stage IV.

» Clinical Findings

A. Symptoms and Signs

Early cervical cancer is often asymptomatic. he most
common signs are irregular or heavy bleeding and postco-
ital spotting. Bladder and rectal dysfunction or fistulas and
pain are late symptoms.

B. Cervical Biopsy and Endocervical
Curettage or Conization

hese procedures are necessary steps after a positive Papa-
nicolaou smear to determine the extent and depth of inva-
sion of the cancer. Even if the smear is positive, definitive
diagnosis must be established through biopsy before addi-
tional treatment is given.

C. “Staging” or Estimate of Gross Spread
of Cancer of the Cervix

Staging of invasive cervical cancer is achieved by clinical
evaluation, usually conducted under anesthesia. Further
examinations, such as ultrasonography, C, MRI, lym-
phangiography, laparoscopy, and fine-needle aspiration,
are valuable for treatment planning.

» Complications

Metastases to regional lymph nodes occur with increasing
frequency from stage I to stage IV. Paracervical extension
occurs in all directions from the cervix. he ureters may
become obstructed lateral to the cervix, causing hydroure-
ter and hydronephrosis and consequently impaired kidney
function. Almost two-thirds of patients with untreated
carcinoma of the cervix die of uremia when ureteral
obstruction is bilateral. Pain in the back, in the distribution
of the lumbosacral plexus, is often indicative of neurologic
involvement. Gross edema of the legs may be indicative of
vascular and lymphatic stasis due to tumor. Vaginal fistulas

to the rectum and urinary tract are severe late complica-
tions. Hemorrhage is the cause of death in 10–20% of
patients with extensive invasive carcinoma.

» Prevention

Vaccination with the recombinant 9-valent HPV vaccine
(Gardasil-9) can prevent cervical cancer by targeting the
HPV types that pose the greatest risk as well as protect
against low-grade and precancerous lesions caused by
other HPV types (see Cervical Intraepithelial Neoplasia).

» Treatment

A. Emergency Measures

Vaginal hemorrhage originates from gross ulceration and
cavitation in later stage cervical carcinoma. Ligation and
suturing of the cervix are usually not feasible, but emergent
vaginal packing, cautery, tranexamic acid, and irradiation
are helpful to stop bleeding temporarily. Ligation, resec-
tion, or embolization of the uterine or hypogastric arteries
may be lifesaving when other measures fail.

B. Specific Measures

1. Carcinoma in situ stage 0—In women for whom child-
bearing is not a consideration, total hysterectomy is the
definitive treatment. In women who wish to retain the
uterus, acceptable alternatives include cryosurgery, laser
surgery, LEEP, or cervical conization. HPV-based testing
should be repeated at 6 months and then annually for
3 years followed by HPV-based testing every 3 years for at
least 25 years.

2. Invasive carcinoma—Microinvasive carcinoma (stage
IA1) is treated with simple, extrafascial hysterectomy.
Stages IA2 and IB1 cancers are typically treated with modi-
fied radical hysterectomy and pelvic lymphadenectomy.
Women with stage IB1 may be candidates for fertility-
sparing surgery, which includes radical trachelectomy and
lymph node dissection with preservation of the uterus and
ovaries. Women with IB2 cancers typically undergo radical
hysterectomy and pelvic lymphadenectomy. Adjuvant che-
motherapy or radiation may be used for women with risk
factors for recurrence. Women with locally advanced dis-
ease (stage IB3 to IVA) usually are treated with primary
chemoradiation. Metastatic disease (stage IVB) typically is
treated with chemotherapy.

» Prognosis

he overall 5-year relative survival rate for carcinoma of
the cervix is 68% in White women and 55% in Black
women in the United States. Survival rates are inversely
proportionate to the stage of cancer: stage 0, 99–100%;
stage IA, more than 94%; stage IB–IIA, 73–90%; stage IIB,
65%; stage III, 40%; and stage IV, less than 20%.

» When to Refer

All patients with invasive cervical carcinoma (stage IA or
higher) should be referred to a gynecologic oncologist.
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CARCINOMA OF THE ENDOMETRIUM

E S S E N T I A L S  O F  D I A G N O S I S

» AUB is the presenting sign in 90% of cases.

» After a negative pregnancy test, endometrial
tissue is required to confirm the diagnosis.

» General Considerations

Adenocarcinoma of the endometrium is the most common
cancer of the female genital tract in developed countries. It
occurs most often in women 50–70 years of age. Obesity, nul-
liparity, diabetes mellitus, polycystic ovaries with prolonged
anovulation, unopposed estrogen therapy, and the extended
use of tamoxifen for the treatment of breast cancer are risk fac-
tors. Women with a family history of colon cancer (hereditary
nonpolyposis colorectal cancer, Lynch syndrome) are at signifi-
cantly increased risk, with a lifetime incidence as high as 30%.

Abnormal bleeding is the presenting sign in 90% of
cases. Any postmenopausal bleeding requires investiga-
tion. Pain generally occurs late in the disease, with metas-
tases or infection.

Papanicolaou smear of the cervix occasionally shows
atypical endometrial cells but is an insensitive diagnostic
tool. Endocervical and endometrial sampling is the only
reliable means of diagnosis and is important to differenti-
ate endometrial cancer from hyperplasia, which often can
be treated hormonally. Simultaneous hysteroscopy can be a
valuable addition in order to localize polyps or other
lesions within the uterine cavity. Pelvic ultrasonography
may be used to determine the thickness of the endome-
trium as an indication of hypertrophy and possible neo-
plastic change. he finding of a thin endometrial lining on
ultrasound (4 mm or less) in a postmenopausal woman is
clinically reassuring in cases where very little tissue is
obtainable through endometrial biopsy.

» Prevention

Prompt endometrial sampling for patients who report
abnormal menstrual bleeding or postmenopausal uterine
bleeding will reveal many incipient as well as clinical cases
of endometrial cancer. Younger women with chronic

anovulation are at risk for endometrial hyperplasia and
subsequent endometrial cancer; they can significantly
reduce the risk of hyperplasia with the use of oral contra-
ceptives, cyclic progestin therapy, or a levonorgestrel IUD.

» Staging

Staging and prognosis are based on surgical and pathologic
evaluation only. Examination under anesthesia, endome-
trial and endocervical sampling, chest radiography, intra-
venous urography, cystoscopy, sigmoidoscopy, transvaginal
sonography, and MRI will help determine the extent of the
disease and its appropriate treatment.

» Treatment

reatment consists of total hysterectomy and bilateral sal-
pingo-oophorectomy. Peritoneal washings for cytologic
examination are routinely taken and lymph node sampling
may be done. Women with high-risk endometrial cancer
(serous adenocarcinoma, clear cell carcinoma, grade 3
deeply invasive endometrioid carcinoma, and stages III/IV
disease) are generally treated with surgery followed by
chemotherapy and/or radiation therapy.

» Prognosis

With early diagnosis and treatment, the overall 5-year sur-
vival for stage I disease is 80–90%. With stage I disease, the
depth of myometrial invasion is the strongest predictor of
survival, with a 90% 5-year survival with less than 50% depth
of invasion and 80% survival with 50% or more invasion.
Survival rates decrease with increasing stage of disease.

» When to Refer

All patients with endometrial carcinoma should be referred
to a gynecologic oncologist.

McDonald ME et al. Endometrial cancer: obesity, genetics and
targeted agents. Obstet Gynecol Clin North Am. 2019;46:89.
[PMID: 30683268]

Passarello K et al. Endometrial cancer: an overview of patho-
physiology, management and care. Semin Oncol Nurs.
2019;35:157. [PMID: 30867105]

CARCINOMA OF THE VULVA

E S S E N T I A L S  O F  D I A G N O S I S

» Two independent pathways for development:
HPV or chronic inflammation.

» History of prolonged vulvar irritation, with pruri-
tus, local discomfort, or slight bloody discharge.

» Early lesions may suggest or include non-neoplastic
epithelial disorders.

» Late lesions appear as a mass, an exophytic
growth, or a firm, ulcerated area in the vulva.

» Biopsy is necessary for diagnosis.
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» General Considerations

he majority of cancers of the vulva are squamous lesions
that classically have occurred in women over 50 years of
age. Vulvar low-grade squamous intraepithelial lesions
(LSIL) are benign and do not require intervention. Vulvar
high-grade squamous intraepithelial lesions (HSIL) and
differentiated vulvar intraepithelial neoplasia (dVIN) are
premalignant conditions. Vulvar HSIL (VIN usual type) is
associated with HPV, while dVIN is associated with vulvar
dermatoses, eg, lichens sclerosus. About 70–90% of prema-
lignant lesions are vulvar HSIL, but HSIL is the precursor
for only 20% of vulvar cancers, while dVIN is the precursor
for approximately 80% of vulvar cancers. Given that high
percentages of HSIL and vulvar cancers are HPV-related,
immunization with the HPV vaccine is beneficial to reduce
the risk of HPV-related vulvar disease.

» Differential Diagnosis

Other vulvar lesions must be considered. Vulvar intraepi-
thelial neoplasia may resemble vulvar cancer and must be
distinguished by histology. Benign vulvar disorders that
must be excluded in the diagnosis of carcinoma of the vulva
include inflammatory vulvar dermatoses (psoriasis, lichen
sclerosus, lichen planus), chronic granulomatous lesions
(eg, lymphogranuloma venereum, syphilis), condylomas,
epidermal inclusion cysts, hidradenomas, or neurofibro-
mas. Lichen sclerosus and other associated leukoplakic
changes in the skin should be biopsied. he likelihood that
a superimposed vulvar cancer will develop in a woman with
a non-neoplastic epithelial disorder is very low (1–5%).

» Diagnosis

Biopsy is essential for the diagnosis of VIN and vulvar
cancer and should be performed with any localized atypi-
cal vulvar lesion, including white patches and hyperpig-
mented lesions. Multiple skin-punch specimens can be
taken in the office under local anesthesia, with care to
include tissue from the edges of each lesion sampled. Col-
poscopy of vulva, vagina, and cervix can help in identifying
areas for biopsy and in planning further treatment.

» Staging

Vulvar cancer generally spreads by direct extension into
the vagina, urethra, perineum, and anus, with discontinu-
ous spread into the inguinal and femoral lymph nodes.
Staging is based on a combined clinical and surgical/patho-
logic system.

» Treatment

Invasive carcinoma confined to the vulva without evidence
of spread to adjacent organs or to the regional lymph nodes
is treated with wide local excision and inguinal lymphade-
nectomy or wide local excision alone if invasion is less than
1 mm. o avoid the morbidity of inguinal lymphadenec-
tomy, some guidelines recommend sentinel lymph node
sampling for women with early-stage vulvar cancer.

Patients with more advanced disease may receive preopera-
tive radiation, chemotherapy, or both.

» Prognosis

Vulvar squamous cell carcinomas seldom metastasize.
With adequate excision, the prognosis is excellent. Patients
with invasive vulvar SCC 2 cm in diameter or less, without
inguinal lymph node metastases, have an 85–90% 5-year
survival rate. If the lesion is larger than 2 cm and lymph
node involvement is present, the likelihood of 5-year sur-
vival is approximately 40%.

» When to Refer

All patients with invasive vulvar carcinoma should be
referred to a gynecologic oncologist.

Gadducci A et al. Locally advanced squamous cell carcinoma of
the vulva: a challenging question for gynecologic oncologists.
Gynecol Oncol. 2020;158:208. [PMID: 32460996]

Morrison J et al. British Gynaecological Cancer Society (BGCS)
vulval cancer guidelines: recommendations for practice. Eur J
Obstet Gynecol Reprod Biol. 2020;252:502. [PMID: 32620514]

Singh N et al. Vulval squamous cell carcinoma and its precursors.
Histopathology. 2020;76:128. [PMID: 31846523]

an A et al. Diagnosis and management of vulvar cancer: a
review. J Am Acad Dermatol. 2019;81:1387. [PMID: 31349045]

OVARIAN CANCER & OVARIAN TUMORS

E S S E N T I A L S  O F  D I A G N O S I S

» Symptoms include vague gastrointestinal discom-
fort, pelvic pressure, or pain.

» Many cases of early-stage cancer are asymptomatic.

» Pelvic examination and ultrasound are mainstays
of diagnosis.

» General Considerations

Ovarian tumors are common. Most are benign, but malig-
nant ovarian tumors are the leading cause of death from
gynecologic cancer. he wide range of types and patterns
of ovarian tumors is due to the complexity of ovarian
embryology and differences in tissues of origin.

In women with no family history of ovarian cancer, the
lifetime risk is 1.6%, whereas a woman with one affected
first-degree relative has a 5% lifetime risk. Ultrasound or
tumor marker screening for women with one or no affected
first-degree relatives has not been shown to reduce mortal-
ity from ovarian cancer, and the risks associated with
unnecessary prophylactic surgical procedures outweigh the
benefits in low-risk women. With two or more affected
first-degree relatives, the risk is 7%. Approximately 3% of
women with two or more affected first-degree relatives will
have a hereditary ovarian cancer syndrome with a life-
time risk of 40%. Women with a BRCA1 gene mutation
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have a 45% lifetime risk of ovarian cancer and those with a
BRCA2 mutation, a 25% risk. Consideration should be
given to screening with transvaginal sonography and
serum CA 125 testing, starting at age 30–35 years for
women with BRCA1 or age 35–40 for women with BRCA2
or 5–10 years earlier than the earliest age that ovarian can-
cer was first diagnosed in any family member. Of note, this
screening regimen has not been shown to reduce mortality;
thus, prophylactic oophorectomy should be considered at
conclusion of childbearing.

» Clinical Findings

A. Symptoms and Signs

Most women with both benign and malignant ovarian
neoplasms are either asymptomatic or experience only
mild nonspecific gastrointestinal symptoms or pelvic pres-
sure. Women with advanced malignant disease may expe-
rience abdominal pain and bloating, and a palpable
abdominal mass with ascites is often present.

B. Laboratory Findings

Serum CA 125 is elevated in 80% of women with epithelial
ovarian cancer overall but in only 50% of women with early
disease. However, CA 125 may be elevated in premeno-
pausal women with benign disease (such as endometrio-
sis), minimizing its usefulness in ovarian cancer screening.
In premenopausal women with ovarian masses, other
tumor markers (such as human chorionic gonadotropin
[hCG], lactate dehydrogenase, or alpha-fetoprotein) may
be indicators of the tumor type.

C. Imaging

ransvaginal sonography is useful for screening high-risk
women but has inadequate sensitivity for screening low-
risk women. Ultrasound is helpful in differentiating ovar-
ian masses that are benign and likely to resolve
spontaneously from those with malignant potential. Color
Doppler imaging may further enhance the specificity of
ultrasound diagnosis.

» Differential Diagnosis

Once an ovarian mass has been detected, it must be cat-
egorized as functional, benign neoplastic, or potentially
malignant. Predictive factors include age, size of the
mass, ultrasound configuration, serum CA 125 level, the
presence of symptoms, and whether the mass is unilat-
eral or bilateral. Simple cysts up to 10 cm in diameter are
almost universally benign in both premenopausal and

postmenopausal patients. Most will resolve spontaneously
and may be monitored without intervention. If the mass is
larger or unchanged on repeat transvaginal sonography, or
if symptomatic, surgical evaluation is warranted.

» Treatment

If a malignant ovarian mass is suspected, surgical evalua-
tion should be performed by a gynecologic oncologist.
For benign neoplasms, tumor excision or unilateral
oophorectomy is usually performed. For ovarian cancer in
an early stage, the standard therapy is complete surgical
staging including hysterectomy and bilateral salpingo-
oophorectomy with omentectomy and selective lymphad-
enectomy. With more advanced disease, aggressive removal
of all visible tumor improves survival. Except for women
with low-grade ovarian cancer in an early stage, postopera-
tive chemotherapy is indicated (see able 39–3). Several
chemotherapy regimens are effective, such as the combina-
tion of cisplatin or carboplatin with paclitaxel, with clinical
response rates of up to 60–70%.

» Prognosis

Advanced disease is diagnosed in approximately 75% of
women with ovarian cancer. he overall 5-year survival is
approximately 17% with distant metastases but is 89% with
early stage disease.

» When to Refer

If a malignant mass is suspected, surgical evaluation should
be performed by a gynecologic oncologist.

Centers for Disease Control and Prevention (CDC). Ovarian
cancer screening. 2021. https://www.cdc.gov/cancer/ovarian/
basic_info/screening.htm

Fujiwara K et al. Landscape of systemic therapy for ovarian can-
cer in 2019: primary therapy. Cancer. 2019;125:4582. [PMID:
31967679]

González-Martín A et al. Immunotherapy with checkpoint
inhibitors in patients with ovarian cancer: still promising?
Cancer. 2019;125:4616. [PMID: 31967676]

Lee JM et al. New strategies in ovarian cancer treatment. Cancer.
2019;125:4623. [PMID: 31967682]

Pignata S et al. reatment of recurrent epithelial ovarian cancer.
Cancer. 2019;125:4609. [PMID: 31967680]

Sehouli J et al. Surgery in recurrent ovarian cancer. Cancer.
2019;125:4598. [PMID: 31967681]

US Preventive Services ask Force; Grossman DC et al. Screening
for ovarian cancer: US Preventive Services ask Force
Recommendation Statement. JAMA. 2018;319:588. [PMID:
29450531]
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DIAGNOSIS OF PREGNANCY

It is advantageous to diagnose pregnancy as promptly as
possible when a sexually active woman misses a menstrual
period or has symptoms suggestive of pregnancy. Prenatal
care can begin early for a desired pregnancy, and poten-
tially harmful medications and activities such as drug and
alcohol use, smoking, and occupational chemical exposure
can be eliminated. In the event of an unwanted pregnancy,
counseling about options can be provided at an early stage.

» Pregnancy Tests

All urine or blood pregnancy tests rely on the detection of
human chorionic gonadotropin (hCG) produced by the
placenta. Levels increase shortly after implantation,
approximately double every 48 hours (this rise can range
from 30% to 100% in normal pregnancies), reach a peak at
50–75 days, and fall to lower levels in the second and third
trimesters. Pregnancy tests are performed on serum or
urine and are accurate at the time of the missed period or
shortly after it.

Compared with intrauterine pregnancies, ectopic preg-
nancies may show lower levels of hCG that plateau or fall
in serial determinations. Quantitative assays of hCG
repeated at 48-hour intervals are used in the diagnosis of
ectopic pregnancy as well as in cases of molar pregnancy
and early pregnancy loss. Comparison of hCG levels
between laboratories may be misleading in a given patient
because different international standards may produce
results that vary by as much as twofold. Consistent follow
up is necessary to make the correct diagnosis and manage-
ment plan. Pregnancy of unknown location is a term used
to describe a situation where a woman has a positive preg-
nancy test, but the location and viability of the pregnancy
are not known because it is not seen on transvaginal
ultrasound.

» Manifestations of Pregnancy

The following symptoms and signs are usually due to preg-
nancy, but none are diagnostic. A record of the time and
frequency of coitus is helpful for diagnosing and dating a
pregnancy.

A. Symptoms

Amenorrhea, nausea and vomiting, breast tenderness and
tingling, urinary frequency and urgency, “quickening”
(perception of first movement noted at about the 18th
week), weight gain.

B. Signs in Weeks From Last Menstrual Period

Breast changes (enlargement, vascular engorgement, colos-
trum) begin very early in pregnancy and continue until the
postpartum period. Cyanosis of the vagina and cervical
portio and softening of the cervix occur in about the 7th
week. Softening of the cervicouterine junction takes place
in the 8th week, and generalized enlargement and diffuse
softening of the corpus occurs after the 8th week. When a
woman’s abdomen will start to enlarge depends on her
body habitus but typically starts in the 16th week.

The uterine fundus is palpable above the pubic symphy-
sis by 12–15 weeks from the last menstrual period and
reaches the umbilicus by 20–22 weeks. Fetal heart tones
can be heard by Doppler at 10–12 weeks of gestation.

» Differential Diagnosis

The nonpregnant uterus enlarged by myomas can be con-
fused with the gravid uterus, but it is usually very firm and
irregular. An ovarian tumor may be found midline, dis-
placing the nonpregnant uterus to the side or posteriorly.
Ultrasonography and a pregnancy test will provide accu-
rate diagnosis in these circumstances.

ESSENTIALS OF PRENATAL CARE

Prenatal visits should begin as early as possible after the diag-
nosis of pregnancy. The initial visit should include a history,
physical examination, advice to the patient, and appropriate
tests and procedures (see CMDT Online at AccessMedicine.
com for a discussion of routine prenatal care).

A. Medications

Only medications prescribed or authorized by the obstetric
provider should be taken since certain medications are
contraindicated during pregnancy (Table 19–1).

19Vanessa L. Rogers, MD

Scott W. Roberts, MD
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Disorders

CMDT22_Ch19_p0799-p0824.indd 799 29/06/21 8:42 PM



Chapter 19800 CMDT 2022

B. Alcohol and Other Drugs

Patients should be encouraged to abstain from alcohol,
tobacco, and all recreational (“street”) drugs. No safe level of
alcohol intake has been established for pregnancy. Fetal effects
are manifest in the fetal alcohol syndrome, which includes
growth restriction; facial, skeletal, and cardiac abnormalities;
and serious central nervous system dysfunction.

Cigarette smoking results in fetal exposure to carbon
monoxide and nicotine, which may eventuate to adverse
pregnancy outcomes. An increased risk of placental abrup-
tion (abruptio placentae), placenta previa, and premature
rupture of the membranes is documented among women
who smoke. Preterm delivery, low birth weight, and ectopic
pregnancy are also more likely among smokers. Women
who smoke should quit smoking or at least reduce the
number of cigarettes smoked per day to as few as possible.
Clinicians should ask all pregnant women about their
smoking history and offer smoking cessation counseling
during pregnancy, since women are more motivated to
change at this time. Pregnant women should also avoid
exposure to environmental smoke (“passive smoking”),
smokeless tobacco, and e-cigarettes. Pharmacotherapy for
smoking cessation has been used with mixed results. Stud-
ies of buproprion and nicotine replacement systems are
inadequate to properly weigh risks and benefits, and pro-
longed cessation from smoking has not been proven.

Sometimes compounding the above effects on preg-
nancy outcome are the independent adverse effects of illicit
drugs. Cocaine use in pregnancy is associated with an
increased risk of premature rupture of membranes, pre-
term delivery, placental abruption, intrauterine growth
restriction, neurobehavioral deficits, and sudden infant
death syndrome. Similar adverse effects on pregnancy are
associated with amphetamine use, perhaps reflecting the

Table 19–1. Common drugs that are teratogenic or
fetotoxic.1

ACE inhibitors

Alcohol

Androgens

Angiotensin-II receptor blockers

Antiepileptics (phenytoin,

valproic acid, carbamazepine)

Benzodiazepines

Cyclophosphamide

Diazoxide

Diethylstilbestrol

Disulfiram

Ergotamine

Estrogens

Griseofulvin

Isotretinoin

Lithium

Methotrexate

Misoprostol

NSAIDs (third trimester)

Opioids (prolonged use)

Radioiodine (antithyroid)

Reserpine

Ribavirin

Sulfonamides (second and third

trimesters)

Tetracycline (third trimester)

Thalidomide

Tobacco smoking

Warfarin and other coumarin

anticoagulants

1Many other drugs are also contraindicated during pregnancy.

Evaluate any drug for its need versus its potential adverse effects.

Further information can be obtained from the manufacturer or

from any of several teratogenic registries around the country.

Go to https://www.fda.gov/ScienceResearch/SpecialTopics/

WomensHealthResearch/ucm134848.htm for more information.

ACE, angiotensin-converting enzyme; NSAIDs, nonsteroidal anti-

inflammatory drugs.

vasoconstrictive properties of both amphetamines and
cocaine. Adverse effects associated with opioid use include
intrauterine growth restriction, prematurity, and fetal
death. For pregnant women with opioid use disorder, opi-
oid agonist therapy is the standard of care (see Chapter 5).

C. Radiographs and Noxious Exposures

Radiographs should be avoided unless essential and
approved by a clinician. Abdominal shielding should be
used whenever possible. The patient should be told to
inform her other health care providers that she is pregnant.
Chemical or radiation hazards should be avoided as should
excessive heat in hot tubs or saunas. Patients should be told
to avoid handling cat feces or cat litter and to wear gloves
when gardening to avoid infection with toxoplasmosis.

LACTATION

Drugs taken by a nursing mother may accumulate in milk
and be transmitted to the infant (Table 19–2). The amount
of drug entering the milk depends on the drug’s lipid solu-
bility, mechanism of transport, and degree of ionization.

Sattari M et al. Maternal implications of breastfeeding: a review
for the internist. Am J Med. 2019;132:912. [PMID: 30853481]

TRAVEL & IMMUNIZATIONS
DURING PREGNANCY

During an otherwise normal low-risk pregnancy, travel can
be planned most safely up to the 32nd week. Commercial
flying in pressurized cabins does not pose a threat to the
fetus. An aisle seat will allow frequent walks. Adequate flu-
ids should be taken during the flight. Travelling to endemic
areas of yellow fever (Africa or Latin America) or of Zika
virus (Latin America) is not advisable; since Zika virus can
be sexually transmitted, partner travel should also be dis-
cussed (see Chapter 32). Similarly, it is inadvisable to travel
to areas of Africa or Asia where chloroquine-resistant falci-
parum malaria is a hazard, since complications of malaria
are more common in pregnancy. Travel can also increase
women’s chances of exposure to SARS-CoV-2, the virus that
causes COVID-19; pregnant women infected with SARS-
CoV-2 are believed to be at increased risk for serious illness
and preterm birth. Pregnant women should limit their
exposure to people outside their household, wear a mask
while outside the home, practice frequent hand washing,
and social distance whenever possible.

Ideally, all immunizations should precede pregnancy.
Live virus products are contraindicated during pregnancy
(measles, rubella, yellow fever, and smallpox). Inactivated
polio vaccine should be given subcutaneously instead of
the oral live-attenuated vaccine. The varicella vaccine
should be given 1–3 months before becoming pregnant. It
is not recommended in pregnancy. Vaccines against pneu-
mococcal pneumonia, meningococcal meningitis, and
hepatitis A can be used as indicated. Pregnant women who
are considered to be at high risk for hepatitis B and who
have not been previously vaccinated should be vaccinated
during pregnancy. The HPV vaccine is not recommended
for pregnant women. However, adverse outcomes have not
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been described when used during pregnancy. If a woman
who has started the vaccine series is found to be pregnant,
the remaining doses should be administered when she is
no longer pregnant.

The CDC lists pregnant women as a high-risk group for
influenza. Annual influenza vaccination is indicated in all
women who are pregnant or will be pregnant during the “flu
season.” It can be given in the first trimester. There is
increased urgency for pregnant women to get vaccinated
against influenza because it is not known how the influenza
virus will interact with SARS-CoV-2. The CDC also recom-
mends that every pregnant woman receive a dose of Tdap
during each pregnancy irrespective of her prior vaccination
history. The optimal timing for such Tdap administration is
between 27 and 36 weeks of gestation, in order to maximize
the antibody response of the pregnant woman against per-
tussis and the passive antibody transfer to the infant. For any
woman who was not previously vaccinated with Tdap and
for whom the vaccine was not given during her pregnancy,
Tdap should be administered immediately postpartum. Fur-
ther, any teenagers or adults not previously vaccinated who
will have close contact with the infant should also receive it,
ideally 2 weeks before exposure to the child. This vaccina-
tion strategy is referred to as “cocooning,” and its purpose is
to protect the infant aged younger than 12 months who is at
particularly high risk for lethal pertussis.

Hepatitis A vaccine contains formalin-inactivated virus
and can be given in pregnancy when needed. Pooled
immune globulin to prevent hepatitis A is safe and does not
carry risk of HIV transmission. Chloroquine can be used for
malaria prophylaxis in pregnancy, and proguanil is also safe.

Water should be purified by boiling, since iodine purifica-
tion may provide more iodine than is safe during pregnancy.

Prophylactic antibiotics or bismuth subsalicylate should
not be used during pregnancy to prevent diarrhea. Oral
rehydration and treatment of bacterial diarrhea with eryth-
romycin or ampicillin if necessary is preferred.

Table 19–2. Drugs and substances that require a careful assessment of risk before they are prescribed for
breastfeeding women.1

Dugs Concn

Atenolol Hypotension and bradycardia in the infant. Metoprolol and propranolol are preferred.

Ciprofloxacin Adverse effects on fetal cartilage and bone. Must weigh risks versus benefits.

Codeine, oxycodone CNS depression. Unpredictable metabolism.

Cyclophosphamide Neonatal neutropenia. No breastfeeding.

Diphenhydramine Present in very small quantities in milk; sources are conflicting with regard to its safety.

Fluoxetine Present in breast milk in higher levels than other SSRIs. Watch for adverse effects like an infant’s fussiness and crying.

Lisinopril Unknown effects. Captopril or enalapril is preferred if an ACE inhibitor is needed.

Lithium Circulating levels in the neonate are variable. Follow infant’s serum creatinine and blood urea nitrogen levels and

thyroid function tests.

Tetracyclines Adverse effects on fetal bone growth and dental staining.

Valproic acid Long-term effects are unknown. Although levels in milk are low, it is teratogenic, so it should be avoided if possible.

1The above list is not all-inclusive. For additional information, see the reference from which this information is adapted: Rowe H et al.
Maternal medication, drug use, and breastfeeding. Pediatr Clin North Am. 2013;60:275, or the online drug and lactation database, Lactmed,
at https://www.ncbi.nlm.nih.gov/books/NBK501922/.
ACE, angiotensin-converting enzyme; CNS, central nervous system; SSRIs, selective serotonin reuptake inhibitors.

American College of Obstetricians and Gynecologists. ACOG
Committee Opinion No. 741: Maternal immunization. Obstet
Gynecol. 2018;131:e214. [PMID: 29794683]

Centers for Disease Control and Prevention. COVID-19: Preg-
nancy, breastfeeding, and caring for newborns. 2020 Dec 28.
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-
precautions/pregnancy-breastfeeding.html.

º
OBStetrIC COMpLICatIONS OF the
FIrSt & SeCOND trIMeSterS

VOMITING OF PREGNANCY &
HYPEREMESIS GRAVIDARUM

E S S E N T I A L S  O F  D I A G N O S I S

» Hyperemesis gravidarum.

● Persistent, severe vomiting.

● Weight loss, dehydration, hypochloremic alkalosis,
hypokalemia.

● May have transient elevation of liver enzymes.

● Appears related to high or rising serum hCG.

» More common with multi-fetal pregnancies or
hydatidiform mole.

» General Considerations

Nausea and vomiting begin soon after the first missed
period and cease by the fifth month of gestation. Up to three-
fourths of women complain of nausea and vomiting during
early pregnancy, with the vast majority noting nausea
throughout the day. This problem exerts no adverse effects
on the pregnancy and does not presage other complications.
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Persistent, severe vomiting during pregnancy—
hyperemesis gravidarum—can be disabling and require
hospitalization. Hyperthyroidism can be associated with
hyperemesis gravidarum, so it is advisable to determine
thyroid-stimulating hormone (TSH) and free thyroxine
(FT

4
) values in these patients. Of note, these patients will

not have a goiter.

» Treatment

A. Mild Nausea and Vomiting of Pregnancy

In most instances, only reassurance and dietary advice are
required. Because of possible teratogenicity, drugs used
during the first half of pregnancy should be restricted to
those of major importance to life and health. Vitamin B

6

(pyridoxine), 50–100 mg/day orally, is nontoxic and may
be helpful in some patients. Pyridoxine alone or in combi-
nation with doxylamine (10 mg doxylamine succinate and
10 mg pyridoxine hydrochloride, two tablets at bedtime) is
first-line pharmacotherapy. Antiemetics, antihistamines,
and antispasmodics are generally unnecessary to treat nau-
sea of pregnancy.

B. Hyperemesis Gravidarum

With more severe nausea and vomiting, it may become
necessary to hospitalize the patient. In this case, a private
room with limited activity is preferred. It is recom-
mended to give nothing by mouth until the patient is
improving, and maintain hydration and electrolyte bal-
ance by giving appropriate parenteral fluids and vitamin
supplements as indicated. Antiemetics such as prometha-
zine (12.5–25 mg orally, rectally, or intravenously every
4–6 hours), metoclopramide (5–10 mg orally or intrave-
nously every 6 hours), or ondansetron (4–8 mg orally or
intravenously every 8 hours) should be started. Ondanse-
tron has been associated in some studies with congenital
anomalies. Data are limited, but the risks and benefits of
treatment should be addressed with the patient. If there is
an increased risk, it is probably low. Antiemetics will
likely need to be given intravenously initially. Rarely, total
parenteral nutrition may become necessary but only if
enteral feedings cannot be done. As soon as possible, the
patient should be placed on a dry diet consisting of six
small feedings daily. Antiemetics may be continued orally
as needed. After in-patient stabilization, the patient can
be maintained at home even if she requires intravenous
fluids in addition to her oral intake. There are conflicting
studies regarding the use of corticosteroids for the control
of hyperemesis gravidarum, and it has also been associ-
ated with fetal anomalies, specifically oral clefts. The
increase in risk is likely small. However, this treatment
should be withheld before 10 weeks’ gestation and until
more accepted treatments have been exhausted.

» When to Refer

• Patient does not respond to first-line outpatient
management.

• There is concern for other pathology (ie, hydatidiform
mole).

» When to Admit

• Patient is unable to tolerate any food or water.

• Patient cannot ingest necessary medications.

• Weight loss.

• Presence of a hydatidiform mole.

American College of Obstetricians and Gynecologists. ACOG
Practice Bulletin No. 189: Nausea and vomiting of pregnancy.
Obstet Gynecol. 2018;131:e15. [Reaffirmed 2019] [PMID:
29266076]

SPONTANEOUS ABORTION

E S S E N T I A L S  O F  D I A G N O S I S

» Intrauterine pregnancy at < 20 weeks.

» Low or falling levels of hCG.

» Bleeding, midline cramping pain.

» Open cervical os.

» Complete or partial expulsion of products of
conception.

» General Considerations

About three-fourths of spontaneous abortions occur before
the 16th week; of these, three-fourths occur before the 8th
week. Almost 20% of all clinically recognized pregnancies
terminate in spontaneous abortion.

More than 60% of spontaneous abortions result from
chromosomal defects due to maternal or paternal factors;
about 15% appear to be associated with maternal trauma,
infections, dietary deficiencies, diabetes mellitus, hypothy-
roidism, antiphospholipid antibody syndrome, or anatomic
malformations. There is no reliable evidence that abortion
may be induced by psychic stimuli such as severe fright, grief,
anger, or anxiety. In about one-fourth of cases, the cause of
abortion cannot be determined. There is no evidence that
video display terminals or associated electromagnetic fields
are related to an increased risk of spontaneous abortion.

It is important to distinguish women with a history of
incompetent cervix from those with more typical early abor-
tion. Factors that predispose to incompetent cervix are a
history of incompetent cervix with a previous pregnancy,
cervical conization or surgery, cervical injury, diethylstilbes-
trol (DES) exposure, and anatomic abnormalities of the
cervix. Prior to pregnancy or during the first trimester, there
are no methods for determining whether the cervix will
eventually be incompetent. After 14–16 weeks, ultrasound
may be used to evaluate the internal anatomy of the lower
uterine segment and cervix for the funneling and shortening
abnormalities consistent with cervical incompetence.

» Clinical Findings

A. Symptoms and Signs

1. Incompetent cervix—Characteristically, incompetent
cervix presents as “silent” cervical dilation (ie, with
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minimal uterine contractions) in the second trimester.
When the cervix reaches 4 cm or more, active uterine con-
tractions or rupture of the membranes may occur second-
ary to the degree of cervical dilation. This does not change
the primary diagnosis.

2. Threatened abortion—Bleeding or cramping occurs,
but the pregnancy continues. The cervix is not dilated.

3. Inevitable abortion—The cervix is dilated and the
membranes may be ruptured, but passage of the products
of conception has not yet occurred. Bleeding and cramping
persist, and passage of the products of conception is con-
sidered inevitable.

4. Complete abortion—Products of conception are com-
pletely expelled. Pain ceases, but spotting may persist.
Cervical os is closed.

5. Incomplete abortion—The cervix is dilated. Some por-
tion of the products of conception remains in the uterus.
Only mild cramps are reported, but bleeding is persistent
and often excessive.

6. Missed abortion—The pregnancy has ceased to develop,
but the conceptus has not been expelled. Symptoms of preg-
nancy disappear. There may be a brownish vaginal dis-
charge but no active bleeding. Pain does not develop. The
cervix is semifirm and slightly patulous; the uterus becomes
smaller and irregularly softened; the adnexa are normal.

B. Laboratory Findings

Pregnancy tests show low or falling levels of hCG. A CBC
should be obtained if bleeding is heavy. Determine Rh
type, and give Rh

o
(D) immune globulin if Rh-negative. All

tissue recovered should be assessed by a pathologist and
may be sent for genetic analysis in selected cases.

C. Ultrasonographic Findings

Transvaginal ultrasound can detect the gestational sac at
5–6 weeks from the last menstruation, a fetal pole at
6 weeks, and fetal cardiac activity at 6–7 weeks. Serial
observations are often required to evaluate changes in size
of the embryo. Diagnostic criteria of early pregnancy loss
are a crown-rump length of 7 mm or more and no heart-
beat or a mean sac diameter of 25 mm or more and no
embryo.

» Differential Diagnosis

The bleeding that occurs in abortion of a uterine preg-
nancy must be differentiated from the abnormal bleeding
of an ectopic pregnancy and anovulatory bleeding in a
nonpregnant woman. The passage of hydropic villi in the
bloody discharge is diagnostic of hydatidiform mole.

» Treatment

A. General Measures

1. Threatened abortion—Studies have failed to demon-
strate benefit of bedrest for 1–2 days followed by gradual
resumption of usual activities. Abstinence from sexual

activity has also been suggested without proven benefit.
Data are lacking to support the administration of proges-
tins to all women with a threatened abortion. If during the
patient’s evaluation, an infection is diagnosed (ie, urinary
tract infection), it should be treated.

2. Missed abortion—This calls for counseling regarding the
fate of the pregnancy and planning for its elective termina-
tion at a time chosen by the patient and clinician. Manage-
ment can be medical or surgical. Each has risks and
benefits. Medically induced first-trimester termination with
prostaglandins (ie, misoprostol given vaginally or orally in a
dose of 200–800 mcg) is safe, effective, less invasive, and
more private than surgical intervention; however, if it is
unsuccessful or if there is excessive bleeding, a surgical
procedure (dilation and curettage) may still be needed.
Patients must be counseled about the different therapeutic
options.

B. Surgical Measures

1. Inevitable or incomplete abortion—Prompt removal of
any products of conception remaining within the uterus is
required to stop bleeding and prevent infection. Analgesia
and a paracervical block are useful, followed by uterine
exploration with ovum forceps or uterine aspiration.
Regional anesthesia may be required.

2. Cerclage and restriction of activities—A cerclage is the
treatment of choice for incompetent cervix, but a viable
intrauterine pregnancy should be confirmed prior to place-
ment of the cerclage.

A variety of suture materials including a 5-mm Mersi-
lene tape or No. 2 nonabsorbable monofilament suture can
be used to create a purse-string type of stitch around the
cervix, using either the McDonald or Shirodkar method.
Cerclage should be undertaken with caution when there is
advanced cervical dilation or when the membranes are
prolapsed into the vagina. Rupture of the membranes and
infection are specific contraindications to cerclage. Testing for
N gonorrhoeae, C trachomatis, and group B streptococci
should be obtained before elective placement of a cerclage.
N gonorrhoeae and C trachomatis should be treated before
placement.

» When to Refer

• Patient with history of two second-trimester losses.

• Vaginal bleeding in a pregnant patient that resembles
menstruation.

• Patient with an open cervical os.

• No signs of uterine growth in serial examinations of a
pregnant patient.

• Leakage of amniotic fluid.

» When to Admit

• Open cervical os.

• Heavy vaginal bleeding.

• Leakage of amniotic fluid.
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American College of Obstetricians and Gynecologists. ACOG
Practice Bulletin No. 142: Cerclage for the management of
cervical insufficiency. Obstet Gynecol. 2014;123:372. [Reaf-
firmed 2019] [PMID: 24451674]

American College of Obstetricians and Gynecologists. ACOG
Practice Bulletin No. 200: Early pregnancy loss. Obstet
Gynecol. 2018;132:e197. [PMID: 30157093]

RECURRENT ABORTION

According to the American Society of Reproductive Medi-
cine, recurrent abortion is defined as the loss of two or
more previable (less than 24 weeks’ gestation or 500 g)
pregnancies in succession. Recurrent abortion affects
about 1–5% of couples. Abnormalities related to recurrent
abortion can be identified in approximately 50% of these
couples. If a woman has lost three previous pregnancies
without identifiable cause, she still has at least a 55%
chance of carrying a fetus to viability.

Recurrent abortion is a clinical rather than pathologic
diagnosis. The clinical findings are similar to those
observed in other types of abortion. It is appropriate to
begin a medical evaluation in a woman who has had two
first-trimester losses.

» Treatment

A. Preconception Therapy

Preconception therapy is aimed at detection of maternal or
paternal defects that may contribute to abortion. A thor-
ough history and examination is essential. A random blood
glucose test and thyroid function studies (including thy-
roid antibodies) can be done if history indicates a possible
predisposition to diabetes mellitus or thyroid disease.
Detection of lupus anticoagulant and other hemostatic
abnormalities (proteins S and C and antithrombin defi-
ciency, hyperhomocysteinemia, anticardiolipin antibody,
factor V Leiden mutations) and an antinuclear antibody
test may be indicated. Hysteroscopy, saline infusion sono-
gram, or hysterography can be used to exclude submucosal
myomas and congenital anomalies of the uterus. In women
with recurrent losses, resection of a uterine septum, if pres-
ent, has been recommended. Chromosomal (karyotype)
analysis of both partners can be done to rule out balanced
translocations (found in 3–4% of infertile couples), but
karyotyping is expensive and may not be helpful.

Many therapies have been tried to prevent recurrent
abortion from immunologic causes. Low-molecular-weight
heparin (LMWH), aspirin, intravenous immunoglobulin,
and corticosteroids have all been used but the definitive
treatment has not yet been determined (see Antiphospho-
lipid Syndrome, below). Prophylactic low-dose heparin and
low-dose aspirin have been recommended for women with
antiphospholipid antibodies and recurrent pregnancy loss.

B. Postconception Therapy

The patient should be provided early prenatal care and
scheduled frequent office visits. Empiric sex steroid hor-
mone therapy is complicated and should be done by an
expert if undertaken.

» Prognosis

The prognosis is excellent if the cause of abortion can be
corrected or treated.

Homer HA. Modern management of recurrent miscarriage. Aust
N Z J Obstet Gynaecol. 2019;59:36. [PMID: 30393965]

ECTOPIC PREGNANCY

E S S E N T I A L S  O F  D I A G N O S I S

» Amenorrhea or irregular bleeding and spotting.

» Pelvic pain, usually adnexal.

» Adnexal mass by clinical examination or
ultrasound.

» Failure of serum beta-hCG to double every 48 hours.

» No intrauterine pregnancy on transvaginal ultra-
sound with serum beta-hCG > 2000 milli-units/mL.

» General Considerations

Ectopic implantation occurs in approximately 2% of first
trimester pregnancies. About 98% of ectopic pregnancies
are tubal. Other sites of ectopic implantation are the perito-
neum or abdominal viscera, the ovary, and the cervix. Any
condition that prevents or inhibits migration of the fertil-
ized ovum to the uterus can predispose to an ectopic preg-
nancy, including a history of infertility, pelvic inflammatory
disease, ruptured appendix, and prior tubal surgery. Com-
bined intrauterine and extrauterine pregnancy (hetero-
topic) may occur rarely. In the United States, undiagnosed
or undetected ectopic pregnancy is one of the most com-
mon causes of maternal death during the first trimester.

» Clinical Findings

A. Symptoms and Signs

Severe lower quadrant pain occurs in almost every case. It
is sudden in onset, stabbing, intermittent, and does not
radiate. Backache may be present during attacks. Shock
occurs in about 10%, often after pelvic examination. At
least two-thirds of patients give a history of abnormal men-
struation; many have been infertile.

Blood may leak from the tubal ampulla over a period of
days, and considerable blood may accumulate in the peri-
toneum. Slight but persistent vaginal spotting is usually
reported, and a pelvic mass may be palpated. Abdominal
distention and mild paralytic ileus are often present.

B. Laboratory Findings

The CBC may show anemia and slight leukocytosis. Quan-
titative serum pregnancy tests will show levels generally
lower than expected for normal pregnancies of the same
duration. If beta-hCG levels are followed over a few days,
there may be a slow rise or a plateau rather than the near
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doubling every 2 days associated with normal early intra-
uterine pregnancy or the falling levels that occur with
spontaneous abortion.

C. Imaging

Ultrasonography can reliably demonstrate a gestational sac
5–6 weeks from the last menstruation and a fetal pole at
6 weeks if located in the uterus. An empty uterine cavity raises
a strong suspicion of extrauterine pregnancy, which can occa-
sionally be revealed by transvaginal ultrasound. Specified
levels of serum beta-hCG have been reliably correlated with
ultrasound findings of an intrauterine pregnancy. For exam-
ple, a beta-hCG level of 6500 milli-units/mL with an empty
uterine cavity by transabdominal ultrasound is highly suspi-
cious for an ectopic pregnancy. Similarly, a beta-hCG value of
2000 milli-units/mL or more can be indicative of an ectopic
pregnancy if no products of conception are detected within
the uterine cavity by transvaginal ultrasound. Serum beta-
hCG values can vary by laboratory, so clinical decisions
should not be made based solely on beta-hCG levels.

D. Special Examinations

Laparoscopy is the surgical procedure of choice both to
confirm an ectopic pregnancy and in most cases to permit
removal of the ectopic pregnancy without the need for
exploratory laparotomy.

Ectopic pregnancy should be suspected when postabor-
tal tissue examination fails to reveal chorionic villi. Steps
must be taken for immediate diagnosis, including prompt
microscopic tissue examination, ultrasonography, and
serial beta-hCG titers every 48 hours.

» Differential Diagnosis

Clinical and laboratory findings suggestive or diagnostic of
pregnancy will distinguish ectopic pregnancy from many
acute abdominal illnesses such as acute appendicitis, acute
pelvic inflammatory disease, ruptured corpus luteum cyst
or ovarian follicle, and urinary calculi. Uterine enlarge-
ment with clinical findings similar to those found in ecto-
pic pregnancy is also characteristic of an aborting uterine
pregnancy or hydatidiform mole.

» Treatment

Patients must be warned about the complications of an
ectopic pregnancy and monitored closely. In a stable
patient with normal liver and renal function tests, metho-
trexate (50 mg/m2) intramuscularly—given as single or
multiple doses—is acceptable medical therapy for early
ectopic pregnancy. Favorable criteria are that the preg-
nancy should be less than 3.5 cm in largest dimension and
unruptured, with no active bleeding and no fetal heart
tones. Several small studies have not found an increased
risk of fetal malformations or pregnancy losses in women
who conceive within 6 months of methotrexate therapy.

When a patient with an ectopic pregnancy is unstable
or when surgical therapy is planned, the patient is hospital-
ized. Blood is typed and cross-matched. The goal is to
diagnose and operate before there is frank rupture of the

tube and intra-abdominal hemorrhage. The use of metho-
trexate in an unstable patient is absolutely contraindicated.

Surgical treatment is definitive. In most patients, diag-
nostic laparoscopy is the initial surgical procedure per-
formed. Depending on the size of the ectopic pregnancy
and whether or not it has ruptured, salpingostomy with
removal of the ectopic pregnancy or a partial or complete
salpingectomy can usually be performed. Clinical condi-
tions permitting, patency of the contralateral tube can be
established by injection of indigo carmine into the uterine
cavity and flow through the contralateral tube confirmed
visually by the surgeon; iron therapy for anemia may be
necessary during convalescence. Rh

o
(D) immune globulin

(300 mcg) should be given to Rh-negative patients.

» Prognosis

Repeat tubal pregnancy occurs in about 10% of cases. This
should not be regarded as a contraindication to future preg-
nancy, but the patient requires careful observation and early
ultrasound confirmation of an intrauterine pregnancy.

» When to Refer

• Severe abdominal pain.

• Palpation of an adnexal mass on pelvic examination.

• Abdominal pain and vaginal bleeding in a pregnant
patient.

» When to Admit

Presence of symptoms or signs of a ruptured ectopic
pregnancy.

Carusi D. Pregnancy of unknown location: evaluation and man-
agement. Semin Perinatol. 2019;43:95. [PMID: 30606496]

GESTATIONAL TROPHOBLASTIC
DISEASE (Hydatidiform Mole &
Choriocarcinoma)

E S S E N T I A L S  O F  D I A G N O S I S

hydidifom mol

» Amenorrhea.

» Irregular uterine bleeding.

» Serum beta-hCG > 40,000 milli-units/mL.

» Passage of grapelike clusters of enlarged edema-
tous villi per vagina.

» Uterine ultrasound shows characteristic heteroge-
neous echogenic image and no fetus or placenta.

» Cytogenetic composition is 46,XX (85%), of pater-
nal origin.

Coioccinom

» Persistence of detectable beta-hCG after mole
evacuation.
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» General Considerations

Gestational trophoblastic disease is a spectrum of disorders
that includes hydatidiform mole (partial and complete),
invasive mole (local extension into the uterus or vagina),
choriocarcinoma (malignancy often complicated by distant
metastases), and placental site trophoblastic tumor. Com-
plete moles show no evidence of a fetus on ultrasonogra-
phy. The majority are 46,XX, with all chromosomes of
paternal origin. Partial moles generally show evidence of
an embryo or gestational sac; are triploid, slower-growing,
and less symptomatic; and often present clinically as a
missed abortion. Partial moles tend to follow a benign
course, while complete moles have a greater tendency to
become choriocarcinoma.

In North America, the frequency of gestational tropho-
blastic disease is 1:1500 pregnancies. The highest rates
occur in Asians. Risk factors include prior spontaneous
abortion, a history of mole, and age younger than 21 or
older than 35. Approximately 10% of women require fur-
ther treatment after evacuation of the mole; choriocarci-
noma develops in 2–3% of women.

» Clinical Findings

A. Symptoms and Signs

Uterine bleeding, beginning at 6–16 weeks, is observed in
most instances. In some cases, the uterus is larger than
would be expected in a normal pregnancy of the same dura-
tion. Excessive nausea and vomiting may occur. Bilaterally
enlarged cystic ovaries are sometimes palpable. They are the
result of ovarian hyperstimulation due to excess beta-hCG.

Preeclampsia-eclampsia may develop during the sec-
ond trimester of an untreated molar pregnancy, but this is
unusual because most are diagnosed early.

Choriocarcinoma may be manifested by continued or
recurrent uterine bleeding after evacuation of a mole or
following delivery, abortion, or ectopic pregnancy. The
presence of an ulcerative vaginal tumor, pelvic mass, or
distant metastases may be the presenting manifestation.

B. Laboratory Findings

Hydatidiform moles are generally characterized by high
serum beta-hCG values, which can range from high nor-
mal to the millions. Levels are higher with complete moles
than with partial moles. Serum beta-hCG values, if
extremely high, can assist in making the diagnosis, but they
are more helpful in managing response to treatment.
Hemoglobin/hematocrit, creatinine, blood type, liver bio-
chemical tests, and thyroid function tests should also be
measured. High beta-hCG levels can cause the release of
thyroid hormone, and rarely, symptoms of hyperthyroid-
ism. Patients with hyperthyroidism may require beta-
blocker therapy until the mole has been evacuated.

C. Imaging

The preoperative diagnosis of hydatidiform mole is con-
firmed by ultrasound. Placental vesicles can be easily seen
on transvaginal ultrasound. A preoperative chest film is indi-
cated to rule out pulmonary metastases of the trophoblast.

» Treatment

A. Specific Surgical Measures

The uterus should be emptied as soon as the diagnosis of
hydatidiform mole is established, preferably by suction
curettage. The products of conception removed from the
uterus should be sent to a pathologist for review. Ovarian
cysts should not be resected nor ovaries removed; sponta-
neous regression of theca lutein cysts will occur with elimi-
nation of the mole. In patients who have completed their
childbearing, hysterectomy is an acceptable alternative.
Hysterectomy does not preclude the need for follow-up of
beta-hCG levels.

B. FollowUp Measures

Weekly quantitative beta-hCG level measurements are ini-
tially required. Following successful surgical evacuation,
moles show a progressive decline in beta-hCG. After three
negative weekly tests (less than 5 milli-units/mL), the
interval may be increased to every 1 month for an addi-
tional 6 months. The purpose of this follow-up is to iden-
tify persistent nonmetastatic and metastatic disease,
including choriocarcinoma, which is more likely to occur if
the initial beta-hCG is high and the uterus is large. If levels
plateau or begin to rise, the patient should be evaluated by
repeat laboratory tests, chest film, and dilatation and curet-
tage (D&C) before the initiation of chemotherapy. Effective
contraception (preferably birth control pills) should be
prescribed to avoid the hazard and confusion of elevated
beta-hCG from a new pregnancy. The beta-hCG levels
should be negative for 6 months before pregnancy is
attempted again. Because the risk of recurrence of a molar
pregnancy is 1–2%, an ultrasound should be performed in
the first trimester of the pregnancy following a mole to
ensure that the pregnancy is normal. In addition, a beta-
hCG level should then be checked 6 weeks postpartum
(after the subsequent normal pregnancy) to ensure there is
no persistent trophoblastic tissue, and the placenta should
be examined by a pathologist.

C. Antitumor Chemotherapy

If malignant tissue is discovered at surgery or during the
follow-up examination, chemotherapy is indicated. For
low-risk patients with a good prognosis, methotrexate is
considered first-line therapy followed by dactinomycin
(see Table 39–3). Patients with high-risk disease should be
referred to a cancer center, where multiple-agent chemo-
therapy probably will be given.

» Prognosis

Five-year survival after courses of chemotherapy, even
when metastases have been demonstrated, can be expected
in at least 85% of cases of choriocarcinoma.

» When to Refer

• Uterine size exceeds that anticipated for gestational age.

• Vaginal bleeding similar to menstruation.

• Pregnant patient with a history of a molar pregnancy.
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» When to Admit

• Confirmed molar pregnancy by ultrasound and labora-
tory studies.

• Heavy vaginal bleeding in a pregnant patient under
evaluation.

Elias KM et al. State-of-the-art workup and initial management
of newly diagnosed molar pregnancy and postmolar
gestational trophoblastic neoplasia. J Natl Compr Canc Netw.
2019;17:1396. [PMID: 31693988]

º
OBStetrIC COMpLICatIONS OF the
SeCOND & thIrD trIMeSterS

PREECLAMPSIA-ECLAMPSIA

E S S E N T I A L S  O F  D I A G N O S I S

Gsionl hynsion

» Blood pressure of ≥ 140/90 mm Hg systolic or
> 90 mm Hg diastolic after 20 weeks’ gestation.

pclmsi

» Blood pressure of ≥ 140 mm Hg systolic or
≥ 90 mm Hg diastolic after 20 weeks of gestation.

» Proteinuria of ≥ 0.3 g in 24 hours.

pclmsi wi sv fus

» Blood pressure of ≥ 160 mm Hg systolic or
≥ 110 mm Hg diastolic.

» Progressive kidney injury.

» Thrombocytopenia.

» Hemolysis, elevated liver enzymes, low platelets
(HELLP).

» Pulmonary edema.

» Vision changes or headache.

» When hypertension is present with severe features
of preeclampsia, seizure prophylaxis could be
beneficial.

eclmsi

» Seizures in a patient with evidence of
preeclampsia.

» General Considerations

Preeclampsia is defined as the presence of newly elevated
blood pressure and proteinuria during pregnancy. Eclamp-
sia is diagnosed when seizures develop in a patient with
evidence of preeclampsia. Historically, the presence of
three elements was required for the diagnosis of pre-
eclampsia: hypertension, proteinuria, and edema. Edema
was difficult to objectively quantify and is no longer a
required element. In addition, proteinuria may not always
be present in preeclampsia with severe features.

Preeclampsia-eclampsia can occur any time after
20 weeks of gestation and up to 6 weeks postpartum. It is a
disease unique to pregnancy, with the only cure being deliv-
ery of the fetus and placenta. Preeclampsia develops in
approximately 7% of pregnant women in the United States;
of those, eclampsia will develop in 5% (0.04% of pregnant
women). Primiparas are most frequently affected; however,
the incidence of preeclampsia-eclampsia is increased with
multifetal gestations, preeclampsia in a previous pregnancy,
chronic hypertension, pregestational diabetes, gestational
diabetes, thrombophilia, kidney disease, systemic lupus
erythematosus, prepregnancy BMI above 30, antiphospho-
lipid antibody syndrome, maternal age 35 years or older,
assisted reproductive technology, and obstructive sleep
apnea. Eclampsia is a significant cause of maternal death.

» Clinical Findings

Clinically, the severity of preeclampsia-eclampsia can be
measured with reference to the six major sites in which it
exerts its effects: the central nervous system, the kidneys,
the liver, the hematologic system, the vascular system, and
the fetal-placental unit. By evaluating each of these areas
for the presence of mild to severe preeclampsia, the degree
of involvement can be assessed, and an appropriate man-
agement plan can be formulated that balances the severity
of disease and gestational age (Table 19–3).

A. Preeclampsia

1. Without severe features—Patients usually have few
complaints, and the diastolic blood pressure is less than
110 mm Hg. Edema may be present. The platelet count is
over 100,000/mcL (100 × 109/L), antepartum fetal testing is
reassuring (see Tests & Procedures, above), central nervous
system irritability is minimal, epigastric pain is not present,
and liver enzymes are not elevated. Proteinuria is present
with urine protein greater than or equal to 0.3/24 hours.
Gestational hypertension may be present in the absence of
proteinuria.

2. With severe features—Symptoms are more dramatic and
persistent. Patients may complain of headache and changes
in vision. The blood pressure is often above 160/110 mm Hg.
Thrombocytopenia (platelet count less than 100,000/mcL
[100 × 109/L]) may be present and progress to disseminated
intravascular coagulation. Severe epigastric pain may be
present from hepatic subcapsular hemorrhage with signifi-
cant stretch or rupture of the liver capsule. HELLP syndrome
(hemolysis, elevated liver enzymes, low platelets) is an
advanced form of severe preeclampsia.

B. Eclampsia

The occurrence of seizures defines eclampsia. It is a mani-
festation of severe central nervous system involvement.
Other findings of preeclampsia are observed.

» Differential Diagnosis

Preeclampsia-eclampsia can mimic and be confused with
many other diseases, including chronic hypertension,
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chronic kidney disease, primary seizure disorders,
gallbladder and pancreatic disease, immune thrombocy-
topenia, thrombotic thrombocytopenic purpura, and
hemolytic-uremic syndrome. It must always be considered
in any pregnant woman beyond 20 weeks of gestation with
consistent signs and symptoms. Although it is most com-
mon in the third trimester, it can occur earlier, especially in
women with comorbid conditions like hypertension,
kidney disease, and systemic lupus erythematosus. It is
particularly difficult to diagnose when a preexisting disease
such as hypertension is present.

» Treatment

Based on evidence and expert consensus, the American Col-
lege of Obstetricians and Gynecologists (ACOG) supports
considering the use of low-dose aspirin (81 mg orally daily)
initiated between 12 weeks’ and 28 weeks’ gestation for
women at increased risk for preeclampsia; risk factors include
a history of preeclampsia, multifetal gestation, chronic hyper-
tension, diabetes mellitus, kidney disease, or autoimmune
diseases (such as systemic lupus erythematosus or antiphos-
pholipid syndrome). Clinicians may also consider low-dose
aspirin (81 mg orally daily) if more than one of the following
moderate risk factors are present: nulliparity, obesity, family
history of preeclampsia, Black race, age greater than 35 years,
low socioeconomic status, and personal history factors (eg,
mother having a previous baby with low birth weight). In
clinical studies, diuretics, dietary restriction or enhancement,
sodium restriction, and vitamin-mineral supplements (eg,
calcium or vitamin C and E) have not been confirmed to be
useful. The only cure is delivery of the fetus at a time as favor-
able as possible for its survival.

A. Preeclampsia

Early recognition is the key to treatment. This requires
careful attention to the details of prenatal care—especially
subtle changes in blood pressure and weight. The objec-
tives are to prolong pregnancy, if possible, to allow fetal
lung maturity while preventing progression to severe

disease and eclampsia. The critical factors are the gesta-
tional age of the fetus, fetal pulmonary maturity, and the
severity of maternal disease. Preeclampsia-eclampsia with-
out severe features and gestational hypertension at term is
managed by delivery. Prior to term, severe preeclampsia-
eclampsia requires delivery with very few exceptions.
Epigastric pain, seizures, severe range blood pressures,
thrombocytopenia, and visual disturbances are strong
indications for delivery of the fetus. Marked proteinuria
alone can be managed more conservatively.

1. Home management—Home management may be
attempted for patients with gestational hypertension and
preeclampsia without severe features and a stable home
situation. This requires assistance at home, rapid access to
the hospital, a reliable patient, and the ability to obtain
frequent blood pressure readings. A home health nurse can
often provide frequent home visits and assessments.

2. Hospital care—Hospitalization is required for women
with preeclampsia with severe features or those with unre-
liable home situations. Regular assessments of blood pres-
sure, urine protein, and fetal heart tones and activity are
required. A CBC with platelet count, electrolyte panel, and
liver enzymes should be checked regularly, with frequency
dependent on severity. A 24-hour urine collection for total
protein and creatinine clearance should be obtained on
admission and repeated as indicated. Magnesium sulfate is
not used until the diagnosis of severe preeclampsia is made
and delivery planned (see Eclampsia, below).

Fetal evaluation should be obtained as part of the
workup. If the patient is being admitted to the hospital,
fetal testing should be performed on the same day to
assess fetal well-being. This may be done by fetal heart rate
testing with nonstress testing or by biophysical profile. A
regular schedule of fetal surveillance must then be fol-
lowed. Daily fetal kick counts can be recorded by the
patient herself. If the fetus is less than 34 weeks’ gestation,
corticosteroids (betamethasone 12 mg intramuscularly
every 24 h for two doses, or dexamethasone 6 mg intra-
muscularly every 12 h for four doses) can be administered

Table 19–3. Indicators of mild and severe preeclampsia-eclampsia, and gestational hypertension with severe features.

Si Indico Mild Sv

Central nervous system Symptoms and signs Hyperreflexia Seizures, blurred vision, scotomas, headache, clonus,

irritability

Kidney Proteinuria

Urinary output

> 0.3 g/24 h

> 30 mL/h

> 0.3 g/24 h

< 30 mL/h

Liver AST, ALT, LD Normal liver enzymes Elevated liver enzymes, epigastric pain, ruptured liver

Hematologic Platelets

Hemoglobin

Normal

Normal

< 100,000/mcL (100 × 109/L)

Low, normal, or elevated

Vascular Blood pressure

Retina

< 160/110 mm Hg

Arteriolar spasm

> 160/110 mm Hg

Retinal hemorrhages

Fetal-placental unit Growth restriction

Oligohydramnios

Fetal distress

Absent

Absent

Absent

Present

Present

Present

ALT, alanine aminotransferase; AST, aspartate aminotransferase; LD, lactate dehydrogenase.
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to the mother. However, when a woman clearly has unstable
severe preeclampsia, delivery should not be delayed for fetal
lung maturation or administration of corticosteroids. In
women with gestational hypertension or preeclampsia
without severe features at or beyond 37 weeks’ gestation,
delivery rather than expectant management upon diagno-
sis is recommended.

The method of delivery is determined by the maternal
and fetal status. A vaginal delivery is preferred because it
has less blood loss than a cesarean section and requires less
coagulation factors. Cesarean section is reserved for the
usual fetal indications. For mild preeclampsia, delivery
should take place at term.

B. Eclampsia

1. Emergency care—If the patient is convulsing, she is
turned on her side to prevent aspiration and to improve
blood flow to the placenta. The seizure may be stopped by
giving an intravenous bolus of magnesium sulfate (the pre-
ferred agent), 4–6 g over 4 minutes or until the seizure
stops. A continuous intravenous infusion of magnesium
sulfate is then started at a rate of 2–3 g/h unless the patient
is known to have reduced kidney function (serum creati-
nine 1.0–1.5 mg/dL). Reducing maintenance dosing to
1 g/h or temporarily stopping infusion may be necessary to
address instances of kidney dysfunction and magnesium
toxicity. Magnesium blood levels may be checked every
4–6 hours and ideally the infusion rate adjusted to maintain
a therapeutic blood level (4–7 mEq/L). Urinary output is
checked hourly and the patient assessed for signs of possible
magnesium toxicity such as loss of deep tendon reflexes or
decrease in respiratory rate and depth, which can be
reversed with calcium gluconate, 1 g intravenously over
2 minutes. If seizures continue, an additional dose of mag-
nesium sulfate, 2 g intravenously, may be infused. Alterna-
tive agents should be used only if magnesium sulfate is
unavailable: phenobarbital, 15–20 mg/kg intravenous loading
dose infused at 25–100 mg/min (may repeat once after
10 minutes with additional 5–10 mg/kg); clonazepam, 1 mg
intravenously; or diazepam, 5–10 mg intravenously. Respira-
tory support with intubation and airway control may be nec-
essary, especially when the maximum dosage of these
medications is administered. Midazolam, 10 mg intramuscu-
larly, can be used in rare cases for the extremely agitated patient.

2. General care—In patients who have preeclampsia with
severe features, magnesium sulfate should be given intrave-
nously, 4- to 6-g load over 15–20 minutes followed by
2–3 g/h maintenance, for seizure prophylaxis. The occur-
rence of eclampsia necessitates delivery once the patient is
stabilized. It is important, however, that assessment of the
status of the patient and fetus take place first. Continuous
fetal monitoring must be performed and maternal blood
typed and cross-matched quickly. A urinary catheter is
inserted to monitor urinary output, and a CBC with plate-
lets, electrolytes, creatinine, and liver enzymes are obtained.
If hypertension is present with systolic values of 160 mm
Hg or higher or diastolic values 110 mm Hg or higher,
antihypertensive medications should be administered to
reduce the blood pressure to 140–150/90–100 mm Hg.

Lower blood pressures than this may induce placental
insufficiency through reduced perfusion. Hydralazine,
given in 5- to 10-mg increments intravenously every
20 minutes, is frequently used to lower blood pressure.
Labetalol, 10–20 mg intravenously, every 20 minutes as
needed, can also be used. Immediate-release oral nifedip-
ine 10–20 mg may be administered and then repeated in
20 minutes, followed by 10–20 mg every 4–6 hours for a
maximum daily dosage of 180 mg. This medication is particu-
larly helpful if the patient does not have intravenous access.

3. Delivery—Delivery is mandated once eclampsia has
occurred. Vaginal delivery is preferred. Subsequent pro-
longed fetal heart rate decelerations are frequent after an
eclamptic seizure. However, delivery should proceed only
after there is maternal hemodynamic stabilization. Further-
more, maternal resuscitation is usually followed by normal-
ization of the fetal tracing. The rapidity with which delivery
must be achieved depends on the fetal and maternal status
following the seizure and the availability of laboratory data
on the patient. Oxytocin, given intravenously and titrated to
a dose that results in adequate contractions, may be used to
induce or augment labor. Oxytocin should only be admin-
istered by a clinician specifically trained in its use. Regional
analgesia or general anesthesia is acceptable. Cesarean
section is used for the usual obstetric indications.

4. Postpartum—Magnesium sulfate infusion (2–3 g/h with
noted exceptions, see above) should be continued for
24 hours postpartum. Late-onset preeclampsia-eclampsia
can occur during the postpartum period. It is usually
manifested by either hypertension or seizures. Treatment is
the same as prior to delivery—ie, with hydralazine and
magnesium sulfate.

» When to Refer

• New onset of hypertension and proteinuria in a preg-
nant patient more than 20 weeks’ gestation.

• New onset of seizure activity in a pregnant patient.

» When to Admit

• Symptoms of preeclampsia with severe features in a
pregnant patient with elevated blood pressure above
baseline.

• Evaluation for preeclampsia when severe features of the
disease are suspected.

• Evaluation for preeclampsia in a patient with an unsta-
ble home environment.

• Evidence of eclampsia.

American College of Obstetricians and Gynecologists. ACOG
Practice Bulletin No. 202: Gestational hypertension and pre-
eclampsia. Obstet Gynecol. 2020;135:e237. [PMID: 32443079]

American College of Obstetrics and Gynecologists. Committee
Opinion No. 692: Emergent therapy for acute-onset, severe
hypertension during pregnancy and the postpartum period.
Obstet Gynecol. 2017;129:e90. [PMID: 28333820]

American College of Obstetricians and Gynecologists. Commit-
tee Opinion No. 743. Low-dose aspirin use during pregnancy.
Obstet Gynecol. 2018;132:e44. [PMID: 29939940]
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PRETERM LABOR

E S S E N T I A L S  O F  D I A G N O S I S

» Preterm regular uterine contractions approxi-
mately 5 minutes apart.

» Cervical dilatation, effacement, or both.

» General Considerations

Preterm birth is defined as birth between 20 0/7 and
36 6/7 weeks’ gestation, and spontaneous preterm labor
with or without premature rupture of the fetal membranes
is responsible for at least two-thirds of all preterm births.
Prematurity is the largest single contributor to infant mor-
tality, and survivors are at risk for a myriad of short- and
long-term complications. It also the most common reason
for antepartum hospitalization. Rates of infant death and
long-term neurologic impairment are inversely related to
gestational age at birth. The cusp of viability in contempo-
rary practice is 23–25 weeks’ gestation, and infants born
prior to 23 weeks rarely survive. About two-thirds of the
preterm births occur between 34 weeks and 36 weeks and
6 days (termed “late preterm birth”), and good outcomes
are expected at these gestational ages. Importantly, how-
ever, even these late preterm infants are at significantly
increased risk for both morbidity and mortality when
compared to those infants born at term.

Major risk factors for spontaneous preterm labor
include a past history of preterm birth and a short cervical
length as measured by transvaginal ultrasound. Patients
with one or both of these risk factors have largely been the
focus of recent intervention trials aiming to prevent pre-
term birth. Other known risk factors are many but include
Black race, multifetal pregnancies, intrauterine infection,
substance abuse, smoking, periodontal disease, and socio-
economic deprivation. Numerous preterm births are pre-
ceded by ruptured membranes.

» Clinical Findings

In women with regular uterine contractions and cervical
change, the diagnosis of preterm labor is straightforward.
However, symptoms such as pelvic pressure, cramping, or
vaginal discharge may be the first complaints in high-risk
patients who later develop preterm labor. Because these
complaints may be vague and irregular uterine contrac-
tions are common, distinguishing which patients merit
further evaluation can be problematic. In some cases, this
distinction can be facilitated by the use of fetal fibronec-
tin measurement in cervicovaginal specimens. This test is
most useful when it is negative (less than 50 ng/mL),
since the negative predictive value for delivery within
7–14 days is 93–97%. A negative test, therefore, usually
means the patient can be reassured and discharged home.
Because of its low sensitivity, however, fetal fibronectin is
not recommended as a screening test in asymptomatic
women.

» Treatment

A. General Measures

Patients must be educated to identify symptoms associated
with preterm labor to avoid unnecessary delay in their
evaluation. In patients who are believed to be at increased
risk for preterm delivery, randomized trials have failed to
demonstrate improved outcomes in women placed on
activity restriction. Paradoxically, such recommendations
may place a woman at an increased risk to deliver preterm.
Women with preterm labor at the threshold of viability
present unique ethical and obstetric challenges and are best
managed in consultation with maternal-fetal medicine and
neonatology specialists. The families in such situations
should be actively and continually engaged about decisions
regarding the aggressiveness of resuscitative efforts.

B. Corticosteroids

In pregnancies between 23 weeks’ and 34 weeks’ gestation
where preterm birth is anticipated, a single short course of
corticosteroids should be administered to promote fetal
lung maturity. Such therapy has been demonstrated to
reduce the frequency of respiratory distress syndrome,
intracranial hemorrhage, and even death in preterm
infants. Betamethasone, 12 mg intramuscularly repeated
once 24 hours later, and dexamethasone, 6 mg intramuscu-
larly repeated every 12 hours for four doses, both cross the
placenta and are the preferred treatments in this setting. A
single repeat course of antenatal corticosteroids should be
considered in women who are at risk for preterm delivery
within the next 7 days, and whose prior dose of antenatal
corticosteroids was administered more than 14 days previ-
ously. Rescue course corticosteroids could be provided as
early as 7 days from the prior dose, if indicated by the clini-
cal scenario. Administration of betamethasone may be
considered in pregnant women between 34 0/7 and
36 6/7 weeks of gestation at imminent risk for preterm
birth within 7 days, and who have not received a previous
course of antenatal corticosteroids.

C. Antibiotics

Despite the finding that preterm labor is associated with
intrauterine infection in certain cases, there is no evidence
that antibiotics forestall delivery in women with preterm
labor and intact membranes. However, women in preterm
labor should receive antimicrobial prophylaxis against
group B Streptococcus unless a single standard culture of
the distal vagina and anorectum has been negative for the
organism in the preceding 5 weeks.

D. Tocolytic Agents

Evidence supports the use of first-line tocolytic treatment
with beta-adrenergic receptor agonists, calcium channel
blockers, or indomethacin for short-term prolongation of
pregnancy (up to 48 hours) to allow for the administration
of antenatal corticosteroids, and (if appropriate), transport
the patient to a facility better equipped to care for prema-
ture infants. Maintenance therapy (continuation of
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treatment beyond 48 hours) is not effective at preventing
preterm birth and is not recommended.

Beta-adrenergic drugs, such as terbutaline, can be
given every 30 minutes as an intravenous infusion starting
at 2.5 mcg/min or as a subcutaneous injection starting at
250 mcg. Oral terbutaline is not recommended because of
the lack of proven efficacy and concerns about maternal
safety. Serious maternal side effects have been reported
with the use of terbutaline and include tachycardia, pul-
monary edema, arrhythmias, metabolic derangements
(such as hyperglycemia and hypokalemia), and even
death. Pulmonary edema occurs with increased frequency
with concomitant administration of corticosteroids, large-
volume intravenous fluid infusion, maternal sepsis, or
prolonged tocolysis. Because of these safety concerns, the
US Food and Drug Administration (FDA) warns that ter-
butaline be administered exclusively in a hospital setting
and discontinued after 48–72 hours of treatment.

Nifedipine, 20 mg orally every 6 hours, and indo-
methacin, 50 mg orally once then 25 mg orally every
6 hours up to 48 hours, have also been used with limited
success.

Magnesium sulfate is commonly used (but no longer
recommended as a first-line agent) for tocolysis, and there
is evidence that it may also be protective against cerebral
palsy in infants from 24 weeks’ to 32 weeks’ gestation
when given at time of birth. Magnesium sulfate is given
intravenously as a 4- to 6-g bolus followed by a continuous
infusion of 2 g/h. Magnesium levels are not typically
checked but should be monitored if there is any concern
for toxicity. Magnesium sulfate is entirely cleared by the
kidney and must, therefore, be used with caution in women
with any degree of kidney disease.

Before attempts are made to prevent preterm delivery
with tocolytic agents, the patient should be assessed for con-
ditions in which delivery would be indicated. Severe pre-
eclampsia, lethal fetal anomalies, placental abruption, and
intrauterine infection are all examples of indications for
preterm delivery. In such cases, attempts to forestall deliv-
ery would be inappropriate.

» Preterm Birth Prevention

Strategies aimed at preventing preterm birth in high-risk
women—principally those with a history of preterm birth
or a shortened cervix (or both)—have focused on the
administration of progesterone or progesterone com-
pounds and the use of cervical cerclage. Prospective ran-
domized controlled trials have demonstrated reductions
in rates of preterm birth in high-risk women with single-
ton pregnancies who received progesterone supplementa-
tion, although the optimal preparation, dose, and route of
administration (intramuscular injection versus vaginal
suppository) are unclear. Although the issue has not been
settled, there is also some evidence that progesterone
therapy may decrease rates of preterm birth in nulliparous
women who have a shortened cervix as measured by
transvaginal ultrasound. ACOG does not recommend
universal transvaginal cervical length screening but
acknowledges that this strategy may be considered.

There is also evidence that women with a previous
spontaneous preterm birth and a shortened cervix (less
than 25 mm before 24 weeks’ gestation) may benefit from
placement of a cervical cerclage. Incidentally detected
short cervical length in the second trimester in the absence
of a prior singleton preterm birth is not diagnostic of cervi-
cal insufficiency, and cerclage is not indicated in this set-
ting. In twin and triplet gestations, however, neither
progesterone administration nor cervical cerclage place-
ment has been effective at prolonging pregnancy, and these
therapies are not recommended in women with multifetal
pregnancies.

» When to Refer

• Symptoms of increased pelvic pressure or cramping in
high-risk patients.

• Regular uterine contractions.

• Rupture of membranes.

• Vaginal bleeding.

» When to Admit

• Cervical dilation of 2 cm or more before 34 weeks’
gestation.

• Contractions that cause cervical change.

• Rupture of membranes.

American College of Obstetricians and Gynecologists. ACOG
Practice Bulletin No. 130: Prediction and prevention of pre-
term birth. Obstet Gynecol. 2012;120:964. [Reaffirmed 2018]
[PMID: 22996126]

American College of Obstetricians and Gynecologists. ACOG
Practice Bulletin No. 142: Cerclage for the management of
cervical insufficiency. Obstet Gynecol. 2014;123:372. [Reaf-
firmed 2019] [PMID: 24451674]

American College of Obstetricians and Gynecologists. ACOG
Practice Bulletin No. 171: Management of preterm labor.
Obstet Gynecol. 2016;128:e155. [Reaffirmed 2020] [PMID:
27661654]

American College of Obstetricians and Gynecologists. Commit-
tee Opinion No. 713: Antenatal corticosteroid therapy for fetal
maturation. Obstet Gynecol. 2017;130:e102. [PMID:
28742678]

American College of Obstetricians and Gynecologists. Practice
Bulletin No. 188: Prelabor rupture of membranes. Obstet
Gynecol. 2018;131:e1. [PMID: 29266075]

THIRD-TRIMESTER BLEEDING

Five to 10 percent of women have vaginal bleeding in late
pregnancy. The clinician must distinguish between placen-
tal causes (placenta previa, placental abruption, vasa pre-
via) and nonplacental causes (labor, infection, disorders of
the lower genital tract, systemic disease). The approach to
bleeding in late pregnancy depends on the underlying
cause, the gestational age at presentation, the degree of
blood loss, and the overall status of the mother and her
fetus. The cause of antepartum bleeding after midpreg-
nancy is unknown in one-third of cases.
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» Treatment

A. General Measures

The patient should initially be observed closely with con-
tinuous fetal monitoring to assess for fetal distress. A com-
plete blood count with platelets and a prothrombin time
(INR) should be obtained and repeated serially if the bleed-
ing continues. If hemorrhage is significant or if there is
evidence of acute hypovolemia, the need for transfusion
should be anticipated and an appropriate volume of red
cells prepared with cross-matching. Ultrasound examina-
tion should be performed to determine placental location.
Digital pelvic examinations are done only after ultrasound
examination has ruled out placenta previa. Administration
of anti-D immune globulin may be required for women
who are Rh negative.

B. Placenta Previa

Placenta previa occurs when the placenta implants over the
internal cervical os. Risk factors for this condition include
previous cesarean delivery, increasing maternal age, multi-
parity, and smoking. If the diagnosis is initially made in the
first or second trimester, the ultrasound should be repeated
in the third trimester. Persistence of placenta previa at this
point is an indication for cesarean as the route of delivery.
Painless vaginal bleeding is the characteristic symptom in
placenta previa and can range from light spotting to pro-
fuse hemorrhage. Hospitalization for extended evaluation
is the appropriate initial management approach. For preg-
nancies that have reached 37 weeks’ gestation or beyond
with continued bleeding, cesarean delivery is generally
indicated. Pregnancies at 36 weeks or earlier are candidates
for expectant management provided the bleeding is not
prodigious, and a subset of these women can be discharged
if the bleeding and contractions completely subside.

C. Morbidly Adherent Placenta

Morbidly adherent placenta is a general term describing an
abnormally adherent placenta that has invaded into the
uterus. The condition can be further classified depending
on whether the depth of invasion is limited to the endome-
trium (accreta), extends into the myometrium (increta), or
invades beyond the uterine serosa (percreta). The most
important risk factor for a morbidly adherent placenta is a
prior uterine scar—typically from one or more prior cesar-
ean deliveries. The focus of invasion usually involves the
scar itself, and placenta previa is commonly associated with
morbid adherence. Of serious concern for the field of
obstetrics, the incidence of these syndromes has increased
dramatically over the last 50 years commensurate with the
increasing cesarean delivery rate.

After delivery of the infant, almost always in a repeat
cesarean section, the morbidly adherent placenta does not
separate normally, and the bleeding that results can be tor-
rential. Emergency hysterectomy is usually required to stop
the hemorrhage, and transfusion requirements are often
massive. Because of the considerable increase in both
maternal morbidity and mortality associated with this con-
dition, careful preoperative planning is imperative when

the diagnosis is suspected antenatally. Ultrasound findings
such as intraplacental lacunae, bridging vessels into the blad-
der, and loss of the retroplacental clear space suggest placen-
tal invasion in women who have placenta previa. Importantly,
however, even if ultrasound findings are subtle, an abnormally
adherent placenta should be suspected in any patient with one
or more prior cesarean deliveries and an anterior placenta
previa. Ideally, delivery planning should involve a multidis-
ciplinary team, and the surgery should take place at an
institution with appropriate personnel and a blood bank
equipped to handle patients requiring massive transfusion. It
has been demonstrated that a systematic approach to man-
agement with a multidisciplinary team improves patient
outcomes. Evidence-based recommendations regarding
delivery timing are lacking, but the goal is to have a planned,
late-preterm cesarean delivery. As such, delivery at 34–36 weeks
in a stable patient seems a reasonable approach.

D. Placental Abruption

Placental abruption is the premature separation of the pla-
centa from its implantation site before delivery. Hypertension
is a known risk factor for abruption. Other risk factors
include multiparity, cocaine use, smoking, previous abrup-
tion, and thrombophilias. Classic symptoms are vaginal
bleeding, uterine tenderness, and frequent contractions, but
the clinical presentation is highly variable. There is often
concealed hemorrhage when the placenta abrupts, which
causes increased pressure in the intervillous space. Excess
amounts of thromboplastin escape into the maternal circula-
tion and defibrination occurs. Profound coagulopathy and
acute hypovolemia from blood loss can occur and are more
likely with an abruption severe enough to kill the fetus. Ultra-
sound may be helpful to exclude placenta previa, but failure
to identify a retroplacental clot does not exclude abruption.
In most cases, abruption is an indication for immediate
cesarean delivery because of the high risk of fetal death.

American College of Obstetricians and Gynecologists. Obstetric
Care Consensus No. 7: Placenta accreta spectrum. Obstet
Gynecol. 2018;132:e259. [PMID: 30461695]

American College of Obstetricians and Gynecologists. Practice
Bulletin No. 183: Postpartum hemorrhage. Obstet Gynecol.
2017;130:e168. [Reaffirmed 2019] [PMID: 28937571]

Bartels HC et al. Association of implementing a multidisci-
plinary team approach in the management of morbidly
adherent placenta with maternal morbidity and mortality.
Obstet Gynecol. 2018;132:1167. [PMID: 30234729]

Shamshirsaz AA et al. Outcomes of planned compared with
urgent deliveries using a multidisciplinary team approach for
morbidly adherent placenta. Obstet Gynecol. 2018;131:234.
[PMID: 29324609]

º
OBStetrIC COMpLICatIONS OF the
perIpartUM perIOD

PUERPERAL MASTITIS

Postpartum mastitis occurs sporadically in nursing moth-
ers, usually with symptom onset after discharge from the
hospital. Staphylococcus aureus is usually the causative
agent. Women nursing for the first time and those with
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difficulty breastfeeding appear to be at greatest risk. Rarely,
inflammatory carcinoma of the breast can be mistaken for
puerperal mastitis (see also Chapter 17). Unfortunately,
strategies aimed at preventing mastitis in breastfeeding
women have been unsuccessful.

Mastitis frequently begins within 3 months after deliv-
ery and may start with an engorged breast and a sore or
fissured nipple. Cellulitis is typically unilateral with the
affected area of breast being red, tender, and warm. Fever
and chills are common complaints as well. Treatment con-
sists of antibiotics effective against penicillin-resistant
staphylococci (dicloxacillin 500 mg orally every 6 hours or
a cephalosporin for 10–14 days) and regular emptying of
the breast by nursing or by using a mechanical suction
device. Although nursing from the infected breast is safe
for the infant, local inflammation of the nipple may com-
plicate latching. Failure to respond to usual antibiotics
within 3 days may represent an organizing abscess or infec-
tion with a resistant organism. When the causative organ-
ism is methicillin-resistant S aureus (MRSA), the risk for
abscess formation is increased when compared with infec-
tion caused by nonresistant staphylococcal species. If an
abscess is suspected, ultrasound of the breast can help
confirm the diagnosis. In these cases, aspiration or surgical
evacuation is usually required. Changing antibiotics based
on culture sensitivity (to vancomycin or trimethoprim-
sulfamethoxazole, for example) is useful, especially if the
clinical course is not improving appropriately.

Yu Z et al. High-risk factors for suppurative mastitis in lactating
women. Med Sci Monit. 2018;24:4192. [PMID: 29916453]

CHORIOAMNIONITIS & METRITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Fever not attributable to another source.

» Uterine tenderness.

» Tachycardia in the mother, fetus, or both.

» General Considerations

Pelvic infections are relatively common problems encoun-
tered during the peripartum period. Chorioamnionitis is an
infection of the amnion and chorion (fetal parts), usually
occurring during labor. Uterine infection after delivery is
often called endometritis or endomyometritis, but the term
“metritis” is probably most accurate to emphasize that the
infection extends throughout the uterine tissue. These infec-
tions are polymicrobial and are most commonly attributed
to urogenital pathogens. The single most important risk
factor for puerperal infection is cesarean delivery, which
increases the risk from 5- to 20-fold. Other recognized risk
factors include prolonged labor, use of internal monitors,
nulliparity, multiple pelvic examinations, prolonged rupture
of membranes, and lower genital tract infections. Although
maternal complications such as dysfunctional labor and

postpartum hemorrhage are increased with clinical chorio-
amnionitis, the principal reason to initiate treatment is to
prevent morbidity in the offspring. Neonatal complications
such as sepsis, pneumonia, intraventricular hemorrhage,
and cerebral palsy are increased in the setting of chorioam-
nionitis. Intrapartum initiation of antibiotics, however, sig-
nificantly reduces neonatal morbidity.

» Clinical Findings

Puerperal infections are diagnosed principally by the pres-
ence of fever (38°C or higher) in the absence of any other
source and one or more of the following signs: maternal or
fetal tachycardia (or both), and uterine tenderness. Foul-
smelling lochia may be present, but is an insensitive marker
of infection as many women without infection also experi-
ence an unpleasant odor. Likewise, some life-threatening
infections such as necrotizing fasciitis are typically odor-
less. Cultures are typically not done because of the polymi-
crobial nature of the infection.

» Treatment

Treatment is empiric with broad-spectrum antibiotics that
will cover gram-positive and gram-negative organisms if
still pregnant and gram-negative organisms and anaerobes
if postpartum. A common regimen for chorioamnionitis is
ampicillin, 2 g intravenously every 6 hours, and gentami-
cin, 2 mg/kg intravenous load then 1.5 mg/kg intrave-
nously every 8 hours. A common regimen for metritis is
gentamicin, 2 mg/kg intravenous load then 1.5 mg/kg
intravenously every 8 hours, and clindamycin, 900 mg
intravenously every 8 hours. Antibiotics are stopped in the
mother when she has been afebrile (and asymptomatic) for
24 hours. No oral antibiotics are subsequently needed.
Patients with metritis who do not respond in the first
24–48 hours may have an enterococcal component of
metritis and require additional gram-positive coverage
(such as ampicillin) to the regimen.

American College of Obstetricians and Gynecologists. Committee
Opinion No. 712: Intrapartum management of intraamniotic
infection. Obstet Gynecol. 2017;130:e95. [PMID: 28742677]

º
MeDICaL CONDItIONS COMpLICatING
preGNaNCY

ANEMIA

Normal pregnancy is characterized by an increase in
maternal plasma volume of about 50% and an increase in
red cell volume of about 25%. Because of these changes,
the mean hemoglobin and hematocrit values are lower
than in the nonpregnant state. Anemia in pregnancy is
considered when the hemoglobin measurement is below
11 g/dL. By far, the most common causes are iron defi-
ciency and acute blood loss anemia, the latter usually
occurring in the peripartum period. Symptoms such as
fatigue and dyspnea that would otherwise suggest the
presence of anemia in nonpregnant women are common in

CMDT22_Ch19_p0799-p0824.indd 813 29/06/21 8:42 PM



Chapter 19814 CMDT 2022

pregnant women; therefore, periodic measurement of
hematocrits in pregnancy is essential so that anemia can be
identified and treated. In addition to its impact on mater-
nal health, untoward pregnancy outcomes such as low
birthweight and preterm delivery have been associated
with second- and third-trimester anemia.

A. Iron Deficiency Anemia

The increased requirement for iron over the course of
pregnancy is appreciable in order to support fetal growth
and expansion of maternal blood volume. Dietary intake of
iron is generally insufficient to meet this demand, and it is
recommended that all pregnant women receive about
30 mg of elemental iron per day in the second and third
trimesters. Oral iron therapy is commonly associated with
gastrointestinal side effects, such as nausea and constipa-
tion, and these symptoms often contribute to noncompli-
ance. If supplementation is inadequate, however, anemia
often becomes evident by the third trimester of pregnancy.
Because iron deficiency is by far the most common cause
of anemia in pregnancy, treatment is usually empiric and
consists of 60–100 mg of elemental iron per day and a diet
containing iron-rich foods. Iron studies can confirm the
diagnosis if necessary (see Chapter 13), and further evalu-
ation should be considered in patients who do not respond
to oral iron. Intermittent iron supplementation (eg, every
other day) has been associated with fewer side effects and
may be reasonable for women who cannot tolerate daily
therapy.

B. Folic Acid Deficiency Anemia

Megaloblastic anemia in pregnancy is almost always caused
by folic acid deficiency, since vitamin B

12
deficiency is

extremely uncommon in the childbearing years. Folate
deficiency is usually caused by inadequate dietary intake of
fresh leafy vegetables, legumes, and animal proteins.

The diagnosis is made by finding macrocytic red cells
and hypersegmented neutrophils on a blood smear (see
Chapter 13). However, blood smears in pregnancy may be
difficult to interpret, since they frequently show iron defi-
ciency changes as well. With established folate deficiency, a
supplemental dose of 1 mg/day and a diet with increased
folic acid is generally sufficient to correct the anemia.

C. Sickle Cell Anemia

Women with sickle cell anemia are subject to serious com-
plications in pregnancy. The anemia becomes more severe,
and acute pain crises often occur more frequently. When
compared with women who do not have hemoglobinopa-
thies, women with hemoglobin SS are at increased risk for
infections (especially pulmonary and urinary tract),
thromboembolic events, pregnancy-related hypertension,
transfusion, cesarean delivery, preterm birth, and fetal
growth restriction. There also continues to be an increased
rate of maternal mortality, despite an increased recognition
of the high-risk nature of these pregnancies. Intensive
medical treatment may improve the outcomes for both
mother and fetus. Prophylactically transfusing packed red

cells to lower the level of hemoglobin S and elevate the level
of hemoglobin A is a controversial practice without clear
benefit. Most women with sickle cell disease will not
require iron supplementation, but folate requirements can
be appreciable due to red cell turnover from hemolysis.

D. Other Anemias

Although many of the inherited or acquired causes of ane-
mia are relatively rare in women of childbearing age, they
can be encountered in pregnancy. The implications for the
mother and her offspring vary widely depending on the
etiology of anemia. For example, mild microcytic anemia
may be caused by iron deficiency, but it could also repre-
sent anemia of chronic disease as a result of previously
undiagnosed malignancy. As such, women who have ane-
mia caused by a disorder besides a nutritional deficiency
are best managed in conjunction with a maternal fetal
medicine specialist and a hematologist. Additionally,
women who have an inherited form of anemia (hemoglo-
binopathies and thalassemia syndromes, for example)
should be offered genetic counseling; prenatal diagnosis, if
available, should be discussed if the parents wish to know
whether the fetus is affected.

American College of Obstetricians and Gynecologists. ACOG
Practice Bulletin No. 95: Anemia in pregnancy. Obstet Gyne-
col. 2008;112:201. [Reaffirmed 2019] [PMID: 18591330]

American College of Obstetricians and Gynecologists. ACOG
Practice Bulletin No. 78: Hemoglobinopathies in pregnancy.
Obstet Gynecol 2007;109:229. [Reaffirmed 2019] [PMID:
17197616]

ANTIPHOSPHOLIPID SYNDROME

The antiphospholipid syndrome (APS) is characterized by
autoantibodies, notably in association with arterial and
venous thrombosis and adverse pregnancy outcomes (see
Chapter 20).

THYROID DISEASE

Thyroid disease is relatively common in pregnancy, and in
their overt states, both hypothyroidism and hyperthyroid-
ism have been consistently associated with adverse preg-
nancy outcomes. There are gestational age-specific effects
that pregnancy has on thyroid function tests; failure to
recognize these physiologic alterations can result in mis-
classification or misdiagnosis. Women who have a history
of a thyroid disorder or symptoms that suggest thyroid
dysfunction should be screened with thyroid function
tests. Screening asymptomatic pregnant women, however,
is of unproven benefit and is not currently recommended.

Overt hypothyroidism is defined by an elevated serum
TSH level with a depressed FT

4
level. During pregnancy,

several factors occur that affect maternal thyroid hormones:
(1) Rising estrogen levels increase thyroxine binding globu-
lin (TBG) serum concentrations, reducing FT

4
levels. (2)

Placental deiodinase promotes the turnover of T
4
. (3) Sup-

plemental iron and prenatal multivitamins containing iron
can bind to oral T

4
and reduce its intestinal absorption.
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The most common etiology of hypothyroidism during
pregnancy is Hashimoto (autoimmune) thyroiditis. Many
of the symptoms of hypothyroidism mimic those of normal
pregnancy, making its clinical identification difficult.
Maternal hypothyroidism has consistently been associated
with an increase in complications such as spontaneous
abortion, preterm birth, preeclampsia, placental abruption,
and impaired neuropsychological development in the off-
spring; the fetus is at least partially dependent on maternal
T

4
for its CNS development—particularly in the second

trimester. Therefore, for women who need levothyroxine, it
is prudent to increase the dosages by approximately
20–30% as soon as pregnancy is confirmed. Pregnant
women with overt hypothyroidism or myxedema should
be treated immediately with levothyroxine at full replace-
ment doses of 1.6 mcg/kg/day (about 100–150 mcg daily).
For titration, the levothyroxine dosage may be increased
according to clinical response and serum TSH, measuring
serum TSH every 4–6 weeks and trying to keep the serum
TSH level in a trimester-specific gestational reference
range. An increase in the dose of levothyroxine may be
required in the second and third trimesters. By mid-
pregnancy, women require an average of 47% increase in
their levothyroxine dosage.

Subclinical hypothyroidism is defined as an increased
serum TSH with a normal FT

4
level. Although some stud-

ies have found associations with untoward pregnancy out-
comes such as miscarriage, preterm birth, and preeclampsia,
others have failed to confirm these findings. There is cur-
rently no evidence, however, that identification and treat-
ment of subclinical hypothyroidism will prevent any of
these outcomes. Data from an NIH-sponsored Maternal-
Fetal Medicine Units Network randomized, controlled trial
demonstrated no improvement in cognitive function of
5-year-olds born to women screened and treated for sub-
clinical hypothyroidism. For these reasons, the American
College of Obstetricians and Gynecologists and the
American Association of Clinical Endocrinologists recom-
mend against universal screening for thyroid disease in
pregnancy.

Overt hyperthyroidism, defined as excessive produc-
tion of thyroxine with a depressed (usually undetectable)
serum TSH level, is also associated with increased risks in
pregnancy. Spontaneous abortion, preterm birth, pre-
eclampsia, and maternal heart failure occur with increased
frequency with untreated thyrotoxicosis. Thyroid storm,
although rare, can be a life-threatening complication.
Medical treatment of thyrotoxicosis is usually accom-
plished with the antithyroid drugs propylthiouracil or
methimazole. Although teratogenicity has not been clearly
established, in utero exposure to methimazole has been
associated with aplasia cutis and choanal and esophageal
atresia in the offspring of pregnancies so treated. Propyl-
thiouracil is not believed to be teratogenic, but it has been
associated with the rare complications of hepatotoxicity
and agranulocytosis. Recommendations by the American
Thyroid Association are to treat with propylthiouracil in
the first trimester and convert to methimazole for the
remainder of the pregnancy. The therapeutic target for the
FT

4
level is the upper limit of the normal reference range.

The TSH levels generally stay suppressed even with ade-
quate treatment. A beta-blocker can be used for such
symptoms as palpitations or tremors. Fetal hypothyroidism
or hyperthyroidism is uncommon but can occur with
maternal Graves disease, which is the most common cause
of hyperthyroidism in pregnancy. Radioiodine ablation is
absolutely contraindicated in pregnancy because it may
destroy the fetal thyroid as well.

Postpartum thyroiditis is discussed in Chapter 26; see
Thyroiditis.

American College of Obstetricians and Gynecologists. Practice
Bulletin No. 148: Thyroid disease in pregnancy. Obstet Gyne-
col. 2015;125:996. [Reaffirmed 2019] [PMID: 25798985]

Casey BM et al; Eunice Kennedy Shriver National Institute of
Child Health and Human Development Maternal–Fetal Med-
icine Units Network. Treatment of subclinical hypothyroid-
ism or hypothyroxinemia in pregnancy. N Engl J Med. 2017;
376:815. [PMID: 28249134]

DIABETES MELLITUS

Normal pregnancy can be characterized as a state of
increased insulin resistance that helps ensure a steady
stream of glucose delivery to the developing fetus. Thus,
both mild fasting hypoglycemia and postprandial hyper-
glycemia are physiologic. These metabolic changes are felt
to be hormonally mediated with likely contributions from
human placental lactogen, estrogen, and progesterone.

A. Gestational Diabetes Mellitus

Gestational diabetes mellitus is abnormal glucose tolerance
in pregnancy and is generally believed to be an exaggeration
of the pregnancy-induced physiologic changes in carbohy-
drate metabolism. Alternatively, pregnancy may unmask an
underlying propensity for glucose intolerance, which will be
evident in the nonpregnant state at some future time if not
in the immediate postpartum period. Indeed, at least 50% of
women with gestational diabetes are diagnosed with overt
diabetes at some point in their lifetime. During the preg-
nancy, the principal concern in women identified to have
gestational diabetes is excessive fetal growth, which can
result in increased maternal and perinatal morbidity. Shoul-
der dystocia occurs more frequently in infants of diabetic
mothers because of fetal overgrowth and increased fat
deposition on the shoulders. Cesarean delivery and pre-
eclampsia are also significantly increased in women with
diabetes, both gestational and overt.

All asymptomatic pregnant women should undergo
laboratory screening for gestational diabetes after 24 weeks’
gestation. The diagnostic thresholds for glucose tolerance
tests in pregnancy are not universally agreed upon, and
importantly, adverse pregnancy outcomes appear to occur
along a continuum of glucose intolerance even if the diag-
nosis of gestational diabetes is not formally assigned. A
two-stage testing strategy is recommended by the American
College of Obstetricians and Gynecologists, starting with
a 50-g screening test offered to all pregnant women at
24–28 weeks’ gestation. If this test is abnormal, the diagnostic
test is a 100-g oral glucose tolerance test (Table 19–4).
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Women in whom gestational diabetes is diagnosed
should undergo nutrition counseling, and medications are
typically initiated for those with persistent fasting hyper-
glycemia. Insulin has historically been considered the
standard medication used to achieve glycemic control.
Oral hypoglycemic agents, principally glyburide and met-
formin, have been evaluated in short-term clinical trials
and appear to achieve similar degrees of glycemic control
to insulin without increasing maternal or neonatal morbid-
ity. These medications, however, have not been approved
by the FDA for this indication; the long-term safety of oral
agents has not been adequately studied in the women or in
their offspring, and study quality of these agents has been
poor. The current standard of care is insulin, unless cir-
cumstances preclude its use. In those cases, metformin is a
reasonable choice. Insulin regimens commonly include
multiple daily injections of a split-dose mix of intermedi-
ate-acting and short-acting agents. Regular and NPH insu-
lins, as well as insulin lispro and aspart, do not cross the
placenta. Once therapy is initiated, blood glucose surveil-
lance is important to assess for adequacy of glycemic con-
trol. Capillary blood glucose levels should be checked four
times per day, once fasting and three times after meals.
Euglycemia is considered to be 60–90 mg/dL (3.3–5.0 mmol/L)
while fasting and less than 120 mg/dL (6.7 mmol/L)
2 hours postprandially. Intensive therapy with dietary
modifications or insulin therapy, or both, has been demon-
strated to decrease rates of macrosomia, shoulder dystocia,
and preeclampsia. Because of the increased prevalence of
overt diabetes in women identified to have gestational dia-
betes, they should be screened at 6–12 weeks’ postpartum
with a fasting plasma glucose test or a 2-hour oral glucose
tolerance test (75-g glucose load).

B. Overt Diabetes Mellitus

Overt diabetes is diabetes mellitus that antedates the preg-
nancy. There is an inverse relationship between glycemic
control and the occurrence of fetal malformations, and

women whose periconceptional glycosylated hemoglobin
levels are at or near normal levels have rates of malforma-
tions that approach baseline. In gestational diabetes, fetal
overgrowth from inadequately controlled hyperglycemia
remains a significant concern because of the increased mater-
nal and perinatal morbidity that accompany macrosomia.
Women with overt diabetes are subject to a number of other
complications as well. Spontaneous abortions and third-
trimester stillbirths occur with increased frequency in these
women. There is also at least a twofold to threefold increased
risk for fetal malformations, as hyperglycemia during organ-
ogenesis is teratogenic. The most common malformations in
offspring of diabetic women are cardiac, skeletal, and neural
tube defects. For the mother, the likelihood of infections and
pregnancy-related hypertension is increased.

Preconception counseling and evaluation in a diabetic
woman is ideal to maximize the pregnancy outcomes. This
provides an opportunity to optimize glycemic control and
evaluate for evidence of end-organ damage. The initial
evaluation of diabetic women should include a complete
chemistry panel, HbA

1c
determination, 24-hour urine col-

lection for total protein and creatinine clearance, fundu-
scopic examination, and an ECG. Hypertension is common
and may require treatment. Optimally, euglycemia should be
established before conception and maintained during preg-
nancy with daily home glucose monitoring by the patient. A
well-planned dietary program is a key component, with an
intake of 1800–2200 kcal/day divided into three meals and
three snacks. Insulin is given subcutaneously in a split-dose
regimen as described above for women with gestational
diabetes. The use of continuous insulin pump therapy may
be helpful for some patients (see Chapter 27).

Throughout the pregnancy, diabetic women should be
seen every 2–3 weeks and more frequently depending
on the clinical condition. Adjustments in the insulin regi-
men may be necessary as the pregnancy progresses to main-
tain optimal glycemic control. A specialized ultrasound is
often performed around 20 weeks to screen for fetal mal-
formations. Symptoms and signs of infections should be
evaluated and promptly treated. In the third trimester, fetal
surveillance is indicated, and women with diabetes should
receive serial antenatal testing (usually in the form of a
nonstress test or biophysical profile). The timing of deliv-
ery is dictated by the quality of diabetic control, the pres-
ence or absence of medical complications, and fetal status.
The goal is to reach 39 weeks (38 completed weeks) and
then proceed with delivery. Confirmation of lung maturity
may be appropriate if preterm delivery is contemplated.

American College of Obstetricians and Gynecologists. Practice
Bulletin No. 201: Pregestational diabetes mellitus. Obstet
Gynecol. 2018;132:e228. [PMID: 30461693]

American College of Obstetricians and Gynecologists. Practice
Bulletin No. 190: Gestational diabetes mellitus. Obstet Gyne-
col. 2018;131:e49. [PMID: 29370047]

Bryant SN et al. Diabetic ketoacidosis complicating pregnancy. J
Neonatal Perinatal Med. 2017;10:17. [PMID: 28304323]

Melamed N et al. Induction of labor before 40 weeks is associ-
ated with lower rate of cesarean delivery in women with ges-
tational diabetes mellitus. Am J Obstet Gynecol. 2016;214:364.
e1. [PMID: 26928149]

Table 19–4. Screening and diagnostic criteria for
gestational diabetes mellitus.

Scning fo gsionl dibs mllius

1. 50-g oral glucose load, administered between 24 and 28 weeks,

without regard to time of day or time of last meal.

2. Venous plasma glucose measured 1 hour later.

3. Value of 140 mg/dL (7.8 mmol/L) or above in venous plasma

indicates the need for a diagnostic glucose tolerance test.

Dignosis of gsionl dibs mllius

1. 100-g oral glucose load, administered in the morning after

overnight fast lasting at least 8 hours but not more than

14 hours, and following at least 3 days of unrestricted diet

(> 150 g carbohydrate) and physical activity.

2. Venous plasma glucose is measured fasting and at 1, 2, and

3 hours. Patient should remain seated and should not smoke

throughout the test.

3. The diagnosis of gestational diabetes is made when two or

more of the following venous plasma concentrations are met or

exceeded: fasting, 95 mg/dL (5.3 mmol/L); 1 hour, 180 mg/dL

(10 mmol/L); 2 hours, 155 mg/dL (8.6 mmol/L); 3 hours,

140 mg/dL (7.8 mmol/L).
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CHRONIC HYPERTENSION

Chronic hypertension is estimated to complicate up to 5% of
pregnancies. To establish this diagnosis, hypertension
should antedate the pregnancy or be evident before
20 weeks’ gestation to differentiate it from pregnancy-
related hypertension. This distinction can be problematic
when the initial presentation is after 20 weeks, but chronic
hypertension is confirmed if the blood pressure remains
elevated beyond 12 weeks postpartum. Risk factors for
chronic hypertension include older maternal age, Black
race, and obesity. While essential hypertension is by far the
most common cause, secondary causes should be sought
when clinically indicated.

Women with chronic hypertension are at increased risk for
adverse maternal and perinatal outcomes. Superimposed pre-
eclampsia develops in up to 20% of women with mild hyper-
tension, but the risk increases up to 50% when there is severe
baseline hypertension (160/110 mm Hg or higher) and may be
even higher when there is evidence of end-organ damage.
When preeclampsia is superimposed on chronic hypertension,
there is a tendency for it to occur at an earlier gestational age,
be more severe, and impair fetal growth. Women with chronic
hypertension are also at increased risk for placental abruption,
cesarean delivery, preterm birth, and perinatal mortality.

Ideally, women with chronic hypertension should
undergo a preconceptional evaluation to detect end-organ
damage, assess the need for antihypertensive therapy, and
discontinue teratogenic medications. The specific tests
ordered may vary depending on the severity of the hyperten-
sive disorder, but an evaluation of liver, kidney, and cardiac
function (eg, 24-hour urine protein and maternal echocar-
diogram if mother takes medications) is appropriate.

If the woman is not known to have chronic hyperten-
sion, then initiation of antihypertensive therapy in preg-
nant women is indicated only if the blood pressure is
sustained at or above 160/110 mm Hg or if there is evi-
dence of end-organ damage. Treatment of hypertension
has not been demonstrated to improve pregnancy out-
comes, but it is indicated in women with significant hyper-
tension for long-term maternal cardiovascular health.
Although methyldopa (Table 11–10) has the longest record
of safety in pregnancy, nifedipine (Table 11–7) and labet-
alol (Table 11–9) are also acceptable, and these three agents
are recommended above all others when initiating therapy
in pregnancy. Care must be taken not to excessively reduce
the blood pressure, as this may decrease uteroplacental
perfusion. The goal is a modest reduction in blood pres-
sure and avoidance of severe hypertension.

If a woman with mild chronic hypertension is stable on
a medical regimen when she becomes pregnant, it is usu-
ally appropriate to continue this therapy, although the
benefits of doing so are not well established. Angiotensin-
converting enzyme (ACE) inhibitors and angiotensin recep-
tor blockers, however, are contraindicated in all trimesters of
pregnancy. These medications are teratogenic in the first
trimester and cause fetal hypocalvaria and acute kidney
injury in the second and third trimesters.

When there is sustained severe hypertension despite
multiple medications or significant end-organ damage

from hypertensive disease, pregnancy is not likely to be
tolerated well. In these situations, therapeutic abortion may
be appropriate. If the pregnancy is continued, the woman
must be counseled that the maternal and perinatal risks are
appreciable, and complications such as superimposed pre-
eclampsia and fetal growth restriction should be anticipated.

American College of Obstetricians and Gynecologists. Practice
Bulletin No. 203: Chronic hypertension in pregnancy. Obstet
Gynecol. 2019;133:e26. [PMID: 30575676]

Moussa HN et al. Pregnancy outcomes in women with pre-
eclampsia superimposed on chronic hypertension with and
without severe features. Am J Perinatol. 2017;34:403. [PMID:
27606778]

HEART DISEASE

Normal pregnancy physiology is characterized by cardio-
vascular adaptations in the mother. Cardiac output increases
markedly as a result of both augmented stroke volume and
an increase in the resting heart rate, and the maternal blood
volume expands by up to 50%. These changes may not be
tolerated well in women with functional or structural
abnormalities of the heart. Thus, although only a small
number of pregnancies are complicated by cardiac disease,
these contribute disproportionately to overall rates of
maternal morbidity and mortality. Most cardiac disease in
women of childbearing age in the United States is caused by
congenital heart disease. Ischemic heart disease, however, is
being seen more commonly in pregnant women due to
increasing rates of comorbid conditions, such as diabetes
mellitus, hypertension, and obesity.

For practical purposes, the best single measurement of
cardiopulmonary status is defined by the New York Heart
Association Functional Classification. Most pregnant
women with cardiac disease have class I or II functional
disability, and although good outcomes are generally
anticipated in this group, complications such as preeclamp-
sia, preterm birth, and low birth weight appear to occur
with increased frequency. Women with more severe dis-
ability (class III or IV) are rare in contemporary obstetrics;
however, the maternal mortality is markedly increased in
this setting and is usually the result of heart failure. Because
of these risks, therapeutic abortion for maternal health
should be considered in women who are severely disabled
from cardiac disease. Specific conditions that have been
associated with a particularly high risk for maternal death
include Eisenmenger syndrome, primary pulmonary
hypertension, Marfan syndrome with aortic root dilata-
tion, and severe aortic or mitral stenosis. In general, these
conditions should be considered contraindications to
pregnancy.

The importance of preconceptional counseling for
women with heart disease cannot be overstated. A thor-
ough evaluation prior to pregnancy provides an opportu-
nity for comprehensive risk assessment and detailed
planning. Once pregnant, women with cardiac disease are
best treated by a team of practitioners with experience in
caring for such patients. Heart failure and arrhythmias are
the most common cardiovascular complications associated
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with heart disease in pregnancy, and adverse maternal and
fetal outcomes are increased when they occur. Symptoms of
volume overload should therefore be evaluated and treated
promptly. Labor management depends on the underlying
cardiac lesion and the degree of disability. Women with a
history of arrhythmia should have continuous cardiac
monitoring throughout labor, delivery, and the immediate
postpartum period. Cesarean delivery is generally reserved
for obstetric indications but may be appropriate for women
in whom Valsalva maneuvers are contraindicated. The early
postpartum period is a critical time for fluid management.
Patients who are predisposed to heart failure should be
monitored closely during the puerperium.

Infective endocarditis prophylaxis is not recommended
for a vaginal or cesarean delivery in the absence of infec-
tion, except in the very small subset of patients at highest
risk for adverse outcomes from endocarditis. The women
at highest risk include those with cyanotic heart disease,
prosthetic valves, or both. Prophylactic antibiotics for
endocarditis, if required, should be given intravenously
(see Table 33–5). If infection is present, such as chorioam-
nionitis, the underlying infection should be treated with
the usual regimen and additional agents are not needed
specifically for endocarditis prophylaxis.

American College of Obstetricians and Gynecologists. Practice
Bulletin No. 199: Use of prophylactic antibiotics in labor and
delivery. Obstet Gynecol. 2018;132:e103. [PMID: 30134425]

Canobbio MM et al. Management of pregnancy in patients with
complex congenital heart disease: a scientific statement for
healthcare professionals from the American Heart Associa-
tion. 2017;135:e50. [PMID: 28082385]

ASTHMA

(See also Chapter 9.)
Asthma is one of the most common medical conditions

encountered in pregnancy. Women with mild to moderate
asthma can generally expect excellent pregnancy out-
comes, but severe or poorly controlled asthma has been
associated with a number of pregnancy complications,
including preterm birth, small-for-gestational-age infants,
and preeclampsia. The effects of pregnancy on asthma are
likely minimal as asthma severity in the pregnancy has
been reported to be similar to its severity during the year
preceding the pregnancy. Strategies for treatment are simi-
lar to those in nonpregnant women. Patients should be
educated about symptom management and avoidance of
asthma triggers. Baseline pulmonary function tests can
provide an objective assessment of lung function and may
help the patient with self-monitoring of her asthma sever-
ity using a peak flow meter. As in nonpregnant women,
treatment algorithms generally follow a stepwise approach,
and commonly used medications, particularly those for
mild to moderate asthma symptoms, are generally consid-
ered safe in pregnancy. Concerns about teratogenicity and
medication effects on the fetus should be thoroughly dis-
cussed with the patient to decrease noncompliance rates.
Inhaled beta-2-agonists are indicated for all asthma
patients, and low to moderate dose inhaled corticosteroids
are added for persistent symptoms when a rescue inhaler

alone is inadequate. Systemic corticosteroid administration
is reserved for severe exacerbations but should not be with-
held, if indicated, irrespective of gestational age. Cromolyn,
leukotriene receptor antagonists, and theophylline are
appropriate alternative therapies if first-line management
is ineffective. The primary goals of management in preg-
nancy include minimizing symptoms and avoiding hypoxic
episodes to the fetus. Prostaglandin F2a and ergonovine—
medications frequently used to treat postpartum uterine
atony—should be avoided because they can precipitate
bronchospasm in women with asthma.

American College of Obstetricians and Gynecologists. Practice
Bulletin No. 90: Asthma in pregnancy. Obstet Gynecol.
2008;111:457. [Reaffirmed 2019] [PMID: 18238988]

Bonham CA et al. Asthma outcomes and management during
pregnancy. Chest 2018;153:515. [PMID: 28867295]

SEIZURE DISORDERS

Epilepsy is one of the most common serious neurologic dis-
orders in pregnant women. Many of the commonly used
antiepileptic drugs are known human teratogens. Therefore,
the principal objectives in managing pregnancy in epileptic
women are achieving adequate control of seizures while
minimizing exposure to medications that can cause congeni-
tal malformations. Certain women who are contemplating
pregnancy and have been seizure-free for 2–5 years may be
considered candidates for discontinuation of antiseizure
medication prior to pregnancy. For those who continue to
require treatment, however, therapy with one medication is
preferred. Selecting a regimen should be based on the type of
seizure disorder and the risks associated with each medica-
tion. Valproic acid should not be considered first-line ther-
apy because it has consistently been associated with higher
rates of fetal malformations than most other commonly used
antiepileptic drugs, and it may be associated with impaired
neurocognitive development in the offspring. Phenytoin
and carbamazepine both have established patterns of associ-
ated fetal malformations. Concerns about teratogenicity have
prompted increasing use of the newer antiepileptic drugs
such as lamotrigine, topiramate, oxcarbazepine, and leveti-
racetam. Although the safety of these medications in preg-
nancy continues to be evaluated, experiences from ongoing
registries and large, population-based studies suggest that in
utero exposure to the newer antiepileptic drugs in the first
trimester of pregnancy carries a lower risk of major malfor-
mations than older medications. Lamotrigine and levetirace-
tam are considered the least teratogenic. One birth registry,
however, found an increase in oral clefts among women
taking lamotrigine. Several small studies have found an asso-
ciation between levetiracetam and low birth weight. Some
studies suggest that topiramate is associated with a slightly
increased risk of oral clefts. Although it is recommended that
pregnant women with epilepsy be given supplemental folic
acid, it is unclear if supplemental folate decreases rates of
fetal malformations in women taking anticonvulsant therapy.
Antiepileptic medications may be affected by volume of dis-
tribution changes in pregnancy, and serum levels should be
followed when appropriate.
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Harden C et al. Epilepsy in pregnancy. Neurol Clin. 2019;37:53.
[PMID: 30470275]

º
INFeCtIOUS CONDItIONS
COMpLICatING preGNaNCY

URINARY TRACT INFECTION

The urinary tract is especially vulnerable to infections dur-
ing pregnancy because the altered secretions of steroid sex
hormones and the pressure exerted by the gravid uterus on
the ureters and bladder cause hypotonia and congestion
and predispose to urinary stasis. Labor and delivery and
urinary retention postpartum also may initiate or aggra-
vate infection. Escherichia coli is the offending organism in
over two-thirds of cases.

From 2% to 15% of pregnant women have asymptom-
atic bacteriuria, which some believe to be associated with
an increased risk of preterm birth. It is estimated that
pyelonephritis will develop in 20–40% of these women if
untreated.

An evaluation for asymptomatic bacteriuria at the first
prenatal visit is recommended for all pregnant women. If a
urine culture is positive, treatment should be initiated.
Nitrofurantoin (100 mg orally twice daily), ampicillin
(250 mg orally four times daily), and cephalexin (250 mg
orally four times daily) are acceptable medications for
4–7 days. Sulfonamides should be avoided in the third tri-
mester because they may interfere with bilirubin binding
and thus impose a risk of neonatal hyperbilirubinemia and
kernicterus. Fluoroquinolones are also contraindicated
because of their potential teratogenic effects on fetal carti-
lage and bone. Patients with recurrent bacteriuria should
receive suppressive medication (once daily dosing of an
appropriate antibiotic) for the remainder of the pregnancy.
Acute pyelonephritis requires hospitalization for intrave-
nous administration of antibiotics and crystalloids until
the patient is afebrile; this is followed by a full course of
oral antibiotics.

Kalinderi K et al. Urinary tract infection during pregnancy: cur-
rent concepts on a common multifaceted problem. J Obstet
Gynaecol. 2018;38:448. [PMID: 29402148]

GROUP B STREPTOCOCCAL INFECTION

Group B streptococci frequently colonize the lower female
genital tract, with an asymptomatic carriage rate in preg-
nancy of 10–30%. This rate depends on maternal age, gra-
vidity, and geographic variation. Vaginal carriage is
asymptomatic and intermittent, with spontaneous clearing
in approximately 30% and recolonization in about 10% of
women. Adverse perinatal outcomes associated with
group B streptococcal colonization include urinary tract
infection, intrauterine infection, premature rupture of
membranes, preterm delivery, and postpartum metritis.

Women with postpartum metritis due to infection with
group B streptococci, especially after cesarean section,
develop fever, tachycardia, and abdominal pain, usually

within 24 hours after delivery. Approximately 35% of these
women are bacteremic.

Group B streptococcal infection is a common cause of
neonatal sepsis. Transmission rates are high, yet the rate of
neonatal sepsis is surprisingly low at less than 1:1000 live
births. Unfortunately, the mortality rate associated with
early-onset disease can be as high as 20–30% in premature
infants. In contrast, it is approximately 2–3% in those at
term. Moreover, these infections can contribute markedly
to chronic morbidity, including mental retardation and
neurologic disabilities. Late-onset disease develops through
contact with hospital nursery personnel. Up to 45% of
these health care workers can carry the bacteria on their
skin and transmit the infection to newborns.

The 2019 American College of Obstetricians and
Gynecologists recommendations for screening and pro-
phylaxis for group B streptococcal colonization are avail-
able at https://www.acog.org/clinical/clinical-guidance/
committee-opinion/articles/2020/02/prevention-of-group-b-
streptococcal-early-onset-disease-in-newborns.

VARICELLA

Commonly known as chickenpox, varicella-zoster virus
(VZV) infection has a fairly benign course when incurred
during childhood but may result in serious illness in adults,
particularly during pregnancy. Infection results in lifelong
immunity. Approximately 95% of women born in the
United States have VZV antibodies by the time they reach
reproductive age. The incidence of VZV infection during
pregnancy has been reported as up to 7:10,000. The vaccine
is contraindicated in pregnancy because the effects of the vac-
cine on the fetus are unknown. Nonpregnant women who
are vaccinated should avoid pregnancy for 1 month after
injection. Inadvertent vaccination in early pregnancy or
within a month of pregnancy is not an indication for termi-
nation, although women should be counseled about theo-
retical risks.

» Clinical Findings

A. Symptoms and Signs

The incubation period for this infection is 10–20 days. A
primary infection follows and is characterized by a flu-like
syndrome with malaise, fever, and development of a pru-
ritic maculopapular rash on the trunk, which becomes
vesicular and then crusts. Pregnant women are prone to the
development of VZV pneumonia, often a fulminant infec-
tion sometimes requiring respiratory support. After pri-
mary infection, the virus becomes latent, ascending to
dorsal root ganglia. Subsequent reactivation can occur as
zoster, often under circumstances of immunocompromise,
although this is rare during pregnancy.

Two types of fetal infection have been documented. The
first is congenital VZV syndrome, which typically occurs
in 0.4–2% of fetuses exposed to primary VZV infection
during the first trimester. Anomalies include limb and digit
abnormalities, microphthalmos, and microcephaly.

Infection during the second and third trimesters is less
threatening. Maternal IgG crosses the placenta, protecting
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the fetus. The only infants at risk for severe infection are
those born after maternal viremia but before development
of maternal protective antibody. Maternal infection mani-
festing 5 days before or up to 2 days after delivery is the
time period believed to be most hazardous for transmis-
sion to the fetus.

B. Laboratory Findings

Diagnosis is commonly made on clinical grounds.
Laboratory verification is made by enzyme-linked immu-
nosorbent assay (ELISA), fluorescent antibody, and hem-
agglutination inhibition antibody techniques. Vesicular
fluid can be sent for qualitative varicella polymerase chain
reaction assay.

» Treatment

Varicella-zoster immune globulin (VZIG) has been shown
to prevent or modify the symptoms of infection in exposed
persons. Treatment success depends on identification of
susceptible women at or just following exposure. Exposed
women with a questionable or negative history of chicken-
pox should be checked for antibody, since the overwhelming
majority will have been previously exposed. If the antibody
is negative, VZIG (625 units intramuscularly) should ideally
be given within 96 hours of exposure for greatest efficacy,
but the CDC reports it can be given for up to 10 days. There
are no known adverse effects of VZIG administration during
pregnancy, although the incubation period for disease can
be lengthened. Infants born to women in whom symptoms
develop in the period from 5 days before delivery to 2 days
after delivery should also receive VZIG (125 units).

Pregnant women with varicella may benefit from treat-
ment with oral acyclovir, 800 mg orally four times daily for
5 days, if started within 24 hours of rash onset. Treatment
has been shown to improve maternal symptoms but does
not prevent congenital varicella. Infected pregnant women
should be closely observed and hospitalized at the earliest
signs of pulmonary involvement. Intravenous acyclovir
(10 mg/kg intravenously every 8 hours) is recommended in
the treatment of VZV pneumonia.

American College of Obstetricians and Gynecologists. ACOG
Practice Bulletin No. 151: Cytomegalovirus, parvovirus B19,
varicella zoster, and toxoplasmosis in pregnancy. Obstet
Gynecol. 2015;125:1510. [Reaffirmed 2019] [PMID:
26000539]

TUBERCULOSIS

The diagnosis of tuberculosis in pregnancy is made by his-
tory taking, physical examination, and testing, with special
attention to women in high-risk groups. Women at high
risk include those who are from endemic areas, those
infected with HIV, drug users, health care workers, and
close contacts of people with tuberculosis. Chest radio-
graphs should not be obtained as a routine screening mea-
sure in pregnancy but should be used only in patients with
a positive test or with suggestive findings in the history and
physical examination. Abdominal shielding must be used if
a chest radiograph is obtained. Both tuberculin skin testing

and interferon gamma release assays are acceptable tests in
pregnancy.

Decisions on treatment depend on whether the patient
has active disease or is at high risk for progression to active
disease. Pregnant women with latent disease not at high risk
for disease progression can receive treatment postpartum,
which does not preclude breastfeeding. The concentration
of medication in breast milk is neither toxic nor adequate
for treatment of the newborn. Isoniazid, ethambutol, and
rifampin are used to treat tuberculosis (see Chapters 9 and
33). Because isoniazid therapy may result in vitamin B

6

deficiency, a supplement of 50 mg/day of vitamin B
6

should
be given simultaneously. There is concern that isoniazid,
particularly in pregnant women, can cause hepatitis. Liver
biochemical tests should be performed regularly in preg-
nant women who receive treatment. Streptomycin, ethion-
amide, and most other antituberculous drugs should be
avoided in pregnancy. If adequately treated, tuberculosis in
pregnancy has an excellent prognosis.

Nahid P et al. Official American Thoracic Society/Centers for
Disease Control and Prevention/Infectious Diseases Society
of America Clinical Practice Guidelines: treatment of drug-
susceptible tuberculosis. Clin Infect Dis. 2016;63:e147.
[PMID: 27516382]

HIV/AIDS DURING PREGNANCY

Asymptomatic HIV infection is associated with a normal
pregnancy rate and no increased risk of adverse pregnancy
outcomes. There is no evidence that pregnancy causes
AIDS progression.

Previously, two-thirds of HIV-positive neonates
acquired their infection close to, or during, the time of
delivery. Routine HIV screening in pregnancy, including
the use of rapid HIV tests in Labor and Delivery units, and
the use of antiretroviral drugs has markedly reduced this
transmission risk to approximately 1%. In an HIV-positive
pregnant woman, a CD4 count, plasma RNA level, and
resistance testing (if virus is detectable, and the patient has
not already had this) should be obtained at the first prena-
tal visit. Treatment should not be delayed while waiting for
the results of resistance testing. Prior or current antiretro-
viral use should be reviewed. The patient should be tested
for HLA-B*5701 if abacavir may be prescribed; HLA-
B*5701 positivity puts the patient at risk for a serious
hypersensitivity reaction and its use is contraindicated.

A woman already taking and tolerating an acceptable
antiretroviral regimen does not have to discontinue it in the
first trimester. Patients should also be tested for hepatitis A,
hepatitis C, tuberculosis, toxoplasmosis, and cytomegalovirus.

Women not taking medication should be offered com-
bination antiretroviral therapy (commonly a dual nucleo-
side reverse transcriptase inhibitor combination and a
ritonavir-boosted protease inhibitor or an integrase
strand transfer inhibitor) after counseling regarding the
potential impact of therapy on both mother and fetus (see
Chapter 31). Antiretroviral therapy should be offered
regardless of viral load and CD4 count. Whether to start in
the first or second trimester should be determined on a
case-by-case basis, but it should be started as early as
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reasonably possible. It can be started in the first trimester
after explanation of risks and benefits, provided the mother
is not experiencing nausea and vomiting. The majority of
medications used to treat HIV/AIDS have thus far proven
to be safe in pregnancy with an acceptable risk/benefit ratio.
The physiologic changes that occur during pregnancy may
alter the effect of some medications. Before starting any
regimen, the safety and efficacy of the medications selected
should be reviewed. Standard of care also includes adminis-
tration of intravenous zidovudine (2 mg/kg intravenously
over 1 hour followed by 1 mg/kg/h intravenously) begun
3 hours before cesarean delivery and continued through the
surgery until cord clamping in women whose viral load
near delivery is greater than or equal to 1000 copies/mL or
unknown. Antiretroviral therapy on the patient’s usual
schedule should be continued in labor. Intravenous zidovu-
dine is not required for antiretroviral therapy–compliant
women whose viral load is less than or equal to 50 copies/
mL near delivery; data are limited in cases where the viral
load is between 50 copies/mL and 999 copies/mL.

The use of prophylactic elective cesarean section at
38 weeks (before the onset of labor or rupture of the mem-
branes) to prevent vertical transmission of HIV infection
from mother to fetus has been shown to further reduce the
transmission rate. In patients with a viral load of less than
1000 copies/mL, there may be no additional benefit of
cesarean delivery, and those women can be offered a vagi-
nal delivery. Amniotomy should not be performed in the
setting of viremia unless there is a clear obstetric indica-
tion. Amniotomy, however, has not been associated with an
increased risk of perinatal transmission when the mother is
receiving antiretroviral therapy and virologically sup-
pressed. Internal monitors, particularly the fetal scalp
electrode, should be avoided as should operative deliveries
(forceps-assisted and vacuum-assisted vaginal deliveries).
Methergine (used for postpartum hemorrhage) should be
avoided, if possible, in patients receiving regimens that
include cytochrome P450 (CYP) 3A4 inhibitors and
CYP3A4 enzyme inducers. HIV-infected women should be
advised not to breastfeed their infants.

The Public Health Task Force provides guidelines for
the management of HIV/AIDS in pregnancy that are regu-
larly updated and available at http://www.aidsinfo.nih.gov.
In addition, there is the National Perinatal HIV Hotline,
which provides free consultation regarding perinatal HIV
care (1-888-448-8765).

Panel on Treatment of Pregnant Women with HIV Infection and
Prevention of Perinatal Transmission. Recommendations for
the use of antiretroviral drugs in pregnant women with HIV
infection and interventions to reduce perinatal HIV transmis-
sion in the United States. 2020 Jun 29. https://clinicalinfo.hiv.
gov/sites/default/files/inline-files/PerinatalGL.pdf.

MATERNAL HEPATITIS B & C CARRIER STATE

A. Hepatitis B Virus

There are an estimated 350 million chronic carriers of
hepatitis B virus worldwide (see also Chapter 1). In the
United States, 1.4 million people are infected, with the

highest rate among Asian Americans. All pregnant women
should be screened for HBsAg. Transmission of the virus to
the baby after delivery is likely if both surface antigen and
e antigen are positive. Vertical transmission can be blocked
by the immediate postdelivery administration to the new-
born of hepatitis B immunoglobulin and hepatitis B vac-
cine intramuscularly. The vaccine dose is repeated at 1 and
6 months of age. Third trimester administration of tenofo-
vir disoproxil fumarate, 300 mg orally once per day starting
at 28–32 weeks and continuing through delivery (first
line), lamivudine, or telbivudine to women with a viral
load of greater than 106–108 copies/mL has been shown to
reduce vertical transmission particularly if the viral load is
less than 106 copies/mL at delivery. This therapy appears
safe in pregnancy although long-term follow-up data are
lacking. Pregnant women with chronic hepatitis B should
have liver biochemical tests and viral load testing during
the pregnancy. Hepatitis B infection is not a contraindica-
tion to breastfeeding, and antiviral therapy if given does
not need to be continued postpartum.

B. Hepatitis C Virus

This infection is the most common chronic blood-borne
infection in the United States. The average rate of hepatitis C
virus (HCV) infection among infants born to HCV-positive,
HIV-negative women is 5–6%. However, the average infection
rate increases to 10–11% when mothers are coinfected with
HCV and HIV. The principal factor associated with transmis-
sion is the presence of HCV RNA in the mother at the time of
birth. Treatment is not recommended in pregnancy. Inter-
feron and ribavirin have been considered contraindicated.
Ledipasvir/sofosbuvir (Harvoni) has been shown to be safe in
animal studies. There is one open-label, phase 1 study of preg-
nant women with hepatitis C treated with ledipasvir-sofosbuvir
for 12 weeks starting in the second trimester. The study only
had nine participants, but ledipasvir-sofosbuvir was safe and
effective at the standard dose.

Chappell CA et al; Ledipasvir plus sofosbuvir in pregnant women
with hepatitis C virus infection: a phase 1 pharmacokinetic
study. Lancet Microbe. 2020;1:e200. [PMID: 32939459]

Jin J. JAMA patient page. Screening for hepatitis B in pregnant
women. JAMA. 2019;322:376. [PMID: 31334796]

Society for Maternal-Fetal Medicine (SMFM). Hepatitis C in
pregnancy: screening, treatment, and management. Am J
Obstet Gynecol. 2017;217:B2. [PMID: 28782502]

HERPES GENITALIS

Infection of the lower genital tract by herpes simplex virus
type 2 (HSV-2) (see also Chapter 6) is a common STD with
potentially serious consequences to pregnant women and
their newborn infants. Although up to 25% of women in an
obstetric practice may have antibodies to HSV-2, a history
of the infection is unreliable and the incidence of neonatal
infection is low (10–60/100,000 live births). Most infected
neonates are born to women with no history, symptoms, or
signs of infection.

Women who have had primary herpes infection late in
pregnancy are at high risk for shedding virus at delivery.
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Some experts suggest use of prophylactic acyclovir, 400 mg
orally three times daily, to decrease the likelihood of active
lesions at the time of labor and delivery.

Women with a history of recurrent genital herpes have
a lower neonatal attack rate than women infected during
the pregnancy, but they should still be monitored with
clinical observation and culture of any suspicious lesions.
Since asymptomatic viral shedding is not predictable by
antepartum cultures, current recommendations do not
include routine cultures in individuals with a history of
herpes without active disease. However, when labor begins,
vulvar and cervical inspection should be performed. Cesar-
ean delivery is indicated at the time of labor if there are
prodromal symptoms or active genital lesions.

For treatment, see Chapter 32. The use of acyclovir in
pregnancy is acceptable, and prophylaxis starting at
36 weeks’ gestation has been shown to decrease the number
of cesarean sections performed for active disease.

American College of Obstetricians and Gynecologists. ACOG
Practice Bulletin No. 82: Management of herpes in pregnancy.
Obstet Gynecol. 2007;109:1489. [Reaffirmed 2018] [PMID:
17569194]

SYPHILIS, GONORRHEA, & CHLAMYDIA

TRACHOMATIS INFECTION

These STDs have significant consequences for mother and
child (see also Chapters 33 and 34). Untreated syphilis in
pregnancy can cause late abortion, stillbirth, transplacental
infection, and congenital syphilis. Gonorrhea can produce
large-joint arthritis by hematogenous spread as well as
ophthalmia neonatorum. Maternal chlamydial infections
are largely asymptomatic but are manifested in the new-
born by inclusion conjunctivitis and, at age 2–4 months, by
pneumonia. The diagnosis of each can be reliably made by
appropriate laboratory tests. All women should be tested
for syphilis and C trachomatis as part of their routine pre-
natal care. Repeat testing is dependent on risk factors,
prevalence, and state laws. A pregnant patient treated for C
trachomatis should have a test of cure 3–4 weeks later and
then 3 months after that because of high reinfection rates.
Women at risk should be tested for gonorrhea. The sexual
partners of women with STDs should be identified and
treated also if possible; the local health department can
assist with this process.

Workowski KA et al; Centers for Disease Control and Prevention
(CDC). Sexually transmitted diseases treatment guidelines,
2015. MMWR Recomm Rep. 2015;64:1. [PMID: 26042815]

º
GaStrOINteStINaL, hepatIC, & BILIarY
DISOrDerS OF preGNaNCY

Complications involving the gastrointestinal tract, liver,
and gallbladder are common in pregnancy. Nausea and
vomiting in the first trimester affect the majority of preg-
nant women to some degree (see Obstetric Complications

of the First & Second Trimesters). Nausea and vomiting in
the last half of pregnancy, however, are never normal; a thor-
ough evaluation of such complaints is mandatory. Some of
these conditions are incidental to pregnancy (eg, appendi-
citis), while others are related to the gravid state and tend
to resolve with delivery (eg, acute fatty liver of pregnancy).
Importantly, the myriad anatomic and physiologic changes
associated with normal pregnancy must be considered
when assessing for a disease state. Likewise, interpretation
of laboratory studies must take into account the pregnancy-
associated changes in hepatic protein production.

For conditions in which surgery is clinically indicated,
operative intervention should never be withheld based
solely on the fact that a woman is pregnant. While purely
elective surgery is avoided during pregnancy, women who
undergo surgical procedures for an urgent or emergent indi-
cation during pregnancy do not appear to be at increased
risk for adverse outcomes. Obstetric complications, when
they occur, are more likely to be associated with the underly-
ing maternal illness. Recommendations have held that the
optimal time for semi-elective surgery is the second trimes-
ter to avoid exposure to anesthesia in the first trimester and
the enlarged uterus in the third. Importantly, however, there
is no convincing evidence that general anesthesia induces
malformations or increases the risk for abortion.

CHOLELITHIASIS & CHOLECYSTITIS

Cholelithiasis is common in pregnancy as physiologic
changes such as increased cholesterol production and
incomplete gallbladder emptying predispose to gallstone
formation. The diagnosis is usually suspected based on clas-
sic symptoms of nausea, vomiting, and right upper quadrant
pain, usually after meals, and is confirmed with right upper
quadrant ultrasound. Symptomatic cholelithiasis without
cholecystitis is usually managed conservatively, but recur-
rent symptoms are common. Cholecystitis results from
obstruction of the cystic duct and often is accompanied by
bacterial infection. Medical management with antibiotics is
reasonable in selected cases, but definitive treatment with
cholecystectomy will help prevent complications such as
gallbladder perforation and pancreatitis. Cholecystectomy
has successfully been performed in all trimesters of preg-
nancy and should not be withheld based on the stage of
pregnancy if clinically indicated. Laparoscopy is preferred in
the first half of pregnancy, but becomes more technically
challenging in the last trimester due to the enlarged uterus
and cephalad displacement of abdominal contents.

Obstruction of the common bile duct, which can lead to
cholangitis, is an indication for surgical removal of gall-
stones and establishment of biliary drainage. Endoscopic
retrograde cholangiopancreatography (ERCP) with or
without sphincterotomy is a nonsurgical alternative. Preg-
nant women can safely undergo ERCP provided that pre-
cautions are taken to minimize fetal exposure to radiation.
There does, however, appear to be a slightly higher rate of
post-procedure pancreatitis in pregnant women who
undergo ERCP. Magnetic resonance cholangiopancreatog-
raphy (MRCP) can also be of use in patients with suspected
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common bile duct obstruction. This study is particularly
useful for those women in whom the etiology of common
duct dilatation is unclear on ultrasound. MRCP can pro-
vide detailed evaluation of the entire biliary system and the
pancreas while avoiding ionizing radiation.

Cappell MS et al. Systematic review of safety and efficacy of
therapeutic endoscopic-retrograde-cholangiopancreatography
during pregnancy including studies of radiation-free therapeu-
tic endoscopic-retrograde-cholangiopancreatography. World J
Gastrointest Endosc. 2018;10:308. [PMID: 30364767]

Van der Woude CJ. Preface: Pregnancy in GI disorders.
Best Pract Res Clin Gastroenterol. 2020;44:101672. [PMID:
32359681]

ACUTE FATTY LIVER OF PREGNANCY

Acute fatty liver of pregnancy, a disorder limited to the
gravid state, occurs in the third trimester of pregnancy and
causes acute hepatic failure. With improved recognition
and immediate delivery, the maternal mortality rate in
contemporary reports is about 4%. The disorder is usually
seen after the 35th week of gestation and is more common
in primigravidas and those with twins. The incidence is
about 1:10,000 deliveries.

The etiology of acute fatty liver of pregnancy is likely
poor placental mitochondrial function. Many cases may be
due to a homozygous fetal deficiency of long-chain acyl
coenzyme A dehydrogenase (LCHAD).

» Clinical Findings

Pathologic findings are unique to the disorder, with fatty
engorgement of hepatocytes. Clinical onset is gradual, with
nausea and vomiting being the most common presenting
symptoms. Varying degrees of flu-like symptoms are also
typical. Eventually, symptoms progress to those of fulmi-
nant hepatic failure: jaundice, encephalopathy, dissemi-
nated intravascular coagulation, and death. On examination,
the patient shows signs of hepatic failure.

Laboratory findings include marked elevation of alka-
line phosphatase but only moderate elevations of alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST). Hypocholesterolemia and hypofibrinogenemia are
typical, and hypoglycemia can be extreme. Coagulopathy is
also frequently seen with depressed procoagulant protein
production. Kidney function should be assessed for hepa-
torenal syndrome. The white blood cell count is elevated,
and the platelet count is depressed.

» Differential Diagnosis

The differential diagnosis is that of fulminant hepatitis.
Liver aminotransferases for fulminant hepatitis are higher
(greater than 1000 units/mL) than those for acute fatty
liver of pregnancy (usually 500–1000 units/mL). Pre-
eclampsia may involve the liver but typically does not cause
jaundice; the elevations in liver biochemical tests in patients
with preeclampsia usually do not reach the levels seen in
patients with acute fatty liver of pregnancy.

» Treatment

Diagnosis of acute fatty liver of pregnancy mandates
immediate delivery. Intensive supportive care with ICU-
level observation is essential and typically includes
administration of blood products and glucose as well as
correction of acidemia. Vaginal delivery is preferred.
Resolution of encephalopathy and laboratory derange-
ments occurs over days with supportive care, and recov-
ery is usually complete. Rare cases of liver transplantation
have been reported.

Naoum EE et al. Acute fatty liver in pregnancy; pathophysiology,
anesthetic implications, and obstetrical management. Anes-
thesiology. 2019;130:446. [PMID: 30707120]

Nelson DB et al. Acute fatty liver of pregnancy. Clin Obstet
Gynecol. 2020;63:152. [PMID: 31725416]

INTRAHEPATIC CHOLESTASIS OF PREGNANCY

Intrahepatic cholestasis of pregnancy is characterized by
incomplete clearance of bile acids in genetically susceptible
women. The principal symptom is pruritus, which can be
generalized but tends to have a predilection for the palms
and soles. Presentation is typically in the third trimester,
and women with multi-fetal pregnancies are at increased
risk. The finding of an elevated serum bile acid level, ide-
ally performed in the fasting state, confirms the diagnosis.
Associated laboratory derangements include modest eleva-
tions in hepatic transaminase levels and mild hyperbiliru-
binemia. Although rare, the bilirubin level may be
sufficiently elevated to result in clinical jaundice. The
symptoms and laboratory abnormalities resolve quickly
after delivery but can recur in subsequent pregnancies or
with exposure to combination oral contraceptives.

Adverse fetal outcomes, particularly preterm birth,
nonreassuring fetal status, meconium-stained amniotic
fluid, and stillbirth, have consistently been reported in
women with cholestasis of pregnancy. The risk for
adverse perinatal outcomes appears to correlate with
disease severity as measured by the degree of bile acid
elevation, and women with fasting bile acids greater
than 40 mcmol/L have been reported to be at greatest
risk. Because of the risks associated with cholestasis of
pregnancy, many clinicians recommend antenatal test-
ing in the third trimester and elective early delivery in
attempt to avoid stillbirth. Evidence-based recommen-
dations regarding such management practices, however,
are not currently available. The use of ursodeoxycholic
acid is not recommended for the treatment of intrahe-
patic cholestasis of pregnancy; a 2019 randomized con-
trolled trial did not find that ursodeoxycholic acid
reduced symptoms and morbidity for intrahepatic cho-
lestasis of pregnancy.

Chappell LC et al; PITCHES study group. Ursodeoxycholic acid
versus placebo in women with intrahepatic cholestasis of
pregnancy (PITCHES): a randomised controlled trial. Lancet.
2019;394:849. [PMID: 31378395]

CMDT22_Ch19_p0799-p0824.indd 823 29/06/21 8:42 PM



Chapter 19824 CMDT 2022

APPENDICITIS

Appendicitis occurs in about 1 of 1500 pregnancies. The
diagnosis is more difficult to make clinically in pregnant
women where the appendix is displaced cephalad from
McBurney point. Furthermore, nausea, vomiting, and mild
leukocytosis occur in normal pregnancy, so with or with-
out these findings, any complaint of right-sided pain
should raise suspicion. Imaging can help confirm the diag-
nosis if clinical findings are equivocal. Abdominal sonog-
raphy is a reasonable initial imaging choice, but
nonvisualization of the appendix is common in pregnancy.
CT scanning is more sensitive than ultrasound, and with

proper shielding, the radiation exposure to the fetus is
minimized. MRI is also used to evaluate for appendicitis in
pregnant women and is a reasonable alternative to CT
scanning. Unfortunately, the diagnosis of appendicitis is
not made until the appendix has ruptured in at least 20% of
obstetric patients. Peritonitis in these cases can lead to
preterm labor or abortion. With early diagnosis and appen-
dectomy, the prognosis is good for mother and baby.

Prodromidou A et al. Outcomes after open and laparoscopic
appendectomy during pregnancy: a meta-analysis. Eur J
Obstet Gynecol Reprod Biol. 2018;225:40. [PMID: 29656140]
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º
RHEUMATOLOGIC DISORDERS

» Diagnosis & Evaluation

A. Examination of the Patient

Two helpful clinical clues for diagnosing arthritis are the
joint pattern and the presence or absence of extra-articular
manifestations. The joint pattern is defined by the answers
to three questions: (1) Is inflammation present? (2) How
many joints are involved? and (3) What joints are affected?
Joint inflammation manifests as warmth, swelling, and
morning stiffness of at least 30 minutes’ duration. Overly-
ing erythema occurs with the intense inflammation of
crystal-induced and septic arthritis. Both the number of
affected joints and the specific sites of involvement affect
the differential diagnosis (Table 20–1). Some diseases—
gout, for example—are characteristically monoarticular,
whereas other diseases, such as rheumatoid arthritis, are
usually polyarticular. The location of joint involvement can
also be distinctive. Only two diseases frequently cause
prominent involvement of the distal interphalangeal (DIP)
joint: osteoarthritis and psoriatic arthritis. Extra-articular
manifestations such as fever (eg, gout, Still disease, endo-
carditis, vasculitis, systemic lupus erythematosus [SLE]),
rash (eg, SLE, psoriatic arthritis, inflammatory myositis),
nodules (eg, rheumatoid arthritis, gout), or neuropathy (eg,
vasculitis) narrow the differential diagnosis further.

B. Arthrocentesis and Examination of Joint Fluid

If the diagnosis is uncertain, synovial fluid should be exam-
ined whenever possible (Table 20–2). Most large joints are
easily aspirated, and contraindications to arthrocentesis are
few. The aspirating needle should never be passed through an
overlying cellulitis or psoriatic plaque because of the risk of
introducing infection. For patients who are receiving direct-
acting oral anticoagulants or long-term anticoagulation ther-
apy with warfarin, joints can be aspirated with a small-gauge
needle (eg, 22F); the international normalized ratio (INR)
should be less than 3.0 for patients taking warfarin.

1. Types of studies—

a. Gross examination—Clarity is an approximate guide
to the degree of inflammation. Noninflammatory fluid is
transparent, mild inflammation produces translucent fluid,
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and purulent effusions are opaque. Traumatic taps, trauma,
and bleeding disorders are the most common causes of
bloody effusions.

b. Cell count—Normal synovial fluid contains less than
200 white cells/mcL (0.2 × 109/L). Higher synovial fluid
white cell counts can discriminate between noninflamma-
tory (less than 2000 white cells/mcL [2.0 × 109/L]), inflam-
matory (2000–75,000 white cells/mcL [2.0–75 × 109/L]),
and purulent (greater than 100,000 white cells/mcL [100 ×
109/L]) joint effusions. Synovial fluid glucose and protein
levels add little information and should not be ordered.

c. Microscopic examination—Compensated polarized
light microscopy identifies and distinguishes monosodium
urate (gout, negatively birefringent) and calcium pyrophos-
phate (pseudogout, positive birefringent) crystals. Gram
stain has specificity but limited sensitivity (50%) for septic
arthritis.

d. Culture—Bacterial cultures as well as special studies for
gonococci, tubercle bacilli, or fungi are ordered as appropriate.

2. Interpretation—Synovial fluid analysis is diagnostic in
infectious or microcrystalline arthritis. Although the
severity of inflammation in synovial fluid can overlap
among various conditions, the synovial fluid white cell
count is a helpful guide to diagnosis (Table 20–3).

º
DEGENERATIVE & CRYSTAL-INDUCED
ARTHRITIS

DEGENERATIVE JOINT DISEASE
(Osteoarthritis)

E S S E N T I A L S  O F  D I A G N O S I S

» A degenerative disorder with minimal articular
inflammation.

» No systemic symptoms.

» Pain relieved by rest; morning stiffness brief.

» Radiographic findings: narrowed joint space,
osteophytes, increased subchondral bone density,
bony cysts.
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» General Considerations

Osteoarthritis, the most common form of joint disease, is
chiefly a disease of aging. Ninety percent of all people have
radiographic features of osteoarthritis in weight-bearing
joints by age 40. Symptomatic disease increases with age.
Sex is also a risk factor; osteoarthritis develops in women
more frequently than in men.

This arthropathy is characterized by degeneration of
cartilage and by hypertrophy of bone at the articular mar-
gins. Inflammation is usually minimal. Hereditary and
mechanical factors may be involved in the pathogenesis.

Obesity is a risk factor for osteoarthritis of the knee,
hand, and probably of the hip. Recreational running does
not increase the incidence of osteoarthritis, but participa-
tion in competitive contact sports does. Jobs requiring
frequent bending and carrying increase the risk of knee
osteoarthritis (see Chapter 41).

» Clinical Findings

A. Symptoms and Signs

Degenerative joint disease is divided into two types: (1) pri-
mary, which most commonly affects some or all of the follow-
ing: the DIP and the proximal interphalangeal (PIP) joints of
the fingers, the carpometacarpal joint of the thumb, the hip,
the knee, the metatarsophalangeal (MTP) joint of the big toe,
and the cervical and lumbar spine; and (2) secondary, which
may occur in any joint as a sequela to articular injury. The
injury may be acute, as in a fracture; or chronic, as from occu-
pational overuse of a joint or metabolic disease (eg, hyper-
parathyroidism, hemochromatosis, ochronosis) or joint
inflammation (eg, rheumatoid arthritis).

The onset is insidious. Initially, there is articular stiffness,
seldom lasting more than 15 minutes; this develops later into
pain on motion of the affected joint and is made worse by
activity or weight bearing and relieved by rest. Flexion contrac-
ture or varus deformity of the knee is not unusual, and bony
enlargements of the DIP (Heberden nodes) and PIP (Bouchard
nodes) are occasionally prominent (Figure 20–1). There is no
ankylosis, but limitation of motion of the affected joint or
joints is common. Crepitus may often be felt over the knee.
Joint effusion and other articular signs of inflammation are
mild. However, in some cases a one-way valve effect between
the knee joint and gastrocnemius-semimembranosus bursa
can lead to accumulation of synovial fluid, referred to as a
popliteal (Baker) cyst. There are no systemic manifestations.

B. Laboratory Findings

Osteoarthritis does not cause elevation of the erythrocyte
sedimentation rate (ESR) or other laboratory signs of
inflammation. Synovial fluid is noninflammatory.

Table 201. Diagnostic value of the joint pattern.

Characteristic Status

Reresentative

Disease

Inflammation Present

Absent

Rheumatoid arthritis,

SLE, gout

Osteoarthritis

Number of

involved

joints

Monoarticular

Oligoarticular

(2–4 joints)

Polyarticular

(≥ 5 joints)

Gout, trauma, septic

arthritis, Lyme disease,

osteoarthritis

Reactive arthritis, psori-

atic arthritis, inflam-

matory bowel disease

Rheumatoid arthritis, SLE

Site of joint

involvement

Distal

interphalangeal

Metacarpophalan-

geal, wrists

First metatarsal

phalangeal

Osteoarthritis, psoriatic

arthritis (not rheuma-

toid arthritis)

Rheumatoid arthritis,

SLE, calcium pyro-

phosphate deposition

disease (not

osteoarthritis)

Gout, osteoarthritis

SLE, systemic lupus erythematosus.

Table 202. Examination of joint fluid.

Measure (Normal)

Grou I

(Noninflammatory)

Grou II

(Inflammatory)

Grou III

(purulent)

Volume (mL) (knee) < 3.5 Often > 3.5 Often > 3.5 Often > 3.5

Clarity Transparent Transparent Translucent to opaque Opaque

Color Clear Yellow Yellow to opalescent Yellow to green

WBC per mcL < 200 (0.2 × 109/L) < 2000 (2.0 × 109/L) 2000–75,0001 (2.0–75.0 × 109/L) > 100,0002 (100 × 109/L)

Polymorphonuclear

leukocytes

< 25% < 25% 50% or more 75% or more

Culture Negative Negative Negative Usually positive2

1Gout, rheumatoid arthritis, and other inflammatory conditions occasionally have synovial fluid WBC counts > 75,000/mcL (75.0 × 109/L)

but rarely > 100,000/mcL (100 × 109/L).
2Most purulent effusions are due to septic arthritis. Septic arthritis, however, can present with group II synovial fluid, particularly if infection

is caused by organisms of low virulence (eg, Neisseria gonorrhoeae) or if antibiotic therapy has been started.

WBC, white blood cell count.
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C. Imaging

Radiographs may reveal narrowing of the joint space;
osteophyte formation and lipping of marginal bone; and
thickened, dense subchondral bone. Bone cysts may also
be present.

» Differential Diagnosis

Because articular inflammation is minimal and systemic
manifestations are absent, degenerative joint disease should

seldom be confused with other arthritides. The distribution
of joint involvement in the hands also helps distinguish
osteoarthritis from rheumatoid arthritis. Osteoarthritis
chiefly affects the DIP and PIP joints and spares the wrist
and metacarpophalangeal (MCP) joints; rheumatoid arthri-
tis involves the wrists and MCP joints and spares the DIP
joints. Furthermore, the joint enlargement is bony-hard and
cool in osteoarthritis but spongy and warm in rheumatoid
arthritis. Skeletal symptoms due to degenerative changes in
joints—especially in the spine—may cause coexistent meta-
static neoplasia, osteoporosis, plasma cell myeloma, or other
bone disease to be overlooked.

» Prevention

Weight reduction reduces the risk of developing symptom-
atic knee and hand osteoarthritis. Correcting leg length
discrepancy of greater than 1 cm with shoe modification
may prevent knee osteoarthritis from developing in the
shorter leg.

» Treatment

A. General Measures

Patients with osteoarthritis of the hand may benefit from
assistive devices and instruction on techniques for joint
protection; splinting is beneficial for those with symptom-
atic osteoarthritis of the first carpometacarpal joint.
Patients with mild to moderate osteoarthritis of the knee or
hip should participate in a regular exercise program (eg, a
supervised walking program, hydrotherapy classes) and, if
overweight, should lose weight. A randomized, controlled
trial of 156 individuals with knee osteoarthritis found that
physical therapy was more effective at reducing pain and
disability at 1 year than intra-articular glucocorticoid

▲ Figure 20–1. Osteoarthritis in an older woman with
Heberden nodes at the distal interphalangeal joints.
There is some swelling beginning at the proximal inter-
phalangeal joints creating Bouchard nodes. (Used, with
permission, from Richard P. Usatine, MD, in Usatine RP,
Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas and
Synopsis of Family Medicine, 3rd ed. McGraw Hill, 2019.)

Table 203. Differential diagnosis by joint fluid groups.

Noninflammatory (< 2000

white cells/mcL [2 × 109/L])

Inflammatory (2000–75,000 white

cells/mcL [2.0–75.0 × 109/L])

purulent (> 100,000 white

cells/mcL [100 × 109/L]) Hemorrhagic

Osteoarthritis

Traumatic arthritis

Osteonecrosis

Charcot arthropathy

Rheumatoid arthritis

Systemic lupus erythematosus

Polymyositis or dermatomyositis

Systemic sclerosis

Systemic necrotizing vasculitides

Polychondritis

Gout

Calcium pyrophosphate deposition disease

Hydroxyapatite deposition disease

Juvenile rheumatoid arthritis

Ankylosing spondylitis

Psoriatic arthritis

Reactive arthritis

Inflammatory bowel disease arthritis

Hypogammaglobulinemia

Sarcoidosis

Rheumatic fever

Indolent/low virulence infections (viral,

mycobacterial, fungal, Whipple disease, Lyme

disease)

Septic arthritis (bacterial) Trauma

Pigmented villonodular

synovitis

Tuberculosis

Neoplasia

Coagulopathy

Charcot arthropathy

Reproduced, with permission, from Klippel JH et al (eds). Primer on the Rheumatic Diseases, 13th ed. Springer, 2008.
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injections. The use of assistive devices (eg, a cane on the
contralateral side) can improve functional status.

B. Medical Management

1. Oral nonsteroidal antiinflammatory drugs NSAIDs—
NSAIDs (see Table 5–5) are more effective than acetamino-
phen for osteoarthritis but have greater toxicity. NSAIDs
inhibit cyclooxygenase (COX), the enzyme that converts
arachidonic acid to prostaglandins. COX exists in two
isomers—COX-1, which is expressed continuously in
many cells and is responsible for the homeostatic effects of
prostaglandins, and COX-2, which is induced by cytokines
and expressed in inflammatory tissues. Most NSAIDs
inhibit both isomers. Celecoxib is the only selective COX-2
inhibitor currently available in the United States.

Gastrointestinal toxicity, such as gastric ulceration, per-
foration, and gastrointestinal hemorrhage, are the most
common serious side effects of NSAIDs. The overall rate of
bleeding with NSAID use in the general population is low
(1:6000 users or less) but is increased by the risk factors of
long-term use, higher NSAID dose, concomitant corticoste-
roids or anticoagulants, selective serotonin reuptake inhibi-
tors, the presence of rheumatoid arthritis, history of peptic
ulcer disease or alcoholism, and age over 70. Proton pump
inhibitors and histamine type-2 receptor antagonists reduce
the incidence of serious gastrointestinal toxicity and should be
used for patients with risk factors for NSAID-induced gastro-
intestinal toxicity. Patients who have recently recovered from
an NSAID-induced bleeding gastric ulcer appear to be at
high risk for rebleeding (about 5% in 6 months) when an
NSAID is reintroduced, even if prophylactic measures (such
as proton pump inhibitors) are used. Compared with nonse-
lective NSAIDs, celecoxib is less likely to cause upper gastro-
intestinal tract adverse events, including bleeding.

All of the NSAIDs, including aspirin and celecoxib, can
produce renal toxicity, including interstitial nephritis,
nephrotic syndrome, prerenal azotemia, and aggravation of
hypertension. Hyperkalemia due to hyporeninemic
hypoaldosteronism is seen rarely. Renal toxicity is uncom-
mon but is increased by the following risk factors: age older
than 60 years, history of kidney disease, heart failure, cir-
rhosis, and diuretic use.

All NSAIDs, except the nonacetylated salicylates and
celecoxib, interfere with platelet function and prolong
bleeding time. Aspirin irreversibly inhibits platelet func-
tion, so the bleeding time effect resolves only as new plate-
lets are made. In contrast, the effect of nonselective
NSAIDs on platelet function is reversible and resolves as
the drug is cleared. Concomitant administration of a non-
selective NSAID can interfere with the ability of aspirin to
acetylate platelets and thus may interfere with the cardio-
protective effects of low-dose aspirin. All NSAIDs are asso-
ciated with a small increase in the absolute risk of myocardial
infarction and stroke in patients with or without risk factors
for heart disease or known heart disease. While the cardio-
vascular risk is related to the dose and duration of treat-
ment, stroke and myocardial infarction can occur within
the first week of treatment. Cardiovascular risks associated
with naproxen, ibuprofen, and moderate dose celecoxib
(200 mg orally daily) are comparable.

Chondroitin sulfate and glucosamine, alone or in com-
bination, are no better than placebo in reducing pain in
patients with knee or hip osteoarthritis.

2. Topical therapies—Topical NSAIDs (eg, 4 g of diclofe-
nac gel 1% applied to the affected joint four times daily)
appear more effective than placebo for knee and hand
osteoarthritis and have lower rates of systemic side effects
than with oral NSAIDs. Topical NSAIDs are preferred for
patients 75 years of age and older. Topical capsaicin may be
of benefit for osteoarthritis of the hand or the knee.

3. Acetaminophen and opioids—Acetaminophen is not
recommended given that its impact on pain is frequently
negligible and hepatotoxicity can occur from high doses.
Opioids are generally not appropriate for the long-term
management of pain due to osteoarthritis.

4. Intraarticular injections—Many patients with moder-
ately severe osteoarthritis of the knee who do not respond
to NSAIDs receive intra-articular injections of corticoste-
roids, hyaluronate, or platelet-rich plasma. Although each
of these can temporarily reduce pain, none has convinc-
ingly produced long-term benefits in reducing pain or
preserving function. A 2-year controlled trial demon-
strated that injecting the knee with triamcinolone every
6 months was no more effective than injecting saline in
reducing knee pain. The American College of Rheumatol-
ogy does not recommend corticosteroid injections for
osteoarthritis of the hand.

5. Duloxetine—For patients with osteoarthritis in multiple
joints who either have not responded to or cannot use
NSAIDs, the selective serotonin and norepinephrine reup-
take inhibitor duloxetine, 30–60 mg orally daily, can reduce
pain. Nausea occurs in 6–15% of patients.

C. Surgical Measures

Total hip and knee replacements provide excellent symp-
tomatic and functional improvement when involvement of
that joint severely restricts walking or causes pain at rest,
particularly at night. Arthroscopic surgery for knee osteo-
arthritis is ineffective. Severe first carpometacarpal osteo-
arthritis can be treated surgically when other treatments
are inadequate.

» Prognosis

Symptoms may be quite severe and limit activity consider-
ably (especially with involvement of the hips, knees, and
cervical spine).

» When to Refer

Refer patients to an orthopedic surgeon when recalcitrant
symptoms or functional impairment, or both, warrant con-
sideration of joint replacement surgery of the hip, knee, or
thumb.

Bannuru RR et al. OARSI guidelines for the non-surgical man-
agement of knee, hip, and polyarticular osteoarthritis. Osteo-
arthritis Cartilage. 2019;27:1578. [PMID: 31278997]
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Deyle GD et al. Physical therapy versus glucocorticoid injection
for osteoarthritis of the knee. N Engl J Med. 2020;382:1420.
[PMID: 32268027]

Khan M et al. Cochrane in CORR®: intra-articular corticosteroid
for knee osteoarthritis. Clin Orthop Relat Res. 2018;476:1391.
[PMID: 29846205]

CRYSTAL DEPOSITION ARTHRITIS

1. Gouty Arthritis

E S S E N T I A L S  O F  D I A G N O S I S

» Acute, monoarticular arthritis, often of the first
MTP joint; recurrence is common.

» Polyarticular involvement more common in
patients with longstanding disease.

» Identification of urate crystals in joint fluid or
tophi is diagnostic.

» Dramatic therapeutic response to NSAIDs.

» With chronicity, urate deposits in subcutaneous
tissue, bone, cartilage, joints, and other tissues.

» General Considerations

Gout is a metabolic disease of a heterogeneous nature,
often familial, associated with abnormal deposits of urate
in tissues and characterized initially by a recurring acute
arthritis, usually monoarticular, and later by chronic
deforming arthritis. Urate deposition occurs when serum
uric acid is supersaturated (ie, at levels greater than
6.8 mg/dL [404.5 mcmol/L]). Hyperuricemia is due to
overproduction or underexcretion of uric acid—sometimes
both. The disease is especially common in Pacific islanders,
eg, Filipinos and Samoans. Primary gout has a heritable
component, and genome-wide surveys have linked risk of
gout to several genes whose products regulate urate han-
dling by the kidney. Secondary gout, which may have a
heritable component, is related to acquired causes of
hyperuricemia, eg, medication use (especially diuretics,
low-dose aspirin, cyclosporine, and niacin), myeloprolif-
erative disorders, plasma cell myeloma, hemoglobinopa-
thies, chronic kidney disease (CKD), hypothyroidism,
psoriasis, sarcoidosis, and lead poisoning (Table 20–4).
Alcohol ingestion promotes hyperuricemia by increasing
urate production and decreasing the renal excretion of uric
acid. Finally, hospitalized patients frequently suffer attacks
of gout because of changes in diet, fluid intake, or medica-
tions that lead either to rapid reductions or increases in the
serum urate level.

About 90% of patients with primary gout are men, usu-
ally over 30 years of age. In women, the onset is typically
postmenopausal. The characteristic lesion is the tophus, a
nodular deposit of monosodium urate monohydrate crys-
tals with an associated foreign body reaction. Tophi are
found in cartilage, subcutaneous and periarticular tissues,
tendon, bone, the kidneys, and elsewhere. Urates have been

Table 204. Origin of hyperuricemia.

primary hyeruricemia

Increased production of purine

Idiopathic

Specific enzyme defects (eg, Lesch-Nyhan syndrome,

glycogen storage diseases)

Decreased renal clearance of uric acid (idiopathic)

Secondary hyeruricemia

Increased catabolism and turnover of purine

Myeloproliferative disorders

Carcinoma and sarcoma (disseminated)

Chronic hemolytic anemias

Cytotoxic drugs

Psoriasis

Down syndrome

Decreased renal clearance of uric acid

Chronic kidney disease

Drug-induced (eg, thiazides, low-dose aspirin,

cyclosporine, niacin)

Ketoacidemia (eg, diabetic ketoacidosis, starvation)

Hypothyroidism

Preeclampsia

Functional impairment of tubular transport

Hyperlacticacidemia

Diabetes insipidus (vasopressin-resistant)

Bartter syndrome

Sarcoidosis

Lead poisoning

Modified, with permission, from Rodnan GP. Gout and other crys-

talline forms of arthritis. Postgrad Med. 1975;58:6. http://www.

tandfonline.com.

demonstrated in the synovial tissues (and fluid) during
acute arthritis; indeed, the acute inflammation of gout is
believed to be initiated by the ingestion of uncoated urate
crystals by monocytes and synoviocytes. The precise rela-
tionship of hyperuricemia to gouty arthritis is still obscure,
since chronic hyperuricemia is found in people who never
develop gout or uric acid stones. Rapid fluctuations in
serum urate levels, either increasing or decreasing, are
important factors in precipitating acute gout. The mecha-
nism of the late, chronic stage of gouty arthritis is better
understood. This is characterized pathologically by topha-
ceous invasion of the articular and periarticular tissues,
with structural derangement and secondary degeneration
(osteoarthritis).

Uric acid kidney stones are present in 5–10% of patients
with gouty arthritis. Hyperuricemia correlates highly with
the likelihood of developing stones, with the risk of stone
formation reaching 50% in patients with a serum urate
level greater than 13 mg/dL. Chronic urate nephropathy is
caused by the deposition of monosodium urate crystals in
the renal medulla and pyramids. Although progressive
CKD occurs in a substantial percentage of patients with
chronic gout, the role of hyperuricemia in causing this
outcome is controversial, because many patients with gout
have numerous confounding risk factors for CKD (eg,
hypertension, NSAID use, alcohol use, lead exposure, and
other risk factors for vascular disease). In a 2020 ran-
domized, controlled trial in patients with CKD and a
high risk of its progression, urate-lowering treatment with
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allopurinol did not slow the decline in estimated glomeru-
lar filtration rate compared with placebo.

» Clinical Findings

A. Symptoms and Signs

Acute gouty arthritis is sudden in onset and frequently
nocturnal. It may develop without apparent precipitating
cause or may follow rapid increases or decreases in serum
urate levels. Common precipitants are alcohol excess (par-
ticularly beer), changes in medications that affect urate
metabolism, and, in the hospitalized patient, fasting before
medical procedures. The MTP joint of the great toe is the
most susceptible joint (“podagra”), although others, espe-
cially those of the feet, ankles, and knees, are commonly
affected (Figure 20–2). Gouty attacks may develop in periar-
ticular soft tissues such as the arch of the foot. Hips and
shoulders are rarely affected. More than one joint may occa-
sionally be affected during the same attack; in such cases, the
distribution of the arthritis is usually asymmetric. As the
attack progresses, the pain becomes intense. The involved
joints are swollen and exquisitely tender and the overlying
skin tense, warm, and dusky red. Fever is common and may
reach 39°C. Tophi may be found in the pinna of the ears,
feet, olecranon and prepatellar bursae, and hands. They usu-
ally develop years after the initial attack of gout.

Asymptomatic periods of months or years commonly
follow the initial acute attack. After years of recurrent
severe monoarthritis attacks of the lower extremities and
untreated hyperuricemia, gout can evolve into a chronic,
deforming polyarthritis of upper and lower extremities that
mimics rheumatoid arthritis.

Chronic lead intoxication may result in attacks of gouty
arthritis (saturnine gout).

B. Laboratory Findings

Although serial measurements of the serum uric acid
detect hyperuricemia in 95% of patients, a single uric acid
determination during an acute flare of gout is normal in up

to 25% of cases. A normal serum uric acid level, therefore,
does not exclude gout, especially in patients taking urate-
lowering drugs. During an acute attack, the peripheral
blood white cell count (neutrophilia) is frequently elevated.
Identification of sodium urate crystals in joint fluid or
material aspirated from a tophus establishes the diagnosis.
The crystals, which may be extracellular or found within
neutrophils, are needle-like and negatively birefringent
when examined by polarized light microscopy.

C. Imaging

Early in the disease, radiographs show no changes. Later,
punched-out erosions with an overhanging rim of cortical
bone (“rat bite”) develop. When these are adjacent to a soft
tissue tophus, they are diagnostic of gout. Ultrasonography
can be used to confirm the diagnosis of gout. Tophi that are
too small to appreciate on physical examination and
smaller deposits of urate crystals can frequently be imaged
by ultrasonography.

» Differential Diagnosis

Acute gout is often confused with cellulitis. Bacteriologic
studies usually exclude acute pyogenic arthritis but rarely,
acute gout and pyogenic arthritis can co-exist. Pseudogout
is distinguished by the identification of calcium pyrophos-
phate crystals (positive birefringence) in the joint fluid,
usually normal serum uric acid, and the radiographic
appearance of chondrocalcinosis.

Chronic tophaceous arthritis may resemble chronic
rheumatoid arthritis; gout is suggested by an earlier history
of monoarthritis and is established by the demonstration of
urate crystals in a suspected tophus. Likewise, hips and
shoulders are generally spared in tophaceous gout. Biopsy
may be necessary to distinguish tophi from rheumatoid
nodules.

» Treatment

A. Asymptomatic Hyperuricemia

As a general rule, uric acid–lowering drugs should not be
instituted until acute gout, renal calculi, or tophi become
apparent.

B. Acute Attack

Treatment of the acute attack focuses on reducing inflam-
mation, not lowering serum uric acid. Indeed, sudden
reduction of serum uric acid often precipitates further
episodes of gouty arthritis.

1. NSAIDs—Oral NSAIDs in full dose (eg, naproxen
500 mg twice daily or indomethacin 25–50 mg every
8 hours; see Table 5–5) are effective treatment for acute gout
and should be continued until the symptoms have resolved
(usually 5–10 days). Contraindications include active peptic
ulcer disease, impaired kidney function, and a history of
allergic reaction to NSAIDs.

2. Colchicine—Oral colchicine is an appropriate treatment
option for acute gout, provided the duration of the attack is
less than 36 hours. For acute gout, colchicine should be

▲ Figure 20–2. Typical inflammatory changes of gout
at first MTP joint (podagra). (Used, with permission, from
Richard P. Usatine, MD, in Usatine RP, Smith MA, Mayeaux
EJ Jr, Chumley HS. The Color Atlas and Synopsis of Family
Medicine, 3rd ed. McGraw Hill, 2019.)
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administered orally as follows: a loading dose of 1.2 mg
followed by a dose of 0.6 mg 1 hour later for a total dose of
1.8 mg the first day; thereafter 0.6 mg twice per day is used
until resolution. Patients who are already taking prophylac-
tic doses of colchicine and have an acute flare of gout may
receive the full loading dose (1.2 mg) followed by 0.6 mg
1 hour later (before resuming the usual 0.6 mg once or
twice daily) provided they have not received this regimen
within the preceding 14 days (in which case, NSAIDs or
corticosteroids should be used). Colchicine dose should be
reduced or avoided altogether if there is significant kidney
or liver impairment. The use of oral colchicine during the
intercritical period to prevent gout attacks is discussed
below.

3. Corticosteroids—Corticosteroids often give dramatic
symptomatic relief in acute episodes of gout and will con-
trol most attacks. They are especially useful in patients with
contraindications to the use of NSAIDs. Corticosteroids
may be given intravenously (eg, methylprednisolone,
40 mg/day) or orally (eg, prednisone, 40–60 mg/day). Cor-
ticosteroids can be given at the suggested dose for 5–10 days
and then simply discontinued or given at the suggested
initial dose for 2–5 days and then tapered over 7–10 days.
If the patient’s gout is monoarticular or oligoarticular,
intra-articular administration of the corticosteroid (eg,
triamcinolone, 10–40 mg depending on the size of the
joint) is very effective. Because gouty and septic arthritis
can coexist, albeit rarely, joint aspiration and Gram stain
with culture of synovial fluid should be performed when
intra-articular corticosteroids are given.

4. Interleukin1 inhibitors—Anakinra (an interleukin-1
receptor antagonist) and canakinumab (a monoclonal anti-
body against interleukin-1 beta) have efficacy for the man-
agement of acute gout, but these drugs have not been
approved by the FDA for this indication.

C. Management Between Attacks

Treatment during symptom-free periods is intended to
minimize urate deposition in tissues and to reduce the
frequency and severity of recurrences. Potentially revers-
ible causes of hyperuricemia are a high-purine diet, obesity,
alcohol consumption, and use of certain medications
(Table 20–4). Patients with a single episode of gout who
have normal kidney function and are able to lose weight
and stop drinking alcohol are at low risk for another attack
and may not require long-term medical therapy. In con-
trast, individuals with mild CKD or with a history of mul-
tiple attacks of gout are likely to benefit from pharmacologic
treatment. In general, the higher the uric acid level and the
more frequent the attacks, the more likely that long-term
medical therapy will be beneficial. All patients with topha-
ceous gout should receive urate-lowering therapy.

1. Diet—Excessive alcohol consumption can precipitate
attacks and should be avoided. Beer consumption appears
to confer a higher risk of gout than does whiskey or wine.
Although dietary purines usually contribute only 1 mg/dL
to the serum uric acid level, moderation in eating foods
with high purine content is advisable. Patients should avoid

organ meats and beverages sweetened with high fructose
corn syrup. A high liquid intake and, more importantly, a
daily urinary output of 2 L or more will aid urate excretion
and minimize urate precipitation in the kidney.

2. Avoidance of hyperuricemic medications—Thiazide
and loop diuretics inhibit renal excretion of uric acid and,
if possible, should be avoided in patients with gout. Simi-
larly, niacin can raise serum uric acid levels and should be
discontinued if there are therapeutic alternatives. Low
doses of aspirin also aggravate hyperuricemia.

3. Colchicine prophylaxis—Colchicine can be used when
urate-lowering therapy is started to suppress attacks pre-
cipitated by abrupt changes in the serum uric acid level.
The usual dose is 0.6 mg orally either once or twice a day.
Colchicine is renally cleared. Patients who have coexisting
moderate CKD should take colchicine only once a day or
once every other day in order to avoid peripheral neuromy-
opathy and other complications of colchicine toxicity. In
patients with concomitant coronary artery disease, chronic
colchicine use can reduce major cardiovascular events.

4. Reduction of serum uric acid—Indications for urate-
lowering therapy in a person with gout include frequent
acute arthritis (two or more episodes per year), tophaceous
deposits, or CKD (stage 2 or worse). The American College
of Rheumatology guidelines recommend a treat-to-target
approach for urate-lowering therapy. The minimum goal of
urate-lowering therapy is a serum uric acid at or below
6 mg/dL or 357 mcmol/L (ie, below the level at which
serum is supersaturated with uric acid, thereby allowing
urate crystals to solubilize); in some cases, control of gout
may require lowering serum uric acid to less than 5 mg/dL
or 297.4 mcmol/L. Lowering serum uric acid levels is not
of benefit for the treatment of an acute gout flare.

Three classes of agents may be used to lower the serum
uric acid—xanthine oxidase inhibitors (allopurinol or
febuxostat), uricosuric agents, and uricase (pegloticase).

a. Xanthine oxidase inhibitors—Allopurinol and
febuxostat are the preferred first-line agents for lowering
urate. They reduce plasma uric acid levels by blocking the
final enzymatic steps in the production of uric acid.
Allopurinol and febuxostat should not be used together,
but they can be tried sequentially if the initial agent fails to
lower serum uric acid to the target level or if it is not toler-
ated. The most frequent adverse effect with either medica-
tion is the precipitation of an acute gouty attack; thus,
patients generally should be receiving prophylactic doses of
colchicine.

Hypersensitivity to allopurinol occurs in 2% of cases,
usually within the first few months of therapy, and it can be
life-threatening. The most common initial sign of hyper-
sensitivity is a pruritic rash that may progress to toxic
epidermal necrolysis, particularly if allopurinol is contin-
ued; vasculitis and hepatitis are other manifestations.
Patients should be instructed to stop allopurinol immedi-
ately if a rash develops. CKD and concomitant thiazide
therapy are risk factors. There is a strong association
between allopurinol hypersensitivity and HLA-B*5801,
which is a prevalent allele in certain East Asian populations.
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Current recommendations are to screen for HLA-B*5801
prior to initiating allopurinol in all persons of Han Chinese
and Thai descent and in Koreans with stage 3 or worse
CKD.

The initial daily dose of allopurinol is 100 mg/day orally
(50 mg/day for those with stage 4 or worse CKD); the dose
of allopurinol should be titrated upward every 2–5 weeks
to achieve the target serum uric acid level. A typical dose of
allopurinol is 300 mg, but most patients require greater
than 300 mg daily to achieve the target uric acid level. The
maximum daily dose is 800 mg.

Allopurinol interacts with other drugs. The combined
use of allopurinol and ampicillin causes a drug rash in 20%
of patients. Allopurinol can increase the half-life of pro-
benecid, while probenecid increases the excretion of allo-
purinol. Thus, a patient taking both drugs may need to use
slightly higher than usual doses of allopurinol and lower
doses of probenecid.

Febuxostat can also rarely cause hypersensitivity reac-
tions, and those with previous hypersensitivity to allopu-
rinol appear to have slightly higher risk. It can be given
without dose adjustment to patients with mild to moder-
ate kidney disease. However, abnormal liver tests may
develop in 2–3% of patients taking febuxostat. Despite
initial concern that febuxostat was associated with more
cardiovascular events than allopurinol, a large, random-
ized, controlled trial in 2020 showed that the two drugs
have similar cardiovascular safety. The initial dose of
febuxostat is 40 mg/day orally. If the target serum uric
acid is not reached in 4 weeks, the dose of febuxostat can
be increased to 80 mg/day and then to the maximum dose
of 120 mg/day.

b. Uricosuric drugs—Uricosuric drugs lower serum
uric acid levels by blocking the tubular reabsorption of
filtered urate, thereby increasing uric acid excretion by
the kidney. Probenecid (0.5 g/day orally) is the uricosu-
ric available in the United States; lesinurad (200 mg/day
orally) is also available in some countries. These drugs
are typically reserved for patients who cannot achieve a
serum uric acid of less than or equal to 6.0 mg/dL with
allopurinol or febuxostat alone. Probenecid should not
be used in patients with a creatinine clearance of less
than 50 mL/min due to limited efficacy; contraindica-
tions include a history of nephrolithiasis (uric acid or
calcium stones) and evidence of high uric acid excretion
(ie, greater than 800 mg of uric acid in a 24-hour urine
collection). To reduce the development of uric acid
stones (which occur in up to 11%), patients should be
advised to increase their fluid intake and clinicians
should consider prescribing an alkalinizing agent (eg,
potassium citrate, 30–80 mEq/day orally) to maintain a
urinary pH > 6.0.

c. Uricase—Pegloticase, a recombinant uricase that must
be administered intravenously (8 mg every 2 weeks), is indi-
cated for the rare patient with refractory chronic tophaceous
gout. Pegloticase carries an FDA black box warning, which
advises administering the drug only in health care settings
and by health care professionals prepared to manage ana-
phylactic and other serious infusion reactions.

D. Chronic Tophaceous Arthritis

With rigorous medical compliance, allopurinol, febuxostat,
and pegloticase shrink tophi and in time can lead to their
disappearance. Resorption of extensive tophi requires
maintaining a serum uric acid below 6 mg/dL. Surgical
excision of large tophi offers mechanical improvement in
selected deformities.

E. Gout in the Transplant Patient

Hyperuricemia and gout commonly develop in many
transplant patients because they have decreased kidney
function and require drugs that inhibit uric acid excretion
(especially cyclosporine and diuretics). Treating acute gout
in these patients is challenging. Often the best approach for
monoarticular gout—after excluding infection—is inject-
ing corticosteroids into the joint. For polyarticular gout,
increasing the dose of systemic corticosteroid may be the
only alternative. Since transplant patients often have mul-
tiple attacks of gout, long-term relief requires lowering the
serum uric acid with allopurinol or febuxostat. (Kidney
dysfunction seen in many transplant patients makes urico-
suric agents ineffective.) Both allopurinol and febuxostat
inhibit the metabolism of azathioprine and should be
avoided in patients who take azathioprine.

» Prognosis

Without treatment, the acute attack may last from a few
days to several weeks. The intervals between acute attacks
vary up to years, but the asymptomatic periods often
become shorter if the disease progresses. Chronic gouty
arthritis occurs after repeated attacks of acute gout, but
only after inadequate treatment. The younger the patient at
the onset of disease, the greater the tendency to a progres-
sive course. Destructive arthropathy is rarely seen in
patients whose first attack is after age 50.

Badve SV et al; CKD-FIX Study Investigators. Effects of allopu-
rinol on the progression of chronic kidney disease. N Engl J Med.
2020;382:2504. [PMID: 32579811]

Mackenzie IS et al; FAST Study Group. Long-term cardiovascu-
lar safety of febuxostat compared with allopurinol in patients
with gout (FAST): a multicentre, prospective, randomised,
open-label, non-inferiority trial. Lancet. 2020;396:1745.
[PMID: 33181081]

Nidorf SM et al; LoDoCo2 Trial Investigators. Colchicine in
patients with chronic coronary disease. N Engl J Med. 2020;
383:1838. [PMID: 32865380]

2. Calcium pyrohoshate Deosition

Calcium pyrophosphate deposition (CPPD) in fibrocartilage
and hyaline cartilage (chondrocalcinosis) can cause an acute
crystal-induced arthritis (“pseudogout”), a degenerative
arthropathy, and a chronic inflammatory polyarthritis (“pseu-
dorheumatoid arthritis”). CPPD also can be an asymptomatic
condition detected as incidental chondrocalcinosis on radio-
graphs. The prevalence of CPPD increases with age. Hyper-
parathyroidism, familial hypocalciuric hypercalcemia,
hemochromatosis, and hypomagnesemia confer risk of
CPPD, but most cases have no associated condition.
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Pseudogout is most often seen in persons aged 60 or
older, is characterized by acute, recurrent and rarely
chronic arthritis involving large joints (most commonly
the knees and the wrists) and is almost always accompa-
nied by radiographic chondrocalcinosis of the affected
joints. The crowned dens syndrome, caused by pseudogout
of the atlantoaxial junction associated with “crown-like”
calcifications around the dens, manifests with severe neck
pain, rigidity, and high fever that can mimic meningitis or
polymyalgia rheumatica. Pseudogout, like gout, frequently
develops 24–48 hours after major surgery. Identification of
weakly positively birefringent calcium pyrophosphate crys-
tals in joint aspirates is diagnostic. NSAIDs are helpful in
the treatment of acute episodes. Colchicine, 0.6 mg orally
once or twice daily, is more effective for prophylaxis than
for acute attacks. Aspiration of the inflamed joint and
intra-articular injection of triamcinolone, 10–40 mg,
depending on the size of the joint, are also of value in resis-
tant cases. In patients with contraindications to other
therapies, the use of anakinra, an IL-1 inhibitor, is an
option.

The degenerative arthropathy associated with CPPD
can involve joints not usually affected by osteoarthritis (eg,
glenohumeral joint, wrist, patellofemoral compartment of
the knee). The “pseudorheumatoid arthritis” of CPPD
affects the metacarpophalangeal joints and wrists. In both
conditions, radiographs demonstrate chondrocalcinosis
and degenerative changes such as asymmetric joint space
narrowing and osteophyte formation.

Cipolletta E et al. Biologics in the treatment of calcium pyro-
phosphate deposition disease: a systematic literature review.
Clin Exp Rheumatol. 2020;38:1001. [PMID: 32359034]

Lee JS et al. Clinical features and risk of recurrence of acute cal-
cium pyrophosphate crystal arthritis. Clin Exp Rheumatol.
2019;37:254. [PMID: 30148438]

º
AUTOIMMUNE DISEASES

RHEUMATOID ARTHRITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Usually insidious onset with morning stiffness and
joint pain.

» Symmetric polyarthritis with predilection for small
joints of the hands and feet; deformities common
with progressive disease.

» Radiographic findings: juxta-articular osteoporo-
sis, joint erosions, and joint space narrowing.

» Rheumatoid factor and antibodies to cyclic citrul-
linated peptides (anti-CCP) are present in 70–80%.

» Extra-articular manifestations: subcutaneous nod-
ules, interstitial lung disease, pleural effusion,
pericarditis, splenomegaly with leukopenia, scleri-
tis, and vasculitis.

» General Considerations

Rheumatoid arthritis is a chronic systemic inflammatory
disease whose major manifestation is synovitis of multi-
ple joints. It has a prevalence of 1% and is more common
in women than men (female:male ratio of 3:1).
Rheumatoid arthritis can begin at any age, but the peak
onset is in the fourth or fifth decade for women and the
sixth to eighth decades for men. The cause is not known.
Susceptibility to rheumatoid arthritis is genetically deter-
mined with multiple genes contributing. Inheritance of
HLA-DRB1 alleles encoding a distinctive five-amino-acid
sequence known as the “shared epitope” is the best char-
acterized genetic risk factor. Untreated, rheumatoid
arthritis causes joint destruction with consequent disabil-
ity and shortens life expectancy. Early, aggressive treat-
ment is the standard of care.

The pathologic findings in the joint include chronic
synovitis with formation of a pannus, which erodes carti-
lage, bone, ligaments, and tendons. Effusion and other
manifestations of inflammation are common.

» Clinical Findings

A. Symptoms and Signs

1. Joint symptoms—The clinical manifestations of rheu-
matoid arthritis are highly variable, but joint symptoms
usually predominate. Although acute presentations may
occur, the onset of articular signs of inflammation is usu-
ally insidious, with prodromal symptoms of vague periar-
ticular pain or stiffness. Symmetric swelling of multiple
joints with tenderness and pain is characteristic. Monoar-
ticular disease is occasionally seen initially. Stiffness per-
sisting for longer than 30 minutes (and usually many
hours) is prominent in the morning. Stiffness may recur
after daytime inactivity and be much more severe after
strenuous activity. Although any diarthrodial joint may be
affected, PIP joints of the fingers, MCP joints (Figure 20–3),
wrists, knees, ankles, and MTP joints are most often
involved. Synovial cysts and rupture of tendons may occur.
Entrapment syndromes are common—particularly of the
median nerve at the carpal tunnel of the wrist. Rheumatoid
arthritis can affect the neck but spares the other compo-
nents of the spine and does not involve the sacroiliac joints.
In advanced disease, atlantoaxial (C1–C2) subluxation can
lead to myelopathy.

2. Rheumatoid nodules—Twenty percent of patients have
subcutaneous rheumatoid nodules, most commonly situ-
ated over bony prominences but also observed in the bur-
sae and tendon sheaths (Figure 20–4). Nodules are
occasionally seen in the lungs, the sclerae, and other tis-
sues. Nodules correlate with the presence of rheumatoid
factor in serum (“seropositivity”), as do most other extra-
articular manifestations.

3. Ocular symptoms—Dryness of the eyes, mouth, and
other mucous membranes is found especially in advanced
disease (see Sjögren syndrome). Other ocular manifesta-
tions include episcleritis, scleritis, scleromalacia due to
scleral nodules, and peripheral ulcerative keratitis.
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4. Other symptoms—Interstitial lung disease is not
uncommon (estimates of prevalence vary widely according
to method of detection) and manifests clinically as cough
and progressive dyspnea. Pericarditis and pleural disease
are usually silent clinically but symptomatic effusions can
occur. Occasionally, a small vessel vasculitis develops and

manifests as tiny hemorrhagic infarcts in the nail folds or
finger pulps. Necrotizing arteritis is well reported but rare.
A small subset of patients with rheumatoid arthritis have
Felty syndrome, the occurrence of splenomegaly and
neutropenia, usually in the setting of severe, destructive
arthritis. Felty syndrome must be distinguished from large
granular lymphoproliferative disorder, with which it shares
many features.

B. Laboratory Findings

Anti-CCP antibodies and rheumatoid factor, an IgM anti-
body directed against the Fc region of IgG, are present in
70–80% of patients with established rheumatoid arthritis.
Rheumatoid factor has a sensitivity of only 50% in early
disease. Anti-CCP antibodies are the most specific blood
test for rheumatoid arthritis (specificity ~95%). Rheuma-
toid factor can occur in other autoimmune diseases and in
chronic infections, including hepatitis C, syphilis, subacute
bacterial endocarditis, and tuberculosis. The prevalence of
rheumatoid factor positivity also rises with age in healthy
individuals. Approximately 20% of rheumatoid arthritis
patients have antinuclear antibodies.

The ESR and levels of C-reactive protein (CRP) are
typically elevated in proportion to disease activity. Anemia
of chronic disease is common. The white cell count is nor-
mal or slightly elevated, but leukopenia may occur, often in
the presence of splenomegaly (eg, Felty syndrome). The
platelet count is often elevated, roughly in proportion to
the severity of overall joint inflammation. Initial joint fluid
examination confirms the inflammatory nature of the
arthritis (see Table 20–2).

Arthrocentesis is needed to diagnose superimposed
septic arthritis, which is a common complication of rheu-
matoid arthritis and should be considered whenever a
patient with rheumatoid arthritis has one joint inflamed
out of proportion to the rest.

C. Imaging

Of all the laboratory tests, radiographic changes are the
most specific for rheumatoid arthritis. Radiographs
obtained during the first 6 months of symptoms, however,
are usually normal. The earliest changes occur in the hands
or feet and consist of soft tissue swelling and juxta-articular
demineralization. Later, diagnostic changes of uniform
joint space narrowing and erosions develop. The erosions
are often first evident at the ulnar styloid and at the juxta-
articular margin, where the bony surface is not protected
by cartilage. Characteristic changes also occur in the cervi-
cal spine, with C1–2 subluxation, but these changes usually
take many years to develop. Although both MRI and ultra-
sonography are more sensitive than radiographs in detect-
ing bony and soft tissue changes in rheumatoid arthritis,
their value in early diagnosis relative to that of plain radio-
graphs has not been established.

» Differential Diagnosis

The differentiation of rheumatoid arthritis from other
joint conditions and immune-mediated disorders can be

▲ Figure 20–3. Rheumatoid arthritis with ulnar devia-
tion at the metacarpophalangeal (MCP) joints. (Used,
with permission, from Richard P. Usatine, MD, in Usatine
RP, Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas
and Synopsis of Family Medicine, 3rd ed. McGraw Hill, 2019.)

▲ Figure 20–4. Rheumatoid nodules over the extensor
surface of the forearm. (Used, with permission, from Rich-
ard P. Usatine, MD, in Usatine RP, Smith MA, Mayeaux EJ Jr,
Chumley HS. The Color Atlas and Synopsis of Family Medicine,
3rd ed. McGraw Hill, 2019.)
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difficult. In contrast to rheumatoid arthritis, osteoarthritis
spares the wrist and the MCP joints. Osteoarthritis is not
associated with constitutional manifestations, and the
joint pain is characteristically relieved by rest, unlike the
morning stiffness of rheumatoid arthritis. Signs of articu-
lar inflammation, prominent in rheumatoid arthritis, are
usually minimal in degenerative joint disease. CPPD dis-
ease can cause a degenerative arthropathy of the MCPs
and wrists; radiographs are usually diagnostic. Although
gouty arthritis is almost always intermittent and monoar-
ticular in the early years, it may evolve with time into a
chronic polyarticular process that mimics rheumatoid
arthritis. Gouty tophi can resemble rheumatoid nodules
but are not associated with rheumatoid factor, whose sen-
sitivity for rheumatoid nodules approaches 100%. The
early history of intermittent monoarthritis and the pres-
ence of synovial urate crystals are distinctive features
of gout.

Spondyloarthropathies, particularly earlier in their
course, can be a source of diagnostic uncertainty; predilec-
tion for lower extremities and involvement of the spine and
sacroiliac joints point to the correct diagnosis. Chronic
Lyme arthritis typically involves only one joint, most com-
monly the knee, and is associated with positive serologic
tests (see Chapter 34). Acute viral infections, most notably
with Chikungunya virus and parvovirus B19, can cause a
polyarthritis that mimics early-onset rheumatoid arthritis.
However, fever is common, the arthritis usually resolves
within weeks, and serologic studies confirm recent infec-
tion. Chronic infection with hepatitis C can cause a chronic
nonerosive polyarthritis associated with rheumatoid fac-
tor; tests for anti-CCP antibodies are negative.

Malar rash, photosensitivity, discoid skin lesions, alo-
pecia, high titer antibodies to double-stranded DNA or
Smith, glomerulonephritis, and central nervous system
abnormalities point to the diagnosis of SLE. Polymyalgia
rheumatica occasionally causes polyarthralgias in patients
over age 50, but these patients remain rheumatoid factor–
negative and have chiefly proximal muscle pain and stiff-
ness, centered on the shoulder and hip girdles. Joint pain
that can be confused with rheumatoid arthritis presents in
a substantial minority of patients with granulomatosis
with polyangiitis. This diagnostic error can be avoided by
recognizing that, in contrast to rheumatoid arthritis, the
arthritis of granulomatosis with polyangiitis preferentially
involves larger joints (eg, hips, ankles, wrists) and usually
spares the small joints of the hand. Rheumatic fever is
characterized by the migratory nature of the arthritis, an
elevated antistreptolysin titer, and a more dramatic and
prompt response to aspirin; carditis and erythema mar-
ginatum may occur in adults, but chorea and subcutane-
ous nodules virtually never do. Finally, a variety of cancers
produce paraneoplastic syndromes, including polyarthri-
tis. One form is hypertrophic pulmonary osteoarthropa-
thy most often produced by lung and gastrointestinal
carcinomas, characterized by a rheumatoid-like arthritis
associated with clubbing, periosteal new bone formation,
and a negative rheumatoid factor. Diffuse swelling of the
hands with palmar fasciitis occurs in a variety of cancers,
especially ovarian carcinoma.

» Treatment

The primary objectives in treating rheumatoid arthritis are
reduction of inflammation and pain, preservation of func-
tion, and prevention of deformity. Disease-modifying
antirheumatic drugs (DMARDs) should be started as soon
as the diagnosis of rheumatoid disease is certain and then
adjusted with the aim of suppressing disease activity.
NSAIDs provide some symptomatic relief in rheumatoid
arthritis but do not prevent erosions or alter disease pro-
gression. They are not appropriate for monotherapy and
should only be used in conjunction with DMARDs, if at all.
The American College of Rheumatology recommends
using standardized assessments, such as the Disease
Activity Score 28 Joints (www.das-score.nl/das28/en/) or
the Clinical Disease Activity Index, to gauge therapeutic
responses, with the target of low disease activity or remis-
sion by these measures.

A. Corticosteroids

Low-dose corticosteroids (eg, oral prednisone 5–10 mg
daily) produce a prompt anti-inflammatory effect and slow
the rate of articular erosion. These are often used as a
“bridge” to reduce disease activity until the slower acting
DMARDs take effect or as adjunctive therapy for active
disease that persists despite treatment with DMARDs. No
more than 10 mg of prednisone or equivalent per day is
appropriate for articular disease. Higher doses are used to
manage serious extra-articular manifestations (eg, pericar-
ditis, necrotizing scleritis). When corticosteroids are to be
discontinued, they should be tapered gradually on a
planned schedule appropriate to the duration of treatment.
All patients receiving long-term corticosteroid therapy
should take measures to prevent osteoporosis (Table 26–16).

Intra-articular corticosteroids may be helpful for symp-
tom control if one or two joints are the chief source of dif-
ficulty. Intra-articular triamcinolone, 10–40 mg depending
on the size of the joint to be injected, may be given but not
more than four times a year.

B. DMARDs

1. Synthetic DMARDs—

a. Methotrexate—Methotrexate is usually the initial
synthetic DMARD of choice for patients with rheumatoid
arthritis. It is generally well tolerated and often produces a
beneficial effect in 2–6 weeks. The usual initial dose is 7.5
or 10 mg of methotrexate orally once weekly. If the patient
has tolerated methotrexate but has not responded in
1 month, the dose can be increased to 15 mg orally weekly.
The maximal oral dose is usually 20 mg weekly. The most
frequent side effects are gastric irritation and stomatitis.
Cytopenia, most commonly leukopenia or thrombocyto-
penia but rarely pancytopenia due to bone marrow sup-
pression, is another important potential problem. The risk
of developing pancytopenia is much higher in patients
whose serum creatinine is greater than 2 mg/dL
(176.8 mcmol/L). Hepatotoxicity with fibrosis and cirrho-
sis is an important toxic effect that correlates with cumula-
tive dose and is uncommon with appropriate monitoring of
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liver biochemical tests. Methotrexate is contraindicated in
a patient with any form of chronic hepatitis, in pregnant
women, and in any patient with significant kidney dys-
function (estimated glomerular filtration rate less than
30 mL/min/1.73 m2). Heavy alcohol use increases the
hepatotoxicity, so patients should be advised to drink alco-
hol in extreme moderation, if at all. Diabetes mellitus,
obesity, and kidney disease also increase the risk of hepato-
toxicity. Liver biochemical tests should be monitored at
least every 12 weeks, along with a complete blood count.
The dose of methotrexate should be reduced if aminotrans-
ferase levels are elevated, and the drug should be discontin-
ued if abnormalities persist despite dosage reduction. All
patients should be prescribed either daily folate (1 mg
orally) or weekly leucovorin calcium (2.5–5 mg taken
orally 24 hours after the dose of methotrexate) to reduce
gastric irritation, stomatitis, cytopenias, and hepatotoxic-
ity. Hypersensitivity to methotrexate can cause an acute or
subacute interstitial pneumonitis that can be life-
threatening but which usually responds to cessation of the
drug and institution of corticosteroids. Because methotrex-
ate is teratogenic, women of childbearing age must use
effective contraception while taking the medication.
Methotrexate is associated with an increased risk of B-cell
lymphomas, some of which resolve following the discon-
tinuation of the medication as well as all types of skin
cancer. The combination of methotrexate and other folate
antagonists, such as trimethoprim-sulfamethoxazole,
should be used cautiously since pancytopenia can result.
Amoxicillin can decrease renal clearance of methotrexate,
leading to toxicity. Probenecid also increases methotrexate
drug levels and toxicity and should be avoided.

b. Sulfasalazine—This drug is a second-line agent for
rheumatoid arthritis. It is usually introduced at a dosage of
500 mg orally twice daily and then increased each week by
500 mg until the patient improves or the daily dose reaches
3000 mg. Side effects, particularly neutropenia and throm-
bocytopenia, occur in 10–25% and are serious in 2–5%.
Sulfasalazine also causes hemolysis in patients with
glucose-6-phosphate dehydrogenase (G6PD) deficiency, so
a G6PD level should be checked before initiating sulfasala-
zine. Patients with aspirin sensitivity should not be given
sulfasalazine. Patients taking sulfasalazine should have
complete blood counts monitored every 2–4 weeks for the
first 3 months, then every 3 months.

c. Leflunomide—Leflunomide, a pyrimidine synthesis
inhibitor, is FDA-approved for the treatment of rheuma-
toid arthritis and is administered orally as a single daily
dose of 20 mg. The most frequent side effects are diarrhea,
rash, reversible alopecia, and hepatotoxicity. Some patients
experience dramatic unexplained weight loss. The drug is
teratogenic and has a half-life of 2 weeks, but active metab-
olites can be detected for up to 2 years. Thus, it is strongly
contraindicated in premenopausal women who wish to
bear children.

d. Antimalarials—Hydroxychloroquine sulfate is the
antimalarial agent most often used in rheumatoid arthritis.
Monotherapy with hydroxychloroquine should be reserved

for patients with very mild disease because only a small
percentage will respond and often only after 3–6 months of
therapy. Hydroxychloroquine is often used in combination
with other conventional DMARDs, particularly metho-
trexate and sulfasalazine (so called “triple therapy”). The
advantage of hydroxychloroquine is its comparatively low
toxicity, especially at a dosage of 200–400 mg/day orally
(not to exceed 5 mg/kg/day). The prevalence of the most
important adverse effect, retinal toxicity that can lead to
visual loss, is a function of duration of therapy, occurring
in less than 2% of patients (dosed properly) during the first
10 years of use but rising to 20% after 20 years of treatment.
Ophthalmologic examinations every 12 months are
required. Rare reactions include neuropathies and myopa-
thies of both skeletal and cardiac muscle, which usually
improve when the drug is withdrawn.

e. Janus kinase inhibitors—Tofacitinib, baricitinib,
and upadacitinib, inhibitors of Janus kinase, are used to
manage severe rheumatoid arthritis that is refractory to
methotrexate or other agents. Janus kinase inhibitors are
oral agents that can be used either as monotherapy or in
combination with methotrexate. Tofacitinib is adminis-
tered in a dose of 5 mg twice daily; baricitinib is 2 mg or
4 mg daily, and upadacitinib is 15 mg daily. Patients should
be screened and treated for latent tuberculosis prior to
receiving these drugs. Vaccination against varicella is also
recommended.

2. Biologic DMARDs—

a. Tumor necrosis factor inhibitors—Inhibitors of
tumor necrosis factor (TNF)—a pro-inflammatory cytokine—
are frequently added to the treatment of patients who have
not responded adequately to methotrexate and can be used
as initial therapy in combination with methotrexate for
patients with poor prognostic factors.

Five TNF inhibitors are in use: etanercept, infliximab,
adalimumab, golimumab, and certolizumab pegol. Etaner-
cept, a soluble recombinant TNF receptor:Fc fusion pro-
tein, is usually administered at a dosage of 50 mg
subcutaneously once per week. Infliximab, a chimeric
monoclonal antibody, is administered at a dosage of
3–10 mg/kg intravenously; infusions are repeated after 2, 6,
10, and 14 weeks and then are administered every 8 weeks.
Adalimumab, a human monoclonal antibody that binds to
TNF, is given at a dosage of 40 mg subcutaneously every
other week. The dose for golimumab, a human anti-TNF
monoclonal antibody, is 50 mg subcutaneously once
monthly. Certolizumab pegol is a PEGylated Fab fragment
of an anti-TNF monoclonal antibody; the dose is
200–400 mg subcutaneously every 2 to 4 weeks. Each drug
produces substantial improvement in more than 60% of
patients and is usually well tolerated. Minor irritation at
injection sites is the most common side effect of etanercept
and adalimumab. Rarely, nonrecurrent leukopenia devel-
ops in patients. TNF inhibitors have been associated with a
several-fold increased risk of serious bacterial infections
and a striking increase in granulomatous infections, par-
ticularly reactivation of tuberculosis. Screening for latent
tuberculosis (see Chapter 9) is mandatory before the
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initiation of TNF blockers. It is prudent to suspend TNF
blockers when a fever or other manifestations of a clinically
important infection develops. Demyelinating neurologic
complications that resemble multiple sclerosis have been
reported rarely in patients taking TNF inhibitors, but the
true magnitude of this risk—likely quite small—has not
been determined with precision. A majority of observa-
tional studies have not found a higher risk of malignancy
with TNF inhibitors, but the FDA has issued a safety alert
about case reports of malignancies, including leukemias.
Infliximab was associated with increased morbidity in a
heart failure trial, therefore, TNF inhibitors should be used
with extreme caution in patients with heart failure. Inflix-
imab can rarely cause anaphylaxis and induce anti-DNA
antibodies (but rarely clinically evident SLE).

b. Abatacept—Abatacept, a recombinant protein made
by fusing a fragment of the Fc domain of human IgG with
the extracellular domain of a T-cell inhibitory receptor
(CTLA4), blocks T-cell costimulation and produces clini-
cally meaningful responses in approximately 50% of indi-
viduals whose disease does not respond to the combination
of methotrexate and a TNF inhibitor.

c. Rituximab—Rituximab, a humanized mouse mono-
clonal antibody that depletes B cells, can be used in combi-
nation with methotrexate or leflunomide for patients
whose disease has been refractory to treatment with a TNF
inhibitor.

d. Tocilizumab and sarilumab—Tocilizumab and
sarilumab are monoclonal antibodies that block the recep-
tor for IL-6, an inflammatory cytokine involved in the
pathogenesis of rheumatoid arthritis. They are used most
often in combination with methotrexate for patients whose
disease has been refractory to treatment with a TNF inhibi-
tor. Tocilizumab has been associated with gastrointestinal
perforations, although this adverse event is rare.

3. Combination DMARDs—As a general rule, DMARDs
have greater efficacy when administered in combination
than when used individually. The most commonly used
combination is methotrexate with one of the TNF inhibi-
tors. Still, most patients who require DMARD therapy are
given methotrexate monotherapy initially because this
regimen is effective in up to one-third of patients and is
less expensive and less toxic than combination therapy.
The combination of methotrexate, sulfasalazine, and
hydroxychloroquine (“triple therapy”) is economical,
effective, and not inferior to the combination of metho-
trexate plus etanercept for those who have not responded
to methotrexate monotherapy. Biologic DMARDs should
not be combined.

» Course & Prognosis

After months or years, deformities may occur; the most
common are ulnar deviation of the fingers, boutonniére
deformity (hyperextension of the DIP joint with flexion of
the PIP joint), “swan-neck” deformity (flexion of the DIP
joint with extension of the PIP joint), valgus deformity of
the knee, and volar subluxation of the MTP joints. The

excess mortality associated with rheumatoid arthritis is
largely due to cardiovascular disease that is unexplained by
traditional risk factors and that appears to be a result of
deleterious effects of chronic systemic inflammation on the
vascular system.

» When to Refer

Early referral to a rheumatologist is essential for diagnosis
and the timely introduction of effective therapy.
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ADULT STILL DISEASE

Still disease is a systemic form of juvenile chronic arthritis
in which high spiking fevers are much more prominent,
especially at the outset, than arthritis. This rare syndrome
also occurs in adults. Most adults are in their 20s or 30s;
onset after age 60 is rare. The fever is dramatic, often with
daily spikes to 40°C, associated with sweats and chills, and
then plunging to normal or several degrees below normal
in the absence of antipyretics. Many patients initially com-
plain of sore throat. An evanescent salmon-colored non-
pruritic rash, chiefly on the chest and abdomen, is a
characteristic feature. The rash can easily be missed since it
often appears only with the fever spike. Many patients also
have lymphadenopathy and pericardial effusions. Joint
symptoms are mild or absent in the beginning, but a
destructive arthritis, especially of the wrists, may develop
months later. Anemia and leukocytosis, with white blood
counts sometimes exceeding 40,000/mcL (40 × 109/L), are
the rule. Serum ferritin levels are often strikingly elevated
(greater than 3000 mg/mL or 6741 pmol/L). (Other condi-
tions, including viral infections, malignancy, and multiple
blood transfusions, can also cause extreme elevations in
ferritin levels.) The diagnosis of adult Still disease is sug-
gested by the quotidian fever pattern, sore throat, and the
classic rash but requires exclusion of other causes of fever.
About half of the patients respond to NSAIDs, and half
require prednisone, sometimes in doses greater than
60 mg/day orally. Targeting IL-1 with anakinra or canakinumab
or IL-6 with tocilizumab can be effective for patients with
refractory disease. The course of adult Still disease can be
monophasic, intermittent, or chronic. Macrophage activation
syndrome is a life-threatening complication of adult Still dis-
ease and manifests as fever; splenomegaly; cytopenias; hyper-
triglyceridemia; hypofibrinogenemia; marked elevation of
serum ferritin; elevated soluble CD25; depressed natural killer
cell activity; and hemophagocytosis in bone marrow, spleen,
and lymph nodes.
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(CONSIDER): phase II, randomised, double-blind, placebo-
controlled, multicentre, investigator-initiated trial. Ann
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SYSTEMIC LUPUS ERYTHEMATOSUS

E S S E N T I A L S  O F  D I A G N O S I S

» Occurs mainly in young women.

» Rash over areas exposed to sunlight.

» Joint symptoms in 90% of patients.

» Anemia, leukopenia, thrombocytopenia.

» Glomerulonephritis, central nervous system dis-
ease, and complications of antiphospholipid anti-
bodies are major sources of disease morbidity.

» Serologic findings: antinuclear antibodies (100%),
anti–double-stranded DNA antibodies (approxi-
mately two-thirds), and low serum complement
levels (particularly during disease flares).

» General Considerations

SLE is an inflammatory autoimmune disorder character-
ized by autoantibodies to nuclear antigens. It can affect
multiple organ systems. Many of its clinical manifesta-
tions are secondary to the trapping of antigen-antibody
complexes in capillaries of visceral structures or to
autoantibody-mediated destruction of host cells (eg, throm-
bocytopenia). The clinical course is marked by spontane-
ous remission and relapses. The severity may vary from a
mild episodic disorder to a rapidly fulminant, life-threatening
illness.

The incidence of SLE is influenced by many factors,
including sex, race, and genetic inheritance. About 85% of
patients are women. Sex hormones play a role; most cases
develop after menarche and before menopause. Among
older individuals, the sex distribution is more equal. Race
is also a factor, as SLE occurs in 1:1000 White women but
in 1:250 Black women. Familial occurrence of SLE has been
repeatedly documented, and the disorder is concordant in
25–70% of identical twins. If a mother has SLE, her daugh-
ters’ risks of developing the disease are 1:40 and her sons’
risks are 1:250. Aggregation of serologic abnormalities
(positive antinuclear antibody) is seen in asymptomatic
family members, and the prevalence of other rheumatic
diseases is increased among close relatives of patients.

The diagnosis of SLE should be suspected in patients
having a multisystem disease with a positive test for anti-
nuclear antibodies. It is imperative to ascertain that the
condition has not been induced by a drug (see Drug-
Induced Lupus below).

The diagnosis of SLE can be made with reasonable
probability if at least 4 of the 11 criteria set forth in
Table 20–5 are met. The updated 2019 version of these

Table 205. Criteria for the classification of SLE.
(A patient is classified as having SLE if any 4 or more of
11 criteria are met.)

1. Malar rash

2. Discoid rash

3. Photosensitivity

4. Oral ulcers

5. Arthritis

6. Serositis

7. Kidney disease

a. > 0.5 g/day proteinuria, or

b. ≥ 3+ dipstick proteinuria, or

c. Cellular casts

8. Neurologic disease

a. Seizures, or

b. Psychosis (without other cause)

9. Hematologic disorders

a. Hemolytic anemia, or

b. Leukopenia (< 4000/mcL [4.0 × 109/L]), or

Lymphopenia (< 1500/mcL [1.5 × 109/L]), or

c. Thrombocytopenia (< 100,000/mcL [100 × 109/L])

10. Immunologic abnormalities

a. Antibody to native DNA, or

b. Antibody to Sm, or

c. Antibodies to antiphospholipid antibodies based on (1) IgG

or IgM anticardiolipin antibodies, (2) lupus anticoagulant,

or (3) false-positive serologic test for syphilis

11. Positive ANA

ANA, antinuclear antibody; SLE, systemic lupus erythematosus.

Modified and reproduced, with permission, from Tan EM et al. The

1982 revised criteria for the classification of systemic lupus erythe-

matosus. Arthritis Rheumatol. 1982;25:1271, and data from

Hochberg MC. Updating the American College of Rheumatology

revised criteria for the classification of systemic lupus erythematosus.

Arthritis Rheumatol. 1997;40:1725.

criteria requires an ANA titer of 80 or more, highlighting
that SLE should almost never be diagnosed in the absence
of an ANA (Table 20–6). Criteria are developed as guide-
lines for the inclusion of patients in research studies and do
not supplant clinical judgment in the diagnosis of SLE.

» Clinical Findings

A. Symptoms and Signs

The systemic features include fever, anorexia, malaise, and
weight loss. Most patients have skin lesions at some time;
the characteristic “butterfly” (malar) rash affects less than
half of patients. Other cutaneous manifestations are
panniculitis (lupus profundus), discoid lupus and typical
fingertip lesions (periungual erythema, nail fold infarcts,
and splinter hemorrhages). Alopecia is common. Mucous
membrane lesions tend to occur during periods of exacer-
bation. Raynaud phenomenon, present in about 20% of
patients, often antedates other features of the disease.

Joint symptoms, with or without active synovitis, occur
in over 90% of patients and are often the earliest manifesta-
tion. The arthritis can lead to reversible swan-neck defor-
mities, but radiographic erosions and subcutaneous
nodules are rare.
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Table 206. 2019 European League Against Rheumatism/American College of Rheumatology classification criteria
for systemic lupus erythematosus.

Criteria Definition

Antinuclear antibodies (ANA) ANA at a titer of ≥1:80 at least once. Testing by immunofluorescence on HEp-2 cells or a solid-phase

ANA screening immunoassay with at least equivalent performance is highly recommended

Fever Temperature > 38.3°C

Leukopenia White blood cell count < 4000/mcL (4.0 × 109/L)

Thrombocytopenia Platelet count < 100,000/mcL (100 × 109/L)

Autoimmune hemolysis Evidence of hemolysis, such as reticulocytosis, low haptoglobin, elevated indirect bilirubin, elevated

LD, and positive direct antiglobulin (Coombs) test

Delirium Characterized by: (1) change in consciousness or level of arousal with reduced ability to focus,

(2) symptom development over hours to < 2 days, (3) symptom fluctuation throughout the day,

(4) either acute/subacute change in cognition (eg, memory deficit or disorientation) or change in

behavior, mood, or affect (eg, restlessness, reversal of sleep/wake cycle)

Psychosis Characterized by delusions or hallucinations or both without insight and absence of delirium

Seizure Primary generalized seizure or partial/focal seizure

Nonscarring alopecia Nonscarring alopecia observed by a clinician1

Oral ulcers Oral ulcers observed by a clinician1

Subacute cutaneous or discoid

lupus

Subacute cutaneous lupus erythematosus observed by a clinician1:

Annular or papulosquamous (psoriasiform) cutaneous eruption, usually photodistributed

If skin biopsy is performed, typical changes must be present (interface vacuolar dermatitis

consisting of a perivascular lymphohistiocytic infiltrate, often with dermal mucin noted).

or

Discoid lupus erythematosus observed by a clinician1:

Erythematous-violaceous cutaneous lesions with secondary changes of atrophic scarring, dyspig-

mentation, often follicular hyperkeratosis/plugging (scalp), leading to scarring alopecia on

the scalp

If skin biopsy is performed, typical changes must be present (interface vacuolar dermatitis consisting

of a perivascular and/or periappendageal lymphohistiocytic infiltrate. In the scalp, follicular

keratin plugs may be seen. In longstanding lesions, mucin deposition may be noted)

Acute cutaneous lupus Malar rash or generalized maculopapular rash observed by a clinician1

If skin biopsy is performed, typical changes must be present (interface vacuolar dermatitis consisting

of a perivascular lymphohistiocytic infiltrate, often with dermal mucin noted. Perivascular neutro-

philic infiltrate may be present early in the course)

Pleural or pericardial effusion Imaging evidence (such as ultrasonography, radiography, CT scan, MRI) of pleural or pericardial

effusion, or both

Acute pericarditis Presence of two or more of the following:

(1) Pericardial chest pain (typically sharp, worse with inspiration, improved by leaning forward)

(2) Pericardial rub

(3) ECG with new widespread ST elevation or PR depression

(4) New or worsened pericardial effusion on imaging (such as ultrasonography, radiography,

CT scan, MRI)

Joint involvement Presence of either synovitis involving > 2 joints characterized by swelling or effusion or tenderness in

> 2 joints and at least 30 minutes of morning stiffness

Proteinuria > 0.5 g/24 hours by 24-hour urine or equivalent spot urine protein-to-creatinine ratio

Class II or V lupus nephritis

on renal biopsy according to

ISN/RPS 2003 classification

Class II:

Mesangial proliferative lupus nephritis: purely mesangial hypercellularity of any degree or mesangial

matrix expansion by light microscopy, with mesangial immune deposit. A few isolated subepithelial or

subendothelial deposits may be visible by immunofluorescence or electron microscopy but not by

light microscopy

Class V:

Membranous lupus nephritis: global or segmental subepithelial immune deposits or their morphologic

sequelae by light microscopy and by immunofluorescence or electron microscopy, with or without

mesangial alterations

(continued)
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Ocular manifestations include keratoconjunctivitis
sicca and retinal vasculopathy (cotton-wool spots, episcle-
ritis, scleritis and optic neuropathy). Pleurisy and pleural
effusion are common. Pneumonitis, interstitial lung dis-
ease, and pulmonary hypertension can rarely occur.
Alveolar hemorrhage is uncommon but life-threatening.

The pericardium is affected in the majority of
patients. Heart failure may result from myocarditis and
hypertension. Cardiac arrhythmias are common. Atypi-
cal verrucous endocarditis of Libman-Sacks is usually
clinically silent but occasionally can produce acute or
chronic valvular regurgitation—most commonly mitral
regurgitation.

Neurologic complications of SLE include psychosis,
cognitive impairment, seizures, peripheral and cranial neu-
ropathies, transverse myelitis, and strokes. Severe depres-
sion and psychosis are sometimes exacerbated by the
administration of large doses of corticosteroids.

Several forms of glomerulonephritis may occur, includ-
ing mesangial, focal proliferative, diffuse proliferative, and
membranous (see Chapter 22). Some patients may also
have interstitial nephritis. With appropriate therapy, the
survival rate even for patients with serious kidney disease
(proliferative glomerulonephritis) is favorable, albeit a sub-
stantial portion of patients with severe lupus nephritis
develop end-stage kidney disease.

Hematologic manifestations include leukopenia, auto-
immune hemolytic anemia, immune thrombocytopenia,
and thrombotic thrombocytopenic purpura.

B. Laboratory Findings

(Tables 20–7 and 20–8.) SLE is characterized by the pro-
duction of many different autoantibodies. Antinuclear
antibody tests based on immunofluorescence assays using
HEp-2 cells (a human cell line) as a source of nuclei are
nearly 100% sensitive for SLE but not specific—ie, they are
positive in low titer in up to 20% of healthy adults and also
in many patients with other immune-mediated conditions
such as rheumatoid arthritis, thyroid disease, systemic
sclerosis (scleroderma), and Sjögren syndrome. False-
negative results can occur with tests for antinuclear anti-
bodies based on multiplex assays that use specific nuclear
antigens rather than cell lines. Antibodies to double-
stranded DNA and to Sm are specific for SLE but not sensi-
tive, since they are present in only 60% and 30% of patients,
respectively. Depressed serum complement—a finding
suggestive of disease activity—often returns toward normal
in remission. Anti–double-stranded DNA antibody levels
also correlate with disease activity in some patients; anti-
Sm levels do not. Other autoantibodies commonly seen in
SLE include antibodies to SS-A/Ro, SS-B/La, ribonucleo-
protein (RNP), and phospholipid. Antibodies to SS-A/Ro
are associated with subacute cutaneous lupus; during preg-
nancy these autoantibodies can cross the placenta and
damage the developing fetal conduction system, producing
congenital heart block.

During disease flares, elevations in the ESR are com-
mon, but the serum CRP is usually normal unless there is

Table 206. 2019 European League Against Rheumatism/American College of Rheumatology classification criteria
for systemic lupus erythematosus.

Criteria Definition

Class III or IV lupus nephritis on

renal biopsy according to

ISN/RPS 2003 classification

Class III:

Focal lupus nephritis: active or inactive focal, segmental, or global endocapillary, or extracapillary

glomerulonephritis involving < 50% of all glomeruli, typically with focal subendothelial immune

deposits, with or without mesangial alterations

Class IV:

Diffuse lupus nephritis: active or inactive diffuse, segmental, or global endocapillary or extracapillary

glomerulonephritis involving ≥ 50% of all glomeruli, typically with diffuse subendothelial immune

deposits, with or without mesangial alterations. This class includes cases with diffuse wire loop

deposits but with little or no glomerular proliferation

Positive antiphospholipid

antibodies

Anticardiolipin antibodies (IgA, IgG, or IgM) at medium or high titer (> 40 APL, GPL, or MPL, or

> 99th percentile) or positive anti-beta-2GPI antibodies (IgA, IgG, or IgM) or positive lupus

anticoagulant

Low C3 OR low C4 C3 OR C4 below the lower limit of normal

Low C3 AND low C4 Both C3 AND C4 below the lower limits of normal

Anti-dsDNA antibodies or anti-Sm

antibodies

Anti-dsDNA antibodies in an immunoassay with demonstrated ≥ 90% specificity for SLE against

relevant disease controls or anti-Sm antibodies

1This may include physical examination or review of a photograph.

anti-beta-2GPI, anti–beta-2-glycoprotein 1; anti-dsDNA, anti–double-stranded DNA; CT, computed tomography; ECG, electrocardiography;

Ig, immunoglobulin; ISN, International Society of Nephrology; LD, lactate dehydrogenase; MRI, magnetic resonance imaging; RPS, Renal

Pathology Society; SLE, systemic lupus erythematosus.

Modified, with permission, from Aringer M et al. 2019 European League Against Rheumatism/American College of Rheumatology

Classification Criteria for Systemic Lupus Erythematosus. Arthritis Rheumatol. 2019;71:1400. © 2019 American College of

Rheumatology.

(continued)
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serositis or arthritis. Abnormality of urinary sediment,
including hematuria with or without casts, and proteinuria
(varying from mild to nephrotic range) can indicate active
lupus nephritis.

» Differential Diagnosis

Differential diagnosis includes drug-induced lupus, rheu-
matoid arthritis, systemic vasculitis, systemic sclerosis,

primary antiphospholipid syndrome, inflammatory myopa-
thies, viral hepatitis, sarcoidosis, and acute drug reactions.

» Treatment

Since the various manifestations of SLE affect prognosis
differently and since SLE activity often waxes and wanes,
drug therapy—both the choice of agents and the intensity
of their use—must be tailored to match disease severity.
Patients should be cautioned against sun exposure and
should apply broad-spectrum UVA/UVB sunscreen while
outdoors. Milder skin lesions often respond to the topical
administration of corticosteroids. Minor joint symptoms
can usually be alleviated by NSAIDs.

Antimalarials (hydroxychloroquine) may be helpful in
treating lupus rashes or joint symptoms. They also reduce
the incidence of disease flares and prolong survival in SLE.
The dose of hydroxychloroquine is 200 or 400 mg/day orally
and should not exceed 5 mg/kg/day; annual monitoring for
retinal changes is recommended. Neuropathy and myopathy
are rare adverse effects of hydroxychloroquine and may be
erroneously ascribed to the underlying disease.

Corticosteroids are required for the control of certain
complications. (Systemic corticosteroids are not usually
given for minor skin rashes, leukopenia, or the anemia
associated with chronic disease.) Glomerulonephritis,
hemolytic anemia, myocarditis, alveolar hemorrhage,
central nervous system involvement, and severe thrombo-
cytopenia all require corticosteroid treatment and often
other interventions as well. For serious manifestations,
either methylprednisolone 250–1000 mg given intrave-
nously over 30 minutes daily for 3 days or prednisone
40–60 mg orally is needed initially; however, the lowest
dose of corticosteroid that controls the condition should be
used over time (Table 26–16). Immunosuppressive agents

Table 208. Frequency (%) of laboratory abnormalities
in systemic lupus erythematosus.

Anemia 60%

Leukopenia 45%

Thrombocytopenia 30%

Antiphospholipid antibodies

Anti-cardiolipin antibody 25%

Lupus anticoagulant 7%

Anti–beta-2-glycoprotein 1 25%

Direct Coombs-positive 30%

Proteinuria 30%

Hematuria 30%

Hypocomplementemia 60%

ANA 95–100%

Anti-double stranded DNA 50%

Anti-Sm 20%

ANA, antinuclear antibody; Anti-Sm, anti-Smith antibody.

Modified and reproduced, with permission, from Hochberg MC

et al. Systemic lupus erythematosus: a review of clinicolaboratory

features and immunologic matches in 150 patients with empha-

sis on demographic subsets. Medicine (Baltimore). 1985;64:285.

Table 207. Frequency (%) of autoantibodies in rheumatic diseases.1

ANA

Anti

Native

DNA

Rheuma

toid Factor

Anti

Sm

Anti

SSA

Anti

SSB

Anti

SCL70

Anti

Centromere

Anti

Jo1 ANCA

Rheumatoid arthritis 30–60 0–5 70 0 0–5 0–2 0 0 0 0

Systemic lupus

erythematosus

95–100 60 20 10–25 15–20 5–20 0 0 0 0–1

Sjögren syndrome 95 0 75 0 65 65 0 0 0 0

Diffuse systemic

sclerosis

> 95 0 30 0 0 0 33 1 0 0

Limited systemic

sclerosis (CREST

syndrome)

> 95 0 30 0 0 0 20 50 0 0

Polymyositis/

dermatomyositis

80 0 33 0 0 0 0 0 20–30 0

Granulomatosis with

polyangiitis

0–15 0 50 0 0 0 0 0 0 93–961

1Frequency for generalized, active disease.

ANA, antinuclear antibodies; Anti-Sm, anti-Smith antibody; Anti-SCL-70, anti-scleroderma antibody; ANCA, antineutrophil cytoplasmic

antibody; CREST, calcinosis cutis, Raynaud phenomenon, esophageal motility disorder, sclerodactyly, and telangiectasia.
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(such as cyclophosphamide, mycophenolate mofetil, azathio-
prine, methotrexate, or tacrolimus) are used for long-term
control of disease. Belimumab, a monoclonal antibody that
inhibits the activity of a B-cell growth factor, is FDA approved
for treating antibody-positive SLE patients with active dis-
ease who have not responded to standard therapies (eg,
NSAIDs, antimalarials, or immunosuppressive therapies).

Treatment of lupus nephritis includes an induction
phase and a maintenance phase. Mycophenolate mofetil
(1000 mg or 1500 mg orally twice daily) and cyclophospha-
mide are first-line induction treatments for lupus nephritis
and are generally given with corticosteroids to achieve
disease control. Cyclophosphamide is usually administered
using the Euro-Lupus regimen (500 mg intravenously
every 2 weeks for six doses) but can also be administered
according to the National Institutes of Health regimen
(3–6 monthly intravenous pulses [0.5–1 g/m2] for induc-
tion followed by maintenance infusions every 3 months).
Belimumab, the first FDA approved drug for lupus nephri-
tis, can improve renal response when added to cyclophos-
phamide or mycophenolate mofetil. Mycophenolate
mofetil or azathioprine is typically used for maintenance
therapy for lupus nephritis. Very close follow-up is needed
to watch for potential side effects when immunosuppres-
sants are given; these agents should be administered by
clinicians experienced in their use. When higher doses of
cyclophosphamide are required, gonadotropin-releasing
hormone analogs can be given to protect a woman against
the risk of premature ovarian failure. Rituximab is usually
reserved for life-threatening or organ-threatening manifes-
tations that have failed conventional therapies.

» Course & Prognosis

Ten-year survival rates exceeding 85% are routine. In most
patients, the illness pursues a relapsing and remitting
course. Prednisone, often needed in doses of 40 mg/day
orally or more during severe flares, can usually be tapered
to low doses (5–10 mg/day) or be discontinued when the
disease is inactive. However, there are some in whom the
disease pursues a virulent course, leading to serious impair-
ment of vital structures such as lungs, heart, brain, or
kidneys, and the disease may lead to death. Mortality in SLE
shows a bimodal pattern. In the early years after diagnosis,
infections—especially with opportunistic organisms—
are the leading cause of death, followed by active SLE,
chiefly due to kidney or central nervous system disease. In
later years, accelerated atherosclerosis, linked to chronic
inflammation, becomes a major cause of death. Indeed, the
incidence of myocardial infarction is five times higher in
persons with SLE than in the general population. There-
fore, it is especially important for SLE patients to avoid
smoking and to minimize other conventional risk factors
for atherosclerosis (eg, hypercholesterolemia, hyperten-
sion, obesity, and inactivity).

Fertility is normal in SLE. Women can pursue preg-
nancy under close supervision and when SLE is well-
controlled and no teratogenic medications are being used.
Since SLE patients have a higher risk of developing malig-
nancy (especially lymphoma, lung cancer, and cervical
cancer), preventive cancer screening recommendations

should be followed assiduously. With more patients living
longer, avascular necrosis of bone, affecting most com-
monly the hips and knees, is responsible for substantial
morbidity. Nonetheless, the outlook for most patients with
SLE is increasingly favorable.

» When to Refer

• Appropriate diagnosis and management of SLE requires
the active participation of a rheumatologist.

• The severity of organ involvement dictates referral to other
subspecialists, such as nephrologists and pulmonologists.

» When to Admit

• Rapidly progressive glomerulonephritis, pulmonary
hemorrhage, transverse myelitis, and other severe
organ-threatening manifestations of lupus usually
require in-patient assessment and management.

• Severe infections, particularly in the setting of immu-
nosuppressant therapy, should prompt admission.

Aringer M et al. 2019 European League Against Rheumatism/
American College of Rheumatology classification criteria for
systemic lupus erythematosus. Arthritis Rheumatol. 2019;71:
1400. [PMID: 31385462]

Durcan L et al. Management strategies and future directions for
systemic lupus erythematosus in adults. Lancet. 2019;393:2332.
[PMID: 31180030]

DRUG-INDUCED LUPUS

Drug-induced lupus shares several clinical and serologic
features with SLE but is due to ongoing exposure to a drug
and resolves when the offending drug is discontinued. In
contrast to SLE, the sex ratio is nearly equal. As a general
rule, drug-induced lupus presents with fever, arthralgia,
myalgia, and serositis but not renal involvement, neuro-
logic symptoms, or other features of SLE. Serologic testing
reveals elevated titers of antinuclear antibodies in all
patients, but antibodies to DNA, Sm, RNP, SS-A, and SS-B
are rare. Antibodies to histones are common but also are
seen in SLE and thus do not distinguish drug-induced
lupus from SLE. Complement levels are usually normal.
The list of drugs implicated as possible causes of drug-
induced lupus in observational studies and case reports is
extensive. There are definite associations between the
development of drug-induced lupus and the use of hydral-
azine, isoniazid, and minocycline as well as several medica-
tions no longer commonly prescribed (procainamide,
quinidine, methyldopa, chlorpromazine). The incidence of
drug-induced lupus in patients taking hydralazine for a
year or longer is as high as 5–8%; for most other medica-
tions, the risk is considerably lower (less than 1%). TNF
inhibitors can induce antibodies to DNA, but the incidence
of lupus-like syndromes resulting from these medications
is low (0.5–1%).

Kawka L et al. Characterization of drug-induced cutaneous lupus:
analysis of 1994 cases using the WHO pharmacovigilance data-
base. Autoimmun Rev. 2021;20:102705. [PMID: 33188917]
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ANTIPHOSPHOLIPID SYNDROME

E S S E N T I A L S  O F  D I A G N O S I S

» Hypercoagulability; recurrent arterial or venous
thromboses.

» Thrombocytopenia is common.

» Recurrent fetal loss.

» Recurrent events are frequent; lifetime anticoagu-
lation with warfarin is recommended.

» General Considerations

The clinical features of primary antiphospholipid syn-
drome (APS) are venous or arterial occlusions or certain
pregnancy complications. Laboratory criteria include the
identification of at least one of the following three antiphos-
pholipid antibodies: IgG or IgM anticardiolipin, IgG or
IgM antibodies to beta-2-glycoprotein 1, and lupus antico-
agulant. In less than 1% of patients with antiphospholipid
antibodies, a potentially devastating syndrome known as
the “catastrophic antiphospholipid syndrome” occurs,
leading to diffuse thromboses, thrombotic microangiopa-
thy, and multiorgan system failure. Catastrophic APS has a
mortality rate approaching 50%.

» Clinical Findings

A. Symptoms and Signs

Patients are often asymptomatic until suffering a throm-
botic complication of this syndrome or a pregnancy loss.
Thrombotic events may occur in either the arterial or
venous circulations. Thus, deep venous thromboses, pul-
monary emboli, and cerebrovascular accidents are typical
clinical events. Budd-Chiari syndrome, cerebral sinus
vein thrombosis, myocardial or digital infarctions, hem-
orrhagic infarction of the adrenal glands (due to adrenal
vein thrombosis), and other thrombotic events also occur.
Other symptoms and signs of APS include thrombocyto-
penia, mental status changes, livedo reticularis, skin
ulcers, microangiopathic nephropathy, and cardiac valvu-
lar thickening or vegetations. Pregnancy losses include
unexplained fetal death after 10 weeks’ gestation; one or
more premature births before 34 weeks because of
eclampsia, preeclampsia, or placental insufficiency; or
three or more unexplained miscarriages before 10 weeks’
gestation.

B. Laboratory Findings

Thrombocytopenia occurs in 22–42% of patients, and it is
usually moderate (platelet counts above 50,000/mcL [50 ×
109/L]). The presence of thrombocytopenia does not
reduce the risk of thrombosis.

Three types of antiphospholipid antibodies are associ-
ated with this syndrome: (1) anti-cardiolipin antibodies,
(2) antibodies to beta-2-glycoprotein, and (3) a “lupus

anticoagulant” that prolongs certain phospholipid-depen-
dent coagulation tests (see below). Antibodies to cardio-
lipin and to beta-2-glycoprotein are typically measured
with enzyme immunoassays. Anti-cardiolipin antibodies
can produce a biologic false-positive test for syphilis (ie, a
positive rapid plasma reagin but negative specific anti-
treponemal assay). In general, IgG anti-cardiolipin anti-
bodies are believed to be more pathologic than IgM. In
case-control studies, 3.1% of patients in the general popu-
lation who experienced a venous thrombotic event (in the
absence of cancer) tested positive for the lupus anticoagu-
lant (versus 0.9% of controls, yielding an odds ratio of 3.6).
For women younger than 50 years in whom stroke devel-
oped, the odds ratio for having the lupus anticoagulant is
43.1. Presence of the lupus anticoagulant is a stronger risk
factor for thrombosis or pregnancy loss than is the pres-
ence of antibodies to either beta-2-glycoprotein 1 or anti-
cardiolipin. A clue to the presence of a lupus anticoagulant,
which may occur in individuals who do not have SLE, may
be detected by a prolongation of the partial thromboplastin
time (which, paradoxically, is associated with a thrombotic
tendency rather than a bleeding risk). Testing for the lupus
anticoagulant involves phospholipid-dependent functional
assays of coagulation, such as the Russell viper venom time
(RVVT).

» Differential Diagnosis

The exclusion of other autoimmune disorders, particu-
larly those in the SLE spectrum, is essential because such
disorders may be associated with additional complica-
tions requiring alternative treatments. Other genetic or
acquired conditions associated with hypercoagulability
such as protein C, protein S, or antithrombin deficiency
and factor V Leiden should be excluded. Catastrophic
APS has a broad differential, including sepsis, pulmonary-
renal syndromes, systemic vasculitis, disseminated intra-
vascular coagulation, and thrombotic thrombocytopenic
purpura.

» Treatment

Patients should be given warfarin to maintain an INR of
2.0–3.0. Available evidence suggests direct-acting oral anti-
coagulants are less effective than warfarin. Patients who
have recurrent thrombotic events while taking warfarin
may require higher INRs (greater than 3.0), but the bleed-
ing risk increases substantially with this degree of
anticoagulation.

For pregnancy-associated APS, the combination of
prophylactic doses of low-molecular-weight heparin
(Table 14–14) and low-dose aspirin (81 mg) is the usual
approach to prevent pregnancy complications. In
women with a history of thrombotic events outside of
pregnancy, full-dose low-molecular-weight heparin is
administered (Table 14–16). Anticoagulation is typi-
cally continued through pregnancy and the early post-
partum period for thromboprophylaxis. The benefit of
using corticosteroids and intravenous immunoglobulin
in these patients is unclear; neither treatment is
recommended.
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However, in patients with catastrophic APS, either
intravenous immunoglobulin or plasmapheresis plus intra-
venous heparin and high doses of corticosteroids are
administered. Resistant disease may require biologic ther-
apy with monoclonal antibodies against CD20 on B cells
(rituximab) or against complement component C5 (ecu-
lizimab), although data to support these therapies are lim-
ited to case series.

Tektonidou MG et al. EULAR recommendations for the man-
agement of antiphospholipid syndrome in adults. Ann Rheum
Dis. 2019;78:1296. [PMID: 31092409]

RAYNAUD PHENOMENON

E S S E N T I A L S  O F  D I A G N O S I S

» Paroxysmal bilateral digital pallor and cyanosis
followed by rubor.

» Precipitated by cold or emotional stress; relieved
by warmth.

» primary form: benign course; usually affects young
women.

» Secondary form: more severe, sometimes causing
digital ulceration or gangrene.

» General Considerations

Raynaud phenomenon (RP) is a syndrome of paroxysmal
digital ischemia, most commonly caused by an exagger-
ated response of digital arterioles to cold or emotional
stress. The initial phase of RP, mediated by excessive
vasoconstriction, consists of well-demarcated digital pal-
lor or cyanosis; the subsequent (recovery) phase of RP,
caused by vasodilation, leads to intense hyperemia and
rubor. Although RP chiefly affects fingers, it can also
affect toes and other acral areas such as the nose and ears.
RP is classified as primary (idiopathic or Raynaud dis-
ease) or secondary. Nearly one-third of the population
reports being “sensitive to the cold” but does not experi-
ence the paroxysms of digital pallor, cyanosis, and ery-
thema characteristic of RP. Primary RP occurs in 2–6% of
adults, is especially common in young women, and poses
more of a nuisance than a threat to good health. In con-
trast, secondary RP is less common, is chiefly associated
with rheumatic diseases (especially systemic sclerosis
[scleroderma]), and can be severe enough to cause digital
ulceration or gangrene.

» Clinical Findings

In early attacks of RP, only one or two fingertips may be
affected; as it progresses, all fingers down to the distal palm
may be involved. The thumbs are rarely affected. During
recovery there may be intense rubor, throbbing, paresthe-
sia, pain, and slight swelling. Attacks usually terminate
spontaneously or upon returning to a warm room or

putting the extremity in warm water. The patient is usually
asymptomatic between attacks. Sensory changes that often
accompany vasomotor manifestations include numbness,
tingling, diminished sensation, and aching pain.

Primary RP appears first between ages 15 and 30,
almost always in women. It tends to be mildly progressive
and, unlike secondary RP (which may be unilateral and
may involve only one or two fingers), symmetric involve-
ment of the fingers of both hands is the rule. Spasm
becomes more frequent and prolonged. Unlike secondary
RP, primary RP does not cause digital pitting, ulceration, or
gangrene.

Nailfold capillary abnormalities are among the earliest
clues that a person has secondary rather than primary RP.
The nailfold capillary pattern can be visualized by placing
a drop of grade B immersion oil at the patient’s cuticle
and then viewing the area with an ophthalmoscope set to
20–40 diopters. Dropout of capillaries and dilation of the
remaining capillary loops indicate the patient has a
secondary form of RP, most commonly systemic sclerosis
(Figure 20–5) (Table 20–9). While highly specific for
secondary RP, nailfold capillary changes have a low sensi-
tivity. Digital pitting or ulceration or other abnormal
physical findings (eg, skin tightening, loss of extremity
pulse, rash, swollen joints) can also provide evidence of
secondary RP.

Primary RP must be differentiated from the numerous
causes of secondary RP (Table 20–9). The history and
examination may suggest the diagnosis of systemic sclero-
sis, SLE, or mixed connective tissue disease; RP is often the
first manifestation of limited systemic sclerosis (CREST
syndrome). The diagnosis of many of these rheumatic dis-
eases is supported with specific serologic tests.

RP may occur in patients with the thoracic outlet syn-
dromes. In these disorders, involvement is generally unilat-
eral, and symptoms referable to brachial plexus compression
tend to dominate the clinical picture. Carpal tunnel syn-
drome should also be considered, and nerve conduction
tests are appropriate in selected cases.

» Differential Diagnosis

The differentiation from Buerger disease (thromboangiitis
obliterans) is usually not difficult, since thromboangiitis
obliterans is generally a disease of men, particularly smok-
ers; peripheral pulses are often diminished or absent; and,
when RP occurs in association with thromboangiitis oblit-
erans, it is usually in only one or two digits.

In acrocyanosis, cyanosis of the hands is permanent
and diffuse; the sharp and paroxysmal line of demarcation
with pallor does not occur with acrocyanosis. Frostbite
may lead to chronic RP.

» Treatment

A. General Measures

Patients should wear gloves or mittens whenever in tem-
peratures that precipitate attacks. Keeping the body warm
is also a cornerstone of initial therapy. Wearing warm
shirts, coats, and hats will help prevent the exaggerated
vasospasm that causes RP and that is not prevented by
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warming only the hands. The hands should be protected
from injury at all times; wounds heal slowly, and infections
are consequently hard to control. Softening and lubricating
lotion to control fissured dry skin should be applied to the
hands frequently. Cigarette smoking should be stopped and
sympathomimetic drugs (eg, decongestants, diet pills, and
amphetamines) should be avoided. For most patients with
primary RP, general measures alone are sufficient to con-
trol symptoms. Medical or surgical therapy should be
considered in patients who have severe symptoms or are
experiencing tissue injury from digital ischemia.

B. Medications

Calcium channel blockers are first-line therapy for RP.
Calcium channel blockers produce a modest benefit and
are more effective in primary RP than secondary RP. Slow-
release nifedipine (30–180 mg/day orally), amlodipine
(5–20 mg/day orally), felodipine, isradipine, and nisoldip-
ine are popular and more effective than verapamil, nicar-
dipine, and diltiazem. Other medications that are
sometimes effective in treating RP include angiotensin II
receptor blockers, topical nitrates, phosphodiesterase
inhibitors (eg, sildenafil, tadalafil, and vardenafil), selective
serotonin reuptake inhibitors (fluoxetine), statins, or endo-
thelin-receptor inhibitors (ie, bosentan). Severe or refrac-
tory episodes in which there is a threat of digital loss may
require treatment with intravenous infusions of prostacy-
clin or prostacyclin analogs (eg, epoprostenol, iloprost,
treprostinil).

C. Surgical Measures

Sympathectomy may be indicated when attacks have
become frequent and severe, when they interfere with work
and well-being, and particularly when trophic changes
have developed and medical measures have failed. Digital
sympathectomy may improve secondary RP.

» Prognosis

Primary RP is benign and largely a nuisance for affected
individuals who are exposed to cold winters or excessive air
conditioning. The prognosis of secondary RP depends on
underlying disease; unfortunately, severe pain from ulcer-
ation and gangrene is not rare with systemic sclerosis.

» When to Refer

Appropriate management of patients with secondary RP
often requires consultation with a rheumatologist.

» When to Admit

Patients with critical digital ischemia as evidenced by
severe pain and demarcation should be admitted for inten-
sive therapy.

Hughes M et al. Raynaud phenomenon and digital ulcers in
systemic sclerosis. Nat Rev Rheumatol. 2020;16:208. [PMID:
32099191]

ACTIVE

NORMAL

LATE

EARLY

▲ Figure 20–5. The systemic sclerosis (scleroderma) pattern: early, active, and late nailfold videocapillaroscopy pat-
terns versus normal. (Reproduced, with permission, from Cutolo M et al. Capillaroscopy. Best Pract Res Clin Rheumatol.
2008;22(6):1093–1108. Copyright © Elsevier.)
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SYSTEMIC SCLEROSIS (Scleroderma)

E S S E N T I A L S  O F  D I A G N O S I S

» Limited disease (CREST syndrome): skin thickening
confined to face, neck, and distal extremities.

» Diffuse disease (20%): widespread thickening of
skin, including truncal involvement, with areas of
increased pigmentation and depigmentation.

» Raynaud phenomenon and antinuclear antibod-
ies are present in virtually all patients.

» Systemic features: gastroesophageal reflux, gastro-
intestinal hypomotility, pulmonary fibrosis, pul-
monary hypertension, renal involvement.

» General Consideration

Systemic sclerosis (scleroderma) is a rare chronic disorder
characterized by diffuse fibrosis of the skin and internal
organs. Symptoms usually appear in the third to fifth

decades, and women are affected two to three times as
frequently as men.

Two forms of systemic sclerosis are generally recognized:
limited (80% of patients) and diffuse (20%). In limited sys-
temic sclerosis, which often has one or more features of the
CREST syndrome (representing calcinosis cutis, Raynaud
phenomenon, esophageal motility disorder, sclerodactyly,
and telangiectasia), the hardening of the skin (scleroderma)
is limited to the face, neck, and skin distal to the elbows and
knees. In contrast, in diffuse systemic sclerosis, the skin
changes also involve the trunk and proximal extremities.
Tendon friction rubs over the forearms and shins occur
uniquely (but not universally) in diffuse systemic sclerosis.
In general, patients with limited systemic sclerosis have bet-
ter outcomes than those with diffuse disease, largely because
life-threatening lung or kidney disease is rare. Cardiac dis-
ease is also more characteristic of diffuse systemic sclerosis.
Patients with limited disease, however, are more susceptible
to digital ischemia, leading to finger loss, and to life-
threatening pulmonary hypertension. Small and large bowel
hypomotility, which may occur in either form of systemic
sclerosis, can cause constipation alternating with diarrhea,
malabsorption due to bacterial overgrowth, pseudoobstruc-
tion, and severe bowel distention with rupture.

» Clinical Findings

A. Symptoms and Signs

Raynaud phenomenon is usually the initial manifestation
and can precede other signs and symptoms by years in cases
of limited systemic sclerosis. Polyarthralgia, weight loss,
and malaise are common early features of diffuse systemic
sclerosis but are infrequent in limited disease. Cutaneous
disease usually, but not always, develops before visceral
involvement and can manifest initially as non-pitting sub-
cutaneous edema associated with pruritus. With time the
skin becomes thickened and hidebound, with loss of nor-
mal folds. Telangiectasia, pigmentation, and depigmenta-
tion are characteristic. Ulceration of the fingertips and
subcutaneous calcification are seen. Dysphagia and symp-
toms of reflux due to esophageal dysfunction are common
and result from abnormalities in motility and later from
fibrosis. Fibrosis and atrophy of the gastrointestinal tract
cause hypomotility. Large-mouthed diverticuli occur in the
jejunum, ileum, and colon. Diffuse pulmonary fibrosis and
pulmonary vascular disease are reflected in restrictive lung
physiology and low diffusing capacities. Cardiac abnor-
malities include pericardial effusions, heart block, myocar-
dial fibrosis, and right heart failure secondary to pulmonary
hypertension. Systemic sclerosis–associated renal crisis,
resulting from intimal proliferation of smaller renal arter-
ies and usually associated with hypertension, is a life-
threatening emergency. Many cases can be treated effectively
with angiotensin-converting enzyme inhibitors.

B. Laboratory Findings

Mild anemia is often present. In renal crisis, the peripheral
blood smear shows findings consistent with a microangio-
pathic hemolytic anemia (due to mechanical damage to red

Table 209. Causes of secondary Raynaud phenomenon.

Rheumatic diseases

Systemic sclerosis (scleroderma)

Systemic lupus erythematosus

Mixed connective tissue disease

Dermatomyositis/polymyositis

Sjögren syndrome

Vasculitis (polyarteritis nodosa, Takayasu disease, Buerger

disease)

Neurovascular comression and occuational

Carpal tunnel syndrome

Thoracic outlet obstruction

Vibration injury

Drugs and substances

Beta-blockers

Serotonin agonists (sumatriptan)

Sympathomimetic drugs (decongestants)

Chemotherapy (bleomycin, vinblastine)

Ergotamine

Caffeine

Nicotine

Cocaine

Epoxy resins

Hematologic disorders

Cryoglobulinemia

Polycythemia vera

Paraproteinemia

Cold agglutinins

Endocrine disorders

Hypothyroidism

Pheochromocytoma

Miscellaneous

Atherosclerosis

Embolic disease

Migraine

Sequela of frostbite
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cells from diseased small vessels). Elevation of the ESR is
unusual. Mild proteinuria with few cells or casts can occur.
Antinuclear antibody tests are nearly always positive, fre-
quently in high titers (Table 20–7). The scleroderma anti-
body (anti-SCL-70), directed against topoisomerase III, is
found in one-third of patients with diffuse systemic sclero-
sis and in 20% of those with limited disease. Although
present in only a small number of patients with diffuse
systemic sclerosis, anti-SCL-70 antibodies may portend a
poor prognosis, with a high likelihood of serious internal
organ involvement (eg, interstitial lung disease). Anticen-
tromere antibodies are seen in 50% of those with limited
systemic sclerosis and in 5% of individuals with diffuse
disease (Table 20–7). Anticentromere antibodies are
highly specific for limited systemic sclerosis, but they
also occur occasionally in overlap syndromes. Anti-RNA
polymerase III antibodies develop in 10–20% of systemic
sclerosis patients overall and are associated with rapidly
progressive skin disease, renal crisis, and a higher risk of
concomitant solid cancers, especially breast cancer.

» Differential Diagnosis

Early in its course, systemic sclerosis can cause diagnostic
confusion with other causes of Raynaud phenomenon,
particularly SLE, mixed connective tissue disease, and the
inflammatory myopathies. Eosinophilic fasciitis is a rare
disorder presenting with skin hardening that resembles
diffuse systemic sclerosis. The inflammatory abnormali-
ties, however, are limited to the fascia rather than the der-
mis and epidermis. Moreover, patients with eosinophilic
fasciitis are distinguished from those with systemic sclero-
sis by the presence of peripheral blood eosinophilia, the
absence of Raynaud phenomenon, a good response to
prednisone, and an association (in some cases) with para-
proteinemias. Diffuse skin thickening and visceral involve-
ment are features of scleromyxedema; the presence of a
paraprotein, the absence of Raynaud phenomenon, and
distinct skin histology point to scleromyxedema. Diabetic
cheiropathy typically develops in longstanding, poorly
controlled diabetes mellitus and can mimic sclerodactyly.
Morphea and linear scleroderma cause sclerodermatous
changes limited to circumscribed areas of the skin and usu-
ally have excellent outcomes.

» Treatment

Treatment of systemic sclerosis focuses on the organ sys-
tems involved. There is no effective therapy for the under-
lying disease process. However, interventions for
management of specific organ manifestations of this dis-
ease have improved substantially. Treatment for Raynaud
phenomenon is discussed above. The hypertensive crises in
scleroderma renal crisis must be treated early and aggres-
sively (in the hospital) with angiotensin-converting enzyme
inhibitors, eg, captopril, initiated at 25 mg orally every
6 hours and titrated up as tolerated to a maximum of
100 mg every 6 hours. Patients with severe esophageal dis-
ease should take medications in liquid or crushed form.
Esophageal reflux can be reduced and the risk of scarring
diminished by avoidance of late-night meals and by the use

of proton pump inhibitors (eg, omeprazole, 20–40 mg/day
orally), which achieve near-complete inhibition of gastric
acid production and are effective for refractory esophagitis.
Patients with delayed gastric emptying maintain their
weight better if they eat small, frequent meals and remain
upright for at least 2 hours after eating. Oral prokinetic
agents such as metoclopramide (10 mg four times daily) or
cisapride (10–20 mg four times daily) can improve dyspha-
gia caused by esophageal hypomotility. Erythromycin
(250 mg three times daily) can be used if prokinetic agents
fail. Since erythromycin impairs the metabolism of cis-
apride, combined use of these two agents is contraindi-
cated. Long-term octreotide (0.1 mg subcutaneously twice
daily), a somatostatin analog, helps some patients with
bacterial overgrowth and pseudoobstruction. Malabsorp-
tion due to bacterial overgrowth responds to antibiotics,
eg, rifaximin, 550 mg three times orally daily, often pre-
scribed cyclically. Apart from the patient with myositis,
prednisone has little or no role in the treatment of systemic
sclerosis; doses higher than 15 mg/day have been associ-
ated with scleroderma renal crisis. In patients with early
diffuse systemic sclerosis (scleroderma), methotrexate can
be used in the treatment of skin disease, arthritis, and myo-
sitis. The usual initial dose is 7.5 mg of methotrexate orally
once weekly. If the patient has tolerated methotrexate but
has not responded in 1 month, the dose can be increased to
15 mg orally once per week. The maximal dose is usually
20 mg/wk. For patients who require treatment for intersti-
tial lung disease, mycophenolate mofetil (1000–1500 mg
orally twice daily) can improve dyspnea and pulmonary
function tests modestly. Cyclophosphamide has similar
efficacy but greater toxicity; this drug should only be
administered by physicians familiar with its use. In patients
who do not respond to or cannot take mycophenolate
mofetil or cyclophosphamide, nintedanib (an inhibitor of
multiple tyrosine kinases) can slow the progression of
systemic sclerosis–associated lung disease and is FDA
approved for this indication. Bosentan, an endothelin
receptor antagonist, improves exercise capacity and cardio-
pulmonary hemodynamics in patients with pulmonary
hypertension and helps prevent digital ulceration. Phos-
phodiesterase type 5 inhibitors (sildenafil, tadalafil, varde-
nafil), a guanylate cyclase stimulant (riociguat), endothelin-1
receptor antagonists (bosentan, macitentan), and an endo-
thelin-A receptor antagonist (ambrisentan) are used to treat
pulmonary hypertension. Refractory pulmonary hyperten-
sion may require prostacyclin pathway agonists (epopros-
tenol, treprostinil, iloprost). For patients with severe, diffuse
systemic sclerosis, myeloablation followed by autologous
stem cell transplantation is superior to immunosuppression
with cyclophosphamide but has greater toxicity.

The 9-year survival rate in systemic sclerosis averages
approximately 40%. The prognosis tends to be worse in
those with diffuse disease, in Blacks, in men, and in older
patients. Lung disease—in the form of pulmonary fibrosis
or pulmonary arterial hypertension—is the leading cause
of mortality. Those persons in whom severe internal organ
involvement does not develop in the first 3 years have a
substantially better prognosis, with 72% surviving at least
9 years. Studies conducted in a small number of patients
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with simultaneous onset of cancer and systemic sclerosis
have demonstrated that the disease developed as a conse-
quence of an immune response directed at the cancer.

» When to Refer

• Appropriate management of systemic sclerosis requires
frequent consultations with a rheumatologist.

• Severity of organ involvement dictates referral to
cardiologists, pulmonologists, gastroenterologists, or
nephrologists.

Distler O et al; SENSCIS Trial Investigators. Nintedanib for sys-
temic sclerosis-associated interstitial lung disease. N Engl J
Med. 2019;380:2518. [PMID: 31112379]

Kowal-Bielecka O et al; EUSTAR Coauthors. Update of EULAR
recommendations for the treatment of systemic sclerosis.
Ann Rheum Dis. 2017;76:1327. [PMID: 27941129]

Roofeh D et al. Management of systemic sclerosis-associated
interstitial lung disease. Curr Opin Rheumatol. 2019;31:241.
[PMID: 30870216]

IMMUNE-MEDIATED INFLAMMATORY
MYOPATHIES

E S S E N T I A L S  O F  D I A G N O S I S

» Progressive muscle weakness.

» Dermatomyositis: characteristic cutaneous mani-
festations (Gottron papules, heliotrope rash);
increased risk of malignancy.

» Elevated creatine kinase, myositis-specific anti-
bodies, diagnostic muscle biopsy.

» Mimics include infectious, metabolic, or drug-
induced myopathies.

» General Considerations

Idiopathic inflammatory myopathies include polymyositis,
dermatomyositis, myositis resulting from a rheumatic dis-
ease or overlap syndrome, inclusion body myositis (IBM),
and immune-mediated necrotizing myopathy. These disor-
ders are characterized by progressive muscle weakness, and
all but IBM demonstrate an inflammatory infiltrate in
muscle tissue.

Polymyositis and dermatomyositis are systemic disor-
ders of unknown cause whose principal manifestation is
muscle weakness. Although their clinical presentations
(aside from the presence of certain skin findings in derma-
tomyositis, some of which are pathognomonic) and treat-
ments are similar, the two diseases are pathologically quite
distinct. They affect persons of any age group, but the peak
incidence is in the fifth and sixth decades of life. Women
are affected twice as commonly as men, and the diseases
(particularly polymyositis) also occur more often among
Blacks than Whites. There is an increased risk of malig-
nancy, especially in dermatomyositis. Indeed, up to one

patient in four with dermatomyositis has an occult malig-
nancy. Malignancies may be evident at the time of presen-
tation with the muscle disease but may not be detected
until months afterward in some cases. The malignancies
most commonly associated with dermatomyositis are lung,
ovarian, breast, colorectal, cervical, bladder, nasopharyn-
geal, esophageal, pancreatic, and renal cancer. Patients may
have skin disease without overt muscle involvement, a con-
dition termed dermatomyositis sine myositis; these patients
can have aggressive interstitial lung disease. Myositis may
also overlap with other connective tissue diseases, espe-
cially systemic sclerosis, systemic lupus erythematosus,
mixed connective tissue disease, and Sjögren syndrome.

IBM affects older men and is characterized by more
distal weakness in the upper extremities and is generally
less symmetric. Immune-mediated necrotizing myopathies
include those associated with the signal recognition parti-
cle or with anti-3-hydroxy-3-methylglutaryl coenzyme A
reductase (anti-HMGCR) autoantibodies in the setting of
statin use.

» Clinical Findings

A. Symptoms and Signs

Polymyositis may begin abruptly, but the usual presenta-
tion is one of progressive muscle weakness over weeks to
months. The weakness chiefly involves proximal muscle
groups of the upper and lower extremities as well as the
neck. Leg weakness (eg, difficulty in rising from a chair or
climbing stairs) typically precedes arm symptoms. In con-
trast to myasthenia gravis, polymyositis and dermatomyo-
sitis do not cause facial or ocular muscle weakness. In
contrast to polymyalgia rheumatica (PMR), pain and ten-
derness of affected muscles occur in one-fourth of cases,
but these are rarely the chief complaints. About one-fourth
of patients have dysphagia. In contrast to systemic sclero-
sis, which affects the smooth muscle of the lower esopha-
gus and can cause a “sticking” sensation below the sternum,
polymyositis or dermatomyositis involves the striated
muscles of the upper pharynx and can make initiation of
swallowing difficult. Clinically significant myocarditis is
uncommon even though there is often creatine kinase-MB
elevation. Respiratory muscle weakness can be severe
enough to cause CO

2
retention and respiratory failure.

Dermatomyositis has a characteristic rash that is dusky
red and may appear in a malar distribution, mimicking the
classic rash of SLE. Facial erythema beyond the malar distri-
bution is also characteristic of dermatomyositis. Erythema
also occurs over other areas of the face, neck, shoulders, and
upper chest and back (“shawl sign”). Periorbital edema and a
purplish (heliotrope) suffusion over the eyelids are typical
signs (Figure 20–6). Coloration of the heliotrope and other
rashes of dermatomyositis can be affected by skin tone. In
Blacks, the rashes may appear more hyperpigmented than
erythematous or violaceous. Periungual erythema, dilations
of nailfold capillaries, Gottron papules (raised violaceous
lesions overlying the dorsa of DIP, PIP, and MCP joints), and
Gottron sign (erythematous rash on the extensors surfaces
of the fingers, elbows, and knees) are highly suggestive. Scalp
involvement by dermatomyositis may mimic psoriasis.
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Infrequently, the cutaneous findings of this disease precede
the muscle inflammation by weeks or months. Diagnosing
polymyositis in patients over age 70 years can be difficult
because weakness may be overlooked or attributed errone-
ously to idiopathic frailty. A subset of patients with polymy-
ositis and dermatomyositis have the “antisynthetase
syndrome,” a group of findings including inflammatory
nonerosive arthritis, fever, Raynaud phenomenon, “mechan-
ic’s hands” (hyperkeratosis along the radial and palmar
aspects of the fingers), interstitial lung disease, and often
severe muscle disease associated with certain autoantibodies
(eg, anti-Jo-1 antibodies).

IBM, because of its tendency to mimic polymyositis, is
a common cause of “treatment-resistant polymyositis.” In
contrast to polymyositis, the typical patient with IBM is a
White, male over the age of 50 years. The onset of IBM is
more insidious than that of polymyositis or dermatomyosi-
tis (eg, occurring over years rather than months), and the
distal motor weakness is commonly asymmetric. Creatine
kinase levels are often minimally elevated and are normal
in 25%. Electromyography may show a mixed picture of
myopathic and neurogenic abnormalities. The disease is
associated with antibodies to cytoplasmic 5’-nucleotidase
1A (cN1A). IBM is less likely to respond to therapy.

Immune-mediated necrotizing myopathy, although
similar to polymyositis, is distinct because of the presence
of muscle necrosis. Autoantibodies aid in diagnosis; anti-
SRP antibodies are associated with severe muscle weak-
ness, pain, and cardiac involvement. Anti-HMGCR
antibodies occur in the setting of statin use and are associ-
ated with proximal muscle weakness and marked creatine
kinase elevations. Unlike statin-induced myopathy, anti-
HMGCR myositis does not resolve when statins are
stopped. Instead, many patients have a severe and unre-
lenting disease course with persistent weakness.

B. Laboratory Findings

Measurement of serum levels of muscle enzymes, especially
creatine kinase and aldolase, is most useful in diagnosis and

in assessment of disease activity. Inflammatory myositis can
be misdiagnosed as hepatitis because of elevations in serum
levels of muscle-derived alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) levels. Anemia is
uncommon. The ESR and CRP are often normal and are not
reliable indicators of disease activity. Rheumatoid factor is
found in a minority of patients. Antinuclear antibodies can
be present, especially when there is an associated connective
tissue disease. A number of autoantibodies are seen exclu-
sively in patients with myositis and are associated with dis-
tinctive clinical features (Table 20–10). Examples of
myositis-specific antibodies include (1) anti-Jo-1 antibody
(seen in the subset of patients who have antisynthetase
syndrome), (2) anti-Mi-2 (associated with dermatomyosi-
tis), (3) anti-155/140 (strongly associated with dermato-
myositis with malignancy), and (4) anti-MDA5 (melanocyte
differentiation-associated protein 5, linked to dermatomy-
ositis with cutaneous ulcerations and rapidly progressive
interstitial lung disease). Chest radiographs are usually
normal unless there is associated interstitial lung disease.
Electromyographic abnormalities can point toward a myo-
pathic, rather than a neurogenic, cause of weakness. MRI
can detect early and patchy muscle involvement, can guide
biopsies, and often is more useful than electromyography.
The search for an occult malignancy should begin with a
history and physical examination, supplemented with a
complete blood count, comprehensive biochemical panel,
and urinalysis and should include age- and risk-appropriate
cancer screening tests. Given the especially strong
association of ovarian carcinoma and dermatomyositis,

▲ Figure 20–6. Bilateral heliotrope rash, which is a
pathognomonic sign of dermatomyositis. (Used, with
permission, from Richard P. Usatine, MD, in Usatine RP,
Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas and
Synopsis of Family Medicine, 3rd ed. McGraw Hill, 2019.)

Table 2010. Myositis-specific antibodies.

Antibody Clinical Association

Anti-Jo-1 and other anti-

tRNA synthetase

antibodies

Polymyositis or dermatomyositis

with interstitial lung disease,

arthritis, mechanic’s hands

Anti-Mi-2 Dermatomyositis with rash more

than myositis, good prognosis

Anti-MDA5 (anti-CADM 140) Dermatomyositis with rapidly

progressive lung disease,

cutaneous ulcers

Anti-TIF-1 (p155/140) Cancer-associated

dermatomyositis

Anti-NXP-2 Juvenile dermatomyositis

Anti-SAE Cancer-associated dermatomyositis,

dermatomyositis with

pulmonary arterial hypertension

Anti-signal recognition

particle

Severe, acute necrotizing myopathy

Anti-HMG CoA reductase Necrotizing myopathy related to

statin use

PM-Scl, Ku, U 1-3 RNP Polymyositis/dermatomyositis over-

lap syndromes

Adapted, with permission, from Imboden JB, Hellmann DB, Stone

JH (editors): Current Diagnosis & Treatment Rheumatology, 3rd ed.

McGraw-Hill, 2013.
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transvaginal ultrasonography, CT scanning, and CA-125
levels may be useful in women. No matter how extensive
the initial screening, some malignancies will not become
evident for months after the initial presentation.

C. Muscle Biopsy

Biopsy of clinically involved muscle is often required. The
pathology findings in polymyositis and dermatomyositis
are distinct. In dermatomyositis, the cellular infiltrate is
mostly perifascicular and perivascular, while in polymyosi-
tis, the inflammatory infiltrate involves the fascicle itself.
The presence of prominent necrosis with a paucity of
inflammatory cells suggests an immune-mediated necro-
tizing myopathy. Muscle biopsy in IBM shows characteris-
tic intracellular vacuoles by light microscopy and either
tubular or filamentous inclusions in the nucleus or cyto-
plasm by electron microscopy. False-negative biopsies
sometimes occur in these disorders because of the some-
times patchy distribution of pathologic abnormalities.

» Differential Diagnosis

Muscle inflammation may occur as a component of SLE,
systemic sclerosis, Sjögren syndrome, and overlap syn-
dromes. In those cases, associated findings usually permit
the precise diagnosis of the primary condition.

Hypothyroidism is a common cause of proximal muscle
weakness associated with elevations of serum creatine
kinase. Hyperthyroidism and Cushing disease may both be
associated with proximal muscle weakness with normal
levels of creatine kinase. Patients with polymyalgia rheu-
matica are over the age of 50 and—in contrast to patients
with polymyositis—have pain but no objective weakness;
creatine kinase levels are normal. Disorders of the periph-
eral and central nervous systems (eg, chronic inflamma-
tory polyneuropathy, multiple sclerosis, myasthenia gravis,
Lambert-Eaton disease, and amyotrophic lateral sclerosis)
can produce weakness but are distinguished by character-
istic symptoms and neurologic signs and often by distinc-
tive electromyographic abnormalities. A number of
systemic vasculitides (polyarteritis nodosa, microscopic
polyangiitis, eosinophilic granulomatosis with polyangiitis,
granulomatosis with polyangiitis, and mixed cryoglobuli-
nemia) can produce profound weakness through vasculitic
neuropathy. The muscle weakness associated with these
disorders, however, is typically distal and asymmetric, at
least in the early stages.

Limb-girdle muscular dystrophy can present in early
adulthood with a clinical picture that mimics polymyositis:
proximal muscle weakness, elevations in serum levels of
creatine kinase, and inflammatory changes on muscle
biopsy. Failure to respond to treatment for polymyositis or
the presence of atypical clinical features such as scapular
winging or weakness of ankle plantar flexors should
prompt genetic testing for limb-girdle muscular
dystrophy.

Many drugs, including corticosteroids, alcohol, clofi-
brate, penicillamine, tryptophan, and hydroxychloroquine,
can produce proximal muscle weakness. Long-term use of
colchicine at doses as low as 0.6 mg twice a day in patients

with moderate CKD can produce a mixed neuropathy-
myopathy that mimics polymyositis. The weakness and
muscle enzyme elevation reverse with cessation of the
drug. HIV is associated with a myopathy indistinguishable
from polymyositis.

Statins can cause myopathy and rhabdomyolysis, in
addition to the anti-HMGCR myopathy described above.
Although only about 0.1% of patients taking a statin drug
alone develop myopathy, concomitant administration of
other drugs (especially gemfibrozil, cyclosporine, niacin,
macrolide antibiotics, azole antifungals, and protease
inhibitors) increases the risk.

The use of immune checkpoint inhibitors to treat can-
cer can cause rheumatic and musculoskeletal symptoms,
including myalgia and myositis.

» Treatment

Most patients respond to corticosteroids. Often a daily
dose of 40–60 mg or more of oral prednisone is required
initially. The dose is then adjusted downward while moni-
toring muscle strength and serum levels of muscle enzymes.
Long-term use of corticosteroids is often needed, and the
disease may recur when they are withdrawn. Patients with
an associated neoplasm have a poor prognosis, although
remission may follow treatment of the tumor; corticoste-
roids may or may not be effective in these patients. Immu-
nosuppressive drugs like methotrexate or azathioprine are
often started to reduce cumulative corticosteroid exposure.
Intravenous immune globulin is effective for dermatomyo-
sitis resistant to prednisone and anti-HMGCR myopathy.
Mycophenolate mofetil (1–1.5 g orally twice daily) may
also be useful as a steroid-sparing agent. Rituximab is
effective in some patients with inflammatory myositis
unresponsive to prednisone. Since the rash of dermato-
myositis is often photosensitive, patients should limit sun
exposure. Hydroxychloroquine (200–400 mg/day orally
not to exceed 5 mg/kg) can also help ameliorate the skin
disease.

» When to Refer

• All patients with myositis should be referred to a rheu-
matologist or neurologist.

• Severe lung disease may require consultation with a
pulmonologist.

» When to Admit

• Signs of rhabdomyolysis.

• New onset of dysphagia.

• Respiratory insufficiency with hypoxia or carbon diox-
ide retention.

Allenbach Y et al. Immune-mediated necrotizing myopathy:
clinical features and pathogenesis. Nat Rev Rheumatol.
2020;16:689. [PMID: 33093664]

Wolstencroft PW et al. Dermatomyositis clinical and pathologi-
cal phenotypes associated with myositis-specific autoantibod-
ies. Curr Rheumatol Rep. 2018;20:28. [PMID: 29637414]
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MIXED CONNECTIVE TISSUE DISEASE &
OVERLAP SYNDROMES

Many patients with symptoms and signs of a connective
tissue disease have features of more than one type of
rheumatic disease. Special attention has been drawn to a
subset of antinuclear antibody–positive patients who have
high titers of RNP autoantibodies and overlapping fea-
tures of SLE, systemic sclerosis, rheumatoid arthritis and
inflammatory myositis. Swollen or puffy hands are a com-
mon early feature of this disease, referred to as mixed
connective tissue disease. Raynaud phenomenon, arthral-
gias, and myalgias are common. Unlike patients with SLE,
renal or central nervous system disease is uncommon. A
key reason to identify this subset of patients is that pul-
monary hypertension and interstitial lung disease are
major causes of mortality, and regular screening for these
manifestations is required. Some patients have features of
more than one connective tissue disease (eg, rheumatoid
arthritis and SLE, SLE and systemic sclerosis) in the
absence of high-titer anti-RNP antibodies and are referred
to as having an “overlap syndrome.” Treatments are
guided more by the distribution and severity of patients’
organ system involvement than by therapies specific to
these overlap syndromes.

Reiseter S et al. Progression and mortality of interstitial lung
disease in mixed connective tissue disease: a long-term obser-
vational nationwide cohort study. Rheumatology (Oxford).
2018;57:255. [PMID: 28379478]

SJÖGREN SYNDROME

E S S E N T I A L S  O F  D I A G N O S I S

» Women (average age 50 years) compose 90% of
patients.

» Dryness of eyes and dry mouth (sicca compo-
nents) are the most common features; they occur
alone or with rheumatoid arthritis or other con-
nective tissue disease.

» Rheumatoid factor and antinuclear antibodies are
common.

» Increased incidence of lymphoma.

» General Considerations

Sjögren syndrome is a systemic autoimmune disorder
whose clinical presentation is usually dominated by dry-
ness of the eyes and mouth due to immune-mediated dys-
function of the lacrimal and salivary glands. The disorder
is predominantly seen in women, with a ratio of 9:1; most
cases develop between the ages of 40 and 60 years. Sjögren
syndrome can occur in isolation (“primary” Sjögren syn-
drome) or in association with another rheumatic disease.
Sjögren syndrome is most frequently associated with rheu-
matoid arthritis but also occurs with SLE, primary biliary

cholangitis, systemic sclerosis, polymyositis, Hashimoto
thyroiditis, polyarteritis, and interstitial pulmonary fibrosis.

» Clinical Findings

A. Symptoms and Signs

Keratoconjunctivitis sicca results from inadequate tear
production caused by lymphocyte and plasma cell infiltra-
tion of the lacrimal glands. Ocular symptoms are usually
mild. Burning, itching, and the sensation of having a for-
eign body or a grain of sand in the eye occur commonly.
For some patients, the initial manifestation is the inability
to tolerate wearing contact lenses. Many patients with more
severe ocular dryness notice ropy secretions across their
eyes, especially in the morning. For most patients, symp-
toms of dryness of the mouth (xerostomia) dominate those
of dry eyes. Patients frequently complain of a “cotton
mouth” sensation and difficulty swallowing foods, espe-
cially dry foods like crackers, unless they are washed down
with liquids. The persistent oral dryness causes most
patients to carry water bottles or other liquid dispensers
from which they sip constantly. A few patients have such
severe xerostomia that they have difficulty speaking. Per-
sistent xerostomia results in rampant dental caries; caries at
the gum line strongly suggest Sjögren syndrome. Some
patients are most troubled by loss of taste and smell.
Parotid enlargement, which may be chronic or relapsing,
develops in one-third of patients. Dryness may involve the
nose, throat, larynx, bronchi, vagina, and skin.

Systemic manifestations include dysphagia, small vessel
vasculitis, pleuritis, obstructive airways disease and inter-
stitial lung disease (in the absence of smoking), neuropsy-
chiatric dysfunction (most commonly peripheral
neuropathies), and pancreatitis; they may be related to the
associated diseases noted above. Renal tubular acidosis
(type I, distal) occurs in 20% of patients. Chronic intersti-
tial nephritis, which may result in impaired kidney func-
tion, may be seen.

B. Laboratory Findings

Laboratory findings include mild anemia, leukopenia, and
eosinophilia. Polyclonal hypergammaglobulinemia, rheu-
matoid factor positivity (70%), and antinuclear antibodies
(95%) are all common findings. Antibodies against SS-A
and SS-B are often present in primary Sjögren syndrome
and tend to correlate with the presence of extra-glandular
manifestations (Table 20–7).

Useful ocular diagnostic tests include the Schirmer test,
which measures the quantity of tears secreted. Lip biopsy, a
simple procedure, reveals characteristic lymphoid foci in
accessory salivary glands. Biopsy of the parotid gland
should be reserved for patients with atypical presentations
such as unilateral gland enlargement that suggest a neo-
plastic process.

» Differential Diagnosis

Isolated complaints of dry mouth are most commonly due
to medication side effects. Chronic hepatitis C can cause
sicca symptoms and rheumatoid factor positivity. Minor

CMDT22_Ch20_p0825-p0883.indd 851 29/06/21 8:43 PM



CHApTER 20852 CMDT 2022

salivary gland biopsies reveal lymphocytic infiltrates but
not to the extent of Sjögren syndrome, and tests for anti-
SS-A and anti-SS-B are negative. Diffuse infiltration of
CD8 T cells producing parotid gland enlargement can
develop in HIV-infected individuals. Involvement of the
lacrimal or salivary glands, or both in sarcoidosis can
mimic Sjögren syndrome; biopsies reveal noncaseating
granulomas. IgG

4
-related systemic disease (characterized

by high serum IgG
4

levels and infiltration of tissues with
IgG

4
+ plasma cells) can result in lacrimal and salivary gland

enlargement that mimics Sjögren syndrome.

» Treatment & Prognosis

Treatment of sicca symptoms is symptomatic and support-
ive. Artificial tears applied frequently will relieve ocular
symptoms and avert further desiccation. Topical ocular
0.05% cyclosporine also improves ocular symptoms and
signs of dryness. The mouth should be kept well lubricated.
Sipping water frequently or using sugar-free gums and
hard candies usually relieves dry mouth symptoms. Pilo-
carpine (5 mg orally four times daily) and the acetylcholine
derivative cevimeline (30 mg orally three times daily) may
improve xerostomia symptoms. Atropinic drugs and
decongestants decrease salivary secretions and should be
avoided. A program of oral hygiene, including fluoride
treatment, is essential in order to preserve dentition. If
there is an associated rheumatic disease, its systemic treat-
ment is not altered by the presence of Sjögren syndrome.
Extraglandular disease, including arthritis, vasculitis, or
pulmonary manifestations, is treated with similar immu-
nosuppressive medications as SLE or rheumatoid arthritis.

Although Sjögren syndrome may compromise patients’
quality of life significantly, the disease is usually associated
with a normal life span. Poor prognoses are influenced
mainly by the presence of systemic features associated with
underlying disorders, the development in some patients of
lymphocytic vasculitis, the occurrence of a painful periph-
eral neuropathy, and the complication (in a minority of
patients) of lymphoma. Severe systemic inflammatory
manifestations are treated with prednisone or various
immunosuppressive medications. The patients at greatest
risk for developing lymphoma are those with severe exo-
crine dysfunction, marked parotid gland enlargement,
splenomegaly, vasculitis, peripheral neuropathy, anemia,
and mixed monoclonal cryoglobulinemia (3–10% of the
total Sjögren population).

» When to Refer

• Presence of systemic symptoms or signs.

• Ocular dryness not responsive to artificial tears.

» When to Admit

Presence of severe systemic signs such as vasculitis unre-
sponsive to outpatient management.

Mariette X et al. Primary Sjögren’s syndrome. N Engl J Med.
2018;378:931. [PMID: 29514034]

Ramos-Casals M et al. EULAR recommendations for the man-
agement of Sjögren’s syndrome with topical and systemic
therapies. Ann Rheum Dis. 2020;79:3. [PMID: 31672775]

IgG4-RELATED DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Predominantly affects men (75% of patients);
average age older than 50 years.

» Protean manifestations from lymphoplasmacytic
infiltrates causing tumors or fibrosis in any organ
or tissue

» Subacute onset; fever, constitutional symptoms
rare.

» Diagnostic histopathology.

» General Considerations

IgG
4
-related disease is a systemic disorder of unknown

cause marked by highly characteristic fibroinflammation
that contains IgG

4
plasma cells and can infiltrate virtually

any organ. Elevations of serum IgG
4

levels occur often but
are not diagnostic. The disorder chiefly affects men over
the age of 50 years.

» Clinical Findings

A. Symptoms and Signs

IgG
4
-related disease can affect any organ of the body, can

be localized or generalized, demonstrates the same dis-
tinctive histopathology at all sites of involvement, pro-
duces protean manifestations depending on location and
extent of involvement, and causes disease that ranges in
severity from asymptomatic to organ- or life-threatening.
The inflammatory infiltration in IgG

4
-related disease

frequently produces tumefactive masses that can be found
during physical examination or on imaging. Some of the
common presenting manifestations include enlargement
of submandibular glands, proptosis from periorbital infil-
tration, retroperitoneal fibrosis, mediastinal fibrosis,
inflammatory aortic aneurysm, and pancreatic mass with
autoimmune pancreatitis. IgG

4
-related disease can also

affect the thyroid (formerly Riedel thyroiditis), kidney,
meninges, pituitary, sinuses, lung, prostate, breast, and
bone. Most symptomatic patients with IgG

4
-related dis-

ease present subacutely; fever and constitutional symp-
toms are usually absent. Nearly half of the patients with
IgG

4
-related disease also have allergic disorders such as

sinusitis or asthma.

B. Laboratory Findings

The infiltrating lesions in IgG
4
-related disease often pro-

duce tumors or fibrotic changes that are evident on CT or
MRI imaging. However, the cornerstone of diagnosis is
histopathology. The key pathological findings are a dense
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lymphoplasmacytic infiltrate rich in IgG
4

plasma cells,
storiform (matted and irregularly whorled) fibrosis, and
obliterative phlebitis. Serum IgG

4
levels are usually, but not

invariably, elevated so this finding cannot be used as the
sole diagnostic criterion.

» Differential Diagnosis

IgG
4
-related disease can mimic many disorders including

sarcoidosis, Sjögren syndrome (lacrimal gland enlarge-
ment), pancreatic cancer (pancreatic mass), chronic infec-
tions (eg, HIV, hepatitis C), and granulomatosis with
polyangiitis (proptosis). Some cases of retroperitoneal
fibrosis and mediastinal fibrosis are caused by IgG

4
-related

disease. Lymphoma can mimic some of the histopathologic
features of IgG

4
-related disease.

» Treatment & Prognosis

Patients who are asymptomatic and have no organ-threat-
ening disease can be monitored carefully. Spontaneous
resolution can occur. Initial therapy is usually oral predni-
sone 0.6 mg/kg/day, tapered over weeks or months depend-
ing on response. Given that corticosteroid monotherapy
may fail to control the disease and can cause significant
long-term toxicity, immunosuppressants, such as ritux-
imab, mycophenolate mofetil, or azathioprine, are often
used. The degree of fibrosis in affected organs determines
the patient’s responsiveness to treatment.

» When to Refer

• Presence of systemic symptoms or signs.

• Symptoms or signs not responsive to prednisone.

» When to Admit

Presence of severe systemic signs unresponsive to outpa-
tient management.

Lu H et al. Differences in clinical characteristics of IgG
4
-related

disease across age groups: a prospective study of 737 patients.
Rheumatology (Oxford). 2020. [Epub ahead of print] [PMID:
33211878]

Wallace ZS et al. The 2019 American College of Rheumatology/
European League Against Rheumatism classification criteria
for IgG

4
-related disease. Arthritis Rheumatol. 2020;72:7.

[PMID: 31793250]
Zhang W et al. Management of IgG

4
-related disease. Lancet

Rheumatol. 2019;1:e55. https://doi.org/10.1016/S2665-9913
(19)30017.

º
VASCULITIS SYNDROMES

“Vasculitis” is a heterogeneous group of disorders charac-
terized by inflammation within the walls of affected blood
vessels. The major forms of primary systemic vasculitis are
listed in Table 20–11. The first consideration in classifying
cases of vasculitis is the size of the major vessels involved:
large, medium, or small. The presence of the clinical signs
and symptoms shown in Table 20–12 helps distinguish
among these three groups. After determining the size of

the major vessels involved, other issues that contribute to
the classification include the following:

• Does the process involve arteries, veins, or both?

• What are the patient’s demographic characteristics (age,
sex, ethnicity, cigarette smoking status)?

• Which organs are involved?

• Is there hypocomplementemia or other evidence of
immune complex deposition?

Table 2011. Classification scheme of primary vasculi-
tides according to size of predominant blood vessels
involved.

predominantly largevessel vasculitides

Takayasu arteritis

Giant cell arteritis (temporal arteritis)

Behçet disease1

predominantly mediumvessel vasculitides

Polyarteritis nodosa

Buerger disease

Primary angiitis of the central nervous system

predominantly smallvessel vasculitides

Cutaneous leukocytoclastic angiitis (“hypersensitivity

vasculitis”)

Immune-complex mediated

IgA vasculitis (Henoch-Schönlein purpura)

Hypocomplementemic urticarial vasculitis (anti-C1q

vasculitis)

Essential cryoglobulinemia2

“ANCA-associated” vasculitis3

Granulomatosis with polyangiitis2

Microscopic polyangiitis2

Eosinophilic granulomatosis with polyangiitis2

1May involve small-, medium-, and large-sized blood vessels.
2Frequent overlap of small- and medium-sized blood vessel

involvement.
3Not all forms of these disorders are always associated with ANCA.

ANCA, antineutrophil cytoplasmic antibodies.

Table 2012. Typical clinical manifestations of large-,
medium-, and small-vessel vasculitis.

Large Vessel Medium vessel Small vessel

Fever, weight loss,

malaise,

arthralgias/

arthritis

Limb claudication

Asymmetric blood

pressures

Absence of pulses

Bruits

Aortic dilation

Fever, weight loss,

malaise,

arthralgias/

arthritis

Cutaneous

nodules

Ulcers

Livedo reticularis

Digital gangrene

Mononeuritis

multiplex

Microaneurysms

Fever, weight loss,

malaise, arthralgias/

arthritis

Purpura

Vesiculobullous lesions

Urticaria

Glomerulonephritis

Alveolar hemorrhage

Cutaneous extravascular

necrotizing

granulomas

Splinter hemorrhages

Uveitis

Episcleritis

Scleritis
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• Is there granulomatous inflammation on tissue biopsy?

• Are antineutrophil cytoplasmic antibodies (ANCA)
present?

In addition to the disorders considered to be primary vas-
culitides, there are also multiple forms of vasculitis that are
associated with other known underlying conditions. These
“secondary” forms of vasculitis occur in the setting of chronic
infections (eg, hepatitis B or C, subacute bacterial endocardi-
tis), connective tissue disorders, inflammatory bowel disease,
malignancies, and reactions to medications. Only the major
primary forms of vasculitis are discussed here.

Felicetti M et al. One year in review 2020: vasculitis. Clin Exp
Rheumatol. 2020;38:3. [PMID: 32359039]

POLYMYALGIA RHEUMATICA & GIANT
CELL ARTERITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Age over 50 years.

» Markedly elevated ESR and CRP.

» polymyalgia rheumatica: pain and stiffness in
shoulders and hips lasting for several weeks with-
out other explanation.

» Giant cell arteritis: headache, jaw claudication,
polymyalgia rheumatica; without treatment, per-
manent blindness may occur.

» General Considerations

Polymyalgia rheumatica and giant cell arteritis probably
represent a spectrum of one disease. Both affect the same
population (patients over the age of 50), and the incidence
of the disease increases with each decade of life. Both show
preference for the same HLA haplotypes, and show similar
patterns of cytokines in blood and arteries. Giant cell arte-
ritis is a systemic panarteritis affecting medium-sized and
large vessels. Giant cell arteritis was previously called tem-
poral arteritis because the temporal artery is frequently
involved, as are other extracranial branches of the carotid
artery. However, the aorta and its major branches may be
involved in giant cell arteritis as well. Polymyalgia rheu-
matica and giant cell arteritis frequently coexist. The
important differences between the two conditions are that
polymyalgia rheumatica alone is not a systemic vasculitis,
does not cause blindness, and responds to low-dose
(10–20 mg/day orally) prednisone; giant cell arteritis can
cause blindness, aortitis, and large artery complications
which requires high-dose (40–60 mg/day) prednisone.

» Clinical Findings

A. Polymyalgia Rheumatica

Polymyalgia rheumatica is a clinical diagnosis based on
pain and stiffness of the shoulder and pelvic girdle areas,

frequently in association with fever, malaise, and weight
loss. In approximately two-thirds of cases, polymyalgia
occurs in the absence of giant cell arteritis. Because of the
stiffness and pain in the shoulders, hips, and lower back,
patients have trouble combing their hair, putting on a coat,
or rising from a chair. In contrast to polymyositis and poly-
arteritis nodosa, polymyalgia rheumatica does not cause
muscular weakness either through primary muscle inflam-
mation or secondary to nerve infarction.

B. Giant Cell Arteritis

The mean age at onset is approximately 79 years. About 50%
of patients with giant cell arteritis also have polymyalgia rheu-
matica. The classic symptoms suggesting that a patient has
arteritis are headache, scalp tenderness, visual symptoms
(particularly amaurosis fugax or diplopia), jaw claudication,
or throat pain. Of these symptoms, jaw claudication has the
highest positive predictive value. The temporal artery can be
normal on physical examination but may be nodular, enlarged,
tender, or pulseless. Blindness usually results from anterior
ischemic optic neuropathy, caused by occlusive arteritis of the
posterior ciliary branch of the ophthalmic artery. The isch-
emic optic neuropathy of giant cell arteritis may produce no
funduscopic findings for the first 24–48 hours after the onset
of blindness.

Asymmetry of pulses in the arms, a murmur of aortic
regurgitation, or bruits heard near the clavicle resulting from
subclavian artery stenoses identify patients in whom giant
cell arteritis has affected the aorta or its major branches.
Clinically evident large vessel involvement—characterized
chiefly by aneurysm of the thoracic aorta or stenosis of the
subclavian, vertebral, carotid, and basilar arteries—occurs in
approximately 25% of patients with giant cell arteritis, some-
times years after the diagnosis. Subclinical large artery dis-
ease is the rule: positron emission tomography scans reveal
inflammation in the aorta and its major branches in nearly
85% of untreated patients. Forty percent of patients with
giant cell arteritis have nonclassical symptoms at presenta-
tion, including large artery involvement causing chiefly
aortic regurgitation or arm claudication, respiratory tract
problems (most frequently dry cough), mononeuritis multi-
plex (most frequently with painful paralysis of a shoulder),
or fever of unknown origin. Giant cell arteritis accounts for
15% of all cases of fever of unknown origin in patients over
the age of 65. The fever can be as high as 40°C and is fre-
quently associated with rigors and sweats. Thus, in an older
patient with fever of unknown origin and marked elevations
of acute-phase reactants in the absence of an infectious
source, giant cell arteritis must be considered even in the
absence of specific features such as headache or jaw claudi-
cation. In some cases, instead of having the well-known
symptom of jaw claudication, patients complain of vague
pain affecting other locations, including the tongue, nose, or
ears. Indeed, unexplained head or neck pain in an older
patient may signal the presence of giant cell arteritis.

C. Laboratory Findings

1. Polymyalgia rheumatica—Anemia and elevated acute-
phase reactants (generally ESR higher than 30 mm/h and
CRP more than 0.5 mg/dL) are present universally.
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2. Giant cell arteritis—Nearly 90% of patients with giant
cell arteritis have ESRs higher than 50 mm/h. The ESR in
this disorder is often more than 100 mm/h, but cases in
which the ESR is lower or even normal do occur. In one
series, 5% of patients with biopsy-proven giant cell arteritis
had ESRs below 40 mm/h. Although the CRP is slightly
more sensitive, patients with biopsy-proven giant cell arte-
ritis with normal CRP have also been described. Most
patients also have a mild normochromic, normocytic ane-
mia and thrombocytosis. The alkaline phosphatase (liver
source) is elevated in 20% of patients with giant cell
arteritis.

» Differential Diagnosis

The differential diagnosis of malaise, anemia, and striking
acute-phase reactant elevations includes rheumatic dis-
eases (such as rheumatoid arthritis or systemic vasculiti-
des), plasma cell myeloma, other malignant disorders, and
chronic infections (such as bacterial endocarditis and
osteomyelitis).

» Treatment

A. Polymyalgia Rheumatica

Patients with isolated polymyalgia rheumatica (ie, those
not having “above the neck” symptoms of headache, jaw
claudication, scalp tenderness, or visual symptoms) are
treated with prednisone, 10–20 mg/day orally. If the patient
does not experience a dramatic improvement within
72 hours, the diagnosis should be revisited. Usually after
2–4 weeks of treatment, slow tapering of prednisone can be
attempted. Most patients require some dose of prednisone
for a minimum of approximately 1 year; 6 months is too
short in most cases. Care must be taken to prevent cortico-
steroid side effects (Table 26–16). Disease flares are com-
mon (50% or more) as prednisone is tapered, which may
necessitate increasing prednisone. Tapering of prednisone
should be based on symptoms and not solely on laboratory
values because the ESR can fluctuate and it is not specific
for polymyalgia rheumatica disease activity. The addition
of weekly methotrexate may increase the chance of success-
fully tapering prednisone in some patients.

B. Giant Cell Arteritis

The urgency of early diagnosis and treatment in giant cell
arteritis relates to the prevention of blindness. Once blind-
ness develops, it is usually permanent. Therefore, when a
patient has symptoms and findings suggestive of cranial
involvement from giant cell arteritis, therapy with predni-
sone (1 mg/kg/daily or 60 mg/day orally) should be initiated
immediately, and a temporal artery biopsy performed
promptly thereafter. For patients who seek medical attention
for visual loss, intravenous pulse methylprednisolone (eg, 1 g
daily for 3 days) has been advocated; unfortunately, few
patients recover vision no matter what the initial treatment.
Although it is prudent to obtain a temporal artery biopsy as
soon as possible after instituting treatment, diagnostic find-
ings of giant cell arteritis may still be present 2 weeks (or
even considerably longer) after starting corticosteroids.

Typically, a positive biopsy shows inflammatory infiltrate in
the media and adventitia with lymphocytes, histiocytes,
plasma cells, and giant cells. An adequate biopsy specimen is
essential (at least 2 cm in length is ideal), because the disease
may be segmental. Unilateral temporal artery biopsies are
positive in approximately 80–85% of patients, but bilateral
biopsies add incrementally to the yield (10–15% in some
studies, less in others). The presence of a “halo sign” on tem-
poral artery ultrasonography may obviate the need for tem-
poral artery biopsy, although biopsy remains the gold
standard for giant cell arteritis diagnosis. Temporal artery
biopsy is abnormal in only 50% of patients with large artery
giant cell arteritis. In these patients, magnetic resonance
angiography or CT angiography will establish the diagnosis
by demonstrating long stretches of narrowing, thickening, or
aneurysmal dilation of the aorta, subclavian and/or axillary
arteries. Thoracic aortic aneurysms occur 17 times more
frequently in patients with giant cell arteritis than in normal
individuals and can result in aortic regurgitation, dissection,
or rupture. The aneurysms can develop at any time but typi-
cally occur 7 years after the diagnosis of giant cell arteritis is
made; hence, routine screening for this complication is
recommended.

Prednisone should be continued in a dosage of
60 mg/day orally for about 1 month before tapering. After
1 month of high-dose prednisone, almost all patients will
have a normal ESR. When tapering and adjusting the dos-
age of prednisone, the ESR (or CRP) is a useful, but not
absolute, guide to disease activity. A common error is treat-
ing the ESR rather than the patient. The ESR often rises
slightly as the prednisone is tapered, even as the disease
remains quiescent. Because elderly individuals often have
baseline ESRs that are above the normal range, mild ESR
elevations should not be an occasion for renewed treat-
ment with prednisone in patients who are asymptomatic.
Tocilizumab, an inhibitor of the IL-6 receptor, is FDA
approved for giant cell arteritis and can reduce the pro-
longed use of prednisone and decrease the risk of disease
flare. Clinical trials demonstrate that patients with new or
relapsing giant cell arteritis with cranial and/or large vessel
involvement treated initially with both tocilizumab and
prednisone can taper off of prednisone more rapidly and
successfully than patients treated with prednisone alone.
After 1 year of treatment, tocilizumab achieves corticoste-
roid-free remission in approximately 50% of patients.
Methotrexate has been less promising; it was modestly
effective in one double-blind, placebo-controlled treatment
trial but ineffective in another.

Calderón-Goercke M et al. Tocilizumab in giant cell arteritis:
differences between the GiACTA trial and a multicentre
series of patients from the clinical practice. Clin Exp Rheuma-
tol. 2020;38:112. [PMID: 32441643]

Hellmich B et al. 2018 update of the EULAR recommendations
for the management of large vessel vasculitis. Ann Rheum
Dis. 2020;79:19. [PMID: 31270110]

Schmidt WA et al. Imaging in large-vessel vasculitis. Best Pract
Res Clin Rheumatol. 2020;34:101589. [PMID: 32948434]

Serling-Boyd N et al. Recent advances in the diagnosis and
management of giant cell arteritis. Curr Opin Rheumatol.
2020;32:201. [PMID: 32168069]
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TAKAYASU ARTERITIS

Takayasu arteritis is a granulomatous vasculitis of the aorta
and its major branches. Rare in North America but more
prevalent in the Far East, it primarily affects women and
typically has its onset in early adulthood. Takayasu arteritis
can present with nonspecific constitutional symptoms of
malaise, fever, and weight loss or with manifestations of
vascular inflammation and damage: diminished pulses,
unequal blood pressures in the arms, carotidynia (tender-
ness over the carotid arteries), bruits over carotid and
subclavian arteries, retinopathy, limb claudication, and
hypertension. There are no specific laboratory abnormali-
ties; the ESR and the CRP level are elevated in most cases.
The diagnosis is established by imaging studies, usually
MRI, which can detect inflammatory thickening of the
walls of affected vessels, or CT angiography, which can
provide images of the stenoses, occlusions, and dilations
characteristic of arteritis. Corticosteroids (eg, oral predni-
sone, 1 mg/kg for 1 month, followed by a taper over several
months to 10 mg daily) are the mainstays of treatment. The
addition of methotrexate, azathioprine, or mycophenolate
mofetil to prednisone may be more effective than the pred-
nisone alone. Case series suggest that biologic therapy with
either inhibitors of TNF (eg, infliximab) or the IL-6 recep-
tor (tocilizumab) may be effective for patients refractory to
prednisone. Takayasu arteritis has a chronic relapsing and
remitting course that requires ongoing monitoring and
adjustment of therapy.

Gribbons KB et al. Patterns of arterial disease in Takayasu arte-
ritis and giant cell arteritis. Arthritis Care Res (Hoboken).
2020;72:1615. [PMID: 31444857]

Michailidou D et al. Clinical symptoms and associated vascular
imaging findings in Takayasu’s arteritis compared to giant cell
arteritis. Ann Rheum Dis. 2020;79:262. [PMID: 31649025]

POLYARTERITIS NODOSA

E S S E N T I A L S  O F  D I A G N O S I S

» Medium-sized arteries are affected.

» Clinical findings depend on the arteries involved;
lungs are spared.

» Common features include fever, abdominal pain,
extremity pain, livedo reticularis, mononeuritis
multiplex.

» Kidney involvement causes renin-mediated
hypertension.

» Anemia and elevated acute-phase reactants (ESR
or CRP or both).

» Associated with hepatitis B (10% of cases).

» General Considerations

Polyarteritis nodosa is a necrotizing arteritis of medium-
sized vessels that has a predilection for involving the skin,

peripheral nerves, mesenteric vessels (including renal
arteries), heart, and brain but spares the lungs. Polyarteritis
nodosa is relatively rare, with a prevalence of about 30 per
1 million people. Approximately 10% of cases of polyarteri-
tis nodosa are caused by hepatitis B. Most cases of hepatitis
B–associated disease occur within 6 months of hepatitis B
infection. Mutations in the gene for adenosine deaminase 2
have been identified in early-onset familial polyarteritis.

» Clinical Findings

A. Symptoms and Signs

The clinical onset is usually insidious, with fever, malaise,
weight loss, and other symptoms developing over weeks to
months. Pain in the extremities is often a prominent early
feature caused by arthralgia, myalgia (particularly affecting
the calves), or neuropathy. The combination of mononeu-
ritis multiplex (with the most common finding being foot-
drop) and features of a systemic illness is one of the earliest
specific clues to the presence of an underlying vasculitis.
Polyarteritis nodosa is among the forms of vasculitis most
commonly associated with vasculitic neuropathy.

In polyarteritis nodosa, the typical skin findings—
livedo reticularis, subcutaneous nodules, and skin ulcers—
reflect the involvement of deeper, medium-sized blood
vessels. Digital gangrene is common. The most common
cutaneous presentation is lower extremity ulcerations, usu-
ally occurring near the malleoli. Involvement of the renal
arteries leads to a renin-mediated hypertension (much less
characteristic of vasculitides involving smaller blood ves-
sels). For unclear reasons, classic polyarteritis nodosa sel-
dom (if ever) involves the lung, with the occasional
exception of the bronchial arteries.

Abdominal pain—particularly diffuse periumbilical
pain precipitated by eating—is common but often difficult
to attribute to mesenteric vasculitis in the early stages.
Nausea and vomiting are common symptoms. Infarction
compromises the function of major viscera and may lead to
acalculous cholecystitis or appendicitis. Some patients
present dramatically with an acute abdomen caused by
mesenteric vasculitis and gut perforation or with hypoten-
sion resulting from rupture of a microaneurysm in the
liver, kidney, or bowel.

Newly acquired hypertension from renin-mediated kid-
ney disease frequently occurs. Subclinical cardiac involve-
ment is common in polyarteritis nodosa, and overt cardiac
dysfunction occasionally occurs (eg, myocardial infarction
secondary to coronary vasculitis, or myocarditis).

B. Laboratory Findings

Most patients with polyarteritis nodosa have anemia, and
leukocytosis is common. Acute-phase reactants are often
(but not always) strikingly elevated. A major challenge in
making the diagnosis of polyarteritis nodosa, however, is
the absence of a disease-specific serologic test (eg, an auto-
antibody). Patients with classic polyarteritis nodosa are
ANCA-negative but may have low titers of rheumatoid
factor or antinuclear antibodies, both of which are nonspe-
cific findings. Tests for active hepatitis B infection (HBsAg,
HBeAg, hepatitis B viral load) should be performed.
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Patients with childhood onset of polyarteritis nodosa
should undergo genetic evaluation for mutations in the
genes for adenosine deaminase 2.

C. Biopsy and Angiography

The diagnosis of polyarteritis nodosa requires confirma-
tion with either a tissue biopsy or an angiogram. Biopsies
of symptomatic sites such as skin (from the edge of an ulcer
or the center of a nodule), nerve, or muscle have sensitivi-
ties of approximately 70%. The least invasive tests should
usually be obtained first, but biopsy of an involved organ is
essential. If performed by experienced clinicians, tissue
biopsies normally have high benefit-risk ratios because of
the importance of establishing the diagnosis. Patients in
whom polyarteritis nodosa is suspected—eg, on the basis
of mesenteric ischemia or new-onset hypertension occur-
ring in the setting of a systemic illness—may be diagnosed
by the angiographic finding of aneurysmal dilations in the
renal, mesenteric, or hepatic arteries.

» Differential Diagnosis

Genetic collagen vascular disorders (such as Ehlers-
Danlos and Loey-Dietz syndromes), fibromuscular dyspla-
sia, and segmental arterial mediolysis should be considered
when imaging findings suggest polyarteritis nodosa in the
absence of other clinical features of the disorder.

» Treatment

For polyarteritis nodosa, corticosteroids in high doses (up
to 60 mg of oral prednisone daily) may control fever and
constitutional symptoms and heal vascular lesions. Pulse
methylprednisolone (eg, 1 g intravenously daily for 3 days)
may be necessary for patients who are critically ill at pre-
sentation. The addition of cyclophosphamide lowers the
risk of disease-related death and morbidity among patients
who have severe disease. Methotrexate or azathioprine are
used to maintain remissions induced by cyclophospha-
mide. For patients with polyarteritis nodosa associated
with hepatitis B, the preferred treatment regimen is a short
course of prednisone accompanied by anti-HBV therapy
and plasmapheresis (three times a week for up to 6 weeks).
Inhibitors of TNF are first-line therapy for the polyarteritis
associated with deficiency of adenosine deaminase 2.

» Prognosis

Without treatment, the 5-year survival rate in this disorder
is about 10%. With appropriate therapy, remissions are
possible in many cases and the 5-year survival rate has
improved to 60–90%. Poor prognostic factors are CKD
with serum creatinine greater than 1.6 mg/dL
(141 mcmol/L), proteinuria greater than 1 g/day, gastroin-
testinal ischemia, central nervous system disease, and car-
diac involvement. In the absence of any of these five
factors, 5-year survival is nearly 90%. Survival at 5 years
drops to 75% with one poor prognostic factor present and
to about 50% with two or more factors. Substantial mor-
bidity and even death may result from adverse effects of
cyclophosphamide and corticosteroids (Table 26–16).

Consequently, these therapies require careful monitoring
and expert management. In contrast to many other forms
of systemic vasculitis, disease relapses in polyarteritis fol-
lowing the successful induction of remission occur in only
about 20% of cases.

Huang Z et al. Polyarteritis nodosa and deficiency of adenosine
deaminase 2—shared genealogy, generations apart. Clin
Immunol. 2020;215:108411. [PMID: 32276138]

Karadag O et al. Polyarteritis nodosa revisited: a review of his-
torical approaches, subphenotypes and a research agenda.
Clin Exp Rheumatol. 2018;36:135. [PMID: 29465365]

GRANULOMATOSIS WITH POLYANGIITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Classic triad of upper and lower respiratory tract
disease and glomerulonephritis.

» Suspect if upper respiratory tract symptoms (eg,
nasal congestion, sinusitis) are refractory to usual
treatment.

» Kidney disease often rapidly progressive.

» Venous thromboembolism commonly occurs.

» ANCAs (90% of patients), usually directed against
proteinase-3 (but may be directed against
myeloperoxidase).

» Tissue biopsy usually necessary for diagnosis.

» General Considerations

Granulomatosis with polyangiitis, which has an estimated
incidence of approximately 12 cases per million individuals
per year, is the prototype of diseases associated with anti-
neutrophil cytoplasmic antibodies (ANCA). Other “ANCA-
associated vasculitides” include microscopic polyangiitis
and eosinophilic granulomatosis with polyangiitis. Granu-
lomatosis with polyangiitis is a disease of predominantly
small arteries. It is characterized in its full expression by
vasculitis of small arteries, arterioles, and capillaries, nec-
rotizing granulomatous lesions of both upper and lower
respiratory tract, glomerulonephritis, and other organ
manifestations. Without treatment, generalized disease is
invariably fatal, with most patients surviving less than
1 year after diagnosis. It occurs most commonly in the
fourth and fifth decades of life and affects men and women
with equal frequency.

» Clinical Findings

A. Symptoms and Signs

The disorder usually develops over 4–12 months. Upper
respiratory tract symptoms develop in 90% of patients and
lower respiratory tract symptoms develop in 60% of
patients; some patients may have both upper and lower
respiratory tract symptoms. Upper respiratory tract
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symptoms can include nasal congestion, sinusitis, otitis
media, mastoiditis, inflammation of the gums, or stridor
due to subglottic stenosis. Since many of these symptoms
are common, the underlying disease is not often suspected
until the patient develops systemic symptoms or the origi-
nal problem is refractory to treatment. The lungs are
affected initially in 40% and eventually in 80%, with symp-
toms including cough, dyspnea, and hemoptysis. Other
early symptoms can include a migratory oligoarthritis with
a predilection for large joints; a variety of symptoms related
to ocular disease (unilateral proptosis from orbital pseudo-
tumor; red eye from scleritis [Figure 20–7], episcleritis,
anterior uveitis, or peripheral ulcerative keratitis); purpura
or other skin lesions; and dysesthesia due to neuropathy.
Renal involvement, which develops in three-fourths of the
cases, may be subclinical until kidney disease is advanced.
Fever, malaise, and weight loss are common.

Physical examination can be remarkable for congestion,
crusting, ulceration, bleeding, and even perforation of the
nasal septum. Destruction of the nasal cartilage with “saddle
nose” deformity occurs late. Otitis media, proptosis, scleritis,
episcleritis, and conjunctivitis are other common findings.
Newly acquired hypertension, a frequent feature of polyar-
teritis nodosa, is rare in granulomatosis with polyangiitis.
Venous thrombotic events (eg, deep venous thrombosis and
pulmonary embolism) are a common occurrence in granu-
lomatosis with polyangiitis. Although limited forms of
granulomatosis with polyangiitis have been described in
which the kidney is spared initially, kidney disease will
develop in the majority of untreated patients.

B. Laboratory Findings

1. Serum tests and urinalysis—Most patients have an ane-
mia, mild leukocytosis, and elevated acute-phase reactants.
If there is kidney involvement, proteinuria occurs and the

urinary sediment contains red cells, and often has red cell
casts.

Serum tests for ANCA help in the diagnosis of granulo-
matosis with polyangiitis and related forms of vasculitis
(Table 20–7). Several different types of ANCA are recog-
nized, but the two subtypes relevant to systemic vasculitis
are those directed against proteinase-3 (PR3) and myelo-
peroxidase (MPO). Antibodies to these two antigens are
termed “PR3-ANCA” and “MPO-ANCA,” respectively. The
cytoplasmic pattern of immunofluorescence (c-ANCA)
caused by PR3-ANCA has a high specificity (more than
90%) for either granulomatosis with polyangiitis or a
closely related disease, microscopic polyangiitis (or, less
commonly, eosinophilic granulomatosis with polyangiitis).
In the setting of active disease, particularly cases in which
the disease is severe and generalized to multiple organ
systems, the sensitivity of PR3-ANCA is greater than 95%.
A substantial percentage of patients with “limited” granu-
lomatosis with polyangiitis—disease that does not pose an
immediate threat to life and is often confined to the respi-
ratory tract—are ANCA-negative. Furthermore, ANCA
levels correlate erratically with disease activity, and changes
in titer should not dictate changes in therapy in the absence
of supporting clinical data. The perinuclear (p-ANCA)
pattern, caused by MPO-ANCA, is more likely to occur in
microscopic polyangiitis or eosinophilic granulomatosis
with polyangiitis but may also be found in granulomatosis
with polyangiitis. Approximately 10–25% of patients with
classic granulomatosis with polyangiitis have MPO-ANCA.
All positive immunofluorescence assays for ANCA should
be confirmed by enzyme immunoassays for the specific
autoantibodies directed against PR3 or MPO.

2. Histologic findings—Although ANCA testing may be
helpful when used properly, there remains the need in most
cases for confirmation of the diagnosis by tissue biopsy.
Histologic features of granulomatosis with polyangiitis
include vasculitis, granulomatous inflammation, geo-
graphic necrosis, and acute and chronic inflammation. The
full range of pathologic changes is usually evident only on
thoracoscopic lung biopsy; granulomas, observed only
rarely in kidney biopsy specimens, are found much more
commonly on lung biopsy specimens. Nasal biopsies often
do not show vasculitis but may show chronic inflammation
and other changes which rule out nasopharyngeal cancer
or infection. Kidney biopsy discloses a segmental necrotiz-
ing glomerulonephritis with multiple crescents; this is
characteristic but not diagnostic. Pathologists characterize
the kidney lesion of granulomatosis with polyangiitis (and
other forms of “ANCA-associated vasculitis”) as a pauci-
immune glomerulonephritis because of the relative absence
(compared with immune complex–mediated disorders)
of IgG, IgM, IgA, and complement proteins within
glomeruli.

C. Imaging

Chest CT is more sensitive than chest radiography; lesions
include infiltrates, nodules, masses, and cavities. Pleural
effusions are uncommon. Often the radiographs prompt
concern about lung cancer. Hilar adenopathy large enough

▲ Figure 20–7. Scleritis in a patient with granulomato-
sis with polyangiitis. (Used, with permission, from Everett
Allen, MD, in Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley
HS. The Color Atlas and Synopsis of Family Medicine, 3rd ed.
McGraw Hill, 2019.)
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to be evident on chest film is unusual in granulomatosis
with polyangiitis; if present, sarcoidosis, tumor, or infec-
tion is more likely. Other common radiographic abnor-
malities include extensive sinusitis and even bony sinus
erosions.

» Differential Diagnosis

In most patients with granulomatosis with polyangiitis,
refractory sinusitis or otitis media is initially suspected.
When upper respiratory tract inflammation persists and is
accompanied by additional systemic inflammatory signs
(eg, red eye from scleritis, joint pain, and swelling), the
diagnosis of granulomatosis with polyangiitis should be
considered. Initial complaints of joint pain can lead to a
misdiagnosis of rheumatoid arthritis. Arriving at the cor-
rect diagnosis is aided by awareness that rheumatoid arthri-
tis typically involves small joints of the hand, whereas
granulomatosis with polyangiitis favors large joints, such as
the hip, knee, elbow, and shoulder. Lung cancer may be the
first diagnostic consideration for some middle-aged patients
in whom cough, hemoptysis, and lung masses are present-
ing symptoms and signs; typically, evidence of glomerulo-
nephritis, a positive ANCA or, ultimately, the lung biopsy
findings will point to the proper diagnosis. Granulomatosis
with polyangiitis shares with SLE, anti–glomerular base-
ment membrane disease, and microscopic polyangiitis the
ability to cause an acute pulmonary-renal syndrome.
Approximately 10–25% of patients with classic granuloma-
tosis with polyangiitis have MPO-ANCA. Owing to involve-
ment of the same types of blood vessels, similar patterns of
organ involvement, and the possibility of failing to identify
granulomatous pathology on tissue biopsies because of
sampling error, granulomatosis with polyangiitis is often
difficult to differentiate from microscopic polyangiitis. The
crucial distinctions between the two disorders are the ten-
dencies for granulomatosis with polyangiitis to involve the
upper respiratory tract (including the ears) and to cause
granulomatous inflammation. Cocaine use can cause
destruction of midline tissues—the nose and palate—that
mimics granulomatosis with polyangiitis. Indeed, distin-
guishing between the two conditions can be challenging
because patients with cocaine-mediated midline destructive
disease frequently have positive tests for PR-3-ANCA and
lesional biopsies that demonstrate vasculitis. In contrast to
granulomatosis with polyangiitis, cocaine-mediated mid-
line destructive disease does not cause pulmonary or kidney
disease. IgG

4
-related disease may mimic some of the mani-

festations of granulomatosis with polyangiitis.

» Treatment

Early treatment is crucial in preventing the devastating
end-organ complications of this disease, and often in pre-
serving life. While granulomatosis with polyangiitis may
involve the sinuses or lung for months, once proteinuria or
hematuria develops, progression to advanced CKD can be
rapid (over several weeks). Current practice divides treat-
ment into two phases: induction of remission and mainte-
nance of remission. Choice of induction therapy is dictated
by whether the patient has mild disease (ie, no significant

kidney dysfunction or immediately life-threatening dis-
ease) or severe disease (ie, life- or organ-threatening dis-
ease such as rapidly progressive glomerulonephritis or
pulmonary hemorrhage). Plasma exchange does not reduce
the incidence of end-stage kidney disease or death in
severe ANCA-associated vasculitis.

A. Induction of Remission

For patients with severe disease, the treatment options for
inducing remission are corticosteroids plus either ritux-
imab or cyclophosphamide. Although the standard induc-
tion regimen of corticosteroids in ANCA-associated
vasculitis is 1 mg/kg orally daily, regimens with faster cor-
ticosteroid dose reductions have demonstrated equal effi-
cacy with fewer corticosteroid-related complications, such
as infections.

1. Rituximab plus prednisone—Rituximab, a B-cell–
depleting antibody, is FDA approved in combination with
corticosteroids (prednisone 1 mg/kg orally daily) for the
treatment of granulomatosis with polyangiitis and micro-
scopic polyangiitis. Studies demonstrate that rituximab is
as effective as cyclophosphamide for remission induction
in these conditions. Indeed, post-hoc analysis of one clini-
cal trial demonstrated that rituximab is more effective than
cyclophosphamide for treating relapses of granulomatosis
with polyangiitis and microscopic polyangiitis.

2. Cyclophosphamide and prednisone—Remissions can
be induced in more than 90% of patients treated with predni-
sone (1 mg/kg daily) plus cyclophosphamide (2 mg/kg/day
orally with adjustments required for acute or CKD and
patients over age 70). Intermittent high-dose intravenous
cyclophosphamide is associated with a higher relapse risk
compared to daily oral cyclophosphamide, but there is no
increase in mortality or long-term morbidity. To minimize
toxicity, patients are treated with cyclophosphamide for only
3–6 months; once remission is achieved, the patient is
switched to a non-cyclophosphamide maintenance regimen.

Both rituximab and cyclophosphamide increase the
risk of developing life-threatening opportunistic infections
(including progressive multifocal leukoencephalopathy
[PML]). Whenever cyclophosphamide or rituximab is used,
Pneumocystis jirovecii prophylaxis with single-strength oral
trimethoprim-sulfamethoxazole daily is essential.

B. Maintenance of Remission

Options for maintaining remission in patients with normal
or near normal kidney function after rituximab or cyclo-
phosphamide induction include azathioprine (up to 2 mg/
kg/day orally), methotrexate (20–25 mg/wk administered
either orally or intramuscularly), or rituximab (500 mg
administered intravenously when remission is achieved,
repeated in 14 days, then repeated as a single dose
approximately every 6 months). Mycophenolate mofetil is
an option for maintenance remission if there are intoler-
ances or failure of other regimens. Methotrexate should
not be used in patients with kidney dysfunction. One ran-
domized, controlled trial comparing rituximab and aza-
thioprine for maintenance of remission showed that the
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risk of relapse over 28 months was 5% with rituximab and
29% with azathioprine. After 60 months of follow-up, the
patients treated with rituximab maintenance had signifi-
cantly longer relapse-free survival rates and overall better
survival.

Because of its superior side-effect profile, methotrexate is
viewed as an appropriate substitute for cyclophosphamide or
rituximab for initial and maintenance treatment in patients
who have mild disease (usually defined as mild sinonasal or
skin disease, or both) and normal kidney function.

Charles P et al. Long-term rituximab use to maintain remission
of antineutrophil cytoplasmic antibody-associated vasculitis:
a randomized trial. Ann Intern Med. 2020;173:179. [PMID:
32479166]

Merkel PA et al. Long-term safety of rituximab in granulomatosis
with polyangiitis or microscopic polyangiitis. Arthritis Care
Res (Hoboken). 2020. [Epub ahead of print] [PMID: 32475029]

Walsh M et al; PEXIVAS Investigators. Plasma exchange and
glucocorticoids in severe ANCA-associated vasculitis. N Engl
J Med. 2020;382:622. [PMID: 32053298]

MICROSCOPIC POLYANGIITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Necrotizing vasculitis of small- and medium-sized
arteries and veins.

» Most common cause of pulmonary-renal syn-
drome (diffuse alveolar hemorrhage and
glomerulonephritis).

» ANCA in 75% of cases.

» General Considerations

Microscopic polyangiitis is a pauci-immune nongranulo-
matous necrotizing vasculitis that (1) affects small blood
vessels (capillaries, venules, or arterioles), (2) often causes
glomerulonephritis and pulmonary capillaritis, and (3) is
often associated with ANCA on immunofluorescence test-
ing (directed against MPO, a constituent of neutrophil
granules). Because microscopic polyangiitis may involve
medium-sized as well as small blood vessels and because it
tends to affect capillaries within the lungs and kidneys, its
spectrum overlaps those of both polyarteritis nodosa and
granulomatosis with polyangiitis.

In rare instances, medications, particularly propylthio-
uracil, hydralazine, allopurinol, penicillamine, minocy-
cline, and sulfasalazine, induce a systemic vasculitis
associated with high titers of p-ANCA and features of
microscopic polyangiitis.

» Clinical Findings

A. Symptoms and Signs

A wide variety of findings suggesting vasculitis of small
blood vessels may develop in microscopic polyangiitis.
These include “palpable” (or “raised”) purpura and other

signs of cutaneous vasculitis (ulcers, splinter hemorrhages,
vesiculobullous lesions).

Microscopic polyangiitis is the most common cause of
pulmonary-renal syndromes, being several times more
common than anti–glomerular basement membrane dis-
ease. Pulmonary hemorrhage may occur with pathologic
findings typically of capillaritis. Interstitial lung fibrosis
that mimics usual interstitial pneumonitis may be part of
the presenting condition and conveys a poor prognosis.

Vasculitic neuropathy (mononeuritis multiplex) is also
common in microscopic polyangiitis.

B. Laboratory Findings

Three-fourths of patients with microscopic polyangiitis are
ANCA-positive, usually with anti-myeloperoxidase anti-
bodies (MPO-ANCA) that cause a p-ANCA pattern on
immunofluorescence testing. ANCA directed against pro-
teinase-3 (PR3-ANCA) can also be observed.

Elevated acute-phase reactants are typical of active dis-
ease. Microscopic hematuria, proteinuria, and red blood
cell casts in the urine may occur. The kidney lesion is a
segmental, necrotizing glomerulonephritis, often with
localized intravascular coagulation and the observation of
intraglomerular thrombi upon renal biopsy.

» Differential Diagnosis

Distinguishing this disease from granulomatosis with poly-
angiitis may be challenging. Microscopic polyangiitis is not
associated with the chronic destructive upper respiratory
tract disease often found in granulomatosis with polyangi-
itis. Moreover, as noted, a critical difference between the
two diseases is the absence of granulomatous inflammation
in microscopic polyangiitis. Because their treatments may
differ, microscopic polyangiitis must also be differentiated
from polyarteritis nodosa.

» Treatment

Microscopic polyangiitis is usually treated in the same way
as granulomatosis with polyangiitis: patients with severe
disease, typically involving pulmonary hemorrhage and
glomerulonephritis, require urgent induction treatment
with corticosteroids and either cyclophosphamide or ritux-
imab. If cyclophosphamide is chosen, it may be adminis-
tered either in an oral daily regimen or via intermittent
(usually monthly) intravenous pulses; following successful
induction of remission, treatment should be continued
with azathioprine, rituximab, or methotrexate (provided
the patient has normal kidney function). In cases of drug-
induced MPO-ANCA–associated vasculitis, the offending
medication should be discontinued; significant organ
involvement (eg, pulmonary hemorrhage, glomerulone-
phritis) requires immunosuppressive therapy.

» Prognosis

The key to effecting good outcomes is early diagnosis.
Compared with patients who have granulomatosis with
polyangiitis, those who have microscopic polyangiitis are
more likely to have significant fibrosis on renal biopsy
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because of later diagnosis. The likelihood of disease recur-
rence following remission in microscopic polyangiitis is
about 33%.

Geetha D et al. ANCA-associated vasculitis: Core Curriculum
2020. Am J Kidney Dis. 2020;75:124. [PMID: 31358311]

Nguyen Y et al. Microscopic polyangiitis: clinical characteristics
and long-term outcomes of 378 patients from the French Vas-
culitis Study Group Registry. J Autoimmun. 2020;112:102467.
[PMID: 32340774]

EOSINOPHILIC GRANULOMATOSIS
WITH POLYANGIITIS

Eosinophilic granulomatosis with polyangiitis (previously
called Churg-Strauss syndrome) is an ANCA-associated
vasculitis (along with granulomatosis with polyangiitis and
microscopic polyangiitis), although the presence of ANCA
occurs in less than 50% of patients (usually anti-MPO). It
is characterized by peripheral eosinophilia, sinusitis with
polyposis, asthma, lung infiltrates, vasculitic skin involve-
ment, glomerulonephritis, and vasculitic neuropathy. Myo-
carditis can lead to arrhythmias and heart failure if
untreated. Eosinophilic granulomatosis with polyangiitis
should be considered in patients with an unexplained
peripheral eosinophilia and vasculitic features. Laboratory
examination of unexplained eosinophilia should include
obtaining ANCA and serum tryptase peripheral flow
cytometry for PDGF receptor abnormalities and testing for
helminthic infections. Eosinophilic infiltrates on tissue
samples strongly suggest the diagnosis of eosinophilic
granulomatosis, especially if accompanied by vasculitis
(purpura, glomerulonephritis, vasculitic ulcers, mononeu-
ritis multiplex). Corticosteroids remain first-line treatment
with azathioprine and methotrexate demonstrating effi-
cacy for mild to moderate disease. Mepolizumab, an IL-5
inhibitor, is FDA approved for the treatment of eosino-
philic granulomatosis with polyangiitis, although it has
not been studied for severe life- or organ-threatening
vasculitic disease manifestations (which generally require
cyclophosphamide).

Canzian A et al. Use of biologics to treat relapsing and/or refrac-
tory eosinophilic granulomatosis with polyangiitis: data from
a European collaborative study. Arthritis Rheumatol. 2021;
73:498. [PMID: 33001543]

LEVAMISOLE-ASSOCIATED PURPURA

Exposure to levamisole, a prevalent adulterant of illicit
cocaine in North America, can induce a distinctive clinical
syndrome of retiform purpura and cutaneous necrosis
affecting the extremities, ears, and skin overlying the zygo-
matic arch. Biopsies reveal widespread thrombosis of small
cutaneous vessels with varying degrees of vasculitis. The
syndrome is associated with the lupus anticoagulant, IgM
antibodies to cardiolipin, and very high titers of p-ANCAs
(due to autoantibodies to elastase, lactoferrin, cathepsin-G,
and other neutrophil components rather than to myeloper-
oxidase alone). There is no consensus on treatment of
levamisole-induced purpura, but early lesions can resolve

with abstinence. Use of levamisole-adulterated cocaine also
has been linked to neutropenia, agranulocytosis, and
pauci-immune glomerulonephritis. There may be long-
term sequelae of levamisole exposure, such as deforming
cutaneous lesions, arthralgias, and arthritis.

Dartevel A et al. Levamisole-induced vasculopathy: a systematic
review. Semin Arthritis Rheum. 2019;48:921. [PMID: 30166200]

Emil NS et al. Atypical chronic inflammatory ANCA-positive
deforming arthritis after cocaine-levamisole exposure. J Clin
Rheumatol. 2020;26:24. [PMID: 30273264]

CRYOGLOBULINEMIA

Cryoglobulinemia can be associated with an immune-
complex mediated, small-vessel vasculitis. Chronic infec-
tion with hepatitis C is the most common underlying
condition; cryoglobulinemic vasculitis also can occur
with other chronic infections (such as subacute bacterial
endocarditis, osteomyelitis, HIV, and hepatitis B), with
connective tissue diseases (especially Sjögren syndrome),
and with lymphoproliferative disorders. The cryoglobu-
lins associated with vasculitis are cold-precipitable
immune complexes consisting of rheumatoid factor and
IgG (rheumatoid factor is an autoantibody to the constant
region of IgG). The rheumatoid factor component can be
monoclonal (type II cryoglobulins) or polyclonal (type III
cryoglobulins). Type I cryoglobulins are cryoprecipitable
monoclonal proteins that lack rheumatoid factor activity;
these cause cold-induced hyperviscosity syndromes, not
vasculitis, and are associated with B-cell lymphoprolifera-
tive diseases.

» Clinical Findings

Cryoglobulinemic vasculitis typically manifests as recur-
rent palpable purpura (predominantly on the lower
extremities) and peripheral neuropathy. A proliferative
glomerulonephritis may develop and can manifest as rap-
idly progressive glomerulonephritis. Abnormal liver bio-
chemical tests, abdominal pain, digital gangrene, and
pulmonary disease may also occur. The diagnosis is based
on a compatible clinical picture and a positive serum test
for cryoglobulins. The presence of a disproportionately low
C4 level or rheumatoid factor or both can be diagnostic
clues to the presence of cryoglobulinemia.

» Treatment

Antiviral regimens are first-line therapy for hepatitis C–
associated cryoglobulinemic vasculitis that is neither life-
nor organ-threatening. Interferon-free direct-acting
antiviral agents are preferred because of the excellent long-
term response in clinical trials. Patients with severe cryo-
globulinemic vasculitis (eg, extensive digital gangrene,
extensive neuropathy, and rapidly progressive glomerulo-
nephritis) and hepatitis C should receive immunosuppres-
sive therapy with corticosteroids and either rituximab or
cyclophosphamide as well as antiviral treatment. Plasma
exchange may provide additional benefit in selected cases.
Relapse of vasculitis with cryoglobulinemia following
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clearing of hepatitis C infection has been reported in a
small percentage of patients.

Boleto G et al. Cryoglobulinemia after the era of chronic hepati-
tis C infection. Semin Arthritis Rheum. 2020;50:695.
[PMID: 32521323]

Kolopp-Sarda MN et al. Cryoglobulinemic vasculitis: patho-
physiological mechanisms and diagnosis. Curr Opin Rheu-
matol. 2021;33:1. [PMID: 33186245]

IgA VASCULITIS

IgA vasculitis (Henoch-Schönlein purpura), the most com-
mon systemic vasculitis in children, occurs in adults as well.
Typical features are palpable purpura, arthritis, and hematu-
ria. Abdominal pain occurs less frequently in adults than in
children. Pathologic features include leukocytoclastic vascu-
litis with IgA deposition. The cause is not known.

The purpuric skin lesions are typically located on the
lower extremities but may also be seen on the hands, arms,
trunk, and buttocks. Joint symptoms are present in the
majority of patients, with the knees and ankles being most
commonly involved. Abdominal pain secondary to vasculitis
of the intestinal tract is often associated with gastrointestinal
bleeding. Hematuria signals the presence of a renal lesion
that is usually reversible, although it occasionally may prog-
ress to CKD (see Henoch-Schönlein purpura, Chapter 22).
Children tend to have more frequent and more serious gas-
trointestinal vasculitis, whereas adults more often suffer
from CKD. Biopsy of the kidney reveals segmental glomeru-
lonephritis with crescents and mesangial deposition of IgA.
Chronic courses with persistent or intermittent skin disease
are more likely to occur in adults than in children.

The value of corticosteroids has been controversial. In
children, prednisone (1–2 mg/kg/day orally) does not
decrease the frequency of proteinuria 1 year after onset of
disease. Severe disease is often treated with aggressive
immunosuppressive agents, but there is no consensus
regarding the efficacy of this approach or the optimal
therapeutic regimen.

Du L et al. Multisystemic manifestations of IgA vasculitis. Clin
Rheumatol. 2021;40:43. [PMID: 32557258]

Ozen S et al. European consensus-based recommendations for
diagnosis and treatment of immunoglobulin A vasculitis—
the SHARE initiative. Rheumatology (Oxford). 2019;58:1607.
[PMID: 30879080]

RELAPSING POLYCHONDRITIS

This disease is characterized by inflammatory destructive
lesions of cartilaginous structures, principally the ears,
nose, trachea, and larynx. Nearly 40% of cases are associ-
ated with another disease, especially either other immuno-
logic disorders (such as SLE, rheumatoid arthritis, or
Hashimoto thyroiditis) or cancers (such as plasma cell
myeloma) or hematologic disorders (such as myelodysplas-
tic syndrome). The disease, which is usually episodic,
affects males and females equally. The cartilage is painful,
swollen, and tender during an attack and subsequently
becomes atrophic, resulting in permanent deformity.

Biopsy of the involved cartilage shows inflammation and
chondrolysis. Laryngotracheal and bronchial chondritis
can lead to life-threatening airway narrowing and collapse.
Noncartilaginous manifestations of the disease include
fever, episcleritis, uveitis, deafness, aortic regurgitation,
and rarely glomerulonephritis. In 85% of patients, a migra-
tory, asymmetric, and seronegative arthropathy occurs,
affecting both large and small joints and the costochondral
junctions. Large vessel vasculitis is a frequently overlooked
but potentially catastrophic complication. Diagnosing this
uncommon disease is especially difficult since the signs of
cartilage inflammation (such as red ears or nasal pain) may
be more subtle than the fever, arthritis, rash, or other sys-
temic manifestations.

Prednisone, 0.5–1 mg/kg/day orally, is often effective.
Dapsone (100–200 mg/day orally) or methotrexate
(7.5–20 mg orally per week) may also have efficacy, sparing
the need for long-term high-dose corticosteroid treatment.
Involvement of the tracheobronchial tree may respond to
inhibitors of TNF.

Ferrada MA et al. Patient perception of disease-related symp-
toms and complications in relapsing polychondritis. Arthritis
Care Res (Hoboken). 2018;70:1124. [PMID: 29245173]

Tomelleri A et al. Large-vessel vasculitis affecting the aorta and
its branches in relapsing polychondritis: case series and sys-
tematic review of the literature. J Rheumatol. 2020;47:1780.
[PMID: 31839593]

BEHÇET DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Recurrent, painful oral and genital aphthous
ulcers.

» Erythema nodosum–like lesions; follicular rash;
pathergy phenomenon.

» Anterior or posterior uveitis. Posterior uveitis may
be asymptomatic until significant damage to the
retina has occurred.

» Neurologic lesions can mimic multiple sclerosis.

» General Considerations

Named after the Turkish dermatologist who first described
it, Behçet disease is of unknown cause and most commonly
occurs in persons of Asian, Turkish, or Middle Eastern
background. The protean manifestations are believed to
result from vasculitis that may involve all types of blood
vessels: small, medium, and large, on both the arterial and
venous side of the circulation.

» Clinical Findings

A. Symptoms and Signs

The hallmark of Behçet disease is painful aphthous ulcer-
ations in the mouth. These lesions, which usually are
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multiple, may be found on the tongue, gums, and inner
surfaces of the oral cavity. Genital lesions, similar in
appearance, are also common but do not occur in all
patients. Other cutaneous lesions of Behçet disease include
tender, erythematous, papular lesions that resemble ery-
thema nodosum. On biopsy, however, many of these
lesions are shown to be secondary to vasculitis rather than
septal panniculitis. These erythema nodosum–like lesions
have a tendency to ulcerate, which is a major difference
between the lesions of Behçet disease and the erythema
nodosum seen in sarcoidosis and inflammatory bowel
disease. An erythematous follicular rash that occurs fre-
quently on the upper extremities may be a subtle feature
of the disease. The pathergy phenomenon is frequently
underappreciated (unless the patient is asked); in this
phenomenon, sterile pustules develop at sites where
needles have been inserted into the skin (eg, for
phlebotomy).

A nonerosive arthritis occurs in about two-thirds of
patients, most commonly affecting the knees and ankles.
Eye involvement may be one of the most devastating com-
plications of Behçet disease. Posterior uveitis, in essence a
retinal venulitis, may lead to the insidious destruction of
large areas of the retina before the patient becomes aware
of visual problems. Anterior uveitis, associated with the
triad of photophobia, blurred vision, and a red eye, is
intensely symptomatic. This complication may lead to a
hypopyon, the accumulation of pus in the anterior cham-
ber. If not treated properly with mydriatic agents to dilate
the pupil and corticosteroid eyedrops to diminish inflam-
mation, the anterior uveitis may lead to synechial forma-
tion between the iris and lens, resulting in permanent
pupillary distortion.

Central nervous system involvement is another cause of
major morbidity in Bechet disease. Findings include sterile
meningitis (recurrent meningeal headaches associated
with a lymphocytic pleocytosis), cranial nerve palsies, sei-
zures, encephalitis, mental disturbances, and spinal cord
lesions. The central nervous system lesions may mimic
multiple sclerosis radiologically. Aphthous ulcerations of
the ileum and cecum and other forms of gastrointestinal
involvement develop in approximately a quarter of patients.
Large vessel vasculitis can lead to pulmonary artery aneu-
rysms and life-threatening pulmonary hemorrhage. Finally,
patients have a hypercoagulable tendency that may lead to
complicated venous thrombotic events, particularly multi-
ple deep venous thrombosis, pulmonary emboli, cerebral
sinus thrombosis, and other problems associated with
clotting.

The clinical course may be chronic but is often charac-
terized by remissions and exacerbations.

B. Laboratory Findings

There are no pathognomonic laboratory features of Behçet
disease. Although acute-phase reactants are often elevated,
there is no autoantibody or other assay that is distinctive.
No markers of hypercoagulability specific to Behçet have
been identified. Behçet disease is known to have a genetic
risk factor (HLA B51), but this gene is neither necessary
nor sufficient to cause the disease.

» Treatment

Both colchicine (0.6 mg once to three times daily orally)
and topical corticosteroids (oral dexamethasone suspen-
sion 1 mg twice daily swish and spit of 0.5 mg/5 mL) may
ameliorate the mucocutaneous ulcerative symptoms.
Apremilast, a selective phosphodiesterase-4 inhibitor, is
FDA approved for the treatment of oral ulcers in Behcet
disease. Corticosteroids (1 mg/kg/day of oral predni-
sone) are a mainstay of initial therapy for severe disease
manifestations. Azathioprine (2 mg/kg/day orally) may
be an effective steroid-sparing agent. Infliximab, cyclo-
sporine, or cyclophosphamide is indicated for severe
ocular and central nervous system complications of
Behçet disease.

Hatemi G et al. 2018 update of the EULAR recommendations for
the management of Behçet’s syndrome. Ann Rheum Dis.
2018;77:808. [PMID: 29625968]

Posarelli C et al. Behcet’s syndrome and ocular involvement:
changes over time. Clin Exp Rheumatol. 2020;38:86. [PMID:
33253088]

PRIMARY ANGIITIS OF THE CENTRAL
NERVOUS SYSTEM

Primary angiitis of the central nervous system is a syn-
drome with several possible causes that produces small-
and medium-sized vasculitis limited to the brain and
spinal cord. Biopsy-proved cases have predominated in
men who have a history of weeks to months of headaches,
encephalopathy, and multifocal strokes. Systemic symp-
toms and signs are absent, and routine laboratory tests,
including ESR and CRP, may be normal. MRI of the brain
is almost always abnormal, and the spinal fluid often
reveals a mild lymphocytosis and a modest increase in
protein level. Angiograms classically reveal a “string of
beads” pattern produced by alternating segments of arte-
rial narrowing and dilation. However, neither the MRI
nor the angiogram appearance is specific for vasculitis.
Indeed, in one study, none of the patients who had
biopsy-proved central nervous system vasculitis had an
angiogram showing “the string of beads,” and none of the
patients with the classic angiographic findings had a posi-
tive brain biopsy for vasculitis. Review of many studies
suggests that the sensitivity of angiography varies greatly
(from 40% to 90%) and the specificity is only approxi-
mately 30%. Several conditions, including vasospasm, can
produce the same angiographic pattern as vasculitis.
Definitive diagnosis requires a compatible clinical picture
with exclusion of infection (including subacute bacterial
endocarditis), neoplasm (especially intravascular lym-
phoma), or drug exposure (eg, cocaine) that can mimic
primary angiitis of the central nervous system and a posi-
tive brain biopsy. In contrast to biopsy-proved cases,
patients with angiographically defined central nervous
system vasculopathy are chiefly women who have had an
abrupt onset of headaches and stroke (often in the
absence of encephalopathy) with normal spinal fluid
findings. Many patients who fit this clinical profile may
have reversible cerebral vasoconstriction rather than true
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vasculitis. Such cases are best treated with calcium chan-
nel blockers (such as nimodipine or verapamil) and pos-
sibly a short course of corticosteroids. Biopsy-proved
cases usually improve with prednisone therapy and often
require cyclophosphamide. Treatment response correlates
with the size of arteries involved: vasculitis of small corti-
cal and leptomeningeal vessels is associated with a better
response and outcome than vasculitis of larger arteries.
Cases of central nervous system vasculitis associated with
cerebral amyloid angiopathy often respond well to corti-
costeroids, albeit the long-term natural history remains
poorly defined.

Krawczyk M et al. Primary CNS vasculitis: a systematic
review on clinical characteristics associated with abnormal
biopsy and angiography. Autoimmun Rev. 2020;20:102714.
[PMID: 33197577]

Salvarani C et al. Long-term remission, relapses and mainte-
nance therapy in adult primary central nervous system vascu-
litis: A single-center 35-year experience. Autoimmun Rev.
2020;19:102497. [PMID: 32062032]

LIVEDO RETICULARIS & LIVEDO RACEMOSA

Livedo reticularis produces a mottled, purplish discolor-
ation of the skin with reticulated cyanotic areas surround-
ing paler central cores. This distinctive “fishnet” pattern
is caused by spasm or obstruction of perpendicular arte-
rioles, combined with pooling of blood in surrounding
venous plexuses. Idiopathic livedo reticularis is a benign
condition that worsens with cold exposure, improves with
warming, and primarily affects the extremities. Apart
from cosmetic concerns, it is usually asymptomatic. The
presence of systemic symptoms or the development of
cutaneous ulcerations points to the presence of an under-
lying disease.

Secondary livedo reticularis, termed livedo racemosa,
occurs in association with diseases that cause vascular
obstruction or inflammation. Livedo racemosa resembles
idiopathic livedo reticularis but has a wider skin distribu-
tion, including trunk, buttocks, and extremities. Its
lesions are more irregular, broken, and circular. Of par-
ticular importance is the link with antiphospholipid anti-
body syndrome. Livedo racemosa is the presenting
manifestation in 25% of patients with antiphospholipid
antibody syndrome and is strongly associated with the
subgroup that has arterial thromboses, including those
with antiphospholipid antibody–positive Sneddon syn-
drome (livedo reticularis and cerebrovascular events).
Other underlying causes of livedo racemosa include the
vasculitides (particularly polyarteritis nodosa), choles-
terol emboli syndrome, thrombocythemia, cryoglobuli-
nemia, cold agglutinin disease, primary hyperoxaluria
(due to vascular deposits of calcium oxalate), and dis-
seminated intravascular coagulation.

Weishaupt C et al. Characteristics, risk factors and treatment
reality in livedoid vasculopathy—a multicentre analysis. J
Eur Acad Dermatol Venereol. 2019;33:1784. [PMID:
31009111]

º
SERONEGATIVE
SpONDYLOARTHROpATHIES

The seronegative spondyloarthropathies are ankylosing
spondylitis, psoriatic arthritis, reactive arthritis, the arthri-
tis associated with inflammatory bowel disease, and undif-
ferentiated spondyloarthropathy. These disorders are noted
for male predominance, onset usually before age 40,
inflammatory arthritis of the spine and sacroiliac joints,
asymmetric oligoarthritis of large peripheral joints, enthe-
sopathy (inflammation of where ligaments, tendons, and
joint capsule insert into bone), ocular inflammation, the
absence of autoantibodies, and a striking association with
HLA-B27. HLA-B27 is positive in up to 90% of patients
with ankylosing spondylitis and 75% with reactive arthri-
tis. HLA-B27 also occurs in 50% of the psoriatic and
inflammatory bowel disease patients who have sacroiliitis.
Patients with only peripheral arthritis in these latter two
syndromes do not show an increase in HLA-B27.

ANKYLOSING SPONDYLITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Chronic low backache and stiffness in young
adults, worst in the morning.

» Progressive limitation of back motion and chest
expansion.

» Transient (50%) or persistent (25%) peripheral
arthritis.

» Anterior uveitis in 20–25%.

» Diagnostic radiographic changes in sacroiliac
joints.

» Negative serologic tests for rheumatoid factor and
anti-CCP antibodies.

» HLA-B27 testing is most helpful when there is an
intermediate probability of disease.

» General Considerations

Ankylosing spondylitis is a chronic inflammatory disease
of the joints of the axial skeleton, manifested clinically by
pain and progressive stiffening of the spine. The age at
onset is usually in the late teens or early 20s. The incidence
is greater in males than in females.

» Clinical Findings

A. Symptoms and Signs

The onset is usually gradual, with intermittent bouts of
back pain that may radiate into the buttocks. The back pain
is worse in the morning and associated with stiffness that
lasts hours. Pain and stiffness improve with activity, in
contrast to back pain due to mechanical causes, which
improves with rest and worsens with activity. As
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the disease advances, symptoms progress in a cephalad
direction and back motion becomes limited, with the nor-
mal lumbar curve flattened and the thoracic curvature
exaggerated. Chest expansion is often limited as a conse-
quence of costovertebral joint involvement. In advanced
cases, the entire spine becomes fused, allowing no motion
in any direction. Transient acute arthritis of the peripheral
joints occurs in about 50% of cases, and permanent
changes in the peripheral joints—most commonly the hips,
shoulders, and knees—are seen in about 25%. Enthesopa-
thy, a hallmark of the spondyloarthropathies, can manifest
as swelling of the Achilles tendon at its insertion, plantar
fasciitis (producing heel pain), or dactylitis, which is fusi-
form “sausage” swelling of a finger or toe.

Anterior uveitis is associated in up to 25% of cases and
may be a presenting feature of ankylosing spondylitis.
Cardiac involvement, characterized by atrioventricular
conduction defects, aortic regurgitation, or aortic root
widening, occurs in 3–5% of patients with longstanding
severe disease. Pulmonary fibrosis of the upper lobes, with
progression to cavitation and bronchiectasis mimicking
tuberculosis, may rarely occur, characteristically long after
the onset of skeletal symptoms.

B. Laboratory Findings

The ESR is elevated in 85% of cases, but serologic tests for
rheumatoid factor and anti-CCP antibodies are negative.
Anemia of chronic disease may be present but is often
mild. HLA-B27 is found in 90% of White patients and 50%
of Black patients with ankylosing spondylitis. Because this
antigen occurs in 8% of the healthy White population and
2% of healthy Blacks, it is not a specific diagnostic test but
is most useful when there is intermediate probability of
disease.

C. Imaging

The earliest radiographic changes are usually in the sacro-
iliac joints. In the first 2 years of the disease, sacroiliac
changes may be detectable only by MRI. Indeed, patients
who have symptoms and findings of ankylosing spondylitis
and sacroiliitis evident by MRI but not by conventional
radiographs are classified as having nonradiographic axial
spondyloarthritis. With disease progression, erosion and
sclerosis of the sacroiliac joints become evident on plain
radiographs. The sacroiliitis of ankylosing spondylitis is
bilateral and symmetric. Inflammation where the annulus
fibrosus attaches to the vertebral bodies initially causes
sclerosis (“the shiny corner sign”) and then characteristic
squaring of the vertebral bodies. The term “bamboo spine”
describes the late radiographic appearance of the spinal
column in which the vertebral bodies are fused by verti-
cally oriented, bridging syndesmophytes formed by the
ossification of the annulus fibrosus and calcification of the
anterior and lateral spinal ligaments.

» Differential Diagnosis

Low back pain due to mechanical causes, disk disease, and
degenerative arthritis is very common. Onset of back pain

prior to age 30 and an “inflammatory” quality of the back
pain (ie, profound morning stiffness and pain that improve
with activity) should raise the possibility of ankylosing
spondylitis. In contrast to ankylosing spondylitis, rheuma-
toid arthritis predominantly affects multiple, small, periph-
eral joints of the hands and feet. Rheumatoid arthritis
spares the sacroiliac joints and only affects the cervical
component of the spine. Bilateral sacroiliitis indistinguish-
able from ankylosing spondylitis is seen with the spondyli-
tis associated with inflammatory bowel disease. Sacroiliitis
associated with reactive arthritis and psoriasis, on the other
hand, is often asymmetric or even unilateral. Osteitis con-
densans ilii (sclerosis on the iliac side of the sacroiliac
joint) is an asymptomatic, postpartum radiographic find-
ing that is occasionally mistaken for sacroiliitis. Diffuse
idiopathic skeletal hyperostosis (DISH) causes exuberant
osteophytes (“enthesophytes”) of the spine that may be dif-
ficult to distinguish from the syndesmophytes of ankylos-
ing spondylitis. The enthesophytes of DISH are thicker and
more anterior than the syndesmophytes of ankylosing
spondylitis, and sacroiliac joints are normal in DISH.

» Treatment

NSAIDs remain first-line treatment of ankylosing spondy-
litis and may slow radiographic progression of spinal dis-
ease. TNF inhibitors have established efficacy for
NSAID-resistant axial disease; responses are often substan-
tial and durable. Secukinumab and ixekizumab inhibit the
proinflammatory cytokine IL-17A and are also highly
effective and FDA approved for the treatment of ankylos-
ing spondylitis. Corticosteroids have minimal impact on
the arthritis—particularly the spondylitis—of ankylosing
spondylitis and can worsen osteopenia. All patients should
be referred to a physical therapist for instruction in pos-
tural exercises and a safe exercise program.

» Prognosis

Almost all patients have persistent symptoms over decades;
rare individuals experience long-term remissions. The
severity of disease varies greatly, with about 10% of patients
having work disability after 10 years. Developing hip dis-
ease within the first 2 years of disease onset presages a
worse prognosis. Biologic agents provide symptomatic
relief, improve quality of life, and may slow disease pro-
gression for many patients with ankylosing spondylitis.

Koo BS et al. Tumour necrosis factor inhibitors slow radiographic
progression in patients with ankylosing spondylitis: 18-year
real-world evidence. Ann Rheum Dis. 2020;79:1327. [PMID:
32660979]

Tahir H et al. Impact of secukinumab on patient-reported out-
comes in the treatment of ankylosing spondylitis: current
perspectives. Open Access Rheumatol. 2020;12:277. [PMID:
33273869]

Ward MM et al. 2019 update of the American College of Rheu-
matology/Spondylitis Association of America/Spondyloar-
thritis Research and Treatment Network recommendations for
the treatment of ankylosing spondylitis and nonradiographic
axial spondyloarthritis. Arthritis Rheumatol. 2019;71:1599.
[PMID: 31436036]
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PSORIATIC ARTHRITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Psoriasis precedes arthritis in 80% of cases.

» Arthritis: usually asymmetric, with “sausage”
appearance of fingers and toes (dactylitis); polyar-
thritis that may resemble rheumatoid arthritis.

» Sacroiliac joint involvement common.

» Radiograhic findings: osteolysis; pencil-in-cup
deformity; relative lack of osteoporosis; bony
ankylosis; asymmetric sacroiliitis and atypical
syndesmophytes.

» General Considerations

Although psoriasis usually precedes the onset of arthritis,
arthritis may precede (by up to 2 years) or occur simultane-
ously with skin disease in approximately 20% of cases.

» Clinical Findings

A. Symptoms and Signs

The patterns or subsets of joint involvement in psoriatic
arthritis include the following:

1. A symmetric polyarthritis that resembles rheumatoid
arthritis. Usually, fewer joints are involved than in rheu-
matoid arthritis.

2. An oligoarthritis that may lead to considerable destruc-
tion of the affected joints.

3. A pattern of disease in which the DIP joints are primarily
affected. Early, this may be monoarticular, and often the
joint involvement is asymmetric. Pitting of the nails and
onycholysis frequently accompany DIP involvement.

4. A severe deforming arthritis (arthritis mutilans) with
osteolysis.

5. A spondylitic form in which sacroiliitis and spinal
involvement predominate; 50% of these patients are
HLA-B27 positive.

Arthritis is at least five times more common in patients
with severe psoriatic skin disease than in those with only mild
skin findings. Occasionally, however, patients may have a sin-
gle patch of psoriasis (typically hidden in the scalp, gluteal cleft,
or umbilicus) and are unaware of its presence. Thus, a detailed
search for cutaneous lesions is essential in patients with arthri-
tis of new onset. Also, the psoriatic lesions may have cleared
when arthritis appears—in such cases, the history is most use-
ful in diagnosing previously unexplained cases of monoarthri-
tis or oligoarthritis. Nail pitting is sometimes a clue. “Sausage”
swelling, or dactylitis, of one or more digits is a common mani-
festation of enthesopathy in psoriatic arthritis.

B. Laboratory Findings

The ESR is elevated in approximately 50% of patients with
psoriatic arthritis; normal values do not rule out the

diagnosis. Rheumatoid factor and anti-CCP antibodies are
not present. Uric acid levels may be high, reflecting the
active turnover of skin affected by psoriasis.

C. Imaging

Radiographic findings are most helpful in distinguishing
the disease from other forms of arthritis. There are mar-
ginal erosions of bone and irregular destruction of joint
and bone, which, in the phalanx, may give the appearance
of a sharpened pencil. Fluffy periosteal new bone may be
marked, especially at the insertion of muscles and liga-
ments into bone. Such changes will also be seen along the
shafts of metacarpals, metatarsals, and phalanges. Psoriatic
spondylitis causes asymmetric sacroiliitis and syndesmo-
phytes. In psoriatic arthritis as in ankylosing spondylitis,
MRI is more sensitive in detecting axial abnormalities than
conventional radiographs, especially in the first few years
of disease onset. Ultrasonography and MRI are more sensi-
tive than conventional radiographs in detecting peripheral
arthritis, enthesitis, and dactylitis.

» Treatment

In patients with active psoriatic arthritis, a TNF inhibitor
biologic agent is recommended as first-line agent. If TNF
inhibitor is contraindicated or not tolerated, methotrexate
(or other oral small molecule agent, such as leflunomide,
sulfasalazine, cyclosporine, or apremilast) may be
effective.

Patients who do not respond to TNF inhibitors or oral
small molecule agents can be treated with ustekinumab, a
monoclonal antibody that inhibits IL-12 and IL-23, or
secukinumab, guselkumab, or ixekizumab, which inhibit
IL-17. Tofacitanib (Jak-stat inhibitor) and abatacept
(CTLA4 inhibitor) may be options with failure of the
above therapies. Corticosteroids are less effective in pso-
riatic arthritis than in other forms of inflammatory
arthritis and may precipitate pustular psoriasis during
tapers.

Gossec L et al. EULAR recommendations for the management of
psoriatic arthritis with pharmacological therapies: 2019
update. Ann Rheum Dis. 2020;79:700. [PMID: 32434812]

Singh JA et al. Special article: 2018 American College of Rheu-
matology/National Psoriasis Foundation guideline for the
treatment of psoriatic arthritis. Arthritis Care Res (Hoboken).
2019;71:2. [PMID: 30499259]

REACTIVE ARTHRITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Oligoarthritis, conjunctivitis, urethritis, keratoderma
blennorrhagicum, and mouth ulcers common.

» Usually follows dysentery or a sexually transmitted
infection.

» HLA-B27–positive in 50–80% of patients.
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» General Considerations

Reactive arthritis is precipitated by antecedent gastrointes-
tinal and genitourinary infections and manifests as an
asymmetric sterile oligoarthritis, typically of the lower
extremities. It is frequently associated with enthesitis.
Extra-articular manifestations are common and include
urethritis, conjunctivitis, uveitis, rash (keratoderma blen-
norrhagicum), and mucocutaneous lesions. Reactive arthritis
occurs most commonly in young men and is associated
with HLA-B27 in 80% of White patients and 50–60% of
Blacks.

» Clinical Findings

A. Symptoms and Signs

Most cases of reactive arthritis develop within 1–4 weeks
after either a gastrointestinal infection (usually with
Shigella, Salmonella, Yersinia, or Campylobacter) or a sexu-
ally transmitted infection (with Chlamydia trachomatis or
perhaps Ureaplasma urealyticum). Whether the inciting
infection is sexually transmitted or dysenteric does not
affect the subsequent manifestations but does influence the
gender ratio: The ratio is 1:1 after enteric infections but 9:1
with male predominance after sexually transmitted infec-
tions. Synovial fluid from affected joints is culture-negative.
A clinically indistinguishable syndrome can occur without
an apparent antecedent infection, suggesting that subclini-
cal infection can precipitate reactive arthritis or that there
are other, as yet unrecognized, triggers.

The arthritis is most commonly asymmetric and fre-
quently involves the large weight-bearing joints (knee and
ankle); sacroiliitis or ankylosing spondylitis is observed in
at least 20% of patients, especially after frequent recur-
rences. Systemic symptoms including fever and weight loss
are common at the onset of disease. The mucocutaneous
lesions may include balanitis (Figure 20–8), stomatitis, and
keratoderma blennorrhagicum, indistinguishable from
pustular psoriasis. Involvement of the fingernails in

reactive arthritis mimics psoriatic changes. When present,
conjunctivitis is mild and occurs early in the disease
course. Anterior uveitis, which can develop at any time in
HLA-B27–positive patients, is a more clinically significant
ocular complication. Carditis and aortic regurgitation may
occur. While most signs of the disease disappear within
days or weeks, the arthritis may persist for several months
or become chronic. Recurrences involving any combina-
tion of the clinical manifestations are common and are
sometimes followed by permanent sequelae, especially in
the joints (eg, articular destruction).

B. Imaging

Radiographic signs of permanent or progressive joint dis-
ease may be seen in the sacroiliac and peripheral joints.

» Differential Diagnosis

Gonococcal arthritis can initially mimic reactive arthritis,
but the marked improvement after 24–48 hours of antibi-
otic administration in gonococcal arthritis and the culture
results distinguish the two disorders. Rheumatoid arthritis,
ankylosing spondylitis, and psoriatic arthritis must also be
considered. By causing similar oral, ocular, and joint
lesions, Behçet disease may mimic reactive arthritis. The
oral lesions of reactive arthritis, however, are typically
painless, in contrast to those of Behçet disease.

» Treatment

NSAIDs have been the mainstay of therapy. Antibiotics
given at the time of a nongonococcal sexually transmitted
infection reduce the chance that the individual will develop
this disorder. For chronic reactive arthritis associated with
chlamydial infection, a randomized trial demonstrated that
6 months of rifampin (300 mg orally twice daily) in combi-
nation with either doxycycline (100 mg orally twice daily)
or azithromycin (500 mg orally daily for 5 days then twice
weekly) was more effective than placebo. Patients who do
not respond to NSAIDs may respond to sulfasalazine or
methotrexate. For those patients with recent-onset disease
that is refractory to NSAIDs and these DMARDs, anti-
TNF agents, which are effective in the other spondyloar-
thropathies, may be effective.

Hayes KM et al. Evolving patterns of reactive arthritis. Clin
Rheumatol. 2019;38:2083. [PMID: 30919146]

Lucchino B et al. Reactive arthritis: current treatment challenges
and future perspectives. Clin Exp Rheumatol. 2019;37:1065.
[PMID: 31140399]

Zeidler H et al. Chlamydia-induced reactive arthritis: disappear-
ing entity or lack of research? Curr Rheumatol Rep.
2019;21:63. [PMID: 31741118]

INFLAMMATORY BOWEL DISEASE–
ASSOCIATED SPONDYLOARTHRITIS

One-fifth of patients with inflammatory bowel disease
have arthritis, which complicates Crohn disease somewhat
more frequently than it does ulcerative colitis. In both dis-
eases, two distinct forms of arthritis occur. The first is

▲ Figure 20–8. Circinate balanitis due to reactive
arthritis. (From Susan Lindsley, Dr. M. F. Rein, Public Health
Image Library, CDC.)
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peripheral arthritis—usually a nondeforming asymmetric
oligoarthritis of large joints—in which the activity of the
joint disease parallels that of the bowel disease. The arthri-
tis usually begins months to years after the bowel disease,
but occasionally the joint symptoms develop earlier and
may be prominent enough to cause the patient to overlook
intestinal symptoms. The second form of arthritis is a
spondylitis that is indistinguishable by symptoms or radio-
graphs from ankylosing spondylitis and follows a course
independent of the bowel disease. About 50% of these
patients are HLA-B27 positive.

Controlling the intestinal inflammation usually elimi-
nates the peripheral arthritis. NSAIDs can be effective
when the arthritis is mild but must be used cautiously since
they can exacerbate inflammatory bowel disease. TNF
inhibitors are useful therapies because they are effective
both for the bowel and for the joints.

Chimenti MS et al. Use of synthetic and biological DMARDs in
patients with enteropathic spondyloarthritis: a combined
gastro-rheumatological approach. Clin Exp Rheumatol. 2019;
37:723. [PMID: 31172920]

Ribaldone DG et al. Risk factors of suspected spondyloarthritis
among inflammatory bowel disease patients. Scand J Gastro-
enterol. 2019;54:1233. [PMID: 31549896]

º
INFECTIOUS ARTHRITIS

NONGONOCOCCAL ACUTE BACTERIAL
(Septic) ARTHRITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Acute onset of inflammatory monoarticular arthri-
tis, most often in large weight-bearing joints and
wrists.

» Common risk factors include previous joint dam-
age and injection drug use.

» Infection with causative organism commonly
found elsewhere in body.

» Joint effusions are usually large; synovial fluid
white blood cell counts > 50,000/mcL (50 × 109/L)
are common.

» General Considerations

Lyme disease is discussed in Chapter 34.
Nongonococcal acute bacterial arthritis is most often

due to hematogenous seeding of the joint; direct inocula-
tion from penetrating trauma is rare. The key risk factors
are bacteremia (eg, injection drug use, endocarditis, infec-
tion at other sites), damaged joints (eg, rheumatoid arthri-
tis), prosthetic joints, compromised immunity (eg,
advanced age, diabetes mellitus, advanced CKD, alcohol-
ism, cirrhosis, or immunosuppressive therapy), and loss of
skin integrity (eg, cutaneous ulcer or psoriasis). Staphylo-
coccus aureus is the most common cause of nongonococcal

septic arthritis, accounting for about 50% of all cases.
Methicillin-resistant S aureus (MRSA) and group B
Streptococcus are frequent and important causes of septic
arthritis. Gram-negative septic arthritis causes about 10%
of cases and is especially common in injection drug users
and immunocompromised persons. Escherichia coli and
Pseudomonas aeruginosa are the most common gram-
negative isolates in adults. Pathologic changes include
varying degrees of acute inflammation, with synovitis,
effusion, abscess formation in synovial or subchondral tis-
sues, and, if treatment is not adequate, articular
destruction.

» Clinical Findings

A. Symptoms and Signs

The onset is usually acute, with pain, swelling, and heat of
the affected joint worsening over hours. The knee is most
frequently involved; other commonly affected sites are the
hip, wrist, shoulder, and ankle. Unusual sites, such as the
sternoclavicular or sacroiliac joint, can be involved in
injection drug users. Chills and fever are common but are
absent in up to 20% of patients. Infection of the hip usually
does not produce apparent swelling but results in groin
pain greatly aggravated by walking. More than one joint is
involved in 15% of cases of septic arthritis; risk factors for
multiple joint involvement include rheumatoid arthritis,
associated endocarditis, and infection with group B
streptococci.

B. Laboratory Findings

Synovial fluid analysis is critical for diagnosis. The leuko-
cyte count of the synovial fluid is always inflammatory
(greater than 2000/mcL [2 × 109/L]), usually exceeds
50,000/mcL (50 × 109/L), and often is more than
100,000/mcL (100 × 109/L), with 90% or more polymor-
phonuclear cells (Table 20–2). Gram stain of the synovial
fluid is positive in 75% of staphylococcal infections and in
50% of gram-negative infections. Synovial fluid cultures
are positive in 70–90% of cases; administration of antibi-
otics prior to arthrocentesis reduces the likelihood of a
positive culture result. Blood cultures are positive in
approximately 50% of patients.

C. Imaging

Imaging tests generally add little to the diagnosis of septic
arthritis. Indeed, other than demonstrating joint effusion,
radiographs are usually normal early in the disease; how-
ever, evidence of demineralization may develop within
days of onset. MRI and CT are more sensitive in detecting
fluid in joints that are not accessible to physical examina-
tion (eg, the hip). Bony erosions and narrowing of the joint
space followed by osteomyelitis and periostitis may be seen
within 2 weeks.

D. Prosthetic Joint Infection

The clinical and laboratory manifestations of prosthetic
joint infection is influenced by whether the infection is
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early (less than 3 months after surgery), delayed
(3–12 months after surgery), or late (more than 12 months
after surgery). Early infections present with acute redness
and swelling and are usually caused by S aureus and gram-
negative organisms. Delayed infections often present with
subtle manifestations: pain is common but only 50% of
patients will have fever. Less virulent organisms, such as
coagulase-negative Staphylococcus, Propionibacterium
acnes, and enterococci, are most common causes of delayed
infections. Late infections present with acute pain, swell-
ing, and fever and are often caused by hematogenous seed-
ing of S aureus, gram-negative bacilli, and hemolytic
streptococci.

» Differential Diagnosis

Gout and pseudogout can cause acute, very inflammatory
monoarticular arthritis and high-grade fever; the failure to
find crystals on synovial fluid analysis excludes these diag-
noses. The most common articular manifestation of
chronic Lyme disease is inflammatory monoarthritis of the
knee, which yields synovial fluid that is Gram stain and
culture negative. Acute rheumatic fever commonly involves
an inflammatory migratory oligoarthritis. Pyogenic arthri-
tis may be superimposed on other types of joint disease,
notably rheumatoid arthritis. Indeed, septic arthritis must
be excluded by joint fluid examination in any patient with
rheumatoid arthritis who has a joint strikingly more
inflamed than the other joints, especially if the patient is
receiving biologic DMARD therapy.

» Prevention

There is no evidence that patients with prosthetic joints
undergoing procedures should receive antibiotic pro-
phylaxis to prevent joint infection unless the patient has
a prosthetic heart valve or the procedure requires antibi-
otics to prevent a surgical site infection. However, the
topic remains controversial. The American Academy of
Orthopedic Surgeons advocates prescribing antibiotic
prophylaxis for any patient with a prosthetic joint
replacement undergoing a procedure that can cause
bacteremia.

» Treatment

The effective treatment of septic arthritis requires appro-
priate antibiotic therapy together with drainage of the
infected joint. Hospitalization is always necessary. If the
likely causative organism cannot be determined clinically
or from the synovial fluid Gram stain, treatment should be
started with broad-spectrum antibiotic coverage effective
against staphylococci, streptococci, and gram-negative
organisms. The recommendation for initial treatment is to
give vancomycin (1 g intravenously every 12 hours,
adjusted for age, weight, and renal function) plus a third-
generation cephalosporin: ceftriaxone, 1–2 g intravenously
daily (or every 12 hours if concomitant meningitis or
endocarditis is suspected); or cefotaxime, 1–2 g intrave-
nously every 8 hours. Antibiotic therapy should be adjusted
when culture results become available; the duration of
antibiotic therapy is usually 4–6 weeks.

Early orthopedic consultation is essential. Effective
drainage is usually achieved through early arthroscopic
lavage and debridement. Options for treating prosthetic
joint infections depend, in part, on the timing of the infec-
tion and include chronic suppression, debridement with-
out removal of the prosthesis, or one- or two-stage exchange
of the prosthesis.

» Prognosis

The outcome of septic arthritis depends largely on the
antecedent health of the patient, the causative organism
(eg, S aureus bacterial arthritis is associated with a poor
functional outcome in about 40% of cases), and the
promptness of treatment. The mortality rate is 30% for
patients with polyarticular sepsis. Bony ankylosis and
articular destruction commonly also occur if treatment is
delayed or inadequate.

Gjika E et al. Two weeks versus four weeks of antibiotic therapy
after surgical drainage for native joint bacterial arthritis: a
prospective, randomised, non-inferiority trial. Ann Rheum
Dis. 2019;78:1114. [PMID: 30992295]

Goff DS et al. Review of guidelines for dental antibiotic prophy-
laxis for prevention of endocarditis and prosthetic joint infec-
tions and need for dental stewardship. Clin Infect Dis.
2020;71:455. [PMID: 31728507]

Mirza SZ et al. Diagnosing prosthetic joint infections in patients
with inflammatory arthritis: a systematic literature review.
J Arthroplasty. 2019;34:1032. [PMID: 30846314]

GONOCOCCAL ARTHRITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Prodromal migratory polyarthralgias.

» Tenosynovitis is the most common sign.

» Purulent monoarthritis in 50%.

» Characteristic skin lesions.

» Most common in young women during menses or
pregnancy.

» Symptoms of urethritis frequently absent.

» Dramatic response to antibiotics.

» General Considerations

In contrast to nongonococcal bacterial arthritis, gonococ-
cal arthritis usually occurs in otherwise healthy individu-
als. Host factors, however, influence the expression of the
disease: gonococcal arthritis is two to three times more
common in women than in men, is especially common
during menses and pregnancy, and is rare after age 40.
Gonococcal arthritis is also common in men who have
sex with men, whose high incidence of asymptomatic
gonococcal pharyngitis and proctitis predisposes them to
disseminated gonococcal infection. Recurrent dissemi-
nated gonococcal infection should prompt testing of the
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patient’s CH50 level to evaluate for a congenital defi-
ciency of a terminal complement component (C5, C6, C7,
or C8).

» Clinical Findings

A. Symptoms and Signs

One to 4 days of migratory polyarthralgias involving the
wrist, knee, ankle, or elbow are common at the outset.
Thereafter, two patterns emerge. The first pattern is char-
acterized by tenosynovitis that most often affects the
wrists, fingers, ankles, or toes and is seen in 60% of
patients. The second pattern is purulent monoarthritis that
most frequently involves the knee, wrist, ankle, or elbow
and is seen in 40% of patients. Less than half of patients
have fever, and less than one-fourth have any genitourinary
symptoms. Most patients will have asymptomatic, but
highly characteristic, skin lesions that usually consist of 2
to 10 small necrotic pustules distributed over the extremi-
ties, especially the palms and soles.

B. Laboratory Findings

The peripheral blood leukocyte count averages about
10,000 cells/mcL (10 × 109/L) and is elevated in less than
one-third of patients. The synovial fluid white blood cell
count usually ranges from 30,000 to 60,000 cells/mcL
(30–60 × 109/L). The synovial fluid Gram stain is positive
in one-fourth of cases and culture in less than half. Positive
blood cultures are uncommon. Urethral, throat, cervical,
and rectal cultures should be done in all patients, since they
are often positive in the absence of local symptoms.
Urinary nucleic acid amplification tests have excellent sen-
sitivity and specificity for the detection of Neisseria gonor-
rhoeae in genitourinary sites.

C. Imaging

Radiographs are usually normal or show only soft tissue
swelling.

» Differential Diagnosis

Reactive arthritis can produce acute monoarthritis, ure-
thritis, and fever in a young person but is distinguished by
negative cultures and failure to respond to antibiotics.
Lyme disease involving the knee is less acute, does not
show positive cultures, and may be preceded by known tick
exposure and characteristic rash. The synovial fluid analy-
sis will exclude gout, pseudogout, and nongonococcal
bacterial arthritis. Rheumatic fever and sarcoidosis can
produce migratory tenosynovitis but have other distin-
guishing features. Infective endocarditis with septic arthri-
tis can mimic disseminated gonococcal infection.
Meningococcemia occasionally presents with a clinical
picture that resembles disseminated gonococcal infection;
blood cultures establish the correct diagnosis. Early hepati-
tis B infection is associated with circulating immune com-
plexes that can cause a rash and polyarthralgias. In contrast
to disseminated gonococcal infection, the rash in hepatitis B
is urticarial.

» Treatment

In most cases, patients in whom gonococcal arthritis is
suspected should be admitted to the hospital to confirm
the diagnosis, to exclude endocarditis, and to start treat-
ment. The recommended initial treatment is azithromycin
(1 g orally as a single dose) and a third-generation cepha-
losporin: ceftriaxone, 1 g intravenously daily (or every
12 hours if concomitant meningitis or endocarditis is sus-
pected); or cefotaxime, 1 g intravenously every 8 hours; or
ceftizoxime, 1 g intravenously every 8 hours. Azithromycin
enhances eradication of gonorrhea and covers potential
coinfection with Chlamydia. To mitigate against the
increasing prevalence of resistant strains of gonococci,
step-down treatment from parenteral to oral antibiotics is
no longer recommended in the absence of culture results
documenting sensitivity to the oral antibiotic being
selected. Otherwise, once improvement has been achieved
for 24–48 hours, patients must receive ceftriaxone 250 mg
intramuscularly every 24 hours to complete a 7- to 14-day
course.

» Prognosis

Generally, gonococcal arthritis responds dramatically in
24–48 hours after initiation of antibiotics, and drainage of
the infected joint(s) is required infrequently. Complete
recovery is the rule.

Birrell JM et al. Characteristics and impact of disseminated
gonococcal infection in the “Top End” of Australia. Am J
Trop Med Hyg. 2019 Oct;101(4):753–60. [PMID: 31392956]

RHEUMATIC MANIFESTATIONS OF HIV
INFECTION

Infection with HIV has been associated with various
rheumatic symptoms and may coexist with autoimmune
rheumatic diseases, such as rheumatoid arthritis, psori-
atic arthritis, or spondyloarthritis. HIV painful articular
syndrome with acute infection causes severe arthralgias
in an oligoarticular, asymmetric pattern that resolve
within 24 hours; the joint examination is normal. HIV-
associated arthritis is an asymmetric oligoarticular pro-
cess with objective findings of arthritis and a self-limited
course that ranges from weeks to months. Along with
antiretroviral therapies, immunosuppressive medica-
tions can be used if necessary in HIV-infected patients,
though with caution. Muscle weakness associated with
an elevated creatine kinase can be due to nucleoside
reverse transcriptase inhibitor–associated myopathy or
HIV-associated myopathy; the clinical presentations of
each resemble idiopathic polymyositis but the muscle
biopsies show minimal inflammation. Less commonly,
an inflammatory myositis indistinguishable from idio-
pathic polymyositis occurs. Other rheumatic manifesta-
tions of HIV include diffuse infiltrative lymphocytosis
syndrome (with parotid gland enlargement) and various
forms of vasculitis.
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Damba JJ et al. Incidence of autoimmune diseases in people
living with HIV compared to a matched population: a
cohort study. Clin Rheumatol. 2020. [Epub ahead of print]
[PMID: 33230683]

VIRAL ARTHRITIS

Arthralgias occur frequently in the course of acute infec-
tions with many viruses, but frank arthritis is uncommon
with the notable exceptions of acute parvovirus B19 infec-
tion and Chikungunya fever. Parvovirus B19 causes an
acute polyarthritis in 50–60% of adult cases (infected chil-
dren develop the febrile exanthem known as “slapped
cheek fever”). The arthritis can mimic rheumatoid arthritis
but is almost always self-limited and resolves within several
weeks. The diagnosis is established by the presence of IgM
antibodies specific for parvovirus B19. Chikungunya fever
is an arthropod-borne viral infection that is endemic to
West Africa but has spread to multiple locations including
the Indian Ocean islands, the Caribbean and Central and
Latin America. Clinical manifestations include high fever,
rash, and incapacitating bone pain. Acute polyarthralgia
and polyarthritis are common and can persist for months
or years. For Chikungunya-associated chronic arthritis,
treatment with methotrexate or other DMARD agents may
be an option.

Self-limited polyarthritis is common in acute hepatitis B
infection and typically occurs before the onset of jaun-
dice. Urticaria or other types of skin rash may be present.
Indeed, the clinical picture resembles that of serum sick-
ness. Serum transaminase levels are elevated, and tests for
hepatitis B surface antigen are positive. Serum comple-
ment levels are often low during active arthritis and
become normal after remission of arthritis. The incidence
of hepatitis B–associated polyarthritis has fallen substan-
tially with the introduction of hepatitis B vaccination.
Effective vaccination programs in the United States have
eliminated acute rubella infections, formerly a common
cause of virally induced polyarthritis.

Chronic infection with hepatitis C is associated with
chronic polyarthralgia in up to 20% of cases and with
chronic polyarthritis in 3–5%. This can mimic rheuma-
toid arthritis, and the presence of rheumatoid factor in
most hepatitis C–infected individuals leads to further
diagnostic confusion. Distinguishing hepatitis C–
associated arthritis/arthralgias from the co-occurrence
of hepatitis C and rheumatoid arthritis can be difficult.
Rheumatoid arthritis always causes objective arthritis
(not just arthralgias) and can be erosive (hepatitis C–
associated arthritis is nonerosive). The presence of anti-
CCP antibodies points to the diagnosis of rheumatoid
arthritis.

Adarsh MB et al. Methotrexate in early Chikungunya arthritis: a
6 month randomized controlled open-label trial. Curr Rheu-
matol Rev. 2020;16:319. [PMID: 31858912]

Amaral JK et al. The clinical features, pathogenesis and metho-
trexate therapy of chronic Chikungunya arthritis. Viruses.
2019;11:289. [PMID: 30909365]

º
INFECTIONS OF BONES

ACUTE PYOGENIC OSTEOMYELITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Fever associated with pain and tenderness of
involved bone.

» Diagnosis usually requires culture of bone biopsy.

» Elevated ESR and CRP.

» Radiographs early in the course are typically
negative.

» General Considerations

Osteomyelitis is a serious infection that is often difficult to
diagnose and treat. Infection of bone occurs as a conse-
quence of (1) hematogenous dissemination of bacteria, (2)
invasion from a contiguous focus of infection, and (3) skin
breakdown in the setting of vascular insufficiency.

» Clinical Findings

A. Symptoms and Signs

1. Hematogenous osteomyelitis—Osteomyelitis resulting
from bacteremia is a disease associated with sickle cell
disease, injection drug users, diabetes mellitus, or older
adults. Patients with this form of osteomyelitis often pres-
ent with sudden onset of high fever, chills, and pain and
tenderness of the involved bone. The site of osteomyelitis
and the causative organism depend on the host. Among
patients with hemoglobinopathies such as sickle cell ane-
mia, osteomyelitis is caused most often by salmonellae;
S aureus is the second most common cause. Osteomyelitis
in injection drug users develops most commonly in the
spine. Although in this setting S aureus is most common,
gram-negative infections, especially P aeruginosa and
Serratia species, are also frequent pathogens. Rapid pro-
gression to epidural abscess causing fever, pain, and sen-
sory and motor loss is not uncommon. In older patients
with hematogenous osteomyelitis, the most common sites
are the thoracic and lumbar vertebral bodies. Risk factors
for these patients include diabetes, intravenous catheters,
and indwelling urinary catheters. These patients often have
more subtle presentations, with low-grade fever and gradu-
ally increasing bone pain.

2. Osteomyelitis from a contiguous focus of infection—
Prosthetic joint replacement, pressure injury (formerly
called pressure ulcer), neurosurgery, and trauma most fre-
quently cause soft tissue infections that can spread to bone.
S aureus and Staphylococcus epidermidis are the most com-
mon organisms. Polymicrobial infections, rare in hematog-
enously spread osteomyelitis, are more common in
osteomyelitis due to contiguous spread. Localized signs of
inflammation are usually evident, but high fever and other
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signs of toxicity are usually absent. Septic arthritis and cel-
lulitis can also spread to contiguous bone.

3. Osteomyelitis associated with vascular insufficiency—
Patients with diabetes mellitus and vascular insufficiency
are susceptible to developing a very challenging form of
osteomyelitis. The foot and ankle are the most commonly
affected sites. Infection originates from an ulcer or other
break in the skin that is usually still present when the
patient presents but may appear disarmingly unimpressive.
Bone pain is often absent or muted by the associated neu-
ropathy. Fever is also commonly absent. Two of the best
bedside clues that the patient has osteomyelitis are the abil-
ity to easily advance a sterile probe through a skin ulcer to
bone and an ulcer area larger than 2 cm2.

B. Imaging and Laboratory Findings

The ESR and serum CRP are almost always elevated and
can be useful parameters to follow during the course of
therapy.

Plain radiographs may be sufficient to establish the diag-
nosis of osteomyelitis but can be falsely negative initially.
Early radiographic findings include soft tissue swelling, loss
of tissue planes, and periarticular demineralization of bone.
About 2 weeks after onset of symptoms, erosion of bone and
alteration of cancellous bone appear, followed by periostitis.

MRI, CT, and nuclear medicine bone scanning are
more sensitive than conventional radiography. MRI is the
most sensitive and is particularly helpful in demonstrating
the extent of soft tissue involvement. Radionuclide bone
scanning is most valuable when osteomyelitis is suspected
but no site is obvious. Nuclear medicine studies may also
detect multifocal sites of infection. Ultrasound is useful in
diagnosing the presence of effusions within joints and
extra-articular soft tissue fluid collections but not in
detecting bone infections.

Identifying the offending organism is a crucial step in
selection of antibiotic therapy. Bone biopsy for culture is
required except in those with hematogenous osteomyelitis,
who have positive blood cultures. Cultures from overlying
ulcers, wounds, or fistulas are unreliable.

» Differential Diagnosis

Acute hematogenous osteomyelitis should be distinguished
from suppurative arthritis, rheumatic fever, and cellulitis.
More subacute forms must be differentiated from tubercu-
losis or mycotic infections of bone and Ewing sarcoma or,
in the case of vertebral osteomyelitis, metastatic cancer.
When osteomyelitis involves the vertebrae, it commonly
traverses the disk—a finding not observed in cancer. Char-
cot arthropathy of the foot or ankle can mimic osteomyeli-
tis, particularly in patients with diabetes but does not cause
an elevated ESR or serum CRP.

» Complications

Inadequate treatment of bone infections results in chronicity
of infection, and this possibility is increased by delaying
diagnosis and treatment. Extension to adjacent bone or
joints may complicate acute osteomyelitis. Recurrence of

bone infections often results in anemia of chronic disease, a
markedly elevated ESR, weight loss, weakness and, rarely,
amyloidosis or nephrotic syndrome. Pseudoepitheliomatous
hyperplasia, squamous cell carcinoma, or fibrosarcoma may
occasionally arise in persistently infected tissues.

» Treatment

Most patients require both debridement of necrotic
bone and prolonged administration of antibiotics.
Patients with vertebral body osteomyelitis and epidural
abscess may require urgent neurosurgical decompres-
sion. Depending on the site and extent of debridement,
surgical procedures to stabilize, fill in, cover, or revascu-
larize may be needed. Oral therapy with quinolones (eg,
ciprofloxacin, 750 mg twice daily) for 6–8 weeks has
been shown to be as effective as standard parenteral
antibiotic therapy for chronic osteomyelitis with suscep-
tible organisms. When treating osteomyelitis caused by
S aureus, quinolones are usually combined with rifampin,
300 mg orally twice daily. Combined with surgical
debridement, a 3-week course of antibiotics (compared
to 6 weeks) may be sufficient.

» Prognosis

If sterility of the lesion is achieved within 2–4 days, a good
result can be expected in most cases if there is no compro-
mise of the patient’s immune system. However, progression
of the disease to a chronic form may occur. It is especially
common in the lower extremities and in patients in whom
circulation is impaired (eg, diabetics).

Gariani K et al. Three versus six weeks of antibiotic therapy for
diabetic foot osteomyelitis: a prospective, randomized, non-
inferiority pilot trial. Clin Infect Dis. 2020. [Epub ahead of
print] [PMID: 33242083]

Gregori F et al. Treatment algorithm for spontaneous spinal
infections: a review of the literature. J Craniovertebr Junction
Spine. 2019;10:3. [PMID: 31000972]

º
TUBERCULOSIS OF BONES & JOINTS

SPINAL TUBERCULOSIS (Pott Disease)

E S S E N T I A L S  O F  D I A G N O S I S

» Seen primarily in immigrants from developing
countries or immunocompromised patients.

» Back pain and gibbus deformity.

» Radiographic evidence of vertebral involvement.

» Evidence of Mycobacterium tuberculosis in aspirate
or biopsies of spinal lesions.

» General Considerations

In the developing world, children primarily bear the bur-
den of musculoskeletal tuberculosis. In the United States,
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however, musculoskeletal infection is more often seen in
adult immigrants from countries where tuberculosis is
prevalent, or it develops in the setting of immunosuppres-
sion (eg, HIV infection, therapy with biologic agent). Spi-
nal tuberculosis (Pott disease) accounts for about 50% of
musculoskeletal infection due to M tuberculosis (see
Chapter 9). Seeding of the vertebrae may occur through
hematogenous spread from the respiratory tract at the time
of primary infection, with clinical disease developing years
later as a consequence of reactivation, or through lymphat-
ics from infected foci in the pleura or kidneys. The thoracic
and lumbar vertebrae are the most common sites of spinal
involvement; vertebral infection is associated with paraver-
tebral cold abscesses in 75% of cases.

» Clinical Findings

A. Symptoms and Signs

Patients complain of back pain, often present for months
and sometimes associated with radicular pain and lower
extremity weakness. Constitutional symptoms are usually
absent, and less than 20% have active pulmonary disease.
Destruction of the anterior aspect of the vertebral body
can produce the characteristic wedge-shaped gibbus
deformity.

B. Laboratory Findings

Most patients have a positive reaction to purified protein
derivative (PPD) or a positive interferon-gamma release
assay. Cultures of paravertebral abscesses and biopsies of
vertebral lesions are positive in up to 70–90%. Biopsies
reveal characteristic caseating granulomas in most cases.
Isolation of M tuberculosis from an extraspinal site is suf-
ficient to establish the diagnosis in the proper clinical
setting.

C. Imaging

Radiographs can reveal lytic and sclerotic lesions and bony
destruction of vertebrae but are normal early in the disease
course. CT scanning can demonstrate paraspinal soft tissue
extensions of the infection; MRI is the imaging technique
of choice to detect compression of the spinal cord or cauda
equina.

» Differential Diagnosis

Spinal tuberculosis must be differentiated from subacute
and chronic spinal infections due to pyogenic organisms,
Brucella, fungi, and malignancy.

» Complications

Paraplegia due to compression of the spinal cord or cauda
equina is the most serious complication of spinal
tuberculosis.

» Treatment

Antimicrobial therapy should be administered for
6–9 months, usually in the form of isoniazid, rifampin,
pyrazinamide, and ethambutol for 2 months followed by

isoniazid and rifampin for an additional 4–7 months (see
also Chapter 9). Medical management alone is often suffi-
cient. Surgical intervention, however, may be indicated
when there is neurologic compromise or severe spinal
instability.

Guillouzouic A et al. Treatment of bone and joint tuberculosis in
France: a multicentre retrospective study. J Clin Med. 2020;9:
2529. [PMID: 32764500]

Kim JH et al. Prognostic factors for unfavourable outcomes of
patients with spinal tuberculosis in a country with an inter-
mediate tuberculosis burden: a multicentre cohort study.
Bone Joint J. 2019;101:1542. [PMID: 31786996]

TUBERCULOUS ARTHRITIS

Infection of peripheral joints by M tuberculosis usually
presents as a monoarticular arthritis lasting for weeks to
months (or longer), but less often, it can have an acute
presentation that mimics septic arthritis. Any joint can be
involved; the hip and knee are most commonly affected.
Constitutional symptoms and fever are present in only a
small number of cases. Tuberculosis also can cause a
chronic tenosynovitis of the hand and wrist. Joint destruc-
tion occurs far more slowly than in septic arthritis due to
pyogenic organisms. Synovial fluid is inflammatory but
not to the degree seen in pyogenic infections, with syno-
vial white cell counts in the range of 10,000–20,000 cells/
mcL (10–20 × 109/L). Smears of synovial fluid are positive
for acid-fast bacilli in a minority of cases; synovial fluid
cultures, however, are positive in 80% of cases. Because
culture results may take weeks, the diagnostic procedure
of choice usually is synovial biopsy, which yields charac-
teristic pathologic findings and positive cultures in
greater than 90%. Antimicrobial therapy is the mainstay
of treatment. Rarely, a reactive, sterile polyarthritis asso-
ciated with erythema nodosum (Poncet disease) develops
in patients with active pulmonary or extrapulmonary
tuberculosis.

McGuire E et al. Extraspinal articular tuberculosis: an 11-year
retrospective study of demographic features and clinical out-
comes in East London. J Infect. 2020;81:383. [PMID: 32579987]

º
MISCELLANEOUS RHEUMATOLOGIC
DISORDERS

FIBROMYALGIA

E S S E N T I A L S  O F  D I A G N O S I S

» Most frequent in women aged 20–50.

» Chronic widespread musculoskeletal pain syn-
drome with multiple tender points.

» Fatigue, headaches, numbness common.

» Objective signs of inflammation absent; labora-
tory studies normal.
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» General Considerations

Fibromyalgia is a common syndrome, affecting 3–10% of
the general population. It shares many features with myal-
gic encephalomyelitis/chronic fatigue syndrome, namely,
an increased frequency among women aged 20–50, absence
of objective findings, and absence of diagnostic laboratory
test results. While many of the clinical features of the two
conditions overlap, musculoskeletal pain predominates in
fibromyalgia, whereas lassitude dominates myalgic enceph-
alomyelitis/chronic fatigue syndrome.

The cause is unknown, but aberrant perception of pain-
ful stimuli, sleep disorders, depression, and viral infections
have all been proposed. Fibromyalgia can be a complica-
tion of hypothyroidism, rheumatoid arthritis or, in men,
sleep apnea.

» Clinical Findings

The patient complains of chronic aching pain and stiffness,
frequently involving the entire body but with prominence
of pain around the neck, shoulders, low back, and hips.
Fatigue, sleep disorders, subjective numbness, chronic
headaches, and irritable bowel symptoms are common.
Even minor exertion aggravates pain and increases fatigue.
Physical examination is normal except for “trigger points”
of pain produced by palpation of various areas such as the
trapezius, the medial fat pad of the knee, and the lateral
epicondyle of the elbow.

» Differential Diagnosis

Fibromyalgia is a diagnosis of exclusion. A detailed history
and repeated physical examination can obviate the need for
extensive laboratory testing. Rheumatoid arthritis and SLE
present with objective physical findings or abnormalities on
testing. Thyroid function tests are useful, since hypothyroid-
ism can produce a secondary fibromyalgia syndrome. Poly-
myositis produces demonstrable weakness. The diagnosis of
fibromyalgia should be made hesitantly in a patient over age
50 and should never be invoked to explain fever, weight loss,
or any other objective signs. Polymyalgia rheumatica pro-
duces shoulder and pelvic girdle pain, is associated with
anemia and elevated ESR, and occurs after age 50. Hypo-
phosphatemic states, such as oncogenic osteomalacia, can
cause musculoskeletal pain unassociated with physical find-
ings. In contrast to fibromyalgia, oncogenic osteomalacia
usually produces pain in only a few areas and is associated
with a low serum phosphate level.

» Treatment

A multidisciplinary approach is most effective. Patient
education is essential. Patients can be comforted that they
have a diagnosable syndrome treatable by specific though
imperfect therapies and that the course is not progressive.
Cognitive behavioral therapy, including programs that
emphasize mindfulness meditation, is often helpful. Exer-
cise programs are also beneficial, particularly tai chi and
yoga. The following medications have shown modest effi-
cacy: amitriptyline, fluoxetine, duloxetine, milnacipran,
cyclobenzaprine, pregabalin, gabapentin, or low-dose

naltrexone. Tramadol and acetaminophen combinations
have ameliorated symptoms modestly in short-term trials.
Less than 50% of the patients experience a sustained
improvement. NSAIDs are generally ineffective. Opioids
and corticosteroids are ineffective and should not be used
to treat fibromyalgia.

» Prognosis

All patients have chronic symptoms. With treatment, how-
ever, many do eventually resume increased activities. Pro-
gressive or objective findings do not develop.

Cheng CA et al. Effectiveness of Tai Chi on fibromyalgia
patients: a meta-analysis of randomized controlled trials.
Complement Ther Med. 2019;46:1. [PMID: 31519264]

Metyas S et al. Low dose naltrexone in the treatment of fibromy-
algia. Curr Rheumatol Rev. 2018;14:177. [PMID: 28325149]

Prabhakar A et al. The role of complementary and alternative
medicine treatments in fibromyalgia: a comprehensive review.
Curr Rheumatol Rep. 2019;21:14. [PMID: 30830504]

Wolfe F et al. Diagnosis of fibromyalgia: disagreement between
fibromyalgia criteria and clinician-based fibromyalgia diag-
nosis in a university clinic. Arthritis Care Res (Hoboken).
2019;71:343. [PMID: 30724039]

THORACIC OUTLET SYNDROMES

Thoracic outlet syndromes result from compression of the
neurovascular structures supplying the upper extremity.
Symptoms and signs arise from intermittent or continuous
pressure on elements of the brachial plexus (more than 90%
of cases) or the subclavian or axillary vessels (veins or arter-
ies) by a variety of anatomic structures of the shoulder gir-
dle region. The neurovascular bundle can be compressed
between the anterior or middle scalene muscles and a nor-
mal first thoracic rib or a cervical rib. Most commonly
thoracic outlet syndromes are caused by scarred scalene
neck muscle secondary to neck trauma or sagging of the
shoulder girdle resulting from aging, obesity, or pendulous
breasts. Faulty posture, occupation, or thoracic muscle
hypertrophy from physical activity (eg, weight-lifting, base-
ball pitching) may be other predisposing factors.

Thoracic outlet syndromes present in most patients
with some combination of four symptoms involving the
upper extremity: pain, numbness, weakness, and swelling.
The predominant symptoms depend on whether the com-
pression chiefly affects neural or vascular structures. The
onset of symptoms is usually gradual but can be sudden.
Some patients spontaneously notice aggravation of symp-
toms with specific positioning of the arm. Pain radiates
from the point of compression to the base of the neck, the
axilla, the shoulder girdle region, arm, forearm, and hand.
Paresthesias are common and distributed to the volar
aspect of the fourth and fifth digits. Sensory symptoms
may be aggravated at night or by prolonged use of the
extremities. Weakness and muscle atrophy are the princi-
pal motor abnormalities. Vascular symptoms consist of
arterial ischemia characterized by pallor of the fingers on
elevation of the extremity, sensitivity to cold and, rarely,
gangrene of the digits or venous obstruction marked by
edema, cyanosis, and engorgement.
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The symptoms of thoracic outlet syndromes can be
provoked within 60 seconds over 90% of the time by having
a patient elevate the arms in a “stick-em-up” position (ie,
abducted 90 degrees in external rotation). Reflexes are usu-
ally not altered. Obliteration of the radial pulse with certain
maneuvers of the arm or neck, once considered a highly
sensitive sign of thoracic outlet obstruction, does not occur
in most cases.

Chest radiography will identify patients with cervical
rib (although most patients with cervical ribs are asymp-
tomatic). MRI with the arms held in different positions is
useful in identifying sites of impaired blood flow. Intra-
arterial or venous obstruction is confirmed by angiogra-
phy. Determination of conduction velocities of the ulnar
and other peripheral nerves of the upper extremity may
help localize the site of their compression.

Thoracic outlet syndrome must be differentiated from
osteoarthritis of the cervical spine, tumors of the superior
pulmonary sulcus, cervical spinal cord, or nerve roots, and
periarthritis of the shoulder.

Treatment is directed toward relief of compression of
the neurovascular bundle. Greater than 95% of patients can
be treated successfully with conservative therapy consist-
ing of physical therapy and avoiding postures or activities
that compress the neurovascular bundle. Operative treat-
ment, required by less than 5% of patients, is more likely to
relieve the neurologic rather than the vascular component
that causes symptoms.

Jones MR et al. Thoracic outlet syndrome: a comprehensive
review of pathophysiology, diagnosis, and treatment. Pain
Ther. 2019;8:5. [PMID: 31037504]

Yin ZG et al. Outcomes of surgical management of neurogenic
thoracic outlet syndrome: a systematic review and Bayesian
perspective. J Hand Surg Am. 2019;44:416.e1. [PMID:
30122304]

COMPLEX REGIONAL PAIN SYNDROME

Complex regional pain syndrome (formerly called reflex
sympathetic dystrophy) is a rare disorder of the extremities
characterized by autonomic and vasomotor instability. The
cardinal symptoms and signs are pain localized to an arm
or leg, swelling of the involved extremity, disturbances of
color and temperature in the affected limb, dystrophic
changes in the overlying skin and nails, and limited range
of motion. Strikingly, the findings are not limited to the
distribution of a single peripheral nerve. Most cases are
preceded by surgery or direct physical trauma, often of a
relatively minor nature, to the soft tissues, bone, or nerve.
Early mobilization after injury or surgery reduces the like-
lihood of developing the syndrome. Any extremity can be
involved, but the syndrome most commonly occurs in the
hand and is associated with ipsilateral restriction of shoul-
der motion (“shoulder-hand” syndrome). This syndrome
proceeds through phases: pain, swelling, and skin color
and temperature changes develop early and, if untreated,
lead to atrophy and dystrophy. The swelling in complex
regional pain syndrome is diffuse (“catcher’s mitt hand”)
and not restricted to joints. Pain is often burning in quality,
intense, and often greatly worsened by minimal stimuli

such as light touch. The shoulder-hand variant of this dis-
order sometimes complicates myocardial infarction or
injuries to the neck or shoulder. Complex regional pain
syndrome may occur after a knee injury or after
arthroscopic knee surgery. There are no systemic symp-
toms. In the early phases of the syndrome, bone scans are
sensitive, showing diffuse increased uptake in the affected
extremity; radiographs eventually reveal severe generalized
osteopenia. In the posttraumatic variant, this is known as
Sudeck atrophy. Symptoms and findings are bilateral in
some. This syndrome should be differentiated from other
cervicobrachial pain syndromes, rheumatoid arthritis, thoracic
outlet obstruction, and systemic sclerosis, among others.

Early treatment offers the best prognosis for recovery.
For mild cases, NSAIDs (eg, naproxen 250–500 mg twice
daily orally) can be effective. For more severe cases associ-
ated with edema, prednisone, 30–60 mg/day orally for
2 weeks and then tapered over 2 weeks, can be effective. Pain
management is important and facilitates physical therapy,
which plays a critical role in efforts to restore function. Some
patients will also benefit from antidepressant agents (eg,
nortriptyline initiated at a dosage of 10 mg orally at bedtime
and gradually increased to 40–75 mg at bedtime) or from
anticonvulsants (eg, gabapentin 300 mg three times daily
orally). Bisphosphonates, calcitonin, regional nerve blocks,
and dorsal-column stimulation have also been reported to
be helpful. Patients who have restricted shoulder motion
may benefit from the treatment described for scapulo-
humeral periarthritis. The prognosis partly depends on the
stage in which the lesions are encountered and the extent
and severity of associated organic disease.

Chang C et al. Complex regional pain syndrome—false hopes
and miscommunications. Autoimmun Rev. 2019;18:270.
[PMID: 30639650]

Rand SE et al. Complex regional pain syndrome: current diag-
nostic and treatment considerations. Curr Sports Med Rep.
2019;18:325. [PMID: 31503044]

RHEUMATOLOGIC MANIFESTATIONS
OF CANCER

Rheumatologic syndromes may be the presenting manifes-
tations for a variety of cancers. Dermatomyositis in adults,
for example, is often associated with cancer. Hypertrophic
pulmonary osteoarthropathy, which is characterized by the
triad of polyarthritis, new onset of clubbing, and periosteal
new bone formation, is associated with both malignant
diseases (eg, lung and intrathoracic cancers) and nonma-
lignant ones (eg, cyanotic heart disease, cirrhosis, and lung
abscess). Cancer-associated polyarthritis is rare, has both
oligoarticular and polyarticular forms, and should be con-
sidered when “seronegative rheumatoid arthritis” develops
abruptly in an elderly patient. Palmar fasciitis manifests as
bilateral palmar swelling with finger contractures and may
be the first indication of cancer, particularly ovarian carci-
noma. Remitting seronegative synovitis with non-pitting
edema (“RS3PE”) presents with a symmetric small-joint
polyarthritis associated with non-pitting edema of the
hands; it can be idiopathic or associated with malignancy.
Palpable purpura due to leukocytoclastic vasculitis may be

CMDT22_Ch20_p0825-p0883.indd 875 29/06/21 8:43 PM



CHApTER 20876 CMDT 2022

the presenting complaint in myeloproliferative disorders.
Hairy cell leukemia can be associated with medium-sized
vessel vasculitis such as polyarteritis nodosa. Acute leuke-
mia can produce joint pains that are disproportionately
severe in comparison to the minimal swelling and heat
that are present. Leukemic arthritis complicates approxi-
mately 5% of cases. Rheumatic manifestations of myelo-
dysplastic syndromes include cutaneous vasculitis,
lupus-like syndromes, neuropathy, and episodic intense
arthritis. Erythromelalgia, a painful warmth and redness of
the extremities that (unlike Raynaud) improves with cold
exposure or with elevation of the extremity, is often associ-
ated with myeloproliferative diseases, particularly essential
thrombocythemia.

With the widespread use of immune-checkpoint
inhibitors to treat a variety of malignancies, the emer-
gence of immune-related adverse events from these
drugs is being recognized. Pneumonitis, colitis, and
inflammatory arthritis are common and often can be
managed with corticosteroids alone and adjustment of
immunotherapy. However, the persistence of some auto-
immune conditions despite cessation of cancer treat-
ment, namely inflammatory arthritis, may require
long-term immunosuppression.

Calabrese LH et al. Rheumatic immune-related adverse events
from cancer immunotherapy. Nat Rev Rheumatol. 2018;14:
569. [PMID: 30171203]

Kostine M et al. EULAR points to consider for the diagnosis and
management of rheumatic immune-related adverse events
due to cancer immunotherapy with checkpoint inhibitors.
Ann Rheum Dis. 2021;80:36. [PMID: 32327425]

NEUROGENIC ARTHROPATHY
(Charcot Joint)

Neurogenic arthropathy is joint destruction resulting from
loss or diminution of proprioception, pain, and tempera-
ture perception. Although initially described in the knees
of patients with tabes dorsalis, it is more frequently seen in
association with diabetic neuropathy (foot and ankle) or
syringomyelia (shoulder). As normal muscle tone and pro-
tective reflexes are lost, secondary degenerative joint dis-
ease ensues, resulting in an enlarged, boggy, relatively
painless joint with extensive cartilage erosion, osteophyte
formation, and multiple loose joint bodies. Radiographs
can reveal striking osteolysis that mimics osteomyelitis or
dramatic destruction of the joint with subluxation, frag-
mentation of bone, and bony sclerosis.

Treatment is directed toward the primary disease;
mechanical devices are used to assist in weight bearing and
prevention of further trauma. Surgical strategies, including
arthrodesis, with or without orthobiologics, can be consid-
ered if nonsurgical management fails.

Kim YK et al. Results of simple conservative treatment of mid-
foot Charcot arthropathy. Clin Orthop Surg. 2019;11:459.
[PMID: 31788170]

Loveland JD et al. A multicenter, retrospective, case series of
patients with Charcot neuroarthropathy deformities undergo-
ing arthrodesis utilizing recombinant human platelet-derived
growth factor with beta-tricalcium phosphate. J Foot Ankle
Surg. 2020;60:74. [PMID: 33158722]

PALINDROMIC RHEUMATISM

Palindromic rheumatism is a disease of unknown cause
characterized by frequent recurring attacks (at irregular
intervals) of acutely inflamed joints. Periarticular pain
with swelling and transient subcutaneous nodules may
also occur. The attacks cease within several hours to sev-
eral days. The knee and finger joints are most commonly
affected, but any peripheral joint may be involved.
Although hundreds of attacks may take place over a
period of years, there is no permanent articular damage.
Laboratory findings are usually normal. Palindromic
rheumatism must be distinguished from acute gouty
arthritis and an atypical acute onset of rheumatoid arthri-
tis. In some patients, palindromic rheumatism is a pro-
drome of rheumatoid arthritis.

Symptomatic treatment with NSAIDs is usually all that
is required during the attacks. Hydroxychloroquine may be
of value in preventing recurrences.

OSTEONECROSIS (Avascular Necrosis
of Bone)

Osteonecrosis is a complication of corticosteroid use,
alcoholism, trauma, SLE, pancreatitis, gout, sickle cell
disease, dysbaric syndromes (eg, “the bends”), knee meni-
sectomy, and infiltrative diseases (eg, Gaucher disease).
The most commonly affected sites are the proximal and
distal femoral heads, leading to hip or knee pain. Other
commonly affected sites include the ankle, shoulder, and
elbow. Osteonecrosis of the jaw is associated with use of
bisphosphonate therapy, usually when the bisphospho-
nate is used for treating metastatic cancer or plasma cell
myeloma rather than osteoporosis. Initially, radiographs
are often normal; MRI, CT scan, and bone scan are more
sensitive techniques. Treatment involves avoidance of
weight bearing on the affected joint for at least several
weeks. The value of surgical core decompression is con-
troversial. For osteonecrosis of the hip, a variety of proce-
dures designed to preserve the femoral head have been
developed for early disease, including vascularized and
nonvascularized bone grafting procedures. These proce-
dures are most effective in avoiding or forestalling the
need for total hip arthroplasty in young patients who do
not have advanced disease. Without a successful interven-
tion of this nature, the natural history of avascular necro-
sis is usually progression of the bony infarction to cortical
collapse, resulting in significant joint dysfunction. Total
hip replacement is the usual outcome for all patients who
are candidates for that procedure.

Kuroda Y et al. Classification of osteonecrosis of the femoral
head: Who should have surgery? Bone Joint Res. 2019;8:451.
[PMID: 31728183]
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IMMEDIATE HYPERSENSITIVITY

IgE antibodies occupy receptor sites on mast cells. Within
minutes after exposure to the allergen, a multivalent antigen
links adjacent IgE molecules, activating and degranulating
mast cells. Clinical manifestations can be explained by the
effects of released mediators on target end organs. Both
preformed and newly generated mediators cause vasodila-
tion and permeability changes, visceral smooth muscle
contraction, mucous secretory gland stimulation, vascular
permeability, and tissue inflammation. Arachidonic acid
metabolites, cytokines, and other mediators (such as che-
moattractants) induce a late-phase inflammatory response
that appears several hours later in affected tissues when
antigen exposure is continuous (eg, pollen) or chronic.

1. Anahylaxis

» General Considerations

Anaphylaxis is the most serious and potentially life-
threatening manifestation of mast cell and basophil
mediator release. Anaphylaxis is defined clinically under
the following circumstances: (1) an allergen exposure fol-
lowed by the acute onset of illness involving skin or
mucosal tissue and either respiratory compromise or
hypotension (systolic blood pressure less than 90 mm Hg
or 30% less than known baseline); (2) a likely allergen
exposure followed by the acute onset of two or more of
the following conditions: skin or mucosal tissue involve-
ment, respiratory compromise, hypotension, and persis-
tent gastrointestinal symptoms; or (3) a known allergen
exposure followed by hypotension.

IgE-dependent anaphylaxis is usually an acute syn-
drome initiated by a new allergen exposure after a prior
silent exposure has sensitized the patient with IgE anti-
bodies. Thus, anaphylaxis (or systemic allergic reactions
which do not meet the definition of anaphylaxis) cannot
occur on first-time exposure to allergens like drugs,
insect venoms, latex, and foods. In contrast, other syn-
dromes of anaphylaxis (sometimes called “anaphylac-
toid”), such as reactions to radiocontrast media and most
NSAID and opioid reactions, are pseudoallergic without
known immunologic mechanisms and can occur with
first-time exposure.

» Clinical Findings

A. Symptoms and Signs

Symptoms and signs typically occur within 30 minutes of
initial exposure but may appear up to several hours later.
These include (in order of frequency) (1) skin manifesta-
tions, typically urticaria but also flushing, blotchy rashes,
and pruritus; (2) respiratory distress, including wheezing,
stridor, bronchospasm, and airway angioedema; (3) gastro-
intestinal symptoms, including cramping, emesis, and

diarrhea (especially in food allergy); and (4) hypotension,
often manifested as lightheadedness, dizziness, or syncope.
The condition is potentially fatal, especially if untreated,
and can affect both nonatopic and atopic persons.

B. Laboratory Findings

Identification of anaphylaxis is clinical as the need for treat-
ment is urgent. Elevated serum levels of mast cell mediators,
such as tryptase and histamine, may be detected shortly after
a reaction providing support to the diagnosis. Referral to an
allergy specialist is standard because of concern for a future
reaction and need for appropriate interventions and educa-
tion. Specific IgE serum or skin testing may be performed to
suspected allergens. Skin testing, which is usually more
sensitive, optimally occurs 4–6 weeks after a severe reaction
to avoid falsely negative testing during a post-reaction
“refractory” period. The positive predictive value of these
tests is highly dependent on a suggestive temporal relation-
ship to putative allergen exposure.

» Treatment

Early administration of intramuscular epinephrine at the
onset of suspected anaphylaxis is the cornerstone of therapy.
Supportive measures, such as oxygen, intravenous fluids
and, if required, airway management are also appropriate.
Adjunctive pharmacologic therapies include antihistamines,
bronchodilators, and corticosteroids. Self-administered
epinephrine at the earliest signs of recurrence can be life-
sparing, whereas antihistamines and corticosteroids have
limited value in reversing anaphylactic syndromes.

» When to Refer

Patients with new or unexplained onset of anaphylaxis
should be evaluated by an allergist.

Shaker MS et al. Anaphylaxis—a 2020 practice parameter
update, systematic review, and Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) analysis.
J Allergy Clin Immunol. 2020;145:1082. [PMID: 32001253]

Williams KW et al. Anaphylaxis and urticaria. Immunol Allergy
Clin North Am. 2015;35:199. [PMID: 25459585]

2. Food Allergy

Immediate allergic reactions within 2 hours of ingestion of
foods are much less common among adults than children.
Most acute systemic food allergy is caused by proteins in
milk, egg, wheat, soy, fish, shellfish, peanuts, and tree nuts.
Milk and egg allergies in atopic children are often out-
grown by adulthood. Shellfish, peanuts, and tree nuts are
the most common causes of food anaphylaxis in adults.
Diagnosis of food allergy relies on a combination of his-
tory, skin tests, and serum specific IgE tests. There is no
role for specific IgG testing for evaluating food hypersensi-
tivity. Because of frequent false-positive IgE tests, especially
among atopic patients, oral food challenge remains the
gold standard for diagnosis. However, this procedure
should only be conducted by an experienced provider in a
well-equipped setting. Management involves strict avoid-
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ance of the culprit food and guaranteed access to self-
administered epinephrine.

Other IgE-mediated food reactions include oral allergy
syndrome and hypersensitivity to alpha-gal (galactose-
alpha-1,3-galactose). Oral allergy syndrome, also known as
pollen-associated food allergy syndrome, is the result of
cross-reactivity between food and pollen proteins. Affected
individuals have known seasonal pollen allergies (most
commonly tree pollens) and experience itching of the oral
mucosa upon ingestion of certain raw fruits and vegetables.
In contrast to systemic food allergy, symptoms are limited
to the oropharynx and usually do not involve other organ
systems or progress to anaphylaxis.

Alpha-gal (galactose-alpha-1,3-galactose) is a carbohy-
drate found in red mammalian meats, including beef, pork,
and lamb, but not in human tissues. Sensitization to this
epitope has been linked to tick bites, so nonatopic indi-
viduals are at risk. In contrast to conventional systemic
food allergy, the reaction to red meat typically occurs
4–6 hours after ingestion.

Kattan JD et al. Optimizing the diagnosis of food allergy. Immu-
nol Allergy Clin North Am. 2015;35:61. [PMID: 25459577]

Platts-Mills TAE et al. Diagnosis and management of patients
with the α-Gal syndrome. J Allergy Clin Immunol Pract.
2020;8:15. [PMID: 31568928]

Sicherer S et al. Food allergy: a review and update on epidemiol-
ogy, pathogenesis, diagnosis, prevention, and management. J
Allergy Clin Immunol. 2018;141:41. [PMID: 29157945]

3. Drug Allergy

Skin testing for immediate allergy to drugs is reliable for
high molecular weight proteins (eg, cytokines, antisera,
enzymes) but often not as reliable for low-molecular-weight
compounds (eg, most drugs), which must bind to larger
proteins (as haptens) to become immunogenic. With the
exception of beta-lactam antibiotics like penicillins and
some intraoperative drugs, in vivo skin testing for low-
molecular-weight drugs is largely unvalidated, and interpre-
table only if the test is positive at a nonirritating concentration.
Testing for IgE-mediated allergy to penicillin is available
because the immunochemistry has been delineated and
appropriate skin testing reagents are available. Skin testing
with the major and minor metabolic determinants of peni-
cillin has a very high (more than 98%) negative predictive
value. Referral of individuals who relate histories of acute
penicillin reactions to an allergist for skin testing is worth-
while because more than 90% have negative testing, indicat-
ing loss of allergic sensitization. Such patients may then
safely receive penicillins and related antibiotics.

Mirakian R et al; Standards of Care Committee of the British
Society for Allergy and Clinical Immunology. Management of
allergy to penicillins and other beta-lactams. Clin Exp Allergy.
2015;45:300. [PMID: 25623506]

Peter JG et al. Severe delayed cutaneous and systemic reactions to
drugs: a global perspective on the science and art of current
practice. J Allergy Clin Immunol Pract. 2017;5:547. [PMID:
28483310]

Shenoy ES et al. Evaluation and management of penicillin allergy:
a review. JAMA. 2019;321:188. [PMID: 30644987]

4. Venom Allergy

The most common insects causing systemic allergic reac-
tions include honeybees, vespids (yellow jackets, hornets,
wasps), and fire ants. Systemic reactions often occur after
several unremarkable stinging events and can develop at
any age. Patients at highest risk for a severe reaction are
those who have had a history of recent and severe reac-
tions. The risk of a systemic reaction appears to decline
over time since the last sting. If a systemic allergy is sus-
pected, the patient is referred to an allergist for venom
allergy testing and initiation of venom immunotherapy is
recommended, if appropriate. In the interim, making self-
administrated epinephrine available is indicated for those
with continuing exposure.

Golden DB et al. Stinging insect hypersensitivity: a practice
parameter update 2016. Ann Allergy Asthma Immunol.
2017;118:28. [PMID: 28007086]

5. pseudoallergic Reactions

Pseudoallergic (anaphylactoid) reactions (Table 20–13)
resemble immediate hypersensitivity reactions but are not
mediated by allergen-IgE interaction. Examples include
radiocontrast reactions, opioid reactions (direct mast cell
activation), and “red man syndrome” from rapid infusion of
vancomycin. In contrast to IgE-mediated reactions, these
can often be prevented by prophylactic medical regimens.

A. Radiocontrast Media Reactions

Reactions to radiocontrast media are not usually IgE
antibody–mediated, yet they are clinically similar to anaphy-
laxis and can be life-threatening. If a patient has had an ana-
phylactoid reaction to conventional radiocontrast media, the
risk for a second reaction upon reexposure may be as high as
30%. Patients with a history of atopy are at increased risk.

Management includes use of low-osmolality contrast
preparations and prophylactic administration of prednisone
(50 mg orally every 6 hours beginning 13 hours before the
procedure) and diphenhydramine (25–50 mg orally, intra-
muscularly or intravenously 60 minutes before the proce-
dure). The use of lower-osmolality radiocontrast media in
combination with the pretreatment regimen decreases the
incidence of recurrent reactions to less than 1%.

B. Red Man Syndrome

Like radiocontrast media reactions, the “red man syn-
drome” (Table 20–13) results in anaphylactoid symptoms,
especially flushing, pruritus, and erythema of the upper
body. Initially described as a vancomycin-infusion reac-
tion, it can also occur after intravenous infusion of opioids.
The reaction is related to the rate of drug administration
resulting in direct activation of mast cells. Management
includes administration of an antihistamine such as
diphenhydramine, 25–50 mg intravenously or intramuscu-
larly, and reinitiation of the vancomycin infusion at no
more than half the former rate. In patients who have previ-
ously experienced a vancomycin infusion reaction, pre-
medication with an H

1
-antagonist (eg, diphenhydramine)
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Table 2013. Uncommon allergic and pseudoallergic conditions.

Disease pathogenesis Symtoms and Signs Diagnostic Findings1 Treatment

Allergic bronchopulmo-

nary aspergillosis

Immunologic response to pulmo-

nary fungal colonization

Often underlying moderate to severe

allergic asthma and/or cystic fibro-

sis, with wheezing, cough produc-

tive of thick brown sputum, fever,

weight loss, fatigue

Elevated serum total IgE (> 1000 ng/mL); skin

test ositive to Aspergillus; ositive

Aspergillus reciitins, eosinophilia (off

corticosteroids) (eosinophils > 1000 cells/mcL

[1.0 × 109/L]), pulmonary infiltrates, central

bronchiectasis

Oral corticosteroids, antifungal (azole) agent

Hereditary angioedema Quantitative or functional C1

esterase inhibitor deficiency,

resulting in increased serum

bradykinin levels

Unpredictable swelling of face, lips,

tongue, hands, feet; no urticaria;

gastrointestinal tract swelling

causing severe abdominal pain

Decreased C1 esterase inhibitor serum level

and/or function, decreased serum C4 level

Prophylactic treatment: Danazol, tranexamic

acid

Acute treatment: C1 esterase inhibitor product,

kallikrein inhibitor, bradykinin receptor

antagonist

Hypereosinophilic

syndromes

Leukoproliferative disorder char-

acterized by overproduction of

eosinophils

Symptoms related to eosinophilic

infiltration of organs: angioedema,

urticaria, pruritic papules, chronic

cough, splenomegaly, heart failure

Eosinohilia (eosinohils > 1500 cells/mcL

[1.5 × 109/L]), elevated serum vitamin B
12

level, elevated serum tryptase level, anemia,

PDGFRA gene mutation

Corticosteroids, tyrosine kinase inhibitors

Mastocytosis Mast cell hyperplasia Pruritus, flushing, nausea, vomiting,

diarrhea, abdominal pain,

hypotension

Dense bone marrow mast cell infiltrate

(≥ 15/hf) on biosy, elevated serum

trytase level (> 20 ng/mL), atypical mast

cell morphology, cKIT mutation

Antihistamine, cromolyn, epinephrine,

chemotherapy directed at underlying mast

cell hyperplasia

“Red man syndrome”

(acute infusion

reaction)

Direct activation of mast cells by

vancomycin, opioids

Flushing, pruritus, and erythema,

especially of the upper body, dur-

ing intravenous infusion of drug

Clinical history and physical examination, no

role for laboratory testing

Antihistamine pretreatment 1 hour prior to

subsequent vancomycin (or opioid) infusions,

decreased rate of infusion

Serum sickness (and

serum sickness-like

syndromes)

Mediated by circulating immune

complexes

Fever, pruritic urticarial or maculo-

papular rash, lymphadenopathy,

arthralgias, arthritis, nephritis

Increased ESR, leukocytosis, possible low

serum C3 and C4 levels

Self-limited illness: NSAIDs, antihistamines

Severe illness: Corticosteroids, plasma

exchange

1Key diagnostic findings in bold.

cKIT, stem cell factor receptor or CD117; ESR, erythrocyte sedimentation rate; NSAID, nonsteroidal anti-inflammatory drug; PDGFRA, platelet-derived growth factor receptor alpha.
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and H
2
-antagonist (eg, cimetidine) is recommended 1 hour

prior to the infusion. Although rare, IgE sensitization to
vancomycin does occur and should be suspected in patients
who have received multiple courses of the drug. Skin test-
ing is helpful because vancomycin, as a “complete allergen,”
can elicit positive skin tests. Desensitization to vancomycin
is possible for patients with positive skin tests and no
acceptable alternative antibiotic.

Schönmann C et al. Adverse reactions during procedures:
Hypersensitivity to contrast agents and dyes. Ann Allergy
Asthma Immunol. 2020;124:156. [PMID: 31765812

6. Asirin (NSAID) Exacerbated
Resiratory Disease

Although hypersensitivity to aspirin and other NSAIDs is
a feature of this condition, the reaction is a result of aber-
rant arachidonic acid metabolism, rather than a product of
an IgE-activated process. The inhibition of cyclooxygen-
ase-1 (COX-1) by these anti-inflammatory drugs results in
the overproduction of cysteinyl leukotrienes and increased
expression of leukotriene receptors, leading to increased
airway responsiveness, bronchospasm, rhinorrhea, and
nasal congestion. Reactions outside of the respiratory
system can also occur, including ocular, cutaneous, and
gastric symptoms.

In addition to aspirin or NSAID sensitivity, patients
with aspirin exacerbated respiratory disease typically have
chronic rhinosinusitis with nasal polyps and asthma, a
syndrome referred to as “Samter triad” or “triad asthma.”
Diagnosis is largely based on history and clinical findings.
If required, a positive aspirin challenge can demonstrate
the NSAID hypersensitivity, the presence of which may
suggest increased responsiveness to treatments such as
nasal polypectomy and aspirin desensitization and long-
term aspirin use. Patients who require daily aspirin or
NSAID treatment for other reasons can be desensitized to
permit such treatment. Desensitization and long-term
aspirin therapy have also been shown to reduce the need
for nasal polypectomy and asthma therapy. Referral to an
allergy specialist is appropriate for consideration of such
desensitization.

Saff RR et al. Management of patients with nonaspirin-
exacerbated respiratory disease aspirin hypersensitivity reac-
tions. Allergy Asthma Proc. 2015;36:34. [PMID: 25562554]

Simon RA et al. Update on aspirin desensitization for chronic
rhinosinusitis with polyps in aspirin-exacerbated respiratory
disease (AERD). Curr Allergy Asthma Rep. 2015;15:508.
[PMID: 25663486]

White AA et al. Aspirin—exacerbated respiratory disease. N Engl
J Med. 2018;379:1060. [PMID: 30207919]

ALLERGY TESTING

To maximize the positive predictive value of allergy test-
ing, a positive test result must be correlated with the his-
tory. Patients selected for testing include those with
moderate to severe disease, those who are potential can-
didates for allergen immunotherapy, and those with

strong predisposing factors for atopic diatheses, eg, a
strong family history of atopy or ongoing exposure to
potential sources of allergen. Since the development of
rhinitis precedes the presentation of asthma in over half
of cases, early intervention may decrease the risk of more
severe clinical illness. The type of immune response must
be consistent with the nature of the disease. For example,
IgE antibody causes allergic rhinitis but not allergic con-
tact dermatitis. IgE antibodies are detected by in vivo
(skin tests) or in vitro methods.

Adkinson NF Jr et al. Clinical history-driven diagnosis of aller-
gic diseases: utilizing in vitro IgE testing. J Allergy Clin
Immunol Pract. 2015;3:871. [PMID: 26553614]

DELAYED HYPERSENSITIVITY

According to the Gell and Coombs classification, type IV
delayed hypersensitivity is mediated by activated T cells,
which accumulate in areas of antigen deposition. A com-
mon example is allergic contact dermatitis, which develops
when a low-molecular-weight sensitizing substance serves
as a hapten for dermal proteins, becoming a complete anti-
gen. Sensitized T cells release cytokines, activating macro-
phages and promoting subsequent dermal inflammation;
this typically occurs 48–72 hours after contact. Another
common expression of delayed hypersensitivity is drug
allergy that occurs after a similar process and that often
results in maculopapular or morbilliform exanthems. T-cell–
mediated hypersensitivity is now understood to involve both
Th1 and Th2 cells. In addition, subsequent inflammation
and tissue damage occur via various effector cell types,
including monocytes, eosinophils, and neutrophils.

1. Drug Exanthems

The clinical manifestation of these reactions is vast (Chap-
ter 6), ranging from the commonly observed morbilliform
rash to skin sloughing observed in Stevens-Johnson syn-
drome and toxic epidermal necrolysis. Given the range of
cutaneous findings, the differential diagnosis is broad and
includes miliaria, lichen planus, folliculitis, pityriasis rosea,
tinea corporis, and mycosis fungoides. Physical examina-
tion of rash characteristics, dermatologic consultation, and
biopsy findings can help narrow the differential. While a
whole spectrum of drugs can result in exanthems, there are
no commercially available laboratory or other diagnostic
tests to reliably identify the culprit drug.

Management consists mainly of immediate cessation
of suspected medications and monitoring for symptom
resolution. Systemic corticosteroids may be indicated
for extensive dermatitis or other organ involvement.

American College of Radiology. ACR Manual on Contrast Media,
2020. https://www.acr.org/Clinical-Resources/Contrast-Manual

Chopra AM et al. Meta-analysis of acetylsalicylic acid desensiti-
zation in patients with acute coronary syndrome. Am J Car-
diol. 2019;124:14. [PMID: 31027657]

Phillips EJ et al. Controversies in drug allergy: testing for
delayed reactions. J Allergy Clin Immunol. 2019;143:66.
[PMID: 30573342]
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2. DrugInduced Hyersensitivity Syndrome
(Drug Reaction With Eosinohilia & Systemic
Symtoms)

» General Considerations

Potentially life-threatening, systemic drug-induced hyper-
sensitivity reactions most commonly occur with exposure to
anticonvulsants and sulfonamides, although many other
classes of drugs, including other antimicrobials and antide-
pressants, have been implicated. The onset of symptoms
typically occurs 2–6 weeks after drug initiation. As suggested
by its alternative name, drug reaction with eosinophilia and
systemic symptoms (DRESS), it typically includes eosino-
philia and/or lymphocytosis and systemic symptoms such as
fever and lymph node enlargement, along with the rash. The
exact pathogenesis of DRESS is not well elucidated but may
include deficient drug metabolism due to genetic mutations
in specific detoxification enzymes; reactivation of herpesvi-
ruses including HHV-6, HHV-7, cytomegalovirus, and
Epstein-Barr virus; and a genetic predisposition based on
the presence of specific HLA haplotypes.

» HLA Haplotypes & Risk of DelayedOnset
Drug Hypersensitivity Syndromes

Activated cytotoxic CD8 T lymphocytes play a key role in the
pathogenesis of serious, drug-induced adverse cutaneous
reactions, such as toxic epidermal necrolysis. There are strik-
ing, medication-specific associations between inheritance of
particular HLA-B alleles and risk of these hypersensitivity
reactions in defined populations. Most notably, B*57:01 con-
fers risk for reactions to abacavir; B*15:02, for carbamaze-
pine; B*58:01, for allopurinol; and B*13:01, for dapsone.
The most likely mechanism is a direct interaction between
the drug and the antigen-binding cleft of the HLA-B mol-
ecule, such that many “self ” antigens subsequently bound
by the HLA-B molecule are perceived as “foreign,” eliciting
massive CD8 T-cell activation. Current FDA recommenda-
tions call for testing for the relevant HLA-B allele prior to
initiating therapy with abacavir in all patients and with car-
bamazepine in Asian patients. The American College of
Rheumatology recommends such testing before starting
allopurinol therapy in patients of Korean descent, especially
those with kidney disease, and Han Chinese and individuals
of Thai extraction. Pretreatment HLA testing for other drugs
or in other populations may not be useful at the present time
due to low prevalence of the implicated isotypes.

» Clinical Findings

A. Symptoms and Signs

Drug-induced hypersensitivity syndrome often begins with
pruritus and fever, but cutaneous manifestations generally
follow soon thereafter, most commonly an erythematous
morbilliform rash. Although the entire skin surface can be
involved, the face, trunk, and upper and lower extremities
are commonly affected. The most common systemic find-
ings involve the lymphatic (lymphadenopathy), hematologic
and hepatic systems, although renal, pulmonary and cardiac
involvement is also documented.

B. Laboratory Findings

Laboratory abnormalities include leukocytosis with eosin-
ophilia (greater than 1.5 × 109/L) and atypical lymphocyto-
sis; elevated hepatic transaminases (more than 2 times
upper limits of normal) and alkaline phosphatase; and
increased serum creatinine, pyuria, and proteinuria, which
may indicate the development of interstitial nephritis. The
most common skin biopsy findings are a dense, perivascu-
lar lymphocytic infiltrate in the papillary dermis with
eosinophils and dermal edema.

» Treatment

Management consists of cessation of the causative medica-
tion and initiation of systemic corticosteroids. A dose of
1.0 mg/kg of oral prednisone is recommended as a starting
dose, followed by a gradual taper occurring over 3–6 months
after laboratory normalization and stabilization. Addi-
tional supportive therapies may include antipyretics for
fever, topical steroids for skin lesions, or fluid and electro-
lyte replacement in the case of more severe exfoliative
dermatitis.

Shiohara T et al. Drug-induced hypersensitivity syndrome
(DiHS)/drug reaction with eosinophilia and systemic symp-
toms (DRESS): an update in 2019. Allergol Int. 2019;68:301.
[PMID: 31000444]

PRIMARY IMMUNODEFICIENCY
DISORDERS IN ADULTS

Primary immunologic deficiency diseases are estimated to
affect 1 in 4000 individuals; many are genetically deter-
mined and present in childhood. Nonetheless, several
important immunodeficiency disorders present in adult-
hood, most notably the antibody deficiency syndromes:
selective IgA deficiency, common variable immunodefi-
ciency, and specific (functional) antibody deficiency
(Table 20–14). Antibody deficiency predisposes patients to
recurrent infections, particularly of the respiratory tract,
including refractory chronic rhinosinusitis, bronchitis,
pneumonia, and bronchiectasis. Patients are most suscep-
tible to infections with encapsulated bacteria (eg,
Haemophilus influenzae type b, Streptococcus pneumoniae,
Neisseria meningitides). However, any part of the innate or
adaptive immune system can be defective and results in
infections with different spectra of organisms.

1. Selective IgA Deficiency

Selective IgA deficiency is the most common primary
immunodeficiency disorder and is characterized by unde-
tectable serum IgA levels (lower than 7 mg/dL) with nor-
mal levels of IgG and IgM; its prevalence is about 1 in 500
individuals (Table 20–14). Most affected individuals are
asymptomatic. A minority of patients have recurrent infec-
tions such as sinusitis, otitis, and bronchitis. Selective IgA
deficiency can be associated with atopic diseases and auto-
immune disorders, including Graves disease, SLE, juvenile
rheumatoid arthritis, type 1 diabetes mellitus, and celiac
disease.
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Some individuals with undetectable levels of serum
IgA may have high titers of anti-IgA antibodies and are at
risk for anaphylactic reactions to IgA following exposure
to it through infusions of plasma (or blood transfusions).
Treatment with commercial immune globulin is not indi-
cated and may very rarely result in anaphylactic
reactions.

» When to Refer

• Refer patients with anaphylaxis following infusions of
plasma (or blood transfusions) to an immunologist for
further evaluation of possible IgA deficiency.

• Refer patients with undetectable serum IgA and recurrent
sinopulmonary infections, celiac disease, giardiasis, or a
family history of immunodeficiency to an immunologist.

2. Common Variable Immunodeficiency

E S S E N T I A L S  O F  D I A G N O S I S

» Frequent sinopulmonary infections secondary to
humoral immune deficiency.

» Low serum immunoglobulin levels and deficient
functional antibody responses.

» Primary defect may be with B cells or T cells.

Table 2014. Selected primary immunodeficiency syndromes.

Disease Clinical presentation Diagnosis1 Treatment

Selective IgA deficiency Most prevalent primary immunodeficiency;

most cases asymptomatic

Recurrent sinopulmonary infections; atopic

disorders, rheumatoid arthritis, and SLE

common; rarely, anaphylaxis to transfusion

of blood or blood products

Undetectable serum IgA

levels (< 7 mg/dL), normal

serum IgG and IgM levels

Early use of antibiotics for bac-

terial infections

Prophylactic antibiotics for

symptomatic patients with

recurrent infections

Common variable

immunodeficiency

Most common symptomatic primary

immunodeficiency disorder

Recurrent sinopulmonary infections, parasitic

(especially Giardia lamblia) gastrointestinal

infections, autoimmune diseases, and

increased risk of malignancy

Low serum IgG, low serum

IgA and/or IgM; oor anti

body resonse to immuni

zations; exclusion of

secondary causes of

hypogammaglobulinemia

Subcutaneous or intravenous

immunoglobulins

Prophylactic antibiotics

Complement disorders “Early” complement component deficiencies:

autoimmune diseases

“Late” complement component (C5–C8)

deficiencies: recurrent meningococcal or

gonococcal infections

Screen with CH50 and AH50.

Obtain individual serum

complement levels if

abnormal

Prompt administration of

antibiotics

Granulocyte disorders Recurrent invasive skin and soft tissue

infections, abscesses requiring incision

and drainage

Common organisms are Staphylococcus aureus,

gram-negative bacilli, Nocardia, Aspergillus

CBC with differential to evalu-

ate neutrophil count

Dihydrorhodamine assay to

evaluate neutrophil oxida-

tive burst

Antimicrobial prophylaxis;

interferon in patients with

chronic granulomatous

disease

1Key diagnostic findings in bold.

CBC, complete blood count; CMV, cytomegalovirus; EBV, Epstein-Barr virus; SLE, systemic lupus erythematosus.

Modified, with permission, from Ashar B, Miller R, Sisson S (editors): Johns Hopkins Internal Medicine Board Review Certification and

Recertification, 5th ed. © Elsevier, 2015.

» General Considerations

The most common symptomatic primary immunodefi-
ciency disorder is common variable immunodeficiency, a
heterogeneous immunodeficiency disorder clinically char-
acterized by an increased incidence of recurrent infections,
autoimmune phenomena, and neoplastic diseases. The
onset is generally in early adulthood but it can occur at any
age. The prevalence of common variable immunodefi-
ciency is about 1 in 25,000 in the United States. Most cases
are sporadic; about 10–20% are familial.

» Clinical Findings

A. Symptoms and Signs

Increased susceptibility to infections, especially with encap-
sulated organisms, is the hallmark of the disease. Chronic
lung disease is one of the most frequent complications of
common variable immunodeficiency. Virtually all patients
suffer from recurrent sinusitis; bronchitis, otitis, pharyngitis,
and pneumonia are common infections. Infections may be
prolonged or associated with unusual complications such as
meningitis, empyema, or sepsis. Bronchiectasis occurs in at
least 25% of patients with common variable immunodefi-
ciency and is a leading cause of morbidity.

Gastrointestinal infections and dysfunction are com-
monly associated with common variable immunodefi-
ciency, and a sprue-like syndrome, with diarrhea,
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steatorrhea, malabsorption, protein-losing enteropathy,
and hepatosplenomegaly, may develop in patients. Para-
doxically, there is an increased incidence of autoimmune
disease (20%), although patients may not display the usual
serologic markers. Autoimmune cytopenias are most com-
mon, but autoimmune endocrinopathies, seronegative
rheumatic disease, and gastrointestinal disorders are also
commonly seen. Lymph nodes may be enlarged in these
patients, yet biopsies show marked reduction in plasma
cells. Noncaseating granulomas are frequently found in the
spleen, liver, lungs, or skin. There is an increased propen-
sity for the development of B-cell neoplasms (50- to
400-fold increased risk of lymphoma) and gastric
carcinomas.

B. Laboratory Findings

Assess serum quantitative immunoglobulin levels. All
patients with common variable immunodeficiency have
a reduced serum IgG level, and either serum IgM or IgA
or both are reduced as well. Demonstration of func-
tional or quantitative defects in antibody production is
essential and is typically performed by checking anti-
body response to polysaccharide (Pneumovax-23) and
protein antigens (such as tetanus and diphtheria). The
diagnosis is made in patients who have reduced serum
immunoglobulins and poor antibody response to vaccines,
after exclusion of secondary causes (eg, proteinuria,
protein-losing enteropathy, drug effects such as ritux-
imab and other immunosuppressants, antiepileptics,
and hematologic malignancies).

The absolute B-cell count in the peripheral blood can
be normal. A subset of these has concomitant T-cell
immunodeficiency with increased numbers of activated
CD8 cells, splenomegaly, and decreased delayed-type
hypersensitivity.

» Treatment

Patients with common variable immunodeficiency should
be treated aggressively with antibiotics at the first sign of
infection. Since antibody deficiency predisposes patients to
high-risk pyogenic infections, antibiotic coverage should
be sure to cover encapsulated bacteria. Infections with
other microorganisms also can develop, including viruses,
parasites, and extracellular gram-positive or gram-negative
bacteria (such as S aureus or P aeruginosa). Mainstay of
preventive therapy is with subcutaneous or intravenous
immunoglobulin replacement therapy, with a typical
monthly dose of 300–600 mg/kg. Subcutaneous injections
of IgG offer the convenience of self-administration at home
and lower incidence of adverse effects and can be adminis-
tered every 1–4 weeks. Adjustment of the dosage or infu-
sion interval is made primarily on the basis of clinical

responses in addition to serum IgG levels. Such therapy is
essential for decreasing the incidence of potentially life-
threatening infections, increasing quality of life, and reduc-
ing the progression of lung disease.

» When to Refer

• Refer patients with low serum immunoglobulins and
history of recurrent or unusual infections, autoimmune
disease, or family history of immunodeficiency to an
allergist or immunologist.

• The presence of bronchiectasis without a known under-
lying cause such as cystic fibrosis should raise the sus-
picion of a primary immunodeficiency; even when total
serum immunoglobulins levels are normal, the patient
can have a specific antibody deficiency that would war-
rant further evaluation.

3. Secific (Functional) Antibody Deficiency

Specific antibody deficiency is characterized by decreased
or absent IgG antibody response to vaccines in the setting
of normal or mildly decreased serum immunoglobulin
levels. The clinical spectrum can range from mild to severe
with features very similar to common variable immunode-
ficiency. Antibody deficiency should be suspected in
patients with documented infections who have symptoms
similar to common variable immunodeficiency but have
normal serum immunoglobulin levels.

Bonilla FA et al; Joint Task Force on Practice Parameters, repre-
senting the American Academy of Allergy, Asthma & Immu-
nology; the American College of Allergy, Asthma &
Immunology; and the Joint Council of Allergy, Asthma &
Immunology. Practice parameter for the diagnosis and man-
agement of primary immunodeficiency. J Allergy Clin Immu-
nol. 2015;136:1186. [PMID: 26371839]

Cinetto F et al. The broad spectrum of lung diseases in primary
antibody deficiencies. Eur Respir Rev. 2018;27:180019.
[PMID: 30158276]

Odineal DD et al. The epidemiology and clinical manifestations
of autoimmunity in selective IgA deficiency. Clin Rev Allergy
Immunol. 2020;58:107. [PMID: 31267472]

Odnoletkova I et al; Plasma Protein Therapeutics Association
(PPTA) Taskforce. The burden of common variable immuno-
deficiency disorders: a retrospective analysis of the European
Society for Immunodeficiency (ESID) registry data. Orphanet
J Rare Dis. 2018;13:201. [PMID: 30419968]

Picard C et al. International Union of Immunological Societies:
2017 Primary Immunodeficiency Diseases Committee report
on inborn errors of immunity. J Clin Immunol. 2018;38:96.
[PMID: 29226302]

Verbsky JW et al. Rituximab and antimetabolite treatment of
granulomatous and lymphocytic interstitial lung disease in
common variable immunodeficiency. J Allergy Clin Immu-
nol. 2021;147:704. [PMID: 32745555]
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ASSESSMENT OF THE PATIENT

Th pathphysilgy f all ltrlyt disrdrs is rtd in
basi prinipls f ttal bdy watr and its distributin
arss fluid mpartmnts. Th ptimal valuatin and
tratmnt f fluid and ltrlyt disrdrs rquirs a ar-
ful intrprtatin f srum and urin hmistris in n-
juntin with a thrugh histry and physial xaminatin.
Whil lassi tahing has fusd n physial xamina-
tin t dtrmin a patint’s vlum status, suh an
apprah an b hallnging baus f limitatins in
aurat bdsid analysis f vlum status.

A. Body Water and Fluid Distribution

Ttal bdy watr dpnds n th rlativ prprtins f
musl and fat in th bdy. Ttal bdy watr is typially sti-
matd as 50% f bdy wight in wmn and 60% in mn, as
wmn, n avrag, hav a highr prprtin f fat t bdy
wight (Tabl 21–1). Ttal bdy watr als tnds t dras
with ag du t dlining musl mass. Apprximatly tw-
thirds f ttal bdy watr is latd in th intrallular m-
partmnt and n-third is latd in th xtrallular
mpartmnt. Th xtrallular mpartmnt is furthr
dividd int th intrstitial fluid vlum (15% f bdy
wight) and th plasma fluid vlum (5% f bdy wight).

Changs in ttal bdy watr ntnt ar bst valuatd
by dumnting hangs in bdy wight. Extrallular
vlum (ECV) may b assssd by physial xaminatin
(g, bld prssur, puls, jugular vnus distntin,
dma). Quantitativ assssmnts f ECV and intravasu-
lar vlum may b invasiv (i, ntral vnus prssur r
pulmnary wdg prssur) r nninvasiv (i, infrir

vna ava diamtr and right atrial prssur by har-
digraphy). Intrallular vlum (ICV) is assssd using
th srum sdium nntratin.

B. Serum Electrolytes

In halth, srum ltrlyts ar maintaind within a nar-
rw rang by th kidnys (hmstasis). Th srum lvl f
an ltrlyt may b nrmal, lvatd, r drasd but
may nt rrlat with th ttal bdy lvls f that ltr-
lyt du t shift f watr r ltrlyts int and ut f lls.

C. Evaluation of Urine

Th urin nntratin f an ltrlyt is hlpful t
dtrmin whthr th kidny is xrting r rtaining th
ltrlyt in rspns t high r lw srum lvls. A
2-hur urin lltin fr daily ltrlyt xrtin
rmains th gld standard fr assssmnt f rnal ltr-
lyt handling; hwvr, it an b umbrsm, as wll as
thnially hallnging in rtain patints. A mr nv-
nint mthd t dtrmin rnal ltrlyt handling is th
us f fratinal xrtin (Fe) f an ltrlyt X (Fe

x
)

alulatd frm a spt urin sampl and srum sampl,
using ratinin (Cr):

F  (%)
urine  serum

serum  urine
100E

x

x  Cr

x  Cr

=
×

×
×

A lw fratinal xrtin indiats rnal rabsrptin
(ltrlyt rtntin), whil a high fratinal xrtin
indiats rnal wasting (ltrlyt xrtin). Thus, th
fratinal xrtin hlps dtrmin whthr th kidny’s
rspns is apprpriat fr a spifi ltrlyt disrdr.

D. Serum Osmolality

Ttal slut nntratin is masurd by smlality in
millimls pr kilgram. Osmlarity is masurd in milli-
mls f slut pr litr f slutin. Th trms ar ftn
usd intrhangably in linial mdiin. Plasma smlal-
ity is th ttal nntratin f all th sluts ntaind in
plasma, bth ltrlyts and nnltrlyts, and nr-
mally rangs btwn 285 mml/L and 295 mml/L. Dif-
frns in sml nntratin arss ll mmbrans

Table 21–1. Total body water (as percentage of body
weight) in relation to age and sex.

Age Male Female

18–40 60% 50%

41–60 60–50% 50–40%

Over 60 50% 40%
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lad t mvmnt f watr t th rgin f highr smlal-
ity, stimulatin f thirst, and srtin f antidiurti hr-
mn (ADH). Substans that asily prmat ll
mmbrans (g, ura, thanl) ar infftiv smls and
d nt aus fluid shifts arss fluid mpartmnts.

Srum smlality (Osm) an b stimatd using th
fllwing frmula:

Osm  2(Na  mEq/L)
Glucose mg/dL

18

BUN mg/dL

2.8
=  +  +

+

(Note: dividing ura by 2.8 nvrts mg/dL t mml/L;
dividing glus by 18 nvrts mg/dL t mml/L)

Sdium is th majr xtrallular atin; dubling th
srum sdium in th frmula fr stimatd smlality
aunts fr rrspnding anins. A disrpany btwn
masurd and stimatd smlality f gratr than
10 mml/kg suggsts an smlal gap, whih is th prsn
f unmasurd smls suh as thanl, mthanl, ispr-
panl, and thyln glyl (s Tabl 38–5).

º
DISORDERS OF SODIUM CONCENTRATION

HYPONATREMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Must know volume status as well as serum and
urine osmolality to determine etiology.

» Hyponatremia usually reflects excess water reten-
tion rather than sodium deficiency. The serum
sodium concentration is not a measure of total
body sodium.

» Hyponatremia in hospitalized patients commonly
is caused by administration of hypotonic fluids.

» General Considerations

Hypnatrmia is dfind as a srum sdium nntratin
lss than 135 mEq/L (135 mml/L) and is th mst m-
mn ltrlyt abnrmality nuntrd in linial pra-
ti. Hypnatrmia rprsnts an xss f watr rlativ t
sdium in th plasma lading t a rdutin in plasma
smlality and subsqunt mvmnt f watr frm th
xtrallular fluid int th intrallular fluid. Autly, this
mvmnt f watr an rsult in rbral dma, inrasing
th risk f sizurs and vn brain hrniatin.

Chrni hypnatrmia is ftn asymptmati r prs-
nt with mild nfusin, nausa, r falls. In ths patints,
rbral adaptatin has urrd as th brain lls hav
xrtd intrallular smls t limit ll swlling. In this
stting, vr-rapid rrtin f hrni hypnatrmia
may prdu prfund nurlgi abnrmalitis (smti
dmylinatin syndrm).

A mmn misnptin is that hypnatrmia is s-
ndary t a dfiiny in ttal bdy sdium, whn in ral-
ity it usually rflts an xss f ttal bdy watr.

Th basi pathphysilgi prinipl is th ingstin f
watr (ral r intravnus) in xss f th amunt th
kidny an xrt is mmnly du t th atin f ADH.
A diagnsti algrithm sparats th auss f hypnatr-
mia using srum smlality, urin sdium, and vlum
status (Figur 21–1).

» Etiology

A. Isotonic and Hypertonic Hyponatremia

Hypnatrmia is typially assiatd with hypsmlality
with tw xptins: psudhypnatrmia and hyprtni
hypnatrmia.

1. Pseudohyponatremia—This rprsnts a labratry
artifat that rarly urs in patints with markd hyprtri-
glyridmia r hyprgammaglbulinmia. In ths st-
tings, thr is an inras in th slid mpnnts f
plasma, rlativ t plasma watr, rsulting in a lwr
sdium pr givn vlum. This issu is bming lss
prvalnt as mst labratris ar nw using dirt in
sltiv ltrds withut bld dilutin. Cnsultatin
with th linial labratry is nssary if this nditin is
susptd.

2. Hypertonic hyponatremia—Th bst linial xampls f
this situatin ar hyprglymia, and lss mmnly, man-
nitl infusin. Bth glus and mannitl ar ativ smls,
inrasing th smlality f th xtrallular fluid, whih
pulls watr frm insid lls int th xtrallular spa.
Nt, this lads t a rdutin in intrallular vlum, and
rbral dma is nt ausd by hypnatrmia in this stting;
hwvr, rbral dma may ur in th tratmnt phas
du t vr-rapid rrtin f hyprglymia and injudi-
ius intravnus fluids. Th inrasd tniity will als
stimulat thirst and vasprssin rlas, furthr ntributing
t watr rtntin. T dtrmin whthr th hypnatrmia
an b ntirly attributd t hyprglymia, a sdium r-
rtin fatr is ftn usd. Many guidlins rmmnd
using a dras in th srum sdium nntratin f
1.6 mEq/L (1.6 mml/L) fr vry 100 mg/dL (5.5 mml/L)
ris in plasma glus abv nrmal.

B. Hypotonic Hyponatremia

Mst ass f hypnatrmia ar hyptni, highlighting
sdium’s rl as th prdminant xtrallular sml. Th
prsn f hyptni hypnatrmia indiats that watr
intak xds th xrtinal apaity f th kidny. Th
nxt stp is t lassify hyptni ass as ADH dpndnt
r indpndnt judgd by th kidny’s ability t xrt
dilut urin.

1. ADH-independent causes—In rar irumstans,
hyptni hypnatrmia an ur whn th kidny’s abil-
ity t xrt fr watr is intat (urin smlality lss than
100 mOsm/kg).

a. Psychogenic polydipsia—This nditin dvlps
whr xss watr intak vrwhlms th kidny’s apa-
ity t xrt adquat dilut urin. Patints will hav
apprpriatly supprssd ADH, rfltd by a urin sm-
lality lss than 100 mOsm/kg. Plydipsia urs primarily
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in patints with psyhiatri disrdrs. Psyhiatri mdia-
tins may als intrfr with watr xrtin r inras
thirst thrugh antihlinrgi sid ffts, furthr inras-
ing watr intak.

b. Beer potomania and the “tea and toast” diet—

Malnurishd patints wh nsum a lw prtin dit
with larg quantitis f br (br ptmania) r ths
wh nsum a lw prtin (ta and tast) dit may hav a
markd rdutin in fr watr xrtin du t insuffi-
int ditary slut intak. Th kidny’s ability t xrt
fr watr is dpndnt nt nly n ADH supprssin, but
als n slut dlivry t th distal tubuls. With a typial
Wstrn dit gnrating 1000 mOsm f slut pr day,
nrmal kidnys an dilut urin t 50 mOsm/kg, allwing
a maximum urin vlum f 20 L. By ntrast, with a lw
prtin dit gnrating 200 mOsm pr day, urinary utput
wuld b limitd t a maximum f  L pr day.

c. Renal impairment—Patints with advand rnal
impairmnt (GFR lss than 15 mL/min/1.73 m2), whthr
du t svr hrni kidny disas (CKD) r aut
kidny injury, may b unabl t dilut thir urin (an
ftn nly ahiv a minimum urin smlality f

200–250 mOsm/L vn with maximal ADH supprssin)
and ar prn t dvlp watr rtntin and hypnatr-
mia. This an ur in th stting f nrmal r high plasma
smlality du t aumulatin f ura. This diffrs frm
hyprtni hypnatrmia baus ura is an infftiv
sml and is frly prmabl arss ll mmbrans,
nly minimally pulling watr int th plasma spa.

2. ADH-dependent causes—Th mst mmn aus f
hyptni hypnatrmia invlvs a failur t supprss
ADH atin. This an ithr b appropriate in th stting
f hypvlmia, r a rdud fftiv artrial vlum s-
ndary t irrhsis r hart failur (hyprvlmia), r
inappropriate, in th absn f hypvlmia r dma-
tus stats, whih is knwn as th syndrm f inapprpri-
at ADH srtin (SIADH).

a. Hypovolemic hyponatremia—Hypvlmi hyp-
natrmia urs with rnal r xtrarnal vlum lss
(sdium and watr) and subsqunt hyptni fluid
rplamnt (Figur 21–1). Th rdud bld prssur
rsults in an inras in ADH srtin by th pituitary,
limiting fr watr xrtin. In this stting, th bdy sa-
rifis srum smlality t prsrv intravasular vlum.

Hyponatremia

Pseudohyponatremia

Paraproteinemia

Hypertriglyceridemia

Hyperosmolar

Hyperglycemia

(mannitol)

Hypoosmolar

ADH independent
Impaired urinary

dilution

1. Measure

serum osmolality

Primary polydipsia

Beer potomania

Tea and toast diet

Kidney disease

Hypovolemia HypervolemiaEuvolemia

Renal Na loss (salt wasting)

Diuretics (thiazides)

Osmotic diuresis

Cerebral salt wasting

Nonrenal Na loss

Vomiting

Diarrhea

Sweat/burns

Third spacing

SIADH

Reset osmostat/drugs

Endocrine

Severe hypothyroidism

Adrenal insufficiency

Edematous states

Heart failure

Cirrhosis

Nephrotic syndrome

Rare unless

GFR < 10 mL/min/1.73 m2

ADH

2. Measure

urine osmolality

3. Measure

urine sodium

Sosm < 280 mOsm/kgSosm 280–295 mOsm/kg Sosm > 295 mOsm/kg

UNa < 10 mEq/L UNa > 20 mEq/L UNa < 10 mEq/LUNa > 20 mEq/L

Uosm < 100 mOsm/kg Uosm > 100 mOsm/kg

▲ Figure 21–1. A diagnostic algorithm for the causes of hyponatremia using serum osmolality, urine osmolality,
and urine sodium. ADH, antidiuretic hormone; GFR, glomerular filtration rate; SIADH, syndrome of inappropriate
antidiuretic hormone.
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Crbral salt wasting is a rar subst f hypvlmi
hypnatrmia that urs with intraranial disas (g,
inftins, rbrvasular aidnts, tumrs, and nur-
surgry). Clinial faturs inlud rfratry hyptnsin,
ftn in th stting f ntinuus infusin f istni r
hyprtni salin. Th pathphysilgy is unlar but has
bn attributd t rnal sdium wasting, althugh thr is
unrtainty as t whthr rbral salt wasting rprsnts a
distint ntity r SIADH with dsalinatin f th adminis-
trd salin.

b. Hypervolemic hyponatremia—Hyprvlmi
hypnatrmia mmnly urs in th dmatus stats f
irrhsis and hart failur, and rarly in nphrti syn-
drm (Figur 21–1). In ths sttings, a drasd ff-
tiv artrial bld vlum (typially lw bld prssur)
urs dspit an vrall inras in xtrallular vlum
(dma) rsulting in ADH srtin. In irrhsis and hart
failur, fftiv irulating vlum is drasd du t
systmi vasdilatin and rdud ardia utput,
rsptivly.

c. SIADH—In this nditin, ADH is srtd in th
absn f an apprpriat physilgi stimuli suh as a
drasd fftiv irulating vlum r hyprsmlality.
Th majr auss f SIADH (Tabl 21–2) ar disrdrs
affting th ntral nrvus systm r th lungs (suh as
anr r inftins) and mdiatins. SIADH is a diagn-
sis f xlusin, whih invlvs ruling ut thr auss f
hypnatrmia (g, lw fftiv irulating vlum,

drasd slut intak, rtisl dfiiny, and svr
hypthyridism). SIADH is a linial diagnsis haratr-
izd by (1) hypnatrmia; (2) drasd plasma smlality
(lss than 280 mOsm/kg); (3) absn f hart, kidny, r
livr disas; () nrmal thyrid and adrnal funtin (s
Chaptr 26); and (5) urin sdium usually vr 20 mEq/L.
Patints with SIADH may hav lw bld ura nitrgn
(BUN) (lss than 10 mg/dL [3.6 mml/L]) and hypuri-
mia (lss than  mg/dL [238 mml/L]), whih ar nt
nly dilutinal but rsult frm inrasd ura and uri
aid larans in rspns t th vlum-xpandd
stat.

d. Reset osmostat—This is a rar aus f hypnatrmia
in whih patints rgulat vasprssin rlas arund a
lwr, r hyptni, st pint. Diagnsis invlvs du-
mntatin f dilut urin whn srum sdium is lwrd
by administratin f fr watr; hwvr, this is rarly dn
in linial prati. Th mild hyp-smlality f prgnany
is a frm f rst smstat.

e. Adrenal insufficiency and hypothyroidism—

Crtisl nrmally prvids a ngativ fdbak n ADH
rlas, and thrfr rtisl dfiiny an lad t unin-
hibitd ADH and hypnatrmia. Cnmitant minral-
rtiid dfiiny may rsult in hyprkalmia and
mtabli aidsis. Hypnatrmia du t hypthyridism
nly urs in th ntxt f myxdma ma, whih may
b rlatd t a lw ardia utput stat and thus drasd
fftiv artrial bld vlum.

f. Nausea, pain, and surgery—Nausa and pain ar
ptnt stimulatrs f ADH rlas. Svr hypnatrmia
an dvlp aftr ltiv surgry in halthy patints du t
xssiv us f hyptni fluids.

g. Exercise-associated hyponatremia—Hypnatr-
mia during r aftr xris, spially nduran vnts
suh as triathlns and marathns, may b ausd by a
mbinatin f xssiv hyptni fluid intak and ADH
srtin (du t hypvlmia, pain, r nausa). Currnt
guidlins suggst that nduran athlts drink watr
arding t thirst rathr than arding t spifid
hurly rats f fluid intak. Eltrlyt-ntaining sprt
drinks d nt prtt against hypnatrmia sin thy ar
markdly hyptni rlativ t srum.

h. Thiazide diuretics and other medication—

Thiazids may indu hypnatrmia, typially in ldr
patints, within a fw wks f initiating thrapy, and may
b xarbatd by inrasd thirst and lw slut intak.
Th mhanism appars t b a mbinatin f watr
intak and a mild diurti-indud vlum ntratin
lading t ADH srtin. Lp diurtis d nt aus
hypnatrmia as frquntly du t impairmnt f th md-
ullary nntratin gradint, limiting th ability f ADH
t prmt watr rtntin.

Nnstridal anti-inflammatry drugs (NSAIDs)
inras ADH by inhibiting prstaglandin frmatin. Sl-
tiv srtnin ruptak inhibitrs (g, fluxtin, parxtin,
and italpram) an als aus hypnatrmia, spially in
griatri patints. Enhand srtin r atin f ADH may
rsult frm inrasd srtnrgi tn.

Table 21–2. Common causes of syndrome of
inappropriate ADH secretion (SIADH).

Central nervous system disorders

Stroke

Hemorrhage

Infection

Trauma

Inflammatory and demyelinating diseases

pulmonary lesions

Infections (viral, bacterial, fungal)

Malignancies

Many but particularly small cell carcinoma of the lung

Drugs (tis is only a artial list as many ave been imlicated)

Antidepressants: SSRIs, tricyclics, monoamine oxidase inhibitors

Antineoplastics: cyclophosphamide, ifosfamide, methotrexate

Anticonvulsants: carbamazepine, sodium valproate, lamotrigine

Neuroleptics: haloperidol, fluphenazine, trifluoperazine

thioridazine, thiothixene

NSAIDs

Methylenedioxymethamphetamine (MDMA; Ecstasy)

Amiodarone

Ciprofloxacin

Opioids

Oters

HIV

Pain, postoperative, stress

Hereditary

Idiopathic

NSAIDs, nonsteroidal anti-inflammatory drugs; SSRIs, selective

serotonin reuptake inhibitors.
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Us f 3,-mthylndixymthamphtamin (MDMA,
als knwn as Estasy) an lad t hypnatrmia and
svr nurlgi symptms, inluding sizurs, rbral
dma, and brainstm hrniatin. MDMA and its mtab-
lits inras ADH rlas frm th hypthalamus. Ply-
dipsia may ntribut t hypnatrmia sin MDMA usrs
typially inras fluid intak t prvnt hyprthrmia.

» Clinical Findings

A. Symptoms and Signs

Whthr hypnatrmia is symptmati dpnds n bth
its svrity and auity. Chronic hyponatremia, dfind as
lasting lngr than 8 hurs, is ftn diagnsd n rutin
ltrlyt masurmnts; patints ar ftn asymptmati
as th brain has adaptd t th surrunding hyptniity.
Subtl abnrmalitis, suh as mild nntratin and g-
nitiv dfiits, as wll as gait disturbans that an lad t
falls, may b prsnt. Acute hyponatremia (dfind as
lasting lss than 8 hurs) an rsult in markd nurlgi
symptms, vn with rlativly mdst hypnatrmia, du
t aut brain ll swlling and subsqunt ris in intrara-
nial prssur. Early symptms inlud hadah and
dras in attntivnss, whih an lad t lthargy, dis-
rintatin, and nausa. Th mst srius symptms
inlud markd nfusin and drasd lvls f n-
siusnss, vmiting, sizurs, ma, brainstm hrnia-
tin, and dath.

Clinial valuatin starts with a histry f mdiatins,
hangs in fluid intak (plydipsia, anrxia, intravnus
fluid rats and mpsitin), and fluid utput (nausa and
vmiting, diarrha, stmy utput, plyuria, liguria,
insnsibl lsss). Th physial xaminatin shuld
attmpt t atgriz vlum status (s Bdy Watr and
Fluid Distributin, abv). Th nxt dtrminatin is why
ADH is bing rlasd and nditins in whih rlas may
b haltd abruptly, whih an impat th apprah t
thrapy.

B. Laboratory Findings

Th initial labratry assssmnt shuld inlud srum
and urin ltrlyts and srum and urin smlality. In
linial prati ADH lvls ar nt masurd; urin sm-
lality is usd as a surrgat fr ADH ativity. Urin sm-
lality shuld b hkd nt nly at th tim f diagnsis
but may als b usful if hkd srially during thrapy.
Bdsid assssmnt f vlum status is ftn insnsitiv;
thrfr, a urin sdium may hlp diffrntiat btwn
hypvlmia and uvlmia, partiularly in nndmatus
patints (Figur 21–1). Th tilgy f mst ass f hyp-
natrmia will b apparnt by apprpriat intrprtatin f
th abv labratry valus, in additin t patint histry
and assssmnt f vlum status. Additinal tsting, suh
as thyrid and adrnal funtin tsts, may b warrantd in
th apprpriat ntxt.

» Treatment

Th initial tratmnt f hypnatrmia is ntingnt n tw
primary fatrs, th auity f nst and th svrity f

symptms. In patients with documented acute hypona-
tremia, ie, onset within 48 hours, sodium can be cor-
rected at the rate at which it fell. In general, most cases
are chronic and therefore need to be corrected more
slowly to minimize risk of osmotic demyelination.

Psudhypnatrmia frm hyprtriglyridmia r
hyprprtinmia rquirs n thrapy xpt nfirmatin
with th linial labratry. Translatinal hypnatrmia
frm glus r mannitl an b managd with glus
rrtin r mannitl disntinuatin (if pssibl).
Patints with hypvlmi hypnatrmia rquir fluid
rsusitatin. Data frm 2018 suggst that baland rys-
tallid slutins (latatd Ringr slutin) may b a sup-
rir hi fr rsusitatin vr nrmal salin, partiularly
in ICU patints. Th rrtin f th vlum dpltin
will rmv th stimulus fr ADH and prmit rnal xr-
tin f a dilut urin. Grat ar must b takn baus th
rapid rnal xrtin f th xss watr may rrt th
srum sdium lvl t quikly.

A. Symptomatic Hyponatremia

If a patint has hypnatrmia and svr symptms (g,
sizurs, nfusin), thn mrgnt tratmnt with hypr-
tni salin shuld mmn rgardlss f tilgy. A
rlativly small inras in srum sdium f –5 mEq/L is
gnrally suffiint t prmptly rvrs svr nurlgi
symptms and dras intraranial prssur. This an b
amplishd mst fftivly by using bluss f 100 mL
f 3% NaCl vr 10 minuts, whih an b rpatd twi
if ndd. Eah blus might b prditd t rais th srum
sdium by 1–2 mEq/L. In patints with lss svr symp-
tms, an intravnus infusin f 3% NaCl (0.5–2 mL/kg/h)
may b usd.

It cannot be overstated that there is no substitute for
frequent laboratory monitoring during therapy for hypona-
tremia, particularly severe cases, which should occur every
1–2 hours.

B. Osmotic Demyelination and Correction Rate

Iatrgni smti dmylinatin syndrm is th rsult
f vrly rapid rrtin f srum sdium in patints
with hrni hypnatrmia. Prviusly alld ntral
pntin mylinlysis, smti dmylinatin syndrm
may als ur utsid th brainstm. Dmylinatin
gnrally urs 2–6 days aftr inapprpriat sdium r-
rtin and prsnts with prfund nurlgi dfiits
that ar ftn irrvrsibl. Risk fatrs fr smti dmy-
linatin syndrm inlud th svrity f hypnatrmia
(majrity lss than 120 mEq/L), alhl us disrdr
(alhlism), livr disas, malnutritin, and nurrnt
hypkalmia.

Th ptimal rrtin rat fr hypnatrmia is
dbatd, thugh nsnsus guidlins suggst a rr-
tin nt t xd 8 mEq/L in a 2-hur prid. It
shuld b mphasizd that this rprsnts a limit and
nt a gal. In fat, in patints wh ar dmd high risk
fr smti dmylinatin syndrm, basd n ritria
dtaild abv, a gal f –6 mEq/L/day is apprpriat.
If rapid disntinuatin f th ffts f vasprssin ar
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antiipatd, partiularly in patints wh ar at high risk
fr smti dmylinatin syndrm, prphylati us
f intravnus dsmprssin atat (DDAVP) t pr-
vnt a watr diursis shuld b nsidrd. In th vnt
f vrrrtin, fr watr, with r withut DDAVP,
shuld b infusd t r-lwr th srum sdium t an
aptabl lvl.

C. Chronic Hyponatremia

In mst patints with hrni hypnatrmia, fluid rstri-
tin is a rnrstn f thrapy, althugh if th urin
rmains nntratd (gratr than 300 mOsm/kg), it
an b diffiult t adhr t a strit watr rstritin. Othr
masurs t inras fr watr xrtin shuld b nsid-
rd. Optins inlud lp diurtis, with r withut salt
tablts, whih impair th mdullary nntratin gradint
limiting rnal nntratin, vasprssin rptr antag-
nists (vaptans), and ral ura.

Vaptans impair ADH atin by inhibiting th vas-
prssin typ 2 (V

2
)–rptrs in th llting dut,

thrby induing a watr diursis. Whil a lgial targt
fr thrapy in rfratry hypnatrmia, ths agnts hav
nt bn shwn t imprv hard utms and ar assi-
atd with risks f livr txiity and sdium vrrr-
tin. If ths agnts ar usd, thy shuld gnrally b
avidd in patints with irrhsis, duratin shuld b
limitd t 30 days, and fluid rstritin shuld nur-
rntly b liftd in rdr t rdu th risk f xssiv
srum sdium rrtin. An altrnativ ptin is th us
f ral ura t indu an smti diursis, whih nhans
fr watr laran. Th disadvantag f palatability has
bn addrssd by mbining ura with sdium biar-
bnat, itri aid, and surs.

» When to Refer

• Nphrlgy nsultatin shuld b nsidrd in
patints with hypnatrmia f unrtain aus r in
rfratry, r mpliatd ass.

• Aggrssiv thrapis with hyprtni salin, V
2
-antagnists,

r dialysis mandat spialist nsultatin.

• Cnsultatin may b nssary with svr livr r
hart disas.

» When to Admit

Hspital admissin is nssary fr svr r symptmati
patints r ths rquiring aggrssiv thrapis (suh as
hyprtni salin, initiating vaptans) fr ls mnitring
and frqunt labratry tsting.

Hrn EJ t al. Diagnsis and tratmnt f hypnatrmia: m-
pilatin f th guidlins. J Am S Nphrl. 2017;28:130.
[PMID: 2817217]

Smlr MW t al; SMART Invstigatrs and th Pragmati Criti-
al Car Rsarh Grup. Baland rystallids vrsus salin
in ritially ill adults. N Engl J Md. 2018;378:829. [PMID:
2985925]

Strns RH. Tratmnt f svr hypnatrmia. Clin J Am S
Nphrl. 2018;13:61. [PMID: 29295830]

HYPERNATREMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Increased thirst and water intake are the main
defense against hypernatremia.

» Urine osmolality helps differentiate renal from
nonrenal water loss.

» General Considerations

Hyprnatrmia is dfind as a sdium nntratin
gratr than 15 mEq/L. All patints with hyprnatrmia
hav hyprsmlality, unlik hypnatrmi patints wh
an hav a lw, nrmal, r high srum smlality. Hypr-
natrmia dvlps whn thr is a rlativ lss f watr that
is inadquatly mpnsatd fr by watr ingstin. Rarly,
xss sdium intak ntributs t hyprnatrmia whn it
is assiatd with an inras in xtrallular vlum.

Th primary rspnss t hyprnatrmia ar stimula-
tin f thirst (t inras watr intak) and inrasd sr-
tin f ADH (t minimiz watr lss in th urin). Clls in
th hypthalamus ar abl t sns minimal hangs in
srum smlarity, triggring th thirst mhanism and
subsqunt intak f watr. It is narly impssibl t
dvlp hyprnatrmia in th ntxt f an intat thirst
mhanism with apprpriat ass t watr.

» Clinical Findings

A. Symptoms and Signs

Whn th patint is dhydratd, rthstati hyptnsin and
liguria ar typial findings. Baus watr shifts frm th
lls t th intravasular spa t prtt vlum status, symp-
tms may b dlayd. Lthargy, irritability, and waknss ar
arly signs. Hyprthrmia, dlirium, sizurs, and ma may
b sn with svr hyprnatrmia (i, sdium gratr than
160 mEq/L). Symptms in ldr adults may nt b spifi.

B. Laboratory Findings

Th first stps in valuating patints with hyprnatrmia
ar assssing th urin vlum, smlality, and th sml
xrtin rat. Th lattr an b alulatd by multiplying
th urin smlality with urin vlum. Th pptin tst
is disussd blw.

C. Etiology

Th initial stp is t dtrmin whthr th patint with
hyprnatrmia is liguri, i, urin flw lss than 0.5 mL/min,
r nnliguri. Patints wh ar nnliguri an b furthr
subdividd by masurmnt f a urin smlality.

1. The oliguric patient urine flow less than 0.5 mL/min—
This is fund in svral snaris.

a. Reduced water intake—Hyprnatrmia will dvlp
in patints with rdud watr intak sndary t th
inability t mmuniat and/r limitd ass t watr.
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b. Nonrenal water losses—Nnrnal sits f watr lss
inlud swat, gastrintstinal (GI) trat, and th rspira-
try trat. This is mst mmnly sn in patints with
diarrha r in fbril patints n a vntilatr.

c. Shift of water into cells—Rarly, hyprnatrmia
may manifst frm a shift f watr int lls du t th
intrallular gain f an fftiv sml. This may b sn
with sizurs r rhabdmylysis.

2. The nonoliguric patient urine flow greater than
0.5 mL/min—

a. Urine osmolality less than 250 mosm/kg—

Hyprnatrmia in th stting f dilut urin is haratristi
f diabts insipidus (DI) r rlas f a vasprssinas.
Cntral DI rsults frm inadquat ADH rlas frm th
pituitary (strk, tumr, infiltratin). In nphrgni DI,
ADH lvls ar nrmal r vn lvatd, but th kidnys ar
lss snsitiv t th ffts. Cmmn auss inlud lithium
thrapy, pst-rlif f urinary bstrutin, hrni intrsti-
tial nphritis, hypralmia, and hypkalmia. Cntral and
nphrgni DI an b distinguishd by th rspns t
xgnus DDAVP administratin whil hyprnatrmi.
An innvativ tst t assist in th diffrntiatin f patints
with hyptni plyuria is th masurmnt f copeptin, a
C-trminal pptid synthsizd with vasprssin, whih
mirrrs its nntratin vr a wid rang f plasma sm-
lalitis. Elvatd lvls f pptin in th stting f hyprna-
trmia suggst th prsn f vasprssin and thrfr
xlud a diagnsis f ntral DI. Vasprssin is unstabl in
islatd plasma, and lvls ar nt hlpful.

b. Urine osmolality greater than 300 mosm/kg—

Patints with an lvatd urin smlality and a high urin
vlum hav an smti diursis. Bth glus and ura in
th urin an prmt plyuria assiatd with an
inrasd fr watr xrtin.

» Treatment

Tratmnt f hyprnatrmia inluds bth rrting th
aus f th fluid lss, and rplaing th watr ltrlyt
dfiit.

A. Choice of Fluid for Replacement

In gnral, th tratmnt f patints with hyprnatrmia
invlvs induing a psitiv watr balan by th administra-
tin f hyptni fluids. This an b amplishd ithr
thrugh th GI trat with ral intak r bluss via a fding
tub r intravnusly (r a mbinatin f bth). Baus it
an b diffiult t rrt larg watr dfiits via th GI trat
aln, th mst mmn stratgy is infusin f 5% dxtrs in
watr (distilld watr is ntraindiatd du t th dvlp-
mnt f hmlysis). Althugh thr appars t b littl risk in
th rapid rrtin f hyprnatrmia, autin shuld b
xrisd whn infusing larg amunt f 5% dxtrs in watr
du t th risk f hyprglymia and subsqunt dvlpmnt
f an smti diursis, whih an aggravat hyprnatrmia.

In patints wh ar nurrntly vlum dpltd, pri-
rity shuld b t rstr uvlmia via th administratin
f istni fluids.

B. Calculation of Water Deficit

Fluid rplamnt shuld inlud rrting th fr watr
dfiit and adding maintnan fluid t rpla nging
and antiipatd fluid lsss.

1. Chronic hypernatremia—Th watr dfiit is th
amunt f watr alulatd t rstr th sdium nn-
tratin t nrmal (10 mEq/L). Ttal bdy watr (TBW)
(Tabl 21–1) rrlats with musl mass and thrfr
drass with advaning ag, ahxia, and dhydratin
and, n avrag, is lwr in wmn than in mn. Currnt
TBW quals 0–60% urrnt bdy wight.

Water deficit (L)  Current TBW
S  140

140

Na
=  ×

−

It should be emphasized that the water deficit represents
a static period in time and a critical mistake that is often
made when considering the volume of water needed to
restore sodium balance is failure to incorporate ongoing
water loss via urinary output and insensible losses. Insn-
sibl lsss an b stimatd as 500–1000 mL daily; hw-
vr, thy an vary signifiantly. Th prprtin f urin
vlum that is fr watr an b stimatd by alulating
th ltrlyt fr watr (EFW) laran via th qua-
tin blw.

C  ( L)  Urine volume  1
U  U

S
EFW

Na  K

Na

=  ×  −
+





2. Rate of sodium correction—Althugh it wuld b
appaling t apply similar prinipls fr patints with
hypnatrmia t patints with hyprnatrmia, this prati
is nt supprtd by th litratur. Advrs nurlgi
symptms frm vrly rapid rrtin f hyprnatrmia
hav nly bn dsribd in hildrn. A slw rat f rr-
tin is usually rmmndd n th basis f smti brain
adaptatin that urs with hrni hyprnatrmia and
rrspnding thrtial risk f rbral dma if hypr-
natrmia is rrtd t quikly. Hwvr, a rlativly
larg rtrsptiv study fund n vidn f mrbidity
r mrtality with rapid rrtin f hyprnatrmia in
ritially ill patints with admissin r hspital-aquird
hyprnatrmia. Cmmn linial prati is t limit r-
rtin f hrni hyprnatrmia t blw 12 mEq/L in
2 hurs givn th absn f data t suggst slw rr-
tin rats ar harmful. Hwvr, in th vnt that this rat
is inadvrtntly xdd, th srum sdium shuld nt b
raisd. In patints with aut hyprnatrmia, th srum
sdium shuld b rrtd t nrmal within 2 hurs.

3. Treatment of the underlying cause—Th undrlying
aus f th hyprnatrmia shuld b idntifid and
addrssd. Fr patints wh hav ntral DI, vasprssin
dfiiny shuld b rplad by administratin f DDAVP.

» When to Refer

Patints with rfratry r unxplaind hyprnatrmia
shuld b rfrrd fr nphrlgy nsultatin.
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» When to Admit

• Patints with symptmati hyprnatrmia rquir hs-
pitalizatin fr valuatin and tratmnt.

• Signifiant mrbiditis r nmitant aut ill-
nsss, spially if ntributing t hyprnatrmia, may
nssitat hspitalizatin.

Chauhan K t al. Rat f rrtin f hyprnatrmia and halth
utms in ritially ill patints. Clin J Am S Nphrl.
2019;1:656. [PMID: 309856]

Fnsk W t al. A pptin-basd apprah in th diagnsis f
diabts insipidus. N Engl J Md. 2018;379:28. [PMID:
30067922]

Say NW t al. Diagnsis and managmnt f disrdrs f bdy
tniity-hypnatrmia and hyprnatrmia: Cr Curriulum
2020. Am J Kidny Dis. 2020;75:272. [PMID: 31606238]

º
DISORDERS OF pOTASSIUM
CONCENTRATION

HYPOKALEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Serum potassium < 3.5 mEq/L (3.5 mmol/L).

» Severe hypokalemia may induce arrhythmias and
rhabdomyolysis.

» Assessment of urine potassium excretion (urine
potassium to creatinine ratio) can distinguish
renal from nonrenal loss of potassium.

» General Considerations

Hypkalmia an rsult frm insuffiint ditary ptas-
sium intak, intrallular shifting f ptassium frm th
xtrallular spa, r ptassium lss (rnal r xtra-rnal)
(Tabl 21–3). A lw ditary ptassium intak is usually nt
suffiint as th kidnys an lwr urin ptassium xr-
tin t vry lw lvls (lss than 15 mEq/L). Shift f ptas-
sium int lls is inrasd by insulin and bta-adrnrgi
stimulatin. Exss ptassium xrtin by th kidnys is
usually du t inrasd aldstrn atin in th stting f
prsrvd dlivry f sdium t th distal nphrn. Mag-
nsium is an imprtant rgulatr f ptassium handling
and lw lvls lad t prsistnt rnal xrtin f ptas-
sium suh that hypkalmia is ftn rfratry t trat-
mnt until th magnsium dfiiny is rrtd. Lp
diurtis (g, fursmid) aus substantial rnal ptas-
sium and magnsium lsss.

» Clinical Findings

A. Symptoms and Signs

Hypkalmia is usually asymptmati but whn svr
may lad t musl waknss and ardia arrhythmias.
Invlvmnt f GI smth musl may rsult in

nstipatin r ilus. Rhabdmylysis with assiatd
aut kidny injury an b sn with srum ptassium lss
than 2.5 mEq/L. Hypkalmia may additinally prsnt as
plyuria and plydipsia du t diminishd nntrating
ability f th kidny (nphrgni DI) and hrni hyp-
kalmia an lad t kidny disas (tubulintrstitial
nphritis).

B. Laboratory Findings

Transint hypkalmia is gnrally sndary t intral-
lular shift, whil sustaind hypkalmia is sndary t
ptassium wasting r, rarly, inadquat intak. Assss-
mnt f rnal ptassium xrtin an hlp distinguish
rnal frm nnrnal auss f hypkalmia. A 2-hur
urin lltin is th mst aurat mthd fr assssing
rnal handling f ptassium, with a lvl lss than
25 mEq/day mpatibl with apprpriat rnal ptassium
rtntin, and highr valus rrspnding t rnal ptas-
sium wasting. A mr immdiat assssmnt an b mad
by masuring a urin ptassium t ratinin rati
(U

K
/U

Cr
) n a spt urin sampl (Figur 21–2). In th st-

ting f hypkalmia, a U
K
/U

Cr
rati lss than 13 mEq/g (r

1.5 mEq/mml) is suggstiv f a nnrnal tilgy, mst
mmnly GI lsss, intrallular ptassium shifts, r

Table 21–3. Causes of hypokalemia.

Decreased otassium intake

potassium sift into te cell

Alkalosis

Beta-adrenergic agonists

Insulin release (postprandial, exogenous, insulinoma)

Hypokalemic periodic paralysis

Renal otassium loss wit metabolic acidosis

Proximal and distal RTAs

Toluene inhalation (glue sniffing)

Renal otassium loss wit metabolic alkalosis

Normal/low blood ressure

Bartter syndrome

Gitelman syndrome

Magnesium deficiency

Vomiting

Loop/thiazide diuretics

hig blood ressure

Elevated renin and aldosterone

Malignant hypertension

Renin-producing tumor

Renal artery stenosis

Depressed renin and elevated aldosterone

Adrenal adenoma

Glucocorticoid remediable aldosteronism

Adrenal hyperplasia

Depressed renin and aldosterone

Cushing syndrome

Black licorice

Apparent mineralocorticoid excess

Liddle syndrome

Increased gastrointestinal losses

Diarrhea

Laxative abuse

RTA, renal tubular acidosis.
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inadquat ditary intak, whras highr valus imply
rnal ptassium wasting.

C. Electrocardiogram

Hypkalmia lads t a haratristi prgrssin f ltr-
ardigram (ECG) hangs, initially T wav flattning, subs-
quntly ST dprssins and T wav invrsins, ultimatly
lading t U wavs as th hypkalmia bms mr svr.
Thr is signifiant intrpatint variability in th dgr f
hypkalmia and rrspnding ECG findings; thrfr,
typial ECG pattrns may nt b bsrvd in all patints.

» Etiology

1. Inadequate dietary intake—Whil th kidny an
xrt urin that is virtually fr f sdium, thr ntin-
us t b a small amunt f ptassium xrtin vn in
th stting f dits mpltly dvid f ptassium. With
xtrm ptassium fr dits, suh as anrxia nrvsa and

alhl us disrdr, th hypkalmia is wrsnd by n-
urrnt magnsium dpltin.

2. Intracellular shift—Th mst imprtant dtrminants
f intrallular ptassium shifts ar pstprandial insulin
and athlamin rlas. Ths physilgi nditins
an b xarbatd by bta-adrnrgi–agnist administra-
tin, as wll as high adrnrgi stats, whih an b sn in
situatins suh as alhl withdrawal and myardial
infartins. Rar auss inlud insulinmas and hypkal-
mi pridi paralysis.

3. GI losses—Th mst mmn aus f nnrnal ptas-
sium wasting is GI lss, bth diarrha and vmiting. Diar-
rha may hav a high ptassium and biarbnat ntnt
rsulting in hypkalmia with a nurrnt nngap (hypr-
hlrmi) mtabli aidsis. Vmiting lads t hypkal-
mia with a mtabli alkalsis with mst f th ptassium
lss du t rnal wasting (sndary t hypvlmia-
indud hypraldstrnism).

Hypokalemia

Check spot UK/UCr

UK/Ucr < 13 mEq/g

Check acid/base status

No acid/base issues

Intracellular shift of K+

Hypokalemic periodic paralysis

Insulin

β2-adrenergic stimulation

Metabolic acidosis

Diarrhea

UK/Ucr > 13 mEq/g

Metabolic acidosis

Distal RTA

Proximal RTA treated

with NaHCO3

Metabolic alkalosis

Low/Normal

Check blood pressure

Check urine chloride

HighLow

Diuretics

Magnesium deficiency

Bartter syndrome

Gitelman syndrome

Vomiting

Remote diuretics

Check renin-aldosterone levels

Renal artery stenosis

Renin secreting tumor

Adrenal adenoma

Adrenal hyperplasia

Glucocorticoid remediable aldosteronism

Liddle syndrome

Cushing syndrome

Apparent mineralocorticoid excess

Black licorice

Renin Aldosterone

High

Renin Aldosterone

Renin Aldosterone

▲ Figure 21–2. Differentiating renal from nonrenal causes of hypokalemia using a spot urine potassium and a
spot urine creatinine. NaHCO

3
, sodium bicarbonate; RTA, renal tubular acidosis; U

K
/U

Cr
, urine potassium to

creatinine ratio.
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4. Renal wasting—Rnal ptassium wasting urs in
stats whr inrasd distal sdium dlivry is upld t
inrasd aldstrn ativity. This mst mmnly urs
with diurti us. Rarly, rnal tubulpathis (Barttr syn-
drm r Gitlman syndrm) r rnal tubular aidsis
(RTA) may prsnt with hypkalmia.

Primary hypraldstrnism (Cnn syndrm) is du
t xss aldstrn prdutin by th adrnal glands,
whih auss xtrallular vlum xpansin rsulting in
hyprtnsin assiatd with hypkalmia and a mtabli
alkalsis. Othr rar frms f inrasd minralrtiid
ativity may b idntifid by masuring plasma rnin ativ-
ity and srum aldstrn lvls.

» Treatment

Any undrlying nditins shuld b tratd and aus-
ativ drugs disntinud. Magnsium dfiiny shuld
b rrtd, partiularly in rfratry hypkalmia. Oral
ptassium supplmntatin is th safst tratmnt fr
mild t mdrat dfiiny, althugh ptassium suppl-
mnts may aus GI upst. With mild t mdrat
diurti dss, 20 mEq/day f ral ptassium is gnrally
suffiint t prvnt hypkalmia, whras with stab-
lishd hypkalmia, 0–100 mEq/day vr a prid f
days t wks may b ndd t trat hypkalmia and
fully rplt ptassium strs.

Intravnus ptassium is rsrvd fr svr hypka-
lmia (lss than 3.0 mEq/L) and rquirs arful mnitr-
ing du t th risk f transint hyprkalmia. Ptassium
hlrid may b givn thrugh a priphral intravnus
lin at rats up t 10–15 mEq/h dilutd in 0.5% r 0.9%
nrmal salin, but highr rats (up t 20 mEq/h) rquir
ntral ass du t th risk f priphral vin irritatin.
In th vnt f nurrnt mtabli aidsis, ptassium
rpltin shuld tak prdn vr alkali administra-
tin as rrtin f th aidsis will rsult in intrallu-
lar shift f ptassium, furthr drasing xtrallular
ptassium nntratin. Similarly, ptassium shuld b
givn in a salin, rathr than dxtrs, slutin sin dx-
trs wuld stimulat insulin rlas and, hn, intral-
lular shift.

» When to Refer

Patints with unxplaind hypkalmia, rfratry r pr-
sistnt hypkalmia, r suggstiv altrnativ diagnss
(g, aldstrnism r hypkalmi pridi paralysis)
shuld b rfrrd fr nphrlgy nsultatin.

» When to Admit

Patints with symptmati r svr hypkalmia (lss
than 2.5 mEq/L), spially with ardia manifstatins,
rquir ardia mnitring, ptassium supplmntatin,
and frqunt labratry tsting.

Gumz ML t al. An intgratd viw f ptassium hmstasis.
N Engl J Md. 2015;373:60. [PMID: 2613292]

Palmr BF t al. Physilgy and pathphysilgy f ptassium
hmstasis: Cr Curriulum 2019. Am J Kidny Dis. 2019;
7:682. [PMID: 31227226]

HYPERKALEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Serum potassium > 5.2 mEq/L (5.2 mmol/L).

» Check medications carefully. Hyperkalemia may
develop from angiotensin-converting enzyme
(ACE) inhibitors, angiotensin receptor blockers,
and potassium-sparing diuretics, most commonly
in patients with kidney dysfunction.

» The ECG may be normal despite life-threatening
hyperkalemia.

» Rule out pseudohyperkalemia and extracellular
potassium shift from cells.

» General Considerations

Hyprkalmia is a rar urrn in nrmal individuals
du t adaptiv mhanisms dsignd t prvnt aumula-
tin f ptassium in th xtrallular fluid, mainly via rapid
urinary xrtin. Persistent hyperkalemia gnrally
rquirs an impairmnt in rnal ptassium xrtin du t
impaird srtin f r hyprspnsivnss t aldstrn,
impaird dlivry f sdium and watr t th distal nph-
rn, r kidny disas (aut r hrni) (Tabl 21–).

Table 21–4. Causes of hyperkalemia.

pseudoyerkalemia

Marked thrombocytosis or leukocytosis with release of

intracellular K+

Repeated fist clenching during phlebotomy, tourniquet

application, use of small-bore needles during lab draw

Extracellular sift of K+

Metabolic acidosis

Insulin deficiency

Hyperglycemia

Alpha-adrenergic stimulation

Tissue injury (rhabdomyolysis, hemolysis, tumor lysis)

Hyperkalemic periodic paralysis

Drugs (digoxin overdose, succinylcholine)

Kidney disease, acute and cronic

Renal secretory defects (may or may not have reduced kidney

function): interstitial nephritis, systemic lupus erythematosus,

sickle cell disease, amyloidosis, obstructive nephropathy,

kidney transplant

hyoaldosteronism

Addison disease

Type IV renal tubular acidosis

Heparin

Ketoconazole

Drugs tat inibit otassium excretion

Drugs that inhibit potassium excretion: spironolactone,

eplerenone, drospirenone, NSAIDs, ACE inhibitors, angiotensin

II receptor blockers, triamterene, amiloride, trimethoprim,

pentamidine, cyclosporine, tacrolimus

Excessive intake of K+

Especially in patients with diminished kidney excretion

ACE, angiotensin-converting enzyme; NSAIDs, nonsteroidal anti-

inflammatory drugs.
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Transient hyperkalemia suggsts shift f ptassium
frm insid lls int th xtrallular fluid, whih an
ur in th ntxt f tissu damag (rhabdmylysis,
tumr lysis, massiv hmlysis, and trauma) r mta-
bli aidsis. Finally, psudhyprkalmia is a labra-
try artifat in whih thr is an lvatin in srum
ptassium in th absn f tru ltrlyt imbalan
as a rsult f turniqut appliatin r fist lnhing
during bld draw, r imprpr transprt r prssing
f vnus sampls in patints with markd thrmby-
tsis r lukytsis.

» Clinical Findings

A. Symptoms and Signs

Th symptms f hyprkalmia ar a nsqun f
impaird nurmusular transmissin. Th mst srius
manifstatins ar ardia ndutin abnrmalitis and
nurmusular manifstatins, suh as musl waknss,
whih may b prfund. This gnrally urs with ptas-
sium nntratins abv 7 mEq/L, thugh it an vary
dpnding n th auity in dvlpmnt f hyprkalmia.
Hyprkalmi prid paralysis is a rar gnti disrdr
haratrizd by pisds f painlss musl waknss
pripitatd by ptassium ingstin, rst aftr havy xr-
is, and ld xpsur. Hyprkalmia additinally impairs
urinary ammnium xrtin and may lad t mtabli
aidsis.

B. Electrocardiogram

Eltrardigraphy is an unrliabl mthd fr dtting
hyprkalmia; linial studis shw pr rrlatin
btwn srum ptassium and ardia manifstatins. Th
rapidity in dvlpmnt f hyprkalmia may rrlat
with th dvlpmnt f ECG hangs. Typial squntial
hangs n th ltrardigram ar paking f th
T wavs, ST-sgmnt dprssin, and widning f th PR
and QRS intrvals. As th QRS ntinus t widn, sin
wavs may dvlp, whih ar nrning fr imminnt
vntriular fibrillatin and ultimatly asystl.

» Etiology

1. Increased potassium release from cells—

a. Pseudohyperkalemia—This nditin ariss during
spimn lltin du t fist lnhing, appliatin f
turniquts, r using small br ndls. Th prsn f
hmlysis in th prssd sampl an suggst ths ti-
lgis. A mr striking xampl urs in patints with
markd thrmbytsis (gratr than 500,000/mL
[500 × 109/L]) r lukytsis (gratr than 100,000/mL
[100 × 109/L]), partiularly lukmi lls. Cntrifuga-
tin r transprt via a pnumati tub systm auss
signifiant in vitr ll dstrutin du t ll fragility. If
this nditin is susptd a nnntrifugd, a whl
bld sampl that is walkd t th labratry is rquird
fr nfirmatin.

b. Tissue breakdown—Tissu damag rsults in rlas
f intrallular ptassium t th xtrallular spa.

Cmmn linial xampls inlud tumr lysis syndrm,
rush injuris and svr hmlysis. Hyprkalmia is mr
mmn whn nurrnt rnal impairmnt is prsnt.

c. Hyperglycemia—Patints with unntrlld diabts
may hav hyprkalmia, vn in th stting f a lw ttal
bdy ptassium, du t a mbinatin f insulin dfiiny
and hyprsmlarity frm hyprglymia.

d. Metabolic acidosis—Aidsis rsults in ptassium
shifting ut f th intrallular fluid du t buffring f
hydrgn ins int lls. Srum ptassium nntratin
riss apprximatly 0.7 mEq/L fr vry dras f 0.1 pH
unit. This fft is nt sn with rgani aidsis, suh as
lati aidsis r ktaidsis.

2. Impaired renal excretion—

a. Acute kidney injury—A rapid rdutin in kidny
funtin lads t pr rnal xrtin f ptassium and
ds nt allw suffiint tim fr nnrnal adaptiv mh-
anisms t tak fft. Hyprkalmia urs mr m-
mnly in liguri patints.

b. Chronic kidney disease—Th ability t maintain
nrmal srum ptassium is gnrally prsrvd until GFR
dlins t lss than 20–30 mL/min/1.73 m2. This is pri-
marily du t adaptiv mhanisms, partiularly inrass
in ptassium xrtin by rmaining funtining nphrns
and by inrasd GI trat ptassium xrtin. Hyprkal-
mia in patints with mr mdst drass in GFR ar
ftn du t mdiatins that disrupt th rnin-angitnsin-
aldstrn systm, whih ar mmnly usd in ths
patints.

c. Low effective circulating volume—Vlum
dpltin as wll as th dmatus stats f irrhsis and
hart failur an aus hyprkalmia du t a dras in
distal dlivry f sdium and watr, whih impairs ptas-
sium xrtin.

d. Reduced aldosterone action—Minralrtiid
dfiiny frm Addisn disas may aus hyprkalmia
du t a drasd rnal xrtin f ptassium. Minral-
rtiid rsistan du t gnti disrdrs, intrstitial
kidny disas, r urinary trat bstrutin als lads t
hyprkalmia.

3. Medications—A numbr f mdiatins an b impli-
atd in th dvlpmnt f hyprkalmia and a arful
rviw f a patint’s mdiatin list is imprativ. Cmmn
mdiatins inlud ACE inhibitrs, angitnsin rptr
blkrs (ARBs), and NSAIDs, whih rdu aldstrn
rlas. Cnmitant us f aldstrn antagnists (spi-
rnlatn r plrnn) r mdiatins that dirtly
blk th sdium hannls f th prinipal lls (amilrid,
triamtrn, r trimthprim) furthr inras risk f
hyprkalmia. Bta-blkrs an aus mild hyprkalmia
by intrfring with ptassium uptak by lls, a phnm-
nn mr mmnly bsrvd with nnsltiv bta-
blkrs. Hparin inhibits aldstrn prdutin in th
adrnal glands. Calinurin inhibitrs, suh as ylsp-
rin and tarlimus, an indu hyprkalmia, partly
stimulating th sdium hlrid -transprtr in th
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distal nphrn impairing distal sdium dlivry. Ths
mdiatins shuld b usd autiusly in patints with
rnal impairmnt, and labratry mnitring is indiatd
within 1–2 wks f drug initiatin r dsag inras.

» Treatment

Th diagnsis shuld b nfirmd by rpat labratry
tsting t rul ut spurius hyprkalmia, spially in th
absn f mdiatins that aus hyprkalmia r in
patints withut kidny disas. Th initial tratmnt is
dtrmind by th prsn f signs and symptms as wll
as th svrity in plasma ptassium lvatin. In all
patints, xgnus surs f ptassium shuld b limi-
natd, mdiatins that an impair ptassium xrtin
disntinud, vlum dpltin rrtd, and mtabli
aidsis imprvd.

In mrgny situatins (ardia txiity, musl wak-
nss, r ptassium gratr than 6.5 mEq/L), initial thrapy
shuld b intravnus alium glunat t stabiliz th
myardium in rdr t prtt against arrhythmias, fl-
lwd by thrapis t shift ptassium int lls. Insulin and
bta-agnists shift ptassium intrallularly within
10–15 minuts f administratin but hav a shrt duratin
f atin (1–2 hurs) (Tabl 21–5). Sdium biarbnat
may hlp shift ptassium int lls in patints with a n-
urrnt mtabli aidsis. On th patint is stabilizd,
thrapis ar fusd n ptassium xrtin.

Ptassium xrtin may b nhand with th us f
lp diurtis. Patirmr and sdium zirnium yl-
siliat ar ptassium-binding drugs that may b usd t
trat hrni hyprkalmia. Studis hav dmnstratd
that ths drugs ar wll tlratd and fftiv in
patints with hyprkalmia wh hav ithr hrni kid-
ny disas r hart failur and tak at last n mdia-
tin that inhibits th rnin-angitnsin-aldstrn
systm. Nithr drug has bn studid in aut hyprka-
lmia. Sdium plystyrn (Kayxalat) has bn usd
fr dads althugh its ffiay and safty hav bn
qustind. It may nt inras ptassium xrtin
gratr than laxativs aln and has bn assiatd with
lni nrsis, bth with and withut srbitl ad-
ministratin; sdium plystyrn is ntraindiatd in
patints with risk fatrs fr lni nrsis, suh as
bwl bstrutin, ilus, and pstprativ stat. Hm-
dialysis may b nssary t rmv ptassium in
patints with aut r hrni kidny injury, partiularly
in patints wh ar liguri.

» When to Refer

• Patints with hyprkalmia frm kidny disas and
rdud rnal ptassium xrtin shuld s a
nphrlgist.

• Transplant patints may nd adjustmnt f thir
immunsupprssin rgimn by transplant spialists.

» When to Admit

Patints with svr hyprkalmia (gratr than 6 mEq/L),
any dgr f hyprkalmia assiatd with ECG hangs, r

nmitant illnss that may wrsn hyprkalmia (g, tumr
lysis, rhabdmylysis, mtabli aidsis) shuld b snt t
th mrgny dpartmnt fr immdiat tratmnt.

Kvsdy CP. Updats in hyprkalmia: utms and thraputi
stratgis. Rv Endr Mtab Disrd. 2017;18:1. [PMID:
27600582]

Kvsdy CP t al. Ptassium hmstasis in halth and disas: a
sintifi wrkshp spnsrd by th Natinal Kidny
Fundatin and th Amrian Sity f Hyprtnsin. J Am
S Hyprtns. 2017;11:783. [PMID: 29030153]

º
DISORDERS OF CALCIUM CONCENTRATION

Th nrmal ttal plasma (r srum) alium nntratin
is 8.5–10.5 mg/dL (2.1–2.6 mml/L). Inizd alium (nr-
mal: .6–5.3 mg/dL [1.16–1.31 mml/L]) is th physilgi-
ally ativ prtin and is nssary fr musl ntratin
and nrv funtin. In mst situatins, masuring ttal
alium nntratin is suffiint sin hangs mirrr
that sn in inizd alium nntratin; xptins
inlud patints with hypalbuminmia and rtain aid-
bas disrdrs.

HYPOCALCEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Usually asymptomatic but can cause cramps or
tetany if severe.

» Decreased serum parathyroid hormone (PTH), vita-
min D, or magnesium levels.

» Despite a low total serum calcium, calcium metab-
olism is likely normal if ionized calcium level is
normal.

» General Considerations

Th mst mmn aus f lw ttal srum alium is
hypalbuminmia. Whn srum albumin nntratin
is lwr than  g/dL (0 g/L), srum Ca2+ nntratin is
rdud by 0.8–1 mg/dL (0.20–0.25 mml/L) fr vry
1 g/dL (10 g/L) f albumin. Tru hypalmia (drasd
inizd alium) implis insuffiint atin f PTH r
ativ vitamin D. Imprtant auss f hypalmia ar
listd in Tabl 21–6.

Th mst mmn aus f hypalmia is advand
CKD, in whih drasd prdutin f alitril and
hyprphsphatmia bth play a rl (s Chaptr 22).
Rarly, primary hypparathyridism du t mutatins f
th alium-snsing rptr inapprpriatly supprssing
PTH rlas lads t hypalmia (s Chaptr 26).
Magnsium dpltin rdus bth PTH rlas and tis-
su rspnsivnss t PTH, ausing hypalmia. Hyp-
almia in panratitis is a markr f svr disas.
Eldrly hspitalizd patints with hypalmia and
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Table 21–5. Treatment of hyperkalemia.

Treatment of hyerkalemia

Emergent/Stabilizing Teray

Modality

Mecanism of

Action Onset Duration prescrition

K+ Removed

From Body

Calcium Antagonizes cardiac

conduction

abnormalities

0–5 minutes 1 hour Intravenous: calcium gluconate 10%,

5–30 mL or calcium chloride 5%,

5–30 mL

None

Bicarbonate Distributes K+ into

cells

15–30 minutes 1–2 hours Intravenous: NaHCO
3
, 50–100 mEq

Note: Sodium bicarbonate may not

be effective in end-stage kidney

disease patients; dialysis is more

expedient and effective. Some

patients may not tolerate the

additional sodium load of bicar-

bonate therapy.

None

Insulin Distributes K+ into

cells

15–60 minutes 4–6 hours Intravenous: regular insulin,

5–10 units, plus glucose

50%, 25 g

None

Albuterol Distributes K+ into

cells

15–30 minutes 2–4 hours Nebulized albuterol, 10–20 mg in

4 mL normal saline, inhaled over

10 minutes

Note: Much higher doses are neces-

sary for hyperkalemia therapy

(10–20 mg) than for airway

disease (2.5 mg).

None

Nonemergent/Excretory Teray

Modality

Mecanism of

Action Onset of Action prescrition

K+ Removed

From Body

Loop diuretic Renal K+ excretion 0.5–2 hours Intravenous: furosemide, 40–160 mg Variable

Patiromer Ca2+-K+ cation

exchange resin

~7 hours Oral: 4.2–16.8 g once or twice daily Mean 0.75 mEq/L

Sodium zirconium

cyclosilicate

Selective potassium

cation trapping

agent

1 hour Oral: 10 g up to three times daily 0.7 mEq/L per 10g

dose

Sodium polystyrene

sulfonate (eg,

Kayexalate)

Ion-exchange resin

binds K+

1–3 hours Oral: 15–60 g in 20% sorbitol

(60–240 mL)

Rectal: 30–60 g in 20% sorbitol

Note: Resins with sorbitol may cause

bowel necrosis and intestinal per-

foration, especially in patients with

abnormal bowel function.

0.5–1 mEq/g resin

Hemodialysis1 Extracorporeal K+

removal

1–8 hours Note: A fast and effective therapy for

hyperkalemia, hemodialysis can be

delayed by vascular access place-

ment and equipment and/or staff

availability. Serum K can be rapidly

corrected within minutes, but

post-dialysis rebound can occur.

25–50 mEq/h

Peritoneal dialysis Peritoneal K+

removal

1–4 hours Frequent exchanges 50–70 mEq/24h

1Can be both acute immediate and urgent treatment of hyperkalemia.

Modified and reproduced, with permission, from Cogan MG. Fluid and Electrolytes: Physiology and Pathophysiology. McGraw-Hill, 1991.
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hypphsphatmia, with r withut an lvatd PTH lvl,
ar likly vitamin D dfiint.

» Clinical Findings

A. Symptoms and Signs

Th hallmark sign f svr hypalmia (inizd al-
ium blw 1 mml/L) is ttany frm inrasd nurmus-
ular irritability. Laryngspasm with stridr an bstrut
th airway. Cnvulsins, priral and priphral parsth-
sias, and abdminal pain an dvlp. Lss prnund
symptms inlud fatigu, anxity, and dprssin. Classi
physial findings inlud Chvstk sign (ntratin f th
faial musl in rspns t tapping th faial nrv) and
Trussau sign (arpal spasm urring with lusin f
th brahial artry by a bld prssur uff). QT prlnga-
tin prdispss t vntriular arrhythmias, thugh sri-
us dysrhythmias ar rar.

B. Laboratory Findings

Srum alium nntratin is lw (lss than 8.5 mg/dL
[2.1 mml/L]). In tru hypalmia, th inizd srum
alium nntratin is als lw (lss than .6 mg/dL
[1.15 mml/L]). Srum phsphat is usually lvatd in
hypparathyridism r in advand CKD, whras it is
supprssd in vitamin D dfiiny.

Srum magnsium nntratin is mmnly lw. In
rspiratry alkalsis, ttal srum alium is nrmal but
inizd alium is lw. Th ECG shws a prlngd QT
intrval.

» Treatment1

A. Severe, Symptomatic Hypocalcemia

In th prsn f ttany, arrhythmias, r sizurs, intrav-
nus alium glunat is indiatd.1 Baus f th shrt
duratin f atin, ntinuus alium infusin is usually
rquird. Tn t 15 milligrams f alium pr kilgram
bdy wight, r six t ight 10-mL vials f 10% alium
glunat (558–7 mg f alium), ar addd t 1 L f
D

5
W and infusd vr –6 hurs. By mnitring th srum

alium frquntly (vry –6 hurs), th infusin rat is
adjustd t maintain th srum alium at 7–8.5 mg/dL.

B. Asymptomatic Hypocalcemia

Oral alium (1–2 g f lmntal alium) and vitamin D
prparatins, inluding ativ vitamin D strls, ar usd.
Calium arbnat is wll tlratd and lss xpnsiv than
many thr alium tablts. A hk f urinary alium xr-
tin is rmmndd aftr th initiatin f thrapy baus
hrni hypraliuria (urin alium xrtin gratr than
300 mg r 7.5 mml pr day) r urin alium:ratinin rati
gratr than 0.3 may impair kidny funtin in ths patints.
Th lw srum alium assiatd with hypalbuminmia
ds nt rquir rplamnt thrapy. If srum magnsium is
lw, thrapy must inlud magnsium rplamnt, whih by
itslf ftn rrts hypalmia.

» When to Refer

Patints with mpliatd hypalmia frm hyppara-
thyridism, familial hypalmia, r CKD rquir rfrral
t an ndrinlgist r nphrlgist.

» When to Admit

Patints with ttany, arrhythmias, sizurs, r thr symp-
tms f hypalmia rquir immdiat thrapy.

Abrgg SK. Inizd alium in th ICU: shuld it b masurd
and rrtd? Chst. 2016;19:86. [PMID: 2683689]

Shafr AL t al. Hypalmia: diagnsis and tratmnt. In:
Fingld KR t al, ditrs. Endtxt. 2016. [PMID: 25905251]

HYPERCALCEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Most common causes: primary hyperparathyroid-
ism and malignancy-associated hypercalcemia.

» Asymptomatic, mild hypercalcemia (> 10.5 mg/dL
[2.6 mmol/L]) is usually due to primary
hyperparathyroidism.

» Symptomatic, severe hypercalcemia (> 13 mg/dL
[3.2 mmol/L]) is usually due to hypercalcemia of
malignancy.

Table 21–6. Causes of hypocalcemia.

Decreased intake or absortion

Malabsorption

Small bowel bypass, short bowel

Vitamin D deficit (decreased absorption, decreased production

of 25-hydroxyvitamin D or 1,25-dihydroxyvitamin D)

Increased loss

Alcohol use disorder

Chronic kidney disease

Diuretic therapy

Endocrine disease

Hypoparathyroidism (genetic, acquired; including

hypomagnesemia and hypermagnesemia)

Post-parathyroidectomy (hungry bone syndrome)

Pseudohypoparathyroidism

Calcitonin secretion with medullary carcinoma of the thyroid

Familial hypocalcemia

Associated diseases

Pancreatitis

Rhabdomyolysis

Septic shock

pysiologic causes

Decreased serum albumin1

Decreased end-organ response to vitamin D

Hyperphosphatemia

Aminoglycoside antibiotics, plicamycin, loop diuretics,

foscarnet

1Ionized calcium concentration is normal.

1S als Chaptr 26 fr disussin f th tratmnt f
hypparathyridism.
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» General Considerations

Imprtant auss f hypralmia ar listd in Tabl 21–7.
Primary hyprparathyridism and malignany aunt fr
90% f ass. Primary hyprparathyridism is th mst
mmn aus f hypralmia (usually mild) in ambula-
try patints. Hypralmia abv 1 mg/dL is mst ftn
assiatd with malignany and is rar with primary
hyprparathyridism. Tumr prdutin f PTH-rlatd
prtins (PTHrP) is th mst mmn paranplasti
ndrin syndrm, aunting fr mst ass f hypr-
almia in inpatints. Th nplasm is linially apparnt
in narly all ass whn th hypralmia is dttd, and
th prgnsis is pr. Granulmatus disass, suh as
saridsis and tubrulsis, aus hypralmia via vr-
prdutin f ativ vitamin D (1,25 dihydrxyvitamin
D

3
). Patints with mild hypralmia and nrmal t

slightly lvatd PTH lvls shuld b assssd fr familial
hypaliuri hypralmia.

Milk-alkali syndrm has had a rsurgn du t al-
ium ingstin fr prvntin f stprsis and trat-
mnt f dysppsia. Havy alium arbnat intak auss
hypralmi aut kidny injury, likly frm rnal vas-
nstritin. Th drasd GFR impairs biarbnat
xrtin, whil hypralmia stimulats prtn srtin
and biarbnat rabsrptin. Mtabli alkalsis
drass alium xrtin, maintaining hypralmia.

» Clinical Findings

A. Symptoms and Signs

Th histry and physial xaminatin shuld fus n th
duratin f hypralmia and vidn fr a nplasm.

Hypralmia may afft GI, kidny, and nurlgi fun-
tin. Mild hypralmia (blw 12 mg/dL) is ftn
asymptmati. Mdrat hypralmia (12–1 mg/dL)
may b tlratd if it is lngstanding yt tnds t b symp-
tmati if aut. Svr hypralmia (abv 1 mg/dL) is
frquntly symptmati. Cmmn symptms inlud anx-
ity, lthargy, nstipatin, anrxia, and gnitiv hangs,
whih an prgrss t lthargy and stupr in svr ass.
Panratitis frm alium dpsitin in th panrati dut
is a rar mpliatin. Plyuria and dhydratin may ur
frm impaird rnal nntrating ability. Othr symp-
tms inlud rnal li and hmaturia frm nphrlithia-
sis. Aut hypralmia an shrtn th QT intrval,
thugh linially rlvant arrhythmias ar rar.

B. Laboratory Findings

Th srum inizd alium xds 1.32 mml/L (rrt
fr srum albumin if inizd alium is unavailabl [s
Hypalmia, abv]). Chk srum PTH t dtrmin if
hypralmia is PTH-mdiatd r nn-PTH mdiatd.

PTH shuld b mpltly supprssd in th prsn
f hypralmia if kidny funtin is nrmal. Thrfr,
“nrmal” lvls f PTH with hypralmia d nt rul ut
hyprparathyridism. Asymptmati patints with mild
hypralmia and PTH in th nrmal r slightly lvatd
rang shuld hav a 2-hur urin alium r spt urin
alium t ratinin rati hkd fr familial hypaliu-
ri hypralmia. If PTH is apprpriatly supprssd
(typially blw 20 pg/mL) PTHrP and vitamin D and its
mtablits shuld b masurd. Causs f a supprssd
PTH and PTHrP with lw r nrmal 25-OH and 1,25-OH
vitamin D

3
lvls inlud plasma ll mylma, vitamin A

intxiatin, thyrtxisis, and immbilizatin. Hypal-
iuria (blw 100 mg/day) urs in familial hypaliuri
hypralmia, thiazid diurti us, and milk-alkali syn-
drm. Hypphsphatmia is mr mmn with primary
hyprparathyridism and humral hypralmia f
malignany (lvatd PTHrP). In patints with an lvatd
1,25-OH vitamin D

3
, a hst radigraph may assss fr th

prsn f granulmatus disas.

» Treatment

Until th primary aus an b idntifid and tratd,
thrapy is initiatd t prmt immdiat rdutin in
srum alium. Asymptmati patints with mild hypr-
almia (blw 12 mg/dL) d nt rquir immdiat
thrapy; patints shuld b autind t avid masurs
that xarbat hypralmia, suh as vlum dpltin
and thiazid diurtis. Patint with symptmati hypral-
mia, a suddn ris in srum alium abv 12 mg/dL and
ths with svr hypralmia (abv 1 mg/dL) shuld
riv immdiat thrapy. Bgin tratmnt with 0.9%
nrmal salin, 200–300 mL/h, until uvlmia is ahivd
(latatd Ringr is gnrally avidd baus it ntains a
small amunt f alium). Lp diurtis t nhan rnal
alium xrtin shuld gnrally b avidd du t ps-
sibl mpliatins, suh as nphrlithiasis. Ths agnts
wr usd mr mmnly in th ra f mr aggrssiv
vlum administratin, i, bynd that ndd t ahiv

Table 21–7. Causes of hypercalcemia.

Increased intake or absortion

Milk-alkali syndrome

Vitamin D or vitamin A excess

Endocrine disorders

Primary hyperparathyroidism

Secondary or tertiary hyperparathyroidism (usually associated

with hypocalcemia)

Acromegaly

Adrenal insufficiency

Pheochromocytoma

Thyrotoxicosis

Neolastic diseases

Tumors producing PTH-related proteins (ovary, kidney, lung)

Plasma cell myeloma (elaboration of osteoclast-activating factor)

Lymphoma (occasionally from production of calcitriol)

Miscellaneous causes

Thiazide diuretics

Granulomatous diseases (production of calcitriol)

Paget disease of bone

Hypophosphatasia

Immobilization

Familial hypocalciuric hypercalcemia

Complications of kidney transplantation

Lithium intake

PTH, parathyroid hormone.

CMDT22_Ch21_p0884-p0911.indd 898 29/06/21 8:47 PM



ELECTROLYTE & ACID-BASE DISORDERS 899CMDT 2022

uvlmia, and prir t th wid availability f mr ff-
tiv mdiatins, suh as bisphsphnats and alitnin.
Lp diurtis may b arfully usd in th ntxt f
prvnting r managing vlum vrlad, partiularly in
patints with hart failur r kidny dysfuntin.

Calitnin, –8 intrnatinal units/kg intramusularly
r subutanusly vry 6–12 hurs, nhans rnal xr-
tin f alium and drass bn rsrptin by intrfr-
ing with stlast ativity. Calitnin ffiay is limitd t
8 hurs baus f tahyphylaxis.

Bisphsphnats ar th tratmnt f hi fr hypr-
almia sndary t xssiv bn rsrptin. Dn-
sumab, a mnlnal antibdy against RANKL, inhibits
stlasts, rduing bn rsrptin and srum alium
lvls; this mdiatin is an ptin whn hypralmia is
rfratry t bisphsphnat thrapy r whn bisphsph-
nats ar ntraindiatd (i, svr rnal impairmnt).
Th alimimti agnt inaalt supprsss PTH sr-
tin and drass srum alium nntratin; it has
bn rmmndd fr us in patints with symptmati
r svr primary hyprparathyridism wh ar unabl t
undrg parathyridtmy and patints with inprabl
parathyrid arinma. (S Chaptrs 26 and 39.) Hmdi-
alysis using a lw alium dialysat is an fftiv thrapy
fr hypralmia rfratry t th abv thrapis. Hypr-
almia in granulmatus disas is frm vrprdutin
f alitril; prdnisn inhibits alitril synthsis and
rdus srum alium lvls within 2–5 days.

Typially, if dialysis patints d nt riv prpr
supplmntatin f alium and ativ vitamin D, hypal-
mia and hyprphsphatmia dvlp. Cnvrsly, hypr-
almia an dvlp in svr trtiary hyprparathyridism
with high PTH lvls, r frm xss vitamin D suppl-
mntatin. Hypralmia in dialysis patints usually
urs whn thr is hyprphsphatmia; mtastati ali-
fiatin may ur.

» When to Refer

• Patints may rquir rfrral t an nlgist r nd-
rinlgist dpnding n th aus f hypralmia.

• Patints with granulmatus disass (g, tubrulsis
and thr hrni inftins, granulmatsis with
plyangiitis, saridsis) may rquir assistan frm
inftius disas spialists, rhumatlgists, r
pulmnlgists.

» When to Admit

• Patints with symptmati r svr hypralmia
rquir immdiat tratmnt.

• Unxplaind hypralmia with assiatd nditins,
suh as aut kidny injury r susptd malignany,
may rquir urgnt tratmnt and xpditd valuatin.

Bazari H t al. Cas rrds f th Massahustts Gnral
Hspital. Cas 2-2016. A 66-yar-ld man with malais,
waknss, and hypralmia. N Engl J Md. 2016;375:567.
[PMID: 27509105]

Carrik AI t al. Rapid fir: hypralmia. Emrg Md Clin
Nrth Am. 2018;36:59. [PMID: 300371]

Tbbn PJ t al. Vitamin D-mdiatd hypralmia: mha-
nisms, diagnsis, and tratmnt. Endr Rv. 2016;37:521.
[PMID: 27588937]

Villalba-Frrr F t al. Hypralmi risis du t primary
hyprparathyridism rsistant t mdial tratmnt. Cir Cir.
2020;88:13. [PMID: 3328269]

Zagzag J t al. Hypralmia and anr: diffrntial diagnsis
and tratmnt. CA Canr J Clin. 2018;68:377. [PMID:
3020520]

º
DISORDERS OF phOSphORUS
CONCENTRATION

Plasma phsphrus is mainly inrgani phsphat and
rprsnts a small fratin (lss than 0.2%) f ttal bdy
phsphat. Imprtant dtrminants f plasma inrgani
phsphat ar rnal xrtin, intstinal absrptin, and
shift btwn th intrallular and xtrallular spas. Th
kidny is th mst imprtant rgulatr f th srum phs-
phat lvl. PTH drass rabsrptin f phsphat in
th prximal tubul whil 1,25-dihydrxyvitamin D
inrass rabsrptin. Rnal prximal tubular rabsrp-
tin f phsphat is drasd by hyprtnsin, rtist-
rids, mtabli aidsis, and prximal tubular dysfuntin
(as in Fanni syndrm). Fibrblast grwth fatr 23
(FGF23) is a ptnt phsphaturi hrmn. Intstinal
absrptin f phsphat is failitatd by ativ vitamin D.
Cllular phsphat uptak is stimulatd by varius fatrs
and nditins, inluding alkalmia, insulin, pinphrin,
rfding syndrm, hungry bn syndrm, and alr-
atd ll prlifratin.

Phsphrus mtablism and hmstasis ar inti-
matly rlatd t alium mtablism.

HYPOPHOSPHATEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Severe hypophosphatemia may cause tissue
hypoxia and rhabdomyolysis.

» Renal loss of phosphate can be diagnosed by cal-
culating the fractional excretion of phosphate
(FePO

4
).

» PTH and FGF23 are the major factors that increase
urine phosphate.

» General Considerations

Th tilgy f hypphsphatmia an b atgrizd as
drasd intstinal absrptin, inrasd urinary xr-
tin, r transllular shift (Tabl 21–8). Hypphsphat-
mia may ur in th prsn f nrmal phsphat strs.
Srum phsphat lvls dras transintly aftr fd
intak, whih stimulats ndgnus insulin rlas. In
patints with dpltd phsphat strs, suh as alhli r
malnurishd patints, arbhydrat intak an indu
svr hypphsphatmia (rfding syndrm). Aut
rspiratry alkalsis an lwr srum phsphat
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nntratins by stimulating glylysis. Svral drugs an
impair intstinal absrptin f phsphat, partiularly
alium-, magnsium-, and aluminum-ntaining anta-
ids. Elvatd PTH auss hypphsphatmia by inhibiting
rabsrptin in th kidny. Vitamin D dfiiny drass
intstinal phsphat and alium absrptin with th
rsultant hypalmia stimulating PTH rlas, inras-
ing urinary phsphat xrtin. Gnralizd dysfuntin
in th prximal tubul, Fanni syndrm, is haratrizd
by hypphsphatmia, mtabli aidsis, glusuria,
and aminaiduria. Mutatins in FGF-23 ar assiatd
with urinary phsphrus wasting with rikts r
stmalaia.

» Clinical Findings

A. Symptoms and Signs

Phsphrus is a ky ingrdint mpnnt f adns-
in triphsphat (ATP), and linial manifstatins ar
rlatd t ATP dfiiny. Symptms ar rar until bld

phsphat lvls fall blw 1.0 mg/dL and ar mr
prminnt with aut dlins. Symptms inlud wak-
nss, parsthsias, and nphalpathy (irritability, n-
fusin, dysarthria, sizurs, and ma). Rspiratry
failur r failur t wan frm mhanial vntilatin
may ur baus f diaphragmati waknss.
Drasd myardial ntratility is unmmn but a
srius manifstatin. Chrni svr dpltin may
aus anrxia, pain in musls and bns, and
fraturs.

B. Laboratory Findings

Whil th tilgy f hypphsphatmia is ftn dtr-
mind frm th patint’s histry and rviw f mdia-
tins, urinary phsphat xrtin an distinguish btwn
rnal and nnrnal auss. Phsphat xrtin an b
dtrmind by a 2-hur urin lltin r by alulatin
f th FePO4. Th nrmal rnal rspns t hypphspha-
tmia is t dras urinary phsphat xrtin t lss
than 100 mg/day and FePO


lss than 5%. Rnal wasting f

phsphat (r inrasd FePO

) urs mst mmnly

with hyprparathyridism and Fanni syndrm
(Tabl 21–8). Th linial usfulnss f srum FGF23 lvls
is undtrmind xpt in unmmn disass.

Othr linial faturs may b suggstiv f hypphs-
phatmia, suh as hmlyti anmia and rhabdmylysis.
Fanni syndrm may prsnt with any mbinatin f
urisuria, aminaiduria, nrmglymi glusuria,
nrmal anin gap mtabli aidsis, and phsphaturia. In
hrni hypphsphatmia, radigraphs and bn bipsis
shw hangs rsmbling stmalaia.

» Treatment

Hypphsphatmia an b prvntd by inluding phs-
phat in rpltin and maintnan fluids. Mdrat hyp-
phsphatmia (gratr than 1 mg/dL) and asymptmati
patints shuld b tratd with ral phsphat. A typial
ds is 0–80 mml dividd int thr r fur dss vr
2 hurs. Patints with svr hypphsphatmia (blw
1 mg/dL), symptmati patints, and ths wh annt
tlrat ral thrapy shuld b tratd with intravnus
rplamnt. Hypalmia, hyptnsin, hyprphspha-
tmia, and ECG abnrmalitis an b sn with intrav-
nus thrapy, whih an b avidd by prviding mdrat
dss. A typial ds is 15 mml vr 2 hurs; th rat
shuld b drasd if hyptnsin urs and mnitring
f plasma phsphat and alium vry 6 hurs is ns-
sary. Magnsium dfiiny ftn xists and shuld b
tratd.

Cntraindiatins t phsphat rplamnt inlud
hypparathyridism, advand CKD, tissu damag and
nrsis, and hypralmia. Whn an assiatd hypr-
glymia is tratd, phsphat ampanis glus int
lls, and hypphsphatmia may nsu.

» When to Refer

• Patints with rfratry hypphsphatmia with
inrasd urinary phsphat xrtin may rquir

Table 21–8. Causes of hypophosphatemia.

Decreased intestinal absortion

Starvation

Parenteral alimentation with inadequate phosphate content

Malabsorption syndrome, small bowel bypass

Absorption blocked by oral antacids with aluminum or

magnesium

Vitamin D–deficient and vitamin D–resistant osteomalacia

Increased urinary excretion

Phosphaturic drugs: theophylline, diuretics, bronchodilators,

corticosteroids

Hyperparathyroidism (primary or secondary)

Hyperthyroidism

Renal tubular defects with excessive phosphaturia (congenital,

Fanconi syndrome induced by monoclonal gammopathy,

heavy metal poisoning), alcohol use disorder

Hypokalemic nephropathy

Inadequately controlled diabetes mellitus

Hypophosphatemic rickets

Phosphatonins of oncogenic osteomalacia (eg, FGF23 production)

Transcellular sift of osorus

Administration of glucose

Anabolic steroids, estrogen, oral contraceptives,

beta-adrenergic agonists, xanthine derivatives

Hungry bone syndrome

Acute respiratory alkalosis

Salicylate poisoning

Oter

Electrolyte abnormalities

Hypercalcemia

Hypomagnesemia

Metabolic alkalosis

Abnormal losses followed by inadequate repletion

Diabetes mellitus with acidosis, particularly during

aggressive therapy

Recovery from starvation or prolonged catabolic state

Chronic alcohol use disorder, particularly during restoration

of nutrition; associated with hypomagnesemia

Recovery from severe burns

FGF23, fibroblast growth factor 23.
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valuatin by an ndrinlgist (g, fr hyprparathy-
ridism and vitamin D disrdrs) r a nphrlgist (g,
fr rnal tubular dfts).

• Patints with drasd GI absrptin may rquir
rfrral t a gastrntrlgist.

» When to Admit

Patints with svr r rfratry hypphsphatmia will
rquir intravnus phsphat.

Garía Martín A t al. Phsphat disrdrs and linial manag-
mnt f hypphsphatmia and hyprphsphatmia. End-
rinl Diabts Nutr. 2020;67:205. [PMID: 31501071]

HYPERPHOSPHATEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Advanced CKD is the most common cause.

» Hyperphosphatemia in the presence of hypercalce-
mia imposes a high risk of metastatic calcification.

» General Considerations

Th tw mst mmn tilgis f hyprphsphatmia
ar drasd kidny laran frm CKD and transllu-
lar shift. Inrasd ditary intak f phsphats in th st-
ting f advand CKD an aus hyprphsphatmia.
Phsphat ntaining laxativs takn as prparatin fr a
GI prdur rutinly aus transint hyprphsphat-
mia, unlss th patint has impaird kidny funtin.
Rapid ll brakdwn frm tumr lysis syndrm, rhabd-
mylysis, and massiv hmlysis rlass intrallular
phsphat. Hyprphsphatmia frm insulin dfiiny
an ur in diabti ktaidsis (DKA). Ths patints,
hwvr, ar typially phsphat dpltd and ar at risk
fr dvlping hypphsphatmia with insulin thrapy.
Othr auss ar listd in Tabl 21–9.

» Clinical Findings

A. Symptoms and Signs

Aut hyprphsphatmia is gnrally asymptmati, and
symptms ar gnrally assiatd with nurrnt
hypalmia.

B. Laboratory Findings

In additin t lvatd phsphat, bld hmistry abnr-
malitis ar ths f th undrlying disas.

» Treatment

Tratmnt is dirtd at th undrlying aus. Aut hypr-
phsphatmia with symptomatic hypalmia and ECG
hangs (QT prlngatin) an b lif-thratning. Intra-
vnus alium an b givn in this situatin, thugh it

shuld b avidd in asymptmati patints du t th risk
f vasular alifiatin. Hmdialysis may b nssary in
patints with impaird kidny funtin. In hrni hypr-
phsphatmia, ditary phsphat intak shuld b
drasd and absrptin rdud with ral phsphat
bindrs, suh as alium atat, alium arbnat,
svlamr, r frri itrat.

» When to Admit

Patints with aut svr hyprphsphatmia rquir hs-
pitalizatin fr mrgnt thrapy, pssibly inluding dialy-
sis. Cnmitant illnsss, suh as aut kidny injury r
ll lysis, may nssitat admissin.

Crisul M t al. Tumr lysis syndrm: rviw f pathgn-
sis, risk fatrs and managmnt f a mdial mrgny.
Exprt Rv Hmatl. 2016;9:197. [PMID: 26629730]

Palmr SC t al. Phsphat-binding agnts in adults with CKD:
a ntwrk mta-analysis f randmizd trials. Am J Kidny
Dis. 2016;68:691. [PMID: 2761851]

º
DISORDERS OF MAGNESIUM
CONCENTRATION

Nrmal plasma magnsium nntratin is 1.7–2.1 mg/dL
(0.7–0.85 mml/L). Similar t alium, nly th inizd
frm is mtablially ativ. Th primary sur f magn-
sium xrtin is via th kidny. Magnsium’s physilgi
ffts n th nrvus systm rsmbl ths f alium.

Altrd magnsium nntratin usually prvks an
assiatd altratin f Ca2+. Bth hypmagnsmia and
hyprmagnsmia an dras PTH srtin r atin.
Svr hyprmagnsmia (gratr than 5 mg/dL

Table 21–9. Causes of hyperphosphatemia.

Massive load of osate into te extracellular fluid

Exogenous sources

Hypervitaminosis D

Laxatives or enemas containing phosphate

Intravenous phosphate supplement

Endogenous sources

Rhabdomyolysis (especially if chronic kidney disease

coexists)

Tumor lysis by chemotherapy, particularly

lymphoproliferative diseases

Metabolic acidosis (lactic acidosis, ketoacidosis)

Respiratory acidosis (phosphate incorporation into cells

is disturbed)

Decreased excretion into urine

Chronic kidney disease

Acute kidney injury

Hypoparathyroidism

Pseudohypoparathyroidism

Acromegaly

pseudoyerosatemia

Plasma cell myeloma

Hyperbilirubinemia

Hypertriglyceridemia

Hemolysis in vitro
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[2.1 mml/L]) supprsss PTH srtin with nsqunt
hypalmia; this disrdr is typially sn nly in patints
riving magnsium thrapy fr prlampsia. Svr
hypmagnsmia auss PTH rsistan in nd rgans and
vntually drasd PTH srtin in svr ass.

HYPOMAGNESEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Serum concentration of magnesium may be nor-
mal even in the presence of magnesium deple-
tion. Check urinary magnesium excretion if renal
magnesium wasting is suspected.

» Causes neurologic symptoms and arrhythmias.

» Associated with hypocalcemia.

» General Considerations

Causs f hypmagnsmia ar listd in Tabl 21–10.
Hypmagnsmia and hypkalmia shar many tilgis,
inluding diarrha, alhl us disrdr, and diurti us.
Rnal ptassium wasting als urs frm hypmagns-
mia and is rfratry t ptassium rplamnt until mag-
nsium is rpltd. Hypmagnsmia als supprsss PTH
rlas and auss nd-rgan rsistan t PTH and lw
1,25-dihydrxyvitamin D lvls. Th rsultant hypal-
mia is rfratry t alium rplamnt until th magn-
sium is nrmalizd. Nrmmagnsmia ds nt xlud
magnsium dpltin baus nly 1% f ttal bdy
magnsium is in th xtrallular fluid; magnsium rpl-
tin shuld b nsidrd in patints with risk fatrs fr

hypmagnsmia and rfratry hypkalmia r hypal-
mia. Thr is an FDA warning abut hypmagnsmia
fr patints taking prtn pump inhibitrs. Th prsumd
mhanism is drasd intstinal magnsium absrptin,
but it is nt lar why this mpliatin dvlps in nly a
small fratin f patints taking ths mdiatins. Th
ptassium bindr patirmr an aus hypmagnsmia
by binding magnsium in th ln.

» Clinical Findings

A. Symptoms and Signs

Baus hypmagnsmia auss hypkalmia and hyp-
almia, it is diffiult t dtrmin whthr symptms ar
frm hypmagnsmia r frm ptassium and alium
dpltin. Markd nurmusular and ntral nrvus
systm hyprirritability may prdu trmrs, ramps,
Trussau and Chvstk signs, nfusin, disrintatin,
and ma. Waknss is mmn. Cardivasular manifs-
tatins inlud hyprtnsin, tahyardia, and vntriular
arrhythmias, inluding trsads d pints.

B. Laboratory Findings

Urinary xrtin f magnsium xding 10–30 mg/day
r a fratinal xrtin gratr than 3% indiats rnal
magnsium wasting. Hypalmia and hypkalmia ar
ftn prsnt. Th ECG may shw widning f th QRS
mplx, pakd T wavs with ultimat diminutin, and a
prlngd PR intrval. PTH srtin is ftn supprssd
(s Hypalmia).

» Treatment

Magnsium xid, 250–500 mg rally n r twi daily,
is usful fr trating hrni hypmagnsmia. Symptm-
ati hypmagnsmia rquirs intravnus magnsium
sulfat 1–2 g vr 5–60 minuts mixd in ithr dxtrs
5% r 0.9% nrmal salin. Trsads d pints in th st-
ting f hypmagnsmia an b tratd with 1–2 g f mag-
nsium sulfat in 10 mL f dxtrs 5% slutin pushd
intravnusly vr 15 minuts. Svr, nn–lif-thratning
dfiiny an b tratd at a rat t 1–2 g/h vr 3–6 hurs.
Intravnus magnsium inhibits rnal rabsrptin and
patints will dmnstrat inrasd rnal wasting during
thrapy. Srum lvls must b mnitrd daily and dsag
adjustd t kp th nntratin frm rising abv 3 mg/dL
(1.23 mml/L). Tndn rflxs may b hkd fr hyp-
rflxia f hyprmagnsmia. K+ and Ca2+ rplamnt
may b rquird, but patints with hypkalmia and hyp-
almia f hypmagnsmia d nt rvr withut mag-
nsium supplmntatin.

Patints with nrmal kidny funtin an xrt xss
magnsium; hyprmagnsmia shuld nt dvlp with
rplamnt dsags. In patints with CKD, magnsium
rplamnt shuld b dn autiusly t avid hyprmag-
nsmia. Rdud dss (50–75% ds rdutin) and mr
frqunt mnitring (at last twi daily) ar indiatd.

Gmmrs LM t al. Hypmagnsmia in typ 2 diabts: a
viius irl? Diabts. 2016;65:3. [PMID: 26696633]

Table 21–10. Causes of hypomagnesemia.

Diminised absortion or intake

Malabsorption, chronic diarrhea, laxative abuse

Proton pump inhibitors

Prolonged gastrointestinal suction

Small bowel bypass

Malnutrition

Alcohol use disorder

Total parenteral alimentation with inadequate Mg2+ content

Increased renal loss

Diuretic therapy (loop diuretics, thiazide diuretics)

Hyperaldosteronism, Gitelman syndrome

Hyperparathyroidism, hyperthyroidism

Hypercalcemia

Volume expansion

Tubulointerstitial diseases

Transplant kidney

Drugs (aminoglycoside, cetuximab, cisplatin, amphotericin B,

pentamidine)

Oters

Diabetes mellitus

Post-parathyroidectomy (hungry bone syndrome)

Respiratory alkalosis

Pregnancy
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HYPERMAGNESEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Often associated with advanced CKD and chronic
intake of magnesium-containing drugs.

» General Considerations

Hyprmagnsmia is almst always th rsult f advand
CKD and impaird magnsium xrtin. Antaids and
laxativs ar undrrgnizd surs f magnsium. Prg-
nant patints may hav svr hyprmagnsmia frm
intravnus magnsium fr prlampsia and lampsia.
Magnsium rplamnt shuld b dn autiusly in
patints with CKD; ds rdutins up t 75% may b
nssary t avid hyprmagnsmia.

» Clinical Findings

A. Symptoms and Signs

Musl waknss, drasd dp tndn rflxs, mntal
btundatin, and nfusin ar haratristi manifsta-
tins. Waknss, flaid paralysis, ilus, and hyptnsin
ar ntd. Srius findings inlud rspiratry musl
paralysis, mplt hart blk, and ardia arrst.

B. Laboratory Findings and Electrocardiogram

Srum Mg2+ is lvatd. In th mmn stting f CKD,
BUN, ratinin, ptassium, phsphat, and uri aid may
all b lvatd. Srum Ca2+ is ftn lw. Th ECG may
shw inrasd PR intrval, bradnd QRS mplxs,
and QT prlngatin.

» Treatment

Exgnus surs f magnsium shuld b disntinud.
Calium antagnizs Mg2+ and may b givn intravnusly as
alium hlrid, 500 mg r mr at a rat f 100 mg
(.1 mml) pr minut. Hmdialysis may b nssary t
rmv magnsium, partiularly with svr kidny disas.

Lng-trm us f magnsium hydrxid and magn-
sium sulfat shuld b avidd in patints with advand
stags f CKD.

Brman M t al. Analysis f hyp- and hyprmagnsmia in an
intnsiv ar unit hrt. Ata Anasthsil Sand.
2018;62:68. [PMID: 2931068]

º
ACID-BASE DISORDERS

T bst valuat aid-bas status, a bld gas and hmis-
try panl ar rquird. Vnus bld pH, typially 0.03–
0.0 units lwr than artrial bld pH, lsly
apprximats artrial bld pH. An artrial bld gas
shuld b btaind if mr aurat assssmnt f

bld pH and Pco
2

is rquird. Biarbnat (HCO
3
–) is

alulatd frm th Hndrsn-Hasslbalh quatin
blw; thrfr, th biarbnat valu in th ltrlyt
panl is typially usd.

pH  6.1 log
HCO

0.03 PCO

3

2

=  +
×

−

Primary aid-bas disrdrs ar sndary t hangs
in ithr srum biarbnat r Pco

2
. Th first stp is t

lk at th pH f a bld gas (vnus r artrial). If
hangs in pH ar sndary t hangs in HCO

3
–, a

mtabli disrdr is prsnt. If hangs in pH ar s-
ndary t hangs in Pco

2
, a rspiratry disrdr is prs-

nt. If th pH is < 7.0, th primary prss is aidsis,
ithr rspiratry (Pco

2
gratr than 0 mm Hg) r mta-

bli (HCO
3
– lss than 2 mEq/L). If th pH is > 7.0, th

primary prss is alkalsis, ithr rspiratry (Pco
2

lss
than 0 mm Hg) r mtabli (HCO

3
– gratr than 2

mEq/L). Nrmally, th kidnys mpnsat fr rspira-
try aid-bas disrdrs and th lungs mpnsat fr
mtabli disrdrs in rdr t maintain pH in a narrw
physilgi rang. Fr xampl, with mtabli aidsis
(lw pH, lw HCO

3
–), alvlar vntilatin inrass (Pco

2

drass), rturning pH ls t th nrmal rang. Simi-
larly, with rspiratry aidsis (lw pH, high Pco

2
), th

kidnys xrt H+ (HCO
3
– inras) t rturn th pH

ls t nrmal rang. Suh mpnsatin an nly bring
th pH tward nrmal, thugh it an nvr mpltly r-
rt it. In rdr t nrmaliz pH, th primary disrdr
must b rrtd.

On rspiratry r mtabli disrdr with its apprpri-
at mpnsatry rspns is a simpl aid-bas disrdr. A
mixd aid-bas disrdr is whn multipl simpl disrdrs
ar prsnt simultanusly. Diagnsing an aid-bas disr-
dr rquirs a systmati apprah (s bx Stp-by-Stp
Analysis f Aid-Bas Status). On th primary disrdr
has bn idntifid, th liniian shuld assss whthr th
mpnsatry rspns is apprpriat (Tabl 21–11). An
inadquat r an xaggratd rspns indiats th prs-
n f anthr primary aid-bas disturban.

STEP-BY-STEP ANALYSIS OF ACID-BASE

STATUS

Step 1: Look at the pH on a blood gas to determine the

primary disorder, either acidemia or alkalemia.

Step 2: Look at the serum HCO
3
– value to determine if the

primary disorder is metabolic.

Step 3: Calculate the anion gap (see Table 21–12).

Step 4: Calculate the delta gap.

Step 5: Evaluate magnitude of compensation (see

Table 21–11).

Step 6: Examine the patient to determine whether the clini-

cal signs are compatible with the acid-base analysis.

CMDT22_Ch21_p0884-p0911.indd 903 29/06/21 8:47 PM



ChApTER 21904 CMDT 2022

Th srum anin gap shuld subsquntly b alulatd
(s blw) fr tw rasns. First, it hlps idntify th aus
f a mtabli aidsis, and snd, t idntify th prs-
n f a gap mtabli aidsis, whih may b prsnt
vn withut a drasd srum biarbnat nntra-
tin. In patints with mtabli aidss, liniians shuld
alulat th delta gap, whih is th diffrn btwn th
hang in anin gap and th hang in biarbnat, t
dtrmin if thr is a mixd anin gap r nnanin gap
mtabli aidsis. In inrasd anin gap aidss, thr
shuld b rughly a milliml fr milliml dras in
HCO

3
– as th anin gap inrass. Th rrtd srum

HCO
3
– shuld b alulatd by adding th hang in srum

anin gap t th srum HCO
3
–. A valu highr r lwr

than nrmal (2 mEq/L) indiats th nmitant prs-
n f mtabli alkalsis r nrmal anin gap mtabli
aidsis, rsptivly.

Siftr JL t al. Disrdrs f aid-bas balan: nw prsptivs.
Kidny Dis (Basl). 2017;2:170. [PMID: 2823293]

METABOLIC ACIDOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Decreased HCO
3

– with acidemia (low blood pH).

» Classified into increased anion gap acidosis and
normal anion gap acidosis.

» Lactic acidosis, ketoacidosis, and toxins produce
metabolic acidoses with the largest anion gaps.

» Normal anion gap acidosis is mainly caused by GI
HCO

3
– loss or RTA.

» General Considerations

Th hallmark f mtabli aidsis is lw srum biarbn-
at nntratin frm lss f biarbnat r gain f aid
(Tabl 21–12); th anin gap dtts an inras in plasma
anins thr than frm masurd biarbnat and
hlrid.

Many liniians us 12 mEq/L as th nrmal srum
anin gap (rang –12 mEq/L du t diffrns in ana-
lyzr mthds).

Anion Gap = Na+ – (HCO
3

– + Cl–)

If srum ptassium is inludd in th frmula, th
rang fr anin gap inras by abut  mEq/L:

Anion gap = (Na+ + K+) – (HCO
3

– + Cl–)

Th prinipl unmasurd anin usually rspnsibl fr
th anin gap is albumin. Th xptd anin gap must b

Table 21–11. Primary acid-base disorders and expected compensation.

Disorder primary Defect Comensatory Resonse Magnitude of Comensation

Respiratory acidosis

Acute ↑ Pco
2

↑ HCO
3
– ↑ HCO

3
– 1 mEq/L per 10 mm Hg ↑ Pco

2

Chronic ↑ Pco
2

↑ HCO
3
– ↑ HCO

3
– 3.5 mEq/L per 10 mm Hg ↑ Pco

2

Respiratory alkalosis

Acute ↓ Pco
2

↓ HCO
3
– ↓ HCO

3
– 2 mEq/L per 10 mm Hg ↓ Pco

2

Chronic ↓ Pco
2

↓ HCO
3
– ↓ HCO

3
– 5 mEq/L per 10 mm Hg ↓ Pco

2

Metabolic acidosis ↓ HCO
3
– ↓ Pco

2
↓ Pco

2
1.3 mm Hg per 1 mEq/L ↓ HCO

3
–

Metabolic alkalosis ↑ HCO
3
– ↑ Pco

2
↑ Pco

2
0.7 mm Hg per 1 mEq/L ↑ HCO

3
–

Table 21–12. Anion gap in metabolic acidosis.1

Decreased (< 6 mEq/L)

Hypoalbuminemia (decreased unmeasured anion)

Plasma cell dyscrasias

Monoclonal protein (cationic paraprotein accompanied by

chloride and bicarbonate)

Bromide intoxication

Increased (> 12 mEq/L)

Metabolic anion

Diabetic ketoacidosis

Alcoholic ketoacidosis

Lactic acidosis

Chronic kidney disease (advanced stages) (PO
4
3–, SO

4
2–)

Starvation ketoacidosis

Drug or chemical anion

Salicylate intoxication

Methanol (formic acid)

Ethylene glycol (oxalic acid)

5-Oxoproline acidosis from acetaminophen toxicity

Normal (4–12 mEq/L)

Loss of HCO
3
–

Diarrhea

Recovery from diabetic ketoacidosis

Pancreatic fluid loss, ileostomy (unadapted)

Carbonic anhydrase inhibitors

Chloride retention

Renal tubular acidosis

Ileal loop bladder

Administration of HCl equivalent or NH
4
Cl

Arginine and lysine in parenteral nutrition

1Reference ranges for anion gap may vary based on laboratory

methods.
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adjustd fr hypalbuminmia; th anin gap drass by
apprximatly 2.5 mEq/L fr vry 1 g/dL rdutin in th
srum albumin nntratin.

Corrected serum anion gap = (measured serum anion gap)

+ (2.5 × [4.0 – serum albumin])

In mtabli aidsis frm a gain f aid, th anin gap
will inras baus th additin f aid inluds th addi-
tin f anins. In nngap r hyprhlrmi mtabli
aidsis, th anin gap is nrmal baus th ris in hl-
rid parallls th fall in biarbnat.

INCREASED ANION GAP ACIDOSIS

A gap mtabli aidsis is sndary t th additin f
aid, ithr xgnus r ndgnus. Th majr auss
ar lati aidsis, ktaidsis, kidny disas, and ings-
tins (Tabl 21–12). A usful mnmni fr th diffrntial
diagnsis f inrasd anin gap mtabli aidsis is
GOLDMARK (glyls [thyln glyl and prpyln
glyl], xprlin, L-latat, D-latat, mthanl, aspirin,
rnal failur, and ktaidsis) (Tabl 21–13).

A. Lactic Acidosis

Lati aidsis is a mmn aus f mtabli aidsis,
prduing an lvatd anin gap and drasd srum pH
whn prsnt withut thr aid-bas disturbans.
Latat is frmd frm pyruvat in anarbi glylysis.
Nrmally, latat lvls rmain lw (1 mEq/L) baus f
mtablism f latat prinipally by th livr thrugh
glungnsis r xidatin via th Krbs yl. In lati
aidsis, latat lvls ar at last –5 mEq/L but

mmnly signifiantly highr. Thr ar tw basi typs
f lati aidsis.

Type A (hypoxic) lactic acidosis is mr mmn,
rsulting frm tissu hypxia, usually frm spti, ardi-
gni, r hmrrhagi shk; msntri ishmia; rspira-
try failur; and arbn mnxid pisning. Ths
nditins inras priphral lati aid prdutin and
dras hpati mtablism f latat as livr prfusin
dlins.

Type B lactic acidosis is sndary t impaird mit-
hndrial xygn utilizatin and may b du t mtabli
auss (g, diabts mllitus, livr disas, kidny disas,
thiamin dfiiny, D-lati aidsis, lukmia, r lym-
phma) r txins (g, thanl, mthanl, thyln glyl,
yanid, isniazid, r mtfrmin). Prpyln glyl an
aus lati aidsis frm drasd livr mtablism; it is
usd as a vhil fr intravnus mdiatins, suh as
nitrglyrin, tmidat, and diazpam. Parntral nutri-
tin withut thiamin auss svr rfratry lati aid-
sis frm drangd pyruvat mtablism.

D-lactic acidosis may dvlp in patints with shrt
bwl syndrm du t arbhydrat malabsrptin and
subsqunt frmntatin by lni batria. Mtabli
aidsis urs aftr mals and is assiatd with nur-
lgi hangs (nfusin, slurrd sph, and ataxia). A
spifi D-lati aid assay is rquird as th standard lati
aid assay nly dtts th L-ismr.

B. Ketoacidosis

All frms f ktaidsis shar th physilgi stat f
insulin dfiiny and gluagn xss, whih shifts th
bdy’s primary ful sur frm glus t fatty aid

Table 21–13. Common causes and therapy for increased anion gap metabolic acidosis.

Cause Treatment

Lactic acidosis Therapy aimed at correcting the underlying cause. Treatment of type A requires improving perfusion and matching

oxygen consumption with fluids, packed red cells, vasopressors, and inotropes as needed. Type B generally

requires removal of the offending agent or supplementing key cofactors of anaerobic metabolism.

D-Lactic acidosis Sodium bicarbonate may be administered in the setting of severe acidemia. Specific antimicrobial agents (metroni-

dazole, neomycin) can be utilized in patients with short gut syndrome. A low carbohydrate diet can be effective

by decreasing substrate delivery to the distal colon. Fecal transplant has been utilized successfully in patients

unresponsive to conventional therapies.

Ketoacidosis

Diabetes mellitus

Starvation

Alcoholic

Therapy involves correction of the state of insulin deficiency and glucagon excess. In diabetic ketoacidosis, this

requires administration of exogenous insulin, generally with a continuous infusion. In starvation and alcoholic

ketoacidosis, dextrose-containing fluids will stimulate endogenous insulin release. In all groups, correction of

volume depletion with isotonic fluids as well as judicious repletion of electrolytes (particularly potassium and

phosphorous) are imperative.

Kidney failure Supplemental alkali therapy (sodium bicarbonate or sodium citrate). Hemodialysis when necessary.

Ingestions

Ethylene glycol

Methanol

See Chapter 38.

Salicylic acid See Chapter 38.

Pyroglutamic acid

(5-Oxoproline)

Therapy is directed at the underlying cause. Generally requires withdrawal of the offending agent (acetamino-

phen) and sodium bicarbonate therapy for severe acidemia. N-acetylcysteine may be effective in restoring glu-

tathione stores.
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mtablism. Thr ar thr typs f ktns: atn,
atatat, and bta-hydrxybutyrat.

1. Diabetic ketoacidosis DKA—DKA is haratrizd by
hyprglymia and mtabli aidsis with an inrasd
anin gap frm abslut r rlativ insulin dfiiny:

H+ + B− + NaHCO
3

↔ CO
2

+ NaB + H
2
O

whr B– is bta-hydrxybutyrat r atatat, th
ktns rspnsibl fr th inrasd anin gap. DKA may
hav an additinal lati aidsis frm tissu hypprfu-
sin and inrasd anarbi mtablism. Th anin gap
in DKA is gnrally larg, ftn mr than 20 mEq/L,
thugh it an b variabl. Th lvatd srum glus lads
t a markd smti diursis with sizabl lsss f
sdium, watr, and ptassium.

Crrtin f ktaidsis an b assssd by masur-
mnt f srum bta-hydrxybutyrat, pH, r by nrmaliza-
tin f th anin gap. Urin ktns ar dttd by
nitrprussid tsting, rsults f whih ar rapidly availabl.
Hwvr, urinary nitrprussid tsts dtt bth ata-
tat and atn (albit t a lssr xtnt) but d nt dtt
bta-hydrxybutyrat. Dirt masurmnt f srum bta-
hydrxybutyrat is prfrrd and an b usd t mnitr
rspns t thrapy.

2. Fasting ketoacidosis—Hpati gnratin f ktns may
ur as a nrmal rspns t fasting frm rlativ hypinsu-
linmia. Mild ktsis ftn urs aftr 12–1 hurs f
fasting, paking aftr 20–30 hurs. Th lvl f aidsis is
gnrally small; vrt ktaidsis an ur in patints wh
nsum vry lw arbhydrat dits.

3. Alcoholic ketoacidosis—Chrnially malnurishd
patints wh nsum larg quantitis f alhl may
dvlp alhli ktaidsis. Alhl mtablism
drass glungnsis, rsulting in hpati prdutin
f bta-hydrxybutyrat and, t a lssr dgr, ata-
tat. Mixd aid-bas disrdrs, suh as mtabli alkalsis
frm vmiting, and rspiratry alkalsis frm alhl
withdrawal, aspiratin, r irrhsis ar mmn.

In bth f th abv nditins, hypglymia, r
stimulatin f th sympathti nrvus systm, supprsss
insulin rlas allwing ktsis t ur. Patints with ths
disrdrs ar abl t suffiintly prdu ndgnus insu-
lin and thrfr d nt rquir xgnus insulin admin-
istratin. Tratmnt shuld mmn with glus
administratin t stimulat insulin rlas and supprss
ktgnsis. Ptassium shuld b rpltd prir t glus
administratin as insulin rlas will aus intrallular
ptassium shift, risking hypkalmia.

C. Toxins

(S als Chaptr 38.) Multipl txins and drugs inras
th anin gap by inrasing ndgnus aid prdutin.
Cmmn xampls inlud mthanl (mtablizd t
frmi aid), thyln glyl (glyli and xali aid),
and saliylats (saliyli aid and lati aid). Th lattr
an aus a mixd disrdr f mtabli aidsis with
rspiratry alkalsis. In tlun pisning, th mtablit
hippurat is rapidly xrtd by th kidny and may prs-
nt as a nrmal anin gap aidsis. Isprpanl, whih is
mtablizd t atn, inrass th smlar gap, but nt
th anin gap. Lng-trm ataminphn us, vn at
thraputi dss, an rsult in an lvatd anin gap ai-
dsis frm aumulatin f 5-xprlin.

D. Uremic Acidosis

As th GFR drps blw 15–30 mL/min/1.73 m2, th kid-
nys ar inrasingly unabl t synthsiz ammnium
(NH


). Th rdud xrtin f H+ (as NH


Cl) and au-

mulatin f rgani anins frm drasd xrtin (g,
phsphat and sulfat) rsults in an inrasd anin gap
mtabli aidsis.

NORMAL ANION GAP ACIDOSIS

Th tw majr auss f hyprhlrmi mtabli aidsis
ar HCO

3
– lss frm th GI trat r dfts in rnal aidifia-

tin (RTA) (Tabl 21–12 and Tabl 21–1). Th mpnsatry
inras in srum hlrid (hyprhlrmia) maintains

Table 21–14. Hyperchloremic, normal anion gap metabolic acidoses.

Renal Defect

Serum

[K+]

Distal h+ Secretion

Urinary

Anion Ga TreatmentUrine h

Titratable

Acid

Gastrointestinal

HCO
3
– loss

None ↓ < 5.5 ↑↑ Negative Na+, K+, and HCO
3
– as required

Renal tubular acidosis

I. Distal Distal H+ secretion ↓ > 5.3 ↓ Positive NaHCO
3

(1–3 mEq/kg/day)

II. Proximal Proximal HCO
3
–

reabsorption
↓ Variable Normal Positive NaHCO

3
or KHCO

3
(10–15 mEq/kg/

day), thiazide

IV. Hyporeninemic

hypoaldosteron-

ism

Distal Na+ reabsorption,

K+ secretion, and H+

secretion

↑ Variable ↓ Positive Fludrocortisone (0.1–0.5 mg/day),

dietary K+ restriction, furosemide

(40–160 mg/day), NaHCO
3

(1–3 mEq/kg/day)

Modified and reproduced, with permission, from Cogan MG. Fluid and Electrolytes: Physiology and Pathophysiology. McGraw-Hill, 1991.
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ltrnutrality and a nrmal anin gap. Th urinary anin
gap an hlp diffrntiat btwn ths auss.

A. Gastrointestinal HCO
3

– Loss

Th GI trat srts biarbnat at multipl sits. Th
mst mmn aus f a nn-anin gap mtabli aidsis
frm th GI trat is diarrha (lss f biarbnat rih stl
fluid). An infrqunt aus is a urtrsigmidstmy,
whr urtrs ar implantd int th sigmid ln fr
urinary divrsin. Unlik th bladdr, lni musa
srts biarbnat in xhang fr hlrid, rsulting in
mtabli aidsis. Mr mmnly, a nbladdr is r-
atd using a lp f bwl (gnrally ilum r ln),
whih has signifiantly drasd th inidn f mta-
bli aidsis, thugh it an still ur whn ntat tim
btwn urin and musa is inrasd, typially as a rsult
f an anastmti stritur.

B. Renal Tubular Acidosis

Hyprhlrmi aidsis with a nrmal anin gap and
nrmal (r nar nrmal) GFR, in th absn f diarrha,
dfins RTA. Th dft is ithr an inability t xrt H+

as ammnium (inadquat gnratin f nw HCO
3
–) r

inadquat rabsrptin f filtrd HCO
3
–. Thr majr

typs an b diffrntiatd by th linial stting, urinary
pH, urinary anin gap, and srum K+ lvl.

1. Distal RTA type I—This disrdr is haratrizd by
inability t xrt H+ by th distal nphrn. Th urin
annt b fully aidifid (urin pH > 5.5), dspit systmi
aidsis. Urinary ammnium xrtin is thrfr
drasd and th urinary anin gap is psitiv. Vltag
dpndnt distal RTA (dRTA) is du t a dft in sdium
rabsrptin, whih impairs hydrgn srtin by failur
t gnrat a ngativ lumn ptntial. This is sn in
bstrutiv urpathy; sikl ll disas; r mdiatins,
suh as amilrid. This disrdr als prvnts th xrtin
f ptassium, rsulting in hyprkalmia. Classi distal RTA
(th mst mmn aus) is sndary t a ngnital r
aquird dras in th numbr f funtinal H+ pumps,
whih rdus H+ srtin by alpha intralatd lls. This
is assiatd with hypkalmia du t nhand K+ xr-
tin frm a lak f mptitin frm H+ in th tubular
fluid. This frm f dRTA is mmnly du t Sjögrn
syndrm, SLE, plasma ll mylma, tlun inhalatin
(glu sniffing), Wilsn disas, and lithium. dRTA an als
b ausd by dstrutin f tubular intgrity (g, amph-
triin B). This typ f dRTA is als assiatd with hyp-
kalmia as dstrutin f th tubular mmbran allws
ptassium t frly flw dwn its nntratin gradint
int th tubular lumn. In all typs f dRTA, buffring f
aid by rlas f biarbnat and alium frm bn
rsults in hypraliuria, whih in additin t lw urinary
itrat frm inrasd rabsrptin, rsults in th ftn
nuntrd mpliatin f nphrlithiasis.

2. Proximal RTA type II—Prximal RTA is du t a dft
in th ability f th prximal tubul t rabsrb filtrd
HCO

3
–. Th maximal rat f biarbnat rabsrptin is

st by th tubular maximum (Tm), whih is nrmally

26–28 mEq/L. Th hallmark f a prximal RTA (pRTA) is
a dras in th Tm fr biarbnat, typially t
1–20 mEq/L. Thrfr, this is a slf-limitd disas with
srum biarbnat lvls prdiatd n th svrity f th
prximal dft and th ability f th distal nphrn t
rabsrb biarbnat. This ssntially rats a nw stady
stat, whn th Tm is quivalnt t th srum HCO

3
– lvl,

whr th urin is aidi (n impairmnt f distal H+ sr-
tin) and th urin anin gap is ngativ (n impairmnt
f ammnium xrtin). Biarbnaturia, and hn an
alkalin urin (gratr than 5.5), nly urs whn th
biarbnat lvl xds th Tm, whih has impliatins
in tratmnt. Fanni syndrm is pRTA with thr prxi-
mal rabsrptin dfts rsulting in glusuria, amina-
iduria, phsphaturia, and urisuria. Th mst mmn
aus f pRTA is prximal tubular txiity frm th mn-
lnal immunglbulin light hains in plasma ll
mylma. Othr auss inlud havy mtals; Sjögrn
syndrm; ystinsis; Wilsn disas; and varius mdia-
tins, suh as atazlamid, tpiramat, tnfvir, and
ifsfamid. Th inrasd dlivry f HCO

3
– t th distal

nphrn nhans K+ srtin, and hypkalmia rsults
whn a patint is tratd with HCO

3
– withut adquat K+

supplmntatin. Similar t dRTA, bn lss frm prsis-
tnt aidsis is mmn. Untratd hildrn an dvlp
rikts, whil adult patints an dvlp stmalaia.
Unlik dRTA, nphrlithiasis is unmmn in pRTA
baus f th inrasd itrat in th urin, whih
inrass alium slubility.

3. Hyporeninemic hypoaldosteronemic RTA type IV—
Typ IV is th mst mmn RTA in linial prati. This
is primarily a disrdr f hyprkalmia sndary t a
dras in aldstrn, whih inhibits ammnium pr-
dutin. Th linial prsntatin is a hyprkalmi nn-
gap mtabli aidsis. Cmmn auss inlud diabti
nphrpathy and tubulintrstitial rnal disass. In
patints with ths disrdrs, drugs, suh as ACE inhibi-
trs, ARBs, spirnlatn, and NSAIDs, an wrsn th
hyprkalmia and aidsis.

C. Other Causes of Nongap Acidosis

A dilutinal aidsis may ur whn th xtrallular vl-
um is rapidly xpandd with nrmal salin sin it ntains
nithr biarbnat nr sdium salts that an b mtab-
lizd t biarbnat. Cnrns hav bn raisd rgarding
ptntial harm frm vlum xpansin with nrmal salin.
In linial prati, baland rystallid slutins, suh as
latatd Ringr slutin, ar mr mmnly usd.

1. Urine anion gap—Th nrmal kidny rspns t a
mtabli aidsis is t inras NH


Cl xrtin t

nhan H+ rmval. Th daily urinary xrtin f NH

Cl

an b inrasd frm 30 mEq at baslin t 200–300 mEq
in rspns t aidsis. Urin ammnium xrtin an b
stimatd using th fllwing urin anin gap quatin:

Urine anion gap = U
Na

+ U
K

− U
Cl

Th urinary anin gap may hlp diffrntiat btwn
GI and rnal auss f hyprhlrmi aidsis. If th aus
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is GI HCO
3
– lss (diarrha), rnal aidifiatin rmains

intat and NH

Cl xrtin inrass apprpriatly (uri-

nary anin gap will b ngativ). In a distal RTA, amm-
nium xrtin is impaird and th urinary anin gap is
psitiv. In prximal (typ II) RTA, th primary prblm is
impaird HCO

3
– rabsrptin, lading t inrasd HCO

3
–

xrtin rathr than drasd NH

Cl xrtin and th

urinary anin gap is ftn ngativ until tratmnt is initi-
atd with xgnus biarbnat thrapy.

2. Urine osmolal gap—Whn larg amunts f thr anins
(g, hippurat in tlun pisning, bta-hydrxybutyrat,
atatat) ar prsnt in th urin, th urinary anin
gap may nt b rliabl. In this situatin, th urin smlal
gap may b a bttr indiatr f NH


+ xrtin, whih an

b stimatd as 50% f th urinary smlal gap whr
urin nntratins and smlality ar in mml/L. A
urin smlal gap blw 150 mOsml/kg suggsts impaird
ammnium xrtin, whras a urin smlal gap abv
00 mOsml/kg suggsts an intat rnal rspns t
aidsis.

Urine osmolal gap = U
osm

− 2(U
Na

+ U
K
) + U

urea
+ U

glucose

» Clinical Findings

A. Symptoms and Signs

Symptms f mtabli aidsis ar mainly ths f th
undrlying disrdr. Cmpnsatry hyprvntilatin is an
imprtant linial sign and may b misintrprtd as a
primary rspiratry disrdr; Kussmaul brathing (dp,
rgular, sighing rspiratins) may b sn with svr
mtabli aidsis.

B. Laboratory Findings

Bld pH, srum HCO
3
–, and Pco

2
ar drasd. Anin

gap may b nrmal (hyprhlrmi mtabli aidsis) r
inrasd. Hyprkalmia may b sn.

» Treatment

A. Increased Anion Gap Acidosis

Tratmnt is aimd at th undrlying disrdr, suh as
insulin and fluid thrapy fr diabts and apprpriat vl-
um rsusitatin t rstr tissu prfusin (s
Tabl 21–13). NaHCO

3
thrapy is ntrvrsial in th

tratmnt f inrasd anin gap mtabli aidss and is
usually rsrvd fr svr ass (artrial pH < 7.1–7.2).
Larg amunts f NaHCO

3
may hav dltrius ffts,

inluding hyprnatrmia, hyprsmlality, vlum vr-
lad, and wrsning f intrallular aidsis.

B. Normal Anion Gap Acidosis

Tratmnt f RTA is mainly ahivd by administratin f
alkali (biarbnat r itrat) t rrt mtabli abnr-
malitis and prvnt nphralinsis and CKD.

Larg amunts f ral alkali (NaHCO
3

r KHCO
3

10–15 mEq/kg/day) (Tabl 21–1) may b rquird t trat
prximal RTA baus muh f th administrd alkali is

xrtd int th urin. This an xarbat hypkalmia
and a mixtur f sdium and ptassium salts is ftn
rquird. Tratmnt f typ I distal RTA rquirs lss alkali
(1–2 mEq/kg/day) than prximal RTA, and ptassium
supplmntatin is typially rquird.

Fr typ IV RTA, ditary ptassium rstritin may b
nssary and ptassium-rtaining drugs shuld b with-
drawn. Lp diurtis may b bnfiial. Fludrrtisn
may b fftiv in sm ass withut signifiant vlum
xpansin. In sm ass, ral alkali supplmntatin
(1–2 mEq/kg/day) may b rquird.

» When to Refer

Mst liniians will rfr patints with rnal tubular aid-
ss t a nphrlgist fr valuatin and pssibl alkali
thrapy.

» When to Admit

Patints will rquir mrgny dpartmnt valuatin r
hspital admissin dpnding n th svrity f th aid-
sis and undrlying nditins.

Chávz-Iñiguz JS t al. Th Cas | Svr hypkalmia and
mtabli aidsis. Kidny Int. 2018;93:1255. [PMID:
29680030]

Palmr BF t al. Eltrlyt and aid-bas disturbans in
patints with diabts mllitus. N Engl J Md. 2015;373:58.
[PMID: 262308]

Palmr BF t al. Saliylat txiity. N Engl J Md. 2020;382:25.
[PMID: 3257981]

Sharma S t al. Cmprhnsiv linial apprah t rnal tubular
aidsis. Clin Exp Nphrl. 2015;19:556. [PMID: 25951806]

METABOLIC ALKALOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» High HCO
3

– with alkalemia (high pH).

» Evaluate effective circulating volume by physical
examination.

» Urinary chloride concentration differentiates saline-
responsive alkalosis from saline-unresponsive
alkalosis.

» General Considerations

Mtabli alkalsis is haratrizd by high srum HCO
3
–

lvls. Th dvlpmnt f mtabli alkalsis rquirs its
“gnratin” frm lss f aid r gain f alkali, and its
“maintnan” frm th kidny’s inability t xrt xss
biarbnat.

Th auss f mtabli alkalsis ar lassifid int tw
grups basd n hlrid rspnsivnss and ar gnrally
distinguishd using urin hlrid valus (Tabl 21–15).
Th mpnsatry inras in Pco

2
rarly xds 55 mm

Hg; highr Pco
2

valus imply a suprimpsd primary
rspiratry aidsis.
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A. Chloride-Responsive Metabolic Alkalosis
U

Cl
– less than 20 mEq/L

Chlrid-rspnsiv mtabli alkalsis invlvs th lss
f hlrid and xtrallular vlum. In vmiting and
nasgastri sutin, lss f aid (HCl) gnrats th alkal-
sis and vlum ntratin frm hlrid lss maintains
th alkalsis. Distally ating diurtis that aus hlrid
lss, g, lp and thiazid diurtis, ar a mmn aus f
mtabli alkalsis. U

Cl
– lvls an b unrliabl in ths

sttings sin ths diurtis inras U
Cl

–. Ths disrdrs
aus nurrnt hypkalmia, whih an xarbat mt-
abli alkalsis by stimulating H+ srtin and ammnia-
gnsis. In rspiratry aidsis, th kidnys mpnsat by
inrasing rnal HCO

3
– rtntin, whih auss vlum

xpansin and hn NaCl xrtin. If th hyprapnia is
rrtd rapidly, th kidnys will attmpt t rrt th
alkalsis by xrting HCO

3
–; if suffiint Cl– is unavail-

abl, biarbnaturia will halt and mtabli alkalsis will
prsist. This prss has bn trmd posthypercapneic
metabolic alkalosis.

In alkalsis, biarbnaturia auss bligatry sdium
xrtin as th ampanying atin and U

Na
lvls ar

unrliabl markrs f xtrallular vlum.

B. Chloride-Unresponsive Alkalosis
U

Cl
– more than 20 mEq/L

1. Excess mineralocorticoid activity—Minralrtiids
at dirtly in th llting dut t stimulat sdium rab-
srptin and hydrgn and ptassium xrtin. Th
ffts n hydrgn xrtin ar imprtant in th gnra-
tin f a mtabli alkalsis. Tabl 21–15 lists imprtant
auss f xss minralrtiid ativity. Ths disrdrs
ar typially assiatd with hyprtnsin, hypkalmia,
mtabli alkalsis, and mild hyprnatrmia.

2. Bartter and Gitelman syndromes—Mtabli alkalsis,
hypkalmia, and nrmtnsin ar faturs f bth
Barttr and Gitlman syndrms.

3. Alkali administration with decreased GFR—Th nr-
mal kidny has a substantial apaity fr biarbnat
xrtin; thrfr, mtabli alkalsis usually nly dvl-
ps with HCO

3
– intak whn thr is CKD (g, intnsiv

antaid thrapy). In milk-alkali syndrm, sustaind havy
ingstin f absrbabl antaids and milk auss hypral-
mi kidny injury and mtabli alkalsis. Vlum n-
tratin frm rnal hypralmi ffts xarbats th
alkalsis.

» Clinical Findings

A. Symptoms and Signs

Thr ar n haratristi symptms r signs. Hwvr,
hyppna an b prsnt in svr ass. Cnmitant
hypkalmia may aus waknss and hyprflxia. An
inras in mrtality has bn bsrvd with a
pH > 7.8.

B. Laboratory Findings

Th artrial bld pH and biarbnat ar lvatd. With
rspiratry mpnsatin, th artrial Pco

2
is inrasd.

Srum ptassium and hlrid ar drasd. Th urin
Cl– an diffrntiat btwn hlrid-rspnsiv (lss
than 20 mEq/L) and unrspnsiv (gratr than 20 mEq/L)
auss.

» Treatment

Mild alkalsis is gnrally wll tlratd. Svr r
symptmati alkalsis (pH > 7.60) rquirs urgnt
tratmnt.

Table 21–15. Metabolic alkalosis.

ClorideResonsive (U
Cl

< 20 mEq/L) ClorideUnresonsive (U
Cl

> 20 mEq/L)

Excessive body bicarbonate content

Renal alkalosis

Diuretic therapy (after diuretic effect has ceased)

Poorly reabsorbable anion therapy: carbenicillin, penicillin,

sulfate, phosphate

Posthypercapnia

Gastrointestinal alkalosis

Loss of HCl from vomiting or nasogastric suction

Intestinal alkalosis: chloride diarrhea

NaHCO
3

(baking soda)

Sodium citrate, lactate, gluconate, acetate

Transfusions

Antacids

Normal body bicarbonate content

“Contraction alkalosis”

Excessive body bicarbonate content

Normotensive

Bartter syndrome (renal salt wasting and secondary

hyperaldosteronism)

Severe potassium depletion

Refeeding alkalosis

Hypercalcemia and hypoparathyroidism

Hypertensive

Endogenous mineralocorticoids

Primary aldosteronism

Hyperreninism

Adrenal enzyme (11-beta-hydroxylase and 17-alpha-

hydroxylase) deficiency

Liddle syndrome

Exogenous alkali

Exogenous mineralocorticoids

Licorice

Modified and reproduced, with permission, from Narins RG et al. Diagnostic strategies in disorders of fluid, electrolyte and acid-base homeo-

stasis. Am J Med. 1982;72:496. Copyright © Elsevier.
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A. Chloride-Responsive Metabolic Alkalosis

Thrapy fr hlrid-rspnsiv alkalsis invlvs vlum
xpansin with hlrid salts, gnrally in th frm f intrav-
nus nrmal salin, until a uvlmi stat has bn ahivd.
This rdus prximal tubular biarbnat rabsrptin and
inrass distal tubular dlivry f hlrid, whr it is
xhangd fr biarbnat by th luminal Cl–/HCO

3
– pn-

drin. In dmatus patints with a ntraindiatin t vlum
xpansin (g, hart failur), th arbni anhydras inhibitr
atazlamid an b givn (250–500 mg rally twi daily)
t inras rnal biarbnat xrtin. Hypkalmia shuld
b rrtd by administring ral KCl.

B. Chloride-Unresponsive Metabolic Alkalosis

Thrapy fr hlrid-unrspnsiv mtabli alkalsis
rquirs thrapy targtd t th undrlying aus (s
Chaptr 26).

Emmtt M. Mtabli alkalsis: a brif pathphysilgi rviw.
Clin J Am S Nphrl. 2020;15:188. [PMID: 3258692]

RESPIRATORY ACIDOSIS (Hypercapnia)

» General Considerations

Rspiratry aidsis rsults frm hypvntilatin and sub-
squnt hyprapnia. Bth pulmnary and xtrapulm-
nary disrdrs an aus hypvntilatin.

Aut rspiratry aidsis is assiatd with nly a
mdst inras in biarbnat sin srum biarbnat is
an infftiv buffr baus f impaird liminatin f
arbn dixid. Aftr 6–12 hurs, th primary inras in
Pco

2
vks a rnal mpnsatin t xrt mr aid and

t gnrat mr HCO
3
–. Cmplt mtabli mpnsa-

tin by th kidny taks svral days. In aut rspiratry
aidsis, HCO

3
– inrass by 1 mEq/L fr vry 10 mm Hg

inras in Pco
2
.

Chrni rspiratry aidsis is gnrally sn in patints
with undrlying lung disas, suh as hrni bstrutiv pul-
mnary disas. Rnal xrtin f aid as NH


Cl rsults in a

mpnsatry mtabli alkalsis. In this situatin, HCO
3
–

inrass by 3 mEq/L fr vry 10 mm Hg inras in Pco
2
.

» Clinical Findings

A. Symptoms and Signs

With aut nst, smnln, nfusin, mntal status
hangs, astrixis, and mylnus may dvlp. Svr
hyprapnia inrass rbral bld flw, rbrspinal
fluid prssur, and intraranial prssur; papilldma and
sizurs may b sn.

B. Laboratory Findings

Artrial pH is lw and Pco
2

is inrasd. Srum HCO
3
– is

lvatd but ds nt fully rrt th pH. Rspiratry til-
gis f rspiratry aidsis usually hav a wid A-a diffrn;
a rlativly nrmal A-a diffrn in th prsn f rspira-
try aidsis is highly suggstiv f glbal hypvntilatin.

» Treatment

If piid vrds is a pssibl diagnsis r thr is n
thr bvius aus fr hypvntilatin, th liniian
shuld nsidr a diagnsti and thraputi trial f intra-
vnus nalxn (s Chaptr 38). Nninvasiv r mhan-
ial vntilatin may b nssary.

Adrgué HJ t al. Alkali thrapy fr rspiratry aidsis: a mdi-
al ntrvrsy. Am J Kidny Dis. 2020;75:265. [PMID:
3173018]

RESPIRATORY ALKALOSIS

» General Considerations

Rspiratry alkalsis is always a disrdr f hyprvntila-
tin, rduing th Pco

2
and inrasing srum pH

(Tabl 21–16). In prgnany, prgstrn stimulats th
rspiratry ntr, prduing an avrag Pco

2
f 30 mm Hg

and rspiratry alkalsis. Saliylats dirtly stimulat rs-
piratin and aspirin txiity shuld b susptd whn
bth rspiratry alkalsis and an anin gap mtabli ai-
dsis ar prsnt, partiularly with alkalmia. Symptms f
aut rspiratry alkalsis ar rlatd t drasd rbral
bld flw indud by th disrdr.

Table 21–16. Causes of respiratory alkalosis.

hyoxia

Decreased inspired oxygen tension

High altitude

Ventilation/perfusion inequality

Hypotension

Severe anemia

CNSmediated disorders

Voluntary hyperventilation

Anxiety-hyperventilation syndrome

Neurologic disease

Cerebrovascular accident (infarction, hemorrhage)

Infection

Trauma

Tumor

Pharmacologic and hormonal stimulation

Salicylates

Nicotine

Xanthines

Pregnancy (progesterone)

Liver failure

Gram-negative septicemia

Recovery from metabolic acidosis

Heat exposure

pulmonary disease

Interstitial lung disease

Pneumonia

Pulmonary embolism

Pulmonary edema

Mecanical overventilation

Adapted, with permission, from Gennari FJ. Respiratory acidosis and

alkalosis. In: Maxwell and Kleeman’s Clinical Disorders of Fluid and

Electrolyte Metabolism, 5th ed. Narins RG (editor). McGraw-Hill, 1994.
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Dtrminatin f apprpriat mtabli mpnsatin
may rval an assiatd mtabli disrdr.

As in rspiratry aidsis, th mtabli mpnsatin is
gratr if th rspiratry alkalsis is hrni (s Tabl 21–11).
In aut rspiratry alkalsis, HCO

3
– drass by 2 mEq/L

fr vry 10 mm Hg dras in Pco
2
, whras in hrni

rspiratry alkalsis, HCO
3
– drass by  mEq/L fr vry

10 mm Hg dras in Pco
2
.

» Clinical Findings

A. Symptoms and Signs

In aut ass (hyprvntilatin), thr is light-haddnss,
anxity, priral numbnss, and parsthsias. Ttany
urs frm a lw inizd alium, sin svr alkalsis
inrass alium binding t albumin.

B. Laboratory Findings

Artrial bld pH is lvatd, and Pco
2

is lw. Srum
biarbnat is drasd in hrni rspiratry alkalsis.

» Treatment

Tratmnt is dirtd tward th undrlying aus. In aut
hyprvntilatin syndrm frm anxity, th traditinal trat-
mnt f brathing int a papr bag shuld b disuragd
baus it ds nt rrt Pco

2
and may dras Po

2
. Ras-

suran may b suffiint fr th anxius patint, but sdatin
may b nssary if th prss prsists. Hyprvntilatin is
usually slf-limitd sin musl waknss ausd by th
rspiratry alkalmia will supprss vntilatin. Rapid rr-
tin f hrni rspiratry alkalsis may rsult in mtabli
aidsis as Pco

2
is inrasd with a prvius mpnsatry

dras in HCO
3
–. Th svrity f hypapnia in ritially ill

patints has bn assiatd with advrs utms.

Shinr B t al. Aid-bas disrdrs in livr disas. J Hpatl.
2017;67:1062. [PMID: 286810]

Table 21–17. Replacement guidelines for sweat and gastrointestinal fluid losses.

Average Electrolyte Comosition Relacement Guidelines er Liter Lost

Na+

(mEq/L)

K+

(mEq/L)

Cl–

(mEq/L)

hCO
3

–

(mEq/L)

0.9%

Saline

(mL)

0.45%

Saline

(mL) D
5
W (mL)

KCl

(mEq/L)

7.5% NahCO
3

(45 mEq

hCO
3

–/am)

Sweat 30–50 5 30–50  500 500 5

Gastric secretions 20 10 10  300 700 20

Pancreatic juice 130 5 35 115  400 600 5 2 amps

Bile 145 5 100 25 600  400 5 0.5 amp

Diarrhea1 140 15 110–115 40–45

1In the absence of diarrhea, colonic fluid Na+ levels are low (40 mEq/L).

º
FLUID MANAGEMENT

Daily parntral maintnan fluids and ltrlyts fr an
avrag adult f 70 kg wuld inlud at last 2 L f watr in
th frm f 0.5% salin with 20 mEq/L f ptassium hl-
rid. Patints with hypglymia, starvatin ktsis, r
ktaidsis bing tratd with insulin may rquir 5%
dxtrs-ntaining slutins. Guidlins fr GI fluid
lsss ar shwn in Tabl 21–17.

Wight lss r gain is th bst indiatin f watr bal-
an. Insnsibl watr lss shuld b nsidrd in fbril
patints. Watr lss inrass by 100–150 mL/day fr ah
dgr f bdy tmpratur vr 37°C.

In patints rquiring maintnan and pssibly rpla-
mnt f fluid and ltrlyts by parntral infusin, th
ttal daily ratin shuld b administrd ntinuusly vr
2 hurs t nsur ptimal utilizatin.

If intravnus fluids ar th nly sur f watr, l-
trlyts, and alris fr lngr than a wk, parntral
nutritin ntaining amin aids, lipids, tra mtals, and
vitamins may b indiatd. (S Chaptr 29.)

Baland rystallid-lik latatd Ringr slutin,
rathr than nrmal salin, is th rsusitatin fluid f
hi in mst sttings (s Chaptr 12). Exssiv fluid
rsusitatin and maintnan ar mpliatins in hspi-
talizd patints, spially ths with ritial illnss r
aut kidny injury. Ths mpliatins hav bn assi-
atd with wrsnd utms, suh as prlngd mhani-
al vntilatin, dpndn n dialysis, and lngr
hspitalizatin with inrasd mrtality.

Bntzr P t al. Will this hmdynamially unstabl patint
rspnd t a blus f intravnus fluids? JAMA.
2016;316:1298. [PMID: 27673307]

Mritz ML t al. Maintnan intravnus fluids in autly ill
patints. N Engl J Md. 2015;373:1350. [PMID: 2622725]

Shindlr AW t al. Evidn-basd fluid managmnt in th
ICU. Curr Opin Anasthsil. 2016;29:158. [PMID: 2678351]
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Although som patints with kidny disas xprinc
hyprtnsion, dma, nausa, or hmaturia that may lad
to its discovry, kidny disas is oftn discovrd incidn-
tally during a routin mdical valuation. Th initial
approach to kidny disas is to assss th caus and svr-
ity of rnal abnormalitis. In all cass, this valuation
includs (1) stimation of disas duration, (2) carful
xamination of th urin, and (3) assssmnt of th glo-
mrular filtration rat (GFR). Th history and physical
xamination, though qually important, ar variabl
among rnal syndroms—thus, spcific symptoms and
signs ar discussd undr ach disas ntity.

º
ASSESSMENT OF KIDNEY DISEASE

Kidnys may b damagd by a varity of injuris; data hlp-
ful in th valuation of kidny disas includ stimation of
disas duration, stimation of th glomrular filtration
rat (GFR), xamination of th urin, and quantification
of urinary protin xcrtion. Additionally, rnal imaging
(most oftn ultrasonography) can b hlpful. Kidny
biopsy may b prformd in slct cass as notd blow,
particularly whn glomrular disas is suspctd.

» Disease Duration

Kidny disas can b acut or chronic. Acut kidny
injury (AKI) is worsning of kidny function ovr hours to
days, rsulting in rtntion of wast products (such as ura
nitrogn) and cratinin in th blood. Rtntion of ths
substancs is calld azotmia. Chronic kidny disas
(CKD) is th loss of kidny function ovr months to yars.
Diffrntiating btwn AKI and CKD is important for
diagnosis and tratmnt, and crtain clus may hlp distin-
guish th two. For instanc, oliguria is only obsrvd in
AKI, whras anmia (from low kidny rythropoitin
production) suggsts CKD. Additionally, small kidny siz
on imaging is mor consistnt with CKD, whras normal
to larg kidny siz can b sn with both AKI and CKD.

» Urinalysis

Examination of th urin can provid important clus
whn valuating kidny disas. A urin spcimn should

b collctd midstram or by bladdr cathtrization and
xamind within 1 hour aftr collction to avoid dstruc-
tion of formd lmnts. Urinalysis includs dipstick
xamination followd by microscopy if th dipstick has
positiv findings. Th dipstick xamination masurs uri-
nary pH, spcific gravity, protin, hmoglobin, glucos,
ktons, bilirubin, nitrits, and lukocyt stras. Micros-
copy of cntrifugd urinary sdimnt prmits xamination
of formd lmnts—crystals, clls, casts, and infctious
organisms. A bland (normal) sdimnt is common, sp-
cially in CKD and acut nonparnchymal disordrs, such
as limitd ffctiv blood flow to th kidny or urinary
obstruction. Urinary casts form whn urin flow is slow,
lading to prcipitation of Tamm-Horsfall mucoprotin in
th rnal tubul; if thr ar many rd or whit blood clls
in th urin, cllular casts may form. Th prsnc of pro-
tin on dipstick xamination suggsts undrlying glomru-
lar disas. If th glomrular basmnt mmbran (GBM)
is damagd (g, by inflammation), rd blood clls may lak
into th urinary spac and appar dysmorphic. Thus, pro-
tinuria, dysmorphic hmaturia, and rd blood clls casts
ar highly suggstiv of glomrulonphritis. Havy pro-
tinuria and lipiduria ar indicativ of nphrotic syn-
drom. Granular casts (also calld “muddy brown casts”)
and rnal tubular pithlial clls alon or in casts ar hall-
marks of acut tubular ncrosis (ATN). Whit blood clls
(including nutrophils and osinophils), whit blood cll
casts (Tabl 22–1), and protinuria of varying dgr can
b sn with pylonphritis and intrstitial nphritis;
pyuria alon can indicat urinary tract infction. Protin-
uria and hmaturia ar furthr discussd blow.

A. Proteinuria

Protinuria is dfind as xcssiv protin xcrtion in th
urin, gnrally gratr than 150 mg/24 hours in adults.
Protinuria mor than 1–2 g/day is usually a sign of undr-
lying glomrular kidny disas, whras protinuria lss
than 1 g/day can b du to multipl causs along th nph-
ron sgmnt, as listd blow. Protinuria can b accompa-
nid by othr clinical abnormalitis—lvatd blood ura
nitrogn (BUN) and srum cratinin lvls, abnormal
urin sdimnt, or vidnc of systmic illnss (g, fvr,
rash, vasculitis).

22 Tonja C. Dirkx, MD

Tyler B. Woodell, MD, MCR

Kidney Disease
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Thr ar svral rasons protinuria may dvlop: (1)
Functional proteinuria is a bnign procss stmming
from strssors such as acut illnss, xrcis, and “ortho-
static protinuria.” Th lattr condition, gnrally found in
popl undr 30 yars of ag, usually causs protin xcr-
tion lss than 1 g/day. Th orthostatic natur of th protin-
uria is confirmd by masuring an 8-hour ovrnight supin
urinary protin xcrtion, which should b lss than 50 mg.
(2) Overload proteinuria occurs whn th rabsorptiv
capacity of tubuls is ovrwhlmd, which can rsult from
xcss production of low-molcular-wight plasma pro-
tins (g, Bnc Jons protins associatd with plasma cll
myloma). In th cas of plasma cll myloma, protin
lctrophorsis from srum or urin will xhibit a discrt,
monoclonal protin spik. Othr xampls of ovrload
protinuria includ myoglobinuria in rhabdomyolysis and
hmoglobinuria in hmolysis. (3) Glomerular proteinuria
rsults from ffacmnt of pithlial cll foot procsss and
altrd glomrular prmability with an incrasd filtra-
tion fraction of normal plasma protins, as in diabtic
nphropathy. Protin lctrophorsis will xhibit a larg
albumin spik indicativ of th incrasd prmability of
albumin across th damagd GBM. (4) Tubular protein-
uria occurs as a rsult of faulty rabsorption of normally
filtrd protins in th proximal tubul, such as bta-
2-microglobulin. Causs may includ ATN, toxic injury
(lad, aminoglycosids, and crtain antirtrovirals), drug-
inducd intrstitial nphritis, and hrditary mtabolic
disordrs (Wilson disas and Fanconi syndrom).

Evaluation of protinuria by urin dipstick dos not
actually masur protin but instad dtcts th ngativ
lctrochmical charg that charactrizs albumin. As a
rsult, positivly chargd Bnc Jons protins ar missd
with dipstick analysis. Bnc Jons protins can b dtctd
by th addition of sulfosalicylic acid to th urin spcimn
or, mor commonly, dirctly masuring urin protin. It
should b notd that, bcaus urin dipstick simply dtcts
ngativ lctrochmical charg, alkalin urin (pH > 7.0)
can caus fals-positiv rsults.

Whil urin dipstick is commonly usd to scrn for pro-
tinuria, quantitativ invstigation rquirs dirct valuation

of urin protin xcrtion. This can b stimatd with a
random urin sampl or masurd from a timd urin
collction (typically 24 hours). Collction of a random
urin sampl is far simplr, and th ratio of urin protin-
to-cratinin concntration ([U

protin
]/[U

cratinin
]) corrlats

with a 24-hour urin protin collction (lss than 0.2 is
normal and corrsponds to xcrtion of lss than 200 mg/
24 hours). In a 24-hour collction, protinuria abov
150 mg is abnormal and abov 3 g is classifid as nphrotic-
rang. On bnfit of a random protin-to-cratinin ratio is
th minimization of rror from ovrcollction or undrcol-
lction of urin in th 24-hour spcimn. A kidny biopsy
may b indicatd to dtrmin th caus of abnormal pro-
tinuria, particularly if accompanid by abnormal GFR or
hmaturia. Th clinical squla of protinuria ar dis-
cussd in th sction on Nphrotic Spctrum Glomrular
Disass.

B. Hematuria

Hmaturia is considrd clinically significant if thr ar
mor than thr rd blood clls pr high-powr fild on at
last two occasions. It is usually dtctd incidntally on
urin dipstick or following an pisod of macroscopic hma-
turia. Th diagnosis must b confirmd via microscopic
xamination, as fals-positiv dipstick tsts can b causd by
myoglobin, oxidizing agnts, bts and rhubarb, hydrochlo-
ric acid, and bactria. Transint hmaturia is common but
is lss oftn clinically significant in patints youngr than
40 yars du to lowr concrn for malignancy.

Hmaturia may b du to rnal or xtrarnal causs.
Extrarnal causs ar addrssd in Chaptr 23. Rnal
causs account for approximatly 10% of cass and ar clas-
sifid as ithr glomrular or xtraglomrular. Glomrular
causs includ glomrulonphritis (g, immunoglobulin A
[IgA] nphropathy), thin basmnt mmbran disas and
othr hrditary disordrs (g, Alport syndrom), and sys-
tmic nphritic syndroms (g, lupus nphritis). Extraglo-
mrular sourcs includ cysts; calculi; intrstitial nphritis;
and, most worrisom, gnitourinary noplasms from th
kidny, prostat, or bladdr (s Chaptr 39).

» Glomerular Filtration Rate

Th GFR provids a usful masur of kidny function at
th lvl of th glomrulus and can ithr b masurd
dirctly using biomarkrs (most commonly cratinin) or
stimatd using validatd formula. Th GFR masurs th
amount of plasma ultrafiltrd across th glomrular capil-
laris pr unit tim and rflcts th kidnys’ ability to filtr
fluids and substancs, including mdications; it is oftn
usd to dtrmin drug dosing. Daily GFR in normal indi-
viduals is variabl, with a rang of 150–250 L/24 h or
100–120 mL/min/1.73 m2 of body surfac ara. Patints
with kidny disas can hav dcrasd GFR from any
procss that causs loss of functional glomruli. Howvr,
thy can also hav normal or incrasd GFR, ithr from
glomrular hyprfiltration or disas at a diffrnt sgmnt
of th nphron, intrstitium, or vascular supply.

GFR can b masurd by dtrmining th rnal clar-
anc of plasma substancs that ar not bound to plasma

Table 22–1. Significance of specific urinary casts.

Tye Significance

Hyaline casts Not indicative of kidney disease

Concentrated urine, febrile disease, diuretic

therapy, after strenuous exercise

Red cell casts Glomerulonephritis

White cell casts Indicative of infection or inflammation

Pyelonephritis, interstitial nephritis

Renal tubular cell

casts

Acute tubular necrosis, interstitial nephritis

Granular (muddy

brown) casts

Nonspecific; can indicate acute tubular

necrosis

Broad waxy casts Indicative of stasis in enlarged collecting

tubules

Chronic kidney disease
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protins, ar frly filtrabl across th glomrulus, and ar
nithr scrtd nor rabsorbd along th rnal tubuls.
Th rnal claranc of a substanc is dfind as:

=
×

C
U  V

P

whr C is th claranc, U and P ar th rspctiv urin
and plasma concntrations of th substanc (mg/dL), and
V
.

is volum of urin pr unit tim (typically mL/min). In
clinical practic, th claranc of ndognous cratinin
(trmd creatinine clearance) is th primary way to ma-
sur GFR. Th cratinin claranc (C

cr
) is approximatly

100 mL/min in halthy young womn and 120 mL/min in
halthy young mn. Th cratinin claranc dclins by an
avrag of 0.8 mL/min/yr aftr ag 40 yars as part of th
aging procss. Cratinin is a product of muscl mtabolism
producd at a rlativly constant rat and clard by rnal
xcrtion. It is frly filtrd by th glomrulus and not
rabsorbd by th rnal tubuls. Howvr, cratinin is not
a prfct indicator of GFR for th following rasons: (1) a
small amount is normally liminatd by tubular scrtion,
and it progrssivly incrass as GFR dclins (thus ovrs-
timating GFR); (2) with svr kidny failur, gut microor-
ganisms dgrad cratinin; (3) ditary mat intak and
muscl mass affct plasma cratinin lvls; (4) mdications
such as aspirin, dolutgravir, probncid, and trimthoprim
rduc tubular scrtion of cratinin, incrasing th plasma
cratinin concntration and falsly suggsting kidny dys-
function; and (5) th masurmnt assums a stabl plasma
cratinin concntration ovr a 24-hour priod, so whn
valus ar changing during th dvlopmnt of and rcov-
ry from AKI, cratinin claranc is inaccurat.

On way to masur cratinin claranc is to prform a
timd urin collction and dtrmin th plasma cratinin
lvl midway through th collction. An incomplt or pro-
longd urin collction is a common sourc of rror. Th
compltnss of th collction can b stimatd by compar-
ing th amount of cratinin xcrtd in th collction to that
xpctd ovr a 24-hour priod, which should b constant:

U
cr

× V
.
= 15 − 20 mg/kg for healthy young women

U
cr

× V
.
= 20 − 25 mg/kg for healthy young men

Givn th tdious natur of timd urin collctions for
masuring GFR, GFR is mor commonly stimatd
(dnotd GFR) using formula that hav bn validatd
using patint charactristics (such as ag, wight, rac, and
sx) and plasma cratinin lvls. Th Kidny Disas Improv-
ing Global Outcoms workgroup rcommnds GFR for-
mula as th primary mthod for dtrmining GFR. Th
prfrrd GFR formula is th 2009 CKD-Epidmiology
(EPI) Collaboration cratinin quation (https://www.
kidny.org/contnt/ckd-pi-cratinin-quation-2009). An
altrnativ cratinin-basd GFR stimating quation is
accptabl if it improvs accuracy ovr th CKD-EPI qua-
tion. Svral wb-basd calculators will calculat th GFR
(g, http://touchcalc.com/calculators/pi). Th Cockcroft-
Gault formula is commonly usd to dtrmin drug dos-
ing, but it is no longr rcommndd sinc it was dvlopd

bfor th standardization of cratinin assays currntly in
us. Cystatin C is anothr ndognous markr of GFR that
is filtrd frly at th glomrulus, producd at a rlativly
constant rat, and lss dpndnt on muscl mass. It is
rabsorbd and partially mtabolizd in th rnal tubular
pithlial clls. Adding th masurmnt of cystatin C to
srum cratinin can improv th accuracy of th GFR. A
larg mta-analysis showd that cystatin C alon or in
combination with srum cratinin is a strongr prdictor
of important clinical vnts, such as nd-stag kidny dis-
as (ESKD) or dath, than srum cratinin alon. How-
vr, bcaus cystatin C is not univrsally availabl or
standardizd across assays, it rmains a complmntary
biomarkr for stimating GFR.

BUN is anothr indx usd in assssing kidny func-
tion. It is synthsizd mainly in th livr and is th nd
product of protin catabolism. Ura is frly filtrd by th
glomrulus, but about 30–70% is rabsorbd in th rnal
tubuls. As such, it undrstimats GFR. Rnal ura rab-
sorption incrass (in conjunction with incrasd sodium
rabsorption) in hypovolmic patints (who, thrfor,
hav an incrasd BUN). A normal BUN:cratinin ratio is
approximatly 10:1, although this varis btwn individu-
als. With volum dpltion, th ratio can incras to 20:1 or
highr. Othr causs of incrasd BUN includ incrasd
catabolism (gastrointstinal [GI] blding, cll lysis, and
corticostroid usag), incrasd ditary protin, and
dcrasd rnal prfusion prompting incrasd sodium
(and thrfor BUN) rabsorption (g, hart failur, rnal
artry stnosis) (Tabl 22–2). Rducd BUN lvls ar sn
in livr disas and in th syndrom of inappropriat
antidiurtic hormon (SIADH).

In summary, cratinin and ura clarancs ovrsti-
mat and undrstimat GFR, rspctivly. Bcaus ach of
ths stimats bcom mor inaccurat as kidny disas
advancs, a mor accurat masur of GFR as patints
approach ESKD is th avrag of th cratinin and ura
clarancs.

KIDNEY BIOPSY

Indications for prcutanous ndl biopsy includ (1)
unxplaind AKI or CKD; (2) unxplaind protinuria or
hmaturia, or both; (3) prviously idntifid and tratd

Table 22–2. Conditions affecting BUN independently
of GFR.

Inceased BUN

Reduced effective circulating blood volume (prerenal azotemia)

Catabolic states (gastrointestinal bleeding, corticosteroid use)

High-protein diets

Tetracycline

Deceased BUN

Liver disease

Malnutrition

Sickle cell anemia

SIADH

BUN, blood urea nitrogen; GFR, glomerular filtration rate; SIADH,

syndrome of inappropriate antidiuretic hormone.
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lsions to guid futur thrapy; (4) systmic disass asso-
ciatd with kidny dysfunction, such as systmic lupus
rythmatosus (SLE), anti-GBM disas, and granuloma-
tosis with polyangiitis; and (5) kidny transplant dysfunc-
tion, to valuat for transplant rjction or othr
abnormalitis. Kidny biopsis should only b prformd if
th rsults will influnc th tratmnt plan or facilitat
discussion about prognosis. Rlativ contraindications
includ a solitary or ctopic kidny (xcption for trans-
plant allografts), horssho kidny, ESKD, congnital
anomalis, and multipl cysts. Absolut contraindications
includ an uncorrctd blding disordr; svr uncon-
trolld hyprtnsion; rnal infction or noplasm; hydro-
nphrosis; or uncooprativ patints, including thos who
ar unabl to li flat for th procdur.

Prcutanous kidny biopsis ar gnrally saf. Th
major risk is blding, which may occur up to 72 hours post
biopsy. Mor than half of patints will hav at last a small
hmatoma; approximatly 1–5% of patints will xprinc
significant blding rquiring a blood transfusion. Antico-
agulation should b hld for 5–7 days post biopsy if possibl.
Th risks of nphrctomy and mortality ar about 0.06–
0.08%. Whn a prcutanous ndl biopsy is tchnically
not fasibl and kidny tissu is dmd clinically ssntial,
a closd biopsy via intrvntional radiologic tchniqus or
opn biopsy undr gnral ansthsia can b prformd.

Böknkamp A. Protinuria—tak a closr look! Pdiatr Nphrol.
2020;35:533. [PMID: 31925536]

Cavanaugh C t al. Urin sdimnt xamination in th diagnosis
and managmnt of kidny disas: Cor Curriculum 2019.
Am J Kidny Dis. 2019;73:258. [PMID: 30249419]

Lvy AS t al. Masurd and stimatd glomrular filtration
rat: currnt status and futur dirctions. Nat Rv Nphrol.
2020;16:51. [PMID: 31527790]

º
ACUTE KIDNEY INJUrY

E S S E N T I A L S  O F  D I A G N O S I S

» Rapid increase in serum creatinine.

» Oliguria may be present.

» Symptoms and signs depend on cause.

» General Considerations

AKI is dfind as an absolut incras in srum cratinin
by 0.3 mg/dL or mor within 48 hours or a rlativ incras
of at last 1.5 tims baslin that is known or prsumd to
hav occurrd within 7 days. AKI is charactrizd as oligu-
ric if urin production is lss than roughly 400–500 mL/day.
Clinically, AKI is charactrizd by an inability to maintain
acid-bas, fluid, and lctrolyt balanc and to xcrt
nitrognous wasts. Stage 1 is a 1.5- to 1.9-fold incras in
srum cratinin or a dclin in urinary output to lss than
0.5 mL/kg/h ovr 6–12 hours; stage 2 is a 2.0- to 2.9-fold
incras in srum cratinin or dclin in urinary output to
lss than 0.5 mL/kg/h ovr 12 hours or longr; stage 3 is a

3.0-fold or gratr incras in srum cratinin, an
incras in srum cratinin to gratr than or qual to 4
mg/dL, a dclin in urinary output to lss than 0.3 mL/
kg/h for 24 hours or longr, anuria for 12 hours or longr,
or initiation of rnal rplacmnt thrapy. In th absnc
of functioning kidnys, srum cratinin concntration
will typically incras by 1–1.5 mg/dL daily, although with
crtain conditions, such as rhabdomyolysis, srum crati-
nin can incras mor rapidly. On avrag, 5% of hospital
admissions and 30% of intnsiv car unit (ICU) admis-
sions includ a diagnosis of AKI, and AKI dvlops in 25%
of hospitalizd patints. Th rats of AKI in th hospital
stting hav incrasd stadily sinc th 1980s and continu
to ris.

» Clinical Findings

A. Symptoms and Signs

Although many patints will not xprinc any symptoms
or xhibit any signs of AKI, th buildup of wast products
can caus nonspcific symptoms and signs collctivly
trmd uremia: nausa, vomiting, malais, and altrd
snsorium. Mor commonly, patints xprinc symp-
toms and signs of th undrlying disas causing thir AKI
(g, lupus). Hyprtnsion can occur, and fluid homostasis
is oftn impaird. Hypovolmia can caus stats of low
blood flow to th kidnys, somtims trmd prerenal
azotemia, whras hyprvolmia can rsult from intrinsic
or postrnal disas. Pricardial ffusions can occur with
urmia and may rsult in cardiac tamponad; a pricardial
friction rub can b prsnt, signaling pricarditis. With
hyprkalmia, vntricular tachycardia and othr tachyar-
rhythmias can occur. Th lung xamination may rval
rals in th prsnc of hyprvolmia. AKI can caus non-
spcific diffus abdominal pain and ilus. Platlt dysfunc-
tion with blding and clotting disordrs can occur. Th
nurologic xamination somtims rvals ncphalo-
pathic changs with astrixis and confusion; uncommonly
sizurs may nsu.

B. Laboratory Findings

By dfinition, lvatd srum cratinin (and oftn BUN)
lvls ar prsnt, though ths lvations do not distin-
guish AKI from CKD. Mtabolic acidosis (du to dcrasd
claranc of organic and inorganic acids) is oftn notd.
Hyprkalmia can occur from impaird rnal potassium
xcrtion or from shifting of potassium from clls into th
blood as a rsult of mtabolic acidosis. With hyprkalmia,
ECG can rval pakd T wavs, PR prolongation, and
QRS widning. A long QT sgmnt can occur with hypo-
calcmia. Hyprphosphatmia occurs whn phosphorus
cannot b scrtd by damagd tubuls ithr with or with-
out incrasd cll catabolism. Anmia can occur as a rsult
of dcrasd rythropoitin production ovr wks, and
platlt dysfunction is typical.

» Classification & Etiology

AKI is commonly dividd into thr catgoris: prrnal
causs (kidny hypoprfusion), intrinsic kidny disas,
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and postrnal causs (obstruction to urinary outflow).
Idntifying th caus is th first stp toward tratmnt
(Tabl 22–3).

A. Prerenal Causes

Prrnal causs ar th most common tiology of AKI,
accounting for 40–80% of cass. Prrnal azotmia is a
physiologic rspons to rnal hypoprfusion. If rvrsd
quickly with rstoration of rnal blood flow (g, fluid
rsuscitation), rnal parnchymal damag oftn dos not
occur. If hypoprfusion prsists, prrnal azotmia can
lad to intrinsic kidny injury.

Dcrasd rnal prfusion can occur in svral ways,
such as a dcras in intravascular volum, a chang in
vascular rsistanc, or low cardiac output. Causs of vol-
um dpltion includ hmorrhag (g, from trauma), GI
losss, xcssiv diursis, and xtravascular fluid squstra-
tion (g, pancratitis, burns, and pritonitis).

Changs in systmic vascular rsistanc can occur with
spsis, anaphylaxis, ansthsia, and aftrload-rducing
drugs. Blockad of th rnin-angiotnsin-aldostron sys-
tm, such as with angiotnsin-convrting nzym (ACE)
inhibitors, limits ffrnt rnal artriolar constriction out
of proportion to affrnt artriolar constriction and thrby
dcrass GFR. Nonstroidal anti-inflammatory drugs
(NSAIDs) minimiz affrnt artriolar vasodilation by
inhibiting prostaglandin-mdiatd signals. NSAIDs may
hav particularly dltrious ffcts on rnal prfusion in
cirrhosis and hart failur whn prostaglandins ar
rcruitd to incras rnal blood flow. Epinphrin, nor-
pinphrin, high-dos dopamin, ansthtic agnts, and
calcinurin inhibitors also can caus rnal vasoconstric-
tion. Rnal artry stnosis causs incrasd rsistanc and
dcrasd rnal prfusion.

Low cardiac output is a stat of low ffctiv rnal art-
rial blood flow. This occurs in stats of hart failur
(including cardiognic shock), pulmonary mbolism, and
pricardial tamponad. Arrhythmias and valvular disor-
drs can also rduc cardiac output. In th intnsiv car
stting, positiv prssur vntilation will dcras vnous
rturn and, in ffct, cardiac output.

Whn GFR falls acutly, it is important to dtrmin
whthr AKI is du to prrnal or intrinsic causs. Th his-
tory, physical xamination, and laboratory data may b
hlpful in distinguishing btwn ths causs. In prrnal
AKI, th BUN:cratinin ratio oftn xcds 20:1 du to
incrasd ura rabsorption. In oliguric patints, anothr
usful indx is th fractional xcrtion of sodium (Fe

Na
).

With dcrasd GFR, th kidny rabsorbs salt and watr
avidly if thr is no intrinsic tubular dysfunction. Thus,
oliguric patints with prrnal AKI should hav a low frac-
tional xcrtion of sodium (lss than 1%). Oliguric patints
with intrinsic kidny dysfunction typically hav a high Fe

Na

(gratr than 1–2%), indicating loss of tubular clls’ ability
to rabsorb sodium. Th Fe

Na
is calculatd as follows: Fe

Na

= claranc of Na+/GFR = claranc of Na+/C
cr

:

F
Urine  / Serum

Urine  / Serum
100%E

Na

Na  Na

cr  cr

=  ×

Th quation was cratd and validatd to assss th
diffrnc btwn oliguric ATN and prrnal AKI; its util-
ity in nonoliguric patints is limitd. Furthr, bcaus
diurtics act by incrasing sodium xcrtion, a high Fe

Na

within 12–24 hours aftr diurtic administration cannot
b maningfully intrprtd. In contrast, a low Fe

Na
despite

rciving diurtics offrs strong vidnc of prrnal
stats in oliguric patints. Givn th limitations of Fe

Na

Table 22–3. Classification and differential diagnosis of acute kidney injury.

peenal

Azotemia

postenal

Azotemia

Intinsic renal Disease

Acute Tubula

Necosis Acute Glomeuloneitis

Acute Intestitial

Neitis

Etiology Poor renal

perfusion

Obstruction of the

urinary tract

Ischemia,

nephrotoxins

Immune complex-mediated,

pauci-immune, anti-GBM

related, monoclonal

immunoglobulin–mediated,

C3 glomerulopathy

Allergic reaction; drug

reaction; infection;

autoimmune

disease

Serum BUN:Cr ratio > 20:1 > 20:1 < 20:1 > 20:1 < 20:1

U
Na

(mEq/L) < 20 Variable > 20 < 20 Variable

FE
Na

(%) < 1 Variable > 1 (when oliguric) < 1 Variable

Urine osmolality

(mOsm/kg)

> 500 < 400 250–300 Variable Variable

Urinary sediment Benign or

hyaline

casts

Normal or red cells,

white cells, or

crystals

Granular (muddy

brown) casts, renal

tubular cell casts

Red cells, dysmorphic red

cells, and red cell casts

White cells, white

cell casts, with or

without eosinophils

BUN:Cr, blood urea nitrogen:creatinine ratio; FE
Na

, fractional excretion of sodium; GBM, glomerular basement membrane; U
Na

, urinary

concentration of sodium.
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calculations, urin microscopy is a much mor valuabl
tool for dtrmining caus of AKI. Patints with prrnal
azotmia typically hav bland urin sdimnts, though
som hav hyalin casts. In contrast, patints with ATN
oftn hav rnal tubular pithlial clls or muddy brown
casts visibl.

Tratmnt of prrnal AKI dpnds on th undrlying
caus, but achivmnt of uvolmia, attntion to srum
lctrolyts, and avoidanc of nphrotoxic drugs ar bnch-
marks of thrapy. This involvs carful assssmnt of vol-
um status, cardiac function, dit, and drug usag.

B. Postrenal Causes

Postrnal causs of AKI ar th last common, accounting
for approximatly 5–10% of cass, but ar important to
dtct bcaus of thir rvrsibility. Postrnal azotmia
occurs whn urinary flow from both kidnys, or a singl
functioning kidny, is obstructd. Obstruction lads to
lvatd intraluminal prssur and rsultant kidny parn-
chymal damag, with markd ffcts on rnal blood flow
and tubular function.

Postrnal causs of AKI includ urthral obstruction,
bladdr dysfunction or obstruction, and obstruction of
both urtrs or rnal plviss. In mn, bnign prostatic
hyprplasia is th most common caus. Patints taking
anticholinrgic drugs ar at risk for urinary rtntion.
Obstruction can also b causd by bladdr, prostat, and
crvical cancrs; rtropritonal fibrosis; and nurognic
bladdr (g, from diabts mllitus). Lss common causs
includ blood clots, bilatral urtral stons, urthral
stons or stricturs, and bilatral papillary ncrosis.

Patints may b anuric or polyuric and may xprinc
lowr abdominal or back pain. Polyuria can occur in th
stting of partial obstruction with rsultant tubular dys-
function and an inability to appropriatly rabsorb salt and
watr loads. Obstruction can b constant or intrmittnt
and partial or complt. On xamination, th patint may
hav an nlargd prostat, distndd bladdr, or mass
dtctd on abdominal xamination.

Laboratory xamination may initially rval high urin
osmolality, low urin sodium, high BUN:cratinin ratio,
and low Fe

Na
(as tubular function may not b compromisd

initially). Ths indics ar similar to a prrnal stat
bcaus xtnsiv intrinsic rnal damag has not yt
occurrd. Aftr svral days, howvr, th urin sodium
incrass as th kidnys fail and ar unabl to concntrat
th urin; this inability to concntrat th urin is calld
isosthnuria. Th urin sdimnt is gnrally bland, though
hmaturia may b sn if th obstruction is du to stons,
blood clots, or papillary ncrosis.

Patints with AKI du to suspctd postrnal causs
should undrgo bladdr cathtrization and ultrasonogra-
phy to assss for hydrourtr, hydronphrosis, or larg
bladdr volum. Aftr rvrsal of th undrlying procss,
som patints xprinc significant urinary output (calld
postobstructiv diursis). In such sttings, car should b
takn to avoid volum dpltion or lctrolyt drang-
mnts. Prompt tratmnt of obstruction within days by
cathtrs, stnts, or othr surgical procdurs can rsult in
partial or complt rvrsal of AKI.

C. Intrinsic Acute Kidney Injury

Intrinsic rnal disordrs account for up to 50% of all cass
of AKI. Intrinsic dysfunction is considrd aftr prrnal
and postrnal causs hav bn xcludd. Th potntial
sits of injury ar th tubuls, intrstitium, vasculatur, and
glomruli. Intrinsic AKI is discussd in gratr dtail in th
following sctions.

» When to Refer

• If a patint has signs of AKI that hav not rvrsd ovr
1–2 wks, or if th dgr of AKI is concrning (g,
doubling of cratinin) and without an immdiatly
rvrsibl caus such as obstruction.

• If a patint has signs of urinary tract obstruction, th
patint should b rfrrd to a urologist.

» When to Admit

Th patint should b admittd if thr is suddn loss of
kidny function rsulting in abnormalitis that cannot b
handld xpditiously in an outpatint stting (g, hyprka-
lmia, volum ovrload, urmia) or an acut intrvntion is
ndd, such as mrgnt urologic procdurs or dialysis.

Ostrmann t al. Rcommndations on acut kidny injury bio-
markrs from th Acut Disas Quality Initiativ Consnsus
Confrnc: a consnsus statmnt. JAMA Ntw Opn.
2020;3:2019209. [PMID: 33021646]

Ronco C t al. Acut kidny injury. Lanct. 2019;394:1949.
[PMID: 31777389]

Srisawat N t al. Th rol of biomarkrs in acut kidny injury.
Crit Car Clin. 2020;36:125. [PMID: 31733675]

ACUTE TUBULAR NECROSIS

E S S E N T I A L S  O F  D I A G N O S I S

» AKI.

» Ischemic or toxic insult or underlying sepsis.

» Urine sediment with granular (muddy brown)
casts and renal tubular epithelial cells is pathog-
nomonic but not essential.

» General Considerations

AKI du to tubular damag is trmd acute tubular necro-
sis (ATN) and accounts for approximatly 85% of intrinsic
AKI. Th two major causs of ATN ar ischmia and nph-
rotoxin xposur. Ischmic ATN is charactrizd not only
by inadquat GFR but also by rnal blood flow that is
inadquat to maintain parnchymal cllular prfusion.
Rnal tubular damag can b causd by low ffctiv art-
rial blood flow to th kidnys in th stting of prolongd
hypotnsion or hypoxmia, such as volum dpltion or
shock. Undrlying spsis is an indpndnt risk factor for
ATN, vn in th absnc of hmodynamic compromis.
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Prolongd priods of rnal hypoprfusion can occur with
major surgical procdurs, which ar xacrbatd by vaso-
dilating ansthtic agnts.

A. Exogenous Nephrotoxins

Exognous nphrotoxins mor commonly caus damag
than ndognous nphrotoxins.

Aminoglycosides caus som dgr of ATN in up to
25% of hospitalizd patints rciving thraputic lvls of
th drugs. Nonoliguric kidny injury typically occurs aftr
5–10 days of xposur. Prdisposing factors includ undr-
lying kidny damag, volum dpltion, and advancd ag.
Monitoring drug lvls is important, and troughs ar par-
ticularly hlpful in prdicting rnal toxicity.

Amphotericin B is typically nphrotoxic aftr a dos of
2–3 g. This causs a typ 1 (distal) rnal tubular acidosis
with svr vasoconstriction and tubular damag, which
can lad to hypokalmia and nphrognic diabts insipi-
dus. Vancomycin, intravnous acyclovir, and svral
cephalosporins hav also bn known to caus or b asso-
ciatd with ATN.

Radiographic contrast media may b dirctly nphro-
toxic. Contrast nphropathy is th third lading caus of
incidnt AKI in hospitalizd patints and is thought to
rsult from th synrgistic combination of dirct rnal
tubular pithlial cll toxicity and rnal mdullary ischmia.
Th combination of prxisting diabts mllitus and CKD
is associatd with th gratst risk (15–50%) of contrast
nphropathy. Othr risk factors includ advancd ag; vol-
um dpltion; hart failur; plasma cll myloma; rpatd
doss of contrast; and rcnt xposur to othr nphrotoxic
agnts, including NSAIDs and ACE inhibitors. Lowr
volums of contrast with low osmolality ar rcommndd
in high-risk patints. Toxicity usually occurs within
24–48 hours aftr th radiocontrast study. Nonionic con-
trast mdia may b lss toxic, but this has not bn wll
provn. Prvntion of contrast nphropathy is th goal
whn using ths agnts. Th mainstay of prophylaxis is
1–3 mL/kg or 500–1000 mL of intravnous 0.9% (normal)
salin ovr 6 hours both bfor and aftr th contrast
administration—cautiously in patints with prxisting
cardiac dysfunction; oral intak of fluids is an accptabl
altrnativ for outpatint studis. Isotonic intravnous vol-
um rpltion is suprior to hypotonic intravnous solutions,
and both ar suprior to oral solutions in small studis. Othr
nphrotoxic agnts should b avoidd during th day bfor
and aftr dy administration. Altrnativ prophylactic strat-
gis involving N-actylcystin, sodium bicarbonat, manni-
tol, and furosmid do not show bnfit ovr 0.9% (normal)
salin administration. In fact, furosmid may lad to
incrasd rats of kidny dysfunction in this stting.

Calcineurin inhibitor toxicity (from tacrolimus or
cyclosporin) is usually dos dpndnt. It causs distal
tubular dysfunction (a typ 4 rnal tubular acidosis) and
svr vasoconstriction. Rgular blood lvl monitoring is
important to prvnt both acut and chronic nphrotoxic-
ity. Kidny function usually improvs aftr rducing th
dos or stopping th drug.

Othr xognous nphrotoxins includ antinoplastics,
such as cisplatin and organic solvnts, and havy mtals

such as mrcury, cadmium, and arsnic. Hrbal mdicins
ar also incrasingly rcognizd as potntially nphrotoxic.

B. Endogenous Nephrotoxins

Endognous nphrotoxins includ pigmnt-containing
products (myoglobin and hmoglobin), uric acid, and
paraprotins.

Pigmnt-containing products can caus dirct tubular
toxicity, rsulting in ATN. Th most common typ of pig-
mnt nphropathy is rhabdomyolysis, causd by rlas of
myoglobin from muscl. Massiv intravascular hmolysis
is sn in transfusion ractions and in crtain hmolytic
anmias, and causs rlas of hmoglobin. Rvrsal of th
undrlying disordr and hydration ar th mainstays of
tratmnt.

Hyperuricemia can occur in th stting of rapid cll
turnovr and lysis. Chmothrapy for grm cll and
hmatologic malignancis (lukmia and lymphoma) is
th primary caus; spontanous tumor lysis syndrom can
also occur, though is lss common. AKI occurs with intra-
tubular prcipitation of uric acid crystals; srum uric acid
lvls oftn xcd 15–20 mg/dL and urin uric acid lvls
ar typically gratr than 600 mg/24 h. A urin uric acid to
urin cratinin ratio gratr than 1.0 idntifis individuals
at risk for AKI. Allopurinol or rasburicas can b usd
prophylactically, and rasburicas with or without dialysis is
oftn usd for tratmnt in stablishd cass.

Paraproteins sn in conjunction with plasma cll
myloma can caus dirct tubular toxicity and tubular
obstruction. Othr rnal complications from plasma cll
myloma includ hyprcalcmia and rnal tubular dys-
function, including proximal rnal tubular acidosis (s
Plasma Cll Myloma blow).

» Clinical Findings

A. Symptoms and Signs

S Acut Kidny Injury.

B. Laboratory Findings

Hyprkalmia and hyprphosphatmia ar commonly
prsnt. Th BUN:cratinin ratio is usually lss than 20:1
bcaus tubular function is not intact, as dscribd in th
gnral sction on AKI (Tabl 22–3). Urinary output can
b oliguric or nonoliguric, with oliguria portnding a
wors prognosis. Urin sodium concntration and Fe

Na
ar

typically lvatd, indicativ of tubular dysfunction. Urin
microscopy may show vidnc of acut tubular damag;
th prsnc of two or mor granular casts or rnal tubular
pithlial clls is strongly prdictiv of ATN but has a low
ngativ prdictiv valu (s Tabl 22–1). Although not
usually prformd in cass of ATN, kidny biopsy is som-
tims hlpful in cass of diagnostic uncrtainty.

» Treatment

Tratmnt of ATN is aimd at hastning rcovry and
avoiding complications. Prvntiv masurs should b
takn to avoid volum ovrload and hyprkalmia. A pro-
spctiv randomizd controlld trial did not show a bnfit
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of loop diurtics on ithr rcovry from AKI or dath.
Widsprad us of diurtics in critically ill patints with
AKI should b usd only whn othrwis clinically indi-
catd (g, in stats of volum ovrload), although unrspon-
sivnss to high-dos diurtics has bn shown to prdict
futur nd for acut dialysis in this population (trmd
“furosmid strss tst”). A 2012 randomizd controlld
trial did not show a bnfit on mortality from plasma ultra-
filtration compard to intravnous diurtics in patints with
dcompnsatd hart failur. Thus, ultrafiltration should
gnrally b rsrvd for ICU patints with AKI in nd of
volum rmoval who ar nonrsponsiv to diurtics, with
th rcognition that this has not ultimatly improvd sur-
vival in this patint population. Nutritional support should
mt daily nds whil prvnting xcssiv catabolism.
Ditary protin rstriction of 0.6 g/kg/day hlps prvnt
mtabolic acidosis. Hypocalcmia and hyprphosphatmia
can b improvd with ditary modification and phosphat-
binding agnts takn with mals; xampls includ alumi-
num hydroxid (500 mg orally) ovr th short trm, and
calcium carbonat (500–1500 mg orally), calcium actat
(667 mg, two or thr tablts), svlamr carbonat (800–
1600 mg orally), and lanthanum carbonat (1000 mg orally)
ovr longr priods. Hypocalcmia should not b tratd in
patints with rhabdomyolysis unlss thy ar symptomatic.
Hyprmagnsmia can occur bcaus of rducd magn-
sium xcrtion by th rnal tubuls, so magnsium-containing
antacids and laxativs should b avoidd in ths patints.
Dosags of all mdications must b adjustd for drugs
liminatd by th kidny.

Indications for dialysis in AKI from ATN or othr
intrinsic disordrs includ lif-thratning lctrolyt dis-
turbancs (such as hyprkalmia), volum ovrload unr-
sponsiv to diursis, rfractory acidosis, and urmic
complications (g, ncphalopathy, pricarditis, and si-
zurs). In gravly ill patints, lss svr but worsning
abnormalitis may also b indications for dialytic support.
Unfortunatly, thr is no vidnc that mor intnsiv or
arlir initiation of rnal rplacmnt thrapy for patints
with AKI confrs any survival bnfit.

» Course & Prognosis

Th clinical cours of ATN is oftn dividd into thr
phass: initial injury, maintnanc, and rcovry. Th
maintnanc phas is xprssd as ithr oliguric (urinary
output lss than 500 mL/day) or nonoliguric. Nonoliguric
ATN is associatd with bttr outcoms than oliguric ATN;
convrsion from oliguric to nonoliguric stats with th us
of diurtics dos not altr prognosis. Whil dopamin has
somtims bn usd for this purpos, numrous studis
hav shown that its us in this stting is not bnficial.
Avrag duration of th maintnanc phas is 1–3 wks,
but som cass may last svral months. Cllular rpair and
rmoval of tubular dbris occur during this priod. Th
rcovry phas can b hraldd by diursis, du to inability
of rcovring rnal tubuls to rabsorb salt and watr appro-
priatly, and a solut diursis from lvatd BUN lvls. As
GFR bgins to ris, BUN and srum cratinin fall.

Th mortality rat associatd with AKI is 20–50% in
hospitalizd sttings, and up to 70% for thos in th ICU

rquiring dialysis with additional comorbid illnsss.
Incrasd mortality is associatd with advancd ag, svr
undrlying disas, and multisystm organ failur. Lading
causs of dath ar infctions, fluid and lctrolyt distur-
bancs, and worsning of undrlying disas.

» When to Refer

• Whn uncrtainty xists as to th caus of or tratmnt
for AKI.

• For fluid, lctrolyt, and acid-bas abnormalitis that
ar rcalcitrant to intrvntions.

• Nphrology rfrral improvs outcoms in AKI.

» When to Admit

A patint with symptoms or signs of AKI that rquir
immdiat intrvntion, such as administration of intrav-
nous fluids or dialytic thrapy, or that rquir a tam
approach that cannot b coordinatd as an outpatint.

Griffin BR t al. Critical car nphrology: Cor Curriculum
2020. Am J Kidny Dis. 2020;75:435. [PMID: 31982214]

Prapornratana S t al. Acut kidny injury from spsis: currnt
concpts, pidmiology, pathophysiology, prvntion and
tratmnt. Kidny Int. 2019;96:1083. [PMID: 31443997]

STARRT-AKI Invstigators; Canadian Critical Car Trials
Group; Australian and Nw Zaland Intnsiv Car Socity
Clinical Trials Group; Unitd Kingdom Critical Car Rsarch
Group; Canadian Nphrology Trials Ntwork; Irish Critical
Car Trials Group, Bagshaw SM t al. Timing of initiation of
rnal-rplacmnt thrapy in acut kidny injury. N Engl J
Md. 2020;383:240. [PMID: 32668114]

RHABDOMYOLYSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Associated with crush injuries to muscle, immobil-
ity, drug toxicities, and hypothermia.

» Characterized by serum elevations in muscle
enzymes, including creatine kinase, and marked
electrolyte abnormalities.

» Release of myoglobin leads to direct renal toxicity.

» General Considerations

Rhabdomyolysis is a syndrom of acut skltal muscl
ncrosis, lading to myoglobinuria and markdly lvatd
cratin kinas lvls. Acut tubular ncrosis is a com-
mon complication of rhabdomyolysis and is du to th
filtration of xcssiv quantitis of myoglobin, which can
b xacrbatd by volum dpltion. Distal tubular
obstruction from pigmntd casts and intrarnal vaso-
constriction can also occur. Rhabdomyolysis can rsult
from crush injuris, prolongd immobility, sizurs, sub-
stanc abus (g, cocain), and mdications (spcially
statins). Th prsnc of kidny or livr dysfunction, dia-
bts mllitus, and hypothyroidism incras th risk of
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rhabdomyolysis in patints taking statins. Concurrnt us of
drugs that inhibit cytochrom P450 (including protas
inhibitors, rythromycin or clarithromycin, itraconazol,
diltiazm, and vrapamil) with statins (xcpt pravastatin or
rosuvastatin) as wll as concurrnt us of niacin and fibrat-
containing thrapy can incras th risk of dvlopmnt of
rhabdomyolysis.

» Clinical Findings

A. Symptoms and Signs

Patints with rhabdomyolysis may hav myalgias or wak-
nss or both, though it is not uncommon for thm to b
asymptomatic. Urin may appar dark.

B. Laboratory Findings

Rhabdomyolysis of clinical importanc commonly occurs
with a srum cratin kinas gratr than 20,000–50,000
intrnational units/L; on study showd that 58% of
patints with AKI from rhabdomyolysis had cratin
kinas lvls gratr than 16,000 intrnational units/L,
whil only 11% of patints without kidny injury had cr-
atin kinas valus gratr than 16,000 intrnational
units/L. Oftn, thr ar lvatd srum lvls of aspartat
aminotransfras (AST), alanin aminotransfras (ALT),
and lactat dhydrognas (LD) (du to rlas of ths
nzyms from skltal muscl). Th massiv acut lva-
tions of muscl nzyms pak quickly and usually rsolv
within days onc th inciting injury has bn rmovd.

Th classic laboratory finding in rhabdomyolysis is a
urin dipstick tst that is positiv for “blood” but without
rd blood clls on microscopy. This fals-positiv rsult is
du to dtction of myoglobin. Additionally, clinically
maningful rhabdomyolysis causs injurd muscl clls to
rlas intracllular componnts, lading to lctrolyt
drangmnts (including hyprkalmia, hyprphosphat-
mia, hypruricmia, and hypocalcmia).

» Treatment

Th mainstay of tratmnt is aggrssiv volum rpltion
with 0.9% normal salin (i, mor than 4 L/day) and
rmoval of offnding mdications if thought to hav causd
th disordr. Adjunctiv tratmnts with mannitol and
alkalization of th urin hav not bn provn to chang
outcoms in human trials. As patints rcovr, calcium can
mov back from tissus to plasma, so arly xognous cal-
cium administration for hypocalcmia is not rcommndd
unlss th patint is symptomatic or th lvl bcoms
xcdingly low in an unconscious patint; calcium rpl-
tion can caus prcipitation of calcium phosphat givn th
frquntly concurrnt hyprphosphatmia.

Myopathic complications of statins usually rsolv
within svral wks of discontinuing th drug.

» When to Refer

Clinically maningful rhabdomyolysis rquirs immdiat
attntion and inpatint managmnt, so affctd patints
should not b rfrrd to outpatint nphrology clinics
unlss to follow up aftr a hospital admission.

» When to Admit

Patints whos srum cratin kinas lvls ar gratr
than 15,000–20,000 intrnational units/L or patints with
AKI or lctrolyt drangmnts should b admittd for
fluid rpltion and srial monitoring of cratin kinas and
lctrolyts.

Long B t al. An vidnc-basd narrativ rviw of th mr-
gncy dpartmnt valuation and managmnt of rhabdomy-
olysis. Am J Emrg Md. 2019;37:518. [PMID: 30630682]

INTERSTITIAL NEPHRITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Fever.

» Transient maculopapular rash.

» Acute or chronic in nature.

» Pyuria, white blood cell casts, and hematuria.

» General Considerations

Acut intrstitial nphritis accounts for 10–15% of cass of
intrinsic rnal failur. An intrstitial inflammatory
rspons with dma and possibl tubular cll damag is
th typical pathologic finding.

Although drugs account for ovr 70% of cass, acut
intrstitial nphritis also occurs in infctious disass,
autoimmun disordrs, or as idiopathic conditions. Th
most common drugs implicatd ar pnicillins and
cphalosporins, immun chckpoint inhibitors, sulfon-
amids and sulfonamid-containing diurtics, NSAIDs,
proton pump inhibitors, rifampin, and allopurinol. Infc-
tious causs includ strptococcal infctions, lptospirosis,
cytomgalovirus, histoplasmosis, and Rocky Mountain
spottd fvr. SLE, Sjögrn syndrom, sarcoidosis, and
cryoglobulinmia can also caus intrstitial nphritis, though
thy ar mor classically associatd with glomrulonphritis.

» Clinical Findings

Clinical faturs includ fvr (mor than 80% of cass),
rash (25–50%), arthralgias, and priphral blood osino-
philia (80%). Th classic triad of fvr, rash, and arthralgias
is prsnt in only 10–15% of cass. Th urin oftn contains
whit clls (95%), rd clls, and whit cll casts. Protinuria
is oftn prsnt, particularly in NSAID-inducd intrstitial
nphritis, but is usually modst (lss than 2 g/24 h). Eosin-
ophiluria is nithr vry snsitiv nor spcific for intrstitial
nphritis; valuation for osinophiluria is not advisd.
Although th clinical history and laboratory data oftn giv
clus to th diagnosis, kidny biopsy is somtims ndd.

» Treatment & Prognosis

Acut intrstitial nphritis oftn carris a good prognosis,
with rcovry occurring ovr wks to months. Urgnt
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dialytic thrapy may b ncssary in up to on-third of all
rfrrd patints bfor rsolution, but patints rarly prog-
rss to ESKD. Thos with prolongd oliguria and advancd
ag hav a wors prognosis. Tratmnt consists of support-
iv masurs and rmoval of th inciting agnt. If kidny
injury prsists, a short cours of corticostroids can b
considrd, although th data to support thir us ar not
substantial, and thir fficacy may dpnd on th lapsd
tim btwn onst of AKI and thir initiation. Short-trm,
high-dos mthylprdnisolon (0.5–1 g/day intravnously
for 1–4 days) or prdnison (60 mg/day orally for 1–2 wks)
followd by a prdnison tapr can b usd in mor svr
cass of drug-inducd intrstitial nphritis.

Moldina DG t al. Tratmnt of drug-inducd acut tubuloint-
rstitial nphritis: th sarch for bttr vidnc. Clin J Am
Soc Nphrol. 2018;13:1785. [PMID: 30397028]

Shingarv R t al. Kidny complications of immun chckpoint
inhibitors: a rviw. Am J Kidny Dis. 2019;74:529. [PMID:
31303350]

GLOMERULONEPHRITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Hematuria, subnephrotic proteinuria.

» Red cell casts pathognomonic but not required for
diagnosis.

» Dependent edema and hypertension.

» AKI.

» General Considerations

Acut glomrulonphritis is a rlativly uncommon caus
of AKI, accounting for about 5% of cass. Pathologically,
inflammatory glomrular lsions ar sn. Ths includ
msangioprolifrativ, focal and diffus ndocapillary prolif-
rativ, and crscntic lsions. Th largr th prcntag of
glomruli involvd and th mor svr th lsion, th mor
likly it is that th patint will hav a poor clinical outcom.

Glomrulonphritids ar classifid into fiv pathophysi-
ologic procsss, which can b charactrizd by srologic
analysis. Markrs includ anti-GBM antibodis, antinu-
trophil cytoplasmic antibodis (ANCAs), and othr
immun markrs of disas.

Immune complex deposition occurs whn thr is
modrat ovrproduction of antign compard to antibody
production. Complxs formd with markd antign xcss
tnd to rmain in th circulation. Antibody xcss with
larg antign–antibody aggrgats usually rsults in phago-
cytosis and claranc of th prcipitats by th mononuclar
phagocytic systm in th livr and spln. Causs includ
IgA nphropathy, infction-rlatd glomrulonphritis,
lupus nphritis, and cryoglobulinmic glomrulonphritis
(oftn associatd with hpatitis C virus [HCV]).

Anti-GBM–associated acute glomerulonephritis is
ithr confind to th kidny or associatd with pulmonary
hmorrhag. Th lattr is trmd “Goodpastur syndrom.”

Injury is rlatd to autoantibodis against typ IV collagn
in th GBM.

Pauci-immune acute glomerulonephritis is a form of
small-vssl vasculitis associatd with ANCAs, causing kid-
ny disass without dirct immun complx dposition or
antibody binding. Tissu injury is blivd to b du to cll-
mdiatd immun procsss. An xampl is granulomatosis
with polyangiitis, a systmic ncrotizing vasculitis of small
artris and vins associatd with intravascular and xtra-
vascular granuloma formation. In addition to glomrulon-
phritis, ths patints can hav uppr airway, pulmonary,
and skin manifstations. Cytoplasmic ANCA (c-ANCA) is
th common staining pattrn. Microscopic polyangiitis is
anothr pauci-immun vasculitis causing acut glomrulo-
nphritis, which is mor commonly associatd with pri-
nuclar staining (p-ANCA). ANCA-associatd and
anti-GBM–associatd acut glomrulonphritids can
volv to crscntic glomrulonphritis and oftn hav
poor outcoms unlss tratmnt is startd arly.

Monoclonal immunoglobulin–mediated glomerulo-
nephritis is charactrizd by th dposition of a monoclo-
nal immunoglobulin in glomruli or tubular basmnt
mmbran or both. It is dtctd on immunofluorscnt or
immunohistochmical staining of kidny biopsis as mono-
typic immunoglobulin dposits. Srum protin lctropho-
rsis and srum fr light chains ar usful diagnostic tsts
to prform whn monoclonal immunoglobulin–mdiatd
glomrulonphritis is suspctd or confirmd. Whil many
cass will occur in th stting of a monoclonal gammopa-
thy, this is not always th cas.

C3 glomerulopathy rsults from prdominant C3
dposition in th glomruli with or without minimal
dposition of immunoglobulins. It is also idntifid by
immunofluorscnc or immunohistochmistry. Th
pathognsis of C3 glomrulonphropathy stms from
abnormalitis in rgulation of th altrnativ pathway of
complmnt. Whil chcking srum C3 lvls may b hlp-
ful, normal lvls do not rul out C3 glomrulopathy.

Other vascular causes of glomrulonphritis includ
hyprtnsiv mrgncis and th thrombotic microangi-
opathis such as hmolytic-urmic syndrom and throm-
botic thrombocytopnic purpura (s Chaptr 14).

» Clinical Findings

A. Symptoms and Signs

Patints with acut glomrulonphritis ar oftn hyprtn-
siv and dmatous with an abnormal urinary sdimnt.
Th dma is found first in body parts with low tissu tn-
sion, such as th priorbital and scrotal rgions.

B. Laboratory Findings

Srum cratinin can ris ovr days to months, dpnding
on th rapidity of th undrlying procss. Th
BUN:cratinin ratio is not a rliabl markr of kidny
function and is mor rflctiv of th patint’s undrlying
volum status. Dipstick and microscopic valuation rval
vidnc of hmaturia and typically subnphrotic protin-
uria; thr may b cllular lmnts such as dysmorphic
rd clls, rd cll casts, and whit clls. Rd cll casts ar
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spcific for glomrulonphritis, and a dtaild sarch on
urin microscopy is warrantd.

Additional tsts includ srum complmnt lvls (C3,
C4) that may b low in immun complx glomrulonphri-
tis (xcpt for IgA nphropathy) or C3 glomrulopathy and
normal in pauci-immun, anti-GBM–rlatd, and mono-
clonal immunoglobulin–mdiatd glomrulonphritids.
Othr tsts includ ASO titrs, anti-GBM antibody lvls,
ANCAs, antinuclar antibody titrs, cryoglobulins, hpati-
tis srologis, srum protin lctrophorsis and srum fr
light chains, blood culturs, and rnal ultrasound. With fw
xcptions, a kidny biopsy is ultimatly ncssary to con-
firm th diagnosis, irrspctiv of laboratory data.

» Treatment

Dpnding on th natur and svrity of disas, tratmnt
might includ high-dos corticostroids, rituximab, and
cytotoxic agnts (such as cyclophosphamid). Plasma
xchang can b usd in Goodpastur syndrom as a tm-
porizing masur until chmothrapy can tak ffct.
Tratmnt and prognosis for spcific disass ar discussd
mor fully blow.

Gtha D t al. ANCA-associatd vasculitis: Cor Curriculum
2020. Am J Kidny Dis. 2020;75:124. [PMID: 31358311]

Sthi S t al. Standardizd classification and rporting of
glomrulonphritis. Nphrol Dial Transplant. 2019;34:193.
[PMID: 30124958]

COVID-19 & THE KIDNEY

E S S E N T I A L S  O F  D I A G N O S I S

» Broad array of clinical presentation and kidney
pathology.

» Clinical Findings & Treatment

Narly half of patints hospitalizd with COVID-19 prs-
nt with or dvlop AKI, which is associatd with poorr
prognosis. Many causs of AKI ar dscribd in patints
with COVID-19, but th most common is ATN rlatd to
a high inflammatory stat (trmd “cytokin storm”).

Urinalysis may rval hmaturia, rflcting ndothlial
injury and fibrin thrombi that ar commonly obsrvd on
biopsy. Anothr mrging ntity is COVID-19–associatd
collapsing glomrulopathy, which is a typ of focal sgmntal
glomrulosclrosis (s sction on “Nphrotic Spctrum
Glomrular Disass” blow). Patints with collapsing glo-
mrulopathy prsnt with nphrotic syndrom and ar typi-
cally of African ancstry, highlighting a suspctd gntic
prdisposition. Tratmnt of COVID-19–rlatd AKI is
largly supportiv; th rol of corticostroids in COVID-19–
associatd collapsing glomrulopathy is undr invstigation.

Chan L t al; Mount Sinai COVID Informatics Cntr (MSCIC).
AKI in hospitalizd patints with COVID-19. J Am Soc
Nphrol. 2021;32:151. [PMID: 32883700]

Nasr SH t al. COVID-19-associatd collapsing glomrulopathy: an
mrging ntity. Kidny Int Rp. 2020;5:759. [PMID: 32368701]

Ronco C t al. Managmnt of acut kidny injury in patints with
COVID-19. Lanct Rspir Md. 2020;8:738. [PMID: 32416769]

Shtty AA t al. COVID-19-associatd glomrular disas. J Am
Soc Nphrol. 2021;32:33. [PMID: 33214201]

CARDIORENAL SYNDROME

E S S E N T I A L S  O F  D I A G N O S I S

» Cadiac dysfunction: acute or chronic heart failure,
ischemic injury, or arrhythmias.

» Kidney disease: acute or chronic, depending on
the type of cardiorenal syndrome.

» General Considerations

Cardiornal syndrom is a pathophysiologic disordr of
th hart and kidnys whrin th acut or chronic dtrio-
ration of on organ rsults in th acut or chronic dtrio-
ration of th othr. This syndrom is classifid into fiv
typs as a mattr of convntion. Achiving uvolmia is th
ovrarching thraputic goal rgardlss of typ (s Hart
Failur sction in Chaptr 10).

Typ 1 consists of AKI stmming from acut cardiac
disas. Typ 2 is CKD du to chronic cardiac disas. Typ
3 is acut cardiac disas as a rsult of AKI. Typ 4 is
chronic cardiac dcompnsation from CKD. Typ 5 con-
sists of hart and kidny dysfunction du to othr acut or
chronic systmic disordrs (such as spsis). Although novl
agnts ar bing xamind for futur thrapis, th main-
stay of tratmnt is to addrss th primary undrlying
hart or kidny dysfunction.

Kumar U t al. Cardiornal syndrom: pathophysiology. Cardiol
Clin. 2019;37:251. [PMID: 31279419]

Raina R t al. An updat on th pathophysiology and tratmnt
of cardiornal syndrom. Cardiol Rs. 2020;11:76. [PMID:
32256914]

º
ChrONIC KIDNEY DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Decline in the GFR over months to years.

» Persistent proteinuria or abnormal renal morphol-
ogy may be present.

» Hypertension in most cases.

» Symptoms and signs of uremia when nearing end-
stage disease.

» Bilateral small or echogenic kidneys on ultrasound
in advanced disease.
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» General Considerations

CKD affcts at last 10% of Amricans. Many ar unawar
of th condition bcaus thy rmain asymptomatic until
th disas is nar nd stag. Th National Kidny Founda-
tion’s staging systm hlps clinicians formulat practic
plans (Tabl 22–4). Ovr 70% of cass of lat-stag CKD
(stag 5 CKD and ESKD) in th Unitd Stats ar du to
diabts mllitus or hyprtnsion/vascular disas. Glo-
mrulonphritis, cystic disass, chronic tubulointrstitial
disass, and othr urologic disass account for th
rmaindr (Tabl 22–5). Gntic polymorphisms of th
APOL-1 gn hav bn shown to b associatd with an
incrasd risk of th dvlopmnt of CKD in prsons of
African ancstry.

CKD usually lads to a progrssiv dclin in kidny
function vn if th inciting caus can b idntifid and
tratd or rmovd. Dstruction of nphrons lads to
compnsatory hyprtrophy and supranormal GFR of th
rmaining nphrons in ordr to maintain ovrall homo-
stasis. As a rsult, th srum cratinin may rmain rla-
tivly normal vn in th fac of significant loss of rnal
mass and is, thrfor, an insnsitiv markr for arly
rnal damag and scarring. In addition, compnsatory
hyprfiltration lads to ovrwork injury in th rmaining
nphrons, which in turn causs progrssiv glomrular
sclrosis and intrstitial fibrosis. Angiotnsin rcptor
blockrs (ARBs) and ACE inhibitors can hlp rduc
hyprfiltration injury and may slow th progrssion of
protinuric CKD.

Whil CKD is an indpndnt risk factor for cardiovas-
cular disas (CVD), protinuric CKD confrs th highst
risk. Most patints with stag 3 CKD di of undrlying
CVD prior to progrssion to ESKD.

» Clinical Findings

A. Symptoms and Signs

Stags 1–4 CKD ar asymptomatic. Symptoms dvlop
slowly with th progrssiv dclin in GFR, ar nonsp-
cific, and do not manifst until kidny disas is far
advancd (GFR lss than 5–10 mL/min/1.73 m2). At this
point, th accumulation of mtabolic wast products, or
urmic toxins, rsults in th uremic syndrome. Gnral
symptoms of urmia may includ fatigu, anorxia, nausa,
and a mtallic tast in th mouth. Nurologic symptoms
such as mmory impairmnt, insomnia, rstlss lgs, and
twitching may b du to urmia. Gnralizd pruritus
(without rash) may occur, as may dcrasd libido and
mnstrual irrgularitis. Pricarditis, a rar complication of
CKD, may prsnt with pluritic chst pain. Mdications
that ar clard by th kidnys will accumulat as kidny
function worsns and toxicity may nsu; an important
xampl is insulin and an incrasing risk of significant
hypoglycmia if doss ar not appropriatly rducd.

Th most common physical finding in CKD is hypr-
tnsion; this is du in part to impaird sodium xcrtion. It
is oftn prsnt in arly stags of CKD and tnds to worsn
with CKD progrssion. In latr stags of CKD, sodium
rtntion may lad to clinically apparnt volum ovrload.
Urmic signs ar sn with a profound dcras in GFR
(lss than 5–10 mL/min/1.73 m2) and may includ a gnr-
ally sallow and ill apparanc, halitosis (urmic ftor), and
th urmic ncphalopathic signs of dcrasd mntal sta-
tus, astrixis, myoclonus, and possibly sizurs.

Symptoms and signs of urmia warrant immdiat hos-
pital admission and nphrology consultation for initiation of
dialysis. Th urmic syndrom is amlioratd with dialytic
thrapy.

Table 22–4. Stages of chronic kidney disease: a clinical action plan.1,2

Stage3 Descition GFr (mL/min/1.73 m2) Action

1 Kidney damage with normal or ↑↑ GFR ≥ 90 Diagnosis and treatment of underlying etiology if possible.

Treatment of comorbid conditions. Estimate progression,

work to slow progression. Cardiovascular disease risk

reduction.

2 Kidney damage with mildly ↓ GFR 60–89

3a Mildly-moderately ↓ GFR 45–59 As above, and evaluating and treating complications.

3b Moderately-severely ↓ GFR 30–44

4 Severely ↓ GFR 15–29 Preparation for end-stage kidney disease.

5 End-stage kidney disease < 15 (or dialysis) Dialysis, transplant, or palliative care.

1Based on National Kidney Foundation, KDOQI, and KDIGO Chronic Kidney Disease Guidelines.
2Chronic kidney disease is defined as either kidney damage or GFR < 60 mL/min/1.73 m2 for 3 or more months. Kidney damage is defined

as pathologic abnormalities or markers of damage, including abnormalities in blood or urine tests or imaging studies.
3At all stages, persistent albuminuria confers added risk for chronic kidney disease progression and cardiovascular disease in the following

gradations: < 30 mg/day = lowest added risk, 30–300 mg/day = mildly increased risk, > 300–1000 mg/day = moderately increased risk, > 1000

mg/day = severely increased risk.

GFR, glomerular filtration rate.

Modified and reproduced, with permission, from Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012

Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney Int. 2013 Jan;3(1) (Suppl):1–150.

Copyright © 2013 International Society of Nephrology. Published by Elsevier Inc. All rights reserved.
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Table 22–5. Causes of chronic kidney disease.

Glomeula Diseases

pimay glomeula diseases

Focal segmental glomerulosclerosis

Membranoproliferative glomerulonephritis

IgA nephropathy

Membranous nephropathy

Alport syndrome (hereditary nephritis)

Seconday glomeula diseases

Diabetic nephropathy

Renal amyloidosis

Postinfectious glomerulonephritis

HIV-associated nephropathy

Collagen-vascular diseases (eg, SLE)

HCV-associated membranoproliferative glomerulonephritis

Tubulointestitial Neitis

Drug hypersensitivity

Heavy metals

Analgesic nephropathy

Reflux/chronic pyelonephritis

Sickle cell nephropathy

Idiopathic

Cystic Diseases

Polycystic kidney disease

Medullary cystic disease

Obstuctive Neoaties

Prostatic disease

Nephrolithiasis

Retroperitoneal fibrosis/tumor

Congenital/reflux

Vascula Diseases

Hypertensive nephrosclerosis

Renal artery stenosis

HCV, hepatitis C virus; SLE, systemic lupus erythematosus.

Table 22–6. Reversible causes of kidney injury.

revesible Factos Diagnostic Clues

Obstruction Post-void residual, bladder cath-

eterization, renal ultrasound

Extracellular fluid volume

depletion or significant

hypotension relative to

baseline

Blood pressure and pulse,

including orthostatic pulse

Hypercalcemia Serum electrolytes, calcium,

phosphate

Nephrotoxic agents Drug history

Severe/urgent hypertension Blood pressure, chest

radiograph

Heart failure exacerbation Physical examination, chest

radiograph

•

•

•

1

2

3

1.0

0.9

0.7

0.5

0.3

0.1

1 2 3 4 5 6 7 8 9 10

1
/S

c
r

Time (years)

1 Value of serum creatinine level = 1.0 mg/dL
2 Value of serum creatinine level = 2.0 mg/dL
3 Value of serum creatinine level = 5.0 mg/dL

▲ Figure 22–1. Decline in kidney function (expressed
as the reciprocal of serum creatinine as shown here, or
as estimated glomerular filtration rate [eGFR]) plotted
against time to ESKD. The solid line indicates the linear
decline in kidney function over time. The dotted line
indicates the approximate time to ESKD.

In any patint with kidny disas, it is important to
idntify and corrct all possibly rvrsibl insults or xac-
rbating factors (Tabl 22–6). Urinary obstruction, hypo-
volmia, hypotnsion, nphrotoxins (such as NSAIDs,
aminoglycosids, or proton pump inhibitors), svr or
mrgnt hyprtnsion, and hart failur xacrbation
should b xcludd.

B. Laboratory Findings

CKD is usually dfind by an abnormal GFR prsisting for
at last 3 months. Prsistnt protinuria or abnormalitis
on rnal imaging (g, polycystic kidnys or a singl kidny)
ar also diagnostic of CKD, vn whn GFR is normal. If
multipl masurmnts of GFR ovr tim ar availabl,
th rat of progrssion should b assssd (Figur 22–1). If
th slop of th lin acutly dclins, potntially rvrsibl
rnal insults should b xcludd. Anmia, hyprphospha-
tmia, hypocalcmia, hyprkalmia, and mtabolic acido-
sis ar common complications of advancd CKD. Th
urinary sdimnt may show broad waxy casts as a rsult of

dilatd, hyprtrophic nphrons. If protinuria is prsnt, it
should b quantifid as dscribd abov. This can hlp nar-
row th diffrntial diagnosis of th tiology of th CKD
(Tabl 22–5); for xampl, glomrular disass tnd to
prsnt with protin xcrtion of mor than 1 g/day. Addi-
tionally, highr urinary protin xcrtion is associatd with
mor rapid progrssion of CKD and incrasd risk of car-
diovascular mortality.
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C. Imaging

Th finding of small, chognic kidnys bilatrally (lss
than 9–10 cm) by ultrasonography suggsts th chronic
scarring of advancd CKD. Larg kidnys can b sn with
adult polycystic kidny disas, diabtic nphropathy,
HIV-associatd nphropathy, plasma cll myloma, amy-
loidosis, and obstructiv uropathy.

» Complications

Th complications of CKD tnd to occur at rlativly pr-
dictabl stags of disas as notd in Figur 22–2.

A. Cardiovascular Complications

Patints with CKD xprinc gratr morbidity and mor-
tality from CVD in comparison to th gnral population.
Roughly 80% of patints with CKD di bfor raching
ESKD, primarily of CVD. Of thos undrgoing dialysis,
45% will di of a cardiovascular caus. Th mchanisms for
nhancd cardiovascular mortality in CKD ar complx
and includ abnormal phosphorus and calcium homosta-
sis, incrasd burdn of oxidativ strss, incrasd vascular
ractivity, lft vntricular hyprtrophy, and coxistnt con-
ditions such as hyprtnsion and diabts mllitus.

1. Hypertension—Hyprtnsion is th most common
complication of CKD; it tnds to b progrssiv and salt-
snsitiv. Hyprrninmic stats and xognous rythro-
poitin administration can xacrbat hyprtnsion.

As with othr patint populations, control of hyprtn-
sion should focus on both pharmacologic and nonpharma-
cologic thrapy (g, dit, xrcis, wight loss, tratmnt of
obstructiv slp apna). CKD rsults in disturbd sodium
homostasis such that th ability of th kidny to adjust to
variations in sodium and watr intak bcoms limitd as
GFR dclins. A low salt dit (2 g/day) is oftn ssntial to
control blood prssur and hlp avoid ovrt volum ovr-
load. Diurtics ar narly always ndd to hlp control
hyprtnsion (s Tabl 11–8); thiazids work wll in arly
CKD, but loop diurtics may b mor ffctiv in thos

with a GFR lss than 30 mL/min/1.73 m2. Howvr, vol-
um contraction as a rsult of vry low sodium intak
(spcially with intrcurrnt illnss) or ovr-diursis in th
prsnc of impaird sodium homostasis can rsult in
AKI. Initial drug thrapy for protinuric patints should
includ ACE inhibitors or ARBs (s Tabl 11–6); howvr,
thr is no vidnc of supriority of ths drugs ovr othr
drug classs for nonprotinuric CKD. Whn an ACE
inhibitor or an ARB is initiatd or uptitratd, patints must
hav srum cratinin and potassium chckd within
7–14 days. A ris in srum cratinin gratr than 30%
from baslin mandats dos rduction or cssation of th
drug. Hyprkalmia may also warrant drug cssation,
xcpt in th rliabl patint who can follow a low-potas-
sium dit and adhr to a potassium-binding rsin; such
patints should b monitord closly. An ACE inhibitor
and ARB should not b usd in combination. CKD is a
common caus of rfractory hyprtnsion for which agnts
from multipl classs ar oftn ndd. Currnt guidlins
diffr with rspct to blood prssur goals in CKD; thos
from th Joint National Commission suggst a goal of lss
than 140/90 mm Hg, whil th Amrican Hart Associa-
tion advocats for lss than 130/80 mm Hg. As patints
with CKD ar at risk for rnal hypoprfusion and AKI with
ovrtratmnt of hyprtnsion, it is prudnt to individual-
iz th approach to blood prssur control to ach patint.

2. Coronary artery disease—Patints with CKD ar at
highr risk for dath from CVD than th gnral popula-
tion. Traditional modifiabl risk factors for CVD, such as
hyprtnsion, tobacco us, and hyprlipidmia, should b
aggrssivly tratd. Urmic vascular calcification involv-
ing disordrd phosphorus homostasis and othr mdia-
tors may also b a cardiovascular risk factor in ths
patints.

3. Heart failure—CKD complications rsult in incrasd
cardiac workload du to hyprtnsion, volum ovrload,
and anmia. Patints may also hav acclratd rats of
athrosclrosis and vascular calcification rsulting in vssl
stiffnss. All of ths factors contribut to lft vntricular

↑ PTH

Glomerular filtration rate (mL/min/1.73 m2)

↑ Phosphorus

HTN

Anemia

Acidosis, hyperkalemia

Uremic syndrome

CKD stage
5 4 3 2

0 20 40 60 80 100

▲ Figure 22–2. Complications of chronic kidney disease (CKD) by stage and glomerular filtration rate (GFR). Compli-
cations arising from CKD tend to occur at the stages depicted, although there is considerable variability noted in clin-
ical practice. HTN, hypertension; PTH, parathyroid hormone. (Adapted, with permission, from William Bennett, MD.)
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hyprtrophy and hart failur with prsrvd jction frac-
tion, which is common in CKD. Ovr tim, hart failur
with dcrasd jction fraction may dvlop. Diurtic
thrapy, in addition to fluid and salt rstriction, is usually
ncssary; diurtic dos scalation may b ndd as kid-
ny function dclins. ACE inhibitors and ARBs can b
usd for patints with advancd CKD with clos monitor-
ing of blood prssur as wll as for hyprkalmia and wors-
ning kidny function; minralocorticoid rcptor
antagonists may b usd with similar prcautions but
should b discontinud whn GFR is lss than 30 mL/
min/1.73 m2. SGLT2 inhibitors hav bn shown to
improv outcoms for both hart failur and CKD.

4. Atrial fibrillation—Patints with advancd CKD and
ESKD suffr disproportionat rats of atrial fibrillation,
which approach 20% in patints rciving dialysis. Whil
thos with up to CKD stag 4 should b tratd as th gn-
ral population, anticoagulation for prvntion of throm-
bombolic vnts bcoms challnging in thos with ESKD
du to compting risks of blding and clotting as wll as a
lack of data supporting its routin us.

5. Pericarditis—Pricarditis rarly dvlops in urmic
patints; typical findings includ pluritic chst pain and a
friction rub. Cardiac tamponad can occur; thrfor, ur-
mic pricarditis is a mandatory indication for hospitaliza-
tion and initiation of hmodialysis.

Bangalor S t al. Managmnt of coronary disas in patints
with advancd kidny disas. N Engl J Md. 2020;382:1608.
[PMID: 32227756]

Fay KS t al. Rsistant hyprtnsion in popl with CKD: a
rviw. Am J Kidny Dis. 2021;77:110. [PMID: 32712185]

Gurrot D t al. Blood prssur targts in chronic kidny disas:
an updat on th vidnc. Curr Opin Nphrol Hyprtns.
2020;29:327. [PMID: 32167996]

Packr M t al; EMPEROR-Rducd Trial Invstigators. Cardio-
vascular and rnal outcoms with mpagliflozin in hart
failur. N Engl J Md. 2020;383:1413. [PMID: 32865377]

Palmr BF. Potassium bindrs for hyprkalmia in chronic
kidny disas—dit, rnin-angiotnsin-aldostron systm
inhibitor thrapy, and hmodialysis. Mayo Clin Proc. 2020;95:
339. [PMID: 31668450]

B. Metabolic Bone Disease

Th mtabolic bon disas of CKD rfrs to th complx
disturbancs of calcium and phosphorus mtabolism,
parathyroid hormon (PTH), activ vitamin D, and fibro-
blast growth factor-23 (FGF-23) homostasis (s Chaptr
21 and Figur 22–3). A typical pattrn sn as arly as
CKD stag 3 is hyprphosphatmia, hypocalcmia, and
hypovitaminosis D, rsulting in scondary hyprparathy-
roidism. Ths abnormalitis can contribut to vascular
calcification and may b rsponsibl in part for th acclr-
atd CVD and xcss mortality sn in th CKD popula-
tion. Epidmiologic studis show an association btwn
lvatd phosphorus lvls and incrasd risk of cardiovas-
cular mortality in arly CKD through ESKD. As yt, thr
ar no intrvntion trials suggsting th bst cours of
tratmnt in ths patints; control of minral and PTH
lvls pr currnt guidlins is discussd blow.

Bon disas, or rnal ostodystrophy, in advancd
CKD is common and thr ar svral typs of lsions.
Rnal ostodystrophy can b diagnosd only by bon
biopsy, which is rarly don. Th most common bon dis-
as, ostitis fibrosa cystica, is a rsult of scondary hypr-
parathyroidism and th ostoclast-stimulating ffcts of
PTH. This is a high-turnovr disas with bon rsorption
and subpriostal lsions; it can rsult in bon pain and
proximal muscl waknss. Adynamic bon disas, or
low-bon turnovr, is bcoming mor common; it may
rsult iatrognically from supprssion of PTH or via spon-
tanously low PTH production. Ostomalacia is charactr-
izd by lack of bon minralization. In th past, ostomalacia
was associatd with aluminum toxicity—ithr as a rsult
of chronic ingstion of prscribd aluminum-containing
phosphorus bindrs or from high lvls of aluminum in
impur dialysat watr. Currntly, ostomalacia is mor
likly to rsult from hypovitaminosis D; thr is also tho-
rtical risk of ostomalacia associatd with us of bisphos-
phonats in advancd CKD.

All of th abov ntitis incras th risk of fracturs.
Tratmnt may involv corrction of calcium, phosphorus,
and 25-OH vitamin D lvls toward normal valus, and
mitigation of hyprparathyroidism. Undrstanding th
intrplay btwn ths abnormalitis can hlp targt
thrapy (Figur 22–3). Dclining GFR lads to phosphorus
rtntion. This rsults in hypocalcmia as phosphorus
complxs with calcium, dposits in soft tissus, and stim-
ulats PTH. Loss of rnal mass and low 25-OH vitamin D
lvls oftn sn in CKD patints rsult in low 1,25(OH)
vitamin D production by th kidny. Bcaus 1,25(OH)
vitamin D is a supprssor of PTH production, hypovita-
minosis D also lads to scondary hyprparathyroidism.

Th first stp in tratmnt of mtabolic bon disas is
control of hyprphosphatmia. This involvs ditary phos-
phorus rstriction initially (s sction on ditary manag-
mnt), followd by th administration of oral phosphorus
bindrs if targts ar not achivd. Oral phosphorus bind-
rs block absorption of ditary phosphorus in th gut and
ar givn thric daily with mals. Ths should b titratd
to a nar-normal srum phosphorus lvl. Calcium-
containing bindrs (calcium carbonat, 650 mg/tablt, or
calcium actat, 667 mg/capsul, usd at doss of on to thr

↓GFR
↓25(OH) Vitamin D

↑PTH↓Calcium

↑Phosphorus ↓1,25(OH) Vitamin D

▲ Figure 22–3. Mineral abnormalities of CKD. Decline
in glomerular filtration rate (GFR) and loss of renal mass
lead directly to increased serum phosphorus and hypo-
vitaminosis D. Both of these abnormalities result in
hypocalcemia and hyperparathyroidism. Many CKD
patients also have nutritional 25(OH) vitamin D defi-
ciency. PTH, parathyroid hormone.
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pills pr mal) ar rlativly inxpnsiv but may contribut
to positiv calcium balanc and vascular calcification; ovrt
hyprcalcmia may also occur. Currnt guidlins suggst
limiting thir us in favor of th non-calcium–containing
bindrs svlamr carbonat (800–3200 mg/mal) and
lanthanum carbonat (500–1000 mg/mal). Nwr, iron-
basd phosphorus bindrs includ frric citrat and sucro-
frric oxyhydroxid and may b considrd whn othr
bindrs ar not tolratd ithr du to hyprcalcmia or
constipation. Thy should b avoidd in patints with iron
ovrload. Aluminum hydroxid is a highly ffctiv phos-
phorus bindr but can caus ostomalacia and nurologic
complications whn usd long-trm; it can b usd in th
acut stting for svr hyprphosphatmia or for short
priods (g, 3 wks) in CKD patints.

Onc srum phosphorus lvls ar controlld, activ
vitamin D (1,25[OH] vitamin D, or calcitriol) or othr vita-
min D analogs ar usd to trat scondary hyprparathy-
roidism in advancd CKD and ESKD. Srum 25-OH
vitamin D lvls should b masurd and brought to nor-
mal (s Chaptr 26) prior to considring administration of
activ vitamin D. Activ vitamin D (calcitriol) incrass
srum calcium and phosphorus lvls; both nd to b
monitord closly during calcitriol thrapy, and its dos
should b dcrasd if hyprcalcmia or hyprphosphat-
mia occurs. Typical calcitriol dosing is 0.25 or 0.5 mcg
orally daily or vry othr day. Cinacalct targts th cal-
cium-snsing rcptors of th parathyroid gland and sup-
prsss PTH production. Cinacalct, 30–90 mg orally onc
a day, can b usd if lvatd srum phosphorus or calcium
lvls prohibit th us of vitamin D analogs; it can caus
srious hypocalcmia, and patints should b closly moni-
tord for this complication. Optimal PTH lvls in CKD ar
not known, but bcaus skltal rsistanc to PTH dvlops
with urmia, rlativly high lvls ar targtd in advancd
CKD to avoid adynamic bon disas. Exprt guidlins
suggst goal PTH lvls nar or just abov th uppr limit of
normal for modrat CKD, and at last twofold and up to
ninfold th uppr limit of normal for ESKD.

Evnpol P t al. Europan Consnsus Statmnt on th diag-
nosis and managmnt of ostoporosis in chronic kidny
disas stags G4-G5D. Nphrol Dial Transplant. 2021;36:42.
[PMID: 33098421]

Scialla JJ t al. Stat-of-th-art managmnt of hyprphosphat-
mia in patints with CKD: an NKF-KDOQI controvrsis
prspctiv. Am J Kidny Dis. 2021;77:132. [PMID: 32771650]

C. Hematologic Complications

1. Anemia—Th anmia of CKD, primarily du to
dcrasd rythropoitin production, oftn bcoms clini-
cally significant during stag 3 CKD. CKD is also associ-
atd with high lvls of hpcidin, which blocks GI iron
absorption and mobilization of iron from body stors; this
rsults in a functional iron dficincy—th so-calld “an-
mia of chronic disas.” Th approach to a patint with
CKD and anmia bgins with nsuring that th bon mar-
row can rspond to rythropoitin. Thus, thyroid function
tsts, srum vitamin B

12
lvls, and iron stors (frritin and

iron saturation) should b chckd. Iron stors ar targtd

to highr goals du to a functional blockad of iron utiliza-
tion in this population. In CKD, a srum frritin blow
100–200 ng/mL or iron saturation lss than 20% is suggs-
tiv of iron dficincy. Iron stors may b rpltd with oral
or parntral iron; iron thrapy should probably b withhld
if th srum frritin is gratr than 500–800 ng/mL, vn if
th iron saturation is lss than 20%. Oral thrapy with fr-
rous sulfat, gluconat, or fumarat, 325 mg onc daily, is th
initial thrapy in pr-ESKD CKD; highr doss will rsult in
incrasing hpcidin lvls. For thos who do not rspond
du to poor GI absorption or lack of tolranc, intravnous
iron (g, iron sucros or iron gluconat) may b ncssary.

Erythropoisis-stimulating agnts (ESAs, g, rcombi-
nant rythropoitin [potin alfa or bta] and darbpo-
tin) ar usd to trat th anmia of CKD if othr tratabl
causs ar xcludd. Thr is likly no bnfit of starting an
ESA bfor hmoglobin (Hgb) valus ar lss than 9 g/dL.
Th starting dos of potin alfa is 50–100 units/kg onc or
twic a wk, and darbpotin is startd at 0.45 mcg/kg and
administrd vry 2–4 wks; potin bta at a starting
dos of 60–100 mcg is givn vry 2–4 wks. Ths agnts
can b givn intravnously (g, to th hmodialysis patint)
or subcutanously (to both th prdialysis or dialysis
patint); subcutanous dosing of potin alfa is roughly
30% mor ffctiv than intravnous dosing. ESAs should
b titratd to an Hgb of 10–11 g/dL for optimal safty;
studis show that targting a highr Hgb incrass th risk
of strok and possibly othr cardiovascular vnts. Whn
titrating doss, Hgb lvls should ris no mor than 1 g/dL
vry 3–4 wks. Hyprtnsion is a common complication
of tratmnt with ESAs.

2. Coagulopathy—Th blding diathsis that may occur
in stag 4–5 CKD is mainly du to platlt dysfunction, but
svr anmia may also contribut.

Tratmnt is rquird only in patints who ar symptom-
atic. Raising th Hgb to 9–10 g/dL in anmic patints can
rduc risk of blding via improvd clot formation. Dsmo-
prssin (25 mcg intravnously vry 8–12 hours for two
doss) is a short-livd but ffctiv tratmnt for platlt
dysfunction and it is oftn usd in prparation for surgry or
kidny biopsy; hyponatrmia is a potntial advrs ffct of
this tratmnt. Dialysis improvs th blding tim.

Locatlli F t al. Ar all rythropoisis-stimulating agnts cratd
qual? Nphrol Dial Transplant. 2020. [Epub ahad of print]
[PMID: 32206785]

D. Hyperkalemia

Potassium balanc gnrally rmains intact in CKD until
stags 4–5. Howvr, hyprkalmia may occur at arlir
stags whn crtain conditions ar prsnt, such as typ 4
rnal tubular acidosis (sn in patints with diabts ml-
litus), high potassium dits, or mdications that dcras
rnal potassium scrtion (amilorid, triamtrn, spi-
ronolacton, plrnon, NSAIDs, ACE inhibitors, ARBs)
or block cllular potassium uptak (bta-blockrs). Othr
causs includ acidmic stats and any typ of cllular
dstruction causing rlas of intracllular contnts, such
as hmolysis and rhabdomyolysis.
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Tratmnt of acut hyprkalmia is discussd in
Chaptr 21 (s Tabl 21–5). Cardiac monitoring is indi-
catd for any ECG changs sn with hyprkalmia or a
srum potassium lvl gratr than 6.0–6.5 mEq/L or
mmol/L. Chronic hyprkalmia is bst tratd with ditary
potassium rstriction (2 g/day) and minimization or limi-
nation of any mdications that may impair rnal potassium
xcrtion, as notd abov. Loop diurtics may b adminis-
trd for thir kaliurtic ffct as long as th patint is not
volum-dpltd, and oral potassium-binding rsins may
b considrd.

Palmr BF t al. Clinical managmnt of hyprkalmia. Mayo
Clin Proc. 2021;96:744. [PMID: 33160639]

E. AcidBase Disorders

Damagd kidnys ar unabl to xcrt th 1 mEq/kg/day
of acid gnratd by mtabolism of ditary animal protins
in th typical Wstrn dit. Th rsultant mtabolic acido-
sis is primarily du to dcrasd GFR; proximal or distal
tubular dfcts may contribut to or worsn th acidosis.
Excss hydrogn ions ar buffrd by bon; th consqunt
laching of calcium and phosphorus from th bon con-
tributs to th mtabolic bon disas dscribd abov.
Chronic acidosis can also rsult in muscl protin catabo-
lism as wll as growth rtardation in childrn with CKD
and may acclrat progrssion of CKD. Rduction of
ditary animal protin and incrasd fruit and vgtabl
intak, and th administration of oral sodium bicarbonat
(in doss of 0.5–1.0 mEq/kg/day dividd twic daily and
titratd as ndd) ar stratgis to bring srum bicarbon-
at lvls toward normal. Citrat salts incras th absorp-
tion of ditary aluminum and should b avoidd in CKD.

Navanthan SD t al. Effcts of tratmnt of mtabolic acidosis
in CKD: a systmatic rviw and mta-analysis. Clin J Am
Soc Nphrol. 2019;14:1011. [PMID: 31196951]

F. Neurologic Complications

Urmic ncphalopathy, rsulting from th aggrgation
of urmic toxins, dos not occur until GFR falls blow
5–10 mL/min/1.73 m2. Symptoms bgin with difficulty in
concntrating and can progrss to lthargy, confusion, si-
zur, and coma. Physical findings may includ altrd
mntal status, waknss, and astrixis. Ths findings
improv with dialysis.

Othr nurologic complications that can manifst with
advancd CKD includ priphral nuropathis (stocking-
glov or isolatd mononuropathis), rctil dysfunction,
autonomic dysfunction, and rstlss lg syndrom. Ths
may not improv with dialysis thrapy.

G. Endocrine Disorders

Dcrasd libido and rctil dysfunction ar common in
advancd CKD. Mn hav dcrasd tstostron lvls;
womn ar oftn anovulatory. Womn with srum crati-
nin lss than 1.4 mg/dL ar not at incrasd risk for poor
outcoms in prgnancy; howvr, thos with srum

cratinin gratr than 1.4 mg/dL may xprinc fastr
progrssion of CKD with prgnancy. Ftal survival is not
compromisd, howvr, unlss CKD is advancd.

» Treatment

A. Slowing Progression

Tratmnt of th undrlying caus of CKD is vital. Control
of diabts should b aggrssiv in arly CKD; howvr,
risk of hypoglycmia incrass in advancd CKD, and gly-
cmic targts may nd to b rlaxd to avoid this dangr-
ous complication. Blood prssur control is vital to slow
progrssion of all forms of CKD; agnts that block th
rnin-angiotnsin-aldostron systm ar particularly
important in protinuric patints. Obs patints should b
ncouragd to los wight. Managmnt of traditional car-
diovascular risk factors is vital. Risks for AKI should b
minimizd or avoidd, including long-trm us of NSAIDs.
Tratmnt of mtabolic acidosis may b hlpful. Th ffi-
cacy of SGLT2 inhibition for slowing progrssion of CKD
in thos with and without diabts or significant protin-
uria has bn dmonstratd in svral rcnt trials.

Hannan M t al. Risk factors for CKD progrssion: ovrviw of
findings from th CRIC study. Clin J Am Soc Nphrol.
2021;16:648. [PMID: 33177074]

Hrspink HJL t al; DAPA-CKD Trial Committs and Invsti-
gators. Dapagliflozin in patints with chronic kidny disas.
N Engl J Md. 2020;383:1436. [PMID: 32970396]

Klly JT t al. Modifiabl lifstyl factors for primary prvntion
of CKD: a systmatic rviw and mta-analysis. J Am Soc
Nphrol. 2021;32:239. [PMID: 32868398]

B. Dietary Management

Patints with CKD should b valuatd by a rnal nutri-
tionist. Patint-spcific rcommndations should b mad
concrning protin, salt, watr, potassium, and phosphorus
intak to hlp manag CKD progrssion and complications.

1. Protein restriction—Thr is incrasing intrst in
plant-basd dits for th tratmnt of CKD. Rducd
intak of animal protin to 0.6–0.8 g/kg/day may slow
CKD progrssion. Howvr, significant protin rstriction
is not advisabl in thos with cachxia or low srum albu-
min in th absnc of th nphrotic syndrom.

2. Salt and water restriction—In advancd CKD, th kid-
ny is unabl to adapt to larg changs in sodium intak.
Intak of gratr than 3–4 g/day can lad to hyprtnsion
and hyprvolmia, whras intak of lss than 1 g/day
can lad to volum dpltion and hypotnsion. A goal of
2 g/day of sodium is rasonabl for most patints. Daily
fluid rstriction to 2 L may b ndd if volum ovrload is
prsnt.

3. Potassium restriction—Rstriction is ndd onc th
GFR has falln blow 10–20 mL/min/1.73 m2, or arlir if
th patint is hyprkalmic. Patints should rciv dtaild
lists dscribing potassium contnt of foods and should
limit thir intak to lss than 50–60 mEq/day (2 g/day). An
aggrssiv bowl rgimn should b institutd for patints
with hyprkalmia (mor than two bowl movmnts
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daily), sinc a highr prcntag of potassium is xcrtd
through th GI tract as GFR dclins. Potassium-binding
rsins may b usd (s sction on Hyprkalmia).

4. Phosphorus restriction—Guidlins suggst lowring
lvatd srum phosphorus lvls toward normal in all
stags of CKD. Ditary phosphat rstriction to
800–1000 mg/day is th first stp. Procssd foods and cola
bvrags ar oftn prsrvd with highly bioavailabl
phosphorus and should b avoidd. Foods rich in phos-
phorus such as ggs, dairy products, nuts, bans, and mat
may also nd to b limitd, although car must b takn
to avoid protin malnutrition. Whn GFR is lss than
20–30 mL/min/1.73 m2, ditary rstriction is rarly suffi-
cint to rach targt lvls, and phosphorus bindrs ar
usually rquird (s sction on Mtabolic Bon Disas).

Ikizlr TA t al. KDOQI clinical practic guidlin for nutrition
in CKD: 2020 updat. Am J Kidny Dis. 2020;76:S1. [PMID:
32829751]

Joshi S t al. Plant-basd dits for kidny disas: a guid for
clinicians. Am J Kidny Dis. 2021;77:287. [PMID: 33075387]

C. Medication Management

Many drugs ar xcrtd by th kidny; dosags should b
adjustd for GFR. Dcrasd rnal limination of insulin in
advancd CKD confrs risk for hypoglycmia in tratd
diabtic patints. Doss of oral hypoglycmics and insulin
may nd rduction. Th risk of lactic acidosis with mt-
formin is du to both dos and GFR; it should b discon-
tinud whn GFR is lss than 30 mL/min/1.73 m2.

Magnsium-containing mdications, such as laxativs
or antacids, and phosphorus-containing mdicins (g,
cathartics) should b avoidd. Activ morphin mtabo-
lits can accumulat in advancd CKD; this problm is not
ncountrd with othr opioid agnts. Drugs with potn-
tial nphrotoxicity (NSAIDs, intravnous contrast, as wll
as othrs notd in th Acut Kidny Injury sction) should
b avoidd. Proton pump inhibitors should b usd only
whn mdically ncssary.

Shaddock R t al. Rnal rprcussions of mdications. Prim
Car. 2020;47:691. [PMID: 33121637]

D. Treatment of ESKD

Whn GFR dclins to 5–10 mL/min/1.73 m2, rnal rplac-
mnt thrapy (hmodialysis, pritonal dialysis, or kidny
transplantation) is rquird to sustain lif. Patint ducation
is important in undrstanding which mod of thrapy is
most suitabl, as is timly prparation for tratmnt. Rfr-
ral to a nphrologist has bn shown to improv mortality
and thrfor should tak plac in lat stag 3 CKD or whn
th GFR is dclining rapidly. Prparation for ESKD trat-
mnt rquirs a tam approach with th involvmnt of
diticians, social workrs, primary car clinicians, and
nphrologists. For vry ldrly patints, or thos with mul-
tipl dbilitating or lif-limiting comorbiditis, dialysis
thrapy may not maningfully prolong lif, and th option
of palliativ car should b discussd with th patint and

family. Convrsly, for patints who ar othrwis rlativly
halthy, valuation for possibl kidny transplantation
should b considrd prior to initiation of dialysis.

1. Dialysis—Dialysis initiation should b considrd whn
GFR is nar 10 mL/min/1.73 m2 and urmic symptoms ar
prsnt. Othr indications for dialysis, which may occur
whn GFR is 10–15 mL/min/1.73 m2, ar fluid ovrload
unrsponsiv to diursis and rfractory hyprkalmia.

a. Hemodialysis—Vascular accss for hmodialysis can
b accomplishd by an artriovnous fistula (th prfrrd
mthod) or prosthtic graft; cration of dialysis accss
should b considrd wll bfor dialysis initiation. An
indwlling cathtr is usd whn thr is no usabl vascu-
lar accss. Bcaus cathtrs confr a high risk of blood-
stram infction, thy should b considrd a tmporary
masur. Nativ fistulas typically last longr than pros-
thtic grafts but rquir a longr tim aftr surgical
construction for maturation (6–8 wks for a fistula vrsus
2 wks for a graft). Infction, thrombosis, and anurysm
formation ar complications sn mor oftn in grafts than
fistulas. Staphylococcus spcis ar th most common caus
of soft tissu infctions and bactrmia.

Tratmnt at a hmodialysis cntr typically occurs
thr tims a wk. Sssions last 3–5 hours, dpnding on
patint siz and typ of dialysis accss. Hom hmodialysis
is oftn prformd mor frquntly (3–6 days pr wk for
shortr sssions) and rquirs a traind hlpr. Rsults of
trials comparing quotidian modalitis (nocturnal and fr-
qunt hom hmodialysis) to convntional in-cntr dialy-
sis hav not thus far shown significant mortality diffrncs,
but thr may b improvmnts in blood prssur control,
minral mtabolism, and quality of lif.

b. Peritoneal dialysis—With pritonal dialysis, th
pritonal mmbran is th “dialyzr.”

Thr ar diffrnt kinds of pritonal dialysis: continu-
ous ambulatory pritonal dialysis (CAPD), in which th
patint xchangs th dialysat four to six tims a day
manually; and continuous cyclic pritonal dialysis (CCPD),
which utilizs a cyclr machin to automatically prform
xchangs at night.

Th most common complication of pritonal dialysis
is pritonitis. Pritonitis may prsnt with nausa and vom-
iting, abdominal pain, diarrha or constipation, and
fvr. Th normally clar dialysat bcoms cloudy; and
a diagnostic pritonal fluid cll count gratr than
100 whit blood clls/mcL (0.1 × 109/L) with a diffrn-
tial of gratr than 50% polymorphonuclar nutrophils
is prsnt. Staphylococcus aureus is th most common
infcting organism, but strptococci and gram-ngativ
spcis may also b causativ. Empiric intrapritonal
administration of ithr vancomycin or a first-gnration
cphalosporin (cfazolin) plus a third-gnration cph-
alosporin (cftazidim) should b institutd with th
first signs of pritonitis and subsquntly tailord basd
on cultur rsults.

2. Kidney transplantation—Many patints with ESKD
ar othrwis halthy nough to b suitabl for transplan-
tation, although standard critria for rcipint slction
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ar lacking btwn transplant cntrs. Two-thirds of
kidny allografts com from dcasd donors, with th
rmaindr from living rlatd or unrlatd donors. Ovr
100,000 patints ar on th waiting list for a dcasd donor
transplant in th Unitd Stats; th avrag wait is 3–7 yars,
dpnding on gographic location and rcipint blood typ.

3. Medical management of ESKD—As notd abov,
som patints ar not candidats for kidny transplanta-
tion and may not bnfit from dialysis. Vry ldrly
prsons may di soon aftr dialysis initiation; thos who
do not may nonthlss rapidly los functional status in
th first yar of tratmnt. Th dcision to initiat dialy-
sis in patints with limitd lif xpctancy should b
wighd against possibl dtrioration in quality of lif.
For patints with ESKD who lct not to undrgo dialysis
or who withdraw from dialysis, progrssiv urmia with
gradual supprssion of snsorium rsults in a painlss
dath within days to months. Involvmnt of a palliativ
car tam is ssntial.

Fostr JG t al. Car of th rnal transplant patint. Prim Car.
2020;47:703. [PMID: 33121638]

Zarantonllo D t al. Novl consrvativ managmnt of chronic
kidny disas via dialysis-fr intrvntions. Curr Opin
Nphrol Hyprtns. 2021;30:97. [PMID: 33186220]

» Prognosis in ESKD

Compard with kidny transplant rcipints and ag-
matchd controls, mortality is highr for patints undrgo-
ing dialysis. Thr is likly littl diffrnc in survival for
wll-matchd pritonal vrsus hmodialysis patints.

Survival rats on dialysis dpnd on th undrlying
disas procss. Fiv-yar Kaplan-Mir survival rats vary
from 37% for patints with diabts to 54% for patints
with glomrulonphritis. Ovrall 5-yar survival is cur-
rntly stimatd at 40%. Patints undrgoing dialysis hav
an avrag lif xpctancy of 3–5 yars, but survival for as
long as 25 yars may b achivd dpnding on comorbidi-
tis. Th most common caus of dath is cardiac disas
(mor than 50%). Othr causs includ infction, crbro-
vascular disas, and malignancy.

» When to Refer

• A patint with stag 3–5 CKD should b rfrrd to a
nphrologist for managmnt in conjunction with th
primary car providr.

• A patint with othr forms of CKD such as thos with
protinuria gratr than 1 g/day or polycystic kidny
disas should b rfrrd to a nphrologist at arlir
stags.

» When to Admit

• Admission should b considrd for dcompnsation of
problms rlatd to CKD, such as worsning of acid-
bas status, lctrolyt abnormalitis, and volum ovr-
load, that cannot b appropriatly tratd in th
outpatint stting.

• Admission is appropriat whn a patint nds to start
dialysis and is not stabl for its outpatint initiation.

Charls C t al. Chronic kidny disas. Prim Car. 2020;47:585.
[PMID: 33121630]

Li PK t al. Kidny halth for vryon vrywhr—from pr-
vntion to dtction and quitabl accss to car. Clin
Nphrol. 2020;93:111. [PMID: 32017699]

Shlipak MG t al. Th cas for arly idntification and intrvn-
tion of chronic kidny disas: conclusions from a Kidny
Disas: Improving Global Outcoms (KDIGO) Controvr-
sis Confrnc. Kidny Int. 2021;99:34. [PMID: 33127436]

Stnvinkl P t al. A plantary halth prspctiv for kidny
disas. Kidny Int. 2020;98:261. [PMID: 32709283]

RENAL ARTERY STENOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Produced by atherosclerotic occlusive disease
(80–90% of patients) or fibromuscular dysplasia
(10–15%).

» Hypertension.

» AKI in patients starting ACE inhibitor therapy if
stenosis is bilateral.

» General Considerations

Approximatly 5% of Amricans with hyprtnsion suffr
from rnal artry stnosis. Athrosclrotic ischmic rnal
disas accounts for most cass of rnal artry stnosis. It
typically occurs among prsons ovr 45 yars of ag with
additional risk factors such as CKD, diabts mllitus, and
tobacco us. Fibromuscular dysplasia is a lss common
caus of rnal artry stnosis that most commonly occurs
in young womn.

» Clinical Findings

A. Symptoms and Signs

Patints with athrosclrotic ischmic rnal disas may
hav rfractory hyprtnsion, nw-onst hyprtnsion (in
an oldr patint), pulmonary dma with poorly controlld
blood prssur, and AKI upon starting an ACE inhibitor or
ARB. Physical xamination may rval an audibl abdomi-
nal bruit on th affctd sid. Unxplaind hyprtnsion in
a woman youngr than 40 yars should rais suspicion for
fibromuscular dysplasia.

B. Laboratory Findings

BUN and srum cratinin may b lvatd if thr is sig-
nificant rnal ischmia. Patints with bilatral rnal artry
stnosis may hav hypokalmia, a finding that rflcts
activation of th rnin-angiotnsin-aldostron systm in
rspons to rducd blood flow (a “prrnal” stat).
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C. Imaging

Abdominal ultrasound can rval ithr asymmtric kid-
ny siz if on rnal artry is affctd mor than th othr
or small hyprchoic kidnys if both ar affctd.

Scrning with Dopplr ultrasonography, CT angiogra-
phy, or magntic rsonanc angiography (MRA) is rcom-
mndd if a corrctiv procdur would b prformd
whn a positiv tst rsult is found. Doppler ultrasonogra-
phy is highly snsitiv and spcific (85% and 92%, rspc-
tivly) and rlativly inxpnsiv but is xtrmly oprator
and patint dpndnt.

CT angiography consists of intravnous contrast injc-
tion with digital subtraction artriography. Th snsitivi-
tis from various studis rang from 77% to 98%, with
spcificitis of 90–94%.

MRA is an xcllnt but xpnsiv way to scrn for
rnal artry stnosis, particularly in thos with athroscl-
rotic disas. Snsitivity is 77–100% and spcificity rangs
from 71% to 96%. Th imaging agnt for MRA (gadolin-
ium) has bn associatd with nphrognic systmic fibro-
sis, which is discussd lswhr undr Nphrognic
Systmic Fibrosis.

Renal angiography is th gold standard for diagnosis,
but it is mor invasiv than th thr scrning tsts dis-
cussd abov. Thus, it is prformd aftr a positiv scrn-
ing tst. Lsions ar most commonly found in th proximal
third or ostial rgion of th rnal artry. Th risk of athro-
mbolic phnomna aftr angiography rangs from 5% to
10%. Fibromuscular dysplasia has a charactristic “bads-
on-a-string” apparanc on angiography.

» Treatment

Tratmnt of athrosclrotic ischmic rnal disas is con-
trovrsial. Options includ mdical managmnt, angio-
plasty with or without stnting, and surgical bypass. Two
larg randomizd trials showd that vascular intrvntion
is no bttr than optimal mdical managmnt in patints
with rnal artry stnosis, xcpt in slctd circumstancs
(g, patints with rcurrnt pisods of flash pulmonary
dma). Angioplasty might rduc th numbr of antihy-
prtnsiv mdications but dos not significantly chang
th progrssion of kidny dysfunction. Stnting producs
significantly bttr rsults than angioplasty. Howvr,
blood prssur and srum cratinin ar similar at 6 months
with mdical managmnt as with ithr angioplasty and
stnts.

Tratmnt of fibromuscular dysplasia with prcutan-
ous transluminal angioplasty is oftn curativ, which is in
stark contrast to tratmnts for athrosclrotic disas.

Gornik HL t al. First intrnational consnsus on th diagnosis
and managmnt of fibromuscular dysplasia. Vasc Md.
2019;24:164. [PMID: 30648921]

Mannmuddhu SS t al. Rnovascular hyprtnsion. Prim Car.
2020;47:631. [PMID: 33121633]

Princ M t al. Rnal rvascularization in rsistant hyprtnsion.
Prog Cardiovasc Dis. 2020;63:58. [PMID: 31821813]

º
GLOMErULAr DISEASES

Glomrular disass can b challnging to undrstand
clinically bcaus th glomrulus is a histologically com-
plx structur (consisting of th pithlial clls [podo-
cyts], basmnt mmbran, capillary ndothlium, and
msangium). Th following ar xampls of injuris that
can affct any or all of th constitunts of th glomrulus:
(1) ovrwork injury, as in CKD; (2) an inflammatory pro-
css, such as SLE; (3) a podocyt protin mutation, as in
hrditary focal sgmntal glomrulosclrosis (FSGS); or
(4) a dposition disas, as in diabts or amyloidosis.
Whn a glomrular disas is suspctd, a kidny biopsy
may b ndd to clarify th tiology.

» Classification

Glomrular disass can b classifid in on of two clini-
cal spctra—th nphritic spctrum or th nphrotic
spctrum (Figur 22–4). At th “last svr” nd of th
nephritic spectrum, th findings of asymptomatic glo-
mrular hmaturia (i, dysmorphic rd blood clls with
or without som protinuria [lss than 1 g/day]) ar
charactristic. Th nphritic syndrome, comprising glo-
mrular hmaturia, subnphrotic protinuria (lss than
3 g/day), dma, and lvatd cratinin, falls in th mid-
portion of th spctrum. Th rapidly progrssiv glo-
mrulonphritids (RPGNs), with systmic symptoms,
ar at th “most svr” and clinically urgnt nd of th
spctrum. Th nephrotic spectrum is comprisd of dis-
ass that prsnt primarily with protinuria of at last
0.5–1 g/day and a bland urin sdimnt (no clls or cl-
lular casts). At th mor svr nd of th nphrotic
spctrum is th nphrotic syndrome, consisting of
nphrotic-rang protinuria (gratr than 3 g/day),
hypoalbuminmia, dma, hyprlipidmia, and urinary
oval fat bodis. Diffrntiating btwn a clinical prsn-
tation within th nphritic spctrum vrsus th nphrotic
spctrum is important bcaus it hlps narrow th diffr-
ntial diagnosis of th undrlying glomrular disas
(Tabls 22–7 and 22–8).

Glomrular disass can also b classifid according to
whthr thy caus rnal abnormalitis alon (primary
rnal disas) or whthr th rnal abnormalitis rsult
from a systmic disas (scondary rnal disas).

Furthr valuation prior to kidny biopsy may includ
srologic tsting for systmic disass that can rsult in
glomrular damag (Figur 22–5).

Cavanaugh C t al. Urin sdimnt xamination in th diagnosis
and managmnt of kidny disas: Cor Curriculum 2019.
Am J Kidny Dis. 2019;73:258. [PMID: 30249419]

Flog J t al. Managmnt and tratmnt of glomrular disass
(part 1): conclusions from a Kidny Disas: Improving
Global Outcoms (KDIGO) Controvrsis Confrnc. Kid-
ny Int. 2019;95:268. [PMID: 30665568]

Rovin BH t al. Managmnt and tratmnt of glomrular dis-
ass (part 2): conclusions from a Kidny Disas: Improving
Global Outcoms (KDIGO) Controvrsis Confrnc. Kid-
ny Int. 2019;95:281. [PMID: 30665569]
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NEPHRITIC SPECTRUM
GLOMERULAR DISEASES

E S S E N T I A L S  O F  D I A G N O S I S

» Asymtomatic glomeula ematuia

–Hematuria with dysmorphic RBCs

–Proteinuria < 1 g/day

» Neitic syndome in more severe cases

– Glomerular hematuria (and RBC casts if glomerular
bleeding is heavy)

–Proteinuria of 1–3 g/day

–Hypertension

–Edema

–Rising creatinine over days to months

» raidly ogessive glomeuloneitis in most
severe cases

–AKI with rising creatinine over days to months

–Glomerular hematuria (and RBC casts)

–Proteinuria of 1–3 g/day

–Systemic symptoms

–Hypertension and edema uncommon

» General Considerations

“Glomrulonphritis” is a trm givn to thos disass that
prsnt in th nphritic spctrum and usually signifis an
inflammatory procss causing rnal dysfunction. It can b
acut, dvloping ovr days to wks, with or without rso-
lution, or may b chronic and indolnt with progrssiv
scarring. As notd abov, disass that caus a nphritic
spctrum prsntation may prsnt with glomrular hma-
turia and protinuria, with nphritic syndrom, or with
RPGN (Figur 22–4). Th prsntation dpnds on th
svrity of th undrlying inflammation and th pattrn of
injury causd by th disas procss.

» Clinical Findings

A. Symptoms and Signs

Nphritic syndrom usually lads to an acut dcras in
GFR and rsultant sodium rtntion. This is manifstd by
hyprtnsion and dma, which is first sn in rgions of
low tissu prssur such as th priorbital and scrotal aras.
Havy glomrular blding from inflammation may rsult
in gross hmaturia (smoky or cola-colord urin).

B. Laboratory Findings

1. Serologic testing—Srologic tsts basd on th history
and physical xamination hlp narrow th diffrntial

Asymptomatic

glomerular hematuria

Nephritic

syndrome

Nephritic Spectrum Nephrotic Spectrum

Microscopic or
macroscopic
hematuria
with or without
proteinuria
(< 1 g/day)

Acute kidney injury

with proteinuria

of 1–3 g/day,

hematuria, RBC

casts, edema, and

hypertension

Acute kidney injury

with proteinuria of

1–3 g/day, hematuria,

RBC casts, and

systemic symptoms

Proteinuria of

300 mg/day–10 g/day

and bland urine

Proteinuria of

> 3 g/day

plus

hypoalbuminemia,

edema,

hyperlipidemia,

and possible oval

fat bodies in urine

Asymptomatic

proteinuria

Nephrotic

syndrome

Chronic glomerular disease

Chronic kidney disease with or

without hematuria, proteinuria,

hypertension, late-stage

glomerulonephritis, burned-out

disease

Rapidly progressive

glomerulonephritis

▲ Figure 22–4. Glomerular diseases present within one of the clinical spectra shown; the exact presentation is
determined by the severity of the underlying disease and the pattern of injury. Nephritic diseases are characterized
by the presence of an active urine sediment with glomerular hematuria and often with proteinuria. Nephrotic spec-
trum diseases are proteinuric with bland urine sediments (no cells or cellular casts). All glomerular diseases may
progress to a chronic, scarred state. (Adapted, with permission, from Megan Troxell, MD, PhD.)
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diagnosis. Ths tsts may includ C3 and C4 complmnt
lvls, antinuclar antibodis, cryoglobulins, hpatitis
srologis, srum and urin protin lctrophorss, srum
fr light chains, ANCAs, anti-GBM antibodis, and anti-
strptolysin O (ASO) titrs (Figur 22–5).

2. Urinalysis—Th urin dipstick is positiv for protin and
blood. Urinary microscopy rvals rd blood clls that ar
misshapn or dysmorphic from travrsing a damagd glo-
mrular filtration barrir. Rd blood cll casts ar sn with
havy glomrular blding and tubular stasis. Whn quan-
tifid, protinuria is usually subnphrotic rang (lss than
3 g/day).

3. Biopsy—Dfinitiv diagnosis of th undrlying glomr-
ular disas cannot b mad without a kidny biopsy.
Candidats for biopsy ar patints for whom tst rsults
would influnc managmnt; xcptions includ thos

with advancd undrlying CKD, thos who cannot adhr
to mdical thrapy, thos for whom immunosupprssiv
thrapy is not appropriat, or thos for whom th prsnta-
tion is “classic” for a particular disas (g, post-strptococcal
glomrulonphritis, childhood minimal chang disas,
and diabtic nphropathy). Th major risk of biopsy is
blding. Contraindications includ a blding diathsis,
thrombocytopnia, and uncontrolld hyprtnsion.

» Treatment

Gnral masurs includ tratmnt of hyprtnsion and
fluid ovrload, if prsnt. Antiprotinuric thrapy with an
ACE inhibitor or ARB should b considrd for thos without
AKI. For thos with profound AKI, dialysis may b ndd.
Th inflammatory glomrular injury may rquir immuno-
supprssiv agnts (s spcific disass discussd blow).

Table 22–7. Classification and findings in glomerulonephritis: nephritic spectrum presentations.

Tyical pesentation Association/Notes Seology

Postinfectious
glomerulonephritis

Children: abrupt onset of nephritic
syndrome and acute kidney injury
but can present anywhere in
nephritic spectrum

Streptococci, other bacterial infec-
tions (eg, staphylococci, endocardi-
tis, shunt infections)

Rising ASO titers, low comple-
ment levels

IgA nephropathy (Berger
disease) and Henoch-
Schönlein purpura, sys-
temic IgA vasculitis

Classically: gross hematuria with
respiratory tract infection, but can
present anywhere in nephritic
spectrum; Henoch-Schönlein pur-
pura with vasculitic rash and gas-
trointestinal hemorrhage

Abnormal IgA glycosylation in both
primary (familial predisposition)
and secondary disease (associated
with cirrhosis, HIV, celiac disease)

Henoch-Schönlein purpura in chil-
dren after an inciting infection

No serologic tests helpful; com-
plement levels are normal

Pauci-immune (granulo-
matosis with polyangi-
itis, eosinophilic
granulomatosis with
polyangiitis, polyarteri-
tis, idiopathic crescen-
tic glomerulonephritis)

Classically: crescentic or RPGN, but
can present anywhere in nephritic
spectrum; may have respiratory
tract/sinus symptoms in granulo-
matosis with polyangiitis

See Figure 22–5 ANCAs: MPO or PR3 titers high;
complement levels normal

Anti-GBM glomerulone-
phritis; Goodpasture
syndrome

Classically: crescentic or RPGN, but
can present anywhere in nephritic
spectrum; pulmonary hemorrhage
in Goodpasture syndrome

May develop as a result of respiratory
irritant exposure (chemicals or
tobacco use)

Anti-GBM antibody titers high;
complement levels normal

Cryoglobulin-associated
glomerulonephritis

Often acute nephritic syndrome;
often with systemic vasculitis
including rash and arthritis

Most commonly associated with
chronic hepatitis C; may occur with
other chronic infections or some
connective tissue diseases

Cryoglobulins positive; rheuma-
toid factor may be elevated;
complement levels low

MPGN Classically: acute nephritic syndrome,
but can also have nephrotic syn-
drome features

Most patients are < 30 years old
Immune complex MPGN most

common
C3 glomerulonephritis

Low complement levels, may
have findings of underlying
infection or paraproteinemia

Hepatitis C infection Anywhere in nephritic spectrum Can cause MPGN pattern of injury or
cryoglobulinemic glomerulone-
phritis; membranous nephropathy
pattern of injury uncommon

Low complement levels; posi-
tive hepatitis C serology;
rheumatoid factor may be
elevated

Systemic lupus
erythematosus

Anywhere in nephritic spectrum,
depending on pattern/severity of
injury

Treatment depends on clinical course
and International Society of
Nephrology and Renal Pathology
Society classification on biopsy

High ANA and anti-double-
stranded DNA titers; low
complement levels

ANA, antinuclear antibodies; ANCAs: antineutrophil cytoplasmic antibodies; GBM, glomerular basement membrane; MPGN, membranop-

roliferative glomerulonephritis; MPO, myeloperoxidase; PR3, proteinase 3; RPGN, rapidly progressive glomerulonephritis.
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» When to Refer

Any patint in whom a glomrulonphritis is suspctd
should b rfrrd to a nphrologist.

» When to Admit

Any suspicion of acut nphritic syndrom or RPGN
warrants considration of immdiat hospitalization.

Lamba P t al. Nphritic syndrom. Prim Car. 2020;47:615.
[PMID: 33121632]

Popplaars F t al. Complmnt-mdiatd kidny disass. Mol
Immunol. 2020;128:175. [PMID: 33137606]

1. Infection-related & postinfectious
Glomeuloneitis

E S S E N T I A L S  O F  D I A G N O S I S

» Proteinuria.

» Glomerular hematuria.

» Symptoms 1–3 weeks after some infections (often
pharyngitis or impetigo) or during course of other
infections (eg, pneumonia or endocarditis).

» General Considerations

Postinfctious glomrulonphritis is most oftn du to
infction with nphritognic group A bta-hmolytic
strptococcal infctions (pharyngitis or imptigo). It can
occur sporadically or in clustrs and during pidmics,
with onst up to 1–3 wks aftr infction (avrag
7–10 days).

Othr infctions hav bn associatd with glomrulo-
nphritis including bactrmia (spcially S aureus), bac-
trial pnumonias, dp-satd abscsss, gram-ngativ
infctions, infctiv ndocarditis, and shunt infctions;
viral, fungal, and parasitic causs of glomrulonphritis
includ hpatitis B or C, HIV, cytomgalovirus infction,
infctious mononuclosis, coccidioidomycosis, malaria,
mycobactria, syphilis, and toxoplasmosis. Ths ntitis
rsult in glomrular injury during activ infction, and
ar bttr trmd “infction-rlatd glomrulonphritis”
rathr than “postinfctious glomrulonphritis.”

» Clinical Findings

A. Symptoms and Signs

Disas prsntation varis across th nphritic spctrum
from asymptomatic glomrular hmaturia (spcially in
pidmic cass) with minimal chang in kidny function,
to nphritic syndrom with hyprtnsion, dma, and

Table 22–8. Classification and findings in glomerulonephritis: nephrotic spectrum presentations.

Disease Tyical pesentation Association/Notes

Minimal change disease (nil

disease; lipoid nephrosis)

Child with sudden onset of full

nephrotic syndrome

Children: associated with allergy or viral infection

Adults: associated with Hodgkin disease, NSAIDs

Membranous nephropathy Anywhere in nephrotic spectrum,

but nephrotic syndrome not

uncommon; particular predispo-

sition to hypercoagulable state

Primary (idiopathic) may be associated with antibodies to PLA
2
R

Secondary may be associated with non-Hodgkin lymphoma, carci-

noma (gastrointestinal, renal, bronchogenic, thyroid), gold therapy,

penicillamine, SLE, chronic hepatitis B or C infection

Focal and segmental

glomerulosclerosis

Anywhere in nephrotic spectrum;

children with congenital disease

have nephrotic syndrome

Children: congenital disease with podocyte gene mutation, or in spec-

trum of disease with minimal change disease

Adults: associated with heroin abuse, HIV infection, reflux nephropa-

thy, obesity, pamidronate, podocyte protein mutations, APOL1

mutations

Amyloidosis Anywhere in nephrotic spectrum AL: plasma cell dyscrasia with Ig light chain overproduction and depo-

sition; check SPEP and UPEP

AA: serum amyloid protein A overproduction and deposition in

response to chronic inflammatory disease (rheumatoid arthritis,

inflammatory bowel disease, chronic infection)

Diabetic nephropathy High GFR (hyperfiltration) → micro-

albuminuria → frank proteinuria

→ decline in GFR

Diabetes diagnosis precedes diagnosis of nephropathy by years

HIV-associated nephropathy Heavy proteinuria, often nephrotic

syndrome, progresses to ESKD

relatively quickly

Usually seen in antiviral treatment-naïve patients (rare in antiretroviral

therapy era), predilection for those of African descent (APOL1

mutations)

Membranoproliferative

glomerulonephropathy

Classically presents with acute

nephritic syndrome, some may

also exhibit nephrotic features

Immune complex–MPGN are idiopathic or secondary to infections,

paraproteinemia, or systemic autoimmune disease; C3 glomerulopa-

thies are due to alternative complement pathway dysregulation

ESKD, end-stage kidney disease; GFR, glomerular filtration rate; NSAIDs, nonsteroidal anti-inflammatory drugs; PLA
2
R, phospholipase A

2

receptor; SLE, systemic lupus erythematosus; SPEP/UPEP, serum and urine protein electrophoresis.
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prhaps gross glomrular hmaturia (smoky-colord
urin); th most svr cass may rsult in oliguric AKI
rquiring dialysis.

B. Laboratory Findings

Srum complmnt lvls ar low; in postinfctious glo-
mrulonphritis du to group A strptococcal infction,
anti-strptolysin O (ASO) titrs can b high unlss th
immun rspons has bn bluntd with prvious antibiotic
tratmnt. Glomrular hmaturia and protinuria ar prs-
nt. In childrn with a rcnt strptococcal infction and
nphritic faturs, a diagnosis may b mad mpirically
without a biopsy. Whn prformd, kidny biopsy shows a
diffus prolifrativ pattrn of injury on light microscopy.
Immunofluorscnc dmonstrats granular dposition of
IgG and C3 in th msangium and along th capillary bas-
mnt mmbran. Elctron microscopy shows larg, dns
subpithlial dposits or “humps.” Kidny biopsy findings
in infction-rlatd glomrulonphritis ar varid and may
show ovrlap with immun-complx mmbranoprolifra-
tiv glomrulonphritis or C3 glomrulonphritis.

» Treatment

Any activ infction should b idntifid and tratd
appropriatly; othrwis, tratmnt for postinfctious glo-
mrulonphritis is supportiv. Antihyprtnsivs, salt
rstriction, and diurtics should b usd if ndd. Corti-
costroids hav not bn shown to improv outcoms.
Prognosis dpnds on th svrity of th glomrular injury
and ag of th patint. Childrn ar mor likly to fully
rcovr; adults ar mor pron to th dvlopmnt of
svr disas (RPGN with crscnt formation) and CKD.

Mohammad D t al. Postinfctious glomrulonphritis. Pdiatr
Ann. 2020;49:273. [PMID: 32520369]

Satoskar AA t al. Epidmiology, pathognsis, tratmnt and
outcoms of infction-associatd glomrulonphritis. Nat
Rv Nphrol. 2020;16:32. [PMID: 31399725]

2. IgA Neoaty

E S S E N T I A L S  O F  D I A G N O S I S

» Proteinuria: minimal to nephrotic range.

» Glomerular hematuria: microscopic is common;
macroscopic (gross) after infection.

» Positive IgA staining on kidney biopsy.

» General Considerations

IgA nphropathy (Brgr disas) is a primary rnal dis-
as of IgA dposition in th glomrular msangium. Th
inciting caus is unknown. IgA nphropathy can b a pri-
mary (rnal-limitd) disas or scondary to hpatic cir-
rhosis, cliac disas, and infctions such as HIV and
cytomgalovirus. Suscptibility to IgA nphropathy is
inhritabl.

IgA nphropathy is th most common primary glo-
mrular disas worldwid, particularly in Asia. It is most
oftn sn in childrn and young adults, with mals
affctd two to thr tims mor commonly than fmals.

» Clinical Findings

Th classical prsntation of IgA nphropathy is an pisod
of gross hmaturia associatd with a mucosal viral infc-
tion, oftn of th uppr rspiratory tract. Th urin
bcoms rd or smoky-colord 1–2 days aftr illnss
onst—a so-calld synpharyngitic prsntation in contra-
distinction to th latnt priod sn in postinfctious glo-
mrulonphritis. Howvr, IgA nphropathy can prsnt
anywhr along th nphritic spctrum from asymptom-
atic microscopic hmaturia with minimal protinuria and
prsrvd GFR to RPGN (Figur 22–4). Rarly, nphrotic
syndrom can b prsnt.

Thr ar no srologic tsts that aid in this diagnosis;
srum complmnts ar normal. Th typical pattrn of
injury sn on kidny biopsy is a focal glomrulonphritis
with msangial prolifration; immunofluorscnc dm-
onstrats diffus msangial IgA and C3 dposits.

» Treatment

Th disas cours of primary IgA nphropathy varis
widly among patints; tratmnt approach nds to b
tailord to risk for progrssion. Patints with low risk for
progrssion (no hyprtnsion, normal GFR, minimal pro-
tinuria) can b monitord annually. Patints at highr risk
(protinuria gratr than 1.0 g/day, dcrasd GFR, or
hyprtnsion or any combination of ths thr condi-
tions) should b tratd with an ACE inhibitor or ARB.
Thrapy should b titratd to rduc protinuria to lss
than 1 g/day and to control blood prssur in th rang of
125/75 mm Hg to 130/80 mm Hg. Prior trials suggstd
that corticostroids rducd protinuria whn adminis-
trd to patints with GFR gratr than 50 mL/min/1.73 m2

and prsistnt protinuria gratr than 1 g/day. Howvr,
mor rcnt data faild to dmonstrat slowing of GFR loss
with corticostroid thrapy compard with us of ACE
inhibitor or ARB alon; nthusiasm for glucocorticoid
thrapy thrfor has wand. For th rar patint with IgA
nphropathy and a rapidly progrssiv clinical cours with
crscnt formation on biopsy, cyclophosphamid and cor-
ticostroid thrapy should b considrd (s sction on
ANCA-associatd vasculitis blow). Kidny transplanta-
tion is an xcllnt option for patints with ESKD, but
rcurrnt disas has bn documntd in 30% of patints
5–10 yars posttransplant.

» Prognosis

Approximatly on-third of patints xprinc spontan-
ous clinical rmission. Progrssion to ESKD occurs in
20–40% of patints. Th most unfavorabl prognostic indi-
cator is protinuria gratr than 1 g/day; othr includ
hyprtnsion, tubulointrstitial fibrosis, glomrulosclro-
sis, or glomrular crscnts on biopsy, and abnormal GFR
on prsntation.
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Cambir A t al. Nw thraputic prspctivs for IgA nphropathy
in childrn. Pdiatr Nphrol. 2021;36:497. [PMID: 32040630]

Raun T t al. Aftr tn yars of follow-up, no diffrnc btwn
supportiv car plus immunosupprssion and supportiv car
alon in IgA nphropathy. Kidny Int. 2020;98:1044. [PMID:
32450154]

Trimarchi H t al. IgA nphropathy: “Stat of th art”: a rport
from th 15th Intrnational Symposium on IgA Nphropathy
clbrating th 50th annivrsary of its first dscription. Kidny
Int. 2019;95:750. [PMID: 30904065]

3. henoc-Scönlein puua

Hnoch-Schönlin purpura is a systmic small-vssl lu-
kocytoclastic vasculitis associatd with IgA subclass 1 dpo-
sition in vssl walls. It is most common in childrn and is
oftn associatd with an inciting infction, such as group A
strptococcus or othr xposur. Thr is a mal prdomi-
nanc. It classically prsnts with palpabl purpura in th
lowr xtrmitis and buttock ara; arthralgias; abdominal
symptoms, such as nausa, colic, and mlna; and AKI with
nphritic urin sdimnt. Th rnal lsions can b idntical
to thos found in IgA nphropathy, and th undrlying
pathophysiology appars to b similar. Most patints with
microscopic hmaturia and minimal protinuria rcovr
fully ovr svral wks. Progrssiv CKD and possibly
ESKD ar mor likly to dvlop in adults and in thos with
both nphritic and nphrotic syndroms. Although svral
tratmnt rgimns of various immunosupprssiv agnts
hav bn clinically tstd, non ar provn to altr th
cours of svr nphritis. Rituximab tratmnt and plasma
xchang hav bn succssful for svr disas according
to svral cas rports, but clinical trials ar lacking. Rapidly
progrssiv disas with crscnt formation on biopsy may
b tratd as in ANCA-associatd vasculitis (s sction
blow). Furthr dtails about Hnoch-Schönlin purpura
ar providd in Chaptr 20.

Maritati F t al. Adult-onst IgA vasculitis (Hnoch-Schönlin):
updat on thrapy. Prss Md. 2020;49:104035. [PMID:
32645417]

4. pauci-Immune Glomeuloneitis
(ANCA-Associated)

Pauci-immun ncrotizing glomrulonphritis is causd
by th following systmic ANCA-associatd small-vssl
vasculitids: granulomatosis with polyangiitis, microscopic
polyangiitis, and osinophilic granulomatosis with polyan-
giitis (formrly Churg-Strauss disas; s Chaptr 20).
ANCA-associatd glomrulonphritis can also prsnt as a
primary rnal lsion without systmic involvmnt; this is
trmd “idiopathic crscntic glomrulonphritis.” Th
pathognsis of ths ntitis appars to involv cytokin-
primd nutrophils prsnting cytoplasmic antigns on
thir surfacs (protinas 3 and myloproxidas). Circu-
lating ANCAs thn bind to ths antigns and activat a
nutrophil rspiratory burst with consqunt vascular
damag; primd nutrophils also appar to activat th
altrnativ complmnt pathway. Putativ nvironmntal
xposurs that may incit th initial rspons includ S aureus

and silica. Immunofluorscnc of kidny biopsy spcimns
dmonstrats lack of immunoglobulin or complmnt
dposition, hnc th trm “pauci-immun.” Rnal involv-
mnt classically prsnts as an RPGN, but mor indolnt
prsntations can b sn.

» Clinical Findings

A. Symptoms and Signs

Symptoms of a systmic inflammatory disas, including
fvr, malais, and wight loss, may b prsnt and usually
prcd initial prsntation by svral months. In addition
to hmaturia and protinuria from glomrular inflamma-
tion, som patints xhibit purpura from drmal capillary
involvmnt and mononuritis multiplx from nrv artrio-
lar involvmnt. Ninty prcnt of patints with granulomato-
sis with polyangiitis hav uppr (spcially sinus) or lowr
rspiratory tract symptoms with nodular lsions that can cavi-
tat and bld. Hmoptysis is a concrning sign and usually
warrants hospitalization and aggrssiv immunosupprssion.

B. Laboratory Findings

Srologically, ANCA subtyp analysis is don to dtrmin
whthr antiprotinas-3 antibodis (PR3-ANCA) or anti-
myloproxidas antibodis (MPO-ANCA) ar prsnt.
Most patints with granulomatosis with polyangiitis ar
PR3 positiv; th rmaindr ar MPO positiv or, mor
rarly, do not dmonstrat circulating ANCA. Microscopic
angiitis is gnrally associatd with MPO ANCA. Rnal
biopsy dmonstrats ncrotizing lsions and crscnts on
light microscopy; immunofluorscnc is ngativ for
immun complx dposition.

» Treatment

Tratmnt should b institutd arly if aggrssiv disas is
prsnt. Induction thrapy of high-dos corticostroids
(mthylprdnisolon, 1–2 g/day intravnously for 3 days,
followd by prdnison, 1 mg/kg orally for 1 month, with a
slow tapr ovr th nxt 6 months) and cytotoxic agnts
(cyclophosphamid, 0.5–1 g/m2 intravnously pr month or
1.5–2 mg/kg orally for 3–6 months) is followd by long-trm
azathioprin or mycophnolat moftil. Rituximab has bn
shown to b noninfrior to cyclophosphamid for induction
and is also usd in rfractory or rlapsing cass and as an
altrnativ to azathioprin for maintnanc of rmission.
Plasma xchang is likly hlpful in conjunction with induc-
tion thrapy for cass complicatd by pulmonary hmor-
rhag. Trials using th complmnt inhibitor avacopan in
plac of glucocorticoids in cyclophosphamid- or rituximab-
basd rgimns ar ongoing and appar promising.

» Prognosis

Without tratmnt, prognosis is xtrmly poor. With
aggrssiv tratmnt, complt rmission can b achivd
in 75% of patints. Prognosis dpnds on th xtnt of
rnal involvmnt bfor tratmnt is startd and may b
wors in thos with PR3-associatd disas. ANCA titrs
may b monitord to follow tratmnt fficacy; rising titrs
may hrald rlaps.
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Gtha D t al. ANCA-associatd vasculitis: Cor Curriculum
2020. Am J Kidny Dis. 2020;75:124. [PMID: 31358311]

Smith RM t al. Rituximab as thrapy to induc rmission aftr
rlaps in ANCA-associatd vasculitis. Ann Rhum Dis.
2020;79:1243. [PMID: 32581088]

Walsh M t al. Plasma xchang and glucocorticoids in svr
ANCA-associatd vasculitis. N Engl J Md. 2020;382:622.
[PMID: 32053298]

5. Anti-Glomeula Basement Membane
Glomeuloneitis & Goodastue Syndome

Autoantibodis to pitops of th GBM caus a glomrulo-
nphritis (anti-GBM disas); concomitant immun attack
on alvolar basmnt mmbrans rsults in pulmonary
hmorrhag as wll (Goodpastur syndrom) (Figur 22–5).
Anti-GBM–associatd glomrulonphritis accounts for
10–20% of patints with acut RPGN. Th incidnc paks
in th third dcad of lif during which tim mals ar
prdominantly affctd and lung involvmnt is mor
common, and again in th sixth and svnth dcads with
lss gndr spcificity and pulmonary involvmnt. Good-
pastur syndrom has bn associatd with pulmonary
infction, tobacco us, and xposur to hydrocarbon sol-
vnts or almtuzumab; HLA-DR2 and -B7 antigns may
prdispos as wll.

» Clinical Findings

A. Symptoms and Signs

Th onst of disas may b prcdd by an uppr rspira-
tory tract infction; hmoptysis, dyspna, and possibl
rspiratory failur may nsu. Othr findings ar consistnt
with an RPGN, although rar cass may prsnt with much
mildr forms of th nphritic spctrum of disas (g, glo-
mrular hmaturia and protinuria with minimal kidny
dysfunction).

B. Laboratory Findings

Chst radiographs may dmonstrat pulmonary infiltrats
if pulmonary hmorrhag is prsnt. Srum complmnt
lvls ar normal. Circulating anti-GBM antibodis ar
prsnt in ovr 90% of patints. A small prcntag of
patints hav lvatd ANCA titrs; ths patints should
b tratd with plasma xchang as for anti-GBM disas.
Kidny biopsy typically shows crscnt formation with
light microscopy, with linar IgG staining along th GBM
with immunofluorscnc.

» Treatment

Patints with pulmonary hmorrhag and strong clinical
suspicion of Goodpastur syndrom should b tratd
mrgntly—possibly prior to confirming th diagnosis
with srology and kidny biopsy. Tratmnt is a combina-
tion of plasma xchang thrapy daily for up to 2 wks to
rmov circulating antibodis, and administration of corti-
costroids and cyclophosphamid to prvnt formation of
nw antibodis and control th inflammatory rspons.
Rituximab has bn usd in a small numbr of patints

with rfractory disas. Patints with oliguric AKI or who
rquir dialysis upon prsntation hav a poor prognosis.
Anti-GBM antibody titrs should dcras as th clinical
cours improvs.

Sglmark M t al. Anti-glomrular basmnt mmbran disas:
an updat on subgroups, pathognsis and thrapis. Nphrol
Dial Transplant. 2019;34(11):1826. [PMID: 30371823]

Umatsu-Uchida M t al. Rituximab in tratmnt of anti-GBM
antibody glomrulonphritis: a cas rport and litratur
rviw. Mdicin (Baltimor). 2019;98:17801. [PMID:
31689860]

6. Membanoolifeative Glomeuloneitis
& C3 Glomeuloaties

MPGN is a rlativly rar pattrn of glomrular injury that
can prsnt anywhr along th nphritic spctrum from
asymptomatic glomrular hmaturia to acut nphritic
syndrom with bouts of gross hmaturia to RPGN;
nphrotic syndrom can also b sn. MPGN is classifid
pathologically and mchanistically into immun complx–
and C3-rlatd disas. Etiologis of immun complx–
mdiatd MPGN includ chronic infction (most
commonly HCV, but also bactrial and parasitic infc-
tions), a paraprotinmia, or an undrlying autoimmun
disas (such as lupus); it can also b idiopathic (spcially
in childrn and young adults). In ths cass, th pathogn-
sis is likly a chronic antignmia lading to classical
complmnt pathway activation with immun complx
dposition; howvr, som cass may rsult from altrna-
tiv complmnt pathway dysrgulation. C3 glomrulopa-
this ar causd by svral inhritd or acquird
abnormalitis in th altrnativ complmnt pathway. Both
typs rsult in low circulating C3 complmnt; C4 is low in
immun complx disas. Light microscopy of both typs
shows varying dgrs of msangial hyprcllularity, ndo-
capillary prolifration and capillary wall rmodling
rsulting in doubl contours of th GBM (“tram track”
apparanc). Immunofluorscnc and lctron micros-
copy provid distinguishing information. Immun
complx–mdiatd MPGN rvals C3 and IgG or IgM
staining (or both) on immunofluorscnc; lctron
microscopy dmonstrats msangial and subpithlial
dposits. C3 glomrulonphritis is distinguishd by lack of
immunoglobulin staining on immunofluorscnc, but can
appar similar to immun complx disas with rspct to
light and lctron microscopy. An additional but rar typ
of C3 glomrular injury is “dns dposit disas” basd on
thick ribbon-lik dposits sn on lctron microscopy.
Togthr, dns dposit disas and C3 glomrulonphritis
ar trmd “C3 glomrulopathis.”

Tratmnt of immun complx MPGN should b
dirctd at any idntifiabl undrlying caus; idiopathic
immun complx disas tratmnt is controvrsial and
controlld trial data ar lacking. For thos with mild dis-
as, ACE inhibitors and ARBs should b usd. For svr
disas, a combination of oral cyclophosphamid or myco-
phnolat moftil plus corticostroids could b considrd;
rituximab is also somtims usd. Thos with RPGN and
crscnts on biopsy may b tratd th sam as thos with
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ANCA-associatd disas providd scondary causs hav
bn ruld out. Dspit thrapy, most will progrss to
ESKD. Tratmnt for th C3 glomrulopathis is in volu-
tion as novl thrapis to targt th dysrgulatd altrnativ
complmnt cascad ar bing xplord; small, uncon-
trolld sris suggst a possibl bnfit of culizumab in
som patints; othrs may rspond to mycophnolat
moftil. Lss favorabl prognostic findings includ dns
dposit disas, arly dclin in GFR, hyprtnsion, and
prsistnt nphrotic syndrom. All typs of MPGN rcur
with high frquncy aftr kidny transplantation; howvr,
dns dposit disas rcurs mor commonly. Plasma
xchang, with or without culizumab, has bn usd with
mixd rsults to trat posttransplant rcurrnc of MPGN.

Fakhouri F t al. Practical managmnt of C3 glomrulopathy
and Ig-mdiatd MPGN: facts and uncrtaintis. Kidny Int.
2020;98:1135. [PMID: 32622830]

7. Cyoglobulin-Associated Glomeuloneitis

Essntial (mixd) cryoglobulinmia is a vasculitis causd
by cold-prcipitabl immunoglobulins (cryoglobulins).
Th most common undrlying tiology is HCV infction;
in ths cass, thr is clonal xpansion of B lymphocyts,
which produc IgM rhumatoid factor. Rhumatoid fac-
tor, HCV antign, and polyclonal anti-HCV IgG form
complxs that dposit in vssls and incit inflamma-
tion. Othr ovrt or occult infctions (g, viral, bactrial,
and fungal) as wll as som autoimmun disass and
lymphoprolifrativ disordrs can caus cryoglobulin-
mic vasculitis.

Patints xhibit purpuric and ncrotizing skin lsions in
dpndnt aras, arthralgias, fvr, and hpatosplnomg-
aly. Srum complmnt lvls ar low and rhumatoid fac-
tor is oftn lvatd. Kidny biopsy may show svral
diffrnt pattrns of injury; thr may b crscnt forma-
tion, glomrular capillary thrombi, or MPGN (s abov).
Tratmnt consists of aggrssivly targting th causativ
infction. Puls corticostroids, plasma xchang, ritux-
imab, and cytotoxic agnts hav bn usd whn thr is
littl risk of xacrbating th undrlying infction or whn
no infction is prsnt. S also Hpatitis C Virus–Associatd
Kidny Disas.

Kolopp-Sarda MN t al. Cryoglobulinmic vasculitis: patho-
physiological mchanisms and diagnosis. Curr Opin Rhu-
matol. 2021;33:1. [PMID: 33186245]

8. heatitis C Vius–Associated Kidney Disease

Kidny disas can occur in th stting of HCV infction.
Th thr pattrns of kidny injury associatd with HCV
ar scondary MPGN (most common), cryoglobulinmic
glomrulonphritis, and mmbranous nphropathy. Th
clinical prsntation is dictatd by th undrlying pattrn
of injury. Many patints hav lvatd srum transami-
nass and an lvatd rhumatoid factor. Hypocompl-
mntmia is vry common, with C4 typically mor rducd
than C3; complmnt lvls and rhumatoid factor tnd to
b normal if thr is a mmbranous pattrn of injury.

» Treatment

Viral supprssion or radication is th cornrston of trat-
mnt of HCV–associatd kidny disas (s Chaptr 16).
Us of most dirct-acting antiviral agnts appars to b saf
in thos with rducd GFR, with th xcption of sofosbu-
vir. Thrapy with rituximab and possibly corticostroids
and plasmaphrsis should b initiatd in patints with
svr vasculitis prior to th initiation of antiviral thrapy.

Comarmond C t al. Tratmnt of chronic hpatitis C–associatd
cryoglobulinmia vasculitis at th ra of dirct-acting antivi-
rals. Thrap Adv Gastrontrol. 2020;13:1756284820942617.
[PMID: 32782479]

Roth D t al. KDOQI US commntary on th 2018 KDIGO clini-
cal practic guidlin for th prvntion, diagnosis, valua-
tion, and tratmnt of hpatitis C. Am J Kidny Dis. 2020;75:
665. [PMID: 32279907]

9. Systemic Luus Eytematosus

Rnal involvmnt occurs in 35–90% of patints who hav
SLE, with highr stimats ncompassing subclinical dis-
as. Rats of lupus nphritis ar highst in non-Whits.
Th pathognsis may b dysrgulatd cllular apoptosis
rsulting in autoantibodis against nuclosoms; antibody/
nuclosom complxs thn bind to componnts of th
glomrulus to form immun complx glomrular disas.
S Chaptr 20 for furthr discussion of SLE.

Th trm “lupus nphritis” ncompasss many possibl
pattrns of rnal injury—most cass prsnt within th
nphritic spctrum (class I–IV). Nonglomrular syn-
droms includ tubulointrstitial nphritis and vasculitis.
All patints with SLE should hav routin urinalyss to
monitor for th apparanc of hmaturia or protinuria. If
urinary abnormalitis ar dtctd, kidny biopsy is oftn
prformd. Th Intrnational Socity of Nphrology and
Rnal Pathology Socity classification of rnal glomrular
lsions is class I, minimal msangial nphritis; class II,
msangial prolifrativ nphritis; class III, focal (lss than
50% of glomruli affctd with capillary involvmnt) pro-
lifrativ nphritis; class IV, diffus (gratr than 50% of
glomruli affctd with capillary involvmnt) prolifrativ
nphritis; class V, mmbranous nphropathy; and class VI,
advancd sclrosis without rsidual disas activity. Classs
III and IV, th most svr forms of lupus nphritis, ar
furthr classifid as activ or chronic, and global or sg-
mntal, which confrs additional prognostic valu.

» Treatment

Individuals with class I and class II lesions gnrally
rquir no tratmnt; corticostroids or calcinurin inhibi-
tors should b considrd for thos with class II lsions
with nphrotic-rang protinuria. Transformation of ths
typs to a mor activ lsion may occur and is usually
accompanid by an incras in lupus srologic activity (g,
rising titrs of anti–doubl-strandd DNA antibodis and
falling C3 and C4 lvls) and incrasing protinuria or fall-
ing GFR. Rpat biopsy in such patints is rcommndd.
Hydroxychloroquin should b considrd for all patints
with lupus nphritis, rgardlss of histological class.
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Patints with xtnsiv class III lesions and all class IV
lesions should rciv aggrssiv immunosupprssiv
thrapy. Poor prognostic indicators in patints with class
III or IV lsions includ lvatd srum cratinin, lowr
complmnt lvls, mal sx, prsnc of antiphospholipid
antibodis, nphrotic-rang protinuria, African dscnt
(possibly in association with APOL1 risk allls), and poor
rspons to thrapy. Immunosupprssiv thrapy for class V
lupus nphritis is indicatd if suprimposd prolifrativ
lsions xist. Class VI lsions should not b tratd.

Tratmnt of class III or IV lupus nphritis consists of
induction thrapy, followd by maintnanc thrapy.
Induction thrapy includs corticostroids (g, mthyl-
prdnisolon 1 g intravnously daily for 3 days followd by
prdnison, 1 mg/kg orally daily with subsqunt tapr
ovr 6–12 months) in combination with ithr cyclophos-
phamid or mycophnolat moftil. Data suggst that
Blacks and Hispanics rspond mor favorably to mycoph-
nolat moftil than cyclophosphamid; in addition, myco-
phnolat moftil has a mor favorabl sid-ffct profil
than cyclophosphamid and should b favord whn prs-
rvation of frtility is a considration. Mycophnolat
moftil induction is typically givn at 2–3 g orally daily,
thn taprd to 1–2 g/day for maintnanc. Cyclophospha-
mid induction rgimns vary but usually involv monthly
intravnous puls doss (500–1000 mg/m2) for 6 months.
Induction is followd by daily oral mycophnolat moftil
or azathioprin maintnanc thrapy; mycophnolat
moftil may b suprior to azathioprin maintnanc and
causs fw advrs ffcts. Maintnanc with calcinurin
inhibitors may also b considrd, but th rlaps rat is
high upon discontinuation of ths agnts. With standard
thrapy, rmission rats with induction vary from 80% for
partial rmission to 50–60% for full rmission; it may tak
mor than 6 months to s ths ffcts. Rlaps is com-
mon and rats of disas flar ar highr in thos who do
not xprinc complt rmission; similarly, progrssion
to ESKD is mor common in thos who rlaps mor fr-
quntly, or in whom no rmission has bn achivd. Th
us of add-on B-cll-targtd thrapy with rituximab or
blimumab for class III, IV, and/or V disas may b con-
sidrd. Pur class V disas is tratd with mycophnolat
moftil with or without rituximab.

Th lvls of various disas activity markrs (doubl-
strandd DNA antibodis, srum C3, C4, CH

50
lvls) and

th urinary protin lvls and sdimnt activity can b us-
ful in monitoring rspons to tratmnt; howvr, rpat
rnal biopsy yilds mor rliabl information rgarding
disas activity and may b usd to guid maintnanc
thrapy withdrawal. Patints with SLE who undrgo dialy-
sis hav a favorabl prospct for long-trm survival; intr-
stingly, systmic lupus symptoms may bcom quiscnt
with th dvlopmnt of ESKD. Patints with SLE undr-
going kidny transplants can hav rcurrnt rnal disas,
although rats ar rlativly low.

Fanouriakis A t al. 2019 updat of th Joint Europan Lagu
Against Rhumatism and Europan Dialysis and Transplant
Association (EULAR/ERA-EDTA) rcommndations for th
managmnt of lupus nphritis. Ann Rhum Dis. 2020;79:713.
[PMID: 32220834]

Furi R t al. Two-yar, randomizd, controlld trial of blimumab in
lupus nphritis. N Engl J Md. 2020;383:1117. [PMID: 32937045]

Parikh SV t al. Updat on lupus nphritis: Cor Curriculum
2020. Am J Kidny Dis. 2020;76:265. [PMID: 32220510]

NEPHROTIC SPECTRUM
GLOMERULAR DISEASES

E S S E N T I A L S  O F  D I A G N O S I S

» Proteinuria with bland urine sediment (few if any
cells or cellular casts).

» Nephrotic syndrome (if present) manifestations:

– Nephrotic-range proteinuria (urine protein
excretion > 3 g per 24 hours).

–Hypoalbuminemia (albumin < 3 g/dL).

–Peripheral edema.

–Hyperlipidemia.

–Oval fat bodies may be seen in the urine.

» General Considerations

In Amrican adults, th most common caus of nphrotic
spctrum glomrular disas is diabts mllitus. Othr
causs includ minimal chang disas, FSGS, mmbra-
nous nphropathy, and amyloidosis. Any of ths ntitis
can prsnt on th lss svr nd of th nphrotic spc-
trum with a bland urinalysis and protinuria or on th
most svr nd of th full nphrotic syndrom. Srum
cratinin may b abnormal at th tim of prsntation,
dpnding on th svrity and chronicity of th disas.

» Clinical Findings

A. Symptoms and Signs

Patints with subnphrotic rang protinuria do not mani-
fst symptoms of kidny disas. In thos with th
nphrotic syndrom, priphral dma is prsnt—most
likly du both to sodium rtntion and hypoalbuminmia-
inducd low plasma oncotic prssur. Edma may dvlop
solly in dpndnt rgions, such as th lowr xtrmitis,
or it may bcom gnralizd and includ priorbital
dma. Dyspna du to pulmonary dma, plural ffu-
sions, and diaphragmatic compromis du to ascits can
occur.

B. Laboratory Findings

1. Urinalysis—Protinuria occurs as a rsult of podocyto-
pathy and variabl altrations of th GBM. Th urin dip-
stick is a good scrning tst for albuminuria; if positiv,
urinary protin xcrtion should b quantifid (s arlir
Protinuria sction). A spot urin protin to urin crati-
nin ratio givs a rasonabl approximation of grams of
protin xcrtd pr day; a 24-hour urin sampl for pro-
tin xcrtion is rarly ndd.

CMDT22_Ch22_p0912-p0951.indd 940 02/07/21 2:33 PM



KIDNEY DISEASE 941CMDT 2022

Microscopically, th urinary sdimnt has rlativly fw
cllular lmnts or casts. Howvr, if markd hyprlipid-
mia is prsnt, urinary oval fat bodis may b sn. Thy
appar as “grap clustrs” undr light microscopy and
“Malts crosss” undr polarizd light.

2. Blood chemistries—Th nphrotic syndrom rsults in
hypoalbuminmia (lss than 3 g/dL [30 g/L]). Hyprlipid-
mia, du both falling oncotic prssur triggring incrasd
hpatic production of lipids and to dcrasd claranc of
vry low-dnsity lipoprotins causing hyprtriglycrid-
mia, occurs in ovr 50% of patints with arly nphrotic
syndrom, and bcoms mor frqunt and worsns in
dgr as th svrity of th nphrotic syndrom incrass.
An lvatd rythrocyt sdimntation rat may b sn as
a rsult of incrasd lvls of fibrinogn. Havy urinary
xcrtion of binding protins may rsult in dficincis of
vitamin D, zinc, and coppr.

Laboratory tsting to hlp lucidat th undrlying caus
of th glomrular disas includs complmnt lvls, srum
and urin protin lctrophorsis, srum fr light chains,
antinuclar antibodis, PLA

2
R antibody titrs, HbA

1c
, and

srologic tsting for hpatitis B and C, HIV, and syphilis.

3. Kidney biopsy—Kidny biopsy is oftn prformd in
adults with nw-onst idiopathic nphrotic syndrom if a
primary rnal disas that may rquir immunosupprssiv
thrapy is suspctd. Chronically and significantly dcrasd
GFR indicats irrvrsibl kidny disas mitigating th
usfulnss of kidny biopsy. In th stting of long-standing
diabts mllitus typ 1 or 2, protinuric rnal disas is
rarly biopsid unlss atypical faturs (such as significant
glomrular hmaturia or cllular casts) ar also prsnt, or if
thr is othr rason to suspct an additional rnal lsion.

» Treatment

A. Protein Loss

In thos with subnphrotic protinuria, ditary protin
rstriction may b hlpful in slowing progrssion of kidny
disas (s CKD sction).

In both diabtic and nondiabtic patints, anti-protin-
uric thrapy should also slow progrssion of kidny dis-
as. ACE inhibitors and ARBs rduc urin protin
xcrtion by dcrasing glomrular capillary prssur and
also hav antifibrotic ffcts. Thy can b usd in patints
with rducd GFR as long as significant hyprkalmia
(potassium gratr than 5.2–5.5 mEq/L or mmol/L) dos
not occur and srum cratinin riss lss than 30% aftr
drug initiation or dos titration; patints should b moni-
tord closly to avoid AKI and hyprkalmia. Combination
thrapy of an ARB and an ACE inhibitor incrass risk for
AKI and hyprkalmia and is not rcommndd.

B. Edema

Ditary salt rstriction is ssntial for managing dma;
most patints also rquir diurtic thrapy. A combination
of loop and thiazid diurtics may b ndd for rfractory
fluid rtntion. Both thiazid and loop diurtics ar highly
protin bound; thrfor, with hypoalbuminmia and
dcrasd GFR, diurtic dlivry to th kidny is rducd
and largr doss oftn ar rquird.

C. Hyperlipidemia

Hyprcholstrolmia and hyprtriglycridmia occur as
notd abov. Ditary modification and xrcis should b
advocatd; howvr, ffctiv lipid-lowring usually also
rquirs pharmacologic tratmnt (s Chaptr 28). Thr
is significant risk of rhabdomyolysis in patints with CKD
who tak gmfibrozil in combination with statins; combin-
ing fnofibrat or niacin with a statin is prfrrd.

D. Hypercoagulable State

Patints with nphrotic syndrom hav urinary losss of
antithrombin, protin C, and protin S and incrasd plat-
lt activation. Patints with srum albumin lss than 2 g/dL
(20 g/L) hav considrabl risk for thrombophilia and may
dvlop rnal vin thrombosis, pulmonary mbolus, and
othr vnous thrombomboli; this is particularly likly with
mmbranous nphropathy. Anticoagulation thrapy with
warfarin is warrantd for at last 3–6 months in patints
with vidnc of thrombosis in any location and may b
rquird indfinitly for rnal vin thrombosis, pulmonary
mbolus, rcurrnt thrombomboli or whn ongoing
nphrotic syndrom poss a risk of thrombosis rcurrnc.

» When to Refer

Any patint with th nphrotic syndrom should b
rfrrd immdiatly to a nphrologist for volum and
blood prssur managmnt, assssmnt for kidny biopsy,
and tratmnt of th undrlying disas. Protinuria of
mor than 1 g/24 hours without th nphrotic syndrom
also mrits nphrology rfrral, though with lss urgncy.

» When to Admit

Patints with dma rfractory to outpatint thrapy or
rapidly worsning kidny function that may rquir inpa-
tint intrvntions should b admittd.

Böknkamp A. Protinuria—tak a closr look! Pdiatr Nphrol.
2020;35:533. [PMID: 31925536]

Politano SA t al. Nphrotic syndrom. Prim Car. 2020;47:597.
[PMID: 33121631]

Wang CS t al. Nphrotic syndrom. Pdiatr Clin North Am.
2019;66:73. [PMID: 30454752]

º
NEphrOTIC SpECTrUM DISEASE
IN prIMArY rENAL DISOrDErS

MINIMAL CHANGE DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Nephrotic-range proteinuria.

» Kidney biopsy shows no changes on light
microscopy.

» Characteristic foot-process effacement on electron
microscopy.
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» General Considerations

Minimal chang disas is th most common caus of pro-
tinuric rnal disas in childrn, accounting for about
80% of cass. It oftn rmits upon tratmnt with a cours
of corticostroids. Indd, childrn with nphrotic syn-
drom ar oftn tratd for minimal chang disas mpir-
ically without a biopsy diagnosis. Minimal chang disas
is lss common in adults, accounting for 20–25% of cass
of primary nphrotic syndrom in thos ovr ag 40 yars.
This ntity can b idiopathic but also occurs following viral
uppr rspiratory infctions (spcially in childrn), in
association with noplasms such as Hodgkin disas, with
drugs (lithium), and with hyprsnsitivity ractions (sp-
cially to NSAIDs and b stings).

» Clinical Findings

A. Symptoms and Signs

Patints prsnt with nphrotic syndrom, which confrs
suscptibility to infction, tndncy toward thrombom-
bolic vnts, svr hyprlipidmia, and possibly protin
malnutrition. Minimal chang disas can caus AKI du
to rnal tubular damag and intrstitial dma.

B. Laboratory and Histologic Findings

Thr is no hlpful srologic tsting. Biopsy should b consid-
rd for childrn with nphrotic syndrom who xhibit
unusual faturs (such as signs of othr systmic illnss), or
who ar stroid-rsistant or rlaps upon withdrawal of corti-
costroid thrapy; th lattr two conditions may indicat an
undrlying focal and sgmntal glomrulosclrosis rathr
than minimal chang disas. Whn kidny biopsy is pr-
formd, glomruli appar normal on light microscopy and
immunofluorscnc. On lctron microscopy, thr is a
charactristic ffacmnt of podocyt foot procsss. Msan-
gial cll prolifration may b sn in a subgroup of patints;
this finding is associatd with mor hmaturia and hyprtn-
sion and poor rspons to standard corticostroid tratmnt.

» Treatment

Tratmnt is with prdnison, 60 mg/m2/day orally; rmis-
sion in stroid-rsponsiv minimal chang disas gnr-
ally occurs within 4–8 wks. Adults oftn rquir longr
courss of thrapy than childrn, rquiring up to 16 wks
to achiv a rspons. Tratmnt should b continud for
svral wks aftr complt rmission of protinuria, and
dosing taprs should b individualizd. A significant num-
br of patints will rlaps and rquir rpatd corticost-
roid tratmnt. Patints with frqunt rlapss or
corticostroid rsistanc may rquir cyclophosphamid, a
calcinurin inhibitor (tacrolimus, cyclosporin), or ritux-
imab to induc subsqunt rmissions. Progrssion to
ESKD is rar. Complications most oftn aris from pro-
longd corticostroid us.

Mdjral-Thomas NR t al. Randomizd, controlld trial of tacro-
limus and prdnisolon monothrapy for adults with de novo
minimal chang disas: a multicntr, randomizd, controlld
trial. Clin J Am Soc Nphrol. 2020;15:209. [PMID: 31953303]

FOCAL SEGMENTAL GLOMERULOSCLEROSIS

» General Considerations

This rlativly common rnal pattrn of injury rsults from
damag to podocyts; such damag may b a primary/
rnal-limitd disordr or may b scondary to anothr
undrlying disas stat. Primary causs fall into thr cat-
goris: (1) hritabl abnormalitis in any on of svral
podocyt protins, or to undrlying typ 4 collagn muta-
tions; (2) polymorphisms in th APOL1 gn in thos of
African ancstry; or (3) incrasd lvls of a circulating
prmability factor. Scondary causs includ rnal ovr-
work injury, obsity, hyprtnsion, chronic urinary rflux,
HIV or SARS-CoV-2 infction, or analgsic or bisphospho-
nat xposur. Gntic tsting in primary cass is bcoming
mor common, spcially in th pdiatric population.

» Clinical Findings

In FSGS causd by a primary kidny disas, 80% of chil-
drn and 50% of adults hav ovrt nphrotic syndrom;
howvr, whn it dvlops du to a scondary caus, frank
nphrotic syndrom is uncommon. Dcrasd GFR is prs-
nt in 25–50% of thos with FSGS at tim of diagnosis.

Diagnosis rquirs kidny biopsy; thr is no hlpful
srologic tst. Light microscopy shows sclrosis of sg-
mnts of som, but not all, glomruli. On immunofluors-
cnc, IgM and C3 ar sn in th sclrotic lsions,
although it is prsumd that ths immun componnts ar
simply trappd in th sclrotic glomruli and not pathog-
ntic. As in minimal chang disas, lctron microscopy
shows fusion of pithlial foot procsss.

» Treatment

Tratmnt for all forms of FSGS includs diurtics for
dma, ACE inhibitors or ARBs to control protinuria and
hyprtnsion, and statins or niacin for hyprlipidmia.
Immunosupprssion thrapy (oral prdnison, 1 mg/kg/
day for 4–16 wks followd by a slow tapr) is rsrvd for
nphrotic primary FSGS cass prsumd to b du to a
circulating prmability factor; in thos with stroid-
rsistanc or intolranc, calcinurin inhibitors and myco-
phnolat moftil can b considrd. Kidny transplantation
in this subgroup of FSGS patints is complicatd by a rla-
tivly high rlaps rat and risk of graft loss. Thos with
APOL1-associatd and nonhrditary primary rnal dis-
as may not bnfit from immunosupprssion, although
robust clinical trials ar lacking. Patints with scondary
FSGS do not bnfit from immunosupprssiv thrapy;
tratmnt should b dirctd at th inciting caus.

Ahn W t al. Approach to diagnosis and managmnt of primary
glomrular disass du to podocytopathis in adults: Cor
Curriculum 2020. Am J Kidny Dis. 2020;75:955. [PMID:
32331832]

Andrs HJ t al. SGLT2 inhibition rquirs rconsidration of
fundamntal paradigms in chronic kidny disas, ‘diabtic
nphropathy’, IgA nphropathy and podocytopathis with
FSGS lsions. Nphrol Dial Transplant. 2020. [Epub ahad of
print] [PMID: 33313878]
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Shabaka A t al. Focal sgmntal glomrulosclrosis: stat-of-
th-art and clinical prspctiv. Nphron. 2020;144:413.
[PMID: 32721952]

MEMBRANOUS NEPHROPATHY

E S S E N T I A L S  O F  D I A G N O S I S

» Varying degrees of proteinuria.

» Most common cause of primary adult nephrotic
syndrome.

» Significant risk for hypercoagulable state if
nephrotic syndrome present.

» “Spike and dome” pattern on kidney biopsy from
subepithelial deposits.

» Secondary causes include hepatitis B virus and
carcinomas.

» General Considerations

Mmbranous nphropathy is th most common caus of
primary nphrotic syndrom in adults, most oftn prsnting
in th fifth and sixth dcads. Primary mmbranous
nphropathy is an autoimmun disas with ractivity against
svral possibl podocyt antigns. Scondary disas is
associatd with infctions, such as hpatitis B and C, ndo-
carditis, and syphilis; undrlying carcinomas (som of ths
cass may also involv autoimmunity to THSD7A); autoim-
mun disas, such as SLE, mixd connctiv tissu disas,
and thyroiditis; and crtain drugs, such as NSAIDs and cap-
topril. Th cours of primary disas is highly variabl, with
spontanous rmission in approximatly 30% of patints and
progrssion to ESKD ovr 3–10 yars in 50%. Poorr out-
com is associatd with concomitant tubulointrstitial fibro-
sis, mal sx, lvatd srum cratinin on prsntation,
hyprtnsion, and protinuria gratr than 10 g/day.

Patints with mmbranous nphropathy and nphrotic
syndrom hav a highr risk of hyprcoagulabl stat with
thrombosis than nphrosis from othr tiologis, including
a particular prdisposition to rnal vin thrombosis.

» Clinical Findings

A. Symptoms and Signs

Patints may b asymptomatic or may hav dma or frothy
urin. Symptomatic vnous thrombosis may b an initial
sign. Thr may b symptoms or signs of an undrlying
infction or noplasm (spcially lung, stomach, brast, and
colon cancrs) in scondary mmbranous nphropathy.

B. Laboratory Findings

Hypoalbuminmia and hyprlipidmia ar charactristic
laboratory findings in th nphrotic syndrom. Evaluation
for scondary causs including srologic tsting for SLE,
syphilis, and viral hpatitids, and ag- and risk-appropri-
at cancr scrning should b prformd. Elvatd titr of

circulating PLA
2
R antibodis is now considrd diagnostic

for primary mmbranous nphropathy and may liminat
th nd for kidny biopsy. Kidny biopsy findings in
mmbranous nphropathy includ incrasd capillary wall
thicknss without inflammatory changs or cllular prolif-
ration; whn staind with silvr mthnamin, a “spik
and dom” pattrn rsults from projctions of xcss GBM
btwn th subpithlial immun complx dposits.
Immunofluorscnc shows IgG and C3 staining along
capillary loops. Elctron microscopy shows a discontinu-
ous pattrn of dns dposits along th subpithlial sur-
fac of th basmnt mmbran.

» Treatment

Scondary causs must b considrd prior to considr-
ation of tratmnt. Primary disas tratmnt dpnds on
th risk of rnal disas progrssion. Roughly 30% of
patints prsnt with subnphrotic protinuria (lss than
3 g/day) and most hav a good prognosis with consrvativ
managmnt, including antiprotinuric thrapy with
ACE inhibitor or ARB if blood prssur is gratr than
125/75 mm Hg. Spontanous rmission may dvlop vn
in thos with havy protinuria (about 30% of cass). Thus,
us of immunosupprssiv agnts should b limitd to
thos at highst risk for progrssion and with salvagabl
rnal function. Patints with nphrotic syndrom dspit
6 months of consrvativ managmnt and srum crati-
nin lss than 3.0 mg/dL (265 mcmol/L) may lct thrapy
with rituximab or with corticostroids and cyclophospha-
mid for 6 months. Calcinurin inhibitors with or without
corticostroids may b considrd as wll. Rduction in
protinuria may tak up to 6 months, spcially with
rituximab-basd rgimns. Patints with primary mmbra-
nous nphropathy ar xcllnt candidats for transplant.

Frvnza FC t al; MENTOR Invstigators. Rituximab or cyclo-
sporin in th tratmnt of mmbranous nphropathy. N Engl
J Md. 2019;381:36. [PMID: 31269364]

Safar-Bouri L t al. Mmbranous nphropathy: diagnosis, trat-
mnt, and monitoring in th post-PLA2R ra. Pdiatr
Nphrol. 2021;36:19. [PMID: 31811540]

Trujillo H t al. Nw ways of undrstanding mmbranous
nphropathy. Nphron. 2020;144:261. [PMID: 32229730]

º
NEphrOTIC SpECTrUM DISEASE FrOM
SYSTEMIC DISOrDErS

DIABETIC NEPHROPATHY

E S S E N T I A L S  O F  D I A G N O S I S

» Evidence of diabetes mellitus, typically over
10 years.

» Albuminuria usually precedes decline in GFR.

» Other end-organ damage, such as retinopathy, is
common.
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» General Considerations

Diabtic nphropathy is th most common caus of ESKD
in th Unitd Stats. Th incidnc is approximatly 30% in
both typ 1 and typ 2 diabts mllitus. ESKD is much
mor likly to dvlop in prsons with typ 1 diabts ml-
litus, in part du to fwr comorbiditis and daths bfor
ESKD nsus. With th currnt pidmic of obsity and typ
2 diabts mllitus, rats of diabtic nphropathy will con-
tinu to incras. Patints at highr risk includ mals,
African Amricans, Nativ Amricans, and thos with a family
history of kidny disas. Mortality rats ar highr for diabt-
ics with kidny disas compard to thos without CKD.

» Clinical Findings

Diabtic nphropathy dvlops about 10 yars aftr th
onst of diabts mllitus. It may b prsnt at th tim
typ 2 diabts mllitus is diagnosd. Th first stag of clas-
sic diabtic nphropathy is hyprfiltration with an incras
in GFR, followd by th dvlopmnt of microalbuminuria
(30–300 mg/day). With progrssion, albuminuria incrass
to gratr than 300 mg/day and can b dtctd on a urin
dipstick as ovrt protinuria; th GFR subsquntly
dclins ovr tim. Yarly scrning for microalbuminuria
is rcommndd for all diabtic patints to dtct disas at
its arlist stag; howvr, diabtic nphropathy can, lss
commonly prsnt as nonprotinuric CKD.

Th most common lsion in diabtic nphropathy is
diffus glomrulosclrosis, but nodular glomrulosclrosis
(Kimmlstil-Wilson noduls) is pathognomonic. Th
kidnys ar usually nlargd. Kidny biopsy is not rquird
in most patints unlss atypical findings ar prsnt, such
as suddn onst of protinuria, nphritic spctrum faturs
(s abov), massiv protinuria (gratr than 10 g/day),
urinary cllular casts, or rapid dclin in GFR.

Patints with diabts ar pron to othr rnal disass.
Ths includ papillary ncrosis, chronic intrstitial nphri-
tis, and typ 4 (hyporninmic hypoaldostronmic) rnal
tubular acidosis. Patints ar mor suscptibl to AKI from
many insults, including intravnous contrast matrial and
concomitant us of an ACE inhibitor or ARB with NSAID.

» Treatment

With th onst of microalbuminuria, aggrssiv tratmnt
is ncssary. Strict glycmic control should b mphasizd
arly in diabtic nphropathy, with rcognition of risk of
hypoglycmia as CKD bcoms advancd (s CKD sc-
tion). Rcommndd blood prssur goals should b tai-
lord to th individual patint: basd on th ACCORD
trial, thos with microalbuminuria (30–300 mg/day) and
prsrvd GFR and thos with significant CVD likly
driv littl bnfit from blood prssur lowring much
blow 140/90 mm Hg, although th 2017 guidlins from
th Amrican Hart Association advocat tratmnt to
130/80 mm Hg or lss. Thos with ovrt protinuria (sp-
cially mor than 1 g/day) bnfit from a goal of lss than
130/80 mm Hg. ACE inhibitors and ARBs in thos with
microalbuminuria lowr th rat of progrssion to ovrt
protinuria and slow progrssion to ESKD by rducing
intraglomrular prssur and via antifibrotic ffcts; ths

agnts ar not absolutly indicatd in diabtic patints
without albuminuria. Diabtic patints, spcially with
advancd CKD, ar at rlativly high risk for AKI and
hyprkalmia with inhibition of th rnin-angiotnsin sys-
tm, so monitoring for hyprkalmia or a dclin in GFR
mor than 30% within ~2 wks of th initiation or uptitra-
tion of this thrapy is prudnt, with dos rduction or dis-
continuation of thrapy if ths complications ar
ncountrd. Combination ARB and ACE inhibitor therapy
is not recommended due to lack of efficacy and increased
adverse events of hyperkalemia and AKI. In addition to
thir cardioprotctiv ffcts, th SGLT inhibitors, includ-
ing canagliflozin, mpagliflozin, and dapagliflozin, slow
progrssion of diabtic nphropathy; thir us is limitd to
thos with typ 2 diabts mllitus with GFR gratr than
30 mL/min/1.73 m2. Us of ths agnts may rquir
rduction in diurtic dosing in thos patints rquiring
natriursis. Tratmnt of othr cardiovascular risk factors
and obsity is crucial. Many with diabts hav multipl
comorbid conditions; thrfor, in patints with ESKD
who progrss to dialysis, mortality ovr th first 5 yars is
high. Patints who ar rlativly halthy, howvr, bnfit
from rnal transplantation.

Bakris G. Stmming th progrssion of diabtic kidny disas:
th rol of th primary car clinician. J Fam Prac. 2020;69:S81.
[PMID: 33104113]

D Bor IH t al. Excutiv summary of th 2020 KDIGO Diab-
ts Managmnt in CKD Guidlin: vidnc-basd advancs
in monitoring and tratmnt. Kidny Int. 2020;98:839. [PMID:
32653403]

Li J t al. Dcision algorithm for prscribing SGLT2 inhibitors
and GLP-1 rcptor agonists for diabtic kidny disas. Clin
J Am Soc Nphrol. 2020;15:1678. [PMID: 32518100]

Tuttl KR t al. SLGT2 inhibition for CKD and cardiovascular
disas in typ 2 diabts: rport of a scintific workshop
sponsord by th National Kidny Foundation. Am J Kidny
Dis. 2021;77:94. [PMID: 33121838]

HIV-ASSOCIATED NEPHROPATHY

HIV-associatd nphropathy usually prsnts with
nphrotic syndrom and dclining GFR in patints with
activ HIV infction. Most who prsnt with HIV-associatd
nphropathy ar of African dscnt with APOL1 risk allls
(s sction on Focal Sgmntal Glomrulosclrosis). HIV-
associatd nphropathy is usually associatd with low CD4
counts and AIDS, but it can also b th initial prsntation
of HIV disas. Prsons living with HIV ar at risk for othr
kidny disass, such as toxicity from antirtroviral mdica-
tions (g, tnofovir disoproxil fumarat), vascular disas,
and diabts, or an immun complx–mdiatd glomrular
disas (HIV-immun complx disas).

Classic HIV-associatd nphropathy is charactrizd by
an FSGS pattrn of injury with glomrular collaps; svr
tubulointrstitial damag may also b prsnt.

HIV-associatd nphropathy is lss common in th ra
of HIV scrning and mor ffctiv antirtroviral thrapy.
Small, uncontrolld studis hav shown that antirtroviral
thrapy slows progrssion of disas. ACE inhibitors or
ARBs can b usd to control blood prssur and protin-
uria. Kidny biopsy is ncssary for diagnosis and to rul
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out othr causs of kidny dysfunction. Patints who prog-
rss to ESKD and ar othrwis halthy ar good candi-
dats for kidny transplantation.

Hamzah L t al. Optimizing antirtroviral rgimns in chronic kid-
ny disas. Curr Opin Infct Dis. 2019;32:1. [PMID: 30461453]

Naickr S. HIV/AIDS and chronic kidny disas. Clin Nphrol.
2020;93:87. [PMID: 31397267]

RENAL AMYLOIDOSIS

Amyloidosis is a rlativly rar caus of nphrotic syndrom.
It is causd by tissu dposition of an ovrproducd and
abnormally foldd protin (amyloid). Svral diffrnt pro-
tins can form amyloid fibrils with rnal dposition. Primary
amyloidosis, or AL amyloidosis, is th most common form
and is du to a plasma cll dyscrasia causing ovrproduction
and dposition of monoclonal Ig light chains (s Chaptr 13).
Scondary amyloidosis, or AA amyloidosis, can rarly occur
in chronic inflammatory disas such as rhumatoid arthri-
tis, inflammatory bowl disas, or chronic infction; in
ths cass, thr is dposition of an acut phas ractant,
srum amyloid A protin. Othr lss common forms of amy-
loidosis may also b ncountrd.

Protinuria, dcrasd GFR, and nphrotic syndrom
ar prsnting symptoms and signs of rnal involvmnt in
amyloidosis; vidnc of othr organ involvmnt, such as
th hart, is common. Srum and urin protin lctropho-
rsis should b don as scrning tsts; if a monoclonal
spik is found on ithr, srum fr light chains should b
quantifid and th kappa:lambda ratio assssd. Amyloid-
affctd kidnys ar oftn largr than 10 cm. Pathologi-
cally, glomruli ar filld with amorphous dposits that
show grn birfringnc with Congo rd staining.

AL amyloidosis progrsss to ESKD in an avrag of
2–3 yars. Fiv-yar ovrall survival is lss than 20%, with
wors prognosis in thos with advancd cardiac involv-
mnt. Standard tratmnt is a combination of mlphalan,
corticostroids, and th protosom inhibitor bortzomib;
addition of daratumumab shows promis. Mlphalan and
autologous stm cll transplantation ar associatd with a
high (45%) mortality rat but can induc rmission in 80%
of survivors; howvr, fw patints ar ligibl for this
tratmnt. In AA amyloidosis, rmission can occur if th
undrlying disas is succssfully tratd. Rnal transplan-
tation is an option.

Hogan JJ t al. Dysprotinmia and th kidny: Cor Curriculum
2019. Am J Kidny Dis. 2019;74:822. [PMID: 31331759]

Mn P t al. Monoclonal gammopathis of rnal significanc:
rnal biopsy and byond. Cancrs (Basl). 2020;12:1741.
[PMID: 32629844]

Palladini G t al. Managmnt of AL amyloidosis in 2020. Hma-
tology Am Soc Hmatol Educ Program. 2020;2020:363.
[PMID: 33275753]

º
TUBULOINTErSTITIAL DISEASES

Tubulointrstitial disas may b acut or chronic. Acut
disas is most commonly associatd with mdications,
infctious agnts, and systmic rhumatologic disordrs.

Intrstitial dma, infiltration with polymorphonuclar
nutrophils, and accompanying ATN can b sn. (S
Acut Kidny Injury, abov, and Tabl 22–9.) Chronic dis-
as is associatd with insults from an acut factor or pro-
grssiv insults without any obvious acut caus. Intrstitial
fibrosis and tubular atrophy ar prsnt, with a mononu-
clar cll prdominanc. Th chronic disordrs ar
dscribd blow.

CHRONIC TUBULOINTERSTITIAL DISEASES

E S S E N T I A L S  O F  D I A G N O S I S

» Kidney size is small and contracted.

» Decreased urinary concentrating ability.

» Hyperchloremic metabolic acidosis.

» Reduced GFR.

Table 22–9. Causes of acute tubulointerstitial nephritis
(abbreviated list).

Dug reactions

Antibiotics

Beta-lactam antibiotics: methicillin, penicillin, ampicillin,

cephalosporins

Ciprofloxacin

Erythromycin

Sulfonamides (trimethoprim-sulfamethoxazole, loop and

thiazide diuretics)

Tetracycline

Vancomycin

Ethambutol

Rifampin

Nonsteoidal anti-inflammatoy dugs

Diuetics

Thiazides

Furosemide

Ote

Allopurinol

Cimetidine

Phenytoin

Proton pump inhibitors

Systemic Infections

Bacteia

Streptococcus

Corynebacterium diphtheriae

Legionella

Viuses

Epstein-Barr

Ote

Mycoplasma

Rickettsia rickettsii

Leptospira icterohaemorrhagiae

Toxoplasma

Idioatic

Tubulointerstitial nephritis-uveitis
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» General Considerations

Th most common caus of chronic tubulointrstitial disas
is obstructive uropathy, which may rsult from prolongd
or rcurrnt obstruction. Th major causs ar prostat dis-
as in mn; urtral calculus in a singl functioning kidny;
bilatral urtral calculi; carcinoma of th crvix, colon, or
bladdr; and rtropritonal tumors or fibrosis.

Rflux nphropathy from vesicoureteral reflux is pri-
marily a disordr of childhood and occurs whn urin
passs rtrograd from th bladdr to th kidnys during
voiding. It is th scond most common caus of chronic
tubulointrstitial disas. It occurs as a rsult of an incom-
ptnt vsicourtral sphinctr. Urin can xtravasat into
th intrstitium, triggring an inflammatory rspons that
lads to fibrosis ovr tim. Th inflammatory rspons is
du to ithr bactria or normal urinary componnts.

Analgesic nephropathy is most commonly sn in
patints who ingst larg quantitis of pain mdication.
Th drugs of concrn ar phnactin, paractamol, aspirin,
and othr NSAIDs; actaminophn is a possibl but lss
crtain culprit. Ingstion of at last 1 g/day for 3 yars of
ths analgsics is considrd ncssary for kidny dys-
function to dvlop, and most patints grossly undrsti-
mat thir analgsic us. This disordr occurs most
frquntly in individuals who ar using analgsics for
chronic hadachs, muscular pains, and arthritis; fmal
sx, oldr ag, and malnutrition ar risk factors for analg-
sic nphropathy. Tubulointrstitial inflammation and pap-
illary ncrosis ar sn on pathologic xamination.
Papillary tip and innr mdullary concntrations of som
analgsics ar tnfold highr than in th rnal cortx.
Phnactin was onc a common caus of this disordr but
is now rarly availabl. Aspirin and othr NSAIDs can
caus damag through intrmdiat mtabolits, which
can lad to cll ncrosis. Ths drugs also dcras mdul-
lary blood flow (via inhibition of prostaglandin synthsis)
and dcras glutathion lvls, which ar ncssary for
dtoxification.

Environmntal xposur to heavy metals—such as
lad, cadmium, mrcury, and bismuth—occurs infr-
quntly now in th Unitd Stats but can caus tubuloint-
rstitial disas. Individuals at risk for lad-inducd
tubulointrstitial disas ar thos with occupational xpo-
sur (g, wldrs who work with lad-basd paint) and
drinkrs of alcohol distilld in automobil radiators
(“moonshin” whisky usrs). Lad is filtrd by th glom-
rulus and is transportd across th proximal convolutd
tubul, whr it accumulats and causs cll damag.
Fibrosd artriols and cortical scarring also lad to dam-
agd kidnys.

A form of chronic tubulointrstitial disas dispropor-
tionatly affcting mal agricultural workrs in Cntral
Amrica is an important caus of ESKD. Whil th xact
pathophysiology is still unknown, th trm Mesoamerican
nephropathy is applid to rflct th gographic rgion in
which this disas occurs. Affctd individuals tnd to b
30–50 yars of ag without diabts, hyprtnsion, or othr
causs of kidny disas who work undr hot conditions,
particularly in sugar can or cotton filds, and ar thus
suscptibl to dhydration.

» Clinical Findings

A. General Findings

Polyuria is common bcaus tubular damag lads to
nphrognic diabts insipidus, possibly from vasoprssin
insnsitivity. Volum dpltion can also occur as a rsult of
a salt-wasting dfct in som individuals.

Patints can bcom hyprkalmic both bcaus th
GFR is lowr and th distal tubuls bcom aldostron
rsistant. Rnal tubular acidosis is common and dvlops
through thr possibl mchanisms: (1) rducd ammonia
production in th proximal tubuls, (2) inability to rab-
sorb bicarbonat in th proximal tubuls, and (3) inability
to scrt protons in th distal tubuls, which is ndd for
urinary acidification. A typ 1 or typ 4 rnal tubular
acidosis is mor commonly obsrvd in tubulointrstitial
disas, xcpt in th cas of havy mtal xposur whr
dirct proximal tubular damag lads to a proximal (typ 2)
rnal tubular acidosis. In contrast to acut intrstitial
nphritis, th urinalysis in chronic tubulointrstitial disas
is oftn nonspcific; a fw clls or broad waxy casts may b
sn, but urinalysis oftn is bland. Protinuria is typically
lss than 2 g/day, owing to inability of th proximal tubul
to rabsorb frly filtrabl protins.

B. Specific Findings

1. Obstructive uropathy—In partial obstruction, patints
can xhibit polyuria (from tubular damag) or oliguria
(du to dcrasd GFR). Azotmia and hyprtnsion (du
to incrasd rnin-angiotnsin production) ar usually
prsnt. Abdominal, rctal, and gnitourinary xamina-
tions may b hlpful in dtcting a distndd bladdr or
larg prostat. Urinalysis may show hmaturia, pyuria,
and bactriuria but is oftn bland. Abdominal ultrasound
may dtct mass lsions, hydrourtr, and hydronphrosis
but may ovrlook 5% of cass. CT scanning or MRI can b
considrd if suspicion rmains dspit a normal
ultrasound.

2. Vesicoureteral reflux—Vsicourtral rflux is typically
diagnosd in young childrn with a history of rcurrnt
urinary tract infctions but can also dvlop aftr kidny
transplantation. Rnal ultrasound or IVP can show rnal
scarring and hydronphrosis. Although most damag
occurs bfor ag 5 yars, progrssiv dtrioration to
ESKD occurs.

3. Analgesics—Patints can xhibit hmaturia, mild pro-
tinuria, polyuria (from tubular damag), anmia (from GI
blding or rythropoitin dficincy), and stril pyuria.
Sloughd papilla can b found in th urin whn papillary
ncrosis occurs and can lad to obstruction. Although clas-
sically diagnosd by IVP, papillary ncrosis is mor com-
monly dtctd by CT imaging.

4. Heavy metals—Proximal tubular damag from lad
xposur can caus dcrasd scrtion of uric acid, rsult-
ing in hypruricmia and saturnin gout. Patints com-
monly ar hyprtnsiv. Diagnosis is stablishd with a
calcium disodium dtat (EDTA) chlation tst pr-
formd on a timd urin collction. Urin xcrtion of
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gratr than 600 mg of lad following 1 g of EDTA indi-
cats xcssiv lad xposur. Th proximal tubular dys-
function from cadmium can caus hyprcalciuria and
nphrolithiasis.

5. Mesoamerican nephropathy—In addition to low-grad
protinuria, hypruricmia and hypokalmia ar consis-
tntly (but not univrsally) idntifid among affctd indi-
viduals. Although not pathognomonic, aras of glomrular
ischmia (dspit vry mild vascular disas) that accom-
pany chronic tubulointrstitial injury on kidny biopsy ar
highly suggstiv of Msoamrican nphropathy.

6. Balkan nephropathy—Patints commonly dvlop pro-
tinuria, glycosuria, acidosis, and suffr urinary concn-
trating dfcts. Notably, urothlial carcinomas ar prsnt
in approximatly 50% of affctd individuals at tim of
diagnosis.

» Treatment

Tratmnt dpnds first on idntifying th disordr
rsponsibl for kidny dysfunction. Th dgr of intrsti-
tial fibrosis on biopsy rflcts irrvrsibl damag, which is
dirctly associatd with th liklihood of ESKD progrs-
sion. Tratmnt is dirctd at mdical managmnt of risk
factors for disas progrssion, such as hyprtnsion and
protinuria. Tubular dysfunction may rquir bicarbonat
supplmntation to trat mtabolic acidosis or phosphorus
and potassium rstriction.

If hydronphrosis is prsnt, th obstruction should b
promptly rlivd. Prolongd obstruction lads to furthr
tubular damag—particularly in th distal nphron—
which may bcom irrvrsibl. Although surgical corrc-
tion of rflux may b indicatd in slct circumstancs, this
will unlikly prvnt dtrioration toward ESKD if fibrosis
is xtnsiv.

Patints in whom lad nphropathy is suspctd should
continu chlation thrapy with EDTA if thr is minimal

vidnc of irrvrsibl rnal damag, and continud xpo-
sur should b avoidd.

Tratmnt of analgsic nphropathy rquirs with-
drawal of all analgsics. Stabilization of or improvmnt in
kidny function may occur if significant intrstitial fibrosis
is not prsnt. Ensuring volum rpltion during xposur
to analgsics may also hav som bnficial ffcts.

Patints with Msoamrican nphropathy should b
counsld to rmain adquatly hydratd and, if possibl,
minimiz hat xposur. NSAIDs should b avoidd du to
thir hmodynamic ffcts (rducd rnal blood flow and
glomrular filtration), which may xacrbat rnal injury
in stats of volum dpltion and hot climats.

» When to Refer

• Patints with stag 3–5 CKD should b rfrrd to a
nphrologist whn tubulointrstitial disass ar sus-
pctd. Othr slct cass of stag 1–2 CKD should also
b rfrrd, for xampl if rnal tubular acidosis is
prsnt.

• Patints with urologic abnormalitis should b rfrrd
to a urologist.

Corra-Rottr R t al. Msoamrican nphropathy. Smin
Nphrol. 2019;39:263. [PMID: 31054625]

º
CYSTIC DISEASES OF ThE KIDNEY

Rnal cysts ar pithlium-lind cavitis filld with fluid or
smisolid matrial that dvlop primarily from rnal tubu-
lar lmnts. On or mor simpl cysts ar found in 50% of
individuals ovr th ag of 50 yars. Thy ar rarly symp-
tomatic and hav littl clinical significanc. In contrast,
gnralizd cystic disass ar associatd with cysts scat-
trd throughout th cortx and mdulla of both kidnys
and can progrss to ESKD (Tabl 22–10).

Table 22–10. Clinical features of renal cystic disease.

Simle renal Cysts

Acquied renal

Cysts

Autosomal Domi-

nant polycystic

Kidney Disease

Medullay Songe

Kidney

Medullay Cystic

Kidney

Prevalence Common Dialysis patients 1:1000 1:5000 Rare

Inheritance None None Autosomal dominant None Autosomal dominant

Age at onset … … 20–40 years 40–60 years Adulthood

Kidney size Normal Small Large Normal Small

Cyst location Cortex and medulla Cortex and medulla Cortex and medulla Collecting ducts Corticomedullary

junction

Hematuria Occasional Occasional Common Rare Rare

Hypertension None Variable Common None None

Associated

complications

None Adenocarcinoma in

cysts

Hepatic cysts, urinary

tract infections,

renal calculi, cere-

bral aneurysms

Renal calculi, urinary

tract infections

Polyuria, salt wasting

Kidney failure Never Always Frequently Never Always
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SIMPLE OR SOLITARY CYSTS

Simpl cysts account for 65–70% of all rnal masss. Thy
ar gnrally found at th outr cortx and contain fluid
that is consistnt with an ultrafiltrat of plasma. Most ar
found incidntally on ultrasonographic xamination.
Simpl cysts ar typically asymptomatic but can bcom
infctd.

Th major objctiv with simpl cysts is to diffrnti-
at thm from malignancy, abscss, or polycystic kidny
disas. Cystic disas can dvlop in dialysis patints and
has th potntial to progrss to malignancy. Ultrasound
and CT scanning ar rcommndd to valuat ths
masss. Simpl cysts must mt thr sonographic critria
to b considrd bnign: (1) cho fr, (2) sharply dmar-
catd with smooth walls, and (3) an nhancd back wall
(indicating good transmission through th cyst). Com-
plx cysts can hav thick walls, calcifications, solid com-
ponnts, and mixd chognicity. On CT scan, simpl
cysts should hav smooth thin walls that ar sharply
dmarcatd and should not nhanc with contrast mdia.
Rnal cll carcinoma will nhanc but typically is of lowr
dnsity than halthy parnchyma. Artriography can also
b usd to valuat a mass proprativly. Rnal cll car-
cinoma is hyprvascular in 80%, hypovascular in 15%, and
avascular in 5% of cass.

If a cyst has qustionabl imaging charactristics or is of
uncrtain significanc, priodic rvaluation is rcom-
mndd. Urologic consultation and surgical xploration
may b considrd. Bnign cysts do not rquir any sp-
cific follow-up, though changs in clinical prsntation
should prompt rpat imaging.

Smith AD t al. Approach to rnal cystic masss and th rol of
radiology. Radiol Clin North Am. 2020;58:897. [PMID:
32792122]

AUTOSOMAL DOMINANT POLYCYSTIC
KIDNEY DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Multiple cysts in both kidneys; number of cysts
depends on patient age.

» Combination of hypertension and large palpable
kidneys suggestive of disease.

» Autosomal dominant chromosomal abnormalities
present in some patients.

» General Considerations

Autosomal dominant polycystic kidny disas is th most
common monognic kidny disas, affcting 12.5 million
individuals worldwid. ESKD dvlops by ag 60 in up to
50% of patints. Th disas has variabl pntranc but
accounts for 5–10% of all ESKD cass globally. At last two
gns account for this disordr: PKD1 on th short arm of
chromosom 16 (85–90% of patints) and PKD2

on chromosom 4 (10–15%). Patints with th PKD2
mutation hav slowr progrssion of disas and longr lif
xpctancy than thos with PKD1. Othr sporadic cass
without ths mutations ar also rcognizd.

» Clinical Findings

Abdominal or flank pain and hmaturia (ithr microscopic
or gross) ar prsnt in most patints. A history of urinary
tract infctions and nphrolithiasis is common. A family
history of autosomal dominant polycystic kidny disas is
prsnt in 75% of cass, and mor than 50% of patints hav
hyprtnsion that may prcd clinical manifstations.
Patints hav larg kidnys that may b palpabl on abdomi-
nal xamination. Th combination of hyprtnsion and an
abdominal mass should rais suspicion for th disas. Forty
to 50 prcnt hav concurrnt hpatic cysts; pancratic and
splnic cysts may occur. Dspit dvlopmnt of CKD,
hmoglobin is oftn normal as a rsult of cystic rythropoi-
tin production. Urinalysis may show hmaturia and subn-
phrotic protinuria. In patints with an stablishd family
history of autosomal dominant polycystic kidny disas,
ultrasonography confirms th diagnosis—two or mor cysts
in patints undr ag 30 yars (snsitivity of 88.5%), two or
mor cysts in ach kidny in patints agd 30–59 yars (sn-
sitivity of 100%), and four or mor cysts in ach kidny in
patints agd 60 yars or oldr ar diagnostic for autosomal
dominant polycystic kidny disas. Importantly, ths cri-
tria do not apply to individuals without a known family
history; patints without a known family history of polycys-
tic kidny disas rquir additional diagnostic valuation
including CT scanning, which rvals innumrabl cysts in
cass of polycystic kidny disas (Figur 22–6); th prs-
nc of multipl hpatic cysts can aid in stablishing th
diagnosis. In som cass, gntic tsting for PKD1 and PKD2
mutations may b rquird.

▲ Figure 22–6. Polycystic kidney disease. CT scan
showing bilateral polycystic kidneys in a 43-year-old
woman who presented with newly diagnosed hyper-
tension and microscopic hematuria. (Used, with permis-
sion, from Michael Freckleton, MD, in Usatine RP, Smith
MA, Mayeaux EJ Jr, Chumley H. The Color Atlas of Family
Medicine, 2nd ed. McGraw-Hill, 2013.)
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» Complications & Treatment

A. Pain

Abdominal or flank pain is causd by infction, blding into
cysts, and nphrolithiasis. Bd rst and analgsics ar rcom-
mndd. Cyst dcomprssion can hlp with chronic pain.

B. Hematuria

Gross hmaturia is most commonly du to cystic ruptur
into th rnal plvis, but it can also b causd by a kidny
ston or urinary tract infction. Hmaturia typically
rsolvs within 7 days with bd rst and hydration.

C. Renal Infection

An infctd rnal cyst should b suspctd in patints who
hav flank pain, fvr, and lukocytosis. Importantly, urinaly-
sis may b normal if th cyst dos not communicat dirctly
with th urinary tract. CT scans can b hlpful bcaus an
infctd cyst may hav incrasd wall thicknss. Bactrial
cyst infctions ar difficult to trat. Antibiotics with cystic
pntration ar th agnts of choic (g, fluoroquinolons
[ciprofloxacin, 500 mg vry 12 hours, or lvofloxacin,
500 mg onc daily if GFR normal], or trimthoprim-
sulfamthoxazol doubl-strngth tablt twic daily).

D. Nephrolithiasis

Up to 20% of patints hav kidny stons, primarily cal-
cium oxalat. Hydration (2–3 L/day) is rcommndd in
ordr to prvnt prcipitation of stons.

E. Hypertension

At th tim of prsntation, 50% of patints hav hyprtn-
sion, and it will dvlop in most patints during th cours
of th disas. Cyst-inducd ischmia appars to caus
activation of th rnin-angiotnsin systm, and cyst
dcomprssion can lowr blood prssur tmporarily.
Hyprtnsion should b tratd with an ACE inhibitor or
an ARB as th prfrrd drug if tolratd. Intnsiv blood
prssur control (goal lss than or qual to 110/75 mm Hg)
is rcommndd in adults youngr than 50 yars of ag
with GFR gratr than 60 mL/min/1.73m2; for all othr
affctd individuals, goal blood prssur is lss than or
qual to 130/85 mm Hg.

F. Cerebral Aneurysms

About 10–15% of patints hav artrial anurysms in th
circl of Willis. Scrning artriography is not rcom-
mndd unlss th patint has a family history of anu-
rysms, is mployd in a high-risk profssion (g, airlin
pilot), or is undrgoing lctiv surgry with a high risk of
dvloping modrat to svr prioprativ hyprtnsion.

G. Other Complications

Vascular problms includ mitral valv prolaps in up to
25% of patints, aortic anurysms, and aortic valv abnor-
malitis. Colonic divrticula ar mor common in patints
with polycystic kidnys.

» Prognosis

Kidny siz, rportd as total kidny volum, is th bst
prdictor of kidny function dclin in patints with auto-
somal dominant polycystic kidny disas, and it can b
masurd via CT or MRI using th Mayo Classification
systm (www.mayo.du/rsarch/documnts/pkd-cntr-
adkpkd-classification/doc-20094754). Thos at high risk
according to this classification systm may bnfit from
tratmnts that dlay cyst growth. Vasoprssin rcptor
antagonists dcras th rat of chang in total kidny vol-
um and GFR dclin, and on such mdication (tolvap-
tan) is FDA approvd for th tratmnt of autosomal
dominant polycystic kidny disas. Libral ingstion of
watr will hav th sam physiologic ffct on vasoprssin,
and patints should b ncouragd to drink at last 2 L of
watr daily. Othr agnts such as octrotid, sirolimus, and
tyrosin kinas inhibitors dcras th rat of cyst growth
but not th dclin in kidny function and ar thus not
routinly usd. Avoidanc of caffin may prvnt cyst
formation du to ffcts on G-coupld protins.

Cornc-L Gall E t al. Autosomal dominant polycystic kidny
disas. Lanct. 2019;393:919. [PMID: 30819518]

Nobakht N t al. Advancs in autosomal dominant polycystic
kidny disas: a clinical rviw. Kidny Md. 2020;2:196.
[PMID: 32734239]

MEDULLARY SPONGE KIDNEY

Mdullary spong kidny is blivd to affct lss than 1%
of th gnral population. Although prsnt at birth, it is
not usually diagnosd until th fourth or fifth dcad. It is
thought to occur du to disruption of th urtric bud-
mtanphric msnchym intrfac, oftn rsulting from
autosomal dominant mutations in gns rsponsibl for
urognital dvlopmnt. Kidnys hav a markd irrgular
nlargmnt of th mdullary and intrpapillary collcting
ducts. This is associatd with mdullary cysts that ar dif-
fus, giving a “Swiss chs” apparanc in ths rgions.

» Clinical Findings

Nphrolithiasis is th most common clinical prsntation
for mdullary spong kidny. Othr prsntations may
includ hmaturia (ithr gross or microscopic) or rcur-
rnt urinary tract infctions. Common abnormalitis ar a
dcrasd urinary concntrating ability and nphrocalci-
nosis; lss common is incomplt typ 1 distal rnal tubular
acidosis. Th diagnosis is stablishd clinically through
laboratory data and imaging charactristics. As th pr-
frrd imaging tst, CT shows cystic dilatation of th distal
collcting tubuls with a striatd apparanc, and calcifica-
tions in th rnal collcting systm. Similar findings on
ultrasound may also support th diagnosis.

» Treatment

Tratmnt for mdullary spong kidny is supportiv and
aimd at undrlying abnormalitis such as nphrolithiasis
and acidosis. Adquat fluid intak (2 L/day) hlps rduc
risk of ston formation. If hyprcalciuria is prsnt,
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thiazid diurtics ar rcommndd bcaus thy dcras
calcium xcrtion. Alkali thrapy is rcommndd if rnal
tubular acidosis is prsnt.

» Prognosis

Rnal function is wll maintaind unlss thr ar compli-
cations from rcurrnt urinary tract infctions and
nphrolithiasis.

Pisani I t al. Ultrasound to addrss mdullary spong kidny: a
rtrospctiv study. BMC Nphrol. 2020;21:430. [PMID:
33046028]

º
MULTISYSTEM DISEASES WITh VArIABLE
KIDNEY INVOLVEMENT

PLASMA CELL MYELOMA

Plasma cll myloma is a malignancy of plasma clls (s
Chaptr 13) that can caus a varity of rnal disordrs.
Injury is du to th toxic ffcts of monoclonal immuno-
globulins or light chain componnts producd by plasma
clls. “Myloma kidny” (formally calld cast nphropathy)
is th most common kidny disas in plasma cll myloma
and occurs whn light chains (Bnc Jons protin) in th
urin caus rnal toxicity and tubular obstruction by pr-
cipitating in th distal tubuls. Plasma cll myloma may
also caus Fanconi syndrom, a typ 2 proximal rnal
tubular acidosis charactrizd by hypophosphatmia and
inappropriat glycosuria. Protinuria in “myloma kidny”
is xclusivly tubular; hnc, urin dipstick findings ar
minimal sinc glomrular protinuria is not prsnt.
Hyprcalcmia and hypruricmia ar frquntly sn.
Glomrular amyloidosis with nphrotic syndrom can
dvlop in patints with plasma cll myloma; in ths
patints, urin dipstick is positiv du to glomrular pi-
thlial cll foot procss ffacmnt and albumin “spilling”
into th Bowman capsul; hmaturia may or may not b
prsnt. Othr conditions rsulting in kidny dysfunction
includ plasma cll infiltration of th rnal parnchyma
and hyprviscosity syndrom compromising rnal blood
flow. Th prsnc of myloma-rlatd kidny disas dos
not itslf prclud us of contrast dy for imaging studis;
standard prcautions for th us of intravnous contrast
and gadolinium in patints with rducd GFR apply to
patints with myloma-rlatd kidny disas. Thrapy for
AKI (s Acut Kidny Injury, abov) attributd to plasma
cll myloma includs corrction of hyprcalcmia; vol-
um rpltion; and chmothrapy for th undrlying
malignancy, typically with bortzomib-basd agnts. Plas-
maphrsis has bn proposd to rduc th burdn of
circulating monoclonal protins, but rsults hav bn
quivocal and its us is controvrsial.

Małyszko J t al. KDIGO Controvrsis Confrnc on onco-
nphrology: kidny disas in hmatological malignancis
and th burdn of cancr aftr kidny transplantation. Kidny
Int. 2020;98:1407. [PMID: 33276867]

SICKLE CELL DISEASE

Kidny dysfunction associatd with sickl cll disas is
most commonly du to sickling of rd blood clls in th
rnal mdulla bcaus of low oxygn tnsion and hyprto-
nicity. Congstion and stasis lad to hmorrhag, intrsti-
tial inflammation, and papillary infarcts with rsultant
ncrosis. Clinically, hmaturia is common, and protinuria
can b prsnt as wll, portnding a poorr prognosis.
Damag to rnal capillaris also lads to diminishd con-
cntrating ability. Isosthnuria (urin osmolality qual to
that of srum) is routin, and patints can asily bcom
dhydratd. Ths abnormalitis ar also ncountrd in
patints with sickl cll trait. Sickl cll glomrulopathy is
lss common but inxorably progrsss to ESKD. Its pri-
mary clinical manifstation is protinuria. Optimal trat-
mnt rquirs adquat hydration and control of th sickl
cll disas.

Lim RI t al. Amrican Socity of Hmatology 2019 guidlins
for sickl cll disas: cardiopulmonary and kidny disas.
Blood Adv. 2019;3:3867. [PMID: 31794601]

Olaniran KO t al. Kidny function dclin among black
patints with sickl cll trait and sickl cll disas: an obsr-
vational cohort study. J Am Soc Nphrol. 2020;31:393. [PMID:
31810990]

TUBERCULOSIS

Rnal tubrculosis usually rsults from hmatognous
sprad and is an undrdiagnosd ntity. Up to 20% of
patints with xtrapulmonary tubrculosis hav urognital
involvmnt, of which th kidny is most commonly
affctd. Its classic manifstation is th prsnc of micro-
scopic pyuria without bactrial growth on urin cultur—
or “stril pyuria.” Mor oftn, othr bactria ar also
prsnt, and microscopic hmaturia may coxist. Urin
culturs wr onc th gold standard for diagnosis, but th
advnt of urin nuclic acid tsting for tubrculosis has
incrasd snsitivity. Charactristic findings on imaging
includ papillary ncrosis and cavitation of th rnal
parnchyma. Urtral stricturs or calcifications may also
b prsnt. Kidny biopsy is not usually ndd to confirm
th diagnosis but rvals granulomatous inflammation
and tubulointrstitial nphritis. Prompt initiation of anti-
tubrculosis tratmnt is indicatd, without which pro-
grssion to ESKD occurs du to chronic inflammation and
obstruction.

Kulchavnya E t al. Challngs in urognital tubrculosis.
World J Urol. 2020;38:89. [PMID: 30997530]

GOUT & THE KIDNEY

Th kidny is th primary organ for xcrtion of uric acid.
Patints with proximal tubular dysfunction hav
dcrasd xcrtion of uric acid and ar mor pron to
gouty arthritis attacks. Dpnding on th pH and uric
acid concntration, dposition can occur in th tubuls,
th intrstitium, or th urinary tract. Th mor alkalin
pH of th intrstitium causs urat salt dposition,
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whras th acidic nvironmnt of th tubuls and uri-
nary tract causs uric acid crystal dposition at high
concntrations.

Thr disordrs ar commonly sn: (1) uric acid nph-
rolithiasis, (2) acut uric acid nphropathy, and (3) chronic
urat nphropathy. Kidny dysfunction with uric acid
nphrolithiasis stms from obstructiv physiology. Acut
uric acid nphropathy prsnts with dirct tubulointrsti-
tial toxicity from uric acid crystals and distal tubul
obstruction causd by prcipitation of uric acid crystals.
Chronic urat nphropathy is causd by dposition of urat
crystals in th alkalin mdium of th intrstitium; this can
lad to fibrosis and atrophy.

Tratmnt btwn gouty attacks involvs avoidanc of
food and drugs causing hypruricmia (s Chaptr 20),
aggrssiv hydration, and urat-lowring thrapy (such as
with allopurinol and fbuxostat). Th thr disordrs mn-
tiond abov ar sn in both “ovrproducrs” and “undrx-
crtors” of uric acid. Th lattr situation may sm
countrintuitiv; howvr, ths patints hav acidic urin,
which nabls prcipitation of rlativly insolubl uric acid
crystals. For thos with uric acid nphrolithiasis, fluid intak
should xcd 3 L/day, and us of a urinary alkalinizing agnt
can b considrd. Patints with hypruricmia who do not
hav a history of gout or uric acid nphrolithiasis hav not
bn shown to bnfit from urat-lowring thrapy.

Badv SV t al; CKD-FIX Study Invstigators. Effcts of allopu-
rinol on th progrssion of chronic kidny disas. N Engl J
Md. 2020;382:2504. [PMID: 32579811]

NEPHROGENIC SYSTEMIC FIBROSIS

Nphrognic systmic fibrosis is a multisystm disordr
sn only in patints with CKD (primarily with an GFR
lss than 15 mL/min/1.73 m2, but rarly 15–29 mL/
min/1.73 m2), AKI, and aftr kidny transplantation. His-
topathologically, thr is an incras in drmal spindl clls

positiv for CD34 and procollagn I. Collagn bundls
with mucin and lastic fibrs ar also notd.

Nphrognic systmic fibrosis was first rcognizd in
hmodialysis patints in 1997 and has bn strongly linkd
to us of contrast agnts containing gadolinium. Incidnc
following gadolinium injction is approximatly 1–4% in th
highst risk (ESKD) population and lowr in patints with
lss svr kidny dysfunction. Th incidnc has dcrasd
ovr tim du to limiting us of gadolinium in patints with
CKD and AKI and modifid gadolinium prparations.
Thr is an FDA warning rgarding avoidanc of this agnt
for patints with an GFR lss than 30 mL/min/1.73 m2.

» Clinical Findings

Nphrognic systmic fibrosis affcts svral organ sys-
tms, including th skin, muscls, lungs, and cardiovascu-
lar systm. Th most common manifstation is a dbilitating
fibrosing skin disordr that can rang from skin-colord to
rythmatous papuls, which coalsc to brawny patchs.
Th skin can b thick and woody in aras and is painful out
of proportion to findings on xamination.

» Treatment

Cas rports and sris dscrib bnfit of corticostroids,
photophrsis, plasmaphrsis, and sodium thiosulfat, but
thir tru fficacy is unknown. CT is prfrrd to MR
imaging with gadolinium whn similar diagnostic infor-
mation can b gland. If gadolinium absolutly must b
usd in patints on dialysis, practic guidlins rcom-
mnd using no mor than th standard dos and hmodi-
alysis immdiatly aftr xposur.

Mathur M t al. Gadolinium dposition and nphrognic systmic
fibrosis: a radiologist’s primr. Radiographics. 2020;40:153.
[PMID: 31809230]

Rudnick MR t al. Risks and options with gadolinium-basd con-
trast agnts in patints with CKD: a rviw. Am J Kidny Dis.
2021;77:517. [PMID: 32861792]
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23
HEMATURIA

E S S E N T I A L S  O F  D I A G N O S I S

» Gross hematuria requires evaluation: the upper
urinary tract should be imaged, and the lower
tract evaluated by cystoscopy.

» In microscopic hematuria, the workup should be
risk stratified.

» General Considerations

An upper tract source (kidneys and ureters) can be identified
in 10% of patients with gross or microscopic hematuria. For
upper tract sources, stone disease accounts for 40%, medical
kidney disease (medullary sponge kidney, glomerulonephri-
tis, papillary necrosis) for 20%, renal cell carcinoma for 10%,
and urothelial cell carcinoma of the ureter or renal pelvis for
5%. Medication ingestion and associated medical problems
may provide diagnostic clues. Analgesic use (papillary necro-
sis), cyclophosphamide (chemical cystitis), antibiotics (inter-
stitial nephritis), diabetes mellitus, sickle cell trait or disease
(papillary necrosis), a history of stone disease, or malignancy
should all be investigated. The lower tract source of gross
hematuria (in the absence of infection) is most commonly
from bleeding prostatic varices or urothelial carcinoma of the
bladder. Microscopic hematuria in the male is most com-
monly from benign prostatic hyperplasia (13%), kidney
stones (6%), or urethral stricture (1.4%). The presence of
hematuria in patients receiving antiplatelet or anticoagulation
therapy cannot be presumed to be due to the medication; a
complete evaluation is warranted consisting of upper tract
imaging, cystoscopy, and urine cytology (see Chapter 39 for
Bladder Cancer, Cancers of the Ureter & Renal Pelvis, Renal
Cell Carcinoma, and Other Primary Tumors of the Kidney).

» Clinical Findings

A. Symptoms and Signs

If gross hematuria occurs, a description of the timing (initial,
terminal, total) may provide a clue to the localization of

disease. Associated symptoms (ie, renal colic, irritative void-
ing symptoms, or constitutional symptoms) should be inves-
tigated. The history should be focused on risk factors for
urothelial cancer (age, male sex, smoking history, history of
gross hematuria, irritative lower urinary tract voiding symp-
toms, history of cyclophosphamide or ifosfamide chemo-
therapy, family history of urothelial carcinoma or Lynch
syndrome, occupational exposure to benzene chemicals or
aromatic amines, history of chronic indwelling foreign body
in the urinary tract) and on nonmalignant causes. The
physical examination should look for signs of systemic
disease (fever, rash, lymphadenopathy, abdominal or pelvic
masses) as well as signs of medical kidney disease (hyperten-
sion, volume overload). The urologic evaluation may dem-
onstrate an enlarged prostate, flank mass, or urethral disease.
The evaluation of patients with hematuria and their risk
stratification should not be influenced by whether they are
taking any antiplatelet or anticoagulant agents.

B. Laboratory Findings

Initial laboratory investigations include a urinalysis and urine
culture. Microhematuria is defined as three or more red
blood cells per high-power field on a microscopic evaluation
of the urine. The degree of microscopic hematuria is impor-
tant in risk stratification according to the 2020 American
Urological Association hematuria guidelines (Figure 23–1).
A positive dipstick reading for heme merits microscopic
examination to confirm or refute the diagnosis of hematuria
but is not enough to warrant workup on its own. If urinaly-
sis and culture is suggestive of a urinary tract infection,
follow-up urinalysis after treatment of the infection is
important to ensure resolution of the hematuria. An esti-
mate of kidney function should be obtained since renal
insufficiency may influence the methods of further evalua-
tion and management (eg, ability to obtain contrast imag-
ing) of patients with hematuria. Urine cytology and other
urinary-based markers are not routinely recommended in
the evaluation of asymptomatic microscopic hematuria.

C. Risk Stratification

Following initial evaluation, clinicians should categorize
patients with microscopic hematuria as low, intermediate, or
high risk for a urothelial malignancy (Figure 23–1).
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Repeat urinalysis positive

Shared

decision-making

Repeat urinalysis within 6

months OR cystoscopy and

renal ultrasound5

Cystoscopy and

renal ultrasound5

Consider repeat urinalysis

within 12 months

Release from urologic care Release from urologic care

Cystoscopy and

CT ultrasound6

Risk stratification1,2,3

Patient with microhematuria

≥3 RBC/HPF on UA with

microscopy

Low risk

All of the following:

Women age < 50;

Men age < 40 yrs

Never smoker or < 10

pack-years

3–10 RBC/HPF on one UA

No additional risk factors

for urothelial cancer1

No prior episodes of

microhematuria3

Intermediate risk

Any of the following:

Women age < 50–59;

Men age < 40–59 yrs

10–30 pack-years smoking

11–25 RBC/HPF on one UA

One or more additional risk

factors for urothelial cancer1

Previously low-risk, no prior

evaluation and 3–25

RBC/HPF on repeat UA

High risk

Any of the following:

Women and men age > 60 yrs

> 30 Pack-years smoking

> 25 RBC/HPF on one UA

History of gross hematuria

Previously low-risk, no prior

evaluation and > 25
RBC/HPF on repeat UA

History and physical exam

Focus on risk factors for urothelial

cancer and nonmalignant causes1

Evaluation directed by signs/symptoms

Include urine culture if infection is suspected

Treat as indicated

If urologic diagnosis is nonmalignant,

repeat urinalysis after treatment

Shared decision-making regarding

repeat evaluation vs. observation

Consider cross-sectional imaging with

urography or retrograde pyelograms

if not performed previously

Reevaluate

If patient develops gross hematuria,

increase in degree of microhematuria

or new urologic symptoms

Treat nonmalignant or

gynecologic source4

Repeat urinalysis

Release from care

Nonmalignant or gynecologic

source

Nonmalignant or gynecologic

source ruled out

Nonmalignant or gynecologic

source identified

Repeat

urinalysis

positive

Repeat

urinalysis

positive

Repeat

urinalysis

positive

Repeat

urinalysis

negative

1. Main risk factors for urothelial cancer are those in the AUA risk stratification system (age, male sex, smoking, degree of microhematuria and history of

gross hematuria). Additional risk factors for urothelial carcinoma include but are not limited to irritative lower urinary tract voiding symptoms, history of

cyclophosphamide or ifosfamide chemotherapy, family history of urothelial carcinoma or Lynch syndrome, occupational exposures to benzene chemicals

or aromatic amines, history of chronic indwelling foreign body in the urinary tract.

2. If medical kidney disease is suspected, consider nephrologic evaluation, but pursue concurrent risk-based urological evaluation.

3. Patients may be low-risk at first presentation with microhematuria, but may be considered intermediate- or high-risk if found to have persistent

microhematuria.

4. There are nonmalignant and gynecologic sources of hematuria that do not require treatment and/or may confound the diagnosis of microhematuria.

Clinicians can consider catheterized urine specimen in women with vaginal atrophy or pelvic organ prolapse. Clinicians must use careful judgment and

patient engagement to decide whether to pursue microhematuria evaluation in the setting of chronic conditions that do not require treatment, such as the

aforementioned gynecologic conditions, nonobstructing stones or BPH.

5. Clinician may perform cross-sectional imaging with urography or retrograde pyelograms if hematuria persists after negative renal ultrasound.

6. If contraindications to CT urogram, MR urogram or noncontrast imaging plus retrograde pyelograms.

Repeat

urinalysis

negative

Repeat

urinalysis

negative

Evaluation performed

Evaluation negative Evaluation positive

Repeat

urinalysis

negative

▲ Figure 23–1. Microscopic hematuria: algorithmic approach to risk stratification of patients as low risk, intermediate risk,
and high risk for urothelial malignancy. HPF, high-powered field; RBC, red blood cell; UA, urinalysis. (Reproduced, with
permission, from Barocas D et al; Microhematuria Panel. Microhematuria: AUA/SUFU Guideline. J Urol. 2020;204:778.)

D. Evaluation

Patients with gross hematuria should have both complete
evaluation of the upper tract by a CT-intravenous pyelo-
gram (CT-IVP), or a magnetic resonance urogram (MR-
urogram) with and without contrast, and evaluation of the

bladder by cystoscopy. No imaging study adequately evalu-
ates the bladder.

Low-risk patients with microscopic hematuria should
undertake a shared decision-making approach with
their clinician to decide between repeat urinalyses over
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the next 6 months or proceeding immediately with cys-
toscopy and renal ultrasound. If microscopic hematuria
persists on a repeat urinalysis, then patients who did not
initially undergo cystoscopy should be reclassified as
intermediate- or high-risk and undergo both upper tract
imaging according to their risk group, and lower tract
evaluation by cystoscopy.

Intermediate-risk patients should undergo both upper
tract imaging with renal ultrasound and lower tract evalu-
ation by cystoscopy.

High-risk patients should undergo upper tract evalua-
tion with CT-IVP (preferred), MR-urogram (if CT-IVP
contraindicated), and cystoscopic evaluation of the blad-
der. If there are contraindications to CT-IVP and MR-
urogram, clinicians may perform noncontrast axial
imaging along with retrograde pyelography at the time of
cystoscopy.

» Follow-Up

In patients with negative hematuria evaluations, it is typi-
cally recommended that a urinalysis with microscopy be
repeated at 6–12 months. Patients with a negative follow-
up urinalysis require no further evaluation. If microscopic
hematuria persists or recurs on follow-up urinalyses, then
providers should engage patients with shared decision-
making regarding repeat evaluation. However, patients
who develop gross hematuria or increased severity of
microscopic hematuria should be referred for repeat upper
and lower tract evaluation.

» When to Refer

In the absence of a clear benign etiology (such as an infec-
tion, menstruation, vigorous exercise, acute stone event,
medical renal disease, viral illness, trauma, or recent uro-
logic procedure), hematuria (either gross or microscopic)
requires evaluation.

Barocas DA et al. Microhematuria: AUA/SUFU Guideline. J
Urol. 2020;204:778. [PMID: 32698717]

Peterson LM. Hematuria. Prim Care. 2019;46:265. [PMID:
31030828]

Yecies T et al. Evaluation of the risks and benefits of computed
tomography urography for assessment of gross hematuria.
Urology. 2019;133:40. [PMID: 31255539]

GENITOURINARY TRACT INFECTIONS

Urinary tract infections are among the most common enti-
ties encountered in medical practice. In acute infections, a
single pathogen is usually found, whereas two or more
pathogens are often seen in chronic infections. Coliform
bacteria are responsible for most non-nosocomial, uncom-
plicated urinary tract infections, with Escherichia coli being
the most common. Such infections typically are sensitive to
a wide variety of orally administered antibiotics and
respond quickly. Nosocomial infections often are due to
more resistant pathogens and may require parenteral anti-
biotics. Renal infections are of particular concern because
if they are inadequately treated, loss of kidney function

may result. A urine culture is recommended for patients
with suspected urinary tract infection and ideally should
be obtained prior to the initiation of antibiotic therapy.
Previously, a colony count greater than 105/mL was consid-
ered the criterion for urinary tract infection, though up to
50% of women with symptomatic infections may have
lower counts. In addition, the presence of pyuria correlates
poorly with the diagnosis of urinary tract infection, and
thus urinalysis alone is not adequate for diagnosis. With
respect to treatment, tissue infections (pyelonephritis,
prostatitis) require therapy for 1–2 weeks, while mucosal
infections (cystitis) require only 1–3 days of therapy.

1. acue Cysiis

E S S E N T I A L S  O F  D I A G N O S I S

» Irritative voiding symptoms.

» Patient usually afebrile.

» Positive urine culture; blood cultures may also be
positive.

» General Considerations

Acute cystitis is an infection of the bladder, most com-
monly due to the coliform bacteria (especially E coli) and
occasionally gram-positive bacteria (enterococci). The
route of infection is typically ascending from the urethra.
Viral cystitis due to adenovirus is sometimes seen in chil-
dren but is rare in immunocompetent adults. Uncompli-
cated cystitis in men is rare and implies a pathologic
process such as infected stones, prostatitis, or chronic uri-
nary retention requiring further investigation.

» Clinical Findings

A. Symptoms and Signs

Irritative voiding symptoms (frequency, urgency, dysuria)
and suprapubic discomfort are common. Women may
experience gross hematuria, and symptoms may often
appear following sexual intercourse. Physical examination
may elicit suprapubic tenderness, but examination is often
unremarkable. Systemic toxicity is absent.

B. Laboratory Findings

Urinalysis shows pyuria, bacteriuria, and varying degrees
of hematuria. The degree of pyuria and bacteriuria does
not necessarily correlate with the severity of symptoms.
Urine culture is positive for the offending organism, but
colony counts exceeding 105/mL are not required for the
diagnosis. Patients with asymptomatic bacteriuria or col-
onization are expected to have positive urine cultures but
do not require treatment except in pregnant women.
Patients with long-term urinary catheters (indwelling
urinary [Foley] or suprapubic catheter) or urostomy uri-
nary diversions are expected to be colonized with
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bacteria, and thus, urinalysis and urine culture are most
helpful in directing therapy rather than determining
whether symptomatic infection exists.

C. Imaging

Because uncomplicated cystitis is rare in men, elucidation
of the underlying problem with appropriate investigations,
such as abdominal ultrasonography, postvoid residual test-
ing, and cystoscopy, is warranted. Follow-up imaging using
CT scanning is warranted if pyelonephritis, recurrent
infections, or anatomic abnormalities are suspected.

» Differential Diagnosis

In women, infectious processes such as vulvovaginitis and
pelvic inflammatory disease can usually be distinguished
by pelvic examination and urinalysis. In men, urethritis
and prostatitis may be distinguished by physical examina-
tion (urethral discharge or prostatic tenderness).

Noninfectious causes of cystitis-like symptoms include
pelvic irradiation, chemotherapy (cyclophosphamide),
bladder carcinoma, interstitial cystitis, voiding dysfunction
disorders, bladder irritants, and psychosomatic disorders.

» Prevention

The risk of developing a urinary tract infection can be
reduced by drinking plenty of fluid and completely emp-
tying the bladder frequently. Women in whom urinary
tract infections tend to develop after intercourse should
be advised to void before, and especially after intercourse,
and may benefit from a postcoital single-dose of antibi-
otic. Postmenopausal women with recurrent urinary tract
infections (three or more episodes per year) may benefit
from a topical estrogen cream. Daily cranberry tablets
may reduce the risk of cystitis, though the data are con-
flicting. Prophylactic antibiotics are generally discour-
aged. Prior to institution of antibiotic prophylaxis, a
thorough urologic evaluation is warranted to exclude any
anatomic abnormality (eg, stones, reflux, fistula). An ini-
tial course of 6–12 months of prophylactic antibiotics can
be offered, though the benefits of prophylactic antibiotics
should be weighed against the risks associated with
expected bacterial resistance.

The risk of acquiring a catheter-associated urinary tract
infection in hospitalized patients can be minimized by using
indwelling catheters only when necessary, implementing
systems to ensure removal of catheters when no longer
needed, using antimicrobial catheters in high-risk patients,
using external collection devices (condom catheters) in
select men, identifying significant postvoid residuals by
ultrasound, maintaining proper insertion techniques, and
utilizing alternatives such as intermittent catheterization.

» Treatment

Uncomplicated cystitis in women can be treated with short-
term antimicrobial therapy, which consists of single-dose
therapy or 1–7 days of therapy. Fosfomycin, nitrofurantoin,
and trimethoprim-sulfamethoxazole are the medications of
choice for uncomplicated cystitis (Table 23–1). The US

Food and Drug Administration (FDA) advises restricting
fluoroquinolone use for uncomplicated infections. Local
patterns of bacterial resistance should be consulted to iden-
tify best treatment options. Some antibiotics may be ineffec-
tive because of the emergence of resistant organisms. A
review of the literature proposed that acute uncomplicated
cystitis in women can be diagnosed without office evalua-
tion or urine culture, and that appropriate first-line thera-
pies include trimethoprim-sulfamethoxazole (160/800 mg
twice daily for 3 days), nitrofurantoin (100 mg twice daily
for 5–7 days), or fosfomycin trometamol (3 g single dose).
In men, uncomplicated urinary tract infection is rare; thus,
the duration of antibiotic therapy depends on the underly-
ing etiology. Hot sitz baths or urinary analgesics
(phenazopyridine, 200 mg orally three times daily) may
provide additional symptomatic relief. Postmenopausal
women with recurrent cystitis can be treated with vaginal
estrogen cream 0.5 g nightly for 2 weeks and then twice
weekly thereafter.

» Prognosis

Infections typically respond rapidly to therapy, and fail-
ure to respond suggests resistance to the selected medi-
cation or anatomic abnormalities requiring further
investigation.

» When to Refer

• Suspicion or radiographic evidence of anatomic
abnormality.

• Evidence of urolithiasis.

• Recurrent cystitis due to bacterial persistence.

Babikar A et al. Fosfomycin for treatment of multidrug-resistant
pathogens causing urinary tract infection: a real-world per-
spective and review of the literature. Diagn Microbiol Infect
Dis. 2019;95:114856. [PMID: 31307867]

Gill CM et al. A review of nonantibiotic agents to prevent uri-
nary tract infections in older women. J Am Med Dir Assoc.
2020;21:46. [PMID: 31227473]

Kim DK et al. Reappraisal of the treatment duration of antibiotic
regimens for acute uncomplicated cystitis in adult women: a
systematic review and network meta-analysis of 61 ran-
domised clinical trials. Lancet Infect Dis. 2020;20:1080.
[PMID: 32446327]

Nicolle LE et al. Clinical practice guideline for the management
of asymptomatic bacteriuria: 2019 update by the Infectious
Diseases Society of America. Clin Infect Dis. 2019;68:1611.
[PMID: 31506700]

2. acue pyeloneriis

E S S E N T I A L S  O F  D I A G N O S I S

» Fever.

» Flank pain.

» Irritative voiding symptoms.

» Positive urine culture.
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Table 23–1. Empiric therapy for urinary tract infections.

Dignosis anibioic Roue Durion

Cos er Durion

Noed1

Acute cystitisa

Firs-line:

Trimethoprim-sulfamethoxazole, 160/800 mg,

(one DS tablet) every 12 hours2

Oral 3 days $2.25

Nitrofurantoin (macrocrystals), 100 mg every

12 hours

Oral 5 days $31.35

Fosfomycin, 3 g packet once Oral 1 day $109.52

Second-line:

Ciprofloxacin, 250 mg every 12 hours3 Oral 3 days $25.28

Levofloxacin, 250–500 mg daily3 Oral 3 days $46.80

alernive gens:

Cephalexin, 500 mg every 6–12 hours Oral 7 days $33.88

Amoxicillin/clavulanate, 500/125 mg every

12 hours

Oral 3 days $10.16

Cefpodoxime, 100 mg every 12 hours Oral 3 days $30.66

Acute pyelonephritisa

hosilized:

Ampicillin, 1 g every 6 hours, plus gentamicin,

1 mg/kg every 8 hours

Intravenous 14 days $264.46, not including

intravenous supplies

Ceftriaxone, 1 g daily Intravenous 14 days $25.34

Ciprofloxacin, 400 mg every 12 hours3 Intravenous 14 days $99.68

Non-osilized:

Iniil inrvenous dose4:

Ceftriaxone, 1 g Intravenous Once $1.81

Ciprofloxacin, 400 mg3 Intravenous Once $3.56

Gentamicin, 5 mg/kg Intravenous Once $3.00

Followed by one of ese orl regimens:

Ciprofloxacin, 500 mg every 12 hours3 Oral 7 days $4.87

Levofloxacin, 750 mg daily3 Oral 5 days $123.05

Trimethoprim-sulfamethoxazole, 160/800 mg

(one DS tablet) every 12 hours2

Oral 14 days $10.44

Acute bacterial

prostatitisb

hosilized:

Ampicillin, 2 g every 6 hours, plus gentamicin,

1.5 mg/kg every 8 hours

Intravenous Until afebrile $37.78/day, not includ-

ing intravenous

supplies

Followed by one of ese ouien orl regimens:

Trimethoprim-sulfamethoxazole, 160/800 mg

(one DS tablet) every 12 hours2

Oral 3 weeks $15.67/3 weeks

Ciprofloxacin, 250–500 mg every 12 hours3 Oral 3 weeks $14.57/3 weeks

(continued)
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» General Considerations

Acute pyelonephritis is an infectious inflammatory disease
involving the kidney parenchyma and renal pelvis. Gram-
negative bacteria are the most common causative agents
including E coli, Proteus, Klebsiella, Enterobacter, and
Pseudomonas. Gram-positive bacteria are less commonly
seen but include Enterococcus faecalis and Staphylococcus
aureus. The infection usually ascends from the lower uri-
nary tract—with the exception of S aureus, which usually is
spread by a hematogenous route.

» Clinical Findings

A. Symptoms and Signs

Symptoms include fever, flank pain, shaking chills, and
irritative voiding symptoms (urgency, frequency, dysuria).

Associated nausea and vomiting and diarrhea are com-
mon. Signs include fever and tachycardia. Costovertebral
angle tenderness is usually pronounced.

B. Laboratory Findings

Complete blood cell count shows leukocytosis and a left
shift. Urinalysis shows pyuria, bacteriuria, and varying
degrees of hematuria. White cell casts may be seen. Urine
culture demonstrates growth of the offending organism,
and blood culture may also be positive.

C. Imaging

In complicated pyelonephritis, renal ultrasound may show
hydronephrosis from a stone or other source of obstruc-
tion. CT scan may demonstrate decreased perfusion of the

Table 23–1. Empiric therapy for urinary tract infections.

Dignosis anibioic Roue Durion

Cos er Durion

Noed1

Chronic bacterial

prostatitisb

Firs-line:

Ciprofloxacin, 500 mg every 12 hours3 Oral 1–3 months $20.81/month

Levofloxacin, 750 mg daily3 Oral 28 days $689.08

Second-line:

Doxycycline, 100 mg twice daily Oral 4–12 weeks $118.20/month

Azithromycin, 500 mg daily Oral 4–12 weeks $81.98/month

Clarithromycin, 500 mg daily Oral 4–12 weeks $117.00/month

Acute epididymitisc

Sexually transmitted

(under age 35)

Ceftriaxone, 250 mg as single dose, lus

Doxycycline, 100 mg every 12 hours

Intramuscular

Oral

Once

10 days

$0.90/250 mg

$39.40 (10 days)

Sexually transmitted

in men who practice

insertive anal sex

Ceftriaxone, 250 mg as single dose lus

Levofloxacin, 500 mg daily3 or

Ofloxacin, 300 mg every 12 hours3

Intramuscular

Oral

Oral

Once

10 days

10 days

$0.90/250 mg

$156.00 (10 days)

$113.86 (10 days)

No n–sexually transmit-

ted, usually enteric

organisms (over

age 35)

Levofloxacin, 500 mg daily3

Ofloxacin, 300 mg every 12 hours3

Oral

Oral

10 days

10 days

$156.00 (10 days)

$113.86 (10 days)

1Average wholesale price (AWP, for AB-rated generic when available) for quantity listed. Source: IBM Micromedex Red Book (electronic

version) IBM Watson Health, Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com (cited April 18, 2021). AWP

may not accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.
2Increasing resistance noted (up to 20%).
3FDA advises restricting fluoroquinolone use for some uncomplicated infections, including uncomplicated urinary tract infections, because

of mental health side effects including disturbances in attention, disorientation, agitation, nervousness, memory impairment, and delirium;

musculoskeletal side effect risks of tendinitis and tendon rupture; neuromuscular side effect of peripheral neuropathy and worsening of

myasthenia gravis; and endocrine side effect of coma from hypoglycemia.
4Infectious Diseases Society of America (IDSA) recommends an initial 24-hour intravenous dose of antibiotic when local resistance of the

selected oral regimen exceeds 10%. Please refer to local antibiograms.

Sources:
aTreatment regimens based upon Gupta K et al. Treatment of acute uncomplicated cystitis and pyelonephritis in women: a 2010 update

by the Infectious Diseases Society of America and European Society for Microbiology and Infectious Diseases. Clin Infect Dis. 2011;52:e103.
bTreatment regimens based upon Sharp VJ et al. Prostatitis: diagnosis and treatment. Am Fam Physician. 2010;82:397.
cTreatment regimens based upon Workowski KA et al; Centers for Disease Control and Prevention. Sexually transmitted diseases treat-

ment guidelines, 2015. MMWR Recomm Rep. 2015;64:1.

(continued)
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kidney or focal areas within the kidney and nonspecific
perinephric fat stranding.

» Differential Diagnosis

The differential diagnosis includes acute cystitis or a lower
urinary source. Acute intra-abdominal disease such as
appendicitis, cholecystitis, pancreatitis, or diverticulitis must
be distinguished from pyelonephritis. A normal urinalysis is
usually seen in gastrointestinal disorders; however, on occa-
sion, inflammation from adjacent bowel (appendicitis or
diverticulitis) may result in hematuria or sterile pyuria.
Abnormal liver biochemical tests or elevated amylase levels
may assist in the differentiation. Lower-lobe pneumonia is
distinguishable by the abnormal chest radiograph.

In males, the main differential diagnosis for acute
pyelonephritis also includes acute epididymitis and acute
prostatitis. Physical examination and the location of the
pain should permit this distinction.

» Complications

Sepsis with shock can occur with acute pyelonephritis. In
diabetic patients, emphysematous pyelonephritis resulting
from gas-producing organisms may be life-threatening if
not adequately treated. Healthy adults usually recover com-
plete kidney function, yet if coexistent kidney disease is
present, scarring or chronic pyelonephritis may result.
Inadequate therapy could result in abscess formation.

» Treatment

Urine and blood cultures are obtained to identify the caus-
ative agent and to determine antimicrobial sensitivity. In
the inpatient setting, intravenous ampicillin and an amino-
glycoside are initiated prior to obtaining sensitivity results
(Table 23–1). In the outpatient setting, empiric therapy
may be initiated (Table 23–1). Antibiotics are adjusted
according to sensitivities. If local antibiograms demon-
strate local resistance rates for the oral regimen exceed
10%, an initial 24-hour intravenous dose of antibiotic is
required. Fevers may persist for up to 72 hours even with
appropriate antibiotics; failure to respond within 48 hours
warrants imaging (CT or ultrasound) to exclude compli-
cating factors that may require intervention (such as a
perinephric abscess or an obstructing stone). Catheter
drainage may be necessary in the face of urinary retention
and nephrostomy drainage if there is ureteral obstruction.
In inpatients, intravenous antibiotics are continued for
24 hours after the fever resolves, and oral antibiotics are
then given to complete a 14-day course of therapy.

» Prognosis

With prompt diagnosis and appropriate treatment, acute
pyelonephritis carries a good prognosis. Complicating fac-
tors, underlying kidney disease, and increasing patient age
may lead to a less favorable outcome.

» When to Refer

• Evidence of complicating factors (urolithiasis, obstruction).

• Failure of clinical improvement in 48 hours.

» When to Admit

• Severe infections or complicating factors, evidence of
sepsis, or need for parenteral antibiotics.

• Need for radiographic imaging or drainage of urinary
tract obstruction.

Bader MS et al. Treatment of urinary tract infections in the era
of antimicrobial resistance and new antimicrobial agents.
Postgrad Med. 2020;132:234. [PMID: 31608743]

Johnson JR et al. Acute pyelonephritis in adults. N Engl J Med.
2018;378:1162. [PMID: 29562155]

Kolman KB. Cystitis and pyelonephritis: diagnosis, treatment
and prevention. Prim Care. 2019;46:191. [PMID: 31030820]

Wagenlehner FME et al; EPIC Study Group. Once-daily plazo-
micin for complicated urinary tract infections. N Engl J Med.
2019;380:729. [PMID: 30786187]

3. acue Bceril prosiis

E S S E N T I A L S  O F  D I A G N O S I S

» Fever.

» Irritative voiding symptoms.

» Perineal or suprapubic pain; exquisite tenderness
common on rectal examination.

» Positive urine culture.

» General Considerations

Acute bacterial prostatitis is usually caused by gram-
negative rods, especially E coli and Pseudomonas species,
and less commonly by gram-positive organisms (eg,
enterococci). The most likely routes of infection include
ascent up the urethra and reflux of infected urine into the
prostatic ducts. Lymphatic and hematogenous routes are
probably rare.

» Clinical Findings

A. Symptoms and Signs

Perineal, sacral, or suprapubic pain, fever, and irritative
voiding complaints are common. Varying degrees of
obstructive symptoms may occur as the acutely inflamed
prostate swells, which may lead to urinary retention. High
fevers and a warm and often exquisitely tender prostate
are detected on examination. Care should be taken to
perform a gentle rectal examination, since vigorous
manipulations may result in septicemia. Prostatic massage
is contraindicated.

B. Laboratory Findings

Complete blood count shows leukocytosis and a left
shift. Urinalysis shows pyuria, bacteriuria, and varying
degrees of hematuria. Urine or expressed prostatic
secretions cultures will demonstrate the offending patho-
gen (Table 23–2).
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C. Imaging

Acute prostatitis can progress to prostatic abscess and a
pelvic CT or transrectal ultrasound is indicated in patients
who do not respond to antibiotics in 24–48 hours.

» Differential Diagnosis

Acute pyelonephritis or acute epididymitis should be
distinguishable by the location of pain as well as by physi-
cal examination. Acute diverticulitis is occasionally con-
fused with acute prostatitis; however, the history and
urinalysis should permit clear distinction. Urinary reten-
tion from prostatic enlargement is distinguishable by
initial or follow-up rectal examination and postvoid
residual bladder scan.

» Treatment

Hospitalization may be required, and parenteral antibiotics
(ampicillin and aminoglycoside) should be initiated until
organism sensitivities are available (Table 23–1). After the
patient is afebrile for 24–48 hours, oral antibiotics (eg, qui-
nolones if organism is sensitive) are used to complete
4–6 weeks of therapy. If urinary retention develops, an in-
and-out catheterization to relieve the initial obstruction or
short-term (12 hours) small indwelling urinary catheter is
appropriate.

» Prognosis

Acute bacterial prostatitis is relatively simple to treat, since
bacteria are eradicated with appropriate antibiotic therapy.
Progression to chronic bacterial prostatitis is rare.

» When to Refer

• Evidence of urinary retention.

• Evidence of chronic prostatitis.

» When to Admit

• Signs of sepsis.

• Need for surgical drainage of bladder or prostatic abscess.

Kwan ACF et al. Fosfomycin for bacterial prostatitis: a review. Int
J Antimicrob Agents. 2020;56:106106. [PMID: 32721595]

Lupo F et al. Is bacterial prostatitis a urinary tract infection? Nat
Rev Urol. 2019;16:203. [PMID: 30700862]

Table 23–2. Clinical characteristics of prostatitis and chronic pelvic pain syndrome.

Findings

acue Bceril

prosiis

Cronic Bceril

prosiis

Cronic Nonbceril

prosiis

Cronic pelvic

pin Syndrome

Fever + – – –

Urinalysis + – – –

Expressed prostate secretions Contraindicated + WBC

+ Culture

+ WBC

– Culture

– WBC

– Culture

Postprostatic massage urine specimen Contraindicated + Culture – Culture – Culture

WBC, white blood cell.

Xiong S et al. Pharmacological interventions for bacterial pros-
tatitis. Front Pharmacol. 2020;11:504. [PMID: 32425775]

4. Cronic Bceril prosiis

E S S E N T I A L S  O F  D I A G N O S I S

» Irritative voiding symptoms.

» Perineal or suprapubic discomfort, often dull and
poorly localized.

» Abnormal expressed prostatic secretions and pos-
itive culture.

» General Considerations

Although chronic bacterial prostatitis may evolve from
acute bacterial prostatitis or recurrent urinary tract
infection, over half of affected men have no history of
acute infection. Gram-negative rods are the most com-
mon etiologic agents, but only one gram-positive
organism (Enterococcus) is associated with chronic
infection. Routes of infection are the same as discussed
for acute infection.

» Clinical Findings

A. Symptoms and Signs

Clinical manifestations are variable. Most patients have
varying degrees of irritative voiding symptoms, urethral
pain, and obstructive urinary symptoms. Low back and
perineal pain are common. Many patients (25–43%)
report a history of urinary tract infections. Physical
examination is often unremarkable, although the prostate
may feel normal, boggy, or indurated. A postvoid residual
urine volume should be measured to evaluate for urinary
retention.

B. Laboratory Findings

Urinalysis is normal unless a secondary cystitis is present.
Expressed prostatic secretions or a postprostatic massage
voided urine or both demonstrate increased numbers of
leukocytes (greater than 5–10 per high-power field) and
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bacterial growth when cultured (Table 23–2). Culture of
the secretions and the postprostatic massage urine speci-
men is necessary to make the diagnosis. Leukocyte and
bacterial counts from expressed prostatic secretions do
not correlate with severity of symptoms. If no organisms
are identified on culture, then nonbacterial prostatitis,
chronic pelvic pain, or interstitial cystitis should be
suspected.

C. Imaging

Imaging tests are typically not necessary.

» Differential Diagnosis

Chronic urethritis may mimic chronic prostatitis, though
cultures of the fractionated urine may localize the source
of infection to the initial specimen, which comes from
the urethra. Cystitis may be secondary to prostatitis, but
urine samples after prostatic massage may localize the
infection to the prostate. Other chronic prostatic condi-
tions, such as nonbacterial prostatitis, chronic pelvic
pain, or interstitial cystitis, are distinguished from
chronic bacterial prostatitis by examination and culture
of prostatic secretions and postprostatic massage urine
sample. Anal disease may share some of the symptoms of
prostatitis, but physical examination should distinguish
between the two.

» Treatment

As in acute prostatitis, if patients are febrile or systemi-
cally ill, they may require admission and initial intrave-
nous therapy with broad-spectrum antibiotics, such as
ampicillin plus gentamicin, a third-generation cephalo-
sporin, or a fluoroquinolone (Table 23–1). Therapy would
then continue with oral trimethoprim-sulfamethoxazole,
fluoroquinolone, or extended-spectrum beta-lactamase
antibiotic based on culture and sensitivities of expressed
prostatic secretion or postprostatic massage urine. The
optimal duration of therapy remains controversial, rang-
ing from 4 to 6 weeks. Symptomatic relief may be pro-
vided by anti-inflammatory agents (indomethacin,
ibuprofen), hot sitz baths, and alpha-blockers (tamsulo-
sin, alfuzosin, silodosin).

» Prognosis

Chronic bacterial prostatitis may be recurrent, can be dif-
ficult to cure, and often requires repeated courses of thera-
peutic antibiotics.

» When to Refer

• Persistent symptoms.

• Consideration of enrollment in clinical trials.

Su ZT et al. Management of chronic bacterial prostatitis. Curr
Urol Rep. 2020;21:29. [PMID: 32488742]

Zaidi N et al. Management of chronic prostatitis. Curr Urol Rep.
2018;19:88. [PMID: 30167899]

5. Nonbceril Cronic prosiis/Cronic
pelvic pin Syndrome

E S S E N T I A L S  O F  D I A G N O S I S

» Irritative voiding symptoms.

» Perineal or suprapubic discomfort, similar to that
of chronic bacterial prostatitis.

» Presence of white blood cells in expressed pros-
tatic secretions but negative culture.

» General Considerations

Nonbacterial chronic prostatitis and chronic pelvic pain
syndromes are incompletely understood with symptoms
due to interrelated cascade of inflammatory, immunologic,
endocrine, muscular, neuropathic, and psychologic mecha-
nisms. There are a variety of subtypes based on the most
pronounced symptoms. Chronic perineal, suprapubic, or
pelvic pain is the most common presenting symptom,
though men may complain of pain in the testes, groin, and
low back. Pain during or after ejaculation is one of the most
prominent and bothersome symptoms in many patients.
Psychosocial factors (depression, anxiety, catastrophizing,
poor social support, stress) also likely play an important
role in the exacerbation of chronic pelvic pain symptoms.
Because the cause of nonbacterial prostatitis remains
unknown, the diagnosis is usually one of exclusion, and
treatment may require multimodal therapy. Quality of life
is greatly decreased for many patients with chronic non-
bacterial prostatitis and chronic pelvic pain syndrome.

» Clinical Findings

A. Symptoms and Signs

The clinical presentation is identical to that of chronic
bacterial prostatitis; however, no history of urinary tract
infections is typically present. The National Institutes of
Health Chronic Prostatitis Symptom Index (NIH-CPSI)
(www.prostatitisclinic.com/graphics/questionnaire2.pdf)
has been validated to quantify symptoms of chronic non-
bacterial prostatitis or chronic pelvic pain syndrome.

B. Laboratory Findings

Increased numbers of leukocytes are typically seen in
expressed prostatic secretions, but cultures of both
expressed prostatic secretions and postprostatic urine
specimens are negative.

» Differential Diagnosis

The major distinction is from chronic bacterial prostatitis.
The absence of positive cultures makes the distinction
(Table 23–2). In older men with irritative voiding symp-
toms and negative cultures, bladder cancer must be
excluded. Urinary cytologic examination and cystoscopy
are warranted.
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» Treatment

Multimodal therapy is recommended according to the
various modes of patient presentation. Patients with void-
ing symptoms are treated with alpha-blockers (tamsulosin,
alfuzosin, silodosin). Antibiotics are used to treat newly
diagnosed, antimicrobial-naive patients. Psychosocial dis-
orders are treated with cognitive behavioral therapy, anti-
depressants, anxiolytics, and, if necessary, referral to mental
health specialists. Neuropathic pain is treated with gaba-
pentinoids, amitriptyline, neuromodulation, acupuncture,
and if necessary, referral to a pain management specialist
(see Chapter 5). Pelvic floor muscle dysfunction may
respond to diazepam, biofeedback, physical therapy (kegel
exercises), pelvic shock wave lithotripsy, and heat therapy.
Sexual dysfunction with pain is treated with sexual therapy
and phosphodiesterase-5 inhibitors (avanafil, sildenafil,
tadalafil, vardenafil). Surgery is not recommended for chronic
prostatitis.

» Prognosis

Annoying, recurrent symptoms are common, but serious
sequelae have not been identified.

Doiron RC et al. Male CP/CPPS: where do we stand? World J
Urol. 2019;37:1015. [PMID: 30864007]

Doiron RC et al. Management of chronic prostatitis/chronic pel-
vic pain syndrome. Can Urol Assoc J. 2018;12:S161. [PMID:
29875042]

Doiron RC et al. The evolving clinical picture of chronic prosta-
titis/chronic pelvic pain syndrome (CP/CPPS): a look at 1310
patients over 16 years. Can Urol Assoc J. 2018;12:196. [PMID:
29485036]

Franco JVA et al. Non-pharmacological interventions for treating
chronic prostatitis/chronic pelvic pain syndrome. Cochrane
Database Syst Rev. 2018;1:CD012551. Update in: Cochrane
Database Syst Rev 2018;5:CD012551. [PMID: 29372565]

Franco JVA et al. Pharmacological interventions for treating
chronic prostatitis/chronic pelvic pain syndrome: a Cochrane
systematic review. BJU Int. 2020;125:490. [PMID: 31899937]

6. acue Eididymiis

E S S E N T I A L S  O F  D I A G N O S I S

» Fever.

» Irritative voiding symptoms.

» Painful enlargement of epididymis.

» General Considerations

Most cases of acute epididymitis are infectious and can be
divided into one of two categories that have different age
distributions and etiologic agents. Sexually transmitted
forms typically occur in men under age 35 years, are associ-
ated with urethritis, and result from Chlamydia trachomatis
or Neisseria gonorrhoeae. Men who practice insertive anal
intercourse may have acute epididymitis from sexually trans-
mitted and enteric organisms. Non–sexually transmitted

forms typically occur in men age 35 years and older, are
associated with urinary tract infections and prostatitis, and
are caused by enteric gram-negative rods. The route of
infection is probably via the urethra to the ejaculatory duct
and then down the vas deferens to the epididymis. Amioda-
rone has been associated with self-limited epididymitis in a
dose-dependent phenomenon.

» Clinical Findings

A. Symptoms and Signs

Symptoms may follow chronic dysfunctional voiding, uri-
nary retention, sexual activity, or trauma. Associated
symptoms of urethritis (pain at the tip of the penis and
urethral discharge) or cystitis (irritative voiding symp-
toms) may occur. Pain develops in the scrotum and may
radiate along the spermatic cord or to the flank. Scrotal
swelling and tenderness are usually apparent. Severe cases
may develop systemic symptoms such as fever. Early in the
course, the epididymis may be distinguishable from the
testis; however, later the two may appear as one enlarged,
tender mass. A reactive hydrocele may develop. The pros-
tate may be tender on rectal examination.

B. Laboratory Findings

A complete blood count shows leukocytosis and a left shift.
In the sexually transmitted variety, Gram staining of a
smear of urethral discharge may be diagnostic of gram-
negative intracellular diplococci (N gonorrhoeae). White
cells without visible organisms on urethral smear signify
nongonococcal urethritis, and C trachomatis is the most
likely responsible pathogen. In the non–sexually transmit-
ted variety, urinalysis shows pyuria, bacteriuria, and vary-
ing degrees of hematuria. Urine cultures will demonstrate
the offending pathogen.

C. Imaging

Scrotal ultrasound may aid in the diagnosis if examination
is difficult because of the presence of a large hydrocele or
because questions exist regarding the diagnosis.

» Differential Diagnosis

Tumors generally cause painless enlargement of the testis.
Urinalysis is negative, and examination reveals a normal
epididymis. Scrotal ultrasound is helpful to define the pathol-
ogy. Testicular torsion usually occurs in prepubertal males
but is occasionally seen in young adults. Acute onset of symp-
toms and a negative urinalysis favor testicular torsion or tor-
sion of one of the testicular or epididymal appendages. Prehn
sign (elevation of the scrotum improves pain from epididy-
mitis) may be suggestive but is not reliable in its diagnosis. A
distal ureteral stone often presents with referred pain into the
ipsilateral groin and scrotum, but the scrotum is not tender to
palpation and a scrotal ultrasound is normal.

» Treatment

Bed rest, ice, and scrotal elevation are important in the
acute phase. Treatment is directed toward the identified
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pathogen (Table 23–1). The sexually transmitted variety in
patients under age 35 is treated with a single intramuscular
injection of ceftriaxone 250 mg plus 10 days of oral doxy-
cycline 100 mg four times daily; in addition, any sexual
partners from the preceding 60 days must be evaluated and
treated as indicated. Men who practice insertive anal inter-
course receive a single intramuscular injection of ceftriax-
one 250 mg and 10 days of an oral fluoroquinolone
(ciprofloxacin 500 mg twice daily) to cover sexually trans-
mitted and enteric organisms. Non–sexually transmitted
forms are treated for 10 days with a fluoroquinolone, at
which time evaluation of the urinary tract is warranted to
identify underlying disease. Symptoms and signs of epi-
didymitis that do not subside within 3 days require reeval-
uation of the diagnosis and therapy.

» Prognosis

Prompt treatment usually results in a favorable outcome. If
significant scrotal swelling has developed, this may take
4 weeks to resolve. Delayed or inadequate treatment may
result in epididymoorchitis, decreased fertility, or abscess
formation.

» When to Refer

• Persistent symptoms and infection despite antibiotic
therapy.

• Signs of sepsis or abscess formation.

Centers for Disease Control and Prevention. 2015 Sexually
Transmitted Disease Treatment Guidelines: Epididymitis.
2015. https://www.cdc.gov/std/tg2015/epididymitis.htm

Louette A et al. Treatment of acute epididymitis: a systematic
review and discussion of the implications for treatment based
on etiology. Sex Transm Dis. 2018;45:e104. [PMID: 30044339]

INTERSTITIAL CYSTITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Pain with bladder filling; urinary urgency and
frequency.

» Submucosal petechiae or ulcers on cystoscopic
examination.

» Diagnosis of exclusion.

» General Considerations

Interstitial cystitis (painful bladder syndrome) is character-
ized by pain with bladder filling that is relieved by empty-
ing and is often associated with urgency and frequency
with a dramatic exaggeration of normal sensations. This is
a diagnosis of exclusion, and patients must have a negative
urine culture and cytology and no other obvious cause
such as radiation cystitis, chemical cystitis (cyclophospha-
mide), vaginitis, urethral diverticulum, or genital herpes.
Up to 40% of patients referred to urologists for interstitial

cystitis may actually be found to have a different diagnosis
after careful evaluation. What was once considered a blad-
der disorder is now considered a chronic pain syndrome.

Population-based studies have demonstrated a preva-
lence of between 18 and 40 per 100,000 people. Both sexes
are involved, but most patients are women, with a mean age
of 40 years at onset. Patients with interstitial cystitis are
more likely to report bladder problems in childhood, espe-
cially women. Up to 50% of patients may experience spon-
taneous remission of symptoms, with a mean duration of
8 months without treatment.

The etiology of interstitial cystitis is unknown, and it is
most likely not a single disease but rather several diseases
with similar symptoms. Associated diagnoses include
severe allergies, irritable bowel syndrome, or inflammatory
bowel disease. Theories regarding the cause of interstitial
cystitis include increased epithelial permeability, neuro-
genic causes (sensory nervous system abnormalities), and
autoimmunity.

» Clinical Findings

A. Symptoms and Signs

Pain, pressure, or discomfort with bladder filling that is
relieved with urination, and urgency, frequency, and noc-
turia are the most common symptoms. Patients should be
asked about exposure to pelvic radiation or treatment with
cyclophosphamide. Examination should exclude genital
herpes, vaginitis, or a urethral diverticulum.

B. Laboratory Findings

Urinalysis, urine culture, and urinary cytology are obtained
to examine for infectious causes and bladder malignancy;
in interstitial cystitis, they are all normal. Urodynamic test-
ing can be done to assess bladder sensation and compliance
and to exclude detrusor instability.

C. Cystoscopy

Cystoscopy may reveal glomerulations (submucosal hem-
orrhage) with hydrodistention of the bladder. Total bladder
capacity should be determined. Biopsy of any suspicious
lesions should be performed to exclude other causes such
as carcinoma, eosinophilic cystitis, and tuberculous cysti-
tis. The presence of submucosal mast cells is not needed to
make the diagnosis of interstitial cystitis.

» Differential Diagnosis

Exposures to radiation or cyclophosphamide are discovered
by the history. Bacterial cystitis, genital herpes, or vaginitis
can be excluded by urinalysis, culture, and physical exami-
nation. A urethral diverticulum may be suspected if palpa-
tion of the urethra demonstrates an indurated mass that
results in the expression of pus from the urethral meatus.
Urethral carcinoma presents as a firm mass on palpation.

» Treatment

There is no cure for interstitial cystitis, but most patients
achieve symptomatic relief from one of several approaches,
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including hydrodistention, which is usually done as part of
the diagnostic evaluation. Approximately 20–30% of
patients notice symptomatic improvement following this
maneuver. Patients with very small bladder capacities (less
than 200 mL) are unlikely to respond to medical therapy.

Amitriptyline (10–75 mg/day orally) is often used as
first-line medical therapy in patients with interstitial cysti-
tis. Both central and peripheral mechanisms may contrib-
ute to its activity. Nifedipine (30–60 mg/day orally) and
other calcium channel blockers have also demonstrated
some activity in patients with interstitial cystitis. Pentosan
polysulfate sodium (Elmiron) is an oral synthetic sulfated
polysaccharide that helps restore integrity to the epithe-
lium of the bladder in a subset of patients, and it has been
evaluated in a placebo-controlled trial. Other options
include intravesical instillation of dimethyl sulfoxide
(DMSO) and heparin. Intravesical bacillus Calmette-
Guérin (BCG) is not beneficial.

Further treatment modalities include transcutaneous
electric nerve stimulation (TENS), acupuncture, stress
reduction, exercise, biofeedback, massage, and pelvic floor
relaxation. Surgical therapy for interstitial cystitis should
be considered only as a last resort and may require cysto-
urethrectomy with urinary diversion.

» When to Refer

Persistent and bothersome symptoms in the absence of
identifiable cause.

Colemeadow J et al. Clinical management of bladder pain syn-
drome/interstitial cystitis: a review on current recommenda-
tions and emerging treatment options. Res Rep Urol. 2020;12:
331. [PMID: 32904438]

Daniels AM et al. Interstitial cystitis: an update on the disease
process and treatment. J Pain Palliat Care Pharmacother.
2018;32:49. [PMID: 30212267]

Giusto LL et al. An evaluation of the pharmacotherapy for intersti-
tial cystitis. Expert Opin Pharmacother. 2018;19:1097. [PMID:
29972328]

Hanno PM et al; American Urological Association. Diagnosis and
treatment of interstitial cystitis/bladder pain syndrome: AUA
guideline amendment. J Urol. 2015;193:1545. [PMID: 25623737]

Marcu I et al. Interstitial cystitis/bladder pain syndrome. Semin
Reprod Med. 2018;36:123. [PMID: 30566978]

URINARY STONE DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Severe flank pain.

» Nausea and vomiting.

» Identification on noncontrast CT or ultrasonography.

» General Considerations

Urinary stone disease is exceeded in frequency as a urinary
tract disorder only by infections and prostatic disease. It is
estimated to afflict 240,000–720,000 Americans per year.

The prevalence of kidney stones has increased to 8.8%, or
1 in 11 Americans, representing a 70% increase over the
last 15 years. While men are more frequently affected by
urolithiasis than women, with a ratio of 1.5:1, the preva-
lence of stones in women is increasing. Initial presentation
usually occurs in the third through fifth decades, and more
than 50% of patients will become recurrent stone formers.

Stone formation requires saturated urine that is depen-
dent on solute concentration, ionic strength, pH, and com-
plexation. There are five major types of urinary stones:
calcium oxalate, calcium phosphate, struvite (magne-
sium ammonium phosphate), uric acid, and cystine. The
most common types are those composed of calcium oxa-
late or phosphate (85%), and for that reason most urinary
stones are radiopaque on plain abdominal radiographs.
Although pure uric acid stones are radiolucent, uric acid
stones are frequently composed of a combination of uric
acid and calcium oxalate and thus may be radiopaque.
Cystine stones frequently have a smooth-edged ground-
glass appearance and are radiolucent.

Geographic factors contribute to the development of
stones. High humidity and elevated temperatures appear to
be contributing factors, and the incidence of symptomatic
ureteral stones is greatest in such areas during hot summer
months. Higher incidence rates of stones have also been
associated with sedentary lifestyle, obesity, hypertension,
insulin resistance and poor glycemic control, carotid calci-
fication, and cardiovascular disease.

Many commonly prescribed medications increase the
risk of formation of kidney stones, including carbonic
anhydrase inhibitors (topiramate, zonisamide, acetazol-
amide), systemic corticosteroids (prednisone), antiretrovi-
ral protease inhibitors (indinavir), gout medications
(probenecid), diuretics (furosemide, bumetanide, torse-
mide, triamterene), decongestants (guaifenesin, ephed-
rine), and laxatives (if abused for weight loss). The risk of
stones from calcium supplementation is controversial.
Thus, if calcium supplementation is medically necessary, it
is recommended that the calcium supplement be taken
with meals, and restricted to no more than 2000 mg of total
calcium intake daily (including dietary sources).

Inadequate hydration is another very important dietary
factor in the development of urinary stones. Stone formers
should be encouraged to drink enough fluid to keep their
urine clear or light-yellow at all times with a goal of at least
2500 mL of urine produced daily, which typically requires
over 3000 mL (100 oz) intake per day. Excess animal pro-
tein and salt intake (over 3500 mg daily) as well as
restricted dietary calcium intake are other important stone
risk factors.

Genetic factors may contribute to urinary stone forma-
tion. While approximately 50% of calcium-based stones are
thought to have a heritable component, other stone types
are better characterized genetically. For example, cystinuria
is an autosomal recessive disorder. Homozygous individu-
als have markedly increased excretion of cystine and fre-
quently have numerous recurrent episodes of urinary
stones. Distal renal tubular acidosis may be transmitted as
a hereditary trait, and urolithiasis occurs in up to 75% of
affected patients.
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» Clinical Findings

A. Symptoms and Signs

Obstructing urinary stones usually present with acute, unre-
mitting, and severe colic. Pain most often occurs suddenly
and may awaken patients from sleep. It is typically localized
to the flank and may be associated with nausea and vomit-
ing. In sharp contrast to patients with an acute abdomen,
patients with kidney stones are constantly moving, trying to
find a comfortable position. The pain may occur episodi-
cally and may radiate anteriorly over the abdomen. As the
stone progresses down the ureter, the pain may be referred
into the ipsilateral groin. As the stone traverses the uretero-
vesicular junction, patients may complain of marked urinary
urgency and frequency and in men, pain may radiate to the
tip of the penis. After the stone passes into the bladder, there
typically is immediate relief of symptoms, then the stones
pass harmlessly through the urethra. Stone size does not cor-
relate with the severity of the symptoms. If the stone fails to
pass and obstruction persists, patients may note a deceptive
improvement in symptoms. As many as 25% of patients with
resolution of pain will have a persistent stone and thus fol-
low-up imaging is recommended in all patients if the stone
has not been witnessed to pass.

B. Laboratory Findings

Regardless of symptom severity, urinalysis usually reveals
microscopic or gross hematuria (~90%). However, the
absence of microhematuria does not exclude urinary
stones. A persistent urinary pH < 5.5 may suggest a uric
acid stone, while a persistent urinary pH > 7.2 may suggest
a struvite (infection-related) or calcium phosphate stone.
Patients with calcium oxalate–based stones typically have a
normal urinary pH.

C. Metabolic Evaluation

Stone analysis on recovered stones can facilitate counseling
for prevention of recurrence. Patients with uncomplicated
first-time stones should undergo dietary counseling as
outlined below and can be offered an optional complete
metabolic evaluation.

General dietary counseling includes encouraging
patients to augment their fluid intake to increase their
urine volume (goal urinary output of greater than
2500 mL/day). This typically requires a fluid intake of
3000 mL/day or more. Stone formers should reduce their
sodium intake (goal less than 3500 mg/day), and reduce
their animal protein intake (eggs, fish, chicken, pork, and
beef). Detailed medical and dietary history, serum chemis-
tries, and urinalysis should be obtained for all patients with
newly diagnosed nephrolithiasis. A serum parathyroid
hormone level should be checked when hyperparathyroid-
ism is suspected as the cause of calcium oxalate or calcium
phosphate stones, and a serum uric acid should be obtained
to exclude severe hyperuricemia, which can lead to uric
acid stones as well as crystal deposition in the kidneys or
heart. A 24-hour urine collection to determine urinary
volume, creatinine, pH, calcium, uric acid, oxalate, phos-
phate, sodium, and citrate excretion is recommended for

interested patients with their first stone, for all patients
who have recurrent stones, and for patients at high risk for
recurrence. Results are used to personalize medical man-
agement to individual patient risk factors.

D. Imaging

Noncontrast CT is the most accurate imaging modality for
evaluating flank pain given its superior sensitivity and
specificity over other tests; however, ultrasonography
(which does not use ionizing radiation) is a safe and effec-
tive alternative for initial evaluation of renal colic and one
that can be used in the emergency department with good
accuracy. If the CT scan is used, it should be obtained in
the prone position to help differentiate distal ureterovesic-
ular stones from those that have already passed into the
urinary bladder. A “low-dose” imaging protocol should be
used when available and repeated CT scans should be
minimized due to the substantial cumulative radiation
exposure that patients with recurrent stones can face. Stone
density can be estimated with Hounsfield units (HU) on
CT scans to help determine stone type. All stones, whether
radiopaque or radiolucent on plain abdominal radio-
graphs, will be visible on noncontrast CT except the rare
calculus caused by the protease inhibitor, indinavir. A plain
abdominal radiograph (kidney, ureter, and bladder [KUB])
and renal ultrasound examination will diagnose up to 80%
of stones. Since more than 60% of patients with acute renal
colic will have a stone in the distal 4 cm of the ureter, atten-
tion should be directed to that region when examining
radiographs and ultrasonographic studies. Pain from a
kidney stone is due to the dilatation of the ureter and kid-
ney from the obstruction, and thus small nonobstructing
kidney stones are typically not associated with pain.

» Medical Treatment & Prevention

To reduce the recurrence rate of urinary stones, dietary
modification is important. Metabolic evaluation often iden-
tifies a modifiable risk factor that can further reduce stone
recurrence rates. If no medical treatment is provided, stones
will generally recur in 50% of patients within 5 years. Some
stone types (eg, uric acid, cystine) are more prone to rapid
recurrence than others. An increased fluid intake to dilute
the urine and prevent dehydration is the most important
dietary risk factor to reduce stone recurrence and may
diminish the risk by 50%. Increasing fluid intake to ensure a
voided volume of 2.5 L/day is recommended (normal aver-
age voided volume is 1.6 L/day). Urine should be clear or
light yellow at each void. Medical therapy should be tailored
to the patient’s metabolic workup and the activity of their
stone disease. Routine follow-up every 6–8 months and
annual imaging (preferably with ultrasonography) will help
encourage medical compliance, assess for interval stone
formation or growth, and permit adjustments in medical
therapy based on repeat metabolic studies.

A. General Dietary Recommendations

A 24-hour urinary sodium level of greater than 150 mmol/
day indicates excessive sodium intake. Sodium intake
should be limited to less than 3500 mg daily. Excessive

CMDT22_Ch23_p0952-p0977.indd 964 29/06/21 8:49 PM



UROLOGIC DISORDERS 965CMDT 2022

sodium intake will increase renal sodium and calcium
excretion, increase urinary monosodium urates (that can
act as a nidus for stone growth), increase the relative satu-
ration of calcium phosphate, and decrease urinary citrate
excretion. All of these factors encourage stone growth.

A urinary sulfate level of greater than 20 mEq/day indi-
cates excessive animal protein intake. Animal protein
intake should be spread out through the day, not all con-
sumed during any individual meal, and is best limited to
1 g/kg/day. An increased protein load during an individual
meal can lead to acidic urine and also increases calcium,
oxalate, and uric acid excretion and decrease urinary
citrate excretion.

Dietary calcium intake should not be restricted in an
effort to decrease stone formation because it may paradoxi-
cally lead to increased stone formation due to increased
oxalate absorption and consequent hyperoxaluria.

B. Calcium Nephrolithiasis

1. Hypercalciuria—Elevated urinary calcium levels
(greater than 4 mg/kg/day or greater than 250 mg/day for
males and greater than 200 mg/day for females) lead to
hypercalciuric calcium nephrolithiasis. Hypercalciuria can
be caused by absorptive, resorptive, and renal disorders;
however, the categorization system provided below is not
routinely used in clinical practice. Thiazide diuretics
decrease renal calcium excretion; after primary hyperpara-
thyroidism has been excluded, thiazide diuretics should be
offered to patients with high urinary calcium and recurrent
calcium stones. Chlorthalidone and indapamide are first-
line agents since they can be administered once a day, while
hydrochlorothiazide for hypercalciuria should be adminis-
tered twice a day. All patients respond to thiazide diuretics
with decreases in urinary calcium unless they have primary
hyperparathyroidism or are nonadherent with taking the
medication. Clinicians should periodically test patients
taking thiazide diuretics for hypokalemia, since they may
require potassium supplementation.

Absorptive hypercalciuria is secondary to increased
absorption of calcium at the level of the small bowel, pre-
dominantly in the jejunum. Absorptive hypercalciuria can
be diet-dependent, independent of calcium intake, or due
to renal phosphate leak. Oral calcium load testing is no
longer performed.

Resorptive hypercalciuria, or primary hyperparathy-
roidism, is typically due to a parathyroid adenoma. Hyper-
calcemia, elevated serum parathyroid hormone level,
hypophosphatemia, and elevated urinary calcium level are
present. Appropriate surgical resection of the parathyroid
adenoma is curative in 75% of patients with kidney stones
due to primary hyperparathyroidism. Medical manage-
ment is typically reserved for patients who are not good
surgical candidates.

Renal hypercalciuria is the most common form of
hypercalciuria and occurs when the renal tubules are
unable to efficiently reabsorb filtered calcium. Spilling
calcium in the urine may result in secondary hyperpara-
thyroidism with normal serum calcium. A thiazide diuretic
is an effective long-term therapy in patients with this dis-
order because it corrects the urinary calcium losses and is

associated with an increase in bone mineral density of
approximately 1% per year while receiving therapy.

2. Hyperuricosuria—Hyperuricosuric calcium nephroli-
thiasis is defined by elevated urinary uric acid levels
(greater than 800 mg/day for males and greater than
750 mg/day for females). It is usually secondary to dietary
purine excess or endogenous uric acid metabolic defects.
Excess uric acid in the urine can lead to uric acid stones if
the urine pH is low, or to calcium stones at higher urine pH
due to formation of a monosodium urate crystal that then
calcifies in a process known as heterogenous nucleation.
Dietary purine restriction can reduce hyperuricosuria in
85% of cases. Patients with hyperuricosuria, normocalci-
uria, and recurrent calcium oxalate stones can be success-
fully treated with allopurinol. However, allopurinol is not
first-line treatment of uric acid stones; urinary alkaliniza-
tion is (see below).

3. Hyperoxaluria—Hyperoxaluric calcium nephrolithiasis
(greater than 40 mg/day of urinary oxalate) is usually due
to either an intestinal malabsorption disorder or a mis-
match in dietary calcium and oxalate intake. Patients with
a history of chronic diarrhea, inflammatory bowel disease,
malabsorption, or gastric bypass surgery are at risk for
hyperoxaluria. In these disorders, increased intestinal fat or
bile (or both) combine with calcium to form a soap-like
product. Calcium is therefore unavailable to bind to oxa-
late, leading to free oxalate absorption. Even a small
increase in free oxalate absorption significantly increases
risk of stone formation. If the diarrhea or steatorrhea can-
not be effectively curtailed, oral calcium should be
increased with meals, either by ingesting dairy products or
by taking low-dose calcium carbonate supplements (250 mg).
When dietary calcium and oxalate intake are consumed
concurrently, they are unable to be absorbed systemically
since they bind together in the intestinal tract. But if
dietary calcium is restricted, or if dietary oxalate is exces-
sive, free oxalate is rapidly absorbed and excreted in the
urine, leading to hyperoxaluric calcium nephrolithiasis.
Treatment includes adhering to a diet containing moderate
calcium intake (1000–1200 mg daily). If dietary calcium
increases do not reach 1000 mg daily, low-dose calcium
carbonate (250 mg) can be consumed with meals. Treat-
ment also involves avoiding high-oxalate-containing foods
(baked potatoes with skins, sweet potatoes. French fries,
okra, cocoa powder, grits, beets, spinach, rhubarb, almonds,
cashews, miso soup, and Stevia sweetener). NOTE: High-
dose ascorbic acid (greater than 2000 mg/day) will substan-
tially increase urinary oxalate levels.

4. Hypocitraturia—Urinary citrate is the most important
inhibitor of stone formation. Urinary citrate binds to cal-
cium in solution, thereby decreasing available calcium
for precipitation and subsequent stone formation. Low
urine citrate levels (less than 450 mg/day) increase the risk
of stones. Hypocitraturic calcium nephrolithiasis is
usually idiopathic. Urinary citrate excretion is influenced
by systemic acid-base balance and serum potassium lev-
els, and thus, hypocitraturia occurs secondary to any
metabolic acidemia (chronic diarrhea, distal renal tubular
acidosis), or with systemic potassium losses (long-term
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treatment with thiazide or loop diuretics). Usually effec-
tive treatment in these situations is potassium citrate
supplementation: a typical dose is 40–60 mEq total daily
intake, divided into two or three daily doses. Alternatively,
oral lemonade has been shown to modestly increase uri-
nary citrate, but this must be consumed several times
every day since oral citrate is cleared from the urine in
6–8 hours.

C. Uric Acid Calculi

Urinary pH is the most important contributor to uric acid
stone formation, and thus first-line efforts to prevent
hyperuricosuria should focus on alkalinizing the urine
with oral potassium citrate or sodium bicarbonate. Efforts
to decrease urinary uric acid (with allopurinol 300 mg/day
orally) should be reserved for patients continuing to form
stones despite adequate urinary alkalinization. In patients
who form pure uric acid stones, urine pH is consistently
less than 5.5. Increasing the urinary pH dramatically
increases uric acid solubility, leading to prevention of
stone formation (with urine pH > 6.0) and to even stone
dissolution (with urine pH > 6.5). Nitrazine pH test strips
(which turn blue with alkaline urine pH > 6.0) are often
useful to some patients in reinforcing adherence to uri-
nary alkalinization efforts. Less common contributors to
uric acid stone formation include hyperuricemia, myelo-
proliferative disorders, chemotherapy for malignancies
with rapid cell turnover or cell death, abrupt and dramatic
weight loss, and uricosuric medications (probenecid).

D. Struvite Calculi

Struvite stones are composed of magnesium-ammonium-
phosphate and are typically visible on plain radiographs.
They are most common in women with recurrent urinary
tract infections with urease-producing organisms, includ-
ing Proteus, Pseudomonas, Providencia, and, less com-
monly, Klebsiella, Staphylococcus, and Mycoplasma (but not
E coli). Clinically, they rarely present with colic from a
ureteral stone. Instead, a struvite stone is discovered as
a large staghorn calculus forming a cast of the renal
collecting system. Urinary pH is high, routinely above
7.2. Struvite stones are relatively soft and amenable to
percutaneous removal. Appropriate perioperative antibi-
otics are required. They can recur rapidly, and efforts
should be taken to remove all of the stone and then to
prevent further urinary tract infections.

E. Cystine Calculi

Cystine stones are caused by a genetic metabolic defect
resulting in abnormal excretion of cystine. These stones are
exceptionally challenging to manage medically. Prevention
involves markely increasing fluid intake during the day
and night to achieve a urinary volume of 3–4 L/day,
decreasing sodium and dietary cystine intake, and increas-
ing urinary alkalinization (typically with high-dose potas-
sium citrate) with a goal urinary pH > 7.0. Refractory stone
formers may be treated with disulfide inhibitors such as
tiopronin (alpha-mercaptoproprionylglycine) or penicilla-
mine. There are no known inhibitors of cystine calculi.

» Medical Expulsion & Surgical Treatment

Signs of infection, including associated fever, tachycardia,
hypotension, and elevated white blood cell count, may
indicate a urinary tract infection behind the obstructing
stone. Any obstructing stone with associated infection is a
medical emergency requiring urology consultation and
prompt drainage of the kidney with a ureteral stent or a
percutaneous nephrostomy tube. Antibiotics alone are
inadequate and only used as an adjunct to drainage of the
infected urine behind the obstruction.

In the acute setting, forcing intravenous fluids will not
push stones down the ureter. Forced diuresis can actually
be counterproductive and exacerbate pain; instead, a
euvolemic state should be achieved.

A. Ureteral Stones

Ureteral stones are usually discovered at three sites: the
ureteropelvic junction, the crossing of the ureter over the
iliac artery, or the ureterovesicular junction. Stones
smaller than 5–6 mm in diameter on a plain abdominal
radiograph usually pass spontaneously. Medical expulsive
therapy with alpha-blockers (eg, tamsulosin, 0.4 mg
orally once daily) in combination with an anti-inflamma-
tory agent (eg, ibuprofen 600 mg orally three times per
day), with or without a short course of a low-dose oral
corticosteroid (eg, prednisone 10 mg orally daily for 5–10
days), may increase the rate of spontaneous stone passage
and appears to be most effective for distal stones greater
than 5 mm. Attempted medical expulsive therapy with
effective pain medications and imaging follow-up is
appropriate for a few weeks. If the stone fails to pass
within 4 weeks, the patient has fever, intolerable pain, or
persistent nausea or vomiting, or the patient must return
to work or anticipates travel, then surgical intervention is
indicated.

Stones in the mid and distal ureter that require surgi-
cal removal are best managed with ureteroscopic stone
extraction. Ureteroscopic stone extraction involves place-
ment of a small endoscope through the urethra and blad-
der and into the ureter. Under direct vision, basket
extraction or laser fragmentation followed by fragment
extraction is performed. A ureteral stent is often placed
temporarily to allow drainage of the kidney while the
swelling and inflammation from the stone and procedure
resolve.

Extracorporeal shock wave lithotripsy (SWL) can be
offered as second-line therapy. SWL utilizes an external
energy source focused on the stone with the aid of fluoros-
copy or ultrasonography. SWL is typically performed
under anesthesia or sedation as an outpatient procedure
with the goal of stone fragmentation. Most stone fragments
then pass uneventfully within 2 weeks. Occasionally after
SWL, stone fragments obstruct the ureter. Conservative
management usually results in spontaneous resolution of
the obstruction with eventual passage of the stone frag-
ments. Fragments that have not passed within 6 weeks are
unlikely to do so without intervention. SWL is strictly
contraindicated in pregnant patients as well as in those
with untreated urinary tract infection, in those with an
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uncorrected coagulopathy, or in those who must continue
receiving anticoagulant or antiplatelet therapy. A ureteral
stent is typically not necessary with SWL.

Proximal ureteral stones can be treated with SWL or
ureteroscopy. SWL is less successful with larger stones and
those that are very dense. In cases of SWL failure, uretero-
scopic extraction is required.

B. Renal Calculi

Patients with small, asymptomatic, nonobstructing renal
calculi, without urinary tract infection, or obstruction may
not warrant surgical treatment. If surveillance is under-
taken, the patient should be monitored with serial abdomi-
nal radiographs or renal ultrasonographic examinations
every 3–12 months. If the calculi grow or become symp-
tomatic, intervention is indicated. SWL is most effective for
stones less than 1 cm in the lower pole of the kidney or less
than 2 cm elsewhere in the kidney. SWL is less effective for
stones that are very hard (cystine stones, calcium oxalate
stones greater than 1000–1200 Hounsfield units on
CT scan) and for obese patients (skin-to-stone distance
greater than 10–12 cm). Ureteroscopy and laser lithotripsy
are effective for multiple stones and larger stones, though
very large stones may require multiple treatment sessions.
Stones larger than 15–20 mm and staghorn calculi (large
branched stones occupying at least two renal calices) are best
treated via percutaneous nephrolithotomy. Percutaneous
nephrolithotomy is performed by inserting a needle into the
appropriate renal calyx and dilating a tract large enough to
allow a nephroscope to pass directly into the kidney. In this
fashion, larger and more complex renal stones can be
inspected, fragmented, and removed. In unusual cases,
laparoscopic, robotic-assisted, or open stone removal may
be considered. Perioperative antibiotic coverage should be
given for any stone procedure, ideally based on preopera-
tive urine culture results.

» When to Refer

• Evidence of urinary obstruction.

• Urinary stone with associated flank pain.

• Anatomic abnormalities, solitary kidney, or chronic
kidney disease.

• Concomitant pyelonephritis or recurrent urinary tract
infection.

» When to Admit

• Intractable nausea and vomiting or pain.

• Obstructing stone with fever or other signs of
infection.

Corbo J et al. Kidney and ureteral stones. Emerg Med Clin North
Am. 2019;37:637. [PMID: 31563199]

Dai JC et al. Innovations in ultrasound technology in the man-
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[PMID: 30961860]

Li JK et al. Updates in endourological management of urolithiasis.
Int J Urol. 2019;26:172. [PMID: 30575154]

Mayans L. Nephrolithiasis. Prim Care. 2019;46:203. [PMID:
31030821]

Strilchuk L et al. Safety and tolerability of available urate-
lowering drugs: a critical review. Expert Opin Drug Saf.
2019;18:261. [PMID: 30915866]

MALE SEXUAL DYSFUNCTION &
ERECTILE DYSFUNCTION

E S S E N T I A L S  O F  D I A G N O S I S

» Erectile dysfunction is an exceedingly common
condition that negatively impacts quality of life
when left untreated.

» Most erectile dysfunction is organic in nature, may
be an early sign of cardiovascular disease, and
requires evaluation.

» Peyronie disease is a common, benign fibrotic
disorder of the penis that causes pain, penile
deformity, and sexual dysfunction.

» General Considerations

Male sexual dysfunction is manifested in a variety of
ways, and patient history is critical to the proper classifi-
cation and treatment. A loss of libido may indicate andro-
gen deficiency. Erectile dysfunction is the consistent
inability to attain or maintain a sufficiently rigid penile
erection for sexual intercourse. More than half of men
aged 40–70 years have erectile dysfunction and its inci-
dence increases with age. Loss of erections may result
from neurogenic, arterial, venous, hormonal, or psycho-
logical causes. Concurrent medical problems may
damage one or more of the mechanisms. Normal male
erection is a neurovascular event relying on an intact
autonomic and somatic nerve supply to the penis, arterial
blood flow supplied by the paired cavernosal arteries, and
smooth and striated musculature of the corpora caver-
nosa and pelvic floor. Erection is initiated by nerve
impulses in the pelvic plexus leading to an increase in
arterial flow, active relaxation of the smooth muscle
within the sinusoids of the corpora cavernosa, and an
increase in venous resistance. Contraction of the ischio-
cavernosus muscle causes further rigidity of the penis
with intracavernosal pressures exceeding systolic blood
pressure. Nitric oxide is the key neurotransmitter that ini-
tiates and sustains erections.

The most common cause of erectile dysfunction is a
decrease in arterial flow resultant from progressive vascu-
lar disease. Endothelial dysfunction results from the
decreased bioavailability of nitric oxide with subsequent
impairment of arterial vasodilation. Erectile dysfunction
may be an early manifestation of endothelial dysfunction,
which precedes more severe atherosclerotic cardiovascular
disease. Many medications, especially antihypertensive,
antidepressant, and opioid agents, are associated with erec-
tile dysfunction.
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Anejaculation is the loss of seminal emission and may
result from androgen deficiency by decreasing prostate
and seminal vesicle secretions, or by sympathetic denerva-
tion as a result of spinal cord injury, diabetes mellitus or
pelvic or retroperitoneal surgery or radiation. Retrograde
ejaculation may occur as a result of mechanical disrup-
tion of the bladder neck, due to congenital abnormalities,
transurethral prostate surgery, pelvic radiation, sympa-
thetic denervation, or treatment with alpha-blockers.
Premature ejaculation is the distressful, recurrent ejacu-
lation with minimal stimulation before a person desires.
Primary premature ejaculation may be treated with behav-
ioral modification, sexual health counseling, local anes-
thetic agents, and systemic medications used alone or in
combination. Secondary premature ejaculation is due to
erectile dysfunction and responds to treatment of the
underlying disorder. Peyronie disease is a fibrotic disor-
der of the tunica albuginea of the penis resulting in vary-
ing degrees of penile pain, curvature, or deformity.
Peyronie disease affects up to 10% of men and, similar to
erectile dysfunction, is more common with increased age.
While 10% of men improve spontaneously, 50% will stabi-
lize and the remainder will progress if left untreated.
Penile deformity can impair normal sexual function and
impact self-esteem.

Priapism is prolonged painful penile erection in the
absence of sexual stimulation that results in ischemic
injury of the corpora cavernosa from venous congestion,
blood coagulation within the cavernous sinuses, and com-
plete cessation of arterial inflow (low flow or “ischemic”
priapism). Ischemic priapism is a medical emergency
requiring immediate medical or surgical intervention to
avoid irreversible penile damage. Ischemic priapism may
be caused by red blood cell dyscrasias, drug use, and any of
the treatments for erectile dysfunction.

» Clinical Findings

A. Symptoms and Signs

Erectile dysfunction should be distinguished from prob-
lems with penile deformity, libido, orgasm, ejaculation,
and penile deforimity. The severity, intermittency, and
timing of erectile dysfunction should be noted. The his-
tory should include inquiries about dyslipidemia, hyper-
tension, depression, neurologic disease, diabetes mellitus,
kidney disease, endocrine disorders, and cardiac or
peripheral vascular disease. Pelvic trauma, surgery, or
irradiation increases a man’s likelihood of erectile dys-
function. Histories of prostate cancer treatment or Peyro-
nie disease should be elicited. In the absence of other
medical history, the onset of erectile dysfunction may be
the first sign of endothelial dysfunction and further car-
diovascular risk stratification should be considered. Med-
ication use should be reviewed. Special attention should
be given to the use of nitrate-containing medications.
Alcohol, tobacco, marijuana, and other recreational drug
use are associated with an increased risk of sexual dys-
function. The use of pornography to maintain sexual
arousal should be elicited.

During the physical examination, vital signs, body habi-
tus (obesity), and secondary sexual characteristics
should be assessed. Basic cardiovascular and neurologic
examinations should be performed. The genitalia should
be examined, noting the stretched length of the penis,
fibrosis of the penile shaft, and any abnormalities in size or
consistency of either testicle.

B. Laboratory Findings

Laboratory evaluation should be performed in select cases
based on patient history and physical examination find-
ings. Possible testing includes serum lipid profile, glucose,
and testosterone. Patients with an abnormal testosterone
should have measurement of free testosterone and lutein-
izing hormone (LH) to distinguish hypothalamic-pituitary
dysfunction from primary testicular failure.

» Treatment

Treatment of men suffering from sexual dysfunction should
be patient centered and goal oriented. Lifestyle modifica-
tion and reduction of cardiovascular risk factors are impor-
tant components of treatment and should include smoking
cessation; reduction of alcohol intake; diet; exercise; and
treatment of diabetes, dyslipidemia, and hypertension. Men
who have a psychogenic component to their erectile dysfunc-
tion or who are experiencing emotional distress will benefit
from sexual health therapy or psychological counseling.

A. Hormonal Replacement

In men with hypogonadism who have undergone complete
endocrinologic evaluation, restoration of normal testoster-
one levels may improve sexual function (see Male Hypogo-
nadism in Chapter 26.)

B. Vasoactive Therapy

1. Oral agents—Sildenafil, vardenafil, tadalafil, and avana-
fil inhibit phosphodiesterase type 5 (PDE-5), preventing
the degradation of cGMP and increasing blood flow into
the penis. These medications are similar but have variable
effectiveness in different patients. The medications have
variable durations of onset, activity, and side effects. Each
medication should be initiated at the lowest dose and
titrated to achieve the desired effect. These medications are
contraindicated in patients taking nitroglycerin or nitrates,
since there may be exaggerated cardiac preload reduction
causing hypotension and syncope.

The combination of PDE-5 inhibitors and alpha-receptor
blockers (prescribed for lower urinary tract symptoms)
may cause a larger reduction in systemic blood pressure
than when PDE-5 inhibitors are used alone. However,
these two classes of medication may be safely used in com-
bination if they are initiated and titrated in a stepwise
fashion.

2. Injectable or suppository medications—Injection of
prostaglandin E

2
into the corpora cavernosa is an accept-

able form of treatment for erectile dysfunction. Injections
are performed using a tuberculin-type syringe or a
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metered-dose injection device. The base and lateral aspect
of the penis is used as the injection site to avoid injury to
the superficial blood and nerve supply located dorsally.
Complications include priapism, penile pain, bruising,
fibrosis, and infection. Prostaglandin E

2
(alprostadil ure-

thral) can also be delivered via an intraurethral supposi-
tory. Prostaglandin E

2
is often compounded with

papaverine, phentolamine, or atropine in order to increase
effectiveness. Patients using such compounded agents
should be cautioned about the risk of priapism and vari-
ability of drug effect due to differences in compounding.

C. Vacuum Erection Device

The vacuum erection device creates negative pressure
around the penis, drawing blood into the corpora caver-
nosa. Once tumescence is achieved, an elastic constriction
band is placed around the penile base to prevent loss of
erection. Such devices are effective but may cause penile
discomfort and numbness leading to a high rate of disuse.
Serious complications are rare.

D. Penile Prosthetic Surgery

Penile prostheses are surgically implanted into the paired
corpora cavernosa and may be semi-rigid (malleable) or
inflatable. Inflatable prostheses are self-contained hydrau-
lic devices that result in relatively natural appearance and
function. Inflatable prosthetics are used most commonly
because they emulate the tumescence and detumescence of
the normal erection. This therapy is appropriate for patients
who have not achieved a satisfactory response to other
therapies.

E. Medical and Surgical Therapy for
Peyronie Disease

Injectable collagenase Clostridium histolyticum is the
only FDA-approved medication for the treatment of
Peyronie disease. Collagenase enzymatically severs dis-
ordered collagen fibers after injection into the penile
plaque. Surgical treatment is an alternative for men with
compromised sexual function due to severe curvature,
with lesions causing penile instability, or with inade-
quate results from collagenase. The choice of corrective
procedure should be tailored to each patient after a
detailed evaluation of disease severity and sexual
function.

» When to Refer

• Patients with unsatisfactory response to oral
medications.

• Patients with Peyronie disease or other penile
deformity.

• Patients with a history of pelvic or perineal trauma,
surgery, or radiation.

• Patients with priapism to the emergency department
for immediate intervention to allow restoration of
penile perfusion.

Corona G et al. Erectile dysfunction and cardiovascular risk: a
review of current findings. Expert Rev Cardiovasc Ther.
2020;18:155. [PMID: 32192361]

Gabrielson AT et al. Collagenase Clostridium histolyticum in the
treatment of urologic disease: current and future impact. Sex
Med Rev. 2018;6:143. [PMID: 28454897]

Gul M et al. An update on the drug safety of treating erectile
dysfunction. Expert Opin Drug Saf. 2019;18:965. [PMID:
31433252]

Patel DP et al. Emerging treatments for erectile dysfunction: a
review of novel, non-surgical options. Curr Urol Rep.
2019;20:44. [PMID: 31214818]

MALE INFERTILITY

E S S E N T I A L S  O F  D I A G N O S I S

» Infertility is common, and male factors contribute
to 50% of cases.

» Causes include decreased or absent sperm pro-
duction or function, or obstruction of the male
genital tract.

» Abnormal semen quality is a risk factor for infertil-
ity and may indicate poor health or increased risk
of certain health conditions.

» General Considerations

Infertility is the inability of a couple to conceive a child
after 1 year of sexual intercourse without contraceptive
use. It affects 15–20% of US couples and half of cases
result from male factors. The evaluation of both partners
is critical for optimizing treatment. Following a detailed
history and physical examination, a semen analysis should
be performed at least twice, on two separate occasions
(Figure 23–2). Because spermatogenesis requires approxi-
mately 75 days, it is important to review health events and
gonadotoxic exposures from the preceding 3 months.
Male infertility is associated with a higher risk of testicu-
lar germ cell cancer and with a higher rate of medical
comorbidity. These men should be counseled and screened
appropriately and taught testicular self-examination.

» Clinical Findings

A. Symptoms and Signs

The history should include prior testicular insults (torsion,
cryptorchidism, trauma), infections (mumps orchitis, epi-
didymitis, sexually transmitted infections), environmental
factors (excessive heat, radiation, chemotherapy, prolonged
pesticide exposure), medications (testosterone, finasteride,
cimetidine, selective serotonin reuptake inhibitors, and
spironolactone may affect spermatogenesis; phenytoin may
lower FSH; sulfasalazine and nitrofurantoin affect sperm
motility; tamsulosin causes retrograde ejaculation), and
other drugs (alcohol, tobacco, marijuana). Sexual function,
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frequency and timing of intercourse, use of lubricants, and
each partner’s previous fertility are important. Past medical
and surgical history should be surveyed for chronic dis-
ease, including obesity, cardiovascular, thyroid, or liver
disease (decreased spermatogenesis); diabetes mellitus
(decreased spermatogenesis, retrograde or anejacula-
tion); or radical pelvic or retroperitoneal surgery (absent
seminal emission secondary to sympathetic nerve
injury).

Physical examination should assess features of hypogo-
nadism: underdeveloped sexual characteristics, dimin-
ished male pattern hair distribution (axillary, body, facial,
pubic), body habitus, gynecomastia, and obesity. Testicular
size should be noted (normal size approximately 4.5 ×
2.5 cm, volume 18 mL). Varicoceles are abnormally
dilated, refluxing veins of the pampiniform plexus that can
be identified in the standing position by gentle palpation of
the spermatic cord and, on occasion, may only be appreci-
ated with the Valsalva maneuver. The vasa deferentia and
epididymides should be palpated (absence of all or part of
one or both of the vasa deferentia may indicate the pres-
ence of a cystic fibrosis variant, congenital bilateral or
unilateral absence of the vasa deferentia).

B. Laboratory Findings

Semen analysis should be performed after 2–5 days of
ejaculatory abstinence. The specimen should be analyzed
within 1 hour after collection. Abnormal sperm concentra-
tions are less than 15 million/mL (oligozoospermia is the
presence of less than 15 million sperm/mL in the ejaculate;
azoospermia is the complete absence of sperm). Normal
semen volume should be equal to or greater than 1.5 mL
(lesser volumes may be due to retrograde ejaculation,
ejaculatory duct obstruction, congenital bilateral absence
of the vasa deferentia, or hypogonadism). Normal sperm
motility and morphology demonstrate greater than 39%
motile cells and greater than 3% normal morphology.
Abnormal motility (asthenozoospermia) may result from
varicocele, antisperm antibodies, infection, abnormalities
of the sperm flagella, or ejaculatory duct obstruction.
Abnormal morphology may result from a varicocele,
infection, or exposure to gonadotoxins (eg, tobacco,
marijuana).

Endocrine evaluation is warranted if sperm concentra-
tion is below 10 million sperm/mL or if the history and
physical examination suggest an endocrinologic origin.

Infertility

Male evaluation Female evaluation

Abnormal

Normal Azoospermia

Advanced sperm

function testing

History

Physical examination

Semen analysis × 2
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exogenous androgens

Complete, simultaneous
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Hormonal

evaluation

Correct

gonadotropin

deficiency
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Post-ejaculate

urinalysis (for

presence of sperm)
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Couple-based treatment approach: correct specific etiologies, consider assisted reproductive technology,

sperm donation, or adoption

▲ Figure 23–2. Couple-based approach to evaluation and treatment of male factor infertility. FNA, fine-needle
aspiration.
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Initial testing should include serum testosterone and FSH.
Specific abnormalities in these hormones should prompt
additional testing, including serum LH and prolactin.
Elevated FSH and LH levels and low testosterone levels
(hypergonadotropic or primary hypogonadism) are
associated with primary testicular failure. Low FSH and LH
associated with low testosterone (hypogonadotropic or
secondary hypogonadism) may be of hypothalamic or
pituitary origin. Elevation of serum prolactin may indicate
the presence of prolactinoma.

C. Genetic Testing

Men with sperm concentrations less than 1 million/mL
should consider testing for Y chromosome microdeletions
and karyotypic abnormalities. Gene deletions from the
long arm of the Y chromosome may cause azoospermia or
oligozoospermia with age-related decline in spermatogen-
esis that is transmissible to male offspring. When small
(5 mL), firm testes are identified, karyotyping may reveal
Klinefelter syndrome. Partial or complete absence of the
vasa deferentia should prompt testing for gene mutations
associated with cystic fibrosis.

D. Imaging

Scrotal ultrasound aids in characterizing the testes and
may detect a testicular mass or varicocele. Men with low
ejaculate volume and no evidence of retrograde ejaculation
may undergo transrectal ultrasound to evaluate the pros-
tate and seminal vesicles. MRI of the sella turcica should be
performed in men with elevated prolactin or hypogonado-
tropic hypogonadism to evaluate the anterior pituitary
gland. MRI of the pelvis and scrotum should be considered
in men for whom the testes cannot be identified in the
scrotum by physical examination or ultrasound. Men with
unilateral absence of the vas deferens should have abdomi-
nal ultrasound or CT to exclude absence of the ipsilateral
kidney.

» Treatment

A. General Measures

Education about intercourse timing in relation to the
woman’s ovulatory cycle as well as the avoidance of spermi-
cidal lubricants should be discussed. In cases of gonado-
toxic exposure or medication-related factors, the offending
agent should be removed whenever feasible. Patients with
active genitourinary tract infections should be treated with
appropriate antibiotics. Healthy lifestyle habits, including
diet, exercise, and avoidance of gonadotoxins (tobacco,
excessive alcohol, and marijuana), should be reinforced.

B. Varicocele

Varicocelectomy is performed to prevent retrograde blood
flow in abnormal spermatic cord veins. Surgical ligation,
which is accomplished via a subinguinal incision with the
aid of a surgical microscope and Doppler ultrasound, is the
gold standard approach given its high success and low
complication rates. Percutaneous venographic emboliza-
tion of varicoceles is another approach but incurs both

radiation and intravenous contrast exposure. Embolization
may be the best approach for recurrence of varicocele after
surgery.

C. Endocrine Therapy

Hypogonadotropic hypogonadism may be treated with
human chorionic gonadotropin (2000 international units
intramuscularly three times a week) once primary pituitary
disease has been excluded or treated. If sperm concentration
fails to rise after 12 months, recombinant FSH therapy
should be initiated (150 international units subcutaneously
three times a week). Clomiphene citrate is a nonsteroidal
anti-estrogen that stimulates a functioning pituitary gland to
increase gonadotropin production. Anastrazole inhibits aro-
matization of testosterone to estradiol, thereby enhancing
gonadotropin production. While studied extensively in men,
neither clomiphene nor anastrazole are approved by the US
FDA for treatment of male infertility. Therefore, men should
be counseled appropriately before using either medication.

D. Ejaculatory Dysfunction Therapy

Patients with retrograde ejaculation may benefit from
alpha-adrenergic agonists (pseudoephedrine, 60 mg orally
three times a day) or imipramine (25 mg orally three times
a day). Medical failures may require the collection of post-
ejaculation urine for intrauterine insemination. Anejacula-
tion can be treated with vibratory stimulation or
electroejaculation in select cases.

E. Ductal Obstruction

Obstruction of the vas deferens after vasectomy may be
treated by microsurgical vasectomy reversal or by surgical
sperm retrieval in combination with in vitro fertilization.
While somewhat dependent on the duration of vasectomy,
overall, microsurgical vasectomy reversal is highly success-
ful in returning sperm to the ejaculate.

F. Assisted Reproductive Techniques

Intrauterine insemination and in vitro fertilization (with or
without intracytoplasmic sperm injection) are alternatives
for patients in whom other means of treating reduced
sperm concentration, motility, or functionality have failed.
Intrauterine insemination should be performed only when
adequate numbers of motile sperm are noted in an ejacu-
late sample. With the use of intracytoplasmic sperm injec-
tion, some men with azoospermia may still initiate a
pregnancy by surgical retrieval of sperm from the testicle,
epididymis, or vas deferens.

» When to Refer

• Couples with infertility or who are concerned about
their fertility potential.

• Men with known genital insults, genetic diagnoses, or
syndromes that preclude natural fertility.

• Reproductive-aged men with newly diagnosed cancer
or other disease that may require cytotoxic therapies
with interest in fertility preservation.

CMDT22_Ch23_p0952-p0977.indd 971 29/06/21 8:49 PM



ChaptER 23972 CMDT 2022

Choy JT et al. Male infertility as a window to health. Fertil Steril.
2018;110:810. [PMID: 30316415]

Fainberg J et al. Recent advances in understanding and managing
male infertility. F1000Res. 2019;8:670. [PMID: 31143441]

Kapadia AA et al. Testicular mapping: a roadmap to sperm
retrieval in nonobstructive azoospermia? Urol Clin North Am.
2020;47:157. [PMID: 32272987]

Krausz C et al. Genetics of male infertility. Nat Rev Urol.
2018;15:369. [PMID: 29622783]

Rajanahally S et al. The relationship between cannabis and male
infertility, sexual health, and neoplasm: a systematic review.
Andrology. 2019;7:139. [PMID: 30767424]

Thirumavalavan N et al. Where are we going with gene screening
for male infertility? Fertil Steril. 2019;111:842. [PMID:
31029238]

Wall J et al. Diagnosing male infertility. BMJ. 2018;363:k3202.
[PMID: 30287677]

BENIGN PROSTATIC HYPERPLASIA

E S S E N T I A L S  O F  D I A G N O S I S

» Obstructive or irritative voiding symptoms.

» Enlarged prostate size on rectal examination.

» Absence of urinary tract infection, neurologic dis-
order, stricture disease, prostatic or bladder
malignancy.

» General Considerations

Benign prostatic hyperplasia (BPH) is the most common
benign tumor in men, and its incidence is age related. The
prevalence of histologic BPH in autopsy studies rises from
approximately 20% in men aged 41–50 years, to 50% in men
aged 51–60, and to greater than 90% in men over 80 years of
age. Although clinical evidence of disease occurs less com-
monly, symptoms of prostatic obstruction are also age related.
At age 55 years, approximately 25% of men report obstructive
voiding symptoms. At age 75 years, 50% of men report a
decrease in the force and caliber of the urinary stream.

Risk factors for the development of BPH are poorly
understood. Some studies have suggested a genetic predis-
position and some have noted racial differences. Approxi-
mately 50% of men under age 60 years who undergo
surgery for BPH may have a heritable form of the disease.
This form is most likely an autosomal dominant trait, and
first-degree male relatives of such patients carry an
increased relative risk of approximately fourfold.

» Clinical Findings

A. Symptoms

The symptoms of BPH can be divided into obstructive and
irritative complaints. Obstructive symptoms include hesi-
tancy, decreased force and caliber of the stream, sensation
of incomplete bladder emptying, double voiding (urinating
a second time within 2 hours), straining to urinate, and
postvoid dribbling. Irritative symptoms include urgency,
frequency, and nocturia.

The American Urological Association (AUA) symptom
index (Table 23–3) is an important tool used in the evalua-
tion of patients with this disorder and should be calculated
for all patients before starting therapy. The answers to
seven questions quantitate the severity of obstructive or
irritative complaints on a scale of 0–5. Thus, the score can
range from 0 to 35 with increasing severity of symptoms.
An estimation of postvoid residual can provide important
information on bladder emptying and the need for more
urgent intervention.

A detailed history focusing on the urinary tract should
be obtained to exclude other possible causes of symptoms
such as prostate cancer, urinary tract infection, neurogenic
bladder, or urethral stricture. A focused medical history
may also reveal other comorbidities that can directly affect
urinary symptoms such as diabetes mellitus, heart failure,
Parkinson disease, and obstructive sleep apnea.

B. Signs

A physical examination, digital rectal examination (DRE),
and a focused neurologic examination should be per-
formed on all patients. The size and consistency of the
prostate should be noted, but prostate size does not corre-
late with the severity of symptoms or the degree of
obstruction. BPH usually results in a smooth, firm, elastic
enlargement of the prostate. Induration, if detected, must
alert the clinician to the possibility of cancer, and further
evaluation is needed (ie, prostate-specific antigen [PSA]
testing, transrectal ultrasound, and biopsy). Examination
of the lower abdomen should be performed to assess for a
distended bladder.

C. Laboratory Findings

Urinalysis should be performed to exclude infection or
hematuria. Clinicians should consider obtaining a serum
PSA test, particularly in patients whose life expectancy is
longer than 10 years. PSA certainly increases the ability to
detect prostate cancer over DRE alone; however, because
there is much overlap between levels seen in BPH and pros-
tate cancer, its use remains controversial (see Chapter 39).

D. Imaging

Urologists are advised to consider prostate volume assess-
ment prior to surgical intervention to determine the most
appropriate approach (eg, TURP vs simple prostatectomy
for a very large gland). This assessment can be done with
cystoscopy; transrectal or abdominal ultrasound; or cross-
sectional imaging of the pelvis, if it is available.

E. Cystoscopy

Cystoscopy is not required to determine the need for treat-
ment but may assist in determining the surgical approach
in patients opting for invasive therapy.

F. Additional Tests

Uroflowmetry and postvoid residual should be assessed
prior to surgical treatment of the prostate and can be useful
in tracking response to treatments. Cystometrograms and
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urodynamic profiles should be reserved for patients with
unclear etiology of symptoms, suspected neurologic disease,
or those who have not responded to prostate surgery.

» Differential Diagnosis

A history of prior urethral instrumentation, urethritis, sexu-
ally transmitted infections, or trauma should be elucidated
to exclude urethral stricture or bladder neck contracture.
Hematuria and pain are commonly associated with bladder
stones. Carcinoma of the prostate may be detected by abnor-
malities on DRE or an elevated PSA (see Chapter 39). A
urinary tract infection can mimic the irritative symptoms of
BPH and can be readily identified by urinalysis and culture;
however, a urinary tract infection can also be a complication
of BPH. Carcinoma of the bladder, especially carcinoma in
situ, may also present with irritative voiding complaints;
however, urinalysis usually shows evidence of hematuria
(see Chapter 39). Patients with a neurogenic bladder may
also have many of the same symptoms and signs as those
with BPH; however, a history of neurologic disease, stroke,
diabetes mellitus, or back injury may be obtained, and
diminished perineal or lower extremity sensation or altera-
tions in rectal sphincter tone or in the bulbocavernosus
reflex might be observed on examination. Simultaneous
alterations in bowel function (constipation) might also sug-
gest the possibility of a neurologic disorder.

» Treatment

Clinical practice guidelines exist for the evaluation and
treatment of patients with BPH. Following evaluation as
outlined above, patients may be offered various forms of

therapy for BPH. Patients are advised to consult with their
primary care clinicians and make an educated decision on
the basis of the relative efficacy and side effects of the treat-
ment options (Table 23–4).

Patients with mild symptoms (AUA scores 0–7) and
relatively low bother scores may be managed by watchful
waiting only. Medical therapy is appropriate for those with
significant bother attributed to their symptoms. Absolute
surgical indications include any of the following sequelae
of BPH: recurrent urinary tract infection, problematic
gross hematuria, bladder stones, refractory urinary reten-
tion (failing at least one attempt at catheter removal), or
obstructive nephropathy.

A. Watchful Waiting

The risk of progression or complications is uncertain.
However, men with progressive symptoms and large pros-
tates do have a higher chance of developing urinary reten-
tion or requiring surgical intervention in the future.

Retrospective studies on the natural history of BPH are
inherently subject to bias, relating in part to patient selec-
tion and to the type and extent of follow-up. Very few
prospective studies addressing its natural history have been
reported. One small series demonstrated that approxi-
mately 10% of symptomatic men may progress to urinary
retention while 50% of patients demonstrate improvement
or even resolution of symptoms. A large randomized study
compared finasteride with placebo in men with moderate
to severely symptomatic disease and enlarged prostates on
DRE. Patients in the placebo arm demonstrated a 7% risk
of developing urinary retention over 4 years.

Table 23–3. American Urological Association symptom index for benign prostatic hyperplasia.1

Quesions o Be answered

No 

all

Less tn

One time

in Five

Less tn

hlf e

time

abou

hlf e

time

More

tn hlf

e time

almos

alwys

1. Over the past month, how often have you had a sensation

of not emptying your bladder completely after you finish

urinating?

0 1 2 3 4 5

2. Over the past month, how often have you had to urinate

again less than 2 hours after you finished urinating?

0 1 2 3 4 5

3. Over the past month, how often have you found you stopped

and started again several times when you urinated?

0 1 2 3 4 5

4. Over the past month, how often have you found it difficult

to postpone urination?

0 1 2 3 4 5

5. Over the past month, how often have you had a weak

urinary stream?

0 1 2 3 4 5

6. Over the past month, how often have you had to push or

strain to begin urination?

0 1 2 3 4 5

7. Over the past month, how many times did you most typi-

cally get up to urinate from the time you went to bed at

night until the time you got up in the morning?

0 1 2 3 4 5

1Sum of seven circled numbers equals the symptom score. See text for explanation.

Reproduced, with permission, from Barry MJ et al; Measurement Committee of the American Urological Association. The American

Urological Association symptom index for benign prostatic hyperplasia. J Urol. 2017;197:S189. © American Urological Association Education

and Research, Inc.
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Men with moderate or severe symptoms can also be
observed if they so choose. The optimal interval for follow-up
is not defined, nor are the specific end points for intervention.

B. Medical Therapy

1. Alpha-blockers—The human prostate and bladder base
contains alpha-1-adrenoceptors, which show a contractile
response to agonists. Blocking these receptors leads to
smooth muscle relaxation and reduced resistance at the
bladder outlet. Alpha-blockade has been shown to result in
both objective and subjective degrees of improvement in
the symptoms and signs of BPH in some patients. Alpha-
blockers can be classified according to their receptor selec-
tivity (Table 23–5) as well as their half-life.

Prazosin is a short-acting, nonselective alpha-blocker.
Due to its short half-life and high side-effect profile (ortho-
static hypotension, dizziness, tiredness, retrograde ejacula-
tion, rhinitis, and headache), it is not typically used in the
treatment of BPH.

Long-acting, nonselective alpha-blockers allow for once-a-
day dosing, but dose titration is still necessary because side
effects similar to those seen with prazosin may occur. Terazosin
improves symptoms and in numerous studies it is superior to
placebo or finasteride. Terazosin is started at a dosage of 1 mg
orally daily for 3 days, increased to 2 mg orally daily for 11 days,
then 5 mg orally daily. Additional dose escalation to 10 mg
orally daily can be performed if necessary. Doxazosin is started
at a dosage of 1 mg orally daily for 7 days, increased to 2 mg
orally daily for 7 days, then 4 mg orally daily. Additional dose
escalation to 8 mg orally daily can be performed if necessary.

Alpha-1a-receptors are localized to the prostate and
bladder neck. Selective blockade of these receptors results
in fewer systemic side effects than nonselective alpha-
blocker therapy thus obviating the need for dose titration.
The typical dose of tamsulosin is 0.4 mg orally daily taken
30 minutes after a meal. Alfuzosin is a long-acting alpha-
1a-blocker; its dose is 10 mg orally once daily with food,
and it does not require titration. Several randomized,
double-blind, placebo-controlled trials have been per-
formed comparing terazosin, doxazosin, tamsulosin, and
alfuzosin with placebo. All agents have demonstrated
safety and efficacy. Floppy iris syndrome, a complication of
cataract surgery, can occur in patients taking both nonse-
lective alpha-blockers and alpha-1a-blockers.

2. 5-Alpha-reductase inhibitors—Finasteride and dutaste-
ride block the conversion of testosterone to dihydrotestos-
terone. These medications impact the epithelial component
of the prostate, resulting in reduction in size of the gland
and improvement in symptoms. Six months of therapy are
required for maximum effects on prostate size (20–30%
reduction) and symptomatic improvement.

Several randomized, double-blind, placebo-controlled
trials have been performed comparing finasteride with
placebo. Efficacy, safety, and durability are well established.

Table 23–4. Summary of benign prostatic hyperplasia treatment outcomes.1

Oucome Rezūm tUIp

Oen

Surgery tURp

Wcful

Wiing

al-

Blockers Finseride2

Chance for improvement1 — 78–83% 94–99.8% 75–96% 31–55% 59–86% 54–78%

Degree of symptom improvement

(% reduction in symptom score)

47% 73% 79% 85% Unknown 51% 31%

Morbidity and complications1 3.7–16.9% 2.2–33.3% 7–42.7% 5.2–30.7% 1–5% 2.9–43.3% 8.8–13.6

Death within 30–90 days1 0% 0.2–1.5% 1–4.6% 0.5–3.3% 0.8% 0.8% 0.8%

Total incontinence1 0% 0.1–1.1% 0.3–0.7% 0.7–1.4% 2% 2% 2%

Need for operative treatment for

surgical complications1

< 2% 1.3–2.7% 0.6–14.1% 0.7–10.1% 0 0 0

Erectile dysfunction1 0% 3.9–24.5% 4.7–39.2% 3.3–34.8% 3% 3% 2.5–5.3%

Retrograde ejaculation 3–6% 6–55% 36–95% 25–99% 0 4–11% 0

Loss of work in days — 7–21 21–28 7–21 1 3.5 1.5

Hospital stay in days 0% 1–3 5–10 3–5 0 0 0

190% confidence interval.
2Most of the data reviewed for finasteride are derived from three trials that have required an enlarged prostate for entry. The chance of

improvement in men with symptoms yet minimally enlarged prostates may be much less, as noted from the VA Cooperative Trial.

TUIP, transurethral incision of the prostate; TURP, transurethral resection of the prostate.

Table 23–5. Alpha-blockade for benign prostatic
hyperplasia.

agen acion Orl Dose

Prazosin Alpha-1-blockade 1–5 mg twice daily

Terazosin Alpha-1-blockade 1–10 mg daily

Doxazosin Alpha-1-blockade 1–8 mg daily

Tamsulosin Alpha-1a-blockade 0.4 or 0.8 mg daily

Alfuzosin Alpha-1a-blockade 10 mg daily

Silodosin Alpha-1a-blockade 4 or 8 mg daily

Tadalafil Phosphodiesterase

type 5 inhibitor

5 mg daily
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However, symptomatic improvement is seen only in
men with enlarged prostates (greater than 40 mL by ultra-
sonographic examination). Side effects include decreased
libido, decrease in volume of ejaculate, and erectile dys-
function. Serum PSA is reduced by approximately 50% in
patients receiving finasteride therapy, but the % free PSA is
unchanged. Therefore, in order to compare with pre-finas-
teride PSA levels, the serum PSA of a patient taking finas-
teride should be doubled.

A report suggests that finasteride therapy may decrease
the incidence of urinary retention and the need for opera-
tive treatment in men with enlarged prostates and moder-
ate to severe symptoms. The larger the prostate over 40 mL,
the greater the relative-risk reduction. However, optimal
identification of appropriate patients for prophylactic ther-
apy remains to be determined. Dutasteride is a dual
5-alpha-reductase inhibitor (inhibiting both 5-alpha-
reductase types 1 and 2) that appears to be similar to finas-
teride in its effectiveness; its dose is 0.5 mg orally daily.

Both finasteride and dutasteride have been shown to be
effective chemopreventive agents for prostate cancer in
large, randomized clinical trials. A 25% risk reduction was
observed in men with both low and high risk for prostate
cancer. However, despite the strength of the evidence for
5-alpha-reductase inhibitors in reducing the risk of pros-
tate cancer, an FDA advisory committee recommended
against labeling these agents for prostate cancer chemopre-
vention, citing the potential increased risk of high-grade
tumors in these studies (1.8% vs 1.0% for finasteride and
1% vs 0.5% for dutasteride), isolated risk reduction in low-
grade tumors, and inability to apply the findings to the
general population. Moreover, the FDA has included the
increased risk of being diagnosed with high-grade prostate
cancer in the labels of all 5-alpha-reductase inhibitors.

3. Phosphodiesterase-5 inhibitor—Tadalafil is approved
by the FDA to treat the symptoms and signs of BPH
(Table 23–5); it is also approved for use in men with both
urinary symptoms and erectile dysfunction. The data from
two randomized, double-blind, placebo-controlled trials
demonstrated significant improvements in standardized
measurements of urinary function between 2 and 4 weeks
after initiating treatment at 5 mg once daily, with minimal
adverse effects.

4. Combination therapy—The Medical Therapy of Pros-
tatic Symptoms (MTOPS) trial was a large, randomized,
placebo-controlled trial comparing finasteride, doxazosin,
the combination of the two, and placebo in 3047 men
observed for a mean of 4.5 years. Long-term combination
therapy with doxazosin and finasteride was safe and reduced
the risk of overall clinical progression of BPH significantly
more than did treatment with either medication alone.
Combination therapy and finasteride alone reduced the
long-term risk of acute urinary retention and the need for
invasive therapy. Combination therapy had the risks of
additional side effects and the cost of two medications.

C. Transurethral Surgical Therapy

Most cases of BPH requiring surgery can be managed with
transurethral or minimally invasive techniques. This

remains an area of active research and innovation with
several new technologies available. An overview of all the
surgical options and decision making was published by the
American Urological Association (Figure 23–3). Studies
have shown decreased cost with surgical compared to medi-
cal therapies in as short as 6 months (or as long as 8 years).

1. Transurethral resection of the prostate (TURP)—Over
95% of prostate surgeries can be performed endoscopically
(through the urethra). TURP is the gold standard treat-
ment for surgical treatment of BPH, and it often requires a
1- to 2-day hospital stay. Most head-to-head surgical stud-
ies comparing TURP to minimally invasive therapies show
symptom scores and flow rate improvements are superior
following TURP compared to any minimally invasive
therapy. The risks of TURP include retrograde ejaculation
(75%), erectile dysfunction (less than 5%), and urinary
incontinence (less than 1%). Potential complications
include (1) bleeding; (2) urethral stricture or bladder neck
contracture; (3) perforation of the prostate capsule with
extravasation; and (4) transurethral resection syndrome, a
hypervolemic, hyponatremic state resulting from absorp-
tion of the hypotonic irrigating solution. Clinical manifes-
tations of the syndrome include nausea, vomiting,
confusion, hypertension, bradycardia, and visual distur-
bances. The risk of transurethral resection syndrome
increases with monopolar resection times over 90 min-
utes. Treatment includes diuresis and, in severe cases,
hypertonic saline administration (see Hyponatremia,
Chapter 21). This syndrome was much more prevalent
when TURPs were most often performed with monopolar
electrocautery but, with the increased use of bi-polar
TURPs (using saline irrigation), it is now very rare.

2. Transurethral incision of the prostate (TUIP)—Men
with moderate to severe symptoms and small prostates
(less than 30 g) often have posterior commissure hyperpla-
sia or an “elevated bladder neck.” These patients will often
benefit from incision of the prostate. The procedure is
more rapid and less morbid than TURP. Outcomes in well-
selected patients are comparable, though a lower rate of
retrograde ejaculation has been reported (25%).

3. Transurethral electrovaporization of the prostate
(TUVP)—TUVP is a technical electrosurgical modification
of the standard TURP. A variety of energy delivery surfaces
including a spherical rolling electrode (rollerball), grooved
roller electrode (vaportrode), or hemi-spherical mush-
room electrode (button) are used to deliver high current
densities resulting in heat vaporization of prostatic tissue.
For larger prostates, this procedure usually takes longer
than a standard TURP, but it has comparable efficacy with
lower transfusion requirements.

D. Minimally Invasive Therapies

1. Laser therapy—Various laser technologies now exist;
they vary based on the wavelength and energy produced
and the technique of tissue removal. Initial laser technolo-
gies relying on tissue coagulation have essentially been
abandoned in favor of lasers that result in vaporization of
tissue. The laser fiber is placed in direct contact with the
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prostate tissue, which is then vaporized. An immediate
defect is obtained in the prostatic urethra, similar to that
seen during TURP. Advantages to such laser therapy include
minimal blood loss, rare occurrence of transurethral resec-
tion syndrome, ability to treat patients during anticoagulant
therapy, and ability to operate on outpatients. Disadvantages
are the lack of tissue for pathologic examination, variable
effectiveness, more frequent irritative voiding complaints,
and expense of laser fibers and generators.

Holmium laser enucleation of the prostate (HoLEP)
is a technique of enucleating the adenomatous lobes intact
and morcellating the tissue within the bladder. Advantages
of HoLEP compared with other methods include ability to

treat all prostate sizes, low re-treatment rates, few complica-
tions, and shorter duration of catheterization. This tech-
nique is an attractive alternative to open simple prostatectomy
for very large glands (> 100 mL) with comparable outcomes.
However, due to the steep learning curve for operators, it is
not as widely available as other techniques.

Photovaporization of the prostate (PVP) is a more
widely adopted technique that can be performed with a
number of different lasers depending on surgeon prefer-
ence. The original KTP greenlight laser used a 532-nm
wavelength that is selectively absorbed by hemoglobin,
leading to improved hemostasis. Advantages include
combined vaporization and coagulation with significant

SURGICAL THERAPY

MEDICALLY COMPLICATED PATIENTS

Assessment of Prostate Size
Large

Prostate

Average

Prostate

Small

Prostate

• Aquablation1

• HoLEP

• PVP

• PUL2

• ThuLEP

• TUMT

• TURP

• TUVP

• Water Vapor

Thermal

Therapy3

• Aquablation1

• HoLEP

• PVP

• PUL2

• ThuLEP

• TUIP4

• TUMT

• TURP

• TUVP

• Water Vapor

Thermal

Therapy3

• HoLEP

• Simple Prostatectomy

• HoLEP

• ThuLEP

Size Independent Options

Eligible patients who desire

preservation of erectile and

ejaculatory function may be

offered PUL or water vapor

thermal therapy as data indicate

that both therapies provide a

greater likelihood of preservation

of sexual function.

In patients who are at higher risk for bleeding, such as those taking anticoagulation drugs,

therapies with a lower need for blood transfusion, such as HoLEP, PVP and ThuLEP, should

be considered. For additional information on the use of anticoagulation and antiplatelet

therapy in surgical patients, refer to the ICUD/AUA review on Anticoagulation and

Antiplatelet Therapy in Urologic Practice.

1Eligibility for an aquablation procedure is dependent upon prostate volume > 30/< 80 g.
2Eligibility for a PUL procedure is dependent upon absence of obstructing midline prostate tissue

and prostate volume < 80 g.
3Eligibility for a Water Vapor Thermal Therapy procedure is dependent upon prostate volume < 80 g.
4Eligibility for a TUIP procedure is dependent upon prostate volume < 30 g.

• ThuLEP

▲ Figure 23–3. Surgical management of lower urinary tract symptoms attributed to benign prostatic hyperplasia.
HoLEP, holmium laser enucleation of the prostate; PUL, prostatic urethral lift; PVP, photoselective vaporization of the
prostate; ThuLEP, thulium laser enucleation of the prostate; TUIP, transurethral incision of the prostate; TUMT, trans-
urethral microwave therapy; TURP, transurethral resection of the prostate; TUVP, transurethral vaporization of the
prostate. (Reproduced, with permission, from Foster HE et al; Surgical management of lower urinary tract symptoms
attributed to benign prostatic hyperplasia: AUA Guideline Amendment 2019. J Urol. 2019;202:592.)
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reduction in tissue volume, making this an ideal choice for
anticoagulated patients. Disadvantages include limitations
on prostate volume that can be efficiently treated (less than
80 mL) and difficulty controlling bleeding from larger
venous channels.

The thulium laser is a continuous wave of 2013-nm
energy that undergoes absorption in the irrigant but without
the intermittent nature of holmium. This results in cleaner
incisions, more efficient tissue absorption, and similar
hemostatic advantages. It has been used for both resection-
type and enucleation techniques with success. Advantages
and disadvantages are similar to greenlight PVP, though the
cleaner incisions make it more appealing for surgeons.

2. Transurethral microwave therapy (TUMT)—Microwave
hyperthermia is most commonly delivered with a transure-
thral catheter. Some devices cool the urethral mucosa to
decrease the risk of injury. However, if temperatures do not
go above 45°C, cooling is unnecessary. Symptom score and
flow rate improvement are obtained, but (as with laser
surgery) large randomized studies with long-term follow-
up are needed to assess durability and cost-effectiveness.
Re-treatment rates are reported to be 9–21% at 5 years.

3. Implant to open prostatic urethra (UroLift)—The Uro-
Lift system uses permanent nitinol and stainless steel
implants placed under cystoscopic guidance to retract the
lateral lobes of the prostate and mechanically open the
prostatic urethra. The procedure is FDA approved and can
be performed under local anesthesia in the clinic. The ideal
candidate has primarily lateral lobe hyperplasia and a pros-
tate volume under 80 mL. Short-term data show improved
symptoms and voiding flows with no de novo erectile dys-
function. Re-treatment rates within 5 years have been
reported to be as high as 13.6%.

4. Water vapor thermal therapy (Rezūm)—This mini-
mally invasive, FDA-approved technique uses a transure-
thral device to deliver water vapor into the prostatic tissue.
As the steam condenses back into water, it releases large
amounts of stored thermal energy leading to tissue necrosis
and resorption of tissue within about 3 months. This pro-
cedure is done in the clinic or ambulatory surgery setting
with local anesthesia; it requires 3–7 days of catheteriza-
tion. In contrast to the UroLift procedure, there is a signifi-
cant reduction in prostate volume over time, between 30%
and 40% by 6 months, which relieves lower urinary tract
symptoms in the process. Results from a 4-year random-
ized, controlled trial reported significant objective
improvement in lower urinary tract symptoms as early as
2 weeks postprocedure, improvement that remained dura-
ble throughout the 4-year period. Recommended prostate
volume for Rezūm treatment is 30–80 mL. Advantages
include the minimally invasive, outpatient nature of the
procedure with no significant bleeding risk even for antico-
agulated patients, ability to treat the median lobe, and no
reports of de novo erectile dysfunction or urinary inconti-
nence. Disadvantages include slower recovery and longer
catheterization times compared to TURP and laser proce-
dures. Re-treatment rate at 4 years was reported to be 4.4%,
a rate far lower than other minimally invasive options.

5. Aquablation—This ultrasound-guided, robot-assisted
waterjet ablation of the prostate is designed to relieve pros-
tatic obstruction with limited bleeding, shorter operative
time, and lower sexual side effect profile. It is now offered as
a treatment option by the American Urological Association
for prostates between 30 mL and 80 mL in volume. Pre-
treatment transrectal ultrasound is used to map out the
specific region of the prostate to be resected and real-time
transrectal ultrasound is used to monitor tissue resection
during the procedure. The resection is performed under
general or spinal anesthesia using a water jet from a trans-
urethrally placed robotic handpiece. Following the resection,
electrocautery or traction from a 3-way catheter is used to
obtain hemostasis. Short-term data show improvements in
urinary flow rate, postvoid residual volume, and quality-of-
life, but long-term data on durability are still pending.

E. Simple Prostatectomy

When the prostate is very large, a simple prostatectomy by
an open or robotic enucleation approach may be consid-
ered. What size is “too large” depends on the surgeon’s
experience with TURP. Glands over 100 g are usually con-
sidered for enucleation. In addition to size, other relative
indications for open prostatectomy include when there is a
concomitant bladder diverticulum or stone, and when dor-
sal lithotomy positioning of the patient is not possible.

Simple prostatectomy can be performed with either a
suprapubic or retropubic approach. Simple suprapubic
prostatectomy is performed transvesically and is the opera-
tion of choice if there is concomitant bladder pathology
(eg, bladder stones). These operations can also be per-
formed via robotic-assisted laparoscopic techniques with
shorter hospital stays, less blood loss, and decreased need
for a suprapubic catheter.

» When to Refer

• Urinary retention.

• Patient dissatisfaction with medical therapy.

• Need for further evaluation (cystoscopy) or surgical
intervention.

Das AK et al. Office-based therapies for benign prostatic hyper-
plasia: a review and update. Canad J Urol. 2019;26:2. [PMID:
31481142]

Parsons JK et al. Surgical management of lower urinary tract symp-
toms attributed to benign prostatic hyperplasia: AUA Guideline
Amendment 2020. J Urol. 2020;204:799. [PMID: 32698710]

Roehrborn CG et al. Aquablation of the prostate: a review and
update. Can J Urol. 2019;26:20. [PMID: 31481145]

Sun F et al. Transurethral procedures in the treatment of benign
prostatic hyperplasia: a systematic review and meta-analysis
of effectiveness and complications. Medicine (Baltimore).
2018;97:e13360. [PMID: 30572440]

CANCERS OF THE GENITOURINARY TRACT

(See Chapter 39 for Cancers of the Genitourinary Tract:
Prostate Cancer, Bladder Cancer, Cancers of the Ureter &
Renal Pelvis, Renal Cell Carcinoma, & Testicular Cancers.)
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HEADACHE

Headahe is suh a mmn mplaint and an ur fr
s many different reasns that its prper evaluatin may be
diffiult. New, severe, r aute headahes are mre likely
than hrni headahes t relate t an intraranial disrder;
the apprah t suh headahes is disussed in Chapter 2.
Chronic headaches may be primary r sendary t anther
disrder. Cmmn primary headahe syndrmes inlude
migraine, tensin-type headahe, and luster headahe.
Imprtant secondary auses t nsider inlude intraranial
lesins, head injury, ervial spndylsis, dental r ular
disease, temprmandibular jint dysfuntin, sinusitis,
hypertensin, depressin, and a wide variety f general
medial disrders. Althugh underlying strutural lesins
are nt present in mst patients presenting with headahe, it
is nevertheless imprtant t bear this pssibility in mind.
Abut ne-third f patients with brain tumrs, fr example,
present with a primary mplaint f headahe.

1. Migrine

E S S E N T I A L S  O F  D I A G N O S I S

» Headache, usually pulsatile, lasting 4–72 hours.

» Pain is typically, but not always, unilateral.

» Nausea, vomiting, photophobia, and phonophobia
are common accompaniments.

» Pain is aggravated with routine physical activity.

» An aura of transient neurologic symptoms
(commonly visual) may precede head pain.

» Commonly, head pain occurs with no aura.

» General Considerations

The pathphysilgy f migraine prbably relates t neu-
rnal dysfuntin in the trigeminal system resulting in
release f vasative neurpeptides suh as alitnin
gene-related peptide leading t neurgeni inflammatin,

sensitizatin, and headahe. Migraine aura is hypthesized
t result frm rtial spreading depressin, a wave f neu-
rnal and glial deplarizatin that mves slwly arss the
erebral rtex rrespnding t the linial symptms (ie,
ipital rtex and visual aura). Migraine ften exhibits a
mplex, plygeni pattern f inheritane. Smetimes, an
autsmal dminant inheritane pattern is apparent, as in
familial hemiplegic migraine (FHM), in whih attaks f
lateralized weakness represent the aura.

» Clinical Findings

Typial migrainus headahe is a lateralized thrbbing
headahe that urs episdially fllwing its nset in
adlesene r early adult life. In many ases, the head-
ahes d nt nfrm t this pattern, althugh their assi-
ated features and respnse t antimigrainus preparatins
nevertheless suggest a similar basis. In this brader sense,
migrainus headahes may be lateralized r generalized,
may be dull r thrbbing, and are smetimes assiated
with anrexia, nausea, vmiting, phtphbia, phnph-
bia, smphbia, gnitive impairment, and blurring f
visin. They usually build up gradually and last several
hurs r lnger. Fal disturbanes f neurlgi funtin
(migraine aura) may preede r ampany the head-
ahes. Visual disturbanes ur mmnly and may n-
sist f field defets (scotoma); f luminus visual
halluinatins suh as stars, sparks, unfrmed light flashes
(photopsia), gemetri patterns, r zigzags f light; r f
sme mbinatin f field defets and luminus halluina-
tins (scintillating scotomas). Other fal disturbanes
suh as aphasia r numbness, paresthesias, lumsiness,
dysarthria, dysequilibrium, r weakness in a irumsribed
distributin may als ur.

In rare instanes, the neurlgi r smati disturbane
ampanying typial migrainus headahes bemes the
sle manifestatin f an attak (“migraine aura without
headache”). Very rarely, the patient may be left with a per-
manent neurlgi defiit fllwing a migrainus attak,
and migraine with aura may be a risk fatr fr strke.

Patients ften give a family histry f migraine. Attaks
may be triggered by emtinal r physial stress, lak r
exess f sleep, missed meals, speifi fds (eg, hlate),

24 Vanja C. Douglas, MD

Michael J. Aminoff, MD, DSc, FRCP

Nervous System Disorders
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alhli beverages, bright lights, lud nise, menstrua-
tin, r use f ral ntraeptives.

An unmmn variant is migraine with brainstem
aura, in whih blindness r visual disturbanes thrughut
bth visual fields are ampanied r fllwed by dysar-
thria, dysequilibrium, tinnitus, and periral and distal
paresthesias and are smetimes fllwed by transient lss
r impairment f nsiusness r by a nfusinal state.
This, in turn, is fllwed by a thrbbing (usually ipital)
headahe, ften with nausea and vmiting.

In recurrent painful ophthalmoplegic neuropathy
(previusly phthalmplegi migraine), lateralized pain—
ften abut the eye—is ampanied by nausea, vmiting,
and diplpia due t transient external phthalmplegia.
The phthalmplegia is due t third nerve palsy, smetimes
with ampanying sixth nerve invlvement, and may ut-
last the rbital pain by several days r even weeks. The
phthalmi divisin f the fifth nerve has als been affeted
in sme patients. The nditin is rare and a diagnsis f
exlusin; mre mmn auses f a painful phthalmple-
gia are internal artid artery aneurysms and diabetes.

» Treatment

Management f migraine nsists f avidane f any pre-
ipitating fatrs, tgether with prphylati r symptm-
ati pharmalgi treatment if neessary.

A. Symptomatic Therapy

During aute attaks, rest in a quiet, darkened rm may
be helpful until symptms subside. A simple analgesi (eg,
aspirin, aetaminphen, ibuprfen, r naprxen) taken
immediately ften prvides relief, but presriptin media-
tin is smetimes neessary. To prevent medication overuse,
use of simple analgesics should be limited to 15 days or less
per month, and combination analgesics should be limited to
no more than 10 days per month.

1. Ergotamines—Cafergt, a mbinatin f ergtamine
tartrate (1 mg) and affeine (100 mg), is ften partiularly
helpful; ne r tw tablets are taken at the nset f headahe
r warning symptms, fllwed by ne tablet every
30 minutes, if neessary, up t six tablets per attak and n
mre than 10 days per mnth. Cafergt given retally (ne-
half t ne suppsitry ntaining 2 mg f ergtamine) r
dihydrergtamine mesylate (0.5–1 mg intravenusly r
1–2 mg subutaneusly r intramusularly) may be useful
when vmiting preludes use f ral mediatins. Ergta-
mine-ntaining preparatins shuld be avided during
pregnany, in patients with ardivasular disease r its risk
fatrs, and in patients taking ptent CYP 3A4 inhibitrs.

2. Serotonin agonists—Triptans are 5-HT
1b/1d

reeptr
agnists that inhibit release f vasative neurpeptides.
Sumatriptan is a rapidly effetive agent fr abrting attaks
when given subutaneusly by an autinjetin devie
(4–6 mg ne subutaneusly, may repeat ne after
2 hurs if needed; maximum dse 12 mg/24 h). Nasal and
ral preparatins are available but may be less effetive due
t slwer absrptin. Zlmitriptan is available in ral and
nasal frmulatins. The dse is 5 mg rally r in ne nstril

ne; this may be repeated ne after 2 hurs. The maxi-
mum dse fr bth frmulatins is 10 mg/24 h. Other
triptans are available, inluding rizatriptan (5–10 mg rally
at nset, may repeat every 2 hurs twie [maximum dse
30 mg/24 h]); naratriptan (1–2.5 mg rally at nset, may
repeat ne after 4 hurs [maximum dse 5 mg/24 h]);
almtriptan (6.25–12.5 mg rally at nset, may repeat dse
ne after 2 hurs [maximum dse 25 mg/24 h]); frvatrip-
tan (2.5 mg rally at nset, may repeat after 2 hurs ne
[maximum dse 7.5 mg/24]); and eletriptan (20–40 mg
rally at nset; may repeat after 2 hurs ne [maximum
dse 80 mg/24 h]). Eletriptan is useful fr immediate
therapy, and frvatriptan, whih has a lnger half-life, may
be wrthwhile fr patients with prlnged attaks r
attaks prvked by menstrual perids. Patients ften
experiene greater benefit when the triptan is mbined
with naprxen (500 mg rally).

Triptans may ause nausea and vmiting. They shuld
prbably be avided in wmen wh are pregnant, and in
patients with hemiplegi r basilar migraine, a histry f
strke r transient ishemi attak (TIA), r unntrlled
hypertensin. In patients whse hypertensin is ntrlled,
triptans are mmnly used safely, althugh autin is
advised. Triptans are ntraindiated in patients with r-
nary r peripheral vasular disease and Prinzmetal angina.

Lasmiditan (50–200 mg taken ne at headahe nset;
n mre than ne dse in 24 hurs) is a 5-HT

1F
reeptr

agnist apprved fr use in the United States that laks the
vasnstritive prperties f triptans and an be given
safely t patients with ardivasular risk fatrs. Dizziness
and smnlene are mmn side effets, and patients
shuld nt drive within 8 hurs f administratin.

3. Calcitonin gene–related peptide antagonists—
Rimegepant sulfate (75 mg rally disslved tablet taken
ne at headahe nset; maximum dse 75 mg/24 h) and
ubrgepant (50 r 100 mg rally at headahe nset, may
repeat after 2 hurs ne [maximum dse 200 mg/24 h]) are
bth alitnin gene–related peptide antagnists that
ahieve pain freedm in 20% and pain relief in 60% f
patients within 2 hurs. Hypersensitivity reatins may
ur immediately r several days after administratin
with rimegepant.

4. Other agents—Prhlrperazine is effetive and may be
administered retally (25 mg suppsitry), intravenusly
r intramusularly (5–10 mg), r rally (5–10 mg). Intrave-
nus metlpramide (10–20 mg) is als partiularly use-
ful in the emergeny department setting. Varius
butalbital-ntaining mbinatin ral analgesis risk
veruse and dependene and shuld nly be used as a last
resrt. Opiid analgesis shuld be avoided beause f high
rates f rebund headahe and the tendeny t develp
mediatin veruse headahe.

5. Neuromodulation—Sham-ntrlled trials shw that
single-pulse transranial magneti stimulatin abrts
migraine with aura, and nninvasive vagus nerve stimula-
tin, transutaneus trigeminal nerve stimulatin, and
remte eletrial stimulatin applied t the upper arm abrt
migraine with r withut aura. Transranial magneti
stimulatin is ntraindiated in patients with epilepsy.
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Table 24–1. Pharmacologic prophylaxis of migraine (listed in alphabetical order within classes).

Mediction Usul adult Orl Dily Dose Selected Side Effects nd Comments

antieiletic1

Topiramate 100 mg (divided twice daily) Somnolence, nausea, dyspepsia, irritability, dizziness, ataxia, nystagmus,

diplopia, glaucoma, renal calculi, weight loss, hypohidrosis, hyperthermia.

Valproic acid2,3 500–1000 mg (divided twice

daily)

Nausea, vomiting, diarrhea, drowsiness, alopecia, weight gain, hepatotoxic-

ity, thrombocytopenia, tremor, pancreatitis.

Crdiovsculr

Candesartan3 8–32 mg once daily Dizziness, cough, diarrhea, fatigue.

Guanfacine 1 mg once daily Dry mouth, somnolence, dizziness, constipation, erectile dysfunction.

Propranolol4 80–240 mg (divided twice to

four times daily)

Fatigue, dizziness, hypotension, bradycardia, depression, insomnia,

nausea, vomiting, constipation.

Verapamil5 120–240 mg (divided three

times daily)

Headache, hypotension, flushing, edema, constipation. May aggravate

atrioventricular nodal heart block and heart failure.

antideressnt6

Amitriptyline7 10–150 mg at bedtime Sedation, dry mouth, constipation, weight gain, blurred vision, edema,

hypotension, urinary retention.

Venlafaxine 37.5–150 mg extended release

once daily

Nausea, somnolence, dry mouth, dizziness, diaphoresis, sexual dysfunction,

anxiety, weight loss.

Monoclonl ntibodies ginst clcitonin gene–relted etide

Eptinezumab 100 mg intravenously

every 3 months

Hypersensitivity reaction during infusion, nasopharyngitis.

Erenumab 70–140 mg subcutaneously once

monthly

Injection site reactions, constipation, muscle cramps, antibody

development.

Fremanezumab 225 mg subcutaneously once

monthly

Injection site reactions, antibody development.

Galcanezumab 120 mg subcutaneously daily ×

2 doses, followed by 120 mg

monthly

Injection site reactions, antibody development.

Oter

Acupuncture  More rapid pain relief and fewer side effects than pharmacologic treatment.

Botulinum toxin A Intramuscular injection Injection site reaction, hypersensitivity, muscle weakness.

Riboflavin 400 mg once daily Yellow-orange discoloration of urine.

Transcutaneous supraor-

bital neurostimulation

20 minutes daily Transient paresthesia at site of stimulation.

1Gabapentin and possibly other antiepileptics have also been used successfully.
2Avoid during pregnancy.
3Not FDA-approved for this indication.
4Other beta-adrenergic antagonists such as atenolol, metoprolol, nadolol, and timolol are similarly effective.
5Other calcium channel antagonists (eg, nimodipine, nicardipine, and diltiazem) may also help.
6Depression is commonly comorbid with migraine disorder and may warrant separate treatment.
7Other tricyclic antidepressants (eg, nortriptyline and imipramine) may help similarly.

B. Preventive Therapy

Preventive treatment may be neessary if migraine head-
ahes ur more frequently than two or three times a month
r signifiant disability is assiated with attaks. Avid-
ane f triggers and maintenane f hmestasis with reg-
ular sleep, meals, and hydratin shuld nt be negleted; a
headahe diary may be useful t identify triggers. Sme
mre mmn agents used fr prphylaxis are listed in
Table 24–1. The mediatin hsen first will vary with the

individual patient, depending n fatrs suh as mrbid
besity, depressin, anxiety, hypertensin, and patient
preferene. Several mediatins may have t be tried in
turn befre headahes are brught under ntrl. One a
mediatin has been fund t help, it shuld be ntinued
fr several mnths. If the patient remains headahe-free,
the dse may be tapered and the mediatin eventually
withdrawn. Transutaneus suprarbital neurstimulatin
redued the number f migraine days per mnth in a
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sham-ntrlled randmized trial and is apprved in the
United States. In chronic migraine (at least 15 days per
mnth with headahes lasting 4 hurs per day r lnger),
aupunture is as effetive as prphylati pharmalgi
treatment, and btulinum txin type A redues headahe
frequeny. Certain neurstimulatin tehniques lk
prmising as preventive treatment as well as having a rle
in treatment f aute attaks. These inlude single-pulse
transranial magneti stimulatin, vagus nerve stimula-
trs, and implantable ipital nerve stimulatin, but riti-
al appraisal is neessary.

2. Tension-Tye hedce

This is the mst mmn type f primary headahe disr-
der. Patients frequently mplain f periranial tenderness,
pr nentratin, and ther nnspeifi symptms, in
additin t headahes that are ften vise-like r tight in
quality but nt pulsatile. Headahes may be exaerbated by
emtinal stress, fatigue, nise, r glare. The headahes are
usually generalized, may be mst intense abut the nek r
bak f the head, and are nt assiated with fal neur-
lgi symptms. There is diagnsti verlap with migraine.

The therapeuti apprah is similar t that in migraine,
exept that triptans and ergtamines are not indiated.
Triyli antidepressants, suh as amitriptyline, are sup-
prted fr headahe prphylaxis by randmized trial evi-
dene and ften are tried first. Treatment f mrbid
anxiety r depressin is imprtant. Behaviral therapies
that may be effetive inlude bifeedbak and relaxatin
training.

3. Cluster hedce

Cluster headahe affets predminantly middle-aged men.
The pathphysilgy is unlear but may relate t ativatin
f ells in the ipsilateral hypthalamus, triggering the tri-
geminal autnmi vasular system. There is ften n fam-
ily histry f headahe r migraine. Episdes f severe
unilateral perirbital pain ur daily fr several weeks and
are ften ampanied by ne r mre f the fllwing:
ipsilateral nasal ngestin, rhinrrhea, larimatin, red-
ness f the eye, and Hrner syndrme (ptsis, pupillary
meisis, and faial anhidrsis r hyphidrsis). During
attaks, patients are ften restless and agitated. Episdes
typially ur at night, awaken the patient, and last
between 15 minutes and 3 hurs. Spntaneus remissin
then urs, and the patient remains well fr weeks r
mnths befre anther but f lsely spaed attaks. Buts
may last fr 4 t 8 weeks and may ur up t several times
per year. During a but, many patients reprt alhl trig-
gers an attak; thers reprt that stress, glare, r ingestin f
speifi fds asinally preipitates attaks. In a-
sinal patients, remissin des nt ur. This variant has
been referred t as chronic cluster headache. In lngstand-
ing ases, Hrner syndrme may persist between attaks.

Cluster headahe is ne f the trigeminal autonomic
cephalgias, whih inlude hemirania ntinua, parx-
ysmal hemirania, and shrt-lasting neuralgifrm head-
ahe attaks with njuntival injetin and tearing.
Similar t luster headahe, the ther trigeminal

autnmi ephalgias nsist f unilateral perirbital pain
assiated with ipsilateral autnmi symptms; they are
distinguished frm luster headahe by different attak
duratin and frequeny and their exquisite respnsiveness
t indmethain.

Treatment f an individual attak with ral mediatins
is generally unsatisfatry, but subutaneus (6 mg) r
intranasal (20 mg/spray) sumatriptan r inhalatin f 100%
xygen (12–15 L/min fr 15 minutes via a nn-rebreather
mask) may be effetive. Zlmitriptan (5- and 10-mg nasal
spray) is als effetive. Dihydrergtamine (0.5–1 mg intra-
musularly r intravenusly) r visus lidaine (1 mg f
4–6% slutin intranasally) is smetimes effetive.

Varius prphylati agents inlude ral mediatins
suh as lithium arbnate (start at 300 mg daily, titrating
arding t serum levels and treatment respnse up t a
typial ttal daily dse f 900–1200 mg, divided three r
fur times), verapamil (start at 240 mg daily, inrease by
80 mg every 2 weeks t 960 mg daily, with rutine ECG t
mnitr the PR interval), tpiramate (100–400 mg daily),
and ivamide (nt available in the United States). As there
is ften a delay befre these mediatins are effetive, tran-
sitinal therapy is ften used. Prednisne (60 mg daily fr
5 days fllwed by gradual withdrawal ver 7–10 days) is
effetive in 70–80% f patients, and subipital rtiste-
rid injetin abut the greater ipital nerve is effetive in
75%. Ergtamine tartrate an be given as retal suppsit-
ries (0.5–1 mg at night r twie daily), by muth (2 mg
daily), r by subutaneus injetin (0.25 mg three times
daily fr 5 days per week). Eletrial stimulatin f the
vagus nerve at headahe nset suessfully abrts pain in
30–50% f attaks, and twie daily prphylati stimulatin
redues attak number in hrni luster headahe; this
treatment is apprved in the United States. In Eurpe, sphe-
npalatine ganglin stimulatin is apprved fr treatment
f luster headahe based n effiay in ne randmized
sham-ntrlled study. Limited evidene suggests that
eletrial stimulatin f the ipital nerve by an implant-
able devie may be helpful, espeially in hrni luster
headahe.

4. posttrumtic hedce

A variety f nnspeifi symptms may fllw lsed head
injury, regardless f whether nsiusness is lst (see
Head Injury). Headahe is ften a nspiuus feature. It
usually appears within a day r s fllwing injury, may
wrsen ver the ensuing weeks, and then gradually sub-
sides. It is usually a nstant dull ahe, with superimpsed
thrbbing that may be lalized, lateralized, r generalized.
Headahes are smetimes ampanied by nausea, vmit-
ing, r sintillating stmas and ften respnd t simple
analgesis; severe headahes may neessitate preventive
treatment as utlined fr migraine.

5. primry Coug hedce

Severe head pain may be prdued by ughing (and by
straining, sneezing, and laughing) but, frtunately, usually
lasts fr nly a few minutes r less. Intraranial lesins,
usually in the psterir fssa (eg, Arnld-Chiari
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malfrmatin), are present in abut 10% f ases, and
brain tumrs r ther spae-upying lesins may present
in this way. Ardingly, CT scanning or MRI should be
undertaken in all patients.

The disrder is usually self-limited, althugh it may
persist fr several years. Fr unknwn reasns, symptms
smetimes lear mpletely after lumbar punture. Ind-
methain (75–150 mg daily rally) may prvide relief.
Similar ativity-triggered headahe syndrmes inlude
primary exertinal headahe and primary headahe ass-
iated with sexual ativity.

6. hedce Due to Gint Cell
(Temorl or Crnil) arteritis

This tpi is disussed in Chapter 20.

7. hedce Due to Intrcrnil Mss Lesion

Intraranial mass lesins f all types may ause headahe
wing t displaement f vasular strutures and ther
pain-sensitive tissues. While pain and latin are nnspe-
ifi, headahe may be wrse upn lying dwn, awaken the
patient at night, r peak in the mrning after vernight
reumbeny. The key feature prompting brain imaging is a
new or worsening headache in middle or later life. Other
features suggesting an intraranial lesin inlude signs r
symptms f infetin r malignany suh as fever, night
sweats, and weight lss; immunmprmise; r histry f
malignany. Signs f fal r diffuse erebral dysfuntin
r f inreased intraranial pressure (eg, papilledema) als
neessitate investigatin.

8. Mediction Overuse
(anlgesic Rebound) hedce

In many patients with chronic daily headaches, media-
tin veruse is respnsible. Patients have hrni pain r
severe headahe unrespnsive t mediatin (typially
defined as n effet after having been used regularly fr
mre than 3 mnths). Ergtamines, triptans, mediatins
ntaining butalbital, and piids ause mediatin ver-
use headahe when taken n mre than 10 days per mnth;
aetaminphen, aetylsaliyli aid, and nnsteridal anti-
inflammatry drugs may als be ffenders if taken n
mre than 15 days per mnth. Early initiatin f a migraine
preventive therapy permits withdrawal f analgesis and
eventual relief f headahe.

9. hedce Due to Oter Neurologic Cuses

Cerebrvasular disease may be assiated with headahe,
but the mehanism is unlear. Headahe may ur with
internal artid artery lusin r artid dissetin and
after artid endarteretmy. Aute severe headahe
(“thunderclap”) ampanies subarahnid hemrrhage,
artid r vertebral artery dissetin, erebral venus
thrmbsis, ishemi r hemrrhagi strke, reversible
erebral vasnstritin syndrme, hypertensive risis,
psterir reversible leukenephalpathy syndrme, pitu-
itary applexy, spntaneus intraranial hyptensin, vas-
ulitis, and meningeal infetins; ampanying fal

neurlgi signs, impairment f nsiusness, and signs
f meningeal irritatin indiate the need fr further inves-
tigatins. Headahes are als a feature f idipathi intra-
ranial hypertensin (pseudtumr erebri).

Dull r thrbbing headahe is a frequent sequela f
lumbar punture and may last fr several days. It is aggra-
vated by the eret psture and alleviated by reumbeny.
The mehanism is unlear, but the headahe is mmnly
attributed t leakage f erebrspinal fluid thrugh the
dural punture site. Its inidene may be redued if an
atraumati needle (instead f a beveled, utting needle) is
used fr the lumbar punture.

» When to Refer

• Thunderlap nset.

• Inreasing headahe unrespnsive t simple measures.

• Histry f trauma, hypertensin, fever, visual hanges.

• Presene f neurlgi signs r f salp tenderness.

» When to Admit

Suspeted subarahnid hemrrhage r ther strutural
intraranial lesin.

Ceriani CEJ et al. Nvel mediatins fr the treatment f
migraine. Headahe. 2019;59:1597. [PMID: 31559638]

Vukvi-Cvetkvi V et al. Neurstimulatin fr the treatment
f hrni migraine and luster headahe. Ata Neurl Sand.
2019;139:4. [PMID: 30291633]

FACIAL PAIN

1. Trigeminl Neurlgi

E S S E N T I A L S  O F  D I A G N O S I S

» Brief episodes of stabbing facial pain.

» Pain is in the territory of the second and third divi-
sion of the trigeminal nerve.

» Pain exacerbated by touch.

» General Considerations

Trigeminal neuralgia (“ti dulureux”) is mst mmn
in middle and later life. It affets wmen mre frequently
than men. Pain may be due t an anmalus artery r vein
impinging n the trigeminal nerve.

» Clinical Findings

Mmentary episdes f sudden laninating faial pain
mmnly arise near ne side f the muth and sht
tward the ipsilateral ear, eye, r nstril. The pain may be
triggered by suh fatrs as tuh, mvement, drafts, and
eating. In rder t lessen the likelihd f triggering fur-
ther attaks, many patients try t hld the fae still while
talking. Spntaneus remissins fr several mnths r
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lnger may ur. As the disrder prgresses, hwever, the
episdes f pain beme mre frequent, remissins beme
shrter and less mmn, and a dull ahe may persist
between the episdes f stabbing pain. Symptms remain
nfined t the distributin f the trigeminal nerve (usu-
ally the send r third divisin) n ne side nly.

» Differential Diagnosis

The harateristi features f the pain in trigeminal neural-
gia usually distinguish it frm ther auses f faial pain.
Neurlgi examinatin shws n abnrmality exept in a
few patients in whm trigeminal neuralgia is symptmati
f sme underlying lesin, suh as multiple slersis r a
brainstem neplasm, in whih ase the finding will depend
n the nature and site f the lesin. Multiple slersis must

be suspeted in a patient yunger than 40 years in whm
trigeminal neuralgia is the presenting symptm, even if
there are n ther neurlgi signs. Bilateral symptms
shuld als prmpt further investigatin. Brain MRI need
nly be btained when a sendary ause is suspeted; it is
usually nrmal in lassi trigeminal neuralgia.

» Treatment

The mediatins mst helpful fr treatment are xarbaze-
pine (althugh nt apprved by the FDA fr this india-
tin) r arbamazepine, with mnitring by serial bld
unts and liver bihemial tests. If these mediatins are
ineffetive r annt be tlerated, phenytin shuld be
tried. (Dses and side effets f these mediatins are
shwn in Table 24–2.) Balfen (10–20 mg rally three r

Table 24–2. Medication treatment for seizures in adults (in alphabetical order within classes).

Mediction

Usul adult

Dily Orl

Dose

Minimum

No. of

Dily

Doses

Time to

Stedy-Stte

Mediction

Levels

Otiml Medic-

tion Level nd

Lbortory

Monitoring1

Selected Side Effects nd Idiosyncrtic

Rections

Generlized or Focl Seizures

Brivaracetam2,3 50–100 mg 2 1–2 days CBC, liver biochemi-

cal tests

Somnolence, fatigue, ataxia, vertigo, psycho-

sis, leukopenia, hypersensitivity (broncho-

spasm and angioedema).

Cannabidiol4 5–20 mg/kg 2 11–13 days Liver biochemical

tests at baseline, 1,

3, and 6 months

Somnolence, fatigue, anorexia, weight loss,

anemia, diarrhea, rash, sleep disorder,

infections.

Elevation in liver enzymes may occur; reduce

dose in hepatic impairment.

Carbamazepine2 400–1600 mg

(immediate

or extended

release)

2 3–4 days 4–8 mcg/mL

CBC, liver biochemi-

cal tests, BUN/Cr

Nystagmus, dysarthria, diplopia, ataxia,

drowsiness, nausea, blood dyscrasias,

hepatotoxicity, hyponatremia,

Stevens-Johnson syndrome.5

My excerbte myoclonic seizures.

Cenobamate2,3 200–400 mg 1 14 days Liver biochemical

tests, potassium

Multiorgan hypersensitivity, QT shortening,

somnolence, dizziness, cognitive dysfunc-

tion, blurred vision.

Clobazam6 10–40 mg 2 7–10 days  Lethargy and somnolence, ataxia, insomnia,

dysarthria, aggression, constipation, fever,

Stevens-Johnson syndrome.

Clorazepate3 22.5–90 mg 2 10 days  Sedation, dizziness, confusion, ataxia, depres-

sion, dependency/abuse.

Eslicarbazepine2,3 400–1200 mg 1 4 days Serum sodium and

chloride; liver bio-

chemical tests

As for carbamazepine.

Ezogabine3 300–1200 mg 3 2–3 days ECG to assess QT

interval

Dizziness, somnolence, confusion, vertigo,

nausea, ataxia, psychiatric disturbances,

prolonged QT interval, retinal

abnormalities.7

Felbamate2,3,6,8 1200–3600 mg 3 4–5 days CBC and reticulo-

cytes, liver bio-

chemical tests

Anorexia, nausea, vomiting, headache, insom-

nia, weight loss, dizziness, hepatotoxicity,

fatal aplastic anemia.

Reserved for refractory epilepsy.

(continued)
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Table 24–2. Medication treatment for seizures in adults (in alphabetical order within classes).

Mediction

Usul adult

Dily Orl

Dose

Minimum

No. of

Dily

Doses

Time to

Stedy-Stte

Mediction

Levels

Otiml Medic-

tion Level nd

Lbortory

Monitoring1

Selected Side Effects nd Idiosyncrtic

Rections

Gabapentin3 900–3600 mg 3 1 day  Sedation, fatigue, ataxia, nystagmus, weight

loss.

Lacosamide2,3 100–400 mg 2 3 days ECG if known cardiac

conduction

problems or severe

cardiac disease

Vertigo, diplopia, nausea, headache, fatigue,

ataxia, tremor, anaphylactoid reactions, PR

prolongation, cardiac dysrhythmia,

suicidality.

Lamotrigine3,6,9,10 100–500 mg 2 4–5 days  Sedation, skin rash, visual disturbances,

dyspepsia, ataxia.

Levetiracetam3,9,11 1000–3000 mg 2 2 days  Somnolence, ataxia, headache, behavioral

changes.

Oxcarbazepine2,3 900–1800 mg 2 2–3 days Serum sodium As for carbamazepine.

Perampanel2,3,9 4–12 mg 1 3 weeks  Dizziness, somnolence, irritability, weight

gain, falls, ataxia, dysarthria, blurred vision.

Phenobarbital2,12 100–200 mg 1 14–21 days 10–40 mcg/mL

CBC, liver biochemi-

cal tests, BUN/Cr

Drowsiness, nystagmus, ataxia, skin rashes,

learning difficulties, hyperactivity.

Phenytoin2,12 200–400 mg 1 5–10 days 10–20 mcg/mL

CBC, liver biochemi-

cal tests, folate

Nystagmus, ataxia, dysarthria, sedation, con-

fusion, gingival hyperplasia, hirsutism,

megaloblastic anemia, blood dyscrasias,

skin rashes, fever, systemic lupus erythema-

tosus, lymphadenopathy, peripheral neu-

ropathy, dyskinesias.

My excerbte myoclonic seizures.

Pregabalin3 150–300 mg 2 2–4 days  Somnolence, dizziness, poor concentration,

weight gain, thrombocytopenia, skin

rashes, anaphylactoid reactions.

Primidone2,12 750–1500 mg 3 4–7 days 5–12 mcg/mL

CBC

Sedation, nystagmus, ataxia, vertigo, nausea,

skin rashes, megaloblastic anemia,

irritability.

Rufinamide6 800–3200 mg 2 2 days  Somnolence, headache, dizziness, suicidality,

Stevens-Johnson syndrome, leukopenia,

shortened QT interval, nausea, vomiting.

Tiagabine3 32–56 mg 2 2 days  Somnolence, anxiety, dizziness, poor concen-

tration, tremor, diarrhea.

Topiramate2,3,6,9,12 200–400 mg 2 4 days Serum bicarbonate,

BUN/Cr in elderly

patients

Somnolence, nausea, dyspepsia, irritability,

dizziness, ataxia, nystagmus, diplopia, glau-

coma, renal calculi, weight loss, hypohidro-

sis, hyperthermia.

Valproic

acid2,3,13,14

1500–2000 mg 2–3 2–4 days 50–100 mcg/mL

CBC, liver biochemi-

cal tests

Nausea, vomiting, diarrhea, drowsiness, alope-

cia, weight gain, hepatotoxicity, thrombo-

cytopenia, tremor, pancreatitis.

Tertogenic; void in women of cildber-

ing ge.

Vigabatrin3,15 3000 mg 2 2 days  Somnolence, anorexia, nausea, vomiting, agi-

tation, hostility, confusion, suicidality, neu-

tropenia, Stevens-Johnson syndrome,

permanent visual field loss.7

Zonisamide3 200–600 mg 1 14 days BUN/Cr, serum

bicarbonate

Somnolence, ataxia, anorexia, nausea,

vomiting, rash, confusion, renal calculi.

Do not use in patients with sulfonamide

allergy.

(continued)

(continued)
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Table 24–2. Medication treatment for seizures in adults (in alphabetical order within classes).

Mediction

Usul adult

Dily Orl

Dose

Minimum

No. of

Dily

Doses

Time to

Stedy-Stte

Mediction

Levels

Otiml Medic-

tion Level nd

Lbortory

Monitoring1

Selected Side Effects nd Idiosyncrtic

Rections

absence Seizures

Clonaze-

pam6,11,13,16,17

0.04–0.2 mg/kg 2 7–10 days 20–80 ng/mL

CBC, liver

biochemical tests

Drowsiness, ataxia, irritability, behavioral

changes, exacerbation of tonic-clonic

seizures.

Ethosuximide13 500–1500 mg 2 5–10 days 40–100 mcg/mL

CBC, liver biochemi-

cal tests, urinalysis

Nausea, vomiting, anorexia, headache,

lethargy, unsteadiness, blood dyscrasias,

systemic lupus erythematosus, urticaria,

pruritus.

Valproic

acid2,3,13,14

1500–2000 mg 2–3 2–4 days See above Nausea, vomiting, diarrhea, drowsiness,

alopecia, weight gain, hepatotoxicity,

thrombocytopenia, tremor, pancreatitis.

Myoclonic Seizures

Clonaze-

pam6,11,13,16,17

0.04–0.2 mg/kg 2 7–10 days See above Drowsiness, ataxia, irritability, behavioral

changes, exacerbation of tonic-clonic

seizures.

Levetiracetam3,9,11 1000–3000 mg 2 2 days  Somnolence, ataxia, headache, behavioral

changes.

Valproic

acid2,3,13,14

1500–2000 mg 2–3 2–4 days See above Nausea, vomiting, diarrhea, drowsiness,

alopecia, weight gain, hepatotoxicity,

thrombocytopenia, tremor, pancreatitis.

BUN, blood urea nitrogen; CBC, complete blood count; Cr, creatinine; ECG, electrocardiogram. Note that many factors influence optimal

dose of these drugs including age, tolerance, and concomitant medication.
1Patients starting treatment with any antiepileptic drug should be monitored for new or worsening depression or suicidal thoughts,

especially during the first weeks of therapy. Baseline measurement of creatinine clearance is advisable in renally metabolized drugs.
2Approved as monotherapy for focal-onset seizures.
3Approved as adjunctive therapy for focal-onset seizures.
4Approved for treatment of seizures in Lennox-Gastaut and Dravet syndrome in patients 2 years and older.
5Carriers of the HLA-B*1502 allele are at higher risk for Stevens-Johnson syndrome. Patients of Asian ancestry should be tested for this allele

prior to initiation of therapy.
6Approved as adjunctive therapy for Lennox-Gastaut syndrome.
7Regular ophthalmologic examination is recommended.
8Not to be used as a first-line drug; when used, blood counts should be performed regularly (every 2–4 weeks). Should be used only in

selected patients because of risk of aplastic anemia and hepatic failure. It is advisable to obtain written informed consent before use.
9Approved as adjunctive therapy for primary generalized tonic-clonic seizures.
10Approved as monotherapy (after conversion from another drug) in focal-onset seizures.
11Approved as adjunctive therapy for myoclonic seizures.
12Approved as initial monotherapy for primary generalized tonic-clonic seizures.
13Approved as monotherapy and adjunctive therapy for absence seizures.
14Approved as adjunctive therapy for patients with multiple seizure types including absence seizures.
15Approved as monotherapy for infantile spasms.
16Approved as monotherapy for Lennox-Gastaut syndrome.
17Approved as monotherapy for myoclonic seizures.

fur times daily), tpiramate (50 mg rally twie daily), r
lamtrigine (400 mg rally daily) may als be helpful, either
alne r in mbinatin with ne f these ther agents.
Gabapentin may als relieve pain, espeially in patients wh
d nt respnd t nventinal medial therapy and thse
with multiple slersis. Depending n respnse and tler-
ane, up t 3600 mg daily rally is given in divided dses.

Fr neuralgia refratry t medial treatment, several
surgial treatment ptins are available that prvide initial
pain relief in at least 80% f patients. Mirvasular

surgial dempressin with separatin f the anmalus
vessel (usually nt visible n CT sans, MRI, r arteri-
grams) frm the nerve rt prdues lng-term relief f
symptms in rughly 75% f patients. Three less invasive
tehniques are based n destrutin f nieptive tri-
geminal nerve fibers, whih auses sensry lss in additin
t symptm relief in half f patients: (1) radifrequeny
rhiztmy prdues lng-term pain relief in 60% f
patients, (2) perutaneus balln mpressin f the tri-
geminal ganglin in 67%, and (3) steretati radisurgery

(continued)
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t the trigeminal nerve rt in 45%. In elderly patients with
a limited life expetany, radifrequeny rhiztmy and
steretati radisurgery are smetimes preferred beause
bth an be perfrmed withut general anesthesia and
have few mpliatins. Surgial explratin is inapprpri-
ate in patients with trigeminal neuralgia due t multiple
slersis, but the less invasive tehniques are smetimes
helpful.

2. atyicl Fcil pin

Faial pain withut the typial features f trigeminal neu-
ralgia is generally a nstant, ften burning pain that may
have a restrited distributin at its nset but sn spreads
t the rest f the fae n the affeted side and smetimes
invlves the ther side, the nek, r the bak f the head as
well. The disrder is espeially mmn in middle-aged
wmen, many f them depressed, but it is nt lear
whether depressin is the ause f r a reatin t the
pain. Simple analgesis shuld be given a trial, as shuld
triyli antidepressants, arbamazepine, xarbazepine,
and phenytin; the respnse is ften disappinting. Opiid
analgesis pse a danger f additin. Attempts at surgial
treatment are nt indiated.

3. Glossoryngel Neurlgi

Glsspharyngeal neuralgia is an unmmn disrder in
whih pain similar in quality t that in trigeminal neural-
gia urs in the thrat, abut the tnsillar fssa, and
smetimes deep in the ear and at the bak f the tngue.
The pain may be preipitated by swallwing, hewing, talk-
ing, r yawning and is smetimes ampanied by syn-
pe. In mst instanes, n underlying strutural
abnrmality is present; multiple slersis is smetimes
respnsible. Oxarbazepine and arbamazepine are the
treatments f hie and shuld be tried befre any surgi-
al predures are nsidered. Mirvasular dempres-
sin is ften effetive and is generally preferred ver
destrutive surgial predures suh as partial rhiztmy
in medially refratry ases.

4. posteretic Neurlgi

Pstherpeti neuralgia develps in abut 15% f patients
wh have herpes zster (shingles). This mpliatin
seems espeially likely t ur in elderly r immunm-
prmised persns, when the rash is severe, and when the
first divisin f the trigeminal nerve is affeted. It als
relates t the duratin f the rash befre treatment is insti-
tuted. A histry f shingles and the presene f utaneus
sarring resulting frm shingles aid in the diagnsis. Severe
pain with shingles rrelates with the intensity f psther-
peti symptms.

Aylvir (800 mg five times daily) r valaylvir
(1000 mg three times daily), when given within 72 hurs f
rash nset, redues the inidene f pstherpeti neuralgia
by almst half; systemi rtisterids d not help prevent
pstherpeti neuralgia (see Chapter 6). Management f the
established mpliatin is with simple analgesis. If they
fail t help, a trial f a triyli antidepressant (eg, amitrip-
tyline r nrtriptyline, up t 100–150 mg daily rally) is

ften effetive. Other patients respnd t gabapentin (up t
3600 mg daily rally) r pregabalin (up t 600 mg/daily
rally). Subutaneus injetin f btulinum txin A int
the affeted regin prdued sustained pain relief in 87% f
patients in a small plaeb-ntrlled trial. Tpial applia-
tin f apsaiin ream may be helpful, as may tpial
lidaine (5%). The administratin f recombinant zoster
vaccine t patients ver the age f 50 years is imprtant in
reduing the likelihd f herpes zster r reduing the
severity f pstherpeti neuralgia shuld a reativatin
ur.

5. Fcil pin Due to Oter Cuses

Faial pain may be aused by temprmandibular jint
dysfuntin in patients with mallusin, abnrmal bite,
r faulty dentures. There may be tenderness f the mastia-
try musles, and smetimes pain begins at the nset f
hewing. This pattern differs frm that f jaw (mastiatry)
laudiatin, a symptm f giant ell arteritis, in whih pain
develps prgressively with mastiatin. Treatment f the
underlying jint dysfuntin relieves symptms.

A relatinship f faial pain t hewing r temperature
hanges may suggest a dental disturbane. The ause is
smetimes nt bvius, and diagnsis requires areful
dental examinatin and radigraphs. Sinusitis and ear
infetins ausing faial pain are usually regnized by a
histry f respiratry trat infetin, fever, and, in sme
instanes, nasal r aural disharge. There may be lalized
tenderness. Radilgi evidene f sinus infetin r mas-
tiditis is nfirmatry.

Glauma is an imprtant ular ause f faial pain,
usually lalized t the perirbital regin.

On asin, pain in the jaw may be the prinipal mani-
festatin f angina petris. Preipitatin by exertin and
radiatin t mre typial areas suggests a ardia rigin.

» When to Refer

• Wrsening pain unrespnsive t simple measures.

• Cntinuing pain f unertain ause.

• Fr nsideratin f surgial treatment (trigeminal r
glsspharyngeal neuralgia).

Bendtsen L et al. Advanes in diagnsis, lassifiatin, path-
physilgy, and management f trigeminal neuralgia. Lanet
Neurl. 2020;19:784. [PMID: 32822636]

EPILEPSY

E S S E N T I A L S  O F  D I A G N O S I S

» Recurrent unprovoked seizures.

» Characteristic electroencephalographic changes
accompany seizures.

» Mental status abnormalities or focal neurologic
symptoms may persist for hours postictally.
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» General Considerations

The term “epilepsy” dentes any disrder haraterized by
recurrent unprovoked seizures. A seizure is a transient dis-
turbane f erebral funtin due t an abnrmal parxys-
mal neurnal disharge in the brain. Epilepsy is relatively
mmn, affeting apprximately 0.5% f the ppulatin
in the United States.

Patients with reurrent seizures prvked by a readily
reversible ause, suh as withdrawal frm alhl r drugs,
hypglyemia, hyperglyemia, r uremia, are nt nsid-
ered t have epilepsy.

» Classification of Epilepsy

Arding t the Internatinal League Against Epilepsy
lassifiatin system, reurrent seizures shuld be lassi-
fied first by seizure type, send by epilepsy type, and
third, if pssible, by epilepsy syndrme. The etilgy f
reurrent seizures shuld be sught at eah stage f lassi-
fiatin (see Etilgy f Epilepsy).

A. Seizure Types

The Internatinal League Against Epilepsy distinguishes
seizures affeting nly part f the brain (fal seizures)
frm thse that are generalized.

1. Focal onset seizures—The initial linial and eletren-
ephalgraphi manifestatins f fal (partial) seizures
indiate that nly a restrited part f ne erebral hemi-
sphere has been ativated. The ital manifestatins depend
n the area f the brain invlved. Fal seizures are lassi-
fied by mtr r nnmtr nset as well as by whether
awareness is impaired.

a. Motor versus nonmotor onset—Seizures with
mtr nset may be clonic, tonic, atonic, myoclonic, r
hyperkinetic, r may manifest as automatisms r epilep-
tic spasms. The mst mmnly bserved fal mtr
seizures nsist f lni jerking r autmatisms. Nnm-
tr seizures may be manifested by sensry symptms (eg,
paresthesias r tingling, gustatry, lfatry, visual r audi-
try sensatins), behavir arrest, gnitive symptms (eg,
speeh arrest, déjà vu, jamais vu), emtinal symptms (eg,
fear), r autnmi symptms r signs (eg, abnrmal epi-
gastri sensatins, sweating, flushing, pupillary dilatin).
Fal sensry and mtr seizures may spread (r “marh”)
t different parts f the limb r bdy depending n their
rtial representatin and were previusly alled “simple
partial” seizures.

b. Aware versus impaired awareness—Awareness is
defined as knwledge f self and envirnment and f
events urring during a seizure. Impaired awareness may
be preeded, ampanied, r fllwed by the varius
mtr and nnmtr symptms mentined abve. Suh
seizures were previusly alled “mplex partial” seizures.

c. Focal to bilateral tonic-clonic—Fal seizures
smetimes invlve lss f awareness and evlve t bilateral
tni-lni seizures, in a press previusly alled “se-
ndary generalizatin.”

2. Generalized onset seizures—Generalized seizures are
thught t riginate in r rapidly spread t invlve bilateral
rtial netwrks. In sme ases, the distintin between
fal and generalized nset an nly be made by eletren-
ephalgram (EEG). Generalized seizures are lassified
int thse with mtr r nnmtr features. Awareness is
typially lst with generalized seizures but may be retained
partially in the briefest absene attaks and sme my-
lni seizures.

a. Nonmotor (absence) seizures—These are harater-
ized by impairment f nsiusness, smetimes with mild
lni, tni, mylni, r atni mpnents (ie, redu-
tin r lss f pstural tne), autnmi mpnents (eg,
enuresis), r ampanying autmatisms. Onset and termi-
natin f attaks are abrupt. If attaks ur during nver-
satin, the patient may miss a few wrds r may break ff in
midsentene fr a few sends. The impairment f external
awareness is s brief that the patient is unaware f it.
Absence (“petit mal”) seizures almst always begin in
hildhd and frequently ease by the age f 20 years r are
then replaed by ther frms f generalized seizure. Ele-
trenephalgraphially, suh attaks are assiated with
bursts f bilaterally synhrnus and symmetri 3-Hz
spike-wave ativity. A nrmal bakgrund in the eletren-
ephalgram and nrmal r abve-nrmal intelligene
imply a gd prgnsis fr the ultimate essatin f these
seizures. Atypical absence seizures may demnstrate mre
marked hanges in tne, r attaks may have a mre gradual
nset and terminatin than in typial absene seizures.
They mmnly ur in patients with multiple seizure
types, may be ampanied by develpmental delay r
mental retardatin, and are assiated with slwer spike-
wave disharges than thse in typial absene attaks.

b. Motor seizures—Types f generalized mtr seizures
inlude tonic-clonic, clonic, tonic, myoclonic, myoclonic-
tonic-clonic, myoclonic-atonic, atonic, and epileptic
spasms. During tni-lni seizures there is sudden lss
f nsiusness, the patient bemes rigid and falls t the
grund, and respiratin is arrested. This tni phase, whih
usually lasts fr under 1 minute, is fllwed by a lni
phase in whih there is jerking f the bdy musulature
that may last fr 2 r 3 minutes and is then fllwed by a
stage f flaid ma. During the seizure, the tngue r lips
may be bitten, urinary r feal inntinene may ur,
and the patient may be injured. Immediately after the sei-
zure, the patient may rever nsiusness, drift int
sleep, have a further nvulsin withut revery f n-
siusness between the attaks (status epilepticus), r
after revering nsiusness have a further nvulsin
(serial seizures). In ther ases, patients may behave in an
abnrmal fashin in the immediate pstital perid, with-
ut subsequent awareness r memry f events (postepi-
leptic automatism). Headahe, disrientatin, nfusin,
drwsiness, nausea, sreness f the musles, r sme m-
binatin f these symptms mmnly urs pstitally.
Mylni seizures nsist f single r multiple mylni
jerks. Atni seizures nsist f very brief (less than 2 sends)
lss f musle tne and ften result in falls (epileptic
drop attacks). Epileptic spasms are sudden flexin r
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extensin f trunal musles; these seizures usually mani-
fest during infany.

3. Unknown onset seizures—In sme irumstanes, sei-
zures annt be lassified beause f inmplete infrmatin
r beause they d nt fit int any ategry. Generally, with
additinal infrmatin frm the histry r frm vide-EEG
telemetry, the seizure nset an be rretly lassified.

B. Epilepsy Types

The Internatinal League Against Epilepsy lassifies epi-
lepsy by the seizure type. Thus, epilepsy may be focal,
generalized, r combined generalized and focal. The
EEG may be helpful in failitating lassifiatin.

C. Epilepsy Syndromes

Epilepsy syndrmes are defined by nstellatins f seizure
types, EEG findings, and imaging features, and ften als
depend n age at nset and mrbidities. Nt every
patient with epilepsy an be given a syndrmi diagnsis.
Several well-knwn epilepsy syndrmes exist but are
beynd the spe f this hapter.

» Etiology of Epilepsy

In parallel t lassifying the seizure type, epilepsy type, and
epilepsy syndrme (if appliable), the ause f the patient’s
seizures shuld be sught. The Internatinal League
Against Epilepsy lists six brad etilgi ategries; sme-
times a patient’s seizures have mre than ne etilgy.

A. Structural Etiology

1. Pediatric age groups—Cngenital abnrmalities and
perinatal injuries may result in seizures presenting in
infany r hildhd.

2. Mesial temporal sclerosis—Hippampal slersis is a
regnized ause f fal and sendarily generalized sei-
zures f unertain etilgy.

3. Trauma—Trauma is an imprtant ause f seizures at
any age, but espeially in yung adults. Psttraumati epi-
lepsy is mre likely t develp if the dura mater was pene-
trated and generally bemes manifest within 2 years
fllwing the injury. Seizures develping in the first week
after head injury d nt neessarily imply that future
attaks will ur. There is no evidene that prphylati
antinvulsant mediatin treatment redues the inidene
f psttraumati epilepsy.

4. Tumors and other spaceoccupying lesions—Ne-
plasms may lead t seizures at any age, but they are an
espeially imprtant ause f seizures in middle and later
life, when the inidene f neplasti disease inreases.
Seizures are mmnly the initial symptms f the tumr
and ften are fal in harater. They are mst likely t
ur with strutural lesins invlving the frntal, parietal,
r tempral regins. Tumors must be excluded by imaging
studies (MRI preferred over CT) in all patients with onset of
seizures after 20 years of age, focal seizures or signs, or a
progressive seizure disorder.

5. Vascular diseases—Strke and ther vasular diseases
beme inreasingly frequent auses f seizures with
advaning age and are the mst mmn ause f seizures
with nset at age 60 years r lder.

6. Degenerative disorders—Alzheimer disease and ther
degenerative disrders are a ause f seizures in later life.

B. Genetic Etiology

This ategry enmpasses a brad range f disrders, fr
whih the age at nset ranges frm the nenatal perid t
adlesene r even later in life. Mngeni disrders tend
t exhibit an autsmal dminant pattern f inheritane,
and where the mutatin is knwn, the respnsible gene
ften endes a neurnal in hannel. A geneti etilgy
may als underpin ertain epilepsies with a metabli r
strutural basis.

C. Infectious Etiology

Infetius diseases must be nsidered in all age grups as
ptentially reversible auses f seizures. Seizures may
ur with an aute infetive r inflammatry illness, suh
as baterial meningitis r herpes enephalitis, r in patients
with mre lngstanding r hrni disrders, suh as neu-
rsyphilis r erebral ystiersis. In patients with AIDS,
seizures may result frm entral nervus system txplas-
msis, ryptal meningitis, sendary viral enephali-
tis, r ther infetive mpliatins. Seizures are a mmn
sequela f supratentrial brain absess, develping mst
frequently in the first year after treatment.

D. Metabolic Etiology

Inbrn errrs f metablism and ther inherited ndi-
tins may ause epilepsy as ne f their manifestatins (eg,
pyridxine defiieny, mithndrial disease); these disr-
ders typially present during hildhd.

E. Immune Etiology

Autimmune diseases suh as systemi lupus erythemat-
sus and autimmune limbi enephalitis may ause epi-
lepsy; ften the epilepsy an be ured with immuntherapy
and lifelng antiepilepti mediatin treatment is nt
neessary.

F. Unknown Etiology

In many ases, the ause f epilepsy annt be determined.

» Clinical Findings

A. Symptoms and Signs

Nnspeifi hanges suh as headahe, md alteratins,
lethargy, and mylni jerking alert sme patients t an
impending seizure hurs befre it urs. These prodro-
mal symptoms are distint frm the aura; the aura that
may preede a generalized seizure by a few sends r
minutes is itself a part f the seizure indiating fal nset
frm a restrited part f the brain.
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In mst patients, seizures ur unpreditably at any
time and withut any relatinship t psture r nging
ativities. Oasinally, hwever, they ur at a partiu-
lar time (eg, during sleep) r in relatin t external pre-
ipitants suh as lak f sleep, missed meals, emtinal
stress, menstruatin, alhl ingestin (r alhl with-
drawal), r use f ertain rereatinal drugs. Fever and
nnspeifi infetins may als preipitate seizures in
patients with epilepsy. In a few patients, seizures are pr-
vked by speifi stimuli suh as flashing lights r a flik-
ering televisin set (photosensitive epilepsy), musi, r
reading.

Clinial examinatin between seizures shws n abnr-
mality in patients with idipathi epilepsy, but in the
immediate pstital perid, extensr plantar respnses
may be seen. The presene f lateralized r fal signs
pstitally suggests that seizures may have a fal rigin. In
patients with symptmati epilepsy, the findings n exami-
natin will reflet the underlying ause.

B. Imaging

MRI is indiated fr patients with fal neurlgi symp-
tms r signs, fal seizures, r eletrenephalgraphi
findings f a fal disturbane. It shuld als be perfrmed
in patients with linial evidene f a prgressive disrder
and in thse with new nset f seizures after the age f
20 years beause f the pssibility f an underlying ne-
plasm. CT is generally less sensitive than MRI in deteting
small strutural brain abnrmalities but may be used when
MRI is ntraindiated r unavailable.

C. Laboratory Studies

Initial investigatins after a first seizure shuld inlude
mplete bld unt, serum gluse, eletrlytes, re-
atinine, alium, magnesium, and liver bihemial
tests t exlude varius auses f prvked seizures and
t prvide a baseline fr subsequent mnitring f
lng-term effets f treatment. Rutine labratry
investigatins are not usually neessary after reurrent
seizures in patients with knwn epilepsy. A lumbar
punture may be neessary when any sign f infetin is
present r in the evaluatin f new-nset seizures in the
aute setting.

D. Electroencephalography

Eletrenephalgraphy may supprt the linial diagnsis
f epilepsy (by demnstrating parxysmal abnrmalities
ntaining spikes r sharp waves), prvide a guide t prg-
nsis, and help lassify the seizure disrder. Classifiatin
f the disrder is imprtant fr determining the mst
apprpriate antinvulsant mediatin with whih t start
treatment. Fr example, absene and fal seizures with
impaired awareness may be diffiult t distinguish lini-
ally, but the eletrenephalgraphi findings and treat-
ment f hie differ in these tw nditins. Finally, by
lalizing the epileptgeni sure, the eletrenephal-
graphi findings are imprtant in evaluating andidates fr
surgial treatment.

» Differential Diagnosis

The distintin between the varius disrders likely t be
nfused with generalized seizures is usually made n the
basis f the histry. The imprtane f btaining an eye-
witness aunt f the attaks annt be veremphasized.

A. Differential Diagnosis of Focal Seizures

1. TIAs—These are distinguished frm seizures by their
lnger duratin, lak f spread, and negative (eg, weakness
r numbness) rather than psitive (eg, nvulsive jerking
r paresthesias) symptms. Level f nsiusness, whih
is unaltered, des nt distinguish them.

2. Migraine aura—Migraine aura may prdue psitive r
negative symptms, tends t spread slwly frm ne part f
the bdy t anther (ver minutes rather than sends),
and is usually lnger in duratin (minutes t hurs). It is
usually, but nt always, fllwed by a typial migraine
headahe.

3. Panic attacks—These may be hard t distinguish frm
fal seizures unless there is evidene f an anxiety disr-
der between attaks and the attaks have a lear relatin-
ship t external irumstanes.

4. Rage attacks—These are situatinal and lead t gal-
direted aggressive behavir.

B. Differential Diagnosis of Generalized Seizures

1. Syncope—Synpal episdes usually ur in relatin t
pstural hange, emtinal stress, instrumentatin, pain, r
straining. They are typially preeded by pallr, sweating,
nausea, and malaise and lead t lss f nsiusness
ampanied by flaidity; revery urs rapidly with
reumbeny, and there is n pstital headahe r nfu-
sin. In sme instanes, hwever, mtr ampaniments
and urinary inntinene may simulate a seizure.

2. Cardiac disease—Cerebral hypperfusin due t a dis-
turbane f ardia rhythm shuld be suspeted in patients
with knwn ardia r vasular disease r in elderly
patients wh present with episdi lss f nsiusness.
Prdrmal symptms are typially absent. Cardia rhythm
mnitring may be neessary t establish the diagnsis;
external event rerders r implantable lp rerders may
be valuable if the disturbanes f nsiusness are rare. A
relatinship f attaks t physial ativity and the finding
f a systli murmur are suggestive f arti stensis.

3. Brainstem ischemia—Lss f nsiusness is preeded
r ampanied by ther brainstem signs. Basilar artery
migraine and vertebrbasilar vasular disease are disussed
elsewhere in this hapter.

4. Psychogenic nonepileptic seizure PNES—Simulating
an epilepti seizure, a PNES may ur due t a nversin
disrder r malingering. Many patients als have epilepti
seizures r a family histry f epilepsy. A histry f hild-
hd physial r sexual abuse is mmn. Althugh a
PNES tends t ur at times f emtinal stress, this may
als be the ase with epilepti seizures.
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Clinially, the attaks superfiially resemble tni-lni
seizures, but there may be bvius preparatin befre a
PNES. Mrever, there is usually n tni phase; instead,
there may be an asynhrnus thrashing f the limbs and
the attak rarely leads t injury. Eyes are ften fribly
lsed during PNES, unlike epilepti seizures, in whih they
are typially pen. Cnsiusness may be nrmal r “lst,”
but in the latter ntext the urrene f gal-direted
behavir r f shuting, swearing, et, indiates that it is
feigned. Pstitally, there are n hanges in behavir r
neurlgi findings.

Often, linial bservatin is insuffiient t disriminate
epilepti frm nnepilepti seizures and video electroen-
cephalographic monitoring is required. Elevatin f serum
prlatin level t at least twie the upper limit f nrmal an
be seen between 10 and 20 minutes after a seizure r syn-
pal event but nt after a PNES. Hwever, prlatin measure-
ment has limited linial utility beause levels are nrmal
after an epilepti seizure in rughly half f patients and a
baseline prlatin must be drawn 6 hurs after the attak.

» Treatment

A. General Measures

Fr patients with epilepsy, mediatin is presribed with the
gal f preventing further attaks and is usually ntinued
until there have been n seizures fr at least 2 years. Patients
shuld be advised t avid situatins that uld be danger-
us r life-threatening if further seizures shuld ur.
Legislatin may require liniians t reprt t the state
authrities any patients with seizures r ther episdi dis-
turbanes f nsiusness; driving cessation for 6 months r
as legislated is apprpriate fllwing an unprvked
seizure.

1. Choice of medication—Mediatin seletin depends
n seizure type (Table 24–2). The dse f the seleted anti-
nvulsant is gradually inreased until seizures are n-
trlled r side effets prevent further inreases. If seizures
ntinue despite treatment at the maximal tlerated dse, a
send mediatin is added and the dse inreased
depending n tlerane; the first mediatin is then gradu-
ally withdrawn. In mst patients with seizures f a single
type, satisfatry ntrl an be ahieved with a single
antinvulsant. Treatment with tw mediatins may fur-
ther redue seizure frequeny r severity but usually nly
at the st f greater txiity. Treatment with mre than
tw mediatins is almst always unhelpful unless the
patient is having seizures f different types. Other fatrs
t nsider in seleting an antinvulsant inlude likely
side effets, teratgeniity, interatins with ther media-
tins and ral ntraeptives, and rute f metablism.

All antiepileptis are ptentially teratgeni, althugh
the teratgeniity f the newer antiseizure mediatins is
less lear. Nevertheless, antiepilepti mediatin must be
given t pregnant wmen with epilepsy t prevent seizures,
whih an pse serius risk t the fetus frm trauma,
hypxia, r ther fatrs.

2. Monitoring—Individual differenes in drug metablism
ause a given dse f a mediatin t prdue different

bld nentratins in different patients, and this will
affet the therapeuti respnse. In general, the dose of an
antiepileptic agent is increased, depending on tolerance, to
achieve the desired clinical response regardless of the serum
drug level. When a dse is reahed that either ntrls sei-
zures r is the maximum tlerated, then a steady-state
trugh drug level may be btained fr future referene;
reheking this level may be apprpriate during pregnany,
if a breakthrugh seizure urs, a dse hange urs, r
anther (ptentially interating) mediatin is added t the
regimen. A labratry’s therapeuti range fr a mediatin
is nly a guide; many patients ahieve gd seizure ntrl
with n adverse effet at serum levels that exeed the stipu-
lated range, and in these ases n dse adjustment is
needed. The mst mmn ause f a lwer nentratin
f mediatin than expeted fr the presribed dse is sub-
ptimal patient adherene. Adherene an be imprved by
limiting t a minimum the number f daily dses. Reur-
rent seizures r status epileptius may result if mediatins
are taken erratially, and in sme irumstanes nnadher-
ent patients may be better ff withut any mediatin. All
antinvulsants have side effets, and many require base-
line and regular labratry mnitring (Table 24–2).

3. Discontinuance of medication—Only when adult
patients have been seizure-free fr 2 years shuld with-
drawal f mediatin be nsidered. Unfrtunately, there is
n way f prediting whih patients an be managed su-
essfully withut treatment, althugh seizure reurrene is
mre likely in (1) patients with a lnger duratin f epi-
lepsy prir t remissin, (2) thse with a shrter duratin
f remissin, (3) thse wh initially did nt respnd t
therapy, (4) thse with seizures having fal features r f
multiple types, (5) thse with nset during adulthd, and
(6) thse with ntinuing eletrenephalgraphi abnr-
malities. Dse redutin shuld be gradual (ver weeks r
mnths), and mediatins shuld be withdrawn ne at a
time. If seizures reur, treatment is reinstituted with the
previusly effetive regimen.

4. Surgical treatment—Patients with seizures refratry t
tw r mre mediatins may be andidates fr perative
treatment. Surgial resetin is mst effiaius when
there is a single well-defined seizure fus, partiularly in
the tempral lbe. Amng well-hsen patients, up t 70%
remain seizure-free after extended fllw-up. Additinal
surgial tehniques fr medially refratry epilepsy
apprved in the United States inlude laser interstitial ther-
mal therapy, deep brain stimulatin, respnsive rtial
stimulatin, and vagus nerve stimulatin.

B. Special Circumstances

1. Solitary seizures—In patients wh have had nly ne
seizure r a flurry f seizures ver a brief perid f several
hurs, investigatin as utlined earlier shuld exlude an
underlying ause requiring speifi treatment. An eletr-
enephalgram shuld be btained, preferably within
24 hurs after the seizure. Prphylati antinvulsant treat-
ment is generally nt required unless further attaks ur
r investigatins reveal underlying pathlgy. The risk f
seizure reurrene varies in different series between abut
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30% and 70%, with higher risk f reurrene in patients
with strutural brain lesins r abnrmalities n eletren-
ephalgram. Epilepsy shuld not be diagnsed n the
basis f a slitary seizure. If seizures ur in the ntext f
transient, nnreurrent systemi disrders suh as hypna-
tremia r hypglyemia, the diagnsis f epilepsy is ina-
urate, and lng-term prphylati antinvulsant
treatment is unneessary.

2. Alcohol withdrawal seizures—The harateristi al-
hl withdrawal seizure pattern is ne r mre generalized
tni-lni seizures that may ur within 48 hurs r s
f withdrawal frm alhl after a perid f high r pr-
lnged intake. If the seizures have nsistently fal fea-
tures, the pssibility f an assiated strutural abnrmality,
ften traumati in rigin, must be nsidered. Treatment
with antinvulsants is generally nt required fr alhl
withdrawal seizures, sine they are self-limited. Benzdiaz-
epines are effetive and safe fr preventing further seizures.
Status epileptius may mpliate alhl withdrawal and
is managed alng nventinal lines. Further attaks will
nt ur if the patient abstains frm alhl.

3. Tonicclonic status epilepticus—Pr adherene t the
antinvulsant regimen is the mst mmn ause; hw-
ever, any disrder that an ause a single seizure may be
respnsible. The mrtality rate may be as high as 20%, and
amng survivrs the inidene f neurlgi and gnitive
sequelae is high. The prgnsis relates t the underlying
ause as well as the length f time between nset f status
epileptius and the start f effetive treatment.

Status epilepticus is a medical emergency. Initial
management inludes maintenane f the airway and 50%
dextrse (25–50 mL) intravenusly in ase hypglyemia is
respnsible. If seizures ntinue, an intravenus blus f
lrazepam, 4 mg, is given at a rate f 2 mg/min and
repeated ne after 10 minutes if neessary; alternatively,
10 mg f midazlam is given intramusularly, and again
after 10 minutes if neessary. Diazepam an als be given
retally as a gel (0.2 mg/kg). These measures are usually
effetive in halting seizures fr a brief perid. Respiratry
depressin and hyptensin may mpliate the treatment
and are treated as in ther irumstanes, inluding intuba-
tin and mehanial ventilatin and admissin t an inten-
sive are unit.

Regardless f the respnse t lrazepam r midazlam,
fsphenytin r phenytin shuld be administered intrave-
nusly. Fsphenytin (18–20 mg phenytin equivalents
[PE]/kg) is rapidly and mpletely nverted t phenytin
fllwing intravenus administratin and is preferred
beause it is less likely t ause reatins at the infusin
site, an be given with all mmn intravenus slutins,
and may be administered at a faster rate (150 mg PE/min).
When fsphenytin is nt available, phenytin (18–20 mg/kg)
is given intravenusly at a rate f 50 mg/min. Phenytin is
best injeted diretly but an als be given in saline; it pre-
ipitates, hwever, if injeted int gluse-ntaining slu-
tins. Beause arrhythmias may develp during rapid
administratin f fsphenytin r phenytin, eletrar-
digraphi mnitring is prudent. Hyptensin may ur,
espeially if diazepam has als been given. Alternatively r

additinally, intravenus valprate (lading dse 20–40 mg/
kg ver 15 min, maximum dse 3000 mg) r levetiraetam
(lading dse 60 mg/kg ver 15 min, maximum dse
4500 mg) is used fr status epileptius. Althugh neither is
apprved by the FDA fr this indiatin, bth were equiva-
lent t fsphenytin in a randmized trial. Due t the
teratgeniity f valprate, it shuld be avided in wmen
wh may be pregnant.

If seizures ntinue, phenbarbital is then given in a
lading dse f 10–20 mg/kg intravenusly by slw r
intermittent injetin (50 mg/min). Respiratry depressin
and hyptensin are espeially mmn with this therapy.

If these measures fail, general anesthesia with ventila-
try assistane may be required; sme experts rem-
mend preeding diretly t general anesthesia if
nvulsins d nt ease after the initial 18–20 PE/kg
fsphenytin lad. Intravenus midazlam may prvide
ntrl f refratry status epileptius; the suggested
lading dse is 0.2 mg/kg, fllwed by 0.05–0.2 mg/kg/h.
Prpfl (1–2 mg/kg as an intravenus blus, fllwed by
infusin at 2–15 mg/kg/h depending n respnse) may
als be used, as may pentbarbital (5–15 mg/kg intrave-
nusly, fllwed by 0.5–4 mg/kg/h).

After status epileptius is ntrlled, an ral mediatin
prgram fr the lng-term management f seizures is
started, and investigatins int the ause f the disrder are
pursued.

4. Nonconvulsive status epilepticus—In sme ases, sta-
tus epileptius presents nt with nvulsins, but with a
flutuating abnrmal mental status, nfusin, impaired
respnsiveness, and autmatism. Eletrenephalgraphy
establishes the diagnsis. The treatment apprah utlined
abve applies t any type f status epileptius, althugh
intravenus anesthesia is usually nt neessary. The prg-
nsis is a refletin f the underlying ause rather than f
ntinuing seizures.

» When to Refer

• Behaviral episdes f unertain nature.

• Seizures are diffiult t ntrl with mntherapy.

• There is a prgressive neurlgi disrder.

» When to Admit

• Status epileptius.

• Frequent seizures requiring rapid mediatin titratin
and eletrenephalgraphi mnitring.

• Fr inpatient mnitring when PNES is suspeted.

Ahmad S et al. Surgial treatments f epilepsy. Semin Neurl.
2020;40:696. [PMID: 33176368]

Kanner AM et al. Pratie guideline update summary: effiay
and tlerability f the new antiepilepti drugs I: treatment f
new-nset epilepsy. Epilepsy Curr. 2018;18:260. [PMID:
30254527]

Kapur J et al; NETT and PECARN Investigatrs. Randmized
trial f three antinvulsant mediatins fr status epilepti-
us. N Engl J Med. 2019;381:2103. [PMID: 31774955]
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DYSAUTONOMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Postural hypotension or abnormal heart rate
regulation.

» Abnormalities of sweating, intestinal motility, sex-
ual function, or sphincter control.

» Syncope may occur.

» Symptoms occur in isolation or any combination.

» General Considerations

Dysautnmia may ur as a result f pathlgial pr-
esses in the entral r peripheral nervus system. It is
manifested by a variety f symptms related t abnrmali-
ties f bld pressure regulatin, thermregulatry sweat-
ing, gastrintestinal funtin, sphinter ntrl, sexual
funtin, respiratin, and ular funtin. The differential
diagnsis depends n the time urse f autnmi dys-
funtin and whether dysautnmia is an islated symp-
tm r assiated with entral r peripheral neurlgi
symptms and signs.

A. Causes in the Central Nervous System

Disease at ertain sites, regardless f its nature, may lead t
dysautnmi symptms. Postural hypotension, whih is
usually the mst trublesme and disabling symptm, may
result frm spinal rd transetin and ther myelpathies
(eg, due t tumr r syringmyelia) abve the T6 level r
frm brainstem lesins suh as syringbulbia and psterir
fssa tumrs. Sphincter or sexual disturbances may result
frm rd lesins at any level. Certain primary degenera-
tive disrders are respnsible fr dysautnmia urring
in islatin (pure autonomic failure) r in assiatin
with mre widespread abnrmalities (multisystem atro-
phy) that may inlude parkinsnism, pyramidal symp-
tms, and erebellar defiits. Pstural hyptensin is als a
prminent symptm f idipathi Parkinsn disease and
dementia with Lewy bdies.

B. Causes in the Peripheral Nervous System

A pure autnmi neurpathy may ur autely r sub-
autely after a viral infetin r as a paraneplasti disr-
der related usually t small ell lung aner, partiularly in
assiatin with ertain antibdies, suh as anti-Hu r
thse direted at neurnal nitini ganglini aetylh-
line reeptrs. Dysautnmia is ften nspiuus in
patients with Guillain-Barré syndrme, manifesting with
marked hyptensin r hypertensin r ardia arrhyth-
mias that may have a fatal utme. It may als ur with
diabeti, uremi, amylidti, and varius ther metabli
r txi neurpathies; in assiatin with leprsy r Cha-
gas disease; and as a feature f ertain hereditary neurpa-
thies with autsmal dminant r reessive inheritane r
an X-linked pattern. Autnmi symptms are prminent

in the rises f hepati prphyria. Small fiber neurpathies
may underlie sme ases f postural orthostatic tachycar-
dia syndrome (POTS) due t impaired ntratility in
denervated venules and resulting prelad failure (see belw).
Patients with btulism r the Lambert-Eatn myastheni
syndrme may have nstipatin, urinary retentin, and a
sia syndrme as a result f impaired hlinergi funtin.

» Clinical Findings

A. Symptoms and Signs

Dysautnmi symptms inlude synpe, pstural hyp-
tensin, parxysmal hypertensin, persistent tahyardia
withut ther ause, faial flushing, hyphidrsis r hyper-
hidrsis, vmiting, nstipatin, diarrhea, dysphagia,
abdminal distentin, disturbanes f mituritin r defe-
atin, eretile dysfuntin, apnei episdes, and delining
night visin. In synpe, prdrmal malaise, nausea, head-
ahe, diaphresis, pallr, visual disturbane, lss f ps-
tural tne, and a sense f weakness and impending lss f
nsiusness are fllwed by atual lss f nsiusness.
It is usually ampanied by hyptensin and bradyardia
and may ur in respnse t emtinal stress, pstural
hyptensin, vigrus exerise in a ht envirnment,
bstruted venus return t the heart, aute pain r its
antiipatin, fluid lss, and a variety f ther irum-
stanes. Althugh the patient is usually flaid, sme
mtr ativity is nt unmmn, and urinary (and rarely
feal) inntinene may als ur, thereby simulating a
seizure. Revery is rapid ne the patient bemes reum-
bent, but headahe, nausea, and fatigue mmnly persist.

B. Evaluation of the Patient

The extent and severity f autnmi dysfuntin shuld
be determined, and the presene f assiated neurlgi
symptms and signs asertained. Bedside testing f aut-
nmi funtin inludes examinatin f pupillary rea-
tivity, examinatin f the skin fr areas f exessive r
redued sweating and f the hands and feet fr lr r
temperature hanges, as well as assessment f bld pres-
sure and heart rate in the supine psitin and 2 minutes
after standing. With dysautnmia, postural hypotension
is not accompanied by a compensatory rise in heart rate.
Speialized tests inlude the ardivasular respnse t
the Valsalva maneuver and deep respiratin, tilt-table
testing, the thermregulatry sweat test, the quantitative
sudmtr axn reflex test, and the quantitative diret
and indiret axn reflex test. Tests f gastrintestinal
mtility and urdynamis may be helpful when symptms
f dysmtility, inntinene, r urinary retentin are
present.

The neurlgi examinatin shuld fus n deteting
signs f parkinsnism, erebellar dysfuntin, disrders f
neurmusular transmissin, and peripheral neurpathy.
All patients shuld be tested fr vitamin B

12
defiieny and

diabetes. Patients with aute r subaute islated dysaut-
nmia shuld underg testing fr ganglini aetylhline
reeptr, anti-Hu, vltage-gated ptassium hannel m-
plex, and vltage-gated alium hannel antibdies. Fr
thse with evidene f peripheral neurpathy, nerve
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ndutin studies; eletrmygraphy; and testing fr HIV,
amylidsis, Sjögren syndrme, and Fabry disease are
indiated. If there is evidene f entral pathlgy, imag-
ing studies will exlude a treatable strutural ause. If the
neurlgi examinatin is nrmal, reversible, nnneur-
lgi auses f symptms must be nsidered. Islated
pstural hyptensin and synpe may relate t a redued
ardia utput, parxysmal ardia dysrhythmias, vlume
depletin, varius mediatins, and endrine and meta-
bli disrders suh as Addisn disease, hypthyridism r
hyperthyridism, phehrmytma, and arinid
syndrme.

» Treatment

The mst disabling symptms are usually pstural hypten-
sin and synpe. Abrupt pstural hange, prlnged
reumbeny, heavy meals, and ther preipitants shuld be
avided. Mediatins assiated with pstural hyptensin
shuld be disntinued r redued in dse. Treatment may
inlude wearing waist-high elasti hsiery, salt supplementa-
tin, sleeping in a semieret psitin (whih minimizes the
natriuresis and diuresis that ur during reumbeny),
ingestin f 500 mL water 30 minutes befre arising, and
fludrrtisne (0.1–0.5 mg rally daily). Vasnstritr
agents may be helpful and inlude middrine (2.5–10 mg
rally three times daily), drxidpa (100–600 mg rally
three times daily), and ephedrine (15–30 mg rally three
times daily). Other agents that have been used asinally
r experimentally are dihydrergtamine, yhimbine, pyr-
idstigmine, and lnidine; refratry ases may respnd t
erythrpietin (epetin alfa) r desmpressin. Patients must
be mnitred fr reumbent hypertensin. Pstprandial
hyptensin is helped by affeine. There is n satisfatry
treatment fr disturbanes f sweating, but an air-nditined
envirnment is helpful in aviding extreme swings in bdy
temperature.

» When to Refer

• When the diagnsis is unertain.

• When symptms persist despite nventinal treatment.

Shiba CA et al. Management f rthstati hyptensin, pst-
prandial hyptensin, and supine hypertensin. Semin Neurl.
2020;40:515. [PMID: 33058087]

POSTURAL ORTHOSTATIC
TACHYCARDIA SYNDROME

» Clinical Findings

In POTS, rthstati symptms (tremulusness, lighthead-
edness, palpitatins, visual disturbanes, weakness, fatigue,
anxiety, hyperventilatin, nausea) develp with a signifiant
tahyardia (an inrease f 30 beats/min r mre r a heart
rate f 120 beats/min r mre) within 10 minutes f stand-
ing, in the absene f pstural hyptensin r an autnmi
neurpathy. POTS is mre mmn in wmen than men

and in patients between 20 and 50 years f age. Other medi-
al prblems ausing a tahyardia must be exluded.

Its pathphysilgy is unertain but may invlve ar-
dia denditining; impaired peripheral vasnstri-
tin due t peripheral sympatheti denervatin, leading
t venus pling in the legs n standing and a mpen-
satry tahyardia (“neuropathic POTS”); r an exagger-
ated sympatheti respnse t standing, with markedly
elevated levels f plasma nrepinephrine ausing the
tahyardia (“hyperadrenergic POTS”). Other pssible
mehanisms inlude hypvlemia, pssibly frm
impaired funtin f the renin-angitensin system
(“volume dysregulation POTS”) and exessive mast ell
ativatin leading t inapprpriate release f histamine
during physial ativity. Psyhlgial mehanisms have
als been invked. POTS may be assiated with jint
hypermbility syndrme and mitral valve prlapse, and it
may fllw pregnany, surgery, trauma, hemtherapy,
vainatins, r viral infetins.

» Treatment

Management may invlve vlume repletin, a high salt diet
and pius fluids, pstural and psyhphysilgi train-
ing, and a graduated exerise prgram. Mediatin treat-
ment may inlude a beta-blking agent (eg, prpranll
10–40 mg three times daily), phenbarbital (15 mg in the
mrning, 60 mg at night) r lnidine (0.2 mg twie
daily) fr patients with hyperadrenergi POTS; and mid-
drine (2.5–10 mg three times daily) r fludrrtisne
(0.1–0.2 mg daily) if the bld pressure is lw. The lng-
term prgnsis is unlear but apprximately 50% f
patients rever within 3 years.

TRANSIENT ISCHEMIC ATTACKS

E S S E N T I A L S  O F  D I A G N O S I S

» Focal neurologic deficit of acute onset.

» Clinical deficit resolves completely within 24 hours.

» Risk factors for vascular disease often present.

» General Considerations

Transient ishemi attaks (TIAs) are haraterized by focal
ischemic cerebral neurologic deficits that last fr less than
24 hours (usually less than 1–2 hurs). Abut 30% f patients
with strke have a histry f TIAs and 5–10% f patients
with TIAs will have a strke within 90 days. The natural his-
try f attaks is variable. Sme patients will have a majr
strke after nly a few attaks, whereas thers may have
frequent attaks fr weeks r mnths withut having a
strke. The risk f strke is high in the first 3 mnths after
an attak, partiularly in the first mnth and espeially
within the first 48 hurs. The strke risk is greater in patients
lder than 60 years, in patients with diabetes, r after TIAs
that last lnger than 10 minutes and with symptms r signs
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f weakness, speeh impairment, r gait disturbane. In
general, artid ishemi attaks are mre liable than verte-
brbasilar ishemi attaks t be fllwed by strke.

Urgent interventin in TIA patients redues rates f
subsequent strke, and the condition should be treated with
a similar sense of urgency as unstable angina.

» Etiology

An imprtant ause f transient erebral ishemia is
emblizatin. In many patients with these attaks, a sure
is readily apparent in the heart r a majr extraranial
artery t the head, and embli smetimes are visible in the
retinal arteries. An embli phenmenn explains why
separate attaks may affet different parts f the territry
supplied by the same majr vessel. Cardia auses f
embli ishemi attaks inlude atrial fibrillatin, heart
failure, infetive and nnbaterial thrmbti endardi-
tis, atrial myxma, and mural thrmbi mpliating my-
ardial infartin. Atrial septal defets and patent framen
vale may permit venus thrmbembli t reah the
brain (paradoxical emboli). An ulerated plaque n a
majr artery t the brain may serve as a sure f embli.
In the anterir irulatin, atherslerti hanges ur
mst mmnly in the regin f the artid bifuratin
extraranially; these hanges may ause a bruit. Ather-
slersis als affets the vertebrbasilar system and the
majr intraranial vessels inluding the middle and ante-
rir erebral arteries.

Less mmn abnrmalities f bld vessels that may
ause TIAs inlude fibrmusular dysplasia, whih affets
partiularly the ervial internal artid artery; athersle-
rsis f the arti arh; inflammatry arterial disrders
suh as giant ell arteritis, plyarteritis, and granulma-
tus angiitis; and meningvasular syphilis. Critial sten-
sis f a majr extraranial r intraranial artery may ause
TIA, espeially in the setting f hyptensin.

Hematlgi auses f TIA inlude plyythemia,
sikle ell disease, hypervissity syndrmes, and the
antiphsphlipid antibdy syndrme. Severe anemia may
als lead t transient fal neurlgi defiits in patients
with preexisting erebral arterial disease.

The subclavian steal syndrome may lead t transient
vertebrbasilar ishemia. Symptms develp when there is
lalized stensis r lusin f ne sublavian artery
prximal t the sure f the vertebral artery, s that bld
is “stlen” frm the vertebral artery t supply the arm. A
bruit in the supralaviular fssa, unequal radial pulses, and
a differene f 20 mm Hg r mre between the systli
bld pressures in the arms shuld suggest the diagnsis in
patients with vertebrbasilar TIAs.

» Clinical Findings

A. Symptoms and Signs

The symptms f TIAs vary markedly amng patients; hw-
ever, the symptms in a given individual tend t be nstant
in type. Onset is abrupt and withut warning, and revery
usually urs rapidly, ften within a few minutes. The spe-
ifi symptms depend n the arterial distributin affeted,

as utlined in the subsequent setin n strke. Of nte, TIA
rarely auses f lss f nsiusness r aute nfusin but
is ften errneusly blamed fr suh symptms.

B. Imaging

CT r MRI san is indiated within 24 hurs f symptm
nset, in part t exlude the pssibility f a small erebral
hemrrhage r a erebral tumr masquerading as a TIA.
MRI with diffusin-weighted sequenes is partiularly sen-
sitive fr revealing aute r subaute infartin, whih is
seen in up t ne-third f ases despite reslutin f linial
symptms and indiates a high risk f subsequent strke.
Nninvasive imaging f the ervial vasulature shuld als
be perfrmed; artid duplex ultrasngraphy is useful fr
deteting signifiant stensis f the internal artid artery,
and MR r CT angigraphy permits brader visualizatin
f ervial and intraranial vasulature.

C. Laboratory and Other Studies

Clinial and labratry evaluatin must inlude assessment
fr hypertensin, heart disease, hematlgi disrders, dia-
betes mellitus, hyperlipidemia, and peripheral vasular dis-
ease. It shuld inlude mplete bld unt, fasting bld
gluse and serum hlesterl determinatins, and may
inlude serlgi tests fr syphilis and HIV infetin. An
ECG shuld be btained. Ehardigraphy with agitated
saline ntrast is perfrmed if a ardiembli sure is
likely, and bld ultures are btained if endarditis is
suspeted. Ambulatry ECG mnitring is indiated t
detet parxysmal atrial fibrillatin and, if the ause f the
TIA remains elusive, extended monitoring may detet parx-
ysmal atrial fibrillatin in up t 20% f patients.

» Differential Diagnosis

Fal seizures usually ause abnrmal mtr r sensry
phenmena suh as lni limb mvements, paresthesias,
r tingling, rather than weakness r lss f feeling. Symp-
tms generally spread (“marh”) up the limb and may lead
t a generalized tni-lni seizure.

Classi migraine is easily regnized by the visual pre-
mnitry symptms, fllwed by nausea, headahe, and
phtphbia, but less typial ases may be hard t distin-
guish. Patients with migraine are typially yunger, m-
mnly have a histry f episdes sine adlesene, and
reprt that ther family members have a similar disrder.

Fal neurlgi defiits may ur during perids f
hypglyemia in diabeti patients reeiving insulin r ral
hypglyemi agent therapy.

» Treatment

A. Medical Measures

Medial treatment is aimed at preventing further attaks
and strke. Treat diabetes mellitus, hematlgi disrders,
and hypertensin, preferably with an angitensin-nverting
enzyme inhibitr r angitensin reeptr blker. A
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statin shuld be started regardless f the urrent lw-
density lipprtein level (LDL), althugh this pratie is
nly supprted by randmized trial data in patients with
an LDL greater than 100 mg/dL. Cigarette smking
shuld be stpped, and ardia sures f emblizatin
shuld be treated apprpriately. Weight redutin and
regular physial ativity shuld be enuraged when
apprpriate. An antiplatelet r antiagulant shuld be
started as sn as imaging has established the absene f
hemrrhage.

1. Hospitalization—Hspitalizatin shuld be nsid-
ered fr patients seen within a week f the attak, when
they are at inreased risk fr early reurrene. One m-
mnly used methd t assess reurrene risk is the
ABCD2 score; pints are assigned fr eah f the fllw-
ing riteria: age 60 years r lder (1 pint), bld pressure
140/90 mm Hg r higher (1 pint), linial symptms f
fal weakness (2 pints) r speeh impairment withut
weakness (1 pint), duratin f 60 minutes r lnger
(2 pints) r 10–59 minutes (1 pint), r diabetes mellitus
(1 pint). An ABCD2 sre f 4 r mre pints has been
suggested as a threshld fr hspital admissin. The
ABCD2I (with an additinal 3 pints fr any abnrmal
diffusin-weighted MRI finding r any infart [new r
ld] n nnntrast CT) has been prpsed as a better
preditr f subsequent strke risk. Admissin is als
advisable fr patients with resend attaks, symptm-
ati artid stensis, r a knwn ardia sure f embli
r hyperagulable state; suh hspitalizatin failitates
early interventin fr any reurrene and rapid institu-
tin f sendary preventin measures.

2. Anticoagulation—The hief indiatin fr antiagula-
tin after TIA is atrial fibrillatin. Patients with metal
heart valves, left ventriular thrmbus, and the antiphs-
phlipid antibdy syndrme shuld als reeive anti-
agulatin therapy. Treatment is with warfarin (target INR
2.0–3.0); bridging warfarin with heparin is nt neessary,
but sme experts advate treatment with aspirin until the
INR bemes therapeuti. Fr lng-term antiagulatin
in the setting f atrial fibrillatin, apixaban (2.5–5 mg rally
twie daily), dabigatran (150 mg rally twie daily), edxa-
ban (60 mg rally daily), and rivarxaban (20 mg rally
daily) are ptins. Cmbinatin antiplatelet-antiagula-
tin therapy is nly indiated in patients with mehanial
heart valves r thse with a separate indiatin fr anti-
platelet therapy suh as a ardia stent. In patients with
ardimypathy and an ejetin fratin under 35%
withut atrial fibrillatin, warfarin (target INR 2.0–3.0)
redues ishemi strke risk mpared t aspirin but
results in a rughly equivalent inrease in the risk f majr
hemrrhage; treatment in this ppulatin shuld there-
fre be individualized.

3. Antiplatelet therapy—All patients in whm antiag-
ulatin is nt indiated shuld be treated with shrt-term
dual antiplatelet therapy and lng-term mntherapy t
redue the frequeny f TIAs and the inidene f strke.
Treatment shuld be initiated within 12 hurs after the
TIA r minr strke (defined by a Natinal Institutes f

Health Strke Sale f 3 r less) with an ral lading dse
f lpidgrel (300–600 mg) fllwed by 75 mg/day rally
plus aspirin (50–325 mg daily rally) fr 21 days, fllwed
by mntherapy with aspirin (81 mg daily rally), aspirin
mbined with extended-release dipyridamle (200 mg
twie daily rally), r lpidgrel (75 mg daily rally).
Cilstazl (100 mg twie daily) had similar effiay as
aspirin at lng-term strke preventin in an Asian ppu-
latin with less risk f hemrrhage. Cmbining lpid-
grel with aspirin beynd 90 days inreases the risk f
hemrrhagi mpliatins and is not remmended.

B. Surgical or Endovascular Measures

1. Carotid revascularization—When arterigraphy reveals
a surgially aessible high-grade stensis (70–99% in lumi-
nal diameter) n the side apprpriate t artid ishemi
attaks, perative treatment (carotid endarterectomy) r
endovascular intervention redues the risk f ipsilateral
artid strke, espeially when TIAs are f reent nset (less
than 1 mnth) and when the periperative mrbidity and
mrtality risk is estimated t be less than 6%. Endvasular
therapy arries a slightly higher predural strke risk than
endarteretmy in patients lder than 70 years and is gener-
ally reserved fr yunger patients whse nek anatmy is
unfavrable fr surgery. Patients with symptmati artid
stensis f 50–69% derive mderate benefit frm interven-
tin, but surgery is nt indiated fr mild stensis (less than
50%).

2. Closure of patent foramen ovale—Carefully seleted
patients with patent framen vale (PFO) and right-t-
left shunt benefit frm PFO lsure and antiplatelet
therapy. Patients shuld be nsidered fr PFO lsure if
they are between 18 and 60 years ld; have had a rypt-
geni strke r TIA; and d nt have unntrlled diabe-
tes, hypertensin, r a speifi indiatin fr lng-term
antiagulatin. A ryptgeni strke des nt have an
identified mehanism, suh as large artery atherslersis
(greater than r equal t 30–50% stensis f the intrara-
nial r ervial arteries r a plaque greater than r equal
t 4mm thik in the arti arh), knwn ardiembli
sure (eg, atrial fibrillatin), small vessel arterilsler-
sis (eg, launar strke smaller than 1.5 m in diameter),
hyperagulable state, r dissetin. Patients with mder-
ate t large interatrial shunts r assiated atrial septal
aneurysms appear t benefit mst frm PFO lsure. See
als Chapter 10.

» When to Refer

All patients shuld be referred fr urgent investigatin
and treatment to prevent stroke.

» When to Admit

If seen within a week f a TIA, patients shuld be nsid-
ered fr admissin when they have an ABCD2 sre f 4
pints r mre, when utpatient evaluatin is impratial,
r when there are multiple attaks, artid stensis f
greater than 70%, r ther nern fr early reurrene r
strke.
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STROKE

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden onset of neurologic deficit of cerebrovas-
cular origin.

» Patient often has hypertension, diabetes mellitus,
tobacco use, atrial fibrillation, or atherosclerosis.

» Distinctive neurologic signs reflect the region of
the brain involved.

» General Considerations

In the United States, strke is the sixth leading ause f
death and a leading ause f disability. Risk fatrs fr
strke inlude hypertensin, diabetes mellitus, hyperlipid-
emia, igarette smking, ardia disease, HIV infetin,
trigeminal herpes zster, rereatinal drug abuse, heavy
alhl nsumptin, and a family histry f strke.

Strkes are subdivided pathlgially int infarcts and
hemorrhages. The distintin may be diffiult linially;
CT sanning is essential t larify the pathlgi basis
(Table 24–3).

1. Lcunr Infrction

Launar infarts are small lesins (usually less than 1.5 m
in diameter) that ur in the distributin f shrt
penetrating arteriles in the basal ganglia, pns, erebel-
lum, internal apsule, thalamus, and, less mmnly, the
deep erebral white matter (Table 24–3). Launar infarts
are assiated with prly ntrlled hypertensin r
diabetes and have been fund in several linial syn-
drmes, inluding ntralateral pure mtr hemiparesis
r pure hemisensry defiit, ipsilateral ataxia with hemi-
paresis, and dysarthria with lumsiness f the hand. The
neurlgi defiit may prgress ver 24–36 hurs befre
stabilizing.

Early mrtality and risk f strke reurrene is higher
fr patients with nnlaunar than launar infarts. The
prgnsis fr revery frm the defiit prdued by a lau-
nar infart is usually gd, with partial r mplete reslu-
tin urring ver the fllwing 4–6 weeks in many
instanes. Treatment is as desribed fr TIA and erebral
infartin.

2. Cerebrl Infrction

Thrmbti r embli lusin f a majr vessel leads t
erebral infartin. Causes are idential t the disrders
predispsing t TIAs. The resulting defiit depends n the
partiular vessel invlved and the extent f any llateral

irulatin. Cerebral ishemia leads t release f exitatry
and ther neurpeptides that may augment alium flux
int neurns, thereby leading t ell death and inreasing
the neurlgi defiit.

» Clinical Findings

A. Symptoms and Signs

Onset is usually abrupt, and there may then be very little
prgressin exept that due t brain swelling. Clinial
evaluatin shuld always inlude examinatin f the heart
fr murmurs and rhythm irregularities. Ausultating ver
the artid r sublavian vessels may reveal a bruit but is
nt sensitive enugh t substitute fr vasular imaging.

1. Obstruction of carotid circulation—Olusin f the
anterior cerebral artery distal t its juntin with the ante-
rir mmuniating artery auses weakness and rtial
sensry lss in the ntralateral leg and smetimes mild
weakness f the arm, espeially prximally. There may be a
ntralateral grasp reflex, paratni rigidity, abulia (lak f
initiative), r frank nfusin. Urinary inntinene is nt
unmmn, partiularly if behaviral disturbanes are
nspiuus. Bilateral anterir erebral infartin is espe-
ially likely t ause marked behaviral hanges and
memry disturbanes. Unilateral anterir erebral artery
lusin prximal t the juntin with the anterir m-
muniating artery is generally well tlerated beause f the
llateral supply frm the ther side.

Middle cerebral artery lusin leads t ntralateral
hemiplegia, hemisensry lss, and hmnymus hemian-
pia (ie, bilaterally symmetri lss f visin in half f the
visual fields), with the eyes deviated t the side f the
lesin. If the dminant hemisphere is invlved, glbal
aphasia is als present. It may be impssible t distinguish
this linially frm lusin f the internal artid artery.
With lusin f either f these arteries, there may als be
nsiderable swelling f the hemisphere during the first
72 hurs. Fr example, an infart invlving ne erebral
hemisphere may lead t suh swelling that the funtin f
the ther hemisphere r the rstral brainstem is disturbed
and ma results. Olusins f different branhes f the
middle erebral artery ause mre limited findings. Fr
example, invlvement f the superir divisin in the dmi-
nant hemisphere leads t a predminantly expressive
(Broca) aphasia and t ntralateral paralysis and lss f
sensatins in the arm, the fae and, t a lesser extent, the
leg. Inferir branh lusin in the dminant hemisphere
prdues a reeptive (Wernicke) aphasia and a hmny-
mus visual field defet. With invlvement f the nn-
dminant hemisphere, speeh and mprehensin are
preserved, but there may be a left hemispatial neglet syn-
drme r nstrutinal and visuspatial defiits.

Olusin f the ophthalmic or central retinal artery
leads t sudden painless visual lss with retinal pallr and
a maular herry red spt n fundspi examinatin.
Sudden, transient visin lss in ne eye (amaurosis fugax)
is a TIA in this arterial territry. Patients with a cilioretinal
artery (apprximately 25%) may have maular sparing due
t llateral bld supply.
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2. Obstruction of vertebrobasilar circulation—Olusin
f the posterior cerebral artery may lead t a thalami
syndrme in whih ntralateral hemisensry disturbane
urs, fllwed by the develpment f spntaneus pain
and hyperpathia. There is ften a maular-sparing hm-
nymus hemianpia and smetimes a mild, usually tem-
prary, hemiparesis. Depending n the site f the lesin

and the llateral irulatin, the severity f these defiits
varies and ther defiits may als ur, inluding invlun-
tary mvements and alexia. Olusin f the main artery
beynd the rigin f its penetrating branhes may lead
slely t a maular-sparing hemianpia.

Vertebral artery occlusion belw the rigin f the
anterir spinal and psterir inferir erebellar arteries

Table 24–3. Features of the major stroke subtypes.

Stroke Tye nd

Subtye Clinicl Fetures Dignosis Tretment

Iscemic Stroke

Lacunar infarct Small (< 1.5 cm) lesions in the

basal ganglia, pons, cerebel-

lum, or internal capsule; less

often in deep cerebral white

matter; prognosis generally

good; clinical features depend

on location, but may worsen

over first 24–36 hours.

MRI with diffusion-weighted sequences

usually defines the area of infarction;

CT is insensitive acutely but can be

used to exclude hemorrhage.

Antiplatelet; control risk factors

(hypertension, tobacco use, hyper-

cholesterolemia, and diabetes

mellitus).

Carotid circulation

obstruction

See text—signs vary depending

on occluded vessel.

Noncontrast CT to exclude hemorrhage

but findings may be normal during

first 6–24 hours of an ischemic stroke;

diffusion-weighted MRI is gold stan-

dard for identifying acute stroke; elec-

trocardiography, carotid duplex studies,

echocardiography, blood glucose, com-

plete blood count, and tests for hyper-

lipidemia are indicated; ambulatory

ECG monitoring, including extended

monitoring in selected instances; CTA,

MRA, or conventional angiography in

selected cases; tests for hypercoagula-

ble states in selected cases.

0–3 hours in United States: intrave-

nous thrombolytics (approved in

Europe for up to 4.5 hours).

0–6 hours: endovascular mechanical

embolectomy.

6–24 hours: endovascular mechanical

embolectomy in select cases.

Secondary prevention: antiplatelet

agent is first-line therapy; anticoag-

ulation without heparin bridge for

cardioembolic strokes due to atrial

fibrillation and other select cases

when no contraindications exist;

control risk factors as above.

Vertebrobasilar

occlusion

See text—signs vary based on

location of occluded vessel.

As for carotid circulation obstruction. As for carotid circulation obstruction.

hemorrgic Stroke

Spontaneous

intracerebral

hemorrhage

Commonly associated with

hypertension; also with bleed-

ing disorders, amyloid

angiopathy.

Hypertensive hemorrhage is

located commonly in the basal

ganglia, pons, thalamus, cere-

bellum, and less commonly the

cerebral white matter.

Noncontrast CT is superior to MRI for

detecting bleeds of < 48 hours dura-

tion; laboratory tests to identify

bleeding disorder: angiography may

be indicated to exclude aneurysm or

AVM in younger patients without

hypertension. Do not perform lumbar

puncture.

Lower systolic blood pressure to

140 mm Hg; cerebellar bleeds or

hematomas with gross mass effect

may require urgent surgical

evacuation.

AVM: surgical resection indicated to

prevent further bleeding; other

modalities to treat nonoperable

AVMs available at specialized centers.

Subarachnoid

hemorrhage

Present with sudden onset of

worst headache of life, may

lead rapidly to loss of con-

sciousness; signs of meningeal

irritation often present; etiol-

ogy usually aneurysm or AVM,

but 20% have no source

identified.

CT to confirm diagnosis, but may be

normal in rare instances; if CT negative

and suspicion high, perform lumbar

puncture to look for red blood cells

or xanthochromia; angiography to

determine source of bleed in

candidates for treatment.

Lower systolic blood pressure to

< 140 mm Hg immediately.

Aneurysm: prevent further bleeding

by clipping aneurysm or coil embo-

lization; nimodipine helps prevent

vasospasm; once aneurysm has

been obliterated intravenous fluids

and induced hypertension to pre-

vent vasospasm; angioplasty may

also reverse symptomatic

vasospasm.

AVM: as above.

AVMs, arteriovenous malformations; CTA, computed tomography angiography; MRA, magnetic resonance angiography.
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may be linially silent beause the irulatin is main-
tained by the ther vertebral artery. If the remaining verte-
bral artery is ngenitally small r severely atherslerti,
hwever, a defiit similar t that f basilar artery lusin
is seen unless there is gd llateral irulatin frm the
anterir irulatin thrugh the irle f Willis. An
bstrutin f the posterior inferior cerebellar artery r
an bstrutin f the vertebral artery just befre it branhes
t this vessel leads t the lateral medullary syndrome,
haraterized by vertig and nystagmus (vestibular
nuleus), ipsilateral spinthalami sensry lss invlving
the fae (trigeminal nuleus and trat), dysphagia (nuleus
ambiguus), limb ataxia (inferir erebellar pedunle), and
Hrner syndrme (desending sympatheti fibers), m-
bined with ntralateral spinthalami sensry lss invlv-
ing the limbs.

Olusin f both vertebral arteries r the basilar
artery leads t ma with pinpint pupils, flaid quadri-
plegia and sensry lss, and variable ranial nerve abnr-
malities. With partial basilar artery lusin, there may be
diplpia, visual lss, vertig, dysarthria, ataxia, weakness
r sensry disturbanes in sme r all f the limbs, and
disrete ranial nerve palsies. In patients with hemiplegia
f pntine rigin, the eyes are ften deviated t the para-
lyzed side, whereas in patients with a hemispheri lesin,
the eyes mmnly deviate frm the hemiplegi side.
When the small paramedian arteries arising frm the basi-
lar artery are luded, ntralateral hemiplegia and sen-
sry defiit ur in assiatin with an ipsilateral ranial
nerve palsy at the level f the lesin.

Olusin f any f the majr cerebellar arteries pr-
dues vertig, nausea, vmiting, nystagmus, and ipsilateral
limb ataxia. Cntralateral spinthalami sensry lss in the
limbs may als be present. Deafness due t hlear infar-
tin may fllw lusin f the anterir inferir erebellar
artery, whih may als ause ipsilateral faial spintha-
lami sensry lss and weakness. Massive erebellar infar-
tin may lead t bstrutive hydrephalus, ma, tnsillar
herniatin, and death.

B. Imaging

A CT san f the head (withut ntrast) shuld be per-
frmed immediately, befre the administratin f aspirin
r ther antithrmbti agents, t exlude erebral hemr-
rhage (Table 24–3). CT is relatively insensitive t aute
ishemi strke within the first 6–12 hurs, and subse-
quent MRI with diffusin-weighted sequenes helps define
the distributin and extent f infartin as well as exlude
tumr r ther differential nsideratins. CT angigraphy
f the head and nek shuld be perfrmed t identify large
vessel lusins amenable t endvasular therapy in
patients presenting within 6 hurs f strke nset and
shuld be nsidered in thse presenting between 6 and
24 hurs, tgether with CT perfusin studies. Regardless f
timing f presentatin, imaging f the ervial vasulature
is indiated as part f a searh t identify the sure f the
strke. In patients with a PFO and therwise ryptgeni
strke, the intraranial vasulature must be imaged t rule
ut large vessel atherslersis befre PFO lsure an be
nsidered.

C. Laboratory and Other Studies

Investigatins shuld inlude a mplete bld unt,
bld gluse determinatin, and fasting lipid panel. Ser-
lgi tests fr syphilis and HIV infetin may be inluded
depending n the irumstanes. Sreening fr antiphs-
phlipid antibdies (lupus antiagulants, antiardilipin,
and anti-beta2-glyprtein antibdies); the fatr V
Leiden mutatin; abnrmalities f prtein C, prtein S, r
antithrmbin; r a prthrmbin gene mutatin is indiated
nly if a hyperagulable disrder is suspeted (eg, a yung
patient withut apparent risk fatrs fr strke) r needs t
be ruled ut if PFO lsure is under nsideratin. While
elevated serum hmysteine is a risk fatr fr strke,
lwering hmysteine levels with vitamin supplementa-
tin has nt been shwn t derease strke risk, and there-
fre, rutinely heking hmysteine is not remmended.
Eletrardigraphy r ntinuus ardia mnitring fr
at least 24 hurs will help exlude a reent myardial
infartin r a ardia arrhythmia that might be a sure f
emblizatin. While atrial fibrillatin will be disvered in
apprximately 10% f patients with ishemi strke during
their hspitalizatin, it is estimated that an arrhythmia will
be fund in an additinal 10% with prlnged ambulatry
ECG mnitring after disharge; this testing is indiated in
ases where atrial fibrillatin is suspeted (eg, nnlaunar
strke and left atrial enlargement n ehardigraphy r
lak f intraranial r artid atherslersis) but has nt
been demnstrated. Ehardigraphy (with agitated
saline ntrast) shuld be perfrmed in ases f nnlau-
nar strke t exlude valvular disease, right-t-left shunt-
ing, and ardia thrmbus. Bld ultures shuld be
perfrmed if endarditis is suspeted but are nt required
rutinely. Examinatin f the erebrspinal fluid is nt
always neessary but may be helpful if erebral vasulitis r
anther inflammatry r infetius ause f strke is sus-
peted, but it shuld be delayed until after CT r MRI t
exlude any risk fr herniatin due t mass effet.

» Treatment

Management is divided int aute and hrni phases: the
first is aimed at minimizing disability and the send at
preventing reurrent strke. A mbinatin f thrmbly-
sis and endvasular therapies is available t patients wh
present within 24 hurs f strke nset, determined by
when the patient was last nrmal.

Intravenous thrombolytic therapy with rembinant
tissue plasmingen ativatr (rtPA; 0.9 mg/kg t a maxi-
mum f 90 mg, with 10% given as a blus ver 1 minute
and the remainder ver 1 hur) imprves the hane f
revery withut signifiant disability at 90 days frm 26%
t 39% if given within 3 hurs frm strke nset; it is still
effetive up t 4.5 hurs frm strke nset. Treatment
shuld be initiated as sn as pssible; utme is diretly
related t the time frm strke nset t treatment. Intrave-
nus thrmblysis is apprved in Eurpe fr use up t
4.5 hurs frm strke nset but nly fr up t 3 hurs in
the United States, althugh ff-label use during the 3- t
4.5-hur windw is standard. In patients with systli pressure
greater than 185 mm Hg r diastli pressure greater than
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110 mm Hg, the bld pressure shuld be lwered t less
than 185/110 mm Hg with intravenus labetall r niar-
dipine t enable rtPA administratin. Due t the risk f
hemrrhage, rtPA shuld nt be used beynd 4.5 hurs, r
in ther situatins where it is medially ntraindiated,
althugh sme evidene suggests patients with ishemi
but nt infarted tissue identified by autmated perfusin
imaging r MRI may be treated up t 9 hurs after nset r
upn awakening with strke symptms.

Several randmized trials have demnstrated an
inreased likelihd f ahieving funtinal independene
after endovascular mechanical embolectomy by stent
retrievers as an adjunt t intravenus rtPA. Patients with
large vessel lusin (abut 20% f patients with aute
ishemi strke) in whm treatment an be initiated within
6 hurs f strke nset are eligible fr embletmy, as are
patients wh present between 6 hurs and 24 hurs and
als have a large ishemi penumbra identified by perfu-
sin CT, perfusin MRI, r diffusin-weighted MRI.

Early management f a mpleted strke therwise
requires general supprtive measures. Management in a
stroke care unit has been shwn t imprve utmes,
likely due t early rehabilitatin and preventin f medial
mpliatins. During the aute stage, there may be marked
brain swelling and edema, with symptms and signs f
inreasing intraranial pressure, an inreasing neurlgi
defiit, r herniatin syndrme. Elevated intraranial pres-
sure is managed by head elevatin and smti agents suh
as mannitl. Maintenane f an adequate erebral perfusin
pressure helps prevent further ishemia. Early dempres-
sive hemiranietmy (within 48 hurs f strke nset) fr
malignant middle erebral artery infartins redues mr-
tality and imprves funtinal utme. Attempts t lwer
the bld pressure f hypertensive patients during the aute
phase (ie, within 72 hurs) f a strke shuld generally be
avoided unless the purpse is t enable the safe administra-
tin f rtPA, as there is lss f erebral autregulatin, and
lwering the bld pressure may further mprmise
ishemi areas. Hwever, if the systli pressure exeeds
220 mm Hg, it an be lwered using intravenus labetall r
niardipine with ntinuus mnitring t 170–200 mm Hg,
and then after 72 hurs, it an be redued further t less
than 140/90 mm Hg. Bld pressure augmentatin is usu-
ally nt neessary in patients with relative hyptensin but
maintenane f intravenus hydratin is imprtant.

Prphylati and medial measures are disussed in the
setin n TIAs and shuld guide management. One
hemrrhage has been exluded by CT, aspirin (325 mg
rally daily) is started immediately unless the patient
reeived thrmblysis, in whih ase aspirin is initiated
after a fllw-up CT has ruled ut thrmblyti-assiated
hemrrhage at 24 hurs. Dual antiplatelet therapy shuld
be used fr 21 days in patients with minr strke (Natinal
Institutes f Health Strke Sale f 3 r less). Anticoagulant
mediatins are started when indiated, as disussed in the
setin n TIAs. There is generally no advantage in delay,
and the mmn fear f ausing hemrrhage int a previ-
usly infarted area is misplaed, sine there is a far greater
risk f further emblism t the erebral irulatin if treat-
ment is withheld.

Physical therapy has an imprtant rle in the manage-
ment f patients with impaired mtr funtin. Passive
mvements at an early stage will help prevent ntratures.
As peratin inreases and sme revery begins, ative
mvements will imprve strength and rdinatin. In all
ases, early mbilizatin and ative rehabilitatin are impr-
tant. Occupational therapy may imprve mrale and mtr
skills, while speech therapy may help expressive aphasia r
dysarthria. Beause f the risk fr dysphagia fllwing strke,
aess t fd and drink is typially restrited until an appr-
priate swallwing evaluatin; the head f the bed shuld be
kept elevated t prevent aspiratin. Urinary atheters shuld
not be plaed and, if plaed, remved within 24–48 hurs.

» Prognosis

The prgnsis fr survival after erebral infartin is better
than after erebral r subarahnid hemrrhage. Patients
reeiving treatment with rtPA are at least 30% mre likely
t have minimal r n disability at 3 mnths than thse nt
treated by this means. Thse treated with mehanial
embletmy are als at least 30% mre likely t ahieve
funtinal independene. Lss f nsiusness after a
erebral infart implies a prer prgnsis than therwise.
The extent f the infart gverns the ptential fr rehabili-
tatin. Patients wh have had a erebral infart are at risk
fr additinal strkes and fr myardial infarts. The
prphylati measures disussed earlier redue this risk.
Antiplatelet therapy redues the reurrene rate by 30%
amng patients withut a ardia ause fr the strke wh
are nt andidates fr artid endarteretmy. Neverthe-
less, the umulative risk f reurrene f nnardiembli
strke is still 3–7% annually. Management is fused n
palliative are when meaningful revery frm massive
strkes is unlikely (see Chapter 5).

» When to Refer

All patients shuld be referred.

» When to Admit

All patients shuld be hspitalized, preferably in a strke
are unit.

Albers GW et al; DEFUSE 3 Investigatrs. Thrmbetmy fr
strke at 6 t 16 hurs with seletin by perfusin imaging. N
Engl J Med. 2018;378:708. [PMID: 29364767]

Ngueira RG et al; DAWN Trial Investigatrs. Thrmbetmy 6
t 24 hurs after strke with a mismath between defiit and
infart. N Engl J Med. 2018;378:11. [PMID: 29129157]

Pwers WJ et al. Guidelines fr the early management f patients
with aute ishemi strke: 2019 update t the 2018 guide-
lines fr the early management f aute ishemi strke: a
guideline fr healthare prfessinals frm the Amerian
Heart Assiatin/Amerian Strke Assiatin. Strke.
2019;50:e344. [PMID: 31662037]

3. Intrcerebrl hemorrge

Spntaneus, nntraumati intraerebral hemrrhage in
patients with n angigraphi evidene f an assiated
vasular anmaly (eg, aneurysm r angima) is usually due
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t hypertensin. The pathlgi basis fr hemrrhage is
prbably the presene f miraneurysms that develp n
perfrating vessels in hypertensive patients. Hypertensive
intraerebral hemrrhage urs mst frequently in the
basal ganglia, pns, thalamus, and erebellum, and less
mmnly in the erebral white matter. Hemrrhage may
extend int the ventriular system r subarahnid spae,
and signs f meningeal irritatin are then fund. In lder
adults, erebral amylid angipathy is anther imprtant
and frequent ause f hemrrhage, whih is usually lbar
in distributin, smetimes reurrent, and assiated with a
better immediate prgnsis than hypertensive hemr-
rhage. Arterivenus malfrmatins are an imprtant
ause f intraerebral hemrrhage in yunger patients.

Other auses f nntraumati intraerebral hemr-
rhage inlude hematlgi and bleeding disrders (eg,
leukemia, thrmbytpenia, hemphilia, r disseminated
intravasular agulatin), antiagulant therapy, liver
disease, high alhl intake, aine and methamphet-
amine abuse, herpes simplex enephalitis, vasulitis, my-
amya disease, reversible erebral vasnstritin
syndrme, and primary r sendary brain tumrs. There
is als an assiatin with advaning age and male sex.
Bleeding is primarily int the subarahnid spae when it
urs frm an intraranial aneurysm, but it may be partly
intraparenhymal as well. Hemrrhage an als ur int
arterial and venus erebral infarts.

» Clinical Findings

A. Symptoms and Signs

With hemrrhage int the erebral hemisphere, nsius-
ness is initially lst r impaired in abut ne-half f
patients. Vmiting urs very frequently at the nset f
bleeding, and headahe is smetimes present. Fal symp-
tms and signs then develp, depending n the site f the
hemrrhage. With hypertensive hemrrhage, there is gen-
erally a rapidly evlving neurlgi defiit with hemiplegia
r hemiparesis. A hemisensry disturbane is als present
with mre deeply plaed lesins. With lesins f the puta-
men, lss f njugate lateral gaze may be nspiuus.
With thalami hemrrhage, there may be a lss f upward
gaze, dwnward r skew deviatin f the eyes, lateral gaze
palsies, and pupillary inequalities.

Cerebellar hemrrhage may present with sudden nset
f nausea and vmiting, dysequilibrium, ataxia f gait,
limbs, r trunk; headahe; and lss f nsiusness that
may terminate fatally within 48 hurs. Pntine hemrrhage
auses sme mbinatin f lateral njugate gaze palsies
t the side f the lesin; small reative pupils; ntralateral
hemiplegia; peripheral faial weakness; and peridi respi-
ratin. These signs may be bilateral with larger pntine
hemrrhage, and the patient may beme lked in, with
quadriplegia and preserved nsiusness.

B. Imaging

CT sanning (withut ntrast) is imprtant nt nly in
nfirming that hemrrhage has urred but als in
determining the size and site f the hematma. MRI is

equally sensitive when magneti suseptibility weighted
sequenes (eg, gradient eh) are used. If the patient’s n-
ditin permits further interventin, CT angigraphy, MR
angigraphy, r erebral angigraphy may be undertaken
t determine whether an aneurysm r arterivenus mal-
frmatin is present. In patients under age 55 with lbar
hemrrhage and n histry f hypertensin, a ntrast-
enhaned MRI may indiate a nnhypertensive ause, suh
as an underlying neplasm.

C. Laboratory and Other Studies

A mplete bld unt, platelet unt, prthrmbin and
partial thrmbplastin times, liver bihemial tests, and
kidney funtin tests may reveal a predispsing ause fr
the hemrrhage. Lumbar puncture is contraindicated
beause it may preipitate a herniatin syndrme in
patients with a large hematma, and CT sanning is supe-
rir in deteting intraerebral hemrrhage.

» Treatment

Patients shuld be admitted t an intensive are unit fr
bservatin and supprtive are. The systli bld pres-
sure shuld be lwered t 140 mm Hg with intravenus
labetall r niardipine, althugh randmized trials target-
ing systli bld pressures f less than 140 mm Hg and
less than 180 mm Hg have nt shwn a differene in ut-
mes. Thrmbytpenia shuld be treated with platelet
transfusin; the speifi threshld fr treatment and the
gal platelet unt after transfusin vary with patient har-
ateristis and prvider experiene. Cagulpathies shuld
be reversed using fresh frzen plasma, prthrmbin m-
plex nentrates, vitamin K, r speifi reversal agents
(eg, prtamine fr heparin; idaruizumab fr dabigatran;
and andexanet alfa fr apixaban, betrixaban, edxaban,
and rivarxaban). Hemstati therapy with rembinant
ativated fatr VII in patients withut underlying agu-
lpathy has nt imprved survival r funtinal utme.
Intraranial pressure may require mnitring and smti
therapy. Ventriular drainage may be required in patients
with intraventriular hemrrhage and aute hydrephalus.
Dempressin may be helpful when a superfiial hema-
tma in erebral white matter is exerting a mass effet and
ausing inipient herniatin. In patients with erebellar
hemrrhage wh are deterirating neurlgially r wh
have brainstem mpressin r hydrephalus, prmpt
surgial evauatin f the hematma is apprpriate beause
spntaneus unpreditable deteriratin may therwise
lead t a fatal utme and beause perative treatment
may lead t mplete reslutin f the linial defiit. The
treatment f underlying strutural lesins r bleeding dis-
rders depends n their nature. There is n speifi treatment
fr erebral amylid angipathy.

» When to Refer

All patients shuld be referred.

» When to Admit

All patients shuld be hspitalized.

CMDT22_Ch24_p0978-p1053.indd 1000 29/06/21 8:50 PM



NERVOUS SYSTEM DISORDERS 1001CMDT 2022

Hstettler IC et al. Intraerebral hemrrhage: an update n diag-
nsis and treatment. Expert Rev Neurther. 2019;19:679.
[PMID: 31188036]

4. Sontneous Subrcnoid hemorrge

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden (“thunderclap”) severe headache.

» Signs of meningeal irritation usually present.

» Obtundation is common.

» Focal deficits frequently absent.

» General Considerations

Between 5% and 10% f strkes are due t subarahnid
hemrrhage. Trauma is the mst mmn ause f sub-
arahnid hemrrhage, the prgnsis f whih depends n
the severity f the head injury. Spntaneus (nntrau-
mati) subarahnid hemrrhage frequently results frm
the rupture f an arterial saccular (“berry”) aneurysm r
frm an arteriovenous malformation.

» Clinical Findings

A. Symptoms and Signs

Subarahnid hemrrhage has a harateristi linial pi-
ture. Its nset is with sudden (“thunderclap”) headahe f
a severity never experiened previusly by the patient. This
may be fllwed by nausea and vmiting and by a lss r
impairment f nsiusness that an either be transient r
prgress inexrably t deepening ma and death. If n-
siusness is regained, the patient is ften nfused and
irritable and may shw ther symptms f an altered men-
tal status. Neurlgi examinatin generally reveals nuhal
rigidity and ther signs f meningeal irritatin, exept in
deeply matse patients.

Mst aneurysms are asymptmati until they rupture,
but they may ause a fal neurlgi defiit by mpress-
ing adjaent strutures. Oasinal patients with aneurysms
have headahes, smetimes ampanied by nausea and
nek stiffness, a few hurs r days befre massive subarah-
nid hemrrhage urs. This has been attributed t “warn-
ing leaks” f a small amunt f bld frm the aneurysm.

A higher risk f subarahnid hemrrhage is assiated
with lder age, female sex, nn-White ethniity, hyperten-
sin, tba smking, high alhl nsumptin (exeed-
ing 150 g per week), previus symptms, psterir
irulatin aneurysms, and larger aneurysms. Fal neur-
lgi signs are usually absent but, when present, may relate
either t a fal intraerebral hematma (frm arterive-
nus malfrmatins) r t ishemia in the territry f the
vessel with a ruptured aneurysm.

B. Imaging

A CT san (preferably with CT angigraphy) shuld be
perfrmed immediately t nfirm that hemrrhage has

urred and t searh fr lues regarding its sure. It is
preferable t MRI beause it is faster and mre sensitive in
deteting hemrrhage in the first 24 hurs. CT findings
smetimes are nrmal in patients with suspeted hemr-
rhage, and the erebrspinal fluid must then be examined
fr the presene f bld r xanthhrmia befre the ps-
sibility f subarahnid hemrrhage is disunted.

Cerebral arterigraphy is undertaken t determine the
sure f bleeding. In general, bilateral artid and verte-
bral arterigraphy are neessary beause aneurysms are
ften multiple, while arterivenus malfrmatins may be
supplied frm several sures. The predure allws an
interventinal radilgist t treat an underlying aneurysm
r arterivenus malfrmatin by varius tehniques. If
arterigrams shw n abnrmality, the examinatin shuld
be repeated after 2 weeks beause vasspasm r thrmbus
may have prevented detetin f an aneurysm r ther
vasular anmaly during the initial study. CT r MR angi-
graphy may als be revealing but is less sensitive than
nventinal arterigraphy.

C. Laboratory and Other Studies

The erebrspinal fluid demnstrates an elevated red bld
ell unt. Subarahnid hemrrhage an be differentiated
frm a traumati lumbar punture by the lak f learing f
red bld ells frm the first and furth tube f erebrspi-
nal fluid r by the presene f xanthhrmia, whih
urs due t lysis f red bld ells and takes at least
2 hurs t develp. The abslute red bld ell unt is als
helpful: in the absene f xanthhrmia, a red bld ell
unt f less than 2000 × 106/L is very unlikely t be due t
subarahnid hemrrhage. Eletrardigraphi evidene
f arrhythmias r myardial ishemia has been well
desribed and prbably relates t exessive sympatheti
ativity. Peripheral leukytsis and transient glysuria
are als mmn findings.

» Treatment

All patients shuld be hspitalized and seen by a neurl-
gist. The measures utlined belw in the setin n stupr
and ma are applied t matse patients. Cnsius
patients are nfined t bed, advised against any exertin
r straining, treated symptmatially fr headahe and
anxiety, and given laxatives r stl sfteners. The systli
bld pressure shuld be lwered t 140 mm Hg until the
aneurysm is treated definitively. Seizure prphylaxis is nt
neessary unless a nvulsin has urred (see Table 24–2).
Patients are generally hspitalized fr at least 14 days t
mnitr, prevent, and treat vasspasm.

The majr aim f treatment is t prevent further hem-
rrhage. The risk f further hemrrhage frm a ruptured
aneurysm is greatest within a few days f the first hemr-
rhage; apprximately 20% f patients will have further
bleeding within 2 weeks and 40% within 6 mnths. Defini-
tive treatment, ideally within 2 days f the hemrrhage,
requires surgial lipping f the aneurysm r endvasular
treatment by il emblizatin; the latter is smetimes
feasible even fr inperable aneurysms and has a lwer
mrbidity than surgery.
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» Complications

Spntaneus subarahnid hemrrhage may result in
severe mpliatins, s mnitring is neessary, usually in
an intensive are unit. Hemiplegia r ther fal defiit
smetimes may fllw aneurysmal bleeding after a delay f
2–14 days due t fal arterial spasm. The etilgy f vaso-
spasm is unertain and likely multifatrial, and it sme-
times leads t signifiant erebral ishemia r infartin
and may further aggravate any existing inrease in intra-
ranial pressure. Transranial Dppler ultrasund may be
used t sreen nninvasively fr vasspasm, but nven-
tinal arterigraphy is required t dument and treat
vasspasm when the linial suspiin is high. Nimdipine
has been shwn t redue the inidene f ishemi defiits
frm arterial spasm; a dse f 60 mg every 4 hurs rally
fr 21 days is given prphylatially t all patients. After
surgial bliteratin f all aneurysms, symptmati vas-
spasm may als be treated by intravasular vlume expan-
sin and indued hypertensin; transluminal balln
angiplasty f invlved intraranial vessels is als helpful.

Acute hydrocephalus, whih smetimes urs due t
erebrspinal fluid utflw disruptin by the subarahnid
bld, shuld be suspeted if the patient deterirates lini-
ally; a repeat CT san shuld be btained. Aute hydr-
ephalus frequently auses intraranial hypertensin severe
enugh t require temprary, and less mmnly pr-
lnged r permanent, intraventriular erebrspinal fluid
shunting. Cerebral salt-wasting is anther mpliatin f
subarahnid hemrrhage that may develp abruptly dur-
ing the first several days f hspitalizatin. The resulting
hypnatremia and erebral edema may exaerbate intra-
ranial hypertensin and may require arefully titrated
treatment with ral sdium hlride r intravenus hyper-
smti sdium slutin. Daily measurement f the serum
sdium level allws fr the early detetin f this mplia-
tin. Hypopituitarism may ur as a late mpliatin f
subarahnid hemrrhage.

Etminan N et al. Neurvasular disease, diagnsis, and therapy:
subarahnid hemrrhage and erebral vasspasm. Handb
Clin Neurl. 2021;176:135. [PMID: 33272393]

Lindgren A et al. Endvasular iling versus neursurgial lip-
ping fr peple with aneurysmal subarahnid hemrrhage.
Chrane Database Syst Rev. 2018;8:CD003085. [PMID:
30110521]

5. Intrcrnil aneurysm

E S S E N T I A L S  O F  D I A G N O S I S

» Subarachnoid hemorrhage or focal deficit.

» Abnormal imaging studies.

» General Considerations

Saular aneurysms (“berry” aneurysms) tend t ur at
arterial bifuratins, are frequently multiple (20% f ases),
and are usually asymptmati. They are assiated with

plyysti kidney disease, myamya disease, familial
aldsternism type 1, and artatin f the arta. Risk
fatrs fr aneurysm frmatin inlude igarette smking,
hypertensin, and female sex. Mst aneurysms are lated
n the anterir part f the irle f Willis—partiularly n
the anterir r psterir mmuniating arteries, at the
bifuratin f the middle erebral artery, and at the bifur-
atin f the internal artid artery. Myti aneurysms
resulting frm septi emblism ur in mre distal vessels
and ften at the rtial surfae. The mst signifiant m-
pliatin f intraranial aneurysms is a subarahnid hem-
rrhage, whih is disussed in the preeding setin.

» Clinical Findings

A. Symptoms and Signs

Aneurysms may ause a fal neurlgi defiit by m-
pressing adjaent strutures. Hwever, mst are asymp-
tmati r prdue nly nnspeifi symptms until they
rupture, at whih time subarahnid hemrrhage results.
Its manifestatins, mpliatins, and management were
utlined in the preeding setin.

B. Imaging

Definitive evaluatin is by digital subtratin angigraphy
(bilateral artid and vertebral studies), whih generally
indiates the size and site f the lesin, smetimes reveals
multiple aneurysms, and may shw arterial spasm if rup-
ture has urred. Visualizatin by CT r MR angigraphy
is nt usually adequate if perative treatment is under
nsideratin beause lesins may be multiple and small
lesins are smetimes missed, but these mdalities an be
used t sreen patients wh have tw r mre first-degree
relatives with intraranial aneurysms.

» Treatment

The majr aim f treatment is t prevent hemorrhage. Man-
agement f ruptured aneurysms was desribed in the setin
n subarahnid hemrrhage. Symptmati but unruptured
aneurysms merit prmpt treatment, either surgially r by
endvasular tehniques. The deisin t treat r mnitr
asymptmati aneurysms disvered inidentally is mpli-
ated and depends n aneurysm size, latin, risk fatrs
fr rupture, and treatment-related mrbidity; risk sres t
guide deisin-making are available.

» When to Refer

All patients shuld be referred.

» When to Admit

• All patients with a subarahnid hemrrhage.

• All patients fr detailed imaging.

• All patients underging surgial r endvasular
treatment.

Hakenberg KAM et al. Neurvasular disease, diagnsis, and
therapy: brain aneurysms. Handb Clin Neurl. 2021;176:121.
[PMID: 33272392]
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6. arteriovenous Mlformtions

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden onset of subarachnoid and intracerebral
hemorrhage.

» Distinctive neurologic signs reflect the region of
the brain involved.

» Signs of meningeal irritation in patients present-
ing with subarachnoid hemorrhage.

» Seizures or focal deficits may occur.

» General Considerations

Arterivenus malfrmatins are ngenital vasular mal-
frmatins that result frm a lalized maldevelpment f
part f the primitive vasular plexus and nsist f abnr-
mal arterivenus mmuniatins withut intervening
apillaries. They vary in size, ranging frm massive lesins
that are fed by multiple vessels and invlve a large part f
the brain t lesins s small that they are hard t identify
at arterigraphy, surgery, r autpsy. In apprximately 10%
f ases, there is an assiated arterial aneurysm, while
1–2% f patients presenting with aneurysms have assi-
ated arterivenus malfrmatins. Clinial presentatin
may relate t hemrrhage frm the malfrmatin r an
assiated aneurysm r may relate t erebral ishemia due
t diversin f bld by the anmalus arterivenus
shunt r due t venus stagnatin. Reginal maldevelp-
ment f the brain, mpressin r distrtin f adjaent
erebral tissue by enlarged anmalus vessels, and prgres-
sive glisis due t mehanial and ishemi fatrs may
als be ntributry.

» Clinical Findings

Mst erebral arterivenus malfrmatins are supratent-
rial, usually lying in the territry f the middle erebral
artery. Up t 70% bleed at sme pint in their natural his-
try, mst mmnly befre the patient reahes the age f
40 years. Arterivenus malfrmatins that have bled ne
are mre likely t bleed again, at an apprximate rate f
4.5% annually. A higher risk f bleeding is als bserved if
there is an assiated aneurysm, deep venus drainage, r
deep brain latin; size f the malfrmatin and sex are
nt assiated with risk f hemrrhage.

A. Symptoms and Signs

Initial symptms nsist f hemrrhage in 30–60% f
ases, reurrent seizures in 20–40%, headahe in 5–25%,
and misellaneus mplaints (inluding fal defiits) in
10–15%. Hemrrhage is mmnly intraerebral as well as
int the subarahnid spae and is fatal in abut 10% f
ases. Seizures are mre likely with frntal r parietal arte-
rivenus malfrmatins. Headahes are espeially likely
when the external artid arteries are invlved in the mal-
frmatin. These smetimes simulate migraine, but mre

mmnly are nnspeifi in harater, with nthing abut
them t suggest an underlying strutural lesin. Brainstem
and erebellar arterivenus malfrmatins may ause
bstrutive hydrephalus.

In patients presenting with subarahnid hemrrhage,
examinatin may reveal an abnrmal mental status and
signs f meningeal irritatin. Additinal findings may help
lalize the lesin and smetimes indiate that intraranial
pressure is inreased. A ranial bruit always suggests the
pssibility f a erebral arterivenus malfrmatin, but
bruits may als be fund with aneurysms, meningimas,
aquired arterivenus fistulas, and arterivenus malfr-
matins invlving the salp, alvarium, r rbit. Bruits are
best heard ver the ipsilateral eye r mastid regin and are
f sme help in lateralizatin but f n help in lalizatin.
Absene f a bruit does not exclude the pssibility f arte-
rivenus malfrmatin.

B. Imaging

In patients with suspeted hemrrhage, CT sanning indi-
ates whether subarahnid r intraerebral bleeding has
reently urred, helps lalize its sure, and may reveal
the arterivenus malfrmatin. When intraranial hem-
rrhage is nfirmed but the sure f hemrrhage is nt
evident n the CT san, arterigraphy is neessary t
exlude aneurysm r arterivenus malfrmatin. MR and
CT angigraphy are nt sensitive enugh fr this purpse.
Even if the findings n CT san suggest arterivenus mal-
frmatin, arterigraphy is required t establish the nature
f the lesin with ertainty and t determine its anatmi
features s that treatment an be planned. The examinatin
must generally inlude bilateral paifiatin f the inter-
nal and external artid arteries and the vertebral arteries.

In patients presenting withut hemrrhage, CT san r
MRI usually reveals the underlying abnrmality, and MRI
frequently als shws evidene f ld r reent hemr-
rhage that may have been asymptmati. The nature and
detailed anatmy f any fal lesin identified by these
means are delineated by angigraphy, espeially if pera-
tive treatment is under nsideratin.

» Treatment

Surgial treatment t prevent further hemrrhage is justi-
fied in patients with arterivenus malfrmatins that
have bled, prvided that the lesin is aessible and the
patient has a reasnable life expetany. Surgial treatment
is als apprpriate if intraranial pressure is inreased and
t prevent further prgressin f a fal neurlgi defiit.
In patients presenting slely with seizures, antinvulsant
treatment is usually suffiient (Table 24–2), and perative
treatment is unneessary unless seizures annt be n-
trlled medially.

Definitive perative treatment nsists f exisin f
the arterivenus malfrmatin if it is surgially aessible.
Steretati radisurgery is used t treat inperable ere-
bral arterivenus malfrmatins. Arterivenus malfr-
matins that are inperable beause f their latin are
smetimes treated slely by emblizatin; althugh the
risk f hemrrhage is nt redued, neurlgi defiits may
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be stabilized r even reversed by this predure. Embliza-
tin is mre mmnly perfrmed as an adjunt t surgery
r radisurgery; it is als used t treat aneurysms assi-
ated with the arterivenus malfrmatins.

» When to Refer

All patients shuld be referred.

» When to Admit

• All patients with a subarahnid r erebral hemrrhage.

• All patients fr detailed imaging.

• All patients underging surgial r endvasular
treatment.

Rutledge C et al. Brain arterivenus malfrmatins. Handb
Clin Neurl. 2021;176:171. [PMID: 33272394]

7. Intrcrnil Venous Trombosis

Intraranial venus thrmbsis may ur in assiatin
with intraranial r maxillfaial infetins, hyperagu-
lable states, plyythemia, sikle ell disease, yanti
ngenital heart disease, and in pregnany r during the
puerperium. Geneti fatrs are als imprtant. The disr-
der is haraterized by headahe, fal r generalized n-
vulsins, drwsiness, nfusin, inreased intraranial
pressure, and fal neurlgi defiits—and smetimes by
evidene f meningeal irritatin. The diagnsis is n-
firmed by CT r MR vengraphy r angigraphy.

Treatment inludes antinvulsants if seizures have
urred (Table 24–2) and—if neessary—measures t
redue intraranial pressure. Antiagulatin with dse-
adjusted intravenus heparin r weight-adjusted subuta-
neus lw-mleular-weight heparin, fllwed by ral
warfarin antiagulatin fr 6 mnths redues mrbidity
and mrtality f venus sinus thrmbsis. Dabigatran
shwed similar effiay t warfarin in ne randmized trial
and may be an aeptable alternative. Cnmitant intra-
ranial hemrrhage related t the venus thrmbsis des
nt ntraindiate heparin therapy. In ases refratry t
heparin, endvasular tehniques inluding atheter-
direted thrmblyti therapy (urkinase) and thrmbe-
tmy are smetimes helpful but may inrease the risk fr
majr hemrrhage.

» When to Refer

All patients shuld be referred.

» When to Admit

All patients shuld be hspitalized.

Ferr JM et al; RE-SPECT CVT Study Grup. Safety and effiay
f dabigatran etexilate vs dse-adjusted warfarin in patients
with erebral venus thrmbsis: a randmized linial trial.
JAMA Neurl. 2019;76:1457. [PMID: 31479105]

8. Sinl Cord Vsculr Diseses

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden onset of back or limb pain and neurologic
deficit in limbs.

» Motor, sensory, or reflex changes in limbs depend-
ing on level of lesion.

» Imaging studies distinguish between infarct and
hematoma.

» Infarction of the Spinal Cord

Infartin f the spinal rd is rare. It typially urs in the
territry f the anterior spinal artery beause this vessel,
whih supplies the anterir tw-thirds f the rd, is itself
supplied by nly a limited number f feeders. Infartin usu-
ally results frm interrupted flw in ne r mre f these
feeders, eg, with arti dissetin, arti aneurysm, artgra-
phy, plyarteritis, severe hyptensin, r after surgial repair
f the thrai r abdminal arta. The paired psterir
spinal arteries, by ntrast, are supplied by numerus arteries
at different levels f the rd. Spinal rd hypperfusin may
lead t a entral rd syndrme with distal weakness f lwer
mtr neurn type and lss f pain and temperature appre-
iatin, with preserved psterir lumn funtin.

Sine the anterir spinal artery reeives numerus feeders
in the ervial regin, infarts almst always ur audally.
Clinial presentatin is haraterized by aute nset f flaid,
areflexive paraplegia that evlves after a few days r weeks
int a spasti paraplegia with extensr plantar respnses.
There is an ampanying dissiated sensry lss, with
impairment f appreiatin f pain and temperature but pres-
ervatin f sensatins f vibratin and jint psitin.

The risk f spinal rd infartin in the setting f
abdminal arti surgery and thrai endvasular repair
may be redued by intraperative erebrspinal fluid
drainage thrugh a atheter plaed in the lumbar subarah-
nid spae t redue intraspinal pressure. If signs f infar-
tin are nted after surgery, bld pressure augmentatin
fr 24–48 hurs in additin t lumbar drainage has been
nted anedtally t imprve utmes. Treatment is th-
erwise symptmati.

» Epidural or Subdural Hemorrhage

Epidural r subdural hemrrhage may lead t sudden
severe bak pain fllwed by an aute mpressive myelp-
athy neessitating urgent spinal MRI r myelgraphy and
surgial evauatin. It may ur in patients with bleeding
disrders r thse wh are taking antiagulants, sme-
times fllwing trauma r lumbar punture. Epidural
hemrrhage may als be related t a vasular malfrmatin
r tumr depsit.

» Spinal Dural Arteriovenous Fistulae

Spinal dural arterivenus fistulae are ngenital lesins
that present with spinal subarahnid hemrrhage r
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myelradiulpathy. Sine mst f these malfrmatins are
lated in the thralumbar regin, they lead t mtr and
sensry disturbanes in the legs and t sphinter disrders.
Pain in the legs r bak is ften severe. Examinatin reveals
an upper, lwer, r mixed mtr defiit in the legs; sensry
defiits are als present and are usually extensive, althugh
asinally they are nfined t a radiular distributin.
Cervial spinal dural arterivenus fistulae lead als t
symptms and signs in the arms. Spinal MRI may nt detet
the spinal dural arterivenus fistula, althugh mst ases
shw either T2 hyperintensity in the rd r perimedullary
flw vids. Myelgraphy (perfrmed with the patient prne
and supine) may detet serpiginus filling defets due t
enlarged vessels. Seletive spinal arterigraphy is required
t nfirm the diagnsis and plan treatment. Mst lesins
are extramedullary, are psterir t the rd (lying either
intradurally r extradurally), and an easily be treated by
ligatin f feeding vessels and exisin f the fistulus
anmaly r by emblizatin predures. Delay in treatment
may lead t inreased and irreversible disability r t death
frm reurrent subarahnid hemrrhage.

» When to Refer

All patients shuld be referred.

» When to Admit

All patients shuld be hspitalized.

Gyal A et al. Outmes fllwing surgial versus endvasular
treatment f spinal dural arterivenus fistula: a systemati
review and meta-analysis. J Neurl Neursurg Psyhiatry.
2019;90:1139. [PMID: 31142659]

INTRACRANIAL & SPINAL MASS LESIONS

1. primry Intrcrnil Tumors

E S S E N T I A L S  O F  D I A G N O S I S

» Generalized or focal disturbance of cerebral func-
tion, or both.

» Increased intracranial pressure in some patients.

» Neuroradiologic evidence of space-occupying
lesion.

» General Considerations

Rughly ne-third f all primary intraranial neplasms
(Table 24–4) are meningimas, ne-quarter are glimas,
and the remainder are pituitary adenmas (see Chapter 26),
neurfibrmas, and ther tumrs. Certain tumrs, espe-
ially neurfibrmas, hemangiblastmas, and retinblas-
tmas, may have a familial basis, and ngenital fatrs bear
n the develpment f ranipharyngimas. Tumrs may
ur at any age, but ertain glimas shw partiular age
prediletins.

» Clinical Findings

A. Symptoms and Signs

Intraranial tumrs typially present with headahe, sei-
zures, r fal neurlgi defiits. New headahes r symp-
tms f elevated intraranial pressure, suh as headahes
awaking a patient frm sleep r wrsening with Valsalva
maneuver, ugh, r reumbeny, are suggestive f brain
tumr. Intraranial tumrs may als lead t a generalized
disturbane f erebral funtin with persnality hanges,
intelletual deline, emtinal lability, nausea, and malaise.

1. Frontal lobe lesions—Tumrs f the frntal lbe ften
lead t prgressive intelletual deline, slwing f mental
ativity, persnality hanges, and ntralateral grasp
reflexes. They may lead t expressive aphasia if the pste-
rir part f the left inferir frntal gyrus is invlved. Ans-
mia may als ur as a nsequene f pressure n the
lfatry nerve. Preentral lesins may ause fal mtr
seizures r ntralateral pyramidal defiits.

2. Temporal lobe lesions—Tumrs f the uninate regin
may be manifested by seizures with lfatry r gustatry
halluinatins, mtr phenmena suh as liking r
smaking f the lips, and sme impairment f external
awareness withut atual lss f nsiusness. Tempral
lbe lesins als lead t depersnalizatin, emtinal
hanges, behaviral disturbanes, sensatins f déjà vu r
jamais vu, mirpsia r marpsia (bjets appear smaller
r larger than they are), visual field defets (rssed upper
quadrantanpia), and auditry illusins r halluinatins.
Left-sided lesins may lead t dysnmia and reeptive
aphasia, while right-sided invlvement smetimes disturbs
the pereptin f musial ntes and meldies.

3. Parietal lobe lesions—Tumrs in this latin hara-
teristially ause ntralateral disturbanes f sensatin
and may ause sensry seizures, sensry lss r inatten-
tin, r sme mbinatin f these symptms. The sensry
lss is rtial in type and invlves pstural sensibility and
tatile disriminatin, s that the appreiatin f shape,
size, weight, and texture is impaired. Objets plaed in the
hand may nt be regnized (asteregnsis). Extensive
parietal lbe lesins may prdue ntralateral hyper-
pathia and spntaneus pain (thalami syndrme).
Invlvement f the pti radiatin leads t a ntralateral
hmnymus field defet that smetimes nsists slely f
lwer quadrantanpia. Lesins f the left angular gyrus
ause Gerstmann syndrome (a mbinatin f alexia,
agraphia, aalulia, right-left nfusin, and finger agn-
sia), whereas invlvement f the left submarginal gyrus
auses ideatinal apraxia. Ansgnsia (the denial, neglet,
r rejetin f a paralyzed limb) is seen in patients with
lesins f the nndminant (right) hemisphere. Cnstru-
tinal apraxia and dressing apraxia may als ur with
right-sided lesins.

4. Occipital lobe lesions—Tumrs f the ipital lbe
harateristially prdue ntralateral hmnymus
hemianpia r a partial field defet. With left-sided r
bilateral lesins, there may be visual agnsia bth fr
bjets and fr lrs, while irritative lesins n either side
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Table 24–4. Primary intracranial tumors (listed by major histology grouping and by incidence within each
group).

Tumor Clinicl Fetures Tretment nd prognosis

Tumors of Meninges

Meningioma Originates from the dura mater or arachnoid; compresses

rather than invades adjacent neural structures. Increasingly

common with advancing age. Tumor size varies greatly.

Symptoms vary with tumor site—eg, unilateral proptosis

(sphenoidal ridge); anosmia and optic nerve compression

(olfactory groove). Tumor is usually benign and readily

detected by CT scanning; may lead to calcification and

bone erosion visible on plain radiographs of skull.

Treatment is surgical. Tumor may recur if removal is

incomplete.

Tumors of Neuroeitelil Origin

Glioblastoma

multiforme

Presents commonly with nonspecific complaints and

increased intracranial pressure. As it grows, focal deficits

develop. O6-methylguanine-DNA methyltransferase pro-

moter methylation positivity (seen in 40% of cases) and iso-

citrate dehydrogenase 1/2 mutations (seen in 10% of cases)

carry better prognosis.

Course is rapidly progressive, with poor prognosis

(< 20% survival at 2 years). Total surgical removal

is usually not possible. Radiation therapy and

temozolamide may prolong survival. Tumor

treatment fields added to temozolamide after

completion of radiation therapy prolong survival.

Astrocytoma Presentation similar to glioblastoma multiforme but course

more protracted, often over several years. Cerebellar astro-

cytoma may have a more benign course. Isocitrate dehy-

drogenase 1/2 mutations (seen in a majority of cases) carry

better prognosis in grade II and III tumors.

Prognosis is variable. By the time of diagnosis, total

excision is usually impossible; tumor may be radio-

sensitive and temozolamide is also helpful in

grade II and III tumors. In cerebellar astrocytoma,

total surgical removal is often possible.

Ependymoma Glioma arising from the ependyma of a ventricle, especially

the fourth ventricle; leads to early signs of increased intra-

cranial pressure. Arises also from central canal of cord.

Tumor is best treated surgically if possible. Radiation

therapy may be used for residual tumor.

Oligodendroglioma Slow-growing. Usually arises in cerebral hemisphere in adults.

Calcification may be visible on skull radiograph. Co-deletion

of 1p/19q and isocitrate dehydrogenase 1/2 mutation

required for diagnosis.

Treatment is surgical and usually successful.

Radiation and chemotherapy (temozolamide or

procarbazine, lomustine, and vincristine) are used

in grade II and III tumors.

Brainstem glioma Presents during childhood with cranial nerve palsies and then

with long tract signs in the limbs. Signs of increased intra-

cranial pressure occur late.

Tumor is inoperable; treatment is by irradiation and

shunt for increased intracranial pressure.

Neuronal and mixed

neuronal-glial

tumors

Slow-growing; usually arise in cerebral hemispheres; often

associated with seizures. Some are benign (eg, dysembryo-

blastic neuroepithelial tumors) and some have malignant

potential (eg, ganglioglioma).

Resection is not always necessary for benign tumors

unless seizures are medically refractory, but is indi-

cated for those with malignant potential.

Medulloblastoma Seen most frequently in children. Generally arises from roof of

fourth ventricle and leads to increased intracranial pressure

accompanied by brainstem and cerebellar signs. May seed

subarachnoid space. Wingless activated tumors carry best

prognosis (> 90% 5-year survival).

Treatment consists of surgery combined with radia-

tion therapy and chemotherapy; 5-year survival

exceeds 70%. Wingless activated tumors may

require less aggressive treatment.

Pineal tumor Presents with increased intracranial pressure, sometimes asso-

ciated with impaired upward gaze (Parinaud syndrome)

and other deficits indicative of midbrain lesion.

Ventricular decompression by shunting is followed by

surgical approach to tumor; irradiation is indicated

if tumor is malignant. Prognosis depends on histo-

pathologic findings and extent of tumor.

Tumors of te Sellr Region

Pituitary adenoma Functioning adenomas present with symptoms of hormone

secretion; nonfunctioning adenomas present with symp-

toms of local mass effect (eg, bitemporal hemianopsia,

hypopituitarism) or are found incidentally.

Prolactin-secreting adenomas are treated with bro-

mocriptine or cabergoline. Others are surgically

resected. Pituitary hormone replacement may be

required.

Craniopharyngioma Originates from remnants of Rathke pouch above the sella,

depressing the optic chiasm. May present at any age but

usually in childhood, with endocrine dysfunction and

bitemporal visual field defects.

Treatment is surgical, but total removal may not be

possible. Radiation may be used for residual tumor.

(continued)
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an ause unfrmed visual halluinatins. Bilateral ipi-
tal lbe invlvement auses rtial blindness in whih
there is preservatin f pupillary respnses t light and
lak f awareness f the defet by the patient. There may
als be lss f lr pereptin, prspagnsia (inability t
identify a familiar fae), simultagnsia (inability t inte-
grate and interpret a mpsite sene as ppsed t its
individual elements), and Balint syndrme (failure t turn
the eyes t a partiular pint in spae, despite preservatin
f spntaneus and reflex eye mvements). The denial f
blindness r a field defet nstitutes Antn syndrme.

5. Brainstem and cerebellar lesions—Brainstem lesins
lead t ranial nerve palsies, ataxia, inrdinatin, nystag-
mus, and pyramidal and sensry defiits in the limbs n
ne r bth sides. Intrinsi brainstem tumrs, suh as gli-
mas, tend t prdue an inrease in intraranial pressure
nly late in their urse. Cerebellar tumrs prdue
marked ataxia f the trunk if the vermis erebelli is
invlved and ipsilateral appendiular defiits (ataxia, in-
rdinatin, and hyptnia f the limbs) if the erebellar
hemispheres are affeted.

6. Herniation syndromes—If the pressure is inreased in a
partiular ranial mpartment, brain tissue may herniate
int a mpartment with lwer pressure. The mst familiar
syndrme is herniatin f the tempral lbe unus thrugh
the tentrial hiatus, whih auses mpressin f the third
ranial nerve, midbrain, and psterir erebral artery. The
earliest sign f this is ipsilateral pupillary dilatin, fllwed
by stupr, ma, deerebrate psturing, and respiratry
arrest. Anther imprtant herniatin syndrme nsists f

displaement f the erebellar tnsils thrugh the framen
magnum, whih auses medullary mpressin leading t
apnea, irulatry llapse, and death.

7. False localizing signs—Tumrs may lead t neurlgi
signs ther than by diret mpressin r infiltratin,
thereby leading t errrs f linial lalizatin. These false
lalizing signs inlude third r sixth nerve palsy and bilat-
eral extensr plantar respnses prdued by herniatin
syndrmes, and an extensr plantar respnse urring
ipsilateral t a hemispheri tumr as a result f mpressin
f the ppsite erebral pedunle against the tentrium.

B. Imaging

MRI with gadlinium enhanement is the preferred methd
t detet the lesin and t define its latin, shape, and
size; the extent t whih nrmal anatmy is distrted; and
the degree f any assiated erebral edema r mass effet.
CT sanning with radintrast enhanement uld be
perfrmed; hwever, it is less helpful than MRI fr small
lesins r tumrs in the psterir fssa. The harateristi
appearane f meningimas n MRI r CT sanning is
virtually diagnsti, ie, a lesin in a typial site (parasagittal
and sylvian regins, lfatry grve, sphenidal ridge,
tuberulum sellae) that appears as a hmgeneus area f
inreased density in nnntrast sans and enhanes uni-
frmly with ntrast. Additinal MRI sequenes that may
be helpful in differentiating glimas frm ther intraranial
pathlgy inlude perfusin imaging, magneti resnane
spetrspy, and diffusin-weighted imaging, althugh
nne are speifi enugh t bviate the need fr tissue

Table 24–4. Primary intracranial tumors (listed by major histology grouping and by incidence within each
group).

Tumor Clinicl Fetures Tretment nd prognosis

Germ cell tumors

(germinomas and

nongerminoma-

tous germ cell

tumors)

Two most common locations are pineal and suprasellar

regions. The pineal region presentation is as described in

pineal tumors, above. Suprasellar tumors present with

hypothalamic and pituitary dysfunction such as diabetes

insipidus, delayed or precocious puberty, or growth hor-

mone deficiency.

Germinomas are treated with radiation; prognosis is

good for localized tumors. Chemotherapy is added

for nongerminomatous germ cell tumors.

Tumors of Crnil nd Sinl Nerves

Acoustic neurinoma

(also referred to

as acoustic

neuroma)

Ipsilateral hearing loss is most common initial symptom. Sub-

sequent symptoms may include tinnitus, headache, vertigo,

facial weakness or numbness, and long tract signs. (May be

familial and bilateral when related to neurofibromatosis.)

Most sensitive screening tests are MRI and brainstem audi-

tory evoked potential.

Treatment is excision by translabyrinthine surgery,

craniectomy, or a combined approach. Outcome

is usually good.

Lymoms

Primary cerebral

lymphoma

Associated with AIDS and other immunodeficient states. Pre-

sentation may be with focal deficits or with disturbances of

cognition and consciousness. May be indistinguishable

from cerebral toxoplasmosis.

Treatment is high-dose methotrexate and corticoste-

roids followed by radiation therapy. Prognosis

depends on CD4 count at diagnosis.

Unclssified

Cerebellar

hemangioblas-

toma

Presents with dysequilibrium, ataxia of trunk or limbs, and

signs of increased intracranial pressure. Sometimes familial.

May be associated with retinal and spinal vascular lesions,

polycythemia, and renal cell carcinoma.

Treatment is surgical. Radiation is used for residual

tumor.

(continued)
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sampling. Arterigraphy is largely reserved fr presurgial
emblizatin f highly vasular tumrs. In patients with
nrmal hrmne levels and an intrasellar mass, angigra-
phy is smetimes neessary t distinguish with nfidene
between a pituitary adenma and an arterial aneurysm.

C. Laboratory and Other Studies

When glial neplasms are suspeted, bipsy is neessary
fr definitive histlgi diagnsis and mleular analysis.
The Wrld Health Organizatin lassifies glial tumrs by
bth histlgy and geneti harateristis. Lumbar pun-
ture is rarely neessary; the findings are seldm diagnsti,
and the predure arries the risk f ausing a herniatin
syndrme. Suspeted intraranial germ ell tumrs are an
exeptin. If lumbar punture an be perfrmed safely,
ytlgy and determinatin f alpha-fetprtein and beta-
human hrini gnadtrpin shuld be perfrmed in
erebrspinal fluid; tumr markers shuld be examined in
serum as well.

» Treatment

Treatment depends n the type and site f the tumr
(Table 24–4) and the nditin f the patient. Sme benign
tumrs, espeially meningimas disvered inidentally
during brain imaging fr anther purpse, may be mni-
tred with serial annual imaging. Fr symptmati tumrs,
mplete surgial remval may be pssible if the tumr is
extra-axial (eg, meningima, austi neurma) r is nt
in a ritial r inaessible regin f the brain (eg, erebel-
lar hemangiblastma). Surgery als permits the diagnsis
t be verified and may be benefiial in reduing intrara-
nial pressure and relieving symptms even if the neplasm
annt be mpletely remved. Clinial defiits are sme-
times due in part t bstrutive hydrephalus, in whih
ase simple surgial shunting predures ften prdue
dramati benefit. In patients with malignant glimas, sur-
vival rrelates t the extent f initial resetin.

Radiatin therapy inreases median survival rates
regardless f any preeding surgery, and its mbinatin
with hemtherapy prvides additinal benefit. India-
tins fr irradiatin in the treatment f patients with ther
primary intraranial neplasms depend n tumr type and
aessibility and the feasibility f mplete surgial remval.
Lng-term neurgnitive defiits may mpliate radia-
tin therapy. Temzlmide is a mmnly used ral and
intravenus hemtherapeuti fr glimas. In patients with
gliblastma with methylated methylguanine-DNA meth-
yltransferase (MGMT) prmter, mbinatin therapy with
lmustine and temzlmide imprved median survival
frm 31 t 48 mnths in a randmized ntrlled trial. The
additin f lw-intensity, 200 kHz frequeny alternating
eletri fields (tumr treatment fields) delivered extrarani-
ally at least 18 hurs daily, imprves prgressin-free sur-
vival by 2.7 mnths and median survival by 4.9 mnths
mpared t temzlmide alne in gliblastma. Bevai-
zumab is apprved in the United States but nt in Eurpe
fr use in reurrent high-grade glima. Cmbinatin
therapy with prarbazine, lmustine, and vinristine
imprves median survival when given with radiatin t

patients with isitrate dehydrgenase–mutant astry-
tma and isitrate dehydrgenase–mutant, p1/19q -
deleted ligdendrglima.

Crtisterids help redue erebral edema and are usu-
ally started befre surgery. Herniatin is treated with intra-
venus dexamethasne (10–20 mg as a blus, fllwed by
4 mg every 6 hurs) and intravenus mannitl (20%
slutin given in a dse f 1.5 g/kg ver abut 30 minutes).

Antinvulsants are als mmnly administered in
standard dses (see Table 24–2), but are nt indiated fr
prphylaxis in patients wh have n histry f seizures. Fr
thse patients with diffiult t treat symptms r thse
needing help with advane are planning, speialty pallia-
tive are nsultatin is apprpriate (see Chapter 5).

» When to Refer

All patients shuld be referred.

» When to Admit

• All patients with inreased intraranial pressure.

• All patients requiring bipsy, surgial treatment, r
shunting predures.

Bell EH et al. Cmprehensive genmi analysis in NRG nl-
gy/RTOG 9802: a phase III trial f radiatin versus radiatin
plus prarbazine, lmustine (CCNU), and vinristine in
high-risk lw-grade glima. J Clin Onl. 2020;38:3407.
[PMID: 32706640]

Desjardins A et al. Reurrent gliblastma treated with rembi-
nant plivirus. N Engl J Med. 2018;379:150. [PMID: 29943666]

Herrlinger U et al; Neurnlgy Wrking Grup f the German
Caner Siety. Lmustine-temzlmide mbinatin
therapy versus standard temzlmide therapy in patients
with newly diagnsed gliblastma with methylated MGMT
prmter (CeTeG/NOA-09): a randmised, pen-label, phase 3
trial. Lanet. 2019;393:678. [PMID: 30782343]

2. Metsttic Intrcrnil Tumors

A. Cerebral Metastases

Metastati brain tumrs present in the same way as ther
erebral neplasms, ie, with inreased intraranial pres-
sure, with fal r diffuse disturbane f erebral funtin,
r with bth f these manifestatins. Indeed, in patients
with a single erebral lesin, the metastati nature f the
lesin may beme evident nly n histpathlgi exami-
natin. In ther patients, there is evidene f widespread
metastati disease, r an islated erebral metastasis devel-
ps during treatment f the primary neplasm.

The most common source of intracranial metastasis is
carcinoma of the lung; ther primary sites are the breast,
kidney, skin (melanma), and gastrintestinal trat. Mst
erebral metastases are lated supratentrially. Labratry
and radilgi studies used t evaluate patients with
metastases are thse desribed fr primary neplasms.
They inlude MRI and CT sanning perfrmed bth with
and withut ntrast. Lumbar punture is neessary nly
in patients with suspeted arinmatus meningitis. In
patients with verified erebral metastasis frm an unknwn
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primary, investigatin is guided by symptms and signs. In
wmen, mammgraphy is indiated; in men under 50,
germ ell rigin is sught.

Treatment f brain metastases is rapidly evlving and a
multidisiplinary apprah between neursurgery, radia-
tin nlgy, and nlgy is neessary. In patients with
nly a single, surgially aessible erebral metastasis wh
are therwise well (ie, a high level f funtining and little
r n evidene f extraranial disease), it may be pssible
t remve the lesin and then treat with irradiatin; the
latter may als be seleted as the sle treatment. Systemi
immuntherapy may als be an aeptable initial ptin in
selet ases. In patients with multiple metastases r wide-
spread systemi disease, steretati radisurgery, whle-
brain raditherapy, r bth may help in sme instanes;
systemi hemtherapy r immuntherapy may be ptins
in thers, but in many, treatment is palliative nly.

Fuentes R et al. Surgery versus steretati raditherapy fr
peple with single r slitary brain metastasis. Chrane
Database Syst Rev. 2018;8:CD012086. [PMID: 30125049]

Tsa MN et al. Whle brain raditherapy fr the treatment f
newly diagnsed multiple brain metastases. Chrane Data-
base Syst Rev. 2018;1:CD003869. [PMID: 29365347]

B. Leptomeningeal Metastases
Carcinomatous Meningitis

The neoplasms metastasizing most commonly to the lepto-
meninges are carcinoma of the breast and lung, lymphomas,
and leukemia (see Chapter 39). Leptmeningeal metastases
lead t multifal neurlgi defiits, whih may be assi-
ated with infiltratin f ranial and spinal nerve rts,
diret invasin f the brain r spinal rd, bstrutive r
mmuniating hydrephalus, r sme mbinatin f
these fatrs.

The diagnsis is nfirmed by examinatin f the ere-
brspinal fluid. Findings may inlude elevated erebr-
spinal fluid pressure, pleytsis, inreased prtein
nentratin, and dereased gluse nentratin. Cyt-
lgi studies may indiate that malignant ells are present;
if nt, lumbar punture shuld be repeated at least twie t
btain further samples fr analysis.

CT sans shwing ntrast enhanement in the basal
isterns r shwing hydrephalus withut any evidene f
a mass lesin supprt the diagnsis. Gadlinium-enhaned
MRI is mre sensitive and frequently shws enhaning fi
in the leptmeninges. Myelgraphy may shw depsits n
multiple nerve rts.

Treatment is by irradiatin t symptmati areas, m-
bined with intratheal hemtherapy in selet patients. The
lng-term prgnsis is pr—nly abut 10% f patients
survive fr 1 year—and palliative are is therefre impr-
tant (see Chapter 5).

3. Intrcrnil Mss Lesions in
ptients wit aIDS

Primary cerebral lymphoma is a mmn mpliatin
in patients with AIDS. This leads t disturbanes in gni-
tin r nsiusness, fal mtr r sensry defiits,

aphasia, seizures, and ranial neurpathies. Similar linial
disturbanes may result frm cerebral toxoplasmosis,
whih is als a mmn mpliatin in patients with
AIDS (see Chapters 31 and 35). Neither CT nr MRI find-
ings distinguish these tw disrders and serlgi tests fr
txplasmsis are unreliable in AIDS patients. Toxoplasma
gondii DNA deteted by plymerase hain reatin in the
spinal fluid is speifi but nt sensitive fr txplasmsis,
and the finding f Epstein-Barr virus DNA suggests lym-
phma but is nt speifi enugh t initiate treatment.
Ardingly, fr neurlgially stable patients, a trial f
treatment fr txplasmsis with pyrimethamine and sul-
fadiazine is remmended fr 3 weeks; the imaging studies
are then repeated, and if any lesin has imprved, the regi-
men is ntinued indefinitely. If any lesin des nt
imprve, erebral bipsy is neessary (see als Chapter 31).
Primary erebral lymphma in patients with AIDS is
treated with rtisterids, high-dse methtrexate, and
antiretrviral therapy. Rituximab may be used in sme
patients. Whle-brain irradiatin may nt be neessary.

Cryptococcal meningitis is a mmn pprtunisti
infetin in patients with AIDS. Clinially, it may resemble
erebral txplasmsis r lymphma, but ranial CT sans
are usually nrmal (see Chapter 36).

4. primry & Metsttic Sinl Tumors

Apprximately 10% f spinal tumrs are intramedullary.
Ependymma is the mst mmn type f intramedullary
tumr; the remainder are ther types f glima. Extramed-
ullary tumrs may be extradural r intradural in latin.
Amng the primary extramedullary tumrs, neurfibr-
mas and meningimas are relatively mmn, benign, and
may be intradural r extradural. Carinmatus metasta-
ses, lymphmatus r leukemi depsits, and myelma are
usually extradural; in the ase f metastases, the prstate,
breast, lung, and kidney are mmn primary sites.

Tumrs may lead t spinal rd dysfuntin by diret
mpressin, by ishemia sendary t arterial r venus
bstrutin and, in the ase f intramedullary lesins, by
invasive infiltratin.

» Clinical Findings

A. Symptoms and Signs

Symptms usually develp insidiusly. Pain is ften n-
spiuus with extradural lesins; is harateristially
aggravated by ughing r straining; may be radiular,
lalized t the bak, r felt diffusely in an extremity; and
may be ampanied by mtr defiits, paresthesias, r
numbness, espeially in the legs. Bladder, bwel, and sexual
dysfuntin may ur. When sphinter disturbanes
ur, they are usually partiularly disabling. Pain, hw-
ever, ften preedes speifi neurlgi symptms frm
epidural metastases.

Examinatin may reveal lalized spinal tenderness. A
segmental lwer mtr neurn defiit r dermatmal sen-
sry hanges (r bth) are smetimes fund at the level f
the lesin, while an upper mtr neurn defiit and sen-
sry disturbane are fund belw it.
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B. Imaging

MRI with ntrast r CT myelgraphy is used t identify
and lalize the lesin. The mbinatin f knwn tumr
elsewhere in the bdy, bak pain, and either abnrmal
plain films f the spine r neurlgi signs f rd m-
pressin is an indiatin t perfrm this n an urgent basis.

C. Laboratory Findings

The erebrspinal fluid is ften xanthhrmi and n-
tains a greatly inreased prtein nentratin with nrmal
ell ntent and gluse nentratin.

» Treatment

Intramedullary tumrs are treated by dempressin and
surgial exisin (when feasible) and by irradiatin. The
prgnsis depends n the ause and severity f rd m-
pressin befre it is relieved.

Treatment f epidural spinal metastases nsists f
surgial dempressin, radiatin, r bth. Dexametha-
sne is als given in a high dsage (eg, 10–96 mg ne
intravenusly, fllwed by 4–25 mg fur times daily fr
3 days rally r intravenusly, fllwed by rapid tapering
f the dsage, depending n initial dse and respnse) t
redue rd swelling and relieve pain. Radiatin alne is
ften all that is required in patients with radisensitive
tumrs. Surgial dempressin is reserved fr patients
with tumrs that are unrespnsive t irradiatin r wh
have previusly been irradiated, fr thse with spinal
instability, and fr patients in whm there is sme uner-
tainty abut the diagnsis. The lng-term utlk is
pr, but treatment may at least delay the nset f majr
disability.

Lawtn AJ et al. Assessment and management f patients with
metastati spinal rd mpressin: a multidisiplinary
review. J Clin Onl. 2019;37:61. [PMID: 30395488]

5. Brin abscess

E S S E N T I A L S  O F  D I A G N O S I S

» Signs of expanding intracranial mass.

» Signs of primary infection or congenital heart dis-
ease are sometimes present.

» Fever may be absent.

» General Considerations

Brain absess presents as an intraranial spae-upying
lesin and arises as a sequela f disease f the ear r nse,
may be a mpliatin f infetin elsewhere in the bdy,
r may result frm infetin intrdued intraranially by
trauma r surgial predures. The mst mmn infe-
tive rganisms are strepti, staphyli, and anaer-
bes; mixed infetins als ur.

» Clinical Findings

A. Symptoms and Signs

Headahe, drwsiness, inattentin, nfusin, and seizures
are early symptms, fllwed by signs f inreasing intra-
ranial pressure and then a fal neurlgi defiit. There
may be little r n systemi evidene f infetin.

B. Imaging and Other Investigations

A CT san f the head harateristially shws an area f
ntrast enhanement surrunding a lw-density re.
Similar abnrmalities may be fund in patients with meta-
stati neplasms. MRI findings ften permit earlier reg-
nitin f fal erebritis r an absess. Steretati needle
aspiratin may enable a speifi etilgi rganism t be
identified. Examinatin f the erebrspinal fluid des nt
help in diagnsis and may preipitate a herniatin syn-
drme. Peripheral leukytsis is smetimes present.

» Treatment

Treatment nsists f intravenus antibitis mbined
with surgial drainage (aspiratin r exisin), if neessary,
t redue the mass effet r smetimes t establish the
diagnsis. Absesses smaller than 2 m an ften be ured
medially. Brad-spetrum antibitis, seleted based n
risk fatrs and likely rganisms, are used if the infeting
rganism is unknwn (see Chapter 33). An initial empiri
multi-antibiti regimen typially inludes eftriaxne (2 g
intravenusly every 12 hurs), metrnidazle (15 mg/kg
intravenus lading dse, fllwed by 7.5 mg/kg intrave-
nusly every 6 hurs), and vanmyin (1 g intravenusly
every 12 hurs). The regimen is altered ne ulture and
sensitivity data are available. Antimirbial treatment is
usually ntinued parenterally fr 6–8 weeks and is fl-
lwed by ral treatment fr ertain infetins, suh as
nardisis, atinmysis, fungal infetins, and tuberu-
lsis. The patient shuld be mnitred by serial CT sans
r MRI every 2 weeks and at deteriratin. Dexametha-
sne (4–25 mg fur times daily intravenusly r rally,
depending n severity, fllwed by tapering f dse,
depending n respnse) may redue any assiated edema,
but intravenus mannitl is smetimes required.

Chw F. Brain and spinal epidural absess. Cntinuum (Min-
neap Minn). 2018;24:1327. [PMID: 30273242]

NONMETASTATIC NEUROLOGIC
COMPLICATIONS OF MALIGNANT DISEASE

A variety f nnmetastati neurlgi mpliatins f
malignant disease an be regnized. Metabolic encepha-
lopathy due t eletrlyte abnrmalities, infetins, drug
verdse, r the failure f sme vital rgan may be refleted
by drwsiness, lethargy, restlessness, insmnia, agitatin,
nfusin, stupr, r ma. The mental hanges are usually
assiated with tremr, asterixis, and multifal mylnus.
The eletrenephalgram is generally diffusely slwed.
Labratry studies are neessary t detet the ause f the
enephalpathy, whih must then be treated apprpriately.
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Immune suppression resulting frm either the malig-
nant disease r its treatment (eg, by hemtherapy) predis-
pses patients t brain absess, prgressive multifal
leukenephalpathy, meningitis, herpes zster infetin,
and ther pprtunisti infetius diseases. Mrever, an
vert r ult erebrspinal fluid fistula, as urs with
sme tumrs, may als inrease the risk f infetin. MRI r
CT sanning aids in the early regnitin f a brain absess,
but metastati brain tumrs may have a similar appearane.
Examinatin f the erebrspinal fluid is essential in the
evaluatin f patients with meningitis and enephalitis but is
f n help in the diagnsis f brain absess.

Cerebrovascular disorders that ause neurlgi m-
pliatins in patients with systemi aner inlude nnbate-
rial thrmbti endarditis and septi emblizatin.
Cerebral, subarahnid, r subdural hemrrhages may ur
in patients with myelgenus leukemia and may be fund in
assiatin with metastati tumrs, espeially melanma.
Spinal subdural hemrrhage smetimes urs after lumbar
punture in patients with marked thrmbytpenia.

Disseminated intravascular coagulation urs mst
mmnly in patients with aute prmyelyti leukemia
r with sme adenarinmas and is haraterized by a
flutuating enephalpathy, ften with assiated seizures,
that frequently prgresses t ma r death. There may be
few ampanying neurlgi signs. Venous sinus throm-
bosis, whih usually presents with nvulsins and head-
ahes, may als ur in patients with leukemia r
lymphma. Examinatin mmnly reveals papilledema
and fal r diffuse neurlgi signs. Antinvulsants,
antiagulants, and mediatins t lwer the intraranial
pressure may be f value.

Autoimmune paraneoplastic disorders ur when
the immune system reats against neurnal antigens
expressed by tumr ells. The linial manifestatins
depend n the autantibdy. Symptms may preede thse
due t the neplasm itself. Several distint syndrmes are
mmn, eah assiated with speifi antibdies and
tumrs (Table 24–5). Identifiatin f an antibdy is nt
always pssible in a suspeted autimmune paraneplasti
nditin, and a searh fr an underlying neplasm shuld
be undertaken. Treatment f the neplasm ffers the best
hpe fr stabilizatin r imprvement f the neurlgi
symptms, whih ften are nt mpletely reversible. Spe-
ifi treatment f the antibdy-mediated symptms by
intravenus immunglbulin (IVIG) administratin, plas-
mapheresis, rtisterids, r ther immunsuppressive
regimens is frequently attempted despite limited evidene
f effiay. Many f the disrders listed in Table 24–5 an
ur either as paraneplasti phenmena r in islatin;
when they ur in the absene f a tumr, the respnse t
immuntherapy is typially mre favrable.

Autimmune disrders may als be triggered as a result
f aner immuntherapy; enephalitis, meningitis, trans-
verse myelitis, aute and hrni inflammatry demyelin-
ating plyneurpathy, autnmi neurpathy, myasthenia
gravis, and mysitis have all been desribed.

Rsenfeld MR et al. Paraneplasti neurlgi syndrmes. Neu-
rl Clin. 2018;36:675. [PMID: 30072076]

IDIOPATHIC INTRACRANIAL HYPERTENSION
(Pseudotumor Cerebri)

E S S E N T I A L S  O F  D I A G N O S I S

» Headache, worse on straining.

» Visual obscurations or diplopia may occur.

» Examination reveals papilledema.

» Abducens palsy is commonly present.

» General Considerations

There are many auses f this disrder. Thrmbsis f the
transverse venus sinus as a mpliatin f titis media r
hrni mastiditis is ne ause, and sagittal sinus thrm-
bsis may lead t a linially similar piture. Other auses
inlude hrni pulmnary disease, systemi lupus erythe-
matsus, uremia, endrine disturbanes suh as hyp-
parathyridism, hypthyridism, r Addisn disease,
vitamin A txiity, and the use f tetrayline r ral n-
traeptives. Cases have als fllwed withdrawal f rti-
sterids after lng-term use. In mst instanes, hwever,
n speifi ause an be fund, and the disrder remits
spntaneusly after several mnths. This idipathi variety
urs mst mmnly amng verweight wmen aged
20–44. In all ases, sreening fr a spae-upying lesin
f the brain is imprtant.

» Clinical Findings

A. Symptoms and Signs

Symptms nsist f headahe, diplpia, and ther visual
disturbanes due t papilledema and abduens nerve dys-
funtin. Pulse-synhrnus tinnitus may als ur.
Examinatin reveals papilledema and sme enlargement f
the blind spts, but patients therwise lk well.

B. Imaging

Investigatins reveal n evidene f a spae-upying
lesin. CT r MRI shws small r nrmal ventriles and an
empty sella turia. MR vengraphy is imprtant in sreen-
ing fr thrmbsis f the intraranial venus sinuses. In
sme ases, stensis f ne r mre f the venus sinuses
will be bserved.

C. Laboratory Findings

Lumbar punture is neessary t nfirm the presene f
intraranial hypertensin, but the erebrspinal fluid is
nrmal. Labratry studies help exlude sme f the ther
auses mentined earlier.

» Treatment

Untreated intraranial hypertensin smetimes leads t
sendary pti atrphy and permanent visual lss. Aet-
azlamide (250–500 mg rally three times daily, inreasing
slwly t a maintenane dse f up t 4000 mg daily,
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Table 245. Autoimmune paraneoplastic disorders and their associated antibodies and tumors (listed in alphabetical
order).

Syndrome Clinicl Fetures associted antibodies Tyicl associted Tumors

Anti-NMDA receptor–

associated encephalitis

Paranoia, delusions, behavioral

disturbance, seizure, orofacial

dyskinesias, athetosis, dysau-

tonomia, hypoventilation

NMDA receptor1 Ovarian teratoma, lung, breast,

ovary, testicle

Autoimmune necrotizing

myopathy

Weakness SRP,1 HMGCR1 Lung, breast, gastrointestinal,

bladder

Autonomic neuropathy Postural hypotension,

gastroparesis

Hu, ganglionic AChR1

Cerebellar degeneration Ataxia, dysarthria, nystagmus GAD65,1 KLHL11, mGluR1,1 NIF,1 Ri, Tr,

VGCC,1 Yo

Lung, breast, thymus, ovary,

testicle, Hodgkin lymphoma

Dermatomyositis Weakness, heliotrope skin rash TIF-1 gamma Lung, breast, ovary, gastrointes-

tinal, lymphoma

Lambert-Eaton myasthenic

syndrome

Fatiguable weakness, ptosis, dip-

lopia, dry mouth, constipation

VGCC1 Lung

Limbic encephalitis/

encephalomyelitis

Short-term memory loss, halluci-

nations, seizures, behavioral

disturbance, encephalopathy

AMPA receptor,1 Caspr2,1 CV2/CRMP5,

DPPX,1 GABA
A

receptor,1 GABA
B

receptor,1 GAD65,1 GFAP,1 Hu, LGI1,1

Ma2, mGluR5,1 NIF,1 thyroglobulin1/

thyroperoxidase1

Lung, breast, thymus, ovary,

testicle, Hodgkin lymphoma

Myasthenia gravis Fatiguable weakness, ptosis,

diplopia

AChR,1 LRP4,1 MuSK1 Thymus

Myelitis Paraparesis, bowel and bladder

dysfunction; sensory level

Amphiphysin,1 aquaporin 4,1 CRMP-5,

GFAP,1 Hu, MOG,1 Yo

Lung, breast, lymphoma,

leukemia, thyroid, renal

Opsoclonus/myoclonus Erratic, conjugate saccadic eye

movements and limb

myoclonus

Ri Lung, breast, ovary, testicle,

neuroblastoma (children)

Retinopathy Vision loss Anti-recoverin, anti-retinal bipolar cell Small cell lung, melanoma

Sensorimotor neuropathy Numbness with or without weak-

ness; may be mild and chronic

or acute and severe

Hu, MAG

Sensory neuronopathy Pain, numbness, sensory ataxia,

hearing loss

Hu Small cell lung

Stiff person syndrome Co-contraction of antagonist and

agonist muscles

Amphiphysin,1 GAD65,1 GlyR1 Small cell lung, breast, thymus,

lymphoma

1Can occur in absence of tumor.

AChR, acetylcholine receptor; AMPA, alpha-amino-3-hydroxy-5-methylisoxazole-4-propionic acid; Caspr2, contactin associated protein-like

2; CRMP, collapsin response-mediator protein; DPPX, dipeptidyl-peptidase-like protein-6; GABA, gamma-aminobutyric acid; GAD, glutamic

acid decarboxylase; GFAP, glial fibrillary acidic protein; GlyR, glycine receptor; HMGCR, 3-hydroxy-3-methylglutaryl-coenzyme A reductase;

KLHL11, kelch-like protein 11; LGI1, leucine rich glioma inactivated; LRP4, low-density lipoprotein receptor-related protein 4; mGluR,

metabotropic glutamate receptor; MAG, myelin-associated glycoprotein; MOG, myelin oligodendrocyte glycoprotein; MuSK, Muscle-

specific tyrosine kinase; NIF, neuronal intermediate filament; NMDA, N-methyl-D-aspartate; SRP, signal recognition particle; TIF-1, human

transcription intermediary factor-1; VGCC, voltage-gated calcium channel.

divided tw t fur times daily) redues frmatin f ere-
brspinal fluid. Like aetazlamide, the antiepilepti medi-
atin tpiramate (Table 24–2) is a arbni anhydrase
inhibitr and was shwn t be similarly effetive in an
pen label study; tpiramate has the added benefit f aus-
ing weight lss. Fursemide (20–40 mg daily) may be help-
ful as adjunt therapy. Crtisterids (eg, prednisne
60–80 mg daily) are smetimes presribed, but side effets
and the risk f relapse n withdrawal have disuraged

their use. Obese patients shuld be advised t lse weight.
Repeated lumbar punture t lwer the intraranial pres-
sure by remval f erebrspinal fluid is effetive as a
temprizing measure, but pharmalgi apprahes t
treatment prvide better lng-term relief. Treatment is
mnitred by heking visual auity and visual fields, fun-
duspi appearane, and pressure f the erebrspinal
fluid. The disrder may wrsen after a perid f stability,
indiating the need fr lng-term fllw-up.
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If medial treatment fails t ntrl the intraranial
pressure, surgial plaement f a lumbperitneal r ven-
triulperitneal shunt r pti nerve sheath fenestratin
shuld be undertaken t preserve visin. Venus sinus
stenting is an inreasingly aepted therapeuti ptin fr
dural venus sinus stensis.

In additin t the abve measures, any speifi ause f
intraranial hypertensin requires apprpriate treatment.
Thus, hrmne therapy shuld be initiated if there is an
underlying endrine disturbane. Disntinuing the use
f tetrayline, ral ntraeptives, r vitamin A will allw
fr reslutin f intraranial hypertensin due t these
agents. If rtisterid withdrawal is respnsible, the
mediatin shuld be reintrdued and then tapered mre
gradually.

» When to Refer

All patients shuld be referred.

» When to Admit

All patients with wrsening visin requiring shunt plae-
ment r pti nerve sheath fenestratin shuld be
hspitalized.

Kalyvas A et al. A systemati review f surgial treatments f
idipathi intraranial hypertensin (IIH). Neursurg Rev.
2021;44:773. [PMID: 32335853]

Madriz Peralta G et al. An update f idipathi intraranial
hypertensin. Curr Opin Ophthalml. 2018;29:495. [PMID:
30169466]

SELECTED NEUROCUTANEOUS DISEASES

Beause the nervus system develps frm the epithelial
layer f the embry, a number f ngenital diseases
inlude bth neurlgi and utaneus manifestatins.
Amng these disrders, three are disussed belw, and vn
Hippel-Lindau disease is disussed in Chapter 26.

1. Tuberous Sclerosis

Tuberus slersis may ur spradially r n a familial
basis with autsmal dminant inheritane. Neurlgi
presentatin is with seizures and prgressive psyhmtr
retardatin beginning in early hildhd. The utaneus
abnrmality adenma sebaeum bemes manifest usually
between 5 and 10 years f age and typially nsists f red-
dened ndules n the fae (heeks, naslabial flds, sides f
the nse, and hin) and smetimes n the frehead and
nek. Other typial utaneus lesins inlude subungual
fibrmas, shagreen pathes (leathery plaques f subepider-
mal fibrsis, situated usually n the trunk), and leaf-shaped
hyppigmented spts. Assiated abnrmalities inlude
retinal lesins and tumrs, benign rhabdmymas f the
heart, lung ysts, benign tumrs in the visera, and bne
ysts.

The disease is slwly prgressive and leads t inreasing
mental deteriratin. Antinvulsants are indiated t
ntrl seizures. Everlimus, a mammalian target f

rapamyin (mTOR) inhibitr, is apprved in the United States
and Eurpe fr medially refratry epilepsy and subepen-
dymal giant ell astrytmas due t tuberus slersis.

2. Neurofibromtosis

Neurfibrmatsis may ur either spradially r n a
familial basis with autsmal dminant inheritane. Tw
distint frms are regnized: Type 1 (Recklinghausen
disease) is haraterized by multiple hyperpigmented ma-
ules, Lish ndules, and neurfibrmas, and results frm
mutatins in the NF1 gene n hrmsme 17. Type 2 is
haraterized by bilateral eighth nerve tumrs, ften
ampanied by ther intraranial r intraspinal tumrs,
and is assiated with mutatins in the NF2 (merlin) gene
n hrmsme 22.

Neurlgi presentatin is usually with symptms and
signs f tumr. Multiple neurfibrmas harateristially
are present and may invlve spinal r ranial nerves, espe-
ially the eighth nerve. Examinatin f the superfiial
utaneus nerves usually reveals palpable mbile ndules.
In sme ases, there is marked vergrwth f subutaneus
tissues (plexifrm neurmas), smetimes with an underly-
ing bny abnrmality. Assiated utaneus lesins inlude
axillary frekling and pathes f utaneus pigmentatin
(café au lait spots). Malignant degeneratin f neurfibr-
mas asinally urs and may lead t peripheral sar-
mas. Meningimas, glimas (espeially pti nerve
glimas), bne ysts, phehrmytmas, slisis, and
bstrutive hydrephalus may als ur. Selumetinib
(25 mg/m2 rally twie daily), a mitgen-ativated prtein
kinase inhibitr, auses plexifrm neurfibrmas t shrink
by at least 20% in tw-thirds f patients and is apprved by
the FDA fr treatment f inperable plexifrm neurfibr-
mas in hildren 2 years f age and lder. Studies in adults
are nging.

3. Sturge-Weber Syndrome

Sturge-Weber syndrme nsists f a ngenital, usually
unilateral, utaneus apillary angima invlving the
upper fae, leptmeningeal angimatsis, and, in many
patients, hridal angima. It has n sex prediletin and
usually urs spradially. The utaneus angima sme-
times has a mre extensive distributin ver the head and
nek and is ften quite disfiguring, espeially if there is
assiated vergrwth f nnetive tissue. Fal r gener-
alized seizures are the usual neurlgi presentatin and
may mmene at any age. There may be ntralateral
hmnymus hemianpia, hemiparesis and hemisensry
disturbane, ipsilateral glauma, and mental subnrmal-
ity. Skull radigraphs taken after the first 2 years f life
usually reveal gyrifrm (“tramline”) intraranial alifia-
tin, espeially in the pariet-ipital regin, due t min-
eral depsitin in the rtex beneath the intraranial
angima.

Treatment is aimed at ntrlling seizures pharma-
lgially (Table 24–2), but surgial treatment may be ne-
essary. Ophthalmlgi advie shuld be sught nerning
the management f hridal angima and f inreased
intraular pressure.
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MOVEMENT DISORDERS

1. Essentil (Fmilil) Tremor

E S S E N T I A L S  O F  D I A G N O S I S

» Postural tremor of hands, head, or voice.

» Family history common.

» May improve temporarily with alcohol.

» No abnormal findings other than tremor.

» General Considerations

The ause f essential tremr is unertain, but it is sme-
times inherited in an autsmal dminant manner.

» Clinical Findings

Tremr may begin at any age and is enhaned by emtinal
stress. The tremr usually invlves ne r bth hands, the
head, r the hands and head, while the legs tend t be
spared. The tremr is nt present at rest, but emerges with
atin. Examinatin reveals n ther abnrmalities. Inges-
tin f a small quantity f alhl mmnly prvides
remarkable but shrt-lived relief by an unknwn
mehanism.

The tremr typially bemes mre nspiuus with
time. Oasinally, it interferes with manual skills and
leads t impairment f handwriting. Speeh may als be
affeted if the laryngeal musles are invlved.

» Treatment

Treatment is ften unneessary. When it is required
beause f disability, prpranll (60–240 mg daily rally)
may be helpful. Lng-term therapy is typial; hwever,
intermittent therapy is smetimes useful in patients whse
tremr bemes exaerbated in speifi preditable situa-
tins. Primidne may be helpful when prpranll is inef-
fetive, but patients with essential tremr are ften very
sensitive t it. Therefre, the starting dse is 50 mg daily
rally, and the daily dse is inreased by 50 mg every
2 weeks depending n the patient’s respnse; a mainte-
nane dse f 125 mg three times daily rally is mmnly
effetive. Oasinal patients d nt respnd t these mea-
sures but are helped by alprazlam (up t 3 mg daily rally
in divided dses), tpiramate (titrated up t a dse f
400 mg daily rally in divided dses ver abut 8 weeks),
r gabapentin (1800 mg daily rally in divided dses).
Btulinum txin A may redue tremr, but adverse effets
inlude dse-dependent weakness f the injeted musles.

Disabling tremr unrespnsive t medial treatment
may be helped by high-frequeny thalami stimulatin
(“deep brain stimulatin”) n ne r bth sides, arding
t the laterality f symptms. Fused transranial ultra-
sund thalamtmy using MRI guidane is als effetive,
as is steretati radisurgery fr unilateral upper extrem-
ity tremr.

» When to Refer

• When refratry t first-line treatment with prpran-
ll r primidne.

• When additinal neurlgi signs are present (ie,
parkinsnism).

» When to Admit

Patients requiring surgial treatment (deep brain stimula-
tr plaement) shuld be hspitalized.

Haubenberger D et al. Essential tremr. N Engl J Med. 2018;378:
1802. [PMID: 29742376]

2. prkinson Disese

E S S E N T I A L S  O F  D I A G N O S I S

» Any combination of tremor, rigidity, bradykinesia,
and progressive postural instability (“parkinsonism”).

» Cognitive impairment is sometimes prominent.

» General Considerations

Parkinsnism is a relatively mmn disrder that urs
in all ethni grups, with an apprximately equal sex distri-
butin. The mst mmn variety, idipathi Parkinsn
disease, begins mst ften between 45 and 65 years f age
and is a prgressive disease.

» Etiology

Parkinsnism may rarely ur n a familial basis, and the
parkinsnian phentype may result frm mutatins f
several different genes. Pstenephaliti parkinsnism is
beming inreasingly rare. Expsure t ertain txins (eg,
manganese dust, arbn disulfide) and severe arbn mn-
xide pisning may lead t parkinsnism. Reversible
parkinsnism may develp in patients reeiving neurlep-
ti mediatins (see Chapter 25), reserpine, r metl-
pramide. Only rarely is hemiparkinsnism the presenting
feature f a prgressive spae-upying lesin.

In idipathi Parkinsn disease, dpamine depletin
due t degeneratin f the dpaminergi nigrstriatal sys-
tem leads t an imbalane f dpamine and aetylhline,
whih are neurtransmitters nrmally present in the r-
pus striatum. Treatment f the mtr disturbane is
direted at redressing this imbalane by blking the effet
f aetylhline with antihlinergi mediatins r by the
administratin f levdpa, the preursr f dpamine.
Prir use f ibuprfen is assiated with a decreased risk f
develping Parkinsn disease; age, family histry, male sex,
nging herbiide/pestiide expsure, and signifiant prir
head trauma are risk fatrs.

» Clinical Findings

Tremor, rigidity, bradykinesia, and postural instability
are the ardinal mtr features f parkinsnism and may
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be present in any mbinatin. Nnmtr manifestatins
inlude affetive disrders (depressin, anxiety, and apa-
thy), psyhsis, gnitive hanges, fatigue, sleep disrders,
ansmia, autnmi disturbanes, sensry mplaints r
pain, and sebrrhei dermatitis. Dementia r mild gni-
tive impairment will eventually develp in many patients.

The tremr f abut fur t six yles per send is most
conspicuous at rest, is enhaned by emtinal stress, and is
ften less severe during vluntary ativity. Althugh it may
ultimately be present in all limbs, the tremr is mmnly
nfined t ne limb r t the limbs n ne side fr mnths
r years befre it bemes mre generalized. In sme
patients, tremr is absent.

Rigidity (an inrease in resistane t passive mvement)
is respnsible fr the harateristially flexed psture seen
in many patients, but the mst disabling symptms f par-
kinsnism are due t bradykinesia, manifested as a slwness
f vluntary mvement and a redutin in autmati mve-
ments suh as swinging f the arms while walking. Curi-
usly, hwever, effetive vluntary ativity may briefly be
regained during an emergeny (eg, the patient is able t leap
aside t avid an nming mtr vehile).

Clinial diagnsis f the well-develped syndrme is
usually simple. The patient has a relatively immbile fae
with widened palpebral fissures, infrequent blinking, and a
fixity f faial expressin. Sebrrhea f the salp and fae is
mmn. There is ften mild blepharlnus, and a tremr
may be present abut the muth and lips. Repetitive tap-
ping (abut twie per send) ver the bridge f the nse
prdues a sustained blink respnse (Myerson sign). Other
findings may inlude saliva drling frm the muth, per-
haps due t impairment f swallwing; sft and prly
mdulated vie; a variable rest tremr and rigidity in sme
r all f the limbs; slwness f vluntary mvements;
impairment f fine r rapidly alternating mvements; and
mirgraphia. There is typially n musle weakness (pr-
vided that suffiient time is allwed fr pwer t be devel-
ped) and n alteratin in the tendn reflexes r plantar
respnses. It is diffiult fr the patient t arise frm a sitting
psitin and begin walking. The gait itself is haraterized
by small shuffling steps and a lss f the nrmal autmati
arm swing; there may be unsteadiness n turning, diffiulty
in stpping, and a tendeny t fall.

» Differential Diagnosis

Diagnsti prblems may ur in mild ases, espeially if
tremr is minimal r absent. Fr example, mild hypkinesia
r slight tremr is mmnly attributed t ld age. Depres-
sin, with its assiated expressinless fae, prly mdu-
lated vie, and redutin in vluntary ativity, an be
diffiult t distinguish frm mild parkinsnism, espeially
sine the tw disrders may exist. The family histry, the
harater f the tremr, and lak f ther neurlgi signs
shuld distinguish essential tremr frm parkinsnism.
Wilsn disease an be distinguished by its early age at nset,
the presene f ther abnrmal mvements, Kayser-
Fleisher rings, and hrni hepatitis, and by inreased
nentratins f pper in the tissues. Huntingtn disease
presenting with rigidity and bradykinesia may be mistaken

fr parkinsnism unless the family histry and ampany-
ing dementia are regnized. In multisystem atrphy (pre-
viusly alled the Shy-Drager syndrme), autnmi
insuffiieny (leading t pstural hyptensin, anhidrsis,
disturbanes f sphinter ntrl, eretile dysfuntin, et)
may be ampanied by parkinsnism, pyramidal defiits,
lwer mtr neurn signs, r erebellar dysfuntin. In
prgressive supranulear palsy, bradykinesia and rigidity
are ampanied by a supranulear disrder f eye mve-
ments, pseudbulbar palsy, pseud-emtinal lability
(pseudbulbar affet), and axial dystnia. Creutzfeldt-Jakb
disease may be ampanied by features f parkinsnism,
but prgressin is rapid, dementia is usual, mylni jerk-
ing is mmn, ataxia and pyramidal signs may be n-
spiuus, and the MRI and eletrenephalgraphi
findings are usually harateristi. In rtibasal degener-
atin, asymmetri parkinsnism is ampanied by n-
spiuus signs f rtial dysfuntin (eg, apraxia, sensry
inattentin, dementia, aphasia). Diffuse Lewy bdy disease
is haraterized by prminent visual halluinatins and
gnitive impairment that begin befre r within 1 year f
nset f the mtr features f parkinsnism.

» Treatment

Treatment is symptmati. There is great interest in devel-
ping disease-mdifying therapies, but trials f several
putative neurprtetive agents have shwn n benefit. Tri-
als f varius gene therapies have shwn limited r n
benefit.

A. Medical Measures

Mediatin is nt required early in the urse f Parkinsn
disease, but the nature f the disrder and the availability f
medial treatment fr use when neessary shuld be dis-
ussed with the patient.

1. Amantadine—Patients with mild symptms but n dis-
ability may be helped by amantadine (100 mg rally tw t
three times daily [immediate release] r ne daily
[extended release]). This mediatin imprves all f the
linial features f parkinsnism, but its mde f atin is
unlear. Side effets are unmmn but may inlude rest-
lessness, nfusin, depressin, skin rashes, edema, nausea,
nstipatin, anrexia, pstural hyptensin, and distur-
banes f ardia rhythm. It als amelirates dyskinesias
resulting frm lng-term levdpa therapy.

2. Levodopa—Levdpa, whih is nverted in the bdy t
dpamine, imprves all f the majr features f parkinsn-
ism, inluding bradykinesia, but does not stop progression f
the disrder. The mst mmn early side effets f
levdpa are nausea, vmiting, and hyptensin, but ar-
dia arrhythmias may als ur. Dyskinesias, restlessness,
nfusin, and ther behaviral hanges tend t ur
smewhat later and beme mre mmn with time.
Levodopa-induced dyskinesias may take any neivable
frm, inluding hrea, athetsis, dystnia, tremr, tis, and
mylnus. An even later mpliatin is the wearing off
effect r the on-off phenomenon, in whih abrupt but
transient flutuatins in the severity f parkinsnism ur
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unpreditably but frequently during the day. The “off ”
period of marked bradykinesia has been shwn t relate in
sme instanes t falling plasma levels f levdpa. During
the “on” phase, dyskinesias are ften nspiuus but
mbility is inreased. Hwever, suh respnse flutuatins
may relate t advaning disease rather than t levdpa
therapy itself.

Carbidpa, whih inhibits the enzyme respnsible fr
the breakdwn f levdpa t dpamine, des nt rss the
bld-brain barrier. When levdpa is given in mbina-
tin with arbidpa, the extraerebral breakdwn f
levdpa is diminished. This redues the amunt f
levdpa required daily fr benefiial effets, and it lwers
the inidene f nausea, vmiting, hyptensin, and ardia
irregularities. Suh a mbinatin des nt prevent the
develpment f respnse flutuatins and the inidene f
ther side effets (dyskinesias r psyhiatri mpliatins)
may atually be inreased.

Sinemet, a mmerially available preparatin that n-
tains arbidpa and levdpa in a fixed rati (1:10 r 1:4),
is generally used. Treatment is started with a small dse—
eg, ne tablet f Sinemet 25/100 (ntaining 25 mg f ar-
bidpa and 100 mg f levdpa) three times daily—and
gradually inreased depending n the respnse. Sinemet
CR is a ntrlled-release frmulatin (ntaining 25 r
50 mg f arbidpa and 100 r 200 mg f levdpa). It is
mainly useful when taken at bedtime t lessen mtr dis-
ability upn awakening. A frmulatin f arbidpa/
levdpa (Rytary) ntaining bth immediate- and delayed-
release beads prvides a smther respnse in patients with
flutuatins. The mmerially available mbinatin f
levdpa with bth arbidpa and entaapne (Stalev)
may als be helpful in this ntext and is disussed in the
fllwing setin n COMT inhibitrs. Respnse flutua-
tins are als redued by keeping the daily intake f protein
at the remmended minimum and taking the main prtein
meal as the last meal f the day. A ntinuus infusin f a
arbidpa-levdpa enteral suspensin thrugh a peruta-
neus gastrjejunstmy tube by a prtable infusin pump
redues “ff ” time in patients with advaned Parkinsn
disease. Levdpa an als be taken by inhalatin (Inbrija)
as a resue mediatin fr patients develping severe akine-
sia (ff perids). Benefit urs abut 10 minutes after
inhalatin. Side effets inlude ugh, upper respiratry
trat infetin, nausea, and dislred sputum.

The dyskinesias and behaviral side effets f levdpa
are dse-related, but redutin in dse may eliminate any
therapeuti benefit. Levdpa-indued dyskinesias may
als respnd t amantadine.

Levdpa therapy is ntraindiated in patients with
psyhti illness r narrw-angle glauma. It shuld nt
be given t patients taking mnamine xidase A inhibitrs
r within 2 weeks f their withdrawal, beause hypertensive
rises may result. Sudden disntinuatin f levdpa an
preipitate neurlepti malignant syndrme and shuld be
avided.

3. Dopamine agonists—Dpamine agnists, suh as
pramipexle and rpinirle, at diretly n dpamine
reeptrs, and their use in parkinsnism is assiated with
a lwer inidene f the respnse flutuatins and

dyskinesias that ur with lng-term levdpa therapy.
They are effetive in bth early and advaned stages f Par-
kinsn disease. They are ften given either befre the intr-
dutin f levdpa r with a lw dse f Sinemet 25/100
(arbidpa 25 mg and levdpa 100 mg, ne tablet three
times daily) when dpaminergi therapy is first intrdued;
the dse f Sinemet is kept nstant, while the dse f the
agnist is gradually inreased.

Pramipexle is started at a dsage f 0.125 mg three
times daily rally, and the dse is built up gradually t
between 0.5 and 1.5 mg three times daily. Rpinirle is
begun at 0.25 mg three times daily rally and gradually
inreased; mst patients require between 2 and 8 mg three
times daily fr benefit. Extended-release, ne-daily frmu-
latins f pramipexle and rpinirle have similar effiay
and tlerability as the immediate release versins. Rtig-
tine is a dpamine agnist absrbed transdermally frm a
skin path; it is started at 2 mg ne daily and inreased
weekly by 2 mg daily until ahieving an ptimal respnse,
up t a maximum f 8 mg daily. Adverse effets f these
varius agnists inlude fatigue, smnlene, nausea,
peripheral edema, dyskinesias, nfusin, and pstural
hyptensin. Less mmnly, an irresistible urge t sleep
may ur, smetimes in inapprpriate and hazardus ir-
umstanes. Impulse ntrl disrders invlving gambling,
shpping, r sexual ativity als ur. Lal skin reatins
may ur with the rtigtine path. The dopamine ago-
nist withdrawal syndrome develps asinally in
patients in whm a dpamine agnist is tapered. It nsists
f a mbinatin f distressing physial and psyhlgial
symptms that are refratry t levdpa and ther dpa-
minergi mediatins and may persist fr mnths r lnger.
There is n effetive treatment. The dpamine agnist
shuld be reintrdued and tapered mre gradually if
pssible.

4. Selective monoamine oxidase inhibitors—Rasagiline, a
seletive mnamine xidase B inhibitr, has a lear symp-
tmati benefit in sme patients at a daily ral dse f 1 mg,
taken in the mrning; it may als be used fr adjuntive
therapy in patients with respnse flutuatins t levdpa.
Selegiline (5 mg rally with breakfast and lunh) and safin-
amide (50 mg rally daily, inreased t 100 mg daily after
14 days) are als apprved as adjuntive treatments. By
inhibiting the metabli breakdwn f dpamine, these
mediatins may imprve flutuatins r delining respnse
t levdpa.

Studies have suggested (but failed t shw nlusively)
that rasagiline may slw the prgressin f Parkinsn dis-
ease, and it appears t delay the need fr ther symptmati
therapies. Fr these reasns, rasagiline is ften started early,
partiularly fr patients wh are yung r have mild dis-
ease. Hwever, the FDA has rejeted an expansin f rasa-
giline’s indiatin t inlude disease mdifiatin.

5. COMT inhibitors—Catehlamine-O-methyltransferase
(COMT) inhibitrs redue the metablism f levdpa t
3-O-methyldpa and thereby alter the plasma pharmaki-
netis f levdpa, leading t mre sustained plasma levels
and mre nstant dpaminergi stimulatin f the brain.
Treatment with entaapne r tlapne results in redued
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respnse flutuatins, with a greater perid f respnsive-
ness t administered levdpa. Tlapne is given in a
dsage f 100 mg r 200 mg three times daily rally, and
entaapne is given as 200 mg with eah dse f Sinemet.
Opiapne, a lng-ating, peripherally seletive COMT
inhibitr, is taken ne daily (50 mg) at bedtime at least 1
hur befre and after eating. The dse f Sinemet taken
nurrently may have t be redued by up t ne-third t
avid side effets. Diarrhea is smetimes trublesme.
Beause rare ases f fulminant hepati failure have fl-
lwed its use, tlapne shuld be avided in patients with
preexisting liver disease. Serial liver bihemial tests
shuld be perfrmed at 2-week intervals fr the first year
and at lnger intervals thereafter in patients reeiving the
mediatin—as remmended by the manufaturer. Seri-
us hepattxiity has nt been reprted with entaapne
r piapne.

Stalev is the mmerial preparatin f levdpa m-
bined with bth arbidpa and entaapne. It is best used
in patients already stabilized n equivalent dses f arbi-
dpa/levdpa and entaapne. It is pried at r belw the
prie f the individual ingredients (ie, arbidpa/levdpa
and entaapne) and has the added nveniene f requir-
ing fewer tablets t be taken daily. It is available in three
strengths: Stalev 50 (12.5 mg f arbidpa, 50 mg f
levdpa, and 200 mg f entaapne), Stalev 100 (25 mg
f arbidpa, 100 mg f levdpa, and 200 mg f entaa-
pne), and Stalev 150 (37.5 mg f arbidpa, 150 mg f
levdpa, and 200 mg f entaapne).

6. Istradefylline—This adensine A
2A

reeptr antagnist
(20–40 mg rally ne daily) is given t patients taking
levdpa r a dpamine agnist t redue ff time; ttal ff
time is typially redued by less than 1 hur per day.

7. Anticholinergic medications—Antihlinergis are
mre helpful in alleviating tremr and rigidity than brady-
kinesia. Trihexyphenidyl and benztrpine are mmnly
used frmulatins. Treatment is started with a small dse
and gradually inreased until benefit urs r side effets
limit further inrements. If treatment is ineffetive, the
mediatin is gradually withdrawn and anther prepara-
tin then tried. Hwever, these mediatins are ften
prly tlerated, espeially in lder adults.

Side effets limit the rutine use f these mediatins,
and inlude dryness f the muth, nausea, nstipatin,
palpitatins, ardia arrhythmias, urinary retentin, n-
fusin, agitatin, restlessness, drwsiness, mydriasis,
inreased intraular pressure, and defetive ammda-
tin. Antihlinergi mediatins are ntraindiated in
patients with prstati hyperplasia, narrw-angle glau-
ma, r bstrutive gastrintestinal disease and are ften
tlerated prly by the elderly. They are best avided
whenever gnitive impairment r a predispsitin t
delirium exists.

8. Antipsychotics—Cnfusin and psyhti symptms
may ur as a side effet f dpaminergi therapy r as a
part f the underlying illness. Pimavanserin (34 mg ne
daily), a sertnin(2A) agnist, is apprved by the FDA
speifially fr treating the psyhsis f Parkinsn disease.
This may als respnd t the atypial antipsyhti agents

lzapine and quetiapine, whih have few extrapyramidal
side effets and d nt blk the effets f dpaminergi
mediatin. Clzapine may rarely ause marrw suppres-
sin, and weekly bld unts are therefre neessary fr
patients taking it. The patient is started n 6.25 mg at
bedtime and the dsage inreased t 25–100 mg/day as
needed. In lw dses, it may als imprve iatrgeni
dyskinesias. Typical antipsychotic agents and the second-
generation antipsychotic agents risperidone and olanzapine
may cause worsening of motor symptoms and should be
avoided.

B. General Measures

Physial therapy r speeh therapy helps many patients.
Cgnitive impairment and psyhiatri symptms may be
helped by a hlinesterase inhibitr, suh as rivastigmine
(3–12 mg rally daily r 4.6 r 9.5 mg/24 hurs transder-
mally daily). The quality f life an ften be imprved by
the prvisin f simple aids t daily living, eg, rails r ban-
isters plaed strategially abut the hme, speial table
utlery with large handles, nnslip rubber table mats, and
devies t amplify the vie.

C. Stimulation and Ablative Treatments

High-frequeny stimulatin f the subthalami nulei r
glbus pallidus internus may benefit many f the mtr
features f the disease but des nt affet its natural histry.
Eletrial stimulatin f the brain has the advantage ver
ablative thalamtmy and pallidtmy predures f being
reversible and f ausing minimal r n damage t the
brain, and is therefre the preferred surgial apprah t
treatment. It is reserved fr patients withut gnitive
impairment r psyhiatri disrder wh have a gd
respnse t levdpa, but in whm dyskinesias r respnse
flutuatins are prblemati. It frequently takes 3–6 mnths
after surgery t adjust stimulatr prgramming and t
ahieve ptimal results. Side effets inlude depressin,
apathy, impulsivity, exeutive dysfuntin, and dereased
verbal flueny in a subset f patients. Fused ultrasund
thalamtmy r steretati radisurgery may help
patients with medially refratry tremr-predminant
parkinsnism wh are relutant t underg surgery.

D. Gene Therapy

Injetins f aden-assiated viruses ending varius
human genes have been made int the subthalami nuleus
r putamen in varius linial trials. These apprahes may
be useful in the future but remain experimental.

» When to Refer

All patients shuld be referred.

» When to Admit

Patients requiring surgial treatment shuld be admitted.

Mithell KT et al. Surgial treatment f Parkinsn disease. Neu-
rl Clin. 2020;38:293. [PMID: 32279711]
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Rughani A et al. Cngress f Neurlgial Surgens systemati
review and evidene-based guideline n subthalami nuleus
and glbus pallidus internus deep brain stimulatin fr the
treatment f patients with Parkinsn’s disease: exeutive sum-
mary. Neursurgery. 2018;82:753. [PMID: 29538685]

3. huntington Disese

E S S E N T I A L S  O F  D I A G N O S I S

» Gradual onset and progression of chorea and
dementia or behavioral change.

» Family history of the disorder.

» Responsible gene identified on chromosome 4.

» General Considerations

Huntingtn disease is haraterized by chorea and
dementia. It is inherited in an autsmal dminant manner
and urs thrughut the wrld, in all ethni grups, with
a prevalene rate f abut 5 per 100,000. There is an
expanded and unstable CAG trinuletide repeat in the
huntingtin gene at 4p16.3; lnger repeat lengths rre-
spnd t an earlier age f nset and faster disease
prgressin.

» Clinical Findings

A. Symptoms and Signs

Clinial nset is usually between 30 and 50 years f age.
The disease is prgressive and usually leads t a fatal ut-
me within 15–20 years. The initial symptms may n-
sist f either abnrmal mvements r intelletual hanges,
but ultimately bth ur. The earliest mental hanges are
ften behaviral, with irritability, mdiness, antisial
behavir, r a psyhiatri disturbane, but a mre bvius
dementia subsequently develps. The dyskinesia may ini-
tially be n mre than an apparent fidgetiness r restless-
ness, but eventually hreifrm mvements and sme
dystni psturing ur. A parkinsnian syndrme with
prgressive rigidity and akinesia (rather than hrea)
smetimes urs in assiatin with dementia, espeially
in ases with hildhd nset. The diagnsis is established
with a widely available geneti test, althugh suh testing
shuld be pursued under the guidane f a liensed geneti
unselr.

B. Imaging

CT sanning r MRI usually demnstrates erebral atrphy
and atrphy f the audate nuleus in established ases.
Psitrn emissin tmgraphy (PET) has shwn redued
striatal metabli rate.

» Differential Diagnosis

Chrea develping with n family histry f hreathetsis
shuld nt be attributed t Huntingtn disease, at least nt
until ther auses f hrea have been exluded linially

and by apprpriate labratry studies. Nngeneti auses
f hrea inlude strke, systemi lupus erythematsus and
antiphsphlipid antibdy syndrme, paraneplasti syn-
drmes, infetin with HIV, and varius mediatins. In
yunger patients, self-limiting Sydenham hrea develps
after grup A streptal infetins n rare asins. If
a patient presents slely with prgressive intelletual fail-
ure, it may nt be pssible t distinguish Huntingtn dis-
ease frm ther auses f dementia unless there is a
harateristi family histry r a dyskinesia develps.

Huntington disease–like (HDL) disorders resemble
Huntingtn disease but are aused by ther geneti muta-
tins. A linially similar autsmal dminant disrder
(dentatorubral-pallidoluysian atrophy), manifested by
hrea, dementia, ataxia, and mylni epilepsy, is
unmmn exept in persns f Japanese anestry. Treat-
ment is as fr Huntingtn disease.

» Treatment

There is n ure fr Huntingtn disease; prgressin an-
nt be halted; and treatment is purely symptmati,
althugh studies f antisense lignuletides inhibiting
prdutin f mutant huntingtin prtein are nging. The
reprted bihemial hanges suggest a relative undera-
tivity f neurns ntaining GABA and aetylhline r a
relative verativity f dpaminergi neurns. Tetrabena-
zine, a mediatin that interferes with the vesiular strage
f bigeni amines, is widely used t treat the dyskinesia.
The starting dse is 12.5 mg twie r three times daily
rally, inreasing by 12.5 mg every 5 days depending n
respnse and tlerane; the usual maintenane dse is
25 mg three times daily. Side effets inlude depressin,
pstural hyptensin, drwsiness, and parkinsnian fea-
tures; tetrabenazine shuld nt be given within 14 days f
taking mnamine xidase inhibitrs and is nt indiated
fr the treatment f levdpa-indued dyskinesias. Reser-
pine is similar in depleting entral mnamines but has
mre peripheral effets and a wrse side-effet prfile,
making its use prblemati in Huntingtn disease; if utilized,
the dse is built up gradually t between 2 mg and 5 mg
rally daily, depending n the respnse. Deutetrabenazine
is als effetive in reduing hrea in Huntingtn disease
and may have fewer side effets than tetrabenazine but
diret mparisns are laking. The starting dse is 6 mg
ne daily rally, inreased t 6 mg twie daily after 1 week
and by 6-mg inrements weekly thereafter, t a maximum
f 24 mg twie daily. Treatment with mediatins blking
dpamine reeptrs, suh as phenthiazines r halperidl,
may ntrl the dyskinesia and any behaviral distur-
banes. Halperidl treatment is usually begun with a dse
f 1 mg ne r twie daily rally, whih is then inreased
every 3 r 4 days depending n the respnse; alternatively,
atypial antipsyhti agents suh as quetiapine (inreasing
frm 25 mg daily rally up t 100 mg twie daily rally as
tlerated) may be tried. Amantadine in a dse f 200 mg t
400 mg daily rally is smetimes helpful fr hrea. Deep
brain stimulatin has been used suessfully t treat hrea
in a small number f patients. Behaviral disturbanes may
respnd t lzapine. Attempts t mpensate fr the rela-
tive GABA defiieny by enhaning entral GABA ativity
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r t mpensate fr the relative hlinergi underativity
by giving hline hlride have nt been therapeutially
helpful.

Offspring shuld be ffered geneti unseling. Geneti
testing permits presymptmati detetin and definitive
diagnsis f the disease.

» When to Refer

All patients shuld be referred.

Tabrizi SJ et al; Phase 1–2a IONIS-HTTRx Study Site Teams.
Targeting huntingtin expressin in patients with Huntingtn’s
disease. N Engl J Med. 2019;380:2307. [PMID: 31059641]

4. Idiotic Torsion Dystoni

E S S E N T I A L S  O F  D I A G N O S I S

» Dystonic movements and postures.

» Normal birth and developmental history. No other
neurologic signs.

» Investigations (including CT scan or MRI) reveal no
cause of dystonia.

» General Considerations

Idipathi trsin dystnia may ur spradially r n a
hereditary basis, with autsmal dminant, autsmal
reessive, and X-linked reessive mdes f transmissin.
Symptms may begin in hildhd r later and persist
thrughut life.

» Clinical Findings

The disrder is haraterized by the nset f abnrmal
mvements and pstures in a patient with a nrmal birth
and develpmental histry, n relevant past medial ill-
ness, and n ther neurlgi signs. Investigatins (inlud-
ing CT san) reveal n ause fr the abnrmal mvements.
Dystni mvements f the head and nek may take the
frm f trtillis, blepharspasm, faial grimaing, r
fred pening r lsing f the muth. The limbs may
als adpt abnrmal but harateristi pstures. The age at
nset influenes bth the linial findings and the prgn-
sis. With nset in hildhd, there is usually a family his-
try f the disrder, symptms mmnly mmene in
the legs, and prgressin is likely until there is severe dis-
ability frm generalized dystnia. In ntrast, when nset
is later, a psitive family histry is unlikely, initial symp-
tms are ften in the arms r axial strutures, and severe
disability des nt usually ur, althugh generalized
dystnia may ultimately develp in sme patients. If all
ases are nsidered tgether, abut ne-third f patients
eventually beme s severely disabled that they are n-
fined t hair r bed, while anther ne-third are affeted
nly mildly.

» Differential Diagnosis

Perinatal anxia, birth trauma, and kerniterus are m-
mn auses f dystnia, but abnrmal mvements usually
then develp befre the age f 5, the early develpment f
the patient is usually abnrmal, and a histry f seizures is
nt unusual. Mrever, examinatin may reveal signs f
mental retardatin r pyramidal defiit in additin t the
mvement disrder. Dystni psturing may als ur in
Wilsn disease, Huntingtn disease, r parkinsnism; as a
sequela f enephalitis lethargia r previus neurlepti
mediatin therapy; and in ertain ther disrders. In
these ases, diagnsis is based n the histry and ampa-
nying linial manifestatins.

» Treatment

Idipathi trsin dystnia usually respnds prly t
mediatins. A distint variety f dminantly inherited dys-
tnia is remarkably respnsive t levdpa; therefre, a
levdpa trial is warranted in all patients. Failing this, diaze-
pam, balfen, arbamazepine, amantadine, r antihliner-
gi mediatin suh as trihexyphenidyl r benztrpine (in
high dsage) is asinally helpful; if nt, a trial f treatment
with tetrabenazine, phenthiazines, r halperidl may be
wrthwhile. In eah ase, the dse has t be individualized,
depending n respnse and tlerane. Hwever, the dses f
these latter mediatins that are required fr benefit lead
usually t mild parkinsnism. Pallidal deep brain stimulatin
is helpful fr disabling generalized dystnia and has a lwer
mrbidity than steretati thalamtmy, whih is sme-
times helpful in patients with predminantly unilateral limb
dystnia. Ptential adverse events f deep brain stimulatin
inlude erebral infetin r hemrrhage, brken leads,
affetive hanges, and dysarthria.

» When to Refer

All patients shuld be referred.

» When to Admit

Patients requiring surgial treatment shuld be admitted.

Rdrigues FB et al. Deep brain stimulatin fr dystnia.
Chrane Database Syst Rev. 2019;1:CD012405. [PMID:
30629283]

5. Focl Torsion Dystoni

A number f the dystni manifestatins that ur in
idipathi trsin dystnia may als ur as islated phe-
nmena. They are best regarded as fal dystnias that
either ur as frmes frustes f idipathi trsin dyst-
nia in patients with a psitive family histry r represent a
fal manifestatin f the adult-nset frm f that disrder
when there is n family histry. Medial treatment is gen-
erally unsatisfatry. A trial f the mediatins used in
idipathi trsin dystnia is wrthwhile, hwever, sine a
few patients d shw sme respnse. In additin, with
restrited dystnias suh as blepharspasm r trtillis,
lal injetin f btulinum A txin int the verative
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musles may prdue wrthwhile benefit fr several weeks
r mnths and an be repeated as needed.

Bth blepharospasm and oromandibular dystonia
may ur as an islated fal dystnia. The frmer is har-
aterized by spntaneus invluntary fred lsure f the
eyelids fr a variable interval. Ormandibular dystnia is
manifested by invluntary ntratin f the musles
abut the muth ausing, fr example, invluntary pen-
ing r lsing f the muth, rving r prtruding tngue
mvements, and retratin f the platysma. Cervical dys-
tonia (spasmdi trtillis), usually with nset between
25 and 50 years f age, is haraterized by a tendeny fr
the nek t twist t ne side. This initially urs episdi-
ally, but eventually the nek is held t the side. Sme
patients have a sensry trik (“geste antagniste”) that
lessens the dystni psture, eg, tuhing the side f the
fae. Spntaneus reslutin may ur in the first year r
s. The disrder is therwise usually lifelng. Lal inje-
tin f btulinum A txin prvides benefit in mst ases.
Deep brain stimulatin f the glbus pallidus interna is an
ptin if medial treatment and btulinum txin injetin
are unsuessful.

Writer’s cramp is haraterized by dystni psturing
f the hand and frearm when the hand is used fr writing
and smetimes when it is used fr ther tasks, eg, playing
the pian r using a srewdriver r eating utensils. Media-
tin treatment is usually unrewarding, and patients are
ften best advised t learn t use the ther hand fr ativi-
ties requiring manual dexterity. Injetins f btulinum A
txin are helpful in sme instanes.

Rdrigues FB et al. Btulinum txin type A therapy fr ervial
dystnia. Chrane Database Syst Rev. 2020;11:CD003633.
[PMID: 33180963]

6. Myoclonus

Oasinal mylni jerks may ur in anyne, espeially
when drifting int sleep. General or multifocal myoclonus
is mmn in patients with idipathi epilepsy and is espe-
ially prminent in ertain hereditary disrders harater-
ized by seizures and prgressive intelletual deline, suh as
the lipid strage diseases. It is als a feature f subaute
slersing panenephalitis and Creutzfeldt-Jakb disease.
Generalized mylni jerking may ampany uremi and
ther metabli enephalpathies, result frm therapy with
levdpa r triyli antidepressants, ur in alhl r
drug withdrawal states, r fllw anxi brain damage. It
als urs n a hereditary r spradi basis as an islated
phenmenn in therwise healthy subjets.

Segmental myoclonus is a rare manifestatin f a fal
spinal rd lesin. It may als be the linial expressin f
epilepsia partialis continua, a disrder in whih a repeti-
tive fal epilepti disharge arises in the ntralateral
sensrimtr rtex, smetimes frm an underlying stru-
tural lesin. An eletrenephalgram is ften helpful in
larifying the epilepti nature f the disrder, and CT r
MRI san may reveal the ausal lesin.

Mylnus may respnd t ertain antinvulsant
mediatins, espeially valpri aid r levetiraetam, r t

ne f the benzdiazepines, partiularly lnazepam (see
Table 24–2). It may als respnd t piraetam (up t 16.8 g
daily; nt available in the United States). Mylnus fl-
lwing anxi brain damage is ften respnsive t xitrip-
tan (5-hydrxytryptphan), the preursr f sertnin,
and smetimes t lnazepam. Oxitriptan is given in
gradually inreasing dses up t 1–1.5 mg daily. In patients
with segmental mylnus, a lalized lesin shuld be
searhed fr and treated apprpriately.

7. Wilson Disese

In this metabli disrder, abnrmal mvement and ps-
ture may ur with r withut existing signs f liver
invlvement. Psyhiatri and neurpsyhlgial mani-
festatins are mmn. Wilsn disease is disussed in
Chapter 16.

8. Drug-Induced abnorml Movements

Phenthiazines, butyrphennes, and metlpramide
may prdue a wide variety f abnrmal mvements,
inluding parkinsnism, akathisia (ie, mtr restlessness),
aute dystnia, hrea, and tardive dyskinesias r dystnia;
several f these are als prdued by aripiprazle. These
mpliatins are disussed in Chapter 25. Chrea may
als develp in patients reeiving levdpa, brmriptine,
antihlinergi mediatins, phenytin, arbamazepine,
lithium, amphetamines, r ral ntraeptives, and it
reslves with withdrawal f the ffending substane. Simi-
larly, dystnia may be prdued by levdpa, brmrip-
tine, lithium, r arbamazepine; and parkinsnism by
reserpine and tetrabenazine. Pstural tremr may ur
with a variety f mediatins, inluding epinephrine, is-
prterenl, amidarne, thephylline, affeine, lithium,
thyrid hrmne, triyli antidepressants, and valpri
aid.

9. Restless Legs Syndrome

This mmn disrder, affeting 1–5% f peple, may
ur as a primary (idipathi) disrder r in relatin t
Parkinsn disease, pregnany, irn defiieny anemia, r
peripheral neurpathy (espeially uremi r diabeti). It
may have a hereditary basis, and several geneti li have
been assiated with the disrder. Restlessness and urius
sensry disturbanes lead t an irresistible urge t mve
the limbs, espeially during perids f relaxatin; mve-
ment f the limbs prvides relief. The urge urs exlu-
sively in the evening and at night r is wrse at night than
during the day. Mst patients als have periodic limb
movements of sleep and ne-third have peridi limb
mvements during relaxed wakefulness; bth nsist f
brief invluntary flexin at the ankle, knee, and hip. Dis-
turbed nturnal sleep and exessive daytime smnlene
may result. Ferritin levels shuld always be measured;
treatment with ral irn sulfate in patients with ferritin
levels less than r equal t 75 mg/L (13.4 mml/L)
shuld be attempted prir t initiatin f ther pharma-
therapies. Therapy is with nnergt dpamine agnists,
suh as pramipexle (0.125–0.5 mg rally ne daily),
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rpinirle (0.25–4 mg rally ne daily 2 t 3 hurs befre
bedtime), r rtigtine (1–3 mg/24 h transdermal path
ne daily), r with gabapentin enaarbil (300–1200 mg
rally eah evening). Gabapentin (starting with 300 mg
rally daily, inreasing t apprximately 1800 mg daily
depending n respnse and tlerane) and pregabalin
(150–300 mg rally divided twie t three times daily) are
related mediatins that imprve symptms. Levdpa is
helpful but may lead t an augmentatin f symptms, s
its use is generally reserved fr thse wh d nt respnd
t ther measures. Extended-release xydne-nalxne
(2.5–5 mg t 5–10 mg rally twie daily) is useful in
patients with severe symptms r thse wh are refratry
t first-line therapies.

Winkelmann J et al. Treatment f restless legs syndrme:
evidene-based review and impliatins fr linial pratie.
Mv Disrd. 2018;33:1077. [PMID: 29756335]

10. Gilles De L Tourette Syndrome

E S S E N T I A L S  O F  D I A G N O S I S

» Multiple motor and phonic tics.

» Symptoms begin before age 18 years.

» Tics occur frequently for at least 1 year.

» Tics vary in number, frequency, and nature over
time.

» Clinical Findings

Simple tis ur transiently in up t 25% f hildren,
remit within weeks t mnths, and d nt require treat-
ment. Turette syndrme is a mre mplex disrder.
Motor tics are the initial manifestatin in 80% f ases
and mst mmnly invlve the fae, whereas in the
remaining 20%, the initial symptms are phonic tics; ulti-
mately a mbinatin f different mtr and phni tis
develp in all patients. Tis are preeded by an urge that is
relieved upn perfrmane f the mvement r valiza-
tin; they an be temprarily suppressed but eventually
the urge bemes verwhelming. These are nted first in
hildhd, generally between the ages f 2 and 15. Mtr
tis ur espeially abut the fae, head, and shulders
(eg, sniffing, blinking, frwning, shulder shrugging, head
thrusting, et). Phni tis mmnly nsist f grunts,
barks, hisses, thrat-learing, ughs, et, but smetimes
als f verbal utteranes inluding prlalia (bsene
speeh). There may als be ehlalia (repetitin f the
speeh f thers), ehpraxia (imitatin f thers’ mve-
ments), and palilalia (repetitin f wrds r phrases).
Sme tis may be self-mutilating in nature, suh as nail-
biting, hair-pulling, r biting f the lips r tngue. The
disrder is hrni, but the urse may be puntuated by
relapses and remissins. Obsessive-mpulsive disrder
(OCD) and attentin defiit hyperativity disrder
(ADHD) are mmnly assiated and may be mre dis-

abling than the tis themselves. A family histry is sme-
times btained.

Examinatin usually reveals n abnrmalities ther
than the tis. In additin t OCD, psyhiatri disturbanes
may ur beause f the assiated smeti and sial
embarrassment. The diagnsis f the disrder is ften
delayed fr years, the tis being interpreted as psyhiatri
illness r sme ther frm f abnrmal mvement. Patients
are thus ften subjeted t unneessary treatment befre
the disrder is regnized. The ti-like harater f the
abnrmal mvements and the absene f ther neurlgi
signs shuld differentiate this disrder frm ther mve-
ment disrders presenting in hildhd. Wilsn disease,
hwever, an simulate the nditin and shuld be exluded.

» Treatment

Treatment is symptmati and may need t be ntinued
indefinitely. Habit reversal training r ther frms f
behaviral therapy an be effetive alne r in mbinatin
with pharmatherapy. Alpha-adrenergi agnists, suh as
lnidine (start 0.05 mg rally at bedtime, titrating t
0.3–0.4 mg rally daily, divided three t fur times per day)
r guanfaine (start 0.5 mg rally at bedtime, titrating t a
maximum f 3–4 mg rally daily, divided twie daily), are
first-line therapies beause f a favrable side-effet prfile
mpared with typial antipsyhtis, whih are the nly
FDA-apprved therapies fr the disrder. They als have
the advantage f imprving the symptms f nmitant
ADHD. Many speialists favr the use f tetrabenazine.
The atypial antipsyhti risperidne (1–6 mg daily
rally) is mre effetive than plaeb in ntrlling tis and
mre effetive than pimzide in imprving symptms f
mrbid OCD and may be tried befre the typial anti-
psyhti agents. When a typial antipsyhti is required
in ases f severe tis, halperidl is generally regarded as
the mediatin f hie. It is started in a lw dse
(0.25 mg daily rally) that is gradually inreased (by
0.25 mg every 4 r 5 days) until there is maximum benefit
with a minimum f side effets r until side effets limit
further inrements. A ttal daily ral dse f between 2 mg
and 8 mg is usually ptimal, but higher dses are sme-
times neessary. Fluphenazine (1–15 mg rally daily) and
pimzide (1–10 mg rally daily) are alternatives. Typial
antipsyhtis an ause signifiant weight gain and arry
a risk f tardive dyskinesias and ther lng-term,
ptentially irreversible mtr side effets. Small ran-
dmized trials r bservatinal studies have reprted
benefit frm tpiramate, nitine, tetrahydrannabinl,
balfen, and lnazepam. A number f ther media-
tins, inluding deutetrabenazine, valbenazine, and e-
pipam, are being studied fr the treatment f tis.

Injetin f btulinum txin type A at the site f the
mst distressing tis is smetimes wrthwhile and has
fewer side effets than systemi antipsyhti therapy.
Bilateral high-frequeny deep brain stimulatin at varius
sites has been helpful in sme, therwise intratable, ases.

» When to Refer

All patients shuld be referred.
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» When to Admit

Patients underging surgial (deep brain stimulatin)
treatment shuld be admitted.

Martinez-Ramirez D et al. Effiay and safety f deep brain stimu-
latin in Turette syndrme: the Internatinal Turette Syn-
drme Deep Brain Stimulatin Publi Database and Registry.
JAMA Neurl. 2018;75:353. [PMID: 29340590]

Pringsheim T et al. Pratie guideline remmendatins summary:
treatment f tis in peple with Turette syndrme and hrni
ti disrders. Neurlgy. 2019;92:896. [PMID: 31061208]

DEMENTIA

E S S E N T I A L S  O F  D I A G N O S I S

» Progressive intellectual decline.

» Not due to delirium or psychiatric disease.

» Age is the main risk factor, followed by family his-
tory and vascular disease risk factors.

» General Considerations

Dementia is a prgressive deline in intelletual funtin
that is severe enugh t mprmise sial r upatinal
funtining. Mild cognitive impairment desribes a
deline that has not resulted in a hange in the level f
funtin. Althugh a few patients identify a preipitating
event, mst experiene an insidius nset and gradual
prgressin f symptms.

Dementia typially begins after age 60, and the preva-
lene dubles apprximately every 5 years thereafter; in
persns aged 85 and lder, arund half have dementia. The
prevalene f Alzheimer dementia is predited t be
15 millin by 2060 in the United States. In mst ases, the
ause f dementia is aquired, either as a spradi primary
neurdegenerative disease r as the result f anther disr-
der, suh as strke (Table 24–6). Other risk fatrs fr
dementia inlude family histry, diabetes mellitus, iga-
rette smking, hypertensin, besity, a histry f signifi-
ant head injury, and hearing lss. Vitamin D defiieny
and hrni sleep deprivatin may als inrease the risk f
dementia. Dementia is mre prevalent amng wmen, but
this may be aunted fr by their lnger life expetany.

Table 24–6. Common causes of age-related dementia (listed by prevalence).

Disorder ptology Clinicl Fetures

Alzheimer disease Plaques containing beta-amyloid pep-
tide, and neurofibrillary tangles con-
taining tau protein, occur throughout
the neocortex.

• Most common age-related neurodegenerative disease; incidence doubles
every 5 years after age 60.

• Short-term memory impairment is early and prominent in most cases.
• Variable deficits of executive function, visuospatial function, and language.

Vascular dementia Multifocal ischemic change. • Stepwise or progressive accumulation of cognitive deficits in association
with repeated strokes.

• Symptoms depend on localization of strokes.

Dementia with
Lewy bodies

Histologically indistinguishable from
Parkinson disease: alpha-synuclein-
containing Lewy bodies occur in the
brainstem, midbrain, olfactory bulb,
and neocortex. Alzheimer pathology
may coexist.

• Cognitive dysfunction, with prominent visuospatial and executive deficits.
• Psychiatric disturbance, with anxiety, visual hallucinations, and fluctuating

delirium.
• Parkinsonian motor deficits with or after other features.
• Cholinesterase inhibitors lessen delirium; poor tolerance of neuroleptics

and dopaminergics.

Frontotemporal
dementia (FTD)

Neuropathology is variable and defined
by the protein found in intraneuronal
aggregates. Tau protein, TAR DNA-
binding protein 43 (TDP-43), or
fused-in-sarcoma (FUS) protein
account for most cases.

• Peak incidence in the sixth decade; approximately equal to Alzheimer
disease as a cause of dementia in patients under 60 years old.

• Familial cases result from mutations in genes for tau, progranulin, or others.
Beviorl vrint FTD
• Deficits in empathy, social comportment, insight, abstract thought, and

executive function.
• Behavior is disinhibited, impulsive, and ritualistic, with prominent apathy

and increased interest in sex or sweet/fatty foods.
• Relative preservation of memory.
• Focal right frontal atrophy.
• Association with amyotrophic lateral sclerosis.
Semntic vrint rimry rogressive si
• Deficits in word-finding, single-word comprehension, object and category

knowledge, and face recognition.
• Behaviors may be similar to behavioral variant FTD.
• Focal, asymmetric temporal pole atrophy.
Nonfluent/grmmtic vrint rimry rogressive si
• Speech is effortful with dysarthria, phonemic errors, sound distortions,

and poor grammar.
• Focal extrapyramidal signs and apraxia of the right arm and leg are

common; overlaps with corticobasal degeneration.
• Focal left frontal atrophy.
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Physial ativity seems t be prtetive; eduatin, nging
intelletual stimulatin, and sial engagement may
als be prtetive, perhaps by prmting cognitive reserve,
an imprved apaity t mpensate fr insidius
neurdegeneratin.

Dementia is distint frm delirium and psyhiatri dis-
ease. Delirium is an aute nfusinal state that ften
urs in respnse t an identifiable trigger, suh as drug r
alhl intxiatin r withdrawal (eg, Wernike enepha-
lpathy, desribed belw), mediatin side effets (espe-
ially mediatins with antihlinergi prperties,
antihistamines, benzdiazepines, sleeping aids, piids,
neurleptis, rtisterids, and ther sedative r psyh-
trpi agents), infetin (nsider ult urinary trat
infetin r pneumnia in elderly patients), metabli dis-
turbane (inluding an eletrlyte abnrmality; hypglye-
mia r hyperglyemia; r a nutritinal, endrine, renal, r
hepati disrder), sleep deprivatin, r ther neurlgi
disease (seizure, inluding a pstital state, r strke).
Delirium typially invlves fluctuating levels f arusal,
inluding drwsiness r agitatin, and it imprves after
remval r treatment f the preipitating fatr. Patients
with dementia are espeially suseptible t episdes f
delirium, but regnitin f dementia is nt pssible until
delirium lifts. Fr this reasn, dementia is typially diag-
nsed in utpatients wh are therwise medially stable,
rather than in autely ill patients in the hspital.

Psyhiatri disease smetimes leads t mplaints f
impaired gnitin (pseudodementia). Impaired attentin
is usually t blame, and in sme patients with depressin r
anxiety, pr fus and nentratin may even be a pri-
mary mplaint. The symptms shuld imprve with appr-
priate psyhiatri treatment. Md disrders are mmnly
seen in patients with neurdegenerative disease and in sme
ases are an early symptm. There is sme evidene that a
persistent, untreated md disrder may predispse t the
develpment f an age-related dementia, and psyhiatri
symptms an learly exaerbate gnitive impairment in
patients wh already have dementia; therefre, suspiin f
dementia shuld nt distrat frm apprpriate sreening fr
and treatment f depressin r anxiety.

» Clinical Findings

A. Symptoms and Signs

Symptms and signs f the mmn auses f dementia are
detailed in Table 24–6. Cliniians shuld be aware that a
patient’s insight int a gnitive hange may be vague r
absent, and llateral histry is essential t a prper evalua-
tin. As patients age, primary are liniians shuld inquire
peridially abut the presene f any gnitive symptms.

Symptms depend n the area f the brain affeted.
Short-term memory loss, invlving the repeating f ques-
tins r stries and a diminished ability t reall the details
f reent nversatins r events, frequently results frm
pathlgi hanges in the hippampus. Word-finding dif-
ficulty ften invlves diffiulty realling the names f pe-
ple, plaes, r bjets, with lw-frequeny wrds affeted
first, eventually resulting in speeh laden with prnuns
and irumlutins. This prblem is thught t arise frm

pathlgy at the temprparietal juntin f the left hemi-
sphere. Prblems with artiulatin, flueny, mprehensin,
r wrd meaning are anatmially distint and less m-
mn. Visuospatial dysfunction may result in pr naviga-
tin and getting lst in familiar plaes, impaired regnitin
f previusly familiar faes and buildings, r truble dis-
erning an bjet against a bakgrund. The right parietal
lbe is ne f the brain areas impliated in suh symptms.
Executive dysfunction may manifest by easy distratibility,
impulsivity, mental inflexibility, nrete thught, slwed
pressing speed, pr planning and rganizatin, r
impaired judgment. Lalizatin may vary and uld
inlude the frntal lbes r subrtial areas like the basal
ganglia r erebral white matter. Apathy r indifferene,
separate frm depressin, is mmn and may have a simi-
lar anatmy as exeutive dysfuntin. Apraxia, r the lss
f learned mtr behavirs, may result frm dysfuntin f
the frntal r parietal lbes, espeially the left parietal lbe.

The time f symptm nset must be established, but
subtle, early symptms are ften apparent nly in retr-
spet. Anther event, suh as an illness r hspitalizatin,
may lead t new regnitin f existing symptms. Symp-
tms ften aumulate ver time, and the nature of the
earliest symptom is most helpful in forming the differential
diagnosis. The histry shuld establish risk fatrs fr
dementia, inluding family histry, ther hrni illnesses,
and vasular disease risk fatrs. Finally, it is imprtant t
dument the patient’s urrent apaity t perfrm basic
and instrumental activities of daily living (see Chapter 4)
and t nte the extent f deline frm the premrbid level
f funtin. Indeed, it is this funtinal assessment that
defines the presene and severity f dementia.

The physial examinatin is imprtant t identify any
ult medial illness. In additin, eye mvement abnr-
malities, parkinsnism, r ther mtr abnrmalities may
help identify an underlying neurlgi nditin. The
wrkup shuld priritize the exlusin f nditins that
are reversible r require separate therapy. Sreening fr
depressin is neessary, alng with imaging and labratry
wrkup, as indiated belw.

B. Neuropsychological Assessment

Brief quantifiatin f gnitive impairment is indiated in
a patient mplaining f gnitive symptms r if aregiv-
ers raise similar nerns. The Folstein Mini Mental State
Exam (MMSE), Montreal Cognitive Assessment (MoCA),
Mini-Cg, and ther similar tests are brief, bjetive, and
widely used but have imprtant limitatins: they are insen-
sitive t mild gnitive impairment, they may be biased
negatively by the presene f language r attentin prb-
lems, and they d nt rrelate with funtinal apaity.

A neurpsyhiatri evaluatin by a trained neurpsy-
hlgist r psyhmetriian may be apprpriate. The gal
f suh testing is t enhane lalizatin by defining the
gnitive dmains that are impaired as well as t quantify
the degree f impairment. There is n standard battery f
tests, but a variety f metris is mmnly used t assess the
symptm types highlighted abve. Assessments are mst
aurate when a patient is well rested, mfrtable, and
therwise medially stable.

CMDT22_Ch24_p0978-p1053.indd 1023 29/06/21 8:50 PM



ChapTER 241024 CMDT 2022

C. Imaging

Brain imaging with MRI r CT withut ntrast is indiated
in any patient with a new, prgressive gnitive mplaint.
The gal is t exlude ult erebrvasular disease,
tumr, r ther identifiable strutural abnrmality, rather
than t prvide psitive evidene f a neurdegenerative
disease. Glbal r fal brain atrphy may be wrse than
expeted fr age and uld suggest a partiular neurde-
generative press, but suh findings are rarely speifi.

PET with flurdexygluse (FDG) des nt nfirm
r exlude any speifi ause f dementia but may be useful
as an element f the wrkup in speifi linial irum-
stanes, suh as disriminating between Alzheimer disease
and frnttempral dementia in a patient with sme symp-
tms f eah. PET imaging with a radilabeled ligand fr
beta-amylid, ne f the pathlgi prteins in Alzheimer
disease, is highly sensitive t amylid pathlgy and may
prvide psitive evidene fr Alzheimer disease in a patient
with gnitive deline. Hwever, after age 60 r 70, amylid
plaques an aumulate in the absene f gnitive impair-
ment; thus, the speifiity f a psitive amylid san dimin-
ishes with age. Single-phtn emissin mputed tmgraphy
ffers similar infrmatin as FDG-PET but is less sensitive.
PET imaging with radilabeled ligands fr tau, a pathgeni
prtein in Alzheimer disease, prgressive supranulear palsy,
and sme frms f frnttempral dementia, als may help
refine premrtem diagnsti auray.

D. Laboratory Findings

Serum levels f vitamin B
12

, free T
4
, and thyrid-stimulat-

ing hrmne shuld be measured fr any patient with
gnitive symptms. A serum rapid plasma reagin (RPR)
and testing fr HIV shuld be nsidered. Other testing
shuld be driven by linial suspiin, and ften inludes a
mplete bld unt, serum eletrlytes, gluse, and
lipid prfile.

Althugh the presene f ne r tw ApE epsiln-4
alleles indiates an inreased risk f Alzheimer disease and
ApE gentyping is linially available, it is f limited
clinical utility. Finding an ApE epsiln-4 allele in a yung
patient with dementia might raise the index f suspiin
fr Alzheimer disease, but btaining a gentype in an
elderly patient is unlikely t be helpful, and ding s in an
asymptmati patient as a marker f risk fr Alzheimer
disease is inapprpriate until a preventive therapy bemes
available. Spinal fluid prtein measurements are als avail-
able and may supprt the diagnsis f Alzheimer disease in
the apprpriate linial ntext; levels f beta-amylid
derease and tau prtein inrease in Alzheimer disease, but
this testing shares sme f the same nerns as amylid
PET imaging.

» Differential Diagnosis

In elderly patients with gradually prgressive gnitive
symptms and n ther mplaint r sign, a neurde-
generative disease is likely (Table 24–6). Deline begin-
ning befre age 60, rapid prgressin, flutuating urse,
unintended weight lss, systemi mplaints, r ther

unexplained symptms r signs raise suspiin fr a pr-
ess ther than a neurdegenerative disease. In this ase,
the differential is brad and inludes infetin r inflam-
matry disease (nsider a lumbar punture t sreen fr
ells r antibdies in the spinal fluid), neplasm r a para-
neplasti nditin, endrine r metabli disease,
drugs r txins, r ther nditins. Nrmal pressure
hydrephalus is a diffiult diagnsis t establish. Symp-
tms inlude gait apraxia (smetimes desribed as a “mag-
neti” gait, as if the feet are stuk t the flr), urinary
inntinene, and dementia. CT sanning r MRI f the
brain reveals ventriles that are enlarged in bvius dispr-
prtin t sulal widening and verall brain atrphy.

» Treatment

A. Nonpharmacologic Approaches

Aerobic exercise (30 minutes several days per week) may
redue the rate f funtinal deline and derease the
demented patient’s aregiving needs and may redue the
risk f dementia in nrmal individuals. Maintaining as
ative a rle in the family and mmunity as pratially
pssible is likely t be f benefit, emphasizing ativities at
whih the patient feels nfident. Patients with neurde-
generative diseases have a limited apaity t regain lst
skills; fr instane, memry drills in a patient with
Alzheimer disease are mre likely t lead t frustratin
than benefit and studies shw that mputerized gnitive
training des not imprve gnitin r funtin in
demented patients. Vitamin E (1000 internatinal units
twie daily) appears t redue the rate f funtinal deline
in patients with Alzheimer disease, but des nt affet
gnitin r prevent the develpment f Alzheimer disease
in patients with mild gnitive impairment.

B. Cognitive Symptoms

Cholinesterase inhibitors are first-line therapy fr
Alzheimer disease and dementia with Lewy bdies
(Table 24–6). They prvide mdest, symptmati treat-
ment fr gnitive dysfuntin and may prlng the
apaity fr independene but d not prevent disease
prgressin. Cmmnly used mediatins inlude
dnepezil (start at 5 mg rally daily fr 4 weeks, then
inrease t 10 mg daily; a 23 mg daily dse is apprved fr
mderate t severe Alzheimer disease, althugh its very
mdest additinal effiay ver the 10 mg dse is vershad-
wed by an inreased risk f side effets); rivastigmine (start
at 1.5 mg rally twie daily, then inreasing every 2 weeks
by 1.5 mg twie daily t a gal f 3–6 mg twie daily; r 4.6,
9.5, r 13.3 mg/24 h transdermally daily); and galantamine
(start at 4 mg rally twie daily, then inreasing every
4 weeks by 4 mg twie daily t a gal f 8–12 mg twie
daily; a ne-daily extended-release frmulatin is als
available). Chlinesterase inhibitrs are not given fr frn-
ttempral dementia beause they may wrsen behaviral
symptms. Nausea and diarrhea are mmn side effets;
synpe and ardia dysrhythmia are unmmn but mre
serius. An ECG is ften btained befre and after starting
therapy, partiularly in a patient with ardia disease r a
histry f synpe.
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Memantine (start at 5 mg rally daily, then inrease by
5 mg per week up t a target f 10 mg twie daily) is
apprved fr the treatment f mderate t severe Alzheimer
disease. In frnttempral dementia, memantine is ineffe-
tive and may wrsen gnitin. There is sme evidene
that memantine may imprve gnitin and behavir
amng patients with dementia with Lewy bdies.

Disease-mdifying mediatins are nt yet available fr
Alzheimer disease.

C. Mood and Behavioral Disturbances

Seletive sertnin reuptake inhibitrs are generally safe
and well tlerated in elderly, gnitively impaired patients,
and they may be effiaius fr the treatment f depres-
sin, anxiety, r agitatin. There is evidene t supprt the
use f italpram (10–30 mg rally daily) for agitation; side
effets inlude QT prlngatin and wrsened gnitin
at the highest dse. Parxetine shuld be avided beause
it has antihlinergi effets; avid all triyli antidepres-
sants fr the same reasn. Other antidepressant agents,
suh as buprpin r venlafaxine, may be tried.

Insmnia is mmn, and trazdne (25–50 mg rally
at bedtime as needed) an be safe and effetive. Over-the-
unter antihistamine hypntis must be avided, alng
with benzdiazepines, beause f their tendeny t wrsen
gnitin and preipitate delirium. Other presriptin
hypntis suh as zlpidem may result in similar adverse
reatins.

Fr agitatin, impulsivity, and ther behavirs that
interfere with safe aregiving, auses f delirium (detailed
abve) shuld first be nsidered. When n reversible
trigger is identified, treatment shuld be apprahed in a
staged manner. Behaviral interventins, suh as rerien-
tatin and distratin frm anxiety-prvking stimuli, are
first-line. Ensure that the patient is kept ative during the
day with bth physial exerise and mentally stimulating
ativities, and that there is adequate sleep at night. Reas-
sess the level f aregiving, and nsider inreasing the
time spent diretly with an attendant. Next, ensure that
apprpriate pharmalgi treatment f gnitin and
md is ptimized. Finally, as a last resrt, when ther
measures prve insuffiient and the patient’s behavirs
raise safety nerns, nsider pharmalgi therapy.
Citalpram r lw dses f an atypial antipsyhti
mediatin suh as quetiapine (start 25 mg rally daily as
needed, inreasing t tw t three times daily as needed)
an be tried; even thugh atypial agents ause extrapyra-
midal side effets less frequently than typial antipsyht-
is, they shuld be used with partiular autin in a
patient at risk fr falls, espeially if parkinsnian signs are
already present. Regularly sheduled dsing f antipsy-
htis is nt remmended, and if implemented shuld
be reassessed n a frequent basis (eg, weekly), with
attempts t taper ff as tlerated. There is an FDA blak
bx warning against the use f all antipsyhti media-
tins in elderly demented patients beause f an increased
risk of death; the reasn fr the inreased mrtality is
unlear. The mbinatin f dextrmethrphan and quini-
dine (up t 30/10 mg rally twie daily) has shwn prmise
in early linial trials.

» Special Circumstances

A. Rapidly Progressive Dementia

When dementia develps quikly, with bvius deline
ver a few weeks t a few mnths, the syndrme may be
lassified as a rapidly progressive dementia. The differen-
tial diagnsis fr typial dementias is still relevant, but
additinal etilgies must be nsidered, inluding prin
disease; infetins; txins; neplasms; and autimmune
and inflammatry diseases, inluding rtisterid-
respnsive (Hashimt) enephalpathy and antibdy-
mediated paraneplasti and nnparaneplasti
enephalitis (Table 24–5). Wrkup shuld begin with brain
MRI with ntrast and diffusin-weighted imaging, ru-
tine labratry studies (serum vitamin B

12
, free T

4
, and

thyrid-stimulating hrmne levels), serum RPR, HIV
antibdy, Lyme serlgy, rheumatlgi tests (erythryte
sedimentatin rate, C-reative prtein, and antinulear
antibdy), anti-thyrglbulin and anti-thyrperxidase
antibdy levels, paraneplasti and nnparaneplasti
autimmune antibdies (Table 24–5), and erebrspinal
fluid studies (ell unt and differential; prtein and glu-
se levels; prtein eletrphresis fr liglnal bands;
IgG index [spinal-fluid-t-serum-gamma-glbulin level]
rati; and VDRL). Depending n the linial ntext, it
may be neessary t exlude Wilsn disease (24-hur urine
pper level); heavy metal intxiatin (urine heavy metal
panel); and infetius enephalitis due t atypial bateria,
viruses, fungi, and mybateria.

Creutzfeldt-Jakob disease is a relatively mmn ause
f rapidly prgressive dementia (see Chapter 32). Family
histry is imprtant sine mutatins in PRNP, the gene fr
the prin prtein, aunt fr arund 15% f ases. Diffu-
sin-weighted MRI is the mst helpful diagnsti tl,
lassially revealing rtial ribbning (a gyral pattern f
hyperintensity) as well as restrited diffusin in the audate
and anterir putamen. An eletrenephalgram ften
shws peridi mplexes. Real time quaking indued
nversin (RT-QuIC), in whih patient erebrspinal
fluid is mixed with rembinant prin prtein and aggre-
gatin f prin prtein is deteted, is a sensitive and spe-
ifi diagnsti test. Refleting the high rate f neurnal
death, erebrspinal fluid levels f the intraneurnal pr-
teins tau, 14-3-3, and neurn-speifi enlase are ften
elevated, althugh this finding is neither sensitive nr
speifi.

B. Driving and Dementia

It is remmended that any patient with mild dementia or
worse should discontinue driving. Mst states have laws
regulating driving amng gnitively impaired individuals,
and many require the liniian t reprt the patient’s diag-
nsis t the publi health department r department f
mtr vehiles. There is n evidene that driving lasses
help patients with neurdegenerative diseases.

» When to Refer

All patients with new, unexplained gnitive deline shuld
be referred.
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» When to Admit

Admissin t the hspital shuld nly ur when essen-
tial in patients with dementia due t inreased risk f
develping hspital-aquired delirium.

Arvanitakis Z et al. Diagnsis and management f dementia:
review. JAMA. 2019;322:1589. [PMID: 31638686]

Law CK et al. Physial exerise attenuates gnitive deline and
redues behaviral prblems in peple with mild gnitive
impairment and dementia: a systemati review. J Physither.
2020;66:9. [PMID: 31843427]

WERNICKE ENCEPHALOPATHY &
KORSAKOFF SYNDROME

Wernicke encephalopathy is haraterized by nfusin,
ataxia, and nystagmus leading t phthalmplegia (lateral
retus musle weakness, njugate gaze palsies); peripheral
neurpathy may als be present. It is due to thiamine defi-
ciency and in the United States urs mst mmnly in
patients with alhlism. It may als ur in patients with
AIDS r hyperemesis gravidarum, and after bariatri sur-
gery. In suspeted ases, thiamine (100 mg) is given intra-
venusly immediately and then intramusularly n a daily
basis until a satisfatry diet an be ensured after whih the
same dse is given rally. Sme guidelines remmend
initial dses f 200–500 mg intravenusly three times daily
fr the first 5–7 days f treatment. Intravenus gluse
given before thiamine may preipitate the syndrme r
wrsen the symptms. The diagnsis is nfirmed by the
respnse in 1 r 2 days t treatment, whih must nt be
delayed while awaiting labratry nfirmatin f thia-
mine defiieny frm a bld sample btained prir t
thiamine administratin. Korsakoff syndrome urs in
mre severe ases; it inludes antergrade and retrgrade
amnesia and smetimes nfabulatin, and may nt be
regnized until after the initial delirium has lifted.

STUPOR & COMA

E S S E N T I A L S  O F  D I A G N O S I S

» Level of consciousness is depressed.

» Stuporous patients respond only to repeated vig-
orous stimuli.

» Comatose patients are unarousable and
unresponsive.

» General Considerations

The patient wh is stuporous is unrespnsive exept when
subjeted t repeated vigrus stimuli, while the comatose
patient is unarusable and unable t respnd t external
events r inner needs, althugh reflex mvements and
psturing may be present.

Cma is a majr mpliatin f serius entral
nervus system disrders. It an result frm seizures,

hypthermia, metabli disturbanes, r strutural lesins
ausing bilateral erebral hemispheri dysfuntin r a
disturbane f the brainstem retiular ativating system. A
mass lesin invlving ne erebral hemisphere may ause
ma by mpressin f the brainstem.

» Assessment & Emergency Measures

The diagnsti wrkup f the matse patient must pr-
eed nmitantly with management. Supprtive therapy
fr respiratin r bld pressure is initiated; in hypther-
mia, all vital signs may be absent and all suh patients
shuld be rewarmed befre the prgnsis is assessed.

The patient an be psitined n ne side with the nek
partly extended, dentures remved, and seretins leared
by sutin; if neessary, the pateny f the airways is main-
tained with an rpharyngeal airway. Bld is drawn fr
serum gluse, eletrlyte, and alium levels; arterial
bld gases; liver bihemial and kidney funtin tests;
and txilgi studies as indiated. Thiamine (100 mg),
fllwed by dextrse 50% (25 g), and nalxne (0.4–1.2 mg)
are given intravenusly withut delay.

Further details are then btained frm attendants f the
patient’s medial histry, the irumstanes surrunding the
nset f ma, and the time urse f subsequent events.
Abrupt nset f ma suggests subarahnid hemrrhage,
brainstem strke, r intraerebral hemrrhage, whereas a
slwer nset and prgressin ur with ther strutural r
mass lesins. Urgent nnntrast CT sanning f the head
is apprpriate if it an be btained diretly frm the emer-
geny department, in rder t identify intraranial hemr-
rhage, brain herniatin, r ther strutural lesin that may
require immediate neursurgial interventin. A metabli
ause is likely with a preeding intxiated state r agitated
delirium. On examinatin, attentin is paid t the behav-
iral respnse t painful stimuli, the pupils and their
respnse t light, the respnse t tuhing the rnea with
a wisp f sterile gauze, psitin f the eyes and their mve-
ment in respnse t passive mvement f the head and
ie-water alri stimulatin, and the respiratry pattern.

A. Response to Painful Stimuli

Purpseful limb withdrawal frm painful stimuli implies
that sensry pathways frm and mtr pathways t the
stimulated limb are funtinally intat. Unilateral absene f
respnses despite appliatin f stimuli t bth sides f the
bdy in turn implies a rtispinal lesin; bilateral absene
f respnsiveness suggests brainstem invlvement, bilateral
pyramidal trat lesins, r psyhgeni unrespnsiveness.
Dertiate (flexr) psturing may ur with lesins f the
internal apsule and rstral erebral pedunle and deere-
brate (extensr) psturing with dysfuntin r destrutin
f the midbrain and rstral pns. Deerebrate psturing
urs in the arms ampanied by flaidity r slight flexr
respnses in the legs in patients with extensive brainstem
damage extending dwn t the pns at the trigeminal level.

B. Ocular Findings

1. Pupils—Hypthalami disease presses may lead t
unilateral Hrner syndrme, while bilateral dienephali
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invlvement r destrutive pntine lesins may lead t
small but reative pupils. Ipsilateral pupillary dilatin with
n diret r nsensual respnse t light urs with m-
pressin f the third ranial nerve, eg, with unal hernia-
tin. The pupils are slightly smaller than nrmal but
respnsive t light in many metabli enephalpathies;
hwever, they may be fixed and dilated fllwing verds-
age with atrpine r splamine, and pinpint (but
respnsive) with piids.

2. Corneal reflex—Tuhing the rnea with a wisp f
sterile gauze r ttn shuld eliit a blink reflex. The affer-
ent limb f the ar is mediated by the fifth ranial nerve;
the efferent limb by the seventh nerve. A unilateral absent
rneal reflex implies damage t the ipsilateral pns r a
trigeminal defiit. Bilateral lss an be seen with large pn-
tine lesins r in deep pharmalgi ma.

3. Eye movements—Cnjugate deviatin f the eyes t the
side suggests the presene f an ipsilateral hemispheri
lesin, a ntralateral pntine lesin, r nging seizures
frm the ntralateral hemisphere. A mesenephali lesin
leads t dwnward njugate deviatin. Dysnjugate u-
lar deviatin in ma implies a strutural brainstem lesin
unless there was preexisting strabismus.

The ulmtr respnses t passive head turning and
t alri stimulatin relate t eah ther and prvide m-
plementary infrmatin. In respnse t brisk rtatin f the
head frm side t side and t flexin and extensin f the
head, nrmally nsius patients with pen eyes d nt
exhibit ntraversive njugate eye deviatin (oculocephalic
reflex) unless there is vluntary visual fixatin r bilateral
frntal pathlgy. With rtial depressin in lightly ma-
tse patients, a brisk ulephali reflex is seen. With brain-
stem lesins, this ulephali reflex bemes impaired r
lst, depending n the site f the lesin.

The oculovestibular reflex is tested by alri stimula-
tin using irrigatin with ie water. In nrmal patients, jerk
nystagmus is eliited fr abut 2 r 3 minutes, with the
slw mpnent tward the irrigated ear. In unnsius
patients with an intat brainstem, the fast mpnent f
the nystagmus disappears, s that the eyes tnially deviate
tward the irrigated side fr 2–3 minutes befre returning
t their riginal psitin. With impairment f brainstem
funtin, the respnse bemes abnrmal and finally dis-
appears. In metabli ma, ulephali and ulves-
tibular reflex respnses are preserved, at least initially.

C. Respiratory Patterns

Diseases ausing ma may lead t respiratry abnrmali-
ties. Cheyne-Stokes respiration (in whih episdes f
deep breathing alternate with perids f apnea) may ur
with bihemispheri r dienephali disease r in metabli
disrders. Central neurogenic hyperventilation urs
with lesins f the brainstem tegmentum; apneustic
breathing (in whih there are prminent end-inspiratry
pauses) suggests damage at the pntine level (eg, due t
basilar artery lusin); and ataxic breathing (a m-
pletely irregular pattern f breathing with deep and shallw
breaths urring randmly) is assiated with lesins f
the lwer pntine tegmentum and medulla.

1. Stuor & Com Due to Structurl Lesions

Supratentorial mass lesions tend t affet brain funtin
in a systemati way. There may initially be signs f hemi-
spheri dysfuntin, suh as hemiparesis. As ma devel-
ps and deepens, erebral funtin bemes prgressively
disturbed, prduing a preditable prgressin f neur-
lgi signs that suggest rstraudal deteriratin.

Thus, as a supratentrial mass lesin begins t impair
the dienephaln, the patient bemes drwsy, then stu-
prus, and finally matse. There may be Cheyne-Stkes
respiratin; small but reative pupils r an ipsilateral third
nerve palsy due t unal herniatin; nrmal ulephali
respnses with side-t-side head mvements but sme-
times an impairment f reflex upward gaze with brisk
flexin f the head; tni ipsilateral deviatin f the eyes in
respnse t vestibular stimulatin with ld water; and
initially a psitive respnse t pain but subsequently nly
dertiate psturing. With further prgressin, midbrain
failure urs. Mtr dysfuntin prgresses frm derti-
ate t bilateral deerebrate psturing in respnse t pain-
ful stimuli; Cheyne-Stkes respiratin is gradually replaed
by sustained entral hyperventilatin; the pupils beme
middle-sized and fixed; and the ulephali and ul-
vestibular reflex respnses beme impaired, abnrmal, r
lst. As the pns and then the medulla fail, the pupils
remain unrespnsive; ulvestibular respnses are unb-
tainable; respiratin is rapid and shallw; and painful
stimuli may lead nly t flexr respnses in the legs.
Finally, respiratin bemes irregular and stps, the pupils
ften then dilating widely.

In ntrast, a subtentorial (ie, brainstem) lesion may
lead t an early, smetimes abrupt disturbane f n-
siusness withut any rderly rstraudal prgressin f
neurlgi signs. Cmpressive lesins f the brainstem,
espeially erebellar hemrrhage, may be linially indis-
tinguishable frm intraparenhymal presses.

A strutural lesin is suspeted if the findings suggest
fality. In suh irumstanes, a CT san shuld be per-
frmed befre, r instead f, a lumbar punture in rder t
avid any risk f erebral herniatin. Further management
is f the ausal lesin and is nsidered separately under
the individual disrders.

2. Stuor & Com Due to Metbolic
Disturbnces

Patients with a metabli ause f ma generally have
signs f pathy, diffuse, and symmetri neurlgi invlve-
ment that annt be explained by lss f funtin at any
single level r in a sequential manner, althugh fal r
lateralized defiits may ur in hypglyemia. Pupillary
reativity is usually preserved. Cmatse patients with
meningitis, enephalitis, r subarahnid hemrrhage may
als exhibit little in the way f fal neurlgi signs, hw-
ever, and linial evidene f meningeal irritatin is sme-
times very subtle in matse patients. Examinatin f the
erebrspinal fluid in suh patients is essential t establish
the rret diagnsis.

In patients with ma due t erebral ishemia and
hypxia, the absene f pupillary light reflexes 24 hurs

CMDT22_Ch24_p0978-p1053.indd 1027 29/06/21 8:50 PM



ChapTER 241028 CMDT 2022

after return f spntaneus irulatin indiates that there
is little hane f regaining independene; absent rneal
reflexes r absent r extensr mtr respnses at 72 hurs
als indiate a grim prgnsis. Physial findings are less
reliable preditrs f utme amng thse treated with
therapeuti hypthermia, althugh absent rneal r
pupillary light reflexes at 72 hurs likely indiate a pr
prgnsis, as d bilaterally absent rtial smatsensry
evked ptentials in respnse t median nerve stimulatin
after the patient has returned t nrmthermia.

Treatment f metabli enephalpathy is f the under-
lying disturbane and is nsidered in ther hapters. If the
ause f the enephalpathy is bsure, all mediatins
exept essential nes may have t be withdrawn in ase
they are respnsible fr the altered mental status.

3. Brin Det

Brain death urs when there is mplete and irreversible
essatin f all brain funtin; althugh the rgans an be
maintained with mehanial ventilatin fr the purpses f
dnatin, in mst untries the diagnsis f brain death is
equivalent to a declaration of death. T diagnse brain
death, the ause f ma must be established, be mpati-
ble with a knwn ause f brain death, and be irreversible.
Reversible ma simulating brain death may be seen with
hypthermia (temperature lwer than 32°C) and verds-
age with entral nervus system depressant drugs. These
nditins must be exluded by warming the patient and
allwing enugh time fr all sedating mediatins t be
metablized (ie, at least five half-lives) r by measuring
serum levels. Severe bld pressure, eletrlyte, aid-base,
and endrine derangements annt be present.

Finally, a neurlgi examinatin must demnstrate
that the patient is matse (ie, n eye pening and n
respnse t entral r peripheral pain); has lst all brain-
stem reflex respnses, inluding the pupillary, rneal,
ulvestibular, ulephali, rpharyngeal, and ugh
reflexes; and has n respiratry drive. The respnse t pain
shuld be absent r nly nsist f spinal reflex mve-
ments; deerebrate r dertiate psturing is nt nsis-
tent with brain death. Absene f respiratry drive is
demnstrated with an apnea test (absene f spntaneus
respiratry ativity at a PAco

2
f at least 60 mm Hg r after

a rise f 20 mm Hg frm baseline).
Certain anillary tests may assist the determinatin f

brain death if an apnea test annt be perfrmed but are
nt essential. These inlude an iseletri eletrenepha-
lgram, when the rerding is made arding t the re-
mmendatins f the Amerian Clinial Neurphysilgy
Siety, and demnstratin f an absent erebral irula-
tin by intravenus radiistpe erebral angigraphy r
by fur-vessel ntrast erebral angigraphy.

4. persistent Vegettive Stte

Patients with severe bilateral hemispheri disease may
shw sme imprvement frm an initially matse state,
s that, after a variable interval, they appear t be awake
but lie mtinless and withut evidene f awareness r
higher mental ativity. This is alled a “persistent”

vegetative state ne it has lasted ver 4 weeks and has als
been variusly referred t as akineti mutism, apalli state,
r ma vigil. Patients in a vegetative state frm a medial
ause (eg, anxi brain injury) fr mre than 3 mnths and
frm a traumati brain injury fr mre than 12 mnths are
said t be in a “chronic” vegetative state, frm whih a few
patients may regain nsiusness but remain severely
disabled.

5. Minimlly Conscious Stte

In this state, patients exhibit innsistent evidene f n-
siusness. There is sme degree f funtinal revery f
behavirs suggesting self- r envirnmental-awareness,
suh as basi verbalizatin r ntext-apprpriate gestures,
emtinal respnses (eg, smiling) t emtinal but nt
neutral stimuli, r purpsive respnses t envirnmental
stimuli (eg, a finger mvement r eye blink apparently t
mmand). Further imprvement is manifest by the rest-
ratin f mmuniatin with the patient. The minimally
nsius state may be temprary r permanent. Little
infrmatin is available abut its natural histry r lng-
term utlk, whih reflets the underlying ause. The
likelihd f useful funtinal revery diminishes with
time; after 12 mnths, patients are likely t remain severely
disabled and withut a reliable means f mmuniatin.
Prgnstiatin is diffiult. Amantadine (100–200 mg
rally daily) may hasten revery when given t patients in
a vegetative r minimally nsius state 4–16 weeks after
traumati brain injury.

6. Locked-In Syndrome (De-Efferented Stte)

Aute destrutive lesins (eg, infartin, hemrrhage,
demyelinatin, enephalitis) invlving the ventral pns
and sparing the tegmentum may lead t a mute, quadripa-
reti but nsius state in whih the patient is apable f
blinking and vluntary eye mvement in the vertial plane,
with preserved pupillary respnses t light. Suh a patient
an mistakenly be regarded as matse. Cliniians shuld
regnize that “lked-in” individuals are fully aware f
their surrundings. The prgnsis is usually pr, but
revery has asinally been reprted in sme ases,
inluding resumptin f independent daily life. A similar
nditin may ur with severe Guillain-Barré syndrme
and has a better prgnsis.

Giain JT et al. Pratie guideline update remmendatins
summary: disrders f nsiusness: reprt f the Guideline
Develpment, Disseminatin, and Implementatin Subm-
mittee f the Amerian Aademy f Neurlgy; the Amerian
Cngress f Rehabilitatin Mediine; and the Natinal
Institute n Disability, Independent Living, and Rehabili-
tatin Researh. Neurlgy. 2018;91:450. [PMID: 30089618]

HEAD INJURY

Trauma is the mst mmn ause f death in yung pe-
ple, and head injury aunts fr almst half f these
trauma-related deaths. Head injury severity ranges frm
concussion t severe traumatic brain injury (TBI). Cn-
ussin is bradly defined as an alteratin in mental status
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aused by trauma with r withut lss f nsiusness.
The term nussin is ften used synnymusly with
mild TBI. Grades f TBI are traditinally defined by the
Glasgw Cma Sale (GCS) measured 30 minutes after
injury (Table 24–7).

Head trauma may ause erebral injury thrugh a vari-
ety f mehanisms (Table 24–8). Central t management is
determinatin f whih patients need head imaging and
bservatin. Of partiular nern is identifiatin f
patients with epidural and subdural hematma, wh may
present with nrmal neurlgi findings shrtly after
injury (lucid interval) but rapidly deterirate thereafter,
and in whm surgial interventin is life-saving.

» Clinical Findings

A. Symptoms and Signs

Cmmn symptms f nussin that develp autely
inlude headahe, nausea, vmiting, nfusin, disrienta-
tin, dizziness, and imbalane. A perid f amnesia
enmpassing the traumati event and a variable perid f
time leading up t the trauma is typial. Lss f nsius-
ness may ur. Additinal symptms f phtphbia,
phnphbia, diffiulty nentrating, irritability, and
sleep and md disturbanes may develp ver the fllw-
ing hurs t days. Examinatin is usually nrmal, althugh
rientatin and attentin, shrt-term memry, and rea-
tin time may be impaired. Persistent r prgressive
deline in the level f nsiusness after the initial injury,
r fal neurlgi findings, suggests the need fr urgent
imaging and neursurgial nsultatin.

Patients shuld als be examined fr signs f salp la-
eratins, faial and skull frature, and nek injury. The
linial signs f basilar skull frature inlude bruising

Table 24–8. Acute cerebral sequelae of head injury (listed in alphabetical order).

Sequele Clinicl Fetures ptology

Acute epidural

hemorrhage

Headache, confusion, somnolence, seizures, and focal defi-

cits occur several hours after injury (lucid interval) and

lead to coma, respiratory depression, and death unless

treated by surgical evacuation.

Tear in meningeal artery, vein, or dural sinus, leading to

hematoma visible on CT scan.

Acute subdural

hemorrhage

Similar to epidural hemorrhage, but interval before onset

of symptoms is longer. Neurosurgical consultation for

consideration of evacuation.

Hematoma from tear in veins from cortex to superior

sagittal sinus or from cerebral laceration, visible on CT

scan.

Cerebral contusion

or laceration

Loss of consciousness longer than with concussion. Focal

neurologic deficits are often present. May lead to death

or severe residual neurologic deficit.

Bruising on side of impact (coup injury) or contralaterally

(contrecoup injury).

Vasogenic edema, multiple petechial hemorrhages, and

mass effect. May have subarachnoid bleeding. Hernia-

tion may occur in severe cases. Cerebral laceration

specifically involves tearing of the cerebral tissue and

pia-arachnoid overlying a contusion.

Cerebral

hemorrhage

Generally develops immediately after injury. Clinically

resembles hypertensive hemorrhage. Surgery to relieve

mass effect is sometimes necessary.

Hematoma, visible on CT scan.

Concussion A transient, trauma-induced alteration in mental status

that may or may not involve loss of consciousness.

Symptoms and signs include headache, nausea, disori-

entation, irritability, amnesia, clumsiness, visual distur-

bances, and focal neurologic deficit.

Unknown; likely mild diffuse axonal injury and excito-

toxic neuronal injury.

Cerebral contusion may occur.

Diffuse axonal injury Persistent loss of consciousness, coma, or persistent vege-

tative state resulting from severe rotational shearing

forces or deceleration.

Imaging may be normal or may show tiny, scattered

white matter hemorrhages. Histology reveals torn

axons.

Table 24–7. Glasgow Coma Scale.1

points

Eye

Oening

Verbl

Resonse

Motor

Resonse

1 None None None

2 To pain Vocal but not

verbal

Extension

3 To voice Verbal but not

conversational

Flexion

4 Spontaneous Conversational

but disoriented

Withdraws from

pain

5 Spontaneous Oriented Localizes pain

6 Spontaneous Oriented Obeys

commands

1GCS score indicating severity of traumatic brain injury (TBI): mild,

13–15; moderate, 9–12; severe, ≤ 8.

Reproduced, with permission, from Aminoff MJ et al. Clinical

Neurology, 9th ed, McGraw-Hill Education, 2015; Data from Teasdale

G, Jennett B. Assessment of coma and impaired consciousness. A

practical scale. Lancet. 1974;304:81–4.
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abut the rbit (raccoon sign), bld in the external audi-
try meatus (Battle sign), and leakage f erebrspinal
fluid (whih an be identified by its gluse r beta-
2-transferrin ntent) frm the ear r nse. Cranial nerve
palsies (invlving espeially the first, send, third, furth,
fifth, seventh, and eighth nerves in any mbinatin) may
als ur. The head and nek shuld be immbilized until
imaging an be perfrmed.

B. Imaging and Other Investigations

Current remmendatins are that head CT be perfrmed
in patients with nussin and any f the fllwing: GCS
sre less than 15, fal neurlgi defiit, seizure, agu-
lpathy, aged 65 r lder, skull frature, persistent
headahe r vmiting, retrgrade amnesia exeeding
30 minutes, intxiatin, r sft tissue injury f the head r
nek. Otherwise, patients an be sent hme as lng as a
respnsible aregiver an hek the patient at hurly inter-
vals fr the next 24 hurs. Patients requiring imaging
shuld be admitted unless the head CT is nrmal, the GCS
sre is 15, there have been n seizures, there is n predis-
psitin t bleeding, and they an be mnitred by a are-
giver at hme.

Beause injury t the spine may have ampanied
head trauma, ervial spine radigraphs (three views) r
CT shuld always be btained in matse patients and in
patients with severe nek pain r a defiit pssibly related
t rd mpressin.

» Treatment

Head injury an ften be prevented by helmets, seatbelts,
and ther prtetive equipment.

After intraranial bleeding has been exluded linially
r by head CT, treatment f mild TBI is aimed at prmt-
ing reslutin f pstnussive symptms and preventing
recurrent injury, whih inreases the risk f hrni neu-
rbehaviral impairment and delays revery. Rarely, a
reurrent nussin while a patient is still symptmati
frm a first nussin may lead t fatal erebral edema
(second impact syndrome). These bservatins frm the
basis f the remmendatin that patients at risk fr reur-
rent nussin (eg, athletes) be held ut f the risky ativ-
ity until their nussive symptms have fully reslved.

In patients hspitalized with mderate r severe TBI,
management ften requires a multidisiplinary apprah
due t multiple nmitant injuries. Elevated intraranial
pressure an result frm diffuse axnal injury r a hema-
tma requiring surgial evauatin, r frm a variety f
medial auses. Dempressive ranietmy may redue
therwise refratry intraranial hypertensin but des
nt imprve neurlgi utme. Hypthermia is assi-
ated with wrsened funtinal utmes.

Beause bridging veins between the brain and venus
sinuses beme mre vulnerable t shear injury as the
brain atrphies, a subdural hematoma may develp days
r weeks fllwing head injury in elderly patients r even
ur spntaneusly. Clinial presentatin an be subtle,
ften with mental hanges suh as slwness, drwsiness,
headahe, nfusin, r memry disturbane. Fal

neurlgi defiits suh as hemiparesis r hemisensry
disturbane are less mmn. Surgial interventin is indi-
ated if the hematma is 10 mm r mre in thikness r
there is a midline shift f 5 mm r mre; if there is a deline
in GCS sre f 2 r mre frm injury t hspital admis-
sin; r if ne r bth pupils are fixed and dilated.

Salp laeratins and depressed skull fratures shuld
be treated surgially as apprpriate. Simple skull fratures
require n speifi treatment. If there is any leakage f
erebrspinal fluid, nservative treatment, with elevatin
f the head, restritin f fluids, and administratin f
aetazlamide (250 mg rally fur times daily), is ften
helpful; if the leak ntinues fr mre than a few days,
lumbar subarahnid drainage may be neessary. Antibit-
is are given if infetin urs, based n ulture and sen-
sitivity studies; vainatin against pneumus is
remmended (see Table 30–7). Only very asinal
patients require intraranial repair f the dural defet
beause f persistene f the leak r reurrent meningitis.

» Prognosis

Mderate and severe TBI may result in permanent gni-
tive and mtr impairment depending n the severity and
latin f the initial injury. Initial GCS and head CT find-
ings have prgnsti value. Amng patients with a GCS
sre f 8 r less at presentatin, mrtality apprahes 30%
and nly ne-third f survivrs regain funtinal indepen-
dene. Cgnitive impairment tends t affet frntal and
tempral lbe funtin, ausing defiits in attentin, mem-
ry, judgment, and exeutive funtin. Behaviral dysregu-
latin, depressin, and disinhibitin an impair sial
funtining. Ansmia, presumably due t shearing f
fibers frm the nasal epithelium, is mmn.

Epilepsy an develp after TBI, espeially with mre
severe injury. Amng patients with severe TBI (typially
lss f nsiusness fr at least 12–24 hurs, intraranial
hematma, depressed skull frature, r erebral ntu-
sin), phenytin r levetiraetam is typially given fr
7 days t redue the inidene f early psttraumati sei-
zures; this is dne exlusively t minimize aute mplia-
tins resulting frm suh seizures and des nt prevent the
develpment f psttraumati epilepsy.

Amng patients with mild TBI, symptms f nus-
sin reslve in mst patients by 1 mnth and in the vast
majrity by 3 mnths. Prlnged pstnussive symp-
tms are unmmn, persisting at 1 year in 10–15% f
patients. Risk fatrs fr prlnged pstnussive symp-
tms inlude ative litigatin regarding the injury; repeated
nussins; and GCS sre f 13 r less at presentatin.
Headahes ften have migrainus features and may
respnd t triyli antidepressants r beta-blkers (see
Table 24–1). Opiids shuld be avided t minimize the
risk f mediatin veruse headahe. Md symptms
may respnd t antidepressants, anxilytis, and gnitive
behaviral therapy.

There appears t be an assiatin between head
trauma and the later develpment f neurdegenerative
disease, suh as Alzheimer disease, Parkinsn disease, r
amytrphi lateral slersis (ALS). Nrmal pressure
hydrephalus may als ur. Repetitive, mild head
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injury, suh as that whih urs in athletes r military
persnnel, an lead t chronic traumatic encephalopathy,
a distint pathlgi entity assiated with md and
gnitive hanges and haraterized by the abnrmal
aggregatin f tau r ther prteins either fally r
glbally in the erebral rtex. Whether hrni trau-
mati enephalpathy is a stati respnse t reurrent
head injury r a prgressive neurdegenerative disease
is nt knwn, but the severity f neurpathlgy appears
t rrelate t lifetime expsure t repetitive head
injury.

» When to Refer

• Patients with fal neurlgi defiits, altered n-
siusness, r skull frature.

• Patients with late mpliatins f head injury, eg,
psttraumati seizure disrder r nrmal pressure
hydrephalus.

» When to Admit

• Patients with nussin and GCS sre less than 15,
predispsitin t bleeding, seizure, r n respnsible
aregiver at hme.

• Patients with abnrmal head CT.

Mariani M et al. Clinial presentatin f hrni traumati
enephalpathy. Semin Neurl. 2020;40:370. [PMID: 32740900]

Mish MR et al. Sprts mediine update: nussin. Emerg
Med Clin Nrth Am. 2020;38:207. [PMID: 31757251]

MULTIPLE SCLEROSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Episodic neurologic symptoms.

» Patient usually < 55 years of age at onset.

» Single pathologic lesion cannot explain clinical
findings.

» Multiple foci best visualized by MRI.

» General Considerations

This mmn neurlgi disrder, whih prbably has
an autimmune basis, has its greatest inidene in yung
adults. Epidemilgi studies indiate that multiple
slersis is muh mre mmn in persns f western
Eurpean lineage wh live in temperate znes. N
ppulatin with a high risk fr multiple slersis exists
between latitudes 40° N and 40° S. A geneti susepti-
bility t the disease is present. Pathlgially, fal—
ften perivenular—areas f demyelinatin with reative
glisis are fund sattered in the white matter f the
brain and spinal rd and in the pti nerves. Axnal
damage als urs.

» Clinical Findings

A. Symptoms and Signs

The mmn initial presentatin is weakness, numbness,
tingling, r unsteadiness in a limb; spasti paraparesis;
retrbulbar pti neuritis; diplpia; dysequilibrium; r a
sphinter disturbane suh as urinary urgeny r hesi-
tany. Symptms may disappear after a few days r weeks,
althugh examinatin ften reveals a residual defiit.

Several frms f the disease are regnized. In mst
patients, there is an interval f mnths r years after the
initial episde befre new symptms develp r the riginal
nes reur (relapsing-remitting disease). Eventually, hw-
ever, relapses and usually inmplete remissins lead t
inreasing disability, with weakness, spastiity, and ataxia f
the limbs, impaired visin, and urinary inntinene. The
findings n examinatin at this stage mmnly inlude
pti atrphy; nystagmus; dysarthria; and pyramidal, sen-
sry, r erebellar defiits in sme r all f the limbs. In
sme f these patients, the linial urse hanges s that a
steady deteriratin urs, unrelated t aute relapses
(secondary progressive disease). Less mmnly, symp-
tms are steadily prgressive frm their nset, and disability
develps at a relatively early stage (primary progressive
disease). The diagnsis annt be made with nfidene
unless the ttal linial piture indiates invlvement f
different parts of the central nervous system at different times.
Fatigue is mmn in all frms f the disease.

A number f fatrs (eg, infetin) may preipitate r
trigger exaerbatins. Relapses are redued in pregnany
but are mre likely during the 2 r 3 mnths fllwing
pregnany, pssibly beause f the inreased demands and
stresses that ur in the pstpartum perid.

B. Imaging

MRI f the brain and ervial rd has a majr rle in
exluding ther auses f neurlgi dysfuntin and
in demnstrating the presene f multiple lesins. In
T1-weighted images, hypintense “blak hles” prbably
represent areas f permanent axnal damage. Gadlinium-
enhaned T1-weighted images may highlight areas f
ative inflammatin with breakdwn f the bld-brain
barrier, whih helps identify newer lesins. T2-weighted
images prvide infrmatin abut disease burden r ttal
number f lesins, whih typially appear as areas f high
signal intensity. CT sans are less helpful than MRI.

In patients with myelpathy alne and n linial r
labratry evidene f mre widespread disease, MRI r
myelgraphy is neessary t exlude a ngenital r
aquired surgially treatable lesin. In patients with mixed
pyramidal and erebellar defiits in the limbs, the framen
magnum regin must be visualized t exlude the pssibil-
ity f Arnld-Chiari malfrmatin, in whih parts f the
erebellum and lwer brainstem are displaed int the
ervial anal.

C. Laboratory and Other Studies

A definitive diagnsis an never be based slely n the
labratry findings. If there is linial evidene f nly a
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single lesin in the entral nervus system, multiple sler-
sis annt prperly be diagnsed unless it an be shwn
that ther regins are affeted sublinially. Visual, brain-
stem auditry, and smatsensry evked ptentials are
helpful in this regard, but ther disrders may als be
haraterized by multifal eletrphysilgi abnrmali-
ties refleting disease f entral white matter. Certain
infetins (eg, HIV, Lyme disease, syphilis), nnetive
tissue diseases (eg, systemi lupus erythematsus, Sjögren
syndrme), saridsis, metabli disrders (eg, vitamin B

12

defiieny), and lymphma may therefre require
exlusin.

There may be mild lymphytsis r a slightly inreased
prtein nentratin in the erebrspinal fluid, espeially
sn after an aute relapse. Elevated IgG in erebrspinal
fluid and disrete bands f IgG (liglnal bands) are
present in many patients. The presene f suh bands is nt
speifi, hwever, sine they have been fund in a variety
f inflammatry neurlgi disrders and asinally in
patients with vasular r neplasti disrders f the ner-
vus system.

Vitamin D defiieny may be assiated with an
inreased risk f develping multiple slersis; randmized
trials have nt shwn vitamin D supplementatin redues
attak rate r prgressin in relapsing remitting disease.

D. Diagnosis

Multiple slersis shuld nt be diagnsed unless there is
evidene that tw r mre different regins f the entral
white matter (dissemination in space) have been affeted at
different times (dissemination in time); the mst widely
used diagnsti algrithm is the 2017 revisin t the
MDnald riteria. The diagnsis may be made in a
patient with tw r mre typial attaks and bjetive
evidene n linial examinatin f tw lesins (eg, pti
disk atrphy and pyramidal weakness), r bjetive evi-
dene f ne lesin with lear-ut histrial evidene the
ther attak was typial f multiple slersis and in a dis-
tint neuranatmi latin, and when n alternative
explanatin fr the patient’s presentatin has been fund.
T fulfill the riterin f disseminatin in spae in a
patient with tw linial attaks but bjetive linial evi-
dene f nly ne lesin, MRI shuld demnstrate at least
ne lesin in at least tw f fur typial sites (periventriu-
lar, rtial r juxtartial, infratentrial, r spinal);
alternatively, an additinal attak lalized t a different
site suffies. The riterin f disseminatin in time in a
patient with nly ne attak an be fulfilled by the simul-
taneus presene f gadlinium-enhaning and nnen-
haning lesins at any time (inluding at initial
examinatin); the presene f liglnal bands unique t
the erebrspinal fluid; a new lesin n fllw-up MRI; r
a send attak. Lesins in the pti nerve n MRI in
patients with pti neuritis annt be used t fulfill the
MDnald riteria fr disseminatin in spae r time. Pri-
mary prgressive disease requires at least a year f prgres-
sin, plus tw f three f the fllwing: at least ne typial
brain lesin, at least tw spinal lesins, r liglnal
banding in the erebrspinal fluid.

In patients with a single linial event wh d nt sat-
isfy riteria fr multiple slersis, a diagnsis f a clinically
isolated syndrome (CIS) is made. Suh patients are at risk
fr develping multiple slersis and are smetimes ffered
beta-interfern r glatiramer aetate therapy, whih may
delay prgressin t linially definite disease. Fllw-up
MRI shuld be nsidered 6–12 mnths later t assess fr
the presene f any new lesin.

» Treatment

At least partial revery frm aute exaerbatins an rea-
snably be expeted, but further relapses may ur with-
ut warning. Sme disability is likely t result eventually,
but abut half f all patients are withut signifiant dis-
ability even 10 years after nset f symptms. Current
treatments are hiefly aimed at preventing relapses, thereby
reduing disability.

Recovery from acute relapses may be hastened by treat-
ment with corticosteroids, but the extent of recovery is
unchanged. Intravenus therapy is ften given first—
typially methylprednislne 1 g daily fr 3 days—fllwed
by ral prednisne at 60–80 mg daily fr 1 week with a
taper ver the ensuing 2–3 weeks, but randmized trials
shw similar effiay whether the initial high dse is given
rally r intravenusly. Lng-term treatment with rti-
sterids prvides n benefit and des nt prevent further
relapses. Transient exaerbatin f symptms relating t
interurrent infetin r heat requires n added treatment.

In patients with relapsing disease, numerus media-
tins have well-established effiay at reducing the
frequency of attacks (Table 24–9). The initial agent is h-
sen after nsidering mediatin tlerane and risks,
patient preferene, and disease severity. Glatiramer aetate,
an interfern, r dimethyl fumarate is ften used initially
due t favrable side effet prfiles and availability,
althugh the effiay f early treatment with higher inten-
sity therapy is being explred. In general, the mediatins
mst effetive in reduing relapses have strnger immun-
mdulatry effets and mre, albeit rare, serius adverse
effets. Presriptin f these agents shuld be managed by
a speialist.

Orelizumab is the nly mediatin effetive in slwing
disability prgressin in primary prgressive multiple sle-
rsis and is apprved fr this indiatin by the FDA. Fr
patients with ative sendary prgressive disease, ladrib-
ine, relizumab, fatumumab, zanimd, and sipnimd
an be used. Plasmapheresis is smetimes helpful in patients
with severe relapses unrespnsive t rtisterids.

Symptmati therapy fr spastiity, neurgeni bladder,
r fatigue may be required. Fatigue is espeially mmn
in multiple slersis, and mdafinil (200 mg rally every
mrning) is an effetive and FDA-apprved therapy fr
this indiatin. Dalfampridine (an extended-release fr-
mulatin f 4-aminpyridine administered as 10 mg rally
twie daily) is effiaius at imprving timed gait in mul-
tiple slersis. Depressin and even suiidality an ur in
multiple slersis and may wrsen with interfern beta-1a
therapy; sreening and nventinal treatment f suh
symptms are apprpriate.
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» When to Refer

All patients, but espeially thse with prgressive disease
despite standard therapy, shuld be referred.

» When to Admit

• Patients requiring plasma exhange fr severe relapses
unrespnsive t rtisterids.

• During severe relapses.

• Patients unable t manage at hme.

Freedman MS et al. Treatment ptimizatin in multiple slersis:
Canadian MS wrking grup remmendatins. Can J Neurl
Si. 2020;47:437. [PMID: 32654681]

Rae-Grant A et al. Pratie guideline remmendatins summary:
disease-mdifying therapies fr adults with multiple slersis:
reprt f the Guideline Develpment, Disseminatin, and
Implementatin Submmittee f the Amerian Aademy f
Neurlgy. Neurlgy. 2018;90:777. [PMID: 29686116]

NEUROMYELITIS OPTICA

This disrder is haraterized by pti neuritis and aute
myelitis with MRI hanges that extend ver at least three
segments f the spinal rd. An islated myelitis r pti
neuritis may als ur. Previusly knwn as Devi disease
and ne regarded as a variant f multiple slersis, neur-
myelitis ptia is assiated with a speifi antibdy marker
(NMO-IgG) targeting the water hannel aquaprin-4 in
80% f ases, and with antibdies t myelin ligdendr-
yte glyprtein (MOG-IgG) in apprximately 33% f
NMO-IgG sernegative patients. MRI f the brain typially
des nt shw widespread white matter invlvement, but
suh hanges d nt exlude the diagnsis. Treatment is by
lng-term immunsuppressin. Three mediatins are
apprved by the FDA fr treatment f neurmyelitis ptia
based n plaeb-ntrlled trials demnstrating a redued
annual relapse rate r time t first relapse. Eulizumab is a
mplement inhibitr, inebilizumab is a humanized

Table 24–9. Treatment of multiple sclerosis (in alphabetical order within categories).1

Mediction Dose

acute Eisode, Including Relse2

Dexamethasone 160 mg orally daily for 3–5 days

Methylprednisolone 1 g intravenously or orally daily for 3–5 days

Plasmapheresis

Disese-Modifying Tery (FDa roved)

Alemtuzumab (Lemtrada)3,4 12 mg intravenously daily for 5 days; 3-day course given 1 year later

Cladribine (Mavenclad)3,5,6 1.75 mg/kg orally divided between weeks 1 and 5, repeated once in 1 year

Dimethyl fumarate (Tecfidera)3,5 240 mg orally twice daily

Fingolimod (Gilenya)3,4,5 0.5 mg orally daily

Glatiramer acetate (Copaxone, Mylan, Glatopa)5 20 mg subcutaneously daily or 40 mg subcutaneously three times weekly

Interferon β-1a (Rebif )5 44 mcg subcutaneously three times per week

Interferon β-1a (Avonex)5 30 mcg intramuscularly once per week

Interferon β-1b (Betaseron, Extavia)5 0.25 mg subcutaneously on alternate days

Mitoxantrone3 12 mg/m2 intravenously every 3 months; maximum lifetime dose, 140 mg/m2

Natalizumab (Tysabri)3,4 300 mg intravenously monthly

Ocrelizumab (Ocrevus)3,4,5,6,7 300 mg intravenously on day 1 and day 15, followed by 600 mg every 6 months

Ofatumumab (Kesimpta)3,4,5,6 20 mg subcutaneously weeks 0, 1, 2, 4, and monthly thereafter

Ozanimod (Zeposia)3,4,5,6 0.23 mg orally daily on days 1–4, 0.46 mg daily on days 5–7, and 0.92 mg daily

thereafter

Pegylated interferon β-1a (Plegridy)5 125 mg subcutaneously once every 2 weeks

Siponimod (Mayzent)3,4,5,6 0.25 mg orally daily, titrated over 5 or 6 days to 1 or 2 mg orally daily, depending

on CYP2C9 genotype

Teriflunomide (Aubagio)5 14 mg or 7 mg orally daily

1Several of these agents require special monitoring or pretreatment; some should be avoided during pregnancy. Readers should refer to
the manufacturer’s guidelines.
2For corticosteroid-refractory relapses, plasmapheresis may be used.
3Relapse prevention for disease activity despite use of first-line treatment.
4High disease activity (typically with multiple gadolinium-enhancing lesions on MRI).
5Relapse prevention, first-line treatment.
6Active secondary progressive disease.
7Primary progressive disease.
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anti-CD19 antibdy that depletes B ells, and satralizumab
is an interleukin-6 reeptr antagnist. Use f eulizumab
requires prir immunizatin against meningus. Off-
label therapy is with rituximab (tw 1-g intravenus
infusins spaed by 2 weeks, r fur weekly infusins f
375 mg/m2; re-dsing may ur every 6 mnths r when
CD19/20-psitive r CD27-psitive lymphytes beme
detetable), myphenlate mfetil (500–1500 mg rally
twie daily, titrated until the abslute lymphyte unt
falls belw 1500/mL [1.5 × 109/L]), r azathiprine
(2.5–3 mg/kg rally). Aute relapses are treated with rti-
sterids at dses similar t thse utlined fr multiple
slersis and with plasma exhange fr severe relapses
unrespnsive t rtisterids.

Cree BAC et al; N-MOmentum Study Investigatrs. Inebili-
zumab fr the treatment f neurmyelitis ptia spetrum
disrder (N-MOmentum): a duble-blind, randmized
plaeb-ntrlled phase 2/3 trial. Lanet. 2019;394:1352.
[PMID: 31495497]

Pittk SJ et al. Eulizumab in aquaprin-4-psitive neurmyeli-
tis ptia spetrum disrder. N Engl J Med. 2019;381:614.
[PMID: 31050279]

VITAMIN E DEFICIENCY

Vitamin E defiieny may prdue a disrder smewhat
similar t Friedreih ataxia. There is spinerebellar degen-
eratin invlving partiularly the psterir lumns f the
spinal rd and leading t limb ataxia, sensry lss, absent
tendn reflexes, slurring f speeh, and, in sme ases,
pigmentary retinal degeneratin. The disrder may ur
as a nsequene f malabsrptin r n a hereditary basis
(eg, abetalipprteinemia).

SPASTICITY

The term “spastiity” is mmnly used fr an upper
mtr neurn defiit, but it prperly refers t a velity-
dependent inrease in resistane t passive mvement that
affets different musles t a different extent, is nt uni-
frm in degree thrughut the range f a partiular mve-
ment, and is mmnly assiated with ther features f
pyramidal defiit. It is ften a majr mpliatin f strke,
erebral r spinal injury, stati perinatal enephalpathy,
and multiple slersis. Spastiity may be exaerbated by
pressure injuries, urinary r ther infetins, and niep-
tive stimuli.

Physial therapy with apprpriate strething prgrams
is imprtant during rehabilitatin after the develpment f
an upper mtr neurn lesin and in subsequent manage-
ment f the patient. The aim is t prevent jint and musle
contractures and perhaps t mdulate spastiity.

Mediatin management is imprtant als, but treat-
ment may inrease funtinal disability when inreased
extensr tne is prviding additinal supprt fr patients
with weak legs. Pharmalgi treatment with balfen
(5–10 mg twie daily rally titrated t 80 mg daily), tizani-
dine (2–8 mg three time daily rally), diazepam (2–10 mg
three times daily rally), r dantrlene (25 mg ne daily
rally, titrated every 3 days as tlerated t a maximum f

100 mg fur times daily) is ften helpful. Dantrlene is best
avided in patients with pr respiratry funtin r
severe myardial disease. Cannabinids are als effetive
in reduing spastiity, but are assiated with side effets,
inluding dizziness, drwsiness, and fatigue. Intramusular
injetin f btulinum txin is used t relax targeted
musles.

In patients with severe spastiity that is unrespnsive t
ther therapies and is assiated with marked disability,
intratheal injetin f phenl r alhl may be helpful.
Surgial ptins inlude implantatin f an intratheal
balfen pump, rhiztmy, r neuretmy. Severe ntra-
tures may be treated by surgial tendn release.

MYELOPATHIES IN AIDS

A variety f myelpathies may ur in patients with
AIDS. These are disussed in Chapter 31.

MYELOPATHY OF HUMAN T-CELL LEUKEMIA
VIRUS INFECTION

Human T-ell leukemia virus (HTLV-1), a human retrvi-
rus, is transmitted by breastfeeding, sexual ntat, bld
transfusin, and ntaminated needles. Mst patients are
asymptmati, but after a variable latent perid (whih
may be as lng as several years), a myelpathy develps in
sme instanes. The MRI, eletrphysilgi, and erebr-
spinal fluid findings are similar t thse f multiple sler-
sis, but HTLV-1 antibdies are present in serum and spinal
fluid. There is n speifi treatment, but intravenus r
ral rtisterids may help in the initial inflammatry
phase f the disease. Prphylati measures are imprtant.
Needles r syringes shuld nt be shared; infeted patients
shuld nt breastfeed their infants r dnate bld, semen,
r ther tissue. Infeted patients shuld use ndms t
prevent sexual transmissin.

SUBACUTE COMBINED DEGENERATION OF
THE SPINAL CORD

Subaute mbined degeneratin f the spinal rd is due
t vitamin B

12
deficiency, suh as urs in perniius

anemia. It is haraterized by myelpathy with spastiity,
weakness, prprieptive lss, and numbness due t
degeneratin f the rtispinal trats and psterir l-
umns. Plyneurpathy, mental hanges, r pti neurpa-
thy als develp in sme patients. Megalblasti anemia
may als ur, but this des not parallel the neurlgi
disrder, and the frmer may be bsured if fli aid
supplements have been taken. Treatment is with vitamin
B

12
. Fr perniius anemia, a nvenient therapeuti regi-

men is 1000 mg yanbalamin intramusularly daily
fr 1 week, then weekly fr 1 mnth, and then mnthly fr
the remainder f the patient’s life. Oral yanbalamin
replaement is nt advised fr perniius anemia when
neurlgi symptms are present. A similar syndrme is
aused by rereatinal abuse f inhaled nitrus xide due
t its interferene with vitamin B

12
metablism. Cpper

defiieny, aused by malabsrptin r exess zin inges-
tin, may als be respnsible.
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SPINAL TRAUMA

E S S E N T I A L S  O F  D I A G N O S I S

» History of preceding trauma.

» Development of acute neurologic deficit.

» Signs of myelopathy on examination.

» General Considerations

While spinal rd damage may result frm whiplash injury,
severe injury usually relates t frature-dislatin ausing
mpressin r angular defrmity f the rd either ervi-
ally r in the lwer thrai and upper lumbar regins.
Extreme hyptensin fllwing injury may als lead t
rd infartin.

» Clinical Findings

Ttal rd transetin results in immediate flaid paraly-
sis and lss f sensatin belw the level f the lesin. Reflex
ativity is lst fr a variable perid, and there is urinary
and feal retentin. As reflex funtin returns ver the fl-
lwing days and weeks, spasti paraplegia r quadriplegia
develps, with hyperreflexia and extensr plantar
respnses, but a flaid atrphi (lwer mtr neurn)
paralysis may be fund depending n the segments f the
rd that are affeted. The bladder and bwels als regain
sme reflex funtin, permitting urine and fees t be
expelled at intervals. As spastiity inreases, flexr r
extensr spasms (r bth) f the legs beme trublesme,
espeially if the patient develps bed sres r a urinary
trat infetin. Paraplegia with the legs in flexin r exten-
sin may eventually result.

With lesser degrees f injury, patients may be left with
mild limb weakness, distal sensry disturbane, r bth.
Sphinter funtin may als be impaired, urinary urgeny
and urge inntinene being espeially mmn. Mre
partiularly, a unilateral rd lesin leads t an ipsilateral
mtr disturbane with ampanying impairment f pr-
prieptin and ntralateral lss f pain and temperature
appreiatin belw the lesin (Brown-Séquard syndrome).
A entral rd syndrme may lead t a lwer mtr neurn
defiit at the level f the lesin and lss f pain and tem-
perature appreiatin belw it, with sparing f psterir
lumn funtins. With mre extensive invlvement, ps-
terir lumn sensatin may als be impaired and pyrami-
dal weakness develps. A radiular defiit may ur at the
level f the injury—r, if the auda equina is invlved, there
may be evidene f disturbed funtin in several lumbsa-
ral rts.

» Treatment

Treatment f the injury nsists f immbilizatin and—if
there is rd mpressin—early dempressive lamine-
tmy and fusin (within 24 hurs). Early treatment with
high dses f rtisterids (eg, methylprednislne,

30 mg/kg by intravenus blus, fllwed by 5.4 mg/kg/h
fr 23 hurs) may imprve neurlgi revery if m-
mened within 8 hurs after injury, althugh the evidene
is limited and sme neursurgial guidelines d nt re-
mmend their use. Anatmi realignment f the spinal
rd by tratin and ther rthpedi predures is
imprtant. Subsequent are f the residual neurlgi
defiit—paraplegia r quadriplegia—requires treatment f
spastiity and are f the skin, bladder, and bwels.

» When to Refer

All patients with fal neurlgi defiits shuld be
referred.

» When to Admit

• Patients with neurlgi defiits.

• Patients with spinal rd injury, mpressin, r aute
epidural r subdural hematma.

• Patients with vertebral frature-dislatin likely t
mpress the rd.

Ong B et al. Management f the patient with hrni spinal rd
injury. Med Clin Nrth Am. 2020;104:263. [PMID: 32035568]

SYRINGOMYELIA

Destrutin r degeneratin f gray and white matter adja-
ent t the entral anal f the ervial spinal rd leads t
avitatin and aumulatin f fluid within the spinal rd.
The preise pathgenesis is unlear, but many ases are
assiated with Arnold-Chiari malformation, in whih
there is displaement f the erebellar tnsils, medulla, and
furth ventrile int the spinal anal, smetimes with
ampanying meningmyelele. In suh irumstanes,
the rd avity nnets with and may merely represent a
dilated entral anal. In ther ases, the ause f avitatin
is less lear. There is a harateristi linial piture, with
segmental atrphy, areflexia, and lss f pain and tempera-
ture appreiatin in a “ape” distributin, wing t the
destrutin f fibers rssing in frnt f the entral anal
in the mid-ervial spinal rd. Thrai kyphslisis is
usually present. With prgressin, invlvement f the lng
mtr and sensry trats urs as well, s that a pyrami-
dal and sensry defiit develps in the legs. Upward exten-
sin f the avitatin (syringbulbia) leads t dysfuntin
f the lwer brainstem and thus t bulbar palsy, nystagmus,
and sensry impairment ver ne r bth sides f the fae.

Syringmyelia, ie, rd avitatin, may als ur in
assiatin with an intramedullary tumr r fllwing
severe rd injury, and the avity then des nt mmuni-
ate with the entral anal.

In patients with Arnld-Chiari malfrmatin, CT sans
reveal a small psterir fssa and enlargement f the fra-
men magnum, alng with ther assiated skeletal abnr-
malities at the base f the skull and upper ervial spine.
MRI reveals the syrinx as well as the harateristi findings
f the Arnld-Chiari malfrmatin, inluding the audal
displaement f the furth ventrile and herniatin f the
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erebellar tnsils thrugh the framen magnum. Fal
rd enlargement is fund at myelgraphy r by MRI in
patients with avitatin related t past injury r intramed-
ullary neplasms.

Treatment f Arnld-Chiari malfrmatin with assi-
ated syringmyelia is by subipital ranietmy and
upper ervial laminetmy, with the aim f dempress-
ing the malfrmatin at the framen magnum. The rd
avity shuld be drained and, if neessary, an utlet fr the
furth ventrile an be made. In avitatin assiated with
intramedullary tumr, treatment is surgial, but radiatin
therapy may be neessary if mplete remval is nt ps-
sible. Psttraumati syringmyelia is als treated surgi-
ally if it leads t inreasing neurlgi defiits r t
intlerable pain.

DEGENERATIVE MOTOR NEURON DISEASES

E S S E N T I A L S  O F  D I A G N O S I S

» Weakness.

» No sensory loss or sphincter disturbance.

» Progressive course.

» No identifiable underlying cause other than genetic
basis in familial cases.

» General Considerations

This grup f degenerative disrders is haraterized lini-
ally by weakness and variable wasting f affeted musles,
withut ampanying sensry hanges.

Mtr neurn disease in adults generally mmenes
between 30 and 60 years f age. There is degeneratin f
the anterir hrn ells in the spinal rd, the mtr nulei
f the lwer ranial nerves, and the rtispinal and r-
tibulbar pathways. The disrder is usually spradi, but
familial ases may ur and several geneti mutatins r
li have been identified. Cigarette smking may be ne
risk fatr.

» Classification

Five varieties have been distinguished n linial grunds.

A. Progressive Bulbar Palsy

Bulbar invlvement predminates wing t disease pr-
esses affeting primarily the mtr nulei f the ranial
nerves.

B. Pseudobulbar Palsy

Bulbar invlvement predminates in this variety als, but it
is due t bilateral rtibulbar disease and thus reflets
upper mtr neurn dysfuntin. There may be a “pseud-
bulbar affet,” with unntrllable episdes f laughing r
rying t stimuli that wuld nt nrmally have eliited
suh marked reatins.

C. Progressive Spinal Muscular Atrophy

This is haraterized primarily by a lwer mtr neurn
defiit in the limbs due t degeneratin f the anterir
hrn ells in the spinal rd.

D. Primary Lateral Sclerosis

There is a purely upper mtr neurn defiit in the limbs.

E. Amyotrophic Lateral Sclerosis ALS

A mixed upper and lwer mtr neurn defiit is fund in
the limbs. This disrder is smetimes assiated with g-
nitive deline (in a pattern nsistent with frnttempral
dementia), a pseudbulbar affet, r parkinsnism.
Apprximately 10% f ALS ases are familial and have been
assiated with mutatins at several different geneti li,
inluding a hexanuletide repeat n hrmsme 9 that
als assiates with frnttempral dementia.

» Differential Diagnosis

The spinal musular atrphies (SMAs) are inherited
syndrmes aused mst ften by mutatins f the sur-
vival mtr neurn 1 (SMN1) gene n hrmsme 5.
Different mutatins result in mre r less severe disrup-
tins f the prtein, resulting in an age f nset that
ranges frm infany (SMA type I), t early (type II) r
late hildhd (type III), t adulthd (type IV).
X-linked spinal and bulbar musular atrphy (Kennedy
syndrme) is assiated with an expanded trinuletide
repeat sequene n the andrgen reeptr gene and ar-
ries a mre benign prgnsis than ther frms f mtr
neurn disease.

There are reprts f juvenile SMA due t hexsa-
minidase defiieny. Pure mtr syndrmes resembling
mtr neurn disease may als ur in assiatin with
mnlnal gammpathy r multifal mtr neurpa-
thies with ndutin blk. A mtr neurnpathy
may als develp in Hdgkin disease and has a relatively
benign prgnsis. Infetive anterir hrn ell diseases
(pli virus r West Nile virus infetin) an generally
be distinguished by the aute nset and mnphasi
urse f the illness, as disussed in Chapter 32. Aute
flaid myelitis fllwing infetin with entervirus may
ur, espeially in hildren, withut sensry invlve-
ment and resembles plimyelitis. There is n speifi
treatment.

» Clinical Findings

A. Symptoms and Signs

Diffiulty in swallwing, hewing, ughing, breathing,
and talking (dysarthria) urs with bulbar invlvement.
In prgressive bulbar palsy, there is drping f the palate;
a depressed gag reflex; pling f saliva in the pharynx; a
weak ugh; and a wasted, fasiulating tngue. In pseud-
bulbar palsy, the tngue is ntrated and spasti and an-
nt be mved rapidly frm side t side. Limb invlvement
is haraterized by mtr disturbanes (weakness, stiff-
ness, wasting, fasiulatins) refleting lwer r upper

CMDT22_Ch24_p0978-p1053.indd 1036 29/06/21 8:50 PM



NERVOUS SYSTEM DISORDERS 1037CMDT 2022

mtr neurn dysfuntin; there are n bjetive hanges
n sensry examinatin, althugh there may be vague sen-
sry mplaints. The sphinters are generally spared. Cg-
nitive hanges r pseudbulbar affet may be present. The
disrder is prgressive, and ALS is usually fatal within
3–5 years; death usually results frm pulmnary infetins.
Patients with bulbar invlvement generally have the pr-
est prgnsis, while patients with primary lateral slersis
ften have a lnger survival despite prfund quadriparesis
and spastiity.

B. Laboratory and Other Studies

Eletrmygraphy may shw signs f aute and hrni
partial denervatin with reinnervatin. In patients with
suspeted ALS, the diagnsis shuld nt be made with
nfidene unless suh hanges are fund in at least three
spinal regins (ervial, thrai, lumbsaral) r tw
spinal regins and the bulbar musulature. Mtr ndu-
tin velity is usually nrmal but may be slightly redued,
and sensry ndutin studies are als nrmal. Bipsy f
a wasted musle shws the histlgi hanges f denerva-
tin but is nt neessary fr diagnsis. The serum reatine
kinase may be slightly elevated but never reahes the
extremely high values seen in sme f the musular dys-
trphies. The erebrspinal fluid is nrmal. T diagnse
SMA, mleular geneti testing fr pathgeni variants f
SMN1 is available. There are abnrmal findings n retal
bipsy and redued hexsaminidase A in serum and leuk-
ytes in patients with juvenile SMA due t hexsaminidase
defiieny.

» Treatment

Riluzle, 50 mg rally twie daily, whih redues the pre-
synapti release f glutamate, inreased shrt-term sur-
vival in ALS in randmized trials. Edaravne, a free radial
savenger, slws disease prgressin in patients with mild
disease. It is administered in mnthly yles as a 60 mg
intravenus infusin n days 1–14 in the first mnth and
days 1–10 in the subsequent mnths.

Nninvasive ventilatin at least 4 hurs per day in
patients with a maximal inspiratry pressure less than
60 m H

2
O may prlng survival in ALS. Symptmati and

supprtive measures t treat spastiity (disussed earlier),
drling, and dysphagia, prevent ntratures, and pre-
serve mbility are imprtant. Drling is treated with ver-
the-unter dengestants, antihlinergi mediatins
(suh as trihexyphenidyl, amitriptyline, r atrpine), btu-
linum txin injetins int the salivary glands, r use f a
prtable sutin mahine. Physial and upatinal ther-
apy are helpful thrughut the disease urse. Cmbina-
tin dextrmethrphan/quinidine (20 mg/10 mg, ne
tablet rally ne r twie daily) may relieve symptms f
pseudbulbar affet. A semiliquid diet r gastrstmy tube
feeding may be needed if dysphagia is severe; it is advisable
t perfrm the predure befre the fred vital apaity
falls belw 50% f predited t minimize the risk f m-
pliatins. Trahestmy is smetimes perfrmed if respi-
ratry musles are severely affeted; hwever, in the
terminal stages f these disrders, realisti expetatins

and advane are planning shuld be disussed. Infrma-
tin n palliative are is prvided in Chapter 5.

Treatment f spinal musular atrphy takes advantage
f the fat that the SMN prtein is als ended by a se-
nd gene, SMN2, that usually des nt translate funtinal
prtein due t aberrant spliing. Nusinersen is an antisense
lignuletide that mdulates premessenger RNA spli-
ing f the SMN2 gene and results in inreased prdutin
f the full-length prtein; it has shwn effetiveness in bth
infants and hildren with SMA. It is apprved fr use in all
ages and is administered intratheally (12 mg every 14 days
fr three dses, then ne after a 30-day interval, then ne
every 4 mnths). Risdiplam (5 mg rally daily fr patients
2 years f age and lder weighing mre than 20 kg) is a
small mleule SMN2 spliing mdifier that als results in
prdutin f the full-length prtein and is apprved fr
use in infants and adults. Gene therapy with intravenus
delivery f an intat SMN1 gene using a viral vetr
(nasemngene abeparvve) imprves ventilatr-free
survival mpared t histrial ntrls and is apprved by
the FDA fr use in hildren under 2 years f age with bi-
alleli mutatins in SMN1.

» When to Refer

All patients (t exlude ther treatable auses f symptms
and signs) shuld be referred.

» When to Admit

Patients may need t be admitted fr initiatin r titratin
f nninvasive ventilatin, r fr perids f inreased
requirement f nninvasive ventilatr supprt during pul-
mnary infetins.

Meruri E et al; CHERISH Study Grup. Nusinersen versus sham
ntrl in later-nset spinal musular atrphy. N Engl J Med.
2018;378:625. [PMID: 29443664]

Nrris SP et al. Amytrphi lateral slersis: update n linial
management. Curr Opin Neurl. 2020;33:641. [PMID:
32868602]

º
pERIphERaL NEUROpaThIES

Peripheral neurpathies an be ategrized n the basis f
the struture primarily affeted. The predminant path-
lgi feature may be axonal degeneration (axonal or
neuronal neuropathies) r paranodal or segmental
demyelination. The distintin may be pssible n the
basis f neurphysilgi findings. Mtr and sensry
ndutin velity an be measured in aessible seg-
ments f peripheral nerves. In axnal neurpathies, n-
dutin velity is nrmal r redued nly mildly and
needle eletrmygraphy prvides evidene f denerva-
tin in affeted musles. In demyelinating neurpathies,
ndutin may be slwed nsiderably in affeted fibers,
and in mre severe ases, ndutin is blked m-
pletely, withut ampanying eletrmygraphi signs f
denervatin.
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POLYNEUROPATHIES &
MONONEURITIS MULTIPLEX

E S S E N T I A L S  O F  D I A G N O S I S

» Weakness, sensory disturbances, or both in the
extremities.

» Pain is common.

» Depressed or absent tendon reflexes.

» May be family history of neuropathy.

» May be history of systemic illness or toxic exposure.

» General Considerations

Diffuse polyneuropathies lead t a symmetri sensry,
mtr, r mixed defiit, ften mst marked distally. They
inlude the hereditary, metabli, and txi disrders; idi-
pathi inflammatry plyneurpathy (Guillain-Barré syn-
drome); and the peripheral neurpathies that may ur as
a nnmetastati mpliatin f malignant diseases.
Invlvement f mtr fibers leads t flaid weakness that
is mst marked distally; dysfuntin f sensry fibers
auses impaired sensry pereptin. Tendn reflexes are
depressed r absent. Paresthesias, pain, and musle tender-
ness may als ur. Multiple mnneurpathies (mono-
neuropathy multiplex) suggest a pathy multifal disease
press suh as vasulpathy (eg, diabetes, arteritis), an
infiltrative press (eg, leprsy, saridsis), radiatin dam-
age, r an immunlgi disrder (eg, brahial plexpathy).

» Clinical Findings

The ause f plyneurpathy r mnneuritis multiplex is
suggested by the histry, mde f nset, and predminant
linial manifestatins. Labratry wrkup inludes a m-
plete bld unt, serum prtein eletrphresis with reflex
t immunfixatin r immuntyping, determinatin f
plasma urea and eletrlytes, liver bihemial tests, thy-
rid funtin tests, vitamin B

12
level, tests fr rheumatid

fatr and antinulear antibdy, HBsAg determinatin, a
serlgi test fr syphilis, fasting bld gluse level and
hemglbin A

1
, urinary heavy metal levels, erebrspinal

fluid examinatin, and hest radigraphy. These tests
shuld be rdered seletively, as guided by symptms and
signs. Measurement f nerve ndutin velity an n-
firm the peripheral nerve rigin f symptms and prvides
a means f fllwing linial hanges, as well as indiate the
likely disease press (ie, axnal r demyelinating neurpa-
thy). Cutaneus nerve bipsy may help establish a preise
diagnsis (eg, plyarteritis, amylidsis). In abut half f
ases, n speifi ause an be established; f these, slightly
less than half are subsequently fund t be familial.

» Treatment

Treatment is f the underlying ause, when feasible, and is
disussed belw under the individual disrders. Physial
therapy helps prevent ntratures, and splints an

maintain a weak extremity in a psitin f useful funtin.
Anestheti extremities must be prteted frm injury. T
guard against burns, patients shuld hek the temperature
f water and ht surfaes with a prtin f skin having
nrmal sensatin, measure water temperature with a ther-
mmeter, and use ld water fr washing r lwer the
temperature setting f their ht-water heaters. Shes
shuld be examined frequently during the day fr grit r
freign bjets in rder t prevent pressure lesins.

Patients with plyneurpathies r mnneuritis multi-
plex are subjet t additinal nerve injury at pressure
pints and shuld therefre avid suh behavir as leaning
n elbws r sitting with rssed legs fr lengthy perids.

Neurpathi, burning pain may respnd t simple anal-
gesis, suh as aspirin r nnsteridal anti-inflammatry
agents, and t gabapentin (300 mg rally three times daily,
titrated up t a maximum f 1200 mg rally three times
daily as neessary) r pregabalin (50–100 mg rally three
times daily). Dulxetine (60 mg rally ne r twie daily),
venlafaxine (start 37.5 mg rally twie daily, and titrate up
t 75 mg rally tw t three times daily), r triyli antide-
pressants (eg, amitriptyline 10–150 mg rally at bedtime
daily) may be helpful, espeially in painful diabeti neu-
rpathy. Medial annabis may prvide sme relief, but
lng-term safety data are laking. The use f a frame r
radle t redue ntat with bedlthes may be helpful.
Many patients experiene episdi stabbing pains, whih
may respnd t gabapentin, pregabalin, arbamazepine
(start 100 mg rally twie daily, and titrate up t 400 mg
rally twie daily), r triyli antidepressants. Opiids may
be neessary fr severe hyperpathia r pain indued by
minimal stimuli, but their use generally shuld be avided.

Symptms f autnmi dysfuntin are asinally
trublesme. Treatment f pstural hyptensin is dis-
ussed earlier in this hapter. Eretile dysfuntin an be
treated with phsphdiesterase inhibitrs; a flaid neur-
pathi bladder may respnd t parasympathmimeti
mediatins suh as bethanehl hlride, 10–50 mg three
r fur times daily.

Adams D et al. Patisiran, an RNAi therapeuti, fr hereditary
transthyretin amylidsis. N Engl J Med. 2018;379:11.
[PMID: 29972753]

Bensn MD et al. Intersen treatment fr patients with heredi-
tary transthyretin amylidsis. N Engl J Med. 2018;379:22.
[PMID: 29972757]

1. Inerited Neuroties

A. CharcotMarieTooth Disease HMSN Type I, II

There are several distint varieties f Chart-Marie-Tth
disease, usually with an autsmal dminant mde f
inheritane, but asinal ases ur n a spradi,
reessive, r X-linked basis. Clinial presentatin may be
with ft defrmities r gait disturbanes in hildhd r
early adult life. Slw prgressin leads t the typial fea-
tures f plyneurpathy, with distal weakness and wasting
that begin in the legs, a variable amunt f distal sensry
lss, and depressed r absent tendn reflexes. Tremr is a
nspiuus feature in sme instanes. Hereditary motor
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and sensory neuropathy (HMSN) type I is haraterized
by demyelinatin n eletrdiagnsti studies and is usu-
ally aused by mutatins in the peripheral myelin prtein
22 r myelin prtein zer gene. In HMSN type II, eletr-
diagnsti studies shw axnal lss rather than demyelin-
atin; ne-third f ases are due t mutatins in the gene
mitfusin 2.

A similar disrder may ur in patients with prgres-
sive distal spinal musular atrphies, but there is n sen-
sry lss; eletrphysilgi investigatin reveals that
mtr ndutin velity is nrmal r nly slightly
redued, and nerve atin ptentials are nrmal.

B. DejerineSottas Disease HMSN Type III

The disrder may ur n a spradi, autsmal dmi-
nant r, less mmnly, autsmal reessive basis. Onset in
infany r hildhd leads t a prgressive mtr and
sensry plyneurpathy with weakness, ataxia, sensry
lss, and depressed r absent tendn reflexes. The periph-
eral nerves may be palpably enlarged and are haraterized
pathlgially by segmental demyelinatin, Shwann ell
hyperplasia, and thin myelin sheaths. Eletrphysilgi-
ally, there is a slwing f ndutin, and sensry atin
ptentials may be unrerdable.

C. Friedreich Ataxia

This disrder, the nly knwn autosomal recessive trinu-
cleotide repeat disease, is aused by expansin f a ply-
GAA lus in the gene fr frataxin n hrmsme 9,
leading t symptms in hildhd r early adult life. The
gait bemes ataxi, the hands beme lumsy, and ther
signs f erebellar dysfuntin develp ampanied by
weakness f the legs and extensr plantar respnses.
Invlvement f peripheral sensry fibers leads t sensry
disturbanes in the limbs and depressed tendn reflexes.
There is bilateral pes avus. Pathlgially, there is a
marked lss f ells in the psterir rt ganglia and
degeneratin f peripheral sensry fibers. In the entral
nervus system, hanges are nspiuus in the psterir
and lateral lumns f the rd. Eletrphysilgially,
ndutin velity in mtr fibers is nrmal r nly
mildly redued, but sensry atin ptentials are small r
absent. Cardia disease is the mst mmn ause f death.

In the differential diagnsis fr Friedreih ataxia are
ther spinerebellar ataxias, a grwing grup f at least 30
inherited disrders, eah invlving a different identified
gene. These hetergeneus disrders, whih frequently
(but nt exlusively) exhibit an autsmal dminant inher-
itane pattern and ply-CAG expansin f the affeted
gene, typially ause erebellar ataxia and varying mbi-
natins f ther symptms (suh as peripheral neurpathy,
phthalmparesis, dysarthria, and pyramidal and extrapy-
ramidal signs).

D. Refsum Disease HMSN Type IV

This autsmal reessive disrder is due t a disturbane
in phytani aid metablism. Pigmentary retinal degen-
eratin is ampanied by prgressive sensrimtr ply-
neurpathy and erebellar signs. Auditry dysfuntin,

ardimypathy, and utaneus manifestatins may als
ur. Mtr and sensry ndutin velities are
redued, ften markedly, and there may be eletrmy-
graphi evidene f denervatin in affeted musles.
Dietary restritin f phytani aid and its preursrs may
be helpful therapeutially. Plasmapheresis t redue stred
phytani aid may help at the initiatin f treatment.

E. Porphyria

Peripheral nerve invlvement may ur during aute
attaks in bth variegate porphyria and acute intermit-
tent porphyria. Mtr symptms usually ur first, and
weakness is ften mst marked prximally and in the
upper limbs rather than the lwer. Sensry symptms and
signs may be prximal r distal in distributin. Autnmi
invlvement is smetimes prnuned. The eletrphysi-
lgi findings are in keeping with the results f neur-
pathlgi studies suggesting that the neurpathy is axnal
in type (see Chapter 40).

F. Familial Amyloid Polyneuropathy

Sensry and autnmi symptms are espeially nspiu-
us, whereas distal wasting and weakness ur later. The
plyneurpathy is axnal and likely results frm amylid
depsitin within the peripheral nerves due t mutatins
in the genes ending transthyretin, aplipprtein A1, r
gelslin. Transthyretin amyloidosis is the mst mmn;
is assiated with ardimypathy, nephrpathy, lept-
meningeal invlvement, and vitreus paity; and is treat-
able with liver transplantatin, the small interfering
ribnulei aid patisiran (0.3 mg/kg up t 30 mg intrave-
nusly ne every 3 weeks), r the antisense lignule-
tide intersen (284 mg subutaneusly weekly). Tafamidis
helps transthyretin amylid ardimypathy and may slw
the prgressin f the neurpathy.

2. Neuroties associted wit Systemic &
Metbolic Disorders

A. Diabetes Mellitus

In this disrder, invlvement f the peripheral nervus
system may lead t symmetri sensry r mixed plyneu-
rpathy, asymmetri mtr radiulneurpathy r plexpa-
thy (diabeti amytrphy), thraabdminal radiulpathy,
autnmi neurpathy, r islated lesins f individual
nerves. These may ur singly r in any mbinatin and
are disussed in Chapter 27.

B. Uremia

Uremia may lead t a symmetri sensrimtr plyneu-
rpathy that tends t affet the lwer limbs mre than
the upper limbs and is mre marked distally than prxi-
mally (see Chapter 22). The diagnsis an be nfirmed
eletrphysilgially beause mtr and sensry n-
dutin velity is mderately redued. The neurpathy
imprves bth linially and eletrphysilgially with
kidney transplantatin and t a lesser extent with hrni
dialysis.
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C. Alcoholism and Nutritional Deficiency

Many patients with alhl use disrder have an axnal
distal sensrimtr plyneurpathy that is frequently
ampanied by painful ramps, musle tenderness, and
painful paresthesias and is ften mre marked in the legs
than in the arms. Symptms f autnmi dysfuntin
may als be nspiuus. Mtr and sensry ndutin
velity may be slightly redued, even in sublinial ases,
but grss slwing f ndutin is unmmn. Treatment
is similar t diabeti plyneurpathy but als inludes
abstinene frm alhl. A similar distal sensrimtr
plyneurpathy is a well-regnized feature f beriberi
(thiamine defiieny). In vitamin B

12
defiieny, distal sen-

sry plyneurpathy may develp but is usually vershad-
wed by entral nervus system manifestatins (eg,
myelpathy, pti neurpathy, r intelletual hanges).

D. Paraproteinemias

A symmetri sensrimtr plyneurpathy that is gradual
in nset, prgressive in urse, and ften ampanied by
pain and dysesthesias in the limbs may ur in patients
(espeially men) with plasma cell myeloma (frmerly
multiple myelma). The neurpathy is f the axnal type in
lassi lyti myelma, but segmental demyelinatin (pri-
mary r sendary) and axnal lss may ur in slerti
myelma and lead t predminantly mtr linial mani-
festatins. Bth demyelinating and axnal neurpathies are
als bserved in patients with paraprteinemias withut
myelma. A small fratin will develp myelma if serially
fllwed. The demyelinating neurpathy in these patients
may be due t the mnlnal prteins reating t a m-
pnent f the nerve myelin. The neurpathy f lassi
plasma ell myelma is prly respnsive t therapy. The
plyneurpathy f benign monoclonal gammopathy may
respnd t immunsuppressant mediatins and
plasmapheresis.

Plyneurpathy may als ur in assiatin with
mnlnal gammpathy f unknwn signifiane, ma-
rglbulinemia, and ryglbulinemia and smetimes
respnds t plasmapheresis. Many patients with an IgM
M-prtein will have antibdies t myelin-assiated gly-
prtein (MAG); these patients may respnd t treatment
with rituximab. Entrapment neurpathy, suh as arpal
tunnel syndrme, is mre mmn than plyneurpathy
in patients with (nnhereditary) generalized amylidsis.

3. Neuroties associted wit Infectious &
Inflmmtory Diseses

A. Leprosy

Leprsy is an imprtant ause f peripheral neurpathy in
ertain parts f the wrld. Sensry disturbanes are mainly
due t invlvement f intrautaneus nerves. In tuberu-
lid leprsy, they develp at the same time and in the same
distributin as the nerve; trunks lying beneath the lesin
are als invlved. In leprmatus leprsy, there is mre
extensive sensry lss, and this develps earlier and t a
greater extent in the lest regins f the bdy, suh as
the drsal surfaes f the hands and feet, where the bailli

prliferate mst atively. Mtr defiits result frm invlve-
ment f superfiial nerves where their temperature is lw-
est, eg, the ulnar nerve in the regin prximal t the
lerann grve, the median nerve as it emerges frm
beneath the frearm flexr musle t run tward the arpal
tunnel, the perneal nerve at the head f the fibula, and the
psterir tibial nerve in the lwer part f the leg; pathy
faial musular weakness may als ur wing t invlve-
ment f the superfiial branhes f the seventh ranial
nerve.

Mtr disturbanes in leprsy are suggestive f multiple
mnneurpathy, whereas sensry hanges resemble thse
f distal plyneurpathy. Examinatin, hwever, relates
the distributin f sensry defiits t the temperature f
the tissues; in the legs, fr example, sparing frequently
urs between the tes and in the ppliteal fssae, where
the temperature is higher. Treatment is with antileprti
agents (see Chapter 33).

B. AIDS

A variety f neurpathies ur in HIV-infeted patients
(see Chapter 31).

C. Lyme Borreliosis

The neurlgi manifestatins f Lyme disease inlude
meningitis, meningenephalitis, plyradiulneurpathy,
mnneurpathy multiplex, and ranial neurpathy. Ser-
lgi tests establish the underlying disrder. Lyme disease
and its treatment are disussed in depth in Chapter 34.

D. Sarcoidosis

Cranial nerve palsies (espeially faial palsy), multiple
mnneurpathy and, less mmnly, symmetri plyneu-
rpathy may all ur, the latter smetimes preferentially
affeting either mtr r sensry fibers. Imprvement may
ur with use f rtisterids.

E. Polyarteritis

Invlvement f the vasa nervrum by the vasuliti press
may result in infartin f the nerve. Clinially, ne
enunters an asymmetri sensrimtr plyneurpathy
(mnneuritis multiplex) that pursues a waxing and
waning urse. Crtisterids and yttxi agents—
espeially ylphsphamide—may be f benefit in severe
ases (Chapter 20).

F. Rheumatoid Arthritis

Cmpressive r entrapment neurpathies, ishemi neu-
rpathies, mild distal sensry plyneurpathy, and severe
prgressive sensrimtr plyneurpathy an ur in
rheumatid arthritis.

4. Neuroty associted wit Criticl Illness

Patients in intensive are units with sepsis and multirgan
failure smetimes develp plyneurpathies. This may be
manifested initially by unexpeted diffiulty in weaning
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patients frm a mehanial ventilatr and in mre advaned
ases by wasting and weakness f the extremities and lss
f tendn reflexes. Sensry abnrmalities are relatively
innspiuus. The neurpathy is axnal in type. Its path-
genesis is bsure, and treatment is supprtive. The prg-
nsis is gd prvided patients rever frm the underlying
ritial illness. A mypathy may als ur (disussed
belw).

5. Toxic Neuroties

Axnal plyneurpathy may fllw expsure t industrial
agents r pestiides suh as arylamide, rganphsph-
rus mpunds, hexaarbn slvents, methyl brmide,
and arbn disulfide; metals suh as arseni, thallium,
merury, and lead; and mediatins suh as phenytin,
amidarne, perhexiline, isniazid, nitrfurantin, vin-
ristine, and pyridxine in high dses. Detailed upa-
tinal, envirnmental, and medial histries and
regnitin f lusters f ases are imprtant in suggesting
the diagnsis. Treatment is by preventing further expsure
t the ausal agent. Isniazid neurpathy is prevented by
pyridxine supplementatin.

Diphtheriti neurpathy results frm a neurtxin
released by the ausative rganism and is mmn in many
areas. Palatal weakness may develp 2–4 weeks after infe-
tin f the thrat, and infetin f the skin may similarly
be fllwed by fal weakness f neighbring musles.
Disturbanes f ammdatin may ur abut
4–5 weeks after infetin and distal sensrimtr demye-
linating plyneurpathy after 1–3 mnths.

6. Neuroties associted wit
Mlignnt Diseses

A variety f neurpathies have been assiated with nn-
metastati mpliatins f malignany and were dis-
ussed earlier.

7. acute Idiotic polyneuroty
(Guillin-Brré Syndrome)

E S S E N T I A L S  O F  D I A G N O S I S

» Acute or subacute progressive polyradiculoneuro-
pathy.

» Weakness is more severe than sensory
disturbances.

» Acute dysautonomia may be life-threatening.

» General Considerations

This aute r subaute plyradiulneurpathy smetimes
fllws infetive illness, inulatins, r surgial pre-
dures. There is an assiatin with preeding Campylo-
bacter jejuni enteritis. The disrder prbably has an
immunlgi basis, but the preise mehanism is unlear.

» Clinical Findings

A. Symptoms and Signs

The main mplaint is f weakness that varies widely in
severity in different patients and ften has a prximal
emphasis and symmetri distributin. It usually begins in
the legs, spreading t a variable extent but frequently
invlving the arms and ften ne r bth sides f the fae.
The musles f respiratin r deglutitin may als be
affeted. Sensry symptms are usually less nspiuus
than mtr nes, but distal paresthesias and dysesthesias
are mmn, and neurpathi r radiular pain is present
in many patients. Autnmi disturbanes are als m-
mn, may be severe, and are smetimes life-threatening;
they inlude tahyardia, ardia irregularities, hypten-
sin r hypertensin, faial flushing, abnrmalities f
sweating, pulmnary dysfuntin, and impaired sphinter
ntrl. The axnal subtypes f the syndrme (acute
motor axonal neuropathy [AMAN] and acute motor and
sensory axonal neuropathy [AMSAN]) are aused by
antibdies t ganglisides n the axn membrane. The
Miller Fisher syndrome, anther subtype, is haraterized
by the linial triad f phthalmplegia, ataxia, and are-
flexia, and is assiated with anti-GQ1b antibdies.

B. Laboratory Findings

The erebrspinal fluid harateristially ntains a high
prtein nentratin with a nrmal ell unt, but these
hanges may take up t 2 weeks t develp; white bld ell
unts greater than 50 ells/mL (0.05 × 109/L) shuld
prmpt nsideratin f alternative diagnses. Eletr-
physilgi studies may reveal marked abnrmalities,
whih d nt neessarily parallel the linial disrder in
their tempral urse.

» Differential Diagnosis

When the diagnsis is made, the histry and apprpriate
labratry studies shuld exlude the pssibility f pr-
phyri, diphtheriti, r txi (heavy metal, hexaarbn,
rganphsphate) neurpathies, and f HIV infetin. The
tempral urse exludes ther peripheral neurpathies.
Plimyelitis, btulism, and tik paralysis must als be
nsidered as they ause weakness f aute nset. The
presene f pyramidal signs, a markedly asymmetri mtr
defiit, a sharp sensry level, r early sphinter invlve-
ment shuld suggest a fal rd lesin.

» Treatment

Treatment with prednisne is ineffetive and may prlng
revery time. Plasmapheresis is f value; it is best per-
frmed within the first few days f illness and is partiularly
useful fr linially severe r rapidly prgressive ases r
thse with ventilatry impairment. IVIG (400 mg/kg/day
fr 5 days) is equally helpful. Patients shuld be admitted
t intensive are units if their fred vital apaity is
delining, and intubatin is nsidered if the fred vital
apaity reahes 15 mL/kg, the maximum inspiratry

CMDT22_Ch24_p0978-p1053.indd 1041 29/06/21 8:50 PM



ChapTER 241042 CMDT 2022

pressure reahes –30 mm Hg, r dyspnea bemes evident.
Delining xygen saturatin is a late indiatr f neur-
musular respiratry failure. Respiratry tilet and hest
physial therapy help prevent ateletasis. Marked hypten-
sin may respnd t vlume replaement r pressr agents.
Thrmbprphylaxis is imprtant.

» Prognosis

Mst patients eventually make a gd revery, but this
may take many mnths, and abut 20% f patients are left
with persisting disability. Apprximately 3% f patients
with aute idipathi plyneurpathy have ne r mre
linially similar relapses, smetimes several years after the
initial illness.

» When to Refer

All patients shuld be referred.

» When to Admit

All patients shuld be hspitalized until their nditin is
stable and there is n respiratry mprmise.

Malek E et al. Guillain-Barré syndrme. Semin Neurl.
2019;39:589. [PMID: 31639842]

8. Cronic Inflmmtory polyneuroty

Chrni inflammatry demyelinating plyneurpathy, an
aquired immunlgially mediated disrder, is linially
similar t Guillain-Barré syndrme exept that it has a
relapsing r steadily prgressive urse ver mnths r
years and that autnmi dysfuntin is generally less
mmn. It may present as an exlusively mtr disrder
r with a mixed sensrimtr disturbane. In the relapsing
frm, partial revery may ur after sme relapses, but
in ther instanes there is n revery between exaerba-
tins. Althugh remissin may ur spntaneusly with
time, the disrder frequently fllws a prgressive dwn-
hill urse leading t severe funtinal disability.

Eletrdiagnsti studies shw marked slwing f
mtr and sensry ndutin, and fal ndutin
blk. Signs f partial denervatin may als be present
wing t sendary axnal degeneratin. Nerve bipsy
may shw hrni perivasular inflammatry infiltrates in
the endneurium and epineurium, withut ampanying
evidene f vasulitis. Hwever, a nrmal nerve bipsy
result r the presene f nnspeifi abnrmalities des
nt exlude the diagnsis.

Crtisterids may arrest r reverse the dwnhill
urse. Treatment is usually begun with prednisne,
60–80 mg rally daily, ntinued fr 2–3 mnths r until a
definite respnse has urred. If n respnse has urred
despite 3 mnths f treatment, a higher dse may be tried.
In respnsive ases, the dse is gradually tapered, but mst
patients beme rtisterid-dependent, ften requiring
prednisne, 20 mg daily n alternate days, n a lng-term
basis. IVIG an be used in plae f, r in additin t rti-
sterids, and is best used as the initial treatment in pure

mtr syndrmes (2 g/kg ver 2–5 days fllwed by 1 g/kg
every 3 weeks); a weekly regimen f 0.2–0.4 g/kg f a 20%
subutaneus immunglbulin slutin is an effetive
alternative but has nt been mpared diretly t rti-
sterids r IVIG. When bth IVIG and rtisterids are
ineffetive, plasma exhange may be wrthwhile. Cnsis-
tent with the ntin that the nditin is antibdy medi-
ated, rituximab has shwn prmise. Immunsuppressant
r immunmdulatry mediatins (suh as azathiprine)
may be added when the respnse t ther measures is
unsatisfatry r t enable maintenane dses f rti-
sterids t be lwered. Symptmati treatment is als
imprtant.

Bunshten C et al. Prgress in diagnsis and treatment f
hrni inflammatry demyelinating plyneurpathy. Lanet
Neurl. 2019;18:784. [PMID: 31076244]

MONONEUROPATHIES

E S S E N T I A L S  O F  D I A G N O S I S

» Focal motor or sensory deficit.

» Deficit is in territory of an individual peripheral
nerve.

An individual nerve may be injured alng its urse r may
be mpressed, angulated, r strethed by neighbring ana-
tmi strutures, espeially at a pint where it passes
thrugh a narrw spae (entrapment neuropathy). The
relative ntributins f mehanial fatrs and ishemia t
the lal damage are nt lear. With invlvement f a sen-
sry r mixed nerve, pain is mmnly felt distal t the
lesin. Symptms never develp with sme entrapment
neurpathies, reslve rapidly and spntaneusly in thers,
and beme prgressively mre disabling and distressing in
yet ther ases. The preise neurlgi defiit depends n
the nerve invlved. Perussin f the nerve at the site f the
lesin may lead t paresthesias in its distal distributin.

Entrapment neurpathy may be the sle manifestatin
f sublinial plyneurpathy, and this must be brne in
mind and exluded by nerve ndutin studies. Suh
studies are als indispensable fr the lalizatin f the
fal lesin.

In patients with aute mpressin neurpathy suh as
may ur in intxiated individuals (Saturday night
palsy), n treatment is neessary. Cmplete revery gen-
erally urs, usually within 2 mnths, presumably beause
the underlying pathlgy is demyelinatin. Hwever, ax-
nal degeneratin an ur in severe ases, and revery
then takes lnger and may never be mplete.

In hrni mpressive r entrapment neurpathies,
avidane f aggravating fatrs and rretin f any under-
lying systemi nditins are imprtant. Lal infiltratin f
the regin abut the nerve with rtisterids may be f
value; in additin, surgial dempressin may help if
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there is a prgressively inreasing neurlgi defiit r if
eletrdiagnsti studies shw evidene f partial denerva-
tin in weak musles.

Peripheral nerve tumrs are unmmn, exept in neu-
rfibrmatsis type 1, but als give rise t mnneurpathy.
This may be distinguishable frm entrapment neurpathy
nly by nting the presene f a mass alng the urse f
the nerve and by demnstrating the preise site f the lesin
with apprpriate eletrphysilgi studies. Treatment f
symptmati lesins is by surgial remval if pssible.

1. Crl Tunnel Syndrome

See Chapter 41.

2. prontor Teres or anterior
Interosseous Syndrome

The median nerve gives ff its mtr branh, the anterir
intersseus nerve, belw the elbw as it desends between
the tw heads f the prnatr teres musle. A lesin f either
nerve may ur in this regin, smetimes after trauma r
wing t mpressin frm, fr example, a fibrus band.
With anterir intersseus nerve invlvement, there is n
sensry lss, and weakness is nfined t the prnatr qua-
dratus, flexr plliis lngus, and the flexr digitrum pr-
fundus t the send and third digits. Weakness is mre
widespread and sensry hanges ur in an apprpriate
distributin when the median nerve itself is affeted. The
prgnsis is variable. If imprvement des nt ur spn-
taneusly, dempressive surgery may be helpful.

3. Ulnr Nerve Lesions

Ulnar nerve lesins are likely t ur in the elbw regin
as the nerve runs behind the medial epindyle and
desends int the ubital tunnel. In the ndylar grve,
the ulnar nerve is expsed t pressure r trauma. Mre-
ver, any inrease in the arrying angle f the elbw,
whether ngenital, degenerative, r traumati, may ause
exessive strething f the nerve when the elbw is flexed.
Ulnar nerve lesins may als result frm thikening r
distrtin f the anatmi strutures frming the ubital
tunnel, and the resulting symptms may als be aggravated
by flexin f the elbw, beause the tunnel is then nar-
rwed by tightening f its rf r inward bulging f its
flr. A severe lesin at either site auses sensry hanges
in the fifth and medial half f the furth digits and alng
the medial brder f the hand. There is weakness f the
ulnar-innervated musles in the frearm and hand. With a
ubital tunnel lesin, hwever, there may be relative spar-
ing f the flexr arpi ulnaris musle. Eletrphysilgi
evaluatin using nerve stimulatin tehniques allws mre
preise lalizatin f the lesin.

Initial treatment nsists f aviding pressure n the
medial elbw (eg, avid resting the elbws n arm rests;
pad the elbw during sleep) and preventing prlnged
elbw flexin, espeially at night. Splints are available t
keep the elbw frm flexing beynd 45 t 90 degrees. If
nservative measures are unsuessful in relieving symp-
tms and preventing further prgressin, surgial treat-
ment may be neessary. This nsists f nerve transpsitin

if the lesin is in the ndylar grve, r a release pre-
dure if it is in the ubital tunnel.

Ulnar nerve lesins may als develp at the wrist r in
the palm f the hand, usually wing t repetitive trauma r
t mpressin frm ganglia r benign tumrs. They an
be subdivided depending n their presumed site. Cm-
pressive lesins are treated surgially. If repetitive mehani-
al trauma is respnsible, this is avided by upatinal
adjustment r jb retraining.

4. Rdil Nerve Lesions

The radial nerve is partiularly liable t mpressin r
injury in the axilla (eg, by ruthes r by pressure when the
arm hangs ver the bak f a hair). This leads t weakness
r paralysis f all the musles supplied by the nerve,
inluding the trieps. Sensry hanges may als ur but
are ften surprisingly innspiuus, being marked nly in
a small area n the bak f the hand between the thumb
and index finger. Injuries t the radial nerve in the spiral
grve ur harateristially during deep sleep, as in
intxiated individuals, and there is then sparing f the
trieps musle, whih is supplied mre prximally. The
nerve may als be injured at r abve the elbw; its purely
mtr psterir intersseus branh, supplying the exten-
srs f the wrist and fingers, may be invlved immediately
belw the elbw, but then there is sparing f the extensr
arpi radialis lngus, s that the wrist an still be extended.
The superfiial radial nerve may be mpressed by hand-
uffs r a tight wath strap.

5. Femorl Neuroty

The linial features f femral nerve palsy nsist f weak-
ness and wasting f the quadrieps musle, with sensry
impairment ver the antermedian aspet f the thigh and
smetimes als f the leg t the medial mallelus, and a
depressed r absent knee jerk. Islated femral neurpathy
may ur in patients with diabetes r frm mpressin by
retrperitneal neplasms r hematmas (eg, expanding
arti aneurysm). Femral neurpathy may als result frm
pressure frm the inguinal ligament when the thighs are
markedly flexed and abduted, as in the lithtmy psitin.

6. Merlgi prestetic

The lateral femral utaneus nerve, a sensry nerve arising
frm the L2 and L3 rts, may be mpressed r strethed
in bese r diabeti patients and during pregnany. The
nerve usually runs under the uter prtin f the inguinal
ligament t reah the thigh, but the ligament smetimes
splits t enlse it. Hyperextensin f the hip r inreased
lumbar lrdsis—suh as urs during pregnany—leads
t nerve mpressin by the psterir fasile f the liga-
ment. Hwever, entrapment f the nerve at any pint alng
its urse may ause similar symptms, and several ther
anatmi variatins predispse the nerve t damage when
it is strethed. Pain, paresthesia, r numbness urs abut
the uter aspet f the thigh, usually unilaterally, and is
smetimes relieved by sitting. The pain stps at the knee,
unlike the pain frm lwer lumbar siatia that radiates t
the ft. Examinatin shws n abnrmalities exept in
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severe ases when utaneus sensatin is impaired in the
affeted area. Symptms are usually mild and mmnly
settle spntaneusly. Hydrrtisne injetins medial t
the antersuperir ilia spine ften relieve symptms tem-
prarily, while nerve dempressin by transpsitin may
prvide mre lasting relief.

7. Scitic & Common peronel
(Fibulr) Nerve plsies

Misplaed deep intramusular injetins are prbably still
the mst mmn ause f siati nerve palsy. Trauma t
the buttk, hip, r thigh may als be respnsible. The
resulting linial defiit depends n whether the whle
nerve has been affeted r nly ertain fibers. In general,
the perneal (fibular) fibers f the siati nerve are mre
suseptible t damage than thse destined fr the tibial
nerve. A siati nerve lesin may therefre be diffiult t
distinguish frm perneal (fibular) neurpathy unless
there is eletrmygraphi evidene f invlvement f the
shrt head f the bieps femris musle. The mmn
perneal (fibular) nerve itself may be mpressed r
injured in the regin f the head and nek f the fibula, eg,
by sitting with rssed legs r wearing high bts. There is
weakness f drsiflexin and eversin f the ft, am-
panied by numbness r blunted sensatin f the anterlat-
eral aspet f the alf and drsum f the ft.

8. Trsl Tunnel Syndrome

The tibial nerve, the ther branh f the siati, supplies
several musles in the lwer extremity, gives rigin t the
sural nerve, and then ntinues as the psterir tibial nerve
t supply the plantar flexrs f the ft and tes. It passes
thrugh the tarsal tunnel behind and belw the medial mal-
lelus, giving ff alaneal branhes and the medial and lat-
eral plantar nerves that supply small musles f the ft and
the skin n the plantar aspet f the ft and tes. Cmpres-
sin f the psterir tibial nerve r its branhes between
the bny flr and ligamentus rf f the tarsal tunnel
leads t pain, paresthesias, and numbness ver the bttm f
the ft, espeially at night, with sparing f the heel. Musle
weakness may be hard t regnize linially. Cmpressive
lesins f the individual plantar nerves may als ur mre
distally, with linial features similar t thse f the tarsal
tunnel syndrme. Treatment is surgial dempressin.

» When to Refer

• If there is unertainty abut the diagnsis.

• Symptms r signs are prgressing despite treatment.

BELL PALSY

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden onset of lower motor neuron facial palsy.

» Hyperacusis or impaired taste may occur.

» No other neurologic abnormalities.

» General Considerations

Bell palsy is an idiopathic facial paresis of lower motor neu-
ron type that has been attributed t an inflammatry rea-
tin invlving the faial nerve near the stylmastid
framen r in the bny faial anal. In sme instanes, this
may be due t reativatin f herpes simplex r variella
zster virus infetin in the geniulate ganglin. The disr-
der is mre mmn in pregnant wmen and in persns
with diabetes mellitus.

» Clinical Findings

The faial paresis (Figure 24–1) generally mes n
abruptly, but it may wrsen ver the fllwing day r s.
Pain abut the ear preedes r ampanies the weakness
in many ases but usually lasts fr nly a few days. The fae
itself feels stiff and pulled t ne side. There may be ipsilat-
eral restritin f eye lsure and diffiulty with eating and
fine faial mvements. A disturbane f taste is mmn,
wing t invlvement f hrda tympani fibers, and hyper-
ausis due t invlvement f fibers t the stapedius urs
asinally. In ases due t herpes zster infetin, vesi-
les may be bserved in the external ear anal.

» Differential Diagnosis

Lwer mtr neurn faial palsy an be differentiated frm
strke by linial examinatin. A strke r ther entral
lesin will nt ause hyperausis r disturbane f taste,

▲ Figure 24–1. Facial palsy caused by an infection
with Borrelia burgdorferi (Lyme disease). (Public Health
Image Library, CDC.)
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generally spares the frehead, and is ampanied by ther
fal defiits. An islated faial palsy may ur in
patients with HIV serpsitivity, saridsis, Lyme disease
(Figure 24–1; als see Chapter 34), r any press ausing
an inflammatry reatin in the subarahnid spae, suh
as meningitis. Whenever faial palsies ur bilaterally, r
a faial palsy urs in njuntin with ther neurlgi
defiits, MRI brain imaging shuld be undertaken and
ther investigatins nsidered.

» Treatment

Apprximately 60% f ases f Bell palsy rever m-
pletely withut treatment, presumably beause the lesin
is s mild that it leads merely t ndutin blk. Treat-
ment with rtisterids (prednisne 60 mg rally daily
fr 5 days fllwed by a 5-day taper, r prednislne
25 mg rally twie daily fr 10 days) inreases the hane
f a mplete revery at 9–12 mnths by 12–15%. Treat-
ment with aylvir r valaylvir is nly indiated
when there is evidene f herpeti vesiles in the external
ear anal. It is helpful t prtet the eye with lubriating
drps (r lubriating intment at night) and a path if eye
lsure is nt pssible. There is n evidene that surgial
predures t dempress the faial nerve are f benefit.
Physial therapy may imprve faial funtin.

Gagyr I et al. Antiviral treatment f Bell’s palsy (idipathi faial
paralysis). Chrane Database Syst Rev. 2019;9:CD001869.
[PMID: 31486071]

DISCOGENIC NECK PAIN

E S S E N T I A L S  O F  D I A G N O S I S

» Neck pain, sometimes radiating to arms.

» Restricted neck movements.

» Motor, sensory, or reflex changes in arms with root
involvement.

» Neurologic deficit in legs, gait disorder, or sphinc-
ter disturbance with cord involvement.

» General Considerations

A variety f ngenital abnrmalities may invlve the er-
vial spine and lead t nek pain; these inlude hemiverte-
brae, fused vertebrae, basilar impressin, and instability f
the atlantaxial jint. Traumati, degenerative, infetive,
and neplasti disrders may als lead t pain in the nek.
When rheumatid arthritis invlves the spine, it tends t
affet espeially the ervial regin, leading t pain, stiff-
ness, and redued mbility; displaement f vertebrae r
atlantaxial subluxatin may lead t rd mpressin that
an be life-threatening if nt treated by fixatin. Further

details are given in Chapter 41 and disussin here is
restrited t disk disease.

1. acute Cervicl Disk protrusion

Aute ervial disk prtrusin leads t pain in the nek and
radiular pain in the arm, exaerbated by head mvement.
With lateral herniatin f the disk, mtr, sensry, r reflex
hanges may be fund in a radiular (usually C6 r C7)
distributin n the affeted side (Figure 24–2); with mre
entrally direted herniatins, the spinal rd may als be
invlved, leading t spasti paraparesis and sensry distur-
banes in the legs, smetimes ampanied by impaired
sphinter funtin. The diagnsis is nfirmed by MRI r
CT myelgraphy. In mild ases, the prgnsis is gd and
mplete revery urs in a majrity f patients with
nservative therapy. Evidene des nt supprt any spe-
ifi interventin, and sme mbinatin f bed rest, ativ-
ity restritin, immbilizatin f the nek in a llar fr
several weeks, and physial therapy is generally presribed.
If these measures are unsuessful r the patient has a sig-
nifiant neurlgi defiit, surgial remval f the prtrud-
ing disk may be neessary.

2. Cervicl Sondylosis

Cervial spndylsis results frm hrni ervial disk
degeneratin, with herniatin f disk material, sendary
alifiatin, and assiated stephyti utgrwths. One
r mre f the ervial nerve rts may be mpressed,
strethed, r angulated; and myelpathy may als develp
as a result f mpressin, vasular insuffiieny, r reur-
rent minr trauma t the rd. Patients present with nek
pain and restrited head mvement, ipital headahes,
radiular pain and ther sensry disturbanes in the arms,
weakness f the arms r legs, r sme mbinatin f these
symptms. Examinatin generally reveals that lateral flex-
in and rtatin f the nek are limited. A segmental pat-
tern f weakness r dermatmal sensry lss (r bth) may
be fund unilaterally r bilaterally in the upper limbs, and
tendn reflexes mediated by the affeted rt r rts are
depressed. The C5 and C6 nerve rts are mst mmnly
invlved, and examinatin frequently then reveals weak-
ness f musles supplied by these rts (eg, deltids, supra-
spinatus and infraspinatus, bieps, brahiradialis), pain r
sensry lss abut the shulder and uter brder f the
arm and frearm, and depressed bieps and brahiradialis
reflexes. Spasti paraparesis may als be present if there is
an assiated myelpathy, smetimes ampanied by uri-
nary urgeny, inntinene, r psterir lumn r spin-
thalami sensry defiits in the legs.

Plain radigraphs f the ervial spine shw stephyte
frmatin, narrwing f disk spaes, and enrahment n
the intervertebral framina, but suh hanges are mmn
in middle-aged persns and may be unrelated t the pre-
senting mplaint. CT r MRI helps nfirm the diagnsis
and exlude ther strutural auses f the myelpathy.

Restritin f nek mvements by a ervial llar may
relieve pain. Lal injetin f anesthetis r rtisterids,
fr instane by a pain management speialist, may be f
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▲ Figure 24–2. Cutaneous innervation. The segmental or radicular (root) distribution is shown on the left side
of the body and the peripheral nerve distribution on the right side. Segmental maps show differences depending
on how they were constructed (single root stimulation or section; local anesthetic injection into single dorsal root
ganglia). (Adapted, with permission, from Aminoff MJ, Greenberg DA, Simon RP. Clinical Neurology, 9th ed. McGraw-Hill
Education, 2015.)
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benefit. Operative treatment may be neessary t prevent
further prgressin if there is a signifiant neurlgi defi-
it; bwel r bladder symptms; r if rt pain is severe,
persistent, and unrespnsive t nservative measures.

» When to Refer

• Pain unrespnsive t simple measures.

• Patients with neurlgi defiits.

• Patients in whm surgial treatment is under
nsideratin.

» When to Admit

• Patients with prgressive r signifiant neurlgi defiit.

• Patients with sphinter invlvement (frm rd
mpressin).

• Patients requiring surgial treatment.

Stin AM et al. Myelpathies due t strutural ervial and th-
rai disease. Cntinuum (Minneap Minn). 2018;24:567.
[PMID: 29613900]

▲ Figure 24–2. (Continued )
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BRaChIaL & LUMBaR pLEXUS LESIONS

1. Brcil plexus Neuroty

Brahial plexus neurpathy may be idipathi, smetimes
urring in relatinship t a number f different nnspe-
ifi illnesses r fatrs. In ther instanes, brahial plexus
lesins fllw trauma r result frm ngenital anmalies,
neplasti invlvement, r injury by varius physial
agents. In rare instanes, the disrder urs n a familial
basis.

Idipathi brahial plexus neurpathy (neuralgic
amyotrophy) harateristially begins with severe pain
abut the shulder, fllwed within a few days by weak-
ness, reflex hanges, and sensry disturbanes invlving
espeially the C5 and C6 segments but affeting any nerve
in the brahial plexus. Symptms and signs are usually
unilateral but may be bilateral. Wasting f affeted musles
is smetimes prfund. The disrder relates t disturbed
funtin f ervial rts r part f the brahial plexus, but
its preise ause is unknwn. Revery urs ver the
ensuing mnths but may be inmplete. Treatment is
purely symptmati, althugh emerging evidene suggests
that mirsurgial neurlysis f hurglass-like nstri-
tins n affeted nerves identified by magneti resnane
neurgraphy r high-reslutin ultrasund imprves ut-
me in patients wh have nt revered after several
mnths f nservative management.

2. Cervicl Rib Syndrome

Cmpressin f the C8 and T1 rts r the lwer trunk f the
brahial plexus by a ervial rib r band arising frm the
seventh ervial vertebra leads t weakness and wasting f
intrinsi hand musles, espeially thse in the thenar emi-
nene, ampanied by pain and numbness in the medial tw
fingers and the ulnar brder f the hand and frearm. Ele-
trmygraphy, nerve ndutin studies, and smatsensry
evked ptential studies may help nfirm the diagnsis.
MRI may be espeially helpful in revealing the underlying
mpressive struture. Plain radigraphs r CT sanning
smetimes shws the ervial rib r a large transverse press
f the seventh ervial vertebra, but nrmal findings d nt
exlude the pssibility f a ervial band. Treatment f the
disrder is by surgial exisin f the rib r band.

3. Lumboscrl plexus Lesions

A lumbsaral plexus lesin may develp in assiatin
with diseases suh as diabetes, aner, r bleeding disr-
ders r in relatin t injury. It asinally urs as an
islated phenmenn similar t idipathi brahial
plexpathy (nndiabeti lumbsaral radiulplexus neu-
rpathy), and pain and weakness then tend t be mre
nspiuus than sensry symptms. The distributin f
symptms and signs depends n the level and pattern f
neurlgi invlvement.

Gstettner C et al. Neuralgi amytrphy: a paradigm shift in
diagnsis and treatment. J Neurl Neursurg Psyhiatry.
2020;91:879. [PMID: 32487526]

DISORDERS OF NEUROMUSCULaR
TRaNSMISSION

1. Mysteni Grvis

E S S E N T I A L S  O F  D I A G N O S I S

» Fluctuating weakness of commonly used volun-
tary muscles, producing symptoms such as diplo-
pia, ptosis, and difficulty in swallowing.

» Activity increases weakness of affected muscles.

» Short-acting anticholinesterases transiently improve
the weakness.

» General Considerations

Myasthenia gravis urs at all ages, sometimes in association
with a thymic tumor or thyrotoxicosis, as well as in rheu-
matid arthritis and lupus erythematsus. It is mst m-
mn in yung wmen with HLA-DR3; if thymma is
assiated, lder men are mre mmnly affeted. Onset
is usually insidius, but the disrder is smetimes
unmasked by a inidental infetin that leads t exa-
erbatin f symptms. Exaerbatins may als ur
befre the menstrual perid and during r shrtly after
pregnany. Symptms are due t a variable degree f
blk f neurmusular transmissin aused by autanti-
bdies binding t aetylhline reeptrs; these are fund
in mst patients with the disease and have a primary rle
in reduing the number f funtining aetylhline reep-
trs. Additinally, ellular immune ativity against the
reeptr is fund.

» Clinical Findings

A. Symptoms and Signs

Patients present with ptsis, diplpia, diffiulty in hewing
r swallwing, respiratry diffiulties, limb weakness, r
sme mbinatin f these prblems. Weakness may
remain lalized t a few musle grups r may beme
generalized. The external ular musles and ertain ther
ranial musles, inluding the mastiatry, faial, and pha-
ryngeal musles, are espeially likely t be affeted, and the
respiratry and limb musles may als be invlved. Symp-
tms ften flutuate in intensity during the day, and this
diurnal variatin is superimpsed n a tendeny t lnger-
term spntaneus relapses and remissins that may last fr
weeks. Nevertheless, the disrder fllws a slwly prgres-
sive urse and may have a fatal utme wing t respira-
try mpliatins suh as aspiratin pneumnia.

Clinial examinatin nfirms the weakness and fatiga-
bility f affeted musles. In mst ases, the extraular
musles are invlved, and this leads t ular palsies and
ptsis, whih are mmnly asymmetri. Pupillary
respnses are nrmal. The bulbar and limb musles are
ften weak, but the pattern f invlvement is variable. Sus-
tained ativity f affeted musles inreases the weakness,
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whih imprves after a brief rest. Sensatin is nrmal, and
there are usually n reflex hanges.

Life-threatening exaerbatins f myasthenia (s-alled
myasthenic crisis) may lead t respiratry weakness
requiring immediate admissin t the intensive are unit,
where respiratry funtin an be mnitred and ventila-
tr supprt is readily available.

B. Laboratory and Other Studies

Assay f serum fr elevated levels f irulating aetylh-
line reeptr antibdies is useful beause it has a sensitiv-
ity f 80–90% fr the diagnsis f myasthenia gravis.
Certain patients withut antibdies t aetylhline
reeptrs have serum antibdies t musle-speifi tyr-
sine kinase (MuSK), whih shuld therefre be deter-
mined; these patients are mre likely t have faial,
respiratry, and prximal musle weakness than thse
with antibdies t aetylhline reeptrs. Other antibd-
ies assiated with myasthenia gravis inlude lw-density
lipprtein reeptr-related prtein 4 (LRP4) and agrin,
but tests fr these antibdies are nt widely mmerially
available.

Eletrphysilgi demnstratin f a derementing
musle respnse t repetitive 2- r 3-Hz stimulatin f
mtr nerves indiates a disturbane f neurmusular
transmissin. Suh an abnrmality may even be deteted in
linially strng musles with ertain prvative pre-
dures. Needle eletrmygraphy f affeted musles shws
a marked variatin in nfiguratin and size f individual
mtr unit ptentials, and single-fiber eletrmygraphy
reveals an inreased jitter, r variability, in the time interval
between tw musle fiber atin ptentials frm the same
mtr unit.

C. Imaging

A CT san f the hest with and withut ntrast shuld be
btained t demnstrate a existing thymma.

» Treatment

Antihlinesterase mediatins prvide symptmati ben-
efit withut influening the urse f the disease. Nestig-
mine, pyridstigmine, r bth an be used, the dse being
determined n an individual basis. The usual dse f ne-
stigmine is 7.5–30 mg (average, 15 mg) rally taken fur
times daily; f pyridstigmine, 30–180 mg (average, 60 mg)
rally fur times daily. Overmediatin may temprarily
inrease weakness. A wide range f mediatins (eg, ami-
nglysides) may exaerbate myasthenia gravis and
shuld be avided.

Thymetmy shuld be perfrmed when a thymma is
present. A multienter randmized trial demnstrated the
benefit f thymetmy even in the absene f a radilgi-
ally identifiable thymma, with imprved strength, lwer
immunsuppressin requirements, and fewer hspitaliza-
tins in the surgially treated grup. Thus, thymectomy
should be considered in all patients younger than age 65
unless weakness is restricted to the extraocular muscles. If
the disease is f reent nset and nly slwly prgressive,

peratin is smetimes delayed fr a year r s, in the hpe
that spntaneus remissin will ur.

Treatment with rtisterids is indiated fr
patients wh have respnded prly t antihlinester-
ase mediatins. Sme patients experiene transient
exaerbatin f weakness and even develp respiratry
failure within the first 1–2 weeks if rtisterids are
initiated at high dses (eg, prednisne 1 mg/kg/day).
Therefre, in stable patients, rtisterids are intr-
dued gradually in the utpatient setting. Prednisne an
be started at 20 mg rally daily and inreased by 10 mg
inrements weekly t a target f 1 mg/kg/day (maximum
daily dse 100 mg). Fr patients hspitalized with
severe myasthenia and treated with IVIG r plasma-
pheresis, the higher dse an be given initially beause
the mre rapid nset f atin f the frmer tw thera-
pies mitigates the initial dip in strength due t rti-
sterids. Crtisterids an be presribed as
alternate-day r daily treatment, with alternate-day
therapy ptentially mitigating side effets. One the
patient has stabilized at the initial high dse, rtiste-
rids an gradually be tapered t a relatively lw main-
tenane level (eg, 10 mg prednisne rally daily) as
imprvement urs; ttal withdrawal is diffiult, hw-
ever. Treatment with azathiprine may be effetive in
allwing a lwer dse f rtisterids. The usual dse
is 2–3 mg/kg rally daily after a lwer initial dse. Other
immunsuppressive agents that are used in myasthenia
gravis t redue the rtisterid dse inlude myphe-
nlate mfetil, rituximab, ylsprine, methtrexate,
and tarlimus. Eulizumab, a mplement inhibitr, is
apprved by the FDA fr aetylhline reeptr antibdy
psitive myasthenia in patients wh have disease refra-
try t at least tw alternate immunsuppressive thera-
pies. It is administered intravenusly (900 mg weekly fr
fur dses, fllwed by 1200 mg at week 5, then 1200 mg
every 2 weeks). Patients must be vainated against menin-
gus prir t reeiving eulizumab.

In patients with majr disability, plasmapheresis r
IVIG therapy may be benefiial and have similar effiay. It
is als useful fr stabilizing patients befre thymetmy
and fr managing aute risis.

» When to Refer

All patients shuld be referred.

» When to Admit

• Patients with aute exaerbatin r respiratry
invlvement.

• Patients requiring plasmapheresis.

• Fr thymetmy.

Farmakidis C et al. Treatment f myasthenia gravis. Neurl Clin.
2018;36:311. [PMID: 29655452]

Muppidi S et al; Regain Study Grup. Lng-term safety and
effiay f eulizumab in generalized myasthenia gravis.
Musle Nerve. 2019;60:14. [PMID: 30767274]
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2. Mystenic Syndrome (Lmbert-Eton
Mystenic Syndrome)

E S S E N T I A L S  O F  D I A G N O S I S

» Variable weakness, typically improving with
activity.

» Dysautonomic symptoms may also be present.

» A history of malignant disease may be obtained.

» Clinical Findings

Myastheni syndrme may be associated with small cell
carcinoma, smetimes develping befre the tumr is diag-
nsed, and asinally urs with ertain autimmune
diseases. There is defetive release f aetylhline in
respnse t a nerve impulse, aused by P/Q-type vltage-
gated alium hannel antibdies, and this leads t weak-
ness, espeially f the prximal musles f the limbs.
Unlike myasthenia gravis, hwever, pwer steadily increases
with sustained ntratin. The diagnsis an be n-
firmed eletrphysilgially, beause the musle respnse
t stimulatin f its mtr nerve inreases remarkably after
exerise r if the nerve is stimulated repetitively at high
rates (50 Hz), even in musles that are nt linially weak.

» Treatment

Treatment with IVIG, plasmapheresis, and immunsup-
pressive mediatin therapy (prednisne and azathiprine)
may lead t linial and eletrphysilgi imprvement,
in additin t therapy aimed at tumr when present. Pred-
nisne is usually initiated in a daily dse f 60–80 mg rally
and azathiprine in a daily dse f 2 mg/kg rally. Symp-
tmati therapy inludes the use f ptassium hannel
antagnists; f these, amifampridine is a 3,4-diaminpyri-
dine (15–80 mg/day rally in three divided dses) and is
apprved in the United States and Eurpe. Guanidine
hydrhlride (25–50 mg/kg/day rally in divided dses) is
an alternative and is asinally helpful in seriusly dis-
abled patients, but adverse effets f the mediatin
inlude marrw suppressin. The respnse t treatment
with antihlinesterase mediatins suh as pyridstig-
mine r nestigmine is usually disappinting.

3. Botulism

The txin f Clostridium botulinum prevents the release f
aetylhline at neurmusular juntins and autnmi
synapses. Btulism urs mst mmnly fllwing the
ingestin f ntaminated hme-anned fd; utbreaks
have als urred amng drug abusers due t wund
infetin after injetin f ntaminated herin. The
diagnsis shuld be suggested by the develpment f sud-
den, flutuating, severe weakness with preserved sensa-
tin in a previusly healthy persn. Symptms begin
within 72 hurs fllwing ingestin f the txin and may
prgress fr several days. Typially, there is diplpia, ptsis,

faial weakness, dysphagia, and nasal speeh, fllwed by
respiratry diffiulty and finally by weakness that appears
last in the limbs. Blurring f visin (with unreative dilated
pupils) is harateristi, and there may be dryness f the
muth, nstipatin (paralyti ileus), and pstural hyp-
tensin. The tendn reflexes are nt affeted unless the
invlved musles are very weak. If the diagnsis is sus-
peted, the lal health authrity shuld be ntified and a
sample f serum and ntaminated fd (if available) sent
t be assayed fr txin. Supprt fr the diagnsis may be
btained by eletrphysilgi studies; with repetitive
stimulatin f mtr nerves at fast rates, the musle
respnse inreases in size prgressively.

Patients shuld be hspitalized in ase respiratry assis-
tane bemes neessary. Treatment is with heptavalent
antitxin, in patients withut knwn allergy t hrse
serum. Ptassium hannel antagnists may prvide symp-
tmati relief as they d in Lambert-Eatn myastheni
syndrme. Antihlinesterase mediatins are f n value.
Respiratry assistane and ther supprtive measures
shuld be prvided as neessary. Further details are pr-
vided in Chapter 33.

4. Disorders associted wit
Use of aminoglycosides

Aminglyside antibitis, eg, gentamiin, may prdue a
linial disturbane similar t btulism by preventing the
release f aetylhline frm nerve endings, but symptms
subside rapidly as the respnsible mediatin is eliminated
frm the bdy. These antibitis are partiularly dangerus
in patients with preexisting disturbanes f neurmusular
transmissin and are therefre best avided in patients
with myasthenia gravis.

MYOpaThIC DISORDERS

E S S E N T I A L S  O F  D I A G N O S I S

» Muscle weakness without sensory loss, often in a
characteristic distribution.

» Serum creatine kinase elevated in most cases.

» Age at onset, time course, and inheritance pattern
may suggest underlying disorder.

» General Considerations

Mypathies an be inherited r aquired. Aquired mypa-
thies ften present autely r subautely while inherited
mypathies are typially insidius in nset. Patients typi-
ally mplain f weakness affeting prximal musles,
suh as diffiulty limbing stairs, arising frm a hair, r
reahing verhead, r f head drp. Sensry symptms are
absent. A detailed family histry is required.

Examinatin shws weakness f prximal musles. In
sme ases, there is a mre speifi pattern f weakness
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(eg, quadrieps and finger flexr weakness in inlusin
bdy mysitis). Extraular musle invlvement is rarely
seen, exept in ertain mithndrial disrders, ulpha-
ryngeal musular dystrphy, and hyperthyridism; when
present, it shuld suggest the pssibility f a neurmusular
juntin disrder. Reflexes are nrmal r diminished in
prprtin t the degree f weakness. Sensatin is nrmal.

Initial testing shuld inlude serum reatine kinase
determinatin. Cnsider testing thyrid-stimulating hr-
mne, rtisl, vitamin D, and alium. Antibdies speifi
t ertain inflammatry mypathies and nnetive tissue
disease an be heked when these nditins are suspeted
(see Chapter 20). Eletrmygraphy will reveal small mtr
units and early reruitment; it is helpful in nfirming the
lalizatin f weakness t the musle and suggesting a
suitable site fr bipsy, as des MRI. The eletrmy-
graphi findings may be nrmal in rtisterid and
mithndrial mypathies. Musle bipsy establishes the
diagnsis when inflammatry, mithndrial, metabli,
r ertain inherited mypathies are suspeted. In ases
where the family histry r pattern f weakness suggests a

speifi geneti disrder, geneti testing an be pursued
diretly and bipsy may nt be needed. Seleted mmn
and treatable mypathies are disussed belw.

1. Musculr Dystroies

These inherited mypathi disrders are subdivided by
mde f inheritane, age at nset, and linial features, as
shwn in Table 24–10. In the Duchenne type, pseudhy-
pertrphy f musles frequently urs at sme stage; intel-
letual disability is mmn; and there may be skeletal
defrmities, musle ntratures, and ardia invlvement.
A geneti defet n the shrt arm f the X hrmsme has
been identified in Duhenne dystrphy. The affeted gene
des fr the prtein dystrphin, whih is markedly
redued r absent frm the musle f patients with
the disease. Dystrphin levels are generally nrmal in the
Becker variety, but the prtein is qualitatively altered. The
diagnsis is usually made with geneti testing; musle
bipsy is needed asinally. Duhenne musular dystr-
phy an be regnized early in pregnany in abut 95% f

Table 24–10. Selected muscular dystrophies (listed in order of anatomic location and physiologic underpinning).1

Disorder Ineritnce

age t Onset

(yers) Distribution prognosis Genetic assocition

Duchenne type X-linked recessive 1–5 Pelvic, then shoulder

girdle; later, limb and

respiratory muscles.

Rapid progression. Death

within about 15 years

after onset.

Xp21; Dystrophin

(loss of functional

expression).

Becker X-linked recessive 5–25 Pelvic, then shoulder

girdle.

Slow progression. May

have normal life span.

Xp21; Dystrophin

(reduced functional

expression).

Limb-girdle (Erb) Autosomal

recessive,

dominant, or

sporadic

10–30 Pelvic or shoulder girdle

initially, with later

spread to the other.

Variable severity and rate

of progression. Possi-

ble severe disability in

middle life.

Multiple.

Facioscapulo-

humeral

Autosomal

dominant

Any age Face and shoulder girdle

initially; later, pelvic

girdle and legs.

Slow progression. Minor

disability. Usually

normal life span.

4q35.2; Double

homeobox protein 4.

18p11.32; Structural

maintenance of

chromosome’s flexible

hinge domain-

containing protein 1.

Emery-Dreifuss X-linked recessive

or autosomal

dominant

5–10 Humeroperoneal or

scapuloperoneal.

Variable. Multiple.

Distal Autosomal domi-

nant or recessive

40–60 Onset distally in

extremities; proximal

involvement later.

Slow progression. Multiple.

Oculopharyngeal Autosomal

dominant

Any age Ptosis, external ophthal-

moplegia, and

dysphagia.

Slow progression. 14q11.2–q13; Poly

(A)-binding protein-2.

Myotonic

dystrophy

Autosomal

dominant

Any age

(usually

20–40)

Face, neck, distal limbs. Slow progression. 19q13.32; Myotonin-

protein kinase.

3q21.3; Cellular nucleic

acid-binding protein.

1Not all possible genetic loci are shown.
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wmen by geneti studies; in late pregnany, DNA prbes
an be used n fetal tissue btained fr this purpse by
amnientesis. The genes ausing sme f the ther mus-
ular dystrphies are listed in Table 24–10.

Three antisense lignuletides are apprved by the
FDA fr treatment f Duhenne musular dystrphy.
Eteplirsen appears t benefit thse patients with a dystr-
phin mutatin amenable t exn 51 skipping; gldirsen
and viltlarsen benefit thse with a mutatin amenable t
exn 53 skipping. Patients treated with these antisense
lignuletides had mre funtinal dystrphin n mus-
le bipsy than ntrls and a slwer rate f disease pr-
gressin than mathed histrial ntrls. Prednisne
(0.75 mg/kg rally daily r 10 mg/kg rally given weekly
ver 2 days) r deflazart (0.9 mg/kg rally daily)
imprves musle strength and funtin in bys with
Duhenne dystrphy, but side effets need t be mni-
tred. Althugh bth rtisterid preparatins ause
similar side effets, weight gain at 1 year is less with
deflazart. Prlnged bed rest must be avided, as inativ-
ity ften leads t wrsening f the underlying musle dis-
ease. Physial therapy and rthpedi predures may help
unterat defrmities r ntratures.

2. Myotonic Dystroy

Mytni dystrphy, a slwly prgressive, dminantly
inherited disrder, usually manifests itself in the third r
furth deade but asinally appears early in hildhd.
Tw types, with a different geneti basis, have been reg-
nized. Mytnia leads t mplaints f musle stiffness and
is evidened by the marked delay that urs befre
affeted musles an relax after a ntratin. This an
ften be demnstrated linially by delayed relaxatin f
the hand after sustained grip r by perussin f the belly
f a musle. In additin, there is weakness and wasting f
the faial, sternleidmastid, and distal limb musles.
Assiated linial features inlude atarats, frntal bald-
ness, testiular atrphy, diabetes mellitus, ardia abnr-
malities, and intelletual hanges. Eletrmygraphi
sampling f affeted musles reveals mytni disharges
in additin t hanges suggestive f mypathy.

It is diffiult t determine whether mediatin therapy
fr mytnia is safe r effetive. When mytnia is dis-
abling, treatment with a sdium hannel blker—suh as
phenytin (100 mg rally three times daily), prainamide
(0.5–1 g rally fur times daily), r mexiletine (150–200 mg
rally three times daily)—may be helpful, but the assiated
side effets, partiularly fr antiarrhythmi mediatins,
are ften limiting. Neither the weakness nr the urse f
the disrder is influened by treatment. Cardia funtin
shuld be mnitred, and paemaker plaement may be
nsidered if there is evidene f heart blk.

3. Myotoni Congenit

Mytnia ngenita is mmnly inherited as a dminant
trait. Generalized mytnia withut weakness is usually
present frm birth, but symptms may nt appear until
early hildhd. Patients mplain f musle stiffness that
is enhaned by ld and inativity and relieved by exerise.

Musle hypertrphy, at times prnuned, is als a feature.
A reessive frm with later nset is assiated with slight
weakness and atrphy f distal musles. Treatment with
prainamide, tainide, mexiletine, r phenytin may
help the mytnia, as in mytni dystrphy.

4. Mitocondril Myoties

The mithndrial mypathies are a linially diverse
grup f disrders that n pathlgi examinatin f skel-
etal musle with the mdified Gmri stain shw hara-
teristi “ragged red fibers” ntaining aumulatins f
abnrmal mithndria. Patients may present with pr-
gressive external phthalmplegia r with limb weakness
that is exaerbated r indued by ativity. Other patients
present with entral neurlgi dysfuntin, eg, my-
lni epilepsy (myoclonic epilepsy, ragged red fiber
syndrome, or MERRF), r the mbinatin f mypathy,
enephalpathy, lati aidsis, and strke-like episdes
(MELAS). Migraine is a mmn symptm. Systemi fea-
tures inlude but are nt limited t diabetes mellitus, hear-
ing lss, retinpathy, ardimypathy, gastri dysmtility,
and shrt stature. The serum reatine kinase is usually nr-
mal. Mithndrial mypathies result frm separate abnr-
malities f mithndrial DNA. Treatment is symptmati
and palliative, but varius experimental apprahes are
being explred.

5. acid Mltse Deficiency (pome Disese)

This is a glygen strage disease due t mutatins in the
gene ending aid alpha-1,4-glusidase. Age at presenta-
tin ranges frm infany t the late fifties and depends n
the degree f residual enzyme ativity. The juvenile and
adult-nset frms present with slwly prgressive prximal
weakness that inludes respiratry failure. Cardimypathy
is less mmn in the adult frm. Serum reatine kinase is
mildly elevated. Musle bipsy shws glygen ntaining
lyssmal vaules, but the diagnsis is suggested by
deteting redued aid-1,4-alpha-glusidase ativity n a
dried bld spt, and nfirmed by geneti testing. Treat-
ment with rembinant alpha-glusidase (20 mg/kg intra-
venusly every 2 weeks) stabilizes disease prgressin and
results in imprvement in respiratry funtin.

6. Dermtomyositis, anti-Syntetse
Syndromes, Immune-Medited Necrotizing
Myoties, & polymyositis

See Chapter 20.

7. Inclusion Body Myositis

This disrder, f unknwn ause, begins insidiusly, usu-
ally after middle age, with prgressive prximal weakness
f first the lwer and then the upper extremities, and
affeting faial and pharyngeal musles. Weakness ften
begins in the quadrieps femris in the lwer limbs and the
frearm flexrs in the upper limbs. Distal weakness is usu-
ally mild. Serum reatine kinase levels may be nrmal r
inreased. The diagnsis is nfirmed by musle bipsy.
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Antiytsli 5’-nuletidase 1A antibdies are deteted in
ne-third f ases and may be assiated with a mre
severe phentype. Crtisterid and immunsuppressive
therapy is smetimes ffered but is usually ineffetive, and
IVIG therapy is nt remmended.

8. Endocrine Myoties

Mypathy is bserved with hypthyridism, hyperthyrid-
ism, Cushing syndrme and disease, Addisn disease,
vitamin D defiieny, and bth hyperparathyridism and
hypparathyridism (the latter mediated by alium
derangements). In hypthyridism, there may be assi-
ated entrapment neurpathies, and examinatin may shw
delayed relaxatin f tendn reflexes, musle enlargement,
r myedema. Hyperthyridism an ause bth distal and
prximal weakness and rarely a bulbar mypathy. Serum
reatine kinase is nrmal exept in hypthyrid mypathy,
whih an als be painful. Treatment is f the underlying
endrinpathy.

9. Criticl Illness Myoty

Mypathy may ur in assiatin with ritial illness,
typially in patients wh reeived neurmusular blking
agents and rtisterids. It is frequently disvered when
patients unexpetedly require prlnged ventilatry sup-
prt. There an be an assiated sensrimtr plyneu-
rpathy. Serum reatine kinase may be elevated initially but
has frequently returned t nrmal r is belw nrmal by the
time the nditin is suspeted. Treatment is supprtive.

10. Toxic Myoties

Mypathy an ur in patients taking aminapri aid,
amidarne, hlrquine, lhiine, rtisterids, yl-
sprine, daptmyin, emetine, fibrates, gemitabine, nule-
side reverse transriptase inhibitrs, r statin mediatins.
Mypathy als urs with hrni alhlism, whereas
aute reversible musle nersis may ur shrtly after aute
alhl, aine, r methamphetamine intxiatin, and
with prpfl infusin. Inflammatry mypathy may ur
in patients taking peniillamine and an be indued by pr-
grammed death-1 inhibitrs; mytnia may be indued by
lfibrate, and preexisting mytnia may be exaerbated r
unmasked by deplarizing musle relaxants (eg, suxameth-
nium), beta-blkers (eg, prpranll), fenterl and, pssi-
bly, ertain diuretis. Valpri aid an preipitate r wrsen
mypathy in patients with mithndrial disrders r arni-
tine palmityltransferase II defiieny.

» When to Refer

All patients shuld be referred t establish the diagnsis
and underlying ause.

» When to Admit

• Fr respiratry assistane.

• Fr rhabdmylysis.

MDnald CM et al; CINRG Investigatrs. Lng-term effets f
glurtiids n funtin, quality f life, and survival in
patients with Duhenne musular dystrphy: a prspetive
hrt study. Lanet. 2018;391:451. [PMID: 29174484]

Pasnr M et al. Apprah t musle and neurmusular jun-
tin disrders. Cntinuum (Minneap Minn). 2019;25:1536.
[PMID: 31794459]

pERIODIC paRaLYSIS SYNDROMES

Peridi paralysis may have a familial (dminant inheri-
tane) basis. The syndrmes t be desribed are channelo-
pathiesthat manifest as abnrmal, ften ptassium-sensitive,
musle-membrane exitability and lead linially t epi-
sdes f flaid weakness r paralysis, smetimes in ass-
iatin with abnrmalities f the plasma ptassium level.
Strength is initially nrmal between attaks, but prgres-
sive mypathi weakness may develp in up t ne-third f
patients as they age. Hypokalemic periodic paralysis is
haraterized by attaks that tend t ur n awakening,
after exerise, r after a heavy meal and may last fr several
days. Patients shuld avid exessive exertin. A lw-
arbhydrate and lw-salt diet may help prevent attaks.
An nging attak may be abrted by ptassium hlride
given rally r by intravenus drip, prvided the ECG an
be mnitred and kidney funtin is satisfatry. In yung
Asian men, it is mmnly assiated with hyperthyrid-
ism; treatment f the endrine disrder prevents reur-
renes. A nnseletive beta-adrenergi blker may prevent
attaks until the endrine abnrmality has been treated.
In hyperkalemic periodic paralysis, attaks als tend t
ur after exerise but usually last fr less than 1 hur.
They may be terminated by intravenus alium glunate
(1–2 g) r by intravenus diuretis (fursemide, 20–40 mg),
gluse, r gluse and insulin. Normokalemic periodic
paralysis is similar linially t the hyperkalemi variety,
but the plasma ptassium level remains nrmal during
attaks. Several randmized trials supprt the use f
dihlrphenamide (50–100 mg rally twie daily) fr pre-
ventin f attaks in bth hyperkalemi and hypkalemi
peridi paralysis; aetazlamide (250–750 mg rally
daily) is als effetive. Chlrthiazide may als be used t
prevent attaks in hyperkalemi peridi paralysis.

» When to Refer

All patients shuld be referred.
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The fifth edition of the American Psychiatric Association’s
Diagnostic and Statistical Manual (DSM-5) is the common
language that clinicians use for psychiatric conditions. It
utilizes specific criteria with which to objectively assess
symptoms for use in clinical diagnosis and communication.

º
COMMON PSYCHIATRIC DISORDERS

ADJUSTMENT DISORDERS

E S S E N T I A L S  O F  D I A G N O S I S

» Anxiety or depression in reaction to an identifi-
able stress, though out of proportion to the sever-
ity of the stressor.

» Symptoms are not at the severity of a major
depressive episode or with the chronicity of gen-
eralized anxiety disorder (GAD).

» General Considerations

An individual experiences stress when adaptive capacity is
overwhelmed by events. The event may be an insignificant
one when objectively considered, and even favorable
changes (eg, promotion and transfer) requiring adaptive
behavior can produce stress. For everyone, stress is subjec-
tively defined, and the response to stress is a function of
each person’s personality and physiologic endowment.

Opinion differs about what events are most apt to pro-
duce stress reactions. The causes of stress are different at
different ages—eg, in young adulthood, the sources of
stress are found in the marriage or parent-child relation-
ship, the employment relationship, and the struggle to
achieve financial stability; in the middle years, the focus
shifts to changing spousal relationships, problems with
aging parents, and problems associated with having young
adult offspring who themselves are encountering stressful
situations; in old age, the principal concerns are apt to be
retirement, loss of physical and mental capacity, major
personal losses, and thoughts of death.

» Clinical Findings

An individual may react to stress by becoming anxious or
depressed, by developing a physical symptom, by running
away, drinking alcohol, overeating, starting an affair, or in
limitless other ways. Common subjective responses are
anxiety, sadness, fear, rage, guilt, and shame. Acute and
reactivated stress may be manifested by restlessness, irrita-
bility, fatigue, increased startle reaction, and a feeling of
tension. Inability to concentrate, sleep disturbances
(insomnia, bad dreams), and somatic preoccupations
sometimes lead to self-medication, most commonly with
alcohol or other central nervous system depressants. Emo-
tional and behavioral distressing symptomatology in
response to stress is called adjustment disorder, with the
major symptom specified (eg, “adjustment disorder with
depressed mood, anxiety, mixed depression and anxiety,
disturbance of conduct, mixed disturbance of emotions
and conduct, or unspecified.”). Even with an identifiable
stressor, if the patient meets syndromal criteria for another
disorder such as major depression, then the convention
would be to diagnose a major depression and not an adjustment
disorder with depressed mood.

» Differential Diagnosis

Adjustment disorders are distinguished from anxiety dis-
orders, mood disorders, bereavement, other stress disor-
ders such as posttraumatic stress disorder (PTSD), and
personality disorders exacerbated by stress and from
somatic disorders with psychic overlay. Unlike many other
psychiatric disorders, such as bipolar disorder or schizo-
phrenia, adjustment disorders are wholly situational and
usually resolve when the stressor resolves or the individual
effectively adapts to the situation. Adjustment disorders
may have symptoms that overlap with other disorders, such
as anxiety symptoms, but they occur in reaction to an iden-
tifiable life stressor such as a difficult work situation or
romantic breakup. An adjustment disorder that persists
and worsens can potentially evolve into another psychiatric
disorder such as major depression or GAD. However, that
is not the case for most patients. Patients with adjustment
disorders have marked distress after a stressor and signifi-
cant impairment in social or occupational functioning but
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not to the degree experienced by patients with a more
severe disorder such as major depressive disorder or PTSD.
By definition, an adjustment disorder occurs within 3 months
of an identifiable stressor.

» Treatment

A. Behavioral

Stress reduction techniques include immediate symptom
reduction (eg, rebreathing in a bag for hyperventilation) or
early recognition and removal from a stress source before
full-blown symptoms appear. It is often helpful for the
patient to keep a daily log of stress precipitators, responses,
and alleviators. Relaxation, mindfulness-based stress
reduction, and exercise techniques are also helpful in
improving the reaction to stressful events.

B. Social

The stress reactions of life crisis problems are a function of
psychosocial upheaval. While it is not easy for the patient
to make necessary changes (or they would have been made
long ago), it is important for the clinician to establish the
framework of the problem, since the patient’s denial system
may obscure the issues. Clarifying the problem in the
patient’s psychosocial context allows the patient to begin
viewing it within the proper frame and facilitates the diffi-
cult decisions the patient eventually must make (eg, change
of job).

C. Psychological

Prolonged in-depth psychotherapy is seldom necessary in
cases of isolated stress response or adjustment disorder.
Supportive psychotherapy (see above) with an emphasis on
strengthening of existing coping mechanisms is a helpful
approach so that time and the patient’s own resiliency can
restore the previous level of function. In addition, cognitive
behavioral therapy has long been established to treat acute
stress and facilitate recovery in patients with an adjustment
disorder.

D. Pharmacologic

Judicious use of sedatives (eg, lorazepam, 0.5–1 mg two or
three times daily orally) for a limited time and as part of an
overall treatment plan can provide relief from acute anxiety
symptoms. Problems arise when the situation becomes
chronic through inappropriate treatment or when the
treatment approach supports the development of chronic-
ity. There are occasions where the short-term use of selec-
tive serotonin reuptake inhibitors (SSRIs) targeting
dysphoria and anxiety may be useful.

» Prognosis

Return to satisfactory function after a short period is part
of the clinical picture of this syndrome. Resolution may be
delayed if others’ responses to the patient’s difficulties are
thoughtlessly harmful or if the secondary gains outweigh
the advantages of recovery. The longer the symptoms per-
sist, the worse the prognosis. There is also evidence that

stress-related disorders are associated with increased risk
of autoimmune disease, although this mechanism has yet
to be elucidated.

O’Donnell ML et al. Adjustment disorder: current developments
and future directions. Int J Environ Res Public Health.
2019;16:2537. [PMID: 31315203]

TRAUMA & STRESSOR-RELATED DISORDERS

E S S E N T I A L S  O F  D I A G N O S I S

» Exposure to a traumatic or life-threatening event.

» Flashbacks, intrusive images, and nightmares,
often represent reexperiencing the event.

» Avoidance symptoms, including numbing, social
withdrawal, and avoidance of stimuli associated
with the event.

» Increased vigilance, such as startle reactions and
difficulty falling asleep.

» Symptoms impair functioning.

» General Considerations

Posttraumatic stress disorder (PTSD) has been reclassi-
fied from an anxiety disorder to a trauma and stressor-
related disorder in the DSM-5. PTSD is a syndrome
characterized by “reexperiencing” a traumatic event (eg,
sexual assault, severe burns, military combat) and decreased
responsiveness and avoidance of current events associated
with the trauma. Studies using cross-sectional surveys have
indicated a higher risk for PTSD amongst frontline work-
ers during the COVID-19 pandemic. The lifetime preva-
lence of PTSD among adult Americans has been estimated
to be 6.8% with a point prevalence of 3.6% and with
women having rates twice as high as men. Many individu-
als with PTSD (20–40%) have experienced other associated
problems, including divorce, parenting problems, difficul-
ties with the law, and substance abuse.

» Clinical Findings

The key to establishing the diagnosis of PTSD lies in the
history of exposure to a perceived or actual life-threatening
event, serious injury, or sexual violence. This can include
serious medical illnesses, and the prevalence of PTSD is
higher in people who have experienced serious illnesses
such as cancer. The symptoms of PTSD include intrusive
thoughts (eg, flashbacks, nightmares), avoidance (eg, with-
drawal), negative thoughts and feelings, and increased
reactivity. Patients with PTSD can experience physiologic
hyperarousal, including startle reactions, illusions, over-
generalized associations, sleep problems, nightmares,
dreams about the precipitating event, impulsivity, difficul-
ties in concentration, and hyperalertness. The symptoms
may be precipitated or exacerbated by events that are a
reminder of the original traumatic event. Symptoms
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frequently arise after a long latency period (eg, child abuse
can result in later-onset PTSD). DSM-5 includes the
requirement that the symptoms persist for at least
1 month. In some individuals, the symptoms fade over
months or years, and in others they may persist for a life-
time. Those with comorbid chronic pain tend to have
heightened PTSD symptoms compared with those without
chronic pain.

» Differential Diagnosis

In 75% of cases, PTSD occurs with comorbid depression
or panic disorder, and there is considerable overlap in the
symptom complexes of all three conditions. Acute stress
disorder has many of the same symptoms as PTSD, but
symptoms persist for only 3 days to a month after the
trauma. The other major comorbidity is alcohol and sub-
stance abuse. The Primary Care-PTSD Screen (https://
www.ptsd.va.gov/professional/assessment/screens/pc-
ptsd.asp) and the PTSD Checklist (https://www.ptsd.
va.gov/professional/assessment/adult-sr/ptsd-checklist.
asp#obtain) are two useful screening instruments in pri-
mary care clinics or community settings with populations
at risk for trauma exposure.

» Treatment

A. Psychotherapy

Psychotherapy should be initiated after the diagnosis of
PTSD has been established and should be brief (typically
8–12 sessions), once the individual is in a safe environ-
ment. Exposure therapy has the strongest evidence in
treatment of PTSD among psychotherapies and medica-
tions, although those with comorbid depression and ref-
ugees may benefit less. Cognitive processing therapy, a
form of cognitive behavioral therapy for PTSD, has very
strong evidence as well. In these approaches, the indi-
vidual confronts the traumatic situation and learns to
view and experience it with less hyperarousal over time.
Posttraumatic stress syndromes respond to interventions
that help patients integrate the event in an adaptive way
with some sense of mastery in having survived the
trauma. Partner relationship problems are a major area
of concern, and it is important that the clinician have
available a dependable referral source when marriage
counseling is indicated.

Treatment of any comorbid substance abuse is an
essential part of the recovery process for patients with
PTSD. In patients with comorbid substance use disorders,
there is evidence for better outcomes when substance
abuse treatment is delivered alongside trauma-focused
psychotherapy. Support groups and 12-step programs
such as Alcoholics Anonymous are often very helpful.

Video telepsychiatry for psychotherapy or medication
management is now widely available since the COVID-19
pandemic requires physical distancing. Telepsychiatry
allows patients access to resources they may not otherwise
have. There is similar efficacy in reduction of PTSD symp-
toms in women veterans with video teletherapy as with
in-person therapy.

B. Pharmacotherapy

SSRIs are helpful in ameliorating depression, panic attacks,
sleep disruption, and startle responses in PTSD. Sertraline
and paroxetine are approved by the US Food and Drug
Administration (FDA) for this purpose, and the SSRIs are
the only class of medications approved for the treatment of
PTSD. They are, therefore, considered the pharmacotherapy
of choice for PTSD. Early treatment of anxious arousal with
beta-blockers (eg, propranolol, 80–160 mg orally daily) may
lessen the peripheral symptoms of anxiety (eg, tremors, pal-
pitations) but has not been shown to help prevent develop-
ment of PTSD. Similarly, noradrenergic agents such as
clonidine (titrated from 0.1 mg orally at bedtime to 0.2 mg
three times a day) have been shown to help with the hyper-
arousal symptoms of PTSD. The alpha-adrenergic blocking
agent prazosin (2–10 mg orally at bedtime) has mixed evi-
dence for decreasing nightmares and improving quality of
sleep in PTSD. Benzodiazepines, such as clonazepam, are
generally thought to be contraindicated in the treatment of
PTSD. The risks of benzodiazepines, including addiction
and disinhibition, are thought to outweigh the anxiolytic
and sleep benefits in most patients. Trazodone (25–100 mg
orally at bedtime) is commonly prescribed as a non–habit
forming hypnotic agent. Second-generation antipsychotics
have not demonstrated significant utility in the treatment of
PTSD, but agents such as quetiapine 50–300 mg/day may
have a limited role in treating agitation and sleep distur-
bance in PTSD patients. Novel agents such as MDMA
(methylenedioxymethamphetamine; also called Ecstasy)
have shown early promise in the treatment of PTSD and are
in phase 3 trials.

» Prognosis

Approximately half of patients with PTSD experience
chronic symptoms. Prognosis is best in those with good
premorbid psychiatric functioning. Individuals who
experience trauma resulting from a natural disaster (eg,
earthquake or hurricane) tend to do better than those
who experience a traumatic interpersonal encounter (eg,
rape or combat). The sooner therapy is initiated after the
trauma, once a diagnosis of PTSD has been established, the
better the prognosis. However, it is not beneficial to begin
therapy immediately after a trauma since it does not
decrease the rate of progression to PTSD. A study pub-
lished in 2018 comparing sertraline and prolonged expo-
sure therapy for patients with PTSD demonstrated that
patients who received their preferred treatment were
more likely to be adherent, respond to treatment, and
have lower self-reported PTSD, depression, and anxiety
symptoms.

Grasser LR et al. Treatments of posttraumatic stress disorder in
civilian populations. Curr Psychiatry Rep. 2019;21:11. [PMID:
30734097]

Guideline Development Panel for the Treatment of PTSD in
Adults, American Psychological Association. Summary of the
clinical practice guideline for the treatment of posttraumatic
stress disorder (PTSD) in adults. Am Psychol. 2019;74:596.
[PMID: 31305099]
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Johnson SU et al. PTSD symptoms among health workers and
public service providers during the COVID-19 outbreak. PLoS
One. 2020;15:e0241032. [PMID: 33085716]

Merz J et al. Comparative efficacy and acceptability of pharmaco-
logical, psychotherapeutic, and combination treatments in
adults with posttraumatic stress disorder: a network meta-
analysis. JAMA Psychiatry. 2019;76:904. [PMID: 31188399]

Raskind MA et al. Trial of prazosin for post-traumatic stress dis-
order in military veterans. N Engl J Med. 2018;378:507.
[PMID: 29414272]

Zoellner LA et al. Doubly randomized preference trial of
prolonged exposure versus sertraline for treatment of PTSD.
Am J Psychiatry. 2019;176:287. [PMID: 30336702]

ANXIETY DISORDERS

E S S E N T I A L S  O F  D I A G N O S I S

» Persistent excessive anxiety or chronic fear and
associated behavioral disturbances.

» Somatic symptoms referable to the autonomic
nervous system or to a specific organ system (eg,
dyspnea, palpitations, paresthesias).

» Not limited to an adjustment disorder.

» Not a result of physical disorders, other psychiatric
conditions (eg, schizophrenia), or drug abuse (eg,
cocaine).

» General Considerations

Stress, fear, and anxiety all tend to be interactive. The prin-
cipal components of anxiety are psychological (tension,
fears, difficulty in concentration, apprehension) and
somatic (tachycardia, hyperventilation, shortness of
breath, palpitations, tremor, sweating). Sympathomimetic
symptoms of anxiety are both a response to a central ner-
vous system state and a reinforcement of further anxiety.
Anxiety can become self-generating, since the symptoms
reinforce the reaction, causing it to spiral. Additionally,
avoidance of triggers of anxiety leads to reinforcement of
the anxiety. The person continues to associate the trigger
with anxiety and never relearns through experience that
the trigger need not always result in fear, or that anxiety
will naturally improve with prolonged exposure to an
objectively neutral stressor.

» Clinical Findings

A. Generalized Anxiety Disorder

Anxiety disorders are the most prevalent psychiatric disor-
ders. About 7% of women and 4% of men will meet criteria
for GAD over a lifetime. GAD becomes chronic in many
patients with over half of patients having the disorder for
longer than 2 years. Anxiety disorder in the elderly is twice
as common as dementia and four to six times more com-
mon than major depression, and it is associated with
poorer quality of life and contributes to the onset of dis-
ability. The anxiety symptoms of apprehension, worry,

irritability, difficulty in concentrating, insomnia, or somatic
complaints are present more days than not for at least
6 months. Manifestations can include cardiac (eg, tachycar-
dia, increased blood pressure), gastrointestinal (eg,
increased acidity, nausea, epigastric pain), and neurologic
(eg, headache, near-syncope) systems. The focus of the
anxiety may be a number of everyday activities.

B. Panic Disorder

Panic attacks are recurrent, unpredictable episodes of
intense surges of anxiety accompanied by marked physio-
logic manifestations. Agoraphobia, fear of being in places
where escape is difficult, such as open spaces or public
places where one cannot easily hide, may be present and
may lead the individual to confine his or her life to home.
Distressing symptoms and signs such as dyspnea, tachycar-
dia, palpitations, dizziness, paresthesias, choking, smother-
ing feelings, and nausea are associated with feelings of
impending doom (alarm response). Although these symp-
toms may lead to overlap with some of the same bodily
complaints found in the somatic symptom disorders, the
key to the diagnosis of panic disorder is the psychic pain
and suffering the individual expresses. Panic disorder is
diagnosed when panic attacks are accompanied by a chronic
fear of the recurrence of an attack or a maladaptive change
in behavior to try to avoid potential triggers of the panic
attack. Recurrent sleep panic attacks (not nightmares)
occur in about 30% of panic disorders. Anticipatory anxiety
develops in all these patients and further constricts their
daily lives. Panic disorder tends to be familial, with onset
usually under age 25; it affects 3–5% of the population, and
the female-to-male ratio is 2:1. The premenstrual period is
one of heightened vulnerability. Patients frequently undergo
evaluations for emergent medical conditions (eg, heart
attack or hypoglycemia), which are then ruled out before
the correct diagnosis is made. Gastrointestinal symptoms
(eg, stomach pain, heartburn, diarrhea, constipation, nau-
sea and vomiting) are common, occurring in about one-
third of cases. Myocardial infarction, pheochromocytoma,
hyperthyroidism, and various recreational drug reactions
can mimic panic disorder and should be considered in the
differential diagnosis. Patients who have panic disorder can
become demoralized, hypochondriacal, agoraphobic, and
depressed. These individuals are at increased risk for major
depression and suicide. Alcohol abuse (in about 20%)
results from self-treatment and is frequently combined with
dependence on sedatives. About 25% of panic disorder
patients also have obsessive-compulsive disorder (OCD).

C. Phobic Disorders

Simple phobias are fears of a specific object or situation
(eg, spiders, height) that are out of proportion to the dan-
ger posed, and they tend to be chronic. Social phobias are
global or specific; in the former, all social situations are
poorly tolerated, while the latter group includes perfor-
mance anxiety (eg, fear of public speaking). Agoraphobia
is frequently associated with panic attacks, and it often
develops in early adult life, making a normal lifestyle dif-
ficult. Patients with agoraphobia experience intense fear
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about common situations, such as being in open spaces (eg,
marketplaces), being in enclosed spaces (eg, theaters),
standing in line, or being alone outside of their homes.

» Treatment

In all cases, underlying medical disorders must be ruled
out (eg, cardiovascular, endocrine, respiratory, and neuro-
logic disorders and substance-related syndromes, both
intoxication and withdrawal states).

A. Pharmacologic

1. Generalized anxiety disorder—Antidepressants includ-
ing the SSRIs and serotonin norepinephrine reuptake

inhibitors (SNRIs) are first-line treatment and safe and
effective in the long-term management of GAD. The anti-
depressants appear to be as effective as the benzodiazepines
without the risks of tolerance or dependence. However,
benzodiazepines take effect more quickly if not immedi-
ately, which can be beneficial in brief acute management
(Table 25–1).

Antidepressants are the first-line medications for
sustained treatment of GAD; unlike benzodiazepines,
they have the advantage of not causing physiologic
dependency problems. Antidepressants can themselves be
anxiogenic when first started—thus, at the initiation of
treatment, patient education and at times concomitant
short-term treatment with a benzodiazepine are indicated.

Table 25–1. Commonly used antianxiety and hypnotic agents (listed in alphabetical order within classes).

Medication Usual Daily Oral Doses

Usual Daily Maximum

Doses

Cost for 30 Days of Treatment

Based on Maximum Dosage1

Benzodiazepines (used for anxiety)

Alprazolam (Xanax)2 0.5 mg 4 mg $91.80

Chlordiazepoxide (Librium)3 10–20 mg 100 mg $36.75

Clonazepam (Klonopin)3 1–2 mg 10 mg $152.25

Clorazepate (Tranxene)3 15–30 mg 60 mg $560.40

Diazepam (Valium)3 5–15 mg 30 mg $22.26

Lorazepam (Ativan)2 2–4 mg 4 mg $5.46

Oxazepam (Serax)2 10–30 mg 60 mg $126.24

Benzodiazepines (used for sleep)

Estazolam (Prosom)2 1 mg 2 mg $29.67

Flurazepam (Dalmane)3 15 mg 30 mg $26.31

Quazepam (Doral)3 7.5 mg 15 mg $846.00

Temazepam (Restoril)2 15 mg 30 mg $23.49

Triazolam (Halcion)5 0.125 mg 0.25 mg $110.00

Miscellaneous (used for anxiety)

Buspirone (Buspar)2 10–30 mg 60 mg $217.80

Phenobarbital3 15–30 mg 90 mg $19.00

Miscellaneous (used for sleep)

Eszopiclone (Lunesta)5 2–3 mg 3 mg $349.80

Hydroxyzine (Vistaril)2 50 mg 100 mg $24.53

Ramelteon (Rozerem) 8 mg 8 mg $365.70

Suvorexant (Belsomra) 5–10 mg 20 mg $460.80

Zaleplon (Sonata)6 5–10 mg 10 mg $112.37

Zolpidem (Ambien)5 5–10 mg 10 mg $137.10

1Average wholesale price (AWP, for AB-rated generic when available) for quantity listed. Source: IBM Micromedex Red Book (electronic version)

IBM Watson Health, Greenwood, CO, USA. Available at https://www.micromedexsolutions.com (cited April 18, 2021). AWP may not accu-

rately represent the actual pharmacy cost because wide contractual variations exist among institutions.
2Intermediate physical half-life (10–20 hours).
3Long physical half-life (> 20 hours).
4Intravenously for procedures.
5Short physical half-life (1–6 hours).
6Short physical half-life (about 1 hour).

CMDT22_Ch25_p1054-p1109.indd 1058 29/06/21 8:51 PM



PSYCHIATRIC DISORDERS 1059CMDT 2022

SSRIs, such as escitalopram and paroxetine, are FDA-
approved. The SNRIs venlafaxine and duloxetine are FDA-
approved for the treatment of GAD in usual antidepressant
doses. Initial daily dosing should start low (37.5–75 mg for
venlafaxine and 30 mg for duloxetine) and be titrated
upward as needed. Buspirone, sometimes used as an aug-
menting agent in the treatment of depression and compul-
sive behaviors, is also effective for generalized anxiety.
Buspirone is usually given in a total dose of 30–60 mg/day
in divided doses. Higher doses are sometimes associated
with side effects of gastrointestinal symptoms and dizzi-
ness. Bupropion may be the most anxiogenic antidepres-
sant and does not have evidence in treatment of anxiety
disorders. There is a 2- to 4-week delay before antidepres-
sants and buspirone take effect, and patients require educa-
tion regarding this lag. Sleep is sometimes negatively
affected. Gabapentin (titrated to doses of 900–1800 mg
orally daily, with larger doses at night) and pregabalin
appear effective and lack the habit-forming potential of the
benzodiazepines. Beta-blockers, such as propranolol, may
help reduce peripheral somatic symptoms. Alcohol is the
most frequently self-administered drug and should be
strongly discouraged.

2. Panic disorder—Antidepressants are the first-line
pharmacotherapy for panic disorder. Several SSRIs,
including fluoxetine, paroxetine, and sertraline, are
approved for the treatment of panic disorder. The SNRI
venlafaxine is FDA approved for treatment of panic disor-
der. As with GAD, panic disorder is often a chronic condi-
tion; the long-term use of benzodiazepines can result in
tolerance or even benzodiazepine dependence. While
panic disorder often responds to high-potency benzodiaz-
epines such as clonazepam and alprazolam, the best use of
these agents is generally early in the course of treatment
concurrently with an antidepressant. Once the antidepres-
sant has begun working after 4 or more weeks, the benzo-
diazepine may be tapered.

Whether the indications for benzodiazepines are anxi-
ety or insomnia, the medications should be used judi-
ciously. The longer-acting benzodiazepines are used for the
treatment of alcohol withdrawal and anxiety symptoms;
the intermediate medications are useful as sedatives for
insomnia (eg, lorazepam), while short-acting agents (eg,
midazolam) are used for medical procedures such as
endoscopy. Benzodiazepines may be given orally, and sev-
eral are available in intramuscular or parenteral formula-
tions. In psychiatric disorders, the benzodiazepines are
usually given orally; in controlled medical environments
(eg, the intensive care unit [ICU]), where the rapid onset of
respiratory depression can be assessed, they often are given
intravenously. Lorazepam does not produce active metabo-
lites and has a half-life of 10–20 hours; these characteristics
are useful in treating elderly patients or those with liver
dysfunction. Ultra–short-acting agents, such as triazolam,
have half-lives of 1–3 hours and may lead to rebound with-
drawal anxiety. Longer-acting benzodiazepines, such as
flurazepam, diazepam, and clonazepam, produce active
metabolites, have half-lives of 20–120 hours, and should be
avoided in the elderly; however, some clinicians prefer
clonazepam because of its long half-life and thus ease of

dosing to once or twice a day. Since people vary widely in
their response and since the medications are long lasting,
the dosage must be individualized. Once this is established,
an adequate and scheduled dose early in the course of
symptom development will obviate the need for “pill pop-
ping,” which can contribute to dependency problems.

The side effects of all the benzodiazepine antianxiety
agents are patient and dose dependent. As the dosage
exceeds the levels necessary for sedation, the side effects
include disinhibition, ataxia, dysarthria, nystagmus, and
delirium. (The patient should be told not to operate machinery
and drive with caution until he or she is well stabilized
without side effects.)

Paradoxical agitation, anxiety, psychosis, confusion,
mood lability, and anterograde amnesia have been reported,
particularly with the shorter-acting benzodiazepines. These
agents produce cumulative clinical effects with repeated
dosage (especially if the patient has not had time to metabo-
lize the previous dose), additive effects when given with
other classes of sedatives or alcohol, and residual effects
after termination of treatment (particularly in the case of
medications that undergo slow biotransformation).

Overdosage results in respiratory depression, hypoten-
sion, shock syndrome, coma, and death. Flumazenil, a
benzodiazepine antagonist, is effective in overdosage.
Overdosage (see Chapter 38) and withdrawal states are
medical emergencies. Serious side effects of chronic exces-
sive dosage are development of tolerance, resulting in
increasing dose requirements, and physiologic depen-
dence, resulting in withdrawal symptoms similar in appear-
ance to alcohol and barbiturate withdrawal (withdrawal
effects must be distinguished from reemergent anxiety).
Abrupt withdrawal of sedative medications may cause seri-
ous and even fatal convulsive seizures. Psychosis, delirium,
and autonomic dysfunction have also been described. Both
duration of action and duration of exposure are major fac-
tors related to likelihood of withdrawal.

Common withdrawal symptoms after low to moderate
daily use of benzodiazepines are classified as somatic (dis-
turbed sleep, tremor, nausea, muscle aches), psychological
(anxiety, poor concentration, irritability, mild depression),
or perceptual (poor coordination, mild paranoia, mild con-
fusion). The presentation of symptoms will vary depending
on the half-life of the medication. Benzodiazepine interac-
tions with other medications are listed in Table 25–2.

Antidepressants have been used in conjunction with
beta-blockers in resistant cases. Propranolol (40–160 mg/
day orally) can mute the peripheral symptoms of anxiety
without significantly affecting motor and cognitive perfor-
mance. They block symptoms mediated by sympathetic
stimulation (eg, palpitations, tremulousness) but not non-
adrenergic symptoms (eg, diarrhea, muscle tension). Con-
trary to common belief, they usually do not cause depression
as a side effect and can be used cautiously in patients with
depression.

3. Phobic disorders—Social phobias and agoraphobia may
be treated with SSRIs, such as paroxetine, sertraline, and
fluvoxamine. In addition, phobic disorders often respond
to SNRIs such as venlafaxine. Gabapentin is an alternative
to antidepressants in the treatment of social phobia in a
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dosage of 300–3600 mg/day, depending on response versus
sedation. Specific phobias such as performance or test
anxiety may respond to moderate doses of beta-blockers,
such as propranolol, 20–40 mg 1 hour prior to exposure.
Specific phobias tend to respond to behavioral therapies
such as systematic desensitization, which is when the
patient is gradually exposed to the feared object or situa-
tion in a controlled setting.

B. Behavioral

Behavioral approaches are widely used in various anxiety
disorders, often in conjunction with medication. Any of the
behavioral techniques can be used beneficially in altering
the contingencies (precipitating factors or rewards) sup-
porting any anxiety-provoking behavior. Relaxation tech-
niques can sometimes be helpful in reducing anxiety.
Desensitization, by exposing the patient to graded doses of
a phobic object or situation, is an effective technique and
one that the patient can practice outside the therapy session.
Emotive imagery, wherein the patient imagines the anxiety-
provoking situation while at the same time learning to relax,
helps decrease the anxiety when the patient faces the real-
life situation. Physiologic symptoms in panic attacks
respond well to relaxation training. Both GAD and panic
disorder appear to respond as well to cognitive behavioral
therapy as they do to medications. Exercise, both aerobic and
resistance training, has demonstrated effects in reducing
anxiety symptoms across many anxiety disorders as well.

C. Psychological

Cognitive behavioral therapy is the first-line psychother-
apy in treatment of anxiety disorders. Cognitive behavioral
therapy for anxiety disorders includes a cognitive compo-
nent of examining the thoughts associated with the fear,
and a behavioral technique of exposing the individual to
the feared object or situation. The combination of medica-
tion and cognitive behavioral therapy is more effective
than either alone. Mindfulness meditation can also be

effective in decreasing symptoms of anxiety. Group therapy
is the treatment of choice when the anxiety is clearly a
function of the patient’s difficulties in dealing with social
settings. Acceptance and commitment therapy have been
used with some success in anxiety disorders. It encourages
individuals to keep focused on life goals while they “accept”
the presence of anxiety in their lives.

D. Social

Peer support groups for panic disorder and agoraphobia
have been particularly helpful. Social modification may
require measures such as family counseling to aid accep-
tance of the patient’s symptoms and avoid counterproduc-
tive behavior in behavioral training. Any help in
maintaining the social structure is anxiety-alleviating, and
work, school, and social activities should be maintained.
School and vocational counseling may be provided by pro-
fessionals, who often need help from the clinician in defin-
ing the patient’s limitations.

» Prognosis

Anxiety disorders are usually long-standing and may be
difficult to treat. All can be relieved to varying degrees with
medications and behavioral techniques. The prognosis is
better if the commonly observed anxiety-panic-phobia-
depression cycle can be broken with a combination of the
therapeutic interventions discussed above.

Bandelow B. Current and novel psychopharmacological drugs
for anxiety disorders. Adv Exp Med Biol. 2020;1191:347.
[PMID: 32002937]

Slee A et al. Pharmacological treatments for generalised anxiety
disorder: a systematic review and network meta-analysis.
Lancet. 2019;393:768. [PMID: 30712879]

OBSESSIVE-COMPULSIVE DISORDER &
RELATED DISORDERS

E S S E N T I A L S  O F  D I A G N O S I S

» Preoccupations or rituals (repetitive psychologi-
cally triggered behaviors) that are distressing to
the individual.

» Symptoms are excessive or persistent beyond
potentially developmentally normal periods.

» General Considerations

Obsessive-compulsive disorder (OCD), classified as an
anxiety disorder in the DSM-IV, now is part of a separate
category of Obsessive-Compulsive Disorder and Related
Disorders in DSM-5. In OCD, the irrational idea or
impulse repeatedly and unwantedly intrudes into aware-
ness. Obsessions (recurring distressing thoughts, such as
fears of exposure to germs) and compulsions (repetitive
actions such as washing one’s hands many times or

Table 25–2. Benzodiazepine interactions with other
medications (listed in alphabetical order).

Medication Effects

Antacids Decreased absorption of benzodiazepines

Cimetidine Increased half-life of diazepam and

triazolam

Contraceptives Increased levels of diazepam and triazolam

Digoxin Alprazolam and diazepam raise digoxin

level

Disulfiram Increased duration of action of sedatives

Isoniazid Increased plasma diazepam

Levodopa Inhibition of antiparkinsonism effect

Propoxyphene Impaired clearance of diazepam

Rifampin Decreased plasma diazepam

Warfarin Decreased prothrombin time
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cognitions such as counting rituals) are usually recognized
by the individual as unwanted or unwarranted and are
resisted, but anxiety often is alleviated only by ritualistic
performance of the compulsion or by deliberate contempla-
tion of the intruding idea or emotion. Some patients with
OCD only experience obsessions, while some experience
both obsessions and compulsions. Many patients do not
volunteer the symptoms and must be asked about them.
There is an overlapping of OCD with some features in other
disorders (“OCD spectrum”), including tics, trichotilloma-
nia (hair pulling), excoriation disorder (skin picking),
hoarding, and body dysmorphic disorder. The incidence of
OCD in the general population is 2–3% and there is a high
comorbidity with major depression: major depression will
develop in two-thirds of OCD patients during their lifetime.
Male-to-female ratios are similar, with the highest rates
occurring in the young, divorced, separated, and unem-
ployed (all high-stress categories). Neurologic abnormali-
ties of fine motor coordination and involuntary movements
are common. Under extreme stress, these patients some-
times exhibit paranoid and delusional behaviors, often
associated with depression, that can mimic schizophrenia.

» Treatment

A. Pharmacologic

OCD responds to serotonergic antidepressants including
SSRIs and clomipramine in about 60% of cases and usually
requires a longer time to response than depression (up to
12 weeks). Fluoxetine has been widely used in this disorder
but in doses higher than those used in depression (up to
60–80 mg orally daily). The other SSRI medications, such
as sertraline, paroxetine, and fluvoxamine, are used with
comparable efficacy each with its own side-effect profile.
Clomipramine has proved effective in doses equivalent to
those used for depression. Plasma levels of clomipramine
and its metabolite should be checked 2–3 weeks after a dos-
ing of 50 mg/day has been achieved, with levels being kept
under 500 ng/mL to avoid toxicity. There is some evidence
that antipsychotics, topiramate, memantine, riluzole,
N-acetylcysteine, lamotrigine, ondansetron, and anti-
inflammatory medication (minocycline, celecoxib) may be
helpful as adjuncts to the SSRIs in treatment-resistant
cases. Preliminary studies have suggested a role for ket-
amine and esketamine in the treatment of OCD. Small
randomized trials have suggested up to 50% of patients get
some relief of their OCD symptoms within 1 week of a
ketamine infusion. Unfortunately, the effects of ketamine
on OCD are short-lived, and further studies are required to
confirm efficacy and optimal dosing.

B. Behavioral

OCD may respond to a variety of behavioral techniques.
One common strategy is exposure and response preven-
tion. As in the treatment of simple phobias, exposure and
response prevention involves gradually exposing the OCD
spectrum patient to situations that the patient fears, such as
perceived germs or situations that a hoarder must part with
things they are hoarding. By gradually exposing patients to
increasingly stressful situations and helping them manage

their anxiety without performing the unwanted behavior,
OCD spectrum patients are often able to develop some
mastery over the behaviors.

C. Psychological

In addition to behavioral techniques, OCD may respond to
psychological therapies including cognitive behavioral
therapy in which the patient learns to identify maladaptive
cognitions associated with obsessive thoughts and chal-
lenge those cognitions. For example, a patient with OCD
may fear that if he does not wash his hands 50 times after
shaking hands, he or someone close to him might develop
a serious disease. These cognitions can be identified and
gradually replaced with more rational thoughts. Exposure
and response prevention is a form of cognitive behavioral
therapy used in the treatment of OCD. Patients work through
a list of their obsessions and compulsions with their thera-
pist by first exposing themselves to the trigger, then working
to prevent the habitual thought or compulsion that accom-
panies it. There is evidence that both cognitive behavioral
therapy and exposure and response prevention and medi-
cations combined can be more effective than a single inter-
vention alone.

D. Social

OCD can have devastating effects on the ability of a patient
to lead a normal life. Educating both the patient and family
about the course of illness and treatment options is
extremely useful in setting appropriate expectations. Severe
OCD is commonly associated with vocational disability,
and the clinician may sometimes need to facilitate a leave
of absence from work or encourage vocational rehabilita-
tion to get the patient back to work.

E. Procedures

Transcranial magnetic stimulation also is effective and
FDA-approved for OCD. Psychosurgery has a limited place
in selected cases of severe unremitting OCD. Experimental
work suggests a role for deep brain stimulation in OCD,
and it is FDA approved on a humanitarian device exemp-
tion basis for refractory OCD patients.

» Prognosis

OCD is usually a chronic disorder with a waxing and wan-
ing course. As many as 40% of patients in whom OCD
problems develop in childhood will experience remission
as adults. However, it is less common for OCD to remit
without treatment when it develops during adulthood.

Beaulieu AM et al. The psychopharmacology algorithm project
at the Harvard South Shore Program: an algorithm for adults
with obsessive-compulsive disorder. Psychiatry Res. 2019;
281:112583. [PMID: 31600606]

Carmi L et al. Efficacy and safety of deep transcranial magnetic
stimulation for obsessive-compulsive disorder: a prospective
multicenter randomized double-blind placebo-controlled
trial. Am J Psychiatry. 2019;176:931. [PMID: 31109199]

Stein DJ et al. Obsessive-compulsive disorder. Nat Rev Dis Prim-
ers. 2019;5:52. [PMID: 31371720]
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FEEDING & EATING DISORDERS

See Chapter 29.

SOMATIC SYMPTOM DISORDERS
Abnormal Illness Behaviors)

E S S E N T I A L S  O F  D I A G N O S I S

» Prominent physical symptoms may involve one or
more organ systems and are associated with
distress, impairment, or both.

» Sometimes able to correlate symptom development
with psychosocial stresses.

» Combination of biogenetic and developmental
patterns.

» General Considerations

Any organ system can be affected in somatic symptom
disorders. In DSM-5, somatic symptom disorders encom-
pass disorders that were listed under somatic disorders in
DSM-IV, including conversion disorder, hypochondriasis,
somatization disorder, and pain disorder secondary to psy-
chological factors. Vulnerability in one or more organ sys-
tems and exposure to family members with somatization
problems plays a major role in the development of particu-
lar symptoms, and the “functional” versus “organic”
dichotomy is a hindrance to good treatment. Clinicians
should suspect psychiatric disorders in a number of
somatic conditions. For example, 45% of patients describ-
ing palpitations had lifetime psychiatric diagnoses includ-
ing generalized anxiety, depression, panic, and somatic
symptom disorders. Similarly, 33–44% of patients who
undergo coronary angiography for chest pain but have
negative results have been found to have panic disorder.

In any patient presenting with a condition judged to be
somatic symptom disorder, depression must be considered
in the diagnosis.

» Clinical Findings

A. Conversion Disorder Functional Neurologic
Symptom Disorder

“Conversion” of psychic conflict into physical neurologic
symptoms in parts of the body innervated by the senso-
rimotor system (eg, paralysis, aphonic) is a disorder that
commonly occurs concomitantly with panic disorder or
depression. The somatic manifestation that takes the place
of anxiety is often paralysis, and in some instances the dys-
function may have symbolic meaning (eg, arm paralysis in
marked anger so the individual cannot use the arm to strike
someone). Nonepileptic seizures can be difficult to differen-
tiate from intoxication states or panic attacks and can occur
in patients who also have epileptic seizures. Lack of postic-
tal confusion, closed eyes during the seizure, ictal crying,
and a fluctuating course can suggest nonepileptic seizures;
some symptoms such as asynchronous movements or

pelvic thrusting can occur in both nonepileptic seizures
and frontal lobe seizures (see also Chapter 24). La belle
indifférence (an unconcerned affect) is not a significant
identifying characteristic, as commonly believed, since
individuals even with genuine medical illness may exhibit
a high level of denial. It is important to identify physical
disorders with unusual presentations (eg, multiple sclero-
sis, systemic lupus erythematosus).

B. Somatic Symptom Disorder

Somatic symptom disorder is characterized by one or more
somatic symptoms that are associated with significant dis-
tress or disability. The somatic symptoms are associated
with disproportionate and persistent thoughts about the
seriousness of the symptoms, a high level of anxiety about
health, or excessive time and energy devoted to these
symptoms. The patient’s focus on somatic symptoms is
usually chronic. Panic, anxiety, and depression are often
present, and major depression is an important consider-
ation in the differential diagnosis. There is a significant
relationship (20%) to a lifetime history of panic-agorapho-
bia-depression. It usually occurs before age 30 and is ten
times more common in women. Preoccupation with medi-
cal and surgical therapy becomes a lifestyle that may
exclude other activities. Patients most often first present to
primary care physicians and experience reassurance
regarding their physical condition as only briefly helpful or
dismissive. Patients’ complaints of symptoms should always
be first carefully medically evaluated.

C. Factitious Disorders

These disorders, in which symptom production is inten-
tional, are not somatic symptom conditions in that symp-
toms are produced consciously, in contrast to the
unconscious process of the other somatic symptom disor-
ders. They are characterized by self-induced or described
symptoms or false physical and laboratory findings for the
purpose of deceiving clinicians or other health care per-
sonnel. The deceptions may involve self-mutilation, fever,
hemorrhage, hypoglycemia, seizures, and an almost end-
less variety of manifestations—often presented in an exag-
gerated and dramatic fashion (Munchausen syndrome).
Factitious disorder imposed on another, previously termed
Munchausen by proxy, is diagnosed when someone (often
a parent) creates an illness in another person (often a child)
for perceived psychological benefit of the first person, such
as sympathy or a relationship with clinicians. The duplicity
may be either simple or extremely complex and difficult to
recognize. The patients are frequently connected in some
way with the health professions and there is no apparent
external motivation other than achieving the patient role.
A poor clinician-patient relationship and “doctor shop-
ping” tend to exacerbate the problem.

» Complications

Sedative and analgesic dependency is the most common
iatrogenic complication. Patients may pursue medical or
surgical treatments that induce iatrogenic problems. Thus,
identifying patients with a potential somatic symptom
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disorder and attempting to limit tests, procedures, and
medications that may lead to harm are quite important.

» Treatment

A. Medical

Medical support with careful attention to building a thera-
peutic clinician-patient relationship is the mainstay of treat-
ment. It must be accepted that the patient’s distress is real.
Every problem not found to have an organic basis is not
necessarily a mental disease. Regular, frequent, short
appointments that are not symptom-contingent may be
helpful. Medications should not be prescribed to replace
appointments. One person should be the primary clinician,
and consultants should be used mainly for evaluation. An
empathic, realistic, optimistic approach must be main-
tained in the face of the expected ups and downs. Ongoing
reevaluation is necessary since somatization can coexist
with a concurrent physical illness.

B. Psychological

The primary clinician can use psychological approaches
when the patient is ready to make some changes in lifestyle
in order to achieve symptomatic relief. This is often best
approached with orientation toward pragmatic current
changes rather than an exploration of early experiences
that the patient frequently fails to relate to current distress.
Cognitive behavioral therapy has been shown to be an
effective treatment for somatoform disorders by reducing
physical symptoms, psychological distress, and disability.
Group therapy with other individuals who have similar
problems is sometimes of value to improve coping, allow
ventilation, and focus on interpersonal adjustment. Hyp-
nosis used early can be helpful in resolving conversion
disorders. If the primary clinician has been working with
the patient on psychological problems related to the physi-
cal illness, the groundwork is often laid for successful psy-
chiatric referral.

For patients who have been identified as having a facti-
tious disorder, early psychiatric consultation is indicated.
There are two main treatment strategies for these patients.
One consists of a conjoint confrontation of the patient by
both the primary clinician and the psychiatrist. The
patient’s disorder is portrayed as a cry for help, and psychi-
atric treatment is recommended. The second approach
avoids direct confrontation and attempts to provide a face-
saving way to relinquish the symptom without overt disclo-
sure of the disorder’s origin. Techniques such as biofeedback
and self-hypnosis may foster recovery using this strategy.

C. Behavioral

Behavioral therapy is probably best exemplified by bio-
feedback techniques. In biofeedback, the abnormality (eg,
increased peristalsis) must be recognized and monitored
by the patient and therapist (eg, by an electronic stetho-
scope to amplify the sounds). This is immediate feedback,
and after learning to recognize it, the patient can then learn
to identify any change thus produced (eg, a decrease in
bowel sounds) and so become a conscious originator of the

feedback instead of a passive recipient. Relief of the symp-
tom operantly conditions the patient to utilize the maneu-
ver that relieves symptoms (eg, relaxation causing a
decrease in bowel sounds). With emphasis on this type of
learning, the patient is able to identify symptoms early and
initiate the countermaneuvers, thus decreasing the symp-
tomatic problem. Migraine and tension headaches have
been particularly responsive to biofeedback methods.

D. Social

Social endeavors include family, work, and other interper-
sonal activity. Family members should come for some
appointments with the patient so they can learn how best
to live with the patient. This is particularly important in
treatment of somatic and pain disorders. Peer support
groups provide a climate for encouraging the patient to
accept and live with the problem. Ongoing communication
with the employer may be necessary to encourage long-
term continued interest in the employee. Employers can
become just as discouraged as clinicians in dealing with
employees who have chronic problems.

» Prognosis

The prognosis is better if the primary clinician intervenes
early before the situation has deteriorated. After the prob-
lem has crystallized into chronicity, it is more difficult to
effect change.

Liu J et al. The efficacy of cognitive behavioural therapy in
somatoform disorders and medically unexplained physical
symptoms: a meta-analysis of randomized controlled trials.
J Affect Disord. 2019;245:98. [PMID: 30368076]

O’Neal MA et al. Treatment for patients with a functional neuro-
logical disorder (conversion disorder): an integrated
approach. Am J Psychiatry. 2018;175:307. [PMID: 29606068]

Scarella TM et al. Illness anxiety disorder: psychopathology,
epidemiology, clinical characteristics, and treatment. Psycho-
som Med. 2019;81:398. [PMID: 30920464]

CHRONIC PAIN DISORDERS

E S S E N T I A L S  O F  D I A G N O S I S

» Chronic complaints of pain.

» Symptoms frequently exceed signs.

» Minimal relief with standard treatment.

» History of having seen many clinicians.

» Frequent use of several nonspecific medications.

» General Considerations

A problem in the management of pain is the lack of distinc-
tion between acute and chronic pain syndromes. Most cli-
nicians are adept at dealing with acute pain problems but
face greater challenges in treating a patient with a chronic
pain disorder. Patients with chronic pain can frequently
take many medications, stay in bed a great deal, have seen
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many clinicians, have lost skills, and experience little joy in
either work or play. Relationships suffer (including those
with clinicians), and life becomes a constant search for
relief. The search results in complex clinician-patient rela-
tionships that usually include many medication trials,
particularly sedatives, with adverse consequences (eg, irri-
tability, depressed mood) related to long-term use. Treat-
ment failures can provoke angry responses and depression
from both the patient and the clinician, and the pain syn-
drome is exacerbated. When frustration becomes too great,
a new clinician is found, and the cycle is repeated. The
longer the existence of the pain disorder, the more impor-
tant become the psychological factors of anxiety and
depression. As with all other conditions, it is counterpro-
ductive to speculate about whether the pain is “real.” It is
real to the patient, and acceptance of the problem must
precede a mutual endeavor to alleviate the disturbance.

» Clinical Findings

Components of the chronic pain syndrome consist of ana-
tomic changes, chronic anxiety and depression, anger, and

changed lifestyle. Usually, the anatomic problem is irrevers-
ible, since it has already been subjected to many interventions
with increasingly unsatisfactory results. An algorithm for
assessing chronic pain and differentiating it from other psy-
chiatric conditions is illustrated in Figure 25–1.

Chronic anxiety and depression produce heightened
irritability and overreaction to stimuli. A marked decrease
in pain threshold is apparent. This pattern develops into a
preoccupation with the body and a constant need for reas-
surance. Patients may have started avoiding usual behav-
iors when they first developed pain, and then chronic
avoidance of usual physical functioning can lead to the
development of chronic pain. The pressure on the clinician
becomes wearing and often leads to covert rejection of the
patient, such as not being available or making referrals to
other clinicians.

This is perceived by the patient, who then intensifies
the effort to find help, and the typical cycle is repeated.
Anxiety and depression are seldom discussed, almost as if
there is a tacit agreement not to deal with these issues.

Changes in lifestyle involve some of the pain behaviors.
These usually take the form of a family script in which the

Chronic pain
complaints

Are symptoms and complaints
appropriate to the severity of disease?

Abnormal illness
behavior present

Fails to
respond well

Psychiatric evaluation
for diagnosis of
comorbid psychiatric
disorders:

• Depression
• Panic or anxiety
• Posttraumatic

stress disorder

Abnormal illness behaviors with
symptoms produced unconsciously:

• Somatization disorder
• Hypochondriasis
• Pain disorder with psychological factors

Responds well

No psychiatric
evaluation
necessary

Is the motivation
for the behavior
apparent to the

clinician?

Is the motivation
for the behavior
to assume the
patient role?

Psychiatric treatment
(concurrently with
medical treatment)

Factitious
physical
disorder

Malingering

No

No

Do symptoms appear to be
produced on a voluntary

(conscious) basis?

Yes

Yes

Medical treatment

▲ Figure 25–1. Algorithm for assessing psychiatric component of chronic pain. (Adapted and reproduced, with
permission, from Eisendrath SJ. Psychiatric aspects of chronic pain. Neurology. 1995;45:S26.)
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patient accepts the role of being sick, and this role then
becomes the focus of most family interactions and may
become important in maintaining the family, so that nei-
ther the patient nor the family wants the patient’s role to
change. Cultural factors frequently play a role in the behav-
ior of the patient and how the significant people around the
patient cope with the problem. Some cultures encourage
demonstrative behavior, while others value the stoic role.

Another secondary gain that can maintain the patient
in the sick role is financial compensation or other benefits.
Frequently, such systems are structured so that they rein-
force the maintenance of sickness and discourage any
attempts to give up the role. Clinicians unwittingly rein-
force this role because of the very nature of the practice of
medicine, which is to respond to complaints of illness.
Helpful suggestions from the clinician are often met with
responses like, “Yes, but….” Medications then become the
principal approach, and drug dependency problems may
develop.

» Treatment

A. Behavioral

The cornerstone of a unified approach to chronic pain
syndromes is a comprehensive behavioral program.
This is necessary to identify and eliminate pain reinforc-
ers, to decrease medication use, and to use effectively
those positive reinforcers that shift the focus from the
pain. It is critical that the patient be made a partner in the
effort to manage and function better in the setting of
ongoing pain symptoms. The clinician must shift from
the idea of biomedical cure to ongoing care of the patient.
The patient should agree to discuss the pain only with the
clinician and not with family members; this tends to sta-
bilize the patient’s personal life, since the family is usually
tired of the subject. At the beginning of treatment, the
patient should be assigned self-help tasks graded up to
maximal activity as a means of positive reinforcement.
The tasks should not exceed capability. The patient can
also be asked to keep a self-rating chart to log accom-
plishments, so that progress can be measured and remem-
bered. Instruct the patient to record degrees of pain on a
self-rating scale in relation to various situations and
mental attitudes so that similar circumstances can be
avoided or modified.

Avoid positive reinforcers for pain such as marked sym-
pathy and attention to pain. Emphasize a positive response
to productive activities, which remove the focus of atten-
tion from the pain. Activity is also desensitizing, since the
patient learns to tolerate increasing activity levels.

Biofeedback techniques (see Somatic Symptom Disor-
ders, above) and hypnosis have been successful in amelio-
rating some pain syndromes. Hypnosis tends to be most
effective in patients with a high level of denial, who are
more responsive to suggestion. Hypnosis can be used to
lessen anxiety, alter perception of the length of time that
pain is experienced, and encourage relaxation. Mindfulness-
based stress reduction programs have been useful in help-
ing individuals develop an enhanced capacity to live a higher
quality life with persistent pain.

B. Medical

A single clinician in charge of the comprehensive treatment
approach is the highest priority. Consultations as indicated
and technical procedures done by others are appropriate,
but the care of the patient should remain in the hands of
the primary clinician. Referrals should not be allowed to
raise the patient’s hopes unrealistically or to become a way
for the clinician to reject the case. The attitude of the clini-
cian should be one of honesty, interest, and hopefulness—
not for a cure but for control of pain and improved
function. If the patient manifests opioid addiction, detoxi-
fication may be an early treatment goal.

Medical management of chronic pain is addressed in
Chapter 5. The harms of opioids generally outweigh the ben-
efits in chronic pain management. A fixed schedule lessens
the conditioning effects of these medications. SNRIs (eg,
venlafaxine, milnacipran, and duloxetine) and TCAs (eg,
nortriptyline) in doses up to those used in depression may
be helpful, particularly in neuropathic pain syndromes.
Both duloxetine and milnacipran are approved for the
treatment of fibromyalgia; duloxetine is also indicated in
chronic pain conditions. In general, the SNRIs tend to be
safer in overdose than the TCAs; suicidality is often an
important consideration in treating patients with chronic
pain syndromes. Gabapentin and pregabalin, anticonvul-
sants with possible applications in the treatment of anxiety
disorders, have been shown to be useful in neuropathic
pain and fibromyalgia.

In addition to medications, a variety of nonpharmaco-
logic strategies may be offered, including physical therapy
and acupuncture.

C. Social

Involvement of family members and other significant
persons in the patient’s life should be an early priority. The
best efforts of both patient and therapists can be unwit-
tingly sabotaged by other persons who may feel that they
are “helping” the patient. They frequently tend to reinforce
the negative aspects of the chronic pain disorder. The
patient becomes more dependent and less active, and
the pain syndrome becomes an immutable way of life. The
more destructive pain behaviors described by many experts
in chronic pain disorders are the results of well-meaning
but misguided efforts of family members. Ongoing therapy
with the family can be helpful in the early identification
and elimination of these behavior patterns.

D. Psychological

Cognitive behavioral therapy, acceptance and commitment
therapy, and mindfulness-based therapies have evidence in
treatment of chronic pain. Therapy can be used in indi-
vidual or group settings. A major goal, whether of indi-
vidual or group therapy, is to gain patient involvement. A
group can be a powerful instrument for achieving this goal,
with the development of group loyalties and cooperation.
People will frequently make efforts with group encourage-
ment that they would never make alone. Individual therapy
should be directed toward strengthening existing coping
mechanisms and improving self-esteem. Teaching patients
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to challenge expectations induced by chronic pain may
lead to improved functioning. As an illustration, many
chronic pain patients, making assumptions more derived
from acute injuries, incorrectly believe they will damage
themselves by attempting to function. The rapport between
patient and clinician, as in all psychotherapeutic efforts, is
a major factor in therapeutic success.

Majeed MH et al. Psychotherapeutic interventions for chronic
pain: evidence, rationale, and advantages. Int J Psychiatry
Med. 2019;54:140. [PMID: 30091372]

Williams ACC et al. Psychological therapies for the management
of chronic pain (excluding headache) in adults. Cochrane
Database Syst Rev. 2020;8:CD007407. [PMID:32794606]

PSYCHOSEXUAL DISORDERS

The stages of sexual activity include excitement (arousal),
orgasm, and resolution. The precipitating excitement or
arousal is psychologically determined. Arousal response
leading to orgasm is a physiologic and psychological phe-
nomenon of vasocongestion, a parasympathetic reaction
causing erection in men and labial-clitoral congestion in
women. The orgasmic response includes emission in men
and clonic contractions of the analogous striated perineal
muscles of both men and women. Resolution is a gradual
return to normal physiologic status.

While the arousal stimuli—vasocongestive and orgas-
mic responses—constitute a single response in a well-
adjusted person, they can be considered as separate stages
that can produce different syndromes responding to differ-
ent treatment procedures.

» Clinical Findings

There are three major groups of sexual disorders.

A. Paraphilias

In these conditions, formerly called “deviations” or “varia-
tions,” the excitement stage of sexual activity is associated
with sexual objects or orientations different from those
usually associated with adult sexual stimulation. The
stimulus may be a woman’s shoe, a child, animals, instru-
ments of torture, or incidents of aggression. The pattern of
sexual stimulation is usually one that has early psychologi-
cal roots. When paraphilias are associated with distress,
impairment, or risk of harm, they become paraphilic disor-
ders. Some paraphilias or paraphilic disorders include
exhibitionism, transvestism, voyeurism, pedophilia, incest,
sexual sadism, and sexual masochism.

B. Gender Dysphoria

Gender dysphoria is distress associated with the incongru-
ence between one’s experienced or expressed gender and
one’s assigned gender. As a disorder, it is defined by signifi-
cant distress or impairment; those experiencing this incon-
gruence but without the distress would not meet criteria for
having gender dysphoria. Screening should be done for
conditions related to the oppression and stigmatization that
transgender people face, including a high risk of suicide.

C. Sexual Dysfunctions

This category includes a large group of vasocongestive and
orgasmic disorders. Often, they involve problems of sexual
adaptation, education, and technique that are often initially
discussed with, diagnosed by, and treated by the primary
care provider.

There are two conditions common in men: erectile
dysfunction and ejaculation disturbances.

Erectile dysfunction is inability to achieve or maintain
an erection firm enough for satisfactory intercourse;
patients sometimes use the term incorrectly to mean pre-
mature ejaculation. Decreased nocturnal penile tumes-
cence occurs in some depressed patients. Psychological
erectile dysfunction is caused by interpersonal or intrapsy-
chic factors (eg, partner disharmony, depression). Organic
factors are discussed in Chapter 23.

Ejaculation disturbances include premature ejacula-
tion, inability to ejaculate, and retrograde ejaculation.
(Ejaculation is possible in patients with erectile dysfunc-
tion.) Ejaculation is usually connected with orgasm, and
ejaculatory control is an acquired behavior that is minimal
in adolescence and increases with experience. Pathogenic
factors are those that interfere with learning control, most
frequently sexual ignorance. Intrapsychic factors (anxiety,
guilt, depression) and interpersonal maladaptation (part-
ner problems, unresponsiveness of mate, power struggles)
are also common. Organic causes include interference with
sympathetic nerve distribution (often due to surgery or
radiation) and the effects of pharmacologic agents (eg,
SSRIs or sympatholytics).

In women, the most common forms of sexual dysfunc-
tion are orgasmic disorder and hypoactive sexual desire
disorder.

Orgasmic disorder is a complex condition in which
there is a general lack of sexual responsiveness. The woman
has difficulty in experiencing erotic sensation and does not
have the vasocongestive response. Sexual activity varies
from active avoidance of sex to an occasional orgasm.
Orgasmic dysfunction—in which a woman has a vasocon-
gestive response but varying degrees of difficulty in reach-
ing orgasm—is sometimes differentiated from anorgasmia.
Causes for the dysfunctions include poor sexual tech-
niques, early traumatic sexual experiences, interpersonal
disharmony (partner struggles, use of sex as a means of
control), and intrapsychic problems (anxiety, fear, guilt).
Organic causes include any conditions that might cause
pain in intercourse, pelvic pathology, mechanical obstruc-
tion, and neurologic deficits.

Hypoactive sexual desire disorder consists of dimin-
ished or absent libido in either sex and may be a function
of organic or psychological difficulties (eg, anxiety, phobic
avoidance). Any chronic illness can reduce desire as can
aging. Hormonal disorders, including hypogonadism or
use of antiandrogen compounds such as cyproterone ace-
tate, and chronic kidney disease contribute to deterioration
in sexual desire. Alcohol, sedatives, opioids, marijuana, and
some medications may affect sexual drive and perfor-
mance. Menopause may lead to diminution of sexual desire
in some women, and testosterone therapy is sometimes
warranted as treatment.
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» Treatment

A. Paraphilias

1. Psychological—Paraphilias, particularly those of a more
superficial nature (eg, voyeurism) and those of recent onset,
are responsive to psychotherapy in some cases. The progno-
sis is much better if the motivation comes from the individ-
ual rather than the legal system; unfortunately, judicial
intervention is frequently the only stimulus to treatment
because the condition persists and is reinforced until conflict
with the law occurs. Therapies frequently focus on barriers
to normal arousal response; the expectation is that the vari-
ant behavior will decrease as normal behavior increases.

2. Behavioral—In some cases, paraphilic disorders
improve with modeling, role-playing, and conditioning
procedures.

3. Social—Although they do not produce a change in sex-
ual arousal patterns or gender role, self-help groups have
facilitated adjustment to an often hostile society. Attention
to the family is particularly important in helping people in
such groups to accept their situation and alleviate their
guilt about the role they think they had in creating the
problem.

4. Pharmacologic—Medroxyprogesterone acetate, a sup-
pressor of libidinal drive, can be used to mute disruptive
sexual behavior in men. Onset of action is usually within
3 weeks, and the effects are generally reversible. Fluoxetine
or other SSRIs at depression doses may reduce some of the
compulsive sexual behaviors including the paraphilias. A
focus of study in the treatment of severe paraphilia has
been agonists of luteinizing hormone–releasing hormone
(LHRH). Case reports and open label studies suggest that
LHRH-agonists may play a role in preventing relapse in
some patients with paraphilia.

B. Gender Dysphoria

The Standards of Care for the Health of Transsexual,
Transgender, and Gender Nonconforming People is a pub-
lication of the World Professional Association for Trans-
gender Health (WPATH), with the goal to provide clinical
guidance for health professionals to assist transsexual,
transgender, and gender nonconforming people with a
path to maximize their health, psychological well-being,
and self-fulfillment. The standards of care are based on the
best available science and expert professional consensus.

1. Psychological—Individuals with gender dysphoria
often find benefit from psychotherapy, providing them
with a safe place to explore and understand their thoughts
and feelings, and to identify their own specific needs and
desires and adjust to a changing life.

2. Social—Peer support groups, parent psychoeducation
and support, and community empowerment are important
social components of treatment.

3. Medical—Some individuals with gender dysphoria
choose to pursue surgery or hormone therapy or both.
Medical care can also include gynecologic and urologic

care, reproductive options, and voice and communication
therapy. Most recommendations prior to surgery include
that the individual spends significant time prior living as
their desired gender. Rates of suicide fall significantly after
surgery but still remain much higher than the general
population.

C. Sexual Dysfunction

1. Psychological—The use of psychotherapy by itself is
best suited for those cases in which interpersonal difficul-
ties or intrapsychic problems predominate. Anxiety and
guilt about parental injunctions against sex may contribute
to sexual dysfunction. Even in these cases, however, a com-
bined behavioral-psychological approach usually produces
results most quickly.

2. Behavioral—Syndromes resulting from conditioned
responses have been treated by conditioning tech-
niques, with excellent results. Masters and Johnson
have used behavioral approaches in all of the sexual
dysfunctions, with concomitant supportive psycho-
therapy and with improvement of the communication
patterns of the couple.

3. Social—The proximity of other people (eg, a mother-in-
law) in a household is frequently an inhibiting factor in
sexual relationships. In such cases, some social engineering
may alleviate the problem.

4. Medical—Even if the condition is not reversible, identi-
fication of the specific cause helps the patient to accept the
condition. Partner disharmony, with its exacerbating
effects, may thus be avoided. Of all the sexual dysfunctions,
erectile dysfunction is the condition most likely to have an
organic basis. Sildenafil, tadalafil, and vardenafil are phos-
phodiesterase type 5 inhibitors that are effective oral agents
for the treatment of penile erectile dysfunction (eg, silde-
nafil 25–100 mg orally 1 hour prior to intercourse). These
agents are effective for SSRI-induced erectile dysfunction
in men and in some cases for SSRI-associated sexual dys-
function in women. Use of the medications in conjunction
with any nitrates can have significant hypotensive effects
leading to death in rare cases. Because of their common
effect in delaying ejaculation, the SSRIs have been effective
in premature ejaculation.

Flibanserin is a 5-HT
1A

-agonist/5-HT
2
-antagonist that

is FDA approved for the treatment of female hypoactive
sexual desire disorder. Women treated with flibanserin
have a marginally higher number of sexual events. The
medication interacts with alcohol, causing hypotensive
events, so patients need to be educated about this risk.
Flibanserin is taken 100 mg orally at bedtime to circum-
vent the side effects of dizziness, sleepiness, and nausea.

In addition to flibanserin, a second medication was
approved by the FDA in 2019 for the treatment of hypoac-
tive sexual desire disorder in premenopausal women.
Bremelanotide activates melanocortin receptors, although
the mechanism of action in hypoactive sexual desire disor-
der is unclear. It is self-administered by injection to the
thigh or abdomen about 45 minutes before anticipated
sexual activity. The subjective improvement to women is
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low, however, and both medications carry potentially intol-
erable side effects, so the use rates of these medications
remain low.

Clayton AH et al. Female sexual dysfunction. Med Clin North
Am. 2019;103:681. [PMID: 31078200]

McMahon CG. Current diagnosis and management of erectile
dysfunction. Med J Aust. 2019;210:469. [PMID: 31099420]

Nguyen HB et al. Gender-affirming hormone use in transgender
individuals: impact on behavioral health and cognition. Curr
Psychiatry Rep. 2018;20:110. [PMID: 30306351]

PERSONALITY DISORDERS

E S S E N T I A L S  O F  D I A G N O S I S

» Long history dating back to childhood.

» Recurrent maladaptive behavior.

» Difficulties with interpersonal relationships or
society.

» Depression with anxiety when maladaptive
behavior fails.

» General Considerations

An individual’s personality structure, or character, is an
integral part of self-image. It reflects genetics, interper-
sonal influences, and recurring patterns of behavior
adopted to cope with the environment. The classification
of subtypes of personality disorders depends on the pre-
dominant symptoms and their severity. The most severe
disorders—those that bring the patient into greatest con-
flict with society—tend to be antisocial (psychopathic) or
borderline.

» Classification & Clinical Findings

See Table 25–3.

» Differential Diagnosis

Patients with personality disorders tend to experience
anxiety and depression when pathologic coping mecha-
nisms fail and may first seek treatment when this occurs.
Occasionally, the more severe cases may decompensate
into psychosis under stress and mimic other psychotic
disorders.

» Treatment

A. Social

Social and therapeutic environments such as day hospitals,
halfway houses, and self-help communities utilize peer
“pressure” to modify the self-destructive behavior. The
patient with a personality disorder often has failed to profit
from experience, and difficulties with authority can impair
the learning experience. The use of peer relationships and
the repetition possible in a structured setting of a helpful
community enhance the behavioral treatment opportuni-
ties and increase learning. When problems are detected
early, both the school and the home can serve as foci of
intensified social pressure to change the behavior, particu-
larly with the use of behavioral techniques.

B. Behavioral

Dialectical behavioral therapy is a program of individual
and group therapy specifically designed for patients with
chronic suicidality and borderline personality disorder. It
blends mindfulness and a cognitive-behavioral model to
address self-awareness, interpersonal functioning, affective
lability, and reactions to stress.

Table 25–3. Personality disorders: Classification and clinical findings (listed in alphabetical order).

Personality Disorder Clinical Findings

Antisocial Selfish, callous, promiscuous, impulsive, unable to learn from experience, often has legal problems.

Avoidant Fears rejection, hyperreacts to rejection and failure, with poor social endeavors and low self-esteem.

Borderline Impulsive; has unstable and intense interpersonal relationships; is suffused with anger, fear, and guilt; lacks self-

control and self-fulfillment; has identity problems and affective instability; is suicidal (a serious problem—up

to 80% of hospitalized borderline patients make an attempt at some time during treatment, and the incidence

of completed suicide is as high as 5%); aggressive behavior, feelings of emptiness, and occasional psychotic

decompensation.

Dependent Passive, overaccepting, unable to make decisions, lacks confidence, with poor self-esteem.

Histrionic (hysterical) Dependent, immature, seductive, egocentric, vain, emotionally labile.

Narcissistic Exhibitionist, grandiose, preoccupied with power, lacks interest in others, with excessive demands for attention.

Obsessive compulsive Perfectionist, egocentric, indecisive, with rigid thought patterns and need for control.

Paranoid Defensive, oversensitive, secretive, suspicious, hyperalert, with limited emotional response.

Schizoid Shy, introverted, withdrawn, avoids close relationships.

Schizotypal Superstitious, socially isolated, suspicious, with limited interpersonal ability, eccentric behaviors, and odd speech.
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C. Psychological

Psychological interventions can be conducted in group and
individual settings. Group therapy is helpful when specific
interpersonal behavior needs to be improved. This mode of
treatment also has a place with so-called “acting-out”
patients, ie, those who frequently act in an impulsive and
inappropriate way. The peer pressure in the group tends to
impose restraints on rash behavior. The group also quickly
identifies the patient’s types of behavior and helps improve
the validity of the patient’s self-assessment, so that the ante-
cedents of the unacceptable behavior can be effectively
handled, thus decreasing its frequency. Individual therapy
should initially be supportive, ie, helping the patient to
restabilize and mobilize coping mechanisms. If the indi-
vidual has the ability to observe his or her own behavior, a
longer-term and more introspective therapy may be war-
ranted. Psychodynamic psychotherapy can also be an
effective treatment, with other specific forms of therapy,
including transference-focused psychotherapy, mentaliza-
tion-based therapy, and schema-focused therapy. The
therapist must be able to handle countertransference feel-
ings (which are frequently negative), maintain appropriate
boundaries in the relationship, and refrain from premature
confrontations and interpretations.

D. Pharmacologic

Hospitalization is indicated in the case of serious suicidal
or homicidal danger. In most cases, treatment can be
accomplished in the day treatment center or self-help
community. Pharmacotherapy can be directed to specific
symptom clusters, but there is limited evidence for its
efficacy in personality disorders. Antidepressants have
improved anxiety, depression, and sensitivity to rejection
in some patients with borderline personality disorder.
SSRIs also have a role in reducing aggressive behavior in
impulsive aggressive patients (eg, fluoxetine 20–60 mg
orally daily or sertraline 50–200 mg orally daily). Antipsy-
chotics may be helpful in targeting hostility, agitation, and
as adjuncts to antidepressant therapy (eg, olanzapine
[2.5–10 mg/day orally], risperidone [0.5–2 mg/day orally],
or haloperidol [0.5–2 mg/day orally, split into two doses]).
In some cases, these medications are required only for
several days and can be discontinued after the patient has
regained a previously established level of adjustment; they
can also provide ongoing support. Anticonvulsants,
including carbamazepine, 400–800 mg orally daily in
divided doses, lamotrigine, 50–200 mg/day, and valproate
500–2000 mg/day, have been shown to decrease the sever-
ity of behavioral dyscontrol in some personality disorder
patients. Patients with a schizotypal personality often
improve with antipsychotics, while those with avoidant
personality may benefit from strategies that reduce anxi-
ety, including the use of SSRIs and benzodiazepines. Inter-
mittent explosive disorder is characterized by episodes of
unwarranted anger and sometime violence. Antipsychot-
ics and anticonvulsants have been helpful for some patients
with intermittent explosive disorder. In addition, there is
some initial evidence that the combination of dextro-
methorphan and quinidine, which is currently approved

for treating pseudobulbar affect, may have a role in the
treatment of intermittent explosive disorder. Studies are in
progress as of 2021.

» Prognosis

Antisocial and borderline categories generally have a
guarded prognosis. Those patients with a history of paren-
tal abuse and a family history of mood disorder tend to
have the most challenging treatments.

Bayes A et al. Differential diagnosis of bipolar II disorder and
borderline personality disorder. Curr Psychiatry Rep. 2019;21:
125. [PMID: 31749106]

Doering S. Borderline personality disorder in patients with medi-
cal illness: a review of assessment, prevalence, and treatment
options. Psychosom Med. 2019;81:584. [PMID: 31232916]

Faay MDM et al. Efficacy of typical and atypical antipsychotic
medication on hostility in patients with psychosis-spectrum
disorders: a review and meta-analysis. Neuropsychopharma-
cology. 2018;43:2340. [PMID: 30093698]

SCHIZOPHRENIA SPECTRUM DISORDERS

E S S E N T I A L S  O F  D I A G N O S I S

» Social withdrawal, usually slowly progressive, with
decrease in emotional expression or motivation or
both.

» Deterioration in personal care with disorganized
behaviors or decreased reactivity to the environ-
ment or both.

» Disorganized thinking, often inferred from speech
that switches topics oddly or is incoherent.

» Auditory hallucinations, often of a derogatory
nature.

» Delusions, fixed false beliefs despite conflicting
evidence, frequently of a persecutory nature.

» General Considerations

Schizophrenia is manifested by a massive disruption of
thinking, mood, and overall behavior as well as poor filter-
ing of stimuli. The cause of schizophrenia is believed to be
multifactorial, with genetic, environmental, and neu-
rotransmitter pathophysiologic components. At present,
there is no laboratory method for confirming the diagnosis
of schizophrenia. There may or may not be a history of a
major disruption in the individual’s life (failure, loss, physi-
cal illness) before gross psychotic deterioration is evident.

Other psychotic disorders on this spectrum are condi-
tions that are similar to schizophrenia in their acute symp-
toms, but have a less pervasive influence over the long
term. The patient usually attains higher levels of function-
ing. The acute psychotic episodes tend to be less disruptive
of the person’s lifestyle, with a fairly quick return to previ-
ous levels of functioning.
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» Classification

A. Schizophrenia

Schizophrenia is the most common of the psychotic disor-
ders that are all characterized by a loss of contact with
reality. The term psychosis is broad and most often refers to
having one or more of the following: paranoia, auditory
hallucinations, and delusions. One percent of the popula-
tion suffers from schizophrenia. Schizophrenia is a chronic
disorder that is characterized by increasing social and
vocational disability that begins in late adolescence or early
adulthood and tends to continue through life. The average
age of onset for men is 18 years and for women is 25 years.
Symptoms have been classified into positive and negative
categories. Positive symptoms include hallucinations,
delusions, and disorganized speech; these symptoms
appear to be related to increased dopaminergic (D

2
) activ-

ity in the mesolimbic region, and all patients have at least
one or two of these symptoms to meet criteria for diagno-
sis. There is often a component of paranoia involved. They
may also have disorganized behavior. Negative symptoms
include diminished sociability, restricted affect, and pov-
erty of speech; these symptoms appear to be related to
decreased D

2
activity in the mesocortical system. Level of

functioning is markedly below that before the onset of
symptoms, which must last at least 6 months in some form.

B. Delusional Disorder

Delusional disorders are psychoses in which the predomi-
nant symptoms are persistent delusions (ie, beliefs that are
false yet fixed despite being shown evidence that they are
unfounded) with minimal impairment of daily function-
ing. Intellectual and occupational activities are little
affected, whereas social and partner functioning tends to
be markedly involved. Hallucinations are not usually pres-
ent. Common delusional themes include paranoid delu-
sions of persecution, delusions of being related to or loved
by a well-known person, and delusions that one’s partner is
unfaithful.

C. Schizoaffective Disorder

Schizoaffective disorders are those cases that fail to fit com-
fortably either in the schizophrenia or in the affective cat-
egories. They are usually cases with affective symptoms
(either a major depressive episode, manic episode, or
hypomanic episode) that precede or develop concurrently
with psychotic manifestations, and the psychotic symp-
toms also occur in the absence of any mood symptoms.
The psychotic symptoms begin before the mood episode
begins and can continue to linger for some time after reso-
lution of the mood episode but do not remain permanently.
Because of this, the long-term prognosis is better than for
schizophrenia.

D. Schizophreniform Disorders

Schizophreniform disorders are similar in their symptoms
to schizophrenic disorders except that the duration of
prodromal, acute, and residual symptoms is longer than
1 month but less than 6 months.

E. Brief Psychotic Disorders

Brief psychotic disorders are defined as psychotic symp-
toms lasting less than 1 month. They are the result of psy-
chological stress. The shorter duration is significant and
correlates with a more acute onset and resolution as well as
a much better prognosis.

» Clinical Findings

A. Symptoms and Signs

The symptoms and signs of schizophrenia vary markedly
among individuals as well as in the same person at different
times. The patient’s appearance may be bizarre, although
the usual finding is mildly to moderately unkempt. Motor
activity is generally reduced, although extremes ranging
from catatonic stupor to frenzied excitement occur. Social
behavior is characterized by marked withdrawal coupled
with disturbed interpersonal relationships and a reduced
ability to experience pleasure. Dependency and a poor self-
image are common. Verbal utterances are variable, the
language being concrete yet symbolic, with unassociated
rambling statements (at times interspersed with mutism)
during an acute episode. Neologisms (made-up words or
phrases), echolalia (repetition of words spoken by others),
and verbigeration (repetition of senseless words or phrases)
are occasionally present. Affect is usually flattened, with
occasional inappropriateness. Depression is present in many
cases but may be less apparent during the acute psychotic
episode and more obvious during recovery. Depression is
sometimes confused with akinetic side effects of antipsy-
chotic medications. It is also related to boredom, which
increases symptoms and decreases the response to treat-
ment. Work is generally unavailable and time unfilled,
providing opportunities for counterproductive activities
such as drug abuse, withdrawal, and increased psychotic
symptoms.

Thought content may vary from a paucity of ideas to a
rich complex of delusional fantasy with archaic thinking.
One frequently notes after a period of conversation that
little if any information has been conveyed. Incoming
stimuli produce varied responses. In some cases, a simple
question may trigger explosive outbursts, whereas at other
times there may be no overt response whatsoever (catatonia).
When paranoid ideation is present, the patient is often
irritable and less cooperative. Delusions (false beliefs) are
characteristic of paranoid thinking, and they usually take
the form of a preoccupation with the supposedly threaten-
ing behavior exhibited by other individuals. This ideation
may cause the patient to adopt active countermeasures
such as locking doors and windows, taking up weapons,
covering the ceiling with aluminum foil to counteract radar
waves, and other bizarre efforts. Somatic delusions can
revolve around issues of bodily decay or infestation. Per-
ceptual distortions usually include auditory hallucinations—
visual hallucinations are more commonly associated with
organic mental states—and may include illusions (distor-
tions of reality) such as figures changing in size or lights
varying in intensity. Cenesthetic hallucinations (eg, a burn-
ing sensation in the brain, feeling blood flowing in blood
vessels) occasionally occur. Lack of humor, feelings of
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dread, depersonalization (a feeling of being apart from the
self), and fears of annihilation may be present. Any of the
above symptoms generate higher anxiety levels, with
heightened arousal and occasional panic and suicidal ide-
ation, as the individual fails to cope.

The development of the acute episode in schizophrenia
frequently is the end product of a gradual decompensation.
Frustration and anxiety appear early, followed by depres-
sion and alienation, along with progressive ineffectiveness
in day-to-day coping. This often leads to feelings of panic
and increasing disorganization, with loss of the ability to
test and evaluate the reality of perceptions. The stage of
so-called psychotic resolution includes delusions, autistic
preoccupations, and psychotic insight, with acceptance of
the decompensated state. The process is frequently compli-
cated by the use of caffeine, alcohol, and other recreational
drugs. Life expectancy of patients with schizophrenia is as
much as 20% shorter than that of cohorts in the general
population and is often associated with comorbid condi-
tions such as the metabolic syndrome, which may be
induced or exacerbated by the atypical antipsychotic agents.

Polydipsia may produce water intoxication with
hyponatremia—characterized by symptoms of confusion,
lethargy, psychosis, seizures, and occasionally death—in
any psychiatric disorder, but most commonly in schizo-
phrenia. These problems exacerbate the schizophrenic
symptoms and can be confused with them. Possible patho-
genic factors in polydipsia include a hypothalamic defect,
inappropriate antidiuretic hormone (ADH) secretion, anti-
psychotic medications (anticholinergic effects, stimulation
of hypothalamic thirst center, effect on ADH), smoking
(nicotine and syndrome of inappropriate antidiuretic hor-
mone [SIADH]), psychotic thought processes (delusions),
and other medications (eg, diuretics, antidepressants,
lithium, alcohol) (see Chapter 21).

B. Imaging

A full medical evaluation and CT scan or MRI of the brain
should be considered in first episodes of psychosis to rule
out organic brain conditions.

Ventricular enlargement and cortical atrophy, as seen
on CT scan, have been correlated with chronic course,
severe cognitive impairment, and nonresponsiveness to
antipsychotic medications. Decreased frontal lobe activity
seen on PET scan has been associated with negative
symptoms.

» Differential Diagnosis

The diagnosis of schizophrenia is best made over time
because repeated observations increase the reliability of the
diagnosis. One should not hesitate to reconsider the diagno-
sis of schizophrenia in any person who has received that
diagnosis in the past, particularly when the clinical course
has been atypical. A number of these patients have been
found to actually have bipolar disorder, which has
responded well to lithium. Manic episodes can mimic
schizophrenia. However, schizophrenia is less likely to be
associated with the decreased need for sleep, increase in
goal-directed activity, and overconfidence, symptoms that

are typical of mania. However, thought disorder, auditory
hallucinations, and delusions are commonly seen in manic
psychosis.

Psychotic depressions, brief reactive psychosis, delu-
sional disorder, and any illness with psychotic ideation
tend to be confused with schizophrenia, partly because of
the regrettable tendency to use the terms interchangeably.

Medical disorders such as thyroid dysfunction, adrenal
and pituitary disorders, reactions to toxic materials (eg, mer-
cury, PCBs), and almost all of the organic mental states in
the early stages must be ruled out. Postpartum psychosis is
discussed under Mood Disorders. Complex partial seizures,
especially when psychosensory phenomena are present, are
an important differential consideration. Toxic drug states
arising from prescription, over-the-counter, herbal and
street drugs may mimic all of the psychotic disorders. The
chronic use of amphetamines, cocaine, and other stimulants
frequently produces a psychosis that is almost identical to
the acute paranoid schizophrenic episode. Drug-induced
psychoses can have all the positive symptoms of schizophre-
nia but less commonly have the negative symptoms. The
presence of formication (sensation of insects crawling on or
under the skin) and stereotypy suggests the possibility of
stimulant abuse. Phencyclidine, a common street drug, may
cause a reaction that is difficult to distinguish from other
psychotic disorders. Cerebellar signs, excessive salivation,
dilated pupils, and increased deep tendon reflexes should
alert the clinician to the possibility of a toxic psychosis.
Industrial chemical toxicity (both organic and metallic),
degenerative disorders, and metabolic deficiencies must be
considered in the differential diagnosis.

Catatonia, a psychomotor disturbance that may involve
decreased motor activity, decreased interaction, or exces-
sive and odd motor activity, is frequently assumed to exist
solely as a component of schizophrenic disorders. How-
ever, it can actually be the end product of a number of ill-
nesses, including a number of organic conditions as well as
other psychiatric disorders such as bipolar disorder. Neo-
plasms, viral and bacterial encephalopathies, central ner-
vous system hemorrhage, metabolic derangements such as
diabetic ketoacidosis, sedative withdrawal, and liver and
kidney malfunction have all been implicated. It is particu-
larly important to realize that drug toxicity (eg, overdoses
of antipsychotic medications such as fluphenazine or halo-
peridol) can cause catatonic syndrome, which may be
misdiagnosed as a catatonic schizophrenia and inappropri-
ately treated with more antipsychotic medication. Catato-
nia is also seen in other major psychiatric disorders,
including bipolar disorder and major depression.

» Treatment

A. Pharmacologic

Antipsychotic medications are the treatment of choice. The
relapse rate can be reduced by 50% with proper mainte-
nance antipsychotic therapy. Long-acting, injectable anti-
psychotics are used in patients who are not adherent to
medication recommendations or who do not respond to
oral medication, or patients who choose the ease of not
taking a daily pill. Side effects are discussed below.
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Antipsychotic medications include the “typical or first-
generation” antipsychotics (haloperidol, chlorpromazine,
loxapine, perphenazine, fluphenazine) (dopamine [D

2
]-

receptor antagonists) and the newer “atypical or second-
generation” antipsychotics (clozapine, risperidone,
olanzapine, quetiapine, aripiprazole, ziprasidone, paliperi-
done, asenapine, iloperidone, lurasidone, and cariprazine)
(Tables 25–4 and 25–5). Generally, increasing milligram
potency of the typical antipsychotics is associated with
decreasing anticholinergic and adrenergic side effects and
increasing extrapyramidal symptoms. Data suggest similar
antipsychotic efficacy for first- and second-generation anti-
psychotics, but a tendency for the second-generation antipsy-
chotics to be better tolerated with less extrapyramidal side
effects leading to enhanced compliance.

Clozapine, the first “atypical” (novel) antipsychotic
medication developed, has dopamine (D

4
) receptor-blocking

activity as well as central serotonergic, histaminergic, and
alpha-noradrenergic receptor-blocking activity. It is effec-
tive in the treatment of about 30% of psychoses resistant to
other antipsychotic medications, and it may have specific
efficacy in decreasing suicidality in patients with schizo-
phrenia. Risperidone is an antipsychotic that blocks some

serotonin receptors (5-HT
2
) and D

2
receptors. Risperidone

causes fewer extrapyramidal side effects than the typical
antipsychotics at doses less than 6 mg. It appears to be as
effective as haloperidol and possibly as effective as clozap-
ine in treatment-resistant patients without necessitating
weekly white cell counts, as required with clozapine ther-
apy. Risperidone-induced hyperprolactinemia, even on low
doses, has been reported, and that effect is thought to be
more common with risperidone than with other atypical
antipsychotics. Risperidone is available in a long-acting
injectable preparation.

Olanzapine is a potent blocker of 5-HT
2

and dopamine
D

1
, D

2
, and D

4
receptors. High doses of olanzapine

(10–20 mg daily) appear to be more effective than lower
doses. The medication is somewhat more effective than
haloperidol in the treatment of negative symptoms, such as
withdrawal, psychomotor retardation, and poor interper-
sonal relationships. It is available in an orally disintegrating
form for patients who are unable to tolerate standard oral
dosing and in an injectable form for the management of
acute agitation associated with schizophrenia and bipolar
disorder. Olanzapine is available in a long-term injectable
preparation, but this formulation tends to be used less

Table 25–4. Commonly used antipsychotic medications (listed in alphabetical order).

Medication

Usual Daily Oral

Dose

Usual Daily

Maximum Dose1 Cost per Unit

Cost for 30 Days of

Treatment Based on

Maximum Dosage2

Aripiprazole (Abilify) 10–15 mg 30 mg $36.67/30 mg $1100.10

Asenapine (Saphris) 10–20 mg 20 mg $24.02/10 mg $1441.20

Cariprazine (Vraylar) 1.5–6 mg 6 mg $50.71/6 mg $1521.30

Chlorpromazine (Thorazine; others) 100–400 mg 1 g $18.31/200 mg $2746.50

Clozapine (Clozaril) 300–450 mg 900 mg $1.12/100 mg $302.40

Fluphenazine (Permitil, Prolixin)3 2–10 mg 60 mg $1.15/10 mg $207.00

Haloperidol (Haldol) 2–5 mg 60 mg $2.76/20 mg $248.40

Iloperidone (Fanapt) 12–24 mg 24 mg $58.98/12 mg $3538.80

Loxapine (Loxitane) 20–60 mg 200 mg $2.57/50 mg $308.40

Lurasidone (Latuda) 40–80 mg 80 mg $53.86/80 mg $1615.80

Olanzapine (Zyprexa) 5–10 mg 20 mg $0.95/20 mg $28.50

Paliperidone (Invega) 6–12 mg 12 mg $14.67/6 mg $880.20

Perphenazine (Trilafon)3 16–32 mg 64 mg $3.90/16 mg $468.00

Quetiapine (Seroquel) 200–400 mg 800 mg $1.68/400 mg $100.80

Risperidone (Risperdal)4 2–6 mg 10 mg $3.60/2 mg $540.00

Thiothixene (Navane)3 5–10 mg 80 mg $3.36/10 mg $806.40

Trifluoperazine (Stelazine) 5–15 mg 60 mg $2.45/10 mg $441.00

Ziprasidone (Geodon) 40–160 mg 160 mg $9.83/80 mg $589.80

1Can be higher in some cases.
2Average wholesale price (AWP, for AB-rated generic when available) for quantity listed. Source: IBM Micromedex Red Book (electronic version)

IBM Watson Health, Greenwood, CO, USA. Available at https://www.micromedexsolutions.com (cited April 18, 2021). AWP may not accu-

rately represent the actual pharmacy cost because wide contractual variations exist among institutions.
3Indicates piperazine structure.
4For risperidone, daily doses above 6 mg increase the risk of extrapyramidal syndrome. Risperidone 6 mg is approximately equivalent to

haloperidol 20 mg.
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commonly than other depot formulations because some
patients experience severe sedation and delirium, which
occurs in about 0.5–1% of patients.

Quetiapine is an antipsychotic with greater 5-HT
2

rela-
tive to D

2
receptor blockade as well as a relatively high

affinity for alpha-1- and alpha-2-adrenergic receptors. It
appears to be as efficacious as haloperidol in treating posi-
tive and negative symptoms of schizophrenia, with fewer
extrapyramidal side effects even at high doses.

Ziprasidone has both anti-dopamine receptor and
anti-serotonin receptor effects, with good efficacy for
both positive and negative symptoms of schizophrenia.
Aripiprazole is a partial agonist at the dopamine D

2
and

serotonin 5-HT
1

receptors and an antagonist at 5-HT
2

receptors, and it is effective against positive and negative
symptoms of schizophrenia. It functions as an antagonist
or agonist, depending on the dopaminergic activity at the
dopamine receptors. This may help decrease side effects.
Aripiprazole is approved as an augmentation agent for
treatment-resistant depression, even when psychosis is
not present, and as a maintenance treatment for bipolar
disorder. Aripiprazole is available as an acute injectable
preparation as well as a long-term injectable preparation
that is given once monthly in patients who are not able to
adhere to daily oral dosing. Asenapine, approved for the
treatment of schizophrenia and bipolar disorder (mixed or
manic state), appears to be particularly helpful in treating
negative symptoms of schizophrenia. It is available in a
transdermal form, which may reduce some side effects
associated with the sublingual form. Paliperidone, the
active metabolite of risperidone, is available as a capsule
and a monthly injection. Lurasidone is FDA-approved and

has been shown to be effective in treating acute decompensa-
tion in patients with chronic schizophrenia. Cariprazine is a
partial agonist of the D

2
and D

3
receptor and is approved by

the FDA for the treatment of schizophrenia and bipolar dis-
order. Akathisia, weight gain, and insomnia are among the
more commonly reported side effects with cariprazine.
Because cariprazine is not a potent D

2
-antagonist, it is less

likely to increase prolactin levels than most antipsychotics.
Lumateperone, another second-generation antipsychotic,
appears to have a favorable metabolic profile and appears to
act on glutamate as well as D

2
and 5-HT

2
receptors. Unlike

other antipsychotics, it does not require dose titration because
the starting dose of 42 mg/day is the therapeutic dose.

Beyond antipsychotics, there is early evidence that can-
nabidiol (CBD), at a dose of 1000 mg/day, added on to
existing antipsychotic treatment, may improve psychotic
symptoms in schizophrenia. This agent may represent a
new class of treatment for psychotic disorders. The pre-
scription version of CBD was FDA-approved for treatment
of rare childhood epilepsy. It is not yet widely used in clini-
cal practice for schizophrenia, perhaps due to cost or off-
label usage.

1. Clinical indications—The antipsychotics are used to
treat all forms of the schizophrenias as well as drug-
induced psychoses, psychotic depression, augmentation of
unipolar depression, acute mania, and the prevention of
mood cycles in bipolar disorder. They are also effective in
Tourette syndrome and behavioral dyscontrol in autistic
patients. While frequently used to treat agitation in demen-
tia patients, no antipsychotic has been shown to be reliably
effective in this population and may increase the risk of early

Table 25–5. Relative potency and side effects of antipsychotic medications (listed in alphabetical order).

Medication

Chlorpromazine:

Drug Potency Ratio Anticholinergic Effects1 Extrapyramidal Effect1

Aripiprazole 1:20 1 1

Chlorpromazine 1:1 4 1

Clozapine 1:1 4 —

Fluphenazine 1:50 1 4

Haloperidol 1:50 1 4

Iloperidone 1:25 1 1

Loxapine 1:10 2 3

Lurasidone 1:5 1 2

Olanzapine 1:20 1 1

Perphenazine 1:10 2 3

Quetiapine 1:1 1 1

Risperidone 1:50 1 3

Thiothixene 1:20 1 4

Trifluoperazine 1:20 1 4

Ziprasidone 1:1 1 1

11, weak effect; 4, strong effect.
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mortality in elderly dementia patients. The improvement
rate for treating positive symptoms with antipsychotics is
about 80%. Patients whose behavioral symptoms worsen
with use of antipsychotic medications may have an undiag-
nosed organic condition such as anticholinergic toxicity.

Symptoms that are ameliorated by these medications
include hyperactivity, hostility, aggression, delusions, hal-
lucinations, irritability, and poor sleep. Individuals with
acute psychosis and good premorbid function respond
quite well. The most common cause of failure in the treat-
ment of acute psychosis is inadequate dosage, and the most
common cause of relapse is noncompliance.

Although first-generation antipsychotics are efficacious
in the treatment of positive symptoms of schizophrenia, such
as hallucinations and delusions, second-generation antipsy-
chotics are thought to have efficacy in reducing positive
symptoms and some efficacy in treating negative symptoms.
Antidepressant medications may be used in conjunction with
antipsychotics if significant depression is present. Resistant
cases may require concomitant use of lithium, carbamaze-
pine, or valproic acid. The addition of a benzodiazepine
medication to the antipsychotic regimen may prove helpful
in treating the agitated or catatonic psychotic patient who has
not responded to antipsychotics alone—lorazepam, 1–2 mg
orally, can produce a rapid resolution of catatonic symptoms
and may allow maintenance with a lower antipsychotic dose.
Electroconvulsive therapy (ECT) has also been effective in
treating catatonia and in treating schizophrenia when used
in combination with medications.

2. Dosage forms and patterns—The dosage range is quite
broad (Table 25–4). For example, risperidone can be effec-
tive for some patients with psychotic features at 0.25–1 mg
orally at bedtime, whereas up to 6 mg/day may be used in a
young patient with acute schizophrenia. In an acutely dis-
tressed, psychotic patient one might use haloperidol, 10 mg
intramuscularly, which is absorbed rapidly and achieves an
initial tenfold plasma level advantage over equal oral doses.
Psychomotor agitation, racing thoughts, and general arousal
are quickly reduced. The dose can be repeated every
3–4 hours; when the patient is less symptomatic, oral doses
can replace parenteral administration in most cases. In the
elderly, both atypical (eg, risperidone 0.25 mg–0.5 mg daily
or olanzapine 1.25 mg daily) and typical (eg, haloperidol
0.5 mg daily or perphenazine 2 mg daily) antipsychotics,
often used effectively in small doses for behavioral control,
have been linked to premature death in some cases.

Absorption of oral medications may be increased or
decreased by concomitant administration of other medica-
tions (eg, antacids tend to decrease the absorption of anti-
depressants). Previous gastrointestinal surgery may alter
pH, motility, and surface areas available for drug absorp-
tion. There are racial genetic-based enzyme differences in
metabolizing the antipsychotic medications—eg, many
people of Asian descent require only about half the usual
dosage. Bioavailability is influenced by other factors such
as smoking or hepatic microsomal enzyme stimulation
with alcohol or barbiturates and enzyme-altering medica-
tions such as carbamazepine or methylphenidate. Antipsy-
chotic plasma drug level determinations are not currently
of major clinical assistance.

Divided daily doses are not necessary after a mainte-
nance dose has been established, and most patients can
then be maintained on a single daily dose, usually taken at
bedtime. This is particularly appropriate in a case where
the sedative effect of the medication is desired for night-
time sleep, and undesirable sedative effects can be avoided
during the day. First-episode patients especially should be
tapered off medications after about 6 months of stability
and carefully monitored; their rate of relapse is lower than
that of multiple-episode patients.

Psychiatric patients—particularly paranoid individuals—
often neglect to take their medication. In these cases and in
patients who do not respond to oral medication, the enan-
thate and decanoate (the latter is slightly longer-lasting and
has fewer extrapyramidal side effects) forms of fluphen-
azine or the decanoate form of haloperidol may be given by
deep subcutaneous injection or intramuscularly to achieve
an effect that will usually last 7–28 days. A patient who
cannot be depended on to take oral medication (or who
overdoses on minimal provocation) will generally agree to
come to the clinician’s office for a “shot.” The usual dose of
the fluphenazine long-acting preparations is 25 mg every
2 weeks. Dosage and frequency of administration vary
from about 12.5 mg monthly to 100 mg weekly. Use the
smallest effective amount as infrequently as possible. A
monthly injection of 25 mg of fluphenazine decanoate is
equivalent to about 15–20 mg of oral fluphenazine daily.
Risperidone was the first atypical antipsychotic available in
a long-acting injectable form (25–50 mg intramuscularly
every 2 weeks). Concomitant use of a benzodiazepine (eg,
lorazepam, 2 mg orally twice daily) may permit reduction
of the required dosage of oral or parenteral antipsychotic
medication. Long-acting injectables are now available for
risperidone, paliperidone, aripiprazole, and olanzapine.

Intravenous haloperidol, the antipsychotic most com-
monly used by this route, is often used in critical care units
in the management of agitated, delirious patients. Intrave-
nous haloperidol should be given no faster than 1 mg/min
to reduce cardiovascular side effects, such as torsades de
pointes. Current practice indicates that ECG monitoring
should be used whenever haloperidol is being adminis-
tered intravenously.

Some antipsychotic agents are available for intranasal
administration. The intranasal form of loxapine has a more
rapid onset of action for the treatment of agitation (about
10 minutes) than either intramuscular or oral antipsychotic
agents. Also, intranasal administration tends to be less
traumatic to patients than getting an injection. However,
intranasal loxapine requires the cooperation of the patient
and is more expensive than generic antipsychotic injectable
preparations.

There have been investigations for novel compounds
involving other therapeutics targets such as the glutamate
system as well as the inflammatory cascade.

3. Side effects—For both typical and atypical antipsy-
chotic agents, a range of side effects has been reported. The
most common anticholinergic side effects include dry
mouth (which can lead to ingestion of caloric liquids and
weight gain or hyponatremia), blurred near vision, uri-
nary retention (particularly in elderly men with enlarged
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prostates), delayed gastric emptying, esophageal reflux,
ileus, delirium, and precipitation of acute glaucoma in
patients with narrow anterior chamber angles. Other auto-
nomic effects include orthostatic hypotension and sexual
dysfunction—problems in achieving erection, ejaculation
(including retrograde ejaculation), and orgasm in men
(approximately 50% of cases) and women (approximately
30%). Delay in achieving orgasm is often a factor in medi-
cation noncompliance. Electrocardiographic changes
occur frequently, but clinically significant arrhythmias are
much less common. Elderly patients and those with preex-
isting cardiac disease are at greater risk. The most fre-
quently seen electrocardiographic changes include
diminution of the T wave amplitude, appearance of promi-
nent U waves, depression of the ST segment, and prolonga-
tion of the QT interval (Table 25–6). Ziprasidone can
produce QTc prolongation. A pretreatment ECG is indi-
cated for patients at risk for cardiac sequelae (including
patients taking other medications that might prolong the
QTc interval). In some critical care patients, torsades de
pointes has been associated with the use of high-dose intra-
venous haloperidol (usually greater than 30 mg/24 h).

Associations have been suggested between the atypical
antipsychotics and new-onset diabetes, hyperlipidemia,
and weight gain (Table 25–6). The FDA has particularly
noted the risk of hyperglycemia and new-onset diabetes in
this class of medication that is not related to weight gain.
The risk of diabetes mellitus is increased in patients taking
clozapine and olanzapine. Monitoring of weight, fasting
blood sugar, and lipids prior to initiation of treatment and
at regular intervals thereafter is an important part of medi-
cation monitoring. The addition of metformin to olanzap-
ine may improve drug-induced weight gain in patients
with drug-naïve, first-episode schizophrenia. A new medi-
cation, samidorphan, a mu-opioid antagonist, is being
studied in conjunction with olanzapine to reduce the
amount of associated weight gain and to further reduce
psychotic symptoms. This combination pill has had posi-
tive results in randomized controlled trials and is being
considered for FDA-approval. Samidorphan is also being
investigated for addiction, binge-eating disorder, and

treatment-resistant depression. Lactation and menstrual
irregularities are common (antipsychotic medications
should be avoided, if possible, in breast cancer patients
because of potential trophic effects of elevated prolactin
levels on the breast). Both antipsychotic and antidepres-
sant medications can inhibit sperm motility. Bone mar-
row depression and cholestatic jaundice occur rarely;
these are hypersensitivity reactions, and they usually
appear in the first 2 months of treatment. They subside on
discontinuance of the medication. There is cross-sensitivity
among all of the phenothiazines, and a medication from a
different group should be used when allergic reactions
occur.

Clozapine is associated with a 1.6% risk of agranulocy-
tosis (higher in persons of Ashkenazi Jewish ancestry), and
its use must be strictly monitored with weekly blood
counts during the first 6 months of treatment, with moni-
toring every other week thereafter. The risk of developing
agranulocytosis is approximately 2.5 times higher in
patients with a polymorphism for HLADQB1 gene. Thus,
this genetic test may be worthwhile to perform before ini-
tiating clozapine. Discontinuation of the medication
requires weekly monitoring of the white blood cell count
for 1 month. Clozapine has been associated with fatal myo-
carditis and is contraindicated in patients with severe heart
disease. In addition, clozapine lowers the seizure threshold
and has many side effects, including sedation, severe con-
stipation, hypotension, increased liver biochemical levels,
hypersalivation, respiratory arrest, weight gain, and
changes in both the ECG and the electroencephalogram.
Notably, adynamic ileus is a rare side effect of clozapine
that can be fatal, and patients should be closely monitored
and treated quickly and preemptively for constipation.

Photosensitivity, retinopathy, and hyperpigmenta-
tion are associated with use of fairly high dosages of chlor-
promazine. The appearance of particulate melanin deposits
in the lens of the eye is related to the total dose given, and
patients on long-term medication should have periodic eye
examinations. Teratogenicity has not been causally related
to these medications, but prudence is indicated particularly
in the first trimester of pregnancy. The seizure threshold is

Table 25–6. Adverse factors associated with atypical antipsychotic medications (listed in alphabetical order).

Medication Weight Gain Hyperlipidemia

New-Onset Diabetes

Mellitus QTc Prolongation1

Aripiprazole +/– – – ++

Asenapine +/– +/– +/– +++

Clozapine +++ +++ +++ +/–

Lurasidone – – – –

Olanzapine +++ +++ +++ +/–

Paliperidone + +/– +/– +++

Quetiapine ++ ++ ++ +++

Risperidone ++ ++ ++ +

Ziprasidone +/– – – +++

1QTc prolongation is a side effect of many medications and suggests a possible risk for arrhythmia. Prescriber’s Letter 2011;18(12):271207.
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lowered, but it is safe to use these medications in epileptics
who take anticonvulsants.

The neuroleptic malignant syndrome (NMS) is a
catatonia-like state manifested by extrapyramidal signs,
blood pressure changes, altered consciousness, and hyper-
pyrexia; it is an uncommon but serious complication of
antipsychotic treatment. Muscle rigidity, involuntary
movements, confusion, dysarthria, and dysphagia are
accompanied by pallor, cardiovascular instability, fever,
pulmonary congestion, and diaphoresis and may result in
stupor, coma, and death. The cause may be related to a
number of factors, including poor dosage control of anti-
psychotic medication, affective illness, decreased serum
iron, dehydration, and increased sensitivity of dopamine
receptor sites. Lithium in combination with an antipsy-
chotic medication may increase vulnerability, which is
already increased in patients with an affective disorder. In
most cases, the symptoms develop within the first 2 weeks
of antipsychotic drug treatment. The syndrome may occur
with small doses of the medications. Intramuscular admin-
istration is a risk factor. Elevated creatine kinase and leuko-
cytosis with a shift to the left are present early in about half
of cases. Treatment includes controlling fever and provid-
ing fluid support. Dopamine agonists such as bromocrip-
tine, 2.5–10 mg orally three times a day, and amantadine,
100–200 mg orally twice a day, have also been useful.
Dantrolene, 50 mg intravenously as needed, is used to alle-
viate rigidity (do not exceed 10 mg/kg/day due to hepato-
toxicity risk). There is ongoing controversy about the
efficacy of these three agents as well as the use of calcium
channel blockers and benzodiazepines. ECT has been used
effectively in resistant cases. Clozapine has been used with
relative safety and fair success as an antipsychotic medica-
tion for patients who have had NMS.

Akathisia is the most common (about 20%) extrapyra-
midal symptom. It usually occurs early in treatment (but
may persist after antipsychotics are discontinued) and is
frequently mistaken for anxiety or exacerbation of psycho-
sis. It is characterized by a subjective desire to be in con-
stant motion followed by an inability to sit or stand still and
consequent pacing. It may induce suicidality or feelings of
fright, rage, terror, or sexual torment. Insomnia is often
present. It is crucial to educate patients in advance about
these potential side effects so that the patients do not mis-
interpret them as signs of increased illness. In all cases,
reevaluate the dosage requirement or the type of antipsy-
chotic medication. One should inquire also about cigarette
smoking, which in women has been associated with an
increased incidence of akathisia. Antiparkinsonism medi-
cations (such as trihexyphenidyl, 2–5 mg orally three times
daily) may be helpful, but first-line treatment often includes
a benzodiazepine (such as clonazepam, 0.5–1 mg orally
three times daily). In resistant cases, symptoms may be
alleviated by propranolol, 30–80 mg/day orally, diazepam,
5 mg orally three times daily, or amantadine, 100 mg orally
three times daily.

Acute dystonias usually occur early, although a late
(tardive) occurrence is reported in patients (mostly men
after several years of therapy) who previously had early
severe dystonic reactions and a mood disorder. Younger

patients are at higher risk for acute dystonias. The most
common signs are bizarre muscle spasms of the head, neck,
and tongue. Frequently present are torticollis, oculogyric
crises, swallowing or chewing difficulties, and masseter
spasms. Laryngospasm is particularly dangerous. Back,
arm, or leg muscle spasms are occasionally reported.
Diphenhydramine, 50 mg intramuscularly, is effective for
the acute crisis; one should then give benztropine mesylate,
2 mg orally twice daily, for several weeks, and then discon-
tinue gradually, since few of the extrapyramidal symptoms
require long-term use of the antiparkinsonism medications
(all of which are about equally efficacious—though tri-
hexyphenidyl tends to be mildly stimulating and benztro-
pine mildly sedating).

Drug-induced parkinsonism is indistinguishable from
idiopathic parkinsonism, but it is reversible, occurs later in
treatment than the preceding extrapyramidal symptoms,
and in some cases appears after antipsychotic withdrawal.
The condition includes the typical signs of apathy and
reduction of facial and arm movements (akinesia, which
can mimic depression), festinating gait, rigidity, loss of
postural reflexes, and pill-rolling tremor. Patients with
AIDS seem particularly vulnerable to extrapyramidal side
effects. High-potency antipsychotics often require antipar-
kinsonism medications. The antipsychotic dosage should
be reduced, and immediate relief can be achieved with
antiparkinsonism medications in the same dosages as
above. After 4–6 weeks, these antiparkinsonism medica-
tions can often be discontinued with no recurrent symp-
toms. In any of the extrapyramidal symptoms, amantadine,
100–400 mg orally daily, may be used instead of the anti-
parkinsonism medications. Antipsychotic-induced catato-
nia is similar to catatonic stupor with rigidity, drooling,
urinary incontinence, and cogwheeling. It usually responds
slowly to withdrawal of the offending medication and use
of antiparkinsonism agents.

Tardive dyskinesia is a syndrome of abnormal involun-
tary stereotyped movements of the face, mouth, tongue,
trunk, and limbs that may occur after months or (usually)
years of treatment with antipsychotic agents. The syn-
drome affects 20–35% of patients who have undergone
long-term antipsychotic therapy. Predisposing factors
include older age, many years of treatment, cigarette smok-
ing, and diabetes mellitus. Pineal calcification is higher in
this condition by a margin of 3:1. There are no clear-cut
differences among the antipsychotic medications in the
development of tardive dyskinesia. (Although the atypical
antipsychotics appear to offer a lower risk of tardive dyski-
nesia, long-term effects have not been investigated.) How-
ever, clozapine is unique in that it has been found to treat
antipsychotic-induced tardive dyskinesia. Early manifesta-
tions of tardive dyskinesia include fine worm-like move-
ments of the tongue at rest, difficulty in sticking out the
tongue, facial tics, increased blink frequency, or jaw move-
ments of recent onset. Later manifestations may include
bucco-linguo-masticatory movements, lip smacking,
chewing motions, mouth opening and closing, disturbed
gag reflex, puffing of the cheeks, disrupted speech, respira-
tory distress, or choreoathetoid movements of the extremi-
ties (the last being more prevalent in younger patients).
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The symptoms do not necessarily worsen and in rare cases
may lessen even though antipsychotic medications are
continued. The dyskinesias do not occur during sleep and
can be voluntarily suppressed for short periods. Stress and
movements in other parts of the body will often aggravate
the condition.

Early signs of dyskinesia must be differentiated from
those reversible signs produced by ill-fitting dentures or
nonantipsychotic medications such as levodopa, TCAs,
antiparkinsonism agents, anticonvulsants, and antihista-
mines. Other neurologic conditions such as Huntington
chorea can be differentiated by history and examination.

The emphasis should be on prevention of side effects. Use
the least amount of antipsychotic medication necessary to
improve the psychotic symptoms. Detect early manifesta-
tions of dyskinesias. When these occur, gradually discon-
tinue antipsychotic medications, if clinically feasible.
Weight loss and cachexia sometimes appear on withdrawal
of antipsychotics. In an indeterminate number of cases, the
dyskinesias will remit. Keep the patient off the medications
until reemergent psychotic symptoms dictate their resump-
tion, at which point they are restarted in low doses and
gradually increased until there is clinical improvement. If
antipsychotic medications are restarted, clozapine and
olanzapine appear to offer less risk of recurrence. The use
of adjunctive agents such as benzodiazepines or lithium
may help directly or indirectly by allowing control of psy-
chotic symptoms with a low dosage of antipsychotics. If the
dyskinesic syndrome recurs and it is necessary to continue
antipsychotic medications to control psychotic symptoms,
informed consent should be obtained. Vesicular mono-
amine transporter 2 (VMAT2) inhibitors, such as valbena-
zine and deutetetrabenazine, amantadine, vitamin B

6
, and

vitamin E, and propranolol all have had some usefulness in
treating the dyskinetic side effects. The VMAT2 inhibitors
are now considered the treatment of choice for tardive
dyskinesia and are the only medications FDA approved its
treatment. However, as of 2021, they are expensive and not
covered by many insurance plans.

B. Social

Environmental considerations are most important in the
individual with a chronic illness, who usually has a history
of repeated hospitalizations, a continued low level of func-
tioning, and symptoms that never completely remit. Fam-
ily rejection and work failure are common. In these cases,
board and care homes staffed by personnel experienced in
caring for psychiatric patients are most important. There
is frequently an inverse relationship between stability of
the living situation and the amounts of required antipsy-
chotic medications, since the most salutary environment
is one that reduces stimuli. Nonresidential self-help groups
such as Recovery, Inc., should be utilized whenever pos-
sible. They provide a setting for sharing, learning, and
mutual support and are frequently the only social involve-
ment with which this type of patient is comfortable. Voca-
tional rehabilitation and work agencies (eg, Goodwill
Industries, Inc.) provide assessment, training, and job
opportunities at a level commensurate with the person’s
clinical condition.

C. Psychological

The need for psychotherapy varies markedly depending on
the patient’s current status and history. In a person with a
single psychotic episode and a previously good level of
adjustment, supportive psychotherapy may help the patient
reintegrate the experience, gain some insight into anteced-
ent problems, and become a more self-observant individ-
ual who can recognize early signs of stress. Research
suggests that cognitive behavioral therapy—in conjunction
with medication management—has efficacy in the treat-
ment of symptoms of schizophrenia. Cognitive behavioral
therapy for psychosis involves helping the individual chal-
lenge psychotic thinking and alters response to hallucina-
tions. Similarly, a form of psychotherapy called acceptance
and commitment therapy has shown value in helping pre-
vent hospitalizations in schizophrenia. Cognitive remedia-
tion therapy is another approach to treatment that may
help patients with schizophrenia become better able to
focus their disorganized thinking. Family therapy may also
help alleviate the patient’s stress and to assist relatives in
coping with the patient.

D. Behavioral

Hospitalization is sometimes necessary, particularly when
the patient’s behavior shows gross disorganization. The
presence of competent family members or social support
lessens the need for hospitalization, and each case should
be judged individually. The major considerations are to
prevent self-inflicted harm or harm to others and to pro-
vide for the patient’s basic needs.

Behavioral techniques (see above) are most frequently
used in therapeutic settings such as day treatment centers,
but they can also be incorporated into family situations or
any therapeutic setting. Many behavioral techniques (eg,
positive reinforcement—whether it be a word of praise or
an approving nod—after some positive behavior) can be a
powerful instrument for helping a person learn behaviors
that will facilitate social acceptance. Music from portable
digital players or smartphones with earphones is one of
many ways to divert the patient’s attention from auditory
hallucinations.

» Prognosis

For most patients with any psychosis, the prognosis is
good for alleviation of positive symptoms such as hal-
lucinations or delusions treated with medication. Nega-
tive symptoms such as diminished affect and sociability
are much more difficult to treat but appear mildly respon-
sive to atypical antipsychotics. Cognitive deficits, such as
the executive dysfunction that is common to schizophre-
nia, also do not appear as responsive to antipsychotics as
do positive symptoms. Unfortunately, both negative symp-
toms and cognitive deficits appear to contribute more to
long-term disability than do positive symptoms. Unavail-
ability of structured work situations and lack of family
therapy or access to other social support are two other
reasons why the prognosis is so guarded in such a large
percentage of patients.
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MOOD DISORDERS (Depression & Mania)

E S S E N T I A L S  O F  D I A G N O S I S

Present in most depressions

» Mood varies from mild sadness to intense despon-
dency and feelings of guilt, worthlessness, and
hopelessness.

» Difficulty in thinking, including inability to con-
centrate, ruminations, and lack of decisiveness.

» Loss of interest, with diminished involvement in
work and recreation.

» Somatic complaints such as disrupted, lessened,
or excessive sleep; loss of energy; change in appe-
tite; decreased sexual drive.

Present in some severe depressions

» Psychomotor retardation or agitation.

» Delusions of a somatic or persecutory nature.

» Withdrawal from activities.

» Physical symptoms of major severity, eg, anorexia,
insomnia, reduced sexual drive, weight loss, and
various somatic complaints.

» Suicidal ideation.

Possible symptoms in mania

» Mood ranging from euphoria to irritability.

» Sleep disruption.

» Hyperactivity.

» Racing thoughts.

» Grandiosity or extreme overconfidence.

» Variable psychotic symptoms.

» General Considerations

Depression is extremely common, with up to 30% of primary
care patients having depressive symptoms. The COVID-19
pandemic has undoubtably increased the risk of depres-
sion. One meta-analysis of studies of community-based
prevalence of depression found a seven-fold increase in

depression in some heavily impacted communities in
Europe and Asia. US national surveys show a three-fold
increase in the prevalence of depressive symptoms, with
risk factors including lower income, less than $5000 in sav-
ings, and exposure to stressors. Depression may be the final
expression of (1) genetic factors (neurotransmitter dys-
function), (2) developmental problems (personality prob-
lems, childhood events), or (3) psychosocial stresses
(divorce, unemployment). It frequently presents in the
form of somatic complaints with negative medical work-
ups. Although sadness and grief are normal responses to loss,
depression is not.

Mania is often combined with depression and may
occur alone, together with depression in a mixed episode,
or in cyclic fashion with depression.

» Clinical Findings

In general, there are four major types of depression, with
similar symptoms in each group.

A. Adjustment Disorder with Depressed Mood

Depressed mood may occur in reaction to some identifi-
able stressor or adverse life situation, usually loss of a per-
son by death (grief reaction), divorce, etc; financial reversal
(crisis); or loss of an established role, such as being needed.
Anger is frequently associated with the loss, and this in
turn often produces a feeling of guilt. Adjustment disorder
by definition occurs within 3 months of the stressor and
causes significant impairment in social or occupational func-
tioning. The symptoms range from mild sadness, anxiety,
irritability, worry, and lack of concentration, discourage-
ment, and somatic complaints to the more severe symp-
toms of frank depression. When the full criteria for major
depressive disorder are present, however, then that diagnosis
should be made and treatment instituted even when there is
a known stressor. The presence of a stressor is not the deter-
mining diagnostic driver; it is the resultant syndromal
complex. One should not neglect treatment for major
depression simply because it may appear to be an under-
standable reaction to a particular stress or difficulty.

B. Depressive Disorders

The subclassifications include major depressive disorder
and dysthymia.

1. Major depressive disorder—A major depressive disor-
der consists of a syndrome of mood, physical and cognitive
symptoms that occurs at any time of life. Many consider a
physiologic or metabolic aberration to be causative. Com-
plaints vary widely but most frequently include a loss of
interest and pleasure (anhedonia), withdrawal from activi-
ties, and feelings of guilt. Also included are inability to
concentrate, some cognitive dysfunction, anxiety, chronic
fatigue, feelings of worthlessness, somatic complaints
(unexplained somatic complaints frequently indicate
depression), loss of sexual drive, and thoughts of death.
Unemployment has been associated with increase in
depression risk. Diurnal variation with improvement as the
day progresses is common. Vegetative signs that frequently
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occur are insomnia, anorexia with weight loss, and consti-
pation. Occasionally, severe agitation and psychotic ide-
ation are present. Psychotic major depression occurs up to
14% of all patients with major depression and 25% of
patients who are hospitalized with depression. Psychotic
symptoms (delusions, paranoia) are more common in
depressed persons who are older than 50 years. Paranoid
symptoms may range from general suspiciousness to ideas
of reference with delusions. The somatic delusions fre-
quently revolve around feelings of impending annihilation
or somatic concerns (eg, that the body is rotting away with
cancer). Hallucinations are less common than unusual
beliefs and tend not to occur independent of delusions.

In addition to psychotic major depression, other sub-
categories include major depression with atypical fea-
tures that is characterized by hypersomnia, overeating,
lethargy, and mood reactivity in which the mood brightens
in response to positive events or news. Melancholic major
depression is characterized by a lack of mood reactivity
seen in atypical depression, the presence of a prominent
anhedonia, and more severe vegetative symptoms. Major
depression with a seasonal onset (seasonal affective dis-
order) is a dysfunction of circadian rhythms that occurs
more commonly in the fall and winter months and is
believed to be due to decreased exposure to full-spectrum
light. Common symptoms include carbohydrate craving,
lethargy, hyperphagia, and hypersomnia. Major depres-
sion with peripartum onset occurs during pregnancy or
starts up to 4 weeks after delivery.

Half of depressions associated with the peripartum
period start during pregnancy. Most women (up to 80%)
experience some mild letdown of mood in the postpartum
period. For some of these (10–15%), the symptoms are
more severe and similar to those usually seen in serious
depression, with an increased emphasis on concerns related
to the baby (obsessive thoughts about harming it or inabil-
ity to care for it). When psychotic symptoms occur, there is
frequently associated sleep deprivation, volatility of behav-
ior, and manic-like symptoms. Postpartum psychosis is
much less common (less than 2%), often occurs within the
first 2 weeks, and requires early and aggressive manage-
ment. Biologic vulnerability with hormonal changes and
psychosocial stressors all play a role. The chances of a sec-
ond episode are about 25% and may be reduced with pro-
phylactic treatment.

2. Persistent depressive disorder dysthymia—Dysthymia
is a chronic depressive disturbance. Sadness, loss of interest,
and withdrawal from activities over a period of 2 or more
years with a relatively persistent course are necessary for
this diagnosis. Generally, the symptoms are milder but
longer-lasting than those in a major depressive episode.

3. Premenstrual dysphoric disorder—Depressive symptoms
occur during the late luteal phase (last 2 weeks) of the
menstrual cycle. (See also Chapter 18.)

C. Bipolar Disorder

Bipolar disorder consists of episodic mood shifts into
mania, major depression, hypomania, and mixed mood
states. The ability of bipolar disorder to mimic aspects of

many other coincident major mental health disorders and
a high comorbidity with substance abuse can make the
initial diagnosis of bipolar disorder difficult. Bipolar I is
diagnosed when an individual has manic episodes. For
individuals who experience hypomanic episodes without
frank mania, the diagnosis is bipolar II.

1. Mania—A manic episode is a mood state characterized
by elation with hyperactivity, overinvolvement in life
activities, increased irritability, flight of ideas, easy distract-
ibility, and little need for sleep. The overenthusiastic quality
of the mood and the expansive behavior initially attract
others, but the irritability, mood lability with swings into
depression, aggressive behavior, and grandiosity usually
lead to marked interpersonal difficulties. Activities may
occur that are later regretted, eg, excessive spending, resig-
nation from a job, a hasty marriage, sexual acting out, and
exhibitionistic behavior, with alienation of friends and
family. Atypical manic episodes can include gross delu-
sions, paranoid ideation of severe proportions, and audi-
tory hallucinations usually related to some grandiose
perception. The episodes begin abruptly (sometimes pre-
cipitated by life stresses) and may last from several days to
months. Generally, the manic episodes are of shorter dura-
tion than the depressive episodes. In almost all cases, the
manic episode is part of a broader bipolar disorder. Patients
with four or more discrete episodes of a mood disturbance
in 1 year have “rapid cycling.” Substance abuse, particu-
larly cocaine, can mimic rapid cycling.

2. Cyclothymic disorder—This is a chronic mood distur-
bance with episodes of subsyndromal depression and
hypomania. The symptoms must have at least a 2-year
duration and are milder than those that occur in depressive
or manic episodes. Occasionally, the symptoms will esca-
late into a full-blown manic or depressive episode, in which
case reclassification as bipolar I or II would be warranted.

D. Mood Disorders Secondary to Illness and
Medications

Any illness, severe or mild, can cause significant depres-
sion. Conditions such as rheumatoid arthritis, multiple
sclerosis, stroke, and chronic heart disease are particularly
likely to be associated with depression, as are other chronic
illnesses. Depression is common in cancer, as well, with a
particularly high degree of comorbidity in pancreatic can-
cer. Hormonal variations clearly play a role in some depres-
sions. Varying degrees of depression occur at various times
in schizophrenic disorders, central nervous system disease,
and organic mental states. Alcohol dependency frequently
coexists with serious depression.

The classic model of drug-induced depression
occurred with the use of reserpine, both in clinical settings
and as a pharmacologic probe in research settings. Cortico-
steroids are commonly associated with mood changes such
as depression and hypomania or psychosis. Antihyperten-
sive medications such as methyldopa, guanethidine, and
clonidine have been associated with the development of
depressive syndromes, as have digitalis and antiparkinson-
ism medications (eg, levodopa). Retinoids have been asso-
ciated with depression, and interferon is strongly associated
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with depressed mood and fatigue as a side effect; consulta-
tion with a psychiatrist prior to prescribing these agents is
indicated in cases where there is a history of depression.
Overall, the literature has not shown an association between
beta-blocker use and depression. Infrequently, disulfiram
and anticholinesterase medications may be associated with
symptoms of depression. Stimulant use results in a depres-
sive syndrome when the drug is withdrawn. Alcohol, seda-
tives, and opioids are depressants and, paradoxically, are
often used in self-treatment of depression.

» Differential Diagnosis

Since depression may be a part of any illness—either reac-
tively or as a secondary symptom—careful attention must
be given to personal life adjustment problems and the role
of medications (eg, reserpine, corticosteroids, levodopa).
Schizophrenia, partial complex seizures, organic brain
syndromes, panic disorders, and anxiety disorders must be
differentiated. Thyroid dysfunction and other endocri-
nopathies should be ruled out. Malignancies, including
central and gastrointestinal tumors are sometimes associ-
ated with depressive symptoms and may antecede the
diagnosis of tumor. Strokes, particularly dominant hemi-
sphere lesions, can occasionally present with a syndrome
that looks like major depression. Medication-induced
depressive symptoms are also quite common.

» Complications

The most important complication is suicide, which often
includes some elements of aggression. Suicide rates in the
general population vary from 9 per 100,000 in Spain to 15
per 100,000 in the United States to 31 per 100,000 in Russia.
In individuals hospitalized for depression, the lifetime risk
rises to 4–6%. In patients with bipolar I disorder, the risk is
higher. Men over the age of 50 are more likely to complete
a suicide because of their tendency to attempt suicide with
more violent means, particularly guns. On the other hand,
women make more attempts but are less likely to complete
a suicide. The suicide rate in the younger population, aged
15–35, continues to rise. Patients with cancer, respiratory
illnesses, AIDS, and those being maintained on hemodialy-
sis have higher suicide rates. Alcohol use is a significant
factor in many suicide attempts.

There are several groups of people who make suicide
attempts. One group includes those individuals with acute
situational problems. These individuals may be acutely dis-
tressed by a recent breakup in a relationship or another type
of disappointment. This group also includes those who may
not be diagnosed as having depression, but who are over-
whelmed by a stressful situation often with an aspect of
public humiliation (eg, victims of cyber-bullying). A suicide
attempt in such cases may be an impulsive or aggressive act
not associated with significant depression.

Another high-risk group includes individuals with
severe depression. Severe depression may be due to condi-
tions such as medical illness (eg, people with AIDS have a
suicide rate over 20 times that of the general population) or
comorbid psychiatric disorders (eg, panic disorders). Anxi-
ety, panic, and fear are major findings in suicidal behavior.

A patient may seem to make a dramatic improvement, but
the lifting of depression may be due to the patient’s deci-
sion to commit suicide. Another high-risk group are indi-
viduals with psychotic illness who tend not to verbalize
their concerns and are often successful in their suicide
attempt, although they make up only a small percentage of
the total.

Suicide is 10 times more prevalent in patients with
schizophrenia than in the general population, and jumping
from bridges is a more common means of attempted sui-
cide by patients with schizophrenia than by others. In one
study of 100 people who jumped from bridges, 47% had
schizophrenia.

The immediate goal of psychiatric evaluation is to
assess the current suicidal risk and the need for hospitaliza-
tion versus outpatient management. A useful question is to
ask the person how many hours per day he or she thinks
about suicide. If it is more than 1 hour, the individual is at
high risk. Further assessing the risk by inquiring about
intent, plans, means, and suicide-inhibiting factors (eg,
strong ties to children or the church) is essential. Alcohol,
hopelessness, delusional thoughts, and complete or nearly
complete loss of interest in life or ability to experience
pleasure are all positively correlated with suicide attempts.
Other risk factors are previous attempts, a family history of
suicide, medical or psychiatric illness (eg, anxiety, depres-
sion, psychosis), male sex, older age, contemplation of
violent methods, a humiliating social stressor, and drug use
(including long-term sedative or alcohol use), which con-
tributes to impulsiveness or mood swings. Successful treat-
ment of the patient at risk for suicide cannot be achieved if
the patient continues to abuse drugs. An attempt is less
likely to be suicidal, for example, if small amounts of poi-
son or medication were ingested or scratching of wrists was
superficial, if the act was performed near others or with
early notification of others, or if the attempt was arranged
so that early detection would be anticipated.

The patient’s current mood status is best evaluated by
direct evaluation of plans and concerns about the future,
personal reactions to the attempt, and thoughts about the
reactions of others. Measurement of mood is often facili-
tated by using a standardized instrument such as the Ham-
ilton or Montgomery-Asberg clinician-administered
rating scales or the self-administered Quick Inventory of
Depressive Symptomatology (QIDS-SR 16). Scales allow
for initial assessment as well as ongoing treatment tracking.
Suicide risk can be specifically assessed using an instru-
ment such as the Columbia-Suicide Severity Risk Scale,
https://cssrs.columbia.edu/wp-content/uploads/C-SSRS_
Pediatric-SLC_11.14.16.pdf. The patient’s immediate
resources should also be assessed—people who can be sig-
nificantly involved (most important), family support, job
situation, financial resources, etc.

If hospitalization is not indicated after a suicide attempt,
the clinician must formulate and institute a treatment plan
or make an adequate referral. (The National Suicide Pre-
vention Lifeline, 1-800-273-8255, may be of assistance.)
Medication should be dispensed in small amounts to at-
risk patients. Although TCAs and SSRIs are associated with
an equal incidence of suicide attempts, the risk of a
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completed suicide is much higher with TCA overdose.
Guns and medications should be removed from the
patient’s household. Driving should be cautioned against
until the patient improves. The problem is often worsened
by the long-term complications of the suicide attempt, eg,
brain damage due to hypoxia, peripheral neuropathies
caused by staying for long periods in one position causing
nerve compressions, and medical or surgical problems
such as esophageal strictures and tendon dysfunctions.

» Treatment of Depression

A. Medical

Milder forms of depression usually do not require medi-
cation therapy and can be managed by psychotherapy and
the passage of time. In severe cases—particularly when
vegetative signs are significant and symptoms have per-
sisted for more than a few weeks—antidepressant medica-
tion therapy is often effective. Medication therapy is also
suggested by a family history of major depression in first-
degree relatives or a past history of prior episodes.

The antidepressant medications may be classified into
four groups: (1) the newer antidepressants, including the
SSRIs, SNRIs, and bupropion, vilazodone, vortioxetine,
and mirtazapine, (2) the TCAs and clinically similar medi-
cations, (3) the MAO inhibitors (Table 25–7), and (4)
stimulants. ECT and repetitive transcranial magnetic stim-
ulation are procedural treatments for depression. These
modalities are described in greater detail below.

Hospitalization is necessary if suicide is a major consid-
eration or if complex treatment modalities are required.

Medication selection is influenced by the history of
previous response or lack thereof if that information is
available. There is mixed and inconclusive evidence about
the utility and cost-effectiveness of genetic testing to
choose an antidepressant treatment strategy. A positive
family history of response to a particular medication may
suggest that the patient will respond similarly. If no back-
ground information is available, a medication such as ser-
traline, 25 mg orally daily and increasing gradually up to
200 mg depending on response and side effects, or venla-
faxine at 37.5 mg/day and titrated gradually as indicated to
a maximum dose of 225 mg/day can be selected and a full
trial instituted. The medication trial should be monitored
for worsening mood or suicidal ideation with patient
assessments every 1–2 weeks until week 6. The STAR*D
trial suggests that if there is no response to the first medica-
tion, the best alternatives are to switch to a second agent
that may be from the same or different class of antidepres-
sant; another option if there is partial response is to try
augmenting the first agent with bupropion (150–450 mg/day),
lithium (eg, 300–900 mg/day orally), thyroid medication
(eg, liothyronine, 25–50 mcg/day orally), or a second-
generation antipsychotic (eg, aripiprazole [5–15 mg/day]).
The Agency for Health Care Policy and Research has
produced clinical practice guidelines that outline one
algorithm of treatment decisions (Figure 25–2).

Cognitive issues such as concentration and memory
problems are common to depression; the evidence shows
that these issues sometimes persist even after depression

has remitted, with a higher risk in those individuals who
have had more depressive episodes.

Psychotic depression should be treated with a combi-
nation of an antipsychotic and an antidepressant such as an
SSRI at their usual doses. Mifepristone may have specific
and early activity against psychotic depression. ECT is
generally regarded as the single most effective treatment
for psychotic depression, with remission rates between
60% and 90%.

Major depression with atypical features or seasonal
onset can be treated with bupropion or an SSRI with good
results. MAO inhibitors appear more effective than TCAs,
and a MAO inhibitor may be used if more benign antide-
pressant strategies prove unsuccessful.

Melancholic depression may respond to ECT, TCAs,
and SNRIs, which are preferable to SSRIs. However, SSRIs
are often used in the treatment of melancholic depression
and are effective in many cases.

Caution: Depressed patients often have suicidal
thoughts, and the amount of medication dispensed should
be appropriately controlled particularly if prescribing a
MAO inhibitor, TCA, and to a lesser extent, venlafaxine. At
the same time, adults with untreated depression are at
higher risk for suicide than those who are treated sufficiently
to reduce symptoms. It has been thought that in children
and adolescent populations, antidepressants may be associ-
ated with some slightly increased risk of suicidality. One
meta-analysis indicates that suicidality persists even after
symptoms of depression are treated, suggesting other causes
such as increased impulsivity among younger patients.
After age 25, antidepressants may have neutral or possibly
protective effects until age 65 years or older. The older
TCAs have a narrow therapeutic index. One advantage of
the newer medications is their wider margin of safety.
Nonetheless, even with newer agents, because of the pos-
sibility of suicidality early in antidepressant treatment,
close follow-up is indicated. In all cases of pharmacologic
management of depressed states, caution is indicated until
the risk of suicide is considered minimal.

1. SSRIs, SNRIs, and atypical antidepressants—SSRIs
include fluoxetine, sertraline, paroxetine, fluvoxamine, and
citalopram and its enantiomer escitalopram (Table 25–7).
The chief advantages of these agents are that they are gener-
ally well tolerated, the starting dose is typically a therapeutic
dose for most patients, and they have much lower lethality
in overdose compared to TCAs or MAO inhibitors. (Nota-
bly, citalopram carries a warning regarding QT prolonga-
tion in doses above 40 mg, and 20 mg is considered the
maximum dose for patients older than 60 years. There is no
similar FDA warning for escitalopram.) The SNRIs include
venlafaxine, desvenlafaxine, duloxetine, milnacipran, and
levomilnacipran. In addition to possessing the strong sero-
tonin reuptake blocking properties of the SSRIs, the SNRIs
are also norepinephrine reuptake blockers. The combined
serotonergic-noradrenergic properties of these medications
may provide benefits in pain conditions such as neuropathy
and fibromyalgia as well as conditions such as stress incon-
tinence. The atypical antidepressants are bupropion,
nefazodone, trazodone, vilazodone, vortioxetine, and
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Table 25–7. Commonly used antidepressant medications (listed in alphabetical order within classes).

Medication

Usual Daily

Oral Dose

(mg)

Usual Daily

Maximum

Dose (mg)

Sedative

Effects1

Anticholinergic

Effects1 Cost per Unit

Cost for 30 Days of

Treatment Based on

Maximum Dosage2

SSRIs

Citalopram (Celexa) 20 40 < 1 1 $0.14/40 mg $4.20

Escitalopram (Lexapro) 10 20 < 1 1 $0.29/20 mg $8.70

Fluoxetine (Prozac, Sarafem) 5–40 80 < 1 < 1 $2.40/20 mg $288.00

Fluvoxamine (Luvox) 100–300 300 1 < 1 $2.63/100 mg $236.70

Paroxetine (Paxil) 20–30 50 1 1 $2.64/20 mg $161.10

Sertraline (Zoloft) 50–150 200 < 1 < 1 $0.55/100 mg $33.00

SNRIs

Desvenlafaxine (Pristiq) 50 100 1 < 1 $11.47/100 mg $344.10

Duloxetine (Cymbalta) 40 60 2 3 $1.92/60 mg $57.60

Levomilnacipran (Fetzima) 40 120 1 1 $17.32/80 mg $519.60

Milnacipran (Savella) 100 200 1 1 $8.42/100 mg $505.20

Venlafaxine XR (Effexor) 150–225 225 1 < 1 $0.63/75 mg $56.70

Tricyclic and Clinically Similar Compounds

Amitriptyline (Elavil) 150–250 300 4 4 $2.14/150 mg $128.40

Amoxapine (Asendin) 150–200 400 2 2 $1.98/100 mg $237.60

Clomipramine (Anafranil) 100 250 3 3 $1.48/75 mg $177.60

Desipramine (Norpramin) 100–250 300 1 1 $5.74/100 mg $516.60

Doxepin (Sinequan) 150–200 300 4 3 $1.97/100 mg $177.30

Imipramine (Tofranil) 150–200 300 3 3 $1.16/50 mg $219.60

Maprotiline (Ludiomil) 100–200 300 4 2 $2.34/75 mg $280.80

Nortriptyline (Aventyl, Pamelor) 100–150 150 2 2 $0.29/75 mg $17.40

Protriptyline (Vivactil) 15–40 60 1 3 $3.30/10 mg $594.00

Trimipramine (Surmontil) 75–200 200 4 4 $9.44/100 mg $566.40

Monoamine Oxidase Inhibitors

Phenelzine (Nardil) 45–60 90 … … $0.84/15 mg $151.20

Selegiline transdermal (Emsam) 6 (skin patch) 12 … … $73.79/6 mg patch $2213.70

Tranylcypromine (Parnate) 20–30 50 … … $3.60/10 mg $540.00

Other Compounds

Bupropion SR (Wellbutrin SR) 300 4003 < 1 < 1 $3.59/200 mg $215.40

Bupropion XL (Wellbutrin XL) 3004 4504 < 1 < 1 $0.55/300 mg $32.10

Mirtazapine (Remeron) 15–45 45 4 2 $2.77/30 mg $84.90

Nefazodone (Serzone) 150–600 600 3 1 $4.98/200 mg $448.20

Trazodone (Desyrel) 100–300 400 4 < 1 $0.21/100 mg $25.60

Vilazodone (Viibryd) 10–40 40 1 1 $12.00/40 mg $360.00

Vortioxetine (Brintellix) 10 20 < 1 < 1 $16.92/20 mg $507.60

11, weak effect; 4, strong effect.
2Average wholesale price (AWP, for AB-rated generic when available) for quantity listed. Source: IBM Micromedex Red Book (electronic version)

IBM Watson Health, Greenwood, CO, USA. Available at https://www.micromedexsolutions.com (cited April 18, 2021). AWP may not accurately
represent the actual pharmacy cost because wide contractual variations exist among institutions.
3200 mg twice daily.
4Wellbutrin XL is a once-daily form of bupropion. Bupropion is still available as immediate release, and, if used, no single dose should exceed
150 mg.
SNRIs, serotonin norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors.
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Make diagnosis

Somewhat better Not better at allClearly better

Clearly better

No

Relapse?

Select and initiate
treatment

Monitor treatment
(every 1–2 weeks)

Assess response
(week 6)1

Continue treatment
(adjust dosage)

Augment or change
treatment

Continue treatment
for 6 more weeks

Complete
remission?

Medication continued
for 4–9 months

Consider maintenance
treatment

Refer or consult a
psychiatrist or other

mental health
professional

Change treatment

Monitor treatment
(every 1–2 weeks)

Assess response
(week 12)1

Not better

Yes

1Times of assessment (weeks 6 and 12) rest on very modest data. It may be necessary
to revise the treatment plan earlier for patients not responding at all.

▲ Figure 25–2. Overview of treatment for depression. (Reproduced from Agency for Health Care Policy and Research:
Depression in Primary Care. Vol. 2: Treatment of Major Depression. United States Department of Health and Human Services,
1993.)

mirtazapine (Table 25–7). All of these antidepressants are
effective in the treatment of depression, both typical and
atypical. The SSRI medications have been effective in the
treatment of panic disorder, bulimia, GAD, OCD, and
PTSD.

Most of the medications in this group tend to be acti-
vating and are given in the morning so as not to interfere

with sleep. Some patients, however, may have sedation,
requiring that the medication be given at bedtime. This
reaction occurs most commonly with paroxetine, fluvox-
amine, and mirtazapine. The SSRIs can be given in once-
daily dosage. Nefazodone and trazodone are usually given
twice daily. Bupropion and venlafaxine are available in
extended-release formulations and can be given once daily.

CMDT22_Ch25_p1054-p1109.indd 1083 29/06/21 8:51 PM



CHAPTER 251084 CMDT 2022

There is usually some delay in response; fluoxetine, for
example, requires 2–6 weeks to act in depression, 4–8 weeks
to be effective in panic disorder, and 6–12 weeks in treat-
ment of OCD. The starting dose (10 mg) is given for 1 week
before increasing to the average daily oral dose of 20 mg for
depression, while OCD may require up to 80 mg daily.
Some patients, particularly the elderly, may tolerate and
benefit from as little as 10 mg/day or every other day. The
other SSRIs have shorter half-lives and a lesser effect on
hepatic enzymes, which reduces their impact on the
metabolism of other medications (thus not increasing sig-
nificantly the serum concentrations of other medications
as much as fluoxetine). The shorter half-lives also allow for
more rapid clearing if adverse side effects appear. Venlafax-
ine appears to be more effective with doses greater than
200 mg/day orally, although some individuals respond to
doses as low as 75 mg/day.

The side effects common to these medications are
headache, nausea, tinnitus, insomnia, and nervousness.
Akathisia has been common with the SSRIs; other extrapy-
ramidal symptoms (eg, dystonias) have occurred infre-
quently but particularly in withdrawal states. Because
SSRIs affect platelet serotonin levels, abnormal bleeding
can occur. Sertraline and citalopram appear to be the safest
agents in this class when used with warfarin. Sexual side
effects of erectile dysfunction, retrograde ejaculation, and
dysorgasmia are very common with the SSRIs. Oral phos-
phodiesterase-5 inhibitors (such as sildenafil, 25–50 mg;
tadalafil, 5-20 mg; or vardenafil, 10–20 mg taken 1 hour
prior to sexual activity) can improve erectile dysfunction in
some patients and have been shown to improve other SSRI-
induced sexual dysfunction in both men and women.
Adjunctive bupropion (75–150 mg orally daily) may also
enhance sexual arousal. Cyproheptadine, 4 mg orally prior
to sexual activity, may be helpful in countering drug-
induced anorgasmia but also is quite sedating and may
counter the therapeutic benefits of SSRIs as well. Taking a
“drug holiday,” ie, skipping a day of medication periodically
when sexual activity is anticipated, can also decrease sexual
side effects. The SSRIs are strong serotonin uptake blockers
and may in high dosage or in combination with MAO
inhibitors, including the antiparkinsonian drug selegiline,
cause a “serotonin syndrome.” This syndrome is mani-
fested by rigidity, hyperthermia, autonomic instability,
myoclonus, confusion, delirium, and coma. This syndrome
can be a particularly troublesome problem in the elderly.
Research indicates that SSRIs are safer agents to use than
TCAs in patients with cardiac disease; the SSRI sertraline is
a safe and effective antidepressant treatment in patients
with acute myocardial infarction or unstable angina.

Withdrawal symptoms, including dizziness, paresthe-
sias, dysphoric mood, agitation, and a flu-like state, have
been reported for the shorter-acting SSRIs and SNRIs but
may occur with other classes including the TCAs and
MAO inhibitors. These medications should be discontin-
ued gradually over a period of weeks or months to reduce
the risk of withdrawal phenomena.

Most studies show that SSRIs are not associated with
birth defects. Paroxetine has some association with a fetal
heart defect and should be avoided in favor of other SSRIs

during pregnancy. Maternal major mood disorder in preg-
nancy by itself carries its own risks to the mother and fetus
and has been linked to low birth weight and preterm deliv-
ery. Postpartum effects of prenatal depression have not
been studied. The decision to use SSRIs and other psycho-
tropic agents during pregnancy and postpartum must be a
collaborative decision based on a thorough risk-benefit
analysis for each individual.

Venlafaxine lacks significant anticholinergic side
effects. Nausea, nervousness, and profuse sweating appear
to be the major side effects. Venlafaxine appears to have
few drug-drug interactions. It does require monitoring of
blood pressure because dose-related hypertension may
develop in some individuals. Venlafaxine prescribing in the
United Kingdom has been restricted to psychiatrists. Ven-
lafaxine appears to carry a greater risk of lethal arrhyth-
mias in instances of overdose relative to the SSRIs, but less
risk than with the TCAs. Desvenlafaxine, a newer form of
the medication, is started at its target dose of 50 mg/day
orally and does not require upward titration although
higher doses have been well studied and some patients
benefit from 100 mg/day. Duloxetine may also result in
small increases in blood pressure. Common side effects
include dry mouth, dizziness, and fatigue. Inhibitors of
1A2 and 2D6 may increase duloxetine levels with a risk of
toxicity. Milnacipran, approved for the treatment of fibro-
myalgia, and levomilnacipran, approved for the treatment
of major depression, carry many of the side effects com-
mon to other SNRIs including a mild tachycardia, hyper-
tension, sexual side effects, mydriasis, urinary constriction,
and occasional abnormal bleeding. Levomilnacipran is
started at 20 mg/day orally then increased to 40 mg/day
after 2–3 days. The target dose is 40–120 mg given once
daily. Milnacipran is typically started at 12.5 mg/day orally,
titrated to 12.5 mg twice daily after 2 days, and then to
25 mg twice daily after 7 days. The target dose is typically
100–200 mg/day given in in two divided doses. While not
approved for the treatment of major depression, the evi-
dence suggests that milnacipran, like levomilnacipran, is
an effective antidepressant agent.

Nefazodone appears to lack the anticholinergic effects
of the TCAs and the agitation sometimes induced by SSRIs.
Nefazodone should not be given with terfenadine, astem-
izole, or cisapride, which are not commercially available in
the United States. Because nefazodone inhibits the liver’s
cytochrome P450 3A4 isoenzymes, concurrent use of these
medications can lead to serious QT prolongation, ventricu-
lar tachycardia, or death. Through the same mechanism of
enzyme inhibition, nefazodone can elevate cyclosporine
levels sixfold to tenfold. Nefazodone carries an FDA warn-
ing given its association with liver failure in rare cases.
Pretreatment and ongoing monitoring of liver biochemical
enzymes are indicated.

Mirtazapine is thought to enhance central noradrener-
gic and serotonergic activity with minimal sexual side
effects compared with the SSRIs. Its action as a potent
antagonist of histaminergic receptors may make it a useful
agent for patients with depression and insomnia. It is also
an effective antiemetic due to its antagonism of the 5-HT

3

receptor. Its most common adverse side effects include
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somnolence, increased appetite, weight gain, lipid abnor-
malities, and dizziness. The labeling for mirtazapine indi-
cated that agranulocytosis was seen in 2 of 2796 patients in
premarketing studies. An association of agranulocytosis or
a clinically significant neutropenia with the medication
appears to be modest. Although it is metabolized by P450
isoenzymes, it is not an inhibitor of this system. It is given
in a single oral dose at bedtime starting at 15 mg and
titrated up to 45 mg with some evidence that 30 mg may be
optimal for most people.

Vortioxetine is an antidepressant that blocks serotonin
reuptake, is a partial agonist of the 5-HT

1A
receptor, and

affects a variety of other serotonin receptor sites. The side
effects attributed to its serotonergic effects include gastro-
intestinal upset and sexual dysfunction. Vortioxetine has
demonstrated efficacy in improving some cognitive symp-
toms of depression and received regulatory approval for
this indication in Europe and the United States. Vortiox-
etine is typically dosed at 10 mg/day orally and may be
increased to 20 mg/day.

2. Tricyclic antidepressants TCAs and clinically similar
medications—TCAs were the mainstay of medication
therapy for depression for many years. They have also been
effective in panic disorder, pain syndromes, and anxiety
states. Specific ones have been studied and found to be
effective in OCD (clomipramine), enuresis (imipramine),
psychotic depression (amoxapine), and reduction of craving
in cocaine withdrawal (desipramine).

TCAs are characterized more by their similarities than
by their differences. They tend to affect both serotonin and
norepinephrine reuptake; some medications act mainly on
the former and others principally on the latter neurotrans-
mitter system. Individuals receiving the same dosages vary
markedly in therapeutic drug levels achieved (elderly
patients require smaller doses), and determination of
plasma drug levels is helpful when clinical response has
been disappointing. Nortriptyline is usually effective when
plasma levels are between 50 and 150 ng/mL; imipramine
at plasma levels of 200–250 ng/mL; and desipramine at
plasma levels of 100–250 ng/mL. High blood levels are not
more effective than moderate levels and may be counter-
productive (eg, delirium, seizures). Patients with gastroin-
testinal side effects benefit from plasma level monitoring to
assess absorption of the drug. Most TCAs can be given in a
single dose at bedtime, starting at fairly low doses (eg, nor-
triptyline 25 mg orally) and increasing by 25 mg every
several days as tolerated until the therapeutic response is
achieved (eg, nortriptyline, 100–150 mg) or to maximum
dose if necessary (eg, nortriptyline, 150 mg). The most
common cause of treatment failure is an inadequate trial. A
full trial consists of giving a therapeutic daily dosage for at
least 6 weeks. Because of marked anticholinergic and sedat-
ing side effects, clomipramine is started at a low dose
(25 mg/day orally) and increased slowly in divided doses up
to 100 mg/day, held at that level for several days, and then
gradually increased as necessary up to 250 mg/day. The
TCAs have anticholinergic side effects to varying degrees
(amitriptyline 100 mg is equivalent to atropine 5 mg). One
must be particularly wary of the effect in elderly men with
prostatic hyperplasia. The anticholinergic effects also

predispose to other medical problems such as constipation,
confusion, heat stroke, or dental problems from xerostomia.
Orthostatic hypotension is fairly common, is not dose-
dependent, and may not remit with time on medication;
this may predispose to falls and hip fractures in the elderly.

Cardiac effects of the TCAs are functions of the anticho-
linergic effect, direct myocardial depression, quinidine-like
effect, and interference with adrenergic neurons. These fac-
tors may produce altered rate, rhythm, and contractility,
particularly in patients with preexisting cardiac disease, such
as bundle-branch or bifascicular block. Even relatively small
overdoses (eg, 1500 mg of imipramine) have resulted in
lethal arrhythmias. Electrocardiographic changes range
from benign ST segment and T wave changes and sinus
tachycardia to a variety of complex and serious arrhythmias,
the latter requiring a change in medication. Because TCAs
have class I antiarrhythmic effects, they should be used with
caution in patients with ischemic heart disease, arrhythmias,
or conduction disturbances. SSRIs or the atypical antide-
pressants are better initial choices for this population.

TCAs lower the seizure threshold, so this is of particu-
lar concern in patients with a propensity for seizures. Loss
of libido and erectile, ejaculatory, and orgasmic dysfunc-
tion are common and can compromise compliance. Trazo-
done rarely causes priapism (1 in 9000), but when it occurs,
it requires treatment within 12 hours (epinephrine 1:1000
injected into the corpus cavernosum). Delirium, agitation,
and mania are infrequent complications of the TCAs but
can occur. Sudden discontinuation of some of these medi-
cations can produce “cholinergic rebound,” manifested by
headaches and nausea with abdominal cramps. Overdoses
of TCAs are often serious because of the narrow therapeu-
tic index and quinidine-like effects (see Chapter 38).

3. Monoamine oxidase inhibitors—The MAO inhibitors are
generally used as third-line medications for depression (after
a failure of SSRIs, SNRIs, TCAs, or the atypical antidepres-
sants) because of the dietary and other restrictions required
(Table 25–8). They should be considered third-line medica-
tions for refractory panic disorder as well as depression;
however, this hierarchy has become more flexible since MAO
inhibitor skin patches (selegiline) have become available.
They deliver the MAO inhibitor to the bloodstream bypass-
ing the gastrointestinal tract so that dietary restrictions are
not necessary in the lowest dosage strength (6 mg/24 h).

The MAO inhibitors commonly cause symptoms of
orthostatic hypotension (which may persist) and sympa-
thomimetic effects of tachycardia, sweating, and tremor.

Table 25–8. Principal dietary restrictions in MAOI use.

1. Cheese, except cream cheese and cottage cheese and fresh

yogurt

2. Fermented or aged meats such as bologna, salami

3. Broad bean pods such as Chinese bean pods

4. Liver of all types

5. Meat and yeast extracts

6. Red wine, sherry, vermouth, cognac, beer, ale

7. Soy sauce, shrimp paste, sauerkraut

MAOI, monoamine oxidase inhibitor.
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Nausea, insomnia (often associated with intense afternoon
drowsiness), and sexual dysfunction are common. Zolpi-
dem 5–10 mg orally at bedtime can ameliorate MAO-
induced insomnia. Central nervous system effects
include agitation and toxic psychoses. Dietary limitations
(see Table 25–8) and abstinence from medication products
containing phenylpropanolamine, phenylephrine, meperi-
dine, dextromethorphan, and pseudoephedrine are man-
datory for MAO-A type inhibitors (those marketed for
treatment of depression), since the reduction of available
MAO leaves the patient vulnerable to exogenous amines
(eg, tyramine in foodstuffs).

4. Other medications and those under investigation—
Dextroamphetamine (5–30 mg/day orally) and methylphe-
nidate (10–45 mg/day orally) may be effective for the
short-term treatment of some depressive symptoms in
medically ill and geriatric patients. The stimulants are
notable for rapid onset of action (hours) and a paucity of
side effects (tachycardia, agitation) in most patients. They
are usually given in two divided doses early in the day (eg,
7 am and noon) so as to avoid interfering with sleep. These
agents may also be useful as adjunctive agents in refractory
depression. Intravenous infusion of the dissociative anes-
thetic ketamine has been shown to lead to a rapid improve-
ment in depressive symptoms in 50–70% of patients with
depression. The effects of a single treatment are short-lived
(about 3–7 days). Ketamine acts both through the gluta-
mate system as well as the opioid system. Esketamine nasal
spray has been approved by the FDA for the treatment of
depression for patients who have been inadequately treated
by two other antidepressant medications. However, there
are ongoing concerns about long-term use of esketamine or
ketamine, including the risk of abuse and longer-term
impacts on mood and suicidality. Other NMDA antago-
nists and opioid system agents continue to be evaluated in
the treatment of resistant depression.

Allopregnanolone, a neurosteroid, is an allosteric mod-
ulator of GABA-a receptors and is approved for the treat-
ment of postpartum depression. Like ketamine,
allopregnanolone is administered intravenously, and the
antidepressant effects are rapid. An allopregnanolone infu-
sion is given over 60 hours in a health care facility and was
significantly more effective than placebo in treating post-
partum depression by the end of the 2.5-day infusion, and
benefits were sustained for the 30 days of the study period
in three registration trials. The most common side effects
of allopregnanolone are headache, dizziness, and somno-
lence. There is a rare side effect of loss of consciousness
that requires the infusion be monitored in a health care
facility. There is good reason to believe that GABA-a
modulators will be useful in other types of depression,
including for addressing anxiety and insomnia in patients
with more severe depression. Several orally active GABA-a
modulators are in development.

5. Switching and combination therapy—If the therapeu-
tic response has been poor after an adequate trial with the
chosen medication, the diagnosis should be reassessed.
Assuming that the trial has been adequate and the diagno-
sis is correct, a trial with a second medication is

appropriate. In switching from one group to another, an
adequate “washout time” must be allowed. This is critical in
certain situations—eg, in switching from a MAO inhibitor to
a TCA, allow 2–3 weeks between stopping one medication
and starting another; in switching from an SSRI to a MAO
inhibitor, allow 4–5 weeks for fluoxetine and at least 2 weeks
for other SSRIs. In switching within groups—eg, from one
TCA to another (amitriptyline to desipramine, etc)—no
washout time is needed, and one can rapidly decrease the
dosage of one medication while increasing the other. In
clinical practice, adjunctive treatment with lithium, buspi-
rone, or thyroid hormone may be helpful in depression. The
adjunctive use of low-dose atypical antipsychotics such as
aripiprazole, olanzapine, and quetiapine in the treatment of
patients with refractory depression is supported by research.
The side effect risk is the same as when treating psychosis.
Adding an atypical agent requires monitoring body mass
index, lipids, and glucose. Combining two antidepressants,
or adding an antipsychotic to an antidepressant requires
caution and is usually reserved for clinicians who feel com-
fortable managing this or after psychiatric consultation.

6. Maintenance and tapering—When clinical relief of
symptoms is obtained, medication is continued for 12 months
in the effective maintenance dosage, which is the dosage
required in the acute stage. The full dosage should be con-
tinued indefinitely when the individual has a first episode
before age 20 or after age 50, is over age 40 with two epi-
sodes, has at least one episode after age 50, or has had three
episodes at any age. Major depression generally should be
considered a chronic/intermittent disease with most patients
having relapses in time and some patients never fully recov-
ering from a depressive episode. If the medication is being
tapered, it should be done gradually over several months,
monitoring closely for relapse.

7. Drug interactions—Interactions with other medications
are listed in Table 25–9.

8. Electroconvulsive therapy—ECT causes a generalized
central nervous system seizure (peripheral evidence of the
convulsion is not necessary) by means of electric current.
The key objective is to exceed the seizure threshold, which
can be accomplished by a variety of means. The mecha-
nism of action is not known, but it is thought to involve
major neurotransmitter responses at the cell membrane.

ECT is the most effective (about 45–85% remission rate)
treatment of severe depression. In more treatment-resistant
depression, remission rates from ECT are lower (around
48%). It is particularly effective for the delusions and agita-
tion commonly seen with depression in the elderly. It is
indicated when medical conditions preclude the use of
antidepressants, nonresponsiveness to these medications,
and extreme suicidality. Comparative controlled studies of
ECT in severe depression show that it is more effective
than pharmacotherapy. It is also effective in the treatment
of mania and catatonia. It has also been shown to be helpful
in chronic schizophrenic disorders when clozapine alone is
not fully effective.

The most common side effects of ECT are memory
disturbance and headache. Memory loss or confusion is
usually related to the number and frequency of
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Table 25–9. Antidepressant drug interactions with other
medications (listed in alphabetical order within classes).

Medication Effects

Tricyclic and Other Non-MAOI Antidepressants

Antacids Decreased absorption of antidepressants

Anticoagulants Increased hypoprothrombinemic effect

Cimetidine Increased antidepressant blood levels
and psychosis

Clonidine Decreased antihypertensive effect

Digitalis Increased incidence of heart block

Disulfiram Increased antidepressant blood levels

Haloperidol Increased antidepressant levels

Insulin Decreased blood sugar

Lithium Increased lithium levels with fluoxetine

Methyldopa Decreased antihypertensive effect

Other anticholinergic
medications

Marked anticholinergic responses

Phenytoin Increased blood levels

Procainamide Decreased ventricular conduction

Procarbazine Hypertensive crisis

Propranolol Increased hypotension

Quinidine Decreased ventricular conduction

Rauwolfia derivatives Increased stimulation

Sedatives Increased sedation

Sympathomimetic
medications

Increased vasopressor effect

Terfenadine,1

astemizole,1 cisapride1

Torsades de pointes

MAOIs

Antihistamines Increased sedation

Belladonna-like
medications

Increased blood pressure

Dextromethorphan Same as meperidine

Guanethidine Decreased blood pressure

Insulin Decreased blood sugar

Levodopa Increased blood pressure

Meperidine Increased agitation, serotonin
syndrome, death

Methyldopa Decreased blood pressure

Pseudoephedrine Hypertensive crisis (increased blood
pressure)

Reserpine Increased blood pressure/
hypertensive crisis

Succinylcholine Increased neuromuscular blockade

Sulfonylureas Decreased blood sugar

Sympathomimetic
medications

Increased blood pressure/hypertensive
crisis

SSRIs, SNRIs, triptans Serotonin syndrome, death

1Terfenadine, astemizole, and cisapride are not commercially avail-
able in the United States.
MAOIs, monoamine oxidase inhibitors; SNRIs, serotonin norepineph-
rine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors.

ECT treatments and proper oxygenation during treatment.
Unilateral ECT is associated with less memory loss than bilat-
eral ECT. Both anterograde and retrograde memory loss may
occur, but short-term anterograde memory loss is more com-
mon. While some memory deficits may persist, memory loss
tends to improve in a few weeks after the last ECT treatment.

Increased intracranial pressure is a contraindication.
Other problems such as cardiac disorders, aortic aneurysms,
bronchopulmonary disease, and venous thrombosis must be
evaluated in light of the severity of the medical problem
versus the need for ECT. Serious complications arising from
ECT occur in less than 1 in 1000 cases. Most of these prob-
lems are cardiovascular or respiratory in nature (eg, aspira-
tion of gastric contents, arrhythmias, myocardial infarction).
Poor patient understanding and lack of acceptance of the
technique by the public are some of the biggest obstacles to
the use of ECT.

9. Phototherapy—Phototherapy is used in major depression
with seasonal onset. It consists of indirect eye exposure to a
light source of greater than 2500 lux for 2 hours daily or
10,000 lux for 20 minutes daily to increase the photoperiod of
the day. Light visors are an adaptation that provides greater
mobility and an adjustable light intensity but may not be as
effective. The dosage varies, with some patients requiring
morning and night exposure. One effect is alteration of bio-
rhythm through melatonin mechanisms.

10. Repetitive transcranial magnetic stimulation—Repetitive
transcranial magnetic stimulation (rTMS) is used to treat
nonpsychotic treatment-resistant depression and involves
the application of electromagnetic pulses to the dorsolateral
prefrontal cortex. Its use in depression is approved by the
FDA for individuals who have not tolerated or responded to
at least one or more standard antidepressant medications. It
is usually delivered in a course of 30 sessions over 6 weeks.
rTMS neither requires general anesthesia nor is it associated
with cognitive side effects. Several meta-analyses have dem-
onstrated that in nonpsychotic depression, rTMS is noninfe-
rior to ECT. There is a small risk of seizure (1:30,000 in post
market research), and this is due primarily to operator error.
The most common side effects are scalp sensitivity under the
coil and transient headache.

11. Other treatments—Vagus nerve stimulation has
shown promise in about one-third of extremely refractory
cases and is approved by the FDA but has not been
approved by insurers. Data have demonstrated that the
effects plateau around 18 months to 2 years and are durable
at 5 years. Deep brain stimulation continues to be explored
for the treatment of refractory depression but two multisite
randomized controlled studies in two separate targets (sub-
genual cingulate and ventral capsule/ventral striatum) have
not shown success to date. There has been one successful
trial but the study methodology was a derivation of the
traditional randomized controlled trial. This is still consid-
ered an experimental approach, and the appropriate target
and methodology are unknown.

B. Psychological

It is often challenging to engage an individual in penetrat-
ing psychotherapeutic endeavors during the acute stage of
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a severe depression. While medications may be taking
effect, a supportive and behavioral approach to strengthen
existing coping mechanisms and appropriate consideration
of the patient’s continuing need to function at work, to
engage in recreational activities, etc, are necessary as the
severity of the depression lessens. Therapy during or just
after the acute stage may focus on coping techniques, with
some practice of alternative choices. Depression-specific
psychotherapies help improve self-esteem, increase asser-
tiveness, and lessen dependency. Interpersonal psycho-
therapy for depression has shown efficacy in the treatment
of acute depression, helping patients master interpersonal
stresses and develop new coping strategies. Cognitive
behavioral therapy for depression addresses patients’ pat-
terns of negative thoughts, called cognitive distortions,
which lead to feelings of depression and anxiety. Treatment
usually includes homework assignments such as keeping a
journal of cognitive distortions and of positive responses to
them. The combination of medication therapy plus interper-
sonal psychotherapy or cognitive behavioral therapy is gener-
ally more effective than either modality alone. It is sometimes
helpful to involve the spouse or other significant family
members early in treatment. Mindfulness-based cognitive
therapy has reduced relapse rates in several randomized
controlled trials. In two studies, it was as effective as main-
tenance medication in preventing relapse. This therapy
incorporates meditation and teaches patients to distance
themselves from depressive thinking.

C. Social

Flexible use of appropriate social services can be of major
importance in the treatment of depression. Since alcohol
abuse is often associated with depression, early involvement
in alcohol treatment programs such as Alcoholics Anony-
mous can be important to future success (see Alcohol Use
Disorder [Alcoholism]). The structuring of daily activities
during severe depression is often quite difficult for the
patient, and loneliness is often a major factor. The help of
family, employer, or friends is often necessary to mobilize
the patient who experiences no joy in daily activities and
tends to remain uninvolved and to deteriorate. Insistence
on sharing activities will help involve the patient in simple
but important daily functions. In some severe cases, the
use of day treatment centers or support groups of a specific
type (eg, mastectomy groups) is indicated. It is not unusual
for a patient to have multiple legal, financial, and vocational
problems requiring legal and vocational assistance.

D. Behavioral

When depression is a function of self-defeating coping
techniques such as passivity, the role-playing approach can
be useful. Behavioral techniques, including desensitization,
may be used in problems such as phobias where depression
is a by-product. When depression is a regularly used inter-
personal style, behavioral counseling to family members or
others can help in extinguishing the behavior in the
patient. Behavioral activation, a technique of motivating
depressed patients to begin engaging in pleasurable activi-
ties, has been shown to be a useful depression-specific
psychotherapy. Exercise, especially aerobic and supervised

by exercise professionals, has evidence in improving
depressive symptoms.

» Treatment of Bipolar Disorder,
Manic & Depressive Episodes

Acute manic or hypomanic symptoms will respond to the
mood stabilizers lithium or valproic acid after several days of
treatment. Antipsychotics may be used as well for mania.
High-potency benzodiazepines (eg, clonazepam) may also be
useful adjuncts in managing the agitation and sleep distur-
bance that are features of manic and hypomanic episodes.

A. Antipsychotics

Acute manic symptoms may be treated initially with a
second-generation antipsychotic such as olanzapine, (eg,
5–20 mg orally), risperidone (2–3 mg orally), or aripipra-
zole (15–30 mg) in conjunction with a benzodiazepine if
indicated. Alternatively, when behavioral control is imme-
diately necessary, olanzapine in an injectable form (2.5–10 mg
intramuscularly) or haloperidol, 5–10 mg orally or intra-
muscularly repeated as needed until symptoms subside,
may be used. The dosage of the antipsychotic may be gradu-
ally reduced after lithium or another mood stabilizer is
started. Olanzapine, quetiapine, ziprasidone, aripiprazole,
and the long-acting injectable risperidone are approved as
maintenance treatments for bipolar disorder to prevent
subsequent cycles of both mania and depression.

B. Valproic Acid

Valproic acid (divalproex) is a first-line treatment for mania.
This issue is particularly important in AIDS or other medi-
cally ill patients prone to dehydration or malabsorption with
wide swings in serum lithium levels. Valproic acid has also
been used effectively in panic disorder and migraine head-
ache. Treatment is often started at a dose of 750 mg/day
orally, and dosage is then titrated to achieve therapeutic
serum levels. Oral loading in acutely manic bipolar patients
in an inpatient setting (initiated at a dosage of 20 mg/kg/day)
can safely achieve serum therapeutic levels in 2–3 days. Con-
comitant use of aspirin may increase valproate levels, carba-
mazepine or phenytoin may decrease valproate levels, while
warfarin levels may be elevated by valproate. Gastrointestinal
symptoms and weight gain are the main side effects. Liver
enzyme biochemical tests, complete blood counts, glucose
levels, and weight should be monitored at 2 weeks, 4 weeks,
and 3 months initially and annually or more frequently
thereafter based on clinical judgment. Significant teratogenic
effects are a concern so pregnancy should be ruled out prior
to initiation. In utero exposure to valproate has been associ-
ated with adversely affecting neural tube development in the
fetus and there is an FDA warning to that effect. Thus, alter-
natives to valproate should be considered in women of child-
bearing years who might become pregnant.

C. Lithium

Lithium significantly decreases the frequency and severity of
both manic and depressive attacks in about 50–70% of patients
and is FDA approved for maintenance and manic episodes.
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In addition to its use in bipolar disorder, lithium is
sometimes useful in the prophylaxis of recurrent unipolar
depressions (perhaps undiagnosed bipolar disorder) and in
lowering the risk of suicide. Lithium may ameliorate non-
specific aggressive behaviors and dyscontrol syndromes.
Many patients with bipolar disease can be managed long-
term with lithium alone, although some will require contin-
ued or intermittent use of an antipsychotic or lamotrigine
to help prevent depressive episodes. An excellent resource
for information is the Lithium Information Center, https://
www.uwhealth.org/health/topic/multum/lithium/
d00061a1.html.

Before treatment, the clinical workup should include a
medical history and physical examination; complete blood
count; T

4
, thyroid-stimulating hormone, blood urea nitro-

gen (BUN), serum creatinine, and serum electrolyte deter-
minations; urinalysis; and electrocardiography (in patients
over age 45 or with a history of cardiac disease).

1. Dosage—The common starting dosage of lithium car-
bonate is 300–900 mg daily, with trough blood levels mea-
sured after 4–5 days of treatment. A slow release form or
units of different dosage may be used. Lithium citrate is
available as a syrup. The dosage is that required to maintain
blood levels in the therapeutic range. For acute manic epi-
sodes, this ranges from 0.8 mEq/L to 1.2 mEq/L. Although
there is controversy about the optimal long-term mainte-
nance dose, many clinicians reduce the acute level to
0.6–1 mEq/L in order to reduce side effects. The dose
required to meet this need will vary in different individu-
als. Augmentation of antidepressants is usually achieved
with lower blood levels. Once-a-day dosage is acceptable.

Lithium is readily absorbed, with peak serum levels
occurring within 1–3 hours and complete absorption in
8 hours. Half of the total body lithium is excreted in
18–24 hours (95% in the urine). Blood for lithium levels
should be drawn 12 hours after the last dose. Serum levels
should be measured 4–7 days after initiation of treatment
and changes in dose. For maintenance treatment, lithium
levels should be monitored initially every 1–2 months but
may be measured every 6–12 months in stable, long-term
patients. Levels should be monitored more closely when
there is any condition that causes volume depletion (eg, diar-
rhea, dehydration, use of diuretics).

2. Side effects—Early side effects, including mild gastro-
intestinal symptoms (take lithium with food and in divided
doses), fine tremors (treat with propranolol, 20–60 mg/day
orally, only if persistent), slight muscle weakness, and some
degree of somnolence, can occur and are usually transient.
Moderate polyuria (reduced renal responsiveness to ADH)
and polydipsia (associated with increased plasma renin
concentration) are often present. Potassium administration
can blunt this effect, as may once-daily dosing of lithium.
Weight gain (often a result of calories in fluids taken for
polydipsia) and leukocytosis not due to infection can occur.

Thyroid side effects include goiter (3%; often euthy-
roid) and hypothyroidism (10%; concomitant administra-
tion of lithium and iodide or lithium and carbamazepine
enhances the hypothyroid and goitrogenic effect of either
medication). Most clinicians treat lithium-induced

hypothyroidism (more common in women) with thyroid
hormone while continuing lithium therapy. Changes in the
glucose tolerance test toward a diabetes-like curve, nephro-
genic diabetes insipidus (usually resolving about 8 weeks
after cessation of lithium therapy), nephrotic syndrome,
edema, folate deficiency, and pseudotumor cerebri (oph-
thalmoscopy is indicated if there are complaints of head-
ache or blurred vision) can occur. Thyroid and kidney
function should be checked at 4- to 6-month intervals.
Hypercalcemia and elevated parathyroid hormone levels
occur in some patients. Electrocardiographic abnormalities
(principally T wave flattening or inversion) may occur dur-
ing lithium administration but are not of major clinical
significance. Sinoatrial block may occur, particularly in the
elderly. Other medications that prolong intraventricular
conduction, such as TCAs, must be used cautiously in con-
junction with lithium. Lithium impairs ventilatory function
in patients with airway obstruction. Lithium alone does not
have a significant effect on sexual function, but when com-
bined with benzodiazepines (clonazepam in most symp-
tomatic patients), it causes sexual dysfunction in about 50%
of men. Lithium may precipitate or exacerbate psoriasis in
some patients and can also cause acne. Most of these side
effects subside when lithium is discontinued; when residual
side effects exist, they are usually not serious.

Side effects from long-term lithium therapy include
the development of cogwheel rigidity and, occasionally,
other extrapyramidal signs. Lithium potentiates the parkin-
sonian effects of haloperidol. Lithium-induced delirium
with therapeutic lithium levels is an infrequent complica-
tion usually occurring in the elderly and may persist for
several days after serum levels have become negligible.
Encephalopathy has occurred in patients receiving com-
bined lithium and antipsychotic therapy and in those who
have cerebrovascular disease, thus requiring careful evalua-
tion of patients who develop neurotoxic signs at subtoxic
blood levels.

Some reports have suggested that the long-term use of
lithium may have adverse effects on kidney function (with
interstitial fibrosis, tubular atrophy, or nephrogenic diabetes
insipidus). Persistent polyuria should require an investiga-
tion of the kidney’s ability to concentrate urine. A rise in
serum creatinine levels is an indication for in-depth evalua-
tion of kidney function and consideration of alternative
treatments if the individual can tolerate a change. Inconti-
nence has been reported in women, apparently related to
changes in bladder cholinergic-adrenergic balance.

Prospective studies suggest that the overall risk imposed
by lithium in pregnancy may be overemphasized. However,
lithium exposure in early pregnancy does minimally
increase the frequency of rare congenital anomalies, nota-
bly Ebstein and other major cardiovascular anomalies. For
women who take psychotropic medications who become
pregnant, the decision to make a change in medication is
complex and requires informed consent regarding the rela-
tive risks to the patient and fetus. Indeed, the risk of
untreated bipolar disorder carries its own risks for preg-
nancy. Mothers who take lithium should use formula to
feed their newborn, since concentration in breast milk is
one-third to half that in serum.
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Frank toxicity usually occurs at blood lithium levels
greater than 2 mEq/L. Because sodium and lithium are
reabsorbed at the same loci in the proximal renal tubules,
any sodium loss (diarrhea, use of diuretics, or excessive
perspiration) increases lithium levels. Symptoms and signs
include vomiting and diarrhea, the latter exacerbating the
problem since more sodium is lost and more lithium is
absorbed. Other symptoms and signs, some of which may
not be reversible, include tremors, marked muscle weak-
ness, confusion, dysarthria, vertigo, choreoathetosis, ataxia,
hyperreflexia, rigidity, lack of coordination, myoclonus,
seizures, opisthotonos, and coma. Toxicity is more severe
in the elderly, who should be maintained on slightly lower
serum levels. Lithium overdosage may be accidental or
intentional or may occur because of poor monitoring. Sig-
nificant overdoses of lithium are typically managed with
hemodialysis since the medication is excreted completely
by the kidneys.

See Chapter 38 for the treatment of patients with mas-
sive ingestions of lithium or blood lithium levels greater
than 2.5 mEq/L.

3. Drug interactions—Patients receiving lithium should
use diuretics with caution and only under close medical
supervision. The thiazide diuretics cause increased lith-
ium reabsorption from the proximal renal tubules, result-
ing in increased serum lithium levels (Table 25–10), and
adjustment of lithium intake must be made to compensate
for this. Reduce lithium dosage by 25–40% when the
patient is receiving 50 mg of hydrochlorothiazide daily.
Potassium-sparing diuretics (spironolactone, amiloride,

triamterene) may also increase serum lithium levels and
require careful monitoring of lithium levels. Loop diuretics
(furosemide, ethacrynic acid, bumetanide) do not appear
to alter serum lithium levels. Concurrent use of lithium
and angiotensin-converting enzyme inhibitors requires a
50–75% reduction in lithium intake, as does prolonged
concurrent use of nonsteroidal anti-inflammatory
medication.

D. Carbamazepine

Carbamazepine is used in the treatment of bipolar patients
who cannot be satisfactorily treated with lithium (nonre-
sponsive, excessive side effects, or rapid cycling). It is often
effective at 800–1600 mg/day orally. It has also been used
in the treatment of trigeminal neuralgias and alcohol with-
drawal as well as in patients with behavioral dyscontrol. It
has been used to treat residual symptoms in previous
stimulant abusers (eg, PTSD with impulse control prob-
lems). Dose-related side effects include sedation and
ataxia. Dosages start at 400–600 mg orally daily and are
increased slowly to therapeutic levels. Skin rashes and a
mild reduction in white count are common. SIADH occurs
rarely. Nonsteroidal anti-inflammatory medications
(except aspirin), the antibiotics erythromycin and isonia-
zid, the calcium channel blockers verapamil and diltiazem
(but not nifedipine), fluoxetine, propoxyphene, and cimeti-
dine all increase carbamazepine levels. Carbamazepine can
be effective in conjunction with lithium, although there
have been reports of reversible neurotoxicity with the com-
bination. Carbamazepine stimulates hepatic microsomal
enzymes and so tends to decrease levels of haloperidol and
oral contraceptives. It also lowers T

4
, free T

4
, and T

3
levels.

Cases of fetal malformation (particularly spina bifida) have
been reported along with growth deficiency and develop-
mental delay. Liver biochemical tests and complete blood
counts should be monitored in patients taking carbamaze-
pine. Genetic studies suggest that screening for the HLA-
B1502 allele in the Han Chinese population and the
HLA-A3101 allele in northern Europeans may help target
individuals more susceptible to a serious rash. Oxcarbaze-
pine, a derivative of carbamazepine, does not appear to
induce its own metabolism, and is associated with fewer
drug interactions, although it may impose a higher risk of
hyponatremia. FDA-approved for partial seizures, oxcar-
bazepine may have efficacy in acute mania. It appears to be
a safer alternative to carbamazepine due to its lower risk of
hepatotoxicity.

E. Lamotrigine

Lamotrigine is thought to inhibit neuronal sodium chan-
nels and the release of the excitatory amino acids, gluta-
mate and aspartate. It is FDA-approved for the maintenance
treatment of bipolar disorder. Two double-blind studies
support its efficacy in the treatment of acute bipolar
depression as adjunctive therapy or as monotherapy, but
several other controlled studies failed to demonstrate ben-
efit. Likewise, lamotrigine has not proven effective in the
management of acute mania. Its metabolism is inhibited
by coadministration of valproic acid—doubling its

Table 25–10. Lithium interactions with other medica-
tions (listed in alphabetical order).

Medication Effects

ACE inhibitors ↑ Lithium levels

Celecoxib ↑ Lithium levels

Fluoxetine ↑ Lithium levels

Ibuprofen ↑ Lithium levels

Indomethacin ↑ Lithium levels

Methyldopa Rigidity, mutism, fascicular

twitching

Osmotic diuretics (urea, mannitol) ↑ Lithium excretion

Phenylbutazone ↑ Lithium levels

Potassium-sparing diuretics

(spironolactone, amiloride,

triamterene)

↑ Lithium levels

Sodium bicarbonate ↑ Lithium excretion

Succinylcholine ↑ Duration of action of

succinylcholine

Theophylline, aminophylline ↑ Lithium excretion

Thiazide diuretics ↑ Lithium levels

Valproic acid ↓ Lithium levels

ACE, angiotensin-converting enzyme.
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half-life—and accelerated by hepatic enzyme-inducing
agents such as carbamazepine. More frequent mild side
effects include headache, dizziness, nausea, and diplopia.
Rash occurring in 10% of patients may be an indication for
immediate cessation of dosing, since lamotrigine has been
associated with Stevens-Johnson syndrome (1:1000) and,
rarely, toxic epidermal necrolysis. The medication should
be stopped for a rash associated with systemic symptoms
including fever, lymphadenopathy, and oral mucosa ulcer-
ations, and the patient sent to an emergency department.
Any new rash associated with lamotrigine use should be
evaluated by a dermatologist. Dosing starts at 25–50 mg/day
orally and is titrated upward slowly to decrease the likeli-
hood of rash. Slower titration and a lower total dose are
indicated for patients taking valproic acid.

» Prognosis

Most depressive episodes are usually time-limited, and the
prognosis with treatment is good if a pathologic pattern of
adjustment does not intervene. Major affective disorders
frequently respond well to a full trial of medication treat-
ment. However, at least 20% of patients will have a more
chronic illness lasting 2 or more years. Many patients do
not sustain a complete remission of symptoms and most
depressive episodes recur. At least 80% of patients who have
a single major depressive episode will have one or more
recurrences within 15 years of the index episode. Many
patients, therefore, require long-term maintenance therapy
with antidepressants.

Mania has a good prognosis with adequate treatment,
although patient adherence to treatment is often quite
challenging. Few effective medications exist for bipolar
depression, which include quetiapine, lurasidone, caripra-
zine, and the combination of fluoxetine and olanzapine.
Many patients with bipolar disorder require treatment with
two or more medications such as lithium, antipsychotics,
and sleeping agents. Breakthrough manic or depressive
episodes are common, even with adherence to mainte-
nance treatments, although maintenance therapy lessens
the risk of recurrent episodes.

Bueno-Notivol J et al. Prevalence of depression during the COVID-
19 outbreak: a meta-analysis of community-based studies. Int J
Clin Health Psychol. 2021;21:100196. [PMID: 32904715]

Cipriani A et al. Comparative efficacy and acceptability of 21 anti-
depressant drugs for the acute treatment of adults with major
depressive disorder: a systematic review and network meta-
analysis. Lancet. 2018;391:1357. [PMID: 29477251]

Daly EJ et al. Efficacy and safety of intranasal esketamine adjunc-
tive to oral antidepressant therapy in treatment-resistant depres-
sion: a randomized clinical trial. JAMA Psychiatry. 2018;75:139.
[PMID: 29282469]

Furukawa TA et al. Optimal dose of selective serotonin reuptake
inhibitors, venlafaxine, and mirtazapine in major depression: a
systematic review and dose-response meta-analysis. Lancet
Psychiatry. 2019;6:601. [PMID: 31178367]

Leader LD et al. Brexanolone for postpartum depression: clinical
evidence and practical considerations. Pharmacotherapy.
2019;39:1105. [PMID: 31514247]

Molero P et al. Antidepressant efficacy and tolerability of ketamine
and esketamine: a critical review. CNS Drugs. 2018;32:411.
[PMID: 29736744]

ATTENTION-DEFICIT/HYPERACTIVITY
DISORDER

E S S E N T I A L S  O F  D I A G N O S I S

» Persistent patterns of inability to sustain attention,
excessive motor activity/restlessness/impulsivity,
or both.

» Symptoms interfere with daily functioning.

» Symptoms began prior to age 12 and in at least
two settings (ie, school/work, home, with friends/
family).

» Clinical Findings

While attention-deficit/hyperactivity disorder (ADHD)
begins in childhood, symptoms persist into adulthood in
approximately two-thirds of patients, with half of those still
requiring medication to aid in their functioning. The
prevalence of ADHD in adults is estimated to be 4–5%.
ADHD is never diagnosed in some patients during child-
hood because they may not have presented for assessment
at that time or were able to compensate for symptoms at the
time. The specific presenting symptoms in adulthood tend to
be inattention, restlessness, and impulsivity, whereas hyper-
activity has often improved. At least five inattention symp-
toms (such as making careless mistakes, being easily
sidetracked, trouble keeping deadlines or with organiza-
tion, losing belongings, being forgetful in daily chores/
tasks) are required to meet criteria for this subtype of
ADHD, or five hyperactivity/impulsivity symptoms (such
as feeling restless and leaving a seat though expected to
remain, feeling “driven by a motor,” interrupting others,
cannot wait his or her turn) for this subtype. It is often use-
ful to have patients provide questionnaires to other adult
observers, including those who knew them during child-
hood, such as parents. This collateral data can help prevent
diagnosing ADHD in someone who is seeking stimulants
but without symptomatology as well as aid in making the
diagnosis, since evidence shows that many adults who do
have ADHD often underreport symptoms.

» Treatment

A. Pharmacologic

Stimulants such as methylphenidate and amphetamine are
the most effective treatment, with some of the largest effect
sizes for medication treatment in psychiatric disorders.
These come in both short-acting and long-acting formula-
tions. Caution should be used to assess for potential sub-
stance abuse or diversion as well as for comorbid mood
disorders that may not respond well to a stimulant prior to
prescribing these medications. Atomoxetine, a nonstimu-
lant, is a second-line agent that is FDA-approved for
ADHD; it affects norepinephrine and dopamine transport
and makes more of these neurotransmitters available in the
brain. Bupropion has evidence of efficacy as well and may
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be considered in patients in whom a stimulant is contrain-
dicated or in those who also suffer from major depression.
Desipramine, a tricyclic antidepressant, also can be effec-
tive for ADHD and may be considered in patients who
have additional needs, such as a concomitant depression or
neuropathic pain. Guanfacine and clonidine are two addi-
tional nonstimulant medications used primarily to treat
blood pressure but with some efficacy in ADHD as well.

B. Behavioral and Other Treatments

Psychoeducation regarding ADHD should be given to all
patients. Many patients are able to implement behavioral
changes that either improve their functioning, such as cre-
ating calendars and organizational schemes or doing tasks
in multiple timed short spurts, or can help them avoid tasks
that are challenging for them in favor of complementary
tasks they are more suited to (ie, selecting jobs that value
more activity rather than sustained focus, or sharing in the
chores at home that do not require attention to detail).
Cognitive behavioral therapy has some evidence for help-
ing residual symptoms after medication management has
been optimized.

Cortese S et al. Comparative efficacy and tolerability of medica-
tions for attention-deficit hyperactivity disorder in children,
adolescents, and adults: a systematic review and network
meta-analysis. Lancet Psychiatry. 2018;5:727. [PMID:
30097390]

Nageye F et al. Beyond stimulants: a systematic review of
randomised controlled trials assessing novel compounds for
ADHD. Expert Rev Neurother. 2019;19:707. [PMID:
31167583]

AUTISM SPECTRUM DISORDERS

E S S E N T I A L S  O F  D I A G N O S I S

» Persistent issues with social communication and
interactions.

» Repetitive behaviors, interests, or activities.

» Symptoms interfere with functioning.

» May or may not have accompanying language or
intellectual impairment.

» Clinical Findings

Autism spectrum disorder is a neurodevelopmental disor-
der in which patients suffer from pervasive difficulties with
social communication and have repetitive, restricted inter-
ests and behaviors. Autism spectrum disorder affects
about 1% of the adult population with an estimated heri-
tability of about 90%. Approximately 20–30% of individu-
als in whom autism is diagnosed also have a substance use
problem as well as a higher risk of ADHD and mood or
obsessive-compulsive disorders. The National Institute of
Health and Care Excellence (NICE) guidelines recommend
that assessment of autism spectrum disorder should be a

comprehensive and multidisciplinary approach that
includes asking about core autism spectrum disorder dif-
ficulties, early development, medical and family history,
behavior, education, employment, needs assessment, risks,
physical examination with potential laboratory testing, and
feedback to the individual.

» Treatment

No treatments for the core symptoms of autism spectrum
disorder in adults have been validated. Two antipsychotics,
risperidone and paliperidone, are approved for treating
irritability in patients with autism spectrum disorders.
These antipsychotics can help with some of the behavioral
symptoms of autism but also carry a risk of metabolic side
effects and extrapyramidal symptoms. There is some evi-
dence for therapy, such as applied behavioral analysis, to
address social cognitions and behaviors. Use of repetitive
transcranial magnetic stimulation and vasopressin for the
treatment of autism spectrum disorder are under
investigation.

Howes OD et al. Autism spectrum disorder: consensus guide-
lines on assessment, treatment and research from the British
Association for Psychopharmacology. J Psychopharmacol.
2018;32:3. [PMID: 29237331]

SLEEP-WAKE DISORDERS

Sleep consists of two distinct states as shown by electroen-
cephalographic studies: (1) REM (rapid eye movement)
sleep, also called dream sleep, D state sleep, or paradoxic sleep,
and (2) NREM (non-REM) sleep, also called S stage sleep,
which is divided into stages 1, 2, 3, and 4 and is recognizable
by different electroencephalographic patterns. Stages 3 and
4 are “delta” sleep. Dreaming occurs mostly in REM and to
a lesser extent in NREM sleep.

Sleep is a cyclic phenomenon, with four or five REM
periods during the night accounting for about one-fourth
of the total night’s sleep (1.5–2 hours). The first REM
period occurs about 80–120 minutes after onset of sleep
and lasts about 10 minutes. Later REM periods are longer
(15–40 minutes) and occur mostly in the last several hours
of sleep. Most stage 4 (deepest) sleep occurs in the first
several hours.

Age-related changes in normal sleep include an
unchanging percentage of REM sleep and a marked
decrease in stage 3 and stage 4 sleep, with an increase in
wakeful periods during the night. These normal changes,
early bedtimes, and daytime naps play a role in the
increased complaints of insomnia in older people. Varia-
tions in sleep patterns may be due to circumstances (eg,
“jet lag”) or to idiosyncratic patterns (“night owls”) in
persons who perhaps because of different “biologic
rhythms” habitually go to bed late and sleep late in the
morning. Creativity and rapidity of response to unfamil-
iar situations are impaired by loss of sleep. There are also
rare individuals who have chronic difficulty in adapting
to a 24-hour sleep-wake cycle (desynchronization sleep
disorder), which can be resynchronized by altering expo-
sure to light.
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The three major sleep disorders are discussed below.
Any persistent sleep disorder that is not attributable to
another condition should be evaluated by a sleep specialist.

1. Insomnia

» Classification & Clinical Findings

Patients may complain of difficulty getting to sleep or stay-
ing asleep, intermittent wakefulness during the night, early
morning awakening, or combinations of any of these. Tran-
sient episodes are usually of little significance. Stress, caf-
feine, physical discomfort, daytime napping, and early
bedtimes are common factors.

Psychiatric disorders are often associated with persis-
tent insomnia. Depression is usually associated with frag-
mented sleep, decreased total sleep time, earlier onset of
REM sleep, a shift of REM activity to the first half of the
night, and a loss of slow wave sleep—all of which are non-
specific findings. In manic disorders, a reduced total sleep
time and a decreased need for sleep are cardinal features
and important early sign of impending mania. In addition
to a decreased amount of sleep, manic episodes are charac-
terized by a shortened REM latency and increased REM
activity. Sleep-related panic attacks occur in the transition
from stage 2 to stage 3 sleep in some patients with a longer
REM latency in the sleep pattern preceding the attacks.

Abuse of alcohol may cause or be secondary to the sleep
disturbance. There is a tendency to use alcohol as a means of
getting to sleep without realizing that it disrupts the normal
sleep cycle. Acute alcohol intake produces a decreased sleep
latency with reduced REM sleep during the first half of the
night. REM sleep is increased in the second half of the night,
with an increase in total amount of slow wave sleep (stages 3
and 4). Vivid dreams and frequent awakenings are common.
Chronic alcohol abuse increases stage 1 and decreases REM
sleep (most medications delay or block REM sleep), with
symptoms persisting for many months after the individual
has stopped drinking. Acute alcohol or other sedative with-
drawal causes delayed onset of sleep and REM rebound with
intermittent awakening during the night.

Heavy smoking (more than a pack a day) causes diffi-
culty falling asleep—apparently independently of the often
associated increase in coffee drinking. Excess intake near
bedtime of caffeine, cocaine, and other stimulants (eg,
over-the-counter cold remedies) causes decreased total
sleep time—mostly NREM sleep—with some increased
sleep latency.

Sedative-hypnotics—specifically, the benzodiazepines,
which are the most commonly prescribed medications to
promote sleep—tend to increase total sleep time, decrease
sleep latency, and decrease nocturnal awakening, with vari-
able effects on NREM sleep. Nonbenzodiazepine hypnotics
have similar effects on sleep as do the benzodiazepines,
though some evidence shows improved slow wave sleep
and less residual next-morning somnolence with non-
benzodiazepines, such as zolpidem. Withdrawal causes just
the opposite effects and results in continued use of the
medication for the purpose of preventing withdrawal
symptoms. Antidepressants decrease REM sleep (with
marked rebound on withdrawal in the form of nightmares)

and have varying effects on NREM sleep. The effect on
REM sleep correlates with reports that REM sleep depriva-
tion produces improvement in some depressions.

Persistent insomnias are also related to a wide variety of
medical conditions, particularly delirium, pain, respiratory
distress syndromes, uremia, asthma, thyroid disorders, and
nocturia due to benign prostatic hyperplasia. Sleep apnea
and restless leg movement are described below. Adequate
analgesia and proper treatment of medical disorders will
reduce symptoms and decrease the need for sedatives.

» Treatment

In general, there are two broad classes of treatment for
insomnia, and the two may be combined: psychological
(cognitive-behavioral) and pharmacologic. In situations of
acute distress, such as a grief reaction, pharmacologic mea-
sures may be most appropriate. With primary insomnia,
however, initial efforts should be psychologically based. This
is particularly true in the elderly to avoid the potential
adverse reactions of medications. The elderly population is
at risk for complaints of insomnia because sleep becomes
lighter and more easily disrupted with aging. Medical dis-
orders that become more common with age may also pre-
dispose to insomnia.

A. Psychological

Psychological strategies should include educating the
patient regarding good sleep hygiene: (1) Go to bed only
when sleepy. (2) Use the bed and bedroom only for sleeping
and sex. (3) If still awake after 20 minutes, leave the bed-
room, pursue a restful activity (such as a bath or medita-
tion), and only return when sleepy. (4) Get up at the same
time every morning regardless of the amount of sleep dur-
ing the night. (5) Discontinue caffeine and nicotine, at least
in the evening if not completely. (6) Establish a daily exer-
cise regimen. (7) Avoid alcohol as it may disrupt continuity
of sleep. (8) Limit fluids in the evening. (9) Learn and
practice relaxation techniques. (10) Establish a bedtime rit-
ual and a routine time for going to sleep. Research suggests
that cognitive behavioral therapy for insomnia is as effective
as zolpidem with benefits sustained 1 year after treatment.

B. Pharmacologic

When the above measures are insufficient, medications
may be useful. Lorazepam (0.5 mg orally nightly), temaze-
pam (7.5–15 mg orally nightly), and the nonbenzodiaze-
pine hypnotics zolpidem (5–10 mg orally nightly, with a
limit of 5 mg indicated for women) and zaleplon (5–10 mg
orally nightly) are often effective for the elderly population
and can be given in larger doses—twice what is prescribed
for the elderly—in younger patients. Zaleplon is often used
to treat insomnia characterized by middle-of-the-night
awakening with difficulty falling back to sleep. Eszopiclone
(2–3 mg orally) is similar in action to zolpidem and
zaleplon and has a longer duration of action. A lower dose
of 1 mg is indicated in the elderly or those with hepatic
impairment. It is important to note that short-acting agents
like triazolam or zolpidem may lead to amnestic episodes if
used on a daily ongoing basis. Longer-acting agents such as
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flurazepam (half-life of more than 48 hours) may accumu-
late in the elderly and lead to cognitive slowing, ataxia, falls,
and somnolence. In general, it is appropriate to use medica-
tions for short courses of 1–2 weeks. The medications
described above have largely replaced barbiturates as hyp-
notic agents because of their greater safety in overdose and
their lesser hepatic enzyme induction effects. Antihista-
mines such as diphenhydramine (25 mg orally nightly) or
hydroxyzine (25 mg orally nightly) may also be useful for
sleep, as they produce no pharmacologic dependency; their
anticholinergic effects may, however, produce confusion or
urinary symptoms in the elderly. Trazodone, an atypical
antidepressant, is a non–habit-forming, effective sleep med-
ication in lower than antidepressant doses (25–150 mg
orally at bedtime). Priapism is a rare side effect requiring
emergent treatment. Doxepin, 3–6 mg per night, is a TCA
that is also effective for insomnia. Ramelteon, 8 mg orally at
bedtime, is a melatonin receptor agonist that helps with
sleep onset and does not appear to have abuse potential. It
appears to be safe for ongoing use without the development
of tolerance. Melatonin is used in doses of 3–6 mg. While
melatonin is effective in reducing sleep latency, it is not usu-
ally effective in maintaining sleep. Thus, other strategies or
medications are often required for sleep maintenance.

The dual orexin receptor antagonists (DORAs) class of
hypnotics are approved to help initiate and maintain sleep.
DORAs such as suvorexant and lemborexant may be more
effective than other hypnotics for some patients. However,
the role of DORAs have not been established relative to
other hypnotics and DORAs are more expensive since they
are not generically available. DORAs have shown a signifi-
cant increase in depressive symptoms in a subset of
patients, so other hypnotics may be a better choice in
depressed patients. The dose of suvorexant is 10–20 mg
orally given about 30 minutes before bedtime while lembo-
rexant is typically given in dosages of 5–10 mg daily.

2. Hypersomnias
(Disorders of Excessive Sleepiness)

» Classification & Clinical Findings

A. BreathingRelated Sleep Disorders

Obstructive sleep apnea is by far the most common of the
breathing-related sleep disorders that include central sleep
apnea and sleep-related hypoventilation. Obstructive
sleep apnea hypopnea is characterized by snoring, gasping,
or breathing pauses during sleep and five or more apneas
or hypopneas per hour or evidence by polysomnography.
(See Chapter 9.)

B. Narcolepsy Syndrome

Narcolepsy consists of a tetrad of symptoms: (1) sudden,
brief (about 15 minutes) sleep attacks that may occur dur-
ing any type of activity; (2) cataplexy—sudden loss of
muscle tone involving specific small muscle groups or
generalized muscle weakness that may cause the person to
slump to the floor, unable to move, often associated with

emotional reactions and sometimes confused with seizure
disorder; (3) sleep paralysis—a generalized flaccidity of
muscles with full consciousness in the transition zone
between sleep and waking; and (4) hypnagogic hallucina-
tions, visual or auditory, which may precede sleep or occur
during the sleep attack. The attacks are characterized by an
abrupt transition into REM sleep—a necessary criterion for
diagnosis. The disorder begins in early adult life, affects
both sexes equally, and usually levels off in severity at about
30 years of age.

REM sleep behavior disorder, characterized by motor
dyscontrol and often violent dreams during REM sleep,
may be related to narcolepsy.

C. KleineLevin Syndrome

This syndrome, which occurs mostly in young men, is
characterized by hypersomnic attacks three or four times a
year lasting up to 2 days, with hyperphagia, hypersexuality,
irritability, and confusion on awakening. It has often been
associated with antecedent neurologic insults. It usually
remits after age 40.

D. Periodic Limb Movement Disorder

Periodic lower leg movements occur only during sleep
with subsequent daytime sleepiness, anxiety, depression,
and cognitive impairment. Restless leg syndrome includes
movements while awake as well.

E. Shift Work Sleep Disorder

Shift work sleep disorder occurs when there is excessive
fatigue as a consequence of work occurring during the
normal sleep period.

» Treatment

Narcolepsy can be managed by daily administration of a
stimulant such as dextroamphetamine sulfate, 10 mg orally
in the morning, with increased dosage as necessary.
Modafinil and its enantiomer armodafinil are schedule IV
medications FDA-approved for treating the excessive day-
time fatigue of narcolepsy, sleepiness associated with
obstructive sleep apnea, as well as for shift work sleep disor-
der. Usual dosing is 200–400 mg orally each morning for
modafinil and 150–250 mg orally in the morning for
armodafinil. The exact mechanism of action of modafinil
and armodafil is unknown, yet they are thought to be less of
an abuse risk than stimulants that are primarily dopaminer-
gic. Common side effects include headache and anxiety;
however, modafinil appears to be generally well tolerated.
Modafinil may reduce the efficacy of cyclosporine, oral con-
traceptives, and other medications by inducing their hepatic
metabolism. Imipramine, 75–100 mg orally daily, has been
effective in treatment of cataplexy but not narcolepsy.

Periodic limb movement disorder and REM sleep
behavior disorder can be treated with clonazepam with
variable results. There is no treatment for Kleine-Levin
syndrome, although lithium can prevent recurrences in
some.
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Treatment of sleep apnea is discussed in Chapter 9.

3. Parasomnias
(Abnormal Behaviors during Sleep)

These disorders (sleep terror, nightmares, sleepwalking, and
enuresis) are fairly common in children but less so in adults.

Espie CA et al. Effect of digital cognitive behavioral therapy for
insomnia on health, psychological well-being, and sleep-
related quality of life: a randomized clinical trial. JAMA Psy-
chiatry. 2019;76:21. [PMID: 30264137]

Krystal AD et al. The assessment and management of insomnia:
an update. World Psychiatry. 2019;18:337. [PMID: 31496087]

DISORDERS OF AGGRESSION

Aggression and violence are symptoms rather than diseases,
and most frequently they are not necessarily associated with
an underlying medical condition. Clinicians are unable to
predict dangerous behavior with greater than chance accu-
racy. Depression, schizophrenia, personality disorders,
mania, paranoia, temporal lobe dysfunction, and organic
mental states may be associated with acts of aggression.
Impulse control disorders are characterized by physical
abuse (usually of the aggressor’s domestic partner or chil-
dren), by pathologic intoxication, by impulsive sexual activi-
ties, and by reckless driving. Anabolic steroid usage by
athletes has been associated with increased tendencies
toward violent behavior.

In the United States, a significant proportion of all vio-
lent deaths are alcohol related. The ingestion of even small
amounts of alcohol can result in pathologic intoxication that
resembles an acute organic mental condition. Amphet-
amines, crack cocaine, and other stimulants are frequently
associated with aggressive behavior. Phencyclidine is a drug
commonly associated with violent behavior that is occasion-
ally of a bizarre nature, partly due to lowering of the pain
threshold. Domestic violence and rape are much more wide-
spread than previously recognized. Awareness of the prob-
lem is to some degree due to increasing recognition of the
rights of women and the understanding by women that they
do not have to accept abuse. Acceptance of this kind of
aggressive behavior inevitably leads to more, with the ulti-
mate aggression being murder—20–50% of murders in the
United States occur within the family. Police are called more
for domestic disputes than all other criminal incidents com-
bined. Children living in such family situations frequently
become victims of abuse.

Features of individuals who have been subjected to long-
term physical or sexual abuse are as follows: trouble express-
ing anger, staying angry longer, general passivity in
relationships, feeling “marked for life” with an accompany-
ing feeling of deserving to be victimized, lack of trust, and
dissociation of affect from experiences. They are prone to
express their psychological distress with somatization symp-
toms, often pain complaints. They may also have symptoms
related to posttraumatic stress, as discussed above. The clini-
cian should be suspicious about the origin of any injuries not
fully explained, particularly if such incidents recur.

» Treatment

A. Psychological

Management of any acutely potentially violent individual
includes appropriate psychological maneuvers. Move
slowly, talk slowly with clarity and reassurance, and evaluate
the situation. Strive to create a setting that is minimally
disturbing, and eliminate people or things threatening to
the violent individual. Do not threaten and do not touch or
crowd the person. Allow no weapons in the area (an
increasing problem in hospital emergency departments).
Proximity to a door is comforting to both the patient and
the examiner. Use a negotiator who the violent person can
relate to comfortably. Food and drink are helpful in defus-
ing the situation (as are cigarettes for those who smoke).
Honesty is important. Make no false promises, bolster the
patient’s self-esteem, and continue to engage the subject
verbally until the situation is under control. This type of
individual does better with strong external controls to
replace the lack of inner controls over the long term. Close
probationary supervision and judicially mandated restric-
tions can be most helpful. There should be a major effort to
help the individual avoid drug use (eg, Alcoholics Anony-
mous). Victims of abuse are essentially treated as any victim
of trauma and, not infrequently, have evidence of PTSD.

B. Pharmacologic

Pharmacologic means are often necessary whether or not
psychological approaches have been successful. This is
particularly true in the agitated or psychotic patient. The
medications of choice in seriously violent or psychotic
aggressive states are antipsychotics, given intramuscularly
if necessary, every 1–2 hours until symptoms are alleviated.
A number of second-generation intramuscular antipsy-
chotics are FDA approved in the management of acute
agitation, and include aripiprazole (9.75 mg/1.3 mL), zipra-
sidone (10 mg/0.5 mL), and olanzapine (10 mg/2 mL). The
second-generation antipsychotics appear less likely than
first-generation medications like haloperidol (2.5–5 mg) to
cause acute extrapyramidal symptoms. However, the sec-
ond-generation medications appear no more effective than
first-generation medications and generally are more expen-
sive. Benzodiazepine sedatives (eg, diazepam, 5 mg orally
or intravenously every several hours) can be used for mild
to moderate agitation, but are sometimes associated with a
disinhibition of aggressive impulses similar to alcohol.
Chronic aggressive states, particularly in patients with intel-
lectual disabilities and brain damage (rule out causative
organic conditions and medications such as anticholinergic
medications in amounts sufficient to cause confusion),
have been ameliorated with risperidone, 0.5–2 mg/day
orally, propranolol, 40–240 mg/day orally, or pindolol,
5 mg twice daily orally (pindolol causes less bradycardia
and hypotension than propranolol). Carbamazepine and
valproic acid are effective in the treatment of aggression
and explosive disorders, particularly when associated with
known or suspected brain lesions. Lithium and SSRIs are
also effective for some intermittent explosive outbursts.
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Buspirone (10–45 mg/day orally) is helpful for aggression,
particularly in patients with intellectual disabilities.

C. Physical

Physical management is necessary if psychological and
pharmacologic means are not sufficient. It requires the
active and visible presence of an adequate number of per-
sonnel (five or six) to reinforce the idea that the situation is
under control despite the patient’s lack of inner controls.
Such an approach often precludes the need for actual physi-
cal restraint. Seclusion rooms and restraints should be used
only when necessary (ambulatory restraints are an alterna-
tive), and the patient must then be observed at frequent
intervals. Narrow corridors, small spaces, and crowded areas
exacerbate the potential for violence in an anxious patient.

D. Other Interventions

The treatment of victims (eg, battered women) is challeng-
ing and can be complicated by a reluctance to leave the
situation. Reasons for staying vary, but common themes
include the fear of more violence because of leaving, the
hope that the situation may ameliorate (in spite of steady
worsening), and the financial aspects of the situation,
which are seldom to the woman’s advantage. Concerns for
the children often finally compel the woman to seek help.
An early step is to get the woman into a therapeutic situa-
tion that provides the support of others in similar straits.
Al-Anon is frequently a valuable asset when alcohol is a
factor. The group can support the victim while she gathers
strength to consider alternatives without being paralyzed
by fear. Many cities offer temporary emergency centers and
counseling. Use the available resources, attend to any medi-
cal or psychiatric problems, and maintain a compassionate
interest. Some states require clinicians to report injuries
caused by abuse or suspected abuse to police authorities.
See Chapter e6 for detailed discussion.

Lee AH et al. Anger and aggression treatments: a review of meta-
analyses. Curr Opin Psychol. 2018;19:65. [PMID: 29279226]

Nash RP et al. Acute pharmacological management of behav-
ioral and emotional dysregulation following a traumatic brain
injury: a systematic review of the literature. Psychosomatics.
2019;60:139. [PMID: 30665668]

º
SUBSTANCE USE DISORDERS

The term “dependency” was previously used to describe a
severe form of substance abuse and drug addiction charac-
terized by the triad of: (1) a psychological dependence or
craving and the behavior involved in procurement of the
drug; (2) physiologic dependence, with withdrawal symp-
toms on discontinuance of the drug; and (3) tolerance, ie,
the need to increase the dose to obtain the desired effects.
The terms “dependency” and “abuse” were dropped in
DSM-5 in favor of the single term “substance use disorder,”
ranging from mild to severe. Many patients could have a
severe and life-threatening abuse problem without ever
being dependent on a drug. Substance use disorder is a
treatable, chronic medical illness. Clinicians and health care

systems must work against bias toward people with sub-
stance use disorder. Medication-assisted treatment is avail-
able for a number of substance use disorders and is a key
element in their management.

There is accumulating evidence that an impairment
syndrome exists in many former (and current) drug users.
It is believed that drug use produces damaged neurotrans-
mitter receptor sites and that the consequent imbalance
produces symptoms that may mimic other psychiatric ill-
nesses. “Kindling”—repeated stimulation of the brain—
renders the individual more susceptible to focal brain
activity with minimal stimulation. Stimulants and depres-
sants can produce kindling, leading to relatively spontane-
ous effects no longer dependent on the original stimulus.
These effects may be manifested as mood swings, panic,
psychosis, and occasionally overt seizure activity. The
imbalance also results in frequent job changes, partner
problems, and generally erratic behavior. Patients with
PTSD frequently have treated themselves with a variety of
drugs. Chronic abusers of a wide variety of drugs exhibit
cerebral atrophy on CT scans, a finding that may relate to
the above symptoms. Early recognition is important,
mainly to establish realistic treatment programs that are
chiefly symptom-directed.

The clinician faces three problems with substance use
disorders: (1) the prescribing of substances such as seda-
tives, stimulants, or opioids that might produce depen-
dency; (2) the treatment of individuals who have already
misused drugs, most commonly alcohol; and (3) the detec-
tion of illicit drug use in patients presenting with psychiat-
ric symptoms. The usefulness of urinalysis for detection
of drugs varies markedly with different drugs and under
different circumstances (pharmacokinetics is a major fac-
tor) (see also Chapter 5). Water-soluble drugs (eg, alcohol,
stimulants, opioids) are eliminated in a day or so. Lipo-
philic substances (eg, barbiturates, tetrahydrocannabinol)
appear in the urine over longer periods of time: several
days in most cases, 1–2 months in chronic marijuana users.
Sedative drug determinations are quite variable, amount of
drug and duration of use being important determinants.
False-positives can be a problem related to ingestion of
some legitimate medications (eg, phenytoin for barbitu-
rates, phenylpropanolamine for amphetamines, chlor-
promazine for opioids) and some foods (eg, poppy seeds
for opioids, coca leaf tea for cocaine). Manipulations can
alter the legitimacy of the testing. Dilution, either in vivo or
in vitro, can be detected by checking urine-specific gravity.
Addition of ammonia, vinegar, or salt may invalidate the
test, but odor and pH determinations are simple. Hair
analysis can determine drug use over longer periods, par-
ticularly sequential drug-taking patterns. The sensitivity
and reliability of such tests are considered good, and the
method may be complementary to urinalysis.

O’Connor EA et al. Screening and behavioral counseling inter-
ventions to reduce unhealthy alcohol use in adolescents and
adults: updated evidence report and systematic review for the
US Preventive Services Task Force. JAMA. 2018;320:1910.
[PMID: 30422198]
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ALCOHOL USE DISORDER (Alcoholism)

Meshell D. Johnson, MD

E S S E N T I A L S  O F  D I A G N O S I S

» Physiologic dependence as manifested by evi-
dence of withdrawal when intake is interrupted.

» Tolerance to the effects of alcohol.

» Evidence of alcohol-associated illnesses, such as
alcoholic liver disease, cerebellar degeneration.

» Continued drinking despite strong medical and
social contraindications and life disruptions.

» Impairment in social and occupational functioning.

» Depression.

» Blackouts.

» General Considerations

Alcohol use disorder is a syndrome consisting of two
phases: at-risk drinking and moderate to severe alcohol
misuse. At-risk drinking is the repetitive use of alcohol,
often to alleviate anxiety or solve other emotional prob-
lems. A moderate to severe alcohol use disorder is similar
to that which occurs following the repeated use of other
sedative-hypnotics and is characterized by recurrent use
of alcohol despite disruption in social roles (family and
work), alcohol-related legal problems, and taking safety
risks by oneself and with others. The National Institute on
Alcohol Abuse and Alcoholism formally defines at-risk
drinking as more than 4 drinks per day or 14 drinks per
week for men or more than 3 drinks per day or 7 drinks per
week for women. A drink is defined by the Centers for
Disease Control and Prevention (CDC) as 12 oz of beer, 8
oz of malt liquor, 5 oz of wine, or 1.3 oz or a “shot” of
80-proof distilled spirits of liquor. Individuals with at-risk
drinking are at an increased risk for developing or are
developing an alcohol use disorder. Alcohol and other
drug abuse patients have a much higher prevalence of
lifetime psychiatric disorders. While male-to-female
ratios in alcoholic treatment agencies remain at 4:1, there
is evidence that the rates are converging. Women delay
seeking help, and when they do, they tend to seek it in
medical or mental health settings. Adoption and twin
studies indicate some genetic influence. Ethnic distinc-
tions are important—eg, 40% of Japanese have aldehyde
dehydrogenase deficiency and are more susceptible to the
effects of alcohol. Depression is often present and should
be evaluated carefully. The majority of suicides and intra-
family homicides involve alcohol. Alcohol is a major factor
in rapes and other assaults.

There are several screening instruments that may help
identify an alcohol use disorder. One of the most useful is
the Alcohol Use Disorder Identification Test (AUDIT)
(see Table 1–6).

» Clinical Findings

A. Acute Intoxication

The signs of alcoholic intoxication are the same as those of
overdosage with any other central nervous system depres-
sant: drowsiness, errors of commission, psychomotor dys-
function, disinhibition, dysarthria, ataxia, and nystagmus.
For a 70-kg person, an ounce of whiskey, a 4- to 6-oz glass
of wine, or a 12-oz bottle of beer (roughly 15, 11, and
13 grams of alcohol, respectively) may raise the level of
alcohol in the blood by 25 mg/dL. For a 50-kg person, the
blood alcohol level would rise even higher (35 mg/dL) with
the same consumption. Blood alcohol levels below 50 mg/dL
rarely cause significant motor dysfunction (the legal limit
for driving under the influence is commonly 80 mg/dL).
Intoxication as manifested by ataxia, dysarthria, and
nausea and vomiting indicates a blood level greater than
150 mg/dL, and lethal blood levels range from 350 mg/dL
to 900 mg/dL. In severe cases, overdosage is marked by
respiratory depression, stupor, seizures, shock syndrome,
coma, and death. Serious overdoses are frequently due to a
combination of alcohol with other sedatives.

B. Withdrawal

There is a wide spectrum of manifestations of alcohol with-
drawal, ranging from anxiety, decreased cognition, and
tremulousness, through increasing irritability and hyper-
reactivity to full-blown delirium tremens (DTs). Alcohol
withdrawal syndrome can be categorized as mild, moder-
ate, or severe withdrawal, withdrawal seizures, and DTs.
Symptoms of mild withdrawal, including tremor, anxiety,
tachycardia, nausea, vomiting, and insomnia, begin within
6 hours after the last drink, often before the blood alcohol
levels drop to zero, and usually have passed by day 2. Severe
or major withdrawal occurs 48–96 hours after the last
drink and is usually preceded by prolonged heavy alcohol
use. Symptoms include disorientation, agitation, diaphore-
sis, whole body tremor, vomiting, hypertension, and hal-
lucinations (visual > tactile > auditory). Moderate
withdrawal symptoms and signs fall between those of
minor and major withdrawal. Withdrawal seizures can
occur as early as 8 hours after the last drink but usually do
not manifest more than 48 hours after alcohol cessation.
Seizures are more prevalent in persons who have a history
of withdrawal syndromes. These seizures are generalized
tonic-clonic seizures, are brief in duration, and resolve
spontaneously. If withdrawal is untreated, these seizures
can recur in about 60% of patients. DTs will develop in
approximately half of these patients. If seizures are focal,
associated with trauma or fever, or have an onset more
than 48 hours after the last drink, another etiology for
seizures must be considered. DT is the most severe form
of alcohol withdrawal. It is an acute organic psychosis that
usually manifests 48–72 hours after the last drink, but
may occur up to 7–10 days later. It is characterized by
extreme mental confusion, agitation, tremor, diaphoresis,
sensory hyperacuity, visual hallucinations (often of snakes,
bugs, etc), and autonomic hyperactivity (tachycardia and
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hypertension). Complications of DTs include (1) dehydra-
tion, (2) electrolyte disturbances (hypokalemia, hypomag-
nesemia), (3) arrhythmias and seizures, and (4)
cardiovascular collapse and death. The acute withdrawal
syndrome is often unexpected, occurring when the patient
has been hospitalized for an unrelated problem, thus pre-
senting as a diagnostic dilemma. Suspect alcohol with-
drawal in every unexplained delirium. The mortality rate
from DTs, which was upward of 35%, has steadily decreased
with early diagnosis and improved treatment.

In addition to the immediate withdrawal symptoms,
there is evidence of persistent longer-term ones, including
sleep disturbances, anxiety, depression, excitability, fatigue,
and emotional volatility. These symptoms may persist for
3–12 months, and in some cases they become chronic.

C. Alcoholic Organic Hallucinosis

This syndrome occurs either during heavy drinking or on
withdrawal and is characterized by a paranoid psychosis
without the tremulousness, confusion, and clouded senso-
rium seen in withdrawal syndromes. The patient appears
normal except for the auditory hallucinations, which are
frequently persecutory and may cause the patient to behave
aggressively and in a paranoid fashion.

D. Chronic Alcoholic Brain Syndromes

These encephalopathies are characterized by increasing
erratic behavior, memory and recall problems, and emo-
tional instability—the usual signs of organic brain injury
due to any cause. Wernicke-Korsakoff syndrome due to
thiamine deficiency may develop with a series of episodes.
Wernicke encephalopathy consists of the triad of confu-
sion, ataxia, and ophthalmoplegia (typically sixth nerve
palsy). Early recognition and treatment with thiamine can
minimize damage. One of the possible sequelae is Korsakoff
psychosis, characterized by both anterograde and retro-
grade amnesia, with confabulation early in the course.
Early recognition and treatment with intravenous thiamine
and B complex vitamins can minimize damage. Excessive
alcohol consumption in men has been associated with
faster cognitive decline compared with light to moderate
alcohol consumption.

E. Laboratory Findings

Ethanol may contribute to the presence of an otherwise
unexplained osmolar gap. There may also be increased
serum liver biochemical tests, uric acid, and triglycerides
and decreased serum potassium and magnesium. The most
definitive biologic marker for chronic alcoholism is carbo-
hydrate deficient transferrin, which can detect heavy use
(60 mg/day over 7–10 days) with high specificity. Other
useful tests for diagnosing alcohol use disorder are gamma-
glutamyl transpeptidase (GGT) measurement (levels
greater than 30 units/L are suggestive of heavy drinking)
and mean corpuscular volume (MCV) (more than 95 fL in
men and more than 100 fL in women). If both are elevated,
a serious alcohol problem is likely. Use of other recreational
drugs with alcohol skews and negates the significance of
these tests.

» Differential Diagnosis

The differential diagnosis of alcoholism is essentially
between primary alcohol use disorder (when no other
major psychiatric diagnosis exists) and secondary alcohol
use disorder (when alcohol is used as self-medication for
major underlying psychiatric problems such as schizophre-
nia or affective disorder). The differentiation is important,
since the latter group requires treatment for the specific
psychiatric problem. In primary and secondary alcohol-
ism, at-risk drinking can be distinguished from alcohol
addiction by taking a careful psychiatric history and evalu-
ating the degree to which recurrent drinking impacts the
social role functioning and physical safety of the
individual.

The differential diagnosis of alcohol withdrawal
includes other sedative withdrawals and other causes of
delirium. Acute alcoholic hallucinosis must be differenti-
ated from other acute paranoid states such as amphetamine
psychosis or paranoid schizophrenia. The form of the brain
syndrome is of little help—eg, chronic brain syndromes
from systemic lupus erythematosus may be associated with
confabulation similar to that resulting from longstanding
alcoholism.

» Complications

The medical, economic, and psychosocial problems of
alcoholism are staggering. The central and peripheral ner-
vous system complications include chronic brain syn-
dromes, cerebellar degeneration, cardiomyopathy, and
peripheral neuropathies. Direct effects on the liver include
cirrhosis, esophageal varices, and eventual hepatic failure.
Indirect effects include protein abnormalities, coagulation
defects, hormone deficiencies, and an increased incidence
of liver neoplasms.

Fetal alcohol syndrome includes one or more of the
following developmental defects in the offspring of alco-
holic women: (1) low birth weight and small size with
failure to catch up in size or weight, (2) mental retardation,
with an average IQ in the 60s, and (3) a variety of birth
defects, with a large percentage of facial and cardiac abnor-
malities. The risk is appreciably higher with the more
alcohol ingested by the mother each day.

» Treatment of AtRisk Drinking

A. Psychological

The most important consideration for the clinician is to
suspect the problem early and take a nonjudgmental atti-
tude, although this does not mean a passive one. The prob-
lem of denial must be faced, preferably with significant
family members at the first meeting. This means dealing
from the beginning with any enabling behavior of the
spouse or other significant people. Enabling behavior
allows the patient with an alcohol use disorder to avoid
facing the consequences of his or her behavior.

There must be an emphasis on the things that can be
done. This approach emphasizes the fact that the clinician
cares and strikes a positive and hopeful note early in treat-
ment. Valuable time should not be wasted trying to find
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out why the patient drinks; come to grips early with the
immediate problem of how to stop the drinking. Although
total abstinence should be the ultimate goal, a harm reduc-
tion model indicates that gradual progress toward absti-
nence can be a useful treatment strategy.

Motivational interviewing, a model of counseling that
addresses both the patient’s ambivalence and motivation
for change, may contribute to reduced consumption over
time.

B. Social

Encourage the patient to attend Alcoholics Anonymous
meetings and the spouse to attend Al-Anon meetings. Suc-
cess is usually proportionate to the utilization of Alcoholics
Anonymous, religious counseling, and other resources.
The patient should be seen frequently for short periods.

Do not underestimate the importance of religion, par-
ticularly since the patient with alcohol use disorder is often
a dependent person who needs a great deal of support.
Early enlistment of the help of a concerned religious
adviser can often provide the turning point for a personal
conversion to sobriety.

One of the most important considerations is the
patient’s job—fear of losing a job is one of the most powerful
motivations for giving up alcohol. The business community
is aware of the problem; about 70% of the Fortune 500
companies offer programs to their employees to help with
the problem of alcoholism. Some specific recommenda-
tions that can be offered to employers include (1) avoid
placement in jobs where the alcoholic patient must be
alone, eg, as a traveling buyer or sales executive, (2) use
supervision but not surveillance, (3) keep competition with
others to a minimum, and (4) avoid positions that require
quick decision making on important matters (high-stress
situations). In general, commitment to abstinence and
avoidance of situations that might be conducive to drink-
ing are most predictive of a good outcome.

C. Medical

Hospitalization is not usually necessary but may be war-
ranted if there are concomitant medical indications. Fur-
thermore, if patients with heavy alcohol use are hospitalized
for any other reason, providers must be vigilant for signs
and symptoms of alcohol withdrawal.

Because of the many medical complications of alcohol-
ism, a complete physical examination with appropriate
laboratory tests is mandatory, with special attention to the
liver and nervous system. Use of sedatives as a replacement
for alcohol is not desirable. Lithium is not helpful in the
treatment of alcoholism.

Disulfiram (250–500 mg/day orally) has been used for
many years as an aversive medication to discourage alcohol
use. Disulfiram inhibits aldehyde dehydrogenase, causing
toxic reactions when alcohol is consumed. The results have
generally been of limited effectiveness and depend on the
motivation of the individual to be compliant.

Naltrexone, an opiate antagonist, in a dosage of 50 mg
orally daily, lowers relapse rates over the 3–6 months after ces-
sation of drinking, apparently by lessening the pleasurable

effects of alcohol. One study suggests that naltrexone is
most effective when given during periods of drinking in
combination with therapy that supports abstinence but
accepts the fact that relapses occur. Naltrexone is FDA
approved for maintenance therapy. Studies indicate that it
reduces alcohol craving when used as part of a comprehen-
sive treatment program. Acamprosate (333–666 mg orally
three times daily) helps reduce craving and maintain absti-
nence and can be continued even during periods of relapse.
Both acamprosate and oral naltrexone have been associ-
ated with reduction in return to drinking.

D. Behavioral

Conditioning approaches historically have been used in
some settings in the treatment of alcoholism, most com-
monly as a type of aversion therapy. For example, the
patient is given a drink of whiskey and then a shot of apo-
morphine, and proceeds to vomit. In this way a strong
association is built up between the drinking and vomiting.
Although this kind of treatment has been successful in
some cases, after appropriate informed consent, many
people do not sustain the learned aversive response.

» Treatment of Hallucinosis & Withdrawal

A. Hallucinosis

Alcoholic hallucinosis, which can occur either during or
on cessation of a prolonged drinking period, is not a typical
withdrawal syndrome and is handled differently. Since the
symptoms are primarily those of a psychosis in the pres-
ence of a clear sensorium, they are handled like any other
psychosis: hospitalization (when indicated) and adequate
amounts of antipsychotic medications. Haloperidol, 5 mg
orally twice a day for the first day or so, usually ameliorates
symptoms quickly, and the medication can be decreased
and discontinued over several days as the patient improves.
It then becomes necessary to deal with the chronic alcohol
abuse, which has been discussed.

B. Withdrawal

The onset of withdrawal symptoms is usually 6–36 hours,
and the peak intensity of symptoms is 48–72 hours after
alcohol consumption is stopped. Providing adequate cen-
tral nervous system depressants (eg, benzodiazepines) is
important to counteract the excitability resulting from sud-
den cessation of alcohol intake. The choice of a specific
sedative is less important than using adequate doses to
bring the patient to a level of moderate sedation, and this
will vary from person to person.

All patients should be evaluated for their risk of alco-
hol withdrawal. Mild dependency requires “drying out.”
For outpatients, in some instances, a short course of
tapering long-acting benzodiazepines—eg, diazepam,
20 mg/day orally initially, decreasing by 5 mg daily—may
be a useful adjunct. When the history or presentation sug-
gests that patients are actively in withdrawal or at signifi-
cant risk for withdrawal, they should be hospitalized.
Risk factors include a recent drinking history, frequent
alcohol consumption, a past history of withdrawal, seizures,
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hallucinosis, or DTs, a past history of needing medication
for detoxification, or a history of benzodiazepine or barbi-
turate use, abuse, or dependency.

For all hospitalized patients, general management
includes ensuring adequate hydration, correction of elec-
trolyte imbalances (particularly magnesium, calcium, and
potassium), and administering the vitamins thiamine
(100 mg intravenously daily for 3 days then orally daily),
folic acid (1 mg orally daily), and a multivitamin orally
daily. Thiamine should be given prior to any glucose-con-
taining solutions to decrease the risk of precipitating
Wernicke encephalopathy or Korsakoff syndrome. Alcohol
withdrawal is treated with benzodiazepines. Continual
assessment is recommended to determine the severity of
withdrawal, and symptom-driven medication regimens,
which have been shown to prevent undersedation as well as
oversedation and to reduce total benzodiazepine usage
over fixed-dose schedules, should be used. The severity of
withdrawal will determine a patient’s level of care. For
those at risk for withdrawal and with mild withdrawal
symptoms, admission to a medical unit is adequate. For
those with moderate withdrawal, a higher acuity hospital
environment is recommended. Those with severe with-
drawal should be admitted to the ICU.

1. Assessing alcohol withdrawal symptom severity—The
Clinical Institute Withdrawal Assessment for Alcohol,
Revised (CIWA-Ar) is a validated tool that is widely used to
determine severity of alcohol withdrawal. This survey assesses
symptoms in 10 areas and can be administered relatively
quickly (Figure 25–3). One caveat is that the patient must be
able to communicate his or her symptoms to the provider. The
maximum attainable score is 67. Clinical judgment should be
used to determine final dosing of medications to patients who
are in alcohol withdrawal because dosing will vary between
patients and degrees of withdrawal.

2. Treating alcohol withdrawal symptoms based on
CIWAAr score—

a. Minimal withdrawal symptoms (CIWAAr score

less than 8)—Patients who have a history suggestive of
alcohol withdrawal risk with minimal withdrawal symp-
toms are suitable for withdrawal prophylaxis. The recom-
mended benzodiazepine options include chlordiazepoxide
or lorazepam orally, tapered over 3 days. The protocol calls
for nursing assessment of sedation and withdrawal symp-
toms (CIWA-Ar) every 6 hours. If prophylactic medication
is indicated, a sample tapering regimen may include loraz-
epam, 1 mg orally every 6 hours for 1 day, then 1 mg orally
every 8 hours for 1 day, then 1 mg orally every 12 hours for
1 day, then discontinue; or chlordiazepoxide, 50 mg orally
every 6 hours for 1 day, 25 mg orally every 6 hours for
2 days, then discontinue. Avoid chlordiazepoxide in the
elderly or in patients with liver disease. Lorazepam is pre-
ferred in patients with liver disease. Sedation is assessed
30–60 minutes after each medication dose. The benzodiaz-
epine dose is held for oversedation or if the respiratory rate
is less than 10 breaths per minute. For CIWA-Ar score
greater than 8, the provider must be notified, because this
is suggestive of active withdrawal, and escalation of treat-
ment must occur.

b. Mild withdrawal symptoms (CIWAAr score

8–15)—For patients in mild withdrawal, either chlordiaz-
epoxide orally or lorazepam orally or intravenously can be
used. Initially, chlordiazepoxide 50 mg orally or lorazepam
1 or 2 mg orally or intravenously is given hourly for
2 hours. Patients must be assessed for level of sedation and
withdrawal symptoms (CIWA-Ar) every 4 hours. Dosing is
adjusted as necessary to control symptoms without exces-
sive sedation. After the first 2 hours, chlordiazepoxide or
lorazepam is given every 4 hours and as needed. Typical
dosing may include chlordiazepoxide 25–50 mg orally or
lorazepam 0.5–1 mg orally or intravenously every 4 hours
as needed. Additional doses of benzodiazepines should be
given if the CIWA-Ar score remains between 8 and 15.

c. Moderate withdrawal (CIWAAr score 16–20)—

For patients in moderate withdrawal, chlordiazepoxide
100 mg orally or lorazepam 3 or 4 mg orally or intrave-
nously is given every hour for the first 2 hours. CIWA-Ar
monitoring should occur every 2 hours. Dosing is adjusted
to control symptoms without excessive sedation. After ini-
tial dosing, continued treatment could include chlordiaz-
epoxide 50 mg orally or lorazepam 1–2 mg orally or
intravenously every 2 hours as needed for CIWA-Ar score
between 16 and 20, and chlordiazepoxide 25 mg orally or
lorazepam 0.5–1 mg orally or intravenously every 2 hours
for CIWA-Ar score between 8 and 15. The maximum dose
of chlordiazepoxide is 600 mg in 24 hours. Continuous
pulse oximetry and cardiac monitoring should be consid-
ered. The degree of sedation should be monitored
30–60 minutes after each oral dose of medication and for
15 minutes after each parenteral dose.

d. Severe withdrawal (CIWA-Ar score greater

than 20)—Patients with severe withdrawal are at risk for
the development of DTs and should be transferred or
admitted to the ICU. Intravenous lorazepam can be used to
treat severe withdrawal. A potential treatment protocol is
to administer lorazepam 1–2 mg intravenously every
15 minutes until the patient is calm and sedated but awake.
Initial CIWA-Ar monitoring should occur every 30 minutes.
The patient can then receive lorazepam 2 mg orally or
intravenously every hour as needed when the CIWA-Ar
score is between 16 and 20, and lorazepam 1–2 mg orally
or intravenously every hour as needed when the CIWA-Ar
score is between 8 and 15. If the patient requires more than
8 mg/h of lorazepam as an initial dose or continues to
demonstrate observable agitation, tremors, tachycardia, or
hypertension despite high doses of lorazepam, consider
adding dexmedetomidine. Dexmedetomidine, an alpha-
2-agonist, produces sedation with minimal effect on respi-
ratory drive. It is not recommended as a sole agent for the
treatment of alcohol withdrawal but as adjunctive therapy
along with benzodiazepines to decrease the hyperadrener-
gic output in patients with severe alcohol withdrawal not
controlled by benzodiazepines or in patients at risk for
respiratory depression from high-dose benzodiazepine
administration. The recommended dosing of dexmedeto-
midine is 0.2–0.7 mcg/kg/h, with lorazepam 1–2 mg intra-
venously every 8 hours plus lorazepam 1–2 mg intravenously
every hour as needed for agitation. In limited cases of
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Patient:

Pulse or heart rate, taken for 1 minute:

Time: (24 hour clock, midnight = 00:00)Date:

Blood pressure:

NAUSEA AND VOMITING — Ask “Do you feel sick to

your stomach? Have you vomited?” Observation.

0 no nausea and no vomiting

1 mild nausea with no vomiting

2

3

4 intermittent nausea with dry heaves

5

6

7 constant nausea, frequent dry heaves and vomiting

TACTILE DISTURBANCES — Ask “Have you any itching, pins

and needles sensations, any burning, any numbness, or do

you feel bugs crawling on or under your skin?” Observation.

TREMOR — Arms extended and fingers spread apart.

Observation.

0 no tremor

1 not visible, but can be felt fingertip to fingertip

2

3

4 moderate, with patient’s arms extended

5

6

7 severe, even with arms not extended

AUDITORY DISTURBANCES — Ask “Are you more aware of

sounds around you? Are they harsh? Do they frighten you?

Are you hearing anything that is disturbing to you? Are you

hearing things you know are not there?” Observation.

0 not present

1 very mild harshness or ability to frighten

2 mild harshness or ability to frighten

3 moderate harshness or ability to frighten

4 moderately severe auditory hallucinations

5 severe hallucinations

6 extremely severe hallucinations

7 continuous hallucinations

PAROXYSMAL SWEATS — Observation.

0 no sweat visible

1 barely perceptible sweating, palms moist

2

3

4 beads of sweat obvious on forehead

5

6

7 drenching sweats

VISUAL DISTURBANCES — Ask “Does the light appear to

be too bright? Is its color different? Does it hurt your eyes?

Are you seeing anything that is disturbing to you? Are you

seeing things you know are not there?” Observation.

0 not present

1 very mild photosensitivity

2 mild sensitivity

3 moderate sensitivity

4 moderately severe visual hallucinations

5 severe hallucinations

6 extremely severe hallucinations

7 continuous hallucinations

ANXIETY — Ask “Do you feel nervous?” Observation.

0 no anxiety, at ease

1 mildly anxious

2

3

4 moderately anxious, or guarded, so anxiety is inferred

5

6

7 severely anxious, equivalent…

HEADACHE, FULLNESS IN HEAD — Ask “Does your head

feel different? Does it feel like there is a band around your

head?” Do not rate for dizziness or lightheadedness.

Otherwise, rate severity.

0 not present

1 very mild

2 mild

3 moderate

4 moderately severe

5 severe

6 very severe

7 extremely severe

0 none

1 very mild itching, pins and needles, burning, or numbness

2 mild itching, pins and needles, burning, or numbness

3 moderate itching, pins and needles, burning, or numbness

4 moderately severe hallucinations (formications)

5 severe hallucinations

6 extremely severe hallucinations

7 continuous hallucinations

AGITATION — Observation.

0 normal activity

1 somewhat more than normal activity

2

3

4 moderately fidgety and restless

5

6

7 paces back and forth during most of the interview,

or constantly thrashes about

ORIENTATION AND CLOUDING OF SENSORIUM — Ask

“What is today's date?… Who am I?”. Serial additions: “Please

count up by 5’s — 0, 5, 10…”

0 oriented and can do serial additions

1 cannot do serial additions or is uncertain about date

2 disoriented for date by no more than 2 calendar days

3 disoriented for date by more than 2 calendar days

4 disoriented for date and place or person

Maximum Possible Score 67

Total CIWA-Ar Score

Rater’s Initials

This assessment for monitoring withdrawal symptoms requires approximately 5 minutes to administer. The maximum score

is 67 (see instrument). Patients scoring less than 8 (or 10, according to some experts) do not usually need additional

medication for withdrawal.

▲ Figure 25–3. Alcohol withdrawal assessment. (Reproduced from Sullivan JT et al. Assessment of alcohol withdrawal:
The revised clinical institute withdrawal assessment for alcohol scale [CIWA-Ar]. Br J Addict. 1989;84:1353. This scale is not
copyrighted and may be used freely.)
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severe withdrawal requiring frequent lorazepam boluses for
at least 6 hours, continuous intravenous lorazepam infusion
can be considered, but the patient must be monitored
extremely carefully for signs of respiratory depression. Con-
tinuous pulse oximetry and close observance of the patient’s
respiratory status are required. Sedation is assessed 15 min-
utes after each intravenous dose. If withdrawal symptoms
are refractory to escalating benzodiazepine usage, despite
the addition of dexmedetomidine, escalation to propofol
should be considered. Patients receiving large doses of ben-
zodiazepines often require intubation for airway protection,
at which time initiation of propofol infusion for sedation, in
addition to treatment of refractory alcohol withdrawal, is
recommended. Phenobarbital monotherapy for alcohol
withdrawal is used at some institutions, but randomized
controlled trials comparing the efficacy of phenobarbital
over benzodiazepines are needed to inform adoption of
new treatment regimens.

In all cases, benzodiazepines should be held if the
patient is too sedated or has a respiratory rate less than 10
breaths per minute. Do not bolus lorazepam in doses
greater than 4 mg intravenously. Mixing benzodiazepines,
eg, chlordiazepoxide orally every 8 hours with lorazepam,
is not recommended. Instead, select a single agent and
titrate as needed. Once a patient has been stable for 24 hours,
the benzodiazepine dose can be reduced by 20% daily until
withdrawal is complete.

3. Managing other withdrawalassociated conditions—
Meticulous examination for other medical problems is
necessary. Alcoholic hypoglycemia can occur with low
blood alcohol levels (see Chapter 27). Patients with severe
alcohol use disorder commonly have liver disease with
associated clotting disorders and are also prone to injury—
and the combination all too frequently leads to undiag-
nosed subdural hematoma.

Phenytoin does not appear to be useful in managing
alcohol withdrawal seizures per se. Sedating doses of ben-
zodiazepines are effective in treating alcohol withdrawal
seizures. Thus, other anticonvulsants are not usually
needed unless there is a preexisting seizure disorder.

Chronic brain syndromes secondary to a long history of
alcohol intake are not clearly responsive to thiamine and
vitamin replenishment. Attention to the social and envi-
ronmental care of this type of patient is paramount.

4. Initiating psychological and social measures—The
psychological and behavioral treatment methods outlined
under Treatment of At-Risk Drinking become the primary
considerations after successful treatment of alcoholic hal-
lucinosis or withdrawal. Psychological and social measures
should be initiated in the hospital prior to discharge. This
increases the possibility of continued posthospitalization
treatment.

Oks M et al. The safety and utility of phenobarbital use for the
treatment of severe alcohol withdrawal syndrome in the
medical intensive care unit. J Intensive Care Med. 2020;35:844.
[PMID: 29925291]

Pizon AF et al. Adjunct ketamine use in the management of
severe ethanol withdrawal. Crit Care Med. 2018;46:e768.
[PMID: 29742583]

Sullivan SM et al. Comparison of phenobarbital-adjunct versus
benzodiazepine-only approach for alcohol withdrawal syn-
drome in the ED. Am J Emerg Med. 2019;37:1313. [PMID:
30414743]

OTHER DRUG & SUBSTANCE USE DISORDERS

A number of recreational drugs and prescription medica-
tions may be misused. Treatment for acute intoxication is
distinguished from treatment of possible use disorder.

1. Opioids

While the terms “opioids” and “narcotics” both refer to a
group of drugs with actions that mimic those of morphine,
the term “opioids” is used when discussing medications
prescribed in a controlled manner by a clinician, and the
term “narcotics” is used to connote illicit drug use. The
opioid analgesics can be reversed by the opioid antagonist
naloxone.

The clinical symptoms and signs of mild narcotic intoxi-
cation include changes in mood, with feelings of euphoria;
drowsiness; nausea with occasional emesis; needle tracks;
and miosis. The incidence of snorting and inhaling
(“smoking”) heroin has risen, particularly among cocaine
users. Overdosage causes respiratory depression, peripheral
vasodilation, pinpoint pupils, pulmonary edema, coma, and
death.

Tolerance and withdrawal are major concerns when
continued use of opioids occurs, although withdrawal
causes only moderate morbidity (similar in severity to a bout
of “flu”). Grades of withdrawal are categorized from 0 to 4:
grade 0 includes craving and anxiety; grade 1, yawning,
lacrimation, rhinorrhea, and perspiration; grade 2, previ-
ous symptoms plus mydriasis, piloerection, anorexia, trem-
ors, and hot and cold flashes with generalized aching;
grades 3 and 4, increased intensity of previous symptoms
and signs, with increased temperature, blood pressure,
pulse, and respiratory rate and depth. In withdrawal from
the most severe addiction, vomiting, diarrhea, weight loss,
hemoconcentration, and spontaneous ejaculation or orgasm
commonly occur.

Treatment for overdosage (or suspected overdosage) is
discussed in Chapter 38.

Treatment for withdrawal begins if grade 2 signs
develop. If a withdrawal program is necessary, use metha-
done, 10 mg orally (use parenteral administration if the
patient is vomiting), and observe. If signs (piloerection,
mydriasis, cardiovascular changes) persist for more than
4–6 hours, give another 10 mg; continue to administer
methadone at 4- to 6-hour intervals until signs are not pres-
ent (rarely greater than 40 mg of methadone in 24 hours).
Divide the total amount of medication required over the
first 24-hour period by 2 and give that amount every
12 hours. Each day, reduce the total 24-hour dose by 5–10 mg.
Thus, a moderately addicted patient initially requiring
30–40 mg of methadone could be withdrawn over a 4- to
8-day period. Clonidine, 0.1 mg orally several times daily
over a 10- to 14-day period, is both an alternative and an
adjunct to methadone detoxification; it is not necessary to
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taper the dose. Clonidine is helpful in alleviating cardiovas-
cular symptoms but does not significantly relieve anxiety,
insomnia, or generalized aching. There is a protracted absti-
nence syndrome of metabolic, respiratory, and blood pres-
sure changes over a period of 3–6 months. Alternative
strategies for the treatment of opioid withdrawal have
included rapid and ultrarapid detoxification techniques.
However, data do not support the use of either method.

Treatment of opioid use disorder is key given evidence
of significant morbidity and mortality, including what has
been called the “opioid epidemic” in the United States. Opi-
oid use disorder may be treated with medications and psy-
chosocial interventions such as Narcotics Anonymous
(NA). Buprenorphine, a partial agonist, is a mainstay of
office-based treatment of opiate dependency. Its use requires
certified training along with a special license from the Drug
Enforcement Agency. Buprenorphine is a mu partial agonist
and kappa antagonist. Unlike conventional opioids,
buprenorphine may have a role in the treatment of major
depression. Recently, a long-acting injectable form demon-
strated efficacy.

Methadone maintenance programs are of some value in
opioid use disorder. Under carefully controlled supervision,
the person with opioid use disorder is maintained on fairly
high doses of methadone (40–120 mg daily) that satisfy
craving and block the effects of heroin to a great degree.

Opioid antagonists (eg, naltrexone) can also be used
successfully for treatment of the patient who has been free
of opioids for 7–10 days. Naltrexone blocks the narcotic
“high” of heroin when 50 mg is given orally every 24 hours
initially for several days and then 100 mg is given every
48–72 hours. A monthly injectable form of naltrexone is
available and may enhance compliance. Liver disorders are
a major contraindication.

Bohnert ASB et al. Understanding links among opioid use, over-
dose, and suicide. N Engl J Med. 2019;380:71. [PMID: 30601750]

Haight BR et al; RB-US-13-0001 Study Investigators. Efficacy
and safety of a monthly buprenorphine depot injection for
opioid use disorder: a multicentre, randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet. 2019;393:778.
[PMID: 30792007]

Jones CM et al. Naloxone co-prescribing to patients receiving
prescription opioids in the Medicare Part D program, United
States, 2016–2017. JAMA. 2019;322:462. [PMID: 31386124]

Leshner AI et al. Medication-based treatment to address opioid
use disorder. JAMA. 2019;321:2071. [PMID: 31046072]

National Academies of Sciences, Engineering, and Medicine;
Health and Medicine Division; Board on Health Sciences
Policy; Committee on Medication-Assisted Treatment for
Opioid Use Disorder; Mancher M et al (editors). Medications
for Opioid Use Disorder Save Lives. Washington (DC):
National Academies Press (US), 2019. [PMID: 30896911]

2. Sedatives (Anxiolytics)

See Anxiety Disorders, this chapter.

3. Psychedelics

Substance use disorder with psychedelics is not common.
All of the common psychedelics (LSD, mescaline, psilocybin,
dimethyltryptamine, and other derivatives of phenylalanine

and tryptophan) can produce similar behavioral and physi-
ologic effects. An initial feeling of tension is followed by
emotional release such as crying or laughing (1–2 hours).
Later and at higher doses, perceptual distortions occur,
with visual illusions and hallucinations, and occasionally
there is fear of ego disintegration (2–3 hours). Major
changes in time sense and mood lability then occur
(3–4 hours). A feeling of detachment and a sense of destiny
and control occur (4–6 hours). Of course, reactions vary
among individuals, and some of the drugs produce mark-
edly different time frames. Occasionally, the acute episode
is terrifying (a “bad trip”), which may include panic,
depression, confusion, or psychotic symptoms. Preexisting
emotional problems, the attitude of the user, and the set-
ting where the drug is used affect the experience.

Treatment of the acute episode primarily involves pro-
tection of the individual from erratic behavior that may
lead to injury or death. A structured environment is usu-
ally sufficient until the drug is metabolized. In severe cases,
antipsychotic medications with minimal side effects (eg,
haloperidol, 5 mg intramuscularly) may be given every
several hours until the individual has regained control. In
cases where “flashbacks” occur (mental imagery from a
“bad trip” that is later triggered by mild stimuli such as
marijuana, alcohol, or psychic trauma), a short course of an
antipsychotic medication—eg, olanzapine, 5–10 mg/day
orally, or risperidone, 2 mg/day orally, initially, and up to
20 mg/day and 6 mg/day, respectively—is usually suffi-
cient. Lorazepam or clonazepam, 1–2 mg orally every
2 hours as needed for acute agitation, may be a useful
adjunct. An occasional patient may have “flashbacks” for
much longer periods and may require small doses of anti-
psychotic medications over the longer term.

4. Phencyclidine

Phencyclidine (PCP, angel dust, peace pill, hog) is simple to
produce and mimics to some degree the traditional psy-
chedelic drugs. PCP is a common deceptive substitute for
LSD, tetrahydrocannabinol, and mescaline. It is available in
crystals, capsules, and tablets to be inhaled, injected, swal-
lowed, or smoked (it is commonly sprinkled on
marijuana).

Treatment for acute intoxication is discussed in Chapter 38.

5. Marijuana

Cannabis sativa, a hemp plant, is the source of marijuana.
The drug is usually inhaled by smoking but vaporizing is
popular. There is a clinically distinct syndrome associated
with “vaping” THC—vaping-associated lung injury—that
may result in devastating pulmonary effects and a
pathologically distinct pathophysiology. Effects occur in
10–20 minutes and last 2–3 hours. “Joints” of good quality
contain about 500 mg of marijuana (which contains
approximately 5–15 mg of tetrahydrocannabinol with a
half-life of 7 days).

With moderate dosage, recreational marijuana (higher
in the THC versus CBD component) produces two phases:
mild euphoria followed by sleepiness. In the acute state, the
user has an altered time perception, less inhibited
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emotions, psychomotor problems, impaired immediate
memory, and conjunctival injection. High doses produce
transient psychotomimetic effects. No specific treatment is
necessary except in the case of the occasional “bad trip,” in
which case the person is treated in the same way as for psy-
chedelic usage. Marijuana frequently aggravates existing
mental illness and adversely affects motor performance.

Studies of long-term effects have conclusively shown
abnormalities in the pulmonary tree. Laryngitis and rhini-
tis are related to prolonged use, along with chronic obstruc-
tive pulmonary disease. Electrocardiographic abnormalities
are common, but no chronic cardiac disease has been
linked to marijuana use. Long-term usage has resulted in
depression of plasma testosterone levels and reduced
sperm counts. Abnormal menstruation and failure to ovu-
late have occurred in some women. Cognitive impairments
are common. Health care utilization for a variety of health
problems is increased in long-term marijuana smokers.
Sudden withdrawal produces insomnia, nausea, myalgia,
and irritability. Psychological effects of long-term mari-
juana usage are still unclear. Urine testing is reliable if
samples are carefully collected and tested. Detection
periods span 4–6 days in short-term users and 20–50 days
in long-term users. At the beginning of 2021, in the
United States, marijuana is legal for medical use, recre-
ational use, or both, or decriminalized, in all but six states.

6. Stimulants: Amphetamines & Cocaine

Stimulant misuse is quite common, either alone or in
combination with abuse of other drugs. The stimulants
include illicit drugs such as methamphetamine
(“speed”)—one variant is a smokable form called “ice,”
which gives an intense and fairly long-lasting high—and
methylphenidate and dextroamphetamine, which are
under prescription control. Moderate usage of any of the
stimulants produces hyperactivity, a sense of enhanced
physical and mental capacity, and sympathomimetic
effects. The clinical picture of acute stimulant intoxica-
tion includes sweating, tachycardia, elevated blood pres-
sure, mydriasis, hyperactivity, and an acute brain
syndrome with confusion and disorientation. Tolerance
develops quickly, and, as the dosage is increased, hyper-
vigilance, paranoid ideation (with delusions of parasit-
osis), stereotypy, bruxism, tactile hallucinations of insect
infestation, and full-blown psychoses occur, often with
persecutory ideation and aggressive responses. Stimulant
withdrawal is characterized by depression with symptoms
of hyperphagia and hypersomnia.

People who have used stimulants chronically (eg,
anorexigenics) occasionally become sensitized (“kindling”)
to future use of stimulants. In these individuals, even small
amounts of mild stimulants such as caffeine can cause
symptoms of paranoia and auditory hallucinations.

Cocaine is a stimulant. It is a product of the coca plant.
The derivatives include seeds, leaves, coca paste, cocaine
hydrochloride, and the free base of cocaine. Cocaine hydro-
chloride is the salt and the most commonly used form.
Freebase, a purer (and stronger) derivative called “crack,” is
prepared by simple extraction from cocaine hydrochloride.

There are various modes of use. Coca leaf chewing
involves toasting the leaves and chewing with alkaline
material (eg, the ash of other burned leaves) to enhance
buccal absorption. One achieves a mild high, with onset in
5–10 minutes and lasting for about an hour. Intranasal use
is simply snorting cocaine through a straw. Absorption is
slowed somewhat by vasoconstriction (which may eventu-
ally cause tissue necrosis and septal perforation); the onset
of action is in 2–3 minutes, with a moderate high (euphoria,
excitement, increased energy) lasting about 30 minutes. The
purity of the cocaine is a major determinant of the high.
Intravenous use of cocaine hydrochloride or “freebase” is
effective in 30 seconds and produces a short-lasting, fairly
intense high of about 15 minutes’ duration. The combined
use of cocaine and ethanol results in the metabolic produc-
tion of cocaethylene by the liver. This substance produces
more intense and long-lasting cocaine-like effects. Smoking
freebase (volatilized cocaine because of the lower boiling
point) acts in seconds and results in an intense high lasting
several minutes. The intensity of the reaction is related to
the marked lipid solubility of the freebase form and
produces by far the most severe medical and psychiatric
symptoms.

Cardiovascular collapse, arrhythmias, myocardial
infarction, and transient ischemic attacks have been
reported. Seizures, strokes, migraine symptoms, hyperther-
mia, and lung damage may occur, and there are several
obstetric complications, including spontaneous abortion,
abruptio placentae, teratogenic effects, delayed fetal growth,
and prematurity. Cocaine can cause anxiety, mood swings,
and delirium, and chronic use can cause the same problems
as other stimulants.

Clinicians should be alert to cocaine use in patients
presenting with unexplained nasal bleeding or septal perfo-
rations, headaches, fatigue, insomnia, anxiety, depression,
and chronic hoarseness. Sudden withdrawal of the drug is
not life-threatening but usually produces craving, sleep
disturbances, hyperphagia, lassitude, and severe depression
(sometimes with suicidal ideation) lasting days to weeks.

Treatment for acute intoxication is imprecise and diffi-
cult. Since the high is related to blockage of dopamine
reuptake, the dopamine agonist bromocriptine, 1.5 mg
orally three times a day, alleviates some of the symptoms of
craving associated with acute cocaine withdrawal. Treat-
ment of psychosis is the same as that of any psychosis:
antipsychotic medications in dosages sufficient to alleviate
the symptoms. Any medical symptoms (eg, hyperthermia,
seizures, hypertension) are treated specifically. These
approaches should be used in conjunction with a struc-
tured program for use disorder, most often based on the
Alcoholics Anonymous model. Hospitalization may be
required if self-harm or violence toward others is a per-
ceived threat (usually indicated by paranoid delusions).

7. Caffeine

Caffeine, along with nicotine and alcohol, is one of the
most commonly used drugs worldwide although a caf-
feine use disorder is not described. Low to moderate
doses (30–200 mg/day) tend to improve some aspects of
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performance (eg, vigilance). The approximate content of
caffeine in a (180-mL) cup of beverage is as follows: brewed
coffee, 80–140 mg; instant coffee, 60–100 mg; decaffein-
ated coffee, 1–6 mg; black leaf tea, 30–80 mg; tea bags,
25–75 mg; instant tea, 30–60 mg; cocoa, 10–50 mg; and
12-oz cola drinks, 30–65 mg. A 2-oz chocolate candy bar
has about 20 mg. Some herbal teas (eg, “morning thunder”)
contain caffeine. Caffeine-containing analgesics usually
contain approximately 30 mg per unit. Symptoms of caf-
feinism (usually associated with ingestion of over 500 mg/
day) include anxiety, agitation, restlessness, insomnia, a
feeling of being “wired,” and somatic symptoms referable to
the heart and gastrointestinal tract. It is common for a case
of caffeinism to present as an anxiety disorder. It is also
common for caffeine and other stimulants to precipitate
severe symptoms in compensated schizophrenic and
manic-depressive patients. Chronically depressed patients
often use caffeine drinks as self-medication. This diagnos-
tic clue may help distinguish some major affective disor-
ders. Discontinuation of caffeine (greater than 250 mg/
day) can produce withdrawal symptoms, such as head-
aches, irritability, lethargy, and occasional nausea.

8. Miscellaneous Drugs & Solvents

The principal over-the-counter drugs of concern are an
assortment of antihistaminic agents, frequently in combi-
nation with a mild analgesic promoted as cold remedies.

Antihistamines usually produce some central nervous
system depression—thus their use as over-the-counter
sedatives. Practically all of the so-called sleep aids are anti-
histamines. The mixture of antihistamines with alcohol
usually exacerbates the central nervous system effects.
Scopolamine and bromides generally have been removed
from over-the-counter products.

The abuse of laxatives sometimes can lead to electrolyte
disturbances that may contribute to the manifestations of a
delirium. The greatest use of laxatives tends to be in the
elderly and in those with eating disorders, both of whom
are the most vulnerable to physiologic changes.

Anabolic steroids are abused by people who wish to
increase muscle mass for cosmetic reasons or for greater
strength. In addition to the medical problems, the practice
is sometimes associated with significant mood swings,
aggressiveness, and paranoid delusions. Alcohol and stim-
ulant use are higher in these individuals. Withdrawal
symptoms of steroid dependency include fatigue, depressed
mood, restlessness, and insomnia.

Amyl nitrite is used as an “orgasm expander.” The
changes in time perception, “rush,” and mild euphoria
caused by the drug prompted its nonmedical use. Subjective
effects last from 5 seconds to 15 minutes. Tolerance devel-
ops readily, but there are no known withdrawal symptoms.
Abstinence for several days reestablishes the previous level
of responsiveness. Long-term effects may include damage
to the immune system and respiratory difficulties.

Sniffing of solvents and inhaling of gases (including
aerosols) produce a form of inebriation similar to that of
the volatile anesthetics. Agents include gasoline, toluene,
petroleum ether, lighter fluids, cleaning fluids, paint

thinners, and solvents that are present in many household
products (eg, nail polish). Typical intoxication states
include euphoria, slurred speech, hallucinations, and con-
fusion, and with high doses, acute manifestations are
unconsciousness and cardiorespiratory depression or fail-
ure; chronic exposure produces a variety of symptoms
related to the liver, kidney, bone marrow, or heart. Lead
encephalopathy can be associated with sniffing leaded
gasoline. In addition, studies of workers chronically
exposed to jet fuel showed significant increases in neuras-
thenic symptoms, including fatigue, anxiety, mood changes,
memory difficulties, and somatic complaints. These same
problems have been noted in long-term solvent abuse.

The so-called designer drugs are synthetic substitutes
for commonly used recreational drugs. Common designer
drugs include methyl analogs of fentanyl used as heroin
substitutes. MDMA is also a designer drug not only with
high abuse potential and purported neurotoxicity but also
with therapeutic uses that are being explored. Often not
detected by standard toxicology screens, these substances
can present a vexing problem for clinicians faced with
symptoms from a totally unknown cause.

Manhapra A et al. Pain and addiction: an integrative therapeutic
approach. Med Clin North Am. 2018;102:745. [PMID:
29933827]

Volkow ND et al. Prevention and treatment of opioid misuse and
addiction: a review. JAMA Psychiatry. 2019;76:208. [PMID:
30516809]

Wolf C et al. Management of alcohol withdrawal in the emer-
gency department: current perspectives. Open Access Emerg
Med. 2020;12:53. [PMID: 32256131]

º
NEUROCOGNITIVE DISORDERS

E S S E N T I A L S  O F  D I A G N O S I S

» Transient or permanent brain dysfunction with
alterations in awareness or attention.

» Cognitive impairment to varying degrees.

» Impaired recall and recent memory, inability to
focus attention and problems in perceptual pro-
cessing, often with psychotic ideation.

» Random psychomotor activity such as stereotypy.

» Emotional disorders frequently present: depres-
sion, anxiety, irritability.

» Behavioral disturbances: impulse control, sexual
acting-out, attention deficits, aggression, and
exhibitionism.

» General Considerations

The organic problem may be a primary brain disorder or a
secondary manifestation of some general disorder. All of
the cognitive disorders show some degree of impaired thinking
depending on the site of involvement, the rate of onset and
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progression, and the duration of the underlying brain
lesion. Emotional disturbances (eg, depression) are often
present as significant comorbidities. The behavioral distur-
bances tend to be more common with chronicity, more
directly related to the underlying personality or central
nervous system vulnerability to drug side effects, and not
necessarily correlated with cognitive dysfunction.

The causes of cognitive disorders are listed in Table 25–11.

» Clinical Findings

The many manifestations include problems with orientation,
short or fluctuating attention span, loss of recent memory
and recall, impaired judgment, emotional lability, lack of
initiative, impaired impulse control, inability to reason
through problems, depression (worse in mild to moderate
types), confabulation (not limited to alcohol organic brain
syndrome), constriction of intellectual functions, visual and
auditory hallucinations, and delusions. Physical findings will
vary according to the cause. The electroencephalogram usu-
ally shows generalized slowing in delirium.

A. Delirium

Delirium (acute confusional state) is a transient global
disorder of attention, with clouding of consciousness,

usually a result of systemic problems (eg, medications,
hypoxemia). See Chapters 4 and 24. Onset is usually rapid.
The mental status fluctuates (impairment is usually least in
the morning), with varying inability to concentrate, main-
tain attention, and sustain purposeful behavior. There is a
marked deficit of short-term memory and recall. Anxiety
and irritability are common. Orientation problems follow
the inability to retain information. Perceptual disturbances
(often visual hallucinations) and psychomotor restlessness
with insomnia are common. “Sundowning”—mild to
moderate delirium at night—is more common in patients
with preexisting dementia and may be precipitated by hos-
pitalization, medications, and sensory deprivation.

B. Dementia

Dementia is characterized by chronicity and deterioration
of selective mental functions. See Chapters 4 and 24.

In all types of dementia, loss of impulse control (sexual
and language) is common. Pseudodementia is a term pre-
viously applied to depressed patients who appear to be
demented. These patients are often identifiable by their
tendency to complain about memory problems vociferously
rather than try to cover them up. They usually say they can-
not complete cognitive tasks but with encouragement can

Table 25–11. Etiology of delirium and other cognitive disorders (listed in alphabetical order).

Disorder Possible Causes

Cardiovascular disorders Myocardial infarctions, cardiac arrhythmias, cerebrovascular spasms, hypertensive encephalopathy, hemor-

rhages, embolisms, and occlusions indirectly cause decreased cognitive function.

Collagen-vascular and

immunologic disorders

Autoimmune disorders, including systemic lupus erythematosus, Sjögren syndrome, and AIDS.

Degenerative diseases Alzheimer disease, Pick disease, multiple sclerosis, parkinsonism, Huntington chorea, normal pressure

hydrocephalus.

Endocrine disorders Thyrotoxicosis, hypothyroidism, adrenocortical dysfunction (including Addison disease and Cushing syn-

drome), pheochromocytoma, insulinoma, hypoglycemia, hyperparathyroidism, hypoparathyroidism, pan-

hypopituitarism, diabetic ketoacidosis.

Infections Septicemia; meningitis and encephalitis due to bacterial, viral, fungal, parasitic, or tuberculous organisms or

to central nervous system syphilis; acute and chronic infections due to the entire range of microbiologic

pathogens.

Intoxication Alcohol, sedatives, bromides, analgesics (eg, pentazocine), psychedelic drugs, stimulants, and household

solvents.

Long-term effects of alcohol Wernicke-Korsakoff syndrome.

Medication withdrawal Withdrawal from alcohol, sedative-hypnotics, corticosteroids.

Medications Anticholinergic medications, antidepressants, H
2
-blocking agents, digoxin, salicylates (long-term use), and a

wide variety of other over-the-counter and prescribed medications.

Metabolic disturbances Fluid and electrolyte disturbances (especially hyponatremia, hypomagnesemia, and hypercalcemia), acid-

base disorders, hepatic disease (hepatic encephalopathy), kidney failure, porphyria.

Neoplasms Primary or metastatic lesions of the central nervous system, cancer-induced hypercalcemia.

Nutritional deficiencies Deficiency of vitamin B
1

(beriberi), vitamin B
12

(pernicious anemia), folic acid, nicotinic acid (pellagra); pro-

tein-calorie malnutrition.

Respiratory disorders Hypoxia, hypercapnia.

Seizure disorders Ictal, interictal, and postictal dysfunction.

Trauma Subdural hematoma, subarachnoid hemorrhage, intracerebral bleeding, concussion syndrome.
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often do so. They can be considered to have depression-
induced reversible dementia that improves when the
depression resolves. In many geriatric patients, however,
the depression appears to be an insult that often unmasks a
progressive dementia.

C. Amnestic Syndrome

This is a memory disturbance without delirium or demen-
tia. It is usually associated with thiamine deficiency and
chronic alcohol use (eg, Korsakoff syndrome). There is an
impairment in the ability to learn new information or
recall previously learned information.

D. SubstanceInduced Hallucinosis

This condition is characterized by persistent or recurrent
hallucinations (usually auditory) without the other symp-
toms usually found in delirium or dementia. Alcohol or
hallucinogens are often the cause. There does not have to
be any other mental disorder, and there may be complete
spontaneous resolution.

» Treatment

See Chapters 4 and 24 for detailed discussion.

Atri A. Current and future treatments in Alzheimer’s disease.
Semin Neurol. 2019;39:227. [PMID: 30925615]

Blanco-Silvente L et al. Discontinuation, efficacy, and safety of
cholinesterase inhibitors for Alzheimer’s disease: a meta-
analysis and meta-regression of 43 randomized clinical trials
enrolling 16 106 patients. Int J Neuropsychopharmacol.
2017;20:519. [PMID: 28201726]

Devlin JW et al. Clinical Practice Guidelines for the Prevention
and Management of Pain, Agitation/Sedation, Delirium,
Immobility, and Sleep Disruption in Adult Patients in the
ICU. Crit Care Med. 2018;46:e825. [PMID: 30113379]

º
PSYCHIATRIC PROBLEMS ASSOCIATED
WITH HOSPITALIZATION & ILLNESS

» Diagnostic Categories

A. Acute Problems

1. Delirium with psychotic features secondary to the
medical or surgical problem, or compounded by effect
of treatment.

2. Acute anxiety, often related to ignorance and fear of the
immediate problem as well as uncertainty about the
future.

3. Anxiety as an intrinsic aspect of the medical problem
(eg, hyperthyroidism).

4. Denial of illness, which may present during acute or
intermediate phases of illness.

B. Intermediate Problems

1. Depression as a function of the illness or acceptance of
the illness, often associated with realistic or fantasied
hopelessness about the future.

2. Behavioral problems, often related to denial of illness
and, in extreme cases, causing the patient to leave the
hospital against medical advice.

C. Recuperative Problems

1. Decreasing cooperation as the patient sees that improve-
ment and compliance are not compelled.

2. Readjustment problems with family, job, and society.

» General Considerations

A. Acute Problems

1. “Intensive care unit psychosis”—The ICU environment
may contribute to the etiology of delirium. Critical care
unit factors include sleep deprivation, increased arousal,
mechanical ventilation, and social isolation. Other causes
include those common to delirium and require vigorous
investigation (see Delirium).

2. Presurgical and postsurgical anxiety states—Anxiety
before or after surgery is common and commonly ignored.
Presurgical anxiety is very common and is principally a
fear of death (many surgical patients make out their wills).
Patients may be fearful of anesthesia (improved by the
preoperative anesthesia interview), the mysterious operat-
ing room, and the disease processes that might be uncov-
ered by the surgeon. Such fears frequently cause people to
delay examinations that might result in earlier surgery and
a greater chance of cure.

The opposite of this is surgery proneness, the quest for
surgery to escape from overwhelming life stresses. Some
polysurgery patients may be classified as having factitious
disorders. Dynamic motivations include the need to get
medical care as a way of getting dependency needs met, the
desire to outwit authority figures, unconscious guilt, or a
masochistic need to suffer. Frequent surgery may also be
related to a somatic symptom disorder, particularly body
dysmorphic disorder (an obsession that a body part is disfig-
ured). More apparent reasons may include an attempt to get
relief from pain and a lifestyle that has become almost exclu-
sively medically oriented, with all of the risks entailed in such
an endeavor.

Postsurgical anxiety states are usually related to pain,
procedures, and loss of body image. Acute pain problems are
quite different from chronic pain disorders (see Chronic Pain
Disorders, this chapter); the former are readily handled with
adequate analgesic medication (see Chapter 5). Alterations in
body image, as with amputations, ostomies, and mastecto-
mies, often raise concerns about relationships with others.

3. Iatrogenic problems—These usually pertain to medica-
tions, complications of diagnostic and treatment proce-
dures, and impersonal and unsympathetic staff behavior.
Polypharmacy is often a factor. Patients with unsolved
diagnostic problems are at higher risk. They are desirous of
relief, and the quest engenders more diagnostic procedures
with a higher incidence of complications. The upset patient
and family may be very demanding. Excessive demands
usually result from anxiety. Such behavior is best handled
with calm and measured responses.
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B. Intermediate Problems

1. Prolonged hospitalization—Prolonged hospitalization
presents unique problems in certain hospital services, eg,
burn units or orthopedic services. The acute problems of
the severely burned patient are discussed in Chapter 37.
The problems often are behavioral difficulties related to
length of hospitalization and necessary procedures. For
example, in burn units, pain is a major problem in addition
to anxiety about procedures. Disputes with staff are com-
mon and often concern pain medication or ward privileges.
Some patients regress to infantile behavior and depen-
dency. Staff members must agree about their approach to
the patient in order to ensure the smooth functioning of
the unit.

Denial of illness may present in some patients. Inter-
vention by an authority figure (eg, immediate work super-
visor) may help the patient accept treatment and eventually
abandon the coping mechanism of denial.

2. Depression—Mood disorders ranging from mild adjust-
ment disorder to major depressive disorder frequently
occur during prolonged hospitalizations. A key to the diag-
nosis of depression in the medical setting is the individual’s
loss of self-esteem; they often think of themselves as worth-
less and are guilt ridden. Therapeutic medications (eg,
corticosteroids) may be a factor. Depression can contribute
to irritability and overt anger. Severe depression can lead to
anorexia, which further complicates healing and metabolic
balance. It is during this period that the issue of disfigure-
ment arises—relief at survival gives way to concern about
future function and appearance.

C. Recuperative Problems

1. Anxiety—Anxiety about return to the posthospital envi-
ronment can cause regression to a dependent position.
Complications increase, and staff forbearance again is
tested. Anxiety occurring at this stage usually is handled
more easily than previous behavior problems.

2. Posthospital adjustment—Adjustment difficulties after
discharge are related to the severity of the deficits and the
use of outpatient facilities (eg, physical therapy, rehabilita-
tion programs, psychiatric outpatient treatment). Some
patients may experience posttraumatic stress symptoms
(eg, from traumatic injuries or even from necessary medi-
cal treatments). Lack of appropriate follow-up can contrib-
ute to depression in the patient, who may feel that he or she
is making poor progress and may have thoughts of “giving
up.” Reintegration into work, educational, and social
endeavors may be slow.

» Clinical Findings

The symptoms that occur in these patients are similar to
those discussed in previous sections of this chapter, eg,
delirium, stress and adjustment disorders, anxiety, and
depression. Behavior problems may include lack of coopera-
tion, increased complaints, demands for medication, sexual
approaches to nurses, threats to leave the hospital, and actual
signing out against medical recommendations. The stress of

hospitalization often brings out these more primitive defense
mechanisms than the patient displays in daily life.

» Complications

Prolongation of hospitalization causes increased expense,
deterioration of patient-staff relationships, and increased
probabilities of iatrogenic and legal problems. The possibil-
ity of increasing posthospital treatment problems is
enhanced.

» Treatment

A. Medical

The most important consideration by far is to have one
clinician in charge, a clinician whom the patient trusts and
who is able to oversee multiple treatment approaches (see
Somatic Symptom Disorders, above). In acute problems,
attention must be paid to metabolic imbalance, alcohol
withdrawal, and previous drug use—prescribed, recre-
ational, or over-the-counter. Adequate sleep and analgesia
are important in enhancing a patient’s coping abilities.

Many clinicians are attuned to the early detection of the
surgery-prone patient. Plastic and orthopedic surgeons are
at particular risk. Appropriate consultations may help
detect some problems and mitigate future ones.

Postsurgical anxiety states can be alleviated by personal
attention from the surgeon. Anxiety is not so effectively
lessened by ancillary medical personnel, whom the patient
perceives as lesser authorities, until after the clinician has
reassured the patient. “Patient-controlled analgesia” can
improve pain control, decrease anxiety, and minimize side
effects.

Depression should be recognized early. If moderate to
severe, antidepressant medications (see Antidepressant
Medications, above) may be prescribed. High levels of
anxiety can be lowered with judicious use of anxiolytic
agents. Unnecessary medications tend to reinforce the
patient’s impression that there must be a serious illness or
medication would not be required.

B. Psychological

Prepare the patient and family for what is to come. This
includes the types of units where the patient will be quar-
tered, the procedures that will be performed, and any dis-
figurements that will result from surgery. Repetition
improves understanding. The nursing staff can be helpful,
since patients frequently confide a lack of understanding to
a nurse but are reluctant to do so to the physician.

Denial of illness is frequently a block to acceptance of
treatment. This too should be handled with family mem-
bers present (to help the patient face the reality of the situ-
ation) in a series of short interviews (for reinforcement).
Dependency problems resulting from long hospitalization
are best handled by focusing on the changes to come as the
patient makes the transition to the outside world. Key fig-
ures are teachers, vocational counselors, and physical
therapists. Challenges should be realistic and practical and
handled in small steps.
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Depression is usually related to the loss of familiar hos-
pital supports, and the outpatient therapists and counselors
help to lessen the impact of the loss. Some of the impact
can be alleviated by anticipating, with the patient and fam-
ily, the signal features of the common depression to help
prevent the patient from assuming a permanent sick role.

Suicide is always a concern when a patient is faced with
despair. An honest, compassionate, and supportive
approach will help sustain the patient during this trying
period.

C. Behavioral

Prior desensitization can significantly allay anxiety about
medical procedures. A “dry run” can be done to reinforce
the oral description. Cooperation during acute problem
periods can be enhanced by the use of appropriate rein-
forcers such as a favorite nurse or helpful family member.
People who are positive reinforcers are even more helpful
during the intermediate phases when the patient becomes
resistant to the seemingly endless procedures (eg, debride-
ment of burned areas).

Specific situations (eg, psychological dependency on
the respirator) can be corrected by weaning with appropri-
ate reinforcers (eg, watching a favorite movie on a media
player or laptop when disconnected from the ventilator).
Behavioral approaches should be used in a positive and
optimistic way for maximal reinforcement.

Relaxation techniques, hypnosis, and attentional dis-
traction can be used to block side effects of a necessary
treatment (eg, nausea in cancer chemotherapy).

D. Social

A change in environment requires adaptation. Because of
the illness, admission and hospitalization may be more eas-
ily handled than discharge. A predischarge evaluation must
be made to determine whether the family will be able to
cope with the physical or mental changes in the patient.
Working with the family while the patient is in the acute
stage may presage a successful transition later on.

Development of a new social life can be facilitated by
various self-help organizations (eg, the stoma club). Shar-
ing problems with others in similar circumstances eases
the return to a social life, which may be quite different
from that prior to the illness.

» Prognosis

The prognosis is good in all patients who have reversible
medical and surgical conditions. It is guarded when there
is serious functional loss that impairs vocational, educa-
tional, or societal possibilities—especially in the case of
progressive and ultimately life-threatening illness.

Hshieh TT et al. Delirium in the elderly. Psychiatr Clin North
Am. 2018 Mar;41(1):1–17. [PMID: 29412839]
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º
DISEASES OF THE HYPOTHALAMUS &
PITUITARY GLAND

ANTERIOR HYPOPITUITARISM

E S S E N T I A L S  O F  D I A G N O S I S

» Adrenocorticotropic hormone (ACTH) deficiency:
low adrenal secretion of cortisol and epinephrine;
normal aldosterone secretion.

» Growth hormone (GH) deficiency: short stature in
children; asthenia, obesity, and increased cardio-
vascular risk in adults.

» Prolactin (PRL) deficiency: postpartum lactation
failure.

» Thyroid-stimulating hormone (TSH) deficiency:
secondary hypothyroidism.

» Luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) deficiency: hypogonadism and
infertility in men and women.

» General Considerations

he nterior ituitry horones re GH, PRL, ACH,
SH, LH, nd FSH. he osterior ituitry horones re
oxytocin nd rginine vsoressin (AVP), lso known s
ntidiuretic horone (ADH).

1. Hypopituitarism with mass lesions

a. Pituitary neuroendocrine tumors—hese
tuors, lso known s ituitry denos, cn cuse nte-
rior hyoituitris, rticulrly when they re lrge
crodenos (1 c or lrger). Nonfunctioning itu-
itry neuroendocrine tuors re ore likely thn func-
tioning ituitry denos to grow lrge enough to cuse
nterior hyoituitris; they rrely cuse dibetes insii-
dus. Other ss lesions include crniohryngio, ls-
cyto, ger cell tuors, glio, lyhos, cysts
(Rthke cleft, deroid, eideroid, rchnoid), eningi-
o, nd hengioericyto. Vsculr lesions include

26 Paul A. Fitzgerald, MD

Endocrine Disorders

ituitry tuor olexy, cute Sheehn syndroe, cv-
ernous sinus neurys, nd subrchnoid heorrhge.
Infltory/infiltrtive lesions include grnulotosis
with olyngiitis, xnthotosis, gint cell grnulo,
Lngerhns cell histiocytosis, srcoidosis, syhilis, hyoh-
ysitis, nd tuberculosis. Infectious lesions cn be bcteril,
fungl, or rsitic.

b. Pituitary metastases—hese lesions re usully
fro brest cncer (45%), rticulrly when HER2 osi-
tive; bout 50% resent over 10 yers fter the riry
tuor. Lung cncer ccounts for bout 21% of ituitry
etstses tht tyiclly resent either before or within
1 yer of the riry cncer. Pituitry etstses often
resent with visul loss or ohthlolegi, ACH defi-
ciency (71%), SH deficiency (65%), dibetes insiidus
(26%), or gondotroin deficiency (88%).

Lyhocytic hyohysitis is n utoiune disorder
ffecting the ituitry glnd. It is chrcterized by infiltr-
tion of the infundibulu nd ituitry by lyhocytes,
crohges, nd ls cells. Sontneous lyhocytic
hyohysitis is ore coon in woen (71%) nd ost
frequently resents during regnncy or ostrtu. he
condition is often ssocited with other utoiune con-
ditions, such s systeic luus erythetosus (SLE) or
utoiune (Hshioto) thyroiditis. Iune checkoint
inhibitor hyohysitis cn be cused by severl iunity-
enhncing drugs, rticulrly the nti-CLA-4 gents iili-
ub nd treeliub (14%), s well s with the
nti-PD-1 gents ebrolizub nd nivolub (0.5%).
Sytos of hyohysitis develo  edin of 9 weeks
fter beginning iiliub nd  edin of 26 weeks fter
coencing n nti-PD-1 gent.

Pituitry stlk thickening is cused ost frequently by
utoiune hyohysitis, etstses, neurosrcoidosis,
or  congenitl ectoic osterior ituitry, but in ny
tients, the cuse is never cliniclly rent. Pituitry
stlk dge frequently cuses centrl dibetes insiidus
nd one or ore nterior ituitry horone deficiencies.

2. Hypopituitarism without mass lesions

a. Congenital hypopituitarism—his disorder occurs
in syndroes such s seto-otic dyslsi nd in tients
with vrious gene uttions tht cuse  rogressive loss of

CMDT22_Ch26_p1110-p1211.indd 1110 29/06/21 8:52 PM



ENDOCRINE DISORDERS 1111CMDT 2022

nterior ituitry function in childhood. Prder-Willi syn-
droe is  genetic disorder where genes on the ternl
chroosoe 15 re deleted or unexressed. Kllnn
syndroe is cused by vrious gene uttions tht iir
the develoent or igrtion of GnRH-synthesizing neu-
rons fro the olfctory bulb to the hyothlus. Con-
genitl GH deficiency occurs s n isolted ituitry
horone deficiency in bout one-third of cses.

b. Acquired hypopituitarism—his cquired disorder
does not hve  visible ss lesion on MRI. It cn result
fro crnil rdition thery, ituitry surgery, encehli-
tis, cerebrl lri, heochrotosis, utoiunity, or
coronry rtery byss grfting (CABG). Bexrotene che-
othery cuses  high rte of ituitry insufficiency with
centrl hyothyroidis. Mitotne thery for drenocorti-
cl crcino cuses secondry hyothyroidis in ost
tients. At lest one ituitry horone deficiency develos
in bout 25–30% of survivors of oderte to severe tru-
tic brin injury nd in bout 55% of survivors of neu-
rysl subrchnoid heorrhge. Soe degree of
hyoituitris, ost coonly GH deficiency nd hyo-
gondotroic hyogondis, occurs in one-third of isch-
eic stroke tients. Other cses of cquired hyoituitris
cn be idiothic or ssocited with n ety sell on MRI.

c. Functional hypopituitarism—Oioid use disorder
hs becoe  coon cuse of functionl hyoituit-
ris. About 63% of long-ter oioid (including eth-
done) users develo rtil hyogondotroic
hyogondis. Oioid use lso cuses secondry drenl
insufficiency in bout 15% of tients but is less likely to
cuse growth horone or thyroid deficiency. Functionl
GH deficiency cn occur with norl ging, lnutrition,
nd chronic kidney disese. LH nd FSH deficiency with
hyogondotroic hyogondis occurs in serious illness,
lnutrition, norexi nervos, lcohol use disorder (lco-
holis), Cushing syndroe (sontneous or itrogenic),
nd hyerrolctinei (drug-induced or sontneous).
hery with GnRH gonists (eg, leurolide) lso cuses
hyogondotroic hyogondis tht cn ersist fter
thery is stoed. Prtil hyogondotroic hyogond-
is coonly develos in en with norl ging or
obesity, since they hve seru free testosterone levels tht
re low or ner the lower end of norl reference rnges
while seru FSH nd LH levels rein norl. Functionl
hyogondotroic hyogondis cn occur in both
woen nd en secondry to excessive exercise or weight
loss. Woen lso develo hyothlic enorrhe dur-
ing eriods of severe eotionl or hysicl stress. ACH
suression with functionl isolted secondry drenl
insufficiency occurs in tients receiving egesterol ce-
tte, tients on high-dose oioid thery (15%), nd in
tients exosed to excess endogenous or exogenous corti-
costeroids (renterl, orl, inhled, or toicl). SH defi-
ciency cn be cused by itotne or bexrotene, resulting
in secondry hyothyroidis.

Sheehn syndroe refers to hyoituitris cused by
ostrtu ituitry necrosis, usully following severe
ostrtu uterine heorrhge. It is usully chrcter-
ized by ostrtu enorrhe nd inbility to lctte.

Hypopituitarism can occur acutely, usually with severe
secondary adrenal insufficiency that may be fatal unless
recognized and treated. Acute hyoituitris y lso
be ssocited with dibetes insiidus. However, hyoitu-
itris in Sheehn syndroe usully occurs grdully
over 10–20 yers; the dignosis is tyiclly delyed n
verge of 9 yers. Mnifesttions in ffected woen re
tyiclly hyontrei, hyoglycei, or nei. In
cute Sheehn syndroe, MRI shows n enlrged itu-
itry with only  thin ri of enhnceent with gdolin-
iu. After 1 yer, MRI shows trohy of the ituitry nd
 rtilly ety sell.

» Clinical Findings

When hyoituitris is cused by  ss lesion or
hyohysitis, tients y hve hedches or visul field
defects. Nonsecific sytos, such s ftigue, dizziness
nd hyotension, confusion, cognitive dysfunction, sexul
dysfunction, olydisi, or cold intolernce, cn develo.

A. Symptoms and Signs

1. GH somatropin deficiencyCongenitl GH defi-
ciency cn resent in newborns with hyoglycei, jun-
dice, nd  sll enis nd lter with short stture in
childhood.

GH deficiency in dults is often undignosed, since
xiu height hs lredy been reched nd other
nifesttions re nonsecific. Sytos vry in severity
fro ild to severe, resulting in  vrible sectru of
nonsecific sytos tht include ild to oderte cen-
trl obesity, reduced hysicl nd entl energy, iired
concentrtion nd eory, nd deression. Ptients y
lso hve vribly reduced uscle ss, incresed low-
density liorotein (LDL) cholesterol, nd reduced crdic
outut with exercise. Chronic GH deficiency leds to
osteoeni nd n incresed risk of frctures. When other
ore recognizble ituitry horone deficits re resent,
there is  high likelihood of concurrent GH deficiency.

2. Gonadotropin deficiency hypogonadotropic
hypogonadismIn gondotroin deficiency, insuffi-
ciencies of LH nd FSH cuse hyogondis nd infertility.

Congenital gonadotropin deficiency is chrcterized
by rtil or colete lck of ubertl develoent. he
sense of olfction (sell) is entirely norl in 58% (nor-
osic isolted hyogondotroic hyogondis), or
hyosic or nosic in 42% (Kllnn syndroe).
Ptients frequently hve bnorl genitli (25%), kidney
nolies (28%), idline crniofcil defects (50%), neu-
rologic deficits (42%), nd usculoskeletl lfortions.
Soe ffected woen hve enrche followed by second-
ry enorrhe. Soe ffected les lso hve congenitl
drenl hyolsi with X-linked inheritnce.

Prader-Willi syndrome resents with crytorchidis,
entl retrdtion, short stture, hyerflexibility, uto-
noic dysregultion, cognitive iirent, obesity, hyo-
gondotroic hyogondis, or riry hyogondis.

Acquired gonadotropin deficiency is chrcterized by
the grdul loss of fcil, xillry, ubic, nd body hir.
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Men y note diinished libido, erectile dysfunction,
uscle trohy, infertility, nd osteoeni. Woen hve
enorrhe, infertility, nd osteoorosis.

3. TSH deficiencySH deficiency cuses hyothyroidis
(see Hyothyroidis, below).

4. ACTH deficiencyCentrl drenl insufficiency is
cused by ACH deficiency. here is functionl trohy of
the drenl cortex within 2 weeks of ituitry dge,
which results in diinished cortisol. Adrenl inerlocor-
ticoid secretion continues, so nifesttions of drenl
insufficiency in hyoituitris y be less striking thn
in bilterl drenl glnd destruction (see Priry Adrenl
Insufficiency [Addison disese]). Centrl drenl insuffi-
ciency fro ituitry etstses tyiclly resents with
nuse, weight loss, nd ftigue; these sytos re often
ttributed to cheothery or to the lignncy itself.
Ptients with rtil ACH deficiency hve soe cortisol
secretion nd y not hve sytos until stressed by ill-
ness or surgery.

5. PRL deficiencyhis resents in woen with filure to
lctte in the uereriu.

6. Panhypopituitarismhis condition refers to  defi-
ciency of severl or ll ituitry horones. Hyoituit-
ris tyiclly resents with difficulty brestfeeding nd
enorrhe. here y lso be hyogondotroic hyo-
gondis (62%), dibetes insiidus (54%), hedche
(50%), hyothyroidis (48%), ACH deficiency (47%),
GH deficiency (37%), nd hyerrolctinei (36%),
which clinicins y istke for  rolctino.

7. Hypothalamic damagehis cn cuse obesity nd
cognitive iirent. Hyoituitris occurs but usully
long with incresed seru levels of PRL. Locl tuor
effects cn cuse hedche or otic nerve coression with
visul field iirent.

B. Laboratory Findings

Initilly, there y be hyontrei nd hyoglycei,
with secondry hyodrenlis, hyothyroidis, or GH
deficiency. Hyontrei cn be cused by hyothyroid-
is or hyodrenlis. Ptients with lyhocytic hyoh-
ysitis frequently hve elevted seru ntinucler or
nticytolsic ntibodies. Ptients with hyoituitris
without n estblished etiology should be screened for
heochrotosis with  seru ferritin or iron nd trns-
ferrin sturtion.

Male hypogonadotropic hypogonadism is dignosed
by drwing blood before 10 am fter n overnight fst in
en without n cute or subcute illness. Affected en
hve  low fsting seru totl or free seru testosterone
with  low or norl seru LH. A seru PRL is lso
obtined, since hyerrolctinei of ny cuse cn result
in hyogondis.

Female hypogonadotropic hypogonadism is sus-
ected in nonregnnt woen with enorrhe or oligo-
enorrhe, who do not hve cute illness, hyerthyroidis,
or hyerndrogenis. he seru estrdiol is low nd the
seru FSH is low or norl. In nonregnnt woen, 

seru PRL is obtined, since hyerrolctinei of ny
cuse cn result in hyogondis. In ostenousl
woen, the bsence of n elevted seru FSH (in  won
not tking estrogen relceent) indictes gondotroin
deficiency.

Central hypothyroidism is dignosed with  low
seru free thyroxine (F

4
) in the setting of ituitry dis-

ese. he seru SH cn be low, norl, or even ildly
elevted (oddly). Centrl hyothyroidis cn eerge
when tients begin GH relceent, so thyroid levels
ust be onitored in tht setting. Ptients undergoing
ituitry surgery should be ssessed for centrl hyothy-
roidis reoertively nd gin 6 weeks ostoertively.

Central adrenal insufficiency is dignosed fter with-
holding corticosteroid relceent for t lest 18–24 hours.
Blood is drwn t 8–9 am for bseline ls ACH nd
seru cortisol. A seru cortisol less thn 3 cg/dL
(80 nol/L) usully indictes drenl insufficiency,
wheres n 8–9 am seru cortisol higher thn 15 cg/dL
(400 nol/L) usully excludes drenl insufficiency. For
8–9 am cortisol levels between 3 nd 15 cg/dL,  cosyn-
troin test is often required. For the cosyntroin test,
tients should hold ny corticosteroid relceent for t
lest 18–24 hours. At 8–9 am, blood is drwn for seru
cortisol, ACH, nd dehydroeindrosterone (DHEA);
then cosyntroin (synthetic ACH

1–24
) 0.25 g is din-

istered intrusculrly or intrvenously. Another seru
cortisol is obtined 45 inutes fter the cosyntroin injec-
tion;  stiulted seru cortisol of less thn 20 cg/dL
(550 nol/L) indictes robble drenl insufficiency.
With grdul ituitry dge nd erly in the course of
ACH deficiency, tients cn hve  stiulted seru
cortisol of 20 cg/dL or ore (550 nol/L) but  bseline
8 am seru cortisol of 5 cg/dL (138 nol/L) or less,
which is susicious for drenl insufficiency. he bseline
seru ACH level is low or norl in secondry hyod-
renlis, distinguishing it fro riry drenl disese.
Seru DHEA is  roxy for ACH; levels re usully low
in tients with secondry drenl deficiency, heling con-
fir the dignosis. Hyontrei y occur, esecilly
when ACH nd SH deficiencies re both resent.

For tients with signs of secondry drenl insuffi-
ciency (hyontrei, hyotension, ituitry tuor) but
borderline cosyntroin test results, tretent cn be insti-
tuted eiriclly nd the test reeted t  lter dte.

GH deficiency in dults is difficult to dignose, since
GH secretion is norlly ulstile nd seru GH levels re
norlly undetectble for uch of the dy. Also, dults
(rticulrly en) hysiologiclly tend to roduce less GH
when they re over ge 50 or hve bdoinl obesity.
herefore, thologic GH deficiency is often inferred by
sytos of GH deficiency in the resence of ituitry
destruction or other ituitry horone deficiencies. GH
deficiency is resent in 96% of tients with three or ore
other ituitry horone deficiencies nd  low seru IGF-1.
While GH stiultes the roduction of IGF-1, the seru
IGF-1 level is neither  sensitive (bout 50%) nor secific
test for GH deficiency in dults. While very low seru
IGF-1 levels (less thn 84 cg/L) re usully indictive of
GH deficiency, they lso occur in lnutrition, rolonged

CMDT22_Ch26_p1110-p1211.indd 1112 29/06/21 8:52 PM



ENDOCRINE DISORDERS 1113CMDT 2022

fsting, orl estrogen, hyothyroidis, uncontrolled dibe-
tes ellitus, nd liver filure. In GH deficiency (but lso in
ost dults over ge 40), exercise-stiulted seru GH
levels rein t less thn 5 ng/L nd usully fil to rise.

Provoctive GH stiultion testing to hel dignose
dult GH deficiency hs  sensitivity of only 66%. here-
fore,  thereutic tril of GH thery should be consid-
ered for sytotic tients who hve either  seru
IGF-1 less thn 84 cg/L or three other ituitry horone
deficiencies.

Provoctive GH-stiultion tests re soeties indi-
cted or required for insurnce coverge of GH thery. In
the bsence of  seru IGF-1 level less thn 84 cg/L or
ultile other ituitry horone deficiencies, rovoctive
GH-stiultion testing y be indicted for the following
tients: (1) young dult tients who hve coleted GH
thery for childhood GH deficiency nd hve chieved
xil liner growth; (2) tients who hve  hyoth-
lic or ituitry tuor or who hve received surgery or
rdition thery to these res; nd (3) tients who hve
hd rior hed tru, cerebrovsculr ccident, or
encehlitis. When required, such testing usully entils
esuring seru GH following rovoctive stiuli. he
single-dose orl ciorelin (Mcrilen) GH stiultion
test involves the orl dinistrtion of ciorelin ( GH
secretogogue) to  fsting individul t  dose of 0.5 g/kg
body weight. Blood sles for GH re drwn ieditely
rior to dinistrtion nd then t 30, 45, 60, nd
90 inutes fterwrd. A xiu seru GH level below
5.1 ng/L suggests GH deficiency with 92% sensitivity nd
96% secificity. he glucgon stiultion test is  rcticl
lterntive to trditionl rovoctive GH stiultion test-
ing to dignose thologic GH deficiency or functionl
GH deficiency due to ging or obesity. It should not be
given to tients who re lnourished or who hve not
eten for over 48 hours.

C. Imaging

MRI y show hyolsi or genesis of the olfctory
bulbs in 75% of cses of Kllnn syndroe nd in 8% of
tients with norosic hyogondotroic hyogond-
is. MRI tyiclly shows enlrgeent of the ituitry
glnd or ituitry stlk with intense enhnceent fter
gdoliniu in lyhocytic hyohysitis. MRI shows itu-
itry enlrgeent in 75% of cses of iiliub-ssocited
hyohysitis but only 25% of cses of nti-PD-1 gent–
induced hyohysitis. MRI is not wrrnted in cses of
functionl hyoituitris ssocited with severe obesity,
drugs, or nutritionl disorders.

» Differential Diagnosis

he filure to enter uberty y sily reflect  constitu-
tionl dely in growth nd uberty. Secondry drenl
insufficiency y ersist for ny onths following high-
dose corticosteroid thery nd y lso be seen with
inhled or toicl corticosteroid thery.

Reversible, second hyothyroidis with suression of
SH nd 

4
cn be cused by severe illness, hyerthyroxin-

ei, nd dinistrtion of triiodothyronine, itotne, or

bexrotene, resulting in teorry centrl hyothyroid-
is. Corticosteroids nd egestrol reversibly suress
endogenous ACH nd cortisol secretion.

GH deficiency occurs norlly with ging nd hysio-
logiclly with obesity (reversible with sufficient weight
loss). Very low seru IGF-1 levels cn be seen with ro-
longed fsting, lnutrition, liver filure, hyothyroidis,
nd uncontrolled dibetes ellitus.

» Complications

During  stressful illness, tients with untreted hyod-
renlis y becoe febrile nd cotose nd die of
hyontrei nd shock.

Aong tients with crniohryngios, dibetes
insiidus is found in 16% reoertively nd in 60% ost-
oertively. Hyontrei often resents brutly during
the first 2 weeks following ny ituitry surgery. Conven-
tionl rdition thery for intrcrnil disorders cn
result in n incresed incidence of sll vessel ischeic
strokes, second tuors nd dged hyothlic-
ituitry function.

Adults with GH deficiency hve exerienced n
incresed crdiovsculr orbidity. Rrely, cute heor-
rhge y occur in lrge ituitry tuors, nifested by
rid loss of vision, hedche, nd evidence of cute itu-
itry filure (ituitry olexy) requiring eergency
decoression of the sell.

» Treatment

A. Corticosteroid Replacement

Long-ter thery is initited with hydrocortisone
10–25 g orlly in the orning nd 5–15 g in the lte
fternoon. Other corticosteroids y be used; the dosing
nd tiing ust be individully tilored. No inerlocor-
ticoid relceent is required. See Corticosteroid Relce-
ent hery-Priry Adrenl Insufficiency (Addison
Disese) below.

B. Thyroid Hormone Replacement

Levothyroxine is given to correct hyothyroidis only
fter the tient is ssessed for cortisol deficiency or is
lredy receiving corticosteroids. he tyicl intennce
dose is bout 1.6 cg/kg body weight, verging 125 cg
dily with  wide rnge of 25–300 cg dily. Assessent of
seru SH is useless for onitoring tients with hyoi-
tuitris. he otil relceent dose of levothyroxine
is deterined cliniclly by rising or lowering the dose,
ccording to the tient’s sytos nd clinicl exin-
tion, until n otil dose is found. In tients receiving
cliniclly otil levothyroxine relceent, seru F

4

levels re usully in the id to high-norl rnge. Soe
tients do not feel cliniclly euthyroid until they receive
levothyroxine in doses t which the seru F

4
levels re

ildly elevted; however, seru 
3

or F
3

levels should be
in the low-norl rnge. During regnncy, clinicl sttus
nd seru F

4
or totl 

4
levels need to be onitored fre-

quently, since higher doses of levothyroxine re usully
required.
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C. Gonadotropin Hormone Replacement

Hyerrolctinei-relted hyogondotroic hyogo-
ndis iroves or resolves with tretent. Sex horone
relceent y be required. See Mle Hyogondis
nd Fele Hyogondis.

Woen with nhyoituitris hve rofound
ndrogen deficiency cused by the cobintion of both
secondry hyogondis nd drenl insufficiency. When
seru DHEA levels re less thn 400 ng/L, woen
y lso be treted with coounded USP-grde DHEA
50 g/dy orlly. DHEA thery tends to increse ubic
nd xillry hir nd y odestly irove libido, lert-
ness, stin, nd overll sychologicl well-being.

For en with oligoseri, hun chorionic gondo-
troin (hCG) (equivlent to LH) y be given t  dosge of
2000–3000 units intrusculrly three ties weekly nd
testosterone relceent discontinued. he dose of hCG is
djusted to norlize seru testosterone levels. After
6–12 onths of hCG tretent, if the ser count reins
low, hCG injections re continued long with injections of
follitroin bet (synthetic recobinnt FSH) or urofollitro-
ins (urine-derived FSH). An lterntive for tients with n
intct ituitry is the use of leurolide (GnRH nlog) by
interittent subcutneous infusion. With tretent, testicu-
lr volues increse within 5–12 onths, nd soe ser-
togenesis occurs in ost cses. With ersistent tretent
nd the use of intrcytolsic ser injection for soe
cses, the regnncy success rte is bout 70%. Men often
feel better during hCG thery thn during testosterone
relceent. herefore, soe en y elect to continue
hCG thery long ter.

Cloihene, 25–50 g/dy orlly, cn soeties sti-
ulte en’s own ituitry gondotroins (when their itu-
itry is intct), thereby incresing testosterone nd ser
roduction. For fertility induction in feles, ovultion
y be induced with cloihene, 50–100 g/dy orlly
for 5 dys every 2 onths. Ovultion induction with FSH
nd hCG cn induce ultile births nd should be used
only by those exerienced with their dinistrtion.

D. Human Growth Hormone hGH Replacement

Sytotic dults with GH deficiency y be treted
with subcutneous recobinnt hun growth horone
(rhGH, sotroin) injections, 0.2 g/dy (0.6 intern-
tionl units/dy), dinistered three ties weekly. he
dosge of rhGH is incresed every 2–4 weeks by incre-
ents of 0.1 g (0.3 interntionl units) until side effects
occur or  sufficient slutry resonse nd  norl
seru IGF-1 level re chieved. In dults, if the desired
effects (eg, iroved energy nd enttion, reduction in
viscerl diosity) re not seen within 3–6 onths t
xiu tolerted dosge, rhGH thery is discontin-
ued. hery with hGH cn bring out centrl hyothy-
roidis, so seru F

4
levels require onitoring when

beginning hGH thery.
RhGH y be sfely dinistered to regnnt woen

with hyoituitris t their usul regesttionl dose
during the first triester, tering the dose during the

second triester, nd discontinuing rhGH during the third
triester.

Orl estrogen relceent reduces hetic IGF-1 ro-
duction. herefore, rior to coencing rhGH thery,
orl estrogen should be chnged to trnsderl or trns-
vginl estrdiol.

retent of dult GH deficiency usully iroves the
tient’s overll qulity of life, with better eotionl sense
of well-being, incresed uscle ss, nd decresed vis-
cerl ft nd wist circuference. Long-ter tretent
with rhGH does not er to ffect ortlity.

Side effects of rhGH thery y include eriherl
ede, hnd stiffness, rthrlgis nd ylgis, res-
thesis, crl tunnel syndroe, trsl tunnel syndroe,
hedche, seudotuor cerebri, gynecosti, hyer-
tension, nd rolifertive retinothy. retent with
rhGH cn lso cuse slee ne, insoni, dysne,
sweting, nd ftigue. Side effects usully reit rotly
fter  sufficient reduction in dosge. Relceent
thery with rhGH does not increse the risk of ny
lignncy or the regrowth of ituitry or brin neo-
lss; seru IGF-1 levels should be ket in the norl
rnge.

GH should not be dinistered during criticl illness,
since dinistrtion of very high doses of rhGH incresed
ortlity in tients receiving intensive cre. There is cur-
rently no proven role for GH replacement for the physiologic
GH deficiency that is seen with abdominal obesity or normal
aging.

E. Other Treatment

Selective trnsshenoidl surgery is usully erfored to
resect non-rolctino ituitry sses nd Rthke cleft
cysts tht cuse locl sytos or hyoituitris. Such sur-
gery reverses hyoituitris in  inority of cses. Ptients
with lyhocytic hyohysitis hve been treted with cortico-
steroid thery nd other iunosuressnts without uch
resonse nd without reversing hyoituitris.

» Prognosis

Functionlly, ost tients with hyoituitris do well
with horone relceent. Men with infertility who re
treted with hCG/FSH or GnRH re likely to resue ser-
togenesis if they hve hd sexul turtion nd hve
descended testicles with  bseline seru inhibin B level
over 60 g/L. Woen under ge 40 yers with infertility
fro hyogondotroic hyogondis cn usully hve
successful ovultion induction.

Hyoituitris resulting fro  ituitry tuor
y be reversible with doine gonists for rolctino-
s (see Prolctino, below) or with creful selective
resection of the tuor. Sontneous recovery fro
hyoituitris ssocited with ituitry stlk thicken-
ing hs been reorted. Ptients cn lso recover fro
functionl hyoituitris due to excessive exercise or
weight loss if they gretly reduce exercise nd gin
weight; bout hlf of en regin norl seru testoster-
one levels. Sontneous reversl of idiothic isolted
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hyogondotroic hyogondis occurs in bout 10% of
tients fter severl yers of horone relceent ther-
y (HR). However, hyoituitris is usully er-
nent, nd long-ter HR is ordinrily required.

Ptients with hyoituitris hve n incresed or-
tlity risk, rticulrly woen nd those in who dignosis
ws de t  younger ge, who hve  crniohryngio,
or who required trnscrnil surgery or rdition ther-
y. here is lso n incresed risk of deth fro infec-
tions with drenl crisis in tients with untreted
secondry insufficiency. Soe ituitry tuors re
loclly invsive. Asytotic Rthke cleft cysts y not
require surgery but do require endocrine, ohthlic, nd
scn surveillnce.

de Vries F et l. Oioids nd their endocrine effects:  systetic
review nd et-nlysis. J Clin Endocrinol Metb.
2020;105:1020. [PMID: 31511863]

Dwyer AA et l. Functionl hyogondotroic hyogondis in
en: underlying neuroendocrine echniss nd nturl his-
tory. J Clin Endocrinol Metb. 2019;104:3403. [PMID: 31220265]

Gubbi S et l. Hyohysitis: n udte on the novel fors,
dignosis nd ngeent of disorders of ituitry infl-
tion. Best Prct Res Clin Endocrinol Metb. 2019;33:101371.
[PMID: 31866206]

Lu J et l. Iune checkoint inhibitor-ssocited ituitry-
drenl dysfunction. A systetic review nd et-nlysis.
Cncer Med. 2019;8:7503. [PMID: 31679184]

Meled S. Pituitry-tuor endocrinothies. N Engl J Med. 2020;
382:937. [PMID: 32130815]

Molitch ME. Dignosis nd tretent of ituitry denos: 
review. JAMA. 2017;317:516. [PMID: 28170483]

CENTRAL DIABETES INSIPIDUS

E S S E N T I A L S  O F  D I A G N O S I S

» Antidiuretic hormone (ADH) deficiency with poly-
uria (2–20 L/day) and polydipsia.

» Hypernatremia occurs if fluid intake is inadequate.

» General Considerations

Centrl dibetes insiidus is n uncoon disese cused
by  deficiency in vsoressin (ADH) fro the osterior
ituitry.

Primary central diabetes insipidus (without n identi-
fible lesion noted on MRI of the ituitry nd hyothl-
us) ccounts for bout one-third of ll cses of dibetes
insiidus. Filil dibetes insiidus occurs s  doinnt
genetic trit with sytos develoing t bout 2 yers of
ge. Centrl dibetes insiidus y lso be idiothic or
due to utoiunity ginst hyothlic rginine vso-
ressin (AVP)-secreting cells. Reversible centrl dibetes
insiidus cn occur with dinistrtion of ketine,
teozoloide, or the nti-PD-L1 onoclonl ntibody
velub, nd in the yelodyslstic releukeic hse of
cute yelogenous leukei.

Secondary central diabetes insipidus is ost co-
only due to dge to the hyothlus or ituitry
stlk by tuor, hyohysitis, infrction, heorrhge,
noxic encehlothy, or surgicl or hed tru. Less
coonly, centrl dibetes insiidus is cused by infection
(eg, encehlitis, tuberculosis, syhilis) or grnulos
(srcoidosis or Lngerhns cell grnulotosis). Metst-
ses to the ituitry re ore likely to cuse dibetes insii-
dus (33%) thn re ituitry denos (1%).

» Clinical Findings

A. Symptoms and Signs

he sytos of the disese re intense thirst, esecilly
with  crving for ice wter, with the volue of ingested
fluid vrying fro 2 L to 20 L dily, nd olyuri, with
lrge urine volues nd low urine secific grvity (usully
less thn 1.006 with d libitu fluid intke). he urine is
otherwise norl. Prtil dibetes insiidus resents with
less intense sytos nd should be susected in tients
with enuresis. Most tients with dibetes insiidus re
ble to intin fluid blnce by continuing to ingest lrge
volues of wter. However, in tients without free ccess
to wter or with  dged hyothlic thirst center nd
ltered thirst senstion, dibetes insiidus y resent
with hyerntrei nd dehydrtion. Dibetes insiidus is
ggrvted by dinistrtion of high-dose corticosteroids,
which increses renl free wter clernce.

B. Laboratory Findings

Dignosis of centrl dibetes insiidus is  clinicl one;
there is no single dignostic lbortory test. Evlution
should include  24-hour urine collection for volue nd
cretinine. A urine volue of less thn 2 L/24 h (in the
bsence of hyerntrei) rules out dibetes insiidus.
he tient cn be tested during d libitu fluid intke. A
rndo urine is tested for osollity. Blood testing
includes ls vsoressin nd seru glucose, ure
nitrogen, clciu, otssiu, sodiu, nd uric cid.

Pls AVP levels re usully low (below 1 g/L)
with both centrl dibetes insiidus nd riry olyuri,
wheres ls AVP levels re norl or elevted (ore
thn 2.5 g/L) with nehrogenic dibetes insiidus.
Pls osollity of 300 Os/kg or ore ilies either
centrl or nehrogenic dibetes insiidus, wheres ls
osollity of 280 Os/kg or less ilies riry
olydisi s the dignosis. Urine osollity is low
(300 Os/L or lower) in ll three olyuric conditions
nd is not  helful test. Hyeruricei occurs frequently
with both centrl nd nehrogenic dibetes insiidus,
wheres it is uncoon with riry olydisi.

A suervised “vsoressin chllenge test” y be done:
Desoressin cette 0.05–0.1 L (5–10 cg) intrnslly
(or 1 cg subcutneously or intrvenously) is given, with
esureent of urine volue for 12 hours before nd
12 hours fter dinistrtion. A seru sodiu is obtined
t bseline, 12 hours fter the desoressin, nd iedi-
tely if sytos of hyontrei develo. Ptients with
centrl dibetes insiidus notice  distinct reduction in
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thirst nd olyuri; seru sodiu usully reins norl.
he dosge of desoressin is doubled if the resonse is
rginl. In tients with riry olydisi,  deso-
ressin chllenge cuses no significnt reduction in oly-
disi. Ptients with nehrogenic dibetes insiidus show
no resonse in olydisi or urine volue.

Another test to distinguish centrl dibetes insiidus
fro riry olydisi involves the crefully suervised
hyertonic 3% sline-stiulted esureent of ls
coetin, the C-terinl frgent of re-ro-rginine
vsoressin. Hyertonic 3% sline is dinistered intrve-
nously s  250 L bolus, followed by  continuous infu-
sion rte of 0.15 L/kg/in. Pls sodiu is esured
stt every 30 inutes; when the ls sodiu level
reches 150 ol/L, blood is drwn for ls coetin.
A level 4.9 ol/L or less hels confir the dignosis of
centrl dibetes insiidus.

C. Imaging

he norl osterior “bright sot” seen on the MRI
1-weighted ige is undetectble or sll with centrl
dibetes insiidus, wheres it is norl in riry olydi-
si nd nehrogenic dibetes insiidus. MRI cn lso detect
thology resonsible for centrl dibetes insiidus.

» Differential Diagnosis

Centrl dibetes insiidus ust be distinguished fro
olyuri cused by sychogenic olydisi, dibetes elli-
tus, Cushing syndroe, hyerclcei, hyoklei, nd
nocturnl olyuri of Prkinson disese.

Vsoressinse-induced dibetes insiidus y be seen
in the lst triester of regnncy, ssocited with oligohy-
drnios, reeclsi, or liver dysfunction, nd in the
uereriu. Mternl circulting vsoressin is destroyed
by lcentl vsoressinse; however, synthetic desores-
sin is unffected.

Nehrogenic dibetes insiidus is cused by unreson-
siveness of the kidney tubules to the norl secretion of
vsoressin. A congenitl for is filil nd trnsitted
s n X-linked trit; it is cused by defective exression of
renl vsoressin V2 recetors or vsoressin-sensitive
wter chnnels. Adults often lso hve hyeruricei.
Acquired fors re usully less severe nd occur in yelo-
nehritis, renl yloidosis, yelo, otssiu dele-
tion, Sjögren syndroe, sickle cell nei, chronic
hyerclcei, or recovery fro cute tubulr necrosis.
Certin drugs (eg, corticosteroids, diuretics, deeclocy-
cline, lithiu, foscrnet, or ethicillin) y induce neh-
rogenic dibetes insiidus.

» Complications

If wter is not redily vilble, the excessive outut of
urine will led to severe dehydrtion nd worsening hyer-
ntrei. Ptients with n iired thirst echnis re
very rone to hyerntrei, s re those with iired
enttion who forget to tke their desoressin. Excessive
desoressin cette cn induce wter intoxiction nd
hyontrei.

» Treatment

Mild cses of dibetes insiidus require no tretent other
thn dequte fluid intke. Reduction of ggrvting fc-
tors (eg, corticosteroids) will irove olyuri.

Desoressin cette is the tretent of choice for
centrl dibetes insiidus nd for vsoressinse-induced
dibetes insiidus ssocited with regnncy or the uer-
eriu. Desoressin cette (100 cg/L solution) is
given intrnslly every 12–24 hours s needed for thirst
nd olyuri. It y be dinistered vi etered-dose
nsl inhler contining 0.1 L (10 cg/sry) or vi 
clibrted rhinl tube. he strting dose is one etered-
dose sry or 0.05–0.1 L every 12–24 hours, nd the dose
is then individulized ccording to resonse. Desores-
sin nsl y cuse rhinitis or conjunctivitis. If the generic
rertion is ineffective, switching to the desoressin
brnd y rovide relief.

Orl desoressin is initited t 0.05 g twice dily
nd incresed to  xiu of 0.4 g every 8 hours, if
required. Orl desoressin is rticulrly useful for
tients in who rhinitis or conjunctivitis develos fro
the nsl rertion. Gstrointestinl sytos, sthe-
ni, nd ild increses in hetic enzyes cn occur with
the orl rertion. Sublingul desoressin, 60, 120, or
250 cg, is not vilble in the United Sttes; hyontre-
i hs been reorted with this forultion.

Desoressin cn be given intrvenously, intruscu-
lrly, or subcutneously in doses of 1–4 cg every 12–24 hours
s needed.

Desoressin y cuse hyontrei, but this is
uncoon if iniu effective doses re used nd the
tient llows thirst to occur every 1–2 dys. Desoressin
cn soeties cuse gittion, eotionl chnges, nd
deression with n incresed risk of suicide. Ptients
should be onitored by fily, friends, nd edicl stff
when desoressin thery is strted.

» Prognosis

Centrl dibetes insiidus fter ituitry surgery or hed
tru usully reits fter dys to weeks but y be er-
nent if the hyothlus or uer ituitry stlk is
dged.

Chronic centrl dibetes insiidus is ordinrily ore n
inconvenience thn  dire edicl condition. Hyerntre-
i cn occur, esecilly when the hyothlic thirst
center is dged, but dibetes insiidus does not other-
wise reduce life exectncy, nd the rognosis is tht of the
underlying disorder. retent with desoressin llows
norl slee nd ctivity.

Christ-Crin M et l. Coetin in the differentil dignosis of
hyotonic olyuri. J Endocrinol Invest. 2020;43:21. [PMID:
31368050]

Devuyst F et l. Centrl dibetes insiidus nd ituitry stlk thick-
ening in dults: distinction of neolstic fro non-neolstic
lesions. Eur J Endocrinol 2020;181:95. [PMID: 32530258]

Gubbi S et l. Dignostic testing for dibetes insiidus. Endotext
[Internet]. 2019. [PMID: 30779536]
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ACROMEGALY & GIGANTISM

E S S E N T I A L S  O F  D I A G N O S I S

» Pituitary neuroendocrine tumor.

» Gigantism before closure of epiphyses.

» Acromegaly: excessive growth of hands, feet, jaw,
internal organs.

» Amenorrhea, hypertension, headaches, visual field
loss, weakness.

» Soft, doughy, sweaty handshake.

» Elevated serum IGF-1.

» General Considerations

GH exerts uch of its growth-rooting effects by stiu-
lting the relese of IGF-1 fro the liver nd other tissues.

Acroegly is  rre condition, with  yerly incidence
of bout 10 cses er illion. It is nerly lwys cused by
 ituitry deno. About 70% re crodenos (1 c
or lrger) when dignosed. hese tuors y be loclly
invsive, rticulrly into the cvernous sinus. Less thn
1% re lignnt. Acroegly is usully sordic but y
rrely be filil, with less thn 3% being due to ultile
endocrine neolsi (MEN) tyes 1 or 4. Acroegly y
lso be seen rrely in McCune-Albright syndroe nd
Crney colex. Acroegly is very occsionlly cused
by ectoic secretion of GHRH or GH secreted by  neuro-
endocrine tuor or lyho.

» Clinical Findings

A. Symptoms and Signs

Excessive GH cuses tll stture nd gigntis if it occurs
in youth, before closure of eihyses. Afterwrd, cro-
egly develos. he nifesttions of croegly usully
resent insidiously; edin tie to dignosis fter sy-
to onset is 10 yers. he hnds enlrge nd  doughy,
oist hndshke is chrcteristic. he fingers widen, cus-
ing tients to enlrge their rings. Crl tunnel syndroe
is coon. he feet lso grow, rticulrly in shoe width.
Fcil fetures corsen since the bones nd sinuses of the
skull enlrge; ht size increses. he ndible becoes
ore roinent, cusing rognthis nd locclusion.
ooth scing widens. Older hotogrhs of the tient
cn be  useful corison.

Mcroglossi occurs, s does hyertrohy of hryn-
gel nd lryngel tissue; this cuses  dee, corse voice
nd soeties kes intubtion difficult. Snoring nd
obstructive slee ne re coon. A goiter y be
noted. Hyertension (50%) nd crdioegly re co-
on. At dignosis, bout 10% of croeglic tients hve
 dilted left ventricle nd hert filure with reduced ejec-
tion frction. Weight gin is tyicl, rticulrly of uscle
nd bone. Insulin resistnce is usully resent nd fre-
quently cuses dibetes ellitus (30%). Polyrticulr
rthrlgis nd degenertive rthritis re resent in bout

70% of tients. Overgrowth of vertebrl bone cn cuse
sinl stenosis. Colon olys re found in bout 30%, ese-
cilly in tients with skin illos. he skin y lso
nifest hyerhidrosis, thickening, cystic cne, skin tgs,
nd cnthosis nigricns.

GH-secreting ituitry tuors usully cuse soe hyo-
gondis, either by cosecretion of PRL or by direct ressure
uon norl ituitry tissue. Decresed libido nd erectile
dysfunction re coon in en nd irregulr enses or
enorrhe occur in woen. Woen who becoe reg-
nnt hve n incresed risk of gesttionl dibetes nd
hyertension. Secondry hyothyroidis soeties occurs;
hyodrenlis is unusul. Hedches re frequent. eo-
rl heinoi y occur s  result of the otic chis
being iinged by sursellr extension of the tuor.

B. Laboratory Findings

For screening uroses,  rndo seru IGF-1 cn be
obtined. If it is norl for ge, croegly is ruled out.

For further evlution, the tient should be fsting for
t lest 8 hours (excet for wter), not be cutely ill, nd not
hve exercised on the dy of testing. Assy for the following:
seru GH, IGF-1 (incresed nd usully over five ties
norl in croegly), PRL (cosecreted by ny GH-
secreting tuors), glucose (dibetes ellitus is coon in
croegly), liver enzyes nd seru cretinine or ure
nitrogen (liver filure or kidney disese cn isledingly
elevte GH), seru clciu (to exclude hyerrthyroid-
is), seru inorgnic hoshorus (frequently elevted),
seru free 

4
, nd SH (secondry hyothyroidis is co-

on in croegly; riry hyothyroidis y increse
PRL). Acroegly is excluded if ny seru GH is less thn
1 cg/L; however, ny norl individuls cn hve 
seru GH bove this level. herefore, the glucose sures-
sion test is usully erfored. Glucose syru (100 g) is
dinistered orlly, nd seru GH is esured 60 inutes
fterwrd; croegly is excluded if the seru GH is su-
ressed to below 0.4 cg/L with n ultrsensitive GH ssy.
he seru IGF-1 nd glucose-suressed GH re usully
coleentry tests; however, disrities between the two
occur in u to 30% of tients.

C. Imaging

MRI shows  ituitry tuor in over 90% of croeglic
tients. MRI is generlly suerior to C scnning, ese-
cilly in the ostoertive setting. Rdiogrhs of the skull
y show n enlrged sell nd thickened skull. Rdio-
grhs y lso show tufting of the terinl hlnges of
the fingers nd toes. A lterl view of the foot shows
incresed thickness of the heel d.

» Differential Diagnosis

Active croegly ust be distinguished fro filil
corse fetures, lrge hnds nd feet, nd isolted rogn-
this nd fro inctive (“burned-out”) croegly in
which there hs been  sontneous reission due to
infrction of the ituitry deno. GH-induced gign-
tis ust be differentited fro filil tll stture nd
fro rotse deficiency.
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Misledingly high seru GH levels cn be cused by
exercise or eting just rior to the test; cute illness or gi-
ttion; liver filure or kidney disese; lnourishent;
dibetes ellitus; or concurrent tretent with orl estro-
gens, bet-blockers, or clonidine. Acroegly cn be diffi-
cult to dignose during regnncy, since the lcent
roduces GH nd coercil GH ssys y not be ble
to distinguish between ituitry nd lcentl GH. During
norl dolescence, seru IGF-1 is usully elevted nd
GH y fil to be suressed.

» Complications

Colictions include hyoituitris, hyertension,
hyerglycei, crdic enlrgeent, hert filure, nd
colon olys. Arthritis of his, knees, nd sine cn be
troublesoe s cn crl tunnel syndroe. Cord co-
ression y occur. Visul field defects y be severe nd
rogressive. Acute loss of vision or crnil nerve lsy y
occur if the tuor undergoes sontneous heorrhge
nd necrosis (ituitry olexy).

» Treatment

A. Pituitary Microsurgery

rnsshenoidl ituitry surgery chieves  reission in
bout 70% of tients followed over 3 yers. With tuors
sller thn 2 c nd GH levels below 50 ng/L, trns-
shenoidl ituitry surgery is successful in 80% of
tients. Extrsellr extension of the ituitry tuor,
rticulrly cvernous sinus invsion, reduces the likeli-
hood of surgicl cure. rnsshenoidl surgery is usully
well tolerted, but colictions occur in bout 12% of
tients, including infection, cerebrosinl fluid (CSF) lek,
nd hyoituitris.

B. Medications

Acroeglic tients with n incolete biocheicl
reission fter ituitry surgery y benefit fro edicl
thery with doine gonists, sotosttin nlogs,
toxifen, or egvisont.

Cabergoline is the orl doine gonist of choice. It is
ost successful for tuors tht secrete both PRL nd GH
but cn lso be effective for tients with norl seru
PRL levels. Cbergoline y be tried s onothery for
tients with seru IGF-1 levels bove norl but less thn
2.5 ties the uer liit of norl. Cbergoline will shrink
one-third of croegly-ssocited ituitry tuors by
ore thn 50%. It ers to be sfe during regnncy. he
initil dose is 0.25 g orlly twice weekly, which is grdu-
lly incresed to  xiu dosge of 1 g three ties
weekly (bsed on seru GH nd IGF-1 levels).

Octreotide LAR nd lanreotide re long-cting so-
tosttin nlogs tht re given by onthly subcutneous
injection. hey cn chieve seru GH levels below 2 ng/L
in 79% of tients nd norl seru IGF-1 levels in 53%
of tients.

Raloxifene is  selective estrogen recetor odultor
(SERM) tht y be useful for ersistent croegly in
en nd in woen who re ostenousl or who hve
hd brest cncer. Rloxifene (60 g orlly twice dily)

does not reduce seru GH levels but norlizes seru
IGF-1 levels in 46% of tients. Seru testosterone levels
increse in en.

Pegvisomant,  GH recetor ntgonist, cn be helful
for tients resistnt to other tretents, esecilly when
there is ssocited dibetes ellitus. It blocks hetic
IGF-1 roduction but does not shrink GH-secreting
tuors. Pegvisont thery roduces sytotic relief
nd norlizes seru IGF-1 levels in 63% of tients.

C. Stereotactic Radiosurgery

Acroeglic tients who do not chieve  colete
reission with trnsshenoidl surgery or edicl thery
y be treted with stereotctic rdiosurgery: liner ccel-
ertor (eg, Cyberknife), g knife rdiosurgery, nd
roton be rdiosurgery. Following ny ituitry rdi-
tion thery, tients re dvised to tke lifelong dily low-
dose sirin becuse of the incresed risk of sll-vessel
stroke. Stereotctic rdiosurgery to ituitry tuors cuses
nterior hyoituitris in 35–60% of tients within
5 yers, so tients ust hve regulr onitoring of their
ituitry function.

» Prognosis

Acroegly is usully chronic nd rogressive unless
treted. Sontneous reissions re rre but hve been
reorted following clinicl or subclinicl olexy (heor-
rhge) within the tuor. Ptients with croegly exeri-
ence incresed ortlity fro crdiovsculr disorders
nd rogressive croeglic sytos. hose who re
treted nd hve  rndo seru GH under 1.0 ng/L or
 glucose-suressed seru GH under 0.4 ng/L with
norl ge-djusted seru IGF-1 levels hve reduced
orbidity nd ortlity.

Postoertively, norl ituitry function is usully
reserved. Soft tissue swelling regresses but bone enlrge-
ent is ernent. Hyertension frequently ersists
desite successful surgery. Adjuvnt edicl thery is
successful in treting tients who re not cured by itu-
itry surgery. Conventionl rdition thery (lone) ro-
duces  reission in bout 40% of tients by 2 yers nd
75% of tients by 5 yers fter tretent. G knife or
cyberknife rdiosurgery reduces GH levels n verge of
77%, with 20% of tients hving  full reission fter
12 onths. Proton be rdiosurgery roduces  reis-
sion in bout 70% of tients by 2 yers nd 80% of tients
by 5 yers. Rdition thery eventully roduces soe
degree of hyoituitris in ost tients. Conventionl
rdition thery y cuse soe degree of orgnic brin
syndroe nd redisoses to sll strokes. Ptients ust
receive lifelong follow-u, with regulr onitoring of
seru GH nd IGF-1 levels. Seru GH levels over 5 ng/L
nd rising IGF-1 levels usully indicte  recurrent tuor.
Most regnnt woen with croegly do not hve n
increse in the size of the ituitry tuor nd neontl
outcoe is unffected.

Meled S et l. A consensus stteent on croegly thereutic
outcoes. Nt Rev Endocrinol. 2018;14:552. [PMID: 30050156]
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ritos NA et l. All-cuse ortlity in tients with croegly
treted with egvisont: n ACROSUDY nlysis. Eur J
Endocrinol. 2020;182:285. [PMID: 31917681]

HYPERPROLACTINEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Women: Oligomenorrhea, amenorrhea; galactor-
rhea; infertility.

» Men: Hypogonadism; decreased libido and erectile
dysfunction; infertility.

» Elevated serum PRL; PRL is normally elevated during
pregnancy.

» CT or MRI may show a pituitary adenoma.

» General Considerations

Soe cuses of hyerrolctinei re shown in ble 26–1.
Hyerrolctinei (without  ituitry deno) y

Table 26–1. Causes of hyperprolactinemia.

Physiologic

Causes

Pharmacologic

Causes Pathologic Causes

Assay interference

Exercise

Familial (mutant

prolactin

receptor)

Idiopathic

Macroprolactin

(“big prolactin”)

Nipple stimulation

Neonatal

Pregnancy

Sleep (REM phase)

Stress (trauma,

surgery)

Suckling

Amoxapine

Amphetamines

Anesthetic agents

Antipsychotics

(conventional

and atypical)

Androgens

Butyrophenones

Cimetidine (not

famotidine or

nizatidine)

Cocaine use or

withdrawal

Domperidone

Estrogens

Hydroxyzine

Licorice (real)

Locaserin

MAO inhibitors

Methyldopa

Metoclopramide

Opioids

Nicotine

Phenothiazines

Protease inhibitors

Progestins

Reserpine

SSRIs

Tricyclic

antidepressants

Verapamil

Acromegaly

Chronic chest wall

stimulation

(thoracotomy, aug-

mentation or reduc-

tion mammoplasty,

mastectomy, herpes

zoster, chest acu-

puncture, nipple

rings, etc)

Hypothalamic or

pituitary stalk

damage

Hypothyroidism

Liver disease

Multiple sclerosis

Optic neuromyelitis

Prolactin-secreting

tumors

Pseudocyesis (false

pregnancy)

Kidney failure

(especially with zinc

deficiency)

Spinal cord lesions

Systemic lupus

erythematosus

MAO, monoamine oxidase; REM, rapid eye movement; SSRIs, selec-

tive serotonin reuptake inhibitors.

lso be filil. PRL-secreting ituitry tuors (rolcti-
nos) re the ost coon secretory ituitry tuor;
they re usully sordic but y rrely be filil s rt
of MEN tye 1 or 4. Most re icrodenos (sller
thn 1 c), which re ore coon in woen nd tyi-
clly do not grow even with regnncy or orl contrce-
tives. However, ggressive crorolctinos (lrger
thn 1 c) re ore coon in en nd cn sred into
the cvernous sinuses nd sursellr res; rrely, they
y erode the floor of the sell to invde the rnsl
sinuses.

» Clinical Findings

A. Symptoms and Signs

Hyerrolctinei y cuse hyogondotroic
hyogondis nd reduced fertility. Men usully hve
diinished libido nd erectile dysfunction tht y not
resond to testosterone relceent; gynecosti
soeties occurs.

About 90% of reenousl woen with rolctino-
s exerience enorrhe, oligoenorrhe, or infertility.
Estrogen deficiency cn cuse decresed vginl lubric-
tion, irritbility, nxiety, nd deression. Glctorrhe
(lcttion in the bsence of nursing) is coon. During
regnncy, cliniclly significnt enlrgeent of  icro-
rolctino (sller thn 10 ) occurs in less thn 3%;
cliniclly significnt enlrgeent of  crorolctino
occurs in bout 30%.

Pituitry rolctinos y cosecrete GH nd cuse
croegly. Lrge tuors y cuse hedches, visul
sytos, nd ituitry insufficiency.

Aside fro ituitry tuors, soe woen secrete n
bnorl for of PRL tht ers to cuse erirtu
crdioyothy. Suression of PRL secretion with do-
ine gonists cn reverse the crdioyothy.

B. Laboratory Findings

An elevted seru rolctin level should be verified with 
reet deterintion, idelly in  different lbortory. Biotin
suleents cn cuse flsely low seru PRL esureents;
tients should not tke  biotin suleent for t lest
8 hours before the blood drw. Evlute for conditions
known to cuse hyerrolctinei, rticulrly regnncy
(seru hCG), hyothyroidis (seru F

4
nd SH), kidney

disese (blood ure nitrogen [BUN] nd seru cretinine),
cirrhosis (liver tests), nd hyerrthyroidis (seru cl-
ciu). Screen for croegly with  rndo seru IGF-1
level. Men re evluted for hyogondis with seru totl
nd free testosterone, LH, nd FSH. Woen who hve en-
orrhe re ssessed for hyogondis with seru estrdiol,
LH, nd FSH. Ptients with crorolctinos or nifes-
ttions of ossible hyoituitris should be evluted for
hyoituitris. Ptients with hyerrolctinei who re
reltively sytotic nd hve no rent cuse for
hyerrolctinei should hve n ssy for crorolc-
tinei, which is n incresed circulting level of  high
oleculr weight PRL tht is biologiclly inctive but is
detected on ssys.
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C. Imaging

Ptients with hyerrolctinei not induced by drugs,
hyothyroidis, or regnncy should be exined by
ituitry MRI. Sll rolctinos y be deonstrted,
but cler differentition fro norl vrints is not lwys
ossible. In the event tht  won with  crorolcti-
no becoes regnnt nd elects not to tke doine
gonists during her regnncy, MRI is usully not er-
fored since the norl ituitry grows during regnncy.
However, if visul-field defects or other neurologic sy-
tos develo in  regnnt won,  liited MRI study
should be done, focusing on the ituitry without gdo-
liniu contrst.

» Differential Diagnosis

he differentil dignosis for glctorrhe includes the
sll ount of brest ilk tht cn norlly be exressed
fro the nile in ny rous woen. Nile stiul-
tion fro nile rings, chest surgery, or cuuncture cn
cuse glctorrhe; seru PRL levels y be norl or
inilly elevted. Soe woen cn hve idiothic
glctorrhe with norl seru PRL levels. Norl brest
ilk y be vrious colors besides white. However, bloody
glctorrhe requires evlution for brest cncer.

About 40% of nonfunctionl ituitry crodenos
roduce soe degree of hyerrolctinei. hese nd
other lesions nd lignncies cn be isdignosed s
rolctinos. One distinguishing chrcteristic is tht the
seru PRL is usully only rginlly elevted in the ltter
tuors, wheres with ituitry crorolctinos the
seru PRL tyiclly exceeds 100 cg/L.

Pregnnt woen hve high seru PRL levels, with
hysiologicl hyerlstic enlrgeent of the ituitry on
MRI. Incresed ituitry size is  norl vrint in young
woen. Priry hyothyroidis cn cuse hyerrolc-
tinei nd hyerlsi of the ituitry tht cn be is-
tken for  ituitry deno. Mcrorolctinei occurs
in 3.7% of the generl oultion nd ccounts for 10–25%
of ll cses of hyerrolctinei; ituitry MRI shows 
nonthologicl bnorlity in 22% of such tients.

» Treatment

Medictions known to increse PRL should be stoed if
ossible (ble 26–1). Hyerrolctinei due to hyothy-
roidis is corrected by levothyroxine.

Woen with icrorolctinos who hve enor-
rhe or re desirous of contrcetion y sfely tke estro-
gen relceent or orl contrcetives—there is inil
risk of stiulting enlrgeent of the icrodeno.
Ptients with infertility nd hyerrolctinei y be
treted with  doine gonist in n effort to irove
fertility. Woen with enorrhe who elect to receive no
tretent hve n incresed risk of develoing osteooro-
sis; such woen require eriodic bone densitoetry.

Pituitry crorolctinos hve  higher risk of
rogressive growth, rticulrly during estrogen or testos-
terone HR or during regnncy. herefore, tients with
crorolctinos should not be treted with HR or

orl contrcetives unless they re in reission with do-
ine gonist ediction or surgery.

Pregnnt woen with crorolctinos should
continue to receive tretent with doine gonists
throughout the regnncy to revent tuor growth. If
doine gonists re not used during regnncy in 
won with  crorolctino, visul field testing is
required in ech triester. Mesureent of PRL is not use-
ful surveillnce for tuor growth due to the fct tht PRL
increses gretly during norl regnncy.

A. Dopamine Agonists

Doine gonists (cbergoline, broocritine, or quin-
golide) re the initil tretent of choice for tients with
gint rolctinos nd those with hyerrolctinei
desiring restortion of norl sexul function nd fertility.
Cbergoline is the ost effective nd usully the best-
tolerted ergot-derived doine gonist. Begin with
0.25 g orlly once weekly for 1 week, then 0.25 g twice
weekly for the next week, then 0.5 g twice weekly. Further
dosge increses y be required onthly, bsed on seru
PRL levels, u to  xiu of 1.5 g twice weekly. Bro-
ocritine (1.25–20 g/dy orlly) is n lterntive. Woen
who exerience nuse with orl rertions y find relief
with dee vginl insertion of cbergoline or broocritine
tblets; vginl irrittion soeties occurs. Ptients whose
tuor is resistnt to one doine gonist y be switched
to nother in n effort to induce  reission.

Doine gonists re given t bedtie to iniize
side effects of ftigue, nuse, dizziness, nd orthosttic
hyotension, which occur in u to 50% of tients. hese
sytos usully irove with dosge reduction nd con-
tinued use. Doine gonists cn cuse  vriety of sy-
chitric side effects (rticulrly deression, iulse
control disorder, nd hyersexulity) tht re not dose
relted nd y tke weeks to resolve once the drug is
discontinued. In doses used for rolctinos, doine
gonists hve not cused crdic vlvulothy.

Doine gonists do not increse the risk of iscr-
rige or tertogenicity. Pregnnt woen with icrorolc-
tinos y sfely sto tretent during regnncy nd
brestfeeding. However, crodenos y enlrge sig-
nificntly during regnncy; if thery is withdrwn,
tients ust be onitored with seru PRL deterin-
tions nd couter-ssisted visul fields. Woen with
crorolctinos who hve resonded to doine
gonists y sfely receive orl contrcetives s long s
they continue receiving doine gonist thery.

B. Surgical Treatment

rnsshenoidl ituitry surgery y be urgently required
for lrge tuors undergoing olexy or those severely co-
roising visul fields. It is lso used electively for tients
who do not tolerte or resond to doine gonists. rns-
shenoidl ituitry surgery is generlly well tolerted, with
 ortlity rte of less thn 0.5%. For ituitry icrorolc-
tinos, skilled neurosurgeons re successful in norlizing
PRL in 87% of tients nd soe tients refer surgery to
long-ter thery with doine gonists.
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Colictions, such s CSF lekge, eningitis, stroke,
or visul loss, occur in bout 3% of cses; sinusitis, nsl
setl erfortion, or infection colictes bout 6.5% of
trnsshenoidl surgeries. Dibetes insiidus cn occur
within 2 dys ostoertively but is usully ild nd self-
correcting. Hyontrei cn occur brutly 4–13 dys
ostoertively in 21% of tients; sytos y include
nuse, voiting, hedche, lise, or seizure. It is
treted with free wter nd hyotonic fluid restriction.

C. Stereotactic Radiosurgery

Stereotctic rdiosurgery is seldo required for rolcti-
nos, since they usully resond to cbergoline or sur-
gery. It is reserved for tients with crodenos tht
re growing desite tretent with doine gonists.

D. Chemotherapy

Soe tients with ggressive ituitry crodenos or
crcinos re not surgicl cndidtes nd do not resond
to doine gonists or rdition thery. A sll er-
centge of tients with ggressive tuors resond to the
ddition of teozoloide (150–200 g/2 orlly dily for
5 dys of ech 28-dy cycle) or everolius to cbergoline.
retent efficcy is deterined by PRL esureent
nd MRI scnning.

» Prognosis

Pituitry icrorolctinos re tyiclly indolent, nd only
15% grow fter dignosis. However, ituitry crorolcti-
nos tend to be ore ggressive. Prolctinos generlly
resond well to doine gonist thery. Ninety ercent of
tients with rolctinos exerience  fll in seru PRL
to 10% or less of retretent levels nd bout 80% of treted
tients chieve  norl seru PRL level. Shrinkge of 
ituitry deno occurs erly, but the xiu effect y
tke u to 1 yer. Nerly hlf of rolctinos—even ssive
tuors—shrink ore thn 50%. During regnncy, growth
of  ituitry rolctino occurs in 3% of woen with 
icrorolctino nd in 23% of those with  crorolc-
tino. If cbergoline is stoed fter 2 yers of thery,
hyerrolctinei recurs in 68% of tients with idiothic
hyerrolctinei, 79% with icrorolctinos, nd 84%
with crorolctinos.

he 10-yer recurrence rte is 13% for ituitry icro-
denos fter trnsshenoidl surgery; ituitry function
cn be reserved in over 95% of cses. However, the surgi-
cl success rte for crorolctinos is uch lower, nd
the coliction rtes re higher.

De Sous SMC et l. Iulse control disorders in doine
gonist-treted hyerrolctinei: revlence nd risk fctors.
J Clin Endocrinol Metb. 2020;105:dgz076. [PMID: 31580439]

Donoho DA et l. he role of surgery in the ngeent of rolc-
tinos. Neurosurg Clin N A. 2019;30:509. [PMID: 31471058]

Glezer A et l. Prolctinos in regnncy: considertions before
concetion nd during regnncy. Pituitry. 2020;23:65.
[PMID: 31792668]

Molitch ME. Doine gonists nd ntisychotics. Eur J
Endocrinol. 2020;183:C11. [PMID: 32508315]

NONFUNCTIONING PITUITARY ADENOMAS

E S S E N T I A L S  O F  D I A G N O S I S

» Clinical and biochemical evaluation for pituitary
hormone hypersecretion is negative.

» MRI shows a pituitary microadenoma (< 1 cm) or
macroadenoma (≥ 1 cm).

» Headache, visual field compromise, and anterior
hypopituitarism are common with macroadenomas.

» Elevated serum PRL with macroadenomas may be
due to stalk compression.

» General Considerations

Nonfunctioning ituitry denos re benign neuroen-
docrine neolss tht do not roduce sytos fro
horone oversecretion. Pituitry nonfunctioning deno-
s occur ore frequently in en thn woen nd re
ore coon with ge. Nonfunctioning ituitry icro-
denos (sller thn 1 c) re coon, detected s n
incidentl finding in 4–37% of brin C or MR iging.

» Clinical Findings

A. Symptoms and Signs

Nonfunctioning ituitry crodenos (1 c or lrger)
tend to be ore ggressive thn functioning ituitry de-
nos. hose with nonfunctioning crodenos re
uch ore likely to be sytotic fro ss effect with
visul field coroise, hedche, crnil nerve lsies
ffecting extroculr uscles, nd ituitry olexy.
Lrger crodenos frequently cuse soe hyoituit-
ris, rticulrly hyogondotroic hyogondis. Non-
functioning ituitry icrodenos re sytotic.

B. Laboratory Findings

1. Pituitary hormone hypersecretionAll tients with 
ituitry deno require testing for ituitry horone
hyersecretion. Obtin  seru PRL to screen for rolctin
hyersecretion; woen with hyerrolctinei re tested
for regnncy with  seru hCG. esting for Cushing dis-
ese or croegly should be obtined, if cliniclly
indicted.

2. Anterior hypopituitarismMen should hve following
tests: seru free 

4
, SH, orning seru testosterone nd

free testosterone. Seru LH nd FSH should be obtined
in en with low seru testosterone, woen who re ost-
enousl, nd younger woen with enorrhe. Seru
sodiu nd glucose should lso be obtined in ll tients.
A seru IGF-1 is drwn to screen for GH deficiency.
Younger tients with short stture who hve not fused
their eihyses should hve  full evlution for growth
horone deficiency.

3. Pituitary macroadenomasPtients with  crode-
no tht iinges uon the otic chis require forl
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visul field testing. A cosyntroin stiultion test is er-
fored for tients with hyontrei or sytos of
ossible hyodrenlis.

C. Imaging

Pituitry dynic contrst-enhnced MRI (3) is the
iging odlity of choice for the evlution nd follow-
u of ituitry denos. Nonfunctioning ituitry icro-
denos tht re sller thn 0.5 c require no further
MRI follow-u. For nonfunctioning ituitry denos
0.5 c or lrger, reet MRI is recoended t 6 onths,
then yerly for 3 yers. If no enlrgeent is noted, MRI
surveillnce cn then be done less frequently.

» Differential Diagnosis

About 29% of ituitry denos tht re initilly dig-
nosed s incidentl turn out to hve nother etiology; ss
lesions tht cn iic ituitry deno include ituitry
crniohryngios, glios, eningios, skull bse
osteosrcos, Rthke cysts, lyhocytic hyohysitis,
infection, or etstses. Lrge norl ituitry glnds nd
hysiologic ituitry enlrgeent during riry hyo-
thyroidis or regnncy should lso be considered; seru
rolctin levels re elevted in riry hyothyroidis
nd regnncy. Hyerrolctinei lso occurs when
there is ituitry stlk coression fro ituitry c-
rodenos nd other ss lesions; with ituitry stlk
coression, seru rolctin is tyiclly lower thn
exected for the size of the ituitry ss.

» Treatment

Ptients with sytotic ituitry nonfunctioning
icrodenos ordinrily require no tretent. Ptients
need to be followed closely, however, with eriodic MRI
surveillnce. Surgery is the in tretent otion nd
should be considered for tients whose deno is cus-
ing ss effect sytos, reture develoent of
uberty, horonl deficiencies, or the eergence of sy-
totic horonl hyersecretion. Rdition thery cn be
used for select individuls with ituitry crodenos.

» Prognosis

he rognosis is excellent for tients with nonfunctioning
icrodenos sller thn 0.5 c. Ptients with lrger
nonfunctioning icrodenos lso hve  very good
rognosis, but require follow-u. rnsshenoidl surgery
is 65% successful in coletely resecting ituitry c-
rodenos nd iroves hyoituitris in 50%. Sur-
gery reverses visul field coroise in 80% of tients.
Adjuvnt rdition thery y be given ostoertively,
deending on surgicl findings. For nonfunctioning itu-
itry crodenos, the 6-yer ostoertive recurrence
rte hs been reorted to be 36% following surgery lone
nd 13% fter surgery lus djuvnt rdition thery.

Bryl M et l. he qulity of life fter trnsnsl icrosurgicl
nd endoscoic resection of nonfunctioning ituitry de-
no. Adv Clin Ex Med. 2020;29:921. [PMID: 32745380]

Petersenn S. Mngeent of ggressive ituitry tuors— 2019
udte. Hor Metb Res. 2019;51:755. [PMID: 31826270]

º
DISEASES OF THE THYROID GLAND

THYROIDITIS

E S S E N T I A L S  O F  D I A G N O S I S

Autoimmune thyroiditis

» Chronic lymphocytic (Hashimoto) thyroiditis is the
most common thyroiditis and often progresses to
hypothyroidism.

» Postpartum thyroiditis and subacute lymphocytic
thyroiditis (silent thyroiditis) can cause transient
hyperthyroidism due to passive release of stored
thyroid hormone.

» Thyroid peroxidase antibodies (TPO Ab) or thyro-
globulin antibodies (Tg Ab) are usually high.

Painful subacute thyroiditis (de Quervain thyroiditis)

» Hallmark is tender thyroid gland with painful
dysphagia.

» Elevated erythrocyte sedimentation rate (ESR).

» Viral etiology. Antithyroid antibodies are absent or
low, distinguishing it from autoimmune thyroiditis.

Infectious suppurative thyroiditis

» Severe, painful thyroid gland.

» Febrile with leukocytosis and elevated ESR.

IgG
4
related thyroiditis Riedel thyroiditis

» Most often in middle age or older women.

» Usually part of a systemic fibrosing syndrome.

» General Considerations

Chronic lymphocytic thyroiditis, lso known s “Hshi-
oto thyroiditis,” is the ost coon thyroid disorder in
the United Sttes. It redisoses to hyothyroidis. Cell-
edited utoiunity is resent with -lyhocytes
invding the thyroid glnd, giving the icroscoic er-
nce of “lyhocytic thyroiditis.” Huorl utoiunity,
with detectble seru ntithyroid ntibodies (PO Ab or
g Ab, or both), is resent in ost but not ll ffected
tients. he huorl utoiunity of utoiune thy-
roiditis differs fro tht of Grves disese, where thyroid-
stiulting iunoglobulins (SI) bind to the SH
recetor in thyroid cell ebrnes nd stiulte the glnd
to hyerfunction. he incidence of utoiune thyroiditis
vries by kindred, rce, nd sex. It is coonly filil. In
the United Sttes, elevted levels of ntithyroid ntibodies
re found in 14.3% of Whites, 10.9% of Mexicn Aericns,
nd 5.3% of Blcks.

Childhood or occutionl exosure to hed-neck
externl be rdition increses the lifetie risk of
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utoiune thyroiditis. Woen with gondl dysgenesis
(urner syndroe) hve  15% incidence of thyroiditis by
ge 40 yers. hyroiditis is lso coonly seen in tients
with hetitis C. Subclinicl thyroiditis is extreely co-
on; utosy series hve found focl thyroiditis in bout
40% of woen nd 20% of en.

Dietry iodine suleenttion (esecilly when exces-
sive) increses the risk of utoiune thyroiditis. Certin
drugs cn trigger utoiune thyroiditis, including tyro-
sine kinse inhibitors, letuzub, interferon-lh,
interleukin-2, thlidoide, lenlidoide, lithiu, iod-
rone, nd iune checkoint inhibitors.

Chronic hetitis C is ssocited with n incresed
risk of utoiune thyroiditis, with 21% of ffected
tients hving ntithyroid ntibodies nd 13% hving
hyothyroidis.

Autoiune thyroiditis often rogresses to hyothy-
roidis, which y be linked to thyrotroin recetor–
blocking ntibodies, detected in 10% of tients with
utoiune thyroiditis. Hyothyroidis is ore likely to
develo in ersons who soke cigrettes thn in those who
do not, ossibly due to the thiocyntes in cigrette soke.
High seru levels of PO Ab lso redict rogression
fro subclinicl to sytotic hyothyroidis. Although
the hyothyroidis is usully ernent, u to 11% of
tients exerience  reission fter severl yers. Hyer-
thyroidis cn be cused by the destructive relese of
thyroid horones (followed by hyothyroidis) or by
incresed synthesis of thyroid horones (Grves disese).

Autoiune thyroiditis is soeties ssocited with
other endocrine deficiencies s rt of utoiune oly-
endocrine syndroe tye 2 (APS-II). Adults with APS-II
re rone to utoiune thyroiditis, tye 1 dibetes el-
litus, utoiune gondl filure, hyorthyroidis,
nd drenl insufficiency. hyroiditis is frequently ssoci-
ted with other utoiune conditions: ernicious ne-
i, Sjögren syndroe, vitiligo, infltory bowel
disese, celic disese, nd gluten sensitivity.

Postpartum thyroiditis is n cute utoiune thy-
roiditis tht occurs soon fter delivery in bout 7% of
woen. he ffected thyroid releses stored thyroid hor-
one, resulting in trnsient hyerthyroidis (often ild
nd undignosed), followed by hyothyroidis. he thyroid
glnd is not cutely tender, but soe woen colin of
ild thyroid discofort. Most woen recover norl thy-
roid function. Woen in who ostrtu thyroiditis
develos hve  70% chnce of recurrence fter subsequent
regnncies. It occurs ost coonly in woen who hve
high levels of PO Ab in the first triester of regnncy or
ieditely fter delivery. It is lso ore coon in
woen with reexistent tye 1 dibetes ellitus, other uto-
iunity, or  fily history of utoiune thyroiditis.

Painless (silent) sporadic subacute thyroiditis is 
for of utoiune thyroiditis tht is siilr to ostr-
tu thyroiditis, excet tht it is not relted to regnncy.
Cuses include iodrone nd iunothery. Hyer-
thyroidis results fro the relese of stored thyroid hor-
one. his ccounts for bout 1% of cses of thyrotoxicosis
nd is followed by hyothyroidis tht y or y not
resolve sontneously.

Painful subacute thyroiditis—lso clled de Quervin
thyroiditis, grnulotous thyroiditis, nd gint cell thy-
roiditis—is reltively coon. Multinucleted gint cells
re found on histology in the chrcteristiclly tender thy-
roid glnd. Like inless subcute thyroiditis, ost ffected
tients hve trnsient hyerthyroidis, followed by hyo-
thyroidis. Pinful subcute thyroiditis is tyiclly ssoci-
ted with  virl infection (including COVID-19) nd often
follows n uer resirtory trct infection. Soe tients
lso hve ntithyroid ntibodies. Its incidence eks in the
suer to erly utun. It ffects both sexes, but young
nd iddle-ged woen re ost coonly ffected.
Subcute thyroiditis cn be  roinent sequele of drug-
induced hyersensitivity syndroe.

Infectious (suppurative) thyroiditis,  nonvirl infec-
tion of the thyroid glnd, is quite rre ong iunoco-
etent tients, since the thyroid is resistnt to infection
due to its vsculture, encsultion, nd high iodine con-
tent. Congenitl yrifor sinus fistuls re  cuse for
recurrent infectious thyroiditis. While infectious thyroid-
itis is usully bcteril, ycobcteril, fungl, nd rsitic
infections cn occur, rticulrly in iunosuressed
individuls. In ffected tients who re roritely
treted, when iunosuression is reduced, the tient
y exerience n iune reconstitution infltory
syndroe (IRIS) fro residul ntigens triggering the nor-
l iune resonse.

IgG
4
-related thyroiditis, lso clled Riedel thyroiditis,

invsive fibrous thyroiditis, Riedel stru, woody thyroid-
itis, ligneous thyroiditis, nd invsive thyroiditis, is the
rrest for of thyroiditis. It is found ost frequently in
iddle-ged or elderly woen nd is usully rt of  ul-
tifocl systeic fibrosis syndroe. It y occur s  thy-
roid nifesttion of IgG

4
-relted systeic disese.

» Clinical Findings

A. Symptoms and Signs

In autoimmune thyroiditis, the thyroid glnd y be dif-
fusely enlrged, fir, nd finely nodulr but is frequently
not lble. One thyroid lobe y be syetriclly
enlrged, rising concerns bout neols. Although
tients y colin of neck tightness, in nd tender-
ness re not usully resent. Other tients hve no l-
ble goiter nd no neck sytos. he thyroid is fibrotic
nd trohic in bout 10% of cses, rticulrly in older
woen.

Sytos nd signs re ostly relted to levels of thy-
roid horone. Affected tients y hve cobintions of
hyerthyroidis nd hyothyroidis. For exle, 
tient with hyothyroidis ight lter develo hyerthy-
roidis tht cn wx nd wne. Deression nd chronic
ftigue re ore coon, even fter correction of
hyothyroidis.

About one-third of tients hve ild dry outh (xero-
stoi) or dry eyes (kertoconjunctivitis sicc) relted to
Sjögren syndroe. Associted ystheni grvis is usully
of ild severity, inly ffecting the extroculr uscles
nd hving  reltively low incidence of detectble AChR
Ab or thyic disese. Associted celic disese or gluten
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intolernce cn roduce ftigue or deression, soeties
in the bsence of gstrointestinl sytos.

Postrtu thyroiditis is tyiclly nifested by hyer-
thyroidis tht begins 1–6 onths fter delivery nd er-
sists for only 1–2 onths. hen, hyothyroidis tends to
develo beginning 4–8 onths fter delivery.

In inless sordic thyroiditis, thyrotoxic sytos
re usully ild;  sll, nontender goiter y be lted
in bout 50% of such tients. he course is siilr to
ostrtu thyroiditis.

Painful subacute thyroiditis resents with n cute,
usully inful enlrgeent of the thyroid glnd, often
with dyshgi. About 38% of tients hve one thyroid
lobe involved, while 62% hve both lobes involved. hose
with bilterl involveent re likely to be ore hyerthy-
roid. he in y rdite to the ers. Ptients usully hve
 low-grde fever nd ftigue. he nifesttions y
ersist for weeks or onths nd y be ssocited with
lise. hyrotoxicosis develos in 50% of ffected
tients nd tends to lst for severl weeks. Subsequently,
hyothyroidis develos tht lsts 4–6 onths. Norl
thyroid function tyiclly returns within 12 onths, but
ersistent hyothyroidis develos in 5% of tients.

Infectious suppurative thyroiditis tients usully re
febrile nd hve severe in, tenderness, redness, nd fluc-
tution in the region of the thyroid glnd. In IgG

4
-related

thyroiditis, thyroid enlrgeent is often syetric; the
glnd is stony hrd nd dherent to the neck structures, cus-
ing signs of coression nd invsion, including dyshgi,
dysne, in, nd horseness. Relted conditions include
retroeritonel fibrosis, fibrosing edistinitis, sclerosing
cervicitis, subretinl fibrosis, nd sclerosing cholngitis.

B. Laboratory Findings

In autoimmune thyroiditis (including ostrtu thy-
roiditis), there re usully incresed circulting levels of the
ntithyroid ntibodies PO Ab (90%) or g Ab (40%).
However, bout 5% of tients with utoiune thyroiditis
hve no detectble ntithyroid ntibodies. Most tients
with thyroiditis cused by iune checkoint inhibitors
hve no detectble ntithyroid ntibodies. Antithyroid nti-
bodies decline during regnncy nd re often undetectble
in the third triester. Once utoiune thyroiditis hs
been dignosed, onitoring of these ntibody levels is not
helful. he seru SH level is elevted if thyroid horone
is indequtely relesed by the thyroid glnd.

Ptients with utoiune thyroiditis hve  15% inci-
dence of hving seru ntibodies (IgA tissue trnsglut-
inse [tG] ntibody) nd t lest 5% hve cliniclly
significnt celic disese. Seronegtive gluten sensitivity is
even ore coon.

In painful subacute thyroiditis, the ESR is rkedly
elevted while ntithyroid ntibody titers re low, distin-
guishing it fro utoiune thyroiditis. In infectious
thyroiditis, both the leukocyte count nd ESR re usully
elevted.

With hyerthyroidis due to utoiune thyroid-
itis or inful subcute thyroiditis, seru F

4
levels

tend to be roortionlly higher thn 
3

levels, since the

hyerthyroidis is due to the ssive relese of stored thy-
roid horone, which is redoinntly 

4
; this is in con-

trst to Grves disese nd toxic nodulr goiter, where 
3

is
reltively ore elevted. Becuse 

4
is less ctive thn 

3
,

the hyerthyroidis seen in thyroiditis is usully less
severe. Seru levels of SH re suressed in hyerthy-
roidis due to thyroiditis.

C. Imaging

In utoiune thyroiditis, the ultrsound tyiclly shows
 glnd with chrcteristic diffuse heterogeneous density
nd reduced echogenicity. It hels distinguish thyroiditis
fro ultinodulr goiter or thyroid nodules tht re susi-
cious for lignncy. It is lso helful in guiding fine-
needle sirtion (FNA) biosy of sll susicious thyroid
nodules. Color flow Doler ultrsonogrhy cn hel
distinguish thyroiditis fro Grves disese; in thyroiditis,
vsculrity is norl or reduced vsculrity, wheres in
Grves disese, the thyroid glnd is hyervsculr.

Rdioiodine (RAI) utke nd scn cn hel distin-
guish thyroiditis fro Grves disese; inful subcute
thyroiditis exhibits  very low RAI utke. However, RAI
utke y be norl or high with uneven utke on the
scn in chronic utoiune thyroiditis (euthyroid or
hyothyroid); C or MRI is not useful in dignosis.

[18F] Fluorodeoxyglucose ositron eission toogr-
hy (18FDG-PE) scnning frequently shows diffuse thy-
roid utke of isotoe in cses of thyroiditis. In fct, of
18FDG-PE scns done for ny reson, bout 3% show such
utke. However, discrete thyroid nodules cn lso be dis-
covered on 18FDG-PE scnning; these nodules re known
s “thyroid PE incidentlos” nd 50% re lignnt.

D. Fine-Needle Aspiration Biopsy

Ptients with utoiune thyroiditis who hve  thyroid
nodule should hve n ultrsound-guided FNA biosy,
since the risk of illry thyroid cncer is bout 8% in
such nodules. When infectious (suurtive) thyroiditis is
susected, n FNA biosy with Gr stin nd culture is
required. FNA biosy is usully not required for inful
subcute thyroiditis but shows chrcteristic gint ulti-
nucleted cells.

» Complications

Autoiune thyroiditis y led to hyothyroidis.
Hyerthyroidis y develo, either due to the eergence
of Grves disese or due to the relese of stored thyroid
horone, which is cused by infltion. It is vribly
tered “hshitoxicosis” or “inless sordic thyroiditis.”
Euthyroid woen with high seru PO Ab y hve n
incresed risk of iscrrige nd reter birth; unfortu-
ntely, tretent with levothyroxine fils to irove these
risks. Perienousl woen with high seru levels of
PO Ab hve  higher reltive risk of deression, indeen-
dent of bient thyroid horone levels.

Subcute nd chronic thyroiditis re colicted by the
effects of ressure on the neck structures: dysne nd,
in Riedel stru, vocl cord lsy. Pillry thyroid
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crcino or thyroid lyho y rrely be ssocited
with chronic thyroiditis nd ust be considered in the
dignosis of uneven inless enlrgeents tht continue
desite tretent; such tients require FNA biosy. In the
suurtive fors of thyroiditis, ny coliction of infec-
tion y occur.

» Differential Diagnosis

All tyes of goiters ust be considered in the differentil
dignosis of thyroiditis, esecilly if enlrgeent is rid.
Unlike in goiters, in subcute thyroiditis there is very low
RAI utke nd the 

4
nd 

3
re elevted. hyroid uto-

ntibody tests hve been helful in the dignosis of utoi-
une thyroiditis, but the tests re not secific (ositive in
tients with ultinodulr goiters, lignncy [eg, thyroid
crcino, lyho], nd concurrent Grves disese).
he subcute nd suurtive fors of thyroiditis y
reseble ny infectious rocess in or ner the neck struc-
tures. Chronic thyroiditis y reseble thyroid crci-
no, esecilly if the enlrgeent is uneven nd if there
is ressure on surrounding structures; both disorders y
be resent in the se glnd.

» Treatment

A. Autoimmune Thyroiditis Hashimoto

If hyothyroidis is resent, levothyroxine should be given
in usul relceent doses (0.05–0.2 g orlly dily) (see
Hyothyroidis & Myxede, below). If hyerthyroidis
is resent, see Hyerthyroidis (hyrotoxicosis), below.

In tients with  lrge goiter nd norl or elevted
seru SH, n ttet is de to shrink the goiter with
levothyroxine in doses sufficient to drive the seru SH
below the reference rnge while intining clinicl euthy-
roidis. Suressive doses of 

4
tend to shrink the goiter

n verge of 30% over 6 onths. If the goiter does not
regress, lower relceent doses of levothyroxine y be
given. If the thyroid glnd is only inilly enlrged nd
the tient is euthyroid, regulr observtion is indicted,
since hyothyroidis y develo, often yers lter.

Dietry suleenttion with seleniu 200 cg/dy
reduces seru levels of PO Ab. In regnnt woen with
utoiune thyroiditis, seleniu suleenttion t
83 cg orlly dily reduced the usul rebound ostr-
tu increse in ntithyroid ntibodies without side
effects on other or newborn, but the clinicl ict is
not known.

B. Painful Subacute Thyroiditis

All tretent is eiric nd ust be continued for sev-
erl weeks. Recurrence is coon. he drug of choice is
sirin (325–650 g orlly every 4–6 hours, which
relieves in nd infltion) or NSAIDs. For tients
with severe in, rednisone, 20 g orlly dily for bout
2 weeks, cn be effective. hyrotoxic sytos re
treted with rornolol, 10–40 g orlly every 6 hours,
or rornolol ER, 60–160 g orlly dily. Iodinted
contrst gents cuse  rot fll in seru 

3
levels nd

 drtic iroveent in thyrotoxic sytos. Io-
dte sodiu (Bilivist, Orgrfin) or ionoic cid
(eleque) is given orlly in doses of 500 g orlly dily
until seru F

4
levels return to norl. rnsient hyo-

thyroidis is treted with 
4

(0.05–0.1 g orlly dily) if
sytotic.

C. Infectious Suppurative Thyroiditis

retent is with ntibiotics nd with surgicl dringe
when fluctution is rked. Iunocoroised indi-
viduls re rticulrly t risk nd coccidioidoycosis
thyroiditis hs been reorted. Surgicl thyroidectoy y
be required.

D. IgG
4
-Related Thyroiditis Riedel Thyroiditis

he tretent of choice is toxifen, 20 g orlly twice
dily, which ust be continued for yers. oxifen cn
induce rtil to colete reissions in ost tients
within 3–6 onths. Its ode of ction ers to be unre-
lted to its ntiestrogen ctivity. Short-ter corticosteroid
tretent y be dded for rtil llevition of in nd
coression sytos. Surgicl decoression usully
fils to ernently llevite coression sytos; such
surgery is difficult due to dense fibrous dhesions, king
surgicl colictions ore likely. Rituxib y be use-
ful for Riedel thyroiditis tht is refrctory to toxifen nd
corticosteroids.

» Prognosis

Ptients with utoiune thyroiditis generlly hve n
excellent rognosis, since the condition either reins
stble for yers or rogresses slowly to hyothyroidis,
which is esily treted. Autoiune thyroiditis is occ-
sionlly ssocited with other utoiune disorders
(celic disese, dibetes ellitus, Addison disese, er-
nicious nei, etc). Although 80% of woen with
ostrtu thyroiditis subsequently recover norl
thyroid function, ernent hyothyroidis eventu-
lly develos in bout 50% within 7 yers, ore co-
only in woen who re ultirous or who hve hd
 sontneous bortion. In subcute inful thyroiditis,
sontneous reissions nd excerbtions re co-
on; the disese rocess y solder for onths.
Pillry thyroid crcino crries  reltively good
rognosis when it occurs in tients with utoiune
thyroiditis.

Grni G et l. Conteorry thyroid nodule evlution nd
ngeent. J Clin Endocrinol Metb. 2020;105:2869.
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Mntovni G et l. Seleniu suleenttion in the nge-
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controlled tril. Endocrine. 2019;66:542. [PMID: 31129812]

Nguyen C et l. Postrtu thyroiditis. Clin Obstet Gynecol.
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Rgus F et l. Hshiotos’ thyroiditis: Eideiology, tho-
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Metb. 2019;33:101367. [PMID: 31812326]

CMDT22_Ch26_p1110-p1211.indd 1125 29/06/21 8:52 PM



CHAPTER 261126 CMDT 2022

HYPOTHYROIDISM & MYXEDEMA

E S S E N T I A L S  O F  D I A G N O S I S

» Autoimmune (Hashimoto) thyroiditis is the most
common cause of hypothyroidism.

» Fatigue, cold intolerance, constipation, weight
change, depression, menorrhagia, hoarseness.

» Dry skin, bradycardia, delayed return of deep ten-
don reflexes.

» FT
4

is usually low.

» TSH elevated in primary hypothyroidism.

» General Considerations

Hyothyroidis is coon, ffecting over 1% of the gen-
erl oultion nd bout 5% of individuls over ge 60
yers. About 85% of ffected individuls re woen. hy-
roid horone deficiency ffects lost ll body functions.
he degree of severity rnges fro ild nd unrecognized
hyothyroid sttes to striking yxede. Mternl hyo-
thyroidis during regnncy results in offsring with IQ
scores tht re n verge 7 oints lower thn those of
euthyroid others. Congenitl hyothyroidis occurs in
bout 1:4000 births; untreted, it cuses cretinis with
ernent cognitive iirent.

Hyothyroidis y be due to filure or resection of
the thyroid glnd itself (riry hyothyroidis) or defi-
ciency of ituitry SH (secondry hyothyroidis).
Autoiune thyroiditis is the ost coon cuse of
hyothyroidis. A hyothyroid hse lso occurs in sub-
cute (de Quervin) virl thyroiditis following initil
hyerthyroidis.

Goiter y be resent with thyroiditis, iodide defi-
ciency, genetic thyroid enzye defects, food goitrogens
in iodide-deficient res (eg, turnis, cssvs), or, rrely,
eriherl resistnce to thyroid horone or infiltrting
diseses (eg, cncer, srcoidosis). Goitrogenic edic-
tions include iodide, roylthiourcil (PU) or ethi-
zole, sulfonides, iodrone, interferon-lh,
interferon-bet, interleukin-2, nd lithiu. About 50%
of tients tking lithiu long ter hve n ultrsound-
detectble goiter. Goiter is often bsent in tients with
utoiune thyroiditis. Goiter is lso usully bsent
when hyothyroidis is due to destruction of the glnd
by hed-neck or chest-shoulder rdition thery or 131I
thery. hyroidectoy cuses hyothyroidis; fter
heithyroidectoy, hyothyroidis develos in 22% of
tients.

Amiodarone, becuse of its high iodine content, cuses
cliniclly significnt hyothyroidis in bout 15–20% of
tients s well s thyrotoxicosis (see Aiodrone-induced
thyrotoxicosis, below). Hyothyroidis occurs ost often
in tients with reexisting utoiune thyroiditis. he


4
level is low or low-norl, nd the SH is elevted, usu-

lly over 20 illi-interntionl units/L. Another 17% of
tients tking iodrone re sytotic with norl

seru 
4

levels desite elevtions in seru SH; they cn
be closely onitored without levothyroxine thery. Low-
dose iodrone is less likely to cuse hyothyroidis.
Ptients with coronry rtery disese who hve iod-
rone-induced sytotic hyothyroidis re treted
with just enough levothyroxine to relieve sytos.
Hyothyroidis usully resolves over severl onths if
iodrone is discontinued. Hyothyroidis y lso
develo in tients with  high iodine intke fro other
sources, esecilly if they hve underlying lyhocytic
thyroiditis. Soe lignncies overexress thyroid hor-
one inctivting enzye (tye 3 deiodinse) nd cuse
“consutive hyothyroidis.” his hs occurred with
lrge hengios or  hevy tuor burden of colon
cncer, bsl cell cncer, fibrous tuors, or gstrointesti-
nl strol tuors (GISs).

Chemotherapeutic agents tht cn cuse silent thy-
roiditis include tyrosine kinse inhibitors, denileukin difti-
tox, letuzub, interferon-lh, interleukin-2,
thlidoide, lenlidoide, nd iune checkoint inhib-
itors (ebrolizub, iiliub, treeliub, nd
tezolizub). hyroiditis usully strts with hyerthy-
roidis (often unrecognized) nd then rogresses to hyo-
thyroidis. RAI-bsed trgeted rdioisotoe thery cn
lso cuse hyothyroidis.

» Clinical Findings

A. Symptoms and Signs

1. Common manifestationsMild hyothyroidis often
esces detection without  screening seru SH.
Ptients tyiclly hve nonsecific sytos tht include
weight gin, ftigue, lethrgy, deression, wekness, dys-
ne on exertion, rthrlgis or ylgis, uscle crs,
enorrhgi, constition, dry skin, hedche, resthe-
sis, cold intolernce, crl tunnel syndroe, nd
Rynud syndroe. Physicl findings cn include brdy-
crdi; distolic hyertension; thin, brittle nils; thin-
ning of hir; eriherl ede; uffy fce nd eyelids;
nd skin llor or yellowing (crotenei). Delyed
relxtion of dee tendon reflexes y be resent.
Ptients often hve  lbly enlrged thyroid (goiter)
tht rises due to elevted seru SH levels or the
underlying thyroid thology.

2. Less common manifestationsLess coon sytos
of hyothyroidis include diinished etite nd weight
loss, horseness, decresed sense of tste nd sell, nd
diinished uditory cuity. Soe tients y colin of
dyshgi or neck discofort. Although ost enstruting
woen hve enorrhgi, soe woen hve scnt enses
or enorrhe. Physicl findings y include loss of eyelsh
nd eyebrow hirs; thickening of the tongue; hrd itting
ede; nd effusions into the leurl nd eritonel cvities
s well s into joints. Glctorrhe y lso be resent. Cr-
dic enlrgeent (“yxede hert”) nd ericrdil effu-
sions y develo. Psychosis “yxede dness” cn
occur fro severe hyothyroidis or fro toxicity of other
drugs whose etbolis is slowed in hyothyroidis.
Hyotheri nd stuor or “yxede co,” which is
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Table 26–2. Appropriate use of thyroid tests.

Test Comment

For screening Serum thyroid-stimulating hormone (TSH) Most sensitive test for primary hypothyroidism and

hyperthyroidism

Free thyroxine (FT
4
) Excellent test

For hypothyroidism Serum TSH High in primary and low in secondary hypothyroidism

Thyroid peroxidase and thyroglobulin antibodies Elevated in autoimmune (Hashimoto) thyroiditis

For hyperthyroidism Serum TSH Suppressed except in TSH-secreting pituitary tumor or

pituitary hyperplasia (rare)

Triiodothyronine (T
3
) or free triiodothyronine (FT

3
) Elevated

123I uptake and scan Increased uptake; diffuse versus “hot” foci on scan

Thyroid peroxidase and thyroglobulin antibodies Elevated in Graves disease

Thyroid-stimulating immunoglobulin (TSI) Usually (65%) positive in Graves disease

For thyroid nodules Fine-needle aspiration (FNA) biopsy Best diagnostic method for thyroid cancer
123I uptake and scan Cancer is usually “cold”; less reliable than FNA biopsy
99mTc scan Vascular versus less vascular

Ultrasonography Useful to assist FNA biopsy. Useful in assessing the risk of

malignancy (multinodular goiter or pure cysts are less

likely to be malignant). Useful to monitor nodules and

patients after thyroid surgery for carcinoma.

often ssocited with infection (esecilly neuoni), y
develo in tients with severe hyothyroidis.

Soe hyothyroid tients with utoiune thyroid-
itis hve sytos tht re not due to hyothyroidis
but rther to conditions ssocited with utoiune
thyroiditis; these include Addison disese, hyorthy-
roidis, dibetes ellitus, ernicious nei, Sjögren
syndroe, vitiligo, biliry cirrhosis, gluten sensitivity, nd
celic disese.

B. Laboratory Findings

he single best screening test for hyothyroidis is the
seru SH (ble 26–2). In riry hyothyroidis,
the seru SH is incresed in  reflex effort to stiulte
the filing glnd, while the seru F

4
is low or low-

norl. he norl reference rnge for ultrsensitive
SH levels is generlly 0.4–4.0 illi-interntionl
units/L. he norl rnge of SH vries with ge; for
exle, the reference rnge for both children nd
elderly tients is higher thn the reference rnge for
younger tients.

Other lbortory bnorlities cn include hyogly-
cei or nei (with norl or incresed en cor-
usculr volue). Hyontrei due to the syndroe of
inrorite ADH secretion (SIADH) or decresed
gloerulr filtrtion rte is coon. Additionl fre-
quent findings include incresed seru levels of LDL
cholesterol, triglycerides, liorotein (), liver enzyes,
cretine kinse, or PRL. Seen nlysis shows n increse
in bnorl ser orhology. In tients with uto-
iune thyroiditis, titers of ntibodies ginst thyroer-
oxidse nd thyroglobulin re high; seru ntinucler
ntibodies y be resent but re not usully indictive
of luus.

Subclinical hypothyroidism is defined s the stte of
hving  norl seru F

4
with  seru SH tht is

bove the reference rnge. It occurs ost often in ersons
ged 65 yers or older, in who the revlence is 13%.
Subclinicl hyothyroidis is often trnsient nd seru
SH levels norlize sontneously in bout 60% of
cses within 5 yers. he likelihood of SH norliztion
is higher in tients without ntithyroid ntibodies nd
those with  rginlly elevted seru SH. he ter
“subclinicl” is soewht isleding, since it does not
refer to tients’ sytos but rther refers only to
seru horone levels.

C. Imaging

Rdiologic iging is usully not necessry for tients
with hyothyroidis. However, on C or MRI,  goiter
y be noted in the neck or in the edistinu (retroster-
nl goiter). An enlrged thyus is frequently seen in cses
of utoiune thyroiditis. On MRI, the ituitry is often
quite enlrged in riry hyothyroidis, due to hyer-
lsi of SH-secreting cells.

» Differential Diagnosis

he differentil dignosis for subclinicl hyothyroidis
includes ntibody interference with the seru SH ssy,
cro-SH, slee derivtion, exercise, recovery fro
nonthyroidl illness, cute sychitric eergencies, nd
other conditions nd edictions tht cn cuse  low
seru 

4
or high seru SH in the bsence of hyothy-

roidis (ble 26–3).
Euthyroid sick syndrome should be considered in

tients without known thyroid disese who re found to hve
 low seru F

4
with  seru SH tht is not elevted. his

syndroe cn be seen in tients with severe illness, cloric
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derivtion, or jor surgery. retent with levothyroxine
is not indicted for tients with euthyroid sick syndroe.

Seru SH tends to be suressed in severe nonthy-
roidl illness, king the dignosis of concurrent ri-
ry hyothyroidis difficult, lthough the resence of 
goiter suggests the dignosis. he clinicin ust decide
whether such severely ill tients (with  low seru 

4

but no elevted SH) ight hve hyothyroidis due to
hyoituitris. Ptients without sytos of rior
brin lesion or hyoituitris re very unlikely to sud-
denly develo hyoituitris during n unrelted ill-
ness. Ptients with dibetes insiidus, hyoituitris, or
other signs of  centrl nervous syste (CNS) lesion y be
given 

4
eiriclly.

Ptients receiving rolonged doine infusions cn
develo true secondry hyothyroidis cused by do-
ine’s direct suression of SH-secreting cells. Bexro-
tine nd itotne lso cuse secondry hyothyroidis in
ost tients.

» Complications

Ptients with severe hyothyroidis hve n incresed
suscetibility to bcteril neuoni. Megcolon hs
been described in long-stnding hyothyroidis.
Orgnic sychoses with rnoid delusions y occur
(“yxede dness”). Rrely, drenl crisis y be
reciitted by thyroid thery. Rhbdoyolysis y
occur nd cuse kidney dysfunction. Hyothyroidis is
 rre cuse of infertility, which y resond to thyroid
relceent. Untreted hyothyroidis during reg-
nncy often results in iscrrige. Preexistent coronry
rtery disese nd hert filure y be excerbted by
levothyroxine thery.

Myxedema crisis refers to severe, life-thretening n-
ifesttions of hyothyroidis. Myxede crisis rticu-
lrly ffects elderly woen nd cn occur sontneously in
severely hyothyroid tients with rolonged exosure to
the cold, with resultnt hyotheri. It cn lso be induced
by  stroke, hert filure, infection (rticulrly neuo-
ni), or tru. Metbolis of drugs is slowed in hyothy-
roidis nd yxede crisis is often reciitted by the
dinistrtion of sedtives, ntideressnts, hynotics,
nesthetics, or oioids. he drugs further iir cognition
nd resirtory drive nd cn reciitte resirtory rrest.
Affected tients hve iired cognition, rnging fro
confusion to sonolence to co (yxede co).
Convulsions nd bnorl CNS signs y occur. Ptients
hve rofound hyotheri, hyoventiltion, hyontre-
i, hyoglycei, hyoxei, hyercni, nd hyoten-
sion. Rhbdoyolysis nd cute kidney injury y occur.
he ortlity rte is high.

» Treatment

Before beginning thery with thyroid horone, the hyo-
thyroid tient requires t lest  clinicl ssessent for
drenl insufficiency nd ngin. he resence of either
condition requires further evlution nd ngeent.

Levothyroxine thery is given to woen tteting
regnncy, young dult tients ged 30 yers or younger,
tients with seru SH levels 20 illi-interntionl
units/L or higher, nd those with significnt sytos
ttributble to hyothyroidis. Other tients with sub-
clinicl hyothyroidis do not require levothyroxine ther-
y but ust be onitored regulrly for the eergence of
sytos.

A. Initial Treatment of Hypothyroidism

Synthetic levothyroxine is the referred rertion for
treting hyothyroidis. Intestinl bsortion cn vry by
u to 15% with different orl levothyroxine rertions,
so idelly, the tient should receive  consistent nufc-
turer’s rertion. Lyohilized rertions of levothy-
roxine re vilble for reconstitution nd intrvenous
dinistrtion, when indicted.

Otherwise helthy young nd iddle-ged dults with
hyothyroidis y be treted initilly with levothyroxine
in verge doses of bout 1.6 cg/kg/dy. Lower doses cn
be used for very ild hyothyroidis, while full doses re

Table 26–3. Factors that may cause aberrations in
laboratory tests that may be mistaken for primary
hypothyroidism.1

Low Serum T
4

or T
3

High Serum TSH

Acute psychiatric illness

Cirrhosis

Familial thyroid-binding

globulin deficiency

Laboratory error

Nephrotic syndrome

Severe illness

Drugs

Androgens

Antiseizure drugs

Carbamazepine

Phenobarbitol

Phenytoin

Asparaginase

Carbamazepine (T
4
)

Chloral hydrate

Corticosteroids

Diclofenac (T
3
), naproxen (T

3
)

Didanosine

Fenclofenac

5-Fluorouracil

Halofenate

Imatinib

Mitotane

Nicotinic acid

Oxcarbazepine

Phenobarbital

Phenytoin

Salicylates in large doses

(T
3

and T
4
)

Sertraline

Stavudine

T
3

therapy (T
4
)

Acute psychiatric illness

(transient) (14%)

Amiodarone

Anti-mouse antibodies

Antithyrotropin antibodies

Anti-TSH receptor antibodies

Autoimmune disease (assay

interference)

Drugs

Amphetamines

Atypical antipsychotics

Dopamine agonists

Heroin

Phenothiazines

Elderly (especially women)

Exercise before testing

Following prolonged primary

hypothyroidism

Heterophile antibodies

Laboratory error

Macro-thyrotropin

Nonadherence to thyroid

replacement therapy

Pituitary TSH hypersecretion

Recovery from acute nonthyroi-

dal illness (transient)

Strenuous exercise (acute)

Sleep deprivation (acute)

TSH resistance

1True primary hypothyroidism may coexist.

T
4
, levothyroxine; T

3
, triiodothyronine; TSH, thyroid-stimulating

hormone.
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given for ore sytotic hyothyroidis. he initil
horonl gol of levothyroxine relceent thery
should be to norlize seru SH levels. Bedtie levo-
thyroxine dinistrtion results in soewht higher
seru 

4
nd lower SH levels thn orning dinistr-

tion. herefore, the dinistrtion tiing for levothyrox-
ine should be ket constnt. After beginning dily
dinistrtion, significnt increses in seru 

4
levels re

seen within 1–2 weeks, nd ner-ek levels re seen
within 3–4 weeks.

Pregnant women with overt hypothyroidism or yx-
ede should be treted ieditely with levothyroxine t
full relceent doses (see hyroiditis, Chter 19).

Patients with stable coronary artery disease or those
who re over ge 60 yers re treted with sller initil
doses of levothyroxine, 25–50 cg orlly dily; higher ini-
til doses y be used if such tients re severely hyo-
thyroid. he dose cn be incresed by 25 cg every
1–3 weeks until the tient is euthyroid. Idelly, tients
with hyothyroidis nd unstble coronry rtery disese
or uncontrolled tril fibrilltion should begin levothyrox-
ine relceent following edicl or interventionl
thery.

Myxedema crisis requires lrger initil doses of levothy-
roxine intrvenously, since yxede itself cn interfere
with intestinl bsortion of orl levothyroxine. Levothyrox-
ine sodiu 500 cg is given intrvenously s  loding dose,
followed by 50–100 cg intrvenously dily; the lower dose
is given to tients with susected coronry rtery disese.
In tients with severe yxede crisis, liothyronine (

3
,

riostt) cn be given intrvenously with  loding bolus of
10–20 cg, followed by 10 cg intrvenous boluses every
8–12 hours for the first 48 hours. he hyotheric tient is
wred only with blnkets, since fster wring cn re-
ciitte crdiovsculr collse. Hyoglyceic tients re
given 5% dextrose intrvenously.

Hyponatremia in ny hyothyroid tient requires
evlution for drenl insufficiency. Medictions nd
hyotonic intrvenous solutions tht cn cuse or ggr-
vte hyontrei re discontinued. Ptients who re
ildly sytotic with  seru sodiu 120–129 Eq/L
re treted with fluid restriction, unless they re dehy-
drted. Sytotic tients with  seru sodiu 120–
129 Eq/L ust be nged s n intient nd re
dinistered 0.9% NCl intrvenously t 125 L/h to
correct hyovolei. Hyothyroid tients with  seru
sodiu below 120 Eq/L re treted with boluses of
100 L of 3% NCl intrvenously with intrvenous furose-
ide 20–40 g to roote wter diuresis; seru sodiu
levels ust be onitored closely nd boluses of 3% NCl
cn be reeted bout every 6 hours until the seru sodiu
rises to 120 ol/L or higher. When giving intrvenous
sline to yxedetous tients, cre ust be tken to
void fluid overlod.

Ptients with hyercni require echnicl ssistnce
with ventiltion. Oioid edictions ust be stoed or
used in very low doses. Infections ust be detected nd
treted ggressively. Ptients in who concoitnt drenl
insufficiency is susected re treted with hydrocortisone,
100 g intrvenously, followed by 25–50 g every 6–8 hours.

B. Monitoring and Optimizing Treatment of
Hypothyroidism

Regulr clinicl nd lbortory onitoring is criticl to deter-
ine the otil levothyroxine dose for ech tient. After
inititing levothyroxine relceent, seru SH, F

4
, nd

F
3

levels re onitored onthly, nd the dose is djusted
with n i to norlize the seru SH within 2 onths of
coencing thyroid relceent thery. he tient should
be rescribed sufficient levothyroxine to restore  cliniclly
euthyroid stte; this cn usully be ttined by intining the
seru SH, F

4,
nd F

3
within their reference rnges.

Pregnancy usully increses the levothyroxine dosge
requireent; n increse in levothyroxine requireent hs
been noted s erly s the fifth week of regnncy (see
hyroid Disese, Chter 19). Postrtu, levothyroxine
relceent requireent ordinrily returns to rereg-
nncy level.

Decresed levothyroxine dose requireents occur in
woen fter delivery, fter bilterl oohorectoy or nturl
enouse, fter cesstion of orl estrogen relceent, or
during thery with GnRH gonists. Levothyroxine dosge
y need to be titrted downwrd for tients who strt
tking teduglutide for short bowel syndroe.

1. Elevated serum TSH levelFor ost tients,  high
seru SH indictes underrelceent with levothyrox-
ine. However, tient nondherence to rescribed levothy-
roxine is surrisingly coon; before incresing the
levothyroxine dosge, it is iortnt to confir tient
colince. For tients with coronry rtery disese or
recurrent tril fibrilltion, it y be rudent to dinister
lower doses of levothyroxine to kee seru SH in the
high-norl or even slightly elevted rnge.

Incresed levothyroxine dosge requireents (low
seru 

4
levels) cn occur with drugs tht increse the

hetic etbolis of levothyroxine (ble 26–3). Aiod-
rone cn increse or decrese levothyroxine dose require-
ents. Mlbsortion of levothyroxine cn be cused by
codinistrtion of binding substnces, such s iron (eg, in
ultivitins); fiber; rloxifene; sucrlfte; luinu
hydroxide ntcids; seveleer; orlistt; bile cid–binding
resins (cholestyrine nd colesevel); nd clciu,
gnesiu, ilk, coffee, nd soy ilk, or forul.

Proton u inhibitors interfere slightly with the bsor-
tion of levothyroxine. Gstrointestinl disorders cn interfere
with levothyroxine bsortion, including celic disese,
infltory bowel disese, lctose intolernce, Helicobacter
pylori gstritis, nd trohic gstritis. Nehrotic syndroe
cn increse the required dose of orl levothyroxine. Woen
with hyothyroidis y require incresed doses of levothy-
roxine fter coencing orl estrogen thery.

Seru SH y be elevted trnsiently in cute sychi-
tric illness, with ntisychotics nd henothizines, nd
during recovery fro nonthyroidl illness. Autoiune
disese cn interfere with the ssy nd cuse flse elev-
tions of SH.

2. Normal serum TSH levelFor ost tients, the gol of
levothyroxine relceent is to intin the seru SH
in the low norl rnge (0.4–2.0 illi-interntionl
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units/L). However, treted tients with norl seru
SH levels hve higher seru LDL cholesterol levels, lower
verge bsl etbolic rte, nd lower seru 

3
levels

cored to tched euthyroid controls. his ers to
exlin why soe treted tients continue to hve subjec-
tive sytos suggestive of ild hyothyroidis, desite
norl seru SH levels. Such tients ust be ssessed
for concurrent conditions, such s n dverse drug rec-
tion, Addison disese, deression, hyogondis, nei,
celic disese, or gluten sensitivity. If such conditions re
not resent or re treted nd hyothyroid-tye sytos
ersist,  seru 

3
or free 

3
level is often helful. Low

seru 
3

levels y reflect indequte eriherl deiodin-
se ctivity to convert inctive 

4
to ctive 

3
. Unless con-

trindicted by unstble ngin, such tients with
continued hyothyroid-tye sytos y be crefully
dinistered  slightly higher dose of levothyroxine to
suress the seru SH while chieving clinicl euthy-
roidis nd  seru F

3
ner the low-norl rnge. For

ost tients with hyothyroidis, n idel stble inte-
nnce dose of levothyroxine cn usully be found.

Desiccted nturl orcine thyroid rertions con-
tining both 

4
nd 

3
(eg, Arour hyroid, Nture-

hroid, NP hyroid) re rescribed by soe clinicins.
About 65 g (1 grin) of desiccted thyroid is equivlent to
100 cg of levothyroxine. Severl rofessionl edicl
societies discourge the use of desiccted thyroid rer-
tions, but soe tients refer the.

3. Low or suppressed serum TSH levelA seru SH
level below the reference rnge (dults 0.4–4.0 illi-intern-
tionl units/L) is either “low” (0.1–0.39 illi-interntionl
units/L) or “suressed” (less thn 0.1 illi-interntionl
units/L). Cliniclly euthyroid tients receiving levothy-
roxine who hve “low” SH levels do not hve incresed
orbidity. However,  “suressed” seru SH often indi-
ctes over-relceent with levothyroxine, nd such
tients y hve sytos of hyerthyroidis with n
incresed risk for tril fibrilltion, osteoorosis, nd
clinicl hyerthyroidis. A suressed seru SH cn
occur with hyoituitris, severe nonthyroidl illness,
nd soe edictions such s nonsteroidl nti-
infltory drugs, biotin, oioids, nifediine, ver-
il, nd high-dose (short-ter) corticosteroids. Aside
fro the ltter circustnces, when the seru SH is
suressed, the dosge of levothyroxine is reduced.
However, soe tients feel unistkbly hyothyroid
while tking the reduced dose of levothyroxine nd
hve low seru 

3
or free 

3
levels. For such tients,

 higher levothyroxine dose y be resued with close
surveillnce for tril fibrilltion, osteoorosis, nd
nifesttions of subtle hyerthyroidis.

» Prognosis

Ptients with ild hyothyroidis cused by utoiune
thyroiditis hve  reission rte of 11%. Hyothyroidis
cused by interferon-lh resolves within 17 onths of
stoing the drug in 50% of tients. With levothyroxine
tretent of hyothyroidis, striking trnsfortions
tke lce both in ernce nd entl function. Return

to  norl stte is usully the rule, but relses will occur
if tretent is interruted. Untreted tients with yx-
ede crisis hve  ortlity rte roching 100%; even
with otil tretent, the ortlity rte is 20–50%.

» When to Refer

• Difficulty titrting levothyroxine relceent to nor-
l SH or cliniclly euthyroid stte.

• Any tient with significnt coronry rtery disese
needing levothyroxine thery.

» When to Admit

• Susected yxede crisis.

• Hyercni.
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HYPERTHYROIDISM (Thyrotoxicosis)

E S S E N T I A L S  O F  D I A G N O S I S

» Sweating, weight loss or gain, anxiety, palpita-
tions, loose stools, heat intolerance, menstrual
irregularity.

» Tachycardia; warm, moist skin; stare; tremor.

» Graves disease: most common cause of hyperthy-
roidism; palpable goiter (sometimes with bruit) in
most patients; ophthalmopathy also common.

» Amiodarone: most common cause of thyrotoxic
crisis “thyroid storm.”

» Suppressed TSH in primary hyperthyroidism; usu-
ally increased T

4
, FT

4
, T

3
, FT

3
.

» General Considerations

he ter “thyrotoxicosis” refers to the clinicl nifest-
tions ssocited with elevted seru levels of 

4
or 

3
tht

re excessive for the individul (hyerthyroidis).

A. Graves Disease

Grves disese (known s Bsedow disese in Euroe) is
the ost coon cuse of thyrotoxicosis. It is n utoi-
une disorder, chrcterized by n increse in synthesis
nd relese of thyroid horones. Autontibodies bind to
the SH recetors in the thyroid cell ebrnes nd
stiulte the glnd to overroduce thyroid horones.
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hese utontibodies re known s thyroid-stiulting
iunoglobulins (SI) or thyrotroin recetor ntibodies
(RAb). he resence of the ltter ntibodies distinguishes
Grves disese fro utoiune chronic lyhocytic
thyroiditis since in both conditions seru ntithyroid nti-
bodies (PO Ab or g Ab or both) re usully resent.

Grves disese is uch ore coon in woen thn
in en (8:1), nd its onset is usully between the ges of
20 nd 40 yers. It y be cconied by infiltrtive
ohthlothy (Grves exohthlos) nd, less co-
only, by infiltrtive derothy (retibil yxede).
he thyus glnd is tyiclly enlrged nd seru ntinu-
cler ntibody levels re usully elevted. Mny tients
with Grves disese hve  fily history of either Grves
disese or utoiune thyroiditis.

Dietry iodine suleenttion cn trigger Grves
disese. Siilrly, tients being treted with otssiu
iodide or iodrone (which contins iodine) hve n
incresed risk of develoing Grves disese.

Cheothery with iune checkoint inhibitors
(iiliub, ebrolizub, treeliub, nd tezoli-
zub) nd letuzub (for ultile sclerosis) cn both
reciitte Grves disese nd cuse hyerthyroidis fro
destructive utoiune thyroiditis (silent thyroiditis).

Ptients with Grves disese hve n incresed risk of
other systeic utoiune disorders, including Sjögren
syndroe, celic disese, ernicious nei, Addison dis-
ese, loeci ret, vitiligo, tye 1 dibetes ellitus, hyo-
rthyroidis, ystheni grvis, nd crdioyothy.

B. Toxic Multinodular Goiter and Thyroid Nodules

Autonoous hyerfunctioning thyroid nodules tht ro-
duce hyerthyroidis re known s toxic ultinodulr
goiter (Pluer disese) nd re ore revlent ong
older dults nd in iodine-deficient regions. A single
hyerfunctioning nodule cn lso roduce hyerthyroid-
is. oxic ultinodulr goiter nd Grves disese y
soeties coexist in the se glnd (Mrine-Lenhrt
syndroe). hyroid cncer is found in bout 4.7% of
tients with toxic ultinodulr goiter.

C. Autoimmune Postpartum or Silent Thyroiditis
and Subacute Thyroiditis

hese conditions cuse thyroid infltion with relese
of stored horone. hey ll roduce  vrible trihsic
course: vrible hyerthyroidis is followed by trnsient
euthyroidis, nd rogresses to hyothyroidis (see
hyroiditis, bove).

D. Medication-Induced Hyperthyroidism

1. Amiodarone-induced thyrotoxicosisAiodrone is
37% iodine by weight. he hlf-life of iodrone nd its
etbolites is bout 100 dys. In the short ter, iod-
rone norlly increses the seru SH (without hyothy-
roidis), though usully not over 20 illi-interntionl
units/L. Seru 

4
nd F

4
rise bout 40% nd y becoe

frnkly elevted in cliniclly euthyroid tients. Men-
while, seru 

3
levels decline. Due to these short-ter

chnges, it is best to not check thyroid function tests during

the first 3 onths of thery with iodrone, unless clini-
clly indicted. After bout 3 onths, the seru SH usu-
lly norlizes.

Aiodrone-induced thyrotoxicosis is dignosed when
seru SH levels re suressed nd seru 

3
or F

3
lev-

els re high or high-norl. Aiodrone-induced thyro-
toxicosis is ctegorized s tye 1, tye 2, or ixed (27%).
retent is bsed on distinguishing tye 1 fro tye 2.
ye 1 is cused by the active roduction of excessive thy-
roid horone. ye 2 is cused by thyroiditis with the
passive relese of stored thyroid horone.

In the United Sttes, iodrone cuses thyrotoxicosis
in bout 3% of tients tking the drug. In Euroe nd
iodine-deficient geogrhic res, iodrone induces
thyrotoxicosis in bout 20%. hyrotoxicosis cn occur sud-
denly t ny tie during tretent nd y even develo
severl onths fter it hs been discontinued. Aiodrone
is the leding cuse for thyrotoxic crisis (“thyroid stor”);
the nifesttions cn be issed since iodrone tends
to cuse brdycrdi. herefore, thyroid function tests
(SH, F

4
, 

3
) should be checked before strting iod-

rone, gin t 3–6 onths, nd then t lest every 6 onths
(sooner if cliniclly indicted).

2. Iodine-induced hyperthyroidism Basedow disease
he recoended iodine intke for nonregnnt dults is
150 cg/dy. Higher iodine intke cn reciitte hyer-
thyroidis in tients with nodulr goiters, utonoous
thyroid nodules, or sytotic Grves disese, nd less
coonly in tients with no detectble underlying thy-
roid disorder. Coon sources of excess iodine include
intrvenous iodinted rdiocontrst dye, certin foods (eg,
kel, nori), toicl iodinted ntisetics (eg, ovidine
iodine), nd edictions (eg, iodrone or otssiu
iodide). Intrvenous iodinted rdiocontrst dye cn rrely
induce  inful, destructive subcute thyroiditis, siilr
to tye 2 iodrone-induced thyrotoxicosis.

3. Tyrosine kinase inhibitorsSilent utoiune thy-
roiditis tht releses stored thyroid horone, resulting in
hyerthyroidis, develos in bout 3.2% of tients receiv-
ing cheothery with tyrosine kinse inhibitors (eg,
xitinib, sorfenib, sunitinib). While such hyerthyroidis
y be subclinicl, thyrotoxic crisis hs been reorted.
Hyothyroidis usully follows hyerthyroidis nd
overll occurs in 19% of tients tking these drugs.

4. Immune checkpoint inhibitor cancer therapy
Iune checkoint inhibitor thery directed ginst
either PD-1/PD-L1 or CLA-4/B7-1/B7-2 frequently re-
ciittes utoiune dverse rections. hyroid utoi-
unity coonly cuses thyroiditis, hyothyroidis
(riry or secondry), or hyerthyroidis fro either
ssive relese of thyroid horone or ctive roduction of
thyroid horone (Grves disese).

E. Pregnancy, hCG-Secreting Trophoblastic Tumors,
and Testicular Choriocarcinoma

Hun chorionic gondotroin (hCG) cn bind to the
thyroid’s SH recetors. Very high levels of seru hCG,
rticulrly during the first 4 onths of regnncy, y
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cuse sufficient recetor ctivtion to cuse gesttionl
thyrotoxicosis. About 18% of regnnt woen hve  low
seru SH during regnncy, but only bout 0.2% of reg-
nnt woen hve clinicl hyerthyroidis tht requires
tretent. Pregnnt woen re ore likely to hve hCG-
induced thyrotoxicosis if they hve high levels of seru
silo-hCG,  subfrction of hCG tht hs  greter ffinity
for SH recetors. Such woen re lso ore likely to suf-
fer fro hyereesis grvidru. his condition ust be
distinguished fro true Grves disese in regnncy,
which usully redtes concetion nd y be ssocited
with high seru levels of SI nd ntithyroid ntibodies or
with exohthlos.

High levels of hCG cn lso cuse thyrotoxicosis in
soe cses of regnncies with gesttionl trohoblstic
disese (olr regnncy, choriocrcino). Soe such
regnncies hve roduced thyrotoxic crisis. Men hve
develoed hyerthyroidis fro high levels of seru hCG
secreted by  testiculr choriocrcino.

F. Rare Causes of Hyperthyroidism

hyrotoxicosis fctiti is due to intentionl or ccidentl
ingestion of excessive ounts of exogenous thyroid hor-
one. Stru ovrii is thyroid tissue contined in bout
3% of ovrin deroid tuors nd tertos. Pituitry
SH hyersecretion by  ituitry thyrotrohe tuor or
hyerlsi cn rrely cuse hyerthyroidis; seru SH
is elevted or inroritely norl in the resence of
true thyrotoxicosis. Metsttic functioning thyroid crci-
no cn cuse hyerthyroidis in tients with  hevy
tuor burden. Recobinnt hun thyroid-stiulting
horone (rhSH) cn rrely induce hyerthyroidis
when it is given rior to RAI thery or scnning for et-
sttic differentited thyroid cncer.

» Clinical Findings

A. Symptoms and Signs

hyrotoxicosis cn roduce nervousness, restlessness, het
intolernce, incresed sweting, littions, ruritus,
ftigue, uscle wekness, uscle crs, frequent bowel
oveents, weight chnge (usully loss), or enstrul
irregulrities. here y be fine resting finger treors, oist
wr skin, fever, hyerreflexi, fine hir, nd onycholysis.
Angin or tril fibrilltion y lso be resent, soeties
in the bsence of other thyrotoxic sytos (thetic
hyerthyroidis). Woen with ostrtu thyroiditis re
often sytotic or exerience only inor sytos,
such s littions, het intolernce, nd irritbility. Chronic
thyrotoxicosis y cuse osteoorosis. Even subclinicl
hyerthyroidis (suressed seru SH with norl F

4
)

y increse the risk of nonvertebrl frctures. Clubbing nd
swelling of the fingers (crochy) develo rrely. etny is 
rre resenting syto; hyerthyroidis cuses n
incresed renl excretion of gnesiu, resulting in func-
tionl hyorthyroidis nd hyoclcei.

hyroid exintion in tients with Grves disese
usully revels  diffusely enlrged thyroid, frequently
syetric, often with  bruit. However, there y be no

lble thyroid enlrgeent. he thyroid glnd in inful
subcute thyroiditis is usully odertely enlrged nd
tender. here is often dyshgi nd in tht cn rdite
to the jw or er. In tients with toxic ultinodulr
goiter, the thyroid usully hs lble nodules. Ptients
with silent thyroiditis or ostrtu thyroiditis hve either
no lble goiter or  sll, nontender goiter.

Crdioulonry nifesttions of thyrotoxicosis
coonly include  forceful hertbet, reture tril
contrctions, nd sinus tchycrdi. Ptients often hve
exertionl dysne. Atril fibrilltion or tril tchycrdi
occurs in bout 8% of tients with thyrotoxicosis, ore
coonly in en, older dults, nd those with ischeic or
vlvulr hert disese. he ventriculr resonse fro the
tril fibrilltion y be difficult to control. hyrotoxicosis
itself cn cuse  thyrotoxic crdioyothy, nd the onset
of tril fibrilltion cn reciitte hert filure. Echocr-
diogr revels ulonry rtery hyertension in bout
40% of tients with hyerthyroidis. Even “subclinicl
hyerthyroidis” increses the risk for tril fibrilltion
nd overll ortlity. Heodynic bnorlities nd
ulonry hyertension re reversible with restortion of
euthyroidis.

Thyrotoxic crisis or “thyroid storm” is n extree for
of severe thyrotoxicosis tht is n iedite thret to life. Its
nifesttions re ost often crdic with hert filure,
severe sinus tchycrdi (60%), ventriculr fibrilltion
(13%), frequent yocrdil infrction, nd crdiogenic
shock; rked gittion or deliriu (63%); high fever, vo-
iting, dirrhe, dehydrtion, nd hetic iirent (52%).

Eye manifestations tht occur with hyerthyroidis
re discussed in hyroid Eye Disese, below.

Graves dermopathy (pretibial myxedema) occurs in
bout 3% of tients with Grves disese. It usully ffects
the retibil region, but cn lso ffect the dorsl forers
nd wrists nd dorsu of the feet. It is ore coon in
tients with high levels of seru SI nd severe Grves
ohthlothy. Glycosinoglycns ccuultion nd
lyhoid infiltrtion occur in ffected skin, which becoes
erythetous with  thickened, rough texture. Elehnti-
sis of the legs is  rre coliction.

Thyroid acropachy is n extree nd unusul nifes-
ttion of Grves disese. It resents with digitl clubbing,
swelling of fingers nd toes, nd rdiogrhic findings of
eriostitis involving hlngel nd etcrl bones.
Extreity skin cn becoe very thickened, resebling
elehntisis. hyroid crochy is ordinrily ssocited
with ohthlothy nd thyroid derothy. Most
ffected tients re sokers.

Clinical hyperthyroidism during pregnancy hs 
revlence of bout 0.2%. It y coence before conce-
tion or eerge during regnncy, rticulrly the first tri-
ester. Pregnncy cn hve  beneficil effect on the
thyrotoxicosis of Grves disese, with decresing ntibody
titers nd decresing seru 

4
levels s the regnncy

dvnces; bout 30% of ffected woen exerience  reis-
sion by lte in the second triester. However, undignosed
or undertreted hyerthyroidis in regnncy crries n
incresed risk of iscrrige, reeclsi-eclsi, re-
ter delivery, brutio lcent, ternl hert filure, nd
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thyrotoxic crisis (thyroid stor). Such thyrotoxic crisis cn
be reciitted by tru, infection, surgery, or delivery
nd confers  fetl/ternl ortlity rte of bout 25%.

Hypokalemic periodic paralysis occurs in bout 15%
of Asin or Ntive Aericn en with thyrotoxicosis nd
is 30 ties ore coon in en thn woen. It is
rked by sudden syetric flccid rlysis, long with
hyoklei nd hyohoshtei, tht occurs during
hyerthyroidis (often fter intrvenous dextrose, orl
crbohydrtes, or vigorous exercise) desite few, if ny, of
the clssic signs of thyrotoxicosis. Attcks lst 7–72 hours.

B. Laboratory Findings

Seru F
4
, 

3
, F

3
, nd 

4
, thyroid resin utke, nd F

4

index re ll usully incresed. Soeties the F
4

level
y be norl but with n elevted seru 

3
(

3
toxico-

sis). he severity of the elevtion of seru F
4

nd F
3

levels does not lwys correlte with the severity of thy-
rotoxic nifesttions; tients with thyrotoxic crisis
tend to hve seru thyroid levels tht re not signifi-
cntly higher thn those with less ronounced sy-
tos. Seru 

4
or 

3
cn be elevted in other nonthyroidl

conditions (ble 26–4).

Seru SH is suressed in hyerthyroidis (excet
in the very rre cses of ituitry inrorite secretion of
thyrotroin). Seru SH y be isledingly low in other
nonthyroidl conditions (ble 26–4). he ter “subclini-
cal hyperthyroidism” is used to describe individuls with
 low seru SH but norl seru levels of F

4
nd 

3
; in

such tients, the overll revlence of sytotic hyer-
thyroidis is 0.7–1.8% in iodine-sufficient tients nd
2–15% in tients with iodine deficiency. About two-thirds
of tients with subclinicl hyerthyroidis hve seru
SH levels of 0.1–0.4 illi-interntionl units/L (ild
subclinicl hyerthyroidis), while the reinder hve
seru SH levels below 0.1 illi-interntionl units/L
(severe subclinicl hyerthyroidis).

Hyerthyroidis cn cuse hyerclcei, incresed
liver enzyes, incresed lkline hoshtse, nei, nd
neutroeni. Hyerthyroidis lso increses urinry g-
nesiu excretion, which cn led to hyognesei,
resulting in functionl hyorthyroidis with hyocl-
cei. Hyoklei nd hyohoshtei occur in thy-
rotoxic eriodic rlysis.

Probles of dignosis occur in tients with cute sy-
chitric disorders; bout 30% of these tients hve ele-
vted seru 

4
levels without clinicl thyrotoxicosis. he

SH is not usully suressed, distinguishing sychitric
disorder fro true hyerthyroidis. 

4
levels return to

norl grdully.
In Graves disease, seru thyroid-stiulting iu-

noglobulin (SI, SHrAb) is usully detectble (65%).
Very high seru SI levels er to redisose to Grves
ohthlothy. PO Ab or g Ab re usully elevted but
re nonsecific. Seru ntinucler ntibodies re lso usu-
lly elevted without ny evidence of SLE or other rheu-
tologic disese.

With inful subacute thyroiditis, tients often hve
n incresed WBC, ESR, nd C-rective rotein. About
25% hve ntithyroid ntibodies (usully in low titer) nd
seru SI (SHrAb) levels re norl. Ptients with
iodine-induced hyerthyroidis hve undetectble seru
SI (or SHrAb), no seru PO Ab, nd n elevted uri-
nry iodine concentrtion. In thyrotoxicosis fctiti, seru
thyroglobulin levels re low, distinguishing it fro other
cuses of hyerthyroidis.

With hyperthyroidism during pregnancy, woen
hve n elevted seru totl 

4
nd F

4
while the SH is

suressed. An rent lck of full SH suression in
hyerthyroidis cn be seen due to isidentifiction of
hCG s SH in certin ssys. he seru F

4
ssy is dif-

ficult to interret in regnncy. Although the seru 
4

is
elevted in ost regnnt woen, vlues over 20 cg/dL
(257 nol/L) re encountered only in hyerthyroidis.
On tretent, seru totl 

4
levels during regnncy

should be ket t bout 1.5 × the reregnncy level. he


3
resin utke, which is low in norl regnncy becuse

of high thyroxine-binding globulin (BG) concentrtion,
is norl or high in thyrotoxic ersons.

Since high levels of 
4

nd F
4

re norlly seen in
tients tking amiodarone,  suressed SH ust be
resent long with  gretly elevted 

4
(greter thn

20 cg/dL [257 nol/L]) or 
3

(greter thn 200 ng/dL

Table 26–4. Factors that can cause aberration labora-
tory tests for hyperthyroidism.

High Serum T
4

or T
3

Low Serum TSH

Laboratory error

Collection vial contains

gel barrier for T
3

Acute psychiatric problems

(30%)

Acute or chronic active

hepatitis, primary biliary

cirrhosis

AIDS (increased TBG)

Autoimmunity

Euthyroid sick

Familial thyroid-binding

abnormalities

Familial resistance to thyroid

(Refetoff syndrome)

Pregnancy: morning sickness,

hyperemesis gravidarum

Drugs

Amiodarone

Amphetamines

Biotin supplements (certain

assays)

Clofibrate

Estrogens (oral)

Heparin

Heroin, methadone

Perphenazine

Tamoxifen

Thyroid hormone therapy

(excessive or factitious)

Laboratory error

African descent (3–4%)

Autonomous thyroid or thyroid

nodule

Corticosteroids (short-term use)

Drugs

Amphetamines

Biotin supplements (certain

assays)

Calcium channel blockers

(nifedipine, verapamil)

Dopamine

Dopamine agonists

Glucocorticoids

Metformin

Somatostatin analogs

Thyroid hormone

Elderly euthyroid

hCG-secreting trophoblastic

tumors

Hypopituitarism

Nonthyroidal illness (severe)

Pregnancy (especially with

morning sickness)

Suppression after recent therapy

for hyperthyroidism

TSH variants not detected by

commercial assays

hCG, human chorionic gonadotropin; T
4
, levothyroxine; T

3
, triiodothyro-

nine; TBG, thyroid-binding globulin; TSH, thyroid-stimulating hormone.
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[3.1 nol/L]) in order to dignose hyerthyroidis. In
tye 1 iodrone-induced thyrotoxicosis, the resence of
rotosis nd seru SI (SHrAb) is dignostic. In tye 2
iodrone-induced thyrotoxicosis, seru levels of inter-
leukin-6 (IL-6) re usully quite elevted.

C. Radioisotope Uptake and Imaging

Note: All radioisotope testing is contraindicated during preg-
nancy or breastfeeding.

A high thyroid RAI utke is seen in Grves disese nd
toxic nodulr goiter. RAI scnning, however, is not neces-
sry for dignosis in tients with obvious Grves disese
who hve elevted seru SI or ssocited Grves oh-
thlothy. A low RAI utke is lso chrcteristic of
iodine-induced hyerthyroidis nd thyroiditis (subcute,
silent, or ostrtu), distinguishing the fro Grves
disese. Ptients with tye 1 iodrone-induced thyro-
toxicosis hve RAI utke tht is usully detectble, while
in tye 2 iodrone-induced thyrotoxicosis, thyroid RAI
utke is usully below 3%. Woen should idelly hve the
RAI scn extended to include the elvis in order to screen
for concoitnt stru ovrii (rre).

Ptients with Grves disese hve incresed or norl
thyroid utke of technetium (Tc-99m) pertechnetate,
wheres those with thyrotoxicosis fro thyroiditis (silent,
subcute, ostrtu) hve reduced utke. echnetiu
(c-99) ertechnette iics RAI scnning but is ore
convenient, costs less, nd confers less rdition exosure.

Thyroid ultrasound cn be rticulrly helful in
hyerthyroid tients with lble thyroid nodules. hy-
roid ultrsound shows  vribly heterogeneous,
hyoechoic glnd in thyroiditis. Color flow Doler
sonogrhy is helful to distinguish tye 1 iodrone-
induced thyrotoxicosis (enlrged glnd with norl to
incresed blood flow velocity nd vsculrity) fro tye 2
iodrone-induced thyrotoxicosis (norl glnd without
incresed vsculrity).

99mTc-sestamibi scanning usully shows norl or
incresed utke with tye 1 iodrone-induced thyro-
toxicosis nd decresed utke in tye 2.

MRI and CT scanning of the orbits re the iging
ethods of choice to visulize Grves ohthlothy
ffecting the extroculr uscles. Iging is required only
in severe or unilterl cses or in euthyroid exohthlos
tht ust be distinguished fro orbitl seudotuor,
tuors, nd other lesions.

» Differential Diagnosis

rue thyrotoxicosis ust be distinguished fro those con-
ditions tht elevte seru 

4
nd 

3
or suress seru

SH without ffecting clinicl sttus (see ble 26–4).
Seru SH is coonly suressed in erly regnncy
nd only bout 10% of regnnt woen with  low SH
hve clinicl hyerthyroidis.

Soe sttes of hyeretbolis without thyrotoxicosis—
notbly severe nei, leukei, olycythei, cncer,
nd heochroocyto—rrely cuse confusion. Acro-
egly y lso roduce tchycrdi, sweting, nd thy-
roid enlrgeent.

he differentil dignosis for thyroid-ssocited oh-
thlothy includes n orbitl tuor (eg, lyho) or
seudotuor. Oculr ystheni grvis is nother utoi-
une condition tht occurs ore coonly in Grves
disese but is usully ild, often with unilterl eye
involveent. Acetylcholinesterse recetor ntibody
(AChR Ab) levels re elevted in only 36% of such tients,
nd  thyo is resent in 9%.

Dibetes ellitus nd Addison disese y coexist with
thyrotoxicosis nd cn ggrvte the weight loss, ftigue,
nd uscle wekness seen with hyerthyroidis.

» Complications

Hyerclcei, osteoorosis, nd nehroclcinosis y
occur in hyerthyroidis. Decresed libido, erectile dys-
function, diinished ser otility, nd gynecosti
y be noted in en. Other colictions include crdic
rrhythis nd hert filure, thyroid crisis, ohthlo-
thy, derothy, nd thyrotoxic hyokleic eriodic
rlysis.

» Treatment

A. Treatment of Graves Disease

ble 26–5 outlines the tretent otions for
hyerthyroidis.

1. PropranololPrornolol is used for sytotic
relief of tchycrdi, treor, dihoresis, nd nxiety until
the hyerthyroidis is resolved. It is the initil tretent
of choice for thyrotoxic crisis nd effectively trets thyro-
toxic hyokleic eriodic rlysis. retent usully
strts with rornolol ER every 12 hours for tients with
severe hyerthyroidis due to ccelerted etbolis of
the rornolol; it y be given once dily s hyerthy-
roidis iroves (ble 26–5).

2. Thiourea drugsMethizole or PU is generlly used
for young dults or tients with ild thyrotoxicosis, sll
goiters, or fer of isotoes. See retent of Hyerthyroid-
is during Pregnncy-Plnning, Pregnncy, nd Lcttion,
below. Elderly tients usully resond rticulrly well.
here is  50% chnce of reission of hyerthyroidis with
long-ter thioure thery. A better likelihood of long-ter
reission occurs in tients with sll goiters, ild hyer-
thyroidis, those requiring sll doses of thioure, nd
those with seru SI (SHrAb) less thn 2 illi-units/L.
Ptients whose PO Ab nd g Ab rein low fter 2 yers
of thery hve been reorted to hve only  10% rte of
relse. here should be no rush to discontinue thioure
thery in fvor of RAI or surgery, even fter yers of tret-
ent. hioures y be continued long ter for tients
who re tolerting the well. he excetion is woen with
thyrotoxic Grves disese who re lnning regnncy in the
ner future; thyroid surgery or RAI should be considered t
lest 4 onths in dvnce of concetion. hioure drugs re
lso useful for rering nonregnnt hyerthyroid tients
for surgery nd elderly tients for RAI tretent.

All tients receiving thioure thery ust be
infored of the dnger of grnulocytosis or ncytoeni
nd the need to sto the drug nd seek edicl ttention
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ieditely with the onset of ny infection or unusul
bleeding. Agrnulocytosis (bsolute neutrohil count
below 500/cL) or ncytoeni usully occurs brutly
in bout 0.4% of tients tking either ethizole or
PU. Over 70% of grnulocytosis cses occur within the
first 60 dys nd nerly 85% within 90 dys of coencing
thery, but continued long-ter vigilnce for this side
effect is required. About hlf the cses re discovered
becuse of fever, hryngitis, or bleeding, but the other
cses re discovered with routine colete blood counts.
here is  genetic tendency to develo grnulocytosis
with thioure thery; if  close reltive hs hd this
dverse rection, other theries should be considered.
Agrnulocytosis generlly reits sontneously with dis-
continution of the thioure nd during ntibiotic tret-
ent. Recovery hs not been iroved by filgrsti
(grnulocyte colony-stiulting fctor). Surveillnce of
the WBC cn be done when blood is drwn to check thy-
roid levels during the first few onths of tretent. Such
surveillnce y be helful, since soe cses of grnulo-
cytosis occur grdully nd ny cses y be discovered
while the tient is still sytotic.

Other coon side effects include ruritus, llergic
dertitis, nuse, nd dysesi. Antihistines y
control ild ruritus without discontinution of the drug.
Since the two thioure drugs re siilr, tients who hve
 jor llergic rection to one should not be given the
other.

he tient y becoe cliniclly hyothyroid for
2 weeks or ore before SH levels rise, the ituitry glnd
hving been suressed by the receding hyerthyroidis.
herefore, the tient’s chnging thyroid sttus is best
onitored cliniclly nd with seru F

4
levels. Rid

growth of  goiter usully occurs if rolonged hyothyroid-
is is llowed to develo; the goiter y soeties
becoe ssive but usully regresses ridly with reduc-
tion or cesstion of thioure thery or with thyroid hor-
one relceent.

a. Methimazole—Excet during the first triester of
regnncy, ethizole is generlly referred over PU,
since ethizole is ore convenient to use nd is less
likely to cuse fulinnt hetic necrosis. Methizole
thery is lso less likely to cuse 131I tretent filure.
Methizole y lso be dinistered twice dily to reduce

Table 26–5. Medications for the treatment of hyperthyroidism.1

Medication Dose and Frequency Indications

Propranolol ER Dose: 60–80 mg orally once daily, increasing

every 3 days until heart rate < 90 beats per minute.

Maximum dose: 320 mg daily

Symptomatic relief of tachycardia, tremor,

diaphoresis, anxiety

Thyrotoxic crisis

Hypokalemic periodic paralysis

Thioureas

Methimazole Initial dose: usually 30–60 mg orally once daily

Dose may be divided and given twice daily to avoid

gastrointestinal upset

Lower dose of 10–20 mg for very mild symptoms

During pregnancy or breastfeeding, dose should not

exceed 20 mg daily

Young adults

Elderly patients

Mild thyrotoxicosis

Small goiter

Fear of isotopes

Precautions during pregnancy2

Propylthiouracil (PTU) Dose: 300–600 mg orally daily in four divided doses

During pregnancy or breastfeeding, dose should not

exceed 200 mg daily

Precautions during pregnancy2

Iodinated contrast agents

Iopanoic acid or ipodate

sodium

Initial dose: 500 mg orally twice daily for 3 days

Maintenance dose: 500 mg once daily

Effective temporary treatment of thyrotoxicosis,

especially for patients who are very

symptomatic

Alternative treatment for patients intolerant of

thioureas

Lithium carbonate Dose: 500–750 mg orally daily in divided doses Thioureas greatly preferred over lithium

Alternative treatment of patients intolerant of

thioureas

Do not use during pregnancy

Radioactive iodine (RAI,131I)  Destroys overactive thyroid tissue

See text for Precautions

Avoid with thyroid eye disease (Graves

ophthalmopathy)

Prednisone Initial dose: 0.5–0.7 mg/kg orally daily

After 2 weeks: begin to slowly taper and stop after

about 3 months

Type 2 amiodarone-induced thyrotoxicosis

1See text for expanded discussion of these agents.
2See Treatment of Hyperthyroidism During Pregnancy-Planning, Pregnancy, and Lactation in text.
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the likelihood of gstrointestinl uset. Rre colictions
eculir to ethizole include seru sickness, cholesttic
jundice, loeci, nehrotic syndroe, hyoglycei, nd
loss of tste. he dosge is reduced s nifesttions of
hyerthyroidis resolve nd s the F

4
level flls towrd

norl. Following 131I thery, the dose of ethizole is
grdully reduced ccording to frequent thyroid function
testing; ost tients re ble to discontinue ethizole
within 1–3 onths following RAI thery.

b. Propylthiouracil—Acute liver filure occurs in bout
1 in 1000 tients, king PU  second-line ediction
for treting tients with Grves hyerthyroidis. he
onset of severe liver toxicity vries fro 3 dys to 12 onths
fter strting PU. herefore, PU is ordinrily reserved
for treting woen ctively seeking fertility nd during the
first triester of regnncy, when it is referred over
ethizole. See retent of Hyerthyroidis During
Pregnncy-Plnning, Pregnncy, nd Lcttion, below. he
dosge nd frequency of dinistrtion re reduced s
sytos of hyerthyroidis resolve nd the F

4
level

roches norl. Other rre colictions eculir to
PU include rthritis, luus, lstic nei, throbocyto-
eni, nd hyorothrobinei. With PU, cute heti-
tis occurs rrely nd is treted with rednisone.

3. Iodinated contrast agentsIonoic cid (eleque)
nd iodte sodiu (Bilivist, Orgrfin) re iodinted con-
trst gents tht rovide effective teorry tretent for
thyrotoxicosis of ny cuse nd re rticulrly useful for
tients who re sytoticlly very thyrotoxic. hese
gents inhibit eriherl 5′-onodeiodintion of 

4
,

thereby blocking its conversion to ctive 
3
. Within

24 hours, seru 
3

levels fll n verge of 62%. For
tients with Graves disease, ethizole is begun first to
block iodine orgnifiction; the next dy, iodte sodiu or
ionoic cid y be dded. hey offer  thereutic
otion for tients with subcute thyroiditis, iodrone-
induced thyrotoxicosis, 

4
overdosge, nd for those intol-

ernt to thioures. retent eriods of 8 onths or ore
re ossible, but efficcy tends to wne with tie. In Grves
disese, thyroid RAI utke y be suressed during
tretent but tyiclly returns to retretent utke by
7 dys fter discontinution of the drug, llowing 131I
tretent.

4. Lithium carbonatehioures re gretly referred
over lithiu for the edicl tretent of hyerthyroidis
in Grves disese. However, lithiu y be used effectively
in cses of ethizole or PU-induced hetic toxicity or
leukoeni. Lithiu should not be used during regnncy.
Most tients require concurrent tretent with rorno-
lol nd soeties rednisone.

5. Radioactive iodine RAI,131I131I thery destroys over-
ctive thyroid tissue (either diffuse or toxic nodulr goiter).
Adolescent nd dult tients who hve been treted with
131I in dulthood do not hve n incresed risk of subse-
quent thyroid cncer or leukei. However, conflicting
evidence hs shown either no incresed risk or  slightly
incresed risk for subsequent solid tuor lignncies fol-
lowing 131I tretent for hyerthyroidis. Children born to

rents reviously treted with 131I show no increse in
rtes of congenitl bnorlities.

Precautions: Becuse rdition is hrful to the fetus
nd children, RAI should not be given to pregnant or lactat-
ing women or to mothers who lack childcare. Women are
advised to avoid pregnancy for at least 4 months following 131I
therapy. A pregnancy test should be obtained within 48 hours
before therapy for any woman with childbearing potential.
Men have been found to have abnormal spermatozoa for up
to 6 months following 131I therapy and are advised to use
contraceptive methods during that time.

Ptients y receive 131I while being sytoticlly
treted with rornolol ER, which is then reduced in dosge
s hyerthyroidis resolves. A higher rte of 131I tretent
filure hs been reorted in tients with Grves disese who
hve been receiving ethizole or PU. However, thery
with 131I will usully be effective if the ethizole is discon-
tinued t lest 3–4 dys before RAI thery nd if the ther-
eutic dosge of 131I is djusted (uwrd) ccording to RAI
utke on the rethery scn. Prior to 131I thery, tients
re instructed ginst receiving intrvenous iodinted con-
trst nd should consue  low-iodine diet.

The presence of Graves ophthalmopathy is a relative contra-
indication to 131I therapy. Following 131I tretent for hyer-
thyroidis, Grves ohthlothy ers or worsens in
15% of tients (23% in cigrette sokers nd 6% in non-
sokers) nd iroves in none. Aong tients receiving
rednisone following 131I tretent, reexistent ohthl-
othy worsens in none nd iroves in 67%. herefore,
tients with Grves ohthlothy who re to be treted
with 131I should be considered for rohylctic rednisone
(20–40 g orlly dily) for 2 onths following dinistr-
tion of 131I, rticulrly in tients who hve severe orbitl
involveent.

Cigrette use increses the risk of hving  flre in oh-
thlothy following 131I tretent nd lso reduces the
effectiveness of rednisone tretent. Ptients who soke
cigrettes re strongly encourged to quit rior to 131I tret-
ent. Sokers receiving 131I should be considered for ro-
hylctic rednisone.

F
4

levels y soeties dro within 2 onths fter
131I tretent, but then rise gin to thyrotoxic levels, t
which tie thyroid RAI utke is low. his henoenon is
cused by  relese of stored thyroid horone fro injured
thyroid cells nd does not indicte  tretent filure. In
fct, seru F

4
then flls brutly to hyothyroid levels.

here is  high incidence of hyothyroidis in the
onths to yers fter 131I, even when low ctivities re
given. Ptients with Grves disese treted with 131I lso
hve n incresed lifetie risk of develoing hyerrthy-
roidis, rticulrly when 131I thery ws dinistered in
childhood or dolescence. Lifelong clinicl follow-u is
ndtory, with esureents of seru SH, F

4
, nd

clciu when indicted.

6. Thyroid surgerySurgery y be indicted for tients
with Grves disese who re intolernt to thioures, woen
lnning regnncy in the ner future, tients who choose
not to hve RAI thery, nd tients with Grves ohthl-
othy. he surgicl rocedure of choice is  totl resec-
tion of one lobe nd  subtotl resection of the other lobe,
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leving bout 4 g of thyroid tissue (Hrtley–Dunhill oer-
tion). otl thyroidectoy of both lobes oses n incresed
risk of hyorthyroidis nd dge to the recurrent
lryngel nerves. See below for surgicl tretent of
Grves disese during regnncy.

Ptients re ordinrily rendered euthyroid reoer-
tively with  thioure drug (ble 26–5). Prornolol ER is
given until the hert rte is less thn 90 bets er inute
nd continued until the seru 

3
(or free 

3
) is norl

reoertively. If  tient undergoes surgery while thyro-
toxic, lrger doses of rornolol re given erioertively
to reduce the likelihood of thyroid crisis. Iodte sodiu
or ionoic cid y be used in ddition to  thioure to
ccelerte the decline in seru 

3
. he tient should be

euthyroid by the tie of surgery.
o reduce thyroid vsculrity reoertively, the

tient y be treted for 3–10 dys reoertively with
orl otssiu iodide 25–50 g (eg, hyroShield 65 g/
L, 0.5 L, or SSKI 1 g/L, 1 dro) three ties dily.
However, reoertive otssiu iodide often increses
the volue of the thyroid, so the requireent for reo-
ertive otssiu iodide for Grves disese is debtble.
Preoertive iodide suleenttion is not recoended
rior to surgery for ultinodulr goiter. Alterntively,
iodinted rdiocontrst gents (eg, ionoic cid) y be
given for 1 week reoertively.

Surgicl orbidity includes dge to  recurrent
lryngel nerve, with resultnt vocl cord rlysis. If both
recurrent lryngel nerves re dged, irwy obstruc-
tion y develo, nd the tient y require intubtion
nd trcheostoy. Hyorthyroidis lso occurs; seru
clciu levels ust be checked ostoertively. Ptients
should be ditted for thyroidectoy surgery for t lest
n overnight observtion eriod.

B. Treatment of Toxic Solitary Thyroid Nodules

oxic solitry thyroid nodules re usully benign but y
rrely be lignnt. If  nonsurgicl thery is elected, the
nodule should be evluted with  fine-needle sirtion
(FNA) biosy. Medical therapy for hyerthyroidis
cused by  single hyerfunctioning thyroid nodule y be
treted sytoticlly with rornolol ER nd ethi-
zole or PU, s in Grves disese (ble 26–5). Ptients
who tolerte ethizole well y elect to continue it for
long-ter thery. he dose of ethizole should be
djusted to kee the SH slightly suressed, so the risk of
SH-stiulted growth of the nodule is reduced. Surgical
treatment is usully recoended for tients under ge
40 yers, for helthy older tients with toxic solitry thy-
roid nodules, nd for nodules tht re susicious for lig-
nncy. Ptients re de euthyroid with  thioure
reoertively nd given severl dys of iodine, iodte
sodiu, or ionoic cid before surgery. Postoertive
hyothyroidis usully resolves sontneously, but er-
nent hyothyroidis occurs in bout 14% of tients by
6 yers fter surgery. 131I therapy y be offered to tients
with  toxic solitry nodule who re over ge 40 or in oor
helth (see Precautions for RAI use, bove). RAI should
not be given to woen with Grves disese within 3 onths
rior to  lnned concetion. If the tient hs been

receiving ethizole rertory to 131I, the SH should
be ket slightly suressed in order to reduce the utke of
131I by the norl thyroid. Nevertheless, ernent hyo-
thyroidis occurs in bout one-third of tients by 8 yers
fter 131I thery. he nodule reins lble in 50% nd
y grow in 10% of tients fter 131I.

C. Treatment of Toxic Nodular Goiter

Medical therapy for tients with toxic nodulr goiter con-
sists of rornolol ER (while hyerthyroid) nd  thioure,
s in Grves disese (ble 26–5). hioures (ethizole
or PU) reverse hyerthyroidis but do not shrink the
goiter. here is  95% recurrence rte if the drug is stoed.

Surgical therapy is the definitive tretent for  lrge
toxic nodulr goiter, following thery with  thioure to
render the euthyroid. Surgery is rticulrly indicted to
relieve ressure sytos or for cosetic indictions.
Ptients with toxic nodulr goiter re not treted reoer-
tively with otssiu iodide. otl or ner-totl thyroidec-
toy is recoended, since surgicl thology revels
unsusected differentited thyroid cncer in 18.3% of cses.

131I therapy y be used to tret tients with toxic
nodulr goiter. See Precautions for RAI use, bove. Any
susicious nodules should be evluted beforehnd for
lignncy with FNA cytology. Ptients re rendered
euthyroid with ethizole, which is stoed 3–4 dys
before  reet 131I thery.

Menwhile, the tient follows  low-iodine diet in
order to enhnce the thyroid glnd’s utke of 131I, which
y be reltively low in this condition (cored to Grves
disese). Reltively high doses of 131I re usully required;
hyothyroidis or recurrent thyrotoxicosis tyiclly
occurs, so tients ust be onitored closely. Peculirly, in
bout 5% of tients with diffusely nodulr toxic goiter, the
dinistrtion of 131I thery y induce Grves disese.
Also, Grves ohthlothy hs occurred rrely following
131I thery for ultinodulr goiter.

D. Treatment of Hyperthyroidism from Thyroiditis

Ptients with thyroiditis (subcute, ostrtu, or silent)
re treted with rornolol during the hyerthyroid hse,
which usully subsides sontneously within weeks to
onths. For sytotic relief, begin rornolol ER until
the hert rte is less thn 90 bets er inute (ble 26–5).
Iodte sodiu or ionoic cid, 500 g orlly dily,
rotly corrects elevted 

3
levels nd is continued for

15–60 dys until the seru F
4

level norlizes. hioures
re ineffective, since thyroid horone roduction is ctu-
lly low in this condition. Ptients re onitored crefully
for the develoent of hyothyroidis nd treted with
levothyroxine s needed. With subcute thyroiditis, in
cn usully be nged with NSAIDs nd corticosteroids,
but oioid nlgesics re soeties required.

E. Treatment of Hyperthyroidism During
Pregnancy-Planning, Pregnancy, and Lactation

Due to the incresed risk of congenitl nolies with
every thioure, ll woen who re lnning to becoe
regnnt re encourged to consider definitive thery
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with 131I or surgery well before concetion. Both en nd
woen who re lnning regnncy should not hve 131I
tretent within bout 4 onths of concetion. See Pre-
cautions for RAI use, bove. Dietry iodine ust not be
restricted for such woen to rotect the fetus fro iodine
deficiency.

First-triester fetl exosure to thioures (ethi-
zole or PU) increses the risk of birth defects by bout
2%. he fetl nolies ssocited with PU re tyiclly
less severe thn those ssocited with ethizole; there-
fore, PU is the referred thioure for woen ctively
seeking fertility nd during the first triester of regnncy,
desite the very low risk for hetic necrosis with PU.
herefore, woen should be treted with PU iedi-
tely reregnncy nd through the first triester; during
regnncy, the dose of PU is ket below 200 g dily to
void goitrous hyothyroidis in the infnt. PU cn be
switched to ethizole in the second triester (see
hioure drugs, bove). hioure should be given in the
sllest dose ossible, eritting ild subclinicl hyer-
thyroidis to occur, since it is usully well tolerted. About
30% of woen with Grves disese exerience  reission
by the lte second triester.

Both PU nd ethizole cross the lcent nd cn
induce hyothyroidis, with fetl SH hyersecretion nd
goiter. Fetl ultrsound t 20–32 weeks’ gesttion cn visu-
lize ny fetl goiter, llowing fetl thyroid dysfunction to
be dignosed nd treted. hyroid horone dinistr-
tion to the other does not revent hyothyroidis in the
fetus, since 

4
nd 

3
do not freely cross the lcent. Fetl

hyothyroidis is rre if the other’s hyerthyroidis is
controlled with sll dily doses of PU (50–150 g/dy
orlly) or ethizole (5–15 g/dy orlly). Seru totl


4
levels during regnncy should be ket t bout 1.5 ×

the reregnncy level. Mternl seru SI levels over
500% t ter redict n incresed risk of neontl Grves
disese in the infnt.

Subtotl thyroidectoy is indicted for regnnt
woen with Grves disese or for fertile woen of rero-
ductive ge who re sexully ctive nd decline contrce-
tives, under the following circustnces: (1) severe dverse
rection to thioures; (2) high dosge requireent for
thioures (ethizole greter thn or equl to 30 g/dy
or PU greter thn or equl to 450 g/dy); or (3) uncon-
trolled hyerthyroidis due to nondherence to thioure
thery. Surgery is best erfored during the second
triester.

Both ethizole nd PU re secreted in brest ilk
but not in ounts tht ffect the infnt’s thyroid horone
levels. No dverse rections to these drugs hve been
reorted in brest-fed infnts. See ble 26–5 for reco-
ended doses. It is recoended tht the ediction be
tken just fter brestfeeding.

F. Treatment of Amiodarone-Induced
Thyrotoxicosis

Ptients with either tye 1 or tye 2 iodrone-induced
thyrotoxicosis require tretent with rornolol ER for
sytotic relief nd ethizole (ble 26–5). After
two doses of ethizole, ionoic cid or sodiu

iodte y be dded to the regien to further block
conversion of 

4
to 

3
until the thyrotoxicosis is resolved.

If ionoic cid or sodiu iodte is not vilble, the
lterntive is otssiu erchlorte; it is given in doses of
less thn or equl to 1000 g dily (in divided doses) for
 course not to exceed 30 dys in order to void the co-
liction of lstic nei. Aiodrone y be with-
drwn but this does not hve  significnt thereutic
ict for severl onths becuse of its long hlf-life. For
tients with tye 1 iodrone-induced thyrotoxicosis,
thery with 131I y be successful, but only for those
with sufficient RAI utke. Ptients with cler-cut tye 2
iodrone-induced thyrotoxicosis re usully lso
treted with rednisone for bout 2 weeks nd then
slowly tered nd finlly withdrwn fter bout
3 onths. Subtotl thyroidectoy should be considered
for tients with iodrone-induced thyrotoxicosis tht
is resistnt to tretent.

G. Treatment of Complications

1. Thyroid eye diseaseSee hyroid Eye Disese (Grves
Ohthlothy below).

2. Cardiac complications

a. Sinus tachycardia—retent consists of treting
the thyrotoxicosis. A bet-blocker such s rornolol is
used in the interi unless there is n ssocited
crdioyothy.

b. Atrial fibrillation—Hyerthyroidis ust be
treted ieditely. Other drugs, including digoxin, bet-
blockers, nd nticogulnts, y be required. Electricl
crdioversion is unlikely to convert tril fibrilltion to
norl sinus rhyth while the tient is thyrotoxic. Son-
tneous conversion to norl sinus rhyth occurs in 62%
of tients with return of euthyroidis, but tht likelihood
decreses with ge. Following conversion to euthyroidis,
there is  60% chnce tht tril fibrilltion will recur,
desite norl thyroid function tests. hose with ersis-
tent tril fibrilltion y hve elective crdioversion fol-
lowing nticogultion 4 onths fter resolution of
hyerthyroidis.

(1) Digoxin—Digoxin is used to slow  rid ventricu-
lr resonse to thyrotoxic tril fibrilltion; it ust be
used in lrger thn norl doses. Digoxin doses re
reduced s hyerthyroidis is corrected.

(2) Beta-blockers—Bet-blockers y lso reduce the
ventriculr rte, but they ust be used with cution, r-
ticulrly in tients with hert filure with reduced ejec-
tion frction. An initil tril of  short-durtion
bet-blocker should be considered, such s esolol intr-
venously. If  bet-blocker is used, doses of digoxin ust
be reduced.

(3) Anticoagulants—Dbigtrn lbsortion hs
been reorted in thyrotoxicosis-induced dirrhe. he
doses of wrfrin required in thyrotoxicosis re sller
thn norl becuse of n ccelerted ls clernce of
vitin K–deendent clotting fctors. Higher wrfrin
doses re usully required s hyerthyroidis subsides.
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c. Heart failure—hyrotoxicosis cn cuse high-outut
hert filure due to extree tchycrdi, crdioyothy,
or both. Aggressive tretent of the hyerthyroidis is
required in either cse.

Hert filure y lso occur s  result of low-outut
dilted crdioyothy. It is uncoon nd y be
cused by n idiosyncrtic severe toxic effect of hyerthy-
roidis uon certin herts. Crdioyothy y occur
t ny ge nd without reexisting crdic disese. See
Chter 10 for tretent of hert filure nd dilted cr-
dioyothy. he tient should be rendered euthyroid.
However, the hert filure usully ersists desite correc-
tion of the hyerthyroidis.

d. Apathetic hyperthyroidism—Athetic hyerthy-
roidis y resent with ngin ectoris. retent is
directed t reversing the hyerthyroidis s well s rovid-
ing stndrd ntinginl thery. PCI or CABG cn often
be voided by rot dignosis nd tretent.

3. Thyrotoxic crisis or “thyroid storm”Intensive cre
unit dission is required. A thioure drug is given (eg,
ethizole, 15–25 g orlly every 6 hours, or PU,
150–250 g orlly every 6 hours). Iodte sodiu
(500 g/dy orlly) cn be helful if begun 1 hour after the
first dose of thioure. Iodide is given 1 hour lter s ots-
siu iodide (10 dros three ties dily orlly). Prorno-
lol is given in  dosge of 0.5–2 g intrvenously every
4 hours or 20–120 g orlly every 6 hours. Hydrocortisone
is usully given in doses of 50 g orlly every 6 hours, with
rid dosge reduction s the clinicl sitution iroves.
Plsheresis hs been successfully used in refrctory
cses to directly reove thyroid horone. Asirin is
voided since it dislces 

4
fro thyroxine-binding glob-

ulin (BG), rising F
4

seru levels. For refrctory cses,
eergency surgicl thyroidectoy is n otion.

Suortive cre is usully required, including vsores-
sors, echnicl ventiltion, dilysis, nd extrcororel
ebrne oxygention (ECMO) for crdiogenic shock.

4. Hyperthyroidism from postpartum thyroiditisPro-
rnolol ER is given during the hyerthyroid hse fol-
lowed by levothyroxine during the hyothyroidis hse.

5. Graves dermopathyretent involves liction of
 toicl corticosteroid (eg, fluocinolone) with nocturnl
lstic occlusive dressings. Coression stockings y
irove ny ssocited ede.

6. Thyrotoxic hypokalemic periodic paralysishery
with orl rornolol, 3 g/kg in divided doses, norl-
izes the seru otssiu nd hoshte levels nd reverses
the rlysis within 2–3 hours. No intrvenous otssiu
or hoshte is usully required. Intrvenous dextrose nd
orl crbohydrte ggrvte the condition nd re to be
voided. hery is continued with rornolol, 60–80 g
orlly every 8 hours (or rornolol ER dily t equivlent
dily dosge), long with  thioure drug (eg, ethi-
zole) to tret the hyerthyroidis.

7. Thyroid acropachyhis rre coliction of Grves
disese is often ild nd y not require thery. More
severe cses re treted with systeic iunosuressnt

thery tht y include intrvenous iune globulin
nd rituxib.

» Prognosis

Mild Graves disease y soeties subside sontne-
ously. Grves disese tht resents in erly regnncy hs 
30% chnce of sontneous reission before the third tri-
ester. he oculr, crdic, nd sychologicl colic-
tions cn becoe serious nd ersistent even fter
tretent. Pernent hyorthyroidis nd vocl cord
lsy re risks of surgicl thyroidectoy. Recurrences re
coon following thioure thery but lso occur fter
low-dose 131I thery or subtotl thyroidectoy. With
dequte tretent nd long-ter follow-u, the results
re usully good. However, desite tretent for hyerthy-
roidis, woen exerience n incresed long-ter risk of
deth fro thyroid disese, crdiovsculr disese, stroke,
nd frcture of the feur. Posttretent hyothyroidis is
coon. It y occur within  few onths or u to sev-
erl yers fter RAI thery or subtotl thyroidectoy.
Ptients with thyrotoxic crisis hve  high ortlity rte
desite tretent.

Subclinical hyperthyroidism generlly subsides son-
tneously. Progression to sytotic thyrotoxicosis
occurs t  rte of 1–2% er yer in tients without 
goiter nd t  rte of 5% er yer in tients with  ulti-
nodulr goiter. Most tients do well without tretent
nd the seru SH usully reverts to norl within
2 yers. Most such tients do not hve ccelerted bone
loss. However, if  bseline bone density shows significnt
osteoeni, bone densitoetry y be erfored eriodi-
clly. In ersons over ge 60 yers, seru SH is su-
ressed (below 0.1 illi-interntionl units/L) in 3% nd
ildly low (0.1–0.4 illi-interntionl units/L) in 9%. he
chnce of develoing tril fibrilltion is 2.8% yerly in
elderly tients with  suressed SH nd 1.1% yerly in
those with ildly low SH. Asytotic ersons with
very low seru SH re onitored closely but re not
treted unless tril fibrilltion or other nifesttions of
hyerthyroidis develo.

» When to Admit

• hyroid crisis.

• Hyerthyroidis-induced tril fibrilltion with severe
tchycrdi.

• hyroidectoy.

Biondi B et l. Subclinicl hyerthyroidis. N Engl J Med. 2018;
378:2411. [PMID: 29924956]

Bourcier S et l. hyroid stor in the ICU:  retrosective ul-
ticenter study. Crit Cre Med. 2020;48:83. [PMID: 31714398]

Gronich N et l. Cncer risk fter rdioctive iodine tretent
for hyerthyroidis:  cohort study. hyroid. 2020;30:243.
[PMID: 31880205]

McDerott M. Hyerthyroidis. Ann Intern Med. 2020;
172:IC49 [PMID: 32252086]

Yu W et l. Side effects of PU nd MMI in the tretent of
hyerthyroidis:  systetic review nd et-nlysis.
Endocr Prct. 2020;26:207. [PMID: 31652102]
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THYROID EYE DISEASE

» General Considerations

hyroid eye disese (Grves ohthlothy) is  syn-
droe of clinicl nd orbitl iging bnorlities cused
by deosition of ucoolyscchrides nd infiltrtion with
chronic infltory cells of the orbitl tissues, rticulrly
the extroculr uscles. In tients with Grves disese,
20–40% hve cliniclly rent eye disese; bout 5–10% of
tients exerience severe exohthlos. he severity of eye
disese is not closely correlted with the severity of thyro-
toxicosis; clinicl or lbortory evidence of thyroid dysfunc-
tion nd thyroid ntibodies y not be detectble t
resenttion or even on long-ter follow-u, but their
bsence requires considertion of other disese entities.

hyroid eye disese hs n erly infltory stge,
tyiclly lsting 18–36 onths, where there is ctive ly-
hocytic infiltrtion into retrobulbr tissues. he ctive
infltory stge then tends to evolve to  chronic,
fibrotic, “burned out” stge in which tretent of the
exohthlos is ediclly resistnt to glucocorticoid
tretent. Aggrvtion of thyroid eye disese hs occurred
fter 131I tretent (see Rdioctive iodine, bove) or dur-
ing thery with thizolidinediones (eg, ioglitzone); the
resence of thyroid eye disese is  reltive contrindic-
tion to 131I tretent. Cigrette soking increses the
severity of thyroid eye disese, nd ethnol injection of
thyroid nodules hve been reorted to be followed by
severe disese.

» Clinical Findings

he riry clinicl fetures of thyroid eye disese of ny
etiology include uer eyelid retrction, lid lg with down-
wrd gze, nd  string ernce. here cn be roto-
sis, conjunctivl cheosis, eisclerl infltion, nd
wekness of uwrd gze. Cornel drying y occur with
indequte lid closure. Eye chnges y soeties be
syetric or unilterl. Resulting sytos re cosetic
bnorlities nd surfce irrittion. Ptients with severe
exohthlos cn exerience diloi fro extroculr
uscle entrent nd otic nerve coression, cusing
rogressive loss of color vision, visul cuity, nd visul
fields (inferior esecilly).

Sytos of ctive retrobulbr infltion include
(1) retrobulbr ching, (2) orbitl infltion nd ede
worse fter recubent slee, (3) edetous or erythe-
tous eyelids, (4) conjunctivl redness or cheosis (ede),
(5) recent rogression in exohthlos, (6) recent diloi
or strbisus, nd (7) recent loss of visul cuity.

Exohthloetry should be erfored on ll tients
with Grves disese to docuent their degree of exoh-
thlos nd detect rogression of orbitothy. he rotru-
sion of the eye beyond the orbitl ri is esured with 
ris instruent (Hertel exohthloeter). Mxiu
norl eye rotrusion vries between kindreds nd rces,
being bout 24  for Blcks, 20  for Whites, nd
18  for Asins.

he riry iging fetures re enlrgeent of the
extroculr uscles, usully ffecting both orbits.

» Differential Diagnosis

he clinicl nd iging bnorlities of thyroid eye dis-
ese y be iicked by congenitl rotosis, syetry
in orbitl rotrusion, or durl crotid-cvernous sinus fis-
tul. Oculr ystheni nd thyroid eye disese re ssoci-
ted nd y coexist, with the resence of tosis rther
thn lid retrction being ore chrcteristic of the forer.

» Treatment

Generl eye rotective esures include wering glsses to
rotect the rotruding eye nd ting the lids shut during
slee if cornel drying is  roble. Methylcellulose dros
nd gels (“rtificil ters”) y lso hel. Ptients with ild
thyroid eye disese y be treted with seleniu 100 cg
orlly twice dily, which y slow its rogression.

he Mourits clinicl ctivity score hels grde the
severity of thyroid eye disese. hery in ddition to sele-
niu is wrrnted for ctive thyroid eye disese with 
clinicl ctivity oint score greter thn or equl to 3. One
oint is given for ech of the following nifesttions: (1)
in or ressure in the eriorbitl re, (2) in with eye
oveent, (3) swelling of the eyelids, (4) erythe of the
eyelids, (5) conjunctivl injection, (6) cheosis, (7) cr-
uncle infltion, (8) increse in rotosis of 2  or
ore within 3 onths, (9) decrese in eye oveent
within 3 onths, (10) decrese in visul ctivity within
3 onths.

hery with intrvenous ulse ethylrednisolone,
500 g weekly for 6 weeks, then 250 g weekly for
6 weeks, begun rotly for ctive thyroid eye disese, is
suerior to orl rednisone. If orl rednisone is used,
40–60 g dily with dosge reduction over severl weeks
ust be given rotly. Higher initil dily rednisone
doses of 80–120 g re used when there is otic nerve
coression. Prednisone llevites cute eye sytos in
64% of nonsokers but in only 14% of cigrette sokers.

Corticosteroid-resistnt cute thyroid eye disese y
be treted with onoclonl ntibodies tht reduce
iune-edited infltion. erotuub or tocili-
zub is dinistered intrvenously; rituxib y be
given by retro-orbitl injection.

Progressive ctive exohthlos y be treted with
retrobulbr rdition thery over 2 weeks. Prednisone in
high doses is given concurrently. Ptients who resond well
to orbitl rdition include those with signs of cute
infltion, recent exohthlos (less thn 6 onths),
or otic nerve coression. Ptients with chronic roto-
sis nd orbitl uscle restriction resond less well. Retro-
bulbr rdition does not cuse ctrcts or tuors;
however, it cn cuse rdition-induced retinothy (usu-
lly subclinicl) in bout 5% of tients overll, ostly in
tients with dibetes.

Diloi should be treted conservtively (eg, with
riss) in the ctive stges of the disese nd only by sur-
gery when the disese hs been sttic for t lest 6 onths.
For severe cses, orbitl decoression surgery y sve
vision, though diloi often ersists ostoertively. r-
sorrhhy or cntholsty cn frequently hel rotect the
corne nd rovide iroved ernce.
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» When to Refer

All tients with thyroid eye disese should be referred to
n ohthlologist, urgently if there is reduced vision.

Dougls RS et l. erotuub for the tretent of ctive thy-
roid eye disese. N Engl J Med. 2020;382:341. [PMID: 31971679]

Kuri R et l. Advnces in the ngeent of thyroid eye dis-
eses: n overview. Int Ohthlol. 2018;38:224. [PMID:
28822031]

ylor PN et l. New insights into the thogenesis nd nonsurgi-
cl ngeent of Grves orbitothy. Nt Rev Endocrinol.
2020;16:104. [PMID: 31889140]

THYROID NODULES &
MULTINODULAR GOITER

E S S E N T I A L S  O F  D I A G N O S I S

» Single or multiple thyroid nodules are commonly
palpated by the patient or clinician or discovered
incidentally on imaging studies.

» Thyroid function tests recommended.

» FNA cytology for thyroid nodules ≥ 1 cm or for
smaller nodules when prior head-neck or chest-
shoulder radiation.

» Ultrasound guidance improves FNA diagnosis for
palpable and nonpalpable nodules.

» Clinical follow-up required.

» General Considerations

hyroid nodules re extreely coon. Plble nodules
occur in 4–7% of ll dults in the United Sttes. hey re
uch ore coon in woen thn en nd becoe

ore revlent with ge. About 87% of lble thyroid
nodules (1 c or lrger) re benign denos, colloid
nodules, or cysts, but soe re riry thyroid lignn-
cies or (less frequently) etsttic lignncy. On MRI,
incidentl sll thyroid nodules re found in bout 50% of
dults. hyroid nodules 1 c or lrger wrrnt follow-u
nd further testing for function nd lignncy; n occ-
sionl sller nodule requires follow-u if it hs high-risk
chrcteristics on ultrsound or if the tient is t high-risk
for thyroid cncer due to rior hed-neck rdition thery
during childhood. hyroid nodules tht re incidentlly
discovered with incresed stndrd utke vlue (SUV) on
18FDG-PE scnning hve  33% risk for being lignnt
nd require FNA cytology.

Most tients with  thyroid nodule re euthyroid, but
there is  high incidence of hyothyroidis or hyerthy-
roidis. Ptients with ultile thyroid nodules hve the
se overll risk of thyroid cncer s tients with solitry
nodules. he risk of  thyroid nodule being lignnt is
higher in en nd ong tients with  history of hed-
neck rdition, totl body rdition for bone rrow
trnslnttion, exosure to rdioctive fllout s  child
or teen,  fily history of thyroid cncer or  thyroid cn-
cer syndroe (eg, Cowden syndroe, ultile endocrine
neolsi tye 2, filil olyosis, Crney syndroe), or
 ersonl history of nother lignncy. he risk of
lignncy is lso higher for lrge solitry nodules nd if
there is horseness or vocl fold rlysis, dherence to
the trche or str uscles, cervicl lyhdenothy. he
resence of utoiune thyroiditis does not reduce the risk
of lignncy;  nodule of 1 c or lrger in  glnd with
thyroiditis crries n 8% chnce of lignncy.

» Clinical Findings

ble 26–6 illustrtes how to evlute thyroid nodules
bsed on the index of susicion for lignncy.

Table 26–6. Clinical evaluation of thyroid nodules.1

Clinical Evidence Low Index of Suspicion High Index of Suspicion

History Family history of goiter; residence in area of

endemic goiter

Previous therapeutic radiation of head, neck, or chest;

hoarseness

Physical characteristics Older women; soft nodule; multinodular goiter Young adults, men; solitary, firm nodule; vocal fold paralysis;

enlarged lymph nodes; distant metastatic lesions

Serum factors High titer of thyroid peroxidase antibody;

hypothyroidism; hyperthyroidism

Elevated serum calcitonin

Fine-needle aspiration

biopsy

Colloid nodule or adenoma Papillary carcinoma, follicular lesion, medullary or anaplastic

carcinoma

Scanning techniques

Uptake of 123I Hot nodule Cold nodule

Ultrasonogram Cystic lesion Solid lesion

Radiograph Shell-like calcification Punctate calcification

Response to levothyroxine

therapy

Regression after 0.05–0.1 mg/day for 6 months

or more

Increase in size

1Clinically suspicious nodules should be evaluated with fine-needle aspiration biopsy.
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A. Symptoms and Signs

Most sll thyroid nodules cuse no sytos. hey y
soeties be detected only by hving the tient swllow
during insection nd ltion of the thyroid.

A thyroid nodule or ultinodulr goiter cn grow to
becoe visible nd of concern to the tient. Prticulrly
lrge nodulr goiters cn becoe  cosetic ebrrss-
ent. Nodules cn grow lrge enough to cuse discofort,
horseness, or dyshgi. Nodules tht cuse isilterl
recurrent lryngel nerve lsy re ore likely to be lig-
nnt. Retrosternl lrge ultinodulr goiters cn cuse
dysne due to trchel coression. Lrge substernl
goiters y cuse suerior ven cv syndroe, ni-
fested by fcil erythe nd jugulr vein distention tht
rogress to cynosis nd fcil ede when both rs re
ket rised over the hed.

Goiters nd thyroid nodules y be ssocited with
hyothyroidis (utoiune thyroiditis, endeic goiter)
or hyerthyroidis (Grves disese, toxic nodulr goiter,
subcute thyroiditis, nd thyroid cncer with etstses).

B. Laboratory Findings

A seru SH nd F
4
deterine if the thyroid is hyerfunc-

tioning. Ptients with  subnorl seru SH ust hve 
rdionuclide (123I or 99c ertechnette) thyroid scn to
exine whether the nodule is hyerfunctioning; hyer-
functioning nodules re usully benign but not relibly so.
Very high levels of PO Ab nd g Ab re found in utoi-
une thyroiditis. However, thyroiditis frequently coexists
with lignncy, so susicious nodules should lwys be
biosied. Seru clcitonin is obtined if  edullry thyroid
crcino is susected in  tient with  fily history of
edullry thyroid crcino or MEN tyes 2 or 3.

C. Imaging

Neck ultrsonogrhy should be erfored (see Fine-Needle
Asirtion of hyroid Nodules, below). Mlignnt nodules
re ore likely to grow ore thn 2 /yer. Ultrsonogr-
hy is referred over C nd MRI. C scnning is helful for
lrger thyroid nodules nd ultinodulr goiter; it cn deter-
ine the degree of trchel coression nd the degree of
extension into the edistinu. hyroid nodules tht re
odertely to rkedly hyoechoic re ore likely to be
lignnt thn nodules tht re ildly hyoechoic. Nodules
with heterogenous hyoechogenicity re lso ore likely to
be lignnt thn nodules tht hyerechoic.

RAI (123I or 131I) scns re not helful for ssessing
whether  thyroid nodule is benign or lignnt. Hyer-
functioning (hot) nodules re ordinrily benign (but y
rrely be lignnt). RAI utke nd scnning is helful
inly for ssessing the etiology of hyerthyroidis (eg,
hyerfunctioning nodule). In hyerthyroid tients, high
RAI utke into nodules kes thery with 131I oten-
tilly ossible.

D. Incidentally Discovered Thyroid Nodules

hyroid nodules re frequently discovered s n incidentl
finding, with n incidence tht deends on the iging

odlity: ultrsound, bout 30% (20% re lrger thn
1 c); MRI, 50%; C, 13%; nd 18FDG-PE, 2%. When
MRI, C, nd 18FDG-PE detect  thyroid nodule, n ultr-
sound is erfored to better deterine the nodule’s risk for
lignncy nd the need for FNA cytology, nd to estblish
 bseline for ultrsound follow-u. he lignncy risk is
bout 13–17% for nodules discovered incidentlly on C,
MRI, or ultrsound nd 25–50% for nodules discovered
incidentlly by 18FDG-PE. However, ost such lignn-
cies re very low grde. For incidentlly discovered thyroid
nodules of borderline concern, follow-u thyroid ultr-
sound in 3–6 onths y be helful; growing lesions
should be ssessed with FNA cytology or resected.

E. Fine-Needle Aspiration of Thyroid Nodules

FNA is the best ethod to ssess  thyroid nodule for
lignncy. FNA cn be done while tients continue tk-
ing nticogulnts or sirin. For ultinodulr goiters, the
four lrgest nodules (1 c or lrger) re usully biosied to
iniize the risk of issing  lignncy.

hyroid nodules re clssified for lignncy risk
ccording to their ernce on ultrsound. High-risk
nodules (80% lignncy risk) hve icroclcifictions,
irregulr rgins, extrthyroidl extension, extrusion of
soft tissue into  clcified ri, or re tller thn wide; such
nodules require FNA if they re 1 c or lrger. Interedi-
te-risk nodules (15% lignncy risk) re hyoechoic nd
solid; they lso usully require FNA if they re 1 c or
lrger. Low-risk nodules (7% lignncy risk) re rtilly
cystic with eccentric solid res; they require biosy if they
re 1.5 c or lrger. Very low-risk nodules (below 3%
lignncy risk) re those tht re songifor or sile
cysts; FNA is otionl if they re 2 c or lrger. Using
ultrsound guidnce for FNA biosy iroves the dig-
nostic ccurcy for both lble nd nonlble thyroid
nodules. FNA cytology is tyiclly reorted using he
Bethesd Syste for Reorting hyroid Cytothology
(BSRC), which divides results into six ctegories:

1. Nondiagnostic or unsatisfactory: he lignncy risk
is 1–4%. he usul ngeent is  reet FNA under
ultrsound guidnce.

2. Benign: he lignncy risk is bout 2.5%. he usul
ngeent is clinicl follow-u with ltion or
ultrsound t 6- to 18-onth intervls.

3. Atypia of undetermined significance (AUS): he
lignncy risk is bout 14%, higher with sonogrhic
fetures of lignncy. he usul ngeent is clini-
cl correltion nd  reet FNA.

4. Suspicious for follicular neoplasm (SFN) or follicular
neoplasm (FN): he lignncy risk is bout 25%,
higher when Hürthle cells re resent nd in tients
over ge 50. he usul ngeent is thyroid lobec-
toy.

5. Suspicious for malignancy (SFM): he lignncy
risk is bout 70%. he usul ngeent is thyroid
lobectoy or ner-totl thyroidectoy.

6. Malignant: he lignncy risk is bout 99%. he
usul ngeent is  ner-totl thyroidectoy.
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» Treatment

All thyroid nodules, including those tht re benign,
need to be onitored by regulr eriodic ltion nd
ultrsound bout every 6 onths initilly. After severl
yers of stbility, yerly exintions re sufficient. hy-
roid nodules should be rebiosied if growth occurs.
Excessive iodine intke should be iniized;  toxic
ultinodulr goiter nd hyerthyroidis y develo in
tients who hve hd exosure to lrge ounts of
iodine, either orlly (eg, iodrone) or intrvenously
(eg, rdiogrhic contrst).

he tretent of hyerthyroidis fro thyroid nod-
ules or ultinodulr goiter with rornolol, thioures,
surgery, or RAI is siilr to the tretent of hyerthyroid-
is fro  toxic nodulr goiter (see bove).

A. Levothyroxine Suppression Therapy

Ptients with nodules lrger thn 2 c nd elevted or
norl SH levels y be considered for SH sures-
sion with levothyroxine (strting doses of 50 cg orlly
dily). Levothyroxine suression thery is not reco-
ended for sll benign thyroid nodules if the seru
SH level is norl. Levothyroxine suression thery
is ore successful in iodine-deficient res. Long-ter
levothyroxine suression of SH tends to kee nodules
fro enlrging but only 20% shrink ore thn 50%. hy-
roid nodule size incresed in 29% of tients treted with
levothyroxine versus 56% of tients not receiving levo-
thyroxine. Levothyroxine suression lso reduces the
eergence of new nodules: 8% with levothyroxine nd
29% without levothyroxine. Levothyroxine suression
thery is not usully given to tients with ischeic
hert disese, since it increses the risk for ngin nd
tril fibrilltion. Levothyroxine suression cuses 
sll loss of bone density, rticulrly in ostenousl
woen if the seru SH is suressed to less thn
0.05 illi-interntionl units/L. Such tients re dvised
to hve bone density testing every 3–5 yers. For tients
with  low bseline SH level, levothyroxine should not
be dinistered, since tht is n indiction of utonoous
thyroid secretion; levothyroxine will be ineffective nd
could cuse thyrotoxicosis.

Levothyroxine suression needs to be crefully
onitored, since it crries  17% risk of inducing hyer-
thyroidis. All tients receiving levothyroxine sures-
sion thery should hve seru SH levels onitored t
lest nnully, with the levothyroxine dose djusted to
kee the seru SH ildly suressed (between 0.1 illi-
interntionl units/L nd 0.8 illi-interntionl units/L).

B. Surgery

otl thyroidectoy is required for thyroid nodules tht re
lignnt on FNA biosy. More liited thyroid surgery is
indicted for benign nodules with indeterinte or susi-
cious cytologic test results, coression sytos, dis-
cofort, or cosetic ebrrssent. Surgery y lso be
used to reove hyerfunctioning “hot” thyroid denos
or toxic ultinodulr goiter cusing hyerthyroidis.

C. Radiofrequency and Alcohol Ablation

Ultrsound-guided rdiofrequency bltion is  thereu-
tic otion for cytology-roven benign thyroid nodules tht
re 3 c or lrger nd redoinntly solid. Rdiofre-
quency bltion shrinks such nodules by bout 67% fter
6 onths, iroving ressure sytos nd dyshgi in
ost tients nd reducing the size of coseticlly ebr-
rssing thyroid nodules. Side effects include ild neck
discofort, swelling, bruising, nd dyshgi tht gener-
lly resolves within 5 dys. Rdiofrequency bltion of
thyroid nodules close to the vgus nerve y cuse te-
orry vsovgl hyotension. Rdiofrequency bltion–
induced dge to the recurrent lryngel nerve cn cuse
horseness. Rdiofrequency bltion–induced ruture of 
thyroid nodule resents s cute neck swelling nd in;
ost such tients recover sontneously, but soe y
require neck sirtion or surgicl incision nd dringe.
Ultrsound-guided lcohol bltion cn be useful for re-
doinntly cystic thyroid nodules tht re unssocited
with Grves disese. However, recurrence is coon.

D. Radioiodine 131I Therapy

131I is  tretent otion for hyerthyroid tients with toxic
thyroid denos, ultinodulr goiter, or Grves disese.
See Precautions for RAI use, bove. hery with 131I
shrinks benign nontoxic thyroid nodules by n verge of
40% by 1 yer nd 59% by 2 yers fter 131I thery. Nodules
tht shrink fter 131I thery generlly rein lble nd
becoe firer; they y develo unusul cytologic chrc-
teristics on FNA biosy. 131I thery y be used to shrink
lrge ultinodulr goiters but y rrely induce Grves
disese. Hyothyroidis y occur yers fter 131I thery;
it is dvisble to ssess thyroid function every 3 onths for
the first yer, every 6 onths therefter, nd ieditely for
sytos of hyothyroidis or hyerthyroidis.

» Prognosis

Benign thyroid nodules y involute but usully ersist
or grow slowly. About 90% of thyroid nodules will
increse their volue by 15% or ore over 5 yers; bout
11% of nodules increse their volue by ore thn 50%
on follow-u. Growth is ore coon with ultinodu-
lr goiter nd lrger nodules nd in en; nodules re less
likely to grow when they re solitry or cystic nd when
tients re over ge 60. Multinodulr goiters tend to
ersist or grow slowly. Cytologiclly benign nodules tht
grow re unlikely to be lignnt; in one series, only 1 of
78 rebiosied nodules ws found to be lignnt. he
risk of  given thyroid nodule being lignnt decreses
with ge. Iodine suleenttion in iodine-deficient
res does not usully shrink estblished goiters. Ptients
with very sll (less thn 1 c), incidentlly discovered,
nonlble thyroid nodules tht hve  benign ultr-
sound ernce require no FNA cytology nd only
yerly ltion nd clinicl follow-u, wheres such
sll nodules tht hve  slightly susicious ultrsound
ernce y require FNA cytology or thyroid ultr-
sound every 1–2 yers.
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THYROID CANCER

E S S E N T I A L S  O F  D I A G N O S I S

» Painless swelling in region of thyroid.

» Thyroid function tests are usually normal.

» Differentiated thyroid carcinomas: papillary and
follicular.

» Medullary thyroid carcinoma.

» Anaplastic thyroid carcinoma.

» Possible history of childhood irradiation to head
and neck region.

» Positive thyroid FNA cytology.

» General Considerations

he incidence of differentited (illry nd folliculr)
thyroid crcinos increses with ge (ble 26–7). he
overll fele:le rtio is 3:1. he yerly incidence of
thyroid cncer hs been incresing in the United Sttes,
with the nuber of cses dignosed nnully reching
52,000, robbly s  result of the wider use of ultrsound,
C, MRI, nd ositron eission toogrhy (PE) tht
incidentlly find ostly sll thyroid lignncies. hy-
roid cncer ortlity hs been stble, ccounting for bout
2000 deths in the United Sttes nnully. In routine
utosy series, thyroid illry icrocrcino (10 
or sller) is found with the surrising frequency of
11.5%. Most thyroid cncers rein icroscoic nd indo-
lent. However, lrger thyroid cncers (lble or 1 c or
lrger) re ore lignnt nd require tretent.

Table 26–7. Some characteristics of thyroid cancer.

Papillary Follicular Medullary Anaplastic

Incidence Most common Common Uncommon Uncommon

Average age (years) 42 50 50 57

Females 70% 72% 56% 56%

Invasion

Juxtanodal +++++ + ++++++ +++

Blood vessels + +++ +++ +++++

Distant sites + +++ ++ ++++

123I uptake + ++++ 0 0

10-year disease-specific survival 97% 92% 78% 7.3%

Pure papillary (and mixed papillary-follicular) carci-
noma corises bout 80% of ll thyroid cncers. It usu-
lly resents s  single thyroid nodule, but it cn rise out
of  ultinodulr goiter. Pillry thyroid crcino is
coonly ultifocl within the glnd, with other foci
usully rising de novo rther thn reresenting intrgln-
dulr etstses. he tuor involves both lobes in 30% of
tients.

Pillry thyroid crcino is the lest ggressive thy-
roid lignncy. It tends to grow slowly nd often reins
confined to the thyroid nd regionl lyh nodes for
yers. In bout 80% of tients, there re icroscoic
etstses to cervicl lyh nodes. he lignncy y
becoe ore ggressive, however, esecilly in tients
over ge 45 yers, nd ost rticulrly in older dults.
he cncer y invde the trche nd locl uscles nd
y sred to the lungs.

Childhood exosure to hed nd neck rdition ther-
y oses  rticulr thret becuse of n incresed life-
tie risk of develoing thyroid cncer, including illry
crcino. hese cncers y eerge 10–40 yers fter
exosure, with  ek occurrence 20–25 yers lter.

Pillry thyroid crcino cn occur in filil syn-
droes s n utosol doinnt trit, cused by loss of
vrious tuor suressor genes.

Microscoic “icroillry” crcino (1  or
sller nd invisible on thyroid ultrsound) is  vrint of
norl, being found in 24% of thyroidectoies erfored
for benign thyroid disese when 2- sections were cre-
fully exined. he overwheling jority of these
icroscoic foci never becoe cliniclly significnt. he
surgicl thology reort of such tiny illry crcinos
do not justify ggressive esures. All tht y be required
is yerly follow-u with ltion of the neck nd ild
SH suression by thyroxine.

Follicular thyroid carcinoma nd its vrints (eg,
Hürthle cell crcino) ccount for bout 14% of thyroid
lignncies; folliculr crcinos re generlly ore
ggressive thn illry crcinos. Most folliculr thy-
roid crcinos vidly bsorb iodine, king ossible
dignostic scnning nd tretent with 131I fter totl
thyroidectoy. he folliculr histothologic fetures tht
re ssocited with  high risk of etstsis nd recurrence
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re oorly differentited nd Hürthle cell (oncocytic) vri-
nts. he ltter vrints do not tke u RAI.

Medullary thyroid carcinoma reresents 2–3% of
thyroid cncers. About one-third of cses re sordic,
one-third re filil, nd one-third re ssocited with
MEN tye 2A or 2B. Medullry thyroid crcino is
often cused by n ctivting uttion of the ret rotoon-
cogene on chroosoe 10. Muttion nlysis of the ret
rotooncogene exons 10, 11, 13, 14, nd 16 detects ost
uttions cusing MEN 2A nd MEN 2B nd the ut-
tions cusing filil edullry thyroid crcino.
herefore, discovery of  edullry thyroid crcino
kes genetic nlysis ndtory. If  gene defect is dis-
covered, relted fily ebers ust hve genetic
screening for tht gene defect. When  fily eber
with MEN 2 or 3 or filil edullry thyroid crcino
does not hve n identifible ret rotooncogene uttion,
gene crriers y still be identified using fily linkge
nlysis. Even when no gene defect is detectble, fily
ebers should hve thyroid surveillnce every
6 onths. Medullry thyroid crcino rises fro
thyroid rfolliculr cells tht cn secrete clcitonin, ros-
tglndins, serotonin, ACH, corticotroin-relesing
horone (CRH), nd other etides. hese etides cn
cuse sytos nd cn be used s tuor rkers.

Anaplastic thyroid carcinoma reresents bout 2% of
thyroid cncers. It usully resents in n older tient s 
ridly enlrging ss in  ultinodulr goiter. It is the
ost ggressive thyroid crcino nd etstsizes erly
to surrounding nodes nd distnt sites. his tuor does
not concentrte iodine which recludes the thereutic use
of RAI.

Other thyroid malignancies together reresent bout
3% of thyroid cncers. Priry thyroid lyhos re
ost coonly diffuse lrge B-cell lyhos (50%),
ucos-ssocited lyhoid tissue lyho (23%), or
ixed tye; other tyes include folliculr, sll lyho-
cytic, nd Burkitt lyho nd Hodgkin disese.
hyroidectoy is rrely required. Other cncers y
soeties etstsize to the thyroid, rticulrly bron-
chogenic, brest, nd renl crcinos nd lignnt
elno.

» Clinical Findings

A. Symptoms and Signs

hyroid crcino usully resents s  lble, fir,
nontender nodule in the thyroid. Most thyroid crcinos
re sytotic, but lrge thyroid cncers cn cuse neck
discofort, dyshgi, or horseness (due to ressure on
the recurrent lryngel nerve). Papillary thyroid cancer
resents with lble lyh node involveent in 10%; it
y invde the trche nd locl uscles. Occult etst-
ses to the lung occur in 10–15%. Follicular thyroid carci-
noma coonly etstsizes to neck nodes, bones, nd
lung, but nerly every orgn cn be involved.

Medullary thyroid carcinoma tyiclly etstses to
locl nodes nd djcent uscle nd trche s well s
edistinl lyh nodes. Eventully, etstses y
er in the bones, lungs, drenls, or liver. Medullry

thyroid crcino frequently cuses flushing nd ersis-
tent dirrhe (30%), which y be the initil clinicl
feture. Ptients with etstses often exerience
ftigue s well s other sytos. Cushing syndroe
develos in bout 5% of tients fro secretion of
ACH or CRH.

Anaplastic thyroid carcinoma is ore t to be
dvnced t the tie of dignosis, resenting with signs of
ressure or invsion of surrounding tissue, resulting in
dyshgi, horseness, or recurrent lryngel nerve lsy.
Ptients y lso hve dysne with etstses to the
lungs. Lymphoma usully resents s  ridly enlrging,
inful ss rising out of  ultinodulr or diffuse goiter
due to utoiune thyroiditis, with which it y be con-
fused icroscoiclly. About 20% of cses hve concoi-
tnt hyothyroidis.

B. Laboratory Findings

FNA biosy is discussed in hyroid Nodules, bove.
hyroid function tests re generlly norl unless
there is concoitnt thyroiditis. However, with  hevy
tuor burden, functioning folliculr or illry thy-
roid crcinos cn soeties secrete enough thyroid
horone to roduce thyrotoxicosis nd suress the
seru SH.

Serum thyroglobulin is high in ost etsttic il-
lry nd folliculr tuors, king this  useful rker for
recurrent or etsttic disese. Cution ust be exercised
for the following resons: (1) Circulting g Ab cn cuse
erroneous thyroglobulin deterintions. However, declin-
ing levels of g Ab re  good rognostic sign fter tret-
ent. (2) hyroglobulin levels y be isledingly
elevted in thyroiditis, which often coexists with crci-
no. (3) Certin thyroglobulin ssys flsely reort the
continued resence of thyroglobulin fter totl thyroidec-
toy nd tuor resection, cusing undue concern bout
ossible etstses. herefore, unexected detectble thy-
roglobulin levels ost-thyroidectoy should rot 
reet ssy in nother reference lbortory.

Serum calcitonin is usully elevted in edullry thy-
roid crcino, king this  rker for etsttic dis-
ese. However, seru clcitonin y be elevted in
thyroiditis; regnncy; kidney disese; hyergstrinei;
hyerclcei; nd other lignncies, rticulrly neu-
roendocrine tuors (including heochroocytos, cr-
cinoid tuors) nd crcinos of the lung, ncres,
brest, nd colon. Seru clcitonin nd crcinoebryonic
ntigen (CEA) deterintions should be obtined before
surgery, then regulrly in ostoertive follow-u: every
4 onths for 5 yers, then every 6 onths for life. In
tients with extensive etstses, seru clcitonin should
be esured in the lbortory with seril dilutions. Clci-
tonin levels rein elevted in tients with ersistent
tuor but lso in soe tients with rent cure or
indolent disese. herefore, seru clcitonin levels greter
thn 250 ng/L (73 ol/L) or rising levels of clcitonin re
the best indiction for recurrence or etsttic disese.
Seru CEA levels re lso usully elevted with edullry
thyroid crcino, king this  useful second rker;
however, it is not secific for this cncer.
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C. Imaging

1. Ultrasound of the neckUltrsound of the neck should
be erfored on ll tients with thyroid cncer for the
initil dignosis nd for follow-u. Ultrsound is useful in
deterining the size nd loction of the lignncy s well
s the loction of ny neck etstses.

2. Radioactive iodine scanningRAI (131I or 123I) thyroid
nd whole-body scnning is used fter thyroidectoy for
differentited thyroid cncer utilizing the rotocol
described lter. (See Rdioctive Iodine (131I) hery for
Differentited hyroid Cncer, below.) Medullry thyroid
cncer does not vidly utke RAI.

3. CT and MRI scanningC scnning y deonstrte
etstses nd is rticulrly useful for loclizing nd
onitoring lung etstses but is less sensitive thn ultr-
sound for detecting etstses within the neck. Medullry
crcino in the thyroid, nodes, nd liver y clcify, but
lung etstses rrely do so. MRI is rticulrly useful for
iging bone etstses.

4. PET scanningPE scnning is esecilly helful for
detecting thyroid cncer etstses tht do not hve suf-
ficient iodine utke to be visible on RAI scns. hyroid
cncer etstses y be detected with 18FDG-PE
whole-body scnning. he sensitivity of 18FDG-PE scn-
ning for differentited thyroid cncer is enhnced if the
tient is hyothyroid or receiving thyrotroin, which
increses the etbolic ctivity of differentited thyroid
cncer. Ptients with edullry thyroid cncer re oni-
tored with MRI nd 18FDG PE/C scnning. However,
68G-DOAAE-PE iging is suerior for detecting
edullry thyroid cncer etstses in certin tients,
rticulrly those with very high seru clcitonin levels
(bove 500 g/L). Although 68G-DOAAE-PE is
ore secific for neuroendocrine tuors, other lignn-
cies exress sotosttin recetors nd cn hve isled-
ing utke on this scn, including non-Hodgkin lyho,
eningio, brest cncer, thyroid deno, nd il-
lry thyroid crcino.

» Differential Diagnosis

Hed-neck RAI utke is seen in norl thyroid, slivry
glnds, nsl ucos, thyroglossl duct rennts, nd
sinusitis.

Negtive RAI scns re coon in erly etsttic dif-
ferentited thyroid crcino. Negtive RAI scns lso
occur frequently with ore dvnced etsttic thyroid
crcino, king it ore difficult to detect nd to distin-
guish fro nonthyroidl neolss. An elevted seru
thyroglobulin in tients with  cler RAI scn should
rouse susicion for etstses tht re not vid for RAI.
Medullry thyroid crcino does not concentrte iodine.

» Complications

Hyerthyroidis cn develo in tients with  hevy
tuor burden. One-third of edullry thyroid crcinos
secrete serotonin nd rostglndins, roducing flushing
nd dirrhe. he ngeent of tients with edullry

crcinos y be colicted by the coexistence of
heochroocytos or hyerrthyroidis.

» Treatment of Differentiated
Thyroid Carcinoma

A. Surgical Treatment

Surgicl reovl is the tretent of choice for thyroid crci-
nos. Neck ultrsound is obtined reoertively, since
susicious cervicl lyhdenothy is detected in bout
25%.

For differentiated papillary and follicular carcinoma
lrger thn 1 c, totl thyroidectoy is erfored with
liited reovl of cervicl lyh nodes. Surgery consists of
 thyroid lobectoy for n indeterinte “folliculr lesion”
tht is 4 c or sller. If lignncy is dignosed on thol-
ogy introertively,  coletion thyroidectoy is er-
fored. For indeterinte folliculr lesions lrger thn 4 c
tht re t higher risk for being lignnt,  bilterl thy-
roidectoy is erfored s the initil surgery. Higher-risk
lesions include those with n FNA biosy tht shows rked
tyi or tht re susicious for illry crcino nd
those tht occur in tients with  history of rdition exo-
sure or  fily history of thyroid crcino.

For papillary thyroid carcinoma, surgery involves
lobectoy lone for cncers sller thn 1 c in tients
under ge 45 yers who hve no history of hed nd neck
irrdition nd no evidence of lyh node etstsis on
ultrsonogrhy. Other tients should hve  totl or ner
totl thyroidectoy. he dvntge of ner-totl thyroidec-
toy for differentited thyroid crcino is tht ulticentric
foci of crcino re ore t to be resected. Also, there is
less norl thyroid tissue to coete with cncer for 131I
dinistered lter for scns or tretent. A centrl neck
lyh node dissection is erfored t the tie of thyroid-
ectoy for tients with nodl etstses tht re clini-
clly evident. A lterl neck dissection is erfored for
tients with biosy-roven lterl cervicl lyhdeno-
thy. Metstses to the brin re best treted surgiclly,
since tretent with rdition or RAI is ineffective. Levo-
thyroxine, 0.05–0.1 g orlly dily, is begun ieditely
ostoertively. About 2–4 onths fter surgery, tients
require reevlution nd often 131I thery.

Pernent injury to one recurrent lryngel nerve
occurs in 1% nd 7% of tients, deending on surgicl
exertise. eorry recurrent lryngel nerve lsies
occur in nother 5% but often resolve within 6 onths.
After totl thyroidectoy, teorry hyorthyroidis
occurs in 20% nd becoes ernent in bout 2%. he
incidence of hyorthyroidis y be reduced if cci-
dentlly resected rthyroids re ieditely utotrns-
lnted into the neck uscles. hyroidectoy requires t
lest n overnight hositl dission, since lte bleeding,
irwy robles, nd tetny cn occur. Ambulatory thyroid-
ectomy is potentially dangerous and should not be done. Fol-
lowing surgery, stging (ble 26–8) should be done to hel
deterine rognosis nd to ln thery nd follow-u.

In regnnt woen with thyroid cncer, surgery is usu-
lly delyed until fter delivery, excet for fst-growing
tuors tht y be resected fter 24 weeks’ gesttion; there
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hs been no difference in survivl or tuor recurrence rtes
in woen who underwent surgery during or fter their
regnncy. Differentited thyroid crcino does not
behve ore ggressively during regnncy. However, co-
red to nonregnnt woen, there is  higher risk of co-
lictions in regnnt woen undergoing thyroid surgery.

B. Active Surveillance for Papillary Thyroid
Microcarcinoma

Most illry thyroid icrocrcinos tht re less thn
1 c re indolent with n excellent rognosis. For such
icrocrcinos, n ongoing ctive surveillnce rotocol
used in soe edicl centers consists of erforing 
clinicl exintion nd neck ultrsound every 6 onths.
Such conservtive ngeent y be rticulrly wr-
rnted for tients who hve  liited life exectncy, 
high surgicl risk, or very low-risk tuors.

C. Levothyroxine Suppression of
Thyroid-Stimulating Hormone

Levothyroxine is rescribed for differentited thyroid cn-
cer in doses to chieve  trget seru SH: (1) For initil
SH suression in tients with stge II–IV disese, the
trget seru SH is below 0.1 illi-interntionl units/L
while voiding clinicl hyerthyroidis; (2) For initil
SH suression in tients with stge I disese nd for
5–10 yers fter reission in reviously stge II–IV
tients, the trget SH is between 0.1 nd 0.5 illi-
interntionl units/L; (3) For tients who re free of dis-
ese nd t low risk for recurrence, the trget SH is 0.5–2
illi-interntionl units/L.

D. Radioactive Iodine 131I Therapy
for Differentiated Thyroid Cancer

here re two resons to tret tients with 131I fter thy-
roidectoy: (1) thyroid rennt bltion for tients t
high risk for recurrence nd (2) tretent of etsttic
thyroid cncer. 131I is usully dinistered 2–4 onths
fter surgery. However, the indictions nd otil ctivity
(dose) for 131I thery for differentited thyroid cncer

Table 26–8. Staging and prognosis for patients with
papillary thyroid carcinoma using MACIS scoring.

Total Score1  Stage

Percentage of

Patients with

Papillary Thyroid

Carcinoma 20Year Survival

< 6.0 = Stage I 74.2% 96–99%

6.0–6.99 = Stage II 8.5% 68–89%

7.0–7.99 = Stage III 9.2% 55–56%

≥ 8.0 = Stage IV 8.1% 17–24%

1Total score = 3.1 (if aged ≤ 39 years) or 0.08 × age (if aged ≥ 40 years)

+ 0.3 × tumor size (cm), +1 (if incompletely resected), +1 (if locally

invasive), +3 (if distant metastases).

MACIS, metastases, age, complete resection, invasion, size.

1Te ount of RAI rdioctivity given in  rocedure is referred
to s rdioctivity or “ctivity” nd is exressed s Curies (Ci) or
Becquerels (Bq), wheres the ter “dose” is reserved to describe
the ount of rdition bsorbed by  given orgn or tuor nd is
exressed s Gry (Gy) or rdition-bsorbed dose (RAD).

rein controversil, since the rognosis for ost tients
is overwhelingly good.

Before receiving 131I thery, tients should follow 
low-iodine diet for t lest 2 weeks. Ptients ust not be
given iodrone or intrvenous rdiologic contrst dyes
contining iodine. Desite restriction of dietry iodine,
differentited thyroid cncer frequently lcks sufficient
RAI vidity to llow RAI thery.

1. RAI thyroid remnant ablationA low ctivity1 of
30 Ci (1.1 GBq) 131I is soeties given for “rennt
bltion” of residul norl thyroid tissue fter surgery for
differentited thyroid cncer in tients without known
etstses. However, 131I rennt bltion is not required
for tients with low-risk stge I illry thyroid crcino-
s or crcinos tht re sller thn 1 c (whether
unifocl or ultifocl), excet for tients with unfvor-
ble histothology (tll-cell, colunr cell, insulr cell,
Hürthle cell, or diffuse sclerosing subtyes).

2. RAI treatment of metastaseshery with 131I
iroves survivl nd reduces recurrence rtes of differen-
tited thyroid cncer for tients with stge III–IV cncer
nd those with stge II cncer hving gross extrthyroidl
extension. RAI thery is lso given to tients with stge II
cncer who hve distnt etstses,  riry tuor
lrger thn 4 c, or riry tuors 1–4 c with lyh
node etstses or other high-risk fetures. Brin etst-
ses do not usully resond to 131I nd re best resected or
treted with g knife rdiosurgery. A ost-thery
whole-body scn is erfored 2–10 dys fter 131I thery.
About 70% of sll lung etstses resolve following 131I
thery; however, lrger ulonry etstses hve only 
10% reission rte.

Stging with RAI scnning or 18FDG-PE/C scnning
ssists with deterining the ctivity of 131I to be dinis-
tered. Reeted tretents y be required for ersistent
131I-vid etsttic disese. Ptients with differentited
thyroid crcino who hve little or no utke of RAI into
etstses (bout 35% of cses) should not be treted with
131I. Ptients with sytotic, stble, RAI-resistnt
etstses should receive levothyroxine to suress seru
SH nd should be crefully onitored for tuor
rogression.

Soe tients hve elevted seru thyroglobulin levels
but  negtive whole-body RAI scn nd  negtive neck
ultrsound. In such tients, n 18F-FDG PE/C scn is
obtined. If ll scns re negtive, the tient hs  good
rognosis nd eiric thery with 131I is not useful.

3. Recombinant human TSH rhTSH-stimulated 131I
therapyRecobinnt hun thyroid-stiulting hor-
one (rhSH, hyrogen) cn be given to increse the
sensitivity of seru thyroglobulin for residul cncer nd
to increse the utke of 131I into residul thyroid tissue
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(thyroid rennt “bltion”) or cncer. hyrogen is din-
istered ccording to the following rotocol: Levothyroxine
relceent is held for 2 dys before rhSH nd for 3 dys
fterwrd. For 2 consecutive dys, rhSH (0.9 g/dy,
reconstituted with 0.2 L sterile sline) should be din-
istered intrglutelly (not intrvenously). On the third dy,
blood is drwn: seru SH is ssyed to confir tht it is
greter thn 30 illi-units/L; seru hCG is esured in
reroductive-ge woen to exclude regnncy; nd seru
thyroglobulin is esured s  tuor rker. RAI is then
dinistered.

Thyrogen should not be administered to patients with an
intact thyroid gland because it can cause severe thyroid swell-
ing and hyperthyroidism. Hyerthyroidis cn lso occur
in tients with significnt etstses or residul norl
thyroid. Other side effects include nuse (11%) nd hed-
che (7%). hyrotroin hs cused neurologic deteriortion
in 7% of tients with CNS etstses.

4. Thyroid-withdrawal stimulated 131I therapyhyroid
withdrwl is soeties used becuse of its lower cost,
desite the discoforts of becoing hyothyroid. Levothy-
roxine is withdrwn for 14 dys nd the tient is llowed
to becoe hyothyroid; high levels of endogenous SH
stiulte the utke of RAI nd roduction of thyroglobu-
lin by thyroid cncer or residul thyroid. Just rior to 131I
thery, the following blood tests re obtined: seru SH
to confir it is greter thn 30 illi-units/L, seru hCG in
reroductive-ge woen to screen for regnncy, nd
seru thyroglobulin s  tuor rker. hree dys fter
131I thery, levothyroxine thery y be resued t full
relceent dose.

5. Side effects from 131I therapyNtionl Cncer Insti-
tute surveillnce dt of tients with differentited thyroid
cncer, treted with only surgery, hve  5% incresed risk
of develoing  second non-thyroid lignncy. Ptients
with thyroid cncer who receive 131I thery hve  further
incresed risk of develoing  second non-thyroid lig-
nncy (esecilly leukei nd lyho). he risk of
second cncers eks bout 5 yers following 131I thery.

131I thery cn cuse gstritis, teorry oligoseri,
sildenitis, nd xerostoi. Rdioiodine thery cn cuse
neurologic decoenstion in tients with thyroid brin
etstses; such tients re treted with rednisone
30–40 g orlly dily for severl dys before nd fter 131I
thery. Cuultive doses of 131I over 500 Ci (18.5 GBq)
cn cuse infertility, ncytoeni (4%), nd leukei
(0.3%). Pulonry fibrosis cn occur in tients with dif-
fuse lung etstses fter receiving cuultive 131I ctivi-
ties over 600 Ci (22 GBq). he kidneys excrete RAI, so
tients with dvnced kidney disese require only 20% of
the usul 131I ctivity.

E. Other Therapies for
Differentiated Thyroid Cancer

Ptients with osteolytic etstses to bone fro differenti-
ted thyroid cncer y be treted with one of two
nti-bone resortive drugs: (1) zoledronic cid, 4 g intr-
venously; or (2) denosub, 120 g subcutneously. he

frequency nd durtion of thery re individulized
ccording to ech tient’s sytos nd resonse. hese
drugs ust be used judiciously; there is n incresed risk of
tyicl feur frctures nd osteonecrosis of the jw with
rolonged thery with either drug.

Ptients with ggressive differentited thyroid cncers
y hve etstses tht re refrctory to 131I thery.
Recurrence in the neck y be treted with surgicl deb-
ulking nd externl be rdition thery. Ptients with
RAI-refrctory differentited thyroid cncer etstses
tht re dvnced nd ridly rogressive y be treted
with tyrosine kinse inhibitors. Vndetnib nd sunitinib
induce rtil resonses in bout 40%, while lenvtinib
induces rtil resonses in bout 65%. However, edin
rogression-free survivl hs been only bout 18 onths
nd ll tyrosine kinse inhibitors cn cuse serious dverse
rections, so the tient nd clinicin ust decide whether
this cheothery is worthwhile.

» Treatment of Other Thyroid Malignancies

Medullary thyroid carcinoma is best treted with surgery
for the riry tuor nd etstses. Ptients with  ret
rotooncogene uttion should hve  rohylctic totl
thyroidectoy, idelly by ge 6 yers (MEN 2A) or t ge
6 onths (MEN 2B). Medullry thyroid crcino does
not resond to 131I thery. Ptients should be onitored
closely, with seru clcitonin levels checked bout every
3 onths. Since edullry thyroid crcino cn be indo-
lent, tients should be considered for cheothery only
if they hve ridly rogressive etstses, s evidenced by
 doubling tie of seru clcitonin or CEA doubling tie
less thn 2 yers. 177Lu-DOAAE etide recetor
rdionuclide thery (PRR, Lutther) is n otion for
tients with rogressive edullry thyroid crcino
etstses tht re very vid for 68G-DOAAE on
dignostic iging (Krenning utke grde 3–4) nd
tuorl iunohistocheicl stining tht deonstrtes
SSR2 recetor exression. PRR y induce stble dis-
ese but tyiclly does not induce reissions or irove-
ent in sytos. Cheothery is reltively ineffective
for edullry thyroid crcino. Vndetnib nd cbo-
zntinib re roved for use ginst ridly rogressive
etsttic edullry thyroid crcino; both require
close observtion to void toxicity. Ptients with edullry
thyroid crcino nd dibetes should not receive dibetic
thery with glucgon-like etide-1 (GLP-1) gonists
becuse they y stiulte the growth of edullry thy-
roid crcino.

Anaplastic thyroid carcinoma is treted with locl
resection nd rdition. It does not resond to 131I thery.
Lovsttin hs been shown to cuse differentition nd
otosis of nlstic thyroid crcino cells in vitro, but
clinicl studies re lcking. Anlstic thyroid cncers with
OR uttions y be inhibited by everolius. In
tients with BRAFV600E utnt nlstic thyroid cncer,
cobined BRAF nd MEK inhibition with dbrfenib nd
tretinib hs induced durble resonses.

Thyroid mucosa-associated lymphoid tissue lympho-
mas hve  low risk of recurrence fter sile thyroidec-
toy. Ptients with other thyroid lyhos re best
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treted with externl rdition thery; cheothery is
dded for extensive lyho (ble 39–2).

External beam radiation therapy y be delivered to
bone etstses, esecilly those tht re without rdioio-
dine utke or re RAI-refrctory. Locl neck rdition
thery y lso be given to tients with nlstic thy-
roid crcino. Brin etstses cn be treted with
g knife rdiosurgery.

» Follow-Up

Most differentited thyroid crcino recurs within
5–10 yers fter thyroidectoy. While lifetie onitoring
is recoended, the follow-u rotocol cn be tilored to
the stging nd ggressiveness of the lignncy. All
tients require t lest  yerly thyroid ultrsound nd
seru thyroglobulin level (while tking levothyroxine).
Ptients t higher risk usully require t lest two nnul
consecutively negtive stiulted seru thyroglobulin
deterintions less thn 1 ng/L nd norl RAI scns (if
done) nd neck ultrsound scns before they re consid-
ered to be in reission. he first surveillnce occurs with
stiulted ostoertive seru thyroglobulin, 131I thery,
nd ost-thery scnning bout 2–4 onths fter surgery.
At 9–12 onths ostoertively, tients y receive
nother stiulted seru thyroglobulin nd RAI scn.
Ptients need not hve reeted 131I theries if ersistent
RAI utke is confined to the thyroid bed nd if neck ultr-
sounds er norl nd stiulted seru thyroglobulin
levels rein less thn 2 ng/L. Ptients with differenti-
ted thyroid crcino ust be onitored long ter for
recurrent or etsttic disese. Further RAI or other scns
y be required for tients with ore ggressive differen-
tited thyroid cncer, rior etstses, rising seru thyro-
globulin levels, or other evidence of etstses.

1. Levothyroxine suppression for differentiated thyroid
cancerPtients who hve hd  thyroidectoy for differen-
tited thyroid cncer ust tke levothyroxine relceent
for life. Orl levothyroxine should be given in doses tht
suress seru SH without cusing clinicl thyrotoxicosis.
Seru SH should be suressed below 0.1–0.5 illi-
interntionl units/L for low-risk tients with stge I dis-
ese, below 0.1 illi-interntionl units/L for tients with
stge II disese, nd below 0.05 illi-interntionl units/L for
tients with stge III–IV disese. (See ble 26–8.)

Ptients who re considered cured should nevertheless
be treted with sufficient levothyroxine to kee the seru
SH less thn 2 illi-interntionl units/L. Follow-u
ust include hysicl exintions nd lbortory testing
to ensure tht tients rein cliniclly euthyroid with
seru SH levels in the trget rnge. o chieve sures-
sion of seru SH, the required dose of levothyroxine y
be such tht seru F

4
levels y be slightly elevted; in

tht cse, esureent of seru 
3

or free 
3

cn be useful
to ensure the tient is not frnkly hyerthyroid. hyro-
toxicosis cn be cused by over-relceent with levothy-
roxine or by the growth of functioning etstses.
Although tients receiving levothyroxine suression
thery (SH less thn 0.05 illi-interntionl units/L) re
t risk for  lower bone density thn ge-tched controls,

the dverse effects uon bone density nd frcture risk re
reltively inor for tients who rein cliniclly euthy-
roid. Nevertheless, tients receiving levothyroxine su-
ression thery should hve eriodic bone densitoetry.

2. Serum thyroglobulinhyroglobulin is roduced by
norl thyroid tissue nd by ost differentited thyroid
crcinos. It is only fter  totl or ner-totl thyroidec-
toy nd 131I rennt bltion tht thyroglobulin becoes
 useful tuor rker for tients with differentited
illry or folliculr thyroid cncer, rticulrly for
tients who do not hve seru g Ab.

Detectble thyroglobulin levels do not necessrily indi-
cte the resence of residul or etsttic thyroid cncer.
Conversely, bseline seru thyroglobulin levels re insensi-
tive rkers for disese recurrence. However, bseline or
stiulted seru thyroglobulin levels 2 ng/L or higher
indicte the need for  reet neck ultrsound nd further
scnning with RAI or 18FDG-PE. Seru thyroglobulin nd
RAI scnning re stiulted by either rhSH or thyroid
horone withdrwl ccording to the rotocols described
bove for 131I tretent. If seru thyroglobulin levels
rein 2 ng/L or higher in the resence of norl scn-
ning, it is rudent to reet the seru thyroglobulin in 
ntionl reference lbortory. In one series of tients with
differentited thyroid cncer following thyroidectoy, there
ws  21% incidence of etstses in tients with seru
thyroglobulin less thn 1 ng/L (while receiving levothy-
roxine for SH suression). herefore, baseline seru
thyroglobulin levels re indequtely sensitive nd stimulated
seru thyroglobulin esureents should be used nd
always with neck ultrsound. he usefulness of routinely
doing  RAI scn in low-risk tients is controversil but
continues to be done in ny centers during stiultion
following either rhSH or thyroid horone withdrwl.

3. Neck ultrasoundNeck ultrsound should be used in ll
tients with thyroid crcino to suleent neck l-
tion; it should be erfored reoertively, 3 onths ost-
oertively, nd regulrly therefter. Ultrsound is ore
sensitive for lyh node etstses thn either C or MRI
scnning. Sll infltory nodes y be detected ost-
oertively nd do not necessrily indicte etsttic dis-
ese, but follow-u is necessry. Ultrsound-guided FNA
biosy should be erfored on susicious lesions.

4. Radioactive iodine RAI: 131I or 123I neck and whole-
body scanningDesite its liittions, RAI scnning hs
trditionlly been used to detect etsttic differentited
thyroid cncer nd to deterine whether the cncer is e-
nble to tretent with 131I. RAI scnning is rticulrly
useful for high-risk tients nd those with ersistent g Ab
tht ke seru thyroglobulin deterintions unrelible.

he 131I rdioisotoe y be used for scnning rovided
it is given less thn 2 weeks before scheduled 131I tretent
to void “stunning” etstses such tht they tke u less of
the RAI thery ctivity. Alterntively, the 123I rdioisotoe
y lso be used nd does not stun tuors; it llows
single-hoton eission couted toogrhy (SPEC) to
better loclize etstses. Initil RAI scnning is tyiclly
erfored bout 2–4 onths following surgery for differ-
entited thyroid crcino.
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About 65% of etstses re detectble by RAI scn-
ning but only fter otil rertion. Ptients should
idelly hve  totl or ner-totl thyroidectoy, since ny
residul norl thyroid coetes for RAI with the ets-
tses, which re less vid for iodine. It is resonble to
erfor  rhSH-stiulted scn nd thyroglobulin level
2–3 onths fter the initil neck surgery. If the scn is
negtive nd the seru thyroglobulin is less thn 2 ng/L,
low-risk tients y not require further scnning but
should continue to be onitored with neck ultrsound nd
seru thyroglobulin levels every 6–12 onths. For higher-
risk tients, the rhSH-stiulted thyroglobulin nd RAI
scn y be reeted bout 1 yer fter surgery nd then
gin if wrrnted.

he cobintion of rhSH-stiulted scnning nd
thyroglobulin levels detects  thyroid rennt or cncer
with  sensitivity of 84%. However, the resence of g Ab
renders the seru thyroglobulin deterintion uninter-
retble. In bout 21% of low-risk tients, rhSH stiu-
ltes seru thyroglobulin to bove 2 ng/L; such tients
hve  23% risk of locl neck etstses nd  13% risk of
distnt etstses. he rhSH-stiulted RAI neck nd
whole-body scn detects only bout hlf of these etst-
ses becuse they re sll or not vid for iodine. Soe
tients hve ersistent RAI utke in the neck on dig-
nostic scnning but hve no visible tuor on neck ultr-
sound; such tients do not require dditionl RAI thery,
esecilly if the seru thyroglobulin level is very low.

5. Positron emission tomography scanning18FDG-PE
scnning is rticulrly useful for detecting differentited
thyroid cncer etstses in tients with  detectble
seru thyroglobulin (esecilly seru thyroglobulin levels
greter thn 10 ng/L nd rising) who hve  norl
whole-body RAI scn nd n unreveling neck ultrsound.
It is lso sensitive for detecting etstses fro edullry
thyroid crcino. Dibetic tients with seru glucose
less thn 200 g/dL (11.2 ol/L) y be scnned, since
the trcer cts like glucose in the body. 18FDG-PE scn-
ning cn be cobined with  C scn; the resultnt 18FDG-
PE/C fusion scn is 60% sensitive for detecting
etstses tht re not visible by other ethods. his scn
is less sensitive for sll brin etstses. 18FDG-PE
scnning detects the etbolic ctivity of tuor tissue; for
differentited thyroid crcino, this scn is ore sensi-
tive when the tient’s thyroid cncer is stiulted with
rhSH (hyrogen) (see Recobinnt hun SH [rhSH]-
stiulted 131I thery bove). 18FDG-PE scnning, how-
ever, lcks secificity. Flse-ositives cn occur with benign
hetic tuors, srcoidosis, rdition thery, suture grn-
ulos, rective lyh nodes, or infltion t surgicl
sites tht cn ersist for onths.

68G-DOAAE-PE scnning is useful for stging
tients with edullry thyroid crcino. It is lso useful
to deterine whether  tient cn be treted with PRR.

6. Other scanninghlliu-201 (201l) scns y be
useful for detecting etsttic differentited thyroid crci-
no when the 131I scn is norl but seru thyroglobu-
lin is elevted. MRI scnning is rticulrly useful for
iging etstses in the brin, edistinu, or bones.

C scnning is useful for iging nd onitoring ulo-
nry etstses.

» Prognosis

1. Papillary thyroid carcinomahis cncer hs n over-
ll ortlity rte of 3%. It is best stged using the MACIS
(etstsis, ge, coleteness of resection, invsion, size)
scoring syste (ble 26–8). 18FDG-PE scnning inde-
endently redicts survivl, with tients hving few PE-
vid etstses nd low SUV

x
(highest ige-ixel

stndrdized utke vlue) hving  generlly good rog-
nosis, rticulrly for dults under ge 45 yers. Unlike
other fors of cncer, tients with illry thyroid crci-
no who hve lble lyh node etstses do not
hve  rticulrly incresed ortlity rte; however, their
risk of locl recurrence is incresed. he following chrc-
teristics ily  worse rognosis: ge over 45 yers, le
sex, bone or brin etstses, cronodulr (greter thn
1 c) ulonry etstses, nd lck of 131I utke into
etstses. he illry histologic tyes of tll cell,
colunr cell, nd diffuse sclerosing tyes re ssocited
with  higher risk of recurrence nd reduced survivl. he
best rognosis hs been with the folliculr vrint of il-
lry thyroid cncer. Younger tients with ulonry
etstses tend to resond better to 131I thery thn do
older dults. Brin etstses re detected in 1%; they
reduce edin survivl to 12 onths, but the tient’s
rognosis is iroved by surgicl resection.

2. Follicular thyroid carcinomahe ortlity rte of fol-
liculr thyroid crcino is 3.4 ties higher thn tht of
illry crcino. he Hürthle cell vrint of folliculr
crcino is even ore ggressive. Both folliculr crci-
no nd its Hürthle cell vrint tend to resent t  ore
dvnced stge thn illry crcino. However, t 
given stge, the different tyes of differentited thyroid
crcino hve  siilr rognosis. Ptients with riry
tuors lrger thn 1 c who undergo liited thyroid sur-
gery (subtotl thyroidectoy or lobectoy) hve  2.2-fold
incresed ortlity over those hving totl or ner-totl
thyroidectoies. Ptients who hve not received 131I bl-
tion hve ortlity rtes tht re incresed twofold by
10 yers nd threefold by 25 yers (over those who hve
received bltion). he risk of cncer recurrence is twofold
higher in en thn in woen nd 1.7-fold higher in ul-
tifocl thn in unifocl tuors.

Ptients with  norl 18FDG-PE scn hve  98%
5-yer survivl, while those hving ore thn 10 etst-
ses hve  20% 5-yer survivl. hose with  SUV

x
of

0.1-4.6 hve  5-yer survivl of 85%, while those with 
SUV

x
greter thn 13.3 hve  5-yer survivl of 20%.

Ptients with only locl etstses hve  5-yer survivl of
95%, while those with regionl (surclviculr, edisti-
nl) etstses hve  5-yer survivl of 70%, nd those
with distnt etstses hve  5-yer survivl of 35%.

3. Medullary thyroid carcinomahis cncer is ore
ggressive thn differentited thyroid cncer but is tyi-
clly firly indolent. However, edullry thyroid crci-
no with  sotic RET codon M918 uttion is the
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ost ggressive edullry thyroid crcino nd hs 
oorer rognosis. he overll 10-yer survivl rte is 90%
when the tuor is confined to the thyroid, 70% for those
with etstses to cervicl lyh nodes, nd 20% for those
with distnt etstses. When ostoertive seru clci-
tonin levels re below 150 g/L (44 ol/L), residul
disese is likely confined to the neck, wheres when ost-
oertive seru clcitonin levels re bove 500 g/L
(146 ol/L), distnt etstses re likely. Ptients with
etsttic edullry thyroid crcino whose seru cl-
citonin doubling tie is over 2 yers lso hve  reltively
good rognosis.

4. Other thyroid carcinomasAnaplastic thyroid carci-
noma crries  1-yer survivl rte of bout 10% nd 
5-yer survivl rte of bout 5%. Ptients with fully locl-
ized tuors on MRI hve  better rognosis.

Localized thyroid lymphoma crries  5-yer survivl
of nerly 100%. hose with disese outside the thyroid
hve  63% 5-yer survivl. However, the rognosis is bet-
ter for those with ucos-ssocited lyhoid tissue ly-
ho cored to diffuse lrge B-cell lyho.
Ptients resenting with stridor, in, lryngel nerve
lsy, or edistinl extension tend to fre worse.
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IODINE DEFICIENCY DISORDER &
ENDEMIC GOITER

E S S E N T I A L S  O F  D I A G N O S I S

» Common in regions with low-iodine diets.

» High rate of congenital hypothyroidism and
cretinism.

» Goiters may become multinodular and enlarge.

» Most adults with endemic goiter are euthyroid;
however, some are hypothyroid or hyperthyroid.

» General Considerations

Moderte iodine deficiency during gesttion nd infncy
cn cuse nifesttions of hyothyroidis, defness, nd
short stture nd cn lower  child’s intelligence quotient
by 10–15 oints. Even ild-to-oderte iodine deficiency
ers to iir  child’s ercetul resoning nd globl
cognitive index. Severe iodine deficiency increses the risk

of iscrrige nd stillbirth. Cretinis occurs in bout
0.5% of live births in iodine-deficient res.

Although iodine deficiency is the ost coon cuse
of endeic goiter, there re other nturl goitrogens,
including certin foods (eg, sorghu, illet, ize, cs-
sv), inerl deficiencies (seleniu, iron, zinc), nd wter
ollutnts, which cn theselves cuse goiter or ggrvte 
goiter roclivity cused by iodine deficiency. In iodine-
deficient tients, cigrette soking cn induce goiter
growth. Pregnncy ggrvtes iodine deficiency. Soe indi-
viduls re rticulrly suscetible to goiter owing to con-
genitl rtil defects in thyroid enzye ctivity.

» Clinical Findings

A. Symptoms and Signs

Endeic goiters y becoe ultinodulr nd very lrge.
Growth often occurs during regnncy, incresing the size
of thyroid nodules nd cusing new nodules; coressive
sytos y occur.

Substernl goiters re usully sytotic but cn
cuse trchel coression, resirtory distress, dysh-
gi, suerior ven cv syndroe, gstrointestinl bleeding
fro esohgel vrices, lsies of the hrenic or recurrent
lryngel nerves, or Horner syndroe. Cerebrl ischei
nd stroke cn result fro rteril coression or thyro-
cervicl stel syndroe. Substernl goiters cn rrely cuse
leurl or ericrdil effusions. he incidence of signifi-
cnt lignncy is less thn 1%.

Soe tients with endeic goiter y becoe hyo-
thyroid. Others y becoe thyrotoxic s the goiter grows
nd becoes ore utonoous, esecilly if iodine is
dded to the diet.

B. Laboratory Findings

he seru 
4

nd SH re generlly norl. SH is low in
hyerthyroidis if  ultinodulr goiter hs becoe
utonoous nd there is sufficient ounts of iodine for
thyroid horone synthesis. SH increses with hyothy-
roidis. hyroid RAI utke is usully elevted, but it y
be norl if iodine intke hs iroved. Seru ntithy-
roid ntibodies re usully either undetectble or in low
titers. Seru thyroglobulin is often elevted bove
13 cg/L. Urine iodine concentrtions re low.

» Differential Diagnosis

Endeic goiter ust be distinguished fro other fors of
nodulr goiter tht y coexist in n endeic region.

» Prevention

he dily iniu dietry requireent for iodine is
150 cg dily in nonregnnt dults nd 250 cg dily for
regnnt or lctting woen. Iodized slt contins iodine
t bout 20 g er kg slt. Other sources of iodine include
coercil bred, ilk, nd sefood. Inititing iodine
suleenttion in n iodine-deficient re gretly reduces
the eergence of new goiters but cuses n incresed fre-
quency of hyerthyroidis during the first yer.
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» Treatment

Iodine suleenttion hs not roven effective for tret-
ing dults with lrge ultinodulr goiter due to iodine
deficiency nd ctully increses their risk of develoing
thyrotoxicosis. hyroidectoy y be required for cose-
sis, coressive sytos, or thyrotoxicosis. here is 
high goiter recurrence rte in iodine-deficient geogrhic
res, so ner-totl thyroidectoy is referred when sur-
gery is indicted. Certin tients y be treted with 131I
for lrge coressive goiters.

» Complications

Dietry iodine suleenttion increses the risk of utoi-
une thyroid dysfunction, which y cuse hyothyroidis
or hyerthyroidis. Excessive iodine suleenttion
increses the risk of goiter. Suression of SH by din-
istering levothyroxine crries the risk of inducing hyer-
thyroidis, rticulrly in tients with utonoous
ultinodulr goiters; levothyroxine suression should
not be strted in tients with  low SH level. reting
tients with 131I for lrge ultinodulr goiter y shrink
the glnd; however, Grves disese develos in soe
tients 3–10 onths following thery.

Dinev M et l. Systetic review nd et-nlysis of the
effects of iodine suleenttion on thyroid function nd
child neurodeveloent in ildly-to-odertely iodine defi-
cient regnnt woen. A J Clin Nutr. 2020;112:389. [PMID:
32320029]

º
DISEASES OF THE PARATHYROIDS

HYPOPARATHYROIDISM &
PSEUDOHYPOPARATHYROIDISM

E S S E N T I A L S  O F  D I A G N O S I S

» Tetany, carpopedal spasms, tingling of lips and
hands, muscle cramps, irritability.

» Chvostek sign and Trousseau phenomenon.

» Hypocalcemia with low serum PTH; serum phos-
phate high; alkaline phosphatase normal; urine
calcium excretion reduced.

» Serum magnesium may be low.

» General Considerations

Acquired hypoparathyroidism is ost coonly cused
by nterior neck surgery, occurring fter totl thyroidectoy
in bout 25% of tients trnsiently, nd in bout 4% of
tients ernently. he risk of ernent ostoertive
hyorthyroidis cn be reduced during thyroid surgery
by tking rthyroid glnds with susected vsculr dge
nd utotrnslnting the into the sternocleidostoid
uscle. Pernent hyorthyroidis y occur fter
the resection of ultile rthyroid denos. It lso

occurs trnsiently fter the surgicl reovl of  single
rthyroid deno for riry hyerrthyroidis due
to suression of the reining norl rthyroids nd
ccelerted reinerliztion of the skeleton. his is known
s “hungry bone syndroe.” In such cses, hyoclcei
cn be quite severe, rticulrly in tients with reoer-
tive hyerrthyroid bone disese nd vitin D or g-
nesiu deficiency. All patients undergoing thyroidectomy or
parathyroidectomy must be observed closely overnight. Neck
irrdition is  rre cuse of hyorthyroidis.

Autoimmune hypoparathyroidism y be isolted or
cobined with other endocrine deficiencies. Autoiune
olyendocrine syndroe tye I (APS-I) is lso known s
utoiune olyendocrinothy-cndidisis-ectoderl
dystrohy (APECED). Hyorthyroidis cn lso occur
in SLE cused by ntirthyroid ntibodies.

Prthyroid deficiency y lso be the result of dge
fro hevy etls such s coer (Wilson disese) or iron
(heochrotosis, trnsfusion heosiderosis), grnulo-
s, Riedel thyroiditis, tuors, or infection.

Magnesium deficiency cuses functionl hyor-
thyroidis. Although ild hyognesei stiultes
PH secretion, ore rofound hyognesei
(below 1.2 g/dL) inhibits PH secretion. Hyognese-
i lso cuses resistnce to PH in bone nd renl
tubules. Correction of hyognesei results in rid
disernce of the condition.

Hypermagnesemia, likewise, suresses PH secretion.
Congenital hypoparathyroidism cuses hyoclcei

beginning in infncy. However, it y not be dignosed for
ny yers. Since hyorthyroidis cn be filil,
screening is suggested for fily ebers of ny tient
with idiothic hyorthyroidis.

» Clinical Findings

A. Symptoms and Signs

Sytos of hyorthyroidis deend on the severity
nd rte of develoent of hyoclcei s well s individ-
ul fctors. Ptients with cute hyoclcei fter rthy-
roidectoy y nifest severe sytos, desite hving
only ildly low or even low-norl seru clciu levels.
Ptients with chronic severe hyoclcei y hve few
sytos. Neuromuscular irritability resents with eri-
orl nubness, resthesis of the feet or hnds, ylgis,
uscle cring, generlized uscle sss with tetny,
hyerctive reflexes, nd lryngoss tht cn cuse resi-
rtory stridor. Chvostek sign (fcil uscle contrction on
ting the fcil nerve in front of the trgus) is resent in
70% of tients with hyoclcei nd in bout 15% of
individuls who re noroclceic. rousseu sign (flexion
of the wrist nd etcrl-hlngel joints with dduc-
tion of the fingers fter liction of  shygonoeter
cuff inflted to over systolic blood ressure for 3 inutes) is
resent in over 90% of tients with hyoclcei but in
only bout 1% of noroclceic individuls. Cardiovascular
nifesttions of cute hyoclcei include brdycrdi,
ventriculr rrhythis, nd iired ventriculr ejection
frction. CNS nifesttions include seizures s well s
sychitric chnges, irritbility, ftigue, nd cognitive
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iirent. Prkinsonin nd extryridl sytos
y occur. Ophthalmic nifesttions of severe hyoclce-
i include illede nd ctrcts. Renal nifest-
tions of chronic hyorthyroidis occur due to
hyerclciuri nd include nehrolithisis, nehroclcino-
sis, nd kidney disese. Dermatologic nifesttions
include dry, rough skin; dry hir; scl nd eyebrow hir
loss; nd brittle fingernils with trnsverse grooves. Chronic
hyoclcei with hyerhoshtei cn cuse clcific-
tions in soft tissues, such s joints, skin, nd rteries.

B. Laboratory Findings

Seru clciu is low, seru hoshte high, urinry cl-
ciu low, nd lkline hoshtse norl. Seru cl-
ciu is lrgely bound to lbuin. In tients with
hyolbuinei, the seru ionized clciu y be
deterined; it should be 4.6–5.3 g/dL (1.15–1.32
ol/L). Alterntively, the seru clciu level cn be
corrected for seru lbuin level s follows:

“Corrected” serum Ca2+ = Serum Ca2+ mg/dL
+ (0.8 × [4.0 − Albumin g/dL])

Seru PH levels re usully low or not elevted in the
resence of hyoclcei. Seru gnesiu levels should
lwys be esured. Seru clciu should not be deter-
ined within 24 hours following intrvenous gdoliniu,
since gdoliniu interferes with the colorietric clciu
ssy, thereby cusing rtefctul hyoclcei.

C. Imaging

Brin clcifictions re visible on C scnning in the bsl
gngli nd other res in over 50% of tients with
chronic hyoclcei. he bones y er denser thn
norl nd the bone inerl density (BMD) is usully
incresed, rticulrly in the lubr sine. Cutneous
clcifiction y occur.

D. Other Examinations

Slit-l exintion y show erly osterior lenticulr
ctrct fortion. he electrocrdiogr (ECG) y
show hert block,  rolonged Qc intervl, nd S-
chnges suggestive of  yocrdil infrction.

» Complications

Acute tetny with stridor, esecilly if ssocited with vocl
cord lsy, y led to resirtory obstruction requiring
trcheostoy. Seizures re coon in untreted tients.
Hyoclcei cn lso cuse hert filure nd dysrhyth-
is. Ossifiction of the rvertebrl ligents y occur
with nerve root coression; surgicl decoression y
be required. Overtretent with vitin D nd clciu
y roduce nehroclcinosis nd iirent of kidney
function. here y be ssocited utoiunity cusing
celic disese, ernicious nei, or Addison disese.

» Differential Diagnosis

Presthesis, uscle crs, or tetny due to resirtory
lklosis, in which the seru clciu is norl, cn be

confused with hyoclcei. In fct, hyerventiltion
tends to ccentute hyoclceic sytos.

Hyoclcei y be cused by certin drugs: loo
diuretics, licycin, henytoin, foscrnet, denosub, nd
bishoshontes. In ddition, hyoclcei y be seen in
cses of rid intrvsculr volue exnsion or due to
cheltion fro trnsfusions of lrge volues of citrted
blood. Hyoclcei y lso be due to lbsortion of
clciu, gnesiu, or vitin D; tients do not lwys
hve dirrhe. It is lso observed in tients with cute n-
cretitis. Hyoclcei y develo in tients with osteo-
blstic etsttic crcinos (esecilly brest, rostte)
insted of the exected hyerclcei. Hyoclcei with
hyerhoshtei (siulting hyorthyroidis) is
seen in zotei, but y lso be cused by lrge doses of
intrvenous, orl, or rectl hoshte rertions nd by
cheothery of resonsive lyhos or leukeis.

Hypocalcemia with hypercalciuria y be due to 
filil utosol doinnt syndroe involving  ut-
tion in the clciu-sensing recetor; tients hve seru
PH levels tht re in the norl rnge, distinguishing it
fro hyorthyroidis. Such tients re hyerclciu-
ric; tretent with clciu nd vitin D y cuse
nehroclcinosis.

Congenital pseudohypoparathyroidism is  grou of
disorders chrcterized by hyoclcei due to resistnce
to PH. Subtyes re cused by different uttions involv-
ing the renl PH recetor, the recetor’s G rotein, or
denylyl cyclse.

» Treatment

A. Prophylaxis Against Severe
Postoperative Hypocalcemia

Post-thyroidectoy hyoclcei cn be detected erly by
closely onitoring seru PH nd clciu. If the seru
clciu flls below 8.0 g/dL (2.0 ol/L) with  seru
PH below 10–15 g/L (1.0–1.5 ol/L) fter thyroid or
rthyroid surgery, the tient is t high risk for hyocl-
cei nd cn be rohylcticlly treted with clcitriol
nd clciu. An orl rohylctic regien is clcitriol,
0.25–1 cg twice dily, nd clciu crbonte (with els),
500–1000 g twice dily.

B. Emergency Treatment for Acute Hypocalcemia
Hypoparathyroid Tetany

1. AirwayBe sure n dequte irwy is resent.

2. Intravenous calcium gluconateClciu gluconte,
10–20 L of 10% solution intrvenously, y be given
slowly until tetny ceses. en to 50 L of 10% clciu
gluconte y be dded to 1 L of 5% glucose in wter or
sline nd dinistered by slow intrvenous dri. he rte
should be djusted so tht the seru clciu is intined
in the rnge of 8–9 g/dL (2–2.25 ol/L).

3. Oral calciumOrl clciu slts should be given s soon
s ossible to suly 1–2 g of eleentl clciu dily. Liq-
uid clciu crbonte, 500 g/5 L, contins 40% clciu
nd y be esecilly useful; it should be given with els.
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4. Vitamin D preparations(ble 26–9) Vitin D
thery should be strted s soon s orl clciu is begun.
1,25-Dihydroxycholeclciferol (clcitriol) hs  very rid
onset of ction nd is not s long-lsting s vitin D

3
if

hyerclcei occurs. Begin clcitriol t  dose of 0.25 cg
(1000 interntionl units) orlly ech orning nd titrte
uwrd to ner noroclcei. Ultitely, doses of
0.5–4 cg/dy y be required.

5. MagnesiumIf hyognesei (seru gnesiu
less thn 1.8 g/dL or less thn 0.8 ol/L) is resent, it
ust be corrected to tret the resulting hyoclcei. For
criticl hyognesei (seru gnesiu less thn
1.0 g/dL or less thn 0.45 ol/L), 50% gnesiu sul-
fte solution (5 g/10 L) is diluted in 250 L 0.9% sline or
5% dextrose in wter nd given by n intrvenous infusion
of 5 g over 3 hours, with further dosing bsed on seru
gnesiu levels. Long-ter orl gnesiu relceent
y be given s gnesiu oxide 500 g (60% eleentl
gnesiu) tblets, one to three ties dily.

C. Maintenance Treatment of Hypoparathyroidism

Ptients with ild hyorthyroidis y require no
thery but need close onitoring for nifesttions of
hyoclcei. hery is ordinrily required for sy-
totic hyoclcei or seru clciu below 8.0 g/dL
(2 ol/L).

Vitamin D, calcium, and magnesium therapy: Ptients
with hyorthyroidis hve  reduced renl tubulr
rebsortion of clciu nd re thus rone to hyerclci-
uri nd kidney stones if the seru clciu is norlized
with clciu nd vitin D thery. herefore, the gol is
to intin the seru clciu in  slightly low but
sytotic rnge of 8–8.6 g/dL (2–2.15 ol/L). It
is rudent to onitor urine clciu with “sot” urine
deterintions nd kee the level below 30 g/dL
(7.5 ol/L), if ossible. Hyerclciuri y resond to
orl hydrochlorothizide, 25 g dily, usully given with 
otssiu suleent. Seru gnesiu should be on-
itored nd ket in the norl rnge with suleentl

gnesiu, if required. Seru hoshte should lso be
onitored nd the seru clciu × hoshte roduct
ket below 55 g2/dL2 (4.4 ol2/L2).

Calcium supplements cn be given in doses of 800–
1000 g orlly dily. Clciu crbonte (40% eleentl
clciu) is best bsorbed t the low gstric H tht occurs
with els. Clciu citrte (21% eleentl clciu) is
bsorbed with or without els nd is  better choice for
tients tking roton u inhibitors or H

2
-blockers; it

cuses less gstrointestinl intolernce thn clciu cr-
bonte. Clciu suleents re given orlly in divided
doses to rovide 800–1200 g eleentl clciu dily.

Vitamin D nlogs re generlly required for tients
with chronic hyorthyroidis (ble 26–9). he dos-
ge of vitin D rertions required to intin trget
seru clciu levels cn vry over tie. In hyorthy-
roidis, there is  deficiency in renl 1-hydroxyltion of
vitin D therefore, vitin D nlogs tht re lredy
1-hydroxylted (ctivted) (such s clcitriol nd lhcl-
cidol) re usully used. Monitoring seru clciu, seru
hoshte, nd seru 25-(OH) vitin D levels is reco-
ended t lest every 3–4 onths. Vitin D

3
y be

required in doses of 1000–5000 units dily to intin
seru 25-(OH) vitin D bove 30 ng/L.

For tients with recurrent hyoclcei desite tret-
ent with ctive vitin D nlogs, the use of choleclcif-
erol (vitin D

3,
derived fro skin exosed to sunlight or

diet suleents) or ergoclciferol (vitin D
2

derived
fro lnts) is  tretent otion (ble 26–9). hese
vitin D rertions hve  biologic durtion of ction
of 4–6 weeks; if hyerclcei develos, it y ersist for
weeks fter the rertion is discontinued. Severe hyer-
clcei requires tretent with hydrtion nd redni-
sone. Desite the risk of rolonged hyerclcei,
choleclciferol nd ergoclciferol usully roduce ore
stble seru clciu levels thn the shorter-cting
rertions.

PTH is effectively trets tients with hyorthyroid-
is but is restricted to tients whose hyoclcei cn-
not be dequtely treted with clciu nd vitin D

Table 26–9. Vitamin D preparations used in the treatment of hypoparathyroidism.

Available Preparations Daily Dose

Duration of

Action

Calcitriol (Rocaltrol) 0.25 mcg (1000 international units) and 0.5 mcg

(2000 international units) capsules; 1 mcg/mL

oral solution; 1 mcg/mL for injection

0.25–3 mcg divided into 2 doses daily 3–5 days

Alfacalcidol 0.25 mcg, 0.5 mcg, and 1 mcg capsules 0.25 mcg with calcitriol, 0.5–3.0 mcg

(divided into 2 doses) without

calcitriol

3–5 days

Cholecalciferol (vitamin D
3
) 400 international units/mL liquid, 1000–50,000

international units capsules (not available

commercially in United States; may be

compounded)

400–4000 international units with

calcitriol, 10,000–100,000 units

without calcitriol

4–8 weeks

Ergocalciferol, ergosterol

(vitamin D
2
, calciferol)

8000 international units/mL liquid, 50,000

international units capsules

400–4000 international units with

calcitriol, 50,000–200,000 interna-

tional units without calcitriol

1–2 weeks
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nlogs. Recobinnt hun rthyroid horone
(rhPH) is identicl to ntive PH. It is FDA roved nd
rketed s NAPARA s n djunct to clciu nd
vitin D nlogs to control sytotic hyoclcei in
tients with hyorthyroidis. It ust be given by
subcutneous injection every 1–2 dys. Side effects of
rhPH include nuse, voiting, dirrhe, rthrlgis, nd
resthesis. Also, osteosrco hs occurred in rts
receiving very high-dose PH. he FDA requires tht re-
scribers be certified before rescribing the drug nd tht
tients nd rescribers forlly cknowledge the risk of
osteosrco. he exense of rhPH liits its use.

rnslnttion of cryoreserved rthyroid tissue,
reoved during rior surgery, restores noroclcei in
bout 23% of cses.

Hypoparathyroidism in pregnancy resents secil
chllenges. Mternl hyoclcei cn dversely ffect the
skeletl develoent of the fetus nd cuse coenstory
hyerrthyroidis in the newborn. Mternl hyercl-
cei cn suress fetl rthyroid develoent, result-
ing in neontl hyoclcei. his requires very close
clinicl nd biocheicl onitoring during regnncy.

Caution: Phenothizine drugs should be dinistered
with cution, since they y reciitte extryridl
sytos in hyoclceic tients. Furoseide should be
voided, since it y worsen hyoclcei.

» Prognosis

Ptients with ild hyorthyroidis generlly do well.
Periodic seru clciu levels re required, since chnges
y cll for odifiction of the tretent schedule.
Hyerclcei tht develos in tients with seeingly
stble, treted hyorthyroidis y be  resenting
sign of Addison disese.

Desite otil thery, tients with oderte-to-
severe hyorthyroidis hve n overll reduced qulity
of life. Chroniclly ffected tients frequently develo cl-
cifictions in their kidneys nd bsl gngli. hey hve n
incresed risk of clciu kidney stones nd kidney dys-
function s well s seizures, ood nd sychitric disor-
ders, nd  reduced overll sense of well-being. hery
with rhPH y revent or irove these nifesttions.

Bilezikin JP. Hyorthyroidis. J Clin Endocrinol Metb.
2020;105:1722. [PMID: 32322899]

Gfni RI et l. Hyorthyroidis. N Engl J Med. 2019;380:1738.
[PMID: 31042826]

HYPERPARATHYROIDISM

E S S E N T I A L S  O F  D I A G N O S I S

» Often found incidentally by routine blood testing.

» Renal calculi, polyuria, hypertension, constipation,
fatigue, mental changes.

» Bone pain; rarely, cystic lesions and pathologic
fractures.

» Elevated serum PTH, serum and urine calcium,
and urine phosphate; serum phosphate low to
normal; alkaline phosphatase normal to elevated.

» General Considerations

Primary hyperparathyroidism is the ost coon cuse
of hyerclcei, with n estited revlence of 0.89% of
the oultion in the United Sttes. However, it is widely
underdignosed nd undertreted. It occurs t ll ges but
ost coonly in the seventh decde nd in woen
(74%). Before ge 45, the revlence is siilr in en nd
woen. It is ore revlent in Blcks, followed by Whites,
then other rces.

Prthyroid glnds vry in nuber nd loction nd
ectoic rthyroid glnds hve been found within the
thyroid glnd, high in the neck or crotid sheth, in the
retroesohgel sce, nd within the thyus or edis-
tinu. Hyerrthyroidis is cused by hyersecretion
of PH, usully by  single rthyroid deno (80%),
nd less coonly by hyerlsi or denos of two or
ore rthyroid glnds (20%), or crcino (less thn
1%). However, when hyerrthyroidis resents
before ge 30 yers, there is  higher incidence of ulti-
glndulr disese (36%) nd rthyroid crcino (5%).
he size of the rthyroid deno correltes with the
seru PH level.

Hyerrthyroidis is filil in bout 5–10% of
cses; hyerrthyroidis resenting before ge 45 hs
 higher chnce of being filil. Prthyroid hyerl-
si coonly rises in MEN tyes 1, 2 (2A), nd 4. (See
ble 26–12.)

Hyerrthyroidis results in the excessive excretion
of clciu nd hoshte by the kidneys. PH stiultes
renl tubulr rebsortion of clciu; however, hyerr-
thyroidis cuses hyerclcei nd n increse in cl-
ciu in the gloerulr filtrte tht overwhels tubulr
rebsortion ccity, resulting in hyerclciuri. At lest
5% of renl clculi re ssocited with this disese. Diffuse
renchyl clcifiction (nehroclcinosis) is seen less
coonly.

Parathyroid carcinoma is  rre cuse of hyerrthy-
roidis, ccounting for less thn 1% of hyerrthyroid-
is. Locl recurrence is the rule if surgicl rgins re
ositive. Distnt etstses rise ost coonly in the
lungs but lso in bones, liver, brin, nd edistinu.
Although rthyroid crcino is tyiclly indolent, n
incresing tuor burden is ssocited with criticlly severe
hyerclcei nd deth.

Secondary and tertiary hyperparathyroidism usully
occurs with chronic kidney disese, in which hyerhos-
htei nd decresed renl roduction of 1,25-
dihydroxycholeclciferol (1,25[OH]

2
D

3
) initilly roduce 

decrese in ionized clciu. he rthyroid glnds re
stiulted (secondry hyerrthyroidis) nd y
enlrge, becoing utonoous (tertiry hyerrthy-
roidis). Renl osteodystrohy is the bone disese of this
disorder (see Disorders of Minerl Metbolis, Chter 22).
Secondry hyerrthyroidis redictbly develos in
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tients with  deficiency in vitin D. Seru clciu
levels re tyiclly in the norl rnge, but y rise to
becoe borderline elevted with tie, with tertiry hyer-
rthyroidis due to rthyroid glndulr hyerlsi.

» Clinical Findings

A. Symptoms and Signs

In the develoed world, hyerclcei is tyiclly discov-
ered incidentlly by routine cheistry nels. Mny
tients re sytotic or hve ild sytos tht
y be elicited only uon questioning. Prthyroid deno-
s re usully so sll nd deely locted in the neck tht
they re lost never lble; when  ss is lted, it
usully turns out to be n incidentl thyroid nodule.

Sytotic tients re sid to hve robles with
“bones, stones, bdoinl grons, sychic ons, with
ftigue overtones.”

1. Skeletal manifestationsLow bone density is tyiclly
ost roinent t the distl one-third of the rdius,  site
of ostly corticl bone. Lubr (trbeculr) sine bone
density is often sred nd is higher cored to the distl
rdius. Hi bones re  ixture of trbeculr nd corticl
bone, nd feur bone density tends to be idwy between
the lubr sine nd distl rdius. Postenousl woen
re rone to sytotic vertebrl frctures, but severe
bone deinerliztion is uncoon in ild hyerr-
thyroidis. More coonly, tients exerience rthrl-
gis nd bone in, rticulrly involving the legs. Severe
chronic hyerrthyroidis cn cuse osteitis fibrosa
cystica, which is the relceent of clcified bone trix
with fibrous tissue foring cystic brown tuors of bone
tht cn be lble in the jw.

2. Hypercalcemic manifestationsMild hyerclcei
y be sytotic. However, hyerclcei usully
cuses sytos whose severity is not entirely redictble
by the level of seru clciu or PH; tients with ild
hyerclcei cn hve significnt sytos, rticulrly
deression, constition, nd bone nd joint in. Neuro-
muscular nifesttions include resthesis, uscle
crs nd wekness, nd diinished dee tendon
reflexes. Neuropsychiatric nifesttions include lise,
hedche, ftigue, insoni, irritbility, nd deression.
Ptients y hve cognitive iirent tht cn vry fro
intellectul weriness to severe disorienttion, sychosis,
or stuor. Cardiovascular nifesttions include hyer-
tension, littions, rolonged P-R intervl, shortened
Q- intervl, brdyrrhythis, hert block, systole, nd
sensitivity to digitlis. Overll crdiovsculr ortlity is
incresed in tients with chronic oderte to severe
hyerclcei. Renal nifesttions include olyuri nd
olydisi fro hyerclcei-induced nehrogenic di-
betes insiidus. Aong ll tients with newly discovered
hyerrthyroidis, clciu-contining renl clculi
hve occurred or re detectble in bout 18%. Ptients with
sytotic hyerrthyroidis hve  5% incidence of
sytotic clciu nehrolithisis, cored to 1.6%
incidence in ge-tched controls. Gastrointestinal
sytos include norexi, nuse, hertburn, voiting,

bdoinl in, weight loss, constition, nd obstition.
Pncretitis occurs in 3%. Dermatologic sytos y
include ruritus. Clciu y reciitte in the cornes
(“bnd kertothy”), in extrvsculr tissues (clcinosis),
nd in sll rteries, cusing sll vessel throbosis nd
skin necrosis (clcihylxis).

3. Normocalcemic primary hyperparathyroidism
Ptients with noroclceic riry hyerrthyroid-
is generlly hve few sytos. However, on verge,
such tients hve  slightly ore therogenic liid nel
nd higher blood ressures (systolic blood ressure 10 
Hg higher nd distolic blood ressure 7  Hg higher)
thn controls. Also, ffected tients cn hve very subtle
sytos, such s ild ftigue, tht y not be reci-
ted s bnorl.

4. Hyperparathyroidism during pregnancyPregnnt
woen hving ild hyerrthyroidis with  seru
clciu below 11.0 g/dL (less thn 2.75 ol/L) gener-
lly tolerte regnncy well with norl outcoes. How-
ever, the jority of regnnt woen with ore severe
hyerclcei exerience colictions such s nehroli-
thisis, hyereesis, ncretitis, uscle wekness, nd
cognitive chnges. About 30% of ffected woen exeri-
ence reeclsi nd two-thirds of ecltic woen
hve reter delivery. Hyerclceic crisis y occur,
esecilly ostrtu. About 80% of fetuses exerience
colictions of ternl hyerrthyroidis, including
fetl deise, reter delivery, nd low birth weight. New-
borns hve hyorthyroidis tht cn be ernent.

5. Parathyroid carcinomaHyerrthyroidis with 
lrge lble neck ss, or vocl fold rlysis fro
recurrent lryngel nerve lsy, rises concern for rthy-
roid crcino. Soe cses resent with sller tuors,
less severe hyerclcei, nd benign-ering histologic
fetures. FNA biopsy is not recommended because it may
seed the biopsy tract with tumor and cytologic distinction
between benign and malignant tumors is problematic. Pr-
thyroid crcino is ore frequent in tients with hyer-
rthyroidis–jw tuor syndroe s well s tients
with MEN 1 nd MEN 2A. herefore, tients should hve
genetic testing.

B. Laboratory Findings

he hllrk of riry hyerrthyroidis is hyercl-
cei, with the seru djusted totl clciu greter thn
10.5 g/dL (2.6 ol/L). he djusted totl clciu =
esured seru clciu in g/dL + [0.8 × (4.0 – tient’s
seru lbuin in g/dL)]. Seru ionized clciu levels re
elevted (bove 1.36 ol/L).

o confir the dignosis of hyerrthyroidis,
ssess urinry clciu excretion, rticulrly for tients
with ild hyerthyroidis. In riry hyerrthyroid-
is, the urine clciu excretion is norl (100–300 g/
dy [25–75 ol/dy]) or high. Low urine clciu excre-
tions (below 100 g/dy [25 ol/dy]) in the bsence of
thizide diuretics occur in only 4% of cses of riry
hyerthyroidis nd rise the differentil dignosis of
filil hyoclciuric hyerclcei.
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he seru hoshte is often less thn 2.5 g/dL
(0.8 ol/L). In riry hyerrthyroidis, there
is n excessive loss of hoshte in the urine in the
resence of hyohoshtei (25% of cses). A seru
clciu:hoshte (C/P) rtio bove 2.5 (g/dL) or
bove 2.17 (ol/L) hels confir the dignosis of ri-
ry hyerrthyroidis. he lkline hoshtse is
elevted only if bone disese is resent. he ls chlo-
ride nd uric cid levels y be elevted. Vitin D defi-
ciency is coon in tients with hyerrthyroidis;
screen for vitin D deficiency with  seru 25-OH
vitin D deterintion. Seru 25-OH vitin D levels
below 20 cg/L (50 nol/L) cn ggrvte hyerrthy-
roidis nd its bone nifesttions.

Elevted seru levels of intct PH confir the dig-
nosis of hyerrthyroidis. Prthyroid crcino ust
lwys be susected in tients with  seru clciu of
14.0 cg/dL (3.5 ol/L) or ore nd  seru PH 5 or
ore ties the uer liit of norl.

Ptients with low bone density nd n elevted seru
PH but with  norl seru clciu ust be evluted
for cuses of secondry hyerrthyroidis (eg, vitin D
or clciu deficiency, hyerhoshtei, chronic kidney
disese). In the bsence of secondry hyerrthyroid-
is, tients with n elevted seru PH but norl
seru clciu hve normocalcemic hyperparathyroidism.
Such individuls require onitoring, since hyerclcei
develos in bout 19% of tients over 3 yers of
follow-u.

Genetic testing is recoended for tients with docu-
ented riry hyerrthyroidis who re younger
thn ge 40 or who hve ultiglndulr disese or  fily
history of hyerrthyroidis.

C. Imaging

Prthyroid iging is not necessry for the dignosis of
hyerrthyroidis. Iging is erfored for ost
tients rior to rthyroid surgery.

Ultrasound of the neck should scn the neck fro the
ndible to the suerior edistinu in n effort to locte
ectoic rthyroid denos. Ultrsound hs  sensitivity
of 79% for single denos but only 35% for ultiglndu-
lr disese.

Sestamibi scintigraphy with 99c-sestibi nd
single-hoton eission couted toogrhy (SPEC) is
ost useful for loclizing rthyroid denos. However,
flse-ositive scns re coon, cused by thyroid nod-
ules, thyroiditis, or cervicl lyhdenothy. Sestibi-
SPEC iging iroves sensitivity for single rthyroid
denos. Sll benign thyroid nodules re discovered
incidentlly in nerly 50% of tients with hyerrthy-
roidis who hve iging with ultrsound or MRI.

18F-flurocholine PET/MRI is  useful scn for tients
with riry hyerrthyroidis nd negtive or discor-
dnt locliztion iging on neck ultrsound nd sest-
ibi scnning. In  sll study, the sensitivity of this scn
ws 90%, with  100% ositive redictive vlue.

Conventional CT and MRI iging re not usully
required rior to  first neck surgery for hyerrthyroid-
is. However,  four-diensionl C (4D-C), with the

fourth diension referring to tie, ctures the rid
utke nd wshout of contrst fro rthyroid deno-
s; it is rticulrly useful for reoertive iging when
ultrsonogrhy nd sestibi scns re negtive. It cn
lso be helful for tients who hve hd rior neck surgery
nd for those with ectoic rthyroid glnds. In such
tients, 4D-C hs  sensitivity of 88%, versus 54% for
sestibi SPEC nd 21% for ultrsound. However, 4D-C
delivers ore rdition to the thyroid nd so is used ostly
for older tients. MRI y lso be useful for reet neck
oertions nd when ectoic rthyroid glnds re sus-
ected. MRI shows better soft tissue contrst thn C.

Noncontrst C scnning of the kidneys in tients with
hyerrthyroidis cn visulize clciu-contining
stones. However, for tients with ild nd rently
sytotic hyerrthyroidis, only bout 5% re
found to hve unsusected nehrolithisis.

Bone density measurements by dul energy x-ry
bsortioetry (DXA) re helful in deterining the
ount of corticl bone loss in tients with hyerrthy-
roidis. DXA should include three res: distl rdius
(corticl), hi (corticl nd trbeculr), nd lubr verte-
bre (trbeculr). Vertebrl bone density is usully not
diinished in hyerrthyroidis.

» Complications

Pthologic long bone frctures re  coliction of hyer-
rthyroidis. Urinry trct infection due to stone nd
obstruction y led to kidney disese nd urei. If the
seru clciu level rises ridly, clouding of sensoriu,
kidney disese, nd rid reciittion of clciu through-
out the soft tissues y occur (clcihylxis). Petic ulcer
nd ncretitis y be intrctble before surgery. Insuli-
nos or gstrinos y be ssocited, s well s itu-
itry tuors (MEN tye 1). Pseudogout y colicte
hyerrthyroidis both before nd fter surgicl
reovl of tuors. Hyerclcei during gesttion ro-
duces neontl hyoclcei.

In tertiry hyerrthyroidis due to chronic kidney
disese, high seru clciu nd hoshte levels y
cuse clcihylxis; clcifiction of rteries cn result in
inful ischeic necrosis of skin nd gngrene, crdic
rrhythis, nd resirtory filure. he ctul seru
levels of clciu nd hoshte hve not correlted well
with clcihylxis, but  clciu (g/dL) × hoshte
(g/dL) roduct over 70 is usully resent.

» Differential Diagnosis

Artefactual hypercalcemia is coon, so  confirtory
seru clciu level should be drwn fter n overnight fst
long with  seru rotein, lbuin, nd triglyceride while
ensuring tht the tient is well-hydrted. Hyerclcei
y be due to high seru rotein concentrtions; in the
resence of very high or low seru lbuin concentrtions,
n djusted seru clciu or  seru ionized clciu is
ore deendble thn the totl seru clciu concentr-
tion. Hyerclcei y lso be seen with dehydrtion.

Hypercalcemia of malignancy occurs ost frequently
with brest, lung, ncretic, uterine, nd renl cell
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crcino, nd rgnglio. Most of these tuors
secrete PH-relted rotein (PHrP) tht hs structurl
hoologies to PH nd cuses bone resortion nd hyer-
clcei siilr to those cused by PH. Seru PH lev-
els re low or low-norl while seru PHrP levels re
elevted; hoshte is often low. Other tuors cn secrete
excessive 1,25 (OH)

2
vitin D

3
, rticulrly lyhoro-

lifertive nd ovrin lignncies. Pls cell yelo
cuses hyerclcei in older individuls. Other heto-
logic cncers ssocited with hyerclcei include ono-
cytic leukei, -cell leukei nd lyho, nd Burkitt
lyho. he clinicl fetures of lignnt hyerclce-
i cn closely siulte hyerrthyroidis.

Pseudohyperparathyroidism of pregnancy resents
with hyerclcei during regnncy. It is cused by
hyersensitivity of the brests to PRL. he brests becoe
bnorlly enlrged nd secrete excessive ounts of
PHrP tht cuses hyerclcei. retent with do-
ine gonists reverses the hyerclcei.

Sarcoidosis and other granulomatous disorders, such
s tuberculosis, berylliosis, histolsosis, coccidioidoy-
cosis, lerosy, nd foreign-body grnulo, cn cuse
hyerclcei. Srcoid grnulos cn secrete PHrP, but
grnulos secrete 1,25(OH)

2
D

3
nd seru levels of

1,25(OH)
2
D

3
re usully elevted in the resence of hyer-

clcei. However, in hyerclcei with disseinted
coccidioycosis, seru 1,25(OH)

2
D

3
levels y not be

elevted. Seru PH levels re usully low.
Excessive calcium or vitamin D ingestion cn cuse

hyerclcei, esecilly in tients who concurrently
tke thizide diuretics, which reduce urinry clciu loss.
Hyerclcei is reversible following withdrwl of cl-
ciu nd vitin D suleents. In vitin D intoxic-
tion, hyerclcei y ersist for severl weeks. Seru
levels of 25-hydroxycholeclciferol (25[OH]D

3
) re hel-

ful to confir the dignosis. A brief course of corticoste-
roid thery y be necessry if hyerclcei is severe.

Familial hypocalciuric hypercalcemia (FHH) is n
uncoon utosol doinnt inherited disorder.
Reduced function of the clciu-sensing recetor (CSR)
cuses the rthyroid glnds to flsely “sense” hyoclce-
i nd inroritely relese excessive ounts of
PH. he renl tubule CSRs re lso ffected, cusing
hyoclciuri.

FHH cn soeties resent with neontl severe ri-
ry hyerrthyroidis. Adults with hyerclcei due
to FHH re either sytotic or hve nonsecific co-
lints such s ftigue, wekness, or cognitive issues. Recur-
rent ncretitis cn occur.

FHH is chrcterized by  ildly elevted seru clciu
tht is usully below 11.0 g/dL (2.75 ol/L) nd  low
urine clciu excretion tht is usully less thn 50 g/24 h
(13 ol/24 h). Seru PH levels re usully norl or
inilly elevted. Seru hoshte levels re norl.
About 4% of tients with true hyerrthyroidis cn hve
 low urine clciu (below 100 g/dy). herefore, FHH is
confired with genetic testing for FHH gene uttions.
hese tients do not norlize their hyerclcei fter
subtotl rthyroid reovl nd should not be subjected to
surgery. Cinclcet,  clciietic, y be helful.

Prolonged immobilization t bed rest coonly
cuses hyerclcei, rticulrly in dolescents, criticlly
ill tients, nd tients with extensive Pget disese of
bone. Hyerclcei develos in bout one-third of
cutely ill tients being treted in intensive cre units,
rticulrly tients with cute kidney injury. Seru cl-
ciu elevtions re tyiclly ild but y rech 15 g/dL
(3.75 ol/L). Seru PH levels re usully slightly ele-
vted, consistent with ild hyerrthyroidis but y
be suressed or norl.

Rare causes of hypercalcemia include untreted
drenl insufficiency. Modest hyerclcei is occ-
sionlly seen in tients tking thizide diuretics or
lithiu; the PH level y be inroritely nonsu-
ressed with hyerclcei. Hyerthyroidis cuses
incresed turnover of bone nd occsionl hyerclce-
i. Bishoshontes cn increse seru clciu in
20% nd seru PH becoes high in 10%, iicking
hyerrthyroidis. Other cuses of hyerclcei re
shown in ble 21–7.

» Treatment

A. “Asymptomatic” Primary Hyperparathyroidism

Ptients with noroclceic or ild hyerrthyroidis
should be considered “sytotic” only fter very close
questioning. Mny tients y not relize they hve sub-
tle nifesttions, such s cognitive slowing, hving
becoe ccustoed to such sytos over yers. It is
iortnt to ssess blood ressure, seru BUN nd creti-
nine, nd to deterine the resence of nehrolithisis or
nehroclcinosis by rdiogrhy, ultrsonogrhy, or C
scn of the kidneys. ruly sytotic tients y be
closely onitored nd dvised to kee ctive, void io-
biliztion, nd drink dequte fluids. For ostenousl
woen with hyerrthyroidis, estrogen relceent
thery reduces seru clciu by n verge of 0.75 g/dL
(0.19 ol/L) nd slightly iroves bone density. For
tients with hyerclciuri (ore thn 400 g dily) or
clciu nehrolithisis, hydrochlorthizide y be used
in doses of 12.5–25 g dily to reduce clciuri; however,
seru clciu ust be onitored crefully. Prthyroid-
ectoy does not irove the bone density of tients with
osteoorosis who hve noroclcei or norohoronl
hyerrthyroidis.

Affected tients should void lrge doses of thizide
diuretics, vitin A, nd clciu-contining ntcids or
suleents. Seru clciu nd lbuin re checked t
lest twice yerly, kidney function nd urine clciu once
yerly, nd three-site bone density (lubr vertebre, hi,
nd distl rdius) every 2 yers. Rising seru clciu
should rot further evlution nd deterintion of
seru PH levels.

If it is not cler whether  tient with riry hyer-
rthyroid is sytotic, it is resonble to consider 
tril of edicl thery with cinclcet.

B. Medical Measures

1. FluidsHyerclcei is treted with  lrge fluid
intke unless contrindicted. Severe hyerclcei
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requires hositliztion nd intensive hydrtion with intr-
venous sline.

2. CaSR activatorsCinclcet is  clciietic gent tht
binds to sites of the rthyroid glnds’ extrcellulr CSRs
to increse the glnds’ ffinity for extrcellulr clciu,
thereby decresing PH secretion. Cinclcet y be used
s the initil thery for tients with hyerrthyroidis
or for filed surgicl rthyroidectoy. For riry hyer-
rthyroidis with ild hyerclcei, begin cinclcet
(15 g orlly [one-hlf of  30-g tblet]) nd onitor the
seru clciu weekly; increse the dose every 2 weeks if
hyerclcei ersists until the tient becoes norocl-
ceic, which is successful in bout 65% of sordic cses
nd 80% of filil cses. Ptients with rthyroid crci-
no nd severe hyerclcei re treted with cinclcet
in ddition to the bishoshonte, zoledronic cid. For
rthyroid cncer, cinclcet is dinistered in doses of
30 g orlly twice dily, incresed rogressively to 60 g
twice dily, then 90 g twice dily to  xiu of 90 g
every 6–8 hours. Cinclcet is usully well tolerted but y
cuse nuse nd voiting (11%), ylgi, or lise. Cin-
clcet does not usully correct hyerclciuri. Hyoclcei
hs occurred, even t 30 g/dy. About 50% of zoteic
tients with secondry or tertiry hyerrthyroidis
hve hyerclcei tht is resistnt to vitin D nlogs;
begin cinclcet 30 g orlly dily to  xiu of 250 g
dily, with dosge djustents to kee the seru PH in the
rnge of 150–300 g/L (15.8–31.6 ol/L). Etelclcetide
lso ctivtes the rthyroid glnds’ CSR nd reduces
hyerclcei in dilysis tients; it is given intrvenously
t the end of heodilysis sessions, thereby voiding the
gstrointestinl side effects of cinclcet.

3. BisphosphonatesIntrvenous bishoshontes re
otent inhibitors of bone resortion nd cn teorrily tret
the hyerclcei of hyerrthyroidis. Pidronte in
doses of 30–90 g (in 0.9% sline) is dinistered intrve-
nously over 2–4 hours. Zoledronic cid 5 g is dinistered
intrvenously over 15–20 inutes. hese drugs cuse 
grdul decline in seru clciu over severl dys tht y
lst for weeks to onths. Such intrvenous bishoshontes
re used generlly for tients with severe hyerrthyroid-
is in rertion for surgery. Orl bishoshontes, such s
lendronte, re not effective for treting the hyerclcei
or hyerclciuri of hyerrthyroidis. However, orl
lendronte hs been shown to irove BMD in the trbecu-
lr bone of the lubr sine nd hi (not distl rdius) nd
y be used for sytotic tients with hyerrthy-
roidis who hve  low BMD. It y lso be cobined with
cinclcet for the edicl tretent of osteoorosis in
tients with ersistent hyerrthyroidis.

4. DenosumabFor tients with severe hyerclcei
due to rthyroid crcino, denosub 120 cg subcu-
tneously onthly y be effective. However, high-dose
denosub increses the risk of jw osteonecrosis nd
serious infections.

5. Vitamin D and vitamin D analogs

a. Primary hyperparathyroidism—For tients with
vitin D deficiency, vitin D relceent y be beneficil

to tients with hyerrthyroidis. Aggrvtion of
hyerclcei does not ordinrily occur. Seru PH levels
y fll with vitin D relceent in doses of 800–2000
interntionl units dily or ore to chieve seru 25-OH
vitin D levels 30 ng/L or ore (50 nol/L or ore).

b. Secondary and tertiary hyperparathyroidism

associated with azotemia—See Disorders of Minerl
Metbolis, Kidney Disese.

6. Other measuresEstrogen relceent reduces hyer-
clcei slightly in ostenousl woen with hyer-
rthyroidis. Siilrly, orl rloxifene (60 g/dy) y
be given to ostenousl woen with hyerrthy-
roidis; it reduces seru clciu n verge of 0.4 g/dL
(0.1 ol/L), while hving n nti-estrogenic effect on
brest tissue. Bet-blockers, such s rornolol, y lso
be useful for reventing the dverse crdic effects of hyer-
clcei. Prthyroid crcino etstses y be treted
with rdiofrequency bltion or rteril eboliztion.

C. Surgical Parathyroidectomy

Prthyroidectoy is recoended for tients with
hyerrthyroidis who re sytotic or who hve
nehrolithisis or rthyroid bone disese. During reg-
nncy, rthyroidectoy is erfored in the second tri-
ester for woen who re sytotic or hve  seru
clciu bove 11 g/dL (2.75 ol/L).

Soe tients with seeingly sytotic hyer-
rthyroidis y be surgicl cndidtes for other re-
sons such s (1) seru clciu 1 g/dL (0.25 ol/L)
bove the uer liit of norl, (2) urine clciu excre-
tion greter thn 400 g/dy (10 ol/dy), (3) estited
gloerulr filtrtion rte less thn 60 L/in/1.73 2, (4)
nehrolithisis or nehroclcinosis, (5) corticl bone den-
sity (wrist, hi, or distl rdius) indicting osteoorosis
( score below –2.5) or revious frgility bone frcture, (6)
reltive youth (under ge 50 yers), (7) difficulty ensuring
edicl follow-u, or (8) regnncy.

Surgery for tients with “sytotic” hyerrthy-
roidis y irove corticl BMD nd confer odest
benefits in socil nd eotionl well-being nd overll
qulity of life in corison to siilr tients being oni-
tored without surgery. Cognitive function y benefit with
iroveents in nonverbl bstrction nd eory.

Preoertive rthyroid iging hs been used in n
ttet to llow unilterl inilly invsive neck surgery
(see Iging, bove). he reorted success rtes vry con-
siderbly. Even in tients with concordnt sestibi nd
ultrsound scns, nd n introertive PH dro of ore
thn 50%, hyerrthyroidis y ersist ostoer-
tively in u to 15% of tients.

Without reoertive locliztion studies, bilterl neck
exlortion is usully dvisble for the following: (1)
tients with  fily history of hyerrthyroidis, (2)
tients with  ersonl or fily history of MEN, nd (3)
tients wnting n otil chnce of success with  single
surgery. Prthyroid glnds re often suernuerry (five
or ore) or ectoic (eg, intrthyroidl, crotid sheth,
edistinu). he otil surgicl ngeent for
tients with MEN tye 1 is subtotl rthyroidectoy
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tht usully results in  cure, lthough recurrent hyerr-
thyroidis develos in 18% nd the rte of ostoertive
hyorthyroidis is high. About 30% of tients with
successful rthyroid surgery continue to hve n elevted
seru PH ostoertively, desite norl seru clciu
levels; this is soeties due to vitin D deficiency.

Parathyroid hyperplasia is coonly seen with second-
ry or tertiry hyerrthyroidis ssocited with urei.
Cinclcet is n lterntive to surgery. When surgery is er-
fored,  subtotl rthyroidectoy is otil; three nd
one-hlf glnds re usully reoved, nd  etl cli is left to
rk the loction of residul rthyroid tissue.

Parathyroid carcinoma surgery consists of en bloc
resection of the tuor nd isilterl thyroid lobe with cre
to void ruturing the tuor csule. If the surgicl r-
gins re not cler of tuor, ostoertive neck rdition
thery y be given. Locl nd distnt etstses y be
debulked or irrdited. Preoertive MRI scnning is
required to delinete the tuor. Zoledronic cid or deno-
sub is given reoertively. Severe hyerclcei
requires ultile edicl esures, including hydrtion,
furoseide, cinclcet, zoledronic cid, or denosub.
Rdition thery cn be given for loclized tuor. Osse-
ous etstses ust be distinguished fro benign brown
tuors cused by hyerrthyroidis; biosy y be
required. Cheothery hs been ineffective for tients
with distnt etstses. Iunothery with nti-hPH
onoclonl ntibodies is  tretent otion.

Complications—Seru PH levels fll below norl
in 70% of tients within hours fter successful surgery,
coonly cusing hyoclceic resthesis or even tet-
ny. Hyoclcei tends to occur the evening fter surgery
or on the next dy. Frequent ostoertive onitoring of
seru clciu (or seru clciu lus lbuin) is dvis-
ble beginning the evening fter surgery. Once hyerclce-
i hs resolved, liquid or chewble clciu crbonte is
given orlly to reduce the likelihood of hyoclcei.
Sytotic hyoclcei is treted with lrger doses of
clciu; clcitriol (0.25–1 cg dily orlly) y be dded,
with the dosge deending on syto severity. Mgne-
siu slts re soeties required ostoertively, since
dequte gnesiu is required for functionl recovery of
the reining suressed rthyroid glnds.

In bout 12% of tients hving successful rthyroid
surgery, PH levels rise bove norl (while seru cl-
ciu is norl or low) by 1 week ostoertively. his
secondry hyerrthyroidis is robbly due to “hun-
gry bones” nd is treted with clciu nd vitin D
rertions. Such thery is usully needed only for
3–6 onths but is required long ter by soe tients.

Hyerthyroidis coonly occurs ieditely fol-
lowing rthyroid surgery. It is cused by relese of stored
thyroid horone during surgicl niultion of the thy-
roid. In sytotic tients, short-ter tretent with
rornolol y be required for severl dys.

» Prognosis

Ptients with sytotic hyerrthyroidis usully
exerience worsening disese (eg, nehrolithisis) unless
they hve tretent. Conversely, the jority of

coletely sytotic tients with  seru clciu
below 11.0 g/dL (2.75 ol/L) rein stble with
follow-u. However, worsening hyerclcei, hyerclci-
uri, nd reductions in corticl BMD develo in bout
one-third of sytotic tients. herefore, syto-
tic tients ust be onitored crefully nd treted with
orl hydrtion nd obiliztion.

Surgicl reovl of rently single sordic rthy-
roid denos is successful in 94%. Ptients with MEN 1
undergoing subtotl rthyroidectoy y exerience
long reissions, but hyerrthyroidis frequently
recurs. Desite tretent for hyerrthyroidis, hyer-
tension is usully not reversed nd tients rein t
incresed risk for ll-cuse ortlity, crdiovsculr dis-
ese, renl clculi, nd kidney dysfunction.

Sontneous cure due to necrosis of the tuor is exceed-
ingly rre. he bones, in site of severe cyst fortion,
defority, nd frcture, will hel if hyerrthyroidis is
successfully treted. he resence of ncretitis increses
the ortlity rte. Acute ncretitis usully resolves with
correction of hyerclcei, wheres subcute or chronic
ncretitis tends to ersist. Kidney dge y rogress
even fter reovl of  rthyroid deno.

Parathyroid carcinoma is ssocited with 5- nd
10-yer survivl rtes of 78% nd 49%, resectively. A bet-
ter rognosis is ssocited with cler surgicl rgins nd
no detectble etstses ostoertively. Conversely, osi-
tive surgicl rgins or etstses redict  very oor
5-yer survivl. he rognosis is lso oorer for nonfunc-
tioning rthyroid crcino nd those tuors tht crry
 CDC73 uttion, loss of fibroin, or loss of CSR
exression. Reet surgicl debulking rocedures y
irove survivl. Aggressive edicl ngeent cn
lso rolong life. Metstses re reltively rdition-
resistnt, but dditionl theries such s rdiofrequency
bltion or rteril eboliztion y be llitive.

» When to Refer

Refer to rthyroid surgeon for rthyroidectoy.

» When to Admit

Ptients with severe hyerclcei for intrvenous hydrtion.

Dvis C et l. Hyerrthyroidis in regnncy. BMJ Cse
Re. 2020;13:e232653. [PMID: 32066577]

Leere JS et l. Denosub nd cinclcet for riry hyerr-
thyroidis (DENOCINA):  rndoised, double-blind,
lcebo-controlled, hse 3 tril. Lncet Dibetes Endocrinol.
2020;8:407. [PMID: 32333877]

Rodrigo JP et l. Prthyroid cncer: n udte. Cncer ret
Rev. 2020;86:102012. [PMID: 32247225]

Zhu CY et l. Dignosis nd ngeent of riry hyerr-
thyroidis. JAMA. 2020;323:1186. [PMID: 32031566]

º
METABOLIC BONE DISEASE

BMD is tyiclly exressed in g/c2, for which there re
different norl rnges for ech bone nd for ech tye of
DXA-esuring chine. he “Z score” exresses n indi-
vidul’s BMD s the nuber of stndrd devitions fro
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ge-tched, rce-tched, nd sex-tched ens.
he “ score” reorts BMD s the nuber of stndrd
devitions fro young sex-tched ens. Ptients with 
low  score re sid to hve “osteoeni” or “osteoorosis,”
lthough osteolci is lso frequently resent. Any
BMD clssifiction is soewht rbitrry nd there is no
BMD frcture threshold; insted, frcture risk increses
bout twofold for ech stndrd devition dro in BMD.
he World Helth Orgniztion hs estblished criteri for
defining osteoeni nd osteoorosis bsed on the  score:
 score greter thn or equl to –1.0, norl;  score –1.0
to –2.5, osteoeni (“low bone density”);  score less thn
–2.5, osteoorosis;  score less thn –2.5 with  frcture,
severe osteoorosis.

Frcture Risk Assessent ool (FRAX) hels redict n
individul’s 10-yer risk of hi or other jor osteoorotic
frcture. FRAX is rticulrly useful for tretent deci-
sions in tients with osteoeni nd tkes into consider-
tion ge, sex, BMD, nd other risk fctors. he Ntionl
Osteoorosis Foundtion recoends tretent for indi-
viduls with osteoeni ( score between –1.0 nd –2.5)
who hve  couted 10-yer hi frcture risk of t lest
3% or  10-yer risk of ny jor frcture of t lest 20%.
However, the FRAX odel hs liittions, since it only
considers feorl neck BMD nd not vertebrl BMD. Also,
FRAX does not consider the dose of exosure to cortico-
steroids, rce, lcohol, soking, or n individul’s rocliv-
ity to flls; tretent decisions ust lwys be
individulized. FRAX is vilble t htts://www.sheffield.
c.uk/FRAX/tool.sx/.

Blck DM et l. retent-relted chnges in bone inerl den-
sity s  surrogte biorker for frcture risk reduction: et-
regression nlyses of individul tient dt fro ultile
rndoised controlled trils. Lncet Dibetes Endocrinol.
2020;8:672. [PMID: 32707115]

DeSri K et l. o scn or not to scn? DXA in ostenousl
woen. Cleve Clin J Med. 2020;87:205. [PMID: 32238375]

OSTEOPENIA

E S S E N T I A L S  O F  D I A G N O S I S

» Patients are typically asymptomatic.

» Bone density below that for young normal adults
but less severe than osteoporosis.

» Diagnosis is by DXA.

» Fracture risk determined with FRAX tool.

» General Considerations

Osteoeni is less severe thn osteoorosis, with  scores
between –1.0 nd –2.4 (see bove). here is no bsolute
frcture threshold for BMD, nd ost tients with bone
frctures re found to hve osteoeni rther thn osteoo-
rosis. Ptients who re identified s osteoenic require n
evlution for cuses of osteoorosis or osteolci nd
onitoring for worsening BMD.

» Clinical Findings

A. Symptoms and Signs

Ptients with osteoeni re tyiclly sytotic. How-
ever, bone in cn be resent, rticulrly with osteo-
lci. Osteoeni redisoses to low-ict nd
thologicl frctures of vertebre, his, wrists, ettr-
sls, nd ribs.

B. Laboratory Findings

Ptients with oderte to severe osteoeni ( scores
between –1.5 nd –1.4) require n evlution for underly-
ing cuses of osteoorosis nd osteolci. esting should
include  seru BUN, cretinine, lbuin, clciu, hos-
hte, lkline hoshtse, nd 25-OH vitin D;  co-
lete blood count is lso recoended. A seru PH is
obtined if the seru clciu is bnorl.

C. DXA Bone Densitometry and FRAX

Osteoeni is dignosed by DXA bone densitoetry with
 scores of –1.0 to –2.4. he frequency of surveillnce
DXA testing for ostenousl woen nd elderly en
should be bsed on the  scores: obtin DXA testing every
5 yers for  scores –1.0 to –1.5, every 3–5 yers for
 scores –1.5 to –2.0, nd every 1–2 yers for  scores
below –2.0. Ptients requiring high-dose long-ter redni-
sone thery should hve DXA surveillnce every 1–2 yers.
FRAX score (see bove) should be deterined with ech
DXA BMD deterintion.

» Prevention & Treatment

Ptients with osteoeni require dequte vitin D
intke to chieve seru 25-OH vitin D levels bove
30 ng/L (75 nol/L). Clciu suleenttion is not
usully required, excet for tients with unusully low
dietry clciu intke. Lifestyle odifictions y be
required, including soking cesstion, lcohol oder-
tion, strength trining nd weight-bering exercise. Bl-
nce exercises such s ti chi y hel revent flls. Other
fll revention esures include reduction of trnquilizer
nd lcohol consution, visul or wlking ids when
wrrnted, reovl of hoe triing hzrds, nd de-
qute night lighting.

Phrcologic thery is not usully required for
tients with osteoeni. However, hrcologic inter-
vention tretents (see osteoorosis) y be required for
tients who require long-ter high-dose rednisone, for
tients with frgility frctures, nd for those whose FRAX
score indictes  10-yer risk for frcture bove 20% or hi
frcture risk bove 3%.

Iqbl SM et l. Role of bishoshonte thery in tients with
osteoeni:  systeic review. Cureus. 2019;11:e4146. [PMID:
31058029]

Zhng Y et l. i chi for treting osteoeni nd riry osteo-
orosis:  et-nlysis nd tril sequentil nlysis. Clin
Interv Aging. 2019;14:91. [PMID: 30655662]
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OSTEOPOROSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Fracture propensity of spine, hip, pelvis, and wrist.

» Asymptomatic until a fracture has occurred.

» Serum PTH, calcium, phosphorus, and alkaline
phosphatase usually normal.

» Serum 25-hydroxyvitamin D levels often low as a
comorbid condition.

» General Considerations

Osteoorosis is  skeletl disorder chrcterized by  loss of
bone trix (osteoid) tht reduces bone integrity nd bone
strength, redisosing to n incresed risk of frgility nd
frcture. In the United Sttes, osteoorosis cuses over
1.5 illion frctures nnully. White woen ge 50 yers
nd older (who do not receive estrogen relceent) hve
 46% risk of sustining n osteoorotic frcture during the
reinder of their lives. Vertebrl frctures re the ost
coon frcture; they re usully dignosed incidentlly
on rdiogrhs or C scnning.

Lrgely due to  reduction in soking, the ge-djusted
risk for hi frcture hs declined in the United Sttes in
recent yers. However, the risk for frgility frctures
reins high nd vries with ethnicity, sex, nd ge. he
lifetie risk of hi frcture is 12.1% in White woen nd
4.6% in White en. he risks re lower in Hisnic woen
nd en nd lower yet in Chinese woen nd en (with
siilr gender differences). Blcks lso hve  lower risk
for frcture due to higher BMD nd hi orhology tht
is less frcture-rone. here is uch less ethnic vribility
for vertebrl frctures. he revlence of vertebrl frc-
tures in woen older thn 65 yers is 70% for White
woen, 68% for Jnese woen, 55% for Mexicn
woen, nd 50% in Blck woen.

Osteoorosis cn be cused by  vriety of fctors
(ble 26–10). he ost coon cuses include ging, sex
horone deficiency, lcohol use disorder, cigrette soking,
long-ter roton u inhibitor thery, nd high-dose
corticosteroid dinistrtion. Woen who chroniclly con-
sue col beverges re t incresed risk for osteoorosis of
the hi. Hyogondl en frequently develo osteoorosis.
Anti-ndrogen thery for rostte cncer cn cuse osteo-
orosis, nd such en should be onitored with bone
densitoetry.

» Clinical Findings

A. Symptoms and Signs

Osteoorosis is usully sytotic until frctures occur,
which y resent s bckche of vrying degrees of sever-
ity or s  sontneous frcture, collse of  vertebr, or
sinl kyhosis. Loss of height is coon. Vertebrl frc-
tures nd hi frctures re ssocited with incresed or-
tlity, in, reduced indeendence, nd diinished qulity

of life. Once osteoorosis is identified,  directed history
nd hysicl exintion ust be erfored to deterine
its cuse (ble 26–10).

B. Laboratory Findings

DXA bone densitometry is required to dignose osteoo-
rosis ( score less thn –2.5) (see bove). Laboratory test-
ing is required to screen for secondry cuses of
osteoorosis or concoitnt osteolci. For tients
with  low bone densitoetry, obtin seru deterin-
tions for BUN, cretinine, lbuin, seru clciu, hos-
hte, lkline hoshtse, nd 25-hydroxyvitin D
(25HD, 25-hydroxyclciferol). A seru PH is obtined if
the seru clciu is bnorl. A low seru lkline
hoshtse (below 40 units/L in dults) y indicte
hyohoshtsi. A colete blood count is obtined nd
is usully norl; for tients with nei, screen for
ls cell yelo with  seru rotein electrohoresis
nd screen for intestinl lbsortion, where indicted.
Seru 25HD levels below 20 ng/L (50 nol/L) re con-
sidered frnk vitin D deficiency. Lesser degrees of
vitin D insufficiency (seru 25HD levels in the rnge of
20–30 ng/L [50–75 nol/L]) y lso slightly increse
the risk for hi frcture. est for thyrotoxicosis nd hyo-
gondis, if cliniclly wrrnted. Celic disese y be
screened for with seru tissue trnsglutinse ntibody
deterintions.

Table 26–10. Causes of osteoporosis.1

Aging

Alcohol use disorder

alcoholism

Cigarette smoking

Cola consumption in women

hip

Ethnicity: White

Female sex

Genetic disorders

Aromatase deficiency

Collagen disorders

Ehlers-Danlos syndrome

Homocystinuria

Hypophosphatasia

Idiopathic juvenile and adult

osteoporosis

Marfan syndrome

Osteogenesis imperfecta

Hormone deficiency

Estradiol (women)

Testosterone (men)

Hormone excess

Cushing syndrome

Hyperparathyroidism

Thyrotoxicosis

Low physical activity and

immobilization

Malignancy, especially plasma

cell myeloma

Medications longterm

Aromatase inhibitors

Corticosteroids

GnRH inhibitors

Heparin

Pioglitazone

Proton pump inhibitors

Selective serotonin reuptake

inhibitors (elderly)

SGLT2 inhibitors

Vitamin A excess, vitamin D

excess

Underweight BMI < 18.5

Miscellaneous conditions

Anorexia nervosa

Celiac disease

Copper deficiency

Cystic fibrosis

Diabetes mellitus

(uncontrolled)

HIV infection

Hyponatremia (chronic)

Inflammatory bowel disease

Liver disease (chronic)

Mastocytosis (systemic)

Primary biliary cholangitis

Protein-calorie malnutrition

Rheumatoid arthritis

Thalassemia major

Vitamin C deficiency

1See Table 26–11 for causes of osteomalacia.
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» Differential Diagnosis

Osteoeni nd frctures cn be cused by osteolci nd
bone rrow neolsi such s ls cell yelo or et-
sttic bone disese. Hyohoshtsi lso cuses diinished
bone density. hese conditions coexist in ny tients nd
cnnot be distinguished with bone densitoetry.

» Prevention & Treatment

A. Nonpharmacologic Measures

For revention nd tretent of osteoorosis, the diet
should be dequte in rotein, totl clories, clciu, nd
vitin D. Phrcologic corticosteroid (orl, renterl,
or inhled) should be reduced or discontinued if ossible.
Cigrette soking cesstion is essentil. Excessive lcohol
intke ust be voided. Exercise is strongly recoended
to increse both bone density nd strength, thereby reduc-
ing the risk of frctures due to frilty flls. Wlking
increses the bone density t both the sine nd hi. Resis-
tnce exercise increses sine density. he tient ust
choose n enjoyble exercise regien to fcilitte long-
ter colince. Other fll revention esures include
dequte hoe lighting, hndrils on stirs, hndholds in
bthroos, nd hysicl thery trining in fll revention
nd blnce exercises. Ptients who hve wekness or bl-
nce robles ust use  cne or  wlker; rolling wlkers
should hve  brke echnis. Medictions tht cuse
orthostsis, dizziness, or confusion should be voided.

B. Pharmacologic Measures

Generlly, tretent is indicted for tients with osteoo-
rosis dignosed by DXA, rticulrly those who hve hd
recent frgility frctures, woen with revious frgility
frctures of the hi or vertebr, or  DXA  score between
–2.5 nd –1.0 with FRAX-deterined 10-yer hi frcture
risk greter thn 3% or jor osteoorotic frcture risk
greter thn 20% (see bove). Osteoorosis tretent does
reduce frcture risk but does not irove overll ortlity.

1. Vitamin D and calciumDeficiency of vitin D or
clciu cuses osteolci, rther thn osteoorosis, but
they often coexist nd cnnot be distinguished by DXA
bone densitoetry; it is crucil to ensure sufficient vitin
D nd clciu intke. Recoended dily vitin D
intke of 600–800 interntionl units/dy is difficult to
chieve by diet (unless high in fish) nd sun exosure,
rticulrly during winter onths nd for tients with
intestinl lbsortion or during rolonged hositliz-
tion or nursing hoe cre. Orl vitin D

3
(choleclciferol)

is given either s  universl suleent of 800–2000 inter-
ntionl units/dy or in doses titrted to chieve 25-hydrox-
vitin D (25-OHD) seru levels greter thn or equl to
20 ng/L (50 nol/L) for ost of the oultion. How-
ever, the 25-OHD seru levels should be intined t
30 ng/L (75 nol/L) or higher for those “t risk”: reg-
nnt woen, older dults, nd those with osteoorosis
or frgility frctures. Doses of vitin D

3
bove 4000

interntionl units dily in dults re generlly not dvised
(excet in tients with intestinl lbsortion), since

gstrointestinl side effects or hyerclcei y occur.
Vitin D should not be tken with toicl clciotriene
to void hyerclcei. here re erly observtionl dt
tht ily n incresed ll-cuse ortlity t 25-OHD
seru levels tht re either excessively low or high, so the
otil thereutic rnge for 25-OHD seru levels
ers to be bout 30–50 ng/L (75–125 nol/L).

A totl eleentl clciu intke t lest 1000 g/dy is
recoended for ll dults nd 1200 g/dy for ost-
enousl woen nd en older thn 70 yers. Mny
individuls do not consue this ount of clciu, but 
lrge rosective study of osteoenic ostenousl
woen showed no iroveent in BMD with high cl-
ciu consution. Also, ost cohort studies hve shown
no ssocition between dietry clciu intke nd frcture
risk. Other studies hve reorted tht ssocited clciu
suleenttion (1 g/dy or ore) showed no reduced risk
for hi or forer frctures nd  ere 14% reduction in
vertebrl frctures. herefore, norl nd osteoenic indi-
viduls do not require clciu suleenttion. Clciu
suleents re reserved for tients with intestinl l-
bsortion or clciu-deficient diets tht do not include
diry roducts, drk lefy greens, srdines, tofu, or forti-
fied foods. Clciu citrte does not require cid for
bsortion nd is referred for tients receiving cid
blockers. Clciu crbonte should be tken with food to
enhnce clciu bsortion. Clciu suleents re
usully tken long with vitin D

3
, nd ny coercil

suleents contin the cobintion.
Soe reorts hve indicted tht clciu suleents

increse the risk of yocrdil infrction. However, the
Woen’s Helth Inititive found tht 7 yers of vitin D
nd clciu suleenttion did not increse crdiovs-
culr disese but did increse the risk of nehrolithisis by
13%. king clciu suleents with els cn reduce
the risk of nehrolithisis. Although clciu suleents
re usully tolerted, soe tients exerience intestinl
bloting nd constition.

2. Sex hormonesSex horone relceent cn revent
osteoorosis in hyogondl woen nd en but is not n
effective thery for estblished osteoorosis. Low-dose
trnsderl systeic estrogen revents osteoorosis in
woen with hyogondis, including young tients with
norexi nervos (see Horone Relceent hery).
estosterone relceent or low-dose trnsderl estr-
diol thery revents osteoorosis in en with severe tes-
tosterone deficiency (see Mle Hyogondis).

3. BisphosphonatesBishoshonte thery is indicted
for tients with osteoorosis in the sine, totl hi, or
feorl neck or for tients with  thologic sine frc-
ture or  low-ict hi frcture. Bishoshontes include
intrvenous zoledronic cid or idronte nd orl len-
dronte, risedronte, or ibndronte. Ibndronte reduces
vertebrl frcture risk but not nonvertebrl frcture risk.
Bishoshontes ll work siilrly, inhibiting osteoclst-
induced bone resortion. hey increse bone density sig-
nificntly nd ll reduce the incidence of vertebrl frctures;
ll but ibndronte hve been deonstrted to lso reduce
the risk of nonvertebrl frctures. Bishoshontes hve
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lso been effective in reventing corticosteroid-induced
osteoorosis. Another ossible dvntge is  reduction in
dverse crdiovsculr events. Orl lendronte ws sso-
cited with  33% reduction in crdiovsculr events in 
Dnish cohort. o ensure intestinl bsortion, orl
bishoshontes ust be tken in the orning with t
lest 8 oz of lin wter t lest 40 inutes before con-
sution of nything else. he tient ust rein uright
fter tking bishoshontes to reduce the risk of esohgi-
tis. No dosge djustents re required for tients with
cretinine clernces bove 35 L/in. Bishoshontes
re excreted in urine nd seru hoshte levels should be
onitored in tients with kidney disese; bishoshontes
re reltively contrindicted in tients with CrCl below
35 L/in. Bone density flls in 18% of tients during
their first yer of tretent with bishoshontes, but 80%
of such tients gin bone density with continued bishos-
honte tretent. he hlf-life of bishoshontes in bone
is bout 10 yers. herefore, fter 3 yers,  DXA bone
densitoetry y be obtined. If the tient’s  score hs
risen bove –2.5 nd the tient hs  reltively low frcture
risk, the tient y hve  bishoshonte “drug holidy”
for 3–5 yers. However, for tients with continued osteo-
orosis nd  high frcture risk, the bishoshonte y be
continued nother 2 yers. he usul tretent course with
bishoshontes is 3–5 yers due to the incresing risk of
tyicl feorl frctures fter tht tie.

Alendronate is dinistered orlly once weekly s
either  70-g stndrd tblet (Fosx) or  70-g effer-
vescent H-buffered tblet (Binosto). he effervescent tb-
let ust be dissolved in 4 oz lin wter over t lest
5 inutes nd stirred 10 seconds before drinking; it is esier
to swllow for soe tients nd y reduce esohgel
injury, but there hve been no studies coring it to stn-
drd lendronte tblets. Risedronate (Actonel) y be
given once onthly s  150-g tblet. Risedronte is
fvored for woen of childbering ge, since it hs  shorter
hlf-life nd less bone retention thn other bishosho-
ntes. Both edictions reduce the risk of vertebrl nd
nonvertebrl frctures, but lendronte ers to be sue-
rior to risedronte in reventing nonvertebrl frctures.
Ibandronate sodium (Boniv) is tken once onthly in 
dose of 150 g orlly. It reduces the risk of vertebrl frc-
tures but not nonvertebrl frctures; its effectiveness hs not
been directly cored with other bishoshontes.

For tients who cnnot tke orl bishoshontes,
intrvenous bishoshontes re vilble. hey should
not be given to tients with  cretinine clernce below
35 L/in. Ptients should receive t lest 15 inutes of
intrvenous hydrtion rior to infusions. Zoledronic acid
(Reclst) is  third-genertion bishoshonte nd  otent
osteoclst inhibitor. he dose is 5 g intrvenously over t
lest 15–30 inutes every 12 onths. In  study of ost-
enousl woen with osteoorosis, once yerly intrve-
nous zoledronic cid reduced the 3-yer incidence of hi
frctures by 41% (fro 2.5% to 1.4%) nd clinicl vertebrl
frctures by 77% (fro 2.6% to 0.5%). Pamidronate
(Aredi), nother bishoshonte, is given in doses of
30–60 g by slow intrvenous infusion in norl sline
solution every 3–6 onths.

Side effects of bisphosphonates—Oral bisphospho-
nates cn cuse nuse, chest in, nd horseness. Erosive
esohgus cn occur, rticulrly in tients with hitl
herni nd gstroesohgel reflux. Although no incresed
risk of esohgel cncer hs been conclusively deon-
strted, the FDA recoends tht orl bishoshontes
not be used by tients with Brrett esohgus.

Intravenous bisphosphonate therapy cn cuse side
effects tht re collectively known s the cute-hse
resonse. Such  resonse occurs in 42% of tients fter
the first infusion of zoledronic cid nd usully strts
within the first few dys following the infusion; these
dverse side effects include fever, chills, or flushing (20%);
usculoskeletl in (20%); nuse, voiting, or dirrhe
(8%); nonsecific sytos, such s ftigue, dysne,
ede, hedche, or dizziness (22%); nd oculr infl-
tion (0.6%). Intrvenous zoledronic cid hs cused
seizures tht y be idiosyncrtic or due to hyoclcei.
he cute-hse resonse tends to diinish with tie.
Sytos re trnsient, lsting severl dys nd usully
resolving sontneously but tyiclly recurring with subse-
quent doses. Sytos y be treted with cetino-
hen or NSAIDs. Lortdine y reduce usculoskeletl
in. For tients exeriencing  severe cute-hse
resonse with zoledronic cid, intrvenous idronte
cn be substituted for subsequent tretents. he cute-
hse resonse fter idronte is usully less severe
thn tht of zoledronic cid. In ddition, tients who
exerience n esecilly severe cute-hse resonse cn
be given rohylctic corticosteroids nd ondnsetron
rior to subsequent bishoshonte infusions.

Osteonecrosis of the jw is  rre coliction of
bishoshonte thery. A inful, necrotic, nonheling
lesion of the jw occurs, rticulrly fter tooth extrction.
It occurs twice s frequently in the ndible cored to
the xill. he risk is incresed with older ge, in woen,
nd in tients concoitntly receiving cheothery or
corticosteroid thery. About 95% of jw osteonecrosis
cses hve occurred with intrvenous high-dose thery
with zoledronic cid or idronte for tients with
osteolytic etstses. Only bout 5% of cses hve occurred
in tients receiving orl bishoshontes or once-yerly
bishoshonte infusions for osteoorosis. he incidence
of osteonecrosis is estited to be bout 1:100,000 tients
treted for osteoorosis with orl bishoshontes nd
1:100 tients being treted for cncer with intrvenous
bishoshontes. he risk for osteonecrosis of the jw with
dentl surgery cn be roxited reoertively with 
seru level of C-teloetide,  frgent of collgen
relesed during bone reodeling. Bishoshontes reduce
C-teloetide levels. Seru C-teloetide levels greter
thn or equl to 150 g/L re ssocited with  inil
risk of osteonecrosis, wheres C-teloetide levels of
100–149 g/L re ssocited with  oderte risk, nd
C-teloetide levels less thn 100 g/L re ssocited
with  high risk for osteonecrosis. Ptients receiving
bishoshontes ust receive regulr dentl cre nd try to
void dentl extrction. Idelly, elective dentl surgery
should be coleted before strting bishoshontes. If
dentl surgery is required, bishoshonte thery is
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ordinrily stoed 3 onths before the surgery nd y be
resued bout 1 onth fterwrd if the bone hs heled.

Atyicl low-ict “chlkstick” frctures of the feo-
rl shft re n uncoon coliction of bishoshonte
thery. Asin woen, however, exerience  reltive risk of
tyicl feur frcture tht is 4.8 ties higher thn White
woen. In ore thn 52,000 ostenousl woen tk-
ing bishoshontes for 5 yers or longer,  subtrochnteric
frcture occurred in 0.22% during the subsequent 2 yers;
27% of such frctures were bilterl. About 70% of ffected
tients hve hd rodrol thigh in rior to the frcture.
he risk for tyicl feorl frctures is rticulrly
incresed ong Asin woen nd ong tients tking
high-dose corticosteroids nd those receiving bishosho-
nte tretent for ore thn 5 yers. erirtide ( PH
nlog) y be helful to roote heling of such frctures.
Desite this otentil coliction, the benefits of bishos-
hontes outweigh the risks, rticulrly in non-Asin
woen. In  lrge cohort nlysis, for every 10,000 woen
tking bishoshontes for 3 yers, 149 hi frctures were
revented nd 2 tyicl feur frctures occurred in White
woen, while 91 hi frctures were revented nd 8 tyicl
feur frctures occurred in Asin woen.

In tients tking bishoshontes, hyerclcei is
seen in 20% nd seru PH levels increse bove norl in
10%, iicking riry hyerrthyroidis. Hyoclce-
i occurs frequently, resulting in secondry hyerrthy-
roidis; such tients y be treted with orl clciu slt
suleents (500–1000 g/dy) nd with orl vitin D

3

(strting t 1000 units/dy).

4. DenosumabDenosub (Proli) is  onoclonl
ntibody tht inhibits the rolifertion nd turtion of
reosteoclsts into ture osteoclst bone-resorbing cells.
It is indicted for tretent of osteoorosis, jor frgility
frctures, or osteoeni with  high FRAX score in both
en nd woen. It is lso used for tients with high frc-
ture risk who re receiving sex horone suression ther-
y for brest cncer or rostte cncer. retent reduces
vertebrl frctures by 68% nd reduces hi frctures by
40%. Denosub is dinistered in doses of 60 g subcu-
tneously every 6 onths. Unlike bishoshontes, deno-
sub cn be given to tients with severe kidney disese.
It hs been reltively well tolerted, with n 8% incidence
of flu-like sytos. It cn decrese seru clciu nd
should not be dinistered to tients with hyoclcei.
Other side effects include hyercholesterolei, ecze
nd dertitis, nd ncretitis. Denosub y slightly
increse the risk of serious infections (rticulrly er,
nose, throt, nd gstrointestinl), so it is not reco-
ended for tients receiving iunosuressnts or
high-dose corticosteroid thery. In premenopausal
women, denosumab should be used with great caution and
with birth control, since denosumab has caused fetal terato-
genicity in animal studies. With rolonged use, denosub
redisoses to tyicl feorl frctures nd osteonecrosis
of the jw nd is dditive to bishoshontes in tht regrd.

Cored to orl bishoshontes, denosub ers
to be slightly suerior t iroving BMD of the sine, totl
feur, nd feorl neck nd t reducing frcture risk fter
2 yers of thery. Cored to intrvenous zoledronic

cid, denosub hs been soewht suerior t incresing
BMD t the totl feur nd feorl neck, but the two hve
siilr efficcy t iroving sine BMD.

The effects of denosumab on bone wane quickly after
6 months, and patients can experience a dramatic increased
risk of multiple vertebral fractures within 1–2 years following
discontinuation of denosumab. Therefore, denosumab must
be given on-schedule without drug holidays. Denosumab
should not be discontinued without substituting another
antiresorptive agent (bisphosphonate, estradiol, or selective
estrogen receptor modulator [SERM]) or other therapy.

5. PTH and PTHrP analogsTeriparatide (Forteo) nd
abaloparatide (ylos) re nlogs of PH nd PHrP,
resectively. hey re indicted only for tients with
osteoorosis who re t very high frcture risk, rticulrly
those who hve sustined severe or ultile vertebrl frc-
tures. hese nlogs re nbolic gents tht stiulte the
roduction of new collgenous bone trix, rticulrly in
vertebrl trbeculr bone tht ust be inerlized.
Ptients receiving terirtide or blortide ust hve
sufficient intke of vitin D nd clciu. When given in
 sequence with n ntiresortive gent, the referred
sequence is to first give  course of PH/PHrP nlog
thery followed by  bishoshonte or denosub.

he terirtide dose is 20 g or 40 g dily, nd the
blortide dose is 80 g dily; both re given subcut-
neously dily for u to 2 yers. hese drugs drticlly
irove bone density in ost bones excet the distl
rdius. hey y lso be used to roote heling of tyi-
cl feorl chlkstick frctures ssocited with bishos-
honte thery. he recoended dose should not be
exceeded, since both drugs hve cused osteosrco in
rts when dinistered long-ter in very high doses. Due
to the otentil risk for osteosrco, tients re excluded
fro receiving terirtide or blortide if they hve n
incresed risk of osteosrco due to the following: Pget
disese of bone, unexlined elevtions in seru lkline
hoshtse, rior rdition thery to bones, oen eih-
yses, or  st history of osteosrco or chondrosrco.
Side effects y include injection site rections, orthosttic
hyotension, rthrlgi, uscle crs, deression, or
neuoni. Hyerclcei cn occur nd nifest s
nuse, constition, stheni, or uscle wekness. hese
drugs re roved for only  2-yer course of tretent.

Teriparatide and abaloparatide should not be used for
patients with hypercalcemia. Similarly, they should be used
with caution in patients if they are also taking corticosteroids
and thiazide diuretics along with oral calcium supplementa-
tion because hypercalcemia may develop.

Following  2-yer course of terirtide or blor-
tide, bishoshontes should be given to retin the
iroved bone density. Alterntively, for very severe osteo-
orosis, these drugs y be dinistered long with deno-
sub; cobined tretent for 2 yers is ore effective
thn ny other single thery, but dverse effects of ftigue,
joint in, nd nuse re very coon.

6. SERMsSERMs cn revent osteoorosis but re not
effective thery for estblished osteoorosis. Raloxifene
60 g/dy orlly y be tken by ostenousl woen
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in lce of estrogen for revention of osteoorosis. Bone
density increses bout 1% over 2 yers in ostenousl
woen versus 2% increses with estrogen relceent. It
reduces the risk of vertebrl frctures by bout 40% but
does not er to reduce the risk of nonvertebrl frctures.
It hs no direct effect on coronry lque. Unlike estrogen,
rloxifene does not reduce hot flushes; in fct, it often inten-
sifies the. It does not relieve vginl dryness. Unlike
estrogen, however, rloxifene does not cuse endoetril
hyerlsi, uterine bleeding, or cncer, nor does it cuse
brest soreness. he risk of brest cncer is reduced 76% in
woen tking rloxifene for 3 yers. Since it is  otentil
tertogen, it is reltively contrindicted in woen cble
of regnncy. Rloxifene increses the risk for throboe-
bolis nd should not be used by woen with such  his-
tory. Leg crs cn lso occur. Tamoxifen is coonly
dinistered to woen for u to 5 yers fter resection of
brest cncer tht is estrogen recetor–ositive. oxifen
hs oosite effects on bone density in reenousl ver-
sus ostenousl woen. In reenousl woen,
toxifen cuses  loss of vertebrl bone inerl density of
–1.44% yerly, wheres in ostenousl woen, toxi-
fen cuses n increase in vertebrl bone inerl density of
+1.17% yerly. Bazedoxifene is vilble s  fixed-dose
cobintion of conjugted estrogens with  SERM (bze-
doxifene) (0.45 g/20 g [Duvee]). It is FDA roved for
the revention of osteoorosis in ostenousl woen
with n intct uterus. However, unlike rloxifene, it hs not
been shown to reduce the risk of brest cncer. Woen tk-
ing this cobintion ediction long-ter exerience n
incresed risk of throboebolic events.

7. CalcitoninNsl slon clcitonin is used ririly
for its nlgesic effect for the in of cute osteoorotic
vertebrl coression frctures. It is ineffective for chronic
in. Its nlgesic effect y be seen within 2–4 weeks. If it
ers to be effective for nlgesi, it is continued for u
to 3 onths. he usul dose of nsl sry of clcitonin-
slon (Miclcin) contins one uff (0.09 L, 200 inter-
ntionl units) once dily, lternting nostrils. Nsl
sytos such s rhinitis nd eistxis occur coonly;
other less coon dverse rections include flu-like
sytos, llergy, rthrlgis, bck in, hedche, nd
hyoclcei. Slon clcitonin is vilble in n inject-
ble for tht cn be used when the nsl forultion is
not tolerted due to locl rections; it is used for u to
3 onths for vertebrl frcture in in doses of 100 inter-
ntionl units subcutneously or intrusculrly every
1–2 dys. Clcitonin’s nti-osteoorosis effect is odest, so
it is only used to tret osteoorosis in tients who cnnot
tolerte other theries. Also, while long-ter clcitonin
thery reduces the risk of brest cncer, it ers to
increse the overll risk of lignncy by bout 1.1%, r-
ticulrly hetic cncer. It hs been withdrwn fro the
rket in Cnd nd Euroe.

8. RomosozumabRoosozub (Evenity) is n inject-
ble onoclonl ntibody tht inhibits sclerostin, incres-
ing new bone fortion nd decresing bone resortion.
In one lrge cohort of woen with osteoorosis nd frgil-
ity frctures, those treted with roosozub for

12 onths followed by lendronte for 12 onths hd 
48% lower risk of new vertebrl frctures nd  38% lower
risk of hi frcture cored to woen receiving lendro-
nte lone. he dose is 210 g subcutneously onthly for
u to 12 onths. It is reserved for tients with very severe
osteoorosis, such s those with ultile vertebrl frc-
tures. It should only be given to tients with  low risk of
coronry disese or stroke, since it y slightly increse
the risk of dverse crdiovsculr events.

» Prognosis

Osteoorosis should idelly be revented, since it cn be
only rtilly reversed. Mesures noted bove re reson-
bly effective in reventing nd treting osteoorosis nd
reducing frcture risk.
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RICKETS & OSTEOMALACIA

E S S E N T I A L S  O F  D I A G N O S I S

» Low bone density from defective mineralization.

» Caused by deficiency in calcium, phosphorus, or
low alkaline phosphatase.

» Rickets: defective bone mineralization in child-
hood or adolescence before epiphyseal fusion.

» Osteomalacia: defective bone mineralization in
adults with fused epiphyses.

» Painful proximal muscle weakness (especially
pelvic girdle); bone pain.

» Low serum 25-hydroxy-vitamin D (25-OHD), hypo-
calcemia, hypocalciuria, hypophosphatemia, sec-
ondary hyperparathyroidism.

» Classic radiologic features may be present.
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» General Considerations

Defective inerliztion of the growing skeleton in child-
hood cuses ernent bone deforities (rickets). Defec-
tive skeletl inerliztion in dults is known s
osteolci. It is cused by indequte clciu or hos-
hte inerliztion of bone osteoid.

» Etiology

Cuses of osteolci re listed in ble 26–11.

A. Vitamin D Deficiency

Vitin D deficiency is the ost coon cuse of osteo-
lci; its incidence is incresing throughout the world s
 result of diinished exosure to sunlight cused by
urbniztion with use of utoobile nd ublic trnsort-
tion, living t high ltitudes, winter seson, institutionliz-
tion, sunscreen use, or very odest dressing. About 36% of
dults in the United Sttes re deficient in vitin D.

Other risk fctors for vitin D deficiency include the
following: regnnt woen, ge over 65 yers, obesity, drk
skin, lnutrition, nd intestinl lbsortion. Orlistt
cuses ft nd vitin D lbsortion. Cholestyrine
binds bile cids necessry for vitin D bsortion.
Ptients with severe nehrotic syndroe lose lrge ounts
of vitin D–binding rotein in the urine.

Anticonvulsnts (eg, henytoin, crbzeine, vl-
rote, henobrbitl) inhibit the hetic roduction of
25-OHD nd soeties cuse osteolci. Phenytoin
cn lso directly inhibit bone inerliztion.

Vitin D–deendent rickets tye I is cused by  rre
utosol recessive disorder with  defect in the renl
enzye 1-lh-hydroxylse leding to defective synthesis
of 1,25(OH)

2
D.

Vitin D–deendent rickets tye II (hereditry
1,25[OH]

2
D-resistnt rickets) is cused by  genetic defect

in the 1,25(OH)
2
D recetor.

B. Calcium Deficiency

he totl dily consution of clciu should be t lest
1000 g dily. Ptients who hve deficient clciu intke
develo rickets (childhood) or osteolci (dulthood)
desite sufficient vitin D. A nutritionl deficiency of
clciu cn occur in ny severely lnourished tient.
Soe degree of clciu deficiency is coon in older
dults, since intestinl clciu bsortion declines with
ge. Ingestion of excessive whet brn lso cuses clciu
lbsortion.

C. Phosphate Deficiency

Osteolci develos in tients with hyohoshtei
due to lck of sufficient hoshte to inerlize bone oste-
oid. Such tients tyiclly hve usculoskeletl in,
uscle wekness, nd re rone to frctures.

1. Genetic disordersFibroblst growth fctor-23
(FGF23) is  hoshturic fctor (hoshtonin) tht is
secreted by bone osteoblsts in resonse to elevted seru
hoshte levels. Vrious genetic uttions cn result in
high seru FGF23 levels, cusing hyohoshtei nd
bone inerl deletion.

2. Tumor-induced osteomalaciahis is  rre rneo-
lstic syndroe tht cn be cused by  vriety of esen-
chyl tuors (87% benign) secrete FGF23 nd cuse
rked hyohoshtei due to renl hoshte wst-
ing. Such tuors re usully hoshturic esenchyl
tuors (70%); other tuors include hengioericyto-
s, osteosrcos, nd gint cell tuors. he condition
is chrcterized by hyohoshtei, excessive hosh-
turi, reduced or norl seru 1,25(OH)

2
D concentr-

tions, nd osteolci. Seru levels of FGF23 re
elevted. Such tuors re often sll nd difficult to find,
frequently lying in the sinuses or extreities.

3. Other causes of hypophosphatemiaOsteolci
fro hyohoshtei cn be cused by severe intestinl
lbsortion, lcoholis, oor nutrition, nd rolonged
renterl nutrition. enofovir thery (tenofovir diso-
roxil furte ore so thn tenofovir lfide) cn
cuse renl hoshte wsting nd hyohoshtei.
Severe hyohoshtei cn occur with refeeding fter
strvtion. Hyohoshtei cn lso be cused by che-
ltion of hoshte in the gut by luinu hydroxide
ntcids, clciu cette (Phos-Lo), or seveler hydro-
chloride (Rengel). Excessive renl hoshte losses re
lso seen in roxil renl tubulr cidosis, Fnconi syn-
droe, nd in soe woen using orl contrcetives.

Table 26–11. Causes of osteomalacia.1

Vitamin disorders

Insufficient sunlight exposure

Kidney: chronic kidney disease, nephrotic syndrome, kidney

transplantation

Liver disease

Nutritional deficiency of vitamin D

Malabsorption: aging, excess wheat bran, bariatric surgery,

pancreatic enzyme deficiency, orlistat

Vitamin D–dependent rickets types I and II

Phenytoin, carbamazepine, valproate, or barbiturate therapy

(long-term)

Dietary calcium deficiency

Phosphate deficiency

Adefovir therapy

Fanconi syndrome, renal tubular acidosis, and alcoholism

Intestinal malabsorption

Nutritional deficiency of phosphorus

Phosphate-binding antacid therapy

Renal loss

Tumoral hypophosphatemic osteomalacia

X-linked hypophosphatemic rickets

Other disorders, including paraproteinemias, glycogen storage

diseases, neurofibromatosis, Wilson disease

Inhibitors of mineralization

Aluminum

Bisphosphonates

Disorders of bone matrix

Axial osteomalacia

Hypophosphatasia

Fibrogenesis imperfecta

1See Table 26–10 for causes of osteoporosis.
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D. Aluminum Toxicity

Bone inerliztion is inhibited by luinu. Osteol-
ci y occur in tients receiving long-ter renl heo-
dilysis with t wter dilyste or fro luinu-contining
ntcids used to reduce hoshte levels.

E. Hypophosphatasia

Hyohoshtsi ust not be confused with hyohos-
htei. Hyohoshtsi refers to  severe deficiency of
bone lkline hoshtse. It is  rre genetic cuse of osteo-
lci tht is coonly isdignosed s osteoorosis.

F. Fibrogenesis Imperfecta Ossium

his rre condition sordiclly ffects iddle-ged
tients, who resent with rogressive bone in nd
thologic frctures. Bones hve  dense “fishnet” er-
nce on rdiogrhs. Seru lkline hoshtse levels re
elevted. Soe tients hve  onoclonl gothy,
indicting  ossible ls cell dyscrsi cusing n
iirent in osteoblst function nd collgen disrry.

» Clinical Findings

Neontes nd young children with hyoclcei y hve
sss nd convulsions. Older children nd dolescents
cn hve bone in nd uscle wekness nd y develo
the skeletl deforities of clssic rickets, such s delyed
longitudinl growth, deforities t eihyses leding to
thickened wrists nd nkles, nd bowed legs or knock-
knees (dolescents). Kyhoscoliosis or lubr lordosis is
coon. hickening t the costochondrl joints cn cuse
widening of the chest nd deforities known s  “rchitic
rosry.”

In dults, osteolci is initilly sytotic. hen,
nonsecific colints tht include ftigue, reduced
endurnce nd uscle strength, nd in in the bones
involving their shoulders ribs, low bck, nd thighs develo.
Pthologic frctures cn occur with little or no tru.

Hyoclcei cuses  reduced qulity of life, with
ftigue, irritbility, deression, nxiety, cognitive iir-
ent, lethrgy, nd resthesis in the circuorl re,
hnds, nd feet. More severe nifesttions include uscle
wekness or crs, croedl ss, convulsions, tet-
ny, lryngoss, nd stridor. Hyohoshtei cn
cuse severe jor uscle wekness, reduced endurnce,
dyshgi, diloi, crdioyothy, nd resirtory us-
cle wekness. Ptients y lso hve iired cognition.

» Diagnostic Tests

DXA BMD is used to deterine the resence of low bone
density tht cn be due to osteoorosis, osteolci, or
both. Seru is obtined for clciu, lbuin, hoshte,
lkline hoshtse, PH, nd 25-OHD deterintions.
Vitin D deficiency is defined s  seru 25-OHD less
thn 20 ng/L (50 nol/L). Vitin D insufficiency is
defined s  seru 25-OHD between 20 ng/L nd
30 ng/L (50–75 nol/L). Ptients in who cliniclly
severe osteolci develos tyiclly hve hd chronic

severe vitin D deficiency (seru 25-OHD under
12 ng/L [25 nol/L]).

1,25(OH)
2
D

3
y be low even when 25(OH)D

2
levels re

norl. In one series of biosy-roved osteolci, lk-
line hoshtse ws elevted in 94% of tients; the cl-
ciu or hoshorus ws low in 47% of tients; 25(OH)D

3

ws low in 29% of tients; nd urinry clciu ws low in
18% of tients. Pseudofrctures were seen in 18% of
tients. Rdiogrhs y show dignostic fetures. Bone
densitoetry hels docuent the degree of osteoeni.

Orl contrcetives cn cuse renl hyohoshtei
in soe woen, so  drug holidy fro orl contrcetives
is wrrnted. Ptients with otherwise unexlined hyo-
hoshtei should hve  esureent of seru or
ls fibroblst growth fctor 23 (FGF-23). Ptients with
high FGF23 levels cn hve genetic testing for X-linked
hyohoshteic rickets (PHEX), utosol doinnt
hyohoshteic rickets (FGF23), nd utosol reces-
sive hyohoshteic rickets (DMP1). In hyohosh-
teic tients without such uttions, serching for 
tuor cusing tuor-induced osteolci is resonble,
rticulrly in tients with bone in or frctures. Such
tuors re tyiclly sll nd y be locted nywhere, so
they re best loclized using  whole-body DOAAE-
PE/C scn.

Ptients with rent tuor-induced osteolci with
hyohoshtei require locliztion studies. Whole-body
scnning with sotosttin nlogs 68G-DOAOC
PE/C is the referred iging technique in this condi-
tion, detecting bout 90% of tuors in sll series.

Ptients with hyohoshtsi hve low seru levels
of lkline hoshtse (below 40 units/L in dults nd
below 20 units/L in severe cses). However, ieditely
following  frcture, seru lkline hoshtse rises nd
y obscure the dignosis. o confir the dignosis of
hyohoshtsi in tients with  low seru lkline
hoshtse,  24-hour urine is ssyed for hoshoeth-
noline,  substrte for tissue-nonsecific lkline hos-
htse whose excretion is lwys elevted in tients with
hyohoshtsi. he dignosis is further confired with
genetic testing for uttions in the ALPL gene.

» Differential Diagnosis

Osteolci often coexists with osteoorosis. he reltive
contribution of the two entities to diinished bone density
y not be rent until tretent, since  drtic rise
in bone density is often seen with thery for osteolci.
Phoshte deficiency ust be distinguished fro hyo-
hoshtei seen in hyerrthyroidis.

» Prevention & Treatment

Huns nturlly receive bout 90% of their vitin D
fro sunlight. o obtin dequte sunshine vitin D, the
fce, rs, hnds, or bck ust hve sun exosure without
sunscreen for 15 inutes t lest twice weekly. In sunlight-
derived individuls (eg, veiled woen, confined tients,
or residents of higher ltitudes during winter), vitin D

3
,

1000 interntionl units dily, should be given rohylcti-
clly. Ptients receiving long-ter henytoin thery
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should lso receive vitin D
3

suleenttion. he in
nturl food source of vitin D is fish, rticulrly
slon, ckerel, cod liver oil, nd srdines or tun
cnned in oil. Most coercil cow’s ilk is fortified with
vitin D t bout 400 interntionl units (10 cg) er
qurt; however, yogurt nd cottge cheese y contin lit-
tle to no vitin D

3
.

Mny vitin suleents contin lnt-derived
vitin D

2
, which hs vrible biologic vilbility. Over-

the-counter ultivitin/inerl suleents contin
vrible ounts of vitin D, nd vitin D toxicity hs
occurred fro two different ultivitins sold in the
United Sttes. herefore, it is rudent to recoend tht
tients tke  dedicted vitin D

3
suleent fro 

relible nufcturer.
Severe vitin D deficiency cn be treted with ergo-

clciferol (D
2
), 50,000 interntionl units orlly once

weekly for 8 weeks. Soe tients require long-ter su-
leenttion with D

2
of u to 50,000 interntionl units

weekly. he dnger of high-dose D
2

thery is tht soe
tients y istkenly tke it dily. he lterntive is to
tret vitin D–deficient tients with dily choleclcif-
erol D

3
t doses of t lest 2000 interntionl units dily.

he recoended xiu dily dose of vitin D
3

is
10,000 interntionl units/dy for dults, with such high
dily doses soeties being required for tients with
obesity, intestinl lbsortion, or following gstric
byss surgery. Soe tients with severe lbsortion
y require orl doses of 25,000–100,000 interntionl
units of vitin D

3
dily. Ptients with stetorrhe y

resond better to orl 25(OH)D
3

(clcifediol),
50–100 cg/dy. Seru levels of 25-OHD should be oni-
tored, nd the dosge of vitin D djusted to intin
seru 25-OHD levels bove 30 ng/L. he Endocrine
Society recoends  trget rnge of seru 25-OHD of
40–60 ng/L. Seru 25-OHD levels bove this rnge ro-
vide no dditionl benefit nd y ctully cuse reduced
bone strength.

he ddition of clciu suleents to vitin D is
robbly not necessry for the revention of osteolci
in the jority of otherwise well-nourished tients. How-
ever, tients with lbsortion or oor nutrition should
receive clciu suleenttion: clciu citrte (eg,
Citrcl), 0.4–0.6 g eleentl clciu er dy, or clciu
crbonte (eg, OsCl, us), 1–1.5 g eleentl clciu
er dy. Clciu suleents re best dinistered with
els.

In hyohoshteic rickets or osteolci, nutri-
tionl deficiencies re corrected, luinu-contining
ntcids re discontinued, nd tients with renl tubulr
cidosis re given bicrbonte thery.

For tients with tuorl hyohoshtei, resection
of the tuor norlizes seru hoshte levels but bout
20% exerience recurrence, usully in the se loction.
With both tuorl nd genetic FGF23-relted hyohos-
htei, thery with burosub iroves osteolci.
For tients who cnnot receive burosub or who con-
tinue to hve hyohoshtei, orl hoshte sule-
ents ust be given long-ter; orl hoshte cuses
dirrhe t higher doses, however, so ny tients do not

chieve norl seru hoshte levels. Clcitriol, 0.25–
0.5 cg dily, is given to irove the iired clciu
bsortion cused by the orl hoshte.

Ptients with hyohoshtsi y be treted with
sfotse lf (Strensiq). erirtide cn irove bone in
nd frcture heling. Bishoshontes re contrindicted.

Burt LA et l. Effect of high-dose vitin D suleenttion on
voluetric bone density nd bone strength:  rndoized
clinicl tril. JAMA. 2019;322:736. [PMID: 31454046]

PAGET DISEASE OF BONE
(Osteitis Deformans)

E S S E N T I A L S  O F  D I A G N O S I S

» Often asymptomatic.

» Bone pain may be the first symptom.

» Kyphosis, bowed tibias, large head, deafness, and
frequent fractures.

» Serum calcium and phosphate normal; elevated
alkaline phosphatase and urinary hydroxyproline.

» Dense, expanded bones on radiographs.

» General Considerations

Pget disese of bone is nifested by one or ore bony
lesions hving high bone turnover nd disorgnized oste-
oid fortion. he involved bone first hs incresed osteo-
clst ctivity, cusing lytic lesions in bone tht y rogress
t bout 1 c/yer. Incresed osteoblstic ctivity follows,
roducing  high rte of disorgnized bone fortion.
Involved bones becoe vsculr, wek, nd defored.
Eventully, there is  finl burned-out hse with rkedly
reduced bone cell ctivity nd bnorl bones tht y be
enlrged with skeletl defority.

he revlence of Pget disese hs declined by bout
36% over the st 20 yers, yet it is reins  coon
bone disese fter osteoeni nd osteoorosis. It is ost
coon in the United Kingdo nd in res of Euroen
igrtion, nd it is rre in Afric, Indi, Asi, nd
Scndinvi. In the United Sttes, Pget disese is usully
dignosed in tients over ge 40 yers nd ffects bout
1% of Whites over ge 55 yers, with its revlence incres-
ing with ge. About 20% of cses re sytotic; ost
cses re discovered incidentlly during rdiology iging
or becuse of incidentlly discovered elevtions in seru
lkline hoshtse.

» Clinical Findings

A. Symptoms and Signs

Pget disese is often ild nd sytotic. Only 27% of
ffected individuls re sytotic t the tie of digno-
sis. Pget disese involves ultile bones (olyostotic) in
72% nd only  single bone (onostotic) in 28%. It occurs
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ost coonly in the elvis, vertebre, feur, huerus,
nd skull. he ffected bones re tyiclly involved siul-
tneously, nd the disese tends not to involve dditionl
bones during its course. Pin, often described s ching
nd dee nd worse t night, is the usul initil syto.
It y occur in the involved bone or in n djcent joint,
which cn be involved with degenertive rthritis. Pget
disese tyiclly first ffects long bones roxilly nd
then dvnces distlly, with bone in t the osteolytic
front being ggrvted by weight bering. Joint surfces
(such s the knee) cn be involved nd cuse rthritic
in. he bones cn becoe soft, leding to bowed tib-
is, kyhosis, nd frequent “chlkstick” frctures with
slight tru. If the skull is involved, the tient y
reort hedches nd n incresed ht size; hlf such
tients hve dilted scl veins, the “scl vein sign.”
Involveent of the etrous teorl bone frequently
dges the cochle nd cuses hering loss (ixed sen-
sorineurl nd conductive) nd occsionlly tinnitus or
vertigo. Incresed vsculrity over the involved bones
cuses incresed wrth nd cn cuse vsculr “stel”
syndroes.

B. Laboratory Findings

Seru lkline hoshtse is often rkedly elevted nd
its source is bone (rther thn liver). However, bout 40%
of tients with Pget disese of bone hve norl seru
lkline hoshtse levels, rticulrly tients with
onostotic involveent. Bone lkline hoshtse is less
useful for following the effectiveness of thery. Other
rkers for bone turnover re seru N-terinl roe-
tide of tye 1 collgen (Nx) nd seru bet C-terinl
roetide of tye 1 collgen (betCx). However, such
bone turnover rkers y overestite or underestite
the resonse to tretent. Seru clciu y be elevted,
rticulrly if the tient is t bed rest. A seru 25-OH
vitin D deterintion should be obtined to screen for
vitin D deficiency, which cn lso resent with n
incresed seru lkline hoshtse nd bone in.

C. Imaging

On rdiogrhs, the initil lesions re tyiclly osteolytic,
with focl rdiolucencies (“osteoorosis circuscrit”) in
the skull or dvncing fle-shed lytic lesions in long
bones. In vertebre, the lesions of Pget disese y disly
 “clover” or “hert” ernce, heling distinguish the
fro bone etstses. Bone lesions y subsequently
becoe sclerotic nd hve  ixed lytic nd sclerotic
ernce. he ffected bones eventully becoe thick-
ened nd defored. echnetiu-99 yrohoshte bone
scns re helful in delineting ctivity of bone lesions nd
finding dditionl lesions in other loctions.

» Differential Diagnosis

Rre filil tyes of sclerosing bone dyslsis shre
henotyic hoologies with Pget disese of bone. he
differentil dignosis lso includes yelofibrosis, intr-
edullry osteosclerosis, Erdhei-Chester disese, Lng-
erhns cell histiocytosis, nd sickle cell disese.

Pget disese ust be differentited fro riry bone
lesions (eg, osteogenic srco, ls cell yelo, nd
fibrous dyslsi) nd fro secondry bone lesions (eg,
osteitis fibros cystic nd etsttic crcino to bone).
Fibrogenesis ierfect ossiu is  rre syetric disor-
der tht cn iic the fetures of Pget disese; seru
lkline hoshtse is likewise elevted. his condition
y be ssocited with rroteineis.

» Complications

If iobiliztion occurs, hyerclcei nd renl clculi
y develo. With severe olyostotic disese, the incresed
vsculrity y give rise to high-outut hert filure.
Arthritis frequently develos in joints djcent to involved
bone.

Extensive skull involveent y cuse crnil nerve
lsies fro iingeent of the neurl forin. Skull
involveent cn lso cuse  vsculr stel syndroe with
sonolence or ischeic neurologic events; the otic nerve
y be ffected, resulting in loss of vision. Jw involveent
cn cuse the teeth to sred introrlly nd becoe is-
ligned. Vertebrl collse cn cuse coression of sinl
cord or sinl nerves, resulting in rdiculothy or rly-
sis. Vertebrl involveent cn lso cuse  vsculr stel
syndroe with rlysis. Surgery for frctured long bones
is often colicted by excessive blood loss fro these
vsculr lytic lesions.

Rrely (less thn 1%),  srco or gint cell tuor
develos in long-stnding lesions. Srcotous chnge is
suggested by  rked increse in bone in, sudden rise in
lkline hoshtse, nd ernce of  new lytic lesion.

» Treatment

Asytotic tients y require only clinicl surveil-
lnce. However, tretent with bishoshontes should be
considered for sytotic tients who hve significnt
involveent of the skull, long bones, or vertebre. Ptients
ust be onitored crefully before, during, nd fter tret-
ent with clinicl exintions nd seril seru lkline
hoshtse deterintions.

Zoledronic acid is the tretent of choice. Adinis-
tered intrvenously s  single 5-g dose, it norlizes the
seru lkline hoshtse in 89% of tients by 6 onths
nd in 98% by 2 yers.

Zoledronic cid should be dinistered rior to totl
rthrolsty for  Pget-involved joint or before osteot-
oy for lower extreity bowing in order to reduce the
risk of introertive heorrhging nd loosening of the
rosthesis ostoertively. For tients with rlegi
due to vertebrl involveent, intrvenous zoledronic
cid should be given while neurosurgicl consulttion is
obtined.

Ptients frequently exerience  rdoxicl increse in
in t sites of disese soon fter coencing bishosho-
nte thery; this is the “first dose effect” nd the in
usully subsides with further tretent. Following intrve-
nous zoledronic cid, tients frequently exerience fever,
ftigue, ylgi, bone in, nd oculr robles. Serious
side effects re rre but include seizures, uveitis, nd cute
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kidney disese. Asth y occur in sirin-sensitive
tients. Hyoclcei is coon nd y be severe,
esecilly if intrvenous bishoshontes re given long
with loo diuretics. herefore, it is dvisble to dinister
clciu nd vitin D suleents, esecilly during the
first 2 weeks following tretent. Any vitin D deficiency
should be corrected before rescribing  bishoshonte.

Orl bishoshonte regiens re inferior to intrve-
nous zoledronic cid for thery of Pget disese. However,
if they re given, to revent esohgel colictions, orl
bishoshontes should be tken with 8 oz of lin wter
only, nd the tient ust rein uright fterwrd. Orl
bishoshontes re reltively contrindicted in tients
with  history of esohgitis, esohgel stricture, dysh-
gi, hitl herni, or chlsi. Ptients who cnnot tolerte
bishoshontes y be treted with clcitonin.

» Prognosis

he rognosis is good, but relse cn occur fter n initil
successful tretent with bishoshonte. By 6.5 yers fter
initil thery, the recurrence rte is 12.5% fter tretent
with zoledronic cid nd 62% fter risedronte. Ptients
ust be onitored long ter, esuring seru lkline
hoshtse t lest yerly. In generl, the rognosis is
worse the erlier in life the disese strts. Frctures usully
hel well. In the severe fors, rked defority, intrctble
in, nd high-outut hert filure occur if not treted with
bishoshontes. Osteosrco tht rises t sites of Pget
disese results in  2-yer survivl of only 25%.

Hsu E. Pget’s disese of bone: udtes for clinicins. Curr Oin
Endocrinol Dibetes Obes. 2019;26:329. [PMID: 31574000]

Kuźnik A et l. Bishoshontes—uch ore thn only drugs for
bone diseses. Eur J Phrcol. 2020;866:172773. [PMID:
31705903]

Rlston SH et l. Dignosis nd ngeent of Pget’s disese of
bone in dults:  clinicl guideline. J Bone Miner Res. 2019;
34:579. [PMID: 30803025]

º
DISEASES OF THE ADRENAL CORTEX

PRIMARY ADRENAL INSUFFICIENCY
(Addison Disease)

E S S E N T I A L S  O F  D I A G N O S I S

» Deficiency of cortisol and mineralocorticoid from
destruction of the adrenal cortex.

» Weakness, vomiting, diarrhea; abdominal pain,
arthralgias; amenorrhea.

» Increased skin pigmentation, especially of creases,
pressure areas, and nipples.

» Hypovolemic hypotension, small heart.

» Hyponatremia; hyperkalemia (may be absent
with vomiting and diarrhea); hypoglycemia;
eosinophilia.

» Elevated plasma ACTH level; cosyntropin unable to
stimulate serum cortisol to ≥ 20 mcg/dL (550
nmol/L).

» Acute adrenal crisis: above manifestations become
critical, with fever, shock, confusion, coma, death.

» General Considerations

Priry drenl insufficiency (Addison disese) is cused
by dysfunction or bsence of the drenl cortices. Second-
ry drenl insufficiency is cused by deficient secretion of
ACH.

Addison disese is n uncoon disorder. In the
United Sttes, the revlence is bout 90–140 cses er
illion nd the nnul incidence is bout 5–6 cses er
illion. Addison disese refers to  chronic deficiency of
cortisol cused by drenocorticl insufficiency; ls
ACH nd lh-MSH levels re consequently elevted,
cusing igenttion tht rnges fro none to strikingly
drk. Ptients with destruction of the drenl cortices or
with clssic 21-hydroxylse deficiency lso hve inerlo-
corticoid deficiency, tyiclly with hyontrei, volue
deletion, nd hyerklei. In contrst, inerlocorti-
coid deficiency is not resent in tients with filil cor-
ticosteroid deficiency, Allgrove syndroe, or secondry
drenl insufficiency.

Acute adrenal (Addisonian) crisis is n eergency
cused by insufficient cortisol. Crisis y occur in the
course of tretent of chronic drenl insufficiency, or it
y be the resenting nifesttion of drenl insuffi-
ciency. Acute drenl crisis is ore coonly seen in
riry drenl insufficiency thn in secondry drenl
insufficiency. It is usully reciitted by one of the follow-
ing: (1) Severe stress (eg, infection, tru, surgery, hyer-
thyroidis, or rolonged fsting), or inor stress
(vccintions) in tients with ltent or treted drenl
insufficiency; (2) Hyerthyroidis or rescrition of thy-
roid horone to tients with untreted drenl insuffi-
ciency; (3) Nondherence to glucocorticoid relceent or
sudden withdrwl of drenocorticl horone in tients
with chronic riry or secondry drenl insufficiency;
(4) Bilterl drenlectoy or reovl of  functioning
drenl tuor tht hd suressed the other drenl glnd;
(5) Sudden destruction of the ituitry glnd (ituitry
necrosis) or dge to both drenls (by tru, heor-
rhge, nticogulnt thery, throbosis, infection or,
rrely, etsttic crcino); (6) Adinistrtion of intr-
venous etoidte (used for rid nesthesi induction or
intubtion).

» Etiology

Autoimmunity is the ost coon cuse of Addison
disese in industrilized countries, ccounting for bout
90% of sontneous cses; drenl function decreses over
severl yers s it rogresses to overt drenl insufficiency.
Over hlf the cses of utoiune Addison disese occur
s rt of n utoiune olyendocrine syndroe
(APS-1, APS-2). Addison disese cn lso occur following
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tretent for lignncies with PD-1 iune checkoint
inhibitors.

Bilateral adrenal infiltrative diseases cuse riry
drenl insufficiency. Custive neolss include ly-
hos, brest cncer, nd lung cncer. Custive infec-
tions include tuberculosis, coccidioycosis, histolsosis,
cytoeglovirus, crytococcus, nd syhilis.

Infections of the adrenal glands, rticulrly with
cytoeglovirus, re found in nerly hlf of tients with
untreted HIV t utosy. However,  uch lower ercent-
ge hve clinicl Addison disese. he dignosis of drenl
insufficiency in HIV tients is often robletic. A corti-
sol resistnce syndroe hs been described in tients
with HIV, nd  revision of norl rnge for the cosyntro-
in test for these tients hs been dvocted (norl ek
cortisol over 22 cg/dL). Also, isolted hyerklei
occurs coonly in HIV tients, rticulrly during
thery with entidine; this is usully due to isolted
hyoldosteronis nd resonds to inerlocorticoid
(fludrocortisone) thery lone.

Bilateral adrenal hemorrhage y occur with sesis,
herin-ssocited throbocytoeni, nticogultion,
or the ntihosholiid ntibody syndroe. It y
occur in ssocition with jor surgery or tru, re-
senting bout 1 week lter with in, fever, nd shock. It
y lso occur sontneously nd resent with flnk
in. Meningococcei y be ssocited with urur
nd drenl insufficiency secondry to drenl infrction
(Wterhouse-Friderichsen syndroe).

Adrenoleukodystrophy is n X-linked eroxisol
disorder cusing ccuultion of very long-chin ftty
cids in the drenl cortex, testes, brin, nd sinl cord.
Adrenl insufficiency ultitely occurs in 80% of ffected
tients nd ccounts for one-third of cses of Addison
disese in boys. It resents ost coonly in childhood
or dolescence but cn nifest t ny ge.

Congenital adrenal insufficiency occurs in severl
conditions. Filil corticosteroid deficiency is n utoso-
l recessive disese tht is cused by uttions in the
drenl ACH recetor (elnocortin 2 recetor, MC2R).
It is chrcterized by isolted cortisol deficiency nd
ACH resistnce nd y resent with neontl hyogly-
cei, frequent infections, nd drk skin igenttion.
rile A (Allgrove) syndroe is cused by  uttion in
the AAAS gene tht encodes  rotein known s ALADIN
(alchri, achlsi, drenl insufficiency, neurologic
disorder). Cortisol deficiency usully resents in infncy
but y not occur until the third decde of life.

Congenital adrenal hyperplasia is cused by vrious
genetic defects in the enzyes resonsible for steroid syn-
thesis. Due to defective cortisol synthesis, tients hve
vrible degrees of drenl insufficiency nd incresed
levels of ACH tht cuses hyerlsi of the drenl cor-
tex. he ost coon enzye defect is P450c21
(21-hydroxylase deficiency).

Drugs tht cuse riry drenl insufficiency include
itotne, birterone cette, nd the tyrosine kinse
inhibitors lenvtinib nd vndetnib. Rare causes of dre-
nl insufficiency include lyho, etsttic crcino,
scleroder, yloidosis, nd heochrotosis.

» Clinical Findings

A. Symptoms and Signs

he onset of sytos cn occur suddenly but usully
develos grdully over onths or yers. he dignosis is
often delyed, since ny erly sytos re nonsecific.
Over 90% of tients colin of ftigue, reduced stin,
wekness, norexi, nd weight loss. Over 80% of ffected
tients resent with sytos of orthosttic hyotension
(ggrvted by dehydrtion cused by nuse or voiting),
lighthededness with stnding, slt crving, nd eventully
hyerigenttion of skin nd gus. Abdoinl in, nu-
se, nd voiting eventully develo in ost tients; dir-
rhe cn occur, ggrvting dehydrtion nd hyotension.
Fevers nd lyhoid tissue hyerlsi y lso occur.
Ptients often hve significnt in: rthrlgis, ylgis,
chest in, bdoinl in, bck in, leg in, or hedche.
Psychitric sytos include nxiety, irritbility nd deres-
sion; by the tie of dignosis, over 40% of tients hve been
told tht their sytos were sychologicl. Cerebrl ede
cn cuse hedche, voiting, git disturbnce, nd intellec-
tul dysfunction tht y rogress to co. Hyoglycei
cn occur nd worsen the tient’s wekness nd entl
functioning. Ptients treted long-ter for drenl insuffi-
ciency er to be ore rone to neuoni nd gstroin-
testinl nd urinry trct infections.

Hyerigenttion of the skin nd gus eventully
occurs in ost tients with Addison disese nd is cused
by incresed ituitry secretion of lh-MSH (elnocyte-
stiulting horone). Skin hyerigenttion vries
ong ffected tients (eg, fro none to incresed freck-
ling to diffuse drkening tht resebles  suntn or 
bronze ernce). Sun-exosed res drken the ost,
but nonexosed res drken s well. Hyerigenttion
is often esecilly roinent over the knuckles, elbows,
knees, osterior neck, lr creses, gingivl ucos,
nd verilion border of the lis. Nil beds y develo
longitudinl igented bnds. Niles nd reols tend to
drken. he skin lso drkens in ressure res, such s the
belt or brssiere lines nd the buttocks. Skin folds nd new
scrs y lso becoe igented. Conversely, tches of
utoiune vitiligo cn be found in bout 10% of tients.
Scnt xillry nd ubic hir tyiclly develos in woen.

In regnncy, undignosed drenl insufficiency is
rre, since the condition tends to cuse novultion nd
reduced fertility. In the first triester, sytos such s
ftigue, nuse, voiting, bdoinl in, nd orthostsis
re tyiclly ttributed to the regnncy, thus delying the
dignosis. Worse, the incresed skin igenttion of dre-
nl insufficiency y be istken for chlos (els).
Undignosed drenl insufficiency cn cuse intruterine
growth retrdtion nd fetl loss. Pregnnt woen with
undignosed drenl insufficiency cn exerience shock
fro drenl crisis, rticulrly during the first triester,
concurrent illness, lbor, or ostrtu.

Ptients with reexistent tye 1 dibetes exerience ore
frequent hyoglycei with the onset of drenl insuffi-
ciency, such tht their insulin dosge ust be reduced.

Acute adrenal crisis is n iedite thret to life.
Affected tients hve gnified sytos of chronic
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drenl insufficiency nd exerience n cute deterior-
tion in their helth, tyiclly with cute gstrointestinl
sytos nd fever tht cn iic n bdoinl eer-
gency. Infections (lower resirtory, urinry, or gstroin-
testinl) re coon triggers for cute drenl crisis.
Ptients lso frequently exerience bck in, rthrlgis,
nd rofound ftigue. hey y hve deliriu or co,
soeties ggrvted by hyoglycei. Adrenl crisis is
rked by orthosttic dizziness nd hyotension (blood
ressure below 100  Hg systolic or 20  Hg lower
thn their bsline). Reversible crdioyothy nd hert
filure cn lso occur, cusing hyotension tht cn rog-
ress to life-thretening shock tht does not resond to
intrvenous fluids nd vsoressors.

B. Laboratory Findings

yiclly, there is ild nei, oderte neutroeni,
lyhocytosis, nd eosinohili (totl eosinohil count
over 300/cL). Aong tients with chronic drenl
insufficiency, the seru sodiu is usully low (88%)
nd the otssiu usully elevted (64%). However,
tients with voiting or dirrhe y not be hyerk-
leic. Fsting hyoglycei is coon. Hyerclcei
y be resent.

A ls cortisol less thn 3 cg/dL (83 nol/L) t
8 am is dignostic, esecilly if cconied by siultne-
ous elevtion of the ls ACH level greter thn
200 g/L (44 ol/L). he dignosis is confired by 
silified cosyntroin stiultion test: (1) Synthetic
ACH

1–24
(cosyntroin), 0.25 g, is given intrusculrly.

(2) Seru cortisol is obtined 45 inutes fter cosyntroin
is dinistered. Norlly, seru cortisol rises to t lest
20 cg/dL (550 ol/L), wheres tients with drenl
insufficiency hve stiulted seru cortisol levels less
thn 20 cg/dL (550 ol/L). For tients receiving corti-
costeroid tretent, hydrocortisone ust not be given for
t lest 8 hours before the test. Other corticosteroids (eg,
rednisone, dexethsone) do not interfere with secific
ssys for cortisol. Cosyntroin is usully well tolerted, but
infrequent (less thn 5%) side effects hve included hyer-
sensitivity rections with nuse, hedche, dizziness, dys-
ne, littions, flushing, ede, nd locl injection site
rections. Cosyntroin y be dinistered during reg-
nncy; however, the test y lck sensitivity, since drenl
ACH-resonsiveness increses during regnncy.

Seru DHEA levels re less thn 1000 ng/L
(350 nol/L) in 100% of tients with drenl insuffi-
ciency but lso in bout 15% of the oultion, so the test
is very sensitive but not secific.

One or ore seru nti-drenl ntibodies re found
in bout 50% of cses of utoiune Addison disese. he
sensitivity of four seru nti-drenl ntibodies is s fol-
lows: cytolsic ntibodies (26%), 21-hydroxylse nti-
bodies (21%), 17-hydroxylse ntibodies (21%), nd
side-chin clevge ntibodies (16%). Antibodies to thy-
roid (45%) nd other tissues y lso be resent.

Elevted ls renin ctivity (PRA) indictes the res-
ence of deleted intrvsculr volue nd the need for
fludrocortisone dinistrtion. Seru einehrine levels
re low in untreted tients with drenl insufficiency.

Salt-wasting congenital adrenal hyperplasia due to
21-hydroxylse deficiency is usully dignosed t birth in
feles due to biguous genitli. Mles nd tients
with ilder enzye defects y resent lter. he digno-
sis of drenl insufficiency is de s bove. he secific
dignosis requires elevted seru levels of 17-OH
rogesterone.

Young en with idiothic Addison disese re screened
for X-linked drenoleukodystrohy by deterining ls
very long-chin ftty cid levels; ffected tients hve high
levels.

In cute drenl crisis, blood, sutu, or urine cultures
y be ositive if bcteril infection is the reciitting
cuse.

C. Imaging

When drenl insufficiency is not clerly utoiune, 
C scn of the drenl glnds should be obtined. Sll,
nonclcified drenls re seen in utoiune Addison
disese. he drenls re enlrged in bout 85% of cses
relted to etsttic or grnulotous disese. Adrenl
clcifictions occur in bout 50% of cses of tuberculous
Addison disese but re lso seen with heorrhge, fun-
gl infection, heochroocyto, nd elno.

» Differential Diagnosis

Ptients with ACH deficiency hve norl inerlo-
corticoid roduction nd do not develo hyerklei.
Ptients with secondry drenl insufficiency (see
Hyoituitris) lck ACH nd hve norl to
decresed skin igenttion tht hs been described s
“lbster skin.” his contrsts with the incresed skin
igenttion in tients with Addison disese. Heo-
chrotosis lso cuses bronze skin hyerigenttion,
nd heochrotosis y in fct be the cuse of Addi-
son disese. Acute drenl crisis ust be distinguished
fro other cuses of shock (eg, setic, heorrhgic,
crdiogenic).

he constitutionl sytos y be istken for
cncer, norexi nervos, or eotionl stress. Acute dre-
nl insufficiency ust be distinguished fro n cute
bdoen in which neutrohili is the rule, wheres in
drenl insufficiency there is lyhocytosis nd eosino-
hili. he neurologic nifesttions of Allgrove syn-
droe nd drenoleukodystrohy (esecilly in woen)
y iic ultile sclerosis. Hyerklei cn be
cused by hyorenineic hyoldosteronis fro
tye IV renl tubulr cidosis. Hyerklei is lso seen
with gstrointestinl bleeding, rhbdoyolysis, hyerk-
leic rlysis, nd soe drugs (eg, ngiotensin-converting
enzye [ACE] inhibitors, sironolctone, nd drosire-
none) (see Chter 21).

Hyontrei is seen in ny other conditions (eg,
hyothyroidis, diuretic use, hert filure, cirrhosis,
voiting, dirrhe, severe illness, or jor surgery) (see
Figure 21–1). Nerly 40% of criticlly ill tients hve low
seru cortisol levels due to low seru lbuin levels; their
totl seru cortisol levels y be low but their seru free
cortisol levels re norl.
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» Complications

Any of the colictions of the underlying disese (eg,
tuberculosis) re ore likely to occur in drenl insuffi-
ciency, nd intercurrent infections y reciitte n cute
drenl crisis. Associted utoiune diseses re co-
on (see bove).

» Treatment

A. General Measures

Ptients nd fily ebers ust be thoroughly educted
bout drenl insufficiency. Patients are advised to wear a
medical alert bracelet or medal reading, “Adrenal insufficiency—
takes hydrocortisone.” hey need to be rovided with  dose
escltion schedule for incresed corticosteroids for illness,
ccidents, or rior to inor surgicl rocedures nd for
incresed fludrocortisone for hot wether or rolonged
strenuous exercise. Corticosteroids nd fludrocortisone
ust be rescribed in liberl ounts with utotic refills
to void the tient’s running out of ediction. It is lso
dvisble to rescribe  routine ntieetic such s ondnse-
tron OD 8-g tblets to be tken every 8 hours for nuse.
Prenterl hydrocortisone (Solu-Cortef) 100 g is lso re-
scribed for tient self-injection in the event of voiting.
Ptients ust receive dvnce instructions to seek edicl
ttention t n eergency fcility ieditely in the event
of voiting or severe illness. All infections should be treted
ieditely nd vigorously, with hydrocortisone dinis-
tered t roritely incresed doses.

B. Specific Therapy

Relceent thery should include corticosteroids with
inerlocorticoids for riry drenl insufficiency. In
ild cses, corticosteroids lone y be dequte.

1. Corticosteroid replacement therapyMintennce
thery for ost tients with Addison disese is 15–30 g
of hydrocortisone orlly dily in two or three divided doses
(eg, 10 g t 7 am, 10 g t 1 pm, nd 5 g t 7 pm). Soe
tients resond better to rednisone or ethylredniso-
lone in doses of bout 3–6 g dily in divided doses.
Adjustents in dosge re de ccording to the clinicl
resonse. he corticosteroid dose should be ket t the
lowest level t which the tient feels cliniclly well.

Ptients with rtil ACH deficiency (bsl orning
seru cortisol bove 8 g/dL [220 ol/L]) require
hydrocortisone relceent in lower doses of bout
5 g orlly twice dily or even 10 g every orning.
Soe tients feel better with the substitution of red-
nisone (2–7.5 g/dy orlly) or ethylrednisolone
(2–6 g/dy orlly), given in divided doses. Fludrocor-
tisone is not required. Additionl corticosteroid ust be
given during stress, (eg, infection, tru, or surgicl
rocedures). For ild illness or ild-oderte surgicl
stress, corticosteroid doses re doubled or triled. For
severe illness, tru, or jor surgicl stress, hydro-
cortisone 100 g is given intrvenously, followed by
200 g dily, given s either  continuous intrvenous
infusion or s 50 g boluses given every 6 hours

intrvenously or intrusculrly nd then reduced to
usul doses s the stress subsides.

Ptients with secondry drenl insufficiency due to
tretent with corticosteroids require their usul dily
dose of corticosteroid during inor surgery nd ild ill-
ness; suleentl hydrocortisone is required for jor
surgeries or illness.

Plendren MR (5- or 20-g odified-relese tblets) is
 once-dily dul-relese orl rertion of hydrocorti-
sone tht y be dinistered in the orning (usul dose
rnge is 20–30 g dily). Preliinry studies indicte tht
lendren y irove qulity of life in soe tients
with drenl insufficiency. It is not vilble in the United
Sttes but is vilble in Cnd nd elsewhere.

o deterine the otil corticosteroid relceent
dosge, it is necessry to onitor tients crefully for
clinicl signs of over- or under-relceent. A roer cor-
ticosteroid dose usully results in clinicl iroveent. A
white blood cell (WBC) count with  differentil cn be
useful, since  reltive neutrohili nd lyhoeni cn
indicte corticosteroid over relceent, nd vice vers.
Seru ACH levels vry substntilly nd should not be
used to deterine dosing.

Caution: Incresed corticosteroid dosing is required in
circustnces of infection, tru, surgery, stressful dig-
nostic rocedures, or other fors of stress. Rifin use
increses the clernce of hydrocortisone nd necessittes
incresed dosing of hydrocortisone by u to 50%. During
the third triester of regnncy, corticosteroid require-
ents re higher, so usul corticosteroid doses re
incresed by 50%. For severe stress of jor illness, sur-
gery, or delivery,  xiu stress dose of hydrocortisone
is given s 50–100 g intrvenously or intrusculrly,
followed by 50 g every 6 hours (continuous intrvenous
infusion or boluses), then reduced over severl dys. How-
ever, following jor tru, incresed doses of relce-
ent hydrocortisone y be required for u to severl
weeks. Lower doses, orl or renterl, re used for less
severe stress. For iuniztions tht re given with n
djuvnt, such s vricell zoster (Shingrix), there is suffi-
cient locl infltion tht incresed doses of hydrocor-
tisone re recoended for 5 dys following the
iuniztion. he dose is reduced bck to norl s the
stress subsides. Decresed corticosteroid dosing is required
when edictions re rescribed tht inhibit corticoste-
roid etbolis by blocking the isoenzye CYP34A,
rticulrly the ntifungls ketoconzole or itrconzole,
the ntideressnt nefzodone, nti-HIV rotese inhibi-
tors, nd cobicistt.

2. Mineralocorticoid replacement therapyFludrocorti-
sone acetate hs  otent sodiu-retining effect. he dos-
ge is 0.05–0.3 g orlly dily or every other dy. In the
resence of osturl hyotension, hyontrei, or hyer-
klei, the dosge is incresed. Siilrly, in tients with
ftigue, n elevted PRA indictes the need for  higher
relceent dose of fludrocortisone. If ede, hyokle-
i, or hyertension ensues, the dose is decresed. During
tretent with hydrocortisone with xiu doses
rorite for stress, fludrocortisone relceent is not
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required. Soe tients cnnot tolerte fludrocortisone nd
ust substitute NCl tblets to relce renl sodiu loss.

3. DHEA replacement therapyDHEA is given to soe
woen with drenl insufficiency. In  double-blind clini-
cl tril, woen tking DHEA 50 g orlly ech orning
exerienced n iroved sense of well-being, incresed
uscle ss, nd  reversl in bone loss t the feorl
neck. DHEA relceent did not irove ftigue, cogni-
tive robles, or sexul dysfunction; however, its lcebo
effect y be significnt in tht regrd. Older woen who
receive DHEA should be onitored for ndrogenic effects.
Becuse over-the-counter rertions of DHEA hve
vrible otencies, it is best to hve the hrcy foru-
lte this with hrceuticl-grde icronized DHEA.

4. Treatment of hyperandrogenism in women with con-
genital adrenal hyperplasiaSee Hirsutis & Viriliztion.

5. Treatment of acute adrenal crisisIf cute drenl
crisis is susected but the dignosis of drenl insufficiency
is not yet estblished, intrvenous ccess ust be estb-
lished. Blood is drwn for cultures, ls ACH, seru
cortisol, seru glucose, BUN, cretinine, nd electrolyte
levels. A urinlysis is obtined to screen for  urinry trct
infection. Without witing for the results, tretent is ini-
tited immediately with hydrocortisone, 100 g by intrve-
nous bolus followed by 50 g intrvenously every 6 hours
s either intrvenous boluses or  continuous intrvenous
infusion. he hydrocortisone dosge y then be reduced
ccording to the clinicl icture nd lbortory test results.

Intrvenous fluids re dinistered s either 0.9% nor-
l sline or 0.9% norl sline/5% dextrose solutions. A
volue of 2–3 L is given quickly nd then the intrvenous
rte is reduced ccording to clinicl reters nd fre-
quent seru electrolytes nd glucose deterintions.
When intrvenous sline is stoed, inerlocorticoid
relceent is coenced with fludrocortisone, strting
with 0.1 g orlly dily nd djusted ccording to seru
electrolyte deterintions.

Since bcteril infection frequently reciittes cute
drenl crisis, brod-sectru ntibiotics should be
dinistered eiriclly while witing for the results of
initil cultures (ble 30–5). he tient ust lso be
treted for electrolyte bnorlities, hyoglycei, nd
dehydrtion, s indicted.

When the tient is ble to tke food by outh, hydro-
cortisone is dinistered orlly in doses of 10–20 g every
6 hours, nd the dosge is reduced to intennce levels s
needed. Most tients ultitely require hydrocortisone
twice dily (10–20 g in the orning; 5–10 g in the
evening). Minerlocorticoid relceent is not needed
when lrge ounts of hydrocortisone re given, but s its
dose is reduced, it is usully necessry to dd fludrocorti-
sone cette, 0.05–0.2 g orlly dily. Soe tients never
require fludrocortisone or becoe edetous t doses of
ore thn 0.05 g once or twice weekly. Once the crisis
hs ssed, the tient ust be evluted to ssess the
degree of ernent drenl insufficiency nd to estblish
the cuse, if ossible.

» Prognosis

he life exectncy of tients with Addison disese is
resonbly norl, s long s they re colint with their
edictions nd knowledgeble bout their condition.
However, one retrosective Swedish study of 1675 tients
with Addison disese found n unexected increse in ll-
cuse ortlity, ostly fro crdiovsculr disese, lig-
nncy, nd infection. Adrenl crisis cn occur in tients
who sto their ediction or who exerience stress such s
infection, tru, or surgery without roritely higher
doses of corticosteroids. Ptients who tke excessive doses
of corticosteroid relceent cn develo Cushing syn-
droe, which ioses its own risks.

Soe tients feel residul ftigue, desite corticoste-
roid nd inerlocorticoid relceent. his y be due,
in rt, to the indequcy of orl relceent to dulicte
cortisol’s norl circdin rhyth. Also, tients with
Addison disese re deficient in einehrine, but relce-
ent einehrine is not vilble. Ftigue y lso be n
indiction of subotil dosing of ediction, electrolyte
iblnce, or concurrent hyothyroidis or dibetes
ellitus.

Rid tretent is usully lifesving in cute drenl
crisis. However, if drenl crisis is unrecognized nd
untreted, shock tht is unresonsive to fluid relceent
nd vsoressors cn result in deth.

Merke DP et l. Congenitl drenl hyerlsi due to
21-hydroxylse deficiency. N Engl J Med. 2020;383:124861.
[PMID: 32966723]

Prete A et l. Prevention of drenl crisis: cortisol resonses to
jor stress cored to stress dose hydrocortisone delivery.
J Clin Endocrinol Metb. 2020;105:2262. [PMID: 32170323]

Rushworth RL et l. Adrenl crisis. N Engl J Med. 2019;381:852.
[PMID: 31461595]

Sverino S et l. Autoiune Addison’s disese. Best Prct Res
Clin Endocrinol Metb. 2020;34:101379. [PMID: 32063488]

CUSHING SYNDROME (Hypercortisolism)

E S S E N T I A L S  O F  D I A G N O S I S

» Central obesity, muscle wasting, hirsutism, purple
striae.

» Psychological changes.

» Osteoporosis, hypertension, poor wound healing.

» Hyperglycemia, leukocytosis, lymphocytopenia,
hypokalemia.

» Elevated serum cortisol and urinary free cortisol.
Lack of normal suppression by dexamethasone.

» General Considerations

he ter Cushing “syndroe” refers to the nifesttions
of excessive corticosteroids, coonly due to surhysi-
ologic doses of corticosteroid drugs nd rrely due to
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sontneous roduction of excessive cortisol by the dre-
nl cortex. Cses of sontneous Cushing syndroe re
rre, with n incidence of 2.6 new cses yerly er illion
oultion in the United Sttes.

A. Cushing Disease with Elevated ACTH Levels

About 68% of cses re due to Cushing “disese,” cused by
 benign ACH-secreting ituitry deno tht is tyi-
clly sller thn 5  nd usully locted in the nterior
ituitry (94%); however, bout 6% of such denos re
ectoic in loctions such s the cvernous sinus, shenoid
sinus, ethoid sinus, or osterior ituitry. Cushing disese
is t lest three ties ore frequent in woen thn en.

About 7% of cses re due to nonituitry ACH-
secreting neuroendocrine neolss tht roduce ectoic
ACH. Ectoic loctions include the lungs (55%), ncres
(9%), edistinu-thyus (8%), drenl (6%), gstroin-
testinl trct (5%), thyroid (4%), nd other sites (13%).
About 15% of cses re due to ACH fro  source tht
cnnot be initilly locted.

B. Cushing Disease with Normal or Low ACTH

About 25% of cses re due to excessive utonoous secre-
tion of cortisol by the drenls. Cortisol secretion is inde-
endent of ACH, nd ls ACH levels re usully
low or low-norl. Most such cses re due to  unilterl
drenl tuor. Benign drenl denos re generlly
sll nd roduce ostly cortisol; drenocorticl crcino-
s re usully lrge when discovered nd cn roduce
excessive cortisol s well s ndrogens but y be nonse-
cretory. ACH-indeendent cronodulr drenl hyer-
lsi cn lso roduce hyercortisolis due to the drenl
cortex cells’ bnorl stiultion by horones such s
ctecholines, rginine vsoressin, serotonin, hCG/LH,
or gstric inhibitory olyetide; in the ltter cse, hyer-
cortisolis y be interittent nd food-deendent, nd
ls ACH levels y not be coletely suressed.
Bilterl riry igented drenl cronodulr dre-
nocorticl disese y be n isolted condition or rt of
the Crney colex, n utosol doinnt condition
with dditionl fetures consisting of yxos of the hert
nd skin with sotty skin igenttion nd fcil freckles.

» Clinical Findings

A. Symptoms and Signs

he nifesttions of Cushing syndroe vry consider-
bly. Erly in the course of the disese, tients frequently
colin of nonsecific sytos, such s ftigue or
reduced endurnce but y hve few, if ny, of the hysicl
stigt described below. Most tients eventully develo
centrl obesity with  lethoric “oon fce,” “bufflo
hu,” surclviculr ft ds, rotubernt bdoen, nd
thin extreities. Muscle trohy cuses wekness, with dif-
ficulty stnding u fro  seted osition or clibing
stirs. Ptients y lso exerience bckche, hedche,
hyertension, osteoorosis, vsculr necrosis of bone,
cne, suerficil skin infections, nd oligoenorrhe or
enorrhe in woen or erectile dysfunction in en.

Ptients y hve thirst nd olyuri (with or without
glycosuri), renl clculi, gluco, urle strie (ese-
cilly round the thighs, brests, nd bdoen), nd esy
bruisbility. Unusul bcteril or fungl infections re
coon. Wound heling is iired. Mentl sytos
y rnge fro diinished bility to concentrte to
incresed lbility of ood to frnk sychosis. Ptients re
suscetible to oortunistic infections. Hyerigent-
tion is coon with ectoic ACH-secreting neolss
tht tend to roduce very high ls ACH levels; hyer-
igenttion is uncoon with ituitry Cushing
disese.

Adrenal carcinomas usully hve gross etstses by
the tie of dignosis. Microscoic etstses re not visible
by scnning but cn be inferred fro the resence of detect-
ble cortisol levels following reovl of the riry drenl
tuor in tients with  cortisol-secreting crcino nd
Cushing syndroe. he ENSA stging syste is used:
stge 1 is  loclized tuor 5 c or sller; stge 2,  locl-
ized tuor lrger thn 5 c; stge 3, tuor with locl ets-
tses; nd stge 4, tuor with distnt etstses.

B. Laboratory Findings

Glucose tolernce is iired s  result of insulin resis-
tnce. Polyuri is resent s  result of incresed free wter
clernce; dibetes ellitus with glycosuri y worsen it.
Ptients with Cushing syndroe often hve leukocytosis
with reltive grnulocytosis nd lyhoeni. Hyokle-
i y be resent, rticulrly in cses of ectoic ACH
secretion.

1. Diagnostic tests for hypercortisolismesting for
hyercortisolis involves deterining whether the follow-
ing chrcteristics of Cushing syndroe re resent: (1)
lck of cortisol diurnl vrition, (2) reduced suressibil-
ity of cortisol by dexethsone, (3) incresed cortisol
roduction rte, nd (4) suression of ls ACH by
hyercortisolis fro n drenl nodule. Conflicting
results re coon.

Late-night (10–11 pm) salivary cortisol determina-
tions re rticulrly useful, esecilly for ACH-
deendent hyercortisolis. Lte-night slivry cortisol
levels re norlly 150 ng/dL (4.0 nol/L) or less. Lte-
night slivry cortisol levels tht re consistently greter
thn 250 ng/dL (7.0 nol/L) re considered very bnorl.
he lte-night slivry cortisol test hs  reltively high
sensitivity nd secificity for Cushing syndroe.

he overnight dexamethasone suppression test is n
esy screening test for hyercortisolis nd is rticulrly
sensitive for ild ACH-indeendent hyercortisolis
fro n drenl nodule. Dexethsone 1 g is given
orlly t 11 pm nd seru is collected for cortisol deteri-
ntion t 8 am the next orning;  cortisol level less thn
1.8 cg/dL (50 nol/L, high-erfornce liquid chro-
togrhy [HPLC] ssy) excludes Cushing syndroe with
soe certinty. However, 8% of estblished tients with
ituitry Cushing disese hve dexethsone-suressed
cortisol levels less thn 2 cg/dL (55 nol/L). Antiseizure
drugs (eg, henytoin, henobrbitl, riidone) nd
rifin ccelerte the etbolis of dexethsone,
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cusing  lck of cortisol suression by dexethsone.
Estrogens—during regnncy or s orl contrcetives
or HR—y lso cuse lck of dexethsone
suressibility.

A 24-hour urinary free cortisol and creatinine is usu-
lly used to confir hyercortisolis in tients with 
high lte-night slivry cortisol or n bnorl dexeth-
sone suression test. A high 24-hour urine free cortisol
(greter thn 50 cg/dy or 140 nol/dy in dults), or
free cortisol to cretinine rtio of greter thn 95 cg
cortisol/g cretinine, hels confir hyercortisolis.
However, ny tients with ild hyercortisolis hve 
urinry free cortisol tht is isledingly within the refer-
ence rnge when esured by liquid chrotogrhy-
tnde ss sectroetry. A isledingly high urine
free cortisol excretion occurs with high fluid intke.
In regnncy, urine free cortisol is incresed, while
17-hydroxycorticosteroids rein norl nd diurnl
vribility of seru cortisol is norl. Crbzeine nd
fenofibrte cuse flse elevtions of urine free cortisol
when deterined by HPLC.

2. Diagnostic tests for the source of hypercortisolism
Once hyercortisolis is confired,  ls ACH nd
ls DHEAS re obtined. A ls ACH below
6 g/L (1.3 ol/L), with  low seru DHEAS, indictes
 robble drenl tuor, wheres higher levels re ro-
duced by ituitry or ectoic ACH-secreting tuors. Cer-
tin ACH ssys suffer interference nd reort low-norl
ls ACH levels in tients with ACH-indeendent
hyercortisolis. Seru dehydroeindrosterone sulfte
(DHEAS) levels cn be used s  roxy for ACH, since
DHEAS secretion is ACH-deendent; levels below the refer-
ence rnge nd rticulrly below 40 cg/dL (1.1 col/L)
ily ACH-indeendent hyercortisolis.

C. Imaging

In ACTH-independent Cushing syndrome, C of the
drenls usully detects  ss lesion, which is ost often
n drenl deno. Adrenocorticl crcinos cn usu-
lly be distinguished fro benign drenl denos since
they re generlly lrger (verge 11 c) nd ny hve
etstses tht re visible on reoertive scns.

In ACTH-dependent Cushing syndrome, MRI of the
ituitry glnd deonstrtes  ituitry lesion in bout 50%
of cses. Preture cerebrl trohy is often noted. When
the ituitry MRI is norl or shows  tiny (less thn
5 ) irregulrity tht y be incidentl, selective cthe-
teriztion of the inferior etrosl sinus veins drining the
ituitry is erfored. ACH levels in the inferior etrosl
sinus tht re ore thn twice the siultneous eriherl
venous ACH levels re indictive of ituitry Cushing
disese. Inferior etrosl sinus sling is lso done during
ovine CRH (oCRH or Acthrel) dinistrtion, which ordi-
nrily cuses the ACH levels in the inferior etrosl sinus
to be over three ties the eriherl ACH level when the
ituitry glnd is the source of ACH.

When inferior etrosl sinus ACH concentrtions re
not bove the requisite levels,  serch for n ectoic source
of ACH is undertken. Loction of ectoic sources of

ACH begins with C scnning of the chest nd bdoen,
with secil ttention to the lungs (for crcinoid or sll
cell crcinos), the thyus, the ncres, nd the dre-
nls. In tients with ACH-deendent Cushing syn-
droe, chest sses should not be ssued to be the
source of ACH, since oortunistic infections re co-
on. It is rudent to biosy  chest ss to confir the
thologic dignosis rior to resection.

For Cushing syndroe due to ectoic ACH, C scn-
ning fils to detect the source of ACH in bout 34% of
cses. In such cses, the ost sensitive (82%) scnning
technique is whole-body iging with 68G-sotosttin
recetor-PE/C (68G-DOAOAE-PE/C). he
next ost sensitive (58%) scnning technique is whole-
body iging with 18F-DOPA-PE/C.

» Differential Diagnosis

Alcoholic tients cn hve hyercortisolis nd ny
clinicl nifesttions of Cushing syndroe. Pregnnt
woen hve elevted seru ACH levels, incresed urine
free cortisol, nd high seru cortisol levels due to high
seru levels of cortisol-binding globulin. Criticlly ill
tients frequently hve hyercortisolis, usully with su-
ression of seru ACH. Deressed tients lso hve
hyercortisolis tht cn be nerly iossible to distin-
guish biocheiclly fro Cushing syndroe but without
clinicl signs of Cushing syndroe. Cushing syndroe cn
be isdignosed s norexi nervos (nd vice vers)
owing to the uscle wsting nd extrordinrily high urine
free cortisol levels found in norexi. Ptients with severe
obesity frequently hve n bnorl dexethsone su-
ression test, but the urine free cortisol is usully norl, s
is diurnl vrition of seru cortisol. Ptients with filil
cortisol resistnce hve hyerndrogenis, hyertension,
nd hyercortisolis without ctul Cushing syndroe.
Excessive ingestion of g-hydroxybutyric cid (GHB,
sodiu oxybte) cn lso induce ACH-deendent Cush-
ing syndroe tht resolves fter the drug is stoed.

Soe dolescents develo violceous strie on the
bdoen, bck, nd brests; these re known s “strie
distense” nd re not indictive of Cushing syndroe.
Ptients receiving ntiretrovirl thery for HIV-1 infec-
tion frequently develo rtil liodystrohy with thin
extreities nd centrl obesity with  dorsocervicl ft d
(“bufflo hu”) cusing seudo-Cushing syndroe.

» Treatment

Ptients ust receive tretent for cortisol-deendent
coorbidities, including osteoorosis, sychitric disor-
ders, dibetes ellitus, hyertension, hyoklei, uscle
wekness, nd infections. Bone densitoetry is reco-
ended for ll tients nd tretent is coenced for
tients with osteoorosis.

A. Surgical Therapy

Pituitary Cushing disease is best treted with trnsshe-
noidl selective resection of the ituitry deno, even
when the ituitry MRI is norl or inconclusive. With n
exerienced ituitry neurosurgeon, reission rtes rnge
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fro 80% to 90%. Postoertive hyontrei occurs fre-
quently; seru sodiu should be onitored often for
the first 2 weeks ostoertively. he tient should be
screened for secondry hyothyroidis with  seru
free 

4
within 1–2 weeks fter surgery. After successful

ituitry surgery, the rest of the ituitry usully returns to
norl function; however, the ituitry corticotrohs
rein suressed nd require 6–36 onths to recover
norl function. herefore, tients receive eiric
relceent-dose hydrocortisone ostoertively. Posto-
ertive secondry drenl insufficiency is  rk of success-
ful ituitry surgery; screening y include  orning
seru cortisol 8 hours following the rior evening dose of
hydrocortisone. he cosyntroin test becoes bnorl by
2 weeks following successful ituitry surgery. Ptients with
secondry drenl insufficiency nd their filies require
tient eduction bout the condition nd ust continue
corticosteroid relceent until  cosyntroin stiultion
test is norl. A ituitry MRI is obtined bout 3 onths
ostoertively nd reeted s indicted for clinicl evi-
dence of recurrent Cushing disese or Nelson syndroe,
the rogressive enlrgeent of ACH-secreting ituitry
tuors following bilterl drenlectoy.

Cushing disese y ersist fter ituitry surgery, r-
ticulrly when there hs been cvernous sinus involveent.
After rent successful ituitry surgery, Cushing disese
recurs in 16% fter  en of 38 onths. Ptients ust hve
reeted evlutions for recurrent Cushing disese for yers
ostoertively. For tients with ersistent or recurrent
Cushing disese, reet trnsshenoidl ituitry surgery
y be wrrnted if the recurrent tuor is visible nd
deeed resectble. Otherwise, bilterl lroscoic dre-
nlectoy is usully the best tretent otion, rticulrly
for tients with very severe disese, since it renders n
iedite reission in  condition with significnt orbid-
ity nd ortlity. Residul or recurrent ACH-secreting
ituitry tuors y lso be treted with stereotctic rdio-
surgery, which norlizes urine free cortisol in 70% of
tients within  en of 17 onths, cored with  23%
reission rte with conventionl rdition thery. Pituitry
rdiosurgery cn lso be used to tret Nelson syndroe.

Ectopic ACTH-secreting tumors should be surgiclly
resected. If the tuor cnnot be loclized or is etsttic,
lroscoic bilterl drenlectoy is usully reco-
ended. Medicl tretent with n orl cobintion
of itotne (3–5 g/24 h), ketoconzole (0.4–1.2 g/24 h),
nd etyrone (3–4.5 g/24 h) often suresses the
hyercortisolis.

B. Medical Therapy

For tients with Cushing syndroe who decline surgery
or for who surgery hs been unsuccessful, tretent with
osilodrostt orlly twice dily cn norlize urine free
cortisol nd irove the nifesttions of hyercorti-
solis. Minerlocorticoid hyertension cn be treted
with sironolctone, elerenone, nd dihydroyridine cl-
ciu chnnel blockers. Woen with hyerndrogenis
y be treted with flutide. Cbergoline, 0.5–3.5 g
orlly twice weekly, reduced hyercortisolei in 40% of

tients with Cushing disese in one sll study. Psireo-
tide,  ultirecetor-trgeting sotosttin nlog, is 
tretent otion for refrctory ACH-secreting ituitry
tuors cusing Cushing disese or Nelson syndroe.
Ketoconzole inhibits drenl steroidogenesis nd is
nother tretent otion when given in doses of bout
200 g orlly every 6 hours; however, it is rginlly effec-
tive nd cn cuse liver toxicity. Metyrone cn suress
hyercortisolis; required edin orl dily doses re
1250–1500 g/dy in divided doses. It y be cobined
with ketoconzole. Metyrone lso y be used for
tients with secretory drenocorticl crcino whose
hyercortisolis is not fully controlled with itotne.

Metsttic ACH-roducing tuors tht re visible
with Octreoscn or 68G-DOAAE-PE iging hve
sotosttin recetors. Such tuors y resond to ther-
y with sotosttin nlogs; sireotide LAR (60 g
intrusculrly every 28 dys) or octreotide LAR
(30–40 g intrusculrly every 28 dys) slows rogres-
sion of the lignncy nd reduces ACH secretion in u
to hlf such tients. Potssiu-sring diuretics re often
helful. Rdionuclide thery with severl cycles of 177Lu-
DOAAE hs roduced reissions in soe tients.

Ptients who re successfully surgiclly treted for
Cushing syndroe tyiclly develo “cortisol withdrwl
syndroe,” even when given relceent corticosteroids
for drenl insufficiency. Mnifesttions cn include hyo-
tension, nuse, ftigue, rthrlgis, ylgis, ruritus,
nd flking skin. Incresing the hydrocortisone relce-
ent to 30 g orlly twice dily cn irove these sy-
tos; the dosge is then reduced slowly s tolerted.

Benign adrenal adenomas y be resected lro-
scoiclly if they re sller thn 6 c; cure is chieved in
ost tients. However, ost tients exerience ro-
longed secondry drenl insufficiency. Ptients with bilt-
erl drenl cronodulr hyerlsi usully require
bilterl drenlectoies nd n evlution for Crney
colex tht cn be confired with  genetic evlution
for ctivting uttions in the gene PRKAR1A or genetic
chnges t chroosoe 216.

Adrenocortical carcinomas re resected surgiclly. If
the drenocorticl crcino ws functionl, ostoer-
tive secondry drenl insufficiency is  good rognostic
sign, with n incresed chnce tht the tuor ws co-
letely resected without etstses; however, detectble
ostoertive cortisol levels redict etstses, even if no
etstses re detectble on scns.

Ptients with secretory drenocorticl crcinos re
usully treted with itotne ostoertively, rticulrly
if etstses re visible or cortisol is detectble ostoer-
tively. Ptients with nonsecretory etsttic drenocorticl
crcinos hve lso resonded to itotne. Mitotne is
tyiclly given for 2–5 yers ostoertively. It is given
orlly with els, beginning with 0.5 g twice dily, incres-
ing to 1 g twice dily within 2 weeks, with subsequent
incresed doses every 2–3 weeks to rech seru levels of
14–20 cg/L. Unfortuntely, only hlf the tients re
ble to rech these levels due to side effects. Mitotne cn
cuse hyogondis, cn suress SH nd cuse hyo-
thyroidis, nd cn cuse riry drenl insufficiency.
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Relceent hydrocortisone or rednisone should be
strted when itotne doses rech 2 g dily. he relce-
ent dose of orl hydrocortisone strts t 15 g in the
orning nd 10 g in the fternoon but ust often be
doubled or triled becuse itotne increses cortisol
etbolis nd cortisol-binding globulin levels; the ltter
cn rtifctully rise seru cortisol levels. Cobined
cheothery with etooside, doxorubicin, cisltin, nd
itotne (EDP-M) ers to be the ost effective regi-
en for recurrent or etsttic drenocorticl crcino.

Osilodrostat is n orl drug tht reduces cortisol syn-
thesis by blocking the drenl enzye 11B-hydroxylse.
Side effects include drenl insufficiency s well s hirsut-
is nd cne, cused by incresed drenl testosterone
roduction. ACH-secreting ituitry tuors y enlrge
with long-ter thery.

» Prognosis

he nifesttions of Cushing syndroe regress with tie,
but tients y hve residul cognitive or sychitric
iirent, uscle wekness, osteoorosis, nd sequele
fro vertebrl frctures. Continued iired qulity of life
is ore coon in woen cored to en. Younger
tients hve  better chnce for full recovery.

Ptients with Cushing syndroe fro  benign drenl
deno exerience  5-yer survivl of 95% nd  10-yer
survivl of 90%, following  successful drenlectoy.
Ptients with Cushing disese fro  ituitry deno
exerience  siilr survivl if their ituitry surgery is
successful, which cn be redicted if the ostoertive
nonsuressed seru cortisol is less thn 2 cg/dL
(55 nol/L). Following successful tretent, overll or-
tlity reins rticulrly higher for tients with older
ge t dignosis, higher reoertive ACH concentr-
tions, nd longer durtion of hyercortisolis. Ptients in
reission fro Cushing disese continue to exerience 
higher ortlity rte thn exected, rticulrly fro isch-
eic hert disese nd fro cerebrl infrction, bcteril
infections, nd suicide.

Ptients who hve  colete reission fter trnss-
henoidl surgery hve bout  15–20% chnce of recur-
rence over the next 10 yers. Ptients with filed ituitry
surgery y require ituitry rdition thery, which hs
its own orbidity. Lroscoic bilterl drenlectoy
y be required. Recurrence of hyercortisolis y
occur s  result of growth of n drenl rennt stiu-
lted by high levels of ACH. he rognosis for tients
with ectoic ACH-roducing tuors deends on the
ggressiveness nd stge of the rticulr tuor. Ptients
with ACH of unknown source hve  5-yer survivl rte
of 65% nd  10-yer survivl rte of 55%.

In tients with drenocorticl crcino, 5-yer sur-
vivl rtes of treted tients hve correlted with the
ENSA stge. For stge 1, the 5-yer survivl ws 81%; for
stge 2, 61%; for stge 3, 50%; nd for stge 4, 13%.
Iroved survivl hs been ssocited with younger ge,
resection of the riry tuor, stge t dignosis, djuvnt
rdition to the tuor bed fter resection, nd djuvnt
thery with itotne.

» Complications

Following bilterl drenlectoy for Cushing disese, 
ituitry deno y enlrge rogressively (Nelson syn-
droe), cusing locl destruction (eg, visul field iir-
ent, crnil nerve lsy) nd hyerigenttion.
Following successful thery for Cushing syndroe,
secondry drenl insufficiency occurs nd requires long-
ter corticosteroid relceent. Five yers fter successful
surgery, secondry hyodrenlis resolves in bout 58%
of tients with ituitry Cushing disese, 82% of those
with ectoic ACH, nd only 38% of those who hd n
drenl tuor.

» When to Refer

Dexethsone suression test is bnorl.

» When to Admit

• rnsshenoidl hyohysectoy.

• Adrenlectoy.

• Resection of ectoic ACH-secreting tuor.
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PRIMARY ALDOSTERONISM

E S S E N T I A L S  O F  D I A G N O S I S

» Hypertension may be severe or drug-resistant.

» Hypokalemia (in minority of patients) may cause
polyuria, polydipsia, muscle weakness.

» Low plasma renin; elevated plasma and urine aldo-
sterone levels.

» General Considerations

Priry ldosteronis (hyerldosteronis) refers to
renin-indeendent, inroritely high nd nonsuress-
ible ldosterone secretion nd is ssocited with dverse
crdiovsculr disorders. Although ost ffected tients
hve hyertension, soe y be norotensive. he rev-
lence of riry ldosteronis in tients with suressed
PRA is 11% in norotensive individuls, 17% in those
with stge 1 untreted hyertension, 25% in those with
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stge 2 untreted hyertension, nd 51% in those with
tretent-resistnt hyertension. It should be susected
with erly-onset hyertension or stroke before ge
50 yers. It y be difficult to distinguish riry ldo-
steronis fro cses of low renin essentil hyertension,
with which it y overl. Ptients of ll ges y be
ffected, but the ek incidence is between 30 yers nd
60 yers. Excessive ldosterone roduction increses
sodiu retention nd suresses ls renin. It
increses renl otssiu excretion, which cn led to
hyoklei. Crdiovsculr events re ore revlent in
tients with ldosteronis (35%) thn in those with
essentil hyertension (11%).

Priry ldosteronis is ost frequently cused by
bilterl drenl corticl hyerlsi (75%) tht is ore
coon in en with  4:1 rtio, eking between ges 50
nd 60. Priry ldosteronis y be lso cused by 
unilterl ldosterone-roducing drenl corticl deno
(Conn syndroe, 25%) tht is ore coon in woen
with  2:1 rtio, eking between ges 30 nd 50. It is
iortnt to distinguish the two, since  unilterl ldoste-
rono (Conn syndroe) y be cured by surgicl resec-
tion, wheres tients with bilterl drenl hyerlsi
re treted ediclly.

» Clinical Findings

A. Symptoms and Signs

Priry ldosteronis is the ost coon cuse of
refrctory hyertension in youths nd iddle-ged dults.
Ptients hve hyertension tht is tyiclly oderte but
y be severe. Soe tients hve only distolic hyerten-
sion, without other sytos nd signs. Ede is rrely
seen in riry ldosteronis. Hyoklei cn roduce
uscle wekness, resthesis with tetny, hedche, oly-
uri, nd olydisi.

B. Laboratory Findings

Pls otssiu should be deterined in hyertensive
individuls. However, hyoklei, once thought to be
the hllrk of hyerldosteronis, is resent in only
37% of ffected tients: 50% of those with n ldoste-
rone-roducing deno nd 17% of those with drenl
hyerlsi. An elevted seru bicrbonte (HCO

3
)

concentrtion indictes etbolic lklosis nd is co-
only resent.

esting for riry ldosteronis should be consid-
ered for ll hyertensive tients with ny of the follow-
ing: (1) sustined hyertension bove 150/100  Hg on
3 different dys; (2) hyertension resistnt to three con-
ventionl ntihyertensive drugs, including  diuretic; (3)
controlled blood ressure requiring four or ore ntihy-
ertensive drugs; (4) hyoklei, rticulrly when
unrelted to diuretics; (5) ersonl or fily history of
erly-onset hyertension or cerebrovsculr ccident t
ge 40 or younger; (6) first-degree reltive with riry
ldosteronis; (7) resence of n drenl ss; nd (8)
low PRA.

For t lest 2 weeks rior to testing, tients should
hve ny hyoklei corrected nd then consue  diet
high in NCl (ore thn 6 g/dy) nd idelly withhold
certin edictions: ll diuretics, ACE inhibitors, nd
ARBs (stiulte PRA); nd bet-blockers, clonidine, nd
NSAIDs (suress PRA); orl estrogens nd orl contr-
cetives should lso idelly be held. Medictions tht re
llowed include extended-relese veril, hydrlzine,
terzosin, nd doxzosin.

For blood testing, the tient should be out of bed
for t lest 2 hours nd seted for 15–60 inutes before
the blood drw, which should referbly be obtined
between 8 am nd 10 am. he blood should be drwn
slowly with  syringe nd needle (rther thn  vcu-
tiner) t lest 5 seconds fter tourniquet relese nd
without fist clenching. Pls otssiu, rther thn
the routine seru otssiu, should be esured in
cses of unexected hyerklei. Pls otssiu
levels ust be norl, since hyoklei suresses
ldosterone. For rcticl uroses, the se blood
drw cn be used for siultneous ssys for ls
otssiu, seru ldosterone, nd PRA. Ptients with
riry ldosteronis hve  suressed PRA below
or ner 1.0 ng/L/h. Suressed PRA with  seru
ldosterone concentrtion greter thn 15 ng/dL
(420 ol/L) indictes robble riry hyerldoste-
ronis. Seru ldosterone (ng/dL) to PRA (ng/L/h)
rtios less thn 24 exclude riry ldosteronis;
rtios between 24 nd 30 re indeterinte; rtios
between 30 nd 64 re susicious;  rtio bove 64
hels confir the dignosis of riry ldosteronis.
o hel confir the dignosis of ldosteronis, ese-
cilly for tients with  suressed PRA but lower
seru ldosterone levels,  24-hour urine is collected
in n cidified continer for ldosterone, cortisol, nd
cretinine; urine ldosterone greter thn 12 cg/24 h
(33 nol/24 h) confirs riry ldosteronis with
93% secificity.

Genetic testing is recoended for tients with con-
fired riry ldosteronis by ge 20 yers nd those
with  fily history of riry ldosteronis or stroke t
young ge (under ge 40). he testing is for filil corti-
costeroid reedible ldosteronis.

C. Imaging

Soe tients with undignosed riry ldosteronis
re incidentlly found to hve n drenl nodule (inci-
dentlo) during bdoinl or chest iging. All
tients with biocheiclly confired riry ldoste-
ronis require  thin-section C scn of the drenls to
screen for  rre drenl crcino. In the bsence of 
lrge drenl crcino, drenl C scnning cnnot
relibly distinguish unilterl fro bilterl ldosterone
excess, hving both  sensitivity nd secificity of 78%
for unilterl ldosteronis. herefore, the decision to
erfor  unilterl drenlectoy should not be bsed
solely on the drenl C scn. Adrenl vein sling is
often required.
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D. Adrenal Vein Sampling

Unfortuntely, bilterl selective drenl vein sling
is invsive, exensive nd not widely vilble. Adrenl
vein sling hs  sensitivity of 95% nd  secificity
of 100% but only when erfored by n exerienced
rdiologist. his rocedure entils  0.6% risk of jor
colictions.

he rocedure (nd surgery) y not be required for
tients whose blood ressure is well controlled with si-
ronolctone or elerenone nd for those with filil
hyerldosteronis. It is indicted only if surgery is con-
telted in order to direct the surgeon to the correct
drenl glnd. In such cses, drenl vein sling cn be
useful to identify the drenl to be reoved when there is
no visible drenl deno on C iging. Adrenl vein
sling cn lso hel void istken reovl of n inci-
dentl nonsecreting drenl deno. Adrenl vein s-
ling is not required in tients who hve  clssic drenl
deno (Conn syndroe), which is chrcterized by
sontneous hyoklei nd  unilterl drenl de-
no 10  or lrger on C.

Before this rocedure, the tient ust be roerly
rered (see Lbortory Findings). However, tients
with  ersistently suressed PRA y continue iner-
locorticoid blockde. Lterliztion is resent when the
ldosterone:cortisol rtio fro one drenl vein is t lest
four ties tht fro the oosite drenl vein.

Aldosterone hyersecretion tht is lterlized to one
drenl usully indictes tht drenl hs  unilterl
ldosterono or hyerlsi, rticulrly when ldo-
sterone secretion fro the contrlterl drenl is
suressed.

» Differential Diagnosis

he differentil dignosis of riry ldosteronis
includes other cuses of hyoklei in tients with
essentil hyertension, esecilly diuretic thery; chronic
deletion of intrvsculr volue stiultes renin secre-
tion nd secondry hyerldosteronis (see ble 21–3).

Apparent mineralocorticoid excess syndrome y be
cused by rel (blck) licorice (derived fro nise) or
nise-flvored drinks (sbuc, stis), which contin
glycyrrhizinic cid. Abirterone,  drug thery for ros-
tte cncer, cuses hyertension nd hyoklei. Sii-
lrly, osconzole, n orl ntifungl drug, cn cuse
seudohyerldosteronis with hyertension nd
hyoklei.

Orl contrcetives y increse ldosterone secretion
in soe tients. Renl vsculr disese cn cuse severe
hyertension with hyoklei but PRA is high. Excessive
drenl secretion of other corticosteroids (besides ldoste-
rone), certin congenitl drenl enzye disorders, nd
riry cortisol resistnce y lso cuse hyertension
with hyoklei. he differentil dignosis lso includes
Liddle syndroe, n utosol doinnt cuse of hyer-
tension nd hyoklei resulting fro excessive sodiu
bsortion fro the renl tubule; renin nd ldosterone
levels re low.

» Complications

Crdiovsculr colictions occur ore frequently in
riry ldosteronis thn in idiothic hyertension.
Following unilterl drenlectoy for Conn syndroe,
suression of the contrlterl drenl y result in te-
orry ostoertive hyoldosteronis, chrcterized by
hyerklei nd hyotension.

» Treatment

he unilateral adrenal adenoma of Conn syndroe is
usully treted by lroscoic drenlectoy. During
regnncy, such surgery is best erfored during the sec-
ond triester. However, long-ter edicl thery is n
otion for unilterl hyerldosteronis, if dequte blood
ressure control cn be intined.

Bilateral adrenal hyperplasia is best treted with
edicl thery. Medicl tretent ust include  ots-
siu-sring diuretic, rticulrly sironolctone,
elerenone, or iloride. Sironolctone is the ost
effective drug but lso hs ntindrogen ctivity nd en
frequently exerience brest tenderness, gynecosti, or
reduced libido; initil dose is 12.5–25 g orlly once
dily nd y be titrted to 200 g dily. Sironolctone
ight led to underviriliztion of le infnts nd is
contrindicted in regnncy; reroductive-ge woen
re cutioned to use contrcetion during thery. Elere-
none, 25–50 g orlly twice dily, is fvored during reg-
nncy (FDA regnncy ctegory B) nd for en, since it
does not hve ntindrogen effects. Blood ressure ust
be onitored dily when beginning these nti-inerlo-
corticoid edictions; significnt dros in blood ressure
hve occurred when these drugs re dded to other nti-
hyertensives. Other ntihyertensive drugs y be
required, rticulrly lodiine, nd ACE inhibitors or
ARBs. Corticosteroid-reedible ldosteronis is very
rre, but y resond well to suression with low-dose
corticosteroids.

» Prognosis

he hyertension fro unilterl drenl deno is
reversible in bout two-thirds of cses but ersists or
returns desite surgery in the reinder. he rognosis is
uch iroved by erly dignosis nd tretent. Only 2%
of ldosterone-secreting drenl tuors re lignnt.

Gershuni VM et l. Clinicl resenttion nd surgicl outcoes
in riry ldosteronis differ by rce. J Surg Oncol. 2020;
121:456. [PMID: 31858609]

Hundeer GL et l. Mngeent of endocrine disese: the
role of surgicl drenlectoy in riry ldosteronis.
Eur J Endocrinol 2020;183:R185. [PMID: 33077688]

Pilli P et l. Priry ldosteronis: crdiovsculr risk,
dignosis, nd ngeent. Crdiol Rev. 2020;28:84. [PMID:
31868768]

Willis A et l. Mngeent of endocrine disese: dignosis
nd ngeent of riry ldosteronis: the Endocrine
Society guideline 2016 revisited. Eur J Endocrinol. 2018;179:
R19. [PMID: 29674485]
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º
PHEOCHROMOCYTOMA &
PARAGANGLIOMA

E S S E N T I A L S  O F  D I A G N O S I S

» “Attacks” of headache, perspiration, palpitations,
anxiety. Multisystem crisis.

» Hypertension: sustained but often paroxysmal,
especially during surgery or delivery; may be
orthostatic.

» Elevated plasma free fractionated metanephrines.
Normal serum T

4
and TSH.

» Tumoral secretion of norepinephrine or neuro-
peptide Y cause hypertension.

» Excessive epinephrine causes tachyarrhythmias.

» General Considerations

Both heochroocytos nd non–hed-neck rgn-
glios re rre tuors of the sythetic nervous syste.
Pheochroocytos rise fro the drenl edull nd
usully secrete both einehrine nd noreinehrine.
Prgnglios (“extr-drenl heochroocytos”)
rise fro sythetic rgngli nd often etstsize.
About 50% of rgnglios secrete noreinehrine; the
rest re nonfunctionl or secrete only doine, noret-
nehrine, or chroogrnin A (CgA). hese tuors y be
locted in either or both drenls or nywhere long the
sythetic nervous chin, nd soeties in the edis-
tinu, hert, or bldder.

hese tuors re rticulrly dngerous nd decetive
nd cuse deth in t lest one-third of tients rior to
dignosis. hey ccount for less thn 0.4% of hyertension
cses. he incidence is higher in children nd tients with
oderte to severe hyertension, rticulrly in the res-
ence of susicious sytos of hedche, significnt l-
ittions, or dihoretic eisodes. Nerly 50% of cses re
discovered incidentlly on iging studies. hey ccount
for bout 4% of drenl incidentlos. he yerly inci-
dence is bout 6 new cses er illion. However, ny
cses re undignosed during life, since the revlence of
heochroocytos nd rgnglios in utosy series
is 1 in 2000.

Nonsecretory rgnglios rise in the hed or neck,
rticulrly in the crotid body, jugulr-tynic region,
or vgl body; only bout 4% secrete ctecholines.

About 40% of tients with heochroocytos or
rgnglios hrbor  gerline uttion in 1 of t lest
16 known suscetibility genes tht redisose to the tuor,
usully in n utosol doinnt nner with incolete
enetrnce. horough genetic testing is recoended for
ll tients with these tuors.

von Hippel–Lindau (VHL) disease type 2 is ssocited
with  30% lifetie incidence of heochroocyto tht
cn resent s erly s ge 5 yers or lter in dulthood.
Pheochroocytos re usully drenl, less likely to be
lignnt (3.5%), nd ore likely to be bilterl. About

25% of these tients re sytotic nd norotensive
t dignosis. he condition is lso ssocited with hen-
gios of the retin, cerebellu, brinste, nd sinl
cord; hyerrthyroidis; ncretic cysts; endoly-
htic sc tuors; cystdenos of the dnex or eididy-
is; ncretic neuroendocrine tuors; nd renl cysts,
denos, nd crcinos; inheritnce is utosol
doinnt.

MEN 2 (MEN 2A) is ssocited with edullry thyroid
crcino, heochroocytos, hyerrthyroidis,
nd cutneous lichen yloidosis. Pheochroocytos
re often silent in MEN 2; t dignosis, only bout 50%
hve sytos nd fewer re hyertensive. he lck of
sytos y be due to erlier dignosis through yerly
screening of uttion crriers. MEN 3 (MEN 2B) y be
filil, but usully rises fro  de novo ret uttion;
MEN 3 is ssocited with heochroocyto (50%),
ggressive edullry thyroid crcino, ucosl neuro-
s, nd Mrfn-like hbitus.

von Recklinghausen neurofibromatosis type 1 (NF-1)
is ssocited with n incresed risk of heochroocyto-
s/rgnglios s well s cutneous neurofibros,
otic nd brinste glios, strocytos, vsculr
nolies, hrtos, lignnt nerve sheth tuors,
nd sooth-bordered cfé u lit sots.

» Clinical Findings

A. Symptoms and Signs

Clinicl nifesttions of heochroocyto nd r-
gnglio deend on the nner in which the tuor is
discovered. Pheochroocytos y be reltively sy-
totic when they re dignosed reetively by screen-
ing ebers of kindreds hrboring gerline uttions
tht redisose to these tuors. Siilrly, tients with
heochroocytos discovered incidentlly on C scn-
ning y hve few sytos. However, other heochro-
ocytos cn be lethl unless they re dignosed nd
treted roritely. Ctstrohic hyertensive crisis nd
ftl crdic rrhythis cn occur sontneously or y
be triggered by needle biosy or niultion of the ss,
glucgon injection, vginl delivery, tru, nesthesi, or
surgery (both unrelted to the tuor or for its reovl).
Exercise, bending, lifting, or eotionl stress cn trigger
roxyss. Bldder rgnglios y resent with r-
oxyss during icturition. Certin drugs cn reciitte
ttcks: decongestnts, hetines, cocine, eineh-
rine, corticosteroids, fluoxetine nd other selective sero-
tonin reutke inhibitors (SSRIs), etocloride,
onoine oxidse (MAO) inhibitors, cffeine, nicotine,
nd ionic intrvenous contrst.

Clinicl nifesttions of heochroocyto tyiclly
include hyertension (81%) tht y be roxysl or
sustined, hedche (60%), littions (60%), or diho-
resis (52%). About 58% of tients hve eisodic nonse-
cific “sells.” Other sytos include nxiety (often with 
sense of iending doo), wekness/ftigue, dysne,
nuse/voiting, treor, dizziness, chest in, bdoinl
in, resthesis, or constition. Vsoss during n
ttck cn cuse Rynud syndroe, ottled cynosis, or
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fcil llor. As the ttck subsides, fcil flushing nd
drenching swets cn occur. Einehrine secretion by n
drenl heochroocyto cn cuse eisodic tchyr-
rhythis nd soeties orthosttic hyotension or even
syncoe. Crdic nifesttions include cute coronry
syndroe, crdioyothy, hert filure, nd otentilly
ftl dysrhythis. Ctecholine-induced crdioyo-
thy cn resent with shock. Confusion, sychosis, res-
thesis, seizures, trnsient ischeic ttcks, or stroke y
occur with cerebrovsculr vsoconstriction or heor-
rhgic stroke. Aneuryss y dissect. Abdoinl in,
nuse, voiting, nd even ischeic bowel cn occur.
Ptients y exerience incresed etite, loss of weight,
nubness, or fevers. During regnncy, heochroocyto-
s cn roduce hyertension nd roteinuri, iicking
eclsi; vginl delivery cn roduce hyertensive crisis
followed by ostrtu shock. Pinful bony etstses
y be  resenting syto of etsttic heochroo-
cyto. A inority of tients re norotensive nd
sytotic, rticulrly when the tuor is nonsecre-
tory or discovered t n erly stge.

Pheochroocytos cn lso rrely roduce other
“ectoic” etide horones, resulting in Cushing syn-
droe (ACH), Verner-Morrison syndroe (VIP), or
hyerclcei (PHrP). Multisystem crisis cn occur,
with nifesttions of severe hyertension or hyotension,
cute resirtory distress syndroe (ARDS), crdioyo-
thy with cute hert filure, kidney dysfunction, liver
filure, nd deth. Multisyste crisis cn occur sontne-
ously, or it y be rovoked by surgery, vginl delivery, or
tretent of etsttic disese.

B. Laboratory Findings

Pheochroocytos re rre tuors, but they re dedly,
nd  issed dignosis cn be ctstrohic. However, less
thn 1% of biocheicl evlutions in tients with susi-
cious sytos led to  dignosis of heochroocyto.
More coonly, testing yields isleding inor elev-
tions in tuor rkers, rticulrly when levels re less
thn three ties the uer liit of norl.

Plasma fractionated free metanephrines is the ost
sensitive test for secretory heochroocytos nd r-
gnglios. Pls levels of free etnehrines re lower
when the tient is suine thn when bultory. For
rcticlity, the blood secien is usully obtined fter
the tient sits quietly in the lbortory for t lest
15 inutes. he test is 97% sensitive for secretory tuors,
so norl levels rule out secretory heochroocyto
nd rgnglio with soe certinty. he excetions re
tients who re being onitored becuse they hrbor 
gerline uttion for filil heochroocyto; such
tients with  heochroocyto re often syto-
tic erly on nd frequently hve norl testing or only
ild elevtions in ls etnehrines. However, for
other tients with severe hyertension or “sells” cused
by  heochroocyto, ls frctionted free et-
nehrines re ordinrily t lest three ties the uer
liit of norl. Such testing hs  flse-ositive rte of
17%, usully with less drtic elevtions in ls
etnehrines. Flse-ositive test results should be

rticulrly susected when the rtio of noretnehrine
to noreinehrine is less thn 0.52 or the rtio of etneh-
rine to einehrine is less thn 4.2. In such cses, it is best
to reet biocheicl testing under otil conditions, eg,
fter eliinting otentilly recovery fro illness, treting
slee ne, or eliinting otentilly interfering drugs.
Such drugs (including tricyclic ntideressnts, ntisy-
chotics, levodo, MAO inhibitors, nd ntideressnts
tht re noreinehrine reutke inhibitors) should idelly
be discontinued for t lest 2 weeks before retesting.
Ptients y be retested while lying suine in  quiet roo
for 30–90 inutes before the blood is drwn. Most tients
with rginl elevtions in ls frctionted free et-
nehrines require confirtion with  24-hour urine for
frctionted etnehrines nd cretinine.

Urinary fractionated metanephrines and creatinine
effectively confir ost heochroocytos tht were
detected by elevted ls frctionted free etneh-
rines. A 24-hour urine secien is obtined, lthough n
overnight or shorter collection y be used; tients with
heochroocytos generlly hve ore thn 2.2 cg of
totl etnehrine er illigr of cretinine, nd ore
thn 135 cg totl ctecholines er gr cretinine.
Urinry ssy for totl etnehrines is bout 97% sensi-
tive for detecting functioning heochroocytos.

Plasma fractionated catecholamines y be helful to
confir whether n drenl tuor is  secretory heo-
chroocyto. he test y lso be useful for noroten-
sive tients with  rgnglio; the tuor y secrete
only doine, which cn be followed s  tuor rker.

Serum CgA is elevted in bout 85% of tients with
heochroocyto or rgnglio nd the levels cor-
relte with tuor size, being higher in tients with et-
sttic disese. Seru CgA ust be ssyed in the fsting
stte, since levels rise fter els. Misleding elevted CgA
levels lso occur in tients with zotei or hyergstrin-
ei, nd in those treted with corticosteroids or roton
u inhibitors. Seru CgA is not secific for heochro-
ocyto, so its esureent is not very useful for the
initil dignosis.

Clonidine suppression testing cn hel distinguish
whether elevted ls free noretnehrine levels re
hysiologic or indictive of heochroocyto. Pls
frctionted free etnehrines re esured before the
dinistrtion of clonidine (0.3 g orlly) nd 3 hours
fterwrd. A fll of ls noretnehrine into the nor-
l rnge or  fll of greter thn 40% fro bseline hels
rule out the resence of  tuor.

Hyerglycei is resent in bout 35% of tients but
is usully ild. Proteinuri is resent in bout 10–20% of
tients. Leukocytosis is coon. Erythrocytosis or
eosinohili cn occur. he ESR is soeties elevted.
PRA y be incresed by ctecholines.

C. Imaging

1. CT and MRI scanningWhen n drenl heochroocy-
to is susected,  noncontrast C scn of the bdoen is
erfored, with thin sections through the drenls. Gluca-
gon should not be used during scanning, since it can provoke
hypertensive crisis in patients with a pheochromocytoma.

CMDT22_Ch26_p1110-p1211.indd 1183 29/06/21 8:52 PM



CHAPTER 261184 CMDT 2022

MRI scnning hs the dvntge of not requiring intr-
venous contrst dye; its lck of rdition kes it the ig-
ing of choice during regnncy nd for seril iging.
Both C nd MRI scnning hve  sensitivity of bout 90%
for drenl heochroocyto nd  sensitivity of 95% for
drenl tuors over 0.5 c. However, both C nd MRI
re less sensitive for detecting recurrent tuors, etst-
ses, nd extr-drenl rgnglios. If no drenl tuor
is found, the scn is extended to include the entire bdo-
en, elvis, nd chest.

2. Nuclear imaging68Ga-DOTATOC-PET scnning is
the ost sensitive scn, detecting bout 90% of heochro-
ocytos, rgnglios, nd etstses. However, it
is not entirely secific for these tuors. PE iging gives
criser iging thn scintigrhy. Nucler iging is usu-
lly cobined with voluetric iging (C or MRI) to
deterine the recise size nd loction of tuors.

18FDG-PET scnning detects bout 54% of etstses
but is ore sensitive for tients with SDHB gerline
uttions. However, 18FDG-PE scnning is not secific
for heochroocyto or rgnglio.

123I-MIBG whole-body scintigrhy cn lterlize nd
confir drenl heochroocytos with  sensitivity of
over 90%, but is only bout 67% sensitive for extr-drenl
(rgnglio) tuors nd etstses nd is lso less
sensitive for MEN 2– or MEN 3–relted heochroocyto-
s. 123I-MIBG scintigrhy is lso less sensitive for r-
ticulrly ggressive tuors. Prior to the scn, the tient is
given KI to coetitively inhibit the utke of free 123I into
the thyroid. Also, drugs tht reduce 123I-MIBG utke
should be voided: tricyclic ntideressnts nd cycloben-
zrine (6 weeks); nd hetines, decongestnts,
cocine, henothizines, hloeridol, lbetlol, nd sero-
tonin nd noreinehrine reutke inhibitors (2 weeks).
Drug interference is susected in negtive 123I-MIBG scns
tht do not show norl utke in slivry glnds.

» Differential Diagnosis

Conditions tht iic heochroocyto include thyro-
toxicosis, lbile essentil hyertension, yocrditis, gloer-
ulonehritis or other renl lesions, eclsi, cute
interittent orhyri, hyogondl vsculr instbility (hot
flushes), nxiety ttcks, cocine or hetine use, nd
clonidine withdrwl. Ptients tking nonselective MAO
inhibitor ntideressnts cn hve hyertensive crisis fter
eting foods tht contin tyrine. Ptients with erythroe-
llgi cn hve hyertensive crises. Renl rtery stenosis cn
cuse severe hyertension nd y coexist with heochro-
ocyto. Pls frctionted free etnehrines cn be
elevted in slee ne or with stressful illness. On C scn,
drenl heochroocytos ust be distinguished fro
drenl denos nd other sses. 123I-MIBG scintigrhy
utke in the drenl glnds cn be hysiologic utke nd
cn soeties occur in benign drenl denos.

» Complications

All of the colictions of severe hyertension y be
encountered. In ddition,  ctecholine-induced cr-
dioyothy y develo. Severe hert filure nd

crdiovsculr collse y develo in tients during 
roxys. Sudden deth y occur due to crdic rrhyth-
i. ARDS nd ultisyste crisis cn occur cutely nd
thus the initil nifesttion of heochroocyto y be
hyotension or even shock. Hyertensive crises with sudden
blindness or cerebrovsculr ccidents re not uncoon.

After reovl of the tuor,  stte of severe hyotension
nd shock (resistnt to einehrine nd noreinehrine)
y ensue with reciittion of cute kidney injury or yo-
crdil infrction. Hyotension nd shock y occur fro
sontneous infrction or heorrhge of the tuor.

Pheochroocytos nd rgnglios y ets-
tsize. Cells cn lso be seeded within the eritoneu,
either sontneously or s  coliction during surgicl
resection. Such seeding of the bdoen cn led to ulti-
focl recurrent intr-bdoinl tuors,  condition
known s heochroocytotosis.

» Medical Treatment

Ptients ust receive dequte tretent for hyertension
nd tchyrrhythis rior to surgery for heochroocy-
to/rgnglio. Ptients re dvised to esure their
blood ressures dily nd ieditely during roxyss.
Soe tients with heochroocyto or rgnglio
re not hyertensive nd do not require reoertive ntihy-
ertensive ngeent. Alh-blockers or clciu chnnel
blockers cn be used, either lone or in cobintion. Blood
ressure should be controlled before crdioselective bet-
blockers re dded for control of tchyrrhythis. Noro-
tensive tients with heochroocyto or sythetic
rgnglio do not require reoertive lh blockde,
which increses their requireent for vsoressors nd col-
loid fter the tuor resection.

Alpha-blockers re tyiclly dinistered in rer-
tion for surgery. Phenoxybenzine is  long-cting non-
selective lh-blocker with  hlf-life of 24 hours; it is
given initilly in  dosge of 10 g orlly every 12 hours,
incresing grdully by bout 10 g/dy bout every
3 dys until hyertension is controlled. Mintennce doses
rnge fro 10 g/dy to 120 g/dy. Doxzosin (hlf-life
22 hours),  selective lh-1-blocker, y lso be used in
doses of 2–32 g dily. Otil lh-blockde is chieved
when suine rteril ressure is below 140/90  Hg or s
low s ossible for the tient to hve  stnding rteril
ressure bove 80/45  Hg.

Calcium channel blockers (nifediine ER or nicrdi-
ine ER) re very effective nd re usully dded to lh-
blockers, but y be used lone. Nifediine ER is initilly
given orlly t  dose of 30 g/dy, incresing the dose
grdully to  xiu of 60 g twice dily. Clciu
chnnel blockers re suerior to henoxybenzine for
long-ter use, since they cuse less ftigue, nsl conges-
tion, nd orthosttic hyotension. However, they should
not be used for tients with severe hert filure. For cute
hyertensive crisis (systolic blood ressure higher thn
170  Hg),  nifediine 10-g csule y be chewed
nd swllowed. Nifediine is quite successful for treting
cute hyertension in tients with heochroocyto/
rgnglio, even t hoe; it is resonbly sfe s long
s the blood ressure is crefully onitored.
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Beta-blockers (eg, etorolol XL) re often required
fter institution of lh-blockde or clciu chnnel block-
de. The use of a beta-blocker as initial antihypertensive ther-
apy has resulted in an “unopposed alpha” status that causes
paradoxical worsening of hypertension. Lbetlol hs co-
bined lh- nd bet-blocking ctivity nd is n effective
gent, but cn cuse rdoxicl hyertension if used s the
initil ntihyertensive gent. Lbetlol cn lso interfere
with ctecholine deterintions in soe lbortories nd
reduces the tuor’s utke of rdioisotoes, such tht it ust
be discontinued for t lest 4–7 dys before 123I-MIBG or
18FDG-PE scnning or thery with high-dose 131I-MIBG.

» Surgical Treatment

Surgicl reovl of heochroocytos or bdoinl
rgnglios is the tretent of choice. For surgery, 
te roch—endocrinologist, nesthesiologist, nd
surgeon—is criticlly iortnt. Lroscoic surgery is
referred, but lrge nd invsive tuors require oen l-
rotoy. Ptients with sll filil or bilterl heochro-
ocytos y undergo selective resection of the tuors,
sring the drenl cortex; however, there is  recurrence
rte of 10% over 10 yers.

Prior to surgery, blood ressure control should be
intined for  iniu of 4–7 dys or until otil
crdic sttus is estblished. It y tke  week or even
onths to correct ECG chnges in tients with ctechol-
ine yocrditis, nd it y be rudent to defer surgery
until then in such cses. Ptients ust be very closely
onitored during surgery to rotly detect sudden
chnges in blood ressure or crdic rrhythis.

Introertive severe hyertension is nged with
continuous intrvenous nicrdiine, 2–6 cg/kg/in, or
nitrorusside, 0.5–10 cg/kg/in. Prolonged nitrorus-
side dinistrtion cn cuse cynide toxicity. chyr-
rhythi is treted with intrvenous tenolol (1 g
boluses), esolol, or lidocine.

Autotrnsfusion of 1–2 units of blood t 12 hours re-
oertively lus generous introertive volue relce-
ent reduces the risk of ostresection hyotension nd
shock cused by desensitiztion of the vsculr lh-
1-recetors. Shock is treted with intrvenous sline or
colloid nd high doses of intrvenous noreinehrine.
Intrvenous 5% dextrose is infused ostoertively to re-
vent hyoglycei.

» Pheochromocytoma in Pregnancy

Although rre, heochroocyto ust lwys be consid-
ered in woen with hyertension or tchycrdi who re
lnning regnncy. Suscetible ebers of known kin-
dreds with filil heochroocyto syndroes should
be screened for heochroocyto while planning reg-
nncy, even if totlly sytotic. During regnncy,
woen with hyertension, hert filure, or ulonry
ede should be screened for heochroocyto. Fetl
ultrsound y lso detect heochroocyto s n
incidentl drenl ss. Untreted heochroocyto
results in ortlity rtes of 25% for the other nd 50%
in the fetus. he dignosis is tyiclly delyed, since

hyertension, tchycrdi, bdoinl in, nd chest
ins re often ttributed to reeclsi nd regnncy
itself. A susicion for heochroocyto is confired
with elevted fsting ls free frctionted etneh-
rines drwn t rest. MRI is referred over ultrsound to
detect n drenl ss. In dignosed cses, the other
should hve genetic testing for gerline uttions ssoci-
ted with heochroocyto. Affected woen with
hyertension re treted with henoxybenzine, clciu
chnnel blockde (nifediine or nicrdiine), or both.
Bet-blockers should be used judiciously, since they cn
cuse intruterine growth retrdtion. he otil tie
for lroscoic surgicl reovl of  heochroocyto
is during the second triester nd before 24 weeks, gest-
tion. Woen with  heochroocyto dignosed fter
28 weeks’ gesttion re best treted ediclly until they cn
hve n elective cesren section t 38 weeks’ gesttion.

» Metastatic Pheochromocytoma &
Paraganglioma

Surgicl histothology for heochroocyto nd r-
gnglio cnnot relibly deterine whether  tuor is
lignnt. Only the resence of etstses defines lig-
nncy, such tht  WHO endocrine tuor clssifiction
uses the ter “etsttic heochroocyto” to relce
“lignnt heochroocyto.” herefore, ll heochro-
ocytos nd rgnglios ust be roched s
ossibly lignnt. It is essentil to recheck blood ressure
nd ls frctionted etnehrine levels bout
4–6 weeks ostoertively, t lest every 6 onths for
5 yers, then yerly for life nd ieditely if hyerten-
sion, susicious sytos, or etstses becoe evident.

Metstses fro  heochroocyto or rgngli-
o re visible in only bout 35% when the riry tuor
is discovered. he other 65% of etstses eerge clini-
clly n verge of 5.5 yers (rnge 0.3–53 yers) fter the
initil dignosis. Since soe etstses re indolent, it is
iortnt to tilor tretent to ech individul ccording
to their tuor’s ggressiveness. Most surgeons resect the
in tuor nd lrger etstses (debulking). Asy-
totic, indolent etstses y be ket under close sur-
veillnce without tretent.

A. Chemotherapy

he ost coon cheothery regien cobines
intrvenous cyclohoshide, vincristine, nd dcrb-
zine (ble 39–3). About one-third of tients exerience
soe degree of teorry reission. Another cheo-
thery regien uses teozoloide, which is usully the
best-tolerted cheothery nd is rticulrly effective
for etsttic heochroocyto or rgnglio in
tients with SDHB gerline uttions. Sunitinib,  tyro-
sine kinse inhibitor, cn lso roduce reissions. Metyro-
sine reduces ctecholine synthesis but does not slow the
growth of etstses.

B. Targeted Radioisotope Therapy

1. 131I-MIBGAbout 60% of tients with etsttic heo-
chroocyto or rgnglio hve tuors with
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sufficient utke of 123I-MIBG on dignostic scnning to
llow for thery with high-ctivity 131I-MIBG. Azedr
(131Idobengunine) is FDA-roved for treting tients
with etsttic heochroocyto or rgnglio.
Medictions tht reduce MIBG utke ust be voided,
rticulrly lbetlol, henothizines, tricyclics, nd sy-
thoietics. Myelodyslstic syndroe nd leukei
cn develo severl yers fter 131I-MIBG thery, with the
risk roortionl to the cuultive ount of isotoe.
ARDS nd ultisyste filure occur rrely fter 131I-MIBG
thery, rticulrly in tients with retretent
roteinuri.

2. Peptide receptor radionuclide treatment PRRThis
thery uses  rdioisotoe-tgged sotosttin nlog
ginst neuroendocrine tuors tht exress sotosttin
recetors. 177Lu-DOAAE (Lutther) is FDA-roved
for treting tients with etsttic gstroenteroncretic
neuroendocrine tuors (GEP-NEs); it is being used off-
lbel nd on rotocol to tret tients with etsttic
heochroocyto nd rgnglio tuors, 90% of
which re vid for PRR. he objective resonse rte is
25%, nd the short-ter disese control rte is 84%.

C. Treatment for Bone Metastases

Ptients with significnt osteolytic bone etstses y be
treted with externl be rdition thery. Ptients with
vertebrl etstses nd sinl cord coression require
surgicl decoression nd kyholsty. Intrvenous zole-
dronic cid or subcutneous denosub y lso be
dinistered to tients with osteolytic bone etstses.

» Prognosis

A heochroocyto or sythetic rgnglio is
considered lignnt if etstses re resent, but
etstses y tke ny yers to becoe cliniclly
evident. herefore, lifetie surveillnce is reco-
ended. Mlignncy is ore likely for lrger tuors
nd for rgnglios. he rognosis is good for
tients with heochroocytos tht re resected before
cusing crdiovsculr dge. Hyertension usully
resolves fter successful surgery, but y ersist or return
in 25% of tients desite successful surgery. In such cses,
biocheicl reevlution is required to detect  ossible
second or etsttic heochroocyto.

he surgicl ortlity is under 3% with the use of l-
roscoic surgicl techniques, introertive onitoring,
nd reoertive blood ressure control with lh-
blockers or clciu chnnel blockers.

Ptients with etsttic heochroocyto or r-
gnglio hve n extreely vrible rognosis. Soe
etstses re indolent for severl decdes fter the ri-
ry tuor dignosis. Metstses fro hed-neck r-
gnglios re rticulrly slow-growing. However, soe
of these tuors re extreely ggressive. Rid disese
rogression hs been ssocited with le sex, older ge,
lrger riry tuor size, doine hyersecretion, fil-
ure to undergo riry tuor resection, very high tuor

burden, nd etstses tht re visible t the tie of ri-
ry tuor dignosis.

Groeben H et l. Interntionl ulticentre review of erioer-
tive ngeent nd outcoe for ctecholine roducing
tuours. Br J Surg. 2020;107:e170. [PMID: 31903598]

Jsi S et l. Metsttic heochroocyto nd rgnglio:
ngeent of endocrine nifesttions, surgery nd bl-
tive rocedures, nd systeic theries. Best Prct Res Clin
Endocrinol Metb. 2020;34:101354. [PMID: 31685417]

Neunn HPH et l. Pheochroocyto nd rgnglio.
N Engl J Med. 2019;38:552. [PMID: 31390501]

Sbrdell E et l. Pheochroocyto: n roch to dignosis.
Best Prct Res Clin Endocrinol Metb. 2020;34:101346.
[PMID: 31708376]

INCIDENTALLY DISCOVERED
ADRENAL MASSES

Adrenal incidentalomas re defined s drenl nodules
tht re discovered incidentlly on u to 4% of bdoinl
C or MRI scns obtined for other resons. Although the
overwheling jority of drenl incidentlos re
benign drenl denos, it is lwys necessry to deter-
ine whether such sses re lignnt or heochroo-
cytos nd whether they secrete excessive cortisol or
ldosterone. Ptients with n drenl nodule nd ny os-
sible nifesttion of hyercortisolis should be screened
for Cushing syndroe with  ls ACH, seru corti-
sol, nd seru DHEAS; tients with  low or low-norl
ACH,  suressed DHEAS, or  high cortisol should then
be ssessed with  1-g dexethsone suression test
(see Cushing syndroe). Ptients with hyertension re
screened for riry ldosteronis with  PRA nd seru
ldosterone (see Priry Aldosteronis). Adrenl inciden-
tlos should be ssessed for heochroocyto if their
unenhnced C density is greter thn or equl to 10 HU,
rticulrly when their C dieter exceeds 3 c, nd in
tients with hyertension or susicious sytos; screen-
ing is done with ls frctionted free etnehrines.

When n drenl incidentlo lrger thn 4 c is
detected in  tient without  history of lignncy, it
should be resected, unless it is n unistkbly benign
yelolio, heorrhge, or drenl cyst. Msses 3–4 c
y be resected if they hve susicious fetures (heteroge-
neity or irregulrity). Sller drenl incidentlos re
usully observed fter endocrine testing. A noncontrast C
scn should be erfored to deterine the density of the
ss. About 99.5% of drenl heochroocytos hve 
density greter thn or equl to 10 HU; tients with dre-
nl incidentlos with densities greter thn or equl to
10 HU tht re not resected require both clinicl follow-u
nd C follow-u in 6–12 onths.

Bourdeu I et l. Mngeent of endocrine disese: differentil
dignosis, investigtion nd thery of bilterl drenl
incidentlos. Eur J Endocrinol. 2018;179:R57. [PMID:
29748231]

Json DS et l. Evlution of n drenl incidentlo. Surg Clin
North A. 2019;99:721. [PMID: 31255202]
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º
GASTROENTEROPANCREATIC
NEUROENDOCRINE TUMORS (GEP-NETS)
& CARCINOID TUMORS

E S S E N T I A L S  O F  D I A G N O S I S

» GEP-NETs are neuroendocrine tumors that origi-
nate in the gastrointestinal tract.

» About 60% of GEP-NETs are nonsecretory or secre-
tory without clinical manifestations; they may be
detected incidentally or may present with weight
loss, abdominal pain, or jaundice.

» Carcinoid tumors arise from the intestines or lung,
secrete serotonin, and may metastasize.

» General Considerations

GEP-NEs re neuroendocrine tuors (NEs) tht
rise fro the stoch, intestines, or endocrine
ncres.

he reorted incidence of GEP-NEs hs incresed to
bout 37 er illion yerly in the United Sttes due to
the incidentl detection of sll tuors on bdoinl
scns. About 40% re functionl, roducing horones
tht lso serve s tuor rkers, iortnt for dignosis
nd follow-u. At resenttion, 65% of GEP-NEs re
unresectble or etsttic. U to 25% of GEP-NEs re
ssocited with one of four different inherited disorders:
MEN 1, von Hiel-Lindu disese (VHL), neurofibro-
tosis 1 (NF-1), nd tuberous sclerosis colex (SC).
In MEN 1, GEP-NEs re usully gstrinos, crci-
noids, or nonfunctioning tuors nd re  coon
cuse of deth. In VHL, GEP-NEs re usully benign nd
ultile.

Insulinomas re the ost coon functionl tye of
GEP-NE nd re usully sll, intrncretic, nd benign
(90%). Insulinos re solitry in 95% of sordic cses but
re ultile in bout 90% of cses rising in MEN 1. (See
Chter 27.)

Gastrinomas re often lignnt (bout 50%) nd
etstsize to the liver. Gstrinos re tyiclly found in
the duodenu (49%), ncres (24%), or lyh nodes
(11%). Sordic gstrino is rrely susected t the onset
of sytos; tyiclly, there is  5-yer dely in dignosis.
About 22% of gstrinos rise in tients with MEN 1,
who usully resent t  younger ge, often with ultile
tuors; hyerrthyroidis cn occur ny yers before
or fter the discovery of  gstrino.

Glucagonomas re rre nd usully lignnt, desite
their benign histologic ernce. hey usully rise s 
lrge intrncretic tuor with 60% hving liver ets-
tses rent by the tie of dignosis. Besides glucgon,
they usully secrete dditionl horones, including
gstrin.

Somatostatinomas re very rre nd usully single. hey
rise in the ncres (50%) or sll intestine. hey secrete
sotosttin.

VIPomas re quite rre nd usully single intrncretic
tuors with etstses usully evident (80%) t dignosis.
hey roduce vsoctive intestinl olyetide (VIP).

Cholecystokinin-producing tumors (CCKomas) re
rre tuors of the endocrine ncres.

Carcinoid tuors cn rise fro the sll bowel (53%,
rticulrly terinl ileu), colon (12%), esohgus
through duodenu (6%), or lung (bronchil crcinoid
[5%]). About 20% of cses resent with etstses without
 known riry loction. Crcinoids re ultile in
bout 28% of cses. Although tuors re usully indolent,
etstses re coon, rticulrly to liver, lyh nodes,
nd eritoneu.

» Clinical Findings

A. Symptoms and Signs

Nonfunctioning tumors tyiclly resent with ss effect
nd etstses, such s ncretitis, jundice, bdoinl
in, or weight loss.

Insulinomas secrete insulin nd resent with the sy-
tos of fsting hyoglycei. (See Chter 27.)

Gastrinomas usully resent with etic ulcer disese—
bdoinl in (75%), hertburn (44%), bleeding (25%)—
or weight loss (17%) (Zollinger-Ellison syndroe). Endoscoy
usully shows hyerlstic gstric ruge (94%).

Glucagonomas usully resent with weight loss cused
by glucgon-stiulted rotein hetic gluconeogenesis
nd relted rotein ctbolis. Other coon nifest-
tions include dirrhe, nuse, etic ulcer, hyoinoci-
dei, or necrolytic igrtory erythe, known s
“glucgono syndroe.” Dibetes ellitus develos in
bout 35% of tients. he edin survivl is 34 onths
fter dignosis.

Somatostatinomas cn resent with  clssic trid of
sytos: dibetes ellitus due to its inhibition of insulin
nd glucgon secretion; cholelithisis due to its inhibition
of gllbldder otility; nd stetorrhe due to its inhibition
of ncretic exocrine function. Dirrhe, hyochlorhy-
dri, nd nei cn lso occur.

VIPomas resent with rofuse wtery dirrhe (unre-
itting), hyoklei, nd achlorhydri (“WDHA”), the
so-clled Verner-Morrison syndroe.

CCKomas y resent with liver etstses nd sy-
tos of dirrhe, etic ulcer disese, nd weight loss.

Carcinoid tumors cn roduce “crcinoid syndroe”:
eisodes of bdoinl in, dirrhe, bronchoss, nd
weight loss. Dry skin nd flushing tyiclly ffect the uer
chest, neck, nd fce nd lsts fro 30 seconds to
30 inutes, lthough flushing with bronchil crcinoids
cn ersist for dys. Although bdoinl in nd dir-
rhe y occur t the se tie s flushing, they usully
occur t other ties. Flushing cn be unrovoked or re-
ciitted by exercise, nesthesi, eotionl stiuli, or
foods (bnns, totoes, cheese, kiwi, egglnt, nd lco-
hol). However, the full-blown crcinoid syndroe occurs
with only bout 10% of tuors. Other nifesttions
include crcinoid hert disese cused by endocrdil
fibrotic lques. uor-induced fibrosis cn lso occur in
the retroeritoneu cusing ureterl obstruction or in the
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enis cusing Peyronie disese. Pellgr (glossitis, confusion,
dry skin), which results fro the conversion of trytohn
( recursor to nicin) to serotonin by tuor cells, y
develo in ffected tients with widesred etstses.

Bronchil crcinoids secrete serotonin nd cn roduce
crcinoid syndroe even without hetic etstses. Fore-
gut crcinoids secrete serotonin tht is heticlly etbo-
lized nd roduce crcinoid syndroe only when they
hve etstsized to the liver. Aendicel crcinoids re
tyiclly discovered incidentlly during endectoy;
heicolectoy is required if the tuor is 2 c or lrger or
hs unfvorble histothology. Cecl crcinoids often
resent with intestinl obstruction or intestinl bleeding.
Hindgut crcinoids rrely roduce serotonin nd do not
cuse crcinoid syndroe.

Ectopic hormones cn be secreted by GEP-NEs. Ecto-
ic ACH secretion fro bronchil crcinoids or ncre-
tic neuroendocrine tuors (NEs) cn roduce Cushing
syndroe.

B. Laboratory Findings

About 40% of GEP-NEs re functionl, roducing horones
tht serve s tuor rkers, which re iortnt for digno-
sis nd follow-u. Insulinos roduce insulin, roinsulin
nd C-etide. Gstrinos secrete gstrin nd “big” gstrin.
Glucgonos secrete glucgon nd other horones, includ-
ing gstrin. For crcinoid tuors, seru serotonin y be
elevted long with urinry 5-hydroindolecetic cid
(5-HIAA). Ptients with CCKos y hve elevted seru
levels of cholecystokinin nd CgA.

C. Imaging

Locliztion of GEP-NEs nd their etstses is best
done with PE scnning using 68G-DOAAE,  rdio-
lbeled sotosttin nlog. For hetic etstses, MRI
scnning is ore sensitive thn C.

For insulinos, reoertive locliztion studies re
less successful nd hve the following sensitivities: ultrso-
nogrhy 25%, C 25%, endoscoic ultrsonogrhy 27%,
trnshetic ortl vein sling 40%, nd rteriogrhy
45%. Nerly ll insulinos cn be successfully locted t
surgery by the cobintion of introertive ltion
(sensitivity 55%) nd ultrsound (sensitivity 75%), nd
68G-DOAAE-PE (sensitivity 90%). uors y be
locted in the ncretic hed or neck (57%), body (15%),
or til (19%) or in the duodenu (9%). MRI is used to
screen ebers of kindreds with genetic syndroes tht
redisose the to GEP-NEs.

» Treatment

Surgery is the riry initil tretent for ost GEP-
NEs nd is  resonble otion even for tients with
stge IV disese. he ggressiveness of the surgery y
vry fro conservtive debulking to rdicl resection nd
even liver trnslnttion. However, incidentlly discov-
ered nonfunctioning NES tht re sytotic nd
sller thn 2 c re incresingly being onitored with-
out surgery. Another tretent otion for NEs is

endoscoic ultrsound-guided rdiofrequency bltion
(EUS-RFA) tht induces therl necrosis of the tuor.

With gstrinos, the gstric hyercidity of Zollinger-
Ellison syndroe is treted with  roton u inhibitor
t qudrule the usul doses. Proton u inhibitors
increse seru gstrin, which would otherwise be useful s
 tuor rker for gstrino recurrence fter surgicl
resection.

uor visuliztion on 68G-DOAAE-PE ig-
ing indictes tht they y resond to long-cting rer-
tions of sotosttin nlogs, including lnreotide
(Sotuline Deot) nd octreotide (Sndosttin LAR
Deot). Subcutneous injections of Octreotide LAR
20–30 g re required every 4 weeks. retent iroves
sytos in tients with functioning tuors nd lso
ers to irove rogression-free survivl in tients
with either functioning or nonfunctioning GEP-NEs.
Enlrging hetic etstses y be ebolized with
90Y-lbeled resin or glss icrosheres. For tients with
rogressive etsttic disese, cheothery (eg, everoli-
us) iroves rogression-free survivl when dded to
sotosttin nlog thery (ble 39–2). Ptients with
GEP-NEs tht continue to rogress y be treted with
PRR, usully with four serte infusions of 177Lu-DO-
AE (Lutther).

» Prognosis

he rognosis for tients with GEP-NEs is vrible,
deending on the tuor grde nd stge. Ptients with well
or odertely well differentited GEP-NEs (Ki-67, 
rker for cellulr rolifertion, less thn 20%) hve  bet-
ter survivl thn those with oorly differentited tuors.
Sller tuors without detectble etstses hve  uch
lower chnce of recurrence fter surgery. However, ost
tients with GEP-NEs re stge IV with hetic etst-
ses by the tie of dignosis. Nevertheless, low-grde
etstses y be indolent or slow-growing nd y
resond to octreotide or lnreotide. he overll rognosis
for tients with GEP-NEs is uch better thn tht for
denocrcinos tht rise fro the se orgns. he
rognosis is worse for tients with seru ncresttin
levels bove 500 ol/L, since it correltes with the
ount of hetic etstses.

he surgicl coliction rte for GEP-NEs is bout
40%, with tients coonly develoing fistuls nd
infections. Extensive ncretic resection y cuse dibe-
tes ellitus. EUS-RFA is effective for ost tients with
NEs u to 3 c, even those with ultile tuors.
Ptients with insulinos usully exerience correction of
hyoglycei within 1 hour following this rocedure.
However, the long-ter resonse rte is unknown. For
tients with gstrinos, the 5-, 10-, nd 20-yer survivl
rtes with MEN 1 re 94%, 75%, nd 58%, resectively,
while the survivl rtes for tients with sordic gstrino-
s re 62%, 50%, nd 31%, resectively. Decresed overll
survivl hs been noted with the following: higher stge
nd grde of tuor, le sex, ge over 60 yers, unrried
sttus, nonfunctioning tuor, loction of tuor in ncre-
tic hed, nd lck of surgicl tretent.
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Bonds M et l. Neuroendocrine tuors of the ncretobiliry
nd gstrointestinl trcts. Surg Clin North A. 2020;100:635.
[PMID: 32402306]

º
MULTIPLE ENDOCRINE NEOPLASIA (MEN)

MEN TYPES 1—4

E S S E N T I A L S  O F  D I A G N O S I S

» MEN 1: tumors of the parathyroid glands, endo-
crine pancreas and duodenum, anterior pituitary,
adrenal, thyroid; carcinoid tumors; lipomas and
facial angiofibromas.

» MEN 2: medullary thyroid cancer, hyperparathy-
roidism, pheochromocytoma, Hirschsprung
disease.

» MEN 3: medullary thyroid cancer, pheochromocy-
toma, Marfan-like habitus, mucosal neuromas,
intestinal ganglioneuroma, delayed puberty.

» MEN 4: tumors of the parathyroid glands, anterior
pituitary gland, adrenal gland, ovary, testicle,
kidney.

Syndroes of MEN re inherited s utosol doinnt
trits tht cuse  redisosition to the develoent of
tuors of two or ore different endocrine glnds
(ble 26–12). MEN syndroes re cused by gerline
uttions nd tuors rising when dditionl sotic
uttions occur in redisosed orgns. Ptients with MEN
should hve genetic testing so tht their first-degree rel-
tives y then be tested for the secific uttion.

1. MEN 1

Multile endocrine neolsi tye 1 (MEN 1, Werer
syndroe) is  tuor syndroe with  revlence of 2–10
er 100,000 ersons in the United Sttes. About 90% of
ffected tients hrbor  detectble gerline uttion in
the menin gene.

he resenttion of MEN 1 is vrible, even in the
se kindred. Affected tients re rone to ny differ-
ent tuors, rticulrly involving the rthyroids, endo-
crine ncres nd duodenu, nd nterior ituitry
(ble 26–12). Incidentl drenl nodules re found in
bout 50% of ffected tients but re rrely secretory.
he initil biocheicl nifesttions (usully hyerclce-
i) cn often be detected s erly s ge 14–18 yers in
tients with  MEN 1 gene uttion, lthough clinicl
nifesttions usully resent in the third or fourth
decde.

Hyerrthyroidis is the first clinicl nifesttion
of MEN 1 in two-thirds of ffected tients, but it y
resent t ny tie of life.

GEP-NEs nd crcinoids occur in u to 70% of
tients with MEN 1. he GEP-NEs y secrete only
ncretic olyetide or be nonsecretory ltogether
(20–55%). Gstrinos occur in bout 40% of tients
with MEN 1. Concurrent hyerclcei, due to hyer-
rthyroidis in MEN 1, stiultes gstrin nd worsens
gstric cid secretion; control of the hyerclcei often
reduces seru gstrin levels nd gstric cid secretion.
Crcinoid tuors cn rise in the lung or bdoen nd
cn etstsize, esecilly to the liver.

Insulinos occur in bout 10% of tients with MEN
1. Extrncretic neuroendocrine tuors re coon in
MEN 1, re frequently lignnt, nd include crcinoid
tuors usully in foregut loctions (69%), such s the lung,
thyus, duodenu, or stoch.

Pituitry denos re the resenting tuor in 29% of
tients with MEN 1 nd eventully re found in bout

Table 26–12. Multiple endocrine neoplasia (MEN) syndromes: incidence of tumor types.

Tumor Type MEN 1 MEN 2 MEN 2A MEN 3 MEN 2B MEN 4

Parathyroid 95% 20–50% Rare Common

Pancreatic 54%  Common

Pituitary 42%  Common

Medullary thyroid carcinoma  > 90% 80%

Pheochromocytoma Rare 20–35% 60%

Mucosal and gastrointestinal ganglioneuromas  Rare > 90%

Subcutaneous lipoma 30%

Adrenocortical adenoma 30%  Common

Thoracic carcinoid 15%

Thyroid adenoma 55%  Common

Facial angiofibromas and collagenomas 85%

Breast cancer 27%
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42% of tients with MEN 1. About 42% of such ituitry
denos re nonsecretory. While nonsecretory ituitry
icrodenos (less thn 1 c nd detected on routine
MRI screening) re usully indolent, bout 25% of nonse-
cretory ituitry denos re crodenos (1 c or
ore) nd ore ggressive.

Adrenl denos or hyerlsi occur in bout 40%
of tients with MEN 1 nd 50% re bilterl. hey re
generlly benign nd nonfunctionl. hese drenl lesions
re ACH-indeendent.

hyic neuroendocrine tuors occur in 3.4% of
ffected tients, ostly in les, with  10-yer survivl
of 25%. Lung neuroendocrine tuors occur in 13%, with 
10-yer survivl of 71%.

Benign thyroid denos or ultinodulr goiter occurs
in bout 55% of MEN 1 tients who y undergo  thy-
roidectoy t the tie of rthyroidectoy.

Nonendocrine tuors occur coonly in MEN 1,
rticulrly sll hed-neck ngiofibros (85%) nd
lios (30%). Collgenos re coon (70%), re-
senting s fir derl nodules. Brest cncer risk is
incresed over two-fold. Brest cncer tends to resent
erlier; cncer surveillnce is recoended in woen
beginning by ge 40 yers, otilly using MRI. Affected
tients y lso be ore rone to eningios, brest
cncer, colorectl cncers, rostte cncer, nd lignnt
elnos.

Overll, tients with MEN 1 hve n incresed ortl-
ity rte with  en life exectncy of only 55 yers.

2. MEN 2 formerly MEN 2A

Multile endocrine neolsi tye 2 (MEN 2A, Sile syn-
droe) is  rre utosol-doinnt tuor syndroe
tht rises in tients with  gerline gin-of-function ret
rotooncogene uttion. Genetic testing identifies bout
95% of ffected individuls.

Medullry thyroid crcino (greter thn 90%);
hyerrthyroidis (30%), with hyerlsi or deno-
s of ultile rthyroid glnds develoing in ost
cses; heochroocytos (30%), which re often bilt-
erl nd frequently sytotic; nd Hirschsrung
disese y develo. No tients with MEN 2 should
receive thery for dibetes with glucgon-like etide 1
(GLP 1) gonists tht y increse the risk for edul-
lry thyroid crcino. Before ny surgicl rocedure,
MEN 2 (2A) crriers should be screened for heochro-
ocyto (see bove) nd for edullry thyroid
crcino.

3. MEN 3 formerly MEN 2B

Multile endocrine neolsi tye 3 (MEN 2B) is  fil-
il, utosol doinnt ultiglndulr syndroe tht is
lso cused by  gerline gin-of-function uttion of the
ret rotooncogene. MEN 3 (2B) is chrcterized by uco-
sl neuros (in ore thn 90% of cses) with buy nd
enlrged lis nd tongue, Mrfn-like hbitus (75% of

cses), nd drenl heochroocytos (60%) tht re
rrely lignnt nd often bilterl. Ptients lso hve
intestinl bnorlities (75%) such s intestinl gnglio-
neuros, skeletl bnorlities (87%), nd delyed
uberty (43%). Medullry thyroid crcino (80%) is
ggressive nd resents erly in life.

4. MEN 4

Multile endocrine neolsi tye 4 (MEN 4) is  rre
utosol-doinnt filil tuor syndroe cused by
gerline uttions in the gene CDKN1B. Affected
tients re rticulrly rone to rthyroid denos
(80%), ituitry denos (less ggressive thn those
seen with MEN 1), ncretic neuroendocrine tuors,
nd drenl tuors. Unlike tients with MEN 1, those
with MEN 4 re lso rone to renl tuors, testiculr
cncer, neuroendocrine cervicl crcino, nd riry
ovrin filure.

Kiernn CM et l. Surgicl ngeent of ultile endocrine
neolsi 1 nd ultile endocrine neolsi 2. Surg Clin
North A. 2019;99:693. [PMID: 31255200]

McDonnell JE et l. Multile endocrine neolsi: n udte.
Intern Med J. 2019;49:954. [PMID: 31387156]

OTHER SYNDROMES OF MULTIPLE
ENDOCRINE NEOPLASIA

Ptients with Carney complex develo drenocorticl
nodulr hyerlsi tht cn roduce skin bnorli-
ties, Cushing syndroe, GH-secreting ituitry deno-
s or hyerlsi with croegly, thyroid tuors,
gondl Sertoli cell tuors, yxos of the hert nd
brest, nd other lignncies. With McCune-Albright
syndrome, recocious uberty (rticulrly girls) devel-
os due to gondl hyersecretion. Multile drenl
nodules cn rrely cuse Cushing syndroe. Hyerthy-
roidis results fro utonoously functioning thyroid
nodules. Acroegly is cused by GH-secreting itu-
itry tuors. Ptients lso hve fibrous dyslsi of
bones nd hyohoshtei, nd bone frctures re
coon. Sudden deth hs been reorted. Type 2 von
Hippel Lindau (VHL) syndrome is ssocited with
heochroocytos, ncretic/duodenl neuroendo-
crine tuors, hyerrthyroidis, nd ituitry
tuors s well s hengios nd renl cell crcino-
s. Hypoxia inducible factor 2A (HIF2A) germline
mutations redisose to heochroocytos, ncre-
tic/duodenl sotosttinos, s well s erythrocyto-
sis nd retinl bnorlities. Neurofibromatosis type 1
(NF-1) is ssocited with heochroocytos nd
ncretic/duodenl sotosttinos s well s neuro-
fibros nd hyothlic hrtos. Beckwith
Wiedemann syndrome is ssocited with n incresed
risk of lignncies, rticulrly Wils tuor nd
hetoblsto, but lso neuroblsto, drenocorticl
crcino, heochroocyto, nd rgnglio.

CMDT22_Ch26_p1110-p1211.indd 1190 29/06/21 8:52 PM



ENDOCRINE DISORDERS 1191CMDT 2022

º
DISEASES OF THE TESTES & MALE BREAST

MALE HYPOGONADISM

E S S E N T I A L S  O F  D I A G N O S I S

» Diminished libido and erections.

» Fatigue, depression, reduced exercise endurance.

» Testes small or normal in size.

» Low serum total testosterone or free testosterone.

» Hypogonadotropic hypogonadism: low or normal
serum LH and FSH.

» Hypergonadotropic hypogonadism: testicular
failure, high serum LH and FSH.

» General Considerations

Mle hyogondis is cused by deficient testosterone
secretion by the testes. It y be clssified ccording to
whether it is due to (1) insufficient gondotroin secretion
by the ituitry (hyogondotroic); (2) thology in the
testes theselves (hyergondotroic); or (3) both
(ble 26–13). Prtil le hyogondis y be diffi-
cult to distinguish fro the hysiologic reduction in seru
testosterone seen in norl ging, obesity, nd illness.

» Etiology

A. Hypogonadotropic Hypogonadism
Low Testosterone With Normal or Low LH

A deficiency in FSH nd LH y be isolted or ssoci-
ted with other ituitry horonl bnorlities. (See
Hyoituitris.) Hyogondotroic hyogondis
cn be riry, defined s filure to enter uberty by
ge 14, or it cn be cquired. Cuses of riry hyogo-
ndotroic hyogondis include isolted hyogond-
otroic hyogondis, hyoituitris, or sile
constitutionl dely of growth nd uberty. Cuses of
rently cquired etiologies include genetic conditions
(eg, Kllnn syndroe or PROKR2 uttions, X-linked
congenitl drenl hyolsi, 17-ketosteroid reductse
deficiency, Prder-Willis syndroe), which ccount for
bout 40% of cses of isolted, nd rently idio-
thic, cquired hyogondotroic hyogondis with
 seru testosterone level less thn 150 ng/dL (5.2 nol/L)
(ble 26–13).

Prtil le hyogondotroic hyogondis is defined
s  seru testosterone in the rnge of 150–300 ng/dL
(5.2–10.4 nol/L). he in cuses of cquired rtil
le hyogondotroic hyogondis include obesity,
oor helth, or norl ging, such tht it is tered age-
related hypogonadism. However, other cuses need to be
excluded, including ituitry or hyothlic tuors.
Sertogenesis is usully reserved.

B. Hypergonadotropic Hypogonadism
Testicular Failure With High LH

A filure of the testiculr Leydig cells to secrete dequte
testosterone cuses  rise in LH nd FSH. Acquired condi-
tions tht cn cuse testiculr filure re listed in
ble 26–13. Mle hyergondotroic hyogondis cn
be cused by XY gondl dysgenesis, rtil 17-ketosteroid
reductse deficiency nd  congenitl rtil deficiency in
the steroidogenic enzye CYP17 (17-hydroxylse). Abi-
rterone cette,  drug for rostte cncer, inhibits CYP17.
In en who hve hd  unilterl orchiectoy for cncer,
the reining testicle frequently fils, even in the bsence
of rdition or cheothery.

Klinefelter syndrome (47,XXY nd its vrints) is the
ost coon chroosol bnorlity ong les,
with n incidence of bout 1:500 (see Chter 40). Although
uberty occurs t the norl tie, the degree of viriliz-
tion is vrible. Seru testosterone is usully low nd
gondotroins re elevted. Other coon findings
include tll stture nd bnorl body roortions tht re
unusul for hyogondl en (eg, height ore thn 3 c
greter thn r sn).

Table 26–13. Causes of male hypogonadism.

Hypogonadotropic

Low or Normal LH

Hypergonadotropic

High LH

Aging

Alcohol

Chronic illness

Constitutional delay of growth

and puberty

Cushing syndrome

Drugs

Estrogen

GnRH agonist (leuprolide)

Ketoconazole

Marijuana

Opioids (oral, injected, or

intrathecal)

Prior androgens

Spironolactone

Genetic conditions1

Granulomatous diseases

Hemochromatosis

Hypopituitarism

Hypothalamic or pituitary

tumors

Hypothyroidism,

hyperthyroidism

Idiopathic

Kidney disease

Lymphocytic hypophysitis

Major medical or surgical

illnesses

Malnourishment

Obesity (BMI > 30 kg/m2)

Aging

Autoimmunity

Anorchia (bilateral)

Chemotherapy

Idiopathic

Klinefelter syndrome

Leprosy

Lymphoma

Male climacteric

Myotonic dystrophy

Noonan syndrome

Orchiectomy (bilateral or

unilateral)

Orchitis

Radiation or radioisotope

therapy

Sertoli cell-only syndrome

Testicular trauma

Tuberculosis

Uremia

Viral infections (mumps)

XY gonadal dysgenesis

1See text for discussion.

BMI, body mass index; GnRH, gonadotropin-releasing hormone;

LH, luteinizing hormone.
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XY gonadal dysgenesis describes severl conditions
tht result in the filure of the testes to develo norlly.
SRY is  gene on the Y chroosoe tht initites le
sexul develoent. Muttions in SRY result in testiculr
dysgenesis. Affected individuls lck testosterone, which
results in sex reversl: fele externl genitli with  blind
vginl ouch, no uterus, nd intr-bdoinl dysgenetic
gonds. Affected individuls er s norl girls until
their lck of ubertl develoent nd enorrhe leds
to the dignosis. Intr-bdoinl rudientry testes hve
n incresed risk of develoing  lignncy nd re usu-
lly resected.

C. Androgen Insensitivity

Prtil resistnce to testosterone is  rre condition in
which henotyic les hve vrible degrees of rent
hyogondis, hyosdis, crytorchis, nd gyneco-
sti. Seru testosterone levels re norl.

» Clinical Findings

A. Symptoms and Signs

Hyogondis tht is congenitl or cquired during child-
hood resents s delyed uberty. Men with cquired hyo-
gondis hve vrible nifesttions, known s
“testosterone deficiency syndroe.” Most en exerience
decresed libido. Others colin of erectile dysfunction,
oor orning erection, or hot swets. Men often hve
deression, ftigue, or decresed bility to erfor vigorous
hysicl ctivity. he resenting colint y lso be
infertility, gynecosti, hedche, frcture, or other sy-
tos relted to the cuse or result of the hyogondis. he
tient’s history often gives  clue to the cuse (ble 26–13).

Physicl signs ssocited with hyogondis y
include decresed body, xillry, berd, or ubic hir, but
only fter yers of severe hyogondis. Men with hyo-
gondis lose uscle ss nd gin weight due to n
increse in subcutneous ft. Exintion should include
esureents of r sn nd height. esticulr size
should be ssessed with n orchidoeter (norl volue
is bout 10–25 L; norl length is usully over 6 c).
esticulr size y decrese but usully reins within the
norl rnge in en with ostubertl hyogondotroic
hyogondis, but it y be diinished with testiculr
injury or Klinefelter syndroe. he testes ust lso be
lted for sses, since Leydig cell tuors y secrete
estrogen nd resent with hyogondis, nd exined
for evidence of tru, infiltrtive lesions (eg, lyho),
or infection (eg, lerosy, tuberculosis).

B. Laboratory Findings

he evlution for hyogondis begins with  orning
(before 10 am) seru testosterone nd free testosterone e-
sureent. In en with low seru testosterone levels, testing
is reeted in order to confir the dignosis. Seru testoster-
one levels re low if they re confired to be less thn 240 ng/
dL (8.3 nol/L). Seru free testosterone below 35 g/L
(120 ol/L) is considered low for en ges 18–69 or below
30 g/L (100 g/L) for en ges 70 nd over.

Norl rnges for seru testosterone hve been
derived fro nonfsting orning blood seciens, which
tend to be the highest of the dy. Lter in the dy, seru
testosterone levels cn be 25–50% lower. herefore, 
seru testosterone drwn fsting or lte in the dy y be
isledingly below the “reference rnge.”

Seru testosterone levels in en re highest t ge
20–30 yers nd slightly lower t ge 30–40 yers. After
ge 40, seru totl testosterone declines vribly by n
verge of 1–2% nnully; seru free testosterone levels
decline even fster, since sex horone binding globulin
increses with ge. Seru levels of free testosterone re
lower in en ged 40–70 cored with younger en,
without ny increse in seru LH. A roble with the
dignosis of ge-relted hyogondis is tht ost lbor-
tories rovide reference rnges for testosterone tht re
derived fro young en nd y not rovide ge-djusted
reference rnges for seru testosterone nd free testoster-
one. he in conditions tht contribute to the generl
decline in seru testosterone with ging include obesity,
illness, nd oioids. After ge 70, LH levels tend to rise,
indicting  contribution of riry gondl dysfunction
with dvncing ge. esting for seru free testosterone is
esecilly iortnt for detecting hyogondis in elderly
en, who generlly hve high levels of sex horone bind-
ing globulin. A low seru testosterone or free testosterone
should be verified with  reet orning nonfsting ssy,
long with seru LH nd PRL levels. Seru LH levels re
high in tients with hyergondotroic hyogondis
but low or inroritely norl in en with hyogo-
ndotroic hyogondis or norl ging. High seru
estrdiol levels re seen in en with obesity-relted hyo-
gondotroic hyogondis.

estosterone stiultes erythrooiesis in en, cusing
the norl red blood count rnge to be higher in en thn
in woen; ild nei is coon in en with hyogo-
ndis. For en with long-stnding severe le hyogo-
ndis, osteoorosis is coon, so  bone densitoetry
is recoended.

1. Hypogonadotropic hypogonadismA seru PRL
deterintion is obtined to screen for  ituitry rolcti-
no nd other ituitry/hyothlic lesions, but seru
PRL y be elevted for ny other resons (see ble 26–1).
he seru estrdiol level y be elevted in tients with
cirrhosis nd in rre cses of estrogen-secreting tuors (tes-
ticulr Leydig cell tuor or drenl crcino). Men with
no discernible cuse for hyogondotroic hyogondis
should be screened for heochrotosis. Adult en with
hyogondotroic hyogondis should hve n MRI of
the ituitry/hyothlus to serch for  ss lesion in
resence of one or ore of the following: (1) severe hyogo-
ndis (seru testosterone below 150 ng/L or 5.2 nol/L),
(2) elevted seru PRL, (3) other ituitry horone defi-
ciencies, or (4) sytos of  ss lesion (hedches or
visul field deficits).

2. Hypergonadotropic hypogonadismMen with hyer-
gondotroic hyogondis hve low seru testosterone
levels with  coenstory increse in FSH nd LH. Kline-
felter syndroe cn be confired by kryotying or by
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esureent of leukocyte XIS. esticulr biosy is usu-
lly reserved for younger tients in who the reson for
riry hyogondis is uncler.

» Treatment

estosterone relceent is resonble for boys who hve
not entered uberty by ge 14 yers. It is lso beneficil for
ost en with riry testiculr filure (hyergondo-
troic hyogondis). estosterone relceent or gondl
stiultion thery is lso wrrnted for en with severe
hyogondotroic hyogondis of ny etiology with
seru testosterone levels less thn 150 ng/L (5.2 nol/L).
estosterone thery should lso be considered for en
with low or low-norl seru testosterone or free testos-
terone, long with elevted seru LH levels. For other en
without elevted seru LH levels nd n verge of t lest
two orning seru totl testosterone levels below
275 ng/dL (9.5 nol/L, “hysiologic hyogondis”), 
tril of testosterone thery y be considered, rticulrly
if they hve t lest three of the following six sytos:
erectile dysfunction, oor orning erection, low libido,
deression, ftigue, nd inbility to erfor vigorous ctivity.
estosterone relceent should be continued only if
tients clerly derive clinicl benefit fro thery. her-
y cn be djusted with n i to irove clinicl sy-
tos while intining norl seru levels of testosterone
or free testosterone. Men with hysiologic low-norl
seru testosterone levels bove 325 ng/dL (11.3 nol/L)
re unlikely to benefit fro testosterone thery.

estosterone relceent or stiultion thery crries
certin risks. herefore, testosterone thery should only be
given to en who hve docuented low levels of seru
totl or free testosterone. estosterone thery should not
be given to en with ctive brest cncer or rostte cncer.
It is lso rudent to onitor the hetocrit nd liid rofile
of en receiving testosterone, since thery cn cuse
erythrocytosis nd hyerliidei. estosterone thery
cn lso cuse gynecosti. estosterone thery is not
given to en with untreted slee ne or hert filure.

Drug interctions cn occur. estosterone should be
dinistered cutiously to en receiving coudin, since
the cobintion cn increse the INR nd risk of bleeding.
Siilrly, testosterone thery cn increse seru levels of
cyclosorine, tcrolius, nd tolvtn. estosterone cn
redisose to hyoglycei in dibetic en receiving
insulin or orl hyoglyceic gents, so close onitoring of
blood sugrs is dvisble during initition of testosterone
thery.

Men with severe osteoorosis y require tretent
with bishoshontes nd vitin D, in ddition to testos-
terone relceent thery.

A. Therapies for Male Hypogonadism

1. Testosterone topical gelsoicl testosterone is usu-
lly lied once dily in the orning fter showering. One
or two fingers re used to ly the gel evenly to skin.
Afterwrds, the hnds should be wshed. oicl testoster-
one should not be lied to the brest or genitls. he gel
should be llowed to ir-dry (bout 10 inutes) before

dressing. Before close contct with eole,  shirt ust be
worn or the res of liction wshed with so nd
wter to revent trnsfer of testosterone to the. he
tient should void swiing, showering, or wshing the
liction re for t lest 2 hours following liction.

estosterone toicl generic 1% gel is vilble in ck-
ets (12.5 g/1.25 g, 25 g/2.5 g, or 50 g/5g) or tubes
(50 g/5 g). he recoended dose is 50–100 g dily.
estosterone toicl generic 2% gel is vilble in  gel
u (10 g/0.5 g ctution). he recoended dose is
40–70 g dily. Androgel 1% gel is vilble in 2.5-g ck-
ets (25 g testosterone) nd 5-g ckets (50 g testoster-
one) nd in  u tht disenses 12.5 g testosterone er
u ctution: the recoended dose is 50–100 g
lied dily to the shoulders. Androgel 1.6% gel is vil-
ble in  u tht disenses 20.25 g testosterone er
u ctution; the recoended dose is 40.5–81 g dily.
esti 1% gel is vilble in 5-g tubes (50 g testosterone);
the recoended dose is 50–100 g lied dily. Fortest
2% gel is vilble in  u tht disenses 10 g testoster-
one er u ctution; the recoended dose is 40–70 g
dily. estogel (not vilble in the United Sttes) is distrib-
uted in 5-g schets (50 g testosterone). esti, Fortest,
nd estogel y be lied to shoulders, uer rs, or
bdoen. Axiron 2% solution is vilble in  u tht
disenses 30 g er ctution; the recoended dose is
30–60 g lied to ech xill dily. Vogelxo is  1% testos-
terone gel tht is vilble in ckets or tubes (50 g/5 g) or
 gel u (12.5 g/1.25 g); it is lied to the shoulders in
doses of 50–100 g once dily.

he seru testosterone level should be deterined
bout 14 dys fter strting thery; if the level reins
below norl or the clinicl resonse is indequte, the
dily dose y be incresed to 1.5 to 2 ties the initil dose.
Unfortuntely, seru testosterone levels vry considerbly
during the dy fter toicl testosterone gel liction, such
tht  single seru testosterone level y not ccurtely
reflect the verge seru testosterone for tht individul.

2. Transdermal testosterone patchesestosterone
trnsderl systes (skin tches) re lied to nongeni-
tl skin. Androder (2 or 4 g/dy) tches y be
lied t bedtie in doses of 4–8 g; they dhere tightly
to the skin nd y cuse skin irrittion.

3. Parenteral testosteronehe dose nd injection inter-
vls re djusted ccording to the tient’s clinicl resonse
nd seru testosterone levels drwn just before the next
injection is due. A trget seru testosterone level of
500 ng/dL (17.3 nol/L) is suggested. Testosterone cypi-
onate hs been in use for decdes; it is n intrusculr
testosterone forultion tht is vilble in solutions con-
tining 200 g/L. Its in dvntge is low cost. he
usul dose is 200 g every 2 weeks or 300 g every
3 weeks. It is usully injected into the gluteus edius
uscle in the uer lterl buttock, lternting sides. he
injection technique ust include sterile recutions nd
drw-bck rior to injection to ensure ginst intrvenous
injection, which cn result in ulonry oil ebolis.

Testosterone pellets (estoel) re  long-lsting deot
testosterone forultion tht is vilble s individul vils
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contining  single 75-g ilntble ellet in ech vil.
With sterile technique, the skin of the uer-outer buttock
is nesthetized with lidocine; using  trochr, the ellets
re injected subcutneously in doses of 150–450 g every
3–6 onths s n in-office rocedure.

Testosterone undecanoate (Aveed) is  long-lsting
deot testosterone forultion. Its use is restricted to
qulified helth cre fcilities. It is usully injected into the
gluteus edius uscle in the uer lterl buttock, lter-
nting sides. A seru testosterone level is esured before
the fourth dose; if the seru testosterone reins low, the
dosing intervl is shortened to every 10 weeks.

Caution: estosterone undecnote injections hve
cused serious ulonry oil icroebolis rections
tht resent with cough, dysne, tight throt, chest in,
nd syncoe. Anhylxis cn lso occur. Patients must be
observed in the health care setting for 30 minutes after the
injection in order to provide appropriate medical care for the
complication.

4. Buccal testosteroneestosterone buccl tblets (Stri-
nt) re lced between the uer li nd gingive. One or
two 30-g tblets re thus retined nd chnged every
12 hours. hey should not be chewed or swllowed. It is
not vilble in the United Sttes.

5. Testosterone nasal gelIntrnsl gel testosterone
(Ntesto) is self-dinistered by  etered-dose nsl
u: one u ctution (5.5 g) into ech nostril three
ties dily. he nsl u needs to be ried by invert-
ing it nd ressing the u 10 ties before it is used the
first tie. It should not be used concurrently with intrn-
sl sythoietic decongestnts. Adverse effects
include nsohryngitis, sinusitis, bronchitis, eistxis,
nsl discofort, nd hedche.

6. Clomiphene citrateMen with functionl hyogond-
otroic hyogondis usully resond well to cloihene
citrte tht is dinistered orlly in doses tht re titrted
to chieve the desired clinicl resonse with  seru tes-
tosterone level of bout 500 ng/dL (17.3 nol/L). Begin
with cloihene 25 g on lternte dys nd incresed to
50 g on lternte dys if necessry, with  xiu dose
of 50 g dily. Seru testosterone levels usully norlize
while sertogenesis usully iroves.

7. GonadotropinsPtients with hyogondotroic
hyogondis y require thery with gondotroins,
rticulrly to induce fertility. Men y receive hCG
1000 units subcutneously three ties weekly for 6 onths;
if the seen nlysis shows indequte ser, FSH 75 units
subcutneously three ties weekly is dded. Mny en
refer long-ter thery with hCG over testosterone
thery, but cost is n issue.

8. Oral testosterone undecanoateAn orl rertion
of testosterone undecnote (Jtenzo) is vilble in c-
sules of 158 g, 198 g, nd 237 g nd should be tken
with food. he strting dose is 237 g twice dily nd cn
be incresed to  xiu of 792 g dily, with djust-
ents ccording to clinicl resonse nd seru testoster-
one levels obtined 3–4 hours (ek) fter n orl dose.

Seru testosterone flls to low levels by 12 hours fter n
orl dose; dosing every 8 hours y roduce ore consis-
tent seru testosterone levels. Side effects re those of
nonorl testosterone with dditionl side effect including
gstrointestinl intolernce nd n increse in systolic
blood ressure (verge 4  Hg).

9. Oral methyltestosteroneOrl ethyltestosterone is
vilble s 10 g tblets. It hs  short hlf-life of 3 hours,
so it is usully tken in divided doses u to  totl of
10–50 g dily. Side effects include cute hetitis nd
long-ter high-dose use cn cuse eliosis hetis, choles-
ttic hetitis, nd hetocellulr crcino. herefore, its
use is not recoended, nd it is no longer vilble in
soe countries.

10. Weight lossWhen hyogondotroic hyogondis
is due to orbid obesity, significnt weight loss will
irove seru testosterone levels. he rise in seru tes-
tosterone is roortionte to the weight loss. Although
diet-induced weight loss is beneficil, britric surgery hs
been uch ore effective nd seru testosterone levels
y norlize fter drtic weight loss.

B. Benefits of Testosterone Replacement Therapy

estosterone thery given for the indictions listed under
retent, bove, usully benefits en with low seru
testosterone nd t lest three nifesttions of hyogo-
ndis. Relceent testosterone thery cn irove
overll ood, sense of well-being, sexul desire, nd erec-
tile function. It lso increses hysicl vigor nd uscle
strength. estosterone relceent iroves exercise
endurnce nd stir clibing bility. Long-ter testoster-
one relceent cuses significnt weight loss nd  reduc-
tion in wist circuference. After 2 yers of testosterone
relceent, uscle ss increses bout 4.5%, while ft
ss decreses by bout 9.1%. Arorite testosterone
relceent thery lso ers to irove longevity.

C. Risks of Testosterone Replacement or
Stimulation Therapy

estosterone thery does not er to significntly
increse the risk of rostte cncer or benign rosttic
hyertrohy bove tht of norl en, s long s seru
testosterone levels re intined in the norl reference
rnge on thery. However, testosterone thery is contr-
indicted in the resence of ctive rostte cncer. Hyo-
gondl en who hve hd  rosttectoy for low-grde
rostte cncer, nd who hve reined in colete
reission for severl yers, y hve testosterone thery
given cutiously while onitoring seru PSA levels.

Erythrocytosis develos in soe en who re treted
with testosterone. Erythrocytosis is ore coon with
intrusculr injections of testosterone ennthte thn
with trnscutneous testosterone. estosterone relce-
ent hs not been considered to significntly increse the
risk of throboebolic events in ost hyogondl en.
However, one lrge edicl dtbse study hs found 
correltion between testosterone thery nd throboe-
bolic events, rticulrly in en with  rior history of
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vsculr events nd in en being rescribed testosterone
without roer docuenttion of hyogondis.

estosterone thery tends to ggrvte slee ne in
older en, likely through CNS effects. Surveillnce for
slee ne is recoended during testosterone thery
nd  forl evlution is recoended for ll high-risk
tients with snoring, obesity, rtner’s reort of neic
eisodes, nocturnl wkening, unrefreshing slee with
dytie ftigue, or hyertension.

estosterone thery frequently increses cne tht is
usully ild nd tolerted; toicl nticne thery or 
reduction in testosterone relceent dosge y be
required. Increses in introculr ressure hve occurred
during testosterone thery. During the initition of testos-
terone relceent thery, gynecosti develos in
soe en, which usully is ild nd tends to resolve son-
tneously; switching fro testosterone injections to testos-
terone trnsderl gel y hel this condition.

D. Risks of Performance-Enhancing
Anabolic Steroids

Perfornce-enhncing gents, rticulrly ndrogenic
nbolic steroids, re used by u to 2% of young thletes
nd by 20–65% of ower sort thletes. hey re often used
s rt of  “stcking” olyhrcy tht y include
nndrolone decnote, diethndrolone, testosterone ro-
ionte, or testosterone ennthte. hese ndrogens re
usully illegl, often continted by toxic substnces (such
s rsenic), nd cn roduce toxic hetitis, deendence,
ggression, deression, dysliideis, gynecosti, cne,
le ttern bldness, hetitis, throboebolis, nd
crdioyothy. Arsenic contintion cn cuse ulti-
orgn filure nd deth.

» Prognosis of Male Hypogonadism

If hyogondis is due to  ituitry lesion, the rognosis
is tht of the riry disese (eg, tuor, necrosis). he
rognosis for restortion of virility is good if testosterone is
given. In one lrge study, crdiovsculr risk ws reduced
in hyogondl en over ge 40 who were receiving testos-
terone relceent thery to intin seru testosterone
levels within the norl reference rnge.

Bhsin S et l. estosterone thery in en with hyogondis: n
Endocrine Society clinicl rctice guideline. J Clin Endocrinol
Metb. 2018;103:1715. [PMID: 29562364]

Die SJ et l. Efficcy nd sfety of testosterone tretent in en:
n evidence reort for  clinicl rctice guideline by the
Aericn College of Physicins. Ann Intern Med. 2020;172:1184.
[PMID: 31905375]

Glintborg D et l. estosterone relceent thery of oioid-
induced le hyogondis iroved body coosition
but not in ercetion;  double-blind, rndoized, nd
lcebo-controlled tril. Eur J Endocrinol. 2020;182:539. [PMID:
32213659]

McGriff SC et l. Otil endocrine evlution nd tretent
of le infertility. Urol Clin North A. 2020;47:139. [PMID:
32272985]

Slter CA et l. Guideline of guidelines: testosterone thery
for testosterone deficiency. BJU Int. 2019;124:722. [PMID:
31420972]

Wlker RF et l. Assocition of testosterone thery with risk of
venous throboebolis ong en with nd without
hyogondis. JAMA Intern Med. 2020;180:190. [PMID:
31710339]

CRYPTORCHISM

Crytorchidis is found in 1–2% of les fter 1 yer of
ge but ust be distinguished fro retrctile testes, which
require no tretent. Infertility or subfertility occurs in u
to 75% of en with bilterl crytorchis nd in 50% of
en with unilterl crytorchis. Soe tients hve
underlying hyogondis, including hyogondotroic
hyogondis.

For  testis tht is not lble, it is iortnt to locte
the testis nd bring it into the scrotu or rove its bsence.
About one-third of nonlble testes re locted within
the inguinl cnl, one-third re intr-bdoinl, nd one-
third re bsent. Ultrsound cn detect n inguinl testis. If
ultrsound is negtive, MRI is erfored to locte the
testis.

he lifetie risk of testiculr neolsi is 0.002% in
helthy les. he risk of lignncy is higher for cryt-
orchid testes (0.06%) nd for intr-bdoinl testes (5%).
Orchioexy decreses the risk of neolsi when er-
fored before 10 yers of ge. For bilterl undescended
testes, boys with erly orchioexy (before ge 13 yers)
er to hve reltively norl fertility, wheres boys with
delyed orchioexy y hve reduced fertility. With  uni-
lterl undescended testis, bout 50% descend sontne-
ously nd erly orchioexy does not irove fertility, so
orchioexy is usully delyed until fter uberty. For intr-
bdoinl testes, orchiectoy fter uberty is usully the
best otion.

Hildorf S et l. Fertility otentil is coroised in 20% to 25%
of boys with nonsyndroic crytorchidis desite orchio-
exy within the first yer of life. J Urol. 2020;203:832. [PMID:
31642739]

GYNECOMASTIA

E S S E N T I A L S  O F  D I A G N O S I S

» Palpable enlargement of the male breast, often
asymmetric or unilateral.

» Glandular gynecomastia: typically tender.

» Fatty gynecomastia: typically nontender.

» Must be distinguished from carcinoma or mastitis.

» General Considerations

Gynecosti is defined s the resence of lble gln-
dulr brest tissue in les. Gynecosti is  coon
condition nd its incidence ers to be incresing in
ll ge grous. he cuses re ultile nd diverse
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(ble 26–14). Pubertl gynecosti develos in bout
60% of boys; the swelling usully subsides sontneously
within  yer. It is rticulrly coon in teengers who
re very tll or overweight. About 20% of dult gynecos-
ti is cused by drug thery. It cn develo in HIV-
infected tients treted with ntiretrovirl thery,
esecilly in en receiving efvirenz or didnosine; brest
enlrgeent resolves sontneously in 73% of tients
within 9 onths. Gynecosti develos in bout 50% of
thletes who buse ndrogens nd nbolic steroids. Ftty
seudogynecosti is coon ong elderly en, r-
ticulrly when there is ssocited weight gin. However,
true glndulr gynecosti cn be the first sign of  seri-
ous disorder in older en (ble 26–14).

» Clinical Findings

A. Symptoms and Signs

he le brests ust be lted to distinguish fir true
glndulr gynecosti fro softer ftty seudogyneco-
sti in which only diose tissue is felt. he brests re
best exined both seted nd suine. Using the thub
nd forefinger s incers, the subreolr tissue is cored
to nerby diose tissue. Ftty tissue is usully diffuse nd
nontender. rue glndulr enlrgeent beneth the reol
y be tender. Pubertl gynecosti is chrcterized by
tender discoid enlrgeent of brest tissue 2–3 c in
dieter beneth the reol. he following chrcteristics
re worrisoe for lignncy: syetry; loction not
ieditely below the reol; unusul firness; or nile
retrction, bleeding, or dischrge. he exintion ust
lso include n ssessent of sculiniztion, exin-
tion of the testes for size nd sses, nd exintion of
the enis for hyosdis.

B. Laboratory Findings

In the resence of true glndulr gynecosti, lbortory
studies should include liver biocheicl tests, seru BUN,
nd cretinine. Endocrine testing, including seru testos-
terone, free testosterone, LH, FSH, SH, nd F

4
, is obtined

to deterine whether riry hyogondis (low seru
testosterone, high LH), secondry hyogondis (low
seru testosterone, low or norl LH), or ndrogen resis-
tnce y be resent. High seru testosterone levels lus
high LH levels chrcterize rtil ndrogen insensitivity
syndroe. A seru PRL is obtined to screen for hyer-
rolctinei nd ituitry/hyothlic lesions. Seru
bet-hCG nd estrdiol levels re obtined to screen for
lignncy-ssocited gynecosti. Detectble levels of
bet-hCG ilicte  testiculr tuor (ger cell or Sertoli
cell) or other lignncy (usully lung or liver). Incresed
seru estrdiol levels y result fro testiculr tuors,
incresed bet-hCG, liver disese, obesity, drenl tuors
(rre), true herhroditis (rre), or rotse gene
gin-of-function uttions (rre). A kryotye for Kline-
felter syndroe is obtined in en with ersistent gyneco-
sti without obvious cuse.

C. Imaging and Biopsy

Investigtion of uncler cses should include bilterl
ogrhy nd  chest C to serch for bronchogenic
or etsttic crcino. Benign ogrhic findings
ke lignncy very unlikely. Susicious o-
grhic findings require ultrsound-guided FNA nd cyto-
logic exintion to distinguish gynecosti fro
benign lesions (seudogynecosti, lio, osttru-
tic heto/ft necrosis, eiderl inclusion cyst),
lyho, nd le brest cncer. Mle brest cncer nd
gynecosti y coexist.

Men with  high seru hCG or estrdiol levels should
hve the test confired with reet testing. Confired
incresed levels wrrnt  testiculr ultrsound. If the tes-
ticulr ultrsound is norl, high seru estrdiol levels
y wrrnt  C of the drenl glnds; high seru hCG

Table 26–14. Causes of gynecomastia.

Physiologic causes

Aging

Neonatal period, puberty

Obesity

Endocrine diseases

Androgen insensitivity

syndrome

Aromatase excess syndrome

(sporadic or familial)

Diabetic lymphocytic

mastitis

Hyperprolactinemia

Hyperthyroidism or

hypothyroidism

Klinefelter syndrome

Male hypogonadism

(primary or secondary)

Partial 17-ketosteroid

reductase deficiency

Systemic diseases

Chronic liver disease

Chronic kidney disease

Hansen disease

Neurologic disorders

Refeeding after starvation

Spinal cord injury

Neoplasms

Adrenal tumors

Bronchogenic carcinoma

Breast carcinoma

Ectopic hCG: CNS

germinoma, lung,

hepatocellular,

gastric, renal carcinomas

Pituitary prolactinoma

Testicular hCG-secreting

tumors

Drugs partial list

Alcohol

Alkylating chemotherapeutic

agents

Amiodarone

Anabolic steroids

Androgens (testosterone)

Anti-androgens

Antipsychotics (first- and

second-generation)

Antiretroviral agents

Calcium channel blockers

(rare)

Chorionic gonadotropin

Cimetidine

Clomiphene

Diazepam

Digitalis preparations

Dutasteride, finasteride

Estrogens (oral or topical)

Ethionamide

Famotidine (rare)

Fenofibrate (rare)

GH

GnRH analogs

Hydroxyzine

Isoniazid

Ketoconazole

Lavender and tea tree oil

(topical)

Marijuana

Methadone

Methyldopa

Metoclopramide

Metronidazole

Opioids

Phenothiazines

Progestins

Proton pump inhibitors

(uncommon)

Selective serotonin

reuptake inhibitors (SSRIs)

Soy ingestion

Statins (rare)

Spironolactone (common)

Sunitinib

Tea tree oil (topical)

Tricyclics

GH, growth hormone; GnRH, gonadotropin-releasing hormone.
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levels y wrrnt dditionl C scnning to detect rre
hCG-secreting crcinos of the lung, edistinu, liver,
stoch, or kidney.

» Treatment

Pubertl gynecosti often resolves sontneously within
1–2 yers. Drug-induced gynecosti resolves fter the
offending drug is reoved (eg, sironolctone stoed,
with substitution of elerenone). Ptients with inful or
ersistent gynecosti y be treted with edicl
thery, usully for 9–12 onths.

Selective estrogen recetor odultor (SERM) thery
is effective for true glndulr gynecosti. Rloxifene,
60 g orlly dily, y be ore effective thn toxifen.

Arotse inhibitor (AI) thery is lso resonbly
effective; nstrozole, 1 g orlly dily, reduces brest vol-
ue significntly over 6 onths in dolescents. Seru
estrdiol levels fll slightly while seru testosterone levels
rise. Long-ter AI thery in dolescents is not reco-
ended becuse of the ossibility of inducing osteoorosis
nd of delying eihysel fusion, which could cuse n
increse in dult height.

estosterone thery for en with hyogondis y
irove or worsen reexistent gynecosti.

Rdition thery hs been used rohylcticlly to
revent gynecosti in en with rostte cncer being
treted with ntindrogen thery. Low-dose rohylctic
rdition thery reduces its incidence fro 71% to 28%.
Existing gynecosti iroves in 33% with rdition
thery. However, the long-ter brest nd other cncer
risks of such rdition re unknown.

Surgicl correction is reserved for tients with ersis-
tent or severe gynecosti.

Ali SN et l. Which tients with gynecosti require ore
detiled investigtion? Clin Endocrinol (Oxf). 2018;88:360.
[PMID: 29193251]

Koch  et l. Mrked increse in incident gynecosti: 
20-yer ntionl registry study, 1998 to 2017. J Clin Endocri-
nol Metb. 2020;105:dg440. [PMID: 32754750]

HIRSUTISM & VIRILIZATION

E S S E N T I A L S  O F  D I A G N O S I S

» Hirsutism, acne, menstrual disorders.

» Virilization: muscularity, androgenic alopecia,
deepening voice, clitoromegaly.

» Rarely, a palpable pelvic tumor.

» Serum DHEAS and androstenedione elevated in
adrenal disorders; variable in others.

» Serum testosterone is often elevated.

» General Considerations

Hirsutis is defined s coseticlly unccetble terinl
hir growth tht ers in woen in  le ttern.

Significnt hirsutis ffects bout 5–10% of non-Asin
woen of reroductive ge nd over 40% of woen t soe
oint during their life. he ount of hir growth deeed
unccetble deends on  won’s ethnicity nd culturl
nors. Viriliztion is defined s the develoent of le
hysicl chrcteristics in woen, such s ronounced
uscle develoent, dee voice, le ttern bldness, nd
ore severe hirsutis.

» Etiology

Hirsutis y be idiothic or filil or be cused by the
following disorders: olycystic ovry syndroe (PCOS),
ovrin hyerthecosis, steroidogenic enzye defects, neo-
lstic disorders; or rrely by edictions, croegly, or
ACH-induced Cushing disese.

A. Idiopathic or Familial

Most woen with hirsutis or ndrogenic loeci hve no
detectble hyerndrogenis; hirsutis y be considered
norl in the context of their genetic bckground. Such
tients y hve elevted seru levels of ndrostenediol
glucuronide,  etbolite of dihydrotestosterone tht is ro-
duced by skin in coseticlly unccetble ounts.

B. Polycystic Ovary Syndrome PCOS, Hyperthecosis,
Stein-Leventhal Syndrome

PCOS is  coon functionl disorder of the ovries of
unknown etiology (see Chter 18). It ccounts for t lest
50% of ll cses of hirsutis ssocited with elevted seru
testosterone levels.

A dignosis of PCOS ust eet three criteri: (1) ndro-
gen excess with clinicl hyerndrogenis or elevted
seru free or totl testosterone; (2) ovrin dysfunction
with oligonovultion or olycystic ovry orhology; nd
(3) bsence of other cuses of testosterone excess or novul-
tion such s regnncy, thyroid dysfunction, 21-hydroxylse
deficiency, neolstic testosterone secretion, Cushing syn-
droe, or hyerrolctinei.

Affected woen usully hve signs of hyerndrogen-
is, including hirsutis, cne, or le-ttern thinning of
scl hir; this ersists fter nturl enouse. However,
woen of Est Asin ncestry re less likely to exhibit hir-
sutis. Most woen lso hve elevted seru testosterone
or free testosterone levels. About 70% of ffected woen
hve olycystic ovries on elvic ultrsound nd 50% hve
oligoenorrhe or enorrhe with novultion. Of note,
bout 30% of woen with PCOS do not hve cystic ovries
nd 25–30% of norl enstruting woen have cystic
ovries.

Obesity nd high seru insulin levels (due to insulin
resistnce) contribute to the syndroe in 70% of woen.
he seru LH:FSH rtio is often greter thn 2.0. Both
drenl nd ovrin ndrogen hyersecretion re coonly
resent.

C. Steroidogenic Enzyme Defects

Congenitl drenl steroidogenic enzye defects result in
reduced cortisol secretion with  coenstory increse in
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ACH tht cuses drenl hyerlsi. he ost coon
enzye defect is 21-hydroxylse deficiency, with  rev-
lence of bout 1:18,000.

Prtil deficiency in drenl 21-hydroxylse cn res-
ent in woen s hirsutis. About 2% of tients with
dult-onset hirsutis hve been found to hve  rtil
defect in drenl 21-hydroxylse. he condition is ore
coon in Ashkenzi Jews, Yuic Alskns, nd ntives of
L Reunion Islnd. he henotyic exression is delyed
until dolescence or dulthood; such tients do not hve
slt wsting. Polycystic ovries nd drenl denos re
ore likely to develo in these woen.

D. Neoplastic Disorders

Ovrin tuors re uncoon cuses of hirsutis (0.8%)
nd include rrhenoblstos, Sertoli-Leydig cell tuors,
dysgerinos, nd hilr cell tuors. Adrenl crcino, 
rre cuse of Cushing syndroe nd hyerndrogenis, cn
be quite virilizing. Pure ndrogen-secreting drenl tuors
occur very rrely; bout 50% re lignnt.

E. Rare Causes of Hirsutism & Virilization

Acroegly nd ACH-induced Cushing syndroe re rre
cuses of hirsutis nd viriliztion. Porhyri cutne trd
cn cuse eriorbitl hir growth in ddition to dertitis in
sun-exosed res. Mternl viriliztion during regnncy
y result fro  luteo of regnncy, hyerrectio lutei-
nlis, or olycystic ovries. In ostenousl woen, dif-
fuse strol Leydig cell hyerlsi is  rre cuse of
hyerndrogenis. Acquired hyertrichosis lnuginos,
which is diffuse fine lnugo hir growth on the fce nd
body long with stotologic sytos, is usully ssoci-
ted with n internl lignncy, esecilly colorectl cn-
cer, nd y regress fter tuor reovl. Phrcologic
cuses include inoxidil, cyclosorine, henytoin, nbolic
steroids, interferon, cetuxib, dizoxide, nd certin
rogestins.

» Clinical Findings

A. Symptoms and Signs

Modest ndrogen excess fro ny source increses sexul
hir (chin, uer li, bdoen, nd chest) nd increses
sebceous glnd ctivity, roducing cne. Menstrul irregu-
lrities, novultion, nd enorrhe re coon. If
ndrogen excess is ronounced, defeiniztion (decrese in
brest size, loss of feinine diose tissue) nd viriliztion
(frontl blding, usculrity, clitoroegly, nd deeening
of the voice) occur. Viriliztion oints to the resence of n
ndrogen-roducing neols.

Hirsutis is quntitted using the Ferrin-Gllwey
score; hirsutis is grded fro 0 (none) to 4 (severe) in nine
res of the body (xiu ossible score is 36) (htts://
eduction.endocrine.org/ferrin-gllwey-hirsutis-
syste). Scores below 8 re considered ild hirsutis nd
norl vrints. Scores of 8–15 indicte oderte hirsut-
is. Scores over 15 indicte severe hirsutis. Of note, the
norl score is lower in Asin woen nd higher in Medi-
terrnen woen.

A elvic exintion y disclose clitoroegly or
ovrin enlrgeent tht y be cystic or neolstic.
Hyertension y be resent in Cushing syndroe, drenl
11-hydroxylse deficiency, or cortisol resistnce syndroe.

B. Laboratory Testing and Imaging

Seru ndrogen testing is inly useful to screen for rre
occult drenl or ovrin neolss. esting is wrrnted
for woen with oderte to severe hirsutis, ild hirsut-
is with enstrul disturbnces, nd woen with worsen-
ing hirsutis desite thery.

Seru is ssyed for totl testosterone nd free testoster-
one. A seru testosterone level greter thn 200 ng/dL
(6.9 nol/L) or free testosterone greter thn 40 ng/dL
(140 ol/L) indictes the need for  nul elvic exi-
ntion nd ultrsound. If tht is negtive, n drenl C scn
is erfored. A seru ndrostenedione level greter thn
1000 ng/dL (34.9 nol/L) lso oints to n ovrin or dre-
nl neols.

Ptients with  seru DHEAS greter thn 700 cg/dL
(35 nol/L) hve n drenl source of ndrogen. his usu-
lly is due to drenl hyerlsi nd rrely to drenl crci-
no. Ptients with ny clinicl signs of Cushing syndroe
should receive  screening test (eg, 1-g overnight dex-
ethsone suression test) (see Cushing Syndroe,
bove).

Screening for nonclssicl “lte-onset” congenitl dre-
nl hyerlsi (CAH) due to 21-hydroxylse deficiency is
wrrnted for woen with (1) high seru testosterone or
free testosterone levels nd (2) hirsutis with norl seru
testosterone levels who re t high risk for CAH due to hv-
ing  fily history of hirsutis or being  eber of 
high-risk ethnic grou (eg, Ashkenzi Jews, Crotins, Ir-
nins, Yuik Inuit). he evlution requires n erly orn-
ing blood drw for seru 17-hydroxyrogesterone, idelly
during the folliculr (erly) hse of the enstrul cycle or
on  rndo dy for woen with irregulr enses or
enorrhe. Ptients with CAH usully hve  bseline
17-hydroxyrogesterone level greter thn 300 ng/dL
(9.1 nol/L). Seru levels of FSH nd LH re elevted if
enorrhe is due to ovrin filure. An LH:FSH rtio
greter thn 2.0 is coon in tients with PCOS. On
bdoinl ultrsound, bout 25–30% of norl young
woen hve olycystic ovries, so the ernce of ovrin
cysts on ultrsound is not helful. Pelvic ultrsound or MRI
usully detects virilizing tuors of the ovry. However, sll
virilizing ovrin tuors y not be detectble on iging
studies; selective venous sling for testosterone y be
used for dignosis in such tients.

» Treatment

Any drugs cusing hirsutis (see bove) should be stoed.
Any underlying edicl cuses of hirsutis (eg, Cushing
syndroe, croegly) should be treted.

A. Laser and Topical Treatments

Local treatment of fcil hirsutis is by shving or deil-
tories, wxing, electrolysis, or bleching. Eflornithine
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(Vniq) 13.9% toicl cre retrds hir growth when
lied twice dily to unwnted fcil hir; iroveent is
noted within 4–8 weeks. Eflornithine y be used during
lser thery for  ore drtic resonse. However, locl
skin irrittion y occur. Hirsutis returns with discon-
tinution, unless it is given with lser thery.

Laser therapy (hotoeiltion) cn be  very effective
tretent for fcil hirsutis, rticulrly for woen with
drk hir nd light skin. For woen of color,  longer-
wvelength lser such s Nd:YAG or diode lser given with
skin cooling is used. In such woen, lser reovl of fcil
hir significntly iroves hirsutis. Reeted lser tret-
ents re usully required. Accidentl eye injuries hve
been reorted; eye shields should be used during tret-
ents. Lser thery is not recoended for Middle
Estern nd Mediterrnen woen with fcil hirsutis,
since they hve  rticulrly incresed risk of rdoxicl
hyertrichosis with lser thery.

Topical minoxidil y be used to tret ndrogenic lo-
eci nd is ildly effective when lied to the scl twice
dily. Only the 2% forultion is FDA roved for woen.

B. Medications

Oral contraceptives re wrrnted s n initil thery for
woen with hirsutis who re not ctively ursuing reg-
nncy. o reduce the risk of dee venous throbosis, n orl
contrcetive is recoended with  low-dose of estrdiol
(20 cg) nd  rogestin hving  reltively low risk of
venous throbosis (norethindrone, norgestite, levonorg-
estrel). A fvored forultion for dily use contins noreth-
indrone 1 g with ethinyl estrdiol 20 cg. Nevertheless,
such orl contrcetives confer over twofold incresed risk
of dee venous throbosis. Also, levonorgestrel cuses insu-
lin resistnce, so its use is robletic in woen with oly-
cystic ovry syndroe. Orl contrcetives tht contin
rticulrly ntindrogenic rogestins such s desogestrel
(Azurette, Kriv), drosirenone (Yz, Ginvi), norgestite
(Ortho ri-Cyclen Lo), or cyroterone cette (Dine 35,
not vilble in United Sttes) ore effectively reduce hir-
sutis nd cne; however, such ntindrogenic orl contr-
cetives confer  fourfold risk of dee venous throbosis,
nd their use is discourged in high-risk tients.

Cyroterone cette is  unique rogestin tht is used to
tret woen with hirsutis worldwide, excet in the
United Sttes, where it is not FDA-roved. Cyroterone
cette blocks ndrogen recetors s well s 5-lh-
reductse ctivity while lso suressing testosterone levels.
It is tyiclly rescribed s n orl contrcetive in  dose of
2 g with ethinyl estrdiol 35 cg.

Cobined orl contrcetives re reltively contrindi-
cted for woen who re redisosed to throboebolis,
such s woen who re sokers or who hve igrines,
woen who re over ge 39 yers or who re obese, those
with hyertension or  ersonl history of throboebo-
lis. Metbolic syndroe nd hyertriglyceridei re
seen, rticulrly with ntindrogenic rogestins.

Spironolactone is effective for reducing hirsutis,
cne, nd ndrogenic loeci in woen nd is  first-line
edicl strtegy for these woen. It y be tken in doses

of 100–200 g orlly dily (tken s  single dose or in
two divided doses) on dys 5–25 of the enstrul cycle or
dily if used concoitntly with n orl contrcetive.
Sironolctone is contrindicted in regnncy, so rero-
ductive-ge woen ust use relible contrcetion dur-
ing this thery. Hyerklei is n uncoon side
effect, but seru otssiu should be checked 1 onth
fter beginning thery or fter dosge increses. Si-
ronolctone should be voided or used cutiously in
woen with kidney disese or who re tking n ACE
inhibitor or ARB. Sironolctone should not be given
with n orl contrcetive contining drosirenone
becuse the rogestin hs n nti-inerlocorticoid
effect tht redisoses to hyerklei. riethori-
sulfethoxzole should not be tken long with high-
dose sironolctone. riethori hs otssiu-sring
diuretic effects nd cobining it with sironolctone
increses the risk of severe hyerklei nd sudden
deth. Side effects of sironolctone include brest ten-
derness, enstrul irregulrity, hedches, nuse, nd
ftigue, which y irove with continued tretent or
dose reduction; rdoxicl scl hir loss hs been
reorted t higher doses.

Flutamide nd bicalutamide inhibit testosterone bind-
ing to ndrogen recetors nd lso suress seru testos-
terone. hese drugs cn rrely cuse severe hetotoxicity
nd exosure during regnncy cuses fetl lfor-
tions. herefore, the use of these drugs for hirsutis is
discourged. hey should only be used s  lst resort for
woen with severe hirsutis/viriliztion nd only with
strict contrcetive recutions nd very close onitoring
for hetic toxicity. Flutide is given orlly in  dosge of
250 g twice dily for the first yer nd then 125–250 g/dy
for intennce. Flutide decreses cortisol renl cler-
nce nd corticosteroid relceent doses (eg, in congeni-
tl drenl hyerlsi) should be reduced when flutide
is dded. Biclutide is given in  dosge of 50 g once
dily.

Finasteride inhibits 5-lh-reductse, the enzye tht
converts testosterone to ctive dihydrotestosterone in the
skin. It rovides inconsistent reduction in hirsutis nd
ndrogenic loeci over 6 onths. Also, this drug cuses
seudoherhroditis in le infnts if istkenly
tken during regnncy. herefore, the use of finsteride
for hirsutis is strongly discourged.

Metformin lone is ineffective in iroving hirsutis,
but cn enhnce the nti-hirsutis effect of sironolc-
tone. Strt etforin t  dose of 500 g/dy with brek-
fst for 1 week, then incresed to 500 g with brekfst
nd dinner. If this dose is cliniclly insufficient but toler-
ted, the dose y be incresed to 850–1000 g twice dily
with els. he ost coon side effects re dose-relted
gstrointestinl uset nd dirrhe or constition. Met-
forin ers to be nontertogenic. Although etforin
reduces insulin resistnce, it does not cuse hyoglycei
in nondibetic tients. Metforin is contrindicted in
severe kidney or liver disese. GLP-1 agonist thery
reduced weight nd seru testosterone levels in woen
with PCOS in one short-ter study. However, n effect on
hirsutis hs not been deonstrted cliniclly.
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Simvastatin cn reduce hirsutis in woen with PCOS.
In one study, sivsttin 20 g orlly dily ws given to
woen receiving n orl contrcetive for PCOS. Besides
iroving their seru liid rofiles, woen receiving si-
vsttin hd greter decreses in hirsutis nd seru free
testosterone levels thn the woen receiving n orl contr-
cetive lone. Atorvsttin lso reduced seru testosterone
by n verge of 25% in woen with PCOS.

Glucocorticoid replacement is necessry for
woen with clssicl congenitl drenl hyerlsi (21-
hydroxylse deficiency) with hirsutis nd drenl insuf-
ficiency tht requires glucocorticoid nd inerlocorti-
coid relceent. However, woen with rtil
“lte-onset” 21-hydroxylse deficiency re not cortisol
deficient nd do not require glucocorticoid relceent.
Also, glucocorticoids re ineffective in reducing hirsutis
in these woen. However, such woen y require
relceent doses of glucocorticoids (rednisone, ethyl-
rednisolone) to norlize enses nd for ovultion
induction. However, long-ter dinistrtion of sur-
hysiologic doses of glucocorticoids should be voided.

GnRH agonist thery hs been successful in treting
ostenousl woen with severe ovrin hyern-
drogenis when lroscoic oohorectoy is contrin-
dicted or declined by the tient.

C. Surgery

Androgenizing tuors of the drenl or ovry re resected
lroscoiclly. Postenousl woen with severe
hyerndrogenis should undergo lroscoic bilterl
oohorectoy (if C scn of the drenls nd ovries is
norl), since sll hilr cell tuors of the ovry y
not be visible on scns. Woen with clssic slt-wsting
congenitl drenl hyerlsi nd infertility or tretent-
resistnt hyerndrogenis y be treted with lro-
scoic bilterl drenlectoy.

Brrionuevo P et l. retent otions for hirsutis:  systetic
review nd network et-nlysis. J Clin Endocrinol Metb.
2018;103:1258. [PMID: 29522176]

Frison E et l. Metforin versus the cobined orl contrcetive
ill for hirsutis, cne nd enstrul ttern in olycystic
ovry syndroe. Cochrne Dtbse Syst Rev. 2020;8:
CD005552. [PMID: 32794179]

Mrtin KA et l. Evlution nd tretent of hirsutis in re-
enousl woen: n Endocrine Society clinicl rctice
guideline. J Clin Endocrinol Metb. 2018;103:1233. [PMID:
29522147]

º
AMENORRHEA & MENOPAUSE

PRIMARY AMENORRHEA

Menrche ordinrily occurs between ges 11 nd 15 yers
(verge in the United Sttes: 12.7 yers) (see lso Chter 18).
he filure of ny enses to er is tered “riry
enorrhe,” nd evlution is coenced either (1) t ge
14 yers if neither enrche nor ny brest develoent hs
occurred or if height is in the lowest 3% for ethnicity, or (2)
t ge 16 yers if enrche hs not occurred.

» Etiology of Primary Amenorrhea

he etiologies for riry enorrhe include hyoth-
lic-ituitry cuses, hyerndrogenis, ovrin cuses
(gondl dysgenesis, Müllerin dysgenesis), disorders of
sexul develoent (seudoherhroditis), uterine
cuses, nd regnncy.

A. Hypothalamic-Pituitary Causes
With Low or Normal FSH

he ost coon cuse of riry enorrhe is  vri-
nt of norl known s constitutionl dely of growth nd
uberty, which ccounts for bout 30% of delyed uberty
cses. here is  strong genetic bsis for this condition;
over 50% of girls with it hve  fily history of delyed
uberty. However, constitutionl dely of growth nd
uberty is  dignosis of exclusion.

A genetic deficiency of GnRH nd gondotroins y
be isolted or ssocited with other ituitry deficiencies or
diinished olfction (Kllnn syndroe). Hyothlic
lesions, rticulrly crniohryngio, y be resent.
Pituitry tuors y be nonsecreting or y secrete PRL or
GH. Cushing syndroe y be cused by corticosteroid
tretent,  cortisol-secreting drenl tuor, or n ACH-
secreting ituitry tuor. Hyothyroidis cn dely doles-
cence. Hed tru or encehlitis cn cuse gondotroin
deficiency. Priry enorrhe y lso be cused by
severe illness, vigorous exercise (eg, bllet dncing, run-
ning), stressful life events, dieting, or norexi nervos;
however, these conditions should not be ssued to ccount
for enorrhe without  full endocrinologic evlution.

B. Uterine Causes With Normal FSH

Müllerin genesis (Myer-Rokitnsky-Küster-Huser syn-
droe) results in  issing uterus nd vrible degrees of
uer vginl hyolsi. It is the ost coon cuse of
ernent riry enorrhe. Affected woen hve
intct ovries nd undergo n otherwise norl uberty.

An ierforte hyen is occsionlly the reson for
the bsence of visible enses.

C. Ovarian Causes With High FSH

Gondl dysgenesis (urner syndroe nd vrints) is 
frequent cuse of riry enorrhe. Autoiune ovr-
in filure is nother cuse. Rre deficiencies in certin
ovrin steroidogenic enzyes re cuses of riry hyo-
gondis without viriliztion: 3-bet-hydroxysteroid
dehydrogense deficiency (drenl insufficiency with low
seru 17-hydroxyrogesterone) nd P450c17 deficiency
(hyertension nd hyoklei with high seru
17-hydroxyrogesterone).

D. Hyperandrogenism With Low or Normal FSH

Polycystic ovries nd ovrin tuors cn secrete excessive
testosterone. Excess testosterone cn lso be secreted by
drenl tuors or by drenl hyerlsi cused by ste-
roidogenic enzye defects such s P450c21 deficiency
(slt-wsting) or P450c11 deficiency (hyertension).
Androgenic steroid buse y lso cuse this syndroe.
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E. 46,XY Disorders of Sexual Development
Pseudohermaphroditism

Colete ndrogen insensitivity syndroe is cused by
hoozygous inctivting uttions in the ndrogen rece-
tor. 46,XY individuls with colete ndrogen insensitiv-
ity syndroe re born with norl externl fele
genitli, lthough soe y hve lbil or inguinl swell-
ings due to crytorchid testes. Affected individuls re
henotyic girls nd exerience norl brest develo-
ent t uberty, but fil to develo sexul hir nd hve
riry enorrhe.

Prtil ndrogen insensitivity syndroe in 46,XY indi-
viduls results in vrible degrees of biguous genitli.

F. Pregnancy With High hCG

Pregnncy y be the cuse of riry enorrhe even
when the tient refutes hving hd sexul intercourse.

» Clinical Findings

A. Symptoms and Signs

Hedches or visul field bnorlities ilicte  hyo-
thlic or ituitry tuor. Signs of regnncy y be
resent. Blood ressure elevtion, cne, nd hirsutis
should be noted. Short stture y be seen with n ssoci-
ted GH or thyroid horone deficiency. Short stture with
nifesttions of gondl dysgenesis indictes urner
syndroe. Olfctory deficits re seen in Kllnn syn-
droe. Obesity nd short stture y be signs of Cushing
syndroe. ll stture y be due to eunuchoidis or
croegly. Hirsutis or viriliztion suggests excessive
testosterone.

An externl elvic exintion lus  rectl exin-
tion should be erfored to ssess hyen tency nd the
resence of  uterus.

B. Laboratory and Radiologic Findings

he initil endocrine evlution should include seru
FSH, LH, PRL, totl nd free testosterone, SH, F

4
, nd

bet-hCG (regnncy test). Ptients who re virilized or
hyertensive require seru electrolyte deterintions nd
further horonl evlution (see Hirsutis & Viriliztion,
bove). MRI of the hyothlus nd ituitry is used to
evlute teens with riry enorrhe nd low or nor-
l FSH nd LH—esecilly those with high PRL levels.
Pelvic dulex/color sonogrhy is very useful. Girls who
hve  norl uterus nd high FSH without the clssic
fetures of urner syndroe y require  kryotye to
dignose X chroosoe osicis.

» Treatment

retent of riry enorrhe is directed t the under-
lying cuse. Girls with ernent hyogondis re
treted with HR.

Coittee on Adolescent Helth Cre. ACOG coittee oin-
ion no. 728: Müllerin genesis: dignosis, ngeent, nd
tretent. Obstet Gynecol. 2018;131:e35. [PMID: 29266078]

Vrughese R et l. Fifteen-inute consulttion:  structured
roch to the child with riry enorrhe. Arch Dis
Child Educ Prct Ed. 2021;106:18. [PMID: 32561551]

SECONDARY AMENORRHEA

» General Considerations

Secondry enorrhe is defined s the bsence of
enses for 3 consecutive onths in woen who hve
ssed enrche. Menouse is defined s the terinl
eisode of nturlly occurring enses; it is  retro-
sective dignosis, usully de fter 12 onths of
enorrhe.

» Etiology & Clinical Findings

he cuses of secondry enorrhe include regnncy,
hyothlic-ituitry cuses, hyerndrogenis, uterine
cuses, reture ovrin filure, nd enouse.

A. Pregnancy High hCG

Pregnncy is the ost coon cuse for secondry en-
orrhe in reenousl woen. he differentil digno-
sis includes rre ectoic secretion of hCG by 
choriocrcino or bronchogenic crcino.

B. Hypothalamic-Pituitary Causes
With Low or Normal FSH

he hyothlus ust relese GnRH in  ulstile n-
ner for the ituitry to secrete gondotroins. GnRH
ulses occurring ore thn once er hour fvor LH secre-
tion, while less frequent ulses fvor FSH secretion. In
norl ovultory cycles, GnRH ulses in the folliculr
hse re rid nd fvor LH synthesis nd ovultion;
ovrin lutel rogesterone is then secreted tht slows
GnRH ulses, cusing FSH secretion during the lutel
hse. Most woen with hyothlic enorrhe hve 
ersistently low frequency of GnRH ulses.

Secondry “hyothlic” enorrhe y be
cused by stressful life events such s school exin-
tions or leving hoe. Such woen usully hve  his-
tory of norl sexul develoent nd irregulr enses
since enrche. Aenorrhe y lso be the result of
strict dieting, vigorous exercise, orgnic illness, or
norexi nervos. Intrthecl infusion of oioids cuses
enorrhe in ost woen. hese conditions should
not be ssued to ccount for enorrhe without  full
hysicl nd endocrinologic evlution. Young woen
in who the results of evlution nd rogestin with-
drwl test re norl hve noncyclic secretion of
gondotroins resulting in novultion. Such woen
tyiclly recover sontneously but should hve regulr
evlutions nd  rogestin withdrwl test bout every
3 onths to detect loss of estrogen effect.

PRL elevtion y cuse enorrhe. Pituitry tuors
or other lesions y cuse hyoituitris. Corticosteroid
excess suresses gondotroins.
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C. Hyperandrogenism With Low-Normal FSH

Elevted seru levels of testosterone cn cuse hirsutis,
viriliztion, nd enorrhe. In PCOS, GnRH ulses re
ersistently rid, fvoring LH synthesis with excessive
ndrogen secretion; reduced FSH secretion iirs follicu-
lr turtion. Progesterone dinistrtion cn slow the
GnRH ulses, thus fvoring FSH secretion tht induces
folliculr turtion. Rre cuses of secondry enor-
rhe include drenl P450c21 deficiency, ovrin or dre-
nl lignncies, nd Cushing syndroe. Anbolic
steroids lso cuse enorrhe.

D. Uterine Causes With Normal FSH

Infection of the uterus coonly occurs following deliv-
ery or D&C but y occur sontneously. Endoetritis
due to tuberculosis or schistosoisis should be susected
in endeic res. Endoetril scrring y result, cusing
enorrhe (Ashern syndroe). Such woen tyiclly
continue to hve onthly reenstrul sytos. he
vginl estrogen effect is norl.

E. Menopause With High FSH

Early menopause refers to riry ovrin filure tht
occurs before ge 45. It ffects roxitely 5% of woen.
About 1% of woen exerience premature menopause
tht is defined s ovrin filure before ge 40; bout 30% of
such cses re due to utoiunity ginst the ovry. X
chroosoe osicis ccounts for 8% of cses of re-
ture enouse. Other cuses include surgicl bilterl
oohorectoy, rdition thery for elvic lignncy, nd
cheothery. Woen who hve undergone hysterectoy
re rone to reture ovrin filure even though the
ovries were left intct. Myotonic dystrohy, glctosei,
nd us oohoritis re dditionl cuses. Erly or re-
ture enouse is frequently filil. Ovrin filure is
usully irreversible. Woen with reture enouse,
cored to woen with norl enouse, hve  50%
incresed risk of coronry disese,  23% incresed risk of
stroke, nd  12% incresed overll ortlity.

Laboratory findings in premature menopauseAn ele-
vted hCG overwhelingly indictes regnncy; flse-
ositive testing y occur very rrely with ectoic hCG
secretion (eg, choriocrcino or bronchogenic crci-
no). Further lbortory evlution for woen who re
not regnnt includes seru PRL, FSH nd LH (both ele-
vted in enouse), nd SH. Hyerrolctinei or
hyoituitris (without obvious cuse) should rot n
MRI study of the ituitry region. Routine testing of kid-
ney nd liver function (BUN, seru cretinine, bilirubin,
lkline hoshtse, nd lnine inotrnsferse) is lso
erfored. A seru testosterone level is obtined in hir-
sute or virilized woen.

» Treatment

Nonregnnt woen without ny lbortory bnorlity
y receive  10-dy course of  rogestin (eg, edroxy-
rogesterone cette, 10 g/dy); bsence of withdrwl

enses tyiclly indictes  lck of estrogen or  uterine
bnorlity. (See retent section of Norl Meno-
use, below.)

Coittee on Gynecologic Prctice. Coittee Oinion No.
698: Horone thery in riry ovrin insufficiency.
Obstet Gynecol. 2017;129:e134. [PMID: 28426619]

Gordon CM et l. Functionl hyothlic enorrhe: n
Endocrine Society clinicl rctice guideline. J Clin Endocri-
nol Metb. 2017;102:1413. [PMID: 28368518]

NORMAL MENOPAUSE

E S S E N T I A L S  O F  D I A G N O S I S

» Menopause is a retrospective diagnosis after
12 months of amenorrhea.

» Approximately 80% of women experience hot
flushes and night sweats.

» High FSH and low estradiol help confirm the
diagnosis.

» General Considerations

Normal menopause refers to riry ovrin filure tht
occurs fter ge 45. “Clicteric” is defined s the eriod
of nturl hysiologic decline in ovrin function, gener-
lly occurring over bout 10 yers. By bout ge 40 yers,
the reining ovrin follicles re those tht re the lest
sensitive to gondotroins. Incresing titers of FSH re
required to stiulte estrdiol secretion. Estrdiol levels
y ctully rise during erly clicteric.

he norl ge for enouse in the United Sttes
rnges between 48 nd 55 yers, with n verge of bout
51.5 yers. Seru estrdiol levels fll nd the reining
estrogen fter enouse is estrone, derived inly fro
eriherl rotiztion of drenl ndrostenedione. Such
eriherl roduction of estrone is enhnced by obesity
nd liver disese. Individul differences in estrone levels
rtly exlin why the sytos noted bove y be
inil in soe woen but severe in others.

» Clinical Findings

A. Symptoms and Signs

1. Cessation of menstruationMenstrul cycles generlly
becoe irregulr s enouse roches. Anovultory
cycles occur ore often, with irregulr cycle length nd
occsionl enorrhgi. Menstrul flow usully diin-
ishes in ount owing to decresed estrogen secretion,
resulting in less bundnt endoetril growth. Finlly,
cycles becoe longer, with issed eriods or eisodes of
sotting only. When no bleeding hs occurred for 1 yer,
the enousl trnsition cn be sid to hve occurred.
Any bleeding fter 6 onths fro the cesstion of enses
wrrnts investigtion by endoetril curettge or sir-
tion to rule out endoetril cncer.
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2. Vasomotor symptomsHot flushes (feelings of intense
het over the trunk nd fce, with flushing of the skin nd
sweting) occur in over 80% of woen s  result of the
decrese in ovrin horones. Hot flushes cn begin
before the cesstion of enses. Menousl vsootor
sytos lst longer thn reviously thought, nd there
re ethnic differences in the durtion of sytos. Vso-
otor sytos lst ore thn 7 yers in ore thn 50%
of the woen. Africn-Aericn woen reort the lon-
gest durtion of vsootor sytos. Hot flushes occur
ore frequently t night, cusing sweting nd insoni
tht result in ftigue on the following dy.

3. Genitourinary syndrome of menopause GSM
Decresed estrogen secretion results in less vginl lubric-
tion nd vulvovginl trohy with dryness, dysreuni,
burning, nd ruritus. Estrogen deficiency lso cuses
urinry frequency, urgency, dysuri, nd n incresed risk
of urinry trct infections. GSM does not tend to irove
over tie, in contrst to enousl hot flushes. Pelvic
exintion revels le, sooth vginl ucos nd 
sll cervix nd uterus. he ovries re not norlly l-
ble fter enouse.

4. Other menopausal manifestationsOver 60% of woen
exerience cognitive robles, rticulrly during the
enousl trnsition. Most coonly, erienousl
woen colin of difficulty retrieving words nd short-
ter forgetfulness (such s not reebering why they
entered  roo or islcing keys or glsses). here is n
incresed incidence of slee disturbnce nd ood chnges.
Postenousl osteoorosis resents lter in enouse
with frgility frctures of long bones nd vertebre.

B. Laboratory Findings

No lbortory testing is required to dignose norl
enouse when enorrhe occurs t the exected
ge. he exected ge of enouse correltes with 
won’s other’s ge t enouse nd vries ong
different kindreds nd ethnic grous. An elevted seru
FSH with  low or low-norl seru estrdiol hels
confir the dignosis. A vginl cytologic exintion
will show  low estrogen effect with redoinntly r-
bsl cells, indicting lck of eithelil turtion due to
hyoestrogenis.

» Treatment

A. Non-Estrogen Treatments

Woen with night swets should slee in  cool roo nd
void the use of down coforters. Eliinting triggers for
hot flushes, such s soking, lcohol, cffeine, nd hot
sicy foods, y be helful. Slow, dee brething cn e-
liorte hot flushes. Aerobic training for 50 inutes four
ties weekly reduced ll enousl sytos excet
vginl dryness in  rndoized controlled tril. Clinical
hypnosis reduced hot flushes over 12 weeks in one study.
Acuuncture y hel llevite sytos in soe woen.
Vginl lubricnts cn be used dily or 2 hours before
intercourse.

For woen with severe hot flushes who cnnot tke
estrogen, SSRIs y offer odest relief effective within 
week; escitlor (10–20 g orlly dily) or roxetine
(7.5 g orlly dily) cn reduce hot flushes significntly,
but they ust not be used by woen tking toxifen,
since SSRIs inhibit the conversion of toxifen to its
ctive etbolite. Venlfxine extended relese (75 g
orlly dily) y lso be effective nd does not hve 
drug interction with toxifen. Sexul dysfunction hs
not been s significnt with the ltter drugs when used for
vsootor sytos, cored to their use for deres-
sion. Gbentin is lso effective in orl doses titrted u
to 200–800 g every 8 hours. Side effects such s drowsi-
ness, dizziness, nd hedche, which re ost ro-
nounced during the first 2 weeks of thery, often
irove within 4 weeks. An herb, blck cohosh, y
ossibly relieve hot flushes. oxifen nd rloxifene
offer bone rotection but ggrvte hot flushes. Woen
with low seru testosterone levels y exerience hyo-
ctive sexul desire disorder tht y resond to low-dose
testosterone relceent.

B. Estrogen Replacement TherapyBenefits

Estrogen relceent thery (ER) iroves overll sur-
vivl for woen who begin ER before ge 60 or within
10 yers of enouse. In the Cliforni echers Study,
ER in such woen ws ssocited with  drtic 46%
reduction in ll-cuse ortlity, rticulrly crdiovscu-
lr disese. Also,  20-yer study of 8801 woen living in 
retireent counity found tht ER ws ssocited with
iroved survivl. Age-djusted ortlity rtes were 56.4
(er 1000 erson-yers) ong nonusers nd 50.4 ong
woen who hd used estrogen for 15 yers or longer. he
reduction in crdiovsculr disese ong younger ost-
enousl woen tking ER y be exlined by the
reduction in seru levels of therogenic liorotein()
with ER, with or without  rogestin. Iroveent in
seru HDL cholesterol is gretest with unoosed estro-
gen but is lso seen with the ddition of  rogestin. he
survivl dvntge diinishes with ge; no reduction in
ortlity ws noted in the grou of woen ged
85–94 yers. Nevertheless, other benefits re resons to
continue ER beyond the first 10 yers of enouse.

Other benefits of even low-dose ER include the
iroveent in hot flushes nd the revention of ost-
enousl osteoorosis nd  33% reduction in hi
frctures. he WHI study found tht woen who
received ER exerienced six fewer frctures/yer er
10,000 woen cored with lcebo. ER iroves
vginl oisture nd enhnces libido is in soe woen.
ER y lso irove slee disturbnces nd ild cog-
nitive dysfunction, which re coon enousl
sytos. Unoosed estrogen iroves erieno-
use-relted deression, but the ddition of  rogestin
y negte this effect. Estrogen relceent y lso
hel the joint ins, generlized body in, nd reduced
hysicl function exerienced by soe woen t the
tie of enouse. ER lso increses fcil skin oisture
nd thickness nd reduces seborrhe but does not revent
skin wrinkling.
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Low-dose estrogen lone ers to hve  negligible
effect on brest cncer risk, with studies vribly finding 
decresed risk (Woen’s Helth Inititive, WHI) or n
incresed risk of brest cncer (Cliforni echers’ Study).
However, cobined dily estrogen nd rogestin increses
the long-ter risk for brest cncer. rnsderl estrdiol
relceent does not increse the risk of throboebolic
disese or stroke, wheres orl estrogens increse such risk.

In light of these considertions, estrogen relceent is
ost coonly rescribed for woen in erly enouse,
when sytos re worst nd the benefits re gretest.
rnsderl estrogen is fvored over orl thery to reduce
the risk of throboebolis. In woen with n intct
uterus, estrogen relceent without  rogestin risks endo-
etril hyertrohy nd dysfunctionl uterine bleeding. he
ddition of  rogestin, however, increses the risk of brest
cncer. herefore, only the sllest effective dose of estrogen
should be used to void the need for rogestins or use the
in lower doses or interittently. Also, rogestin y be deliv-
ered directly to the uterus with rogesterone-eluting intr-
uterine devices. he rescrition of estrogen relceent to
woen u to 65 yers of ge is generlly cceted. he
Aericn College of Obstetricins nd Gynecologists nd
the North Aericn Menouse Society hve recoended
tht the decision to continue estrogen relceent st ged
65 should include n ssessent of risks nd benefits, r-
ticulrly including relief fro hot flushes, revention of
osteoorosis, nd iroved qulity of life.

C. Estrogen Replacement TherapyRisks

Orl ER increses the risk of rteril nd venous thro-
botic events in  dose-deendent nner, lthough the
bsolute risk is sll. he WHI study found tht woen
who received long-ter conventionl orl cobined HR
hd n incresed risk of dee venous throbosis (3.5 er
1000 erson-yers) cored with woen receiving l-
cebo (1.7 er 1000 erson-yers). Orl estrogen lso
increses the risk of ischeic stroke by bout 30%. Orl
estrogen cuses  rticulrly incresed risk for throbo-
ebolic disese ong older woen nd those with
incresed stroke roclivity (current sokers nd those with
hyertension, tril fibrilltion, rior throboebolic
event). Long-ter use of orl conjugted estrogens in
woen over ge 65 hs been ssocited with oorer cogni-
tive erfornce, erhs due to sll strokes. rnsder-
l or vginl estrogen dinistrtion voids this risk.
Urinry stress incontinence ers to be incresed by
conventionl-dose orl estrogen relceent, wheres toi-
cl vginl estrogen y hve  beneficil effect. Estrogen
relceent y cuse stlgi tht tyiclly resonds to
dose reduction. Estrogen relceent lso ers to
increse the risk of seizures in woen with eilesy. ER
cn stiulte the growth of untreted lrge ituitry rolc-
tinos. Orl estrogens nd SERMs lso increse the risk of
gstroesohgel reflux disese. Orl ER cn increse the
size of hetic hengios, but significnt enlrgeent is
uncoon. Conventionl doses of ER crry higher risks
thn lower doses. he risks for ER lso deend on whether
estrogen is dinistered lone (unoosed ER) or with 
rogestin (cobined ER).

1. Risks of ERT without progestin unopposed ERThe
Cliforni echers’ Study reorted n increased breast
cancer risk ong such woen while the WHI study
reorted tht ostenousl woen tking unoosed
estrogen hd  reduced breast cancer risk. Woen tking
lower-dose unoosed estrogen thery re exected to
hve  lower long-ter risk of brest cncer cored to
woen tking high-dose estrogens.

Conventionl-dose unoosed conjugted estrogen
relceent (0.625–1.25 g dily) increses the risk of
endoetril hyerlsi nd dysfunctionl uterine bleed-
ing, which often rots tients to sto the estrogen.
However, lower-dose unoosed estrogen confers  uch
lower risk of dysfunctionl uterine bleeding. Recurrent
dysfunctionl bleeding necessittes  elvic exintion
nd ossibly n endoetril biosy. here hs been con-
siderble concern tht unoosed estrogen relceent
ight increse the risk for endoetril crcino. How-
ever,  Cochrne Dtbse Review found no incresed risk
of endoetril crcino in  review of 30 rndoized
controlled trils. herefore, lower-dose unoosed estro-
gen relceent does not er to confer ny significnt
incresed risk for endoetril cncer.

he risk of stroke ong woen tking  conventionl
dose of unoosed estrogen is incresed; the risk is bout
44 strokes er 10,000 erson-yers versus bout 32 er
10,000 erson-yers in woen tking lcebo. However,
trnsderl or trnsvginl ER does not er to
increse the risk of stroke.

Orl estrogens cn cuse hyertriglyceridei, rticu-
lrly in woen with reexistent hyerliidei, rrely
resulting in ncretitis. Postenousl estrogen thery
lso slightly increses the risk of gllstones nd cholecysti-
tis. hese side effects y be reduced or voided by using
trnsderl or vginl estrogen relceent.

2. Risks of ERT with a progestin combined ERTLong-
ter conventionl-dose orl cobined HR increses brest
density nd the risk for bnorl ogrs (9.4% ver-
sus 5.4% for lcebo). here is lso  higher risk of brest
cncer (8 cses er 10,000 woen/yer versus 6.5 cses er
10,000 woen/yer for lcebo). he ilicted rogestins
hve been edroxyrogesterone cette nd norethisterone,
so rescribing hs shifted to bio-identicl rogesterone. he
incresed risk of brest cncer is highest shortly fter eno-
use (bout 2 cses er 1000 woen nnully). his
incresed risk for brest cncer ers to ostly ffect rel-
tively thin woen with  BMI less thn 24.4. he Iow
Woen’s Helth Study reorted n increse in brest cncer
with HR only in woen consuing ore thn 1 oz of
lcohol weekly. No ccelerted risk of brest cncer hs been
seen in users of HR who hve benign brest disese or 
fily history of brest cncer. Woen in who new-onset
brest tenderness develos with cobined HR hve n
incresed risk of brest cncer, cored with woen with-
out brest tenderness. Woen receiving cobined HR
exerience no incresed overll ortlity nd no incresed
overll or secific cncer ortlity.

he Woen’s Helth Inititive Mentl Study (WHIMS)
followed the effect of cobined conventionl-dose orl
HR on cognitive function in woen 65–79 yers old.
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HR did not rotect these older woen fro cognitive
decline. In fct, they exerienced n incresed risk for
severe deenti t  rte of 23 ore cses/yer for every
10,000 woen over ge 65 yers. It is unknown whether
this finding lies to younger ostenousl woen.

In the WHI study, woen receiving conventionl-dose
cobined orl HR exerienced n incresed risk of stroke
(31 strokes er 10,000 woen/yer versus 26 strokes er
10,000 woen/yer for lcebo). Stroke risk ws lso
incresed by hyertension, dibetes, nd soking.

Woen tking cobined orl estrogen–rogestin
relceent do not exerience n incresed risk of ovrin
cncer. hey do exerience  slightly incresed risk of devel-
oing sth.

Progestins y cuse oodiness, rticulrly in woen
with  history of reenstrul dyshoric disorder. Cycled
rogestins y trigger igrines in certin woen. Mny
other dverse rections hve been reorted, including brest
tenderness, loeci, nd fluid retention. Contrindictions
to the use of rogestins include throboebolic disorders,
liver disese, brest cncer, nd regnncy.

D. Hormone Replacement Therapy Agents

Horone relceent needs to be individulized. Idelly, in
woen with n intct uterus, very low-dose trnsderl
estrdiol y be used lone or with interittent rogestin or
 rogesterone-eluting intruterine device, in order to reduce
the risk of endoetril hyerlsi, while voiding the need
for dily orl rogestin. Vginl estrogen cn be dded if low-
dose systeic estrdiol relceent is insufficient to relieve
sytos of vulvovginl trohy. Woen who hve hd 
hysterectoy y receive trnsderl estrogen t whtever
is the lowest dose tht dequtely relieves sytos. How-
ever, soe woen cnnot find sufficient relief with trns-
derl estrdiol nd ust use n orl rertion.

1. Transdermal estradiolEstrdiol cn be delivered sys-
teiclly with different systes of skin tches, ists, or
gels. rnsderl estrdiol works for ost woen, but
soe woen hve oor trnsderl bsortion. If 
won hs  skin rection to n estrdiol tch, then  gel
or ist y be tried t different doses until the idel for-
ultion is found.

a. Estradiol patches mixed with adhesive—hese
systes tend to cuse inil skin irrittion. Generic
estrdiol trnsderl is vilble s  tch tht is relced
biweekly (0.025, 0.0375, 0.05, 0.075, 0.1 g/dy) or weekly
(0.025, 0.0375, 0.05, 0.06, 0.075, 0.1 g/dy). Brnd rod-
ucts include: Vivelle-Dot (0.025 g/dy) or Minivivelle
(0.0375, 0.05, 0.075, or 0.1 g/dy) or Alor (0.025, 0.05,
0.075, or 0.1 g/dy), relced twice weekly; Clir
(0.025, 0.0375, 0.05, 0.06, 0.075, or 0.1 g/dy), relced
weekly; nd Menostr (0.014 g/dy), relced weekly.
his tye of estrdiol skin tch cn be cut in hlf nd
lied to the skin without roortiontely greter loss of
otency. Minivivelle tches re the sllest.

b. Estradiol mists, gels and lotion—Evist is 
toicl ist disenser tht disenses 1.53 g estrdiol/
sry; 1–3 srys re lied to the inner forer dily; 

single dily sry y rovide sufficiently low-dose estr-
diol to ossibly obvite the need for dily rogestin in
woen with n intct uterus. EstroGel 0.06% in  etered-
dose u disenses 0.75 g estrdiol er ctution
(dose: hlf to 2 ctutions/dy). Elestrin 0.06% in 
etered-dose u disenses 0.52 g estrdiol er cti-
vtion (dose: hlf to 2 ctutions/dy). hese gels re
lied dily to one r fro the wrist to the shoulder
fter bthing. Divigel 0.1% gel (0.25, 0.5, 0.75 1 g/cket) is
lied to the uer-inner thigh or inner r dily. Estr-
sorb 2.5% is vilble in 1.74-g ouches (4.35 g estr-
diol); 1–2 ouches of lotion re lied to the thigh/clf
dily. o void sreding toicl estrdiol to others, the
hnds should be wshed nd recutions tken to void
rolonged skin contct with children. Aliction of sun-
screen rior to estrdiol gel hs been reorted to increase
the trnsderl bsortion of estrdiol.

c. Estradiol patches with progestin mixed with

adhesive—hese rertions ix estrdiol with either
norethindrone cette or levonorgestrel. Cobitch
(0.05 g E with 0.14 g norethindrone cette dily or
0.05 g E with 0.25 g norethindrone cette dily) is
relced twice weekly. Clir Pro (0.045 g E with
0.015 g levonorgestrel dily) is relced once weekly. he
ddition of  rogestin reduces the risk of endoetril
hyerlsi, but brekthrough bleeding occurs coonly.
he cobined tch increses the risk of brest cncer.
Scl hir loss, cne, weight gin, skin rections, nd oor
skin dherence hve been reorted with these tches.

2. Oral estrogen

a. Oral estrogen-only preparations—hese re-
rtions include conjugted equine estrogens tht re vil-
ble s Prerin (0.3, 0.45, 0.625, 0.9, nd 1.25 g),
conjugted lnt-derived estrogens (eg, Menest, 0.3, 0.625,
nd 2.5 g), nd conjugted synthetic estrogens (Cenestin)
(0.3, 0.45, 0.625, 0.9, nd 1.25 g) nd Enjuvi (0.3, 0.45,
0.625, 0.9, nd 1.25 g). Other rertions include estr-
diol (0.5, 1, nd 2 g) nd estroite (0.75, 1.5, nd 3 g).

b. Oral estrogen plus progestin preparations—

Conjugted equine estrogens with edroxyrogesterone
cette re vilble s Prero (0.3/1.5, 0.45/1.5, 0.625/2.5,
nd 0.625 g/5 g); conjugted equine estrogens for
14 dys cycled with conjugted equine estrogens lus
edroxyrogesterone cette for 14 dys re vilble s
Prehse (0.625/0, then 0.625 g/5 g); estrdiol with
norethindrone cette (0.5/0.1 nd 1 g/0.5 g); ethinyl
estrdiol with norethindrone cette is vilble s Fehrt
(2.5/0.5 nd 5 cg/1 g) nd Jinteli (5 cg/1 g); estrdiol
with drosirenone is vilble s Angeliq (0.5 g/0.25 g,
nd 1.0 g/0.5 g); estrdiol with norgestite is vilble s
Prefest (estrdiol 1 g/dy for 3 dys, lternting with 1 g
estrdiol/0.09 g norgestite dily for 3 dys); estrdiol
with rogesterone is vilble s Bijuv (1 g/100 g) c-
sules. Orl contrcetives cn lso be used for cobined HR.

3. Vaginal estrogenVginl estrogen is intended to
deliver estrogen directly to locl tissues nd is oder-
tely effective in reducing sytos of urogenitl tro-
hy, while iniizing systeic estrogen exosure. Soe
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estrogen is bsorbed systeiclly nd cn relieve eno-
usl sytos. Vginl estrogen cn be used without 
brek t low doses or in woen who hve hd  hysterec-
toy. o reduce the risk of endoetril rolifertion nd
dysfunctionl bleeding, nufcturers recoend tht
these rertions be used for only 3–6 onths nd for only
3 out of every 4 weeks in woen with n intct uterus, since
vginl estrogen cn cuse endoetril rolifertion. How-
ever, ost clinicins use the for longer eriods nd with-
out cycling. Vginl estrogen cn be dinistered in three
different wys: cres, tblets, nd rings.

a. Estrogen vaginal creams—hese cres re din-
istered intrvginlly with  esured-dose lictor dily
for 2 weeks for trohic vginitis, then dinistered one to
three ties weekly. Conjugated equine estrogens re vilble
s Prerin Vginl (0.625 g/g cre), dosed s 0.25–2 g
cre dinistered vginlly one to three ties weekly.
Estradiol is vilble s Estrce Vginl (0.1 g/g cre), 1 g
cre dinistered vginlly one to two ties weekly.

b. Estradiol vaginal tablets and softgel inserts—

Vagifem and Yuvafem (generic equivlent) re vilble s
10 cg tblets. Imvexxy is  softgel vginl insert (4 cg or
10 cg estrdiol in  coconut oil bse). Either rertion
cn be dinistered intrvginlly dily for 2 weeks for
trohic vginitis, then twice weekly. Prsterone (Intrros)
is vilble s  6.5 g vginl insert tht is used dily. Vgi-
nl rertions re usully inserted t bedtie.

c. Estradiol vaginal rings—hese rings re inserted
nully into the uer third of the vgin, worn continu-
ously, nd relced every 3 onths. Only  sll ount of
the relesed estrdiol enters the systeic circultion. Vgi-
nl rings do not usully interfere with sexul intercourse. If
 ring is reoved or descends into the introitus, it y be
wshed in wr wter nd reinserted. Estring (2 g estr-
diol/ring) releses 17-bet-estrdiol 7.5 cg/dy with only
8% entering the systeic circultion, resulting in en
seru estrdiol concentrtions of only bout 10 g/L; it is
ost effective for locl vginl sytos. Fering releses
estrdiol cette tht is quickly hydrolyzed to estrdiol nd
is vilble in two strengths: 12.4 g/ring releses estrdiol
cette 0.05 g/dy or 24.8 g/ring releses estrdiol ce-
tte 0.1 g/dy, resulting in en seru estrdiol concen-
trtions of bout 40 g/L nd 80 g/L, resectively; it is
effective for both systeic nd locl vginl sytos.
Both rings re relced every 90 dys. For woen with
ostenousl urinry urgency nd frequency, even the
low-dose Estring cn successfully reduce urinry sytos
nd vginl dryness.

d. Estradiol with progestin vaginal rings—Nuv
Ring releses  ixture of ethinyl estrdiol 0.015 g/dy
nd etonogestrel 0.12 g/dy. It is  contrcetive vginl
ring tht is lced in the vgin on or before dy 5 of the
enstrul cycle, left for 3 weeks, reoved for 1 week, nd
then relced.

4. Estradiol injectionsPrenterl estrdiol should be used
only for rticulrly severe enousl sytos when
other esures hve filed or re contrindicted. Estrdiol
cyionte (Deo-Estrdiol 5 g/L) y be dinistered

intrusculrly in doses of 1–5 g every 3–4 weeks. Estr-
diol vlerte (20 or 40 g/L) y be dinistered intr-
usculrly in doses of 10–20 g every 4 weeks. Woen
with n intct uterus should receive rogestin for the lst
10 dys of ech cycle.

5. Oral progestinsFor  won with n intct uterus,
long-ter conventionl-dose unoosed systeic estrogen
thery cn cuse endoetril hyerlsi, which tyiclly
results in dysfunctionl uterine bleeding nd ight rrely
led to endoetril cncer. Progestin thery trnsfors
rolifertive into secretory endoetriu, cusing  ossible
enses when given interittently or no bleeding when
given continuously.

he tye of rogestin rertion, its dosge, nd the
tiing of dinistrtion y be tilored to the given situ-
tion. Progestins y be given dily, onthly, or t longer
intervls. When given eisodiclly, rogestins re usully
dinistered for 7- to 14-dy eriods. Bedtie dinistr-
tion y irove slee. Soe woen find tht rogestins
roduce dverse effects, such s irritbility, nuse, ftigue,
or hedche; long-ter rogestins given with estrogen
relceent increse the risk for brest cncer.

Orl rogestins re vilble in different forultions:
Micronized rogesterone (100 g nd 200 g/csule)
y crry  reduced risk of brest cncer, vsculr thro-
boebolis, nd reduced dverse effects on ood nd
liid levels cored to other rogestins, ccording to
observtionl studies. Other rogestins include edroxy-
rogesterone (2.5, 5.0, nd 10 g/tblet), norethindrone
cette (5 g/tblet), nd norethindrone (0.35 g/tblet).
oicl rogesterone (20–50 g/dy) y reduce hot
flushes in woen who re intolernt to orl HR. It y be
lied to the uer rs, thighs, or inner wrists dily. It
y be coounded s icronized rogesterone
250 g/L in  trnsderl gel. Its effects uon the brest
nd endoetriu re unknown. Progesterone is lso vil-
ble s vginl gels (eg, Prochieve, 4% = 45 g/lictor-
ful, nd 8% = 90 g/lictorful) tht re tyiclly given
for secondry enorrhe nd dinistered vginlly
every other dy for six doses.

6. Vaginal progesteroneVginl rogesterone iniizes
dysfunctionl uterine bleeding while reducing systeic
rogesterone exosure. Crinone nd Prochieve contin 4%
nd 8% gel with 45 g nd 90 g er lictorful, resec-
tively. Endoetrin coes s  100 g vginl insert.
Adinistered twice weekly with dily estrogen, ost
woen exerience no endoetril hyertrohy or dys-
functionl uterine bleeding.

7. Progestin-releasing intrauterine devicesIntruterine
devices tht relese rogestins cn be useful for woen
receiving ER, since they cn reduce the incidence of dys-
functionl uterine bleeding nd endoetril crcino
without exosing woen to the significnt risks of systeic
rogestins. he Miren intruterine device releses levo-
norgestrel nd is inserted into the uterus by  clinicin
within 7 dys of the onset of enses. It is eqully effective
t reducing endoetril hyerlsi s cycled edroxy-
rogesterone cette nd is ssocited with less hirsutis.
It reins effective for u to 5 yers. Prous woen re
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generlly better ble to tolerte the Miren intruterine
device thn nullirous woen.

8. Selective estrogen receptor modulatorsSERMs (eg,
rloxifene, oseifene, toxifen) re n lterntive to
estrogen relceent for hyogondl woen t risk for
osteoorosis who refer not to tke estrogens becuse of
their contrindictions (eg, brest or uterine cncer) or side
effects (see Osteoorosis, bove). Rloxifene (Evist) does
not reduce hot flushes, vginl dryness, skin wrinkling, or
brest trohy; it does not irove cognition. However, in
doses of 60 g/dy orlly, it inhibits bone loss without
stiulting effects uon the brests. In fct, it reduces the
risk of invsive brest cncer by bout 50%. Rloxifene does
not stiulte the endoetriu nd ctully reduces the
risk of endoetril crcino, so concoitnt rogester-
one thery is not required. Rloxifene slightly increses the
risk of venous throboebolis (though less so thn
toxifen), so it should not be used by woen t rolonged
bed rest or otherwise rone to throbosis. Oseifene
(Oshen) is  SERM tht hs unique estrogen-like effects
on the vginl eitheliu nd is indicted for the tretent
of ostenousl dysreuni when other theries re
ineffective. Given orlly in doses of 60 g/dy, it coonly
ggrvtes hot flushes but hs n estrogenic effect uon
bone nd slows bone loss in enouse. It does not usully
cuse endoetril hyertrohy. Oseifene hs unknown
long-ter effects uon the brest.

ibolone (Livil) is  SERM whose etbolites hve
ixed estrogenic, rogestogenic, nd wek ndrogenic
ctivity. It is corble to HR for the tretent of cli-
cteric-relted colints. It does not er to signifi-
cntly stiulte rolifertion of brest or endoetril
tissue. It deresses both seru triglycerides nd HDL
cholesterol. Long-ter studies re lcking. It is not vil-
ble in the United Sttes.

9. Androgen replacement therapy in womenMesure-
ents of totl seru testosterone with chrotogrhy
nd tnde ss sectroetry re ccurte, wheres
direct ssys for seru totl nd free testosterone re very
inccurte in the norl fele rnge. In reenousl
woen, seru testosterone levels decline with ge.
Between 25 nd 45 yers of ge, woen’s testosterone levels
fll 50%. After nturl enouse, the ovries rein 
significnt source for testosterone nd seru testosterone
levels do not fll brutly. In contrst, very low seru tes-
tosterone levels re found in woen fter bilterl ooho-
rectoy, utoiune ovrin filure, or drenlectoy,
nd in hyoituitris. estosterone deficiency contrib-
utes to hot flushes, loss of sexul hir, uscle trohy,
osteoorosis, nd diinished libido, lso known s hyo-
ctive sexul desire disorder (see Chter 25). Selected
woen y be treted with low-dose testosterone tht
result in hysiologic reenousl seru testosterone
levels. In woen with hyoctive sexul desire disorder,
low-dose testosterone thery iroves libido, sexul
resonsiveness, nd orgsic function. Methyltestosterone
cn be coounded into csules nd tken orlly in doses
of 1.25–2.5 g dily. estosterone cn lso be coounded
s  cre contining 1 g/L, with 1 L lied to the

bdoen dily. Methyltestosterone lso is vilble co-
bined with esterified estrogens: 1.25 g ethyltes-
tosterone/0.626 g esterified estrogens or 2.5 g
ethyltestosterone/1.25 g esterified estrogens. he ltter
forultions re convenient but crry the se disdvn-
tges s orl estrogen—rticulrly n incresed risk of
throboebolis.

Woen receiving ndrogen thery ust be onitored
for the ernce of ny cne or hirsutis, nd seru
testosterone levels re deterined eriodiclly if woen
feel tht they re benefitting nd long-ter testosterone
thery is instituted. Side effects of low-dose testosterone
thery re usully inil but y include erythrocyto-
sis, eotionl chnges, hirsutis, cne, n dverse effect
on liids, nd otentition of wrfrin nticogultion
thery. Low-dose testosterone thery tends to reduce
both triglyceride nd HDL cholesterol levels. Hetocellu-
lr neolss nd eliosis hetis, rre colictions of
orl ndrogens t higher doses, hve not been reorted
with orl ethyltestosterone doses of 2.5 g or less dily.

Vaginal androgen is n otion for ostenousl
woen who re exeriencing vginl dryness nd reduced
sexul stisfction. It is lso n otion for woen who cn-
not use systeic or vginl estrogen due to brest cncer.
estosterone cre 150–300 cg (forulted) is dinis-
tered vginlly dily for 2 weeks nd then three ties
weekly. It iroves sexul stisfction while reducing vgi-
nl dryness nd dysreuni without incresing systeic
estrogen or testosterone levels. Prsterone 0.5% vginl
(Intrros),  forultion of DHEA, is vilble s  6.5 g
tblet tht is inserted vginlly nightly t bedtie. It is
indicted for relief of oderte to severe dysreuni of
enouse. However, it is contrindicted in woen with
brest cncer.

Caution: Androgens should not be given to women with
liver disease or during pregnancy or breastfeeding. estoster-
one relceent thery for woen should be used judi-
ciously, since long-ter rosective clinicl trils re
lcking. An nlysis of the Nurses’ Helth Study found tht
woen who hd been tking conjugted equine estrogens
lus ethyltestosterone exerienced n incresed risk of
brest cncer, so brest cncer screening is recoended.

E. Surgical Menopause

he brut horonl decrese resulting fro bilterl
oohorectoy generlly results in severe vsootor sy-
tos nd rid onset of dysreuni nd osteoorosis
unless treted. If not contrindicted, estrogen relce-
ent is generlly strted ieditely fter surgery. Either
trnsderl estrdiol or n orl estrogen y be used. (See
bove.) No rogestin is required in woen who hve hd 
hysterectoy.

Angostis P et l. Menouse syto ngeent in woen
with dysliideis: n EMAS clinicl guide. Mturits.
2020;135:82. [PMID: 32209279]

Chlebowski R et l. Assocition of enousl horone thery
with brest cncer incidence nd ortlity during long-ter
follow-u of the Woen’s Helth Inititive rndoized con-
trolled clinicl trils. JAMA. 2020;324:369. [PMID: 32721007]
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Greendle GA et l. he enouse trnsition nd cognition.
JAMA. 2020;325:149. [PMID: 32163094]

Kingsberg SA et l. Clinicl effects of erly or surgicl enouse.
Obstet Gynecol. 2020;135:853. [PMID: 32168205]

NAMS 2017 Horone hery Position Stteent Advisory
Pnel. he 2017 horone thery osition stteent of he
North Aericn Menouse Society. Menouse. 2017;24:728.
[PMID: 28650869]

Pinkerton JV. Horone thery for ostenousl woen. N
Engl J Med. 2020;382:446. [PMID: 31995690]

TURNER SYNDROME
(Gonadal Dysgenesis)

E S S E N T I A L S  O F  D I A G N O S I S

» Short stature with normal GH levels.

» Primary amenorrhea or early ovarian failure.

» Epicanthal folds, webbed neck, short fourth
metacarpals.

» Renal and cardiovascular anomalies.

urner syndroe corises  grou of X chroosoe
disorders tht re ssocited with sontneous bortion,
riry hyogondis, short stture, nd other heno-
tyic nolies (ble 26–15). It ffects 1–2% of fetuses, of
which bout 97% bort, ccounting for bout 10% of ll
sontneous bortions. Nevertheless, it ffects bout 1 in
every 2500 live fele births. Ptients with the clssic syn-
droe (bout 50% of cses) lck one of the two X chroo-
soes (45,XO kryotye). About 12% of tients hrbor
osicis for Y chroosoe sequences. Other tients
with urner syndroe hve X chroosoe bnorlities,
such s ring X or Xq (X/bnorl X) or X chroosoe
deletions ffecting ll or soe sotic cells (osicis,
XX/XO).

1. Classic Turner Syndrome
45,XO Gonadal Dysgenesis

» Clinical Findings

A. Symptoms and Signs

Fetures of urner syndroe re vrible nd y be sub-
tle in girls with osicis. urner syndroe y be dig-
nosed in infnt girls t birth, since they tend to be sll
nd y exhibit severe lyhede. Evlution for
childhood short stture often leds to the dignosis. Girls
nd woen with urner syndroe hve n incresed risk
of ortic corcttion nd bicusid ortic vlves; these
crdic bnorlities re ore coon in tients with
 webbed neck. yicl nifesttions in dulthood
include short stture, hyogondis, webbed neck, high-
rched lte, wide-sced niles, hyertension, nd

kidney bnorlities (ble 26–15). Eotionl disorders
re coon. Affected woen re lso ore rone to uto-
iune disese, rticulrly thyroiditis, infltory
bowel disese, nd celic disese.

Hyogondis resents s “delyed dolescence” (ri-
ry enorrhe, 80%) or erly ovrin filure (20%);
girls with 45,XO urner (blood kryotying) who enter
uberty re tyiclly found to hve osicis if other tis-
sues re kryotyed.

B. Laboratory Findings

Hyogondis is confired in girls who hve high seru
levels of FSH nd LH. A blood kryotye showing 45,XO
(or X chroosoe bnorlities or osicis) estb-
lishes the dignosis. GH nd IGF-1 levels re norl.

C. Imaging

A trnsthorcic ultrsound nd MRI scn of the chest nd
bdoen should be done in ll tients with urner syn-
droe to deterine whether crdic, ortic, nd renl
bnorlities re resent.

» Treatment

For short stture, GH thery should be strted erly, ide-
lly by ge 4–6 nd before ge 12 yers. GH is given subcu-
tneously in doses of 50 cg/kg/dy or 4.5 interntionl
units/2/dy; the GH dose is titrted to kee the seru
IGF-I levels within 3 SD bove the en for ge. Rrely,
GH tretent cuses seudotuor cerebri. he orl
ndrogen oxndrolone (0.03–0.05 g/kg/dy) is dded
fter ge 10 for girls whose growth is indequte with GH
thery lone. After ge 12 yers, estrogen thery is begun
with low doses of trnsderl estrdiol, with  grdul
increse in dose over 2–3 yers. Progesterone is dded fter
2 yers of estrogen thery or if enstrul bleeding occurs.
For girls ge 12 yers or older with urner osicis nd
sontneous enses, erly oocyte retrievl nd cryoreser-
vtion should be considered, while weighing the risks of
regnncy.

» Complications & Surveillance

Woen with urner syndroe hve  reduced life exec-
tncy due in rt to their incresed risk of dibetes ellitus
(tyes 1 nd 2), hyertension, dysliidei, nd osteoo-
rosis. Ptients re rone to keloid fortion fter surgery
or er iercing. Annul surveillnce should include  blood
ressure deterintion nd lbortory evlutions tht
include  seru SH, liver enzyes, BUN, cretinine, nd
fsting seru liids nd glucose. Celic disese screening
(seru G IgA Ab) is wrrnted every 2–5 yers for
school-ge girls nd then whenever indicted cliniclly.
Audiology exs re recoended every 1–5 yers. Bone
inerl densitoetries should be esured eriodiclly
for woen over ge 18 yers.

Bicusid ortic vlves re coon nd re ssocited
with n incresed risk of infective endocrditis, ortic vl-
vulr stenosis or regurgittion, nd scending ortic root
diltion nd dissection. he risk of ortic dissection is
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Table 26–15. Manifestations of Turner syndrome.

Affected Systems Symptom, Sign, or Condition

Head and neck features High-arched palate (35%)

Low posterior hairline (40%)

Micrognathia (60%)

Pterygium colli (webbed neck 40%)

Eye abnormalities Cataracts, corneal opacities

Epicanthal folds (20%)

Strabismus (15%)

Ptosis (10%)

Ear abnormalities Conductive hearing loss (30%) and recurrent otitis media (60%)

Low-set and posteriorly rotated ears

Cardiovascular anomalies Aortic dilation or aneurysm (25% with bicuspid aortic valve)

Bicuspid aortic valve (30%) with aortic stenosis or regurgitation

Coarctation (14%) and cystic medial necrosis of aorta

Hypertension (50%, idiopathic or due to coarctation or kidney disease)

Partial anomalous pulmonary venous return (18%)

Gastrointestinal disorders Achlorhydria

Celiac disease (8%)

Colon carcinoma

Hepatic transaminases, elevated (65%)

Inflammatory bowel disease (3%)

Telangiectasias with bleeding

Kidney abnormalities (60%) Horseshoe kidney (10%), duplication or abnormal positioning of renal pelvis or ureters (15%)

Gonadal abnormalities Gonadal dysgenesis (primary amenorrhea 80%) or early ovarian failure (20%)

Skeletal and extremity abnormalities Short stature (98%)

Broad (shield) chest (30%) with wide-spaced hypoplastic nipples

Cubitus valgus of arms (50%) and knock knees (35%)

Lymphedema of hands and feet (30%)

Madelung wrist deformity (5%)

Osteopenia (65%)

Scoliosis (10%)

Short fourth metacarpals (40%)

CNS disorders Emotional immaturity (40%)

Learning disabilities and ADHD (40%)

Sensorineural hearing loss

Skin and nail disorders Hyperconvex nails

Keloid formation

Pigmented nevi

Associated conditions Autoimmune (Hashimoto) thyroiditis (37%)

Diabetes mellitus (10%) or glucose intolerance (35%)

Dyslipidemia

Hyperuricemia

Neuroblastoma (1%)

Obesity

Rheumatoid arthritis

ADHD, attention deficit/hyperactivity disorder; CNS, central nervous system.

incresed ore thn 100-fold in woen with urner syn-
droe, rticulrly those with ronounced neck webbing
nd shield chest. Ptients with ortic root enlrgeent re
usully treted with bet-blockde nd seril iging.

About 5% of woen with urner syndroe exerience
nturl regnncy nd even ore cn becoe regnnt
with oocyte dontion. Such regnncies re very high-risk,
with incresed fetl orbidity nd reeclsi. During
regnncy, woen with urner syndroe hve  2% risk of

ortic dissection or ruture, so they require close onitor-
ing with reeted echocrdiogrhy; those with ortic root
dieter 4 c or ore re delivered by elective cesren
section, wheres those with n ortic root dieter less
thn 4 c y deliver vginlly.

Prtil nolous ulonry vein connections cn
led to left-to-right shunting of blood. Adults with urner
syndroe lso hve  high incidence of ECG bnorli-
ties, such s long Q syndroe.
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Ptients with the clssic 45,XO kryotye hve  high
risk of renl structurl bnorlities, wheres those with
46,X/bnorl X re ore rone to lfortions of the
urinry collecting syste.

2. Turner Syndrome Variants

A. 46,X Abnormal X Karyotype

Ptients with sll distl short r deletions of the X
chroosoe (X-) tht include the SHOX gene often hve
short stture nd skeletl bnorlities but hve  low risk
of ovrin filure. rnsission of urner syndroe fro
other to dughter cn occur. here y be n incresed
risk of trisoy 21 in the concetuses of woen with
urner syndroe. Ptients with deletions of the long r
of the X chroosoe (distl to Xq24) often hve enor-
rhe without short stture or other fetures of urner
syndroe. Abnorlities or deletions of other genes
locted on both the long nd short rs of the X chroo-
soe cn roduce gondl dysgenesis with few other
sotic fetures.

B. 45,XO/46,XX and 45,XO/46,XY Mosaicism

45,XO/46,XX osicis results in  odified for of
urner syndroe. Such girls tend to be tller nd y hve
ore gondl function nd fewer other nifesttions of
urner syndroe.

45,XO/46,XY osicis cn roduce soe nifest-
tions of urner syndroe. Ptients y hve biguous
genitli or le infertility with n otherwise norl he-
notye. Ger cell tuors, such s gondoblstos nd
seinos, develo in bout 10% of tients with
45,XO/46,XY osicis; ost such tuors re benign.

Dbrowski E et l. urner syndroe systetic review: sont-
neous thelrche nd enrche strtified by kryotye. Hor
Res Peditr. 2019;92:143. [PMID: 31918426]

Kruszk P et l. urner syndroe in diverse oultions. A
J Med Genet A. 2020;182:303. [PMID: 31854143]

º
CLINICAL USE OF CORTICOSTEROIDS

Prolonged tretent with high-dose corticosteroids cuses
toxic effects tht cn be life thretening. Besides orl nd
renterl dinistrtion, trnsderl nd inhled corti-
costeroids hve soe systeic bsortion nd cn cuse
siilr dverse effects. Ptients should be thoroughly
infored of the jor ossible side effects of tretent:
insoni, cognitive nd ersonlity chnges, weight gin
with centrl obesity, skin thinning nd bruising, strie,
uscle wekness, olyuri, renl clculi, dibetes ellitus,
gluco, ctrcts, sex horone suression, cndidisis,
nd oortunistic infections (ble 26–16). Prolonged
high-dose corticosteroids lso increse the risk of hyer-
tension, dysliidei, yocrdil infrction, stroke, tril
fibrilltion or flutter, nd hert filure. Gstric ulcertion is
ore coon with high-dose corticosteroids, rticulrly
when tients tke NSAIDs concurrently. High-dose
inhled corticosteroids redisose to orl thrush nd

ulonry nontuberculous ycobcteril infection. o
reduce risks, the dosge nd durtion of corticosteroid
dinistrtion ust be iniized. Ieditely following
inhled corticosteroids, roer outh-wshing nd gr-
gling cn reduce systeic bsortion.

Prolonged orl, inhled, intrvenous, or high-dose toi-
cl corticosteroid thery coonly suresses ituitry
ACH secretion, cusing secondry drenl insufficiency.
Adrenl crisis occurs in 5–10% of such tients yerly
with n estited 6% ssocited ortlity.

Most corticosteroids (dexethsone, rednisone,
hydrocortisone, deflzcort, budesonide) re etbolized
by the enzye CYP34A. When drugs tht inhibit CYP34A
re dinistered long with even odest doses of cortico-
steroids (orl, inhled, intrvenous), the blood levels of the
corticosteroids rise nd cn cuse itrogenic Cushing
syndroe nd secondry drenl insufficiency. Medic-
tions tht strongly inhibit CYP34A include itrconzole,
ketoconzole, nefzodone, rotese inhibitors nd
cobicistt.

In regnncy, corticosteroids tken by the other re
trnsitted cross the lcent to the fetus, cusing
dverse effects on fetl growth nd develoent s well s
childhood cognition nd behvior. herefore, woen who
re to receive high-dose corticosteroids should be screened
for regnncy nd counseled to use contrcetion.

Osteoorotic frctures (esecilly vertebrl) ultitely
occur in bout 40% of tients receiving long-ter corti-
costeroid thery. Osteoorotic frctures cn occur even
in tients receiving long-ter corticosteroid thery t
reltively low doses (eg, 5–7.5 g rednisone dily). he
risk of vertebrl frctures increses 14-fold nd the risk of
hi frctures increses 3-fold. Ptients t incresed risk for
corticosteroid osteoorotic frctures include those who
re over ge 60 or who hve  low BMI, retretent
osteoorosis,  fily history of osteoorosis, or concur-
rent disese tht liits obility. Avsculr necrosis of
bone (esecilly his) develos in bout 15% of tients
who receive corticosteroids t high doses (eg, rednisone
15 g dily or ore) for ore thn 1 onth with cuul-
tive rednisone doses of 10 g or ore.

Bishoshontes (eg, lendronte) revent the devel-
oent of osteoorosis ong tients receiving ro-
longed courses of corticosteroids (ble 26–16). For
tients who re unble to tolerte orl bishoshontes
(due to esohgitis, hitl herni, or gstritis), renterl
bishoshontes cn be used. Denosub inhibits bone
resortion but y increse the risk of infection cored
to bishoshontes; therefore, the use of denosub is not
recoended for tients receiving high-dose corticoste-
roid thery who re lredy t n incresed risk for
infection.

he PH/PHrP nlogs terirtide nd blor-
tide re nbolic gents tht re lso effective ginst corti-
costeroid-induced osteoorosis. hey cn be given for 
2-yer course nd increse bone density ore effectively
thn bishoshontes. For tients who re currently
receiving corticosteroid thery, however, these nlogs
increse the risk of hyerclcei nd ust be used with
gret cution; they re ost useful for tients with
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Table 26–16. Management of patients receiving systemic corticosteroids.

Recommendations for prescribing

• Do not administer systemic corticosteroids unless absolutely indicated or more conservative measures have failed.

• Keep dosage and duration of administration to the minimum required for adequate treatment.

Monitoring recommendations

• Screen for tuberculosis with a purified protein derivative (PPD) test or interferon gamma release assay before commencing long-term

corticosteroid therapy.

• Screen for pregnancy in reproductive age women; recommend contraceptive measures.

• Screen for diabetes mellitus before treatment and then every 3–4 months.

• Screen for hypertension before treatment and every 3–4 months.

• Screen for glaucoma and cataracts before treatment, 3 months after treatment inception, and then at least yearly.

• Monitor plasma potassium for hypokalemia and treat as indicated.

• Obtain bone densitometry before treatment and then periodically. Treat osteoporosis.

• Weigh daily. Use dietary measures to avoid obesity and optimize nutrition.

• Measure height frequently and obtain bone densitometry by DXA every 1–2 years to document the degree of axial spine demineralization

and compression.

• Watch for fungal or yeast infections of skin, nails, mouth, vagina, and rectum, and treat appropriately.

• With dosage reduction, watch for signs of adrenal insufficiency or corticosteroid withdrawal syndrome.

Patient information

• Prepare the patient and family for possible adverse effects on mood, memory, and cognitive function.

• Teach the patient about the symptoms of hyperglycemia.

• Inform the patient about other possible side effects, particularly weight gain, osteoporosis, and aseptic necrosis of bone.

• Counsel to avoid smoking and excessive ethanol consumption.

Prophylactic measures

• Institute a vigorous physical exercise and isometric regimen tailored to each patient’s abilities or disabilities.

• Administer calcium (1 g elemental calcium) and vitamin D
3
, 400–800 units orally daily.

–Check spot morning urine for calcium; alter dosage to keep urine calcium concentration < 30 mg/dL (< 7.5 mmol/L).

–If the patient is receiving thiazide diuretics, check for hypercalcemia, and administer only 500 mg elemental calcium daily.

• If the patient has preexistent osteoporosis or has been receiving corticosteroids for ≥ 3 months, consider prophylaxis:

–Bisphosphonate such as alendronate (70 mg every week orally), zoledronic acid (5 mg every year intravenously) for up to 3–5 years; Or

–Teriparatide, 20 mcg subcutaneously daily for up to 2 years

• Avoid prolonged bed rest that will accelerate muscle weakness and bone mineral loss. Ambulate early after fractures.

• Avoid elective surgery, if possible. Vitamin A in a daily dose of 20,000 units orally for 1 week may improve wound healing, but it is not

prescribed in pregnancy.

• Fall prevention strategies: walking assistance (cane, walker, wheelchair, handrails) when required due to weakness or balance problems;

avoid activities that could cause falls or other trauma.

• For ulcer prophylaxis, if administering corticosteroids with nonsteroidal anti-inflammatory drugs, prescribe a proton pump inhibitor

(not required for corticosteroids alone). Avoid large doses of antacids containing aluminum hydroxide (many popular brands) because

aluminum hydroxide binds phosphate and may cause a hypophosphatemic osteomalacia that can compound corticosteroid osteoporosis.

• Treat hypogonadism.

• Treat infections aggressively. Consider unusual pathogens.

• Treat edema as indicated.

osteoorosis who hve stoed high-dose corticosteroid
thery. Following  2-yer course of thery with these
nlogs, bone loss nd frctures occur quickly fter discon-
tinution, so such thery is usully followed by bishos-
honte thery in tients with  history of frcture or
osteoorosis by bone densitoetry. (See Osteoorosis.) It
is wise to follow n orgnized tretent ln such s the
one outlined in ble 26–16.

Buckley L et l. Glucocorticoid-induced osteoorosis. N Engl J
Med. 2018;379:2547. [PMID: 30586507]

Buttgereit F. Views on glucocorticoid thery in rheutology:
the ge of convergence. Nt Rev Rheutol. 2020;16:239.
[PMID: 32076129]

Chotiyrnwong P et l. Pthogenesis of glucocorticoid-induced
osteoorosis nd otions for tretent. Nt Rev Endocrinol.
2020;16:437. [PMID: 32286516]
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27
Diabetes Mellitus &
Hypoglycemia

Umesh Masharani, MB, BS, MRCP (UK)

DIABETES MELLITUS

E S S E N T I A L S  O F  D I A G N O S I S

Type 1 diabetes

» Polyuria, polydipsia, and weight loss with
random plasma glucose of ≥ 200 mg/dL
(11.1 mmol/L).

» Plasma glucose of ≥ 126 mg/dL (7.0 mmol/L) after
an overnight fast, documented on more than one
occasion.

» Ketonemia, ketonuria, or both.

» Islet autoantibodies are frequently present.

Type 2 diabetes

» Many patients are over 40 years of age and are
obese.

» Polyuria and polydipsia. Ketonuria and weight loss
are uncommon at time of diagnosis. Candidal
vaginitis may be an initial manifestation.

» Plasma glucose of ≥ 126 mg/dL after an overnight
fast on more than one occasion. Two hours after
75 g oral glucose, diagnostic values are ≥ 200 mg/dL
(11.1 mmol).

» HbA
1c

≥ 6.5%.

» Hypertension, dyslipidemia, and atherosclerosis
are often associated.

» Epidemiologic Considerations

An estited 34.2 illin peple (10.5%) in the
United Sttes hve dibetes ellitus, f wh pprxi-
tely 5–10% hve type 1 dibetes nd st f the rest
hve type 2 dibetes. A third grup designted s “ther
speifi types” by the Aerin Dibetes Assitin
(ADA) (Tble 27–1) nuber in the thusnds.

» Classification & Pathogenesis

A. Type 1 Diabetes Mellitus

This fr f dibetes is due t utiune destrutin f
pnreti islet B ell. The rte f pnreti B ell destru-
tin is quite vrible, being rpid in se individuls nd
slw in thers. It urs t ny ge but st nly
rises in hildren nd yung dults with  pek inidene
t ge 10–14 yers. Type 1 dibetes is usully ssited
with ketsis in its untreted stte. Exgenus insulin is
therefre required t reverse the tbli stte, prevent
ketsis, redue the hyperglugnei, nd redue bld
gluse.

Fily ebers f dibeti prbnds re t inresed
lifetie risk fr develping type 1 dibetes ellitus. A hild
whse ther hs type 1 dibetes hs  3% risk f develp-
ing the disese nd  6% risk if the hild’s fther hs it. The
risk in siblings is relted t the nuber f HLA hpltypes
tht the sibling shres with the dibeti prbnd. If ne
hpltype is shred, the risk is 6% nd if tw hpltypes re
shred, the risk inreses t 12–25%. The highest risk is fr
nzygti twins, where the nrdne rte is 25–50%.

Se ptients with  ilder expressin f type 1 dibe-
tes ellitus initilly retin enugh B ell funtin t vid
ketsis, but s their B ell ss diinishes lter in life,
dependene n insulin therpy develps. Islet ell ntibdy
surveys ng nrthern Eurpens indite tht up t
15% f “type 2” dibeti ptients y tully hve this
ild fr f type 1 dibetes (ltent utiune dibetes
f dulthd; LADA). Evidene fr envirnentl ftrs
plying  rle in the develpent f type 1 dibetes inlude
the bservtin tht the disese is re n in Sn-
dinvin untries nd bees prgressively less frequent
in untries nerer nd nerer t the equtr. Als, the risk
fr type 1 dibetes inreses when individuls wh nr-
lly hve  lw risk eigrte t the Nrthern Hei-
sphere. Fr exple, Pkistni hildren brn nd rised in
Brdfrd, Englnd, hve  higher risk fr develping type 1
dibetes pred with hildren wh lived in Pkistn ll
their lives.
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Whih envirnentl ftr is respnsible fr the
inresed risk is nt knwn. Brestfeeding in the first
6 nths f life ppers t be prtetive. There is uu-
lting evidene tht iprveents in publi helth nd
redued infetins (espeilly prsiti) led t iune
syste dysregultin nd develpent f utiune
disrders suh s sth nd type 1 dibetes.

Chek pint inhibitr iuntherpies fr dvned
lignnies, suh s nivlub, pebrlizub, nd
ipiliub, n preipitte utiune disrders, inlud-
ing type 1 dibetes. The nset f dibetes n be rpid nd
the ptients frequently hve dibeti ketidsis t pre-
senttin. Autntibdies ginst islet ntigens re nly
present in but 50% f ptients. Ptients reeiving these
drugs shuld be refully nitred fr the develpent
f dibetes.

Apprxitely 5% f subjets hve n evidene f pn-
reti B ell utiunity t explin their insulinpeni
nd ketidsis. This subgrup hs been lssified s
“idipthi type 1 dibetes” nd designted s “type 1B.”
Althugh nly  inrity f ptients with type 1 dibetes
fll int this grup, st f these individuls re f Asin
r Afrin rigin. Abut 4% f the West Afrins with
ketsis-prne dibetes re hzygus fr  uttin in
PAX-4 (Arg133Trp)— trnsriptin ftr tht is essentil
fr the develpent f pnreti islets.

B. Type 2 Diabetes Mellitus

Type 2 dibetes is due t nn-iune uses f pnreti
B ell lss with vrible degree f tissue insensitivity t
insulin, tht is, insulin resistne. The residul bet ell
funtin is suffiient t prevent ketidsis but is inde-
qute t prevent the hyperglyei. This fr f dibetes
used t ur predinntly in dults, but it is nw re
frequently enuntered in hildren nd dlesents.

Geneti nd envirnentl ftrs bine t use
bth the bet ell lss nd the insulin resistne. Mst epi-
deilgi dt indite strng geneti influenes, sine in
nzygti twins ver 40 yers f ge, nrdne
develps in ver 70% f ses within  yer whenever type 2
dibetes develps in ne twin. Gene wide ssitin
studies hve identified 143 risk vrints nd puttive regu-
ltr ehniss fr type 2 dibetes. A signifint nuber
f the identified li pper t de fr prteins tht hve
 rle in bet ell funtin r develpent. One f the
geneti li with the lrgest risk effet is TCF7L2. This gene
des fr  trnsriptin ftr invlved in the WNT sig-
nling pthwy tht is required fr nrl pnreti
develpent.

Obesity is the most important environmental factor
causing insulin resistance. The degree nd prevlene f
besity vries ng different ril grups with type 2
dibetes. While besity is pprent in n re thn 30% f
Chinese nd Jpnese ptients with type 2, it is fund in
60–70% f Nrth Aerins, Eurpens, r Afrins with
type 2 nd pprhes 100% f ptients with type 2 ng
Pi Indins r Pifi Islnders fr Nuru r S.

Viserl besity, due t uultin f ft in the
entl nd esenteri regins, rreltes with insulin
resistne; subutneus bdinl ft sees t hve less
f n ssitin with insulin insensitivity. There re ny
ptients with type 2 dibetes wh, while nt vertly bese,
hve inresed viserl ft; they re tered the “etbli-
lly bese.” Exerise y ffet the depsitin f viserl
ft s suggested by CT sns f Jpnese wrestlers, whse
extree besity is predinntly subutneus. Their
dily vigrus exerise prgr prevents uultin f
viserl ft, nd they hve nrl seru lipids nd eugly-
ei despite dily intkes f 5000–7000 kl nd develp-
ent f ssive subutneus besity.

C. Other Specific Types of Diabetes Mellitus

1. Maturityonset diabetes of the young (MODY)—This
subgrup f ngeni disrders is hrterized by nn-
insulin requiring dibetes with utsl dinnt inher-
itne nd n ge t nset f 25 yers r yunger. Ptients
re nnbese, nd their hyperglyei is due t ipired
gluse-indued seretin f insulin. Six types f MODY
hve been desribed (Tble 27–1). Exept fr MODY 2, in
whih  glukinse gene is defetive, ll ther types
invlve uttins f  nuler trnsriptin ftr tht
regultes islet gene expressin. Ptients yunger thn
30 yers with endgenus insulin prdutin (urinry
C-peptide/retinine rti f 0.2 nl/l r higher)
nd negtive utntibdies re ndidtes fr geneti
sreening fr MODY. The enzye glukinse is  rte-
liiting step in glylysis nd deterines the rte f de-
nsine triphsphte (ATP) prdutin fr gluse nd
the insulin seretry respnse in the bet ell. MODY 2,
due t glukinse uttins, is usully quite ild, ssi-
ted with nly slight fsting hyperglyei nd few if ny
irvsulr dibeti plitins. MODY 3, due t
uttins in hepti nuler ftr 1 lph, is the st
n fr, unting fr tw-thirds f ll MODY
ses. Initilly, ptients with MODY 3 re respnsive t

Table 27–1. Other specific types of diabetes mellitus.

Genetic defects of pancreatic B cell function

MODY 1 (HNF-4alpha); rare

MODY 2 (glucokinase); less rare

MODY 3 (HNF-1alpha); accounts for two-thirds of all MODY

MODY 4 (PDX1); very rare

MODY 5 (HNF-1beta); very rare

MODY 6 (neuroD1); very rare

Mitochondrial DNA

Wolfram syndrome

Genetic defects in insulin action

Type A insulin resistance

Leprechaunism

Rabson-Mendenhall syndrome

Lipoatrophic diabetes

Diseases of the exocrine pancreas

Endocrinopathies

Drug- or chemical-induced diabetes

Other genetic syndromes (Down, Klinefelter, Turner, others)

sometimes associated with diabetes

HNF, hepatic nuclear factor; MODY, maturity-onset diabetes of the

young; PDX1, pancreatic duodenal homeobox 1.
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sulfnylure therpy but the linil urse is f prgres-
sive bet ell filure nd eventul need fr insulin therpy.
Muttins in bth lleles f glukinse present with re
severe nentl dibetes. Muttin in ne llele f the pn-
reti dudenl hebx 1 (PDX1) uses dibetes usu-
lly t  lter ge (~ 35 yers) thn ther frs f MODY;
uttins in bth lleles f PDX1 use pnreti
genesis.

2. Diabetes mellitus associated with a mutation of mito
chondrial DNA—Sine sper d nt ntin ithn-
dri, nly the ther trnsits ithndril genes t her
ffspring. Dibetes due t uttins f ithndril
DNA urs in less thn 2% f ptients with dibetes. The
st n use is the A3243G uttin in the gene
ding fr the tRNA (Leu, UUR). Dibetes usully devel-
ps in these ptients in their lte 30s, nd hrteristilly,
they ls hve hering lss (ternlly inherited dibetes
nd defness [MIDD]).

3. Wolfram syndrome—Wlfr syndre is n uts-
l reessive neurdegenertive disrder first evident in
hildhd. It nsists f dibetes insipidus, dibetes elli-
tus, pti trphy, nd defness, hene the rny DID-
MOAD. It is due t uttins in  gene ned WFS1,
whih endes  100.3 KD trnsebrne prtein ll-
ized in the endplsi retiulu. Crnil dibetes insipi-
dus nd sensrineurl defness develp during the send
dede in 60–75% f ptients. Ureterhydrnephrsis,
neurgeni bldder, erebellr txi, peripherl neurp-
thy, nd psyhitri illness develp lter in ny ptients.

4. Autosomal recessive syndromes—Hzygus ut-
tins in  nuber f pnreti trnsriptin ftrs, NEU-
ROG3, PTF1A, RFX6, nd GLI-similar 3 (GLIS3), use
nentl r hildhd dibetes. Hzygus PTF1A
uttins result in bsent pnres nd erebellr trphy;
NEUROG3 uttins use severe lbsrptin nd
dibetes befre puberty. Hzygus uttins in RFX6
use the Mithell-Riley syndre hrterized by
bsene f ll islet ell types prt fr pnreti ply-
peptide ells, hypplsi f the pnres nd gllbldder,
nd intestinl tresi. GLIS3 gene plys  rle in trnsrip-
tin f insulin gene, nd hzygus uttins use
nentl dibetes nd ngenitl hypthyridis. The
gene EIF2AK3 endes PKR-like ER kinse (PERK), whih
ntrls ne f the pthwys f the unflded prtein
respnse. Absene f PERK leds t indequte respnse t
ER stress nd elerted bet ell pptsis. Ptients with
uttin in this gene hve nentl dibetes, epiphysel
dysplsi, develpentl dely, nd liver nd kidney dys-
funtin (Wltt-Rllisn syndre).

5. Diabetes mellitus secondary to other causes—End-
rine turs sereting grwth hrne, glurtiids,
tehlines, glugn, r ststtin n use glu-
se intlerne (Tble 27–2). In the first fur f these situ-
tins, peripherl respnsiveness t insulin is ipired.
With exess f glurtiids, tehlines, r glu-
gn, inresed hepti utput f gluse is  ntributry
ftr; in the se f tehlines, deresed insulin
relese is n dditinl ftr in prduing rbhydrte

intlerne, nd with ststtin, inhibitin f insulin
seretin is the jr ftr. Dibetes inly urs in
individuls with underlying defets in insulin seretin,
nd hyperglyei typilly reslves when the hrne
exess is reslved.

High-titer nti-insulin reeptr ntibdies tht inhibit
insulin binding use  linil syndre hrterized by
severe insulin resistne, gluse intlerne r dibetes
ellitus, nd nthsis nigrins. These ptients usully
hve ther utiune disrders. There re reprts f
spntneus reissin r reissin with yttxi
therpy.

Mny drugs re ssited with rbhydrte intler-
ne r frnk dibetes (Tble 27–2). The drugs t by
deresing insulin seretin r by inresing insulin resis-
tne r bth. Cylsprine nd trlius ipir insulin
seretin; sirlius priniplly inreses insulin resistne.
These gents ntribute t the develpent f new-nset
dibetes fter trnsplnttin. Crtisterids inrese
insulin resistne but y ls hve n effet n bet ell
funtin; in  se ntrl study nd  lrge ppultin
hrt study, rl rtisterids dubled the risk fr
develpent f dibetes. Thizide diuretis nd bet-
blkers destly inrese the risk fr dibetes. Treting
the hypklei due t thizides y reverse the hyper-
glyei. Atypil ntipsyhtis, prtiulrly lnzpine
nd lzpine, re ssited with inresed risk f gluse
intlerne. These drugs use weight gin nd insulin
resistne but y ls ipir bet ell funtin; n
inrese in rtes f dibeti ketidsis (DKA) hs been
reprted. Alpelisib is  phsphtidylinsitl-3-kinse
(PI3K) inhibitr nd is pprved fr use in bintin
with fulvestrnt fr hrne reeptr–psitive, HER2-
negtive, PIK3CA-utted brest ner. PI3K is  p-
nent f the insulin signling pthwy, nd hyperglyei is
 n side effet f lpelisib tretent.

Chrni pnretitis r subttl pnretety
redues the nuber f funtining B ells nd n result
in  etbli derngeent very siilr t tht f
geneti type 1 dibetes exept tht  nitnt redu-
tin in pnreti A ells y redue glugn seretin
s tht reltively lwer dses f insulin repleent re
needed.

Table 27–2. Secondary causes of hyperglycemia.

Hypeglycemia due to tissue insensitivity to insulin

Medications (corticosteroids, sympathomimetic drugs, niacin,

alpelisib, sirolimus)

Hormonal tumors (acromegaly, Cushing syndrome,

glucagonoma, pheochromocytoma)

Liver disease (cirrhosis, hemochromatosis)

Muscle disorders (myotonic dystrophy)

Adipose tissue disorders (lipodystrophy, truncal obesity)

Hypeglycemia due to educed insulin secetion

Medications (thiazide diuretics, phenytoin, pentamidine,

calcineurin inhibitors, atypical antipsychotics)

Hormonal tumors (somatostatinoma, pheochromocytoma)

Pancreatic disorders (pancreatitis, hemosiderosis,

hemochromatosis)
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» Metabolic Syndrome (Insulin Resistance
Syndrome)

The ter etbli syndre hs been dvted t iden-
tify individuls wh were t higher risk fr develpent f
dibetes nd rdivsulr disese. Criteri inluded
wist iruferene, gluse levels, bld pressure, trigly-
erides, nd HDL hlesterl. There is, hwever, n unify-
ing pthphysilgi bsis fr the syndre, nd in 2010,
 WHO expert ittee reprted tht the syndre
lked utility s  dignsti r ngeent tl. They
bserved tht there ws nly dest ssitin between
etbli syndre nd rdivsulr disese, nd the
definitin ws utperfred by trditinl rdivsulr
risk preditin lgriths suh s the Fringh risk
sre. Siilrly, fsting gluse nveys  greter risk f
inident dibetes thn the etbli syndre. There is
ls n evidene tht hyperinsulinei nd insulin resis-
tne ply  diret rle in these etbli bnrlities.

» Clinical Trials about Optimum Diabetic
Glucose Control

Findings f the Dibetes Cntrl nd Cplitins Tril
nd f the United Kingd Prspetive Dibetes Study
hve nfired the benefiil effets f iprved glyei
ntrl in bth type 1 nd type 2 dibetes.

A. Type 1 Diabetes

The Diabetes Control and Complications Trial (DCCT),
 lng-ter therpeuti study invlving 1441 ptients with
type 1 dibetes ellitus, reprted tht “ner” nrliz-
tin f bld gluse resulted in  dely in the nset nd 
jr slwing f the prgressin f estblished irvs-
ulr nd neurpthi plitins f dibetes.

In hlf f the ptients,  en heglbin A
1

f 7.2%
(nrl: less thn 6%) nd  en bld gluse f
155 g/dL (8.6 l/L) were hieved using intensive
therpy, while in the nventinlly treted grup, HbA

1

verged 8.9% with n verge bld gluse f 225 g/dL
(12.5 l/L). Over the study perid, whih verged
7 yers, there ws n pprxitely 60% redutin in risk
between the tw grups in regrd t dibeti retinpthy,
nephrpthy, nd neurpthy. The intensively treted
grup ls hd  nnsignifint redutin in the risk f
rvsulr disese f 41% (95% CI, –10% t 68%).
Intensively treted ptients hd  threefld greter risk f
serius hypglyei s well s  greter tendeny twrd
weight gin. Hwever, there were n deths definitely
ttributble t hypglyei in ny persns in the DCCT
study, nd n evidene f psthypglyei gnitive
dge ws deteted.

Prtiipnts in the DCCT study were subsequently
enrlled in  fllw-up bservtinl study, the Epideil-
gy f Dibetes Interventins nd Cplitins (EDIC)
study. Even thugh the between-grup differenes in en
HbA

1
nrrwed ver 4 yers, the grup ssigned t inten-

sive therpy hd  lwer risk f retinpthy t 4 yers,
irlbuinuri t 7–8 yers, nd ipired GFR (less
thn 60 L/in/1.73 2) t 22 yers f ntinued study

fllw-up. Mrever, by the end f the 11-yer fllw-up
perid, the intensive therpy grup hd signifintly
redued their risk f ny rdivsulr disese events by
42% (95% CI, 9% t 23%; P = 0.02). Thus, it sees tht the
benefits f gd gluse ntrl persist even if ntrl
deterirtes t  lter dte.

The generl nsensus f the ADA is tht intensive
insulin therpy ssited with prehensive self-
ngeent trining shuld be stndrd therpy in
ptients with type 1 dibetes ellitus fter the ge f
puberty. Exeptins inlude thse with dvned hrni
kidney disese nd lder dults sine the detrientl risks
f hypglyei utweigh the benefits f tight glyei
ntrl in these grups.

B. Type 2 Diabetes

The United Kingdom Prospective Diabetes Study
(UKPDS),  ultienter study, ws designed t estblish
whether the risk f rvsulr r irvsulr -
plitins uld be redued by intensive bld gluse
ntrl with rl hypglyei gents r insulin nd
whether ny prtiulr therpy ws re benefiil thn
the ther in type 2 dibeti ptients.

Intensive tretent with either sulfnylures, etfr-
in, bintins f thse tw, r insulin hieved en
HbA

1
levels f 7%. This level f glyei ntrl deresed

the risk f irvsulr plitins (retinpthy nd
nephrpthy) in prisn with nventinl therpy
(stly diet lne), whih hieved en levels f HbA

1

f 7.9%. Weight gin urred in intensively treted
ptients exept when etfrin ws used s ntherpy.
N dverse rdivsulr utes were nted regrdless
f the therpeuti gent. In the verweight r bese sub-
grup, etfrin therpy ws re benefiil thn diet
lne in reduing the nuber f ptients wh suffered
yrdil infrtins nd strkes. Hypglyei re-
tins urred in the intensive tretent grups, but nly
ne deth fr hypglyei ws duented during
27,000 ptient-yers f intensive therpy.

Tight ntrl f bld pressure (edin vlue
144/82  Hg vs 154/87  Hg) substntilly redued
the risk f irvsulr disese nd strke but nt y-
rdil infrtin. In ft, reduing bld pressure by this
unt hd substntilly greter ipt n irvsulr
utes thn tht hieved by lwering HbA

1
fr 7.9%

t 7%. An epideilgi nlysis f the UKPDS dt
shwed tht every 10  Hg derese in en systli
bld pressure ws ssited with 11% redutin in risk
fr yrdil infrtin. Mre thn hlf f the ptients
needed tw r re editins fr dequte therpy f
their hypertensin, nd there ws n denstrble dvn-
tge f ngitensin-nverting enzye (ACE) inhibitr
therpy ver therpy with bet-blkers with regrd t
dibetes end pints. Use f  liu hnnel blker
dded t bth tretent grups ppered t be sfe ver
the lng ter in this dibeti ppultin despite se
ntrversy in the literture but its sfety in ptients with
dibetes.

Like the DCCT trilists, the UKPDS reserhers per-
fred pst-tril nitring t deterine whether there
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were lng-ter benefits f hving been in the intensively
treted gluse nd bld pressure rs f the study. The
intensively treted grup hd signifintly redued risk f
yrdil infrtin (15%, P = 0.01) nd deth fr ny
use (13%, P = 0.007) during the fllw-up perid. The
subgrup f verweight r bese subjets wh were ini-
tilly rndized t etfrin therpy shwed sustined
redutin in risk f yrdil infrtin nd deth fr
ny use in the fllw-up perid. Unlike the sustined
benefits seen with gluse ntrl, there were n sustined
benefits fr hving been in the re tightly ntrlled
bld pressure grup. Bth bld pressure grups were t
siilr risk fr irvsulr events nd dibetes-relted
end pints during the fllw-up perid.

Thus, the fllw-up f the UKPDS type 2 dibetes
hrt shwed tht, s in type 1 dibetes, the benefits f
gd gluse ntrl persist even if ntrl deterirtes t
 lter dte. Bld pressure benefits, hwever, lst nly s
lng s the bld pressure is well ntrlled.

» Diabetes Prevention Trials

A. Prevention of Type 1 Diabetes

At the tie f dignsis f type 1 dibetes, there
reins signifint B ell pnreti funtin. This
explins why sn fter dignsis, the dibetes ges
int prtil linil reissin nd little r n insulin is
required (“hneyn”). The linil reissin is shrt-
lived, hwever, nd eventully ptients lse ll B ell fun-
tin nd hve re lbile gluse ntrl. Studies hve
been perfred t prlng this prtil linil reissin
using iundultry gents. The CD3 plex is
the jr signl-trnsduing eleent f the T ell reep-
tr, nd the nti-CD3 ntibdies re believed t dulte
the utiune respnse by seletively inhibiting the
pthgeni T ells r by induing regultry T ells. Phse
1/2 nd 2/3 linil trils f hunized nlnl nti-
bdies ginst CD3, hOKT3g (Al-Al) (tepli-
zub), nd ChAglyCD3 (telixizub) delyed but did
nt pletely rrest the deline in insulin prdutin in
ptients with newly dignsed type 1 dibetes. A siilr
phse 2 linil tril using teplizub ws undertken in
nndibeti reltives f ptients with type 1 dibetes wh
hd tw r re dibetes-relted ntibdies nd gluse
intlerne. In the 5 yers fter rndiztin, 43% f the
ptients reeiving teplizub nd 72% f the pleb
grup develped dibetes.

B. Prevention of Type 2 Diabetes

The Dibetes Preventin Prgr studied whether tret-
ent with either diet nd exerise r etfrin uld
prevent the nset f type 2 dibetes in verweight en nd
wen ged 25–85 yers wh hd ipired gluse tler-
ne. Interventin with  lw-ft diet nd 150 inutes f
derte exerise (equivlent t  brisk wlk) per week
redued the risk f prgressin t type 2 dibetes by 71%.
Prtiipnts wh tk etfrin 850 g twie dily
redued their risk f develping type 2 dibetes by 31%,
but this interventin ws reltively ineffetive in thse
wh were either less bese r in the lder ge grup.

Eighty-eight perent f the persns in the Dibetes Preven-
tin Prgr eleted t ntinue fllw up in the Dibetes
Preventin Prgr Oute Study. At 15 yers f fllw
up, the uultive inidene f dibetes ws 55% in the
lifestyle grup nd 62% in the ntrl grup.

» Clinical Findings

A. Symptoms and Signs

1. Type 1 diabetes—A hrteristi sypt plex f
hypersllity nd hyperketnei fr the uul-
tin f irulting gluse nd ftty ids typilly presents
in ptients with type 1 dibetes. When bslute insulin
defiieny is f ute nset, there is brupt inrese in uri-
ntin, thirst, blurred visin, weight lss, presthesis, nd
ltered level f nsiusness. Ketidsis exerbtes the
dehydrtin nd hypersllity by prduing nrexi
nd nuse nd viting, interfering with rl fluid
repleent.

a. Increased urination and thirst—These sypts
re nsequenes f sti diuresis sendry t sus-
tined hyperglyei. The diuresis results in  lss f glu-
se s well s free wter nd eletrlytes in the urine.

b. Blurred vision—As the lenses re expsed t hyper-
slr fluids, blurred visin ften develps.

c. Weight loss—Despite nrl r inresed ppetite,
weight lss is  n feture f type 1 when it develps
subutely. The weight lss is initilly due t depletin f
wter, glygen, nd triglyerides; therefter, redued us-
le ss urs s in ids re diverted t fr gluse
nd ketne bdies. Lss f subutneus ft nd usle
wsting re fetures f re slwly develping insulin
defiieny. Lwered pls vlue prdues sypts f
psturl hyptensin, whih is  serius prgnsti sign.
Ttl bdy ptssiu lss nd the generl tblis f
usle prtein ntribute t the wekness.

d. Paresthesias—Presthesis y be present t the tie
f dignsis, prtiulrly when the nset is subute. They
reflet  teprry dysfuntin f peripherl sensry
nerves, whih lers s insulin repleent restres glye-
i levels lser t nrl, suggesting neurtxiity fr
sustined hyperglyei.

e. The level of consciousness shown by the

patient—The ptient’s level f nsiusness n vry
depending n the degree f hypersllity. When insulin
defiieny develps reltively slwly nd suffiient wter
intke is intined, ptients rein reltively lert nd
physil findings y be inil. When viting urs
in respnse t wrsening ketidsis, dehydrtin pr-
gresses nd penstry ehniss bee indequte
t keep seru sllity belw 320–330 Os/L. Under
these irustnes, stupr r even  y ur. The
fruity breth dr f etne further suggests the dignsis
f DKA.

2. Type 2 diabetes—While inresed urintin nd thirst
y be presenting sypts in se ptients with type 2
dibetes, ny ther ptients hve n insidius nset f
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hyperglyei nd re syptti initilly. This is pr-
tiulrly true in bese ptients, whse dibetes y be
deteted nly fter glysuri r hyperglyei is nted
during rutine lbrtry studies. Osinlly, when the
disese hs been ult fr se tie, ptients y hve
evidene f neurpthi r rdivsulr plitins t
the tie f presenttin. Hyperglyei hyperslr
 n ls be present when the seru sllity
exeeds 320–330 Os/L; in these ses, ptients re pr-
fundly dehydrted, hyptensive, lethrgi, r tse
but withut the Kussul respirtins f ketidsis.

a. Skin manifestations—Chrni skin infetins re
n. Generlized pruritus nd sypts f vginitis
re frequently the initil plints f wen. Dibetes
shuld be suspeted in wen with hrni ndidl vul-
vvginitis. Blnpsthitis (infltin f the freskin
nd glns in uniruised les) y ur.

Other skin findings inlude nthsis nigrins. whih
is ssited with signifint insulin resistne. The skin in
the xill, grin, nd bk f nek is hyperpigented nd
hyperkertti (Figure 27–1). Eruptive xnths n the
flexr surfe f the libs nd n the buttks nd lipei
retinlis due t hyperhylirnei n ur in
ptients with unntrlled type 2 dibetes wh ls hve 
filil fr f hypertriglyeridei.

b. Body habitus—Overweight r bese ptients fre-
quently hve type 2 dibetes. Even thse wh re nt sig-
nifintly bese ften hve hrteristi lliztin f ft
depsits n the upper segent f the bdy (prtiulrly the
bden, hest, nek, nd fe) nd reltively less ft n
the ppendges, whih y be quite usulr. This en-
tripetl ft distributin is hrterized by  high wist
iruferene;  wist iruferene lrger thn 40 inhes
(102 ) in en nd 35 inhes (88 ) in wen is ssi-
ted with n inresed risk f dibetes. Mild hypertensin
is ften present in bese ptients with dibetes.

c. Obstetrical complications—Type 2 dibetes
shuld be nsidered in wen wh hve delivered bbies

lrger thn 9 lb (4.1 kg) r hve hd plyhydrnis, pre-
elpsi, r unexplined fetl lsses.

B. Laboratory Findings

1. Urine glucose—A nvenient ethd t detet glus-
uri is the pper strip ipregnted with gluse xidse
nd  hrgen syste (Clinistix, Distix), whih is sen-
sitive t s little s 100 g/dL (5.5 l) gluse in urine.
A nrl renl threshld fr gluse s well s relible
bldder eptying is essentil fr interprettin.

Nndibeti glysuri (renl glysuri) is  benign
syptti nditin wherein gluse ppers in the
urine despite  nrl unt f gluse in the bld,
either bslly r during  gluse tlerne test. Its use
y vry fr uttins in the SGLT2 gene ding fr
sdiu-gluse trnsprter 2 (filil renl glysuri) t
ne ssited with dysfuntin f the prxil renl
tubule (Fnni syndre, hrni kidney disese), r it
y erely be  nsequene f the inresed ld f glu-
se presented t the tubules by the elevted glerulr
filtrtin rte (GFR) during pregnny. As ny s 50% f
pregnnt wen nrlly hve denstrble sugr in the
urine, espeilly during the third nd furth nths. This
sugr is prtilly lwys gluse exept during the lte
weeks f pregnny, when ltse y be present.

2. Urine and blood ketones—Qulittive detetin f
ketne bdies n be plished by nitrprusside tests
(Aetest r Ketstix). Althugh these tests d nt detet
bet-hydrxybutyri id, whih lks  ketne grup, the
seiquntittive estitin f ketnuri thus btined is
nnetheless usully dequte fr linil purpses. Mny
lbrtries esure bet-hydrxybutyri id, nd there
re eters vilble (Preisin Xtr; Nv Mx Plus) fr
ptient use tht esures bet-hydrxybutyri id levels
in pillry gluse sples. Bet-hydrxybutyrte levels
greter thn 0.6 l/L require evlutin. Ptients with
levels greter thn 3.0 l/L, equivlent t very lrge
urinry ketnes, require hspitliztin.

3. Plasma or serum glucose—The gluse nentrtin
is 10–15% higher in pls r seru thn in whle bld
beuse struturl pnents f bld ells re bsent. A
pls gluse level f 126 g/dL (7 l/L) r higher n
re thn ne sin fter t lest 8 hurs f fsting is
dignsti f dibetes ellitus (Tble 27–3). Fsting pls
gluse levels f 100–125 g/dL (5.6–6.9 l/L) re
ssited with inresed risk f dibetes (ipired fsting
gluse tlerne).

4. Oral glucose tolerance test—If the fsting pls glu-
se level is less thn 126 g/dL (7 l/L) when dibetes
is nnetheless suspeted, then  stndrdized rl gluse
tlerne test y be dne (Tble 27–3). In rder t pti-
ize insulin seretin nd effetiveness, espeilly when
ptients hve been n  lw-rbhydrte diet,  iniu
f 150–200 g f rbhydrte per dy shuld be inluded in
the diet fr 3 dys preeding the test. The ptient shuld et
nthing fter idnight prir t the test dy. On the rn-
ing f the test, ptients re then given 75 g f gluse in
300 L f wter. The gluse ld is nsued within

▲ Figure 27–1. Acanthosis nigricans of the nape of the
neck, with typical dark and velvety appearance. (Used,
with permission, from Umesh Masharani, MB, BS, MRCP [UK].)
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5 inutes. The test is perfred in the rning beuse f
diurnl vritin in rl gluse tlerne; ptients shuld
nt ske r be tive during the test.

Bld sples fr pls gluse re btined t 0 nd
120 inutes fter ingestin f gluse. Tble 27–3 pr-
vides dignsti riteri fr dibetes ellitus bsed n
the rl gluse tlerne test. An rl gluse tlerne
test is nrl if the fsting venus pls gluse vlue is
less thn 100 g/dL (5.6 l/L) nd the 2-hur vlue
flls belw 140 g/dL (7.8 l/L). A fsting vlue
f 126 g/dL (7 l/L) r higher r  2-hur vlue f
greter thn 200 g/dL (11.1 l/L) is dignsti f di-
betes ellitus. Ptients with  2-hur vlue f 140–199 g/dL
(7.8–11.1 l/L) hve ipired gluse tlerne. Flse-
psitive results y ur in ptients wh re lnurished,
bedridden, r fflited with n infetin r severe etinl
stress.

5. Glycated hemoglobin (hemoglobin A
1
) measure

ments—Heglbin bees glyted by ketine
retins between gluse nd ther sugrs nd the free
in grups n the lph nd bet hins. Only glytin
f the N-terinl vline f the bet hin iprts suffi-
ient negtive hrge t the heglbin leule t llw
seprtin by hrge dependent tehniques. These hrge-
seprted heglbins re lletively referred t s
heglbin A

1
(HbA

1
). The jr fr f HbA

1
is he-

glbin A
1

(HbA
1

) where gluse is the rbhydrte.
HbA

1
prises 4–6% f ttl heglbin A.

Sine HbA
1

irultes within red bld ells whse life
spn lsts up t 120 dys, it generlly reflets the stte f
glyei ver the preeding 8–12 weeks, thereby prviding
n iprved ethd f ssessing dibeti ntrl. The
HbA

1
vlue, hwever, is weighted t re reent gluse

levels (previus nth) nd this explins why signifint
hnges in HbA

1
re bserved with shrt-ter (1 nth)

hnges in en pls gluse levels. Mesureents
shuld be de in ptients with either type f dibetes
ellitus t 3- t 4-nth intervls. In ptients nitring
their wn bld gluse levels, HbA

1
vlues prvide 

vluble hek n the ury f nitring. In ptients

wh d nt nitr their wn bld gluse levels, HbA
1

vlues re essentil fr djusting therpy. The A
1

Derived
Averge Gluse Study reprted tht the reltinship
between verge gluse in the previus 3 nths nd
HbA

1
ws (28.7 × HbA

1
) – 46.7. There is, hwever, sub-

stntil individul vribility; fr HbA
1

vlues between
6.9% nd 7.1%, the gluse levels rnge fr 125 g/dL t
205 g/dL (6.9–11.4 l/L; 95% CIs). Fr HbA

1
f 6%,

the en gluse levels rnge fr 100 g/dL t 152 g/dL
(5.5–8.5 l/L); nd fr 8% they rnge fr 147 g/dL
t 217 g/dL (8.1–12.1 l/L). Fr this resn, utin
shuld be exerised in estiting verge gluse levels
fr esured HbA

1
.

The ury f HbA
1

vlues n be ffeted by he-
glbin vrints r trits. In ptients with high levels f he-
glbin F, iunssys give flsely lw vlues f HbA

1
. The

Ntinl Glyheglbin Stndrdiztin Prgr web-
site (www.ngsp.rg) hs infrtin n the ipt f fre-
quently enuntered heglbin vrints nd trits n the
results btined with the nly used HbA

1
ssys.

Any nditin tht shrtens erythryte survivl r
dereses en erythryte ge (eg, revery fr ute
bld lss, helyti nei) will flsely lwer HbA

1
,

irrespetive f the ssy ethd used beuse f the
extended tie tht it tkes irulting heglbin t be
glysylted. Intrvenus irn nd erythrpietin therpy
fr tretent f nei in hrni kidney disese ls
flsely lwer HbA

1
levels. Alterntive ethds suh s

frutsine (see belw) shuld be nsidered fr these
ptients. Vitins C nd E re reprted t flsely lwer test
results pssibly by inhibiting glytin f heglbin.
Cnditins tht inrese erythryte survivl suh s sple-
nety fr hereditry spherytsis will flsely rise
HbA

1
levels. Irn defiieny nei is ls ssited with

higher HbA
1

levels.
HbA

1
is endrsed by the ADA s  dignsti test fr

type 1 nd type 2 dibetes (Tble 27–3). A utff vlue f
6.5% (48 l/l) ws hsen beuse the risk fr reti-
npthy inreses substntilly bve this vlue. The
advantages of using the HbA

1c
to diagnose diabetes is that

there is no need to fast; it hs lwer intrindividul vri-
bility thn the fsting gluse test nd the rl gluse
tlerne test; nd it prvides n estite f gluse n-
trl fr the preeding 2–3 nths. Peple with HbA

1
lev-

els f 5.7–6.4% (39–46 l/l) shuld be nsidered t
high risk fr develping dibetes (predibetes). This test is
nt pprprite t use in ppultins with high prevlene
f heglbinpthies r in nditins with inresed red
ell turnver.

6. Serum fructosamine—Seru frutsine is fred
by nnenzyti glysyltin f seru prteins (pre-
dinntly lbuin). Sine seru lbuin hs  uh
shrter hlf-life thn heglbin, seru frutsine
generlly reflets the stte f glyei ntrl fr nly the
preeding 1–2 weeks. Redutins in seru lbuin (eg,
nephrti stte, prtein-lsing enterpthy, r hepti dis-
ese) will lwer the seru frutsine vlue. When
bnrl heglbins r helyti sttes ffet the inter-
prettin f glyheglbin r when  nrrwer tie

Table 27–3. Criteria for the diagnosis of diabetes.

Nomal

Glucose

Toleance1

Impaied

Glucose

Toleance1

Diabetes

Mellitus2

Fasting plasma

glucose mg/dL

(mmol/L)

< 100 (5.6) 100–125

(5.6–6.9)

≥ 126 (7.0)

2 hours after

glucose load

mg/dL (mmol/L)

< 140 (7.8) ≥ 140–199

(7.8–11.0)

≥ 200 (11.1)

HbA
1c

(%) < 5.7 5.7–6.4 ≥ 6.5

1See text for the oral glucose tolerance test protocol.
2A fasting plasma glucose ≥ 126 mg/dL (7.0 mmol) is diagnostic of

diabetes if confirmed by repeat testing. A fasting plasma glucose

≥ 126 mg/dL (7.0 mmol) and HbA
1c

≥ 6.5% on the same sample is

also diagnostic of diabetes.
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fre is required, suh s fr sertining glyei ntrl
t the tie f neptin in  dibeti wn wh hs
reently bee pregnnt, seru frutsine ssys ffer
se dvntge. Nrl vlues vry in reltin t the
seru lbuin nentrtin nd re 200–285 l/L
when the seru lbuin level is 5 g/dL. HbA

1
vlues nd

seru frutsine re highly rrelted. Seru fruts-
ine levels f 300, 367, nd 430 l/L pprxite t
HbA

1
vlues f 7%, 8%, nd 9%, respetively. Substntil

individul vribility exists, thugh, when estiting the
likely HbA

1
vlue fr the frutsine esureent.

7. Selfmonitoring of blood glucose—Cpillry bld
gluse esureents perfred by ptients theselves,
s utptients, re extreely useful. A lrge nuber f
bld gluse eters re vilble. All re urte, but
they vry with regrd t speed, nveniene, size f bld
sples required, reprting pbility, nd st. Ppulr
dels inlude thse nuftured by LifeSn (One
Tuh), Byer Crprtin (Cntur), Rhe Dignstis
(Au-Chek), nd Abbtt Lbrtries (Preisin, Free-
Style). These bld gluse eters re reltively inexpen-
sive, rnging fr $20 t $80 eh. Test strips rein 
jr expense, sting but $0.25 t $1.50 piee. Eh
gluse eter ls es with  lnet devie nd disps-
ble 26- t 33-guge lnets. Mst eters n stre fr
100 t 1000 gluse vlues in their eries nd hve
pbilities t dwnld the vlues int  puter r
srtphne. Se eters re designed t unite
with  speifi insulin pup. Cntur Next Link eter, fr
exple, unites with the MiniMed Medtrni
pup. The ury f dt btined by he gluse
nitring des require edutin f the ptient in s-
pling nd esuring predures.

The liniin shuld be wre f the liittins f the
self-nitring gluse systes. The strips hve liited
lifespns nd iprper strge (high teperture; pen
vil) n ffet their funtin. Ptients shuld ls be
dvised nt t use expired strips. Inreses r dereses in
hetrit n derese r inrese the esured glu-
se vlues. Meters nd the test strips re librted ver
the gluse nentrtins rnging fr 60 g/dL
(3.3 l/L) t 160 g/dL (8.9 l/L) nd the ury
is nt s gd fr higher nd lwer gluse levels. When
the gluse is less thn 60 g/dL (3.3 l/L), the differ-
ene between the eter nd the lbrtry vlue y be s
uh s 20%. Gluse xidse–bsed peretri sys-
tes underestite gluse levels in the presene f high
xygen tensin. This y be iprtnt in the ritilly ill
wh re reeiving suppleentl xygen; under these ir-
ustnes,  gluse dehydrgense–bsed syste
y be preferble. Gluse-dehydrgense pyrrlquin-
line quinne (GDH-PQQ) systes y reprt flsely high
gluse levels in ptients wh re reeiving prenterl
prduts ntining nngluse sugrs suh s ltse,
gltse, r xylse r their etblites. Se eters re
pprved fr esuring gluse in bld sples btined
t lterntive sites suh s the frer nd thigh. There is,
hwever,  5- t 20-inute lg in the gluse respnse n
the r with respet t the gluse respnse n the finger.

Frer bld gluse esureents uld therefre
result in  dely in detetin f rpidly develping hypgly-
ei. Ipired irultin t the fingers (fr exple, in
ptients with Rynud disese) will rtifiilly lwer
fingerstik gluse esureents (pseudhypglyei).

8. Continuous glucose monitoring systems— A gluse
xidse–bsed syste t esure gluse nentrtins
in the interstitil fluid is used by ptients wh re inres-
ingly using ntinuus gluse nitring systes. These
systes, nuftured by Medtrni MiniMed, DexC
systes, nd Abbtt Dignstis, invlve inserting  sub-
utneus sensr (rther like  sll wire) tht esures
gluse nentrtins ntinuusly in the interstitil fluid
fr 7–14 dys. The DexC nd MiniMed systes trns-
it gluse dt wirelessly t srtphnes r t the
sreens f insulin pups. Diretinl rrws indite rte
nd diretin f hnge f gluse levels, nd lerts n be
set fr dngerusly lw r high gluse vlues. The werer
ls gins insight int hw prtiulr fds nd tivities
ffet their gluse level. The FreeStyle Libre (Abbtt Dig-
nstis) sensr syste requires the ptient t hld  red-
ing devie r  srtphne lse t the sensr pth fr
but  send t see the rel tie gluse vlue. The
MiniMed syste requires librtin with peridi finger-
stik gluse levels, whih is nt neessry fr the Dex
nd Freestyle Libre systes. The ftry librted systes
use  librtin funtin tht uttilly rrets fr
sensr drift ver the subsequent 10–14 dys. A 6-nth
rndized ntrlled study f ptients with type 1 dibe-
tes shwed tht dults (25 yers nd lder) using these
ntinuus gluse nitring systes hd iprved
glyei ntrl withut n inrese in the inidene f
hypglyei. A rndized ntrlled study f ntinu-
us gluse nitring during pregnny shwed
iprved glyei ntrl in the third triester, lwer
birth weight, nd redued risk f rsi. Suries
f the ntinuus gluse nitring dt lleted ver
2–12 weeks n be very helpful. The perentge f “tie in
rnge” (gluse levels 70–180 g/dy [3.9–10 l/L]),
gluse levels tht re lw r high, nd their vribility n
be ssessed. There is  strng rreltin between gluse
levels tht re 70% “tie in rnge” nd n HbA

1
f pprx-

itely 7%.
Mny f these systes re vered by insurne. The

initil st is but $800 t $1000, nd the sensr, whih
hs t be hnged every 7 t 14 dys, sts $35 t $60; the
ut-f-pket expense is but $4000 nnully.

9. Lipoprotein abnormalities in diabetes—Cirulting
lipprteins re just s dependent n insulin s is the
pls gluse. In type 1 dibetes, dertely defiient
ntrl f hyperglyei is ssited with nly  slight
elevtin f LDL hlesterl nd seru triglyerides nd
little if ny hnge in HDL hlesterl. One the hypergly-
ei is rreted, lipprtein levels re generlly nrl.
Hwever, in ptients with type 2 dibetes,  distint
“dibeti dyslipidei” is hrteristi f the insulin
resistne syndre. Its fetures re  high seru tri-
glyeride level (300–400 g/dL [3.4–4.5 l/L]),  lw
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HDL hlesterl (less thn 30 g/dL [0.8 l/L]), nd 
qulittive hnge in LDL prtiles, prduing  sller
dense prtile whse ebrne rries suprnrl
unts f free hlesterl. These sller dense LDL pr-
tiles re re suseptible t xidtin, whih renders
the re thergeni. Mesures designed t rret the
besity nd hyperglyei, suh s exerise, diet, nd
hypglyei therpy, re the tretent f hie fr di-
beti dyslipidei, nd in sinl ptients in wh
nrl weight ws hieved, ll fetures f the lipprtein
bnrlities lered. Sine priry disrders f lipid
etblis y exist with dibetes, persistene f lipid
bnrlities fter restrtin f nrl weight nd bld
gluse shuld prpt  dignsti wrkup nd pssible
phrtherpy f the lipid disrder. Chpter 28 dis-
usses these tters in detil.

Aerin Dibetes Assitin. 6. Glyei Trgets: Standards
of Medical Care in Diabetes—2021. Dibetes Cre. 2021;44:S73.
[PMID: 33298417]

» Treatment

A. Diet

A well-blned, nutritius diet reins  fundentl
eleent f therpy. There is n speifi reendtin
n the perentge f lries tht shuld e fr rb-
hydrte, prtein, nd ft. The rnutrient prprtins
shuld be individulized bsed n the ptient’s eting pt-
terns, preferenes, nd etbli gls. In generl, st
ptients with dibetes nsue but 45% f their ttl
dily lries in the fr f rbhydrtes, 25–35% in the
fr f ft, nd 10–35% in the fr f prtein. In ptients
with type 2 dibetes, liiting the rbhydrte intke nd
substituting se f the lries with nunsturted fts,
suh s live il, rpeseed (nl) il, r the ils in nuts nd
vds, n lwer triglyerides nd inrese HDL hles-
terl. A Mediterrnen-style eting pttern ( diet supple-
ented with wlnuts, lnds, hzelnuts, nd live il) hs
been shwn t iprve glyei ntrl nd lwer -
bined endpints fr rdivsulr events nd strke. In
thse ptients with besity nd type 2 dibetes, weight
redutin by lri restritin is n iprtnt gl f the
diet (see Chpter 29). Ptients with type 1 dibetes r type 2
dibetes wh tke insulin shuld be tught “rbhydrte
unting,” s they n dinister their insulin blus fr
eh el bsed n its rbhydrte ntent.

The urrent reendtins fr sturted fts nd
dietry hlesterl intke fr peple with dibetes re the
se s fr the generl ppultin. Sturted fts shuld be
liited t less thn 10% f dily lries nd dietry h-
lesterl intke shuld be less thn 300 g/dy. Fr thse
ptients with kidney disese, dietry prtein shuld be
intined t the reended dily llwne f
0.8 g/kg/dy. Exhnge lists fr el plnning n be
btined fr the Aerin Dibetes Assitin nd its
ffilite ssitins r fr the Aerin Dieteti Ass-
itin (http://www.etright.rg), 216 W. Jksn Blvd.,
Chig, IL 60606 (312-899-0040).

1. Dietary fiber—Plnt pnents suh s ellulse,
gu, nd petin re indigestible by huns nd re tered
dietry “fiber.” Insluble fibers suh s ellulse r hei-
ellulse, s fund in brn, tend t inrese intestinl trn-
sit nd y hve benefiil effets n lni funtin. In
ntrst, sluble fibers suh s gus nd petins, s fund
in bens, tel, r pple skin, tend t retrd nutrient
bsrptin rtes s tht gluse bsrptin is slwer nd
hyperglyei y be slightly diinished. Althugh its
reendtins d nt inlude insluble fiber supple-
ents suh s dded brn, the ADA reends fd
suh s tel, erels, nd bens with reltively high
sluble fiber ntent s stple pnents f the diet in
dibetis. High sluble fiber ntent in the diet y ls
hve  fvrble effet n bld hlesterl levels.

2. Glycemic index—The glyei index f  rbhy-
drte ntining fd is deterined by pring the
gluse exursins fter nsuing 50 g f test fd with
gluse exursins fter nsuing 50 g f referene fd
(white bred):

Glycemic
index

Blood glucose area under the
curve (3h) for test food

Blood glucose area under the
curve (3h) for reference food

100=  ×

Eting lw glyei index fds results in lwer glu-
se levels fter els. Lw glyei index fds hve
vlues f 55 r less nd inlude ny fruits, vegetbles,
griny breds, pst, nd legues. High glyei index
fds hve vlues f 70 r greter nd inlude bked
ptt, white bred, nd white rie. Glyei index is lw-
ered by the presene f fts nd prtein when fd is n-
sued in  ixed el. Even thugh it y nt be pssible
t urtely predit the glyei index f  prtiulr
fd in the ntext f  el, it is resnble t hse
fds with lw glyei index.

3. Artificial and other sweeteners—Shrin (Sweet N
Lw), surlse (Splend), esulfe ptssiu (Sweet
One), nd rebin (Truvi) re “rtifiil” sweeteners tht
n be used in king nd bking. Asprte (NutrSweet)
lks het stbility, s it nnt be used in king. Nne
f these sweeteners rise bld gluse levels.

Frutse represents  “nturl” sugr substne tht is 
highly effetive sweetener, indues nly slight inreses in
pls gluse levels, nd des nt require insulin fr its
etblis. Hwever, beuse f ptentil dverse effets
f lrge unts f frutse n rising seru hlesterl,
triglyerides, nd LDL hlesterl, it des nt hve ny
dvntge s  sweetening gent in the dibeti diet. This
des nt prelude, hwever, ingestin f frutse-ntining
fruits nd vegetbles r frutse-sweetened fds in
dertin.

Sugr lhls, ls knwn s plyls r plylhl,
re nly used s sweeteners nd bulking gents. They
ur nturlly in  vriety f fruits nd vegetbles but re
ls erilly de fr surse, gluse, nd strh.
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Exples re srbitl, xylitl, nnitl, ltitl, islt,
ltitl, nd hydrgented strh hydrlystes (HSH).
They re nt s esily bsrbed s sugr, s they d nt
rise bld gluse levels s uh. Therefre, sugr l-
hls re ften used in fd prduts tht re lbeled s
“sugr free,” suh s hewing gu, lzenges, hrd ndy,
nd sugr-free ie re. Hwever, if nsued in lrge
quntities, they will rise bld gluse nd n use
blting nd dirrhe.

B. Medications for Treating Hyperglycemia

The editins fr treting type 2 dibetes re listed in
Tble 27–4.

1. Medications that primarily stimulate insulin secretion
by binding to the sulfonylurea receptor on the beta cell—

a. Sulfonylureas—The priry ehnis f tin f
the sulfnylures is t stiulte insulin relese fr pn-
reti B ells.

Sulfnylures re used in ptients with type 2 but nt
type 1 dibetes, sine these editins require funtin-
ing pnreti B ells t prdue their effet n bld
gluse. Sulfnylures re etblized by the liver nd
prt fr ethexide, whse etblite is re
tive thn the prent pund, the etblites f ll
the ther sulfnylures re wekly tive r intive. The
etblites re exreted by the kidney nd, in the se f
the send-genertin sulfnylures, prtly exreted in
the bile.

Hypglyei is  n dverse retin with the
sulfnylures. Weight gin is ls n, espeilly in
the first yer f use. The ehniss f the weight gin
inlude iprved gluse ntrl nd inresed fd
intke in respnse t hypglyei.

Idisynrti retins re rre, with skin rshes r
hetlgi txiity (leukpeni, thrbytpeni)
urring in less thn 0.1% f users.

(1) First-generation oral sulfonylureas (tolbutamide,
tolazamide, acetohexamide, chlorpropamide)—Tlbut-
ide is prbbly best dinistered in divided dses (eg,
500 g befre eh el nd t bedtie); hwever, se
ptients require nly ne r tw tblets dily with  xi-
u dse f 3000 g/dy.

Beuse f its shrt durtin f tin (but 6–10 hurs,
whih is independent f kidney funtin), tlbutide is
reltively sfe t use in kidney disese. Prlnged hypgly-
ei hs been reprted rrely with tlbutide, stly in
ptients reeiving ntibteril sulfnides (sulfisx-
zle), phenylbutzne fr rthrlgis, r the rl zle
ntifungl editins t tret ndidisis.

Tlzide, ethexide, nd hlrprpide re
rrely used. Chlrprpide hs  prlnged bilgi
effet, nd severe hypglyei n ur espeilly in
lder dults s their renl lerne delines with ging. Its
ther side effets inlude lhl-indued flushing nd
hypntrei due t its effet n vspressin seretin nd
tin.

(2) Second-generation sulfonylureas (glyburide, glipizide,
gliclazide, glimepiride)—Glyburide, glipizide, glilzide,
nd gliepiride re 100–200 ties re ptent

thn tlbutide. These editins shuld be used with
utin in ptients with rdivsulr disese r in elderly
ptients, in wh prlnged hypglyei wuld be espe-
illy dngerus.

The usul strting dse f glyburide is 2.5 g/dy, nd
the verge intenne dse is 5–10 g/dy given s 
single rning dse; intenne dses higher thn
20 g/dy re nt reended. Se reprts suggest
tht 10 g is  xiu dily therpeuti dse, with
15–20 g hving n dditinl benefit in pr respnders
nd dses ver 20 g tully wrsening hyperglyei. A
“Press Tb” frultin f “irnized” glyburide—esy
t divide in hlf with slight pressure if neessry—is vil-
ble. Glyburide is etblized in the liver nd the et-
bli prduts f glyburide hve hypglyei tivity.
This prbbly explins why ssys speifi fr the une-
tblized pund suggest  pls hlf-life f nly
1–2 hurs, yet the bilgi effets f glyburide re lerly
persistent 24 hurs fter  single rning dse in dibeti
ptients.

Glyburide hs few dverse effets ther thn its pten-
til fr using hypglyei, whih t ties n be pr-
lnged. Flushing hs rrely been reprted fter ethnl
ingestin. It des nt use wter retentin, s hlrprp-
ide des, but rther slightly enhnes free wter ler-
ne. Glyburide shuld nt be used in ptients with liver
filure nd hrni kidney disese beuse f the risk f
hypglyei. Elderly ptients re t prtiulr risk fr
hypglyei even with reltively sll dily dses.

The reended strting dse f glipizide is
5 g/dy, with up t 15 g/dy given s  single dily
dse befre brekfst. When higher dily dses re
required, they shuld be divided nd given befre els.
The xiu dse reended by the nufturer
is 40 g/d, lthugh dses bve 10–15 g prbbly
prvide little dditinl benefit in pr respnders nd
y even be less effetive thn sller dses. Fr xi-
u effet in reduing pstprndil hyperglyei,
glipizide shuld be ingested 30 inutes befre els,
sine rpid bsrptin is delyed when the editin is
tken with fd.

At lest 90% f glipizide is etblized in the liver t
intive prduts, nd 10% is exreted unhnged in the
urine. Glipizide therpy shuld therefre nt be used in
ptients with liver filure. Beuse f its lwer pteny nd
shrter durtin f tin, it is preferble t glyburide in
elderly ptients nd fr thse ptients with kidney disese.
Glutrl-XL prvides extended relese f glipizide during
trnsit thrugh the gstrintestinl trt with greter effe-
tiveness in lwering prebrekfst hyperglyei thn the
shrter-durtin iedite-relese stndrd glipizide tb-
lets. Hwever, this frultin ppers t hve srified
its lwer prpensity fr severe hypglyei pred
with lnger-ting glyburide withut shwing ny den-
strble therpeuti dvntges ver glyburide.

Gliclazide (nt vilble in the United Sttes) is nther
interedite durtin sulfnylure with  durtin f
tin f but 12 hurs. The reended strting dse
is 40–80 g/dy with  xiu dse f 320 g. Dses
f 160 g nd bve re given s divided dses befre
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Table 27–4. Medications for treatment of type 2 diabetes mellitus (oral doses unless otherwise noted).

Dug Tablet Size Daily Dose

Duation of

Action

Sulfonylueas

Acetohexamide (Dymelor) (not available

in United States)

250 and 500 mg 0.25–1.5 g as single dose or in two divided doses 8–24 hours

Chlorpropamide (Diabinese) 100 and 250 mg 0.1–0.5 g as single dose 24–72 hours

Gliclazide (not available in United States) 80 mg 40–80 mg as single dose; 160–320 mg as divided dose 12 hours

Glimepiride (Amaryl) 1, 2, and 4 mg Usual dose: 1–4 mg once daily

Maximal dose: 8 mg once daily

Up to 24 hours

Glipizide

(Glucotrol) 5 and 10 mg Usual dose: 2.5–10 mg twice daily 30 minutes before

meals

Maximal dose: 20 mg twice daily

6–12 hours

(Glucotrol XL) 2.5, 5, and 10 mg Usual dose: 2.5–10 mg once daily

Maximal dose: 20 mg once daily

Up to 24 hours

Glyburide

(Dia Beta, Micronase) 1.25, 2.5, and 5 mg 1.25–20 mg as single dose or in two divided doses Up to 24 hours

(Glynase) 1.5, 3, and 6 mg 1.5–12 mg as single dose or in two divided doses Up to 24 hours

Tolazamide (Tolinase) 100, 250, and 500 mg 0.1–1 g as single dose or in two divided doses Up to 24 hours

Tolbutamide (Orinase) 250 and 500 mg 0.5–2 g in two or three divided doses 6–10 hours

Meglitinide Analogs

Mitiglinide (available in Japan) 5 and 10 mg 5 or 10 mg three times daily before meals 2 hours

Repaglinide (Prandin) 0.5, 1, and 2 mg Usual dose: 0.5 to 4 mg three times daily 15 minutes

before meals

Maximal dose: 16 mg daily

3 hours

d-Phenylalanine Deivative

Nateglinide (Starlix) 60 and 120 mg 60 or 120 mg three times daily before meals 4 hours

Biguanides

Metformin (Glucophage) 500, 850, and 1000 mg 500–850 mg with meals two or three times daily;

850–1000 mg with breakfast and dinner

4 hours

Metformin, extended release

(Glucophage XR)1
500, 750, and 1000 mg 500–2000 mg once daily Up to 24 hours

Thiazolidinediones

Pioglitazone (Actos) 15, 30, and 45 mg 15–45 mg daily Up to 24 hours

Rosiglitazone (Avandia) 2, 4, and 8 mg 4–8 mg daily (can be divided) Up to 24 hours

Alpha-Glucosidase Inhibitos

Acarbose (Precose) 25, 50, and 100 mg 25–100 mg three times daily just before meals 4 hours

Miglitol (Glyset) 25, 50, and 100 mg 25–100 mg three times daily just before meals 4 hours

Voglibose (not available in United States) 0.2 and 0.3 mg 0.2–0.3 mg three times daily just before meals 4 hours

GLP-1 recepto Agonists

Dulaglutide (Trulicity) 0.75-, 1.5-mg single-

dose pen or pre-

filled syringe

Usual dose: 0.75 mg subcutaneously once weekly

Maximal dose: 1.5 mg subcutaneously once weekly

1 week

Exenatide (Byetta) 1.2 mL and 2.4 mL

prefilled pens deliv-

ering 5 mcg and

10 mcg doses

5 mcg subcutaneously twice daily within 1 hour of

breakfast and dinner. Increase to 10 mcg subcuta-

neously twice daily after about a month.

AVOID if eGFR < 30 mL/min/1.73 m2

6 hours

Exenatide, long-acting release (Byetta

LAR, Bydureon)

2 mg (powder) Suspend in provided diluent and inject

subcutaneously.

1 week

(continued)
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Table 27–4. Medications for treatment of type 2 diabetes mellitus (oral doses unless otherwise noted).

Dug Tablet Size Daily Dose

Duation of

Action

Liraglutide (Victoza) Prefilled, multi-dose

pen that delivers

doses of 0.6 mg,

1.2 mg, or 1.8 mg

Initial dose: 0.6 mg subcutaneously once daily.

Increase to 1.2 mg after a week if no adverse

reactions.

Maximal dose: 1.8 mg subcutaneously once daily

24 hours

Lixisenatide (Adlyxin, Lyxumia) 3-mL prefilled pens

delivering 10- or

20-mcg doses

Initial dose: 10 mcg daily. Increase to 20 mcg daily

after 2 weeks.

24 hours

Semaglutide (Ozempic, Rybelsus) Prefilled pens deliver-

ing 0.25 mg or

0.5 mg

1-, 3-,7-, and 14-mg

tablets

Initial dose: 0.25 mg weekly for 1 month and increase

to 0.5 mg weekly if no adverse reactions.

Maximal dose: 1 mg weekly

Initial dose: 3 mg for 1 month and then increase to 7 mg.

Take fasting daily with water and wait 30 min to eat.

Maximal dose: 14 mg

1 week

Daily

DPP-4 Inhibitos

Alogliptin (Nesina) 6.25, 12.5, and 25 mg 25 mg once daily if eGFR ≥ 60 mL/min/1.73 m2;

12.5 mg daily if eGFR 30–59 mL/min/1.73 m2;

6.25 mg daily if eGFR < 30 mL/min/1.73 m2

24 hours

Linagliptin (Tradjenta) 5 mg 5 mg daily 24 hours

Saxagliptin (Onglyza) 2.5 and 5 mg 2.5 mg or 5 mg once daily if eGFR > 50 mL/min/1.73 m2.

2.5 mg daily if eGFR ≤ 50 mL/min/1.73 m2 or if also

taking drugs that are strong CYP3A4/5 inhibitors

such as ketoconazole

24 hours

Sitagliptin (Januvia) 25, 50, and 100 mg 100 mg once daily if eGFR > 50 mL/min/1.73 m2;

50 mg once daily if eGFR 30–50 mL/min/1.73 m2;

25 mg once daily if eGFR < 30 mL/min/1.73 m2

24 hours

Vildagliptin (Galvus) (not available in

United States)

50 mg 50 mg once or twice daily.

AVOID if eGFR ≤ 60 mL/min/1.73 m2 or AST/ALT three

times upper limit of normal

24 hours

SGLT2 Inhibitos

Canagliflozin (Invokana) 100 and 300 mg Usual dose: 100 mg daily. 300 mg can be used

if normal eGFR, resulting in lowering the HbA
1c

an

additional ~ 0.1–0.25%.

AVOID if eGFR < 45 mL/min/1.73 m2.

24 hours

Dapagliflozin (Farxiga) 5 and 10 mg 10 mg daily 24 hours

Empagliflozin (Jardiance) 10 and 25 mg Usual dose: 10 mg daily

Maximal dose: 25 mg

24 hours

Ertugliflozin (Steglatro) 5 and 15 mg Usual dose: 5 mg daily

Maximal dose: 15 mg

24 hours

Othes

Bromocriptine (Cycloset) 0.8 mg 0.8 mg daily. Increase weekly by 1 tablet until maxi-

mal tolerated dose of 1.6–4.8 mg daily.

24 hours

Colesevelam (Welchol) 625 mg 3 tablets twice daily 24 hours

Pramlintide (Symlin) 5-mL vial containing

0.6 mg/mL; also

available as pre-

filled pens. Symlin

pen 60 or Symlin

pen 120

For insulin-treated type 2 patients, start at 60-mcg

dose subcutaneously three times daily (10 units on

U100 insulin syringe). Increase to 120 mcg three

times daily (20 units on U100 insulin syringe) if no

nausea for 3–7 days. Give immediately before meal.

For type 1 patients, start at 15 mcg three times daily

(2.5 units on U100 insulin syringe) and increase by

increments of 15 mcg to a maximum of 60 mcg

three times daily, as tolerated.

To avoid hypoglycemia, lower insulin dose by 50% on

initiation of therapy.

2 hours

AST/ALT, aspartate aminotransferase/alanine aminotransferase; eGFR, estimated glomerular filtration rate.

(continued)
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brekfst nd dinner. The editin is etblized by the
liver; the etblites nd njugtes hve n hypglyei
effet. An extended-relese preprtin is vilble.

Glimepiride hs  lng durtin f effet with  hlf-
life f 5 hurs llwing ne r twie dily dsing.
Gliepiride hieves bld gluse lwering with the lw-
est dse f ny sulfnylure pund. A single dily dse
f 1 g/dy hs been shwn t be effetive, nd the xi-
l reended dse is 8 g. It is pletely etb-
lized by the liver t reltively intive etbli prduts.

b. Meglitinide analogs—Repglinide is struturlly
siilr t glyburide but lks the sulfni id-ure iety.
It ts by binding t the sulfnylure reeptr nd lsing
the densine triphsphte (ATP)-sensitive ptssiu
hnnel. It is rpidly bsrbed fr the intestine nd then
underges plete etblis in the liver t intive
biliry prduts, giving it  pls hlf-life f less thn
1 hur. The editin therefre uses  brief but rpid
pulse f insulin. The strting dse is 0.5 g three ties 
dy 15 inutes befre eh el. The dse n be titrted
t  xiu dily dse f 16 g. Like the sulfnylures,
repglinide n be used in bintin with etfrin.
Hypglyei is the in side effet. Like the sulfnyl-
ures, repglinide uses weight gin. Metblis is by
ythre P450 3A4 isenzye, nd ther editins
tht indue r inhibit this isenzye y inrese r
inhibit (respetively) the etblis f repglinide. The
editin y be useful in ptients with kidney ipir-
ent r in lder dults.

Mitiglinide is  benzylsuini id derivtive tht
binds t the sulfnylure reeptr nd is siilr t rep-
glinide in its linil effets. It is pprved fr use in Jpn.

c. D-phenylalanine derivative—Nteglinide stiu-
ltes insulin seretin by binding t the sulfnylure reep-
tr nd lsing the ATP-sensitive ptssiu hnnel. It is
rpidly bsrbed fr the intestine, rehing pek pls
levels within 1 hur. It is etblized in the liver nd hs 
pls hlf-life f but 1.5 hurs. Like repglinide, it
uses  brief rpid pulse f insulin, nd when given befre
 el it redues the pstprndil rise in bld gluse. Fr
st ptients, the reended strting nd intenne
dse is 120 g three ties  dy befre els. Use 60 g
in ptients wh hve ild elevtins in HbA

1
. Like the

ther insulin seretggues, its in side effets re hyp-
glyei nd weight gin.

2. Medications that primarily lower glucose levels by
their actions on the liver, muscle, and adipose tissue—

a. Metformin—Metfrin is the first-line therpy fr
ptients with type 2 dibetes. It n be used lne r in
njuntin with ther rl gents r insulin in the tret-
ent f ptients with type 2 dibetes. It is ineffetive in
ptients with type 1 dibetes.

Metfrin’s therpeuti effets pririly derive fr the
inresing hepti densine nphsphte-tivted pr-
tein kinse tivity, whih redues hepti glunegenesis
nd lipgenesis. Metfrin hs  hlf-life f 1.5–3 hurs nd
is nt bund t pls prteins r etblized, being
exreted unhnged by the kidneys.

The urrent reendtin is t strt etfrin t
dignsis. A side benefit f etfrin therpy is its ten-
deny t iprve bth fsting nd pstprndil hypergly-
ei nd hypertriglyeridei in bese ptients with
dibetes withut the weight gin ssited with insulin r
sulfnylure therpy. Ptients with hrni kidney disese
shuld nt be given this editin beuse filure t
exrete it wuld prdue high bld nd tissue levels f
etfrin tht uld stiulte lti id verprdutin.
In the United Sttes, etfrin use is nt reended t
r bve  seru retinine level f 1.4 g/dL in wen
nd 1.5 g/dL in en. In the United Kingd, the re-
endtins re t review etfrin use when the seru
retinine exeeds 130 l/L (1.5 g/dL) r the esti-
ted glerulr filtrtin rte (eGFR) flls belw 45 L/
in/1.73 2. The editin shuld be stpped if the
seru retinine exeeds 150 l/L (1.7 g/dL) r the
eGFR is belw 30 L/in/1.73 2. Ptients with liver fil-
ure r persns with exessive lhl intke shuld nt
reeive this editin beuse f the risk f lti
idsis.

The xiu dsge f etfrin is 2550 g,
lthugh little benefit is seen bve  ttl dse f 2000 g.
It is iprtnt t begin with  lw dse nd inrese the
dsge very grdully in divided dses—tken with
els—t redue inr gstrintestinl upsets (nrexi,
nuse, viting, bdinl disfrt, dirrhe), whih
ur in up t 20% f ptients. A n shedule wuld
be ne 500-g tblet three ties  dy with els r ne
850- r 1000-g tblet twie dily t brekfst nd dinner.
Up t 2000 g f the extended-relese preprtin n be
given ne  dy. Lwer dses shuld be used in ptients
with eGFRs between 30 nd 45 L/in/1.73 2 nd in the
elderly wh re t higher risk fr ute kidney injury fr
redued renl funtinl reserve.

The gstrintestinl side effets re dse-relted, tend
t ur t nset f therpy, nd ften re trnsient. Hw-
ever, in 3–5% f ptients, therpy y hve t be disntin-
ued beuse f persistent dirrhel disfrt. Ptients
swithing fr iedite-relese etfrin t pr-
ble dse f extended-relese etfrin y experiene
fewer gstrintestinl side effets.

Hypglyei des nt ur with therpeuti dses f
etfrin, whih perits its desriptin s  “euglyei”
r “ntihyperglyei” editin rther thn n rl
hypglyei gent. Dertlgi r hetlgi txiity
is rre. Metfrin interferes with the liu dependent
bsrptin f vitin B

12
-intrinsi plex in the terinl

ileu; vitin B
12

defiieny n ur fter ny yers f
etfrin use. Peridi sreening with vitin B

12
levels

shuld be nsidered, espeilly in ptients with peripherl
neurpthy (whih y be errneusly ttributed t di-
beti neurpthy) r if  ryti nei develps.
Inresed intke f dietry liu y prevent the et-
frin-indued B

12
lbrptin.

Lti idsis hs been reprted s  side effet but is
unn with etfrin in ntrst t phenfrin.
Alst ll reprted ses hve invlved persns with
ssited risk ftrs tht shuld hve ntrindited its
use (kidney, liver, r rdirespirtry insuffiieny nd
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lhlis). Aute kidney injury n ur rrely in er-
tin ptients tking etfrin wh reeive rdintrst
gents. Metfrin therpy shuld therefre be teprrily
hlted n the dy f rdintrst dinistrtin nd
restrted  dy r tw lter fter nfirtin tht kidney
funtin hs nt deterirted.

b. Thiazolidinediones—Tw editins f this lss,
rsiglitzne nd piglitzne, re vilble fr linil use.
These editins sensitize peripherl tissues t insulin.
They bind the nuler reeptr perxise prlifertr-
tivted reeptr g (PPAR-g) nd ffet the
expressin f  nuber f genes. Like the bigunides, this
lss f editins des nt use hypglyei.

Bth rsiglitzne nd piglitzne re effetive s
ntherpy nd in bintin with sulfnylures r
etfrin r insulin, lwering HbA

1
by 1–2%. When

used in bintin with insulin, they n result in 
30–50% redutin in insulin dsge, nd se ptients n
e ff insulin pletely. The rl dsge f rsigli-
tzne is 4–8 g dily nd f piglitzne, 15–45 g dily;
the editins d nt hve t be tken with fd. Rsigli-
tzne is pririly etblized by the CYP 2C8 isen-
zye nd piglitzne is etblized by CYP 2C8 nd
CYP 3A4.

The bintin f  thizlidinedine nd etfr-
in hs the dvntge f nt using hypglyei.
Ptients indequtely nged n sulfnylures n d
well n  bintin f sulfnylure nd rsiglitzne
r piglitzne.

These editins hve se dditinl effets prt
fr gluse lwering. Rsiglitzne therpy is ssited
with inreses in ttl hlesterl, LDL hlesterl (15%),
nd HDL hlesterl (10%). There is  redutin in free
ftty ids f but 8–15%. The hnges in triglyerides re
generlly nt different fr pleb. Piglitzne in lini-
l trils lwered triglyerides (9%) nd inresed HDL
hlesterl (15%) but did nt use  nsistent hnge in
ttl hlesterl nd LDL hlesterl levels. A prspetive
rndized prisn f the etbli effets f pigli-
tzne nd rsiglitzne shwed siilr effets n HbA

1

nd weight gin. Sll prspetive studies hve den-
strted tht tretent with these editins leds t
iprveents in the biheil nd histlgi fetures f
nnlhli ftty liver disese. The thizlidinedines
ls y liit vsulr sth usle prlifertin fter
injury, nd there re reprts tht piglitzne n redue
neintil prlifertin fter rnry stent pleent. In
ne duble-blind, pleb-ntrlled study, rsiglitzne
ws shwn t be ssited with  derese in the rti f
urinry lbuin t retinine exretin.

Safety concerns nd se trublese side effets
liit the use f this lss f editin. Rsiglitzne use
delined when  et-nlysis f 42 rndized linil
trils suggested tht this editin inreses the risk f
ngin petris r yrdil infrtin; the Eurpen
Mediines Ageny suspended the use f rsiglitzne in
Eurpe. In the United Sttes, the FDA estblished 
restrited distributin prgr. A subsequent lrge pr-
spetive linil tril (the RECORD study) filed t

nfir the et-nlysis finding nd the restritins were
lifted in the United Sttes.

Ede urs in but 3–4% f ptients reeiving
ntherpy with rsiglitzne r piglitzne. The
ede urs re frequently (10–15%) in ptients reeiv-
ing nitnt insulin therpy nd y result in hert
filure. The editins re ntrindited in dibeti
individuls with New Yrk Hert Assitin lss III nd
IV rdi sttus. Thizlidinedines hve ls been
reprted s being ssited with new nset r wrsening
ulr ede. Apprently, this is  rre side effet, nd
st f these ptients ls hd peripherl ede. The
ulr ede reslved r iprved ne the editin
ws disntinued.

Trglitzne, the first editin in this lss, ws with-
drwn fr linil use beuse f editin-ssited
ftl liver filure. Althugh rsiglitzne nd piglitzne
hve nt been reprted t use liver injury, the FDA re-
ends tht they shuld nt be used in ptients with linil
evidene f tive liver disese r pretretent elevtin f
the lnine intrnsferse (ALT) level tht is 2.5 ties
greter thn the upper liit f nrl. Liver biheil
tests shuld be perfred n ll ptients prir t inititin
f tretent nd peridilly therefter.

An inrese in frture risk in wen (but nt en)
hs been reprted with bth rsiglitzne nd pigli-
tzne. The frture risk is in the rnge f 1.9 per 100
ptient-yers with the thizlidinedine s ppsed t 1.1
per 100 ptient-yers n prisn tretent. In t lest
ne study f rsiglitzne, the frture risk ws inresed
in preenpusl s well s pstenpusl wen.

Other side effets inlude nei, whih urs in 4% f
ptients treted with these editins; it y be due t 
dilutinl effet f inresed pls vlue rther thn 
redutin in red ell ss. Weight gin urs, espeilly
when the editin is bined with  sulfnylure r
insulin. Se f the weight gin is fluid retentin, but there
is ls n inrese in ttl ft ss. Clinil studies hve
reprted nfliting results regrding n ssitin f
bldder ner with piglitzne use. A 10-yer bserv-
tinl hrt study f ptients tking piglitzne filed t
find n ssitin with bldder ner. A lrge ultippu-
ltin pled nlysis (1.01 illin persns ver 5.9 illin
persn-yers) ls filed t find n ssitin between
uultive expsure f piglitzne r rsiglitzne nd
inidene f bldder ner. Anther ppultin-bsed
study, hwever, generting 689,616 persn-yers f fllw-
up did find tht piglitzne but nt rsiglitzne ws
ssited with n inresed risk f bldder ner.

3. Medications that affect absorption of glucose—Alph-
glusidse inhibitrs petitively inhibit the lph-
glusidse enzyes in the gut tht digest dietry strh
nd surse. Tw f these editins—rbse nd
iglitl—re vilble fr linil use in the United Sttes.
Vglibse, nther lph-glusidse inhibitr is vilble
in Jpn, Kre, nd Indi. Arbse nd iglitl re
ptent inhibitrs f gluylse, lph-ylse, nd
surse but hve less effet n isltse nd hrdly ny n
trehlse nd ltse.
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a. Acarbose—The reended strting dse f r-
bse is 50 g rlly twie dily, grdully inresing t
100 g three ties dily. Fr xil benefit n pstprn-
dil hyperglyei, rbse shuld be given with the first
uthful f fd ingested. In dibeti ptients, it redues
pstprndil hyperglyei by 30–50%, nd its verll
effet is t lwer the HbA

1
by 0.5–1%.

The prinipl dverse effet, seen in 20–30% f ptients,
is fltulene. This is used by undigested rbhydrte
rehing the lwer bwel, where gses re prdued by
bteril flr. In 3% f ses, trublese dirrhe
urs. This gstrintestinl disfrt tends t disur-
ge exessive rbhydrte nsuptin nd prtes
iprved pline f type 2 ptients with their diet
presriptins. When rbse is given lne, there is n
risk f hypglyei. Hwever, if bined with insulin r
sulfnylures, it ight inrese the risk f hypglyei
fr these gents. A slight rise in hepti intrnsfer-
ses hs been nted in linil trils with rbse (5% vs
2% in pleb ntrls, nd prtiulrly with dses greter
thn 300 g/dy). The levels generlly return t nrl n
stpping the editin.

b. Miglitol—Miglitl is siilr t rbse in ters f its
linil effets. It is indited fr use in diet- r sulfnyl-
ure-treted ptients with type 2 dibetes. Therpy is initi-
ted t the lwest effetive dsge f 25 g rlly three
ties  dy. The usul intenne dse is 50 g three
ties  dy, lthugh se ptients y benefit fr
inresing the dse t 100 g three ties  dy. Gstrin-
testinl side effets ur s with rbse. The editin
is nt etblized nd is exreted unhnged by the kidney.
Miglitl shuld nt be used in end-stge hrni kidney
disese, when its lerne wuld be ipired.

4. Incretins—Orl gluse prvkes  threefld t furfld
higher insulin respnse thn n equivlent dse f gluse
given intrvenusly. This is beuse the rl gluse uses
 relese f gut hrnes, priniplly glugn-like pep-
tide 1 (GLP-1) nd gluse-dependent insulintrpi ply-
peptide (GIP1), tht plify the gluse-indued insulin
relese. This “inretin effet” f GLP-1 seretin (but nt
GIP1 seretin) is redued in ptients with type 2 dibetes;
when GLP-1 is infused in ptients with type 2 dibetes, it
stiultes insulin seretin nd lwers gluse levels. GLP-1,
unlike the sulfnylures, hs nly  dest insulin stiul-
try effet t nrglyei nentrtins. This ens
tht GLP-1 hs  lwer risk fr hypglyei thn the
sulfnylures.

In dditin t its insulin stiultry effet, GLP-1 ls
hs  nuber f ther pnreti nd extrpnreti
effets. It suppresses glugn seretin nd s y e-
lirte the hyperglugnei tht is present in peple
with dibetes nd iprve pstprndil hyperglyei.
GLP-1 ts n the sth delying gstri eptying; the
iprtne f this effet n gluse lwering is illustrted
by the bservtin tht ntgnizing the deelertin f
gstri eptying rkedly redues the gluse lwering
effet f GLP-1. GLP-1 reeptrs re present in the entrl
nervus syste nd y ply  rle in the nreti effet
f the drugs. Type 2 dibeti ptients underging GLP-1

infusin re less hungry; it is unler whether this is inly
due t  deelertin f gstri eptying r whether there
is  entrl nervus syste effet s well.

a. GLP-1 receptor agonists—GLP-1’s hlf-life is nly
1–2 inutes. It is rpidly prtelyzed by dipeptidyl pepti-
dse 4 (DPP-4) nd by ther enzyes, suh s endpepti-
dse 24.11, nd is ls lered quikly by the kidney. The
ntive peptide, therefre, nnt be used therpeutilly.
Five GLP-1 reeptr gnists with lnger hlf-lives, exen-
tide, lirglutide, dulglutide, lixisentide, nd seglutide,
re vilble fr linil use.

Exenatide (Exendin 4) is  GLP-1 reeptr gnist is-
lted fr the sliv f the Gil nster ( venus lizrd)
tht is re resistnt t DPP-4 tin nd lered by the
kidney. Its hlf-life is 2.4 hurs, nd its gluse lwering effet
is but 6 hurs. Exentide is dispensed s tw fixed-dse
pens (5 g nd 10 g). It is injeted 60 inutes befre
brekfst nd befre dinner. Ptients with type 2 dibetes
shuld be presribed the 5 g pen fr the first nth nd,
if tlerted, the dse n then be inresed t 10 g twie 
dy. The editin is nt reended in ptients with
eGFR less thn 30 L/in/1.73 2. In linil trils, dding
exentide therpy t ptients with type 2 dibetes lredy
tking etfrin r  sulfnylure, r bth, further lwered
the HbA

1
vlue by 0.4% t 0.6% ver  30-week perid.

These ptients ls experiened  weight lss f 3–6 punds.
Exentide LAR is  ne-weekly preprtin tht is dispensed
s  pwder (2 g). It is suspended in the prvided diluent
just prir t injetin. In prtive linil trils, the lng-
ting drug lwers the HbA

1
level  little re thn the twie

dily drug. Lw-titer ntibdies ginst exentide develp in
ver ne-third (38%) f ptients, but the linil effets re
nt ttenuted. High-titer ntibdies develp in  subset f
ptients (~6%), nd in but hlf f these ses, n ttenu-
tin f glyei respnse hs been seen.

Liraglutide is  sluble ftty id ylted GLP-1 n-
lg. The hlf-life is pprxitely 12 hurs, llwing the
editin t be injeted ne  dy. The dsing is initi-
ted t 0.6 g dily, inresed fter 1 week t 1.2 g dily.
Se ptients y benefit fr inresing the dse t
1.8 g. In linil trils lsting 26 nd 52 weeks, dding
lirglutide t the therpeuti regien (etfrin, sulf-
nylure, thizlidinedine) f ptients with type 2 dibetes
further lwered the HbA

1
vlue. Depending n the dse

nd design f the study, the HbA
1

deline ws in the rnge
f 0.6% t 1.5%. The ptients hd sustined weight lss f
1–6 punds. Lirglutide t  dse f 3 g dily hs been
pprved fr weight lss.

In  pstrketing ultintinl study f 9340 ptients
with type 2 dibetes with knwn rdivsulr disese, the
dditin f lirglutide ws ssited with  lwer priry
psite ute f deth fr rdivsulr uses,
nnftl yrdil infrtin, r nnftl strke (hzrd
rti 0.87, P = 0.01). Ptients tking lirglutide hd lwer
HbA

1
levels, weight lss f 2.3 kg, lwer systli bld pres-

sure, nd fewer episdes f severe hypglyei.
Dulaglutide nsists f tw GLP-1 nlg leules

vlently linked t n F frgent f hun IgG
4
. The

GLP-1 leule hs in id substitutins tht resist
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DPP-4 tin. The hlf-life f dulglutide is but 5 dys.
The usul dse is 0.75 g weekly by subutneus inje-
tin. The xiu reended dse is 1.5 g weekly.
Dulglutide ntherpy nd bintin therpy lwers
HbA

1
by but 0.7% t 1.6%. Weight lss rnged fr

2 punds t 7 punds.
Lixisenatide is  syntheti nlg f exendin 4 (deletin

f  prline nd dditin f 6 lysines t the C-terinl
regin) with  hlf-life f 3 hurs. It is dispensed s tw
fixed-dse pens (10 g nd 20 g). The 10-g dse is
injeted ne dily befre brekfst fr the first 2 weeks,
nd if tlerted, the dse is then inresed t 20 g dily.
Its linil effet is but the se s exentide with HbA

1

lwering in the 0.4–0.6% rnge. Weight lss rnges fr
2 punds t 6 punds. Antibdies t lixisentide ur
frequently (70%) nd ~2.4% with the highest ntibdy
titers hve ttenuted glyei respnse.

Semaglutide is  syntheti nlg f GLP-1 with  drug
hlf-life f but 1 week. It hs n lph-inisbutyri
id substitutin t psitin 8 tht kes the leule
resistnt t DPP4 tin nd  C-18 ftty di-id hin
tthed t lysine t psitin 26 tht binds t lbuin,
whih unts fr the drug’s lng hlf-life. Seglutide is
dispensed either subutneusly r rlly. There re tw
pens fr subutneus injetin: ne pen delivers  0.25-g
r 0.5-g dse nd the ther pen delivers  1-g dse. The
reended dsing is 0.25 g weekly fr 4 weeks nd if
tlerted the dse is then inresed t 0.5 g per week.
The 1-g per week dse n prvide dditinl gluse
lwering effet. Seglutide ntherpy nd bin-
tin therpy lwers HbA

1
fr 1.5% t 1.8%.

The ptient ust tke rl seglutide fsting with 
glss f wter nd then wit hlf n hur befre eting,
drinking, r tking ther ediines. The reended
strting dse is 3 g dily fr the first nth, with the dse
inresed t 7–14 g dily s tlerted nd s needed fr
gluse ntrl.

Side effects—The st frequent dverse retins f
the GLP-1 reeptr gnists re nuse (11–40%), vit-
ing (4–13%), nd dirrhe (9–17%). The retins re
re frequent t the higher dses. In linil trils but
1–5% f prtiipnts withdrew fr the studies beuse f
the gstrintestinl sypts.

The GLP-1 reeptr gnists hve been ssited with
inresed risk f pnretitis. The pnretitis ws severe
(herrhgi r nertizing) in 6 instnes, nd 2 f these
ptients died. In the lirglutide nd dulglutide linil
trils, there were 13 nd 5 ses f pnretitis in the drug-
treted grups versus 1 nd 1 se in the prtr
grups, respetively. This trnsltes t but 1.4–2.2 vs
0.6–0.9 ses f pnretitis per 1000 ptient-yers. Patients
taking GLP-1 receptor agonists should be advised to seek
immediate medical care if they experience unexplained per-
sistent severe abdominal pain.

There hve been rre reprts f ute kidney injury in
ptients tking exentide. Se f these ptients hd pre-
existing kidney disese, nd thers hd ne r re risk
ftrs fr kidney disese. A nuber f the ptients
reprted nuse, viting, nd dirrhe, nd it is ps-
sible tht these side effets used vlue depletin nd

ntributed t the develpent f the kidney injury. Lir-
glutide, seglutide, nd dulglutide re etblized by
prtelysis nd re preferred hies in ptients with kid-
ney filure.

GLP-1 reeptr gnists stiulte C-ell neplsi nd
use edullry thyrid rin in rts. Hun C-ells
express very few GLP-1 reeptrs, nd the relevne t
hun therpy is unler. The editins, hwever,
shuld nt be used in ptients with persnl r fily his-
try f edullry thyrid rin r ultiple endrine
neplsi (MEN) syndre type 2.

b. DPP-4 inhibitors—An lternte pprh t the use
f GLP-1 reeptr gnists is t inhibit the enzye DPP-4
nd prlng the tin f endgenusly relesed GLP-1
nd GIP. Fur rl DPP-4 inhibitrs, sitgliptin, sx-
gliptin, lingliptin, nd lgliptin, re vilble in the
United Sttes fr the tretent f type 2 dibetes. An ddi-
tinl DPP-4 inhibitr, vildgliptin, is vilble in Eurpe.
Other DPP-4 inhibitrs—geigliptin, ngliptin, teneligliptin,
trelgliptin, rigliptin, evgliptin, nd gsgliptin—hve
been pprved utside the United Sttes nd Eurpen
Unin (Kre, Indi, Thilnd, Jpn, Russi, nd severl
Suth Aerin untries).

Sitagliptin, when used lne r in bintin with
ther dibetes editins, lwers HbA

1
by pprxi-

tely 0.5%. The usul dse f sitgliptin is 100 g ne
dily, but the dse is redued t 50 g dily if the lu-
lted retinine lerne is 30–50 L/in nd t 25 g
fr lernes less thn 30 L/in. Sxgliptin, when
dded t the therpeuti regien (etfrin, sulfnyl-
ure, thizlidinedine) f ptients with type 2 dibetes,
further lwered the HbA

1
vlue by but 0.7–0.9%. The

dse is 2.5 g r 5 g rlly ne  dy. The 2.5-g dse
shuld be used in ptients with eGFR less thn 50 L/in/
1.73 2.

Alogliptin lwers HbA
1

by but 0.5–0.6% when
dded t etfrin, sulfnylure, r piglitzne. The
usul dse is 25 g rlly dily. The 12.5-g dse is used
in ptients with eGFR f 30–60 L/in/1.73 2; nd
6.25 g fr lerne less thn 30 L/in/1.73 2. Lin-
gliptin lwers HbA

1
by but 0.4–0.6% when dded t

etfrin, sulfnylure, r piglitzne. The dse is
5 g rlly dily, nd sine, it is pririly exreted
unetblized vi the bile, n dse djustent is
needed in ptients with kidney disese. Vildgliptin
lwers HbA

1
by but 0.5–1% when dded t the ther-

peuti regien f ptients with type 2 dibetes. The
dse is 50 g ne r twie dily.

Side effects—The in dverse effet f DPP-4 inhibi-
trs ppers t be  predispsitin t nsphryngitis r
upper respirtry trt infetin. Hypersensitivity re-
tins, inluding nphylxis, ngiede, nd exflitive
skin nditins (suh s Stevens-Jhnsn syndre), hve
been reprted. There hve ls been reprts f pnretitis,
but the frequeny f the event is unler. Cses f liver
filure hve been reprted with the use f lgliptin, but it
is unertin if lgliptin ws the use. The editin,
hwever, shuld be disntinued in the event f liver fil-
ure. Rre ses f hepti dysfuntin, inluding heptitis,
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hve been reprted with the use f vildgliptin; nd liver
biheil testing is reended qurterly during the
first yer f use nd peridilly therefter. Sxgliptin y
inrese the risk f hert filure. In  pst-rketing study
f 16,492 ptients with type 2 dibetes, hert filure
urred in 3.5% in the sxgliptin grup nd 2.8% in the
pleb grup (hzrd rti 1.27). Ptients with the highest
risk f hert filure were thse wh hd  histry f hert
filure r hd elevted levels f N-terinl f the prhr-
ne B-type ntriureti peptide (NT-pBNP) r hd kidney
ipirent. In  lrge pst-rketing study, lgliptin,
like sxgliptin, ws ssited with  slightly inresed
rte f hert filure. The FDA hs issued  wrning tht the
DPP-4 inhibitrs n sinlly use jint pins tht
reslve fter stpping the drug.

5. Sodiumglucose cotransporter 2 inhibitors—Gluse
is freely filtered by the kidney gleruli nd is rebsrbed
in the prxil tubules by the tin f sdiu-gluse
-trnsprters (SGLT). Sdiu-gluse -trnsprter 2
(SGLT2) unts fr but 90% f gluse rebsrptin
nd its inhibitin uses glysuri in peple with dibetes,
lwering pls gluse levels. The rl SGLT2 inhibitrs
ngliflzin, dpgliflzin, epgliflzin, nd ertugli-
flzin re pprved fr linil use in the United Sttes.
These gents redue the threshld fr glysuri fr 
pls gluse threshld f but  180 g/dL t but
40 g/dL; nd lwer HbA

1
by 0.5–1% when used lne r

in bintin with ther rl gents r insulin. The effi-
y is higher t higher HbA

1
levels when re gluse is

exreted s  result f SGLT2 inhibitin. The lss f l-
ries results in dest weight lss f 2–5 kg.

Cngliflzin is dsed t 100 g dily but up t 300 g
dily n be used in ptients with nrl kidney funtin.
The dse f dpgliflzin is 10 g dily but 5 g dily is
the reended initil dse in ptients with hepti fil-
ure. The usul dsge f epgliflzin is 10 g dily but 
higher dse f 25 g dily n be used. The reended
strting dse f ertugliflzin is 5 g, but the dse n be
inresed t 15 g dily if dditinl gluse lwering is
needed.

Empagliflozin ws evluted in  ultintinl study
f 7020 ptients with type 2 dibetes with knwn rdi-
vsulr disese; the dditin f epgliflzin ws ssi-
ted with  lwer priry psite ute f deth
fr rdivsulr uses, nnftl yrdil infr-
tin, r nnftl strke (hzrd rti 0.86, P = 0.04). The
ehniss regrding the benefit rein unler. Weight
lss, lwer bld pressure, nd diuresis y hve plyed 
rle sine there were fewer deths fr hert filure in the
treted grup wheres the rtes f yrdil infrtin
were unltered. A siilr ultintinl study ws per-
fred with the dditin f ngliflzin. This ws  study
f 10,142 ptients with type 2 dibetes with knwn r t
inresed risk fr rdivsulr disese. The ngliflzin
treted grup hd  lwer priry psite ute f
deth fr rdivsulr uses, nnftl yrdil
infrtin, r nnftl strke (hzrd rti 0.86, P = 0.02).
In  2019 hert filure study f 4744 ptients with NYHA
lss II, III, r IV hert filure nd ejetin frtin f less

40%, dpgliflzin redued the uultive inidene f
wrsening hert filure r rdivsulr deth (hzrd
rti 0.74, P < 0.001). Frty-tw perent f the ptients hd
dibetes; the findings in ptients with nd withut dibetes
were the se. Bth epgliflzin nd ngliflzin shw
benefit in ters f prgressin f lbuinuri nd kidney
injury, pssibly by lwering glerulr hyperfiltrtin. In
 2019 ultintinl study f 4401 ptients with type 2
dibetes nd lbuinuri hrni kidney disese (eGFR
30–89 L/in/1.73 2 with lbuin [g] t retinine
[g] rti > 300 t 5000) nd tking n ACE inhibitr r
ngitensin reeptr blker, ngliflzin redued the risk
f end-stge kidney disese, the dubling f seru reti-
nine, nd f renl deth. In  2020 ultintinl study f
4304 ptients with hrni kidney disese, dpgliflzin
redued the risk f end-stge kidney disese r deth fr
renl nd rdivsulr uses. A third f the ptients in
the study did nt hve dibetes nd hd benefit.

Side effects—As ight be expeted, the effiy f the
SGLT2 inhibitrs is redued in hrni kidney disese.
They n ls inrese retinine nd derese eGFR, espe-
illy in ptients with kidney ipirent. Their use is
generlly nt reended in ptients with eGFR less
thn 45 L/in/1.73 2 nd re ntrindited in
ptients with eGFR less thn 30 L/in/1.73 2. The
study f dpgliflzin in hrni kidney disese, hwever,
nted tht the drug is sfe nd benefiil in ptients with
eGFR s lw s 25 L/in/1.73 2. The in side effets
re inresed inidene f genitl yti infetins nd
urinry trt infetins ffeting ~8–9% f ptients. Cses
f nertizing fsiitis f the perineu (Furnier gn-
grene) hve been reprted. There hve ls been reprts f
ses f pyelnephritis nd septiei requiring hspitl-
iztin. The glysuri n use intrvsulr vlue
ntrtin nd hyptensin.

One ultintinl study with ngliflzin shwed n
inresed risk f puttins, espeilly f the tes (hzrd
rti 1.97). This finding hs nt been bserved in ther
studies using this drug r with the ther SGLT2
inhibitrs.

Cngliflzin hs been reprted t use  derese in
bne inerl density t the lubr spine nd the hip. In 
pled nlysis f eight linil trils (en durtin
68 weeks),  30% inrese in frtures ws bserved in
ptients tking ngliflzin. It is likely tht the effet n
the bnes is  lss effet nd nt restrited t n-
gliflzin. All the SGLT2 inhibitrs use  dest inrese
in LDL hlesterl levels (3–8%). Als, in linil trils,
ptients tking dpgliflzin hd higher rtes f brest
ner (nine ses vs nne in prtr rs) nd bld-
der ner (10 ses vs 1 in pleb r). These ner
rtes exeeded the expeted rtes in ge-thed referene
dibetes ppultin.

Cses f DKA hve been reprted with ff-lbel use f
SGLT2 inhibitrs in ptients with type 1 dibetes. Type 1
ptients re tught t give less insulin if their gluse levels
re nt elevted. SGLT2 inhibitrs lwer gluse levels by
hnging the renl threshld nd nt by insulin tin.
Type 1 ptients tking n SGLT2 inhibitr, beuse the
gluse levels re nt elevted, y either withhld r
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redue their insulin dses t suh  degree s t indue
ketidsis. SGLT2 inhibitors should not be used in patients
with type 1 diabetes and in those patients labeled as having
type 2 diabetes but who are very insulin deficient and
ketosis-prone.

6. Others—Prlintide is  syntheti nlg f islet y-
lid plypeptide (IAPP r ylin). When given subutne-
usly, it delys gstri eptying, suppresses glugn
seretin, nd dereses ppetite. It is pprved fr use
bth in type 1 dibetes nd in insulin-treted type 2 dibe-
tes. In 6-nth linil studies with type 1 nd insulin-
treted type 2 ptients, thse tking the editin hd n
pprxitely 0.4% redutin in HbA

1
nd but 1.7 kg

weight lss pred with pleb. The HbA
1

redutin
ws sustined fr 2 yers but se f the weight ws
regined. The editin is given by injetin ieditely
befre the el. Hypglyei n ur, nd it is re-
ended tht the shrt-ting r preixed insulin dses be
redued by 50% when the editin is strted. Sine the
editin slws gstri eptying, revery fr hyp-
glyei n be  prble beuse f dely in bsrptin
f fst-ting rbhydrtes. Nuse is the ther in side
effet, ffeting 30–50% f persns, but tends t iprve
with tie. In ptients with type 1 dibetes, the initil dse
f prlintide is 15 g befre eh el nd titrted up
by 15-g inreents t  intenne dse f 30 g r
60 g befre eh el. In ptients with type 2 dibetes,
the strting dse is 60 g preels inresed t 120 g
in 3 t 7 dys if n signifint nuse urs.

Brriptine,  dpine 2 reeptr gnist, hs
been shwn t destly lwer HbA

1
by 0.1–0.5% when

pred t bseline nd 0.4–0.5% pred t pleb.
Cn side effets re nuse, viting, dizziness, nd
hedhe.

Clesevel, the bile id sequestrnt, when dded t
etfrin r sulfnylure r insulin, lwered HbA

1
0.3–

0.4% when pred t bseline nd 0.5–0.6% pred
t pleb. HbA

1
lwering, hwever, ws nt bserved in

 single ntherpy linil tril pring lesevel
t pleb. Clesevel use is ssited with ~20%
inrese in triglyeride levels. Other dverse effets inlude
nstiptin nd dyspepsi.

With their modest glucose lowering and significant side
effects, using bromocriptine or colesevelam to treat diabetes
is not recommended.

7. Medication combinations—Severl editin bi-
ntins re vilble in different dse sizes, inluding
glyburide nd etfrin (Gluvne); glipizide nd et-
frin (Metglip); repglinide nd etfrin (Prndi-Met);
rsiglitzne nd etfrin (Avndet); piglitzne
nd etfrin (ACTOplusMet); rsiglitzne nd
gliepiride (Avndryl); piglitzne nd gliepiride
(Duett); sitgliptin nd etfrin (Jnuet); sx-
gliptin nd etfrin XR (Kbiglyze XR); lingliptin
nd etfrin (Jentduet); lgliptin nd etfrin
(Kzn); lgliptin nd piglitzne (Oseni); dp-
gliflzin nd etfrin (Xigdu); ngliflzin nd et-
frin (Invket); epgliflzin nd etfrin
(Synjrdy); epgliflzin nd lingliptin (Glyxbi);
epgliflzin, lingliptin, nd etfrin (Trijrdy);
ertugliflzin nd etfrin (Segluret); ertugliflzin
nd sitgliptin (Steglujn); insulin deglude nd lirglutide
(Xultphy); nd insulin glrgine nd lixisentide (Sliqu).
These editin bintins, hwever, liit the lini-
in’s bility t ptilly djust dsge f the individul
editins nd fr tht resn re nt reended.

C. Insulin

Insulin is indited fr type 1 dibetes s well s fr type 2
dibeti ptients with insulinpeni whse hyperglyei
des nt respnd t diet therpy either lne r bined
with ther hypglyei editins.

1. Characteristics of available insulin preparations—
Hun insulin is dispensed s either regulr (R) r NPH
(N) frultins. Six nlgs f hun insulin—three
rpidly ting (insulin lispr, insulin sprt, insulin gluli-
sine) nd three lng-ting (insulin glrgine, insulin
deteir, nd insulin deglude)—re vilble fr linil
use. Insulin preprtins differ with respet t the tie f
nset nd durtin f their bilgi tin (Tble 27–5).
All urrently vilble insulins ntin less thn 10 pp f
prinsulin nd re lbeled s “purified.” These purified
insulins preserve their pteny, s tht refrigertin

Table 27–5. Summary of bioavailability characteristics of the insulins.

Insulin Pepaations1 Onset of Action Peak Action Effective Duation

Insulins lispro, aspart,2,3 glulisine 5–15 minutes 1–1.5 hours 3–4 hours

Human regular 30–60 minutes 2 hours 6–8 hours

Human NPH 2–4 hours 6–7 hours 10–20 hours

Insulin glargine 0.5–1 hour Flat ~24 hours

Insulin detemir 0.5–1 hour Flat 17 hours

Insulin degludec 0.5–1.5 hours Flat More than 42 hours

Technosphere inhaled insulin 5–15 minutes 1 hour 3 hours

1Insulin administered subcutaneously unless otherwise noted.
2Insulin aspart formulated with niacinamide (FiAsp has an ~10-minute faster onset of action).
3Insulin lispro formulated with treprostinil and citrate (Lyumjev has an 11-minute faster onset of action).
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is reended but nt ruil. During trvel, reserve
supplies f insulin n be redily trnsprted fr weeks
withut lsing pteny if prteted fr extrees f het
r ld. All the insulins in the United Sttes re vilble in
 nentrtin f 100 units/L (U100) nd dispensed in
10-L vils r 0.3-L rtridges r prefilled dispsble
pens. Severl insulins re vilble t higher nentr-
tins: insulin glrgine, 300 units/L (U300); insulin
deglude, 200 units/L (U200); insulin lispr, 200 units/L
(U200); nd regulr insulin, 500 units/L (U500).

2. Insulin preparations—See Tble 27–6. The rpidly t-
ing insulin nlgs nd the lng-ting insulins re
designed fr subutneus dinistrtin, while regulr
insulin nd insulin sprt n ls be given intrvenusly.

a. Short-acting insulin preparations—

(1) Regular insulin—Regulr insulin is  shrt-ting
sluble rystlline zin insulin whse effet ppers within
30 inutes fter subutneus injetin nd lsts 5–7 hurs
when usul quntities re dinistered. Intrvenus infu-
sins f regulr insulin re prtiulrly useful in the tret-
ent f DKA nd during the peripertive ngeent f
ptients with dibetes wh require insulin. Fr rkedly
insulin-resistnt persns wh wuld therwise require
lrge vlues f insulin slutin,  U500 preprtin f
hun regulr insulin is vilble bth in  vil fr nd 
dispsble pen. A U500 insulin syringe shuld be used if
the vil fr is dispensed. U500 regulr insulin is uh
re expensive thn the U100 nentrtin nd is rrely
needed.

(2) Rapidly acting insulin analogs—Insulin lispr
(Hulg, Adelg) is n insulin nlg where the pr-
line t psitin B28 is reversed with the lysine t B29.
Insulin sprt (Nvlg) is  single substitutin f prline by
sprti id t psitin B28. In insulin glulisine (Apidr)
the sprgine t psitin B3 is repled by lysine nd the
lysine in psitin B29 by gluti id. These three n-
lgs hve less f  tendeny t fr hexers, in ntrst
t hun insulin. When injeted subutneusly, the n-
lgs quikly dissite int ners nd re bsrbed
very rpidly, rehing pek seru vlues in s sn s
1 hur—in ntrst t regulr hun insulin, whse hex-
ers require nsiderbly re tie t dissite nd
bee bsrbed. The in id hnges in these nlgs
d nt interfere with their binding t the insulin reeptr,
with the irulting hlf-life, r with their iungeniity,
whih re ll identil with thse f hun regulr insulin.
An insulin sprt frultin (FiAsp) tht ntins niin-
ide (vitin B

3
) hs  re rpid initil bsrptin nd its

nset f tin is but 10 inutes fster thn the stndrd
insulin sprt frultin. Beuse f this re rpid nset
f tin, the 1-hur (but nt 2-hur) pstprndil gluse
exursins re lwer pred t the stndrd frultin.
Siilrly, n insulin lispr frultin (Lyujev) ntin-
ing trepstinil t indue ll vsdiltin nd itrte t
inrese vsulr perebility hs 11 inutes fster nset f
tin nd lwer 1- nd 2-hur pstprndil gluse exur-
sins pred t the stndrd insulin lispr frultin.

Clinil trils hve denstrted tht the ptil ties
f preprndil subutneus injetin f prble dses
f the rpidly ting insulin nlgs nd f regulr hun
insulin re 20 inutes nd 60 inutes, respetively, befre
the el. The quiker nset f tin with the rpidly t-
ing insulin nlgs llws the ptient t injet insulin just
befre eting rther thn wit fr 60 inutes s needed fr
regulr insulin. Anther desirble feture f rpidly ting
insulin nlgs is tht their durtin f tin reins t
but 4 hurs fr st nly used dsges. This n-
trsts with regulr insulin, whse durtin f tin is sig-
nifintly prlnged when lrger dses re used.

The rpidly ting nlgs re nly used in
pups. In  duble-blind rssver study pring insu-
lin lispr with regulr insulin in insulin pups, persns
using insulin lispr hd lwer HbA

1
vlues nd iprved

pstprndil gluse ntrl with the se frequeny f
hypglyei. In the event f pup filure, hwever, users
f the rpidly ting insulin nlgs will hve re rpid
nset f hyperglyei nd ketsis.

While insulin sprt hs been pprved fr intrvenus
use (eg, in hyperglyei eergenies), there is n dvn-
tge in using insulin sprt ver regulr insulin by this
rute. A U200 nentrtin f insulin lispr is vilble in
 dispsble prefilled pen. The nly dvntge f the U200
ver the U100 insulin lispr preprtin is tht it delivers
the se dse in hlf the vlue.

b. Long-acting insulin preparations—

(1) NPH (neutral protamine Hagedorn or isophane)
insulin—NPH is n interedite-ting insulin whse
nset f tin is delyed t 2–4 hurs, nd its pek

Table 27–6. Insulin preparations available in the
United States.1

rapidly acting human insulin analogs

Insulin lispro (Humalog, Lyumjev, Lilly; Admelog, Sanofi)

Insulin aspart (Novolog, FiAsp, Novo Nordisk)

Insulin glulisine (Apidra, Sanofi Aventis)

Shot-acting egula insulin

Regular insulin (Lilly, Novo Nordisk)

Technosphere inhaled regular insulin (Afrezza)

Intemediate-acting insulins

NPH insulin (Lilly, Novo Nordisk)

Pemixed insulins

70% NPH/30% regular (70/30 insulin—Lilly, Novo Nordisk)

70% NPL/25% insulin lispro (Humalog Mix 75/25—Lilly)

50% NPL/50% insulin lispro (Humalog Mix 50/50—Lilly)

70% insulin aspart protamine/30% insulin aspart (Novolog Mix

70/30—Novo Nordisk)

70% insulin degludec/30 insulin aspart (Ryzodeg, Novo Nordisk)

Long-acting human insulin analogs

Insulin glargine (Lantus (U100), Toujeo (U300), Sanofi Aventis;

Basaglar (U100), Lilly)

Insulin detemir (Levemir, Novo Nordisk)

Insulin degludec (Tresiba, Novo Nordisk)

1All insulins available in the United States are recombinant human

or human insulin analog origin. All the above insulins are dis-

pensed at U100 concentration. There is an additional U500 prepa-

ration of regular insulin; U300 preparation of insulin glargine; U200

preparation of insulin lispro; U200 preparation of insulin degludec.

NPH, neutral protamine Hagedorn.
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respnse is generlly rehed in but 6–7 hurs. The
nset f tin is delyed by bining 2 prts sluble
rystlline zin insulin with 1 prt prtine zin insulin.
This prdues equivlent unts f insulin nd prt-
ine, s tht neither is present in n unplexed fr
(“isphne”). Beuse its durtin f tin is ften less
thn 24 hurs (with  rnge f 10–20 hurs), st ptients
require t lest tw injetins dily t intin  sustined
insulin effet. Osinl vils f NPH insulin hve tended
t shw unusul luping f their ntents r “frsting” f
the ntiner, with nsiderble lss f bitivity. This
instbility is rre nd urs less frequently if NPH hun
insulin is refrigerted when nt in use nd if bttles re
disrded fter 1 nth f use.

(2) Insulin glargine—In this insulin, the sprgine t
psitin 21 f the insulin A hin is repled by glyine nd
tw rginines re dded t the rbxyl terinl f the B
hin. The rginines rise the iseletri pint f the l-
eule lser t neutrl king it re sluble in n idi
envirnent. In ntrst, hun insulin hs n iseletri
pint f pH 5.4. Insulin glrgine is  ler insulin, whih,
when injeted int the neutrl pH envirnent f the sub-
utneus tissue, frs irpreipittes tht slwly
relese the insulin int the irultin. This insulin lsts fr
but 24 hurs withut ny prnuned peks nd is given
ne  dy t prvide bsl verge. This insulin nnt
be ixed with the ther hun insulins beuse f its
idi pH. When this insulin ws given s  single injetin
t bedtie t type 1 ptients in linil trils, fsting hyper-
glyei ws better ntrlled with less nturnl hyp-
glyei when pred t NPH insulin.

A re nentrted fr f insulin glrgine (U300) is
vilble s n insulin pen. In linil trils in type 1
ptients, U300 use did nt result in better ntrl r redue
the rtes f hypglyei. Althugh liited linil dt
suggest tht insulin glrgine is sfe in pregnny, it is nt
pprved fr this use.

(3) Insulin detemir—In this insulin nlg, the thre-
nine t psitin B30 hs been reved nd  14-C ftty
id hin (tetrdeni id) is tthed t the lysine t
psitin 29 by yltin. Its prlnged tin is due t
dihexeriztin nd binding f hexers nd diers t
lbuin t the injetin site s well s binding f the
ner vi its ftty id side hin t lbuin in the
irultin. The ffinity f insulin deteir is furfld t
fivefld lwer thn tht f hun sluble insulin nd
therefre the U100 frultin f insulin deteir hs n
insulin nentrtin f 2400 nl/L pred with
600 nl/L fr NPH. The durtin f tin fr insulin
deteir is but 17 hurs t therpeutilly relevnt dses.
It is reended tht the insulin be injeted ne r
twie  dy t hieve  stble bsl verge. It hs been
pprved fr use during pregnny.

(4) Insulin degludec—In this insulin nlg, the thre-
nine t psitin B30 hs been reved, nd the lysine t
psitin B29 is njugted t hexdeni id vi 
g-L-glutyl sper. In the vil, in the presene f
phenl nd zin, the insulin is in the fr f dihexers
but when injeted subutneusly, it self ssites int
lrge ultihexeri hins nsisting f thusnds f

dihexers. The hins slwly disslve in the subutne-
us tissue nd insulin ners re stedily relesed int
the systei irultin. The hlf-life f insulin deglude is
25 hurs. Its nset f tin is in 30–90 inutes nd its
durtin f tin is re thn 42 hurs. It is re-
ended tht the insulin be injeted ne r twie  dy t
hieve  stble bsl verge. Insulin deglude is vil-
ble in tw nentrtins, U100 nd U200, nd dispensed
in prefilled dispsble pens.

(5) Insulin icodec—This is n insulin nlg tht is suit-
ble fr ne weekly injetin nd is in phse 3 linil
trils.

c. Mixed insulin preparations—Ptients with type 2
dibetes n seties hieve resnble gluse ntrl
with just prebrekfst nd predinner injetins f ixtures
f shrt ting nd NPH insulins. The regulr insulin r
rpidly ting insulin nlg is withdrwn first, then the
NPH insulin nd then injeted ieditely. Stble pre-
ixed insulins (70% NPH nd 30% regulr) re vilble s
 nveniene t ptients wh hve diffiulty ixing insu-
lin beuse f visul prbles r ipirent f nul
dexterity (Tble 27–6). Preixed preprtins f insulin
lispr nd NPH insulins re unstble; stbility is hieved
by repling the NPH insulin with NPL (neutrl prtine
lispr). This insulin hs the se durtin f tin s
NPH insulin. Preixed bintins f NPL nd insulin
lispr (75% NPL/25% insulin lispr ixture [Hulg
Mix 75/25] nd 50% NPL/50% insulin lispr ixture
[Hulg Mix 50/50]) re vilble fr linil use. Sii-
lrly,  70% insulin sprt prtine/30% insulin sprt
(NvLg Mix 70/30) is vilble. The in dvntges f
these ixtures re tht they n be given within 15 inutes
f strting  el nd they re superir in ntrlling the
pstprndil gluse rise fter  rbhydrte-rih el.
These benefits hve nt trnslted int iprveents in
HbA

1
levels when pred with the usul 70% NPH/30%

regulr ixture. The lnger-ting insulin nlgs, insulin
glrgine nd insulin deteir, nnt be ixed with either
regulr insulin r the rpidly ting insulin nlgs. Insulin
deglude, hwever, n be ixed nd is vilble s 70%
insulin deglude/30% insulin sprt nd is injeted ne r
twie  dy.

3. Methods of insulin administration—

a. Insulin syringes and needles—Plsti dispsble
syringes re vilble in 1-L, 0.5-L, nd 0.3-L sizes.
Three lengths f needles re vilble: 6 , 8 , nd
12.7 . Lng needles re preferble in bese ptients t
redue vribility f insulin bsrptin. The needles re f
28, 30, nd 31 guges. The 31-guge needles re lst
pinless. “Dispsble” syringes y be reused until blunt-
ing f the needle urs (usully fter three t five inje-
tins). Sterility dequte t vid infetin with reuse
ppers t be intined by repping syringes between
uses. Clensing the needle with lhl y nt be desir-
ble sine it n disslve the siline ting nd n
inrese the pin f skin punturing.

b. Sites of injection—Any prt f the bdy vered by
lse skin n be used, suh s the bden, thighs, upper
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rs, flnks, nd upper buttks. Preprtin with l-
hl is nt required prir t injetin s lng s the skin is
len. Rttin f sites is reended t vid delyed
bsrptin when fibrsis r liphypertrphy urs fr
repeted use f  single site. Regulr insulin is bsrbed
re rpidly when injeted in the deltid r bden
pred t thighs nd buttks. Exerise n inrese
bsrptin when the injetin site is djent t the exer-
ise usle. Fr st ptients, the bden is the re-
end regin fr injetin beuse it prvides dequte
re in whih t rtte sites. The effet f nti
regins ppers t be uh less prnuned with the
nlg insulins.

c. Insulin pen injector devices—Insulin pens (Nv
Nrdisk, nd Owen Mufrd) eliinte the need fr r-
rying insulin vils nd syringes. Srt pens (Cpnin
Medil) tht re linked t ell phnes n be used t
reind the user t tke their insulin befre els, lulte
dses, nd keep trk f tiing f the dses. Crtridges f
insulin lispr nd insulin sprt re vilble fr the reus-
ble pens. Dispsble prefilled pens re ls vilble fr
regulr insulin (U100 nd U500), insulin lispr, insulin
sprt, insulin glulisine, insulin deteir, insulin glrgine,
insulin deglude, NPH, 70% NPH/30% regulr, 75%
NPL/25% insulin lispr, 50% NPL/50% insulin lispr, 70%
insulin sprt prtine/30% insulin sprt, nd 70%
insulin deglude/30% insulin sprt. Pen needles re vil-
ble in 29, 31, nd 32 guges nd 4-, 5-, 6-, 8-, nd 12.7-
lengths (Nvfine; BD).

d. Insulin pumps—In the United Sttes, Medtrni Mini-
Med, Insulet, nd Tnde ke bttery perted ntinu-
us subutneus insulin infusin (CSII) pups. These
pups re sll (but the size f  pger) nd esy t
prgr. They ffer ny fetures, inluding the bility t
set  nuber f different bsl rtes thrughut the
24 hurs nd t djust the tie ver whih blus dses re
given. They ls re ble t detet pressure build-up if the
theter is kinked. The theter nneting the insulin
reservir t the subutneus nnul n be disn-
neted, llwing the ptient t reve the pup teprr-
ily (eg, fr bthing). Oinpd (Insulet Crprtin) is n
insulin infusin syste in whih the insulin reservir nd
infusin set re integrted int ne unit (pd), s there is
n theter (eletrni pth pup). The pd, pled n
the skin, delivers subutneus bsl nd blus insulin
bsed n wirelessly trnsitted instrutins fr  per-
snl digitl ssistnt. The gret dvntge f ntinuus
subutneus insulin infusin (CSII) is tht it llws fr
estblishent f  bsl prfile tilred t the ptient
llwing fr better vernight nd between els gluse
ntrl. The bility t djust the bsl insulin infusin
kes it esier fr the ptient t nge glyei exur-
sins tht ur with exerise. The pups hve sftwre
tht n ssist the ptient t lulte bluses bsed n
gluse reding nd rbhydrtes t be nsued. They
keep trk f the tie elpsed sine the lst insulin blus;
the ptient is reinded f this when he r she ttepts t
give dditinl rretin blus befre the effet f the
previus blus hs wrn ff (“insulin n brd” feture).

This feture redues the risk f verrreting nd subse-
quent hypglyei.

CSII therpy is pprprite fr ptients with type 1
dibetes wh re tivted, ehnilly inlined, edu-
ted but dibetes (diet, insulin tin, tretent f
hypglyei nd hyperglyei), nd willing t nitr
their bld gluse fur t six ties  dy. Knwn pli-
tins f CSII inlude ketidsis, whih n ur when
insulin delivery is interrupted, nd skin infetins. Anther
disdvntge is its st nd the tie needed f the liniin
nd stff t initite therpy. Alst ll ptients use rpid-
ting insulin nlgs in their pups.

V-g (Vlerits) is  ehnil pth pup designed
speifilly fr peple with type 2 dibetes wh use  bsl/
blus insulin regien. The devie is preset t deliver ne f
three fixed nd flt bsl rtes (20, 30, r 40 units) fr
24 hurs (t whih pint it ust be repled) nd there is 
buttn tht delivers tw units per press t help ver els.

e. Closed loop systems—Algriths hve been devised
t use gluse dt fr the ntinuus gluse nitr-
ing systes t uttilly deliver insulin by ntinuus
subutneus insulin infusin pup. These lsed lp
systes (rtifiil pnres) hve been shwn in linil
studies t iprve nighttie gluse ntrl, destly
lwer HbA

1
levels, nd redue the risk f nturnl hyp-

glyei. The MiniMed 670 G nd the Tnde Cntrl-
IQ, hve been pprved fr linil use. The MiniMed
670 G lsed lp syste uses gluse dt fr  sensr
t uttilly djust bsl insulin dses every 5 inutes,
trgeting  sensr gluse level f 120 g/dL (6.7 l/L).
Insulin delivery is suspended when the sensr gluse level
flls belw r is predited t fll belw trget level. The
gluse trget n be djusted up t 150 g/dL (8.3 l/L)
fr physil tivity. The Tnde Cntrl-IQ trgets  sen-
sr gluse level f 112.5 g/dL (6.25 l/L). The
ptient is still respnsible fr blusing insulin fr els
nd snks. There re ls D-It-Yurself lsed lp sys-
tes using free pen-sure sftwre. One suh syste,
lled the “Lp,” uses the Dex G6 sensr, the iPhne,
nd the Onipd insulin pup. The “Lp” ntrller is
dwnlded n t the iPhne, nd it uses the Dex G6
sensr gluse esureents (ls n the iPhne) t ut-
tilly djust bsl insulin delivery n the Onipd
pup. Inresing nubers f type 1 ptients use these D-
It-Yurself systes, but they re nt pprved fr use by
the FDA. Suessful use f these systes requires prfi-
ieny t using bth the insulin pup nd ntinuus
gluse nitr. The systes re expensive; the insulin
pup, whih needs t be repled every 4 yers, sts
but $6000 nd the pup supplies re $1500 per yer. The
ntinuus gluse nitring syste sts pprxitely
$4000 per yer.

f. Inhaled insulin—Tehnsphere insulin (Afrezz) is 
dry-pwder frultin f rebinnt hun regulr
insulin tht n be inhled. It nsists f 2- t 2.5-
rystls f the exipient furyl diketpiperzine tht pr-
vide  lrge surfe re fr dsrptin f prteins like
insulin. The tehnsphere insulin is rpidly bsrbed with
pek insulin levels rehed in 12–15 inutes nd delining
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t bseline in 3 hurs; the edin tie t xiu effet
with inhled insulin is pprxitely 1 hur nd delines
t bseline by but 3 hurs. In ntrst, the edin tie
t xiu effet with subutneus insulin lispr is
but 2 hurs nd delines t bseline by 4 hurs. In lini-
l trils, tehnsphere insulin bined with bsl insu-
lin ws s effetive in gluse lwering s rpid-ting
insulin nlgs bined with bsl insulin. It is fru-
lted s  single-use, lr-ded rtridge delivering 4, 8,
r 12 units ieditely befre the el. The nufturer
prvides  dse nversin tble; ptients injeting up t
4 units f rpid-ting insulin nlg shuld use the 4-unit
rtridge. Thse injeting 5 t 8 units shuld use the 8-unit
rtridge. If the dse is 9–12 units f rpid-ting insulin
preel then ne 4-unit rtridge nd ne 8-unit rtridge
r ne 12-unit rtridge shuld be used. The inhler is
but the size f  referee’s whistle.

The st n dverse retin f the inhled
insulin is  ugh, ffeting but 27% f ptients. A sll
derese in pulnry funtin (fred expirtry vlue
in 1 send [FEV

1
]) is seen in the first 3 nths f use,

whih persists ver 2 yers f fllw-up. Inhled insulin is
ntrindited in ptients wh ske nd in thse with
hrni lung disese, suh s sth nd hrni bstru-
tive pulnry disese. Spiretry shuld be perfred
t identify ptentil lung disese prir t inititing therpy.
During linil trils, there were tw ses f lung ner
in ptients wh were tking inhled insulin nd nne in the
prtr-treted ptients. All the ptients in wh lung
ner develped hd  histry f prir igrette sking.
Cses f lung ner were ls reprted in igrette sk-
ers using  previusly vilble inhled insulin preprtin
(Exuber). The inidene rte in the Exuber-treted grup
ws 0.13 per 1000 ptient-yers, wheres it ws 0.03 per
1000 ptient-yers in the prtr-treted grup.

D. Transplantation

1. Pancreas transplantation—All ptients with end-stge
kidney disese nd type 1 dibetes wh re ndidtes fr
 kidney trnsplnt shuld be nsidered ptentil ndi-
dtes fr  pnres trnsplnt. Eligibility riteri inlude
ge yunger thn 55 nd inil rdivsulr risk.
Cntrinditins inlude nnrretble rnry rtery
disese, extensive peripherl vsulr disese, nd signifi-
nt besity (weight greter thn 100 kg). The pnres
trnsplnt y ur t the se tie s kidney trnsplnt
r fter kidney trnsplnt. Ptients underging siultne-
us pnres nd kidney trnsplnttin hve n 83%
hne f pnreti grft survivl t 1 yer nd 69% t
5 yers. Slitry pnreti trnsplnttin in the bsene
f  need fr kidney trnsplnttin is nsidered nly in
thse rre ptients wh d nt respnd t ll ther insulin
therpeuti pprhes nd wh hve frequent severe
hypglyei, r wh hve life-thretening plitins
relted t their lk f etbli ntrl. Slitry pnres
trnsplnt grft survivl is 78% t 1 yer nd 54% t 5 yers.

2. Islet transplantation—Ttl pnretety is urtive
fr severe pin syndre ssited with hrni pnre-
titis. The pnretety, hwever, results in surgil

dibetes. Hrvesting islets fr the reved pnres nd
uttrnsplnting the int the liver (vi prtl vein) n
prevent the develpent f dibetes r result in “ild”
dibetes (prtil islet funtin) tht is esier t nge.
Sine the islets re utlgus, n iunsuppressin is
required. The nuber f islets trnsplnted is the in
preditr f insulin independene.

Peple with type 1 dibetes n bee insulin inde-
pendent fter reeiving islets islted fr  dnr pn-
res (llislet trnsplnt). The islets re infused int the
prtl vein using  perutneus trnshepti pprh,
nd they ldge in the liver relesing insulin in respnse t
physilgi stiuli. Lng-ter iunsuppressin is
neessry t prevent llgrft rejetin nd t suppress
the utiune press tht led t the disese in the first
ple. Insulin independene fr re thn 5 yers hs
been denstrted in ptients wh gt nti-CD3 nti-
bdy r nti-thyyte glbulin indutin iunsup-
pressin nd lineurin inhibitrs, Tr inhibitrs, nd
yphenlte fetil s intenne iunsuppres-
sin. One jr liittin is the need fr re thn ne
islet infusin t hieve insulin independene. This is
beuse f signifint lss f islets during isltin nd
the perid prir t engrftent. Widespred llislet
trnsplnttin will depend n iprving insulin inde-
pendene rtes with ne infusin nd ls denstrting
tht the lng-ter utes re s gd s thse f pn-
res trnsplnt lne.

Kristensen SL et l. Crdivsulr, rtlity, nd kidney ut-
es with GLP-1 reeptr gnists in ptients with type 2
dibetes:  systeti review nd et-nlysis f rdivs-
ulr ute trils. Lnet Dibetes Endrinl. 2019;7:776.
[PMID: 31422062]

Leelrthn L et l. Hybrid lsed-lp therpy: where re we in
2021? Dibetes Obes Metb. 2021;23:655. [PMID: 33269551]

MGuire DK et l. Assitin f SGLT2 inhibitrs with rdi-
vsulr nd kidney utes in ptients with type 2 dibe-
tes:  et-nlysis. JAMA Crdil. 2021;6:148. [PMID:
33031522]

» Steps in the Management of Diabetes

A. Distinguishing the Types of Diabetes

An ttept shuld be de t hrterize the dibetes s
type 1 r type 2 r ther speifi types suh s MODY,
bsed n the linil fetures present nd n whether r
nt ketnuri pnies the glysuri. Fetures tht
suggest end-rgn insulin insensitivity t insulin, suh s
viserl besity, nthsis nigrins, r bth, ust be
identified. The fily histry shuld duent nt nly
the inidene f dibetes in ther ebers f the fily
but ls the ge t nset, ssitin with besity, the need
fr insulin, nd whether there were plitins. Fr the
sinl ptient, esureent f GAD65, IAA, ICA 512,
nd zin trnsprter 8 ntibdies n help distinguish
between type 1 nd type 2 dibetes (Tble 27–7). Mny
ptients with newly dignsed type 1 dibetes still hve
signifint endgenus insulin prdutin, nd C peptide
levels d nt relibly distinguish between type 1 nd type 2
dibetes.
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B. Patient Education (SelfManagement Training)

Since diabetes is a lifelong disorder, education of the
patient and the family is probably the most important
obligation of the clinician who provides care. The best
persns t nge  disese tht is ffeted s rkedly by
dily flututins in envirnentl stress, exerise, diet,
nd infetins re the ptients theselves nd their fi-
lies. The “tehing urriulu” shuld inlude expln-
tins by the liniin r nurse f the nture f dibetes nd
its ptentil ute nd hrni hzrds nd hw they n
be regnized erly nd prevented r treted. Self-
nitring f bld gluse shuld be ephsized, espe-
illy in insulin-requiring dibeti ptients, nd instrutins
ust be given n prper testing nd rerding f dt.

Ptients tking insulin shuld hve n understnding f
the tins f bsl nd blus insulins. They shuld be
tught t deterine whether the bsl dse is pprprite
nd hw t djust the rpidly ting insulin dse fr the
rbhydrte ntent f  el. Ptients nd their filies
nd friends shuld be tught t regnize signs nd syp-
ts f hypglyei nd hw t tret lw gluse re-
tins. Strenuus exerise n preipitte hypglyei, nd
ptients ust therefre be tught t redue their insulin
dsge in ntiiptin f strenuus tivity r t tke supple-
entl rbhydrte. Injetin f insulin int  site frthest
wy fr the usles st invlved in the exerise y
help elirte exerise-indued hypglyei, sine insu-
lin injeted in the prxiity f exerising usle y be
re rpidly bilized. Exerise trining ls inreses the
effetiveness f insulin, nd insulin dses shuld be djusted
rdingly. Infetins n use insulin resistne, nd
ptients shuld be instruted n hw t nge the hyper-
glyei with suppleentl rpidly ting insulin.

Advie n persnl hygiene, inluding detiled instru-
tins n ft nd dentl re, shuld be prvided. All infe-
tins (espeilly pygeni nes) prvke the relese f high
levels f insulin ntgnists, suh s tehlines r
glugn, nd thus bring but  rked inrese in insu-
lin requireents. Ptients wh re tking rl gents y
depenste nd teprrily require insulin. Ptients
shuld be tld but unity genies, suh s Dibetes
Assitin hpters, tht n serve s  ntinuing sure
f instrutin.

Finlly, vigrus effrts shuld be de t persude
ptients with newly dignsed dibetes wh ske t give
up the hbit, sine lrge vessel peripherl vsulr disese
nd debilitting retinpthy re less n in nnsk-
ing dibeti ptients.

C. Medications

Tretent ust be individulized n the bsis f the type
f dibetes nd speifi needs f eh ptient. Hwever,
ertin generl priniples f ngeent n be utlined
fr hyperglyei sttes f different types.

1. Type 1 diabetes—A bintin f rpidly ting insu-
lin nlgs nd lng-ting insulin nlgs llws fr re
physilgi insulin repleent. Tble 27–8 illustrtes 
regien with  rpidly ting insulin nlg nd lng-
ting bsl insulin tht ight be pprprite fr  70-kg
persn with type 1 dibetes eting els prviding stn-
drd rbhydrte intke nd derte t lw ft ntent.

Insulin glrgine r insulin deglude is usully given
ne in the evening t prvide 24-hur verge. There
re sinl ptients in wh insulin glrgine des nt
lst fr 24 hurs, nd in suh ses, it needs t be given
twie  dy. Insulin deteir usully hs t be given twie
 dy t get dequte 24-hur bsl verge. Altern-
tively, sll dses f NPH (~3–4 units) n be given with
eh el t prvide dytie bsl verge with  lrger
dse t night.

CSII by prtble bttery-perted “pen lp” devies
llw the setting f different bsl rtes thrughut the
24 hurs nd perit blus dse djustents by s little s
0.05-unit inreents. The 24-hur bsl dsge is usully
bsed n ge nd bdy weight. An dlesent ight need
s uh s 0.4 unit/kg/dy;  yung dult (less thn 25 yers),

Table 27–7. Diagnostic sensitivity and specificity of
autoimmune markers in patients with newly diag-
nosed type 1 diabetes mellitus.

Sensitivity Specificity

Islet cell antibodies (ICA) 44–100% 96%

Glutamic acid decarboxylase

(GAD65)

70–90% 99%

Insulin (IAA) 40–70% 99%

Tyrosine phosphatase

(IA-2, ICA 512)

50–70% 99%

Zinc transporter 8 (ZnT8) 50–70% 99%

Table 27–8. Examples of intensive insulin regimens
using rapidly acting insulin analogs (insulin lispro,
aspart, or glulisine) and long-acting insulin analogs
(insulin detemir, or insulin glargine or degludec) in a
70-kg man with type 1 diabetes.1–3

Pe-

beakfast

Pe-

lunch

Pe-

dinne

At

Bedtime

Rapidly acting

insulin analog

5 units 4 units 6 units

Insulin detemir3 6–7 units  8–9 units

OR

Rapidly acting

insulin analog

5 units 4 units 6 units —

Insulin glargine

or degludec3

—  15–16 units

1Assumes that patient is consuming approximately 75 g carbohy-

drate at breakfast, 60 g at lunch, and 90 g at dinner.
2The dose of rapidly acting insulin can be raised by 1 or 2 units if

extra carbohydrate (15–30 g) is ingested or if premeal blood glu-

cose is > 170 mg/dL (9.4 mmol/L).
3Insulin glargine or insulin detemir must be given as a separate

injection.
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0.35 unit per/kg/dy; nd n lder dult, 0.25 unit/kg/dy.
Fr exple,  70-kg, 30-yer-ld persn y require 
bsl rte f 0.7 unit per hur thrughut the 24 hurs with
the exeptin f 3 am t 8 am, when 0.8 unit per hur
ight be pprprite (given the “dawn phenomenon”—
redued tissue sensitivity t insulin between 5 am nd
8 am). The el blus vries bsed n the tie f dy nd
the persn’s ge. Adlesents nd yung dults usully
require 1 unit fr but 10 g f rbhydrte. Older dults
usully require but 1 unit fr 15 g f rbhydrte. The
rretin ftr—hw uh insulin is needed t lwer
gluse levels by 50 g/dL—n be lulted fr the
insulin-t-rbhydrte rtis. Fr exple, if 1 unit is
required fr 15 g f rbhydrte, then 1 unit will lwer
gluse levels by 50 g/dL. If 1.5 units f insulin re
required fr 15 g f rbhydrte (tht is, 1 unit fr 10 g
rbhydrte), then 1.5 units f insulin will lwer gluse
levels by 50 g/dL (tht is, 1 unit will lwer gluse level
by 33 g/dL). Fr  70-kg 30-yer-ld persn, blus rtis
f 1 unit fr 12–15 g f rbhydrte plus 1 unit fr
50 g/dL f bld gluse ver  trget vlue f 120 g/dL
wuld be resnble strting pint. Further djustents t
bsl nd blus dsges wuld depend n the results f
bld gluse nitring. One f the re diffiult ther-
peuti prbles in nging ptients with type 1 dibetes
is deterining the prper djustent f insulin dse when
the prebrekfst bld gluse level is high. Osinlly,
the prebrekfst hyperglyei is due t the Somogyi
effect, in whih nturnl hypglyei leds t  surge f
unterregultry hrnes t prdue high bld glu-
se levels by 7 am. Hwever,  re n use fr
prebrekfst hyperglyei is the wning f irulting
insulin levels by the rning.

The dignsis f the use f prebrekfst hyperglye-
i n be filitted by self-nitring f bld gluse
t 3 am in dditin t the usul bedtie nd 7 am e-
sureents r by nlyzing dt fr the ntinuus glu-
se nitr. This is required fr nly  few nights, nd
when  prtiulr pttern eerges fr nitring bld
gluse levels vernight, pprprite therpeuti esures
n be tken. The Sgyi effet n be treted by lwer-
ing the bsl insulin dse t bedtie r by eting  snk t
bedtie. When  wning insulin level is the use, then
either inresing the evening bsl insulin dse r shifting
it fr dinnertie t bedtie (r bth) n be effetive.

The urrently vilble lsed lp systes enble
ptients t hieve lse t nrl gluse levels in the
rning with  lw risk f nturnl hypglyei nd
iprve verll gluse ntrl. All ptients with type 1
dibetes wh re skilled t using insulin pups shuld use
these systes.

2. Type 2 diabetes—Therpeuti reendtins re
bsed n the reltive ntributins f bet ell insuffi-
ieny nd insulin insensitivity in individul ptients. The
pssibility tht the individul ptient hs  speifi eti-
lgi use fr their dibetes shuld lwys be nsidered,
espeilly when the ptient des nt hve  fily histry
f type 2 dibetes r des nt hve ny evidene f entrl
besity r insulin resistne. Suh ptients shuld be evlu-
ted fr ther types f dibetes suh s LADA r MODY

(Tble 27–1). Ptients with LADA shuld be presribed
insulin when the disese is dignsed nd treted like
ptients with type 1 dibetes. It is ls iprtnt t nte
tht ny ptients with type 2 dibetes ellitus hve 
prgressive lss f bet ell funtin nd will require ddi-
tinl therpeuti interventins with tie.

a. Weight reduction—One f the priry des f
therpy in the bese ptient with type 2 dibetes is weight
redutin. Nrliztin f glyei n be hieved by
weight lss nd iprveent in tissue sensitivity t insu-
lin. A bintin f lri restritin, inresed exer-
ise, nd behvir difitin is required if  weight
redutin prgr is t be suessful. Understnding the
risks ssited with the dignsis f dibetes y ti-
vte the ptient t lse weight.

Fr seleted ptients, edil r surgil ptins fr
weight lss shuld be nsidered. Orlistt, phenterine/
tpirte, lrserin, nltrexne/extended-relese bupr-
pin, nd high-dse lirglutide (3 g dily) re weight lss
editins pprved fr use in bintin with diet nd
exerise (see Chpter 29).

Britri surgery (Rux-en-Y, gstri bnding, gstri
sleeve, bilipnreti diversin/dudenl swith) typilly
results in substntil weight lss nd iprveent in glu-
se levels. A et-nlysis exining the ipt f br-
itri surgery n ptients with dibetes nd BMI f
40 kg/2 r greter nted tht 82% f ptients hd reslu-
tin f linil nd lbrtry nifesttins f dibetes in
the first 2 yers fter surgery nd 62% reined free f
dibetes re thn 2 yers fter surgery. The iprveent
ws st rked in the predure tht used the gretest
weight lss (bilipnreti diversin/dudenl swith).
There ws, hwever,  high ttritin f ptients vilble
fr fllw-up, nd there ws little infrtin but differ-
ent ethni types. Weight regin des ur fter britri
surgery, nd it n be expeted tht 20–25% f the lst
weight will be regined ver 10 yers. The ipt f this
weight gin n dibetes reurrene depends priniplly n
the degree f bet ell dysfuntin.

Nnbese ptients with type 2 dibetes frequently hve
inresed viserl dipsity—the s-lled etblilly
bese nrl weight ptient. There is less ephsis n
weight lss, but exerise reins n iprtnt spet f
tretent.

b. Glucose-lowering agents—Figure 27–2 utlines
the tretent pprh bsed n the nsensus lgrith
prpsed by the Aerin Dibetes Assitin nd the
Eurpen Assitin fr the Study f Dibetes. The ur-
rent reendtin is t strt etfrin therpy t
dignsis nd nt wit t see whether the ptient n
hieve trget glyei ntrl with weight ngeent
nd exerise. See disussin f the individul editins,
bve.

When dibetes is nt well ntrlled with initil ther-
py (usully etfrin), then  send gent shuld be
dded. Presene f rdivsulr r kidney disese, r
bth, will deterine the hie f the send gent. Lir-
glutide, seglutide, epgliflzin, ngliflzin, nd
dpgliflzin hve iprved rdivsulr utes.
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The SGLT2 inhibitrs re espeilly benefiil in ptients
with hert filure r dibeti nephrpthy, r bth. The
need fr weight lss shuld led t the use f GLP1-
reeptr gnists in the bese ptient with r withut r-
nry rtery disese. SGLT2 inhibitrs ls prte dest
weight lss nd shuld be presribed in the ptient with
hert filure r dibeti nephrpthy. Sulfnylures hve
been vilble fr ny yers nd their use in bintin
with etfrin is well estblished. They d, hwever, hve
the prpensity f using hypglyei nd weight gin.
In ptients wh experiene hyperglyei fter  rbhy-
drte-rih el (suh s dinner),  shrt-ting seret-
ggue (repglinide r nteglinide) befre els y suffie
t get the gluse levels int the trget rnge. Ptients with
severe insulin resistne y be ndidtes fr pigli-
tzne. Piglitzne y ls redue the risk fr reurrent
strke in ptients wh hve  histry f strke r trnsient
ishei ttk. If tw gents re indequte, then  third
gent is dded, lthugh dt regrding effiy f suh
bined therpy re liited.

When the bintin f rl gents (nd injetble
GLP-1 reeptr gnists) fils t hieve euglyei in
ptients with type 2 dibetes, then insulin tretent
shuld be instituted. Vrius insulin regiens y be
effetive. One prpsed regien is t ntinue the rl
bintin therpy nd then siply dd  bedtie dse
f NPH r lng-ting insulin nlg (insulin glrgine,
deteir, r deglude) t redue exessive nturnl
hepti gluse utput nd iprve fsting gluse levels.
If the ptient des nt hieve trget gluse levels during
the dy, then dytie insulin tretent n be initited. A
nvenient insulin regien under these irustnes is 
split dse f 70/30 NPH/regulr ixture (r Hulg Mix
75/25 r NvLgMix 70/30) befre brekfst nd befre
dinner. If this regien fils t hieve stisftry glye-
i gls r is ssited with uneptble frequeny f
hypglyei episdes, then  re intensive regien f
ultiple insulin injetins n be instituted s in ptients
with type 1 dibetes. Metfrin priniplly redues
hepti gluse utput, nd it is resnble t ntinue
with this editin when insulin therpy is instituted.
Piglitzne, whih iprves peripherl insulin sensitiv-
ity, n be used tgether with insulin but this bintin
is ssited with re weight gin nd peripherl ede.
The sulfnylures, the GLP-1 reeptr gnists, the DPP-4
inhibitrs, nd the SGLT2 inhibitrs ls hve been shwn
t be f ntinued benefit. Weight-reduing interventins
shuld ntinue even fter inititin f insulin therpy
nd y llw fr siplifitin f the therpeuti regi-
en in the future.

D. Acceptable Levels of Glycemic Control

A resnble i f therpy is t pprh nrl glye-
i exursins withut prvking severe r frequent hyp-
glyei. Tble 27–9 surizes bld gluse nd HbA

1

gls fr different ptient grups. The UKPDS study dem-
onstrated that blood pressure control was as significant or
more significant than glycemic control in patients with type 2
diabetes regarding the prevention of microvascular as well as
macrovascular complications.

Weight loss + exercise + metformin

Metformin + another agent (noninsulin or insulin)

Metformin + two other agents (noninsulin or insulin)

Factors in Therapeutic Decision

(single agent or combination)

Seven main classes of agents

• Metformin

• Sulfonylureas (includes nateglinide, repaglinide)

• Pioglitazone

• GLP-1 receptor agonists

• DPP-4 inhibitors

• SGLT2 inhibitors

• Insulins

If HbA1c target not reached

after ~ 3 months

If HbA1c target not reached

after ~ 3 months

If HbA1c target not reached

after ~ 3 months

Efficacy

• DPP-4 inhibitors are of moderate efficacy

• All other agents are of high efficacy

Cost

• All agents except metformin and

sulfonylureas are expensive

• Insulins are expensive if the additional cost of

monitoring is taken into consideration

Cardiovascular and renal effects

• Metformin, liraglutide, semaglutide,

empagliflozin, and canagliflozin have known

cardiovascular benefits

• SGLT2 inhibitors reduce the risk of ESKD,

doubling of serum creatinine and renal death in

patients with diabetic nephropathy

Hypoglycemic risk

• Sulfonylureas and insulins have increased

risk of hypoglycemia

Effect on weight

• Metformin and DPP-4 inhibitors are weight neutral

• GLP-1 receptor agonists and SGLT2 inhibitors

promote weight loss

• Sulfonylureas, insulins, and pioglitazone are

associated with weight gain

Major side effects

• Metformin: lactic acidosis

• Pioglitazone: fluid retention, fracture risk, macular

edema, possible bladder cancer

• GLP-1 receptor agonists: nausea, vomiting and

pancreatitis

• DPP-4 inhibitors: possible pancreatitis

• SGLT2 inhibitors: urinary tract infection;

genital mycotic infections; dehydration;

cannot use if eGFR < 30 mL/min/1.73 m2

Metformin + insulin ± other

noninsulin agent

▲ Figure 27–2. Algorithm for the treatment of type 2
diabetes based on the 2018 recommendations of the
consensus panel of the American Diabetes Association/
European Association for the Study of Diabetes.
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E. Complications of Insulin Therapy

1. Hypoglycemia—Hypglyei retins re the st
n plitins tht ur in ptients with dibetes
wh re treted with insulin. The signs nd sypts f
hypglyei y be divided int thse resulting fr
stiultin f the utni nervus syste nd thse
fr neurglypeni (insuffiient gluse fr nrl
entrl nervus syste funtin). When the bld gluse
flls t rund 54 g/dL (3 l/L), the ptient strts t
experiene bth syptheti (thyrdi, plpittins,
sweting, treulusness) nd prsyptheti (nuse,
hunger) nervus syste sypts. If these utni
sypts re ignred nd the gluse levels fll further (t
rund 50 g/dL [2.8 l/L]), then neurglypeni
sypts pper, inluding irritbility, nfusin, blurred
visin, tiredness, hedhe, nd diffiulty speking. A fur-
ther deline in gluse n led t lss f nsiusness r
even  seizure. With repeted episdes f hypglyei,
there is dpttin, nd utni sypts d nt ur
until the bld gluse levels re uh lwer nd s the
first sypts re ften due t neurglypeni. This
nditin is referred t s “hypglyei unwreness.” It
hs been shwn tht hypglyei unwreness n be
reversed by keeping gluse levels high fr  perid f
severl weeks. Exept fr sweting, st f the syptheti
sypts f hypglyei re blunted in ptients reeiv-
ing bet-blking gents. Thugh nt bslutely ntrin-
dited, these editins ust be used with utin in
ptients with dibetes wh require insulin, nd bet-1-
seletive blking gents re preferred.

Hypglyei n ur in  ptient tking sulfnyl-
ures, repglinide, nd nteglinide, prtiulrly if the
ptient is elderly, hs kidney r liver disese, r is tking
ertin ther editins tht lter etblis f the sul-
fnylures (eg, phenylbutzne, sulfnides, r wrf-
rin). It urs re frequently with the use f lng-ting

sulfnylures thn with shrter-ting gents. Otherwise,
hypglyei in insulin-treted ptients urs s  nse-
quene f three ftrs: behvirl issues, ipired un-
terregultry systes, nd plitins f dibetes.

Behvirl issues inlude injeting t uh insulin fr
the unt f rbhydrtes ingested. Drinking lhl in
exess, espeilly n n epty sth, n ls use
hypglyei. In ptients with type 1 dibetes, hypglye-
i n ur during r even severl hurs fter exerise,
nd s gluse levels need t be nitred nd fd nd
insulin djusted. Se ptients d nt like their gluse
levels t be high, nd they tret every high gluse level
ggressively. These individuls wh “stk” their insulin—
tht is, give nther dse f insulin befre the first injetin
hs hd its full tin—n develp hypglyei.

Cunterregultry issues resulting in hypglyei
inlude ipired glugn respnse, sypth-drenl
respnses, nd rtisl defiieny. Ptients with dibetes f
greter thn 5 yers in durtin lse their glugn
respnse t hypglyei. As  result, they re t  signifi-
nt disdvntge in prteting theselves ginst flling
gluse levels. One the glugn respnse is lst, their
sypth-drenl respnses tke n dded iprtne.
Unfrtuntely, ging, utni neurpthy, r hypgly-
ei unwreness due t repeted lw gluse levels fur-
ther blunts the sypth-drenl respnses. Osinlly,
Addisn disese develps in persns with type 1 dibetes
ellitus; when this hppens, insulin requireents fll sig-
nifintly, nd unless insulin dse is redued, reurrent
hypglyei will develp.

Cplitins f dibetes tht inrese the risk fr
hypglyei inlude utni neurpthy, gstrpre-
sis, nd end-stge hrni kidney disese. The syptheti
nervus syste is n iprtnt syste lerting the indi-
vidul tht the gluse level is flling by using sypts
f thyrdi, plpittins, sweting, nd treulusness.

Table 27–9. Glycemic targets for different groups of adults with diabetes.

Blood Glucose Tagets (mg/dL [mmol/L]) HbA
1c

Taget (% [mmol/mol])

Nonpregnant healthy adults Premeal glucose 90–130 (5–7.2)

1-hour peak < 180 (10)

2-hour peak < 150 (8.3)

< 7 (53). Aim for < 6.5 (48) if it can be

achieved without significant

hypoglycemia or polypharmacy

Pregnancy Premeal glucose ≤ 95 (5.3)

1-hour peak ≤ 140 (7.8)

2-hour peak ≤ 120 (6.7)

6–6.5 (42–48). Aim for < 6 (42) if possible

without significant hypoglycemia

Older adults

Healthy

Frail with limited life

expectancy

Premeal 90–130 (5–7.2)

Bedtime 90–150 (5–8.3)

Premeal 100–180 (5.6–10)

Bedtime 110–200 (6.1–11.1)

< 7.5 (58)

< 8.5 (69)

History of severe hypoglycemia Premeal 90–150 (5–8.3)

Bedtime 100–180 (5.6–10)

< 8 (64)

Hospitalized patient 140–180 (7.8–10) —

Chronic kidney disease (CKD) Glycemic targets in CKD are the same as those without

CKD. HbA
1c

and fructosamine values may not be accu-

rate in end-stage kidney disease, and greater reliance

should be placed on the home glucose measurements
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Filure f the sypth-drenl respnses inreses the
risk f hypglyei. In dditin, in ptients with gstr-
presis, if insulin is given befre  el, the pek f insulin
tin y ur befre the fd is bsrbed using the
gluse levels t fll. Finlly, in end-stge hrni kidney
disese, hypglyei n ur presubly beuse f
deresed insulin lerne s well s lss f renl ntri-
butin t glunegenesis in the pstbsrptive stte.

T prevent nd tret insulin-indued hypglyei, the
dibeti ptient shuld rry gluse tblets r juie t ll
ties. Fr st episdes, ingestin f 15 grs f rb-
hydrte is suffiient t reverse the hypglyei. The
ptient shuld be instruted t hek the bld gluse in
15 inutes nd tret gin if the gluse level is still lw. A
prenterl (1 g) r nsl inhltin (3 g) glugn
eergeny kit shuld be prvided t every ptient with
dibetes wh is reeiving insulin therpy. Fily r friends
shuld be instruted hw t injet it subutneusly r
intrusulrly int the buttk, r, r thigh r din-
ister  nsl dse in the event tht the ptient is unn-
sius r refuses fd. The editin n sinlly
use viting, nd the unnsius ptient shuld be
turned n his r her side t prtet the irwy. Glugn
bilizes glygen fr the liver, rising the bld gluse
by but 36 g/dL (2 l/L) in but 15 inutes. After
the ptient revers nsiusness, dditinl rl rb-
hydrte shuld be given. Peple with dibetes reeiving
hypglyei editin therpy shuld ls wer n
identifitin MediAlert brelet r nekle r rry 
rd in his r her wllet (1-800-ID-ALERT, www.edi-
lert.rg).

Medil persnnel treting severe hypglyei n
give 50 L f 50% gluse slutin by rpid intrvenus
infusin. If intrvenus ess is nt vilble, 1 g f
glugn n be injeted intrusulrly r 3 g given by
nsl spry.

2. Immunopathology of insulin therapy—At lest five
leulr lsses f insulin ntibdies re prdued dur-
ing the urse f insulin therpy in dibetes, inluding IgA,
IgD, IgE, IgG, nd IgM. With the swith t hun nd
purified prk insulin, the vrius iunpthlgi syn-
dres suh s insulin llergy, iune insulin resistne,
nd liptrphy hve bee quite rre sine the titers nd
vidity f these indued ntibdies re generlly quite lw.

a. Insulin allergy—Insulin llergy, r iedite-type
hypersensitivity, is  rre nditin in whih ll r sys-
tei urtiri is due t histine relese fr tissue st
ells sensitized by dherene f nti-insulin IgE ntibdies.
In severe ses, nphylxis results. When nly hun
insulin hs been used fr the nset f insulin therpy,
insulin llergy is exeedingly rre. Antihistines, rti-
sterids, nd even desensitiztin y be required, espe-
illy fr systei hypersensitivity.

b. Immune insulin resistance—A lw titer f irult-
ing IgG nti-insulin ntibdies tht neutrlize the tin f
insulin t  sll extent develps in st insulin-treted
ptients. With the ld nil insulins,  high titer f iru-
lting ntibdies seties develped, resulting in

extreely high insulin requireents—ften re thn
200 units dily. This is nw rrely seen with the swith t
hun r highly purified prk insulins nd hs nt been
reprted with the nlgs.

c. Lipodystrophy—Atrphy f subutneus ftty tissue
leding t disfiguring exvtins nd depressed res y
rrely ur t the site f injetin. This plitin
results fr n iune retin, nd it hs bee rrer
with the develpent f hun nd highly purified insu-
lin preprtins. Liphypertrphy, n the ther hnd, is 
nsequene f the phrlgi effets f insulin being
depsited in the se ltin repetedly. It n ur with
purified insulins s well. Rttin f injetin sites will
prevent liphypertrphy.

Rdriguez-Gutierrez R et l. Benefits nd hrs f intensive
glyei ntrl in ptients with type 2 dibetes. BMJ.
2019;367:l5887. [PMID: 31690574]

» Chronic Complications of Diabetes

Lte linil nifesttins f dibetes ellitus inlude 
nuber f pthlgi hnges tht invlve sll nd lrge
bld vessels, rnil nd peripherl nerves, the skin, nd
the lens f the eye. These lesins led t hypertensin, end-
stge hrni kidney disese, blindness, utni nd
peripherl neurpthy, puttins f the lwer extrei-
ties, yrdil infrtin, nd erebrvsulr idents.
These lte nifesttins rrelte with the durtin f the
dibeti stte subsequent t the nset f puberty. In type 1
dibetes, end-stge hrni kidney disese develps in up
t 40% f ptients, pred with less thn 20% f ptients
with type 2 dibetes. Prlifertive retinpthy ultitely
develps in bth types f dibetes but hs  slightly higher
prevlene in type 1 ptients (25% fter 15 yers’ durtin).
In ptients with type 1 dibetes, plitins fr end-
stge hrni kidney disese re  jr use f deth,
wheres ptients with type 2 dibetes re re likely t
hve rvsulr diseses leding t yrdil infr-
tin nd strke s the in uses f deth. Cigrette use
dds signifintly t the risk f bth irvsulr nd
rvsulr plitins in dibeti ptients.

A. Ocular Complications

1. Diabetic cataracts—Preture trts ur in di-
beti ptients nd see t rrelte with bth the durtin
f dibetes nd the severity f hrni hyperglyei.
Nnenzyti glysyltin f lens prtein is twie s high
in dibeti ptients s in ge-thed nndibeti persns
nd y ntribute t the preture urrene f
trts.

2. Diabetic retinopathy—The tw in tegries f di-
beti retinpthy, nnprlifertive nd prlifertive, re
disussed in Chpter 7.

3. Glaucoma—Glu urs in pprxitely 6% f
persns with dibetes. It is respnsive t the usul therpy
fr pen-ngle disese. Nevsulriztin f the iris in
ptients with dibetes n predispse t lsed-ngle
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glu, but this is reltively unn exept fter
trt extrtin, when grwth f new vessels hs been
knwn t prgress rpidly, invlving the ngle f the iris
nd bstruting utflw.

B. Diabetic Nephropathy

Dibeti nephrpthy is initilly nifested by lbuin-
uri; subsequently, s kidney funtin delines, ure nd
retinine uulte in the bld (see Chpter 22). An
lbuin-retinine rti in n erly rning spt urine
lleted upn wkening is the preferred ethd t ssess
lbuin exretin. In the erly rning spt urine,  rti
f lbuin (g/L) t retinine (g/L) f less thn
30 g/g retinine is nrl, nd  rti f 30–300 g/g
retinine suggests bnrl irlbuinuri. At lest
tw erly rning spt urine lletins ver  3- t
6-nth perid shuld be bnrl befre  dignsis f
irlbuinuri is justified. Shrt-ter hyperglyei,
exerise, urinry trt infetins, hert filure, nd ute
febrile illness n use trnsient lbuinuri nd s test-
ing fr irlbuinuri shuld be pstpned until res-
lutin f these prbles.

Subsequent end-stge hrni kidney disese n be
predited by persistent urinry lbuin exretin rtes
exeeding 30 g/g retinine. Glyei ntrl s well
s  prtein diet f ~0.8 g/kg/dy y redue bth the
hyperfiltrtin nd the elevted irlbuinuri in
ptients in the erly stges f dibetes nd thse with
inipient dibeti nephrpthy. Antihypertensive therpy
ls dereses irlbuinuri. Evidene fr se
studies supprts  speifi rle fr ACE inhibitrs in redu-
ing intrglerulr pressure in dditin t their lwering
f systei hypertensin. An ACE inhibitr (ptpril,
50 g twie dily) in nrtensive dibeti ptients
ipedes prgressin t prteinuri nd prevents the
inrese in lbuin exretin rte. SGLT2 therpy shuld
be instituted in ptients with type 2 dibetes wh hve
prgressin f kidney disese despite tking ptil nti-
hypertensive therpy, whih inludes n ACE inhibitr r
ngitensin reeptr blker.

C. Diabetic Neuropathy

Dibeti neurpthies re the st n plitins
f dibetes, ffeting up t 50% f lder ptients with type 2
dibetes.

1. Peripheral neuropathy—

a. Distal symmetric polyneuropathy—This is the
st n fr f dibeti peripherl neurpthy
where lss f funtin ppers in  stking-glve pttern
nd is due t n xnl neurpthi press. Lnger nerves
re espeilly vulnerble, hene the ipt n the ft.
Bth tr nd sensry nerve ndutin is delyed in the
peripherl nerves, nd nkle jerks y be bsent.

Sensry invlveent usully urs first nd is gener-
lly bilterl, syetri, nd ssited with dulled per-
eptin f vibrtin, pin, nd teperture. The pin n
rnge fr ild disfrt t severe inpitting syp-
ts. The sensry defiit y eventully be f suffiient

degree t prevent ptients fr feeling pin. Ptients wh
hve  sensry neurpthy shuld therefre be exined
with  5.07 Sees-Weinstein filent nd thse wh
nnt feel the filent ust be nsidered t risk fr
unpereived neurpthi injury.

The denervtin f the sll usles f the ft n
result in lwing f the tes nd displeent f the sub-
ettrsl ft pds nterirly. These hnges, tgether
with the jint nd nnetive tissue hnges, lter the
biehnis f the ft nd inrese plntr pressures.
This bintin f deresed pin threshld, bnr-
lly high ft pressures, nd repetitive stress (suh s
fr wlking) n led t lluses nd ulertins in the
high-pressure res suh s ver the ettrsl heds
(Figure 27–3). Peripherl neurpthy, utni neu-
rpthy, nd tru ls predispses t the develpent
f Charcot arthropathy. An ute se f Chrt ft
rthrpthy presents with pin nd swelling, nd if left
untreted, leds t  “rker btt” defrity nd
ulertin. The erly rdilgi hnges shw jint sub-
luxtin nd perirtiulr frtures. As the press pr-
gresses, there is frnk stelsti destrutin leding t
dernged nd unstble jints prtiulrly in the idft.
Nt surprisingly, the key issue fr the heling f neur-
pthi ulers in  ft with gd vsulr supply is
ehnil unlding. In dditin, ny infetin shuld
be treted with debrideent nd pprprite ntibitis;
heling durtin f 8–10 weeks is typil. Osinlly,
when heling ppers refrtry, pltelet-derived grwth
ftr (beplerin [Regrnex]) shuld be nsidered fr
ll pplitin. One ulers re heled, therpeuti
ftwer is key t preventing reurrenes. Cust
lded shes re reserved fr ptients with signifint
ft defrities. Other ptients with neurpthy y
require dtive insles tht distribute the ld
ver s wide n re s pssible. Ptients with ft defr-
ities nd lss f their prtetive threshld shuld get
regulr re fr  pditrist. Ptients shuld be edu-
ted n pprprite ftwer nd thse with lss f their

▲ Figure 27–3. Diabetic foot ulcer over head of first
metatarsal (arrow). (Used, with permission, from Dean
SM, Satiani B, Abraham WT. Color Atlas and Synopsis of
Vascular Diseases. McGraw-Hill, 2014.)
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prtetive threshld shuld be instruted t inspet their
feet dily fr reddened res, blisters, brsins, r
lertins.

In se ptients, hypersensitivity t light tuh nd
sinlly severe “burning” pin, prtiulrly t night,
n bee physilly nd etinlly disbling. Nrtrip-
tyline r desiprine in dses f 25–150 g/dy rlly
y prvide drti relief fr pin fr dibeti neu-
rpthy, ften within 48–72 hurs. Ptients ften ttribute
the benefit t hving  full night’s sleep. Mild t derte
rning drwsiness is  side effet tht generlly iprves
with tie r n be lessened by giving the editin sev-
erl hurs befre bedtie. This editin shuld nt be
ntinued if iprveent hs nt urred fter 5 dys f
therpy. Aitriptyline, 25–75 g rlly t bedtie, n
ls be used but hs re ntihlinergi effets. Triyli
ntidepressnts, in bintin with fluphenzine (3 g
dily in three divided dses) hve been shwn in tw stud-
ies t be effiius in pinful neurpthy, with benefits
unrelted t relief f depressin. Gbpentin (900–1800 g
rlly dily in three divided dses) hs ls been shwn t
be effetive in the tretent f pinful neurpthy nd
shuld be tried if the triyli editins prve ineffe-
tive. Pregblin,  ngener f gbpentin, hs been shwn
in n 8-week study t be re effetive thn pleb in
treting pinful dibeti peripherl neurpthy. Hwever,
this editin ws nt pred with n tive ntrl.
Als, beuse f its buse ptentil, it hs been tegrized
s  shedule V ntrlled substne. Dulxetine
(60–120 g),  sertnin nd nrepinephrine reuptke
inhibitr, is pprved fr the tretent f pinful dibeti
neurpthy. Cpsiin,  tpil irritnt, is effetive in
reduing ll nerve pin; it is dispensed s  re
(Zstrix 0.025%, Zstrix-HP 0.075%) t be rubbed int the
skin ver the pinful regin tw t fur ties dily. Glves
shuld be used fr pplitin sine hnd ntintin
uld result in disfrt if the re es in ntt
with eyes r sensitive res suh s the genitli. Appli-
tin f  5% lidine pth ver n re f xil pin
hs been reprted t be f benefit. It is pprved fr tret-
ent f pstherpeti neurlgi.

Diabetic neuropathic cachexia is  syndre hr-
terized by  syetri peripherl neurpthy ssited
with prfund weight lss (up t 60% f ttl bdy weight)
nd pinful dysesthesis ffeting the prxil lwer
libs, the hnds, r the lwer trunk. Tretent is usully
with insulin nd nlgesis. The prgnsis is generlly
gd, nd ptients typilly rever their bseline weight
with reslutin f the pinful sensry sypts within
1 yer.

b. Isolated peripheral neuropathy—Invlveent f
the distributin f nly ne nerve (“nneurpthy”) r
f severl nerves (“nneurpthy ultiplex”) is hr-
terized by sudden nset with subsequent revery f ll r
st f the funtin. This neurpthlgy hs been ttrib-
uted t vsulr ishei r truti dge. Crnil
nd ferl nerves re nly invlved, nd tr
bnrlities predinte. The ptient with rnil nerve
invlveent usully hs diplpi nd single third, furth,
r sixth nerve wekness n exintin but the pupil is

spred. A full revery f funtin urs in 6–12 weeks.
Dibeti ytrphy presents with nset f severe pin in
the frnt f the thigh. Within  few dys r weeks f the
nset f pin, wekness nd wsting f the qudrieps
develps. As the wekness ppers, the pin tends t
iprve. Mngeent inludes nlgesi nd iprved
dibetes ntrl. The sypts iprve ver 6–18 nths.

2. Autonomic neuropathy—Neurpthy f the utni
syste urs priniplly in ptients with dibetes f lng
durtin. It ffets ny diverse viserl funtins inlud-
ing bld pressure nd pulse, gstrintestinl tivity, bld-
der funtin, nd eretile dysfuntin. Tretent is
direted speifilly t eh bnrlity. Insulin neuritis r
tretent-indued neurpthy f dibetes urs -
sinlly in ptients with pr gluse ntrl nd whse
gluse levels iprve rpidly in dys r  few weeks.
Sypts inlude severe sensry neurpthi pins nd
seties utni funtins. These sypts iprve
ver  few nths.

a. Gastrointestinal system—Invlveent f the gs-
trintestinl syste y be nifested by nuse, vit-
ing, pstprndil fullness, reflux r dysphgi, nstiptin
r dirrhe (r bth), nd fel inntinene. Gstrpre-
sis shuld be nsidered in type 1 dibeti ptients in
wh unexpeted flututins nd vribility in their
bld gluse levels develps fter els. Metlpride
hs been f se help in treting dibeti gstrpresis. It
is given in  dse f 10 g rlly three r fur ties  dy,
30 inutes befre els nd t bedtie. Drwsiness, rest-
lessness, ftigue, nd lssitude re n dverse effets.
Trdive dyskinesi nd extrpyridl effets n ur,
espeilly when used fr lnger thn 3 nths, nd the
FDA hs utined ginst the lng-ter use f
etlpride.

Erythryin ppers t bind t tilin reeptrs in
the sth nd hs been fund t iprve gstri epty-
ing ver the shrt ter in dses f 250 g three ties
dily, but its effetiveness sees t diinish ver tie. In
seleted ptients, injetins f btulinu txin int the
pylrus n redue pylrus sphinter resistne nd
enhne gstri eptying. Gstri eletril stiultin
hs been reprted t iprve sypts nd qulity f life
indies in ptients with gstrpresis refrtry t phr-
lgi therpy.

Dirrhe ssited with utni neurpthy hs
sinlly respnded t brd-spetru ntibiti ther-
py (suh s rifxiin, etrnidzle, xiillin/lvul-
nte, iprflxin, r dxyyline), lthugh it ften
underges spntneus reissin. Refrtry dibeti
dirrhe is ften ssited with ipired sphinter n-
trl nd fel inntinene. Therpy with lperide,
4–8 g dily, r diphenxylte with trpine, tw tblets
up t fur ties  dy, y prvide relief. In re severe
ses, tinture f pregri r deine (60-g tblets) y
be required t redue the frequeny f dirrhe nd
iprve the nsisteny f the stls. Clnidine hs been
reprted t lessen dibeti dirrhe; hwever, its usefulness
is liited by its tendeny t lwer bld pressure in these
ptients wh lredy hve utni neurpthy, resulting
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in rthstti hyptensin. Cnstiptin usully respnds
t stiulnt lxtives suh s senn.

b. Genitourinary system—Inplete eptying f the
bldder n seties ur. Bethnehl in dses f
10–50 g rlly three ties  dy hs sinlly
iprved eptying f the tni urinry bldder. Ctheter
depressin f the distended bldder hs been reprted
t iprve its funtin, nd nsiderble benefit hs been
reprted fter surgil severing f the internl vesile
sphinter.

Eretile dysfuntin n result fr neurlgi, psy-
hlgil, r vsulr uses, r  bintin f these
uses. The phsphdiesterse type 5 (PDE5) inhibitrs
sildenfil (Vigr), vrdenfil (Levitr), nd tdlfil
(Cilis) hve been shwn in pleb-ntrlled linil tri-
ls t iprve eretins in respnse t sexul stiultin.
The reended dse f sildenfil fr st ptients is
ne 50-g tblet tken pprxitely 1 hur befre sexul
tivity. The pek effet is t 1.5–2 hurs, with se effet
persisting fr 4 hurs. Ptients with dibetes ellitus using
sildenfil reprted 50–60% iprveent in eretile fun-
tin. The xiu reended dse is 100 g. The
reended dse f bth vrdenfil nd tdlfil is 10 g.
The dses y be inresed t 20 g r deresed t 5 g
bsed n effiy nd side effets. Tdlfil hs been shwn
t iprve eretile funtin fr up t 36 hurs fter dsing.
Lw dses re vilble fr dily use. In linil trils, nly 
few dverse effets hve been reprted—trnsient ild
hedhe, flushing, dyspepsi, nd se ltered lr visin.
Pripis n ur with these editins, nd ptients
shuld be dvised t seek iedite edil ttentin if n
eretin persists fr lnger thn 4 hurs. The PDE5 inhibi-
trs ptentite the hyptensive effets f nitrtes nd their
use is ntrindited in ptients wh re nurrently using
rgni nitrtes in ny fr. Cutin is dvised fr en wh
hve suffered  hert ttk, strke, r life-thretening
rrhythi within the previus 6 nths; en wh hve
resting hyptensin r hypertensin; nd en wh hve 
histry f hert filure r hve unstble ngin. Rrely, 
derese in visin r pernent visul lss hs been reprted
fter PDE5 inhibitr use.

Intrrprel injetin f vstive editins
uses penile engrgeent nd eretin. Meditins st
nly used inlude ppverine lne, ppverine with
phentline, nd lprstdil (prstglndin E

1
). Alprst-

dil injetins re reltively pinless, but reful instrutin
is essentil t prevent ll tru, pripis, nd fibrsis.
Intrurethrl pellets f lprstdil vid the prble f
injetin f the editin.

Externl vuu therpy (Ere-Aid Syste) is  nnsur-
gil tretent nsisting f  sutin hber perted by
 hnd pup tht retes  vuu rund the penis. This
drws bld int the penis t prdue n eretin tht is
intined by  speilly designed tensin ring inserted
rund the bse f the penis nd whih n be kept in ple
fr up t 20–30 inutes. While this ethd is generlly
effetive, its uberse nture liits its ppel.

Surgil iplnts f penile prstheses rein n ptin
fr thse ptients in wh the nnsurgil pprhes re
ineffetive.

c. Orthostatic hypotension—Use f Jbst fitted
stkings, tilting the hed f the bed, nd rising slwly
fr the supine psitin n be helpful in treting syp-
ts f rthstti hyptensin. When suh esures re
indequte, then tretent with fludrrtisne 0.1–0.2 g
rlly dily n be nsidered. This editin, hwever,
n result in supine hypertensin nd hypklei. The
lph-gnist iddrine (10 g rlly three ties  dy)
n ls be used.

D. Cardiovascular Complications

1. Heart disease—Mirngipthy urs in the hert f
ptients with dibetes nd y explin the etilgy f n-
gestive rdiypthies in thse wh d nt hve den-
strble rnry rtery disese. Mre nly, hwever,
hert disese in ptients with dibetes is due t rnry
therslersis. Myrdil infrtin is three t five ties
re n in dibeti ptients nd is the leding use
f deth in ptients with type 2 dibetes. Crdivsulr
disese risk is inresed in ptients with type 1 dibetes s
well, lthugh the bslute risk is lwer thn in ptients
with type 2 dibetes. Preenpusl wen wh nrlly
hve lwer rtes f rnry rtery disese lse this prte-
tin ne dibetes develps. The inresed risk in ptients
with type 2 dibetes reflets the bintin f hypergly-
ei, hyperlipidei, bnrlities f pltelet dhesive-
ness, gultin ftrs, hypertensin, xidtive stress,
nd infltin. Lrge interventin studies f risk ftr
redutin in dibetes re lking, but it is resnble t
ssue tht reduing these risk ftrs wuld hve  ben-
efiil effet. Lwering LDL hlesterl redues first events
in ptients withut knwn rnry disese nd sendry
events in ptients with knwn rnry disese. These
interventin studies inluded se ptients with dibetes,
nd the benefits f LDL hlesterl lwering ws pprent
in this grup. The Ntinl Chlesterl Edutin Pr-
gr linil prtie guidelines hve designted dibetes
s  rnry risk equivlent nd hve reended tht
ptients with dibetes shuld hve n LDL hlesterl gl
f less thn 100 g/dL (2.6 l/L). Lwering LDL h-
lesterl t 70 g/dL (1.8 l/L) y hve dditinl
benefit nd is  resnble trget fr st ptients with
type 2 dibetes wh hve ultiple risk ftrs fr rdi-
vsulr disese.

Aspirin t  dse f 81–325 g dily is effetive in
reduing rdivsulr rbidity nd rtlity in
ptients wh hve  histry f yrdil infrtin r
strke (sendry preventin). Fr priry preventin, 
2018 rndized study f 15,480 persns with dibetes but
n evident rdivsulr disese bserved tht 100 g f
spirin redued the first vsulr event f yrdil
infrtin, strke r trnsient ishei ttk r deth
fr vsulr event (exluding intrrnil herrhge)
(rte rti 0.88; 95% nfidene intervl 0.79 t 0.97).
There were, hwever, re jr bleeding events, espe-
illy gstrintestinl, in the spirin grup (rte rti 1.29;
95% nfidene intervl 1.09 t 1.52). Thus, fr priry
preventin, the use f spirin shuld nly be nsidered fr
ptients with high rdivsulr risk nd lw bleeding
risk nd generlly nt fr dults lder thn 70 yers. Bsed
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n the Erly Tretent Dibeti Retinpthy Study
(ETDRS), there des nt pper t be  ntrinditin t
spirin use t hieve rdivsulr benefit in dibeti
ptients wh hve prlifertive retinpthy. Aspirin ls
des nt see t ffet the severity f vitreus/preretinl
herrhges r their reslutin.

2. Hypertension—The ADA reends lwering systli
bld pressure t less thn 140  Hg nd distli pres-
sure t less thn 90  Hg in ptients with dibetes. The
systli trget f 130  Hg r less nd distli trget f
80  Hg r less re reended fr the yunger ptient
if they n be hieved withut undue tretent burden.
The Systli Bld Pressure Interventin Tril (SPRINT)
reprted tht treting t  systli bld pressure f less thn
120  Hg redued rdivsulr events by 25% nd deth
fr rdivsulr uses by 43% during 3.26 yers f
fllw-up. Peple with dibetes, hwever, were exluded
fr this study, nd it is unler if the results re pplible
t this ppultin. Ptients with type 2 dibetes wh lredy
hve rdivsulr disese r irlbuinuri shuld be
nsidered fr tretent with n ACE inhibitr. Mre lini-
l studies re needed t ddress the questin f whether
ptients with type 2 dibetes wh d nt hve rdivsulr
disese r irlbuinuri wuld speifilly benefit fr
ACE inhibitr tretent.

3. Peripheral vascular disease—Atherslersis is rk-
edly elerted in the lrger rteries. It is ften diffuse,
with llized enhneent in ertin res f turbulent
bld flw, suh s t the bifurtin f the rt r ther
lrge vessels. Clinil nifesttins f peripherl vsulr
disese inlude ishei f the lwer extreities, eretile
dysfuntin, nd intestinl ngin.

The inidene f gangrene of the feet in ptients with
dibetes is 30 ties tht in ge-thed ntrls. The f-
trs respnsible fr its develpent, in dditin t periph-
erl vsulr disese, re sll vessel disese, peripherl
neurpthy with lss f bth pin senstin nd neur-
geni infltry respnses, nd sendry infetin. In
tw-thirds f ptients with ishei gngrene, pedl pulses
re nt plpble. In the reining ne-third wh hve
plpble pulses, redued bld flw thrugh these vessels
n be denstrted by plethysgrphi r Dppler
ultrsund exintin. Preventin f ft injury is
ipertive. Agents tht redue peripherl bld flw suh
s tb shuld be vided. Cntrl f ther risk ftrs
suh s hypertensin is essentil. Bet-blkers re rel-
tively ntrindited beuse f presued negtive
peripherl hedyni nsequenes but dt tht sup-
prt this re lking. Chlesterl-lwering gents re use-
ful s djuntive therpy when erly ishei signs re
deteted nd when dyslipidei is present. Ptients shuld
be dvised t seek iedite edil re if  dibeti ft
uler develps. Iprveent in peripherl bld flw with
endrterety nd bypss pertins is pssible in er-
tin ptients.

E. Skin and Mucous Membrane Complications

Chrni pygeni infetins f the skin y ur, espe-
illy in prly ntrlled dibeti ptients. Cndidl

infetin n prdue erythe nd ede f intertrigi-
nus res belw the brests, in the xills, nd between the
fingers. It uses vulvvginitis in wen with hrnilly
unntrlled dibetes wh hve persistent glusuri nd
is  frequent use f pruritus. While ntifungl res
ntining inzle r ltrizle ffer iedite
relief f vulvvginitis, reurrene is frequent unless glu-
suri is redued.

In se ptients with type 2 dibetes, pr glyei
ntrl n use severe hypertriglyei, whih n pres-
ent s eruptive utneus xnths nd pnretitis. The
skin lesins pper s yellw rbillifr eruptins
2–5  in dieter with erythetus rele. They
ur n extensr surfes (elbws, knees, buttks) nd
dispper fter triglyeride levels re redued.

Nerbisis lipidi dibetiru is usully lted
ver the nterir surfes f the legs r the drsl surfes
f the nkles. They re vl r irregulrly shped plques
with derted brders nd  glistening yellw surfe
nd ur in wen tw t fur ties re frequently
thn in en. Pthlgilly, the lesins shw degenertin
f llgen, grnultus infltin f subutneus
tissues nd bld vessels, pillry bseent ebrne
thikening nd blitertin f vessel luin. The nditin
is ssited with type 1 dibetes, lthugh it n ur in
ptients with type 2 dibetes, nd ls in ptients withut
dibetes. First-line therpy inludes tpil nd subutne-
us rtisterids. Iprving glyei ntrl y help
the nditin.

“Shin spts” re nt unn in dults with dibetes.
They re brwnish, runded, pinless trphi lesins f
the skin in the pretibil re.

F. Bone and Joint Complications

Lng-stnding dibetes n use prgressive stiffness f
the hnd sendry t ntrture nd tightening f skin
ver the jints (dibeti heirrthrpthy), frzen shul-
der (dhesive psulitis), rpl tunnel syndre, nd
Dupuytren ntrtures. These plitins re believed
t be due t glysyltin f llgen nd perhps ther
prteins in nnetive tissue. There y ls be n infl-
try pnent.

Dt n bne inerl density nd frture risk in peple
with dibetes re ntrditry. Ptients with type 2 dibetes
d pper t be t inresed risk fr nnvertebrl frtures.
Wen with type 1 dibetes hve n inresed risk f fr-
ture when pred with wen withut dibetes. Other
ftrs, suh s durtin f dibetes, nd dibetes pli-
tins, suh s neurpthy nd kidney disese, likely ffet
bth the bne inerl density nd frture risk.

Diffuse idipthi skeletl hyperstsis (DISH) is hr-
terized by ssifitin f the nterir lngitudinl lig-
ents f the spine nd vrius extrspinl ligents. It
uses stiffness nd deresed rnge f spinl tin. The
peripherl jints st nly ffeted re the etr-
pphlngel jints, elbws, nd shulders. Dibetes, be-
sity, hypertensin, nd dyslipidei re risk ftrs fr this
nditin.

Hyperuriei nd ute nd tpheus gut re
re n in type 2 dibetes.
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Bursitis, prtiulrly f the shulders nd hips, urs
re frequently thn expeted in ptients with dibetes.

ASCEND Study Cllbrtive Grup et l. Effets f spirin fr
priry preventin in persns with dibetes ellitus. N Engl
J Med. 2018;379:1529. [PMID: 30146931]

Grennn D. Dibeti ft ulers. JAMA. 2019;321:114. [PMID:
30620372]

Hinhliffe RJ et l; Interntinl Wrking Grup n the Dibeti
Ft (IWGDF). Guidelines n dignsis, prgnsis, nd n-
geent f peripherl rtery disese in ptients with ft
ulers nd dibetes (IWGDF 2019 updte). Dibetes Metb
Res Rev. 2020;36:e3276. [PMID: 31958217]

Selvrjh D et l. Dibeti peripherl neurpthy: dvnes in
dignsis nd strtegies fr sreening nd erly interventin.
Lnet Dibetes Endrinl. 2019;7:938. [PMID: 31624024]

Shen JI et l. Evidene fr nd ginst ACC/AHA 2017 guideline
fr trget systli bld pressure f < 130  Hg in persns
with type 2 dibetes. Curr Crdil Rep. 2019;21:149. [PMID:
31760494]

» Special Situations

A. Diabetes Management in the Hospital

Hspitlized ptients re generlly nt eting s usul nd
they re ften fsting fr predures, whih kes it hl-
lenging t use utptient rl r insulin regiens. There
y be n inrese in the dverse retins f dibetes edi-
ines (eg, thizlidinedines n use fluid retentin nd
wrsen hert filure); etfrin shuld nt be used in
ptients with signifint hrni kidney r liver disese r
thse getting ntrst fr rdigrphi studies; nd SGLT2
inhibitrs y be ssited with inresed risk f dibeti
ketidsis. The dt n the use f ntinuus gluse
nitrs, insulin pups, nd hybrid lsed lp systes in
hspitlized ptients re insuffiient. Whether ptients sty
n these systes in the hspitl will depend n their severity
f illness nd ess t speilist re. In generl, deisins
regrding insulin dsing shuld be de bsed n pillry
bld gluse esureents nd nt n the dt fr n-
tinuus gluse nitrs. Ptients shuld be trnsitined t
 nventinl bsl blus subutneus insulin regien if
they re unble t nge their pup nd/r ntinuus
gluse nitr beuse f their illness r if they refuse t
fllw the institutinl guidelines n using the pup r
ntinuus nitr (eg, giving theselves insulin bluses
nd nt infring the linil stff). The systes hve t be
reved if the ptient is getting n MRI.

On the general medical and surgical inpatient ser-
vices, st ptients re treted with subutneus insulin
regiens. Liited rss-setinl nd prspetive studies
suggest tht the best gluse ntrl is hieved n  -
bintin f bsl nd blus regien with 50% f dily
insulin needs prvided by interedite- r lng-ting
insulins. Stndrdized rder sets n redue errrs, nd
they ften inlude lgriths fr regnitin nd tret-
ent f hypglyei (see http://usfinptientdibetes.
pbwrks. fr exples). Orl ediines, espeilly
etfrin nd sulfnylures, n be resued s the
ptient is being prepred fr hspitl dishrge.

In the intensive care units (ICUs), gluse levels re
ntrlled st frequently using insulin infusins

(http://usfinptientdibetes.pbwrks.). Ptients reeiv-
ing ttl prenterl nutritin n hve insulin dded t the
bg. Stndrd ttl prenterl nutritin ntins 25% dex-
trse s n infusin rte f 50 L/h delivers 12.5 g f
dextrse per hur.

Bsed n the evidene vilble, ICU ptients with dibe-
tes nd new-nset hyperglyei with bld gluse levels
bve 180 g/dL (10 l/L) shuld be treted with insu-
lin, iing fr trget gluse levels between 140 g/dL
(7.8 l/L) nd 180 g/dL (10 l/L). In the ICU set-
ting, iing fr bld gluse levels lse t 100 g/dL
(5.6 l/L) is nt benefiil nd y even be hrful.
When ptients leve the ICU, trget gluse vlues between
100 g/dL (5.6 l/L) nd 180 g/dL (10 l/L) y
be pprprite, lthugh this view is bsed n linil bser-
vtins rther thn nlusive evidene.

Preoperative and perioperative diabetic management
strtegies re disussed in Chpter 3.

The rbidity nd rtlity in hspitlized dibeti
ptients re twie thse f nndibeti ptients. Thse with
new-nset hyperglyei (ie, thse withut  predis-
sin dignsis f dibetes) hve even higher rtlity—
lst eightfld tht f nndibeti ptients in ne study.
These bservtins hve led t the questin f whether
tight glyei ntrl in the hspitl iprves utes.

B. Pregnancy and the Diabetic Patient

See Chpter 19. Tight glyei ntrl with nrl HbA
1

levels is very iprtnt during pregnny. Erly in preg-
nny, pr ntrl inreses the risk f spntneus br-
tin nd ngenitl lfrtins. Lte in pregnny,
pr ntrl n result in plyhydrnis, preter lbr,
stillbirth, nd fetl rsi with its ssited prb-
les. Dibetes plitins n ipt bth ternl
nd fetl helth. Dibeti retinpthy n first develp
during pregnny r retinpthy tht is lredy present n
wrsen. Dibeti wen with irlbuinuri n hve
wrsening lbuinuri during pregnny nd re t higher
risk fr preelpsi. Lw-dse (81 g) spirin n redue
the risk f preelpsi nd shuld be presribed fter
12 weeks f gesttin. Ptients wh hve preexisting kidney
filure (prepregnny retinine lerne less thn
80 L/in) re t high risk fr further deline in kidney
funtin during the pregnny, nd this y nt reverse
fter delivery. Dibeti gstrpresis n severely exer-
bte the nuse nd viting f pregnny nd se
ptients y require fluid nd nutritinl supprt.

Althugh there is evidene tht glyburide is sfe during
pregnny, the urrent prtie is t ntrl dibetes with
insulin therpy. Every effrt shuld be de, utilizing ul-
tiple injetins f insulin r  ntinuus infusin f insu-
lin by pup, t intin ner-nrliztin f fsting nd
preprndil bld gluse vlues while viding
hypglyei.

Regulr nd NPH insulin nd the insulin nlgs lispr,
sprt, nd deteir re lbeled pregnny tegry B. Insu-
lin glrgine, glulisine, nd deglude re lbeled tegry C
beuse f lk f linil sfety dt. A sll study using
insulin glrgine in 32 pregnnies did nt revel ny
prbles.
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Unless there re fetl r ternl plitins, dibeti
wen shuld be ble t rry the pregnny t full-ter,
delivering t 38 t 41 weeks. Indutin f lbr befre
39 weeks y be nsidered if there is nern but
inresing fetl weight. See Chpter 19 fr further detils.

Aerin Dibetes Assitin. Mngeent f dibetes in
pregnny: Standards of Medical Care in Diabetes—2020.
Dibetes Cre. 2020;43:S183. [PMID: 31862757]

DIABETIC COMA

C y be due t uses nt diretly relted t dibetes.
Dibeti  requires differentitin (Tble 27–10): (1)
Hypglyei  fr exessive insulin r rl hyp-
glyei gents. (2) Hyperglyei  with either
severe insulin defiieny (DKA) r ild t derte insu-
lin defiieny (hyperglyei hyperslr stte). (3)
Lti idsis, prtiulrly when ptients with dibetes
hve severe infetins r rdivsulr llpse.

DIABETIC KETOACIDOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Hyperglycemia > than 250 mg/dL (13.9 mmol/L).

» Metabolic acidosis with blood pH < 7.3; serum
bicarbonate < 15 mEq/L.

» Serum positive for ketones.

» General Considerations

Dibeti ketidsis (DKA) is  disrder pririly in
ptients with type 1 dibetes but n ur in ptients with
type 2 dibetes wh hve severe illness, suh s sepsis r
tru. DKA y be the initil nifesttin f type 1

dibetes r y result fr inresed insulin requireents
in type 1 dibetes ptients during the urse f infetin,
tru, yrdil infrtin, r surgery. It is  life-thret-
ening edil eergeny. The Ntinl Dt Grup
reprts n nnul inidene f five t eight episdes f
DKA per 1000 dibeti persns. DKA is ne f the re
n serius plitins f insulin pup therpy,
urring in pprxitely 1 per 80 ptient-nths f
tretent. Mny ptients wh nitr pillry bld
gluse regulrly ignre urine ketne esureents,
whih signls the pssibility f insulin lekge r pup
filure befre serius illness develps. Pr pline,
either fr psyhlgil resns r beuse f indequte
edutin, is ne f the st n uses f reurrent
DKA.

» Clinical Findings

A. Symptoms and Signs

The pperne f DKA is usully preeded by  dy r
re f plyuri nd plydipsi ssited with rked
ftigue, nuse, nd viting.

If untreted, entl stupr ensues tht n prgress t
. Drwsiness is firly n, but frnk  nly
urs in but 10% f ptients. On physil exintin,
evidene f dehydrtin in  stuprus ptient with rpid
deep brething nd  “fruity” breth dr f etne
strngly suggests the dignsis. Hyptensin with thy-
rdi indites prfund fluid nd eletrlyte depletin,
nd ild hyptheri is usully present. Abdinl pin
nd even tenderness y be present in the bsene f
bdinl disese. Cnversely, hleystitis r pnretitis
y ur with inil sypts nd signs.

B. Laboratory Findings

Typilly, the ptient with dertely severe DKA hs 
pls gluse f 350–900 g/dL (19.4–50 l/L),
seru ketnes t  dilutin f 1:8 r greter r

Table 27–10. Laboratory diagnosis of coma in diabetic patients.

Uine Glucose Uine Ketones Plasma Glucose Seum Bicabonate Seum Ketones

related to Diabetes

Hypoglycemia 01 0 or + Low Normal 0

Diabetic ketoacidosis ++++ ++++ High Low ++++

Hyperglycemic hyperosmolar

state coma

++++ 0 or + High Normal or slightly low 0

Lactic acidosis 0 or + 0 or + Normal or low or high Low 0 or +

Unelated to Diabetes

Alcohol or other toxic drugs 0 or + 0 or + May be low Normal or low2 0 or +

Cerebrovascular accident or

head trauma

+ or 0 0 Often high Normal 0

Uremia 0 or + 0 High or normal Low 0 or +

1Leftover urine in bladder might still contain glucose from earlier hyperglycemia.
2Alcohol can elevate plasma lactate as well as keto acids to reduce pH.
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bet-hydrxybutyrte re thn 4 nl/L, hyperklei
(seru ptssiu level f 5–8 Eq/L), ild hypntrei
(seru sdiu f pprxitely 130 Eq/L), hyperphs-
phtei (seru phsphte level f 6–7 g/dL
[1.9–2.3 l/L]), nd elevted bld ure nitrgen nd
seru retinine levels (Tble 27–10). Aidsis y be
severe (pH rnging fr 6.9 t 7.2 nd seru birbnte
rnging fr 5 Eq/L t 15 Eq/L); Pco

2
is lw

(15–20  Hg) relted t penstry hyperventiltin.
Fluid depletin is rked, typilly but 100 L/kg. In
euglyei ketidsis, the ptient n hve severe id-
sis nd fluid depletin but the pls gluse levels re
nly destly elevted, usully less thn 250 g/dy
(13.9 l/L). This nditin is seen in ptients in wh
dibeti ketidsis develps while reeiving tretent
with SGLT2 inhibitrs. Ketidsis with lwer gluse
levels ls urs in pregnny nd y reflet the expnded
pls vlue nd the inresed glerulr filtrtin
rte.

The differene between venus nd rteril pH is 0.02
t 0.15 pH units nd venus nd rteril birbnte is
1.88 Eq/L. These sll differenes will nt ffet either
the dignsis r the ngeent f DKA, nd there is n
need t llet rteril bld fr esuring the id-bse
sttus.

The hyperklei urs despite ttl bdy ptssiu
depletin beuse f the shift f ptssiu fr the intr-
ellulr t extrellulr spes tht urs in systei i-
dsis. The verge ttl bdy ptssiu defiit resulting
fr sti diuresis, idsis, nd gstrintestinl lsses
is but 3–5 Eq/kg. Siilrly, despite the elevted seru
phsphte, ttl bdy phsphte is generlly depleted.
Seru sdiu is generlly redued due t lss f sdiu
ins (7–10 Eq/kg) by plyuri nd viting nd beuse
severe hyperglyei shifts intrellulr wter int the
interstitil prtent. Fr every 100 g/dL f pls
gluse, seru sdiu dereses by 1.6 Eq/L
(5.56 l/L). The derese in seru sdiu y be
greter when ptients hve re severe hyperglyei
(greter thn 400 g/dL, 22.2 l/L) nd  rretin
ftr f 2.4 Eq/L y be used. Hypertriglyeridei
shuld be nsidered if the rreted sdiu is very lw.
Seru sllity n be diretly esured by stndrd
tests f freezing pint depressin r n be estited by
lulting the lrity f sdiu, hlride, nd gluse
in the seru. A nvenient ethd f estiting effetive
seru sllity is s fllws (nrl vlues re
280–300 Os/kg):

mOsm/kg  2 [measured Na  ]
Glucose (mg/dL)

18
=  +

+

These lulted estites re usully 10–20 Os/kg
lwer thn vlues esured by stndrd ryspi teh-
niques. Centrl nervus syste depressin r 
urs when the effetive seru sllity exeeds
320–330 Os/L. C in  dibeti ptient with 
lwer sllity shuld prpt  serh fr the use f
 ther thn hypersllity (see Tble 27–10 nd
Chpter 24).

Ketidei represents the effet f insulin lk t
ultiple enzye li. Insulin lk ssited with elevted
levels f grwth hrne, tehlines, nd glugn
ntributes t inreses in liplysis fr dipse tissue nd
in hepti ketgenesis. In dditin, redued ketlysis by
insulin-defiient peripherl tissues ntributes t the ket-
idei. The nly true “ket” id present in dibeti
ketidsis is eteti id whih, lng with its by-
prdut etne, is esured by nitrprusside regents
(Aetest nd Ketstix). The sensitivity fr etne, hw-
ever, is pr, requiring ver 10 l/L, whih is seld
rehed in the pls f ketidti ptients—lthugh
this detetble nentrtin is redily hieved in urine.
Thus, in the pls f ketti ptients, nly etette is
esured by these regents. The re prevlent bet-
hydrxybutyri id hs n ketne grup nd is therefre
nt deteted by nventinl nitrprusside tests. This tkes
n speil iprtne in the presene f irultry l-
lpse during DKA, wherein n inrese in lti id n
shift the redx stte t inrese bet-hydrxybutyri id t
the expense f the redily detetble eteti id. Bed-
side dignsti regents re then unrelible, suggesting n
ketnei in ses where bet-hydrxybutyri id is 
jr ftr in prduing the idsis. Cbined gluse
nd ketne eters (Preisin Xtr, Nv Mx Plus)
tht esure bld bet-hydrxybutyrte nentr-
tin n pillry bld re vilble. Mny linil
lbrtries ls ffer diret bld bet-hydrxybutyrte
esureent.

Nnspeifi elevtins f seru ylse nd lipse
urs in but 16–25% f ses f DKA, nd n iging
study y be neessry if the dignsis f ute pnreti-
tis is being seriusly nsidered. Leukytsis s high s
25,000/L (25 × 109/L) with  left shift y ur with r
withut ssited infetin. The presene f n elevted
r even  nrl teperture n suggest the presene f
n infetin sine ptients with DKA re generlly hyp-
theri if uninfeted.

» Treatment

Ptients with mild DKA re lert nd hve pH levels
between 7.25 nd 7.30 nd bet-hydrxybutyrte levels f
3–4 l/L; thse with moderate ketoacidosis re either
lert r  little drwsy nd hve pH levels between 7.0 nd
7.24 nd bet-hydrxybutyrte levels f 4–8 l/L; nd
thse with severe ketoacidosis re stuprse nd hve 
pH < 7.0 nd bet-hydrxybutyrte levels f greter thn
8 l/L. Ptients with ild ketidsis n be treted in
the eergeny deprtent, but thse with derte r
severe ketidsis require dissin t the ICU r step-
dwn unit. Therpeuti gls re t restre pls vlue
nd tissue perfusin, redue bld gluse nd sllity
twrd nrl, rret idsis, replenish eletrlyte
lsses, nd identify nd tret preipitting ftrs. Gstri
intubtin is reended in the tse ptient t
prevent viting nd spirtin tht y ur s  result
f gstri tny,  n plitin f DKA. An
indwelling urinry theter y ls be neessry. In
ptients with preexisting hert r kidney filure r thse in
severe rdivsulr llpse,  entrl venus pressure
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theter shuld be inserted t evlute the degree f
hypvlei nd t nitr subsequent fluid
dinistrtin.

A prehensive flw sheet tht inludes vitl signs,
seril lbrtry dt, nd therpeuti interventins (eg,
fluids, insulin) shuld be etiulusly intined by the
liniin respnsible fr the ptient’s re. Pls gluse
shuld be rerded hurly nd eletrlytes nd pH t lest
every 2–3 hurs during the initil tretent perid. Bed-
side gluse eters shuld be used t titrte the insulin
therpy. The ptient shuld nt reeive sedtives r piids
in rder t vid sking signs nd sypts f ipeding
erebrl ede.

A. Fluid Replacement

In st ptients, the fluid defiit is 4–5 L. Initilly, 0.9%
sline slutin is the slutin f hie t help reexpnd
the ntrted vsulr vlue nd shuld be strted in
the eergeny deprtent s sn s the dignsis is
estblished. The sline shuld be infused rpidly t prvide
1 L/h ver the first 1–2 hurs. After the first 2 L f fluid
hve been given, the intrvenus infusin shuld be t the
rte f 300–400 L/h. Use 0.9% (“nrl”) sline unless
the seru sdiu is greter thn 150 Eq/L, when 0.45%
(“hlf nrl”) sline slutin shuld be used. The vlue
sttus shuld be refully nitred linilly. Filure t
give enugh vlue repleent (t lest 3–4 L in 8 hurs)
t restre nrl perfusin is ne f the st serius
therpeuti shrtings dversely influening stisf-
try revery. Exessive fluid repleent (re thn 5 L
in 8 hurs) y ntribute t ute respirtry distress
syndre r erebrl ede. When bld gluse flls t
pprxitely 250 g/dL (13.9 l/L), the fluids shuld
be hnged t  5% gluse-ntining slutin t in-
tin seru gluse in the rnge f 250–300 g/dL
(13.9–16.7 l/L). This will prevent the develpent f
hypglyei nd will ls redue the likelihd f ere-
brl ede, whih uld result fr t rpid deline f
bld gluse.

B. Insulin Replacement

Ieditely fter inititin f fluid repleent, regulr
insulin n be given intrvenusly in  lding dse f
0.1 unit/kg s  blus t prie the tissue insulin reeptrs.
Fllwing the initil blus, intrvenus dses f insulin s
lw s 0.1 unit/kg/h re ntinuusly infused r given
hurly s n intrusulr injetin; this is suffiient t
reple the insulin defiit in st ptients. A prspetive
rndized study shwed tht  blus dse is nt required
if ptients re given hurly insulin infusin t 0.14 unit/kg.
Repleent f insulin defiieny helps rret the id-
sis by reduing the flux f ftty ids t the liver, reduing
ketne prdutin by the liver, nd ls iprving revl
f ketnes fr the bld. Insulin tretent redues the
hypersllity by reduing the hyperglyei. It -
plishes this by inresing revl f gluse thrugh
peripherl utiliztin s well s by deresing prdutin
f gluse by the liver. This ltter effet is plished by
diret inhibitin f glunegenesis nd glygenlysis s

well s by lwered in id flux fr usle t liver nd
redued hyperglugnei.

The insulin infusin shuld be “piggy-bked” int the
fluid line s the rte f fluid repleent n be hnged
withut ltering the insulin delivery rte. If the pls
gluse level fils t fll t lest 10% in the first hur, 
repet lding dse (0.1 r 0.14 unit/kg) is reended.
Rrely,  ptient with iune insulin resistne is enun-
tered, nd this requires dubling the insulin dse every
2–4 hurs if hyperglyei des nt iprve fter the first
tw dses f insulin. The insulin dse shuld be djusted
t lwer the gluse nentrtin by but 50–70 g/dL/h
(2.8–3.9 l/L). If linil irustnes prevent use f
n insulin infusin, then the insulin n be given intrus-
ulrly. An initil 0.15 unit/kg f regulr insulin is given
intrvenusly, nd t the se tie, the se size dse is
given intrusulrly. Subsequently, regulr insulin is given
intrusulrly hurly t  dse f 0.1 unit/kg until the
bld gluse flls t rund 250 g/dL, when the insulin
n be given subutneusly. Ptients wh nrlly tke
insulin glrgine r insulin deteir n be given their usul
intenne dses during the initil tretent f their
DKA. The ntinutin f their subutneus bsl insulins
ens tht lwer dses f intrvenus insulin will be
needed, nd there will be  sther trnsitin fr intr-
venus insulin infusin t the subutneus regien.

C. Potassium

Ttl bdy ptssiu lss fr plyuri nd viting y
be s high s 200 Eq. Hwever, beuse f shifts f pts-
siu fr ells int the extrellulr spe s  nse-
quene f idsis, seru ptssiu is usully nrl t
slightly elevted prir t institutin f tretent. As the
idsis is rreted, ptssiu flws bk int the ells,
nd hypklei n develp if ptssiu repleent is
nt instituted. If the ptient is nt urei nd hs n de-
qute urinry utput, ptssiu hlride in dses f
10–30 Eq/h shuld be infused during the send nd
third hurs fter beginning therpy s sn s the idsis
strts t reslve. Repleent shuld be strted sner if
the initil seru ptssiu is inpprpritely nrl r
lw nd shuld be delyed if seru ptssiu fils t
respnd t initil therpy nd reins bve 5 Eq/L, s
in ses f hrni kidney disese. Osinlly,  ptient
y present with  seru ptssiu level less thn
3.5 Eq/L, in whih se insulin therpy shuld be delyed
until the ptssiu level is rreted t greter thn
3.5 Eq/L. An ECG n help nitr the ptient’s pts-
siu sttus: High peked T wves re  sign f hyperkle-
i, nd flttened T wves with U wves re  sign f
hypklei. Fds high in ptssiu ntent shuld be
presribed when the ptient hs revered suffiiently t
tke fd rlly. Tt juie hs 14 Eq f ptssiu per
240 L, nd  ediu-sized bnn prvides but
10 Eq.

D. Sodium Bicarbonate

The use f sdiu birbnte in the ngeent f DKA
hs been questined sine linil benefit ws nt
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denstrted in ne prspetive rndized tril nd
beuse f the fllwing ptentilly hrful nsequenes:
(1) develpent f hypklei fr rpid shift f pts-
siu int ells if the idsis is verrreted; (2) tissue
nxi fr redued dissitin f xygen fr he-
glbin when idsis is rpidly reversed (leftwrd shift f
the xygen dissitin urve); nd (3) erebrl idsis
resulting fr lwering f erebrspinl fluid pH. It ust
be ephsized, hwever, tht these nsidertins re less
iprtnt when very severe idsis exists. Therefre, it is
reended tht birbnte be dinistered in DKA if
the rteril bld pH is 7.0 r less, with reful nitring
t prevent verrretin. One r tw pules f sdiu
birbnte (ne pule ntins 44 Eq/50 L) shuld
be dded t 1 L f 0.45% sline with 20 Eq KCl r t
400 L f sterile wter with 20 Eq KCl nd infused ver
1 t 2 hurs. (Note: Additin f sdiu birbnte t
0.9% sline wuld prdue  rkedly hypertni slutin
tht uld ggrvte the hyperslr stte lredy pres-
ent.) It n be repeted until the rteril pH rehes 7.1, but
it should not be given if the pH is 7.1 or greater sine ddi-
tinl birbnte wuld inrese the risk f rebund
etbli lklsis s ketnes re etblized. Alklsis
shifts ptssiu fr seru int ells, whih uld pre-
ipitte  ftl rdi rrhythi.

E. Phosphate

Phsphte repleent is seld required in treting DKA.
Hwever, if severe hypphsphtei f less thn 1 g/dL
(0.32 l/L) develps during insulin therpy,  sll
unt f phsphte n be repled per hur s the pts-
siu slt. Three rndized studies, thugh, in whih
phsphte ws repled in ptients with DKA did nt shw
ny pprent linil benefit fr phsphte dinistr-
tin. Mrever, ttepts t use ptssiu phsphte s the
sle ens f repling ptssiu hve led t  nuber f
reprted ses f severe hyplei with tetny. T ini-
ize the risk f induing tetny fr t-rpid repleent
f phsphte, the verge defiit f 40–50 l f phs-
phte shuld be repled intrvenusly t  rte no greater
than 3–4 mmol/h in  60- t 70-kg persn. A stk slutin
(Abbtt) prvides  ixture f 1.12 g KH

2
PO

4
nd 1.18 g

K
2
HPO

4
in  5-L single-dse vil (this equls 22 l f

ptssiu nd 15 l f phsphte). One-hlf f this vil
(2.5 L) shuld be dded t 1 L f either 0.45% sline r 5%
dextrse in wter. Tw liters f this slutin, infused t  rte
f 400 L/h, will rret the phsphte defiit t the ptil
rte f 3 l/h while prviding 4.4 Eq f ptssiu per
hur. (Additinl ptssiu shuld be dinistered s
ptssiu hlride t prvide  ttl f 10–30 Eq f pts-
siu per hur, s nted bve.) If the seru phsphte
reins belw 2.5 g/dL (0.8 l/L) fter this infusin, 
repet 5-hur infusin n be given.

F. Hyperchloremic Acidosis During Therapy

Beuse f the nsiderble lss f ket ids in the urine
during the initil phse f therpy, substrte fr subsequent
regenertin f birbnte is lst nd rretin f the
ttl birbnte defiit is hpered. A prtin f the

birbnte defiit is repled with hlride ins infused in
lrge unts s sline t rret the dehydrtin. In st
ptients, s the ketidsis lers during insulin reple-
ent,  hyperhlrei, lw-birbnte pttern eerges
with  nrl nin gp. This is  reltively benign ndi-
tin tht reverses itself ver the subsequent 12–24 hurs
ne intrvenus sline is n lnger being dinistered.
Using  blned eletrlyte slutin with  pH f 7.4 nd
98 Eq/L hlride suh s Pls-lyte insted f nrl
sline (pH ~5.5; hlride 154 Eq/L) hs been reprted t
prevent the hyperhlrei idsis.

G. Treatment of Associated Infection

Antibitis re presribed s indited (Tble 30–5). Ch-
leystitis nd pyelnephritis y be prtiulrly severe in
these ptients.

H. Transition to Subcutaneous Insulin Regimen

One the DKA is ntrlled nd the ptient is wke nd
ble t et, subutneus insulin therpy n be initited.
The ptient with type 1 dibetes y hve persistent signifi-
nt tissue insulin resistne nd y require  ttl dily
insulin dse f pprxitely 0.6 unit/kg. The unt f
insulin required in the previus 8 hurs n ls be helpful
in estiting the initil insulin dses. Hlf the ttl dily
dse n be given s  lng-ting bsl insulin nd the ther
hlf s shrt-ting insulin preels. The ptient shuld
reeive subutneus bsl insulin nd rpid-ting insulin
nlg with the first el nd the insulin infusin disntin-
ued n hur lter. The verlp f the subutneus insulin
tin nd insulin infusin is neessry t prevent relpse f
the DKA. In ptients with preexisting dibetes, giving their
bsl insulin by subutneus injetin t inititin f tret-
ent siplifies the trnsitin fr intrvenus t subut-
neus regien. The inresed insulin resistne is nly
present fr  few dys, nd it is iprtnt t redue bth the
bsl nd blus insulins t vid hypglyei. A ptient
with new-nset type 1 dibetes usully still hs signifint
bet ell funtin nd y nt need ny bsl insulin nd
nly very lw dses f rpid-ting insulin befre els fter
revery fr the ketidsis. Ptients with type 2 dibetes
nd DKA due t severe illness y initilly require insulin
therpy but n ften trnsitin bk t rl gents during
utptient fllw-up.

» Complications & Prognosis

Lw-dse insulin infusin nd fluid nd eletrlyte
repleent bined with reful nitring f ptients’
linil nd lbrtry respnses t therpy hve drti-
lly redued the rtlity rtes f DKA t less thn 5% in
individuls under 40 yers f ge. Hwever, this pli-
tin reins  signifint risk in the ged wh hve r-
tlity rtes greter thn 20% nd in ptients in prfund
 in wh tretent hs been delyed. Aute yr-
dil infrtin nd infrtin f the bwel fllwing pr-
lnged hyptensin wrsen the utlk. A serius
prgnsti sign is end-stge hrni kidney disese, nd
prir kidney dysfuntin wrsens the prgnsis nsider-
bly beuse the kidney plys  key rle in pensting
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fr ssive pH nd eletrlyte bnrlities. Syptti
erebrl ede urs pririly in the peditri ppultin.
Risk ftrs fr its develpent inlude severe bseline i-
dsis, rpid rretin f hyperglyei, nd exess vlue
dinistrtin in the first 4 hurs. Onset f hedhe r
deterirtin in entl sttus during tretent shuld led
t nsidertin f this plitin. Intrvenus nnitl
t  dsge f 1–2 g/kg given ver 15 inutes is the insty
f tretent. Exess rystllid infusin n preipitte pul-
nry ede. Aute respirtry distress syndre is  rre
plitin f tretent f DKA.

After revery nd stbiliztin, ptients shuld be
instruted n hw t regnize the erly sypts nd
signs f ketidsis. Urine ketnes r pillry bld
bet-hydrxybutyrte shuld be esured in ptients with
signs f infetin r in insulin pup-treted ptients when
pillry bld gluse reins unexpetedly nd persis-
tently high. When hevy ketnuri nd glysuri persist
n severl suessive exintins, suppleentl rpid-
ting insulin shuld be dinistered nd liquid fds
suh s lightly slted tt juie nd brth shuld be
ingested t replenish fluids nd eletrlytes. The ptient
shuld be instruted t ntt the liniin if ketnuri
persists, nd espeilly if there is viting nd inbility t
keep dwn fluids. Reurrent episdes f severe ketid-
sis ften indite pr pline with the insulin regi-
en, nd these ptients will require intensive unseling.

Fyfn M et l. Mngeent f hyperglyei rises: dibeti
ketidsis nd hyperglyei hyperslr stte. Med
Clin Nrth A. 2017;101:587. [PMID: 28372715]

Isl T et l. Guidelines nd ntrversies in the ngeent f
dibeti ketidsis— ini-review. Wrld J Dibetes.
2018;9:226. [PMID: 30588284]

Krsliglu Frenh E et l. Dibeti ketidsis nd hypers-
lr hyperglyei syndre: review f ute depensted
dibetes in dult ptients. BMJ. 2019;365:l114. [PMID:
31142480]

Mdi A et l. Euglyei dibeti letidsis:  review. Curr
Dibetes Rev. 2017;13:315. [PMID: 27097605]

HYPERGLYCEMIC HYPEROSMOLAR STATE

E S S E N T I A L S  O F  D I A G N O S I S

» Hyperglycemia > 600 mg/dL (33.3 mmol/L).

» Serum osmolality > 310 mOsm/kg.

» No acidosis; blood pH > 7.3.

» Serum bicarbonate > 15 mEq/L.

» Normal anion gap (< 14 mEq/L).

» General Considerations

This send st n fr f hyperglyei  is
hrterized by severe hyperglyei in the bsene f sig-
nifint ketsis, with hypersllity nd dehydrtin. It
urs in ptients with ild r ult dibetes, nd st

ptients re typilly iddle-ged t elderly. Aurte figures
re nt vilble s t its true inidene, but fr dt n
hspitl dishrges it is rrer thn DKA even in lder ge
grups. Underlying hrni kidney disese r hert filure is
n, nd the presene f either wrsens the prgnsis. A
preipitting event suh s infetin, yrdil infrtin,
strke, r reent pertin is ften present. Certin edi-
tins suh s phenytin, dizxide, rtisterids, nd diuret-
is hve been iplited in its pthgenesis, s hve predures
ssited with gluse lding suh s peritnel dilysis.

» Pathogenesis

A prtil r reltive insulin defiieny y initite the syn-
dre by reduing gluse utiliztin f usle, ft, nd
liver while induing hyperglugnei nd inresing
hepti gluse utput. With ssive glysuri, bligtry
wter lss ensues. If  ptient is unble t intin dequte
fluid intke beuse f n ssited ute r hrni illness
r hs suffered exessive fluid lss, rked dehydrtin
results. As the pls vlue ntrts, kidney funtin
bees ipired, liiting the urinry gluse lsses nd
exerbting the hyperglyei. Severe hypersllity
develps tht uses entl nfusin nd finlly . It is
nt ler why ketsis is virtully bsent under these ndi-
tins f insulin insuffiieny, lthugh redued levels f
grwth hrne y be  ftr, lng with prtl vein
insulin nentrtins suffiient t restrin ketgenesis.

» Clinical Findings

A. Symptoms and Signs

Onset y be insidius ver  perid f dys r weeks,
with wekness, plyuri, nd plydipsi. The lk f fe-
tures f DKA (eg, viting, rpid deep brething, etne
dr) y retrd regnitin f the syndre nd dely
therpy until dehydrtin bees re prfund thn in
ketidsis. Redued intke f fluid is nt n unn
histril feture, due t either inpprprite lk f thirst,
nuse, r inessibility f fluids t elderly, bedridden
ptients. A histry f ingestin f lrge quntities f
gluse-ntining fluids, suh s sft drinks r rnge
juie, n sinlly be btined. Lethrgy nd nfu-
sin develp s seru sllity exeeds 310 Os/kg,
nd nvulsins nd  n ur if sllity exeeds
320–330 Os/kg. Physil exintin nfirs the
presene f prfund dehydrtin in  lethrgi r -
tse ptient withut Kussul respirtins.

B. Laboratory Findings

Severe hyperglyei is present, with bld gluse vlues
rnging fr 800 g/dL t 2400 g/dL (44.4 l/L t
133.2 l/L) (Tble 27–10). In ild ses, where dehy-
drtin is less severe, dilutinl hypntrei s well s
urinry sdiu lsses y redue seru sdiu t
120–125 Eq/L, whih prtets t se extent ginst
extree hypersllity. Hwever, s dehydrtin pr-
gresses, seru sdiu n exeed 140 Eq/L, prduing
seru sllity redings f 330–440 Os/kg. Ketsis
nd idsis re usully bsent r ild. Prerenl ztei
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is the rule, with seru ure nitrgen elevtins ver
100 g/dL (35.7 l/L) being typil.

» Treatment

A. Fluid Replacement

Fluid repleent is f prunt iprtne in treting
the nnketti hyperglyei stte. Fluid defiit y be s
uh s 6–10 L.

If hypvlei is present s evidened by hyptensin
nd liguri, fluid therpy shuld be initited with 0.9%
sline. In ll ther ses, 0.45% sline ppers t be prefer-
ble s the initil repleent slutin beuse the bdy flu-
ids f these ptients re rkedly hyperslr. As uh s
4–6 L f fluid y be required in the first 8–10 hurs. Cre-
ful nitring f the ptient is required fr prper sdiu
nd wter repleent. An iprtnt end pint f fluid
therpy is t restre urinry utput t 50 L/h r re.
One bld gluse rehes 250 g/dL (13.9 l/L), fluid
repleent shuld inlude 5% dextrse in either wter,
0.45% sline slutin, r 0.9% sline slutin. The rte f
dextrse infusin shuld be djusted t intin glyei
levels f 250–300 g/dL (13.9–16.7 l/L) in rder t
redue the risk f erebrl ede.

B. Insulin

Less insulin y be required t redue the hyperglyei in
nnketti ptients s pred t thse with dibeti ket-
idti . In ft, fluid repleent lne n redue
hyperglyei nsiderbly by rreting the hypvlei,
whih then inreses bth glerulr filtrtin nd renl
exretin f gluse. Insulin tretent shuld therefre be
delyed unless the ptient hs signifint ketnei (bet-
hydrxybutyrte re thn 1 l/L). Strt the insulin
infusin rte t 0.05 unit/kg/h (blus is nt needed) nd
titrte t lwer bld gluse levels by 50–70 g/dL per
hur (2.8–3.9 l/L/h). One the ptient hs stbilized
nd the bld gluse flls t rund 250 g/dL
(13.9 l/L), insulin n be given subutneusly.

C. Potassium

With the bsene f idsis, there y be n initil hyper-
klei unless ssited end-stge hrni kidney disese
is present. This results in less severe ttl ptssiu deple-
tin thn in DKA, nd less ptssiu repleent is there-
fre needed. Hwever, beuse initil seru ptssiu is
usully nt elevted nd beuse it delines rpidly s 
result f insulin’s effet n driving ptssiu intrellulrly,
it is reended tht ptssiu repleent be initited
erlier thn in ketti ptients, ssuing tht n hrni
kidney disese r liguri is present. Ptssiu hlride
(10 Eq/L) n be dded t the initil bttle f fluids din-
istered if the ptient’s seru ptssiu is nt elevted.

D. Phosphate

If severe hypphsphtei (seru phsphte less thn
1 g/dL [0.32 l/L]) develps during insulin therpy,
phsphte repleent n be given s desribed fr ket-
idti ptients (t 3 l/h).

» Complications & Prognosis

The severe dehydrtin nd lw utput stte y predis-
pse the ptient t plitins suh s yrdil
infrtin, strke, pulnry eblis, esenteri vein
thrbsis, nd disseinted intrvsulr gultin.
Fluid repleent reins the priry pprh t the
preventin f these plitins. Lw-dse heprin pr-
phylxis is resnble but benefits f rutine ntigul-
tin rein dubtful. Rhbdylysis is  regnized
plitin nd shuld be lked fr nd treted.

The verll rtlity rte f hyperglyei hypers-
lr stte  is re thn ten ties tht f DKA,
hiefly beuse f its higher inidene in lder ptients,
wh y hve prised rdivsulr systes r
ssited jr illnesses nd whse dehydrtin is ften
exessive beuse f delys in regnitin nd tretent.
(When ptients re thed fr ge, the prgnses f these
tw hyperglyei eergenies re resnbly pr-
ble.) When prpt therpy is instituted, the rtlity rte
n be redued fr nerly 50% t tht relted t the
severity f existent disrders.

After the ptient is stbilized, the pprprite fr f
lng-ter ngeent f the dibetes ust be deter-
ined. Insulin tretent shuld be ntinued fr  few
weeks but ptients usully rever suffiient endgenus
insulin seretin t ke  tril f diet r diet plus rl
gents wrthwhile. When the episde urs in  ptient
wh hs knwn dibetes, then edutin f the ptient nd
regivers shuld be instituted. They shuld be tught hw
t regnize situtins (nuse nd viting, infetin)
tht predispse t reurrene f the hyperglyei, hyper-
slr stte, s well s detiled infrtin n hw t
prevent the eslting dehydrtin tht ulintes in
hyperslr  (sll sips f sugr-free liquids,
inrese in usul hypglyei therpy, r erly ntt
with the liniin).

Fyfn M et l. Mngeent f hyperglyei rises: dibeti
ketidsis nd hyperglyei hyperslr stte. Med
Clin Nrth A. 2017;101:587. [PMID: 28372715]

Stt AR; Jint British Dibetes Sieties (JBDS) fr Inptient
Cre; JBDS hyperslr hyperglyei guidelines grup.
Mngeent f hyperslr hyperglyei stte in dults
with dibetes. Dibet Med. 2015;32:714. [PMID: 25980647]

LACTIC ACIDOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Severe metabolic acidosis with compensatory
hyperventilation.

» Blood pH < 7.30.

» Serum bicarbonate < 15 mEq/L.

» Anion gap > 15 mEq/L.

» Absent serum ketones.

» Serum lactate > 5 mmol/L.
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» General Considerations

Lti idsis is hrterized by uultin f exess
lti id in the bld. Nrlly, the prinipl sures f
this id re the erythrytes (whih lk enzyes fr
erbi xidtin), skeletl usle, skin, nd brin. Cn-
versin f lti id t gluse nd its xidtin prini-
plly by the liver but ls by the kidneys represent the
hief pthwys fr its revl. Hyperlttei nd i-
dsis ur when ltte prdutin exeeds ltte n-
suptin. Cuses inlude tissue hypxi (glbl r ll),
disrders tht inrese epinephrine levels (severe sth
with exess bet-drenergi gnist use, rdigeni r
herrhgi shk, phehryt), nd drugs tht
ipir xidtive phsphryltin (ntiretrvirl gents
nd prpfl). Mst ses f etfrin-ssited lti
idsis ur in ptients in wh there were ntrindi-
tins t the use f etfrin, in prtiulr kidney
filure. Metfrin levels re usully greter thn 5 g/L
when etfrin is iplited s the use f lti id-
sis. Other uses f lti idsis inlude severl inbrn
errrs f etblis nd the MELAS syndre (it-
hndril enephlpthy, lti idsis, nd strke-like
episdes). D-lti idsis n ur in ptients with
shrt bwel syndre when unbsrbed rbhydrtes
re presented s substrte fr ferenttin by lni
bteri.

» Clinical Findings

A. Symptoms and Signs

The in linil feture f lti idsis is rked
hyperventiltin. When lti idsis is sendry t
tissue hypxi r vsulr llpse, the linil present-
tin is vrible, being tht f the previling tstrphi
illness. Hwever, in the idipthi, r spntneus, vri-
ety, the nset is rpid (usully ver  few hurs), bld
pressure is nrl, peripherl irultin is gd, nd
there is n ynsis.

B. Laboratory Findings

Pls birbnte nd bld pH re quite lw, indit-
ing the presene f severe etbli idsis. Ketnes
re usully bsent fr pls nd urine r t lest nt
prinent. The first lue y be  high nin gp
(seru sdiu inus the su f hlride nd birbn-
te nins [in Eq/L] shuld be n greter thn 15). A
higher vlue indites the existene f n bnrl -
prtent f nins. If this nnt be linilly explined
by n exess f ket ids (dibetes), inrgni ids
(urei), r nins fr editin verdsge (sliy-
ltes, ethyl lhl, ethylene glyl), then lti id-
sis is prbbly the rret dignsis. (See ls Chpter 21.)
In the bsene f ztei, hyperphsphtei y be 
lue t the presene f lti idsis fr resns tht re
nt ler. The dignsis is nfired by  pls lti
id nentrtin f 5 l/L r higher (vlues s high
s 30 l/L hve been reprted). Nrl pls vl-
ues verge 1 l/L, with  nrl ltte/pyruvte

rti f 10:1. This rti is gretly exeeded in lti
idsis.1

» Treatment

Aggressive tretent f the preipitting use f lti
idsis is the in pnent f therpy, suh s ensur-
ing dequte xygentin nd vsulr perfusin f tissues.
Epiri ntibiti verge fr sepsis shuld be given fter
ulture sples re btined in ny ptient in wh the
use f the lti idsis is nt pprent (Tble 30–5).

Alkliniztin with intrvenus sdiu birbnte t
keep the pH bve 7.2 hs been reended by se in
the eergeny tretent f lti idsis; s uh s
2000 Eq in 24 hurs hs been used. Hwever, there is n
evidene tht the rtlity rte is fvrbly ffeted by
dinistering birbnte, nd its use reins ntrver-
sil. Hedilysis y be useful in ses where lrge
sdiu lds re prly tlerted nd in ses ssited
with etfrin txiity.

» Prognosis

The rtlity rte f spntneus lti idsis is high.
The prgnsis in st ses is tht f the priry disrder
tht prdued the lti idsis.

DeFrnz R et l. Metfrin-ssited lti idsis: urrent
perspetives n uses nd risk. Metblis. 2016;65:20.
[PMID: 26773926]

º
THE HYPOGLYCEMIC STATES

Spntneus hypglyei in dults is f tw prinipl
types: fsting nd pstprndil. Sypts begin t pls
gluse levels in the rnge f 60 g/dL (3.3 l/L) nd
ipirent f brin funtin t pprxitely 50 g/dL
(2.8 l/L). Fsting hypglyei is ften subute r
hrni nd usully presents with neurglypeni s its
prinipl nifesttin; pstprndil hypglyei is rel-
tively ute nd is ften herlded by sypts f neur-
geni utni dishrge (sweting, plpittins, nxiety,
treulusness).

» Differential Diagnosis (Table 27–11)

Fsting hypglyei y ur in ertin endrine dis-
rders, suh s hyppituitris, Addisn disese, r yx-
ede; in disrders relted t liver lfuntin, suh s
ute lhlis r liver filure; nd in instnes f end-
stge hrni kidney disese, prtiulrly in ptients
requiring dilysis. These nditins re usully bvius,
with hypglyei being nly  sendry feture. When
fsting hypglyei is  priry nifesttin develp-
ing in dults withut pprent endrine disrders r
inbrn etbli diseses fr hildhd, the prinipl

1In lleting sples, it is essentil t rpidly hill nd seprte the
bld in rder t reve red ells, whse ntinued glylysis t
r teperture is  n sure f errr in reprts f high
pls ltte. Frzen pls reins stble fr subsequent ssy.
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dignsti pssibilities inlude (1) hyperinsulinis, due t
either pnreti B ell turs, itrgeni r surreptitius
dinistrtin f insulin r sulfnylure; nd (2) hypgly-
ei due t extrpnreti turs.

Pstprndil (retive) hypglyei y ur fter
gstrintestinl surgery nd is prtiulrly ssited with
the duping syndre fter gstrety nd Rux-en-Y
gstri bypss surgery. Oult dibetes very sinlly
presents with pstprndil hypglyei. Rrely, it urs
with islet ell hyperplsi—the s-lled nninsulin
pnretgenus hypglyei syndre.

Alhl-relted hypglyei is due t hepti gly-
gen depletin bined with lhl-edited inhibitin
f glunegenesis. It is st n in lnurished
individuls with exessive lhl intke but n ur in
nyne wh is unble t ingest fd fter n ute lhli
episde fllwed by gstritis nd viting.

Iunpthlgi hypglyei is n extreely rre
nditin in whih nti-insulin ntibdies r ntibdies t
insulin reeptrs develp spntneusly.

HYPOGLYCEMIA DUE TO PANCREATIC
B CELL TUMORS

E S S E N T I A L S  O F  D I A G N O S I S

» Hypoglycemic symptoms—often neuroglycopenic
(confusion, blurred vision, anxiety, convulsions).

» Immediate recovery upon administration of
glucose.

» Blood glucose < 45 mg/dL (2.5 mmol/L) with a
serum insulin level of ≥ 6 microunits/mL.

» General Considerations

Fsting hypglyei in n therwise helthy, well-
nurished dult is rre nd is st nly due t n

den f the islets f Lngerhns. Ninety perent f
suh turs re single nd benign, but ultiple dens
n ur s well s lignnt turs with funtinl
etstses. Adens y be filil, nd ultiple de-
ns hve been fund in njuntin with turs f the
prthyrids nd pituitry (MEN type 1 [MEN 1]). Abut
30% f sprdi insulin turs hve  sti ut-
tin in the YY1 gene (T372R) tht endes the trnsrip-
tinl repressr YY1. Over 99% f insulins re lted
within the pnres nd less thn 1% in etpi pnreti
tissue.

» Clinical Findings

A. Symptoms and Signs

The st iprtnt prerequisite t dignsing n insulin-
 is siply t nsider it, prtiulrly in reltively
helthy-ppering persns wh hve fsting hypglyei
ssited with se degree f entrl nervus syste
dysfuntin suh s nfusin r bnrl behvir. A
dely in dignsis n result in unneessry tretent fr
psyhtr epilepsy r psyhitri disrders nd y
use irreversible brin dge. In lng-stnding ses,
besity n result s  nsequene f vereting t relieve
sypts.

The s-lled Whipple trid is hrteristi f hyp-
glyei regrdless f the use. It nsists f (1)  histry
f hypglyei sypts, (2) n ssited lw pls
gluse level (40–50 g/dL), nd (3) relief f sypts
upn ingesting fst-ting rbhydrtes in pprxitely
15 inutes. The hypglyei sypts in insulin
ften develp in the erly rning r fter issing  el.
Osinlly, they ur fter exerise.

Ptients typilly plin f neurglypeni syp-
ts suh s blurred visin r diplpi, hedhe, feelings
f dethent, slurred speeh, nd wekness. Persnlity
nd entl hnges vry fr nxiety t psyhti behv-
ir, nd neurlgi deterirtin n result in nvulsins
r . Hypglyei unwreness is very n nd
drenergi sypts f plpittins nd sweting y be
blunted. With the redy vilbility f he bld gluse–
nitring systes, ptients seties present with d-
uented fingerstik bld gluse levels in 40s nd 50s t
tie f sypts. Aess t sulfnylures r insulin shuld
be explred—des  fily eber hve dibetes, r des
the ptient r fily eber wrk in the edil field?
Meditin-dispensing errrs shuld be exluded—hs the
ptient’s presriptin editin hnged in shpe r
lr? Ptients with insulin r ftitius hypglyei
usully hve  nrl physil exintin.

B. Laboratory Findings

B ell dens d nt redue seretin f insulin in the
presene f hypglyei, nd the ritil dignsti test is
t denstrte inpprpritely elevted seru insulin,
prinsulin, nd C-peptide levels, t  tie when pls
gluse level is belw 45 g/dL.

The dignsti riteri fr insulin fter  72-hur
fst re listed in Tble 27–12. Other uses f hyperinsulin-
ei hypglyei inlude ftitius dinistrtin f

Table 27–11. Common causes of hypoglycemia in
adults.1

Fasting hypoglycemia

Pancreatic B cell tumor

Surreptitious administration of insulin or sulfonylureas

Extrapancreatic tumors

Postpandial hypoglycemia

Gastric surgery

Occult diabetes mellitus

Alcohol-elated hypoglycemia

Immunopathologic hypoglycemia

Idiopathic anti-insulin antibodies (which release their

bound insulin)

Antibodies to insulin receptors (which act as agonists)

Dug-induced hypoglycemia

1In the absence of clinically obvious endocrine, kidney, or liver

disorders and exclusive of diabetes mellitus treated with hypogly-

cemic agents.
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insulin r sulfnylures. Ftitius use f insulin will result
in suppressin f endgenus insulin seretin nd lw
C-peptide levels. In ptients wh hve injeted insulin, the
insulin/C-peptide rti (pl/L) will be greter thn 1. An
elevted irulting prinsulin level in the presene f fst-
ing hypglyei is hrteristi f st B ell dens
nd des nt ur in ftitius hyperinsulinis. Thus,
C-peptide levels (by iunheiluinetri
ssys [ICMA]) f greter thn 200 pl/L nd prin-
sulin levels (by rdiiunssy [RIA]) f greter
thn 5 pl/L re hrteristi f insulins. In
ptients with insulin, pls bet-hydrxybutyrte
levels re suppressed t 2.7 l/L r less. N single
hrne esureent (insulin, prinsulin, C-peptide) is
100% sensitive nd speifi fr the dignsis f insulin,
nd insulin ses hve been reprted with insulin lev-
els belw 3 irunits/L (ICMA ssy) r prinsulin
level belw 5 pl/L. These hrnl ssys re ls nt
stndrdized, nd there n be signifint vritin in the
test results. Therefre, the dignsis shuld be bsed n
ultiple biheil preters.

In ptients with epigstri distress,  histry f renl
luli, r enstrul r eretile dysfuntin,  seru l-
iu, gstrin, r prltin level y be useful in sreening
fr MEN 1 ssited with insulin.

C. Diagnostic Tests

If the histry is nsistent with episdi spntneus hyp-
glyei, ptients shuld be given  he bld gluse
nitr nd dvised t nitr bld gluse levels t the
tie f sypts nd befre nsuptin f rbhy-
drtes, if this n be dne sfely. Ptients with insulins
frequently reprt fingerstik bld gluse levels between
40 g/dL (2.2 l/L) nd 50 g/dL (2.8 l/L) t the
tie f sypts. The dignsis, hwever, nnt be
de bsed n  fingerstik bld gluse. It is neessry
t hve  lw lbrtry gluse nitntly with ele-
vted pls insulin, prinsulin, nd C-peptide levels nd
 negtive sulfnylure sreen. When ptients give  his-
try f sypts fter nly  shrt perid f fd with-
drwl r with exerise, then n utptient ssessent n

be ttepted. The ptient shuld be brught by  fily
eber t the ffie fter n vernight fst nd bserved
in the ffie. Ativity suh s wlking shuld be enur-
ged nd fingerstik bld gluse esured repetedly
during bservtin. If sypts ur r fingerstik bld
gluse is belw 50 g/dL (2.8 l/L), then sples fr
pls gluse, insulin, C-peptide, prinsulin, sulfnyl-
ure sreen, seru ketnes, nd ntibdies t insulin
shuld be sent. If utptient bservtin des nt result in
sypts r hypglyei nd if the linil suspiin
reins high, then the ptient shuld underg n inptient
supervised 72-hur fst. A suggested prtl fr the
supervised fst is shwn in Tble 27–13.

In 30% f ptients with insulin, the bld gluse
levels ften drp belw 45 g/dL (2.5 l/L) fter n
vernight fst, but se ptients require up t 72 hurs t
develp syptti hypglyei. Hwever, the ter
“72-hur fst” is tully  isner in st ses sine
the fst shuld be ieditely terinted s sn s
sypts pper nd lbrtry nfirtin f hypgly-
ei is vilble. In nrl le subjets, the bld glu-
se des nt fll belw 55–60 g/dL (3.1–3.3 l/L)
during  3-dy fst. In ntrst, in nrl preenpusl
wen, the pls gluse n reh vlues s lw s
35 g/dL (1.9 l/L). In these ses, hwever, the
wen re nt syptti, presubly wing t the
develpent f suffiient ketnei t supply energy
needs t the brin. Insulin ptients, n the ther hnd,

Table 27–12. Diagnostic criteria for insulinoma after a
72-hour fast.

Laboatoy Test result

Plasma glucose < 45 mg/dL (2.5 mmol/L)

Plasma insulin (RIA) ≥ 6 microunits/mL (36 pmol/L)

Plasma insulin (ICMA) ≥ 3 microunits/mL (18 pmol/L)

Plasma C-peptide ≥ 200 pmol/L (0.2 nmol/L,

0.6 ng/mL)

Plasma proinsulin ≥ 5 pmol/L

Beta-hydroxybutyrate ≤ 2.7 mmol/L

Sulfonylurea screen (including

repaglinide and nateglinide)

Negative

ICMA, immunochemiluminometric assays; RIA, radioimmunoassay.

Table 27–13. Suggested hospital protocol for super-
vised fast in diagnosis of insulinoma.

(1) Place intravenous cannula and obtain baseline plasma glucose,

insulin, proinsulin, beta-hydroxybutyrate, and C-peptide

measurements at onset of fast.

(2) Permit only calorie-free and caffeine-free fluids and

encourage supervised activity (such as walking).

(3) Obtain fingerstick glucose measurements every 4 hours until

values < 60 mg/dL are obtained. Then increase the frequency

of fingersticks to 1–2 hours, and when capillary glucose value

is < 45 mg/dL send a venous blood sample to the laboratory

for plasma glucose.1 Check frequently for manifestations of

neuroglycopenia.

(4) At 48 hours into the fast, send a venous blood sample for

plasma glucose, insulin, proinsulin, C-peptide, beta-

hydroxybutyrate, and sulfonylurea measurement.

(5) If symptoms of hypoglycemia occur o if a laboratory value of

serum glucose is < 45 mg/dL, o if 72 hours have elapsed,

conclude the fast with a final blood sample for plasma

glucose,1 insulin, proinsulin, C-peptide, beta-hydroxybutyrate,

and sulfonylurea measurements. Then give oral fast-acting

carbohydrate followed by a meal. If the patient is confused or

unable to take oral agents, administer 50 mL of 50% dextrose

intravenously over 3–5 minutes. Do not conclude a fast based

simply on a capillary blood glucose measurement—wait for

the laboratory glucose value—unless the patient is very

symptomatic and it would be dangerous to wait.

1Glucose sample should be collected in sodium fluoride contain-

ing tube on ice to prevent glycolysis and the plasma separated

immediately upon receipt at the laboratory. Arrange for the labora-

tory to run the glucose samples “stat.”
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bee syptti when pls gluse drps t sub-
nrl levels, sine inpprprite insulin seretin restrits
ketne frtin. Mrever, the denstrtin f  nn-
suppressed insulin level f 3 irunits/L r re using
n ICMA ssy (greter thn 6 irunits/L using n
RIA ssy) in the presene f hypglyei suggests the
dignsis f insulin. If hypglyei des nt develp
in  le ptient fter fsting fr up t 72 hurs—nd pr-
tiulrly when this prlnged fst is terinted with 
perid f derte exerise—insulin ust be nsid-
ered n unlikely dignsis.

An rl gluse tlerne test is f n vlue in the dig-
nsis f insulin-sereting turs. HbA

1
levels y be lw

but there is nsiderble verlp with nrl ptients nd
n prtiulr vlue is dignsti.

D. Preoperative Localization of B Cell Tumors

After the dignsis f insulin hs been unequivlly
de by linil nd lbrtry findings, studies t llize
the tur shuld be initited. Mst turs re in the pn-
res, nd etpi ses re rre.

Beuse f the sll size f these turs (verging
1.5  in dieter in ne lrge series), iging studies d
nt neessrily identify ll f the. A pnreti dul
phse helil CT sn with thin setin n identify
82–94% f the lesins. MRI sns with gdliniu n be
helpful in deteting  tur in 85% f ses. One se
reprt suggests tht diffusin-weighted MRI n be useful
fr deteting nd llizing sll insulins, espeilly
fr thse with n hypervsulr pttern. PET/CT sns
using glliu-lbeled ststtin nlgs suh s DOTA-
1-NI3-tretide (DOTA-NOC), whih hve  higher
ffinity fr ststtin reeptr subtypes 2, 3, nd 5, hve
been reprted t be useful in llizing the turs. Insuli-
ns express GLP-1 reeptrs, nd rdilbeled GLP-1
reeptr gnists suh s Lys(40)(Ahx-hydrzinnitin-
ide [HYNIC]-[(99)T)NH(2)]-exendin-4 fr SPECT/
CT hve ls been reprted t visulize the turs. If the
iging study is nrl, then n endspi ultrsund
shuld be perfred. In experiened hnds, but 80–90%
f turs n be deteted with this predure. Fine-needle
spirtin f the identified lesin n be ttepted t n-
fir the presene f  neurendrine tur. If the tur
is nt identified r the iging result is equivl, then the
ptient shuld underg seletive liu-stiulted ngi-
grphy, whih hs been reprted t llize the tur t
 prtiulr regin f the pnres pprxitely 90% f
the tie. In this test, ngigrphy is bined with inje-
tins f liu glunte int the gstrdudenl, spleni,
nd superir esenteri rteries, nd insulin levels re
esured in the hepti vein effluent. The predure is
perfred fter n vernight fst. Cliu stiultes
insulin relese fr insulins but nt nrl islets, nd
s  step-up fr bseline in insulin levels (twfld r
greter) reginlizes the sure f the hyperinsulinis t
the hed f the pnres fr the gstrdudenl rtery, the
uninte press fr the superir esenteri rtery, nd the
bdy nd til f the pnres fr the spleni rtery liu
infusins. These studies bined with reful intrper-
tive ultrsngrphy nd plptin by  surgen

experiened in insulin surgery identifies up t 98% f
turs.

» Treatment

The tretent f hie fr insulin-sereting turs is
surgil resetin. While witing fr surgery, ptients
shuld be given rl dizxide. Divided dses f
300–400 g/dy usully suffie, lthugh n sinl
ptient y require up t 800 g/dy. Side effets inlude
ede due t sdiu retentin, gstri irrittin, nd ild
hirsutis. Hydrhlrthizide, 25–50 g dily, n be
used t untert the sdiu retentin nd ede s well
ptentite dizxide’s hyperglyei effet.

In ptients with  single benign pnreti B ell de-
n, 90–95% hve  suessful ure t the first surgil
ttept when intrpertive ultrsund is used by  skilled
surgen. Dizxide shuld be dinistered n the dy f
the surgery beuse it redues the risk f hypglyei
during surgery. Typilly, it des nt sk the glyei
rise inditive f surgil ure. Bld gluse shuld be
nitred thrughut surgery, nd 5% r 10% dextrse
infusin shuld be used t intin euglyei. In ses
where the dignsis hs been estblished but n den
is lted fter reful plptin nd use f intrpertive
ultrsund, it is n lnger dvisble t blindly reset the
bdy nd til f the pnres, sine  nnplpble tur
issed by ultrsund is st likely ebedded within the
fleshy hed f the pnres tht is left behind with subttl
resetins. Mst surgens prefer t lse the inisin nd
shedule  seletive rteril liu stiultin with
hepti venus spling t lte the tur site prir t 
repet pertin. Lprspy using ultrsund nd enu-
letin hs been suessful with  single tur f the
bdy r til f the pnres, but pen surgery reins
neessry fr turs in the hed f the pnres.

In ptients with inperble funtining islet ell ri-
n with nd withut hepti etstsis nd in pprxi-
tely 5–10% f MEN 1 ses when subttl revl f
the pnres hs filed t prdue ure, the tretent
pprh is the se s fr ther types f pnreti neu-
rendrine turs (pNETs). Dizxide is the tretent
f hie in preventing hypglyei. Frequent rbhy-
drte feedings (every 2–3 hurs) n ls be helpful,
lthugh weight gin n bee  prble. Ststtin
nlgs, tretide r lnretide, shuld be nsidered if
dizxide is ineffetive r if there is tur prgressin.
Surgery r ebliztin (blnd, he- nd rdi-) r ther-
l bltin (rdifrequeny, irwve, nd rybltin)
n be used t redue tur burden nd ls prvide syp-
tti relief. Chetherpy regiens tht n be nsid-
ered inlude bintin f streptzin, 5-flururil,
nd dxrubiin; peitbine nd xlipltin; nd
peitbine nd tezlide (Tble 39–3). Trgeted
therpies ginst ultiple steps in the PI3K/AKT/Tr pth-
wy hve been shwn t be helpful. Everlius, n inhibi-
tr f Tr, is pprved fr tretent f dvned pNETs.
Sunitinib hs been shwn t slw grwth f pNETs. Tret-
ent with rdiistpes (indiu-111 r yttriu-90 r
lutetiu-177) linked t  ststtin nlg hs been
reprted t shw benefit in  prprtin f ptients.
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NONISLET CELL TUMOR HYPOGLYCEMIA

These rre uses f hypglyei inlude esenhyl
turs suh s retrperitnel srs, heptellulr
rins, drenrtil rins, nd isellneus
epithelil-type turs. The turs re frequently lrge nd
redily plpted r visulized n CT sns r MRI.

In ny ses the hypglyei is due t the expres-
sin nd relese f n inpletely pressed insulin-like
grwth ftr 2 (IGF-2) by the tur.

The dignsis is supprted by lbrtry duent-
tin f seru insulin levels belw 5 irunit/L with
pls gluse levels f 45 g/dL (2.5 l/L) r lwer.
Vlues fr grwth hrne nd IGF-1 re ls deresed.
Levels f IGF-2 y be inresed but ften re “nrl” in
quntity, despite the presene f the iture, higher-
leulr-weight fr f IGF-2, whih n be deteted
nly by speil lbrtry tehniques.

Nt ll the ptients with nnislet ell tur hypglye-
i hve elevted pr-IGF-2. Etpi insulin prdutin hs
been desribed in brnhil rin, vrin rin,
nd sll ell rin f the ervix. Hypglyei due t
IgF-1 relesed fr  etstti lrge ell rin f the
lung hs ls been reprted. GLP-1–sereting turs (vr-
in nd pNETs) n ls use hypglyei by stiulting
insulin relese fr nrl pnreti islets.

The prgnsis fr these turs is generlly pr, nd
surgil revl shuld be ttepted when fesible. Dietry
ngeent f the hypglyei is the insty f edil
tretent, sine dizxide is usully ineffetive.

POSTPRANDIAL HYPOGLYCEMIA

1. Hypoglycemia Following Gastic Sugey

Hypglyei seties develps in ptients wh hve
undergne gstri surgery (eg, gstrety, vgty,
pylrplsty, gstrjejunsty, Nissn fundplitin,
Billrth II predure, nd Rux-en-Y), espeilly when
they nsue fds ntining high levels f redily
bsrbble rbhydrtes. This lte duping syndre
urs but 1–3 hurs fter  el nd is  result f rpid
delivery f high nentrtin f rbhydrtes in the
prxil sll bwel nd rpid bsrptin f gluse. The
hyperinsulinei respnse t the high rbhydrte ld
uses hypglyei. Exessive relese f gstrintestinl
hrnes suh s GLP-1 likely ply  rle in the hyperin-
sulinei respnse. The sypts inlude lightheded-
ness, sweting, nfusin nd even lss f nsiusness
fter eting  high rbhydrte el. T duent hyp-
glyei, the ptient shuld nsue  el tht leds t
sypts during everydy life. An rl gluse tlerne
test is nt reended beuse ny nrl persns
hve flse-psitive test results. There hve been se
reprts f insulin nd nninsulin pnretge-
nus hypglyei syndre in ptients with hypglye-
i pst Rux-en-Y surgery. It is unler hw ften this
urs. A reful histry y identify ptients wh hve 
histry f hypglyei with exerise r issed els, nd
these individuls y require  frl 72-hur fst t rule
ut n insulin.

Tretent fr sendry duping inludes dietry
difitin, but this y be diffiult t sustin. Ptients
n try re frequent els with sller prtins f less
rpidly digested rbhydrtes. Alph-glusidse therpy
y be  useful djunt t  lw rbhydrte diet. Otre-
tide 50 g dinistered subutneusly tw r three ties
 dy 30 inutes prir t eh el hs been reprted t
iprve sypts due t lte duping syndre. Tret-
ent with exendin 9-39,  GLP-1 reeptr gnist, y
prevent pst gstri bypss hypglyei. SGLT2 inhibitrs
y elirte the pstprndil gluse rise, the subse-
quent insulin respnse, nd hypglyei. There is  reprt
f  ptient with Rux-en-Y surgery wh hd plete
reslutin f bth hyperglyei nd hypglyei when
she ws given ngliflzin. Vrius surgil predures t
dely gstri eptying hve been reprted t iprve
sypts but lng-ter effiy studies re lking.

2. Functional Alimentay Hypoglycemia

Ptients hve sypts suggestive f inresed syp-
theti tivity, inluding nxiety, wekness, trer, swet-
ing r plpittins fter els. Physil exintin nd
lbrtry tests re nrl. It is nt reended tht
ptients with sypts suggestive f inresed syp-
theti tivity underg either  prlnged rl gluse tl-
erne test r  ixed el test. Insted, the ptients
shuld be given he bld gluse nitrs (with
eries) nd instruted t nitr fingerstik gluse
levels t the tie f sypts. Only ptients wh hve
sypts when their fingerstik bld gluse is lw (less
thn 50 g/dL) nd wh hve reslutin f sypts
when the gluse is rised by eting rpidly relesed rb-
hydrte need dditinl evlutin. Ptients wh d nt
hve evidene fr lw gluse levels t tie f sypts
re generlly ressured by their findings. Cunseling nd
supprt shuld be the instys in therpy, with dietry
nipultin nly n djunt.

3. Occult Diabetes

This nditin is hrterized by  dely in erly insulin
relese fr pnreti B ells, resulting in initil exgger-
tin f hyperglyei during  gluse tlerne test. In
respnse t this hyperglyei, n exggerted insulin
relese prdues  lte hypglyei 4–5 hurs fter inges-
tin f gluse. These ptients re ften bese nd fre-
quently hve  fily histry f dibetes ellitus.

Ptients with this type f pstprndil hypglyei
ften respnd t redued intke f refined sugrs with
ultiple, sped, sll feedings high in dietry fiber. In the
bese, tretent is direted t weight redutin t hieve
idel weight. These ptients shuld be nsidered t hve
predibetes r erly dibetes (type 1 r 2) nd dvised t
hve peridi edil evlutins.

4. Autoimmune Hypoglycemia

Ptients with utiune hypglyei hve erly pstprn-
dil hyperglyei fllwed by hypglyei 3–4 hurs lter.
The hypglyei is ttributed t  dissitin f insulin-
ntibdy iune plexes, relesing free insulin.
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The disrder is ssited with ethizle tretent
fr Grves disese, lthugh it n ls ur in ptients
treted with vrius ther sulfhydryl-ntining edi-
tins (ptpril, peniilline) s well s ther drugs suh s
hydrlzine, isnizid, nd prinide. In dditin, it hs
been reprted in ptients with utiune disrders suh
s rheutid rthritis, systei lupus erythetsus, nd
plyysitis s well s in pls ell yel nd ther
pls ell dysrsis where prprteins r ntibdies
rss-ret with insulin. There is ls n ssitin with the
HLA lss II lleles (DRB1*0406, DQA1*0301, nd
DQB1*0302). These lleles re 10 t 20 ties re n
in Jpnese nd Kren ppultins, whih explins why the
disrder hs been reprted stly in Jpnese ptients.

High titers f insulin utntibdies, usully IgG lss,
n be deteted. Insulin, prinsulin, nd C-peptide levels
y be elevted, but the results y be errneus beuse
f the interferene f the insulin ntibdies with the iu-
nssys fr these peptides.

In st ses, the hypglyei is trnsient nd usully
reslves spntneusly within 3–6 nths f dignsis,
prtiulrly when the ffending editins re stpped.
The st nsistent therpeuti benefit in ngeent
f this syndre hs been hieved by dietry tretent
with sll, frequent lw-rbhydrte els. Prednisne
(30–60 g rlly dily) hs been used t lwer the titer f
insulin ntibdies.

FACTITIOUS HYPOGLYCEMIA

Ftitius hypglyei y be diffiult t duent. A
suspiin f self-indued hypglyei is supprted when
the ptient is ssited with the helth prfessins r hs
ess t dibeti editins tken by  dibeti eber f
the fily. The trid f hypglyei, high iunretive
insulin, nd suppressed pls C-peptide iunretivity
is pthgnni f exgenus insulin dinistrtin. Insu-
lin nd C-peptide re sereted in  1:1 lr rti. A lrge
frtin f the endgenus insulin is lered by the liver,
wheres C-peptide, whih is lered by the kidney, hs 
lwer etbli lerne rte. Fr this resn, the lr
rti f insulin nd C-peptide in  hypglyei ptient
shuld be less thn 1.0 in ses f insulin nd is greter
thn 1.0 in ses f exgenus insulin dinistrtin (see
Hypglyei Due t Pnreti B Cell Turs, bve).
When sulfnylures, repglinide, nd nteglinide re sus-
peted s  use f ftitius hypglyei,  pls level f
these editins t detet their presene y be required t
distinguish lbrtry findings fr thse f insulin.

HYPOGLYCEMIA DUE TO INSULIN
RECEPTOR ANTIBODIES

Hypglyei due t insulin reeptr utntibdies is n
extreely rre syndre; st ses hve urred in
wen ften with  histry f utiune disese. Alst
ll f these ptients hve ls hd episdes f insulin-
resistnt dibetes nd nthsis nigrins. Their hypglye-
i y be either fsting r pstprndil nd is ften severe

nd is ttributed t n gnisti tin f the ntibdy n the
insulin reeptr. Blne between the ntgnisti nd g-
nisti effets f the ntibdies deterines whether insulin-
resistnt dibetes r hypglyei urs. Hypglyei
ws fund t respnd t rtisterid therpy but nt t
plspheresis r iunsuppressin.

MEDICATION- & ETHANOL-INDUCED
HYPOGLYCEMIA

A nuber f editins prt fr dibeti editins
n sinlly use hypglyei. Cn ffenders
inlude the flurquinlnes suh s gtiflxin nd lev-
flxin, pentidine, quinine, ACE inhibitrs, sliyltes
nd bet-drenergi blking gents. The flurquinlnes,
prtiulrly gtiflxin, hve been ssited with bth
hypglyei nd hyperglyei. It is thught tht the drug
ts n the ATP sensitive ptssiu hnnels in the bet ell.
Hypglyei is n erly event, nd hyperglyei urs
severl dys int therpy. Intrvenus pentidine is yt-
txi t bet ells nd uses ute hyperinsulinei nd
hypglyei fllwed by insulinpeni nd hyperglyei.
Fsting ptients tking nnrdiseletive bet-blkers n
hve n exggerted hypglyei respnse t strvtin.
The bet-blkde inhibits ftty ids nd glunegenesis
substrte relese nd redues pls glugn respnse.
Therpy with ACE inhibitrs inreses the risk f hypgly-
ei in ptients wh re tking insulin r sulfnylures
presubly beuse these drugs inrese sensitivity t iru-
lting insulin by inresing bld flw t the usle. Se
piids use hypglyei. Trdl use hs been ssi-
ted with inresed risk f hspitliztin fr hypglyei.
Methdne verdse hs ls been reprted t use hyp-
glyei nd  rpid dse esltin f ethdne in ner
ptients n lwer gluse levels.

Ethnl-ssited hypglyei y be due t hepti
lhl dehydrgense tivity depleting NAD. The resul-
tnt hnge in the redx stte—inrese in NADH t
NAD+ rti—uses  prtil blk t severl pints in the
glunegeni pthwy. With prlnged strvtin, gly-
gen reserves bee depleted within 18–24 hurs nd
hepti gluse utput bees ttlly dependent n glu-
negenesis. Under these irustnes,  bld nen-
trtin f ethnl s lw s 45 g/dL (9.8 l/L) n
indue prfund hypglyei by blking glunegen-
esis. Neurglypeni in  ptient whse breth sells f
lhl y be istken fr lhli stupr. Preventin
nsists f dequte fd intke during ethnl ingestin.
Therpy nsists f gluse dinistrtin t replenish
glygen stres until glunegenesis resues.

When sugr-ntining sft drinks re used s ixers
t dilute lhl in beverges (gin nd tni, ru nd
l), there sees t be  greter insulin relese thn when
the sft drink lne is ingested nd  tendeny fr re f
 lte hypglyei verswing t ur 3–4 hurs lter.
Preventin wuld nsist f viding sugr ixers while
ingesting lhl nd ensuring suppleentry fd intke
t prvide sustined bsrptin.
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Lipid Disorders

28 Michael J. Blaha, MD, MPH

The “Lipid Hypothesis” of cardiovascular disease (CVD)—
stating that cholesterol is causal in the development of
atherosclerotic cardiovascular disease (ASCVD) and that
lowering of cholesterol is associated with lower cardiovas-
cular event rates—is widely accepted throughout the medi-
cal community. For patients with known CVD (secondary
prevention), studies have shown that cholesterol lowering
leads to a consistent reduction in total mortality and in
recurrent cardiovascular events in men and women; other
studies have documented lowered mortality and events in
middle-aged and older patients. Among patients without
CVD (primary prevention), the data are generally consis-
tent, with rates of cardiovascular events, heart disease
mortality, and all-cause mortality differing among studies.
Treatment guidelines have been designed to assist clini-
cians in selecting patients for cholesterol-lowering therapy
based predominantly on their overall risk of developing
CVD as well as their baseline cholesterol levels.

There are several genetic disorders that provide insight
into the pathogenesis of lipid-related diseases. Familial
hypercholesterolemia, rare in the homozygous state
(about one per million), causes markedly high low-density
lipoprotein (LDL) levels and early CVD. The most common
genetic defects involve absent or defective LDL receptors,
resulting in unregulated LDL metabolism, genetic muta-
tions of apolipoprotein B, or gain of function in proprotein
convertase subtilisin/kexin type 9 (PCSK9), a protein that
regulates breakdown of LDL receptors. Patients with two
abnormal genes (homozygotes) have extremely high
levels—up to eight times normal—and present with ath-
erosclerotic disease in childhood. Patients with two abnor-
mal genes (homozygotes) may require liver transplantation
or plasmapheresis to correct their severe lipid abnormali-
ties; early treatment with statins appears to confer lifetime
benefits in such patients. Those with one defective gene
(heterozygotes) have LDL concentrations up to two or
three times normal; persons with this condition may
develop CVD in their 30s or 40s.

Another rare condition is caused by an abnormality of
lipoprotein lipase, the enzyme that enables peripheral
tissues to take up triglyceride from chylomicrons and very-
low-density lipoprotein (VLDL) particles. Patients with
this condition, one cause of familial chylomicronemia

syndrome, have marked hypertriglyceridemia with recur-
rent pancreatitis and hepatosplenomegaly in childhood.

Numerous other genetic abnormalities of lipid metabo-
lism are named for the abnormality noted when serum is
electrophoresed (eg, dysbetalipoproteinemia, character-
ized by elevated levels of remnant lipoproteins) or from
polygenic combinations of lipid abnormalities in families
(eg, familial combined hyperlipidemia).

» When to Refer

• Known genetic lipid disorders.

• Striking family history of hyperlipidemia or premature
atherosclerosis.

• Extremely high serum LDL cholesterol or triglycerides,
or extremely low serum high-density lipoprotein (HDL)
cholesterol.

Chyzhyk V et al. Familial chylomicronemia syndrome: a rare but
devastating autosomal recessive disorder characterized by
refractory hypertriglyceridemia and recurrent pancreatitis.
Trends Cardiovasc Med. 2020;30:80. [PMID: 31003756]

Hegele RA et al. Rare dyslipidaemias, from phenotype to geno-
type to management: a European Atherosclerosis Society task
force consensus statement. Lancet Diabetes Endocrinol.
2020;8:50. [PMID: 31582260]

Khera AV et al. What is familial hypercholesterolemia, and why
does it matter? Circulation. 2020;141:1760. [PMID: 32479201]

Mortensen MB et al. Elevated LDL cholesterol and increased risk of
myocardial infarction and atherosclerotic cardiovascular disease
in individuals aged 70-100 years: a contemporary primary pre-
vention cohort. Lancet. 2020;396:1644. [PMID: 33186534]

Sniderman AD et al. Apolipoprotein B particles and cardiovas-
cular disease: a narrative review. JAMA Cardiol. 2019;4:1287.
[PMID: 31642874]

LIPID FRACTIONS & THE RISK OF
CORONARY HEART DISEASE

In serum, cholesterol is carried primarily on three different
lipoproteins—the VLDL, LDL, and HDL molecules. Total
cholesterol equals the sum of these three components:

=  +

+

Total cholesterol  HDL cholesterol  VLDL cholesterol

LDL cholesterol
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Using these assumptions, the Friedewald equation
states that LDL cholesterol can be estimated as:

LDL Total HDL

cholesterol = cholesterol – cholesterol –

(mg/dL) (mg/dL)

Triglycerides

(mg/dL)

5

When using SI units, the formula becomes

LDL Total HDL

cholesterol = cholesterol – cholesterol –

(mmol/L) (mmol/L)

Triglycerides

(mmol/L)

2.2

Modern research has questioned several of the assump-
tions underlying the Friedewald equation, particularly the
assumption that VLDL is always best estimated as triglyc-
erides/5, which is inaccurate when triglycerides are above
150 mg/dL and when LDL cholesterol is less than 70 mg/dL.
Therefore, many commercial laboratories have switched to
the Martin/Hopkins equation, which uses a flexible factor
for deriving VLDL from triglycerides (as opposed to
always using 5). The Martin/Hopkins equation reduces the
systematic underestimation of LDL cholesterol when tri-
glycerides are greater than 150 mg/dL and LDL is less than
70 mg/dL, and is more accurate in estimating LDL from
nonfasting blood specimens.

Non-HDL cholesterol is increasingly recognized as an
important measure of the total quantity of apolipoprotein
B–containing atherogenic lipid particles. Non-HDL cho-
lesterol is calculated as: total cholesterol – HDL cholesterol.
Advantages of calculating non-HDL cholesterol are that it
is directly measured, requires no additional cost, is less
sensitive to fasting status, and is a better predictor of car-
diovascular risk compared to LDL cholesterol.

Lipoprotein(a), a subfraction of LDL that is largely
genetically determined, has also been recognized as a
causal factor in atherosclerosis. One-time measurement of
lipoprotein(a) in patients with a strong family history, with
manifestations of early ASCVD, or with familial hypercho-
lesterolemia is useful. The National Lipid Association also
recommends cascade screening in family members of
those with severe hypercholesterolemia, including elevated
lipoprotein(a). Values greater than 50 mg/dL or greater
than 100 nmol/L are considered elevated. The 2019 Euro-
pean Society of Cardiology/European Atherosclerosis
Society (ESC/EAS) guidelines recommend one-time
lipoprotein(a) measurement for all adults to identify those
with very high values (greater than 180 mg/dL or greater
than 430 nmol/L). Novel antisense oligonucleotide thera-
pies directed at lipoprotein(a) are currently being tested in
phase 3 trials of patients with prior myocardial infarction.
Currently, lipoprotein(a) is used as a risk-enhancing factor
favoring early statin treatment.

It is difficult to assign a “normal” range for serum lipids.
This is because our cholesterol values are vastly higher than
our evolutionary ancestors (whose LDL cholesterol may
have been 30–50 mg/dL) and because mean values vary
across the world. Mean LDL cholesterol levels are currently
declining in the United States, including in youths. There is
no evidence currently available that adult cholesterol levels

can be “too low”; that is, there is no evidence that very low
LDL cholesterol is linked with any side effects (eg, cogni-
tive dysfunction).

Sampson M et al. A new equation for calculation of low-density
lipoprotein cholesterol in patients with normolipidemia and/
or hypertriglyceridemia. JAMA Cardiol. 2020;5:540. [PMID:
32101259]

Sathiyakumar V et al. Fasting versus nonfasting and low-density
lipoprotein cholesterol accuracy. Circulation. 2018;137:10.
[PMID: 29038168]

Wilson DP et al. Use of lipoprotein(a) in clinical practice: a bio-
marker whose time has come. A scientific statement from the
National Lipid Association. J Clin Lipidol. 2019;13:374.
[PMID: 31147269]

THERAPEUTIC EFFECTS OF LOWERING
CHOLESTEROL

Reducing cholesterol levels in healthy middle-aged men
without coronary heart disease (CHD) (in primary pre-
vention studies) reduces risk in direct proportion to the
reduction in LDL cholesterol. Treated adults have clinically
important reductions in the rates of myocardial infarc-
tions, new cases of angina, need for coronary artery bypass
or other revascularization procedures, peripheral artery
disease, and stroke. The West of Scotland Study showed a
31% decrease in myocardial infarctions in middle-aged
men treated with pravastatin compared with placebo. The
Air Force/Texas Coronary Atherosclerosis Prevention
Study (AFCAPS/TexCAPS) study showed similar results
with lovastatin. As with any primary prevention interven-
tions, large numbers of healthy patients need to be treated
to prevent a single event. The numbers of patients needed
to treat (NNT) to prevent one nonfatal myocardial
infarction or one coronary artery disease death in these
two studies were 46 and 50, respectively. The Anglo-
Scandinavian Cardiac Outcomes Trial (ASCOT) study of
atorvastatin in persons with hypertension and other risk
factors but without CHD demonstrated a 36% reduction in
CHD events. The Justification for the Use of Statins in
Prevention: An Intervention Trial Evaluating Rosuvastatin
(JUPITER) study showed a 44% reduction in a combined
end point of myocardial infarction, stroke, revasculariza-
tion, hospitalization for unstable angina, or death from
cardiovascular causes in both men and women. The NNT
for 1 year to prevent one event was 169. The Heart Out-
comes Prevention Evaluation (HOPE-3) trial of rosuvas-
tatin showed a 24% reduction in cardiovascular events. The
NNT over 5.6 years was 91.

Primary prevention studies have found a less consistent
effect on total mortality. The West of Scotland study found
a 20% decrease in total mortality. The AFCAPS/TexCAPS
study with lovastatin showed no difference in total mortal-
ity. The Antihypertensive and Lipid-Lowering Treatment
to Prevent Heart Attack Trial (ALLHAT-LLT) also showed
no reduction either in all-cause mortality or in CHD events
when pravastatin was compared with usual care. Persons
treated with atorvastatin in the ASCOT study had a 13%
reduction in mortality, but the result was not statistically
significant. The JUPITER trial demonstrated a statistically
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significant 20% reduction in death from any cause. The
NNT for 1 year was 400. The HOPE-3 trial showed a 7%
reduction in all-cause mortality, but the result was not sta-
tistically significant.

In secondary prevention studies among patients with
established CVD, the mortality benefits of cholesterol low-
ering are clearer. Major trials with statins have shown sig-
nificant reductions in cardiovascular events, cardiovascular
deaths, and all-cause mortality in men and women with
coronary artery disease. The NNT to prevent a nonfatal
myocardial infarction or a coronary artery disease death in
these studies was between 12 and 34. Aggressive choles-
terol lowering with these agents causes regression of ath-
erosclerotic plaques in some patients, reduces the
progression of atherosclerosis in saphenous vein grafts, and
can slow or reverse carotid artery atherosclerosis. Results
with other classes of medications, particularly those with
little effect on LDL or the LDL receptor, have been less
consistent. The benefits and adverse effects of cholesterol
lowering may be specific to each type or mechanism of
drug; the clinician cannot assume that the effects of new
drugs with novel mechanisms of action will generalize to
other classes of medication.

The disparities in absolute event lowering between pri-
mary and secondary prevention studies highlight a critical
aspect of clinical cholesterol lowering. The net benefits
from cholesterol lowering depend on the underlying risk of
ASCVD as well as the competing risks of other diseases. In
middle-aged patients with atherosclerosis and high choles-
terol, morbidity and mortality rates are high, and measures
that reduce cholesterol-related risk are more likely to pro-
vide a robust net benefit to the patient. In older patients
with little atherosclerosis and lower cholesterol levels, there
may be no meaningful net benefit to cholesterol lowering.

Arnett DK et al. 2019 ACC/AHA guideline on the primary pre-
vention of cardiovascular disease: executive summary: a
report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines.
J Am Coll Cardiol. 2019;74:1376. [PMID: 30894319]

Grundy SM et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/
ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on
the management of blood cholesterol: executive summary.
Circulation. 2019;139:e1046. [PMID: 30565953]

Michos ED et al. Lipid management for the prevention of ath-
erosclerotic cardiovascular disease. N Engl J Med. 2019;381:
1557. [PMID: 31618541]

Navarese EP et al. Association between baseline LDL-C level and
total and cardiovascular mortality after LDL-C lowering: a
systematic review and meta-analysis. JAMA. 2018;319:1566.
[PMID: 29677301]

Ray KK et al. Pharmacological lipid-modification therapies for
prevention of ischaemic heart disease: current and future
options. Lancet. 2019;394:697. [PMID: 31448741]

SECONDARY CONDITIONS THAT AFFECT
LIPID METABOLISM

Several factors, including drugs, can influence serum lip-
ids. These are important for two reasons: abnormal lipid
levels (or changes in lipid levels) may be the presenting
sign of some of these conditions, and correction of the

underlying condition may obviate the need to treat an
apparent lipid disorder. Thyroid disease, particularly hypo-
thyroidism, is associated with a high LDL. Poorly con-
trolled diabetes mellitus and alcohol use, in particular, are
commonly associated with high triglyceride levels that
decline with improvements in glycemic control or reduc-
tion in alcohol use, respectively. Thus, secondary causes of
high blood lipids should be considered in each patient with
a lipid disorder before lipid-lowering therapy is started. In
most instances, special testing is not needed: a history and
physical examination are sufficient.

CLINICAL PRESENTATIONS

Most patients with high cholesterol levels have no specific
symptoms or signs. The vast majority of patients with lipid
abnormalities are detected by the laboratory, either as part
of the workup of a patient with CVD or as part of a preven-
tive screening strategy. Extremely high levels of chylomi-
crons or VLDL particles (triglyceride level above
1000 mg/dL or 10 mmol/L) result in the formation of
eruptive xanthomas (Figure 28–1) (red-yellow papules,
especially on the buttocks). High LDL concentrations
result in tendinous xanthomas on certain tendons
(Achilles, patella, back of the hand). Such xanthomas usu-
ally indicate one of the underlying genetic hyperlipidemias.
Lipemia retinalis (cream-colored blood vessels in the fun-
dus) is seen with extremely high triglyceride levels (above
2000 mg/dL or 20 mmol/L).

SCREENING & TREATMENT OF HIGH
BLOOD CHOLESTEROL

While screening of all children for cholesterol disorders
remains controversial, all adults should have their lipids
checked before middle age. Patients with documented ath-
erosclerosis and diabetes mellitus deserve the most scrutiny
of their lipids since these patients are at the highest risk for
suffering additional manifestations in the near term and thus

▲ Figure 28–1. Eruptive xanthomas on the arm of a man
with untreated hyperlipidemia and diabetes mellitus. (Used,
with permission, from Richard P. Usatine, MD, in Usatine RP,
Smith MA, Mayeaux EJ Jr, Chumley H. The Color Atlas and
Synopsis of Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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have the most to gain from lipid lowering. Additional risk
reduction measures for atherosclerosis are discussed in
Chapter 10; lipid lowering should be just one aspect of a
program to reduce the progression and effects of
atherosclerosis.

The best screening and treatment strategy for adults
who do not have ASCVD is less clear. Several algorithms
have been developed to guide the clinician in treatment
decisions, but management decisions must always be indi-
vidualized based on the patient’s risk to maximize net
benefit.

The 2018 American Heart Association/American
College of Cardiology (AHA/ACC)/Multi-society guide-
lines recommend screening of all adults aged 20 years or
older for high blood cholesterol. The 2016 United States
Preventive Services Task Force (USPSTF) guidelines
recommend beginning at age 20 years only if there are
other cardiovascular risk factors such as tobacco use, dia-
betes, hypertension, obesity, or a family history of prema-
ture CVD. For men without other risk factors, screening is
recommended beginning at age 35 years. For women and
for men aged 20 to 35 without increased risk, the USPSTF
makes no recommendation for or against routine screening
for lipid disorders. Although there is no established inter-
val for screening, screening can be repeated every 5 years
for those with average or low risk and more often for those
whose levels are close to therapeutic thresholds.

Individuals without CVD should have their 10-year risk
of CVD calculated, with lifetime risk also considered.
Although those with LDL cholesterol greater than
190 mg/dL (4.91 mmol/L) are recommended for treatment
independent of their 10-year risk of CVD, all other patients
are recommended for treatment based on their overall
cardiovascular risk. While other calculators (such as
SCORE or QRISK) may be more appropriate for other
parts of the world, the best method for estimating 10-year
risk in the United States is the Pooled Cohort Equations.
First introduced in the 2013 ACC/AHA guidelines, the
Pooled Cohort Equations include separate equations for
White and Black patients and estimate the 10-year risk of
heart attack, stroke, and cardiovascular death. This repre-
sents an improvement over the older Framingham 10-year
calculator, which includes CHD but not stroke risk. The
ACC/AHA risk estimator can be found at http://www.
cvriskcalculator.com/, and mobile apps are available for
download. While it has been shown to overestimate risk in
some modern populations, including those with at least
moderate socioeconomic status, the ACC/AHA risk esti-
mator remains an excellent starting point for a risk discus-
sion. Recalibrated versions of the calculator are available
for countries across the world. The LIFE-CVD model is the
best for illustrating lifetime risk and benefit of therapy
(https://www.u-prevent.com/en-GB/HealthyCalculator/
HealthyCalculator).

Shared decision making is a central part of cholesterol
management in primary prevention. Therefore, the 2018
AHA/ACC/Multi-society guidelines and the 2019 ACC/
AHA primary prevention guidelines identify a set of “risk-
enhancing factors” that might influence a clinician and
patient to favor cholesterol-lowering treatment. Table 28–1

lists these risk-enhancing factors that may be considered,
particularly for patients at borderline to intermediate risk
(5–20% 10-year cardiovascular risk).

Importantly, the 2018 AHA/ACC/Multi-society guide-
lines and the 2019 ACC/AHA primary prevention guide-
lines also identify the coronary artery calcium score as the
single best test for additional risk stratification. The coro-
nary calcium score is a simple noncontrast cardiac-gated
CT scan that takes about 10–15 minutes to do, is associated
with approximately 1 mSv of radiation, and costs between
$50 and $300, although some centers have begun offering
the test for free. As opposed to the risk-enhancing factors,
which may incline a clinician and patient toward treat-
ment, the coronary artery calcium score may also help
identify patients who are unlikely to benefit from cholesterol-
lowering therapy. For example, when the coronary artery
calcium score is zero in the absence of smoking or diabetes,
the patient is low risk and less likely to receive net benefit
from therapy; instead, the coronary artery calcium score
can be repeated in approximately 3 years for higher-risk
patients and 7 years for lower-risk patients. In 2021, the
National Lipid Association published a comprehensive
clinical practice statement on coronary artery calcium test-
ing. The USPSTF does not endorse calcium scoring as a
broad screening test; rather it says the test should be
reserved for situations in which additional data will inform
shared decision making and potentially change a therapeu-
tic decision.

Statins are nearly always the first-line therapy. Treatment
decisions are based on the presence of clinical CVD or dia-
betes, LDL cholesterol greater than 190 mg/dL (4.91 mmol/L),
patient age, and the estimated 10-year risk of developing
CVD. The 2018 AHA/ACC/Multi-society guidelines define
four groups of patients who benefit from statin medications:
(1) individuals with clinical ASCVD; (2) individuals with
primary elevation of LDL cholesterol greater than 190 mg/dL
(4.91 mmol/L); (3) individuals aged 40–75 with diabetes and
LDL greater than or equal to 70 mg/dL (1.81 mmol/L); and

Table 28–1. Risk-enhancing factors that help identify
patients who may benefit most from lipid-lowering
therapy: 2018 AHA/ACC/Multi-society guidelines.

Family history of premature disease (males, age < 55 years;

females, age < 65 years)

Primary hypercholesterolemia (LDL cholesterol, 160–189 mg/dL

[4.1–4.8 mmol/L]; non–HDL cholesterol, 190–219 mg/dL

[4.9–5.6 mmol/L])

Metabolic syndrome

Chronic kidney disease (not end-stage kidney disease)

Chronic inflammatory conditions, such as psoriasis, rheumatoid

arthritis, or HIV/AIDS

History of preeclampsia or of premature menopause before age

40 years

High-risk race/ethnicities (eg, South Asian ancestry)

Persistently high triglycerides ≥ 175 mg/dL

Elevated high-sensitivity C-reactive protein (≥ 2.0 mg/L)

Elevated lipoprotein(a) (≥ 50 mg/dL or ≥ 125 nmol/L)

Elevated apolipoprotein B (≥ 130 mg/dL)

Ankle brachial index < 0.9
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(4) individuals aged 40–75 without clinical ASCVD or dia-
betes, with LDL 70–189 mg/dL (1.81–4.91 mmol/L), and
estimated 10-year CVD risk of 7.5% or higher.

Ezetimibe and PCSK9 inhibitors have the strongest
recommendations as second-line therapy for patients with
(1) CVD whose LDL on statin therapy remains above the
70 mg/dL treatment threshold or (2) possible familial
hypercholesterolemia with baseline LDL greater than
190 mg/dL (4.91 mmol/L) whose LDL remains above the
100 mg/dL treatment threshold. In high-risk patients,
ezetimibe therapy is favored in part due to reduced cost,
while in very high-risk patients, PCSK9 inhibitor therapy
should be considered.

» Screening & Treatment in Older Patients

Meta-analysis of evidence relating cholesterol to CVD in older
adults suggests that cholesterol is a somewhat weaker risk fac-
tor for CVD for persons over age 75 years. The 2018 AHA/
ACC/Multi-society guidelines suggest continuing statin treat-
ment in patients over age 75 who have CVD. The guidelines,
however, suggest selectively treating patients over the age of 75
who do not have evidence of CVD. Individual patient deci-
sions to discontinue statin therapy should be based on overall
functional status and life expectancy, comorbidities, and
patient preference and should be made in context with overall
therapeutic goals and end-of-life decisions.

Arnett DK et al. 2019 ACC/AHA guideline on the primary pre-
vention of cardiovascular disease: executive summary: a
report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines.
J Am Coll Cardiol. 2019;74:1376. [PMID: 30894319]

Cardoso R et al. Selective use of coronary artery calcium testing
for shared decision making: guideline endorsed and ready for
prime time. Ann Intern Med. 2019;170:262. [PMID: 30743262]

Dzaye O et al. Warranty period of a calcium score of zero: com-
prehensive analysis from the Multiethnic Study of Atheroscle-
rosis. JACC Cardiovasc Imaging. 2021;14:990. [Epub ahead of
print] [PMID: 33129734]

Greenland P et al. Coronary calcium score and cardiovascular
risk. J Am Coll Cardiol. 2018;72:434. [PMID: 30025580]

Grundy SM et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/
ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on
the management of blood cholesterol: executive summary.
Circulation. 2019;139:e1046. [PMID: 30565953]

Jaspers NEM et al. Prediction of individualized lifetime benefit
from cholesterol lowering, blood pressure lowering, anti-
thrombotic therapy, and smoking cessation in apparently
healthy people. Eur Heart J. 2020;41:1190. [PMID: 31102402]

Mach F et al. 2019 ESC/EAS Guidelines for the management of
dyslipidaemias: lipid modification to reduce cardiovascular
risk. Eur Heart J. 2020;41:111. [PMID: 31504418]

Michos ED et al. Lipid management for the prevention of ath-
erosclerotic cardiovascular disease. N Engl J Med. 2019;381:
1557. [PMID: 31618541]

Orringer CE, Blaha MJ et al. The National Lipid Association
scientific statement on coronary artery calcium scoring to
guide preventive strategies for ASCVD risk reduction. J Clin
Lipidol. 2021;15:33. [PMID: 33419719]

Wang N et al. Intensive LDL cholesterol-lowering treatment
beyond current recommendations for the prevention of major
vascular events: a systematic review and meta-analysis of
randomised trials including 327 037 participants. Lancet
Diabetes Endocrinol. 2020;8:36. [PMID: 31862150]

TREATMENT OF HIGH LDL CHOLESTEROL

Reduction of LDL cholesterol with statins is just one part of
a program to reduce the risk of CVD. Other measures—
including diet, exercise, smoking cessation, hypertension
control, diabetes control, and antithrombotic therapy—are
also of central importance. For example, exercise (and
weight loss) may reduce the LDL cholesterol and increase
the HDL.

The use of medications to raise the HDL cholesterol has
not been demonstrated to provide additional benefit. For
example, cholesteryl ester transfer protein inhibitors are a
class of medicines being investigated to raise HDL levels;
however, agents in this class have not been shown to be
effective in so doing. The addition of niacin to statins has
also been carefully studied in the AIM-HIGH study and
the HPS2-THRIVE study in patients at high risk for CVD
and shown not to produce any further benefit (ie, to
decrease parameters of cardiovascular risk).

Pappa E et al. Cardioprotective properties of HDL: structural
and functional considerations. Curr Med Chem. 2020;27:2964.
[PMID: 30714519]

van der Vorst EPC. High-density lipoproteins and apolipopro-
tein A1. Subcell Biochem. 2020;94:399. [PMID: 32189309]

» Diet Therapy

Studies of nonhospitalized adults have reported only mod-
est cholesterol-lowering benefits of individual dietary
therapies, typically in the range of a 5–10% decrease in
LDL cholesterol, and even less over the long term. The
effect of diet therapies, however, may be additive; some
patients will have striking reductions in LDL cholesterol—
up to a 25–30% decrease—whereas others will have clini-
cally important increases. Thus, the results of diet therapy
should be assessed about 4 weeks after initiation.

Several nutritional approaches to diet therapy are avail-
able. Most Americans currently eat over 35% of calories as
fat, of which 15% is saturated fat. A traditional cholesterol-
lowering diet recommends reducing total fat to 25–30%
and saturated fat to less than 7% of calories, with complete
elimination of trans fats. These diets replace fat, particu-
larly saturated fat, with carbohydrate. Other diet plans,
including the Dean Ornish Diet and most vegetarian diets,
restrict fat even further. Low-fat, high-carbohydrate diets
may, however, result in insulin resistance and reductions in
HDL cholesterol.

An alternative strategy is the Mediterranean diet, which
maintains total fat at approximately 35–40% of total calo-
ries but replaces saturated fat with monounsaturated fat
such as that found in canola oil and in olives, peanuts,
avocados, and their oils. This diet is equally effective at
lowering LDL cholesterol, and is less likely to lead to reduc-
tions in HDL cholesterol. Several studies have suggested
that this diet may also be associated with reductions in
endothelial dysfunction, insulin resistance, and markers of
vascular inflammation and may result in better resolution
of the metabolic syndrome than traditional cholesterol-
lowering diets. A clinical trial demonstrated reduced
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cardiovascular events in persons on a Mediterranean diet
supplemented with additional nuts or extra-virgin olive oil
compared to persons on a less intensive standard Mediter-
ranean diet.

Other dietary changes may also result in beneficial
changes in blood lipids. Soluble fiber, such as that found in
oat bran or psyllium, may reduce LDL cholesterol by 5–10%.
Plant stanols and sterols can reduce LDL cholesterol by 10%.
Intake of garlic, soy protein, vitamin C, and pecans may also
yield modest reductions of LDL cholesterol. Because oxida-
tion of LDL cholesterol is a potential initiating event in ath-
erogenesis, diets rich in antioxidants, found primarily in
fruits and vegetables, may be helpful (see Chapter 29). Stud-
ies have suggested that when all of these elements are com-
bined into a single dietary prescription, the impact of diet on
LDL cholesterol may approach that of statin medications,
lowering LDL cholesterol by close to 30%.

Abdelhamid AS et al. Polyunsaturated fatty acids for the primary
and secondary prevention of cardiovascular disease. Cochrane
Database Syst Rev. 2018;7:CD012345. [PMID: 30019767]

Arnett DK et al. 2019 ACC/AHA guideline on the primary pre-
vention of cardiovascular disease: executive summary: a
report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines.
J Am Coll Cardiol. 2019;74:1376. [PMID: 30894319]

Grundy SM et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/
ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on
the management of blood cholesterol: executive summary.
Circulation. 2019;139:e1046. [PMID: 30565953]

Pallazola VA et al. A clinician’s guide to healthy eating for cardio-
vascular disease prevention. Mayo Clin Proc Innov Qual
Outcomes. 2019;3:251. [PMID: 31485563]

» Pharmacologic Therapy

There are eight classes of medications currently available
for consideration in patients who require drug treatment of
an elevated cholesterol (statins, ezetimibe, PCSK9 inhibi-
tors, omega-3 fatty acids, bempedoic acid, bile-acid–
binding resins, fibrates, and niacin). As discussed above,
statins are the cornerstone of nearly all medical regimens,
and current guidelines define four groups of patients who
benefit from statin medications (adults with diabetes mel-
litus, those with existing ASCVD, LDL cholesterol greater
than 190 mg/dL, or 10-year risk of ASCVD greater than
7.5%). For LDL cholesterol, the evidence is strongest for
ezetimibe and PCSK9 inhibitors; for triglycerides, the evi-
dence is strongest for adding prescription-grade omega-3
fatty acid preparations. There is less evidence for choles-
terol absorption inhibitors, fibrates, and niacin. Bempedoic
acid, an inhibitor of adenosine triphosphate citrate lyase
(ACL)—the enzyme two steps upstream from HMG-CoA
reductase, the target of statins—was approved by the FDA
in 2020 and represents a new option for additional LDL
lowering.

A. Statins (Hydroxymethylglutaryl-Coenzyme A
[HMG-CoA] Reductase Inhibitors)

The statins (HMG-CoA reductase inhibitors) work by
inhibiting the rate-limiting enzyme in the formation of

cholesterol. Cholesterol synthesis in the liver is reduced,
with a compensatory increase in hepatic LDL receptors (so
that the liver can take more of the cholesterol that it needs
from the blood) and a reduction in the circulating LDL
cholesterol level by 50% or more at the highest doses. There
are also modest increases in HDL levels, substantial
decreases in triglyceride levels, and marked reductions in
high-sensitivity C-reactive protein levels.

The 2018 AHA/ACC/Multi-society guidelines divide
statins into two categories: “high-intensity” and “moder-
ate-intensity” statins (Table 28–2). High-intensity statins
lower LDL cholesterol by approximately 50%. Examples
include high-dose atorvastatin 40–80 mg/day and rosuvas-
tatin 20–40 mg/day (Table 28–3). Moderate-intensity
statins lower LDL cholesterol by approximately 30–50%.
Examples include pitavastatin 2–4 mg/day, simvastatin
20–40 mg/day, and pravastatin 40–80 mg/day, as well as
low-dose atorvastatin 10–20 mg/day and rosuvastatin
5–10 mg/day. All statins are given once daily in the morn-
ing or evening.

Statin-associated muscle aches, with normal serum creatine
kinase levels, occur in up to 10% of patients, and often such
patients can tolerate the statin upon rechallenge. The SAMSON
trial demonstrated the importance of the nocebo effect with
perceived statin intolerance (reported side effects being due
to patient expectations); in this trial, 90% of the symptoms
associated with statin rechallenge were also noted with placebo.

Table 28–2. Indications for high-intensity and moder-
ate-intensity statins: recommendations of the 2018
AHA/ACC/Multi-society guidelines.

Indicions

tremen

Recommendion

Presence of clinical ASCVD High-intensity statin

or

moderate-intensity statin

if over age 75 years

Primary elevation of LDL cholesterol

≥ 190 mg/dL (4.91 mmol/L)

High-intensity statin

Age 40–75 years1

Presence of diabetes

LDL ≥ 70 mg/dL (1.81 mmol/L)

Moderate-intensity statin

or

high-intensity statin if

10-year CVD risk

≥ 7.5% or other risk-

enhancing criteria1

Aged 40–75 years

No clinical ASCVD or diabetes

LDL 70–189 mg/dL (1.81–4.91 mmol/L)

Estimated 10-year CVD risk ≥ 7.5% or

coronary artery calcium > 0 and

> 75th percentile

Treat with moderate- to

high-intensity statin

1Diabetes duration > 10 years, microalbuminuria, chronic kidney

disease, and ankle brachial index < 0.9 favor aggressive treatment

even for patients age 20–39 years.

AHA/ACC, American Heart Association/American College of

Cardiology; ASCVD, atherosclerotic cardiovascular disease; CVD,

cardiovascular disease; HDL, high-density lipoprotein; LDL, low-

density lipoprotein.
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Table 28–3. Effects of selected lipid-modifying drugs (listed alphabetically).

Drug

Lipid-Modifying Effecs

triglyceride

Iniil Dily

Dose

Mximum

Dily Dose

Cos for 30 Dys of

tremen wi

Dose Lised1LDL hDL

Alirocumab (Praluent) –45 to –60% ±  ± 75 mg once every

2 weeks

150 mg once

every 2 weeks

$540.00 (75 mg every

2 weeks)

Atorvastatin (Lipitor) –25 to –40% +5 to 10% ↓↓ 10 mg once 80 mg once $8.49 (20 mg once)

Bempedoic acid

(Nexletol)

–17–20% –6% ± 180 mg once 180 mg once $419.76

Cholestyramine

(Questran, others)

–15 to –25% +5% ± 4 g twice a day 24 g divided $201.06 (8 g divided)

Colesevelam (WelChol) –10 to –20% +10% ± 625 mg, 6–7

tablets once

625 mg, 6–7

tablets once

$673.82 (6 tablets once)

Colestipol (Colestid) –15 to –60% +5% ± 5 g twice a day 30 g divided $235.82 (10 g divided)

Evolocumab (Repatha) –50 to –60% ±  ± 140 mg once

every 2 weeks

420 mg once

monthly

$571.86 (140 mg every

2 weeks)

Ezetimibe (Zetia) –20% +5% ± 10 mg once 10 mg once $250.80 (10 mg once)

Fenofibrate (Tricor,

others)

–10 to –15% +15 to 25% ↓↓ 48 mg once 145 mg once $37.20 (145 mg once)

Fenofibric acid (Trilipix) –10 to –15% +15 to 25% ↓↓ 45 mg once 135 mg once $160.05 (135 mg once)

Fluvastatin (Lescol) –20 to –30% +5 to 10% ↓ 20 mg once 40 mg once $113.40 (20 mg once)

Gemfibrozil (Lopid,

others)

–10 to –15% +15 to 20% ↓↓ 600 mg once 1200 mg divided $58.20 (600 mg twice a

day)

Lomitapide

(Juxtapid)2,3

–40 to –50%4 –7%4 ↓↓ 5 mg once 60 mg once $55,802.55 (any dose)

Lovastatin (Mevacor,

others)

–25 to –40% +5 to 10% ↓ 10 mg once 80 mg divided $67.50 (20 mg once)

Niacin (OTC, Niaspan) –15 to –25% +25 to 35% ↓↓ 100 mg once 3–4.5 g divided $5.40 (1.5 g twice a day,

OTC)

$282.60 (2 g Niaspan)

Omega-3 fatty acid

ethyl esters (Lovaza)
↓↓ 4 g once 4 g once $248.40 (4 g daily)

Omega-3 fatty acid

icosapent ethyl

(Vascepa)

↓↓ 2 g twice 2 g twice $376.80 (2 g twice day)

Pitavastatin (Livalo,

Zypitamag)

–30 to 40% +10 to 25% ↓↓ 2 mg once 4 mg once $279.00 (2 mg once)

Pravastatin (Pravachol) –25 to –40% +5 to 10% ↓ 20 mg once 80 mg once $75.00 (20 mg once)

Rosuvastatin (Crestor) –40 to –50% +10 to 15% ↓↓ 10 mg once 40 mg once $43.20 (20 mg once)

Simvastatin (Zocor,

others)

–25 to –40% +5 to 10% ↓↓ 5 mg once 80 mg once $3.90 (10 mg once)

1Average wholesale price (AWP, for AB-rated generic when available) for quantity listed. Source: IBM Micromedex Red Book (electronic version),

IBM Watson Health, Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com (cited April 18, 2021). AWP may not

accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.
2Restricted to patients with homozygous familial hypercholesterolemia.
3FDA Black Box warning regarding hepatotoxicity.
462% of patients also received plasma lipoprotein apheresis.
5No plasma lipoprotein apheresis allowed in clinical trial.

HDL, high-density lipoprotein; LDL, low-density lipoprotein; ± variable, if any; others, indicates availability of less expensive generic prepara-

tions; OTC, over the counter.
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The Statin-Associated Muscle Symptom Clinical Index
(SAMS-CI) is a useful tool to help differentiate statin-
related symptoms from symptoms unrelated to statins.
More serious, but very uncommon, muscle disease includes
myositis and rhabdomyolysis, with moderate and marked
elevations of serum creatine kinase levels, respectively.
Such muscle disease occurs more often when the statin is
taken with niacin or a fibrate, as well as with erythromycin,
antifungal medications, nefazodone, or cyclosporine. Sim-
vastatin at the highest approved dose (80 mg) is associated
with an elevated risk of muscle injury or myopathy; this
dose should be used only in patients who have been taking
simvastatin at a lower dose for longer than 1 year without
muscle toxicity. Liver disease, with elevations of serum
transaminases, is another uncommon side effect of statin
therapy and is again more common in patients who are
also taking fibrates or niacin. Manufacturers of statins rec-
ommend monitoring liver enzymes before initiating ther-
apy and as clinically indicated thereafter; current guidelines
do not recommend routine monitoring. Liver failure can
occur but is extremely uncommon. Finally, statin therapy is
associated with a 10% increase in risk of developing diabe-
tes mellitus in at-risk individuals (eg, those with the meta-
bolic syndrome).

B. Ezetimibe

Ezetimibe inhibits the intestinal absorption of dietary and
biliary cholesterol across the intestinal wall by inhibiting a
cholesterol transporter. The dose of ezetimibe is 10 mg/day
orally. Ezetimibe reduces LDL cholesterol between 15%
and 20% when used as monotherapy, reduces high-
sensitivity C-reactive protein, and can further reduce LDL
in patients taking statins in whom the therapeutic goal has
not been reached. While beneficial effects of ezetimibe
monotherapy on cardiovascular outcomes are available
from only a large open-label trial, the double-blind
IMPROVE-IT trial showed that adding ezetimibe to a
statin resulted in a small incremental 5–10% relative risk
reduction in detrimental cardiovascular outcomes. At the
end of 7 years of study, patients taking ezetimibe-
simvastatin had a 2% absolute reduction in cardiovascular
events compared to patients taking simvastatin alone. Cur-
rent guidelines recommend adding ezetimibe therapy to
maximally tolerated statin therapy in patients at high risk
for CVD whose LDL cholesterol remains above the treat-
ment threshold of 70 mg/dL.

C. Proprotein Convertase Subtilisin/Kexin Type 9
(PCSK9) Inhibitors

As of early 2021, available PCSK9 inhibitors are fully human
monoclonal antibodies that inhibit PCSK9-mediated LDL-
receptor degradation and lower LDL cholesterol levels by
50–60% and lipoprotein(a) by up to 20–30%. Two agents,
alirocumab and evolocumab, are approved for use in the
United States for patients with familial hypercholesterol-
emia or patients with CVD who require additional lowering
of LDL cholesterol. The medications are injected subcuta-
neously every 2–4 weeks. No significant increase in adverse
events has been observed compared to placebo. The FOURIER

(Further Cardiovascular Outcomes Research with PCSK9
Inhibition in Subjects with Elevated Risk) trial compared
evolocumab with placebo in 27,564 patients with estab-
lished atherosclerotic disease already taking statin therapy;
participants were monitored for a median of 2.2 years. LDL
cholesterol was reduced by 59%. Patients receiving the
evolocumab plus statin had a 15% reduction in the primary
composite endpoint of cardiovascular death, myocardial
infarction, stroke, hospital admission for unstable angina,
or coronary revascularization and a 20% reduction in the
secondary outcome of cardiovascular death, myocardial
infarction, or stroke. The ODYSSEY-OUTCOMES study
randomized 18,924 patients with recent acute coronary
syndrome to alirocumab or placebo, demonstrating a 15%
reduction in the primary composite cardiovascular end-
point and a 15% reduction in all-cause mortality in second-
ary statistical testing after median 2.8-year follow-up.

However, despite encouraging results from multiple
clinical trials, initial cost-effectiveness models suggested
that PCSK9 inhibitors were not cost-effective. After marked
price reductions in 2018 and 2019, PCSK9 inhibitors are
closer to being cost-effective; however, guidelines suggest
that their relatively high cost must still remain part of the
consideration regarding their use. Current guidelines rec-
ommend addition of PCSK9 inhibitors to statins at maxi-
mally tolerated doses in patients at very high risk for CVD
when on-treatment LDL cholesterol remains above
70 mg/dL (or above 100 mg/dL in patients with familial
hypercholesterolemia). Patients considered to be at very
high-risk for CVD include those with recent acute coro-
nary syndrome within 12 months; multiple prior myocar-
dial infarctions or strokes; significant unrevascularized
coronary artery disease; and polyvascular disease (coro-
nary plus cerebrovascular or peripheral vascular disease).

D. Omega-3 Fatty Acid Preparations

Omega-3 fatty acids are essential fatty acids that must be
consumed in the diet and are a prominent feature of
Mediterranean-style diets. In pharmacologic doses,
omega-3 fatty acid preparations can lower triglycerides by
up to 30%, with modest reductions in apolipoprotein-B–
containing lipoproteins and high-sensitivity C-reactive
protein. Pharmacologic therapy should be differentiated
from dietary omega-3 fatty acid supplements. The former
is an FDA-approved product usually given at a much
higher dose; dietary supplements are variable, the sup-
porting evidence is much weaker, and they are not cur-
rently regulated.

There is modest evidence from meta-analyses that
omega-3 fatty acid supplementation reduces myocardial
infarctions, though with no reduction in total or cardiovas-
cular mortality. Omega-3 ethyl esters have not been associ-
ated with cardiovascular event reduction when added to
statin therapy.

In contrast, icosapent ethyl, which is a highly purified
eicosapentaenoic acid (EPA) only preparation, was shown
to reduce cardiovascular deaths, nonfatal myocardial
infarctions, nonfatal strokes, coronary revascularizations,
and unstable angina by 25% in statin-treated patients with
triglycerides greater than 135 mg/dL in the 8179 person
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REDUCE-IT randomized clinical trial compared to a min-
eral oil placebo. The mechanism of action of icosapent
ethyl is not yet clear but likely involves multiple mecha-
nisms beyond lipid lowering, including antiplatelet activity,
anti-inflammatory activity, and arrhythmia prevention. In
2019, the FDA granted icosapent ethyl a broad indication
for CVD event lowering in patients with triglycerides over
150 mg/dL and either established CVD or diabetes mellitus
plus two or more additional risk factors for CVD. There
remains controversy about the efficacy of omega-3 thera-
pies, since the 2020 STRENGTH trial showed no CVD
benefit of omega-3 carboxylic acids; it remains unclear if
this result was due to a different omega-3 fatty acid prepa-
ration, chance, or a much smaller benefit of omega-3 fatty
acids preparations than originally demonstrated.

E. Bempedoic Acid

Similar to statins, bempedoic acid targets cholesterol syn-
thesis in the liver, ultimately resulting in upregulation of
expression of the LDL receptor. Bempedoic acid is a small
molecule inhibitor of adenosine triphosphate citrate lyase
(ACL), an enzyme that is upstream of the mechanism of
statins (inhibition of HMG-CoA reductase). Bempedoic
acid lowers LDL approximately 17–20% on top of moder-
ate to high intensity statins. Bempedoic acid is also mar-
keted in combination with ezetimibe; this combination
provides approximately 38% LDL reduction on top of
background lipid-lowering therapy. Treatment with bem-
pedoic acid may mildly decrease both high-sensitivity
C-reactive protein (hsCRP) and the risk of diabetes.
Patients treated with bempedoic acid should be monitored
for hyperuricemia and the potential onset or worsening of
gout. Bempedoic acid also appears to modestly increase the
risk of tendon rupture. Bempedoic acid should not be used
with more than 20 mg of simvastatin daily or 40 mg of
pravastatin daily.

F. Bile Acid–Binding Resins

The bile acid–binding resins include cholestyramine, cole-
sevelam, and colestipol. In the pre-statin era, treatment
with these agents reduced the incidence of coronary events
in middle-aged men by about 20%, with no significant
effect on total mortality. The resins work by binding bile
acids in the intestine. The resultant reduction in the
enterohepatic circulation causes the liver to increase its
production of bile acids, using hepatic cholesterol. Thus,
hepatic LDL receptor activity increases, with a decline in
plasma LDL levels. The triglyceride level tends to increase
in some patients treated with bile acid–binding resins;
these resins should be used with caution in patients with
elevated triglycerides and not at all in patients who have
triglyceride levels above 500 mg/dL. The clinician can
anticipate a reduction of 15–25% in the LDL cholesterol
level, with insignificant effects on the HDL level. Resins are
the only lipid-modifying medication considered safe in
pregnancy.

These agents may interfere with the absorption of fat-
soluble vitamins (thereby complicating the management of
patients receiving warfarin) and may bind other drugs in

the intestine. They often cause gastrointestinal symptoms,
such as constipation and gas. Concurrent use of psyllium
may ameliorate these gastrointestinal side effects.

G. Fibric Acid Derivatives

The fibrates are peroxisome proliferative-activated receptor-
alpha (PPAR-alpha) agonists that result in significant
reductions of plasma triglycerides and increases in HDL
cholesterol. They reduce LDL levels by about 10–15%
(although the result is variable) and triglyceride levels by
about 40% and raise HDL levels by about 15–20%. The
fibric acid derivatives or fibrates approved for use in the
United States are gemfibrozil and fenofibrate. Ciprofibrate
and bezafibrate are also available for use internationally.

Gemfibrozil monotherapy reduced CHD rates in hyper-
cholesterolemic middle-aged men free of coronary disease
in the Helsinki Heart Study. The effect was observed only
among those who also had lower HDL cholesterol levels
and high triglyceride levels. In a Veterans Affairs study,
gemfibrozil monotherapy was also shown to reduce cardio-
vascular events in men with existing CHD whose primary
lipid abnormality was a low HDL cholesterol.

However, fibrates have not been shown to reduce car-
diovascular events in all statin-treated patients with CVD
or diabetes. For example, in the ACCORD study, addition
of fenofibrate to statin in patients with diabetes and mild
triglyceride elevations resulted in no benefit.

The usual dose of gemfibrozil is 600 mg once or twice a
day. Side effects include cholelithiasis, hepatitis, and myo-
sitis. The incidence of the latter two conditions may be
higher among patients also taking other lipid-lowering
agents. Fenofibrate, 48–145 mg daily, has slightly fewer side
effects than gemfibrozil.

H. Niacin (Nicotinic Acid)

Niacin reduces the production of VLDL particles, with
secondary reduction in LDL and increases in HDL choles-
terol levels. The average effect of full-dose niacin therapy is
a 15–25% reduction in LDL cholesterol and a 25–35%
increase in HDL cholesterol.

There is very little evidence to support the use of niacin
in the modern era. In two large pivotal clinical trials, AIM-
HIGH and HPS2-THRIVE, extended-release niacin did
not reduce cardiovascular events when added to statin
therapy in high-risk patients. Therefore, niacin should be
rarely used.

» Treatment Algorithms

For patients who require a lipid-modifying medication, an
HMG-CoA reductase inhibitor (statin) is recommended.
In patients with CVD, this should be at its maximally toler-
ated dose.

Combination therapy is indicated for (1) patients with
familial hypercholesterolemia with on-treatment LDL
cholesterol that is above 100 mg/dL; (2) patients with
advanced subclinical atherosclerosis (coronary artery
calcium scores greater than 300 or even greater than
1000) or existing CVD with on-treatment LDL cholesterol
that remains above 70 mg/dL; and (3) many high-risk
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patients with triglycerides greater than 150 mg/dL or non-
HDL cholesterol greater than 100 mg/dL.

Patients with heterozygous familial hypercholesterolemia
or premature CVD may need two or more medications to
get below the treatment threshold, while those without CVD
(primary prevention) less commonly need multiple medica-
tions. The 2018 AHA/ACC/Multi-society guidelines recom-
mend addition of ezetimibe in high-risk patients, while
reserving PCSK9 inhibitor therapy for very high-risk
patients or those taking maximally tolerated statin therapy
and ezetimibe with LDL cholesterol still not below 70 mg/dL
(Figure 28–2). Notably, the 2019 European Society of Cardi-
ology guidelines have endorsed an LDL cholesterol treat-
ment goal of less than 55 mg/dL in very high-risk patients,
which uniquely include patients with at least two 50% coro-
nary artery stenoses identified by coronary CT angiography.
These guidelines further endorse an LDL goal of less than
40 mg/dL in the highest-risk patients with multiple recent
CVD events. Other guidelines, including the American

Diabetes Association and the National Lipid Association,
have endorsed the use of icosapent ethyl in high-risk
patients with CVD or diabetes and on-treatment triglycer-
ides greater than 150 mg/dL.

Patients with homozygous familial hypercholester-
olemia may need plasmapheresis and/or special lipid-
lowering therapies uniquely approved for this population
(Table 28–3).

Di Minno A et al. Efficacy and safety of bempedoic acid in
patients with hypercholesterolemia: systematic review and
meta-analysis of randomized controlled trials. J Am Heart
Assoc. 2020;9:e016262. [PMID: 32689862]

Grundy SM et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/
ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on
the management of blood cholesterol: executive summary.
Circulation. 2019;139:e1046. [PMID: 30565953]

Mach F et al. 2019 ESC/EAS Guidelines for the management of
dyslipidaemias: lipid modification to reduce cardiovascular
risk. Eur Heart J. 2020;41:111. [PMID: 31504418]
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Dashed arrow
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If on clinically judged maximal LDL-C

lowering therapy and LDL-C ≥ 70 mg/dL

(≥ 1.8 mmol/L), or non-HDL-C ≥ 100 mg/dL

(≥ 2.6 mmol/L), adding PCSK9-I

is reasonable (Class IIa)

High-intensity statin

(Goal: ↓ LDL-C ≥ 50%)

(Class I)

Age ≤ 75 y Age > 75 y

Very high-risk1 ASCVD

High-intensity or maximal statin (Class I)

1Very high-risk groups include patients with recent acute coronary syndrome within 12 months; multiple

prior myocardial infarctions or strokes; significant unrevascularized coronary artery disease; and polyvascular

disease (coronary + cerebrovascular or peripheral vascular)

(Class I = Strong recommendation [benefit >>> risk]; Class IIa = Moderately strong recommendation

[benefit >> risk]; Class lIb = Weak recommendation [benefit > risk])

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PCSK9-I, proprotein

convertase subtilisin/kexin type 9 inhibitor; RCT, randomized controlled trial.

▲ Figure 28–2. Clinical treatment algorithm for patients with atherosclerotic cardiovascular disease (ASCVD).
(Used, with permission, from Grundy SM et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/
PCNA guideline on the management of blood cholesterol: executive summary. Circulation. 2019;139:e1046. © 2018
American Heart Association, Inc.)
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HIGH BLOOD TRIGLYCERIDES

Patients with very high levels of serum triglycerides (greater
than 1000 mg/dL) are at risk for pancreatitis. The patho-
physiology is not certain, since pancreatitis never develops
in some patients with very high triglyceride levels. Most
patients with congenital abnormalities in triglyceride metab-
olism present in childhood; hypertriglyceridemia-induced
pancreatitis first presenting in adults is more commonly due
to an acquired problem in lipid metabolism.

Although there are no clear triglyceride levels that pre-
dict pancreatitis, most clinicians treat fasting levels above
500 mg/dL (5 mmol/L). The risk of pancreatitis may be
more related to the triglyceride level following consump-
tion of a fatty meal. Because postprandial increases in tri-
glyceride are inevitable if fat-containing foods are eaten,
fasting triglyceride levels in persons prone to pancreatitis
should be kept well below that level.

The primary therapy for high triglyceride levels is
dietary, avoiding alcohol, simple sugars, refined starches,
and saturated and trans fatty acids, and restricting total
calories. Control of secondary causes of high triglyceride

levels may also be helpful. In patients with fasting triglyc-
erides greater than or equal to 500 mg/dL (5 mmol/L)
despite adequate dietary compliance—and certainly in
those with a previous episode of pancreatitis—therapy with
a triglyceride-lowering drug (eg, statins, omega-3 prepara-
tions, or fibric acid derivatives) is indicated. Combinations
of these medications may also be used.

Currently, drug treatment for patients with triglycerides
greater than 150 mg/dL (1.5 mmol/L) is reserved for those
with established CVD with well-controlled LDL choles-
terol on maximally tolerated therapy with statins or other
agents. Currently, data are strongest for icosapent ethyl.

Bhatt DL et al; REDUCE-IT Investigators. Cardiovascular risk
reduction with icosapent ethyl for hypertriglyceridemia.
N Engl J Med. 2019;380:11. [PMID: 30415628]

Chaudhry R et al. Pharmacological treatment options for severe
hypertriglyceridemia and familial chylomicronemia syn-
drome. Expert Rev Clin Pharmacol. 2018;11:589. [PMID:
29842811]

Nurmohamed NS et al. Targeting apoC-III and ANGPTL3 in the
treatment of hypertriglyceridemia. Expert Rev Cardiovasc
Ther. 2020;18:355. [PMID: 32511037]

Orringer CE et al. National Lipid Association Scientific
Statement on the use of icosapent ethyl in statin-treated
patients with elevated triglycerides and high or very-high
ASCVD risk. J Clin Lipidol. 2019;13:860. [PMID: 31787586]

Packard CJ et al. Causes and consequences of hypertriglyceride-
mia. Front Endocrinol (Lausanne). 2020;11:252. [PMID:
32477261]

Rygiel K. Hypertriglyceridemia—common causes, prevention
and treatment strategies. Curr Cardiol Rev. 2018;14:67.
[PMID: 29366425]

Simha V. Management of hypertriglyceridemia. BMJ.
2020;371:m3109. [PMID: 33046451]
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NUTRITIONAL DISORDERS

PROTEIN–ENERGY MALNUTRITION

E S S E N T I A L S  O F  D I A G N O S I S

» Decreased intake of energy or protein, increased
nutrient losses, or increased nutrient requirements.

» Kwasiorkor: caused by protein deficiency.

» Marasmus: caused by combined protein and
energy deficiency.

» Protein loss correlates with weight loss: 35–40%
total body weight loss can be fatal.

» General Considerations

Protein–energy malnutrition occurs as a result of a relative
or absolute deficiency of energy and protein. It may be
primary, due to inadequate food intake, or secondary, as a
result of other illness. For many developing nations, pri-
mary protein–energy malnutrition remains a significant
health problem. It occurs in two distinct syndromes.
Kwashiorkor, caused by a deficiency of protein in the pres-
ence of adequate energy, is typically seen in weaning infants
where foods containing protein are insufficient. Marasmus,
caused by combined protein and energy deficiency, is seen
where adequate quantities of food are not available.

In industrialized societies, protein–energy malnutrition
is most often secondary to other diseases. Kwashiorkor-
like secondary protein–energy malnutrition occurs pri-
marily in hypermetabolic acute illnesses such as trauma,
burns, and sepsis. Marasmus-like secondary protein–
energy malnutrition typically results from chronic dis-
eases such as chronic obstructive pulmonary disease
(COPD), heart failure, cancer, or AIDS. In both syn-
dromes, protein–energy malnutrition is caused either by
decreased intake of energy and protein or by increased
nutrient losses related to underlying illness. For example,
diminished energy intake may result from poor dentition
or various gastrointestinal disorders. Increased nutrient
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losses may result from malabsorption, diarrhea, and gly-
cosuria. Increased nutrient requirements occur with fever,
surgery, neoplasia, and burns.

» Clinical Findings

Clinical manifestations of protein–energy malnutrition range
from mild growth retardation and weight loss to a number of
distinct clinical syndromes. In the developing world, children
manifest marasmus and kwashiorkor. In industrialized
nations, clinical manifestations of secondary protein–energy
malnutrition are affected by the patient’s nutritional status
prior to illness, the illness resulting in the protein and
energy deficiency, and degree of the deficiency.

In most patients with marasmus-like secondary protein–
energy malnutrition, wasting begins with weight loss that
progresses to severe cachexia. In the most severe form of
this disorder, body fat stores disappear and muscle mass
decreases, most noticeably in the temporalis and interosse-
ous muscles. Laboratory studies may be unremarkable—
serum albumin, for example, may be normal or slightly
decreased, but rarely to less than 2.8 g/dL (28 g/L). In
contrast, kwashiorkor-like secondary protein–energy
malnutrition—with its rapidity of onset—may develop in
patients with normal subcutaneous fat and muscle mass
and even in patients with excess fat and muscle. The serum
protein level, however, typically declines and serum albu-
min is often less than 2.8 g/dL (28 g/L). Dependent edema,
ascites, or anasarca may develop. As with primary protein–
energy malnutrition, combinations of the marasmus-like
and kwashiorkor-like syndromes can occur simultane-
ously, typically in patients with progressive chronic disease
in whom a superimposed acute illness develops.

» Treatment

The treatment of severe protein–energy malnutrition is a
slow process requiring great care. Initial efforts should be
directed at correcting fluid and electrolyte abnormalities
and infections. Of particular concern are depletion of
potassium, magnesium, and calcium as well as acid–base
abnormalities. The second phase of treatment is directed at
repletion of protein, energy, and micronutrients. Treatment
is started with modest quantities of protein and calories
calculated based on the patient’s actual body weight. Adult
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patients are given 1 g/kg of protein and 30 kcal/kg of calo-
ries per day. Concomitant administration of vitamins and
minerals is obligatory. Either the enteral or parenteral route
can be used, although the former is preferable. Patients
with less severe protein–calorie undernutrition can be
given calories and protein simultaneously with the correc-
tion of fluid and electrolyte abnormalities.

Patients treated for protein–energy malnutrition require
close follow-up. In adults, both calories and protein are
advanced as tolerated to 30–35 kcal/kg/day and 1.5 g/kg/day
of protein.

Patients who are refed too rapidly may develop a number
of untoward clinical sequelae. During refeeding, circulating
potassium, magnesium, phosphorus, and glucose move
intracellularly and can result in low serum levels of each,
sometimes with significant consequences. The administra-
tion of water and sodium with carbohydrate refeeding can
result in heart failure in persons with depressed cardiac
function. Enteral refeeding can lead to diarrhea and malab-
sorption due to small intestinal mucosal atrophy.

Refeeding edema is benign but must be differentiated
from heart failure. Changes in renal sodium reabsorption
and poor skin and blood vessel integrity may result in depen-
dent edema without other signs of heart disease. Treatment
includes elevation of the dependent area and modest sodium
restriction. Diuretics are usually ineffective, may aggravate
electrolyte deficiencies, and should not be used.

The prevention and early detection of protein–energy
malnutrition in hospitalized patients require awareness of
its risk factors and early symptoms and signs. Patients at
risk require formal assessment of nutritional status and
close observation of dietary intake, body weight, and nutri-
tional requirements during the hospital stay.

Reber E et al. Nutritional risk screening and assessment. J Clin
Med. 2019;8:E1065. [PMID: 31330781]

Sieber CC. Malnutrition and sarcopenia. Aging Clin Exp Res.
2019;31:793. [PMID: 31148100]

Volkert D et al. ESPEN guideline on clinical nutrition and hydra-
tion in geriatrics. Clin Nutr. 2019;38:10. [PMID: 30005900]

OBESITY

E S S E N T I A L S  O F  D I A G N O S I S

» Disorder of energy homeostasis; body mass index
(BMI) > 30 kg/m2.

» Upper body obesity (abdomen and flank) of
greater health consequence than lower body obe-
sity (buttocks and thighs).

» Associated comorbid conditions include type 2
diabetes mellitus, hypertension, hyperlipidemia,
heart disease, stroke, and obstructive sleep apnea.

» Definition & Measurement

Obesity is a multifactorial, chronic disease characterized by
an accumulation of visceral and subcutaneous fat, which
promotes adipocyte dysfunction. Obesity predisposes to a

wide variety of comorbid conditions. BMI typically corre-
lates with excess adipose tissue. It is calculated by dividing
body weight in kilograms by height in meters squared. The
National Institutes of Health (NIH) defines a normal BMI
as 18.5–24.9 kg/m2. Overweight is defined as BMI
25–29.9 kg/m2. Class I obesity is 30–34.9 kg/m2, class II is
35–39.9 kg/m2, and class III is greater than or equal to
40 kg/m2. Upper body obesity (excess adipose tissue
around the waist and flank) is a greater health hazard than
lower body obesity (adipose tissue in the thighs and but-
tocks). Patients with obesity and increased abdominal cir-
cumference (greater than 102 cm or 40 inches in men and
88 cm or 35 inches in women) or high waist–hip ratios
(greater than 1.0 in men and 0.85 in women) have a greater
risk of weight-related comorbid conditions and early death
than patients with the same BMI and lower ratios. Visceral
fat within the abdominal cavity is more hazardous to health
than subcutaneous fat around the abdomen. Survey data
suggest that almost 40% of Americans have obesity.

» Etiology

Both genetic and environmental factors contribute to the
development of obesity. Twin studies demonstrate that
genetics account for 40–90% of the variation in BMI,
although only a small percentage is due to single gene
mutations. Most obesity develops from interactions of
multiple genes, environmental factors, and behavior. The
rapid increase in obesity in the last several decades points
to major roles for environmental and behavioral factors.

» Medical Evaluation of the
Patient with Obesity

Medical history should determine the age at onset of
weight gain, recent weight changes, family history of obe-
sity, occupational history, eating and exercise behavior,
previous weight loss experience, and psychosocial factors
including assessment for depression and eating disorders.

Physical examination should assess BMI, degree and
distribution of body fat, and overall nutritional status. Signs
of secondary causes of obesity should be pursued; however,
less than 1% of patients have an identifiable cause. Cushing
syndrome is an example that can be diagnosed by physical
examination and laboratory testing in patients with unex-
plained recent weight gain (see Chapter 26). All patients
should be screened for weight-related comorbid conditions,
including obstructive sleep apnea. Blood pressure, waist
circumference, fasting glucose, comprehensive metabolic
profile, lipid panel, and hemoglobin A

1c
should be measured

as well as other laboratory tests as clinically indicated.

» Treatment

Weight loss of 5–10% body weight is sufficient in many
patients with obesity for clinically relevant improvements
in many risk factors, and the risk reduction appears to be
“dose-related.” Magnitude of weight loss at 1 year is
strongly associated with improvements in many parame-
ters including blood sugar, blood pressure, triglycerides,
and high-density lipoprotein (HDL) cholesterol.

Successful treatment of obesity requires a multidisci-
plinary approach to counteract the body’s resistance to
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weight loss. Diet, physical activity, and behavioral modifica-
tions are the cornerstones of weight management. Many
dietary strategies can be effective for weight loss. Recom-
mendations should be tailored to a patient’s preferences as
dietary adherence is associated with greater weight loss and
greater reductions in cardiac risk factors. Dietary instructions
should emphasize intake of predominantly “unprocessed”
foods, with special attention to limiting foods that provide
large amounts of calories without other nutrients, eg, ultra-
processed foods, sugary drinks, fast food, junk food, and
sweets. A Mediterranean diet can be a good option for
patients at high cardiovascular risk, since it has been shown
to reduce the incidence of major cardiovascular events. A
low-glycemic-index diet can curb hunger and decrease crav-
ings by reducing blood sugar fluctuations. Meal replacement
diets can also achieve effective weight loss. Registered dieti-
tians can provide dietary education and customize diet plans.

Long-term changes in eating behavior are required to
maintain weight loss and formal behavior modification
programs are available. It is important to emphasize plan-
ning and self-monitoring, including weighing at regular
intervals and keeping a food log to track caloric intake.
Self-monitoring aids in behavioral change and provides the
practitioner with additional data from which to tailor rec-
ommendations. Patients can learn to recognize “eating
cues” (emotional, situational, etc) and how to avoid or
control them. Weight maintenance can be more challeng-
ing than initial weight loss, hence it is important to con-
tinue self-monitoring and regular follow-up to ensure
adherence to the treatment plan.

Physical activity offers several advantages for patients
trying to achieve and maintain weight loss. Aerobic exer-
cise increases daily energy expenditure and partially pre-
vents the decrease in basal energy expenditure (BEE)
resulting from weight loss. It is particularly useful for long-
term weight maintenance and helps preserve lean body
mass. Exercise plus diet results in slightly greater weight
loss than diet or exercise alone. A greater intensity of exer-
cise is associated with a greater amount of weight loss. Up
to 1 hour of moderate exercise per day is associated with
long-term weight maintenance in individuals who have
successfully lost weight.

The American College of Sports Medicine recommends
150 minutes of moderate-intensity aerobic physical activity
(such as tennis or brisk walking) per week, 75 minutes of
vigorous-intensity aerobic exercise (such as jogging or
swimming laps) per week, or an equivalent combination of
moderate- and vigorous-intensity aerobic activity. Exercise
should be spread throughout the week. Weight resistance is
also recommended at least twice per week. Exercise physi-
ologists and physical therapists can provide additional sup-
port for patients.

Medications can have unpredictable and variable effects
on patients’ weight, so it is important to review patients’
medication regimens and balance their benefits against the
probability of weight gain. Multiple medications are associ-
ated with weight gain, including corticosteroids, contracep-
tives and other hormonal agents, and certain antidiabetic,
antihypertensive, antidepressant, antipsychotic, antiepilep-
tic, and antihistamine agents. Table 29–1 provides an over-
view of weight-gaining medications as well as potential

alternatives. When possible, clinicians should prescribe
weight-neutral or weight loss–promoting medications. If
there are no alternatives, weight gain can be prevented or
lessened by selecting the lowest clinically effective dose.

Weight loss achieved by lifestyle modifications alone is
often limited and difficult to maintain. Reduced calorie
intake and increased energy expenditure are counteracted
by adaptive physiologic responses. Appetite increases and
resting metabolic rate decreases out of proportion to what
would be expected based on changes in body composition.
As a result, patients may require antiobesity medications,
bariatric surgery, devices, or endoscopic bariatric therapies
to achieve and maintain significant weight loss.

Antiobesity medications (Table 29–2) can be consid-
ered in patients with a BMI 30 kg/m2 or higher or a BMI
27 kg/m2 or higher with weight-related comorbidities. Many
affect mechanisms regulating appetite through serotonergic,
dopaminergic, or noradrenergic pathways. Medications
approved for weight management should be viewed as addi-
tions to diet and exercise for patients who have been unsuc-
cessful with lifestyle changes alone. The five most widely
prescribed antiobesity medications approved by the FDA are
phentermine, orlistat, phentermine/topiramate extended
release (ER), naltrexone sustained-release (SR)/bupropion
SR, and liraglutide. Table 29–2 provides an overview of these
medications. In addition to producing weight loss, each
medication improves biomarkers including blood sugar,
blood pressure, and lipids. The three agents approved since
2012 have stopping rules, which provide weight loss thresh-
olds after 12–16 weeks of treatment under which medication
discontinuation is suggested.

Phentermine is the most commonly prescribed
adrenergic agonist and antiobesity medication in the
United States. In a 28-week controlled trial, participants
taking phentermine 15 mg daily lost an average of 6.0 kg
compared with 1.5 kg among those assigned to placebo.
The maximum recommended dosage of phentermine is
37.5 mg daily, but the dosage should be individualized to
the lowest effective dose.

Orlistat works in the gastrointestinal tract to inhibit
intestinal lipase, thus reducing dietary fat absorption. It
may thereby cause steatorrhea, fecal urgency, abdominal
discomfort, and reduced absorption of fat-soluble vita-
mins. Orlistat is associated with a 9.6% weight loss after
1 year compared to 5.6% with placebo. The recommended
dose is 120 mg (Xenical, prescription-strength) or 60 mg
(Alli, over-the-counter) three times per day with each main
meal containing fat.

The combination of phentermine and topiramate ER
(3.75 mg/23 mg orally daily for 14 days, then 7.5 mg/46 mg
orally daily, to a maximum dosage of 15 mg/92 mg orally
daily) targets two different weight-regulation mechanisms
simultaneously. In a 56-week clinical trial, participants tak-
ing 15/92 mg lost significantly more weight (9.8%) than
those assigned to 7.5/46 mg (7.8%) or placebo (1.2%).
There may be a potential increased risk of orofacial clefts in
infants exposed to topiramate during the first trimester of
pregnancy.

The combination of naltrexone SR and bupropion SR
(8 mg/90 mg, increasing from 1 tablet orally daily by 1
additional daily tablet each week to a maximum of 2 tablets
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twice daily) reduces both appetite and food cravings by
targeting two areas of the brain: the arcuate nucleus of the
hypothalamus and the mesolimbic dopamine reward cir-
cuit. Naltrexone 32 mg/bupropion 360 mg is associated
with a 6.1% reduction in body weight compared to 1.3%
with placebo after 56 weeks. As with all antidepressants,
bupropion carries a black box warning related to a poten-
tial increase in suicidality among patients under age 24
during the early phase of treatment.

Liraglutide and semaglutide are two glucagon-like
peptide-1 (GLP-1) receptor agonists approved by the FDA
for the treatment of obesity. Liraglutide is initiated at a
dose of 0.6 mg subcutaneously daily, increasing by 0.6 mg each
week to a maximum of 3.0 mg subcutaneously daily. Lira-
glutide was initially FDA approved in 2010 for the treat-
ment of type 2 diabetes at doses up to 1.8 mg subcutaneously
daily. Liraglutide 3.0 mg is associated with 8.0% weight loss
compared to 2.6% with placebo after 56 weeks. Liraglutide

1.8 mg subcutaneously daily has been FDA approved for
cardiovascular risk reduction in patients with type 2 diabe-
tes at elevated cardiovascular risk. Semaglutide, approved
by the FDA in 2021, is given at a dose of 2.4 mg subcutane-
ously once weekly for chronic weight management in
patients with obesity (BMI of 30 kg/m2 or greater) or over-
weight (BMI 27 kg/m2 or greater) with a weight-related
comorbid condition (eg, hypertension, hypercholesterol-
emia, or type 2 diabetes). In clinical trials, semaglutide
was associated with 14.9% weight loss compared to 2.4%
weight loss with placebo after 68 weeks. There is a boxed
warning that both liraglutide and semaglutide may cause
thyroid C-cell tumors (including medullary thyroid carci-
noma) in rodents. It has not been determined if GLP-1
receptor agonists are associated with thyroid C-cell tumors
in humans.

Bariatric surgery is the most effective treatment for
obesity. It is associated with significant and sustained

Table 291. Medications and their effects on weight.

Drug Class Result: Weigt Gain

Result: Weigt Neutral

(or Minor Weigt Gain)

Result: Weigt

Loss

Antidiabetics Insulin

Meglitinides

Sulfonylureas

Thiazolidinediones

Alpha-glucosidase inhibitors

Bromocriptine

Colesevelam

DPP-4 inhibitors

GLP-1 agonists

Metformin

Pramlintide

SGLT2 inhibitors

Antihypertensives Alpha-adrenergic blockers

Beta-adrenergic blockers (atenolol, metoprolol,

nadolol, propranolol)

ACE inhibitors

ARBs

Beta-adrenergic blockers (carvedilol, nebivolol)

Calcium channel blockers

Thiazides

Antidepressants Lithium

MAOIs

Mirtazapine

SNRIs (duloxetine, venlafaxine)

SSRIs (citalopram, paroxetine)

Tricyclic antidepressants (amitriptyline, desipra-

mine, doxepin, imipramine, nortriptyline)

SSRIs (fluoxetine, sertraline) Bupropion

Antipsychotics Clozapine

Haloperidol

Olanzapine

Quetiapine

Risperidone

Lurasidone

Ziprasidone

Antiepileptics Carbamazepine

Gabapentin

Pregabalin

Valproic acid

Lamotrigine

Levetiracetam

Phenytoin

Topiramate

Zonisamide

Contraceptives Medroxyprogesterone acetate Barrier methods

IUDs

Surgical sterilization

Antihistamines First-generation antihistamines Second- and third-generation antihistamines

Steroids Glucocorticoids Inhaled steroids

Topical steroids

ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blockers; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1;

IUD, intrauterine device; MAOI, monoamine oxidase inhibitor; NSAIDs, nonsteroidal anti-inflammatory drugs; SGLT2, sodium-glucose co-

transporter 2; SNRI, serotonin norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.

Adapted, with permission, from Igel LI et al. Practical use of pharmacotherapy for obesity. Gastroenterology. 2017 May;152(7):1765–79.

Copyright © 2017 AGA Institute. Published by Elsevier, Inc.
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Table 292. Medications tested in clinical trials for treatment of obesity.

Medication

Mecanism,

Dosage, and

Available

Formulations

Trial and

Duration Trial Arms Weigt Loss (%)

Most Common

Adverse Events Good Candidates poor Candidates

Phentermine

(Adipex,1 Lomaira2)

Schedule IV con-

trolled substance

NOTE: approved for

short-term use (up

to 3 months)

Adrenergic agonist

8–37.5 mg daily

(8 mg dose can be

prescribed up to

three times daily)

Capsule, tablet

Aronne LJ et al.3

28 weeks

15 mg daily 6.06* Dry mouth, insom-

nia, dizziness,

irritability

Younger patients

who need assis-

tance with appe-

tite suppression

Patients with uncontrolled hypertension,

active or unstable coronary disease,

hyperthyroidism, glaucoma, anxiety,

insomnia, or general sensitivity to

stimulants

Patients with a history of drug abuse or

recent MAOI use

Patients who are pregnant

7.5 mg daily 5.45*

Placebo

(topiramate ER and

phentermine/

topiramate ER

arms excluded)

1.71

Orlistat

(Alli,4 Xenical5)

Lipase inhibitor

60–120 mg three

times daily with

meals

Capsule

XENDOS6

208 weeks

120 mg three times

daily
9.6 (week 52)*

5.25 (week 208)*
Fecal urgency, oily

stool, flatus with

discharge, fecal

incontinence

Patients with hyper-

cholesterolemia

and/or constipa-

tion who can limit

their intake of

dietary fat

Patients with malabsorption syndromes or

other GI conditions that predispose to GI

upset/diarrhea

Patients who cannot modify the fat content

of their diets

Patients who are pregnant

Placebo 5.61 (week 52)

2.71 (week 208)

Phentermine/

Topiramate

Extended Release

(Qsymia)7

Schedule IV

controlled

substance

Adrenergic agonist/

neurostabilizer

3.75/23–15/92 mg

daily (dose

titration)

Capsule

EQUIP8

56 weeks

15/92 mg daily 10.9* Paresthesias, dizzi-

ness, dysgeusia,

insomnia, con-

stipation, dry

mouth

Younger patients

who need assis-

tance with appe-

tite suppression

Patients with uncontrolled hypertension,

active or unstable coronary disease,

hyperthyroidism, glaucoma, anxiety,

insomnia, or general sensitivity to

stimulants

Patients with a history of drug abuse or

recent MAOI use

Patients with a history of nephrolithiasis

Patients who are pregnant or trying to

conceive

3.75/23 mg daily 5.1*

Placebo 1.6

CONQUER9

56 weeks

15/92 mg daily 9.8*

7.5/46 mg daily 7.8*

Placebo 1.2 (weeks 0–56)

SEQUEL10

108 weeks

(52-week

extension of

CONQUER trial)

15/92 mg daily 10.5*

7.5/46 mg daily 9.3*

Placebo 1.8 (weeks 0–108)

(continued)
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Naltrexone/

Bupropion Sus-

tained Release

(Contrave)11

Opioid receptor

antagonist/

dopamine and

norepinephrine

reuptake inhibitor

8/90 mg daily to

16/180 mg twice

daily

Tablet

COR-I12

56 weeks

16/180 mg twice

daily
6.1* Nausea, vomiting,

constipation,

headache,

dizziness,

insomnia, dry

mouth

Patients who

describe cravings

for food and/or

addictive behav-

iors related to

food; patients

who are trying to

quit smoking,

reduce alcohol

intake, and/or

who have con-

comitant

depression

Patients with uncontrolled hypertension,

uncontrolled pain, recent MAOI use,

history of seizures, or any condition that

predisposes to seizure, such as anorexia/

bulimia nervosa, abrupt discontinuation

of alcohol, benzodiazepines, barbiturates,

or antiepileptic drugs

Patients who are pregnant

8/180 mg twice daily 5.0*

Placebo 1.3

COR-II13

56 weeks

16/180 mg twice

daily
6.4*

Placebo 1.2

COR-BMOD14

56 weeks

16/180 mg twice

daily
9.3*

Placebo 5.1

COR-DIABETES15

56 weeks

16/180 mg twice

daily
5.0*

Placebo 1.8

Liraglutide

(Saxenda)16

GLP-1 receptor

agonist

0.6–3.0 mg daily

Prefilled pen for

subcutaneous

injection

SCALE Obesity and

Prediabetes17

56 weeks

3.0 mg daily 8.0* Nausea, vomiting,

diarrhea, consti-

pation, dyspep-

sia, abdominal

pain

Patients who report

inadequate meal

satiety, and/or

have type 2 diabe-

tes, prediabetes,

or impaired glu-

cose tolerance

Patients requiring

use of concomi-

tant psychiatric

medications

Patients with a history of pancreatitis,

personal/family history of MTC or MEN2

Patients with an aversion to needles

Patients who are pregnant

Placebo 2.6

SCALE Diabetes18

56 weeks

3.0 mg daily 6*

SCALE

Maintenance19

56 weeks (after ini-

tial ≥ 5% weight

loss with low-

calorie diet)

1.8 mg daily 4.7*

Placebo 2.0

3.0 mg daily 6.2*

Placebo 0.2

Table 292. Medications tested in clinical trials for treatment of obesity. (continued)

Medication

Mecanism,

Dosage, and

Available

Formulations

Trial and

Duration Trial Arms Weigt Loss (%)

Most Common

Adverse Events Good Candidates poor Candidates
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1Adipex [package insert]. Tulsa, OK: Physicians Total Care, Inc; 2012.
2Lomaira [package insert]. Newtown, PA: KVK-TECH, INC; 2016.
3Aronne LJ et al. Evaluation of phentermine and topiramate versus phentermine/topiramate extended-release in obese adults. Obesity (Silver Spring). 2013;21:2163.
4Alli [package insert]. Moon Township, PA: GlaxoSmithKline Consumer Healthcare, LP; 2015.
5Xenical [package insert]. South San Francisco, CA: Genentech USA, Inc; 2015.
6Torgerson JS et al. XENical in the prevention of diabetes in obese subjects (XENDOS) study: a randomized study of orlistat as an adjunct to lifestyle changes for the prevention of type 2 diabetes in

obese patients. Diabetes Care. 2004;27:155.
7Qsymia [package insert]. Mountain View, CA: VIVUS, Inc; 2012.
8Allison DB et al. Controlled-release phentermine/topiramate in severely obese adults: a randomized controlled trial (EQUIP). Obesity (Silver Spring). 2012;20:330.
9Gadde KM et al. Effects of low-dose, controlled-release, phentermine plus topiramate combination on weight and associated comorbidities in overweight and obese adults (CONQUER): a randomised,

placebo-controlled, phase 3 trial. Lancet. 2011;377:1341.
10Garvey WT et al. Two-year sustained weight loss and metabolic benefits with controlled-release phentermine/topiramate in obese and overweight adults (SEQUEL): a randomized, placebo-controlled,

phase 3 extension study. Am J Clin Nutr. 2012;95:297.
11Contrave [package insert]. Deerfield, IL: Takeda Pharmaceuticals America, Inc; 2014.
12Greenway FL et al. Effect of naltrexone plus bupropion on weight loss in overweight and obese adults (COR-I): a multicentre, randomised, double-blind, placebo-controlled, phase 3 trial. Lancet.

2010;376:595.
13Apovian CM et al. A randomized, phase 3 trial of naltrexone SR/bupropion SR on weight and obesity-related risk factors (COR-II). Obesity (Silver Spring). 2013;21:935.
14Wadden TA et al. Weight loss with naltrexone SR/bupropion SR combination therapy as an adjunct to behavior modification: the COR-BMOD trial. Obesity (Silver Spring). 2011;19:110.
15Hollander P et al. Effects of naltrexone sustained-release/bupropion sustained-release combination therapy on body weight and glycemic parameters in overweight and obese patients with type 2

diabetes. Diabetes Care. 2013;36:4022.
16Saxenda [package insert]. Plainsboro, NJ: Novo Nordisk; 2014.
17Pi-Sunyer X et al. A randomized, controlled trial of 3.0 mg of liraglutide in weight management. N Engl J Med. 2015;373:11.
18Davies MJ et al. Efficacy of liraglutide for weight loss among patients with type 2 diabetes: the SCALE Diabetes randomized clinical trial. JAMA. 2015;314:687.
19Wadden TA et al. Weight maintenance and additional weight loss with liraglutide after low-calorie-diet induced weight loss: the SCALE Maintenance randomized study. Int J Obes (Lond). 2013;37:1443.

GI, gastrointestinal; GLP-1, glucagon-like peptide-1; MAOI, monoamine oxidase inhibitor; MEN2, multiple endocrine neoplasia syndrome type 2; MTC, medullary thyroid carcinoma; XR, extended

release.

Adapted, with permission, from Saunders KH et al. Obesity pharmacotherapy. Med Clin North Am. 2018;102:135. Copyright © Elsevier, Inc.
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weight loss, reduced obesity-related comorbidities, and
improved quality of life. Bariatric surgery is associated with
lower incidence of cardiovascular events, decreased number
of cardiovascular deaths, and reduced overall mortality com-
pared to usual care. The three most common bariatric pro-
cedures in the United States are the sleeve gastrectomy, the
Roux-en-Y gastric bypass, and the laparoscopic adjustable
gastric band. Bariatric surgery can be considered in patients
with a BMI 40 kg/m2 or higher or with a BMI 35 kg/m2 or
higher plus one or more obesity-related complications who
are motivated but failed to achieve sufficient weight loss fol-
lowing lifestyle modification, with or without pharmaco-
therapy. Long-term medical follow-up, lifestyle changes, and
adherence to a vitamin regimen are crucial to the success of
bariatric surgery. Some patients have difficulty maintaining
weight loss and regain some portion of the lost weight.
Despite the known benefits of bariatric surgery, less than 1%
of eligible patients undergo a weight-loss surgery. This is
likely due to limited patient knowledge of the health benefits
of surgery, limited provider comfort in recommending sur-
gery, and inadequate insurance coverage.

Sleeve gastrectomy involves removing approximately
70% of the stomach body and antrum along the greater cur-
vature. The fundus of the stomach, which secretes ghrelin, a
hormone that stimulates appetite, also is removed. Sleeve
gastrectomy is associated with approximately 25% total body
weight loss after 1 year. Because this procedure is mainly
restrictive (versus the Roux-en-Y gastric bypass, which is
also malabsorptive), there is a lower risk of nutritional defi-
ciencies. In general, sleeve gastrectomy is associated with
fewer complications than both the Roux-en-Y gastric bypass
and laparoscopic adjustable gastric band. Early adverse
events include bleeding, leakage along the staple line, steno-
sis, and vomiting. Late complications include gastroesopha-
geal reflux, nutritional deficiencies, and stomach expansion,
leading to decreased restriction. Unlike the other two proce-
dures, sleeve gastrectomy is not reversible.

The Roux-en-Y gastric bypass involves a staple parti-
tion across the proximal stomach with attachment of a
small proximal stomach to a jejunal limb, thus bypassing
the remainder of the stomach, duodenum, and the proxi-
mal jejunum. Roux-en-Y gastric bypass is associated with
approximately 30% total body weight loss at 1 year and
greater improvements in comorbid disease markers com-
pared to the two other procedures. Roux-en-Y gastric
bypass is associated with a lower rate of gastroesophageal
reflux than sleeve gastrectomy and can even alleviate gas-
troesophageal reflux in patients who have it. It is often
recommended over sleeve gastrectomy for patients with
type 2 diabetes because it leads to greater long-term remis-
sion. Early adverse events associated with Roux-en-Y gas-
tric bypass include obstruction, stricture, leak, and failure
of the staple partition of the upper stomach. Late adverse
events include nutritional deficiencies (eg, vitamins B

1
, B

12
,

D, and iron) and anastomosis ulceration. Dumping syn-
drome can develop at any time. Roux-en-Y gastric bypass
is technically a reversible procedure; however, it is gener-
ally only reversed in extreme circumstances.

The laparoscopic adjustable gastric band is an inflat-
able device that is placed around the fundus of the stomach

to create a small pouch. This procedure is associated with
15–20% total body weight loss at 1 year. Laparoscopic
adjustable gastric band is reversible and less invasive than
the other two procedures, but it is associated with more
complications and less weight loss than sleeve gastrectomy
and Roux-en-Y gastric bypass. As a result, the band only
accounts for 1% of bariatric procedures performed in the
United States, and many bands are ultimately removed due
to complications. The most common adverse events include
nausea, vomiting, obstruction, band erosion or migration,
and esophageal dysmotility leading to acid reflux.

Patients who cannot achieve clinically meaningful
weight loss with antiobesity medications and who do not
undergo bariatric surgery fall into a “treatment gap.” Sev-
eral devices and endoscopic procedures are available that
are reversible, minimally invasive, and potentially more
effective than antiobesity medications. In addition, they
may be less expensive and safer than bariatric surgery for
poor surgical candidates. The five FDA-approved devices
include two intragastric balloons (Orbera and Obalon),
the AspireAssist aspiration device, superabsorbent hydro-
gel capsules (Plenity), and the TransPyloric Shuttle device.
The endoscopic sleeve gastroplasty is a newer option that
has gained popularity. It uses an endoscopic suturing
device to reduce the cavity of the stomach, mimicking the
surgical sleeve gastrectomy without the need for surgical
resection.

» When to Refer

• Patients with a BMI greater than or equal to 30 kg/m2

or a BMI greater than or equal to 27 kg/m2 with weight-
related comorbidities may be referred to an obesity
medicine specialist.

• Patients with a BMI greater than or equal to 40 kg/m2

(or greater than or equal to 35 kg/m2 with obesity-
related morbidities) who have not achieved sufficient
weight loss to address health goals following behavioral
treatment, with or without pharmacotherapy, may be
referred to a bariatric surgeon.

Carlsson LMS et al. Life expectancy after bariatric surgery in the
Swedish Obese Subjects study. N Engl J Med. 2020;383:1535.
[PMID: 33053284]

Hedjoudje A et al. Efficacy and safety of endoscopic sleeve gas-
troplasty: a systematic review and meta-analysis. Clin Gastro-
enterol Hepatol. 2020;18:1043. [PMID: 31442601]

LeBlanc EL et al. Behavioral and pharmacotherapy weight loss
interventions to prevent obesity-related morbidity and mor-
tality in adults. Updated evidence report and systematic
review for the US Preventive Services Task Force. JAMA.
2018;320:1172. [PMID: 30326501]

Reges O et al. Association of bariatric surgery using laparoscopic
banding, Roux-en-Y gastric bypass, or laparoscopic sleeve
gastrectomy vs usual care obesity management with all-cause
mortality. JAMA. 2018;319:279. [PMID: 29340677]

Tchang BG et al. Best practices in the management of overweight
and obesity. Med Clin North Am. 2021;105:149. [PMID:
33246516]

US Preventive Services Task Force. Behavioral weight loss inter-
ventions to prevent obesity-related morbidity and mortality
in adults. US Preventive Services Task Force Recommenda-
tion Statement. JAMA. 2018;320:1163. [PMID: 30326502]
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º
EATING DISORDERS

ANOREXIA NERVOSA

E S S E N T I A L S  O F  D I A G N O S I S

» Restriction of calorie intake leading to under-
weight BMI (BMI < 18.5 kg/m2).

» Intense fear of gaining weight or behavior that
prevents weight gain.

» Distorted perception of body image, with undue
influence of weight on self-worth.

» Denial of the medical seriousness of underweight
status.

» General Considerations

Anorexia nervosa is characterized by underweight BMI,
intense fear of gaining weight, and distorted perception of
body image. Anorexia nervosa typically begins in the years
between adolescence and young adulthood. Ninety percent
of patients are female, most of middle and upper socioeco-
nomic status.

The prevalence of anorexia nervosa is greater than
previously suggested since prior diagnostic criteria were
more restrictive and individuals with anorexia often con-
ceal their illness. Many adolescents have mild versions of
the disorder without severe weight loss. The American
Psychiatric Association’s Diagnostic and Statistical Man-
ual of Mental Disorders, fifth edition (DSM-5) classifies
the severity of anorexia according to BMI: mild, BMI
17–18.49 kg/m2; moderate, BMI 16–16.99 kg/m2; severe,
BMI 15–15.99 kg/m2; extreme, BMI less than 15 kg/m2.

There are two subtypes of anorexia nervosa: binge-
eating/purging type and restricting type. The binge-eating/
purging subtype is characterized by recurrent episodes of
binge-eating or purging (ie, self-induced vomiting and/or
abuse of diuretics, laxatives, enemas, cathartics). The
restricting subtype is characterized by dieting, fasting, or
excessive exercising without associated binge-eating or
purging.

The cause of anorexia nervosa is not known. Although
multiple endocrinologic abnormalities exist in patients
with anorexia nervosa, most authorities believe they are
secondary to malnutrition and not the primary disorder.
Most experts favor a primary psychiatric origin, but no
hypothesis explains all cases. The patient characteristically
comes from a family whose members are highly goal-
oriented. Patients are often perfectionistic in behavior and
exhibit obsessional personality characteristics. Obsessional
preoccupation with food is also common.

» Clinical Findings

A. Symptoms and Signs

Patients with anorexia nervosa may exhibit severe emacia-
tion and frequently complain of cold intolerance or

constipation. Bradycardia, hypotension, and hypothermia
may be present in severe cases. Examination demonstrates
loss of body fat, dry and scaly skin, and increased lanugo
body hair. Parotid enlargement and edema may also occur.
In females of reproductive age, cessation of menstruation is
common.

B. Laboratory Findings

Laboratory findings are variable but may include anemia,
leukopenia, electrolyte abnormalities, and elevations of
blood urea nitrogen (BUN) and serum creatinine. Serum
cholesterol levels are often increased. Endocrine abnor-
malities include depressed levels of luteinizing and follicle-
stimulating hormones and impaired response of luteinizing
hormone to gonadotropin-releasing hormone.

» Diagnosis & Differential Diagnosis

The diagnosis is based on weight loss to a BMI less than
18.5 kg/m2, distorted body image, and fear of weight gain
or of loss of control over food intake. Other medical or
psychiatric illnesses that can account for anorexia and
weight loss must be excluded.

Behavioral features required for the diagnosis include
intense fear of gaining weight, disturbance of body image,
and refusal to exceed a minimal normal weight.

The differential diagnosis includes bulimia nervosa,
binge-eating disorder, endocrine and metabolic disorders
(eg, panhypopituitarism, Addison disease, hyperthyroid-
ism, and diabetes mellitus), gastrointestinal disorders (eg,
Crohn disease and gluten enteropathy), chronic infec-
tions (eg, tuberculosis), cancers (eg, lymphoma), and rare
central nervous system disorders (eg, hypothalamic
tumor).

» Treatment

The goal of treatment is restoration of normal body weight
and improvement in psychological comorbidities. Hospi-
talization may be necessary. Treatment programs con-
ducted by experienced teams successfully restore normal
weight in approximately two-thirds of cases. The remain-
der continue to experience difficulties with underweight,
eating behaviors, and associated psychiatric conditions.
Two percent to 6% of patients die of the complications of
the disorder or commit suicide.

Various treatment methods have been used without
clear evidence of superiority of one over another. Sup-
portive care by clinicians and family is the most impor-
tant feature of any therapy. Cognitive-behavioral therapy,
intensive psychotherapy, and family therapy may be tried.
A variety of medications including tricyclic antidepres-
sants, selective serotonin reuptake inhibitors (SSRIs), and
lithium carbonate are effective in some cases; however,
clinical trial results have been disappointing. Patients
with severe malnutrition must be hemodynamically stabi-
lized and may require enteral or parenteral feeding.
Forced feedings should be reserved for life-threatening
situations, since the goal of treatment is to reestablish
normal eating behavior.
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» When to Refer

• Adolescents and young adults with otherwise unex-
plained profound weight loss should be evaluated by a
psychiatrist or eating disorders specialist.

• All patients with diagnosed anorexia nervosa should be
co-managed with a psychiatrist or eating disorders
specialist.

» When to Admit

• Signs of hypovolemia, major electrolyte disorders, and
severe protein–energy malnutrition.

• Failure to improve with outpatient management.

Crow SJ. Pharmacologic treatment of eating disorders. Psychiatr
Clin North Am. 2019;42:253. [PMID: 31046927]

Lock J. Updates on treatments for adolescent anorexia ner-
vosa. Child Adolesc Psychiatr Clin N Am. 2019;28:523.
[PMID: 31443871]

Resmark G et al. Treatment of anorexia nervosa—new evidence-
based guidelines. J Clin Med. 2019;8:E153. [PMID: 30700054]

van den Berg E et al. Meta-analysis on the efficacy of psychologi-
cal treatments for anorexia nervosa. Eur Eat Disord Rev.
2019;27:331. [PMID: 31124215]

BULIMIA NERVOSA

E S S E N T I A L S  O F  D I A G N O S I S

» Uncontrolled episodes of binge eating at least
once weekly for 3 months.

» Recurrent inappropriate compensatory behavior to
prevent weight gain such as self-induced vomiting,
laxatives, diuretics, fasting, or excessive exercise.

» Excessive concern with body weight and body shape,
with undue influence of weight on self-worth.

» General Considerations

Bulimia nervosa is the episodic uncontrolled ingestion of
large quantities of food followed by recurrent inappropriate
compensatory behavior to prevent weight gain, such as
self-induced vomiting, diuretic or cathartic use, strict diet-
ing, or vigorous exercise.

Like anorexia nervosa, bulimia nervosa is predomi-
nantly a disorder of young, White, middle- and upper-class
women. It is more difficult to detect than anorexia, and
some studies have estimated that the prevalence may be as
high as 19% in college-aged women.

» Clinical Findings

Patients with bulimia nervosa typically consume large
quantities of easily ingested high-calorie foods, usually in
secrecy. Some patients may have several such episodes per
day over multiple days; others report regular and persistent
patterns of binge eating. Binging is usually followed by

vomiting, cathartics, or diuretics and accompanied by feel-
ings of guilt or depression. Periods of binging may be fol-
lowed by intervals of self-imposed starvation. Body weight
may fluctuate but generally is within 20% of normal BMI.

Family and psychological conditions are generally simi-
lar to those of patients with anorexia nervosa. Patients with
bulimia, however, have a higher incidence of obesity, greater
use of cathartics and diuretics, and more impulsive or anti-
social behavior. Menstruation is typically preserved.

Medical complications are numerous. Gastric dilatation
and pancreatitis have been reported after binges. Vomiting
can result in poor dentition, pharyngitis, esophagitis, aspi-
ration, and electrolyte abnormalities. Cathartic and diuretic
abuse can also cause electrolyte abnormalities or dehydra-
tion. Constipation is common.

» Treatment

Treatment of bulimia nervosa requires supportive care and
psychotherapy. Individual, group, family, and behavioral
therapy have all been utilized. Antidepressant medications
may be helpful. The best results have been with fluoxetine
and other SSRIs. Although death from bulimia is rare, the
long-term psychiatric prognosis in severe bulimia is worse
than that in anorexia nervosa.

» When to Refer

All patients with diagnosed bulimia should be co-managed
with a psychiatrist or eating disorders specialist.

Gibson D et al. Medical complications of anorexia nervosa and
bulimia nervosa. Psychiatr Clin North Am. 2019;42:263.
[PMID: 31046928]

Gorrell S et al. Update on treatments for adolescent bulimia
nervosa. Child Adolesc Psychiatr Clin N Am. 2019;28:537.
[PMID: 31443872]

Treasure J et al. Eating disorders. Lancet. 2020;395:899. [PMID:
32171414]

º
DISORDERS OF VITAMIN METABOLISM

THIAMINE (B
1
) DEFICIENCY

E S S E N T I A L S  O F  D I A G N O S I S

» Most common in patients with chronic alcohol
use disorder (alcoholism).

» Early symptoms include anorexia, muscle cramps,
paresthesias, and irritability.

» Advanced syndromes include high-output heart
failure (“wet beriberi”), peripheral nerve disorders,
and Wernicke-Korsakoff syndrome (“dry beriberi”).

» General Considerations

Most thiamine deficiency in the United States is due to
chronic alcohol use disorder, with poor dietary intake of

CMDT22_Ch29_p1267-p1287.indd 1276 29/06/21 8:56 PM



NUTRITIONAL DISORDERS & OBESITY 1277CMDT 2022

thiamine and impaired thiamine absorption, metabolism,
and storage. It is also associated with malabsorption (eg,
following bariatric surgery), dialysis, and other causes of
chronic protein–calorie undernutrition. Thiamine deple-
tion can be precipitated when patients with low thiamine
are given a large carbohydrate load, such as an intravenous
dextrose infusion.

» Clinical Findings

Early manifestations of thiamine deficiency include
anorexia, muscle cramps, paresthesias, and irritability.
Advanced deficiency primarily affects the cardiovascular
system (“wet beriberi”) or the nervous system (“dry beri-
beri”). Wet beriberi occurs in thiamine deficiency accom-
panied by severe physical exertion and high carbohydrate
intake. Dry beriberi occurs in thiamine deficiency accom-
panied by inactivity and low calorie intake.

Wet beriberi is characterized by marked peripheral
vasodilation resulting in high-output heart failure with
dyspnea, tachycardia, cardiomegaly, pulmonary edema,
and peripheral edema with warm extremities mimicking
cellulitis.

Dry beriberi involves both the peripheral and the
central nervous systems. Peripheral nerve involvement
is typically a symmetric motor and sensory neuropathy
with pain, paresthesias, and loss of reflexes. Legs are
affected more than arms. Central nervous system involve-
ment results in Wernicke-Korsakoff syndrome. Wernicke
encephalopathy consists of nystagmus progressing to oph-
thalmoplegia, truncal ataxia, and confusion. Korsakoff
syndrome includes amnesia, confabulation, and impaired
learning.

» Diagnosis

In most instances, the clinical response to empiric thia-
mine therapy is used to support a diagnosis of thiamine
deficiency. The most commonly used biochemical tests
measure thiamine concentration directly, while other
assays measure erythrocyte transketolase activity and uri-
nary thiamine excretion. Normal thiamine values typically
range from 70 nmol/L to 180 nmol/L.

» Treatment

Thiamine deficiency is treated with large parenteral doses
of thiamine. Fifty to 100 mg/day is initially administered
intravenously, followed by daily oral doses of 5–10 mg/day.
All patients should simultaneously receive therapeutic
doses of other water-soluble vitamins. Treatment results in
complete resolution in one-fourth immediately and
another one-fourth over days, but half obtain only partial
or no benefit.

» When to Refer

Patients with signs of dry beriberi or Wernicke-Korsakoff
syndrome should be referred to a neurologist. Patients
with signs of wet beriberi should be referred to a
cardiologist.

THIAMINE TOXICITY

There is no known toxicity of thiamine.

Chandrakumar A et al. Review of thiamine deficiency disorders:
Wernicke encephalopathy and Korsakoff psychosis. J Basic
Clin Physiol Pharmacol. 2018;30:153. [PMID: 30281514]

Dhir S et al. Neurological, psychiatric, and biochemical aspects
of thiamine deficiency in children and adults. Front Psychia-
try. 2019;10:207. [PMID: 31019473]

DiNicolantonio JJ et al. Thiamine and cardiovascular disease: a
literature review. Prog Cardiovasc Dis. 2018;61:27. [PMID:
29360523]

RIBOFLAVIN (B
2
) DEFICIENCY

» Clinical Findings

Riboflavin deficiency usually occurs in combination with
other vitamin deficiencies. Dietary inadequacy, interac-
tions with medications, alcohol use disorder, and other
causes of protein–calorie undernutrition are the most com-
mon causes.

Manifestations of riboflavin deficiency include cheilo-
sis, angular stomatitis, glossitis, seborrheic dermatitis,
weakness, corneal vascularization, and anemia.

» Diagnosis

Riboflavin deficiency can be confirmed by measuring the
riboflavin-dependent enzyme erythrocyte glutathione
reductase. Urinary riboflavin excretion and serum levels of
plasma and red cell flavins can also be measured.

» Treatment

When suspected, riboflavin deficiency is usually treated
empirically with foods such as meat, fish, and dairy
products or with oral preparations of the vitamin.
Administration of 5–15 mg/day until clinical findings
resolve is usually adequate. Riboflavin can also be given
parenterally.

RIBOFLAVIN TOXICITY

There is no known toxicity of riboflavin.

Saedisomeolia A et al. Riboflavin in human health: a review
of current evidences. Adv Food Nutr Res. 2018;83:57. [PMID:
29477226]

NIACIN DEFICIENCY

» General Considerations

“Niacin” is a generic term for nicotinic acid and other
derivatives with similar nutritional activity. Unlike most
other vitamins, niacin can be synthesized from the
amino acid tryptophan. Niacin is an essential compo-
nent of the co-enzymes nicotinamide adenine dinucleo-
tide (NAD) and nicotinamide adenine dinucleotide
phosphate (NADP), which are involved in many oxidation-
reduction reactions. The major food sources of niacin are
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proteins containing tryptophan and numerous cereals,
vegetables, and dairy products.

Historically, niacin deficiency occurred when corn,
which is relatively deficient in both tryptophan and niacin,
was the major source of calories. Currently, niacin defi-
ciency is more commonly due to alcoholism and nutrient–
drug interactions. Niacin deficiency can also occur in
inborn errors of metabolism. Niacin in the form of nico-
tinic acid is used therapeutically for the treatment of hyper-
cholesterolemia and hypertriglyceridemia. Niacinamide
(the form of niacin generally used to treat niacin defi-
ciency) does not exhibit the lipid-lowering effects of nico-
tinic acid.

» Clinical Findings

As with other B vitamins, early manifestations of niacin
deficiency are nonspecific—anorexia, weakness, irritabil-
ity, mouth soreness, glossitis, stomatitis, and weight loss.
More advanced deficiency results in the classic triad of
pellagra: dermatitis, diarrhea, and dementia. The dermati-
tis is symmetric, involving sun-exposed areas. Skin lesions
are dark, dry, and scaly. The dementia begins with insom-
nia, irritability, and apathy and progresses to confusion,
memory loss, hallucinations, and psychosis. The diarrhea
can be severe and may result in malabsorption due to atro-
phy of the intestinal villi. Advanced pellagra can result in
death.

» Diagnosis

In early deficiency, diagnosis requires a high index of sus-
picion. Low levels may be found in patients with general-
ized undernutrition. In advanced cases, the diagnosis of
pellagra can be made on clinical grounds. Niacin can be
measured in serum or plasma.

» Treatment

Niacin deficiency can be effectively treated with oral nia-
cin, usually given as nicotinamide (10–150 mg/day).

NIACIN TOXICITY

At the high doses of niacin used to treat hyperlipidemia,
side effects are common. These include cutaneous flush-
ing (partially prevented by pretreatment with aspirin,
81–325 mg/day, and use of extended-release preparations)
and gastric irritation. Elevation of liver enzymes, hypergly-
cemia, and gout are less common untoward effects.

D’Andrea E et al. Assessment of the role of niacin in managing
cardiovascular disease outcomes: a systematic review and
meta-analysis. JAMA Netw Open. 2019;2:e192224. [PMID:
30977858]

VITAMIN B
6

DEFICIENCY

Vitamin B
6

deficiency most commonly occurs as a result of
alcoholism or interactions with medications, especially
isoniazid, cycloserine, penicillamine, and oral contracep-
tives. A number of inborn errors of metabolism and other

pyridoxine-responsive syndromes, particularly pyridoxine-
responsive anemia, are not clearly due to vitamin defi-
ciency but commonly respond to high doses of the vitamin.
Patients with common variable immunodeficiency may
have concomitant vitamin B

6
deficiency.

» Clinical Findings

Vitamin B
6

deficiency results in clinical symptoms similar
to those of other B vitamin deficiencies, including mouth
soreness, glossitis, cheilosis, weakness, and irritability.
Severe deficiency can result in peripheral neuropathy, ane-
mia, and seizures.

» Diagnosis

The diagnosis of vitamin B
6

deficiency can be confirmed
by measurement of pyridoxal phosphate in blood.

» Treatment

Vitamin B
6

deficiency can be effectively treated with
vitamin B

6
supplements (10–20 mg/day orally). Some

patients taking medications that interfere with pyridox-
ine metabolism (such as isoniazid) may need doses as
high as 50–100 mg/day orally to prevent vitamin B

6

deficiency. This is particularly true for patients who are
more likely to have diets marginally adequate in vitamin
B

6
, such as older patients and patients with alcohol use

disorder. Inborn errors of metabolism and pyridoxine-
responsive syndromes often require doses up to 600 mg/
day orally.

VITAMIN B
6

TOXICITY

A sensory neuropathy, at times irreversible, occurs in patients
receiving large doses of vitamin B

6
(200–2000 mg/day).

VITAMIN B
12

& FOLATE

Vitamin B
12

(cobalamin) and folate are discussed in
Chapter 13.

VITAMIN C (Ascorbic Acid) DEFICIENCY

Most cases of vitamin C deficiency seen in the United
States are due to dietary inadequacy in older patients and
patients with chronic alcohol use disorder. Patients with
chronic illnesses such as cancer and chronic kidney disease
and individuals who smoke cigarettes are also at risk.

» Clinical Findings

Early manifestations of vitamin C deficiency are nonspe-
cific and include malaise and weakness. In more advanced
stages, the typical features of scurvy develop. Manifesta-
tions include perifollicular hemorrhages, perifollicular
hyperkeratotic papules, petechiae, purpura, splinter hem-
orrhages, bleeding gums, hemarthroses, and subperiosteal
hemorrhages. Anemia is common, and wound healing is
impaired. The late stages of scurvy are characterized by
edema, oliguria, neuropathy, intracerebral hemorrhage,
and death.
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» Diagnosis

The diagnosis of advanced scurvy can be made clinically
on the basis of skin lesions in the proper clinical situation.
Atraumatic hemarthrosis is also highly suggestive. The
diagnosis can be confirmed with decreased plasma ascor-
bic acid levels, typically below 0.2 mg/dL.

» Treatment

Adult scurvy can be treated with ascorbic acid 300–1000
mg/day orally. Improvement generally occurs within
days.

VITAMIN C TOXICITY

Very large doses of vitamin C can cause gastric irritation,
flatulence, or diarrhea. Oxalate kidney stones are of theo-
retical concern because ascorbic acid is metabolized to
oxalate, but stone formation has not been frequently
reported. Vitamin C can also confound common diagnos-
tic tests by causing false-negative results for some fecal
occult blood tests and both false-negative and false-
positive results for urine glucose.

Granger M et al. Dietary vitamin C in human health. Adv Food
Nutr Res. 2018;83:281. [PMID: 29477224]

VITAMIN A DEFICIENCY

» Clinical Findings

Vitamin A deficiency is one of the most common vitamin
deficiency syndromes, particularly in developing coun-
tries. In certain regions, it is the most common cause of
blindness. In the United States, it is usually due to fat mal-
absorption syndromes or mineral oil laxative abuse and
occurs most commonly in older adults and patients with
malabsorptive conditions.

Night blindness is the earliest symptom. Dryness of the
conjunctiva (xerosis) and the development of small white
patches on the conjunctiva (Bitot spots) are early signs.
Ulceration and necrosis of the cornea (keratomalacia),
perforation, endophthalmitis, and blindness are late mani-
festations. Xerosis and hyperkeratinization of the skin and
loss of taste may also occur.

» Diagnosis

Abnormalities of dark adaptation are strongly suggestive of
vitamin A deficiency. Serum levels below the normal
range of 30–65 mg/dL are commonly seen in advanced
deficiency.

» Treatment

Night blindness, poor wound healing, and other signs of
early deficiency can be effectively treated with vitamin A
30,000 international units orally daily for 1 week. Advanced
deficiency with corneal damage can be treated with 20,000
international units/kg orally for at least 5 days. The poten-
tial antioxidant effects of beta-carotene can be achieved

with supplements of 25,000–50,000 international units of
beta-carotene.

VITAMIN A TOXICITY

Excess intake of beta-carotene (hypercarotenosis) results in
staining of the skin a yellow-orange color but is otherwise
benign. Skin changes are most marked on the palms and
soles, while scleras remain white, clearly distinguishing
hypercarotenosis from jaundice.

Excessive vitamin A (hypervitaminosis A), on the other
hand, can be quite toxic. Chronic toxicity usually occurs
after ingestion of daily doses of over 50,000 international
units/day for more than 3 months. Early manifestations
include dry, scaly skin, hair loss, mouth sores, painful
hyperostoses, anorexia, and vomiting. More serious find-
ings include hypercalcemia; increased intracranial pressure
with papilledema, headaches, and decreased cognition; and
hepatomegaly, which can progress to cirrhosis. Acute tox-
icity can result from ingestion of excessive doses of vitamin
A via medications or supplements. Manifestations include
nausea, vomiting, abdominal pain, headache, papilledema,
and lethargy.

The diagnosis can be confirmed by elevations of serum
vitamin A levels. The only treatment is withdrawal of
vitamin A from the diet. Most symptoms and signs
improve rapidly.

Hombali AS et al. Fortification of staple foods with vitamin A for
vitamin A deficiency. Cochrane Database Syst Rev. 2019;
5:CD010068. [PMID: 31074495]

VITAMIN D

Vitamin D is discussed in Chapter 26.

VITAMIN E DEFICIENCY

» Clinical Findings

Clinical deficiency of vitamin E is most commonly due to
severe malabsorption or abetalipoproteinemia in adults
and chronic cholestatic liver disease, biliary atresia, or cys-
tic fibrosis in children. Manifestations of deficiency include
areflexia, disturbances of gait, decreased vibration and
proprioception, and ophthalmoplegia.

» Diagnosis

Plasma vitamin E levels can be measured; normal levels are
0.5–0.7 mg/dL or higher. Since vitamin E is normally trans-
ported in lipoproteins, the serum level should be inter-
preted in relation to circulating lipid levels.

» Treatment

The optimum therapeutic dose of vitamin E has not been
defined. Large doses, often administered parenterally, can
be used to improve the neurologic complications seen in
abetalipoproteinemia and cholestatic liver disease. Vitamin
E supplementation may also provide benefit in patients
with nonalcoholic fatty liver disease.
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VITAMIN E TOXICITY

Clinical trials have suggested an increase in all-cause mor-
tality with high dose (greater than 400 international units/
day) vitamin E supplements. Large doses of vitamin E can
also increase the vitamin K requirement and result in
bleeding in patients taking oral anticoagulants.

VITAMIN K

Vitamin K is discussed in Chapter 14.

º
DIET ThERApY

Specific therapeutic diets can complement the medical
management of most common illnesses. Dietary modifica-
tions can be difficult to sustain, and patients may benefit
from the support of a registered dietitian or other provider
who can offer guidance. Eliciting a food recall is a helpful
strategy to provide insight into a patient’s dietary prefer-
ences and restrictions and provides information about
nutrient content in the current diet. Ongoing food tracking
can improve dietary adherence.

Therapeutic diets can be divided into three groups:
(1) diets that alter food consistency, (2) diets that restrict or
modify dietary components, and (3) diets that supplement
dietary components.

DIETS THAT ALTER CONSISTENCY

» Clear Liquid Diet

This diet provides adequate water, 500–1000 kcal as simple
sugar, and some electrolytes. It is fiber-free and requires
minimal digestion or intestinal motility.

A clear liquid diet is useful for patients with resolving
postoperative ileus, acute gastroenteritis, partial intestinal
obstruction, and in preparation for diagnostic gastrointes-
tinal procedures. It is commonly used as the first diet for
patients who have been taking nothing by mouth for a long
period. Because of the low calorie and minimal protein
content of the clear liquid diet, it is used only for short
durations.

» Full Liquid Diet

The full liquid diet provides adequate water and can be
designed to provide sufficient calories and protein.
Vitamins and minerals—especially folic acid, iron, and
vitamin B

6
—may be inadequate and should be provided in

the form of supplements. Dairy products, protein shakes,
and soups are used to supplement clear liquids. Commer-
cial oral supplements can also be incorporated into the diet
or used alone.

This diet is low in residue and can be used in patients
with difficulty chewing or swallowing, with partial obstruc-
tions, or in preparation for certain diagnostic procedures.
Full liquid diets are commonly used following clear liquid
diets in patients who have been taking nothing by mouth
for a long period.

» Soft Diets

Soft diets are designed for patients unable to chew or swal-
low hard food. Tender foods are used, and most raw fruits
and vegetables, coarse breads, and cereals are eliminated.
Soft diets are commonly used to assist in progression from
full liquid diets to regular diets in postoperative patients,
patients who are too weak or those whose dentition is too
poor for a regular diet, head and neck surgical patients, and
patients with esophageal strictures. The soft diet can be
designed to meet all nutritional requirements.

DIETS THAT RESTRICT NUTRIENTS

Diets can be designed to restrict (or eliminate) virtually
any nutrient or food component. The most commonly
used restricted diets are those that limit sodium, fat, carbo-
hydrate, and protein. Other restrictive diets include gluten
restriction in gluten enteropathy, potassium and phosphate
reduction in chronic kidney disease, and elimination of
certain allergens for food allergies.

» Sodium-Restricted Diets

Low-sodium diets can be useful in the management of
hypertension and in conditions in which sodium reten-
tion and edema are prominent features, particularly
heart failure, chronic liver disease, and chronic kidney
disease. Sodium restriction may be beneficial with or
without diuretic therapy. When used in conjunction
with diuretics, sodium restriction may allow lower dos-
ages of diuretic medications and may prevent side
effects. For example, sodium restriction will decrease
diuretic-related potassium losses by reducing distal
tubule sodium delivery.

Typical American diets contain 4–6 g (175–260 mEq)
of sodium per day. A no-added-salt diet contains approxi-
mately 3 g (132 mEq) of sodium per day. Further restric-
tion can be achieved with diets of 2 or 1 g of sodium per
day. Diets with more severe restriction are difficult to
adhere to and are rarely used. National Academies of
Sciences, Engineering, and Medicine guidelines recom-
mend 2.3 g of sodium per day (approximately 1 teaspoon
of salt).

Dietary sodium includes sodium naturally occurring in
foods, sodium added during food processing, and sodium
added during cooking and at the table. Approximately 80%
of the current US dietary intake is from processed and pre-
prepared foods. Diets designed for 2.3 g of sodium per day
require elimination of most processed foods, added salt,
and foods with particularly high sodium content. Many
patients with mild hypertension will achieve significant
reductions in blood pressure (approximately 5 mm Hg
diastolic) with this degree of sodium restriction.

Diets allowing 1 g of sodium require further restriction
of commonly consumed foods. Special “low-sodium”
products are available to facilitate such diets. These diets
are difficult for most people to follow and are generally
reserved for hospitalized patients, most commonly those
with heart failure, chronic kidney disease, or severe liver
disease and ascites.

CMDT22_Ch29_p1267-p1287.indd 1280 29/06/21 8:56 PM



NUTRITIONAL DISORDERS & OBESITY 1281CMDT 2022

» Fat-Restricted Diets & Low-Saturated-Fat
Diets

Traditional fat-restricted diets are useful in the treatment
of fat malabsorption syndromes. Such diets will improve
the symptoms of diarrhea with steatorrhea independent of
the primary physiologic abnormality by limiting the quan-
tity of fatty acids that reach the colon. The degree of fat
restriction necessary to control symptoms must be indi-
vidualized. Patients with severe malabsorption can be lim-
ited to 40–60 g of fat per day. Diets containing 60–80 g of
fat per day can be designed for patients with less severe
abnormalities.

Fat-restricted diets that specifically restrict saturated
fats are the mainstay of dietary treatment of hyperlipidemia
with elevated low-density lipoprotein cholesterol (see
Chapter 28). Similar diets are often recommended for the
prevention of coronary artery disease (see Chapter 10).
The large Women’s Health Initiative Dietary Modification
Trial, however, did not show significant benefit of a low-fat
diet on weight control or prevention of cardiovascular dis-
ease or cancer. In contrast, a study of Mediterranean diets,
supplemented by nuts or extra-virgin olive oil, demon-
strated a reduction in cardiovascular events. Plant-based
diets, defined by low frequency of animal food consump-
tion, have been increasingly recommended for their health
benefits. Numerous studies have found diets enriched with
high-quality plant foods, such as whole grains, fruits, veg-
etables, and nuts, to be associated with lower risk of cardio-
vascular end points.

The aim of low-fat diets is to restrict total fat to less than
30% of calories and saturated fat to 7% of calories. More
extreme restriction offers little further advantage in modi-
fication of serum lipids. Low-fat diets can be augmented
with the addition of plant stanols and sterols and with sol-
uble dietary fiber to further reduce serum lipids.

» Carbohydrate-Restricted Diets

Low carbohydrate diets restrict carbohydrate intake to at
most 50–100 g/day. Consumption of foods that contain
higher protein and fat with lower carbohydrate content has
been shown to promote satiety. Carbohydrate-restricted
diets, including low glycemic index diets (see Chapter 27),
can be particularly helpful for patients with type 2 diabetes
and other forms of insulin resistance to reduce both blood
sugar and weight. Several studies investigating the efficacy
of low-fat versus low-carbohydrate diets for weight loss
show no clear benefit of one versus the other.

» Protein-Restricted Diets

Protein-restricted diets are most commonly used in
patients with hepatic encephalopathy due to chronic liver
disease and in patients with advanced chronic kidney dis-
ease to slow the progression of early disease and to decrease
symptoms of uremia in more severe disease.

Protein restriction is intended to limit the production
of nitrogenous waste products. Energy intake must be
adequate to facilitate the efficient use of dietary protein. A
sufficient quantity of proteins (at least 0.6 g/kg/day in most

patients) must be provided to meet minimal requirements.
Patients with encephalopathy who do not respond to this
degree of restriction are unlikely to respond to more severe
restriction.

DIETS THAT SUPPLEMENT NUTRIENTS

» High-Fiber Diets

Dietary fiber is a diverse group of plant constituents that is
resistant to digestion by the human digestive tract. Guide-
lines suggest that adult men should eat 30–38 g of fiber per
day and adult women 21–25 g/day. Typical US diets, how-
ever, contain about half of that amount. Epidemiologic
evidence suggests that populations consuming greater
quantities of fiber have a lower incidence of certain gastro-
intestinal disorders, including diverticulitis and, in some
studies, colon cancer as well as a lower risk of cardiovascu-
lar disease. A meta-analysis of 22 studies suggested that
each 7 g of dietary fiber was associated with a 9% decrease
in first cardiovascular event.

Diets high in dietary fiber (21–38 g/day) are commonly
used in the management of a variety of gastrointestinal
disorders such as irritable bowel syndrome and recurrent
diverticulitis. Diets high in fiber, particularly soluble fiber,
may also be useful to reduce blood sugar in patients with
diabetes and to reduce cholesterol levels in patients with
hypercholesterolemia. Good sources of soluble fiber are
oats, nuts, seeds, legumes, and most fruits. Foods with
insoluble fiber include whole wheat, brown rice, other
whole grains, and most vegetables. For some patients, the
addition of psyllium or natural bran may be a useful
adjunct to increase dietary fiber.

» High-Potassium Diets

Potassium-supplemented diets are used most commonly
to compensate for potassium losses caused by diuretics.
Although potassium losses can be partially prevented by
using lower doses of diuretics, concurrent sodium
restriction, and potassium-sparing diuretics, some patients
require additional potassium to prevent hypokalemia.
High-potassium diets may also have a direct antihyperten-
sive effect. Typical American diets contain about 3 g (80 mEq)
of potassium per day. High-potassium diets commonly con-
tain 4.5–7 g (120–180 mEq) of potassium per day.

Most fruits, vegetables, and their juices contain high
concentrations of potassium. Supplemental potassium can
also be provided with potassium-containing salt substitutes
or as potassium chloride in solution or capsules, but this is
rarely necessary if the above measures are followed to pre-
vent potassium losses and to supplement dietary
potassium.

» High-Calcium Diets

Adequate intake of dietary calcium has been recom-
mended for the prevention of postmenopausal osteoporo-
sis, the prevention and treatment of hypertension, and the
prevention of colon cancer. The Women’s Health Initiative,
however, suggested that calcium and vitamin D supple-
mentation did not prevent fractures or colon cancer.
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Observational studies have also suggested that calcium
supplements, especially when taken without vitamin D,
may be associated with an increased risk of coronary heart
disease. The recommended dietary allowance for the total
calcium intake (from food and supplements) in adults
ranges from 1000 mg/day to 1200 mg/day. Average
American daily intakes are approximately 700 mg/day.

Dairy products are the primary dietary sources of cal-
cium in the United States. An 8-ounce glass of milk, for
example, contains approximately 300 mg of calcium. Patients
with lactose intolerance who cannot tolerate liquid dairy
products may be able to drink lactose-free milk, take supple-
mental lactase enzyme supplements, or tolerate nonliquid
products such as yogurt and aged cheeses. Leafy green veg-
etables also contain high concentrations of calcium.

Baden MY et al. Changes in plant-based diet quality and total
and cause-specific mortality. Circulation. 2019;140:979.
[PMID: 31401846]

Estruch R et al; PREDIMED Study Investigators. Primary pre-
vention of cardiovascular disease with a Mediterranean diet
supplemented with extra-virgin olive oil or nuts. N Engl J
Med. 2018;378:e34. [PMID: 29897866]

Li Z et al. JAMA patient page. Ketogenic diets. JAMA. 2020;
323:386. [PMID: 31990316]

National Academies of Sciences, Engineering, and Medicine
2019. Dietary Reference Intakes for Sodium and Potassium.
Washington, DC: The National Academies Press. https://doi.
org/10.17226/25353.

Shan Z et al. Trends in dietary carbohydrate, protein, and fat
intake and diet quality among US adults, 1999–2016. JAMA.
2019;322:1178. [PMID: 31550032]

º
NUTRITIONAL SUppORT

Jonathan A. Waitman, MD

Nutritional support is the provision of nutrients to
patients who cannot meet their nutritional requirements
by eating standard diets. Nutrients may be delivered
enterally (using oral nutritional supplements; nasogastric,
nasoduodenal, and nasojejunal feeding tubes; and tube

enterostomies) or parenterally (using lines or catheters
placed in peripheral or central veins, respectively). Cur-
rent nutritional support techniques permit adequate
nutrient delivery to most patients. Nutritional support
should be utilized, however, only if it is likely to improve
the patient’s clinical outcome.

INDICATIONS FOR NUTRITIONAL SUPPORT

The precise indications for nutritional support remain
controversial. Most authorities agree that nutritional sup-
port is indicated for at least four groups of adult patients:
(1) those with inadequate bowel syndromes, (2) those with
severe prolonged hypercatabolic states (eg, due to extensive
burns, trauma, mechanical ventilation), (3) those requiring
prolonged therapeutic bowel rest, and (4) those with severe
protein–calorie undernutrition with a treatable disease
who have sustained a loss of 10% body weight at 6 months
or 20% body weight at 1 year. In most other conditions, it
has been difficult to prove the efficacy of nutritional sup-
port over treatment without such support.

The American Society for Parenteral and Enteral Nutri-
tion (ASPEN) has published recommendations for the
rational use of nutritional support. These emphasize the
need in each patient to individualize the decision to begin
nutritional support, weighing the risks, benefits, and costs.
They also reinforce the need to identify high-risk malnour-
ished patients by nutritional assessment.

» Nutritional Support Methods

Selection of the most appropriate nutritional support
method involves consideration of gastrointestinal function,
the anticipated duration of nutritional support, and the
ability of each method to meet the patient’s nutritional
requirements. The method chosen should meet the nutri-
tional needs with the lowest risk and cost. For most
patients, enteral feeding is safer, less expensive, and offers
significant physiologic advantages. An algorithm for selec-
tion of the most appropriate nutritional support method is
presented in Figure 29–1.

Gastrointestinal tract can be
used safely and effectively?

Yes No

No

Parenteral nutritionSupport needed for
longer than 6 weeks?

Yes

Tube
enterostomy

Nasoenteric tube

At high risk
for aspiration?

Nasoduodenal
tube

Nasogastric
tube

Support needed for longer
than 2–3 weeks?

Adequate peripheral
access and fluid tolerance?

No

No

YesNoYes

Yes

Peripheral vein
nutritional support

Central vein
nutritional support

▲ Figure 29–1. Nutritional support method decision tree.
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Prior to initiating specialized enteral nutritional sup-
port, efforts should be made to supplement food intake.
Attention to patient food preferences, timing of meals in
relation to diagnostic procedures and required medica-
tions, and the use of foods brought to the hospital by family
and friends can often increase oral intake. Patients unable
to eat enough at regular mealtimes to meet nutritional
requirements can be given oral supplements as snacks or
to replace low-calorie beverages. Oral supplements of dif-
fering nutritional composition are available for the purpose
of individualizing the diet in accordance with specific clini-
cal requirements. Fiber and lactose content, caloric density,
protein level, amino acid profiles, vitamin K, and calcium
can all be modified as necessary.

Patients requiring nutritional support who are unable
to take adequate oral nutrition but have functioning gas-
trointestinal tracts are candidates for liquid artificial
nutrition (“tube feedings”). Small-bore feeding tubes are
placed via the nose into the stomach, duodenum, or jeju-
num. Patients able to sit up in bed who can protect their
airways can be fed into the stomach. Because of the
increased risk of aspiration, patients who cannot ade-
quately protect their airways should be fed post-pylorically
(though this may not prevent all aspirations). Feeding
tubes can usually be passed into the duodenum by leaving
an extra length of tubing in the stomach and placing the
patient in the right decubitus position. Metoclopramide,
10 mg intravenously, can be given 20 minutes prior to
insertion and continued every 6 hours thereafter to facili-
tate passage through the pylorus. Fluoroscopic or endo-
scopic guidance occasionally is necessary to insert the tube
distal to the pylorus. Placement of nasogastric and, partic-
ularly, nasoduodenal tubes should be confirmed radio-
graphically before delivery of feeding solutions.

Liquid artificial nutrition can also be accomplished by
placing tubes directly into the gastrointestinal tract using
tube enterostomies. Most tube enterostomies are placed in
patients who require long-term enteral nutritional support.
Gastrostomies have the advantage of allowing bolus feed-
ings, while jejunostomies require continuous infusions.
Gastrostomies—like nasogastric feeding—should be used
only in patients at low risk for aspiration. Tube enterosto-
mies can be placed surgically, by interventional radiology
or by endoscopy.

Patients who require nutritional support but whose
gastrointestinal tracts are nonfunctional should receive
parenteral nutritional support. Most patients receive par-
enteral feedings via a central vein—most commonly the
subclavian vein. Peripheral veins can be used in some
patients, but this is rarely tolerated for more than a few
weeks because of the high osmolality of parenteral
solutions.

Peripheral vein nutritional support is most com-
monly used in patients with nonfunctioning gastrointesti-
nal tracts who require immediate support but whose
clinical status is expected to improve within 1–2 weeks,
allowing enteral feeding. Peripheral vein nutritional sup-
port is administered via standard intravenous lines. Solu-
tions should always include lipid and dextrose in
combination with amino acids to provide adequate

nonprotein calories. Serious adverse events are infrequent,
but there is a high incidence of phlebitis and infiltration of
intravenous lines.

Central vein nutritional support is delivered via intra-
venous catheters placed percutaneously using aseptic tech-
nique. Proper placement in the superior vena cava is
documented radiographically before the solution is
infused. Catheters must be carefully maintained by experi-
enced nursing personnel and used solely for nutritional
support to prevent infection and other catheter-related
complications.

NUTRITIONAL REQUIREMENTS

Each patient’s nutritional requirements should be deter-
mined independently of the method of nutritional support.
In most situations, solutions of equal nutrient value can be
designed for delivery via enteral and parenteral routes, but
differences in absorption must be considered. A complete
nutritional support solution must contain water, energy,
amino acids, electrolytes, vitamins, minerals, and essential
fatty acids.

» Water

For most patients, water requirements can be calculated by
allowing 1500 mL for the first 20 kg of body weight plus
20 mL for every kilogram over 20. Additional losses should
be replaced as they occur. For patients with a normal
BMI, fluid needs are about 30–35 mL/kg, or approximately
1 mL/kcal of energy required.

» Energy

Energy requirements can be estimated by one of three
methods: (1) by using standard equations to calculate BEE
plus additional calories for activity and illness, (2) by
applying a simple calculation based on calories per kilo-
gram of body weight, or (3) by measuring energy expendi-
ture with indirect calorimetry.

BEE can be estimated by the Harris–Benedict equa-
tion: for men, BEE = 666 + (13.7 × weight in kg) + (5 ×
height in cm) – (6.8 × age in years). For women, BEE = 655 +
(9.5 × weight in kg) + (1.8 × height in cm) – (4.7 × age in
years). For undernourished patients, actual body weight
should be used. For patients with obesity, a weight in
between ideal body weight and actual body weight can be
used: ideal body weight + 0.4(actual body weight – ideal
body weight). For most patients, an additional 20–50% of
BEE is administered as nonprotein calories to accommo-
date energy expenditures during activity or relating to ill-
ness. Occasional patients are noted to have energy
expenditures greater than 150% of BEE.

Energy requirements can also be estimated by multiply-
ing actual body weight in kilograms by 25–30 kcal/kg/day.

Both of these methods provide imprecise estimates of
actual energy expenditures, especially for markedly under-
weight, overweight, and critically ill patients. Studies using
indirect calorimetry have demonstrated that as many as
30–40% of patients will have measured expenditures 10%
above or below estimated values.
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» Protein

Protein and energy requirements are closely related. If
adequate calories are provided, most patients can be given
0.8–1.2 g of protein per kilogram per day. Patients under
moderate to severe stress should receive up to 1.5 g/kg/day.
As in the case of energy requirements, actual weights
should be used for normal and underweight patients and
ideal body weight + 0.4(actual body weight – ideal body
weight) can be used for patients with obesity.

Patients who are receiving protein without adequate
calories will catabolize protein for energy rather than uti-
lizing it for protein synthesis. Thus, when energy intake is
low, excess protein is needed for nitrogen balance.

» Electrolytes & Minerals

Requirements for sodium, potassium, and chloride vary
widely. Most patients require 45–145 mEq/day of each. The
actual requirement in individual patients will depend on
the patient’s cardiovascular, renal, endocrine, and gastroin-
testinal status as well as measurements of serum
concentration.

Patients receiving enteral nutritional support should
receive adequate vitamins and minerals according to rec-
ommended daily allowances. Most premixed enteral solu-
tions provide sufficient vitamins and minerals as long as
adequate calories are administered.

Patients receiving parenteral nutritional support require
smaller amounts of minerals: calcium, 10–15 mEq/day;
phosphorus, 15–20 mEq per 1000 nonprotein calories; and
magnesium, 16–24 mEq/day. Most patients receiving
nutritional support do not require supplemental iron
because body stores are adequate. Iron nutrition should be
monitored closely by following the hemoglobin concentra-
tion, mean corpuscular volume, and iron studies.

Patients receiving parenteral nutritional support should
be given the trace elements zinc (about 5 mg/day) and cop-
per (about 2 mg/day). Patients with diarrhea will require
additional zinc to replace fecal losses. Additional trace
elements—especially chromium, manganese, and selenium—
are provided to patients receiving long-term parenteral
nutrition.

Parenteral vitamins are provided daily. Standardized
multivitamin solutions are currently available to provide
adequate quantities of vitamins A, B

12
, C, D, E, thiamine,

riboflavin, niacin, pantothenic acid, pyridoxine, folic acid,
and biotin. Vitamin K is not given routinely but adminis-
tered when the prothrombin time becomes abnormal.

» Essential Fatty Acids

Patients receiving nutritional support should be given
2–4% of their total calories as linoleic acid to prevent
essential fatty acid deficiency. Most prepared enteral solu-
tions contain adequate linoleic acid. Patients receiving
parenteral nutrition should be given at least 250 mL of a
20% intravenous fat (emulsified soybean or safflower oil)
two to seven times per week depending on calorie require-
ments. Intravenous fat can also be used as an energy source
in place of dextrose.

ENTERAL NUTRITIONAL
SUPPORT SOLUTIONS

Most patients who require enteral nutritional support
can be given commercially prepared enteral solutions
(Table 29–3). Nutritionally complete solutions have been
designed to provide adequate proportions of water, energy,
protein, and micronutrients. Nutritionally incomplete
solutions are also available to provide specific macronutri-
ents (eg, protein, carbohydrate, and fat) to supplement
complete solutions for patients with unusual requirements
or to design solutions that are not available commercially.

Nutritionally complete solutions are characterized as
follows: (1) by osmolality (isotonic or hypertonic), (2) by
lactose content (present or absent), (3) by the molecular
form of the protein component (intact proteins, peptides,
or amino acids), (4) by the quantity of protein and calories
provided, and (5) by fiber content (present or absent). For
most patients, isotonic solutions containing no lactose or
fiber are preferable. Such solutions generally contain mod-
erate amounts of fat and intact protein. Most commercial
isotonic solutions contain 1000 kcal and 37–45 g of protein
per liter.

Table 293. Enteral solutions.

Comlete

Blenderized (eg, Compleat Regular, Compleat Modified1)

Whole protein, lactose-containing (eg, Carnation Instant

Breakfast)

Whole protein, lactose-free, low-residue:

1 kcal/mL (eg, Ensure, Isocal, Osmolite, Nutren 1.0,1 Sustacal,

Resource)

1.5 kcal/mL (eg, Ensure Plus, Comply, Nutren 1.5, Resource Plus)

2 kcal/mL (eg, Isocal HN, Magnacal, TwoCal HN)

High-nitrogen: > 15% total calories from protein (eg, Ensure

HN, Osmolite HN,1 Replete, Isocal HN,1 Isosource HN,1)

Whole protein, lactose-free, high-residue:

1 kcal/mL (eg, Jevity,1 Nutren 1.0 with fiber,1 Fibersource HN)

Chemically defined peptide- or amino acid–based (eg,

Peptamen,1 Vital HN, AlitraQ, Tolerex, Vivonex TEN)

“Disease-secific” formulas

Advanced chronic kidney disease: with essential amino acids

(eg, Amin-Aid, Magnacal, Nepro, Nepro Carb Steady, Suplena,

Travasorb Renal, Novasource Renal, Renalcal)

Type 2 diabetes: with lower carbohydrate content (eg, Glucerna,

Glucerna Select, Glucerna 1.2, Glucerna 1.5, Glytrol, Diabeti-

source AC)

Malabsorption: with medium-chain triglycerides (eg, Portagen,1

Travasorb MCT)

Respiratory failure: with > 50% calories from fat (eg, Pulmocare,

NutriVent, Nutren Pulmonary)

Hepatic encephalopathy: with high amounts of branched-chain

amino acids (eg, Hepatic-Aid II, Nutri-Hep)

Wound healing: with high protein content (eg, Promote,

Replete)

Incomlete (modular)

Protein (eg, ProMod, Propac); protein supplements (eg, ProStat

Sugar Free, Beneprotein, Unjury)

Carbohydrate (eg, Polycose, SolCarb)

Fat (eg, MCT Oil, Microlipid)

1Isotonic.
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Solutions containing hydrolyzed proteins or crystalline
amino acids and with no significant fat content are called
elemental solutions, since macronutrients are provided in
their most “elemental” form. These solutions have been
designed for patients with malabsorption, particularly pan-
creatic insufficiency and limited fat absorption. Elemental
diets are extremely hypertonic and often result in more
severe diarrhea. Their use should be limited to patients
who cannot tolerate isotonic solutions.

Although formulas have been designed for specific
clinical situations—solutions containing primarily essen-
tial amino acids (for advanced chronic kidney disease),
medium-chain triglycerides (for fat malabsorption), more
fat (for respiratory failure and CO

2
retention), and more

branched-chain amino acids (for hepatic encephalopathy
and severe trauma)—they have not been shown to be supe-
rior to standard formulas for most patients.

Enteral solutions should be administered via continuous
infusion, preferably with an infusion pump. Isotonic feed-
ings should be started at full strength at about 25–33% of the
estimated final infusion rate. Feedings can be advanced by
similar amounts every 12 hours as tolerated. Hypertonic
feedings should be started at half strength. The strength and
the rate can then be advanced every 6 hours as tolerated.

COMPLICATIONS OF ENTERAL
NUTRITIONAL SUPPORT

Minor complications of enteral nutritional support occur
in 10–15% of patients. Gastrointestinal complications
include diarrhea (most common), inadequate gastric emp-
tying, emesis, esophagitis, and occasionally gastrointestinal
bleeding. Diarrhea associated with enteral nutritional sup-
port may be due to intolerance to the osmotic load or to
one of the macronutrients (eg, fat, lactose) in the solution.
Patients being fed in this way may also have diarrhea from
other causes (as side effects of antibiotics or other drugs,
associated with infection, etc), and these possibilities
should be investigated in appropriate circumstances.

Mechanical complications of enteral nutritional support
are potentially the most serious. Of particular importance is
aspiration. All patients receiving nasogastric tube feedings
are at risk for this life-threatening complication. Limiting
nasogastric feedings to those patients who can adequately
protect their airway and careful monitoring of patients fed
by tube should limit these serious complications to 1–2% of
cases. Minor mechanical complications are common and
include tube obstruction and dislodgment.

Metabolic complications during enteral nutritional sup-
port are common but are easily managed in most cases.
The most important problem is hypernatremic dehydra-
tion, most commonly seen in elderly patients given exces-
sive protein intake who are unable to respond to thirst.
Abnormalities of potassium, glucose, CO

2
production, and

acid–base balance may also occur.

Lewis SR et al. Enteral versus parenteral nutrition and enteral
versus a combination of enteral and parenteral nutrition for
adults in the intensive care unit. Cochrane Database Syst Rev.
2018;6:CD012276. [PMID: 29883514]

Table 294. Typical parenteral nutrition solution (for
stable patients without organ failure).

Dextrose (3.4 kcal/g) 25%

Amino acids (4 kcal/g) 6%

Na+ 50 mEq/L

K+ 40 mEq/L

Ca2+ 5 mEq/L

Mg2+ 8 mEq/L

Cl– 60 mEq/L

P 12 mEq/L

Acetate Balance

MVI-12 (vitamins) 10 mL/day

MTE (trace elements) 5 mL/day

Fat emulsion 20% 250 mL two to seven times per

week (depending on caloric

requirements)

Typical rate Day 1: 30 mL/h

Day 2: 60 mL/h

By day 2, solution provides: Calories: 1925 kcal total

Protein: 86 g

Fat: 19% of total kcal

Fluid: 1690 mL

Shi J et al. Effect of combined parenteral and enteral nutrition
versus enteral nutrition alone for critically ill patients: a sys-
tematic review and meta-analysis. Medicine (Baltimore).
2018;97:e11874. [PMID: 30313021]

Zhang G et al. The effect of enteral versus parenteral nutrition
for critically ill patients: a systematic review and meta-analysis.
J Clin Anesth. 2018;51:62. [PMID: 30098572]

PARENTERAL NUTRITIONAL
SUPPORT SOLUTIONS

Parenteral nutritional support solutions can be designed to
deliver adequate nutrients to most patients. The basic par-
enteral solution is composed of dextrose, amino acids, and
water. Electrolytes, minerals, trace elements, vitamins, and
medications can also be added. Most commercial solutions
contain the monohydrate form of dextrose that provides
3.4 kcal/g. Crystalline amino acids are available in a variety
of concentrations, so that a broad range of solutions can be
made to contain specific amounts of dextrose and amino
acids as required.

Typical solutions for central vein nutritional support
contain 25–35% dextrose and 2.75–6% amino acids
depending on the patient’s estimated nutrient and water
requirements. These solutions generally have osmolalities
in excess of 1800 mOsm/L and require infusion into a cen-
tral vein. A typical formula for patients without organ
failure is shown in Table 29–4.

Solutions with lower osmolalities can also be designed
for infusion into peripheral veins. Solutions for peripheral
infusion usually contain 5–10% dextrose and 2.75–4.25%
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amino acids. These solutions have osmolalities between 800
and 1200 mOsm/L and result in a high incidence of throm-
bophlebitis and line infiltration. These solutions will provide
adequate protein for most patients but inadequate energy.
Additional energy must be provided in the form of emulsi-
fied soybean or safflower oil. Such intravenous fat solutions
are currently available in 10% and 25% solutions providing
1.1 and 2.2 kcal/mL, respectively. Intravenous fat solutions
are isosmotic and well tolerated by peripheral veins.

Typical patients are given 200–500 mL of a 20% solu-
tion each day. As much as 60% of total calories can be
administered in this manner.

Intravenous fat can also be provided to patients receiving
central vein nutritional support. In this instance, dextrose
concentrations should be decreased to provide a fixed concen-
tration of energy. Intravenous fat is associated with less glu-
cose intolerance, less production of carbon dioxide, and less
fatty infiltration of the liver and has been increasingly utilized
in patients with hyperglycemia, respiratory failure, and liver
disease. Intravenous fat has also been increasingly used in
patients with large estimated energy requirements. The maxi-
mum glucose utilization rate is approximately 5–7 mg/min/
kg. Patients who require additional calories can be given them
as fat to prevent excess administration of dextrose. Intrave-
nous fat can also be used to prevent essential fatty acid defi-
ciency. The optimal ratio of carbohydrate and fat in parenteral
nutritional support has not been determined.

Infusion of parenteral solutions should be started
slowly to prevent hyperglycemia and other metabolic com-
plications. Typical solutions are given initially at a rate of
50 mL/h and advanced by about the same amount every
24 hours until the desired final rate is reached.

Burden S et al. The impact of home parenteral nutrition on the
burden of disease including morbidity, mortality and rate of
hospitalisations. Clin Nutr ESPEN. 2018;28:222. [PMID:
30390885]

Kovacevich DS et al. American Society for Parenteral and
Enteral Nutrition guidelines for the selection and care of cen-
tral venous access devices for adult home parenteral nutrition
administration. JPEN J Parenter Enteral Nutr. 2019;43:15.
[PMID: 30339287]

Russell MK et al. Supplemental parenteral nutrition: review of
the literature and current nutrition guidelines. Nutr Clin
Pract. 2018;33:359. [PMID: 29878557]

COMPLICATIONS OF PARENTERAL
NUTRITIONAL SUPPORT

Complications of central vein nutritional support occur in
up to 50% of patients. Although most are minor and easily
managed, significant complications develop in approxi-
mately 5% of patients. Complications of central vein nutri-
tional support can be divided into catheter-related
complications and metabolic complications.

Catheter-related complications can occur during inser-
tion or while the catheter is in place. Pneumothorax,
hemothorax, arterial laceration, air emboli, and brachial
plexus injury can occur during catheter placement. The
incidence of these complications is inversely related to the
experience of the clinician performing the procedure but
occur in at least 1–2% of cases even in major medical cen-
ters. Each catheter placement should be documented by
chest radiograph prior to initiation of nutritional support.

Catheter thrombosis and catheter-related sepsis are the
most important complications of indwelling catheters.
Patients with indwelling central vein catheters in whom fever
develops without an apparent source should have their lines
changed over a wire or removed immediately, the tip quanti-
tatively cultured, and antibiotics begun empirically. Quantita-
tive tip cultures and blood cultures help guide further
antibiotic therapy. Catheter-related sepsis occurs in 2–3% of
patients even if optimal efforts are made to prevent infection.

Metabolic complications of central vein nutritional sup-
port occur in over 50% of patients (Table 29–5). Most are
minor and easily managed, and termination of support is
seldom necessary.

Kovacevich DS et al. American Society for Parenteral and
Enteral Nutrition guidelines for the selection and care of cen-
tral venous access devices for adult home parenteral nutrition
administration. JPEN J Parenter Enteral Nutr. 2019;43:15.
[PMID: 30339287]

Table 295. Metabolic complications of parenteral nutritional support.

Comlication Common Causes possible Solutions

Hyperglycemia Too rapid infusion of dextrose, “stress,”

corticosteroids

Decrease glucose infusion; insulin; replace-

ment of dextrose with fat

Hyperosmolar nonketotic dehydration Severe, undetected hyperglycemia Insulin, hydration, potassium

Hyperchloremic metabolic acidosis High chloride administration Decrease chloride

Azotemia Excessive protein administration Decrease amino acid concentration

Hyperphosphatemia, hypokalemia,

hypomagnesemia

Extracellular to intracellular shifting with

refeeding

Increase solution concentration

Liver enzyme abnormalities Lipid trapping in hepatocytes, fatty liver Decrease dextrose

Acalculous cholecystitis Biliary stasis Oral fat

Zinc deficiency Diarrhea, small bowel fistulas Increase concentration

Copper deficiency Biliary fistulas Increase concentration
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Santacruz E et al. Infectious complications in home parenteral
nutrition: a long-term study with peripherally inserted central
catheters, tunneled catheters, and ports. Nutrition. 2019;58:89.
[PMID: 30391696]

PATIENT MONITORING DURING
NUTRITIONAL SUPPORT

Every patient receiving enteral or parenteral nutritional
support should be monitored closely. Formal nutritional
support teams composed of a physician, a nurse, a dieti-
tian, and a pharmacist have been shown to decrease the
rate of complications.

Patients should be monitored both for the adequacy of
treatment and to prevent and detect complications. Because
estimates of nutritional requirements are imprecise, fre-
quent reassessment is necessary. Daily intakes should be
recorded and compared with estimated requirements.
Body weight, hydration status, and overall clinical status
should be followed. Patients who do not appear to be
responding as anticipated can be evaluated for nitrogen
balance by means of the following equation:

Nitrogen

balance

24-hour protein

intake (g)

6.25

24-hour
urinary

nitrogen (g)
4=  − +

















Patients with positive nitrogen balances can be contin-
ued on their current regimens. Patients with negative bal-
ances should receive moderate increases in calorie and
protein intake and reassessed. Monitoring for metabolic
complications includes daily laboratory tests including
serum glucose, sodium, chloride, potassium, phosphorus,
magnesium, calcium, creatinine, and BUN. Once the
patient is stabilized, these tests should be obtained at least
twice weekly. Red blood cell folate, zinc, and copper should
be checked at least monthly.

Hellerman Itzhaki M et al. Advances in medical nutrition ther-
apy: parenteral nutrition. Nutrients. 2020;12:717. [PMID:
32182654]

Kopp Lugli A et al. Medical nutrition therapy in critically ill
patients treated on intensive and intermediate care units: a
literature review. J Clin Med. 2019;8:1395. [PMID: 31500087]

Lambell KJ et al. Nutrition therapy in critical illness: a review of
the literature for clinicians. Crit Care. 2020;24:35. [PMID:
32019607]
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º
COMMON PROBLEMS IN
INFECTIOUS DISEASES

FEVER OF UNKNOWN ORIGIN (FUO)

E S S E N T I A L S  O F  D I A G N O S I S

» Illness of at least 3 weeks in duration.

» Fever > 38.3°C on several occasions.

» Diagnosis has not been made after three outpa-
tient visits or 3 days of hospitalization.

» General Considerations

The intervals specified in the criteria for the diagnosis of
FUO are arbitrary ones intended to exclude patients with
protracted but self-limited viral illnesses and to allow time
for the usual radiographic, serologic, and cultural studies
to be performed. The criteria for FUO are met when a
diagnosis has not been made after three outpatient visits or
3 days of hospitalization.

Added categories of FUO include complications of cur-
rent health care scenarios: (1) Hospital-associated FUO
refers to the hospitalized patient with fever of 38.3°C or
higher on several occasions, due to a process not present or
incubating at the time of admission, in whom initial
cultures are negative and the diagnosis remains unknown
after 3 days of investigation (see Health Care–Associated
Infections below); (2) neutropenic FUO includes patients
with fever of 38.3°C or higher on several occasions with
less than 500 neutrophils per microliter in whom initial
cultures are negative and the diagnosis remains uncertain
after 3 days (see Chapter 2 and Infections in the Immuno-
compromised Patient, below); (3) HIV-associated FUO
pertains to HIV-positive patients with fever of 38.3°C or
higher who have been febrile for 4 weeks or more as an
outpatient or 3 days as an inpatient, in whom the diagnosis
remains uncertain after 3 days of investigation with at least
2 days for cultures to incubate (see Chapter 31). Although
not usually considered separately, FUO in solid organ

transplant recipients and FUO in the returning traveler
are common scenarios, each with a unique differential
diagnosis, and are also discussed in this chapter.

For a general discussion of fever, see the section on
fever and hyperthermia in Chapter 2.

A. Common Causes

Most cases represent unusual manifestations of common
diseases and not rare or exotic diseases—eg, tuberculosis,
endocarditis, gallbladder disease, and HIV (primary infec-
tion or opportunistic infection) are more common causes
of FUO than Whipple disease or familial Mediterranean
fever.

B. Age of Patient

In adults, infections (25–40% of cases) and cancer (25–40%
of cases) account for the majority of FUOs. In children,
infections are the most common cause of FUO (30–50% of
cases) and cancer a rare cause (5–10% of cases). Autoim-
mune disorders occur with equal frequency in adults and
children (10–20% of cases), but the diseases differ. Juvenile
rheumatoid arthritis is particularly common in children,
whereas systemic lupus erythematosus, granulomatosis
with polyangiitis, and polyarteritis nodosa are more com-
mon in adults. Still disease, giant cell arteritis, and polymy-
algia rheumatica occur exclusively in adults. In adults over
65 years of age, multisystem immune-mediated diseases
such as temporal arteritis, polymyalgia rheumatica, sar-
coidosis, rheumatoid arthritis, and granulomatosis with
polyangiitis account for 25–30% of all FUOs.

C. Duration of Fever

The cause of FUO changes dramatically in patients who
have been febrile for 6 months or longer. Infection, cancer,
and autoimmune disorders combined account for only
20% of FUOs in these patients. Instead, other entities such
as granulomatous diseases (granulomatous hepatitis,
Crohn disease, ulcerative colitis) and factitious fever
become important causes. One-fourth of patients who say
they have been febrile for 6 months or longer actually have
no true fever or underlying disease. Instead, the usual nor-
mal circadian variation in temperature (temperature

CMDT22_Ch30_p1288-p1330.indd 1288 02/07/21 6:13 PM



PROBLEMS IN INFECTIOUS DISEASES & ANTIMICROBIAL THERAPY 1289CMDT 2022

0.5–1°C higher in the afternoon than in the morning) is
interpreted as abnormal. Patients with episodic or recur-
rent fever (ie, those who meet the criteria for FUO but
have fever-free periods of 2 weeks or longer) are similar to
those with prolonged fever. Infection, malignancy, and
autoimmune disorders account for only 20–25% of such
fevers, whereas various miscellaneous diseases (Crohn
disease, familial Mediterranean fever, allergic alveolitis)
account for another 25%. Approximately 50% of cases
remain undiagnosed but have a benign course with eventual
resolution of symptoms.

D. Immunologic Status

In the neutropenic patient, fungal infections and occult
bacterial infections are important causes of FUO. In the
patient taking immunosuppressive medications (particu-
larly organ transplant patients), cytomegalovirus (CMV)
infections are a frequent cause of fever, as are fungal infec-
tions, nocardiosis, Pneumocystis jirovecii pneumonia, and
mycobacterial infections.

E. Classification of Causes of FUO

Most patients with FUO will fit into one of five categories.

1. Infection—Both systemic and localized infections can
cause FUO. Tuberculosis and endocarditis are the most
common systemic infections associated with FUO, but
mycoses, viral diseases (particularly infection with Epstein-
Barr virus and CMV), toxoplasmosis, brucellosis, Q fever,
cat-scratch disease, salmonellosis, malaria, and many other
less common infections have been implicated. Primary
infection with HIV or opportunistic infections associated
with AIDS—particularly mycobacterial infections—can
also present as FUO. The most common form of localized
infection causing FUO is an occult abscess. Liver, spleen,
kidney, brain, and bone abscesses may be difficult to
detect. A collection of pus may form in the peritoneal cav-
ity or in the subdiaphragmatic, subhepatic, paracolic, or
other areas. Cholangitis, osteomyelitis, urinary tract infec-
tion, dental abscess, or paranasal sinusitis may cause pro-
longed fever.

2. Neoplasms—Many cancers can present as FUO. The
most common are lymphoma (both Hodgkin and non-
Hodgkin) and leukemia. Posttransplant lymphoprolifera-
tive disorders may also present with fever. Other diseases
of lymph nodes, such as angioimmunoblastic lymphoma
and Castleman disease, can also cause FUO. Primary and
metastatic tumors of the liver are frequently associated
with fever, as are renal cell carcinomas. Atrial myxoma is
an often forgotten neoplasm that can result in fever.
Chronic lymphocytic leukemia and multiple myeloma are
rarely associated with fever, and the presence of fever in
patients with these diseases should prompt a search for
infection.

3. Autoimmune disorders—Still disease, systemic lupus
erythematosus, cryoglobulinemia, and polyarteritis nodosa
are the most common causes of autoimmune-associated
FUO. Giant cell arteritis and polymyalgia rheumatica are
seen almost exclusively in patients over 50 years of age and

are nearly always associated with an elevated erythrocyte
sedimentation rate (greater than 40 mm/h).

4. Miscellaneous causes—Many other conditions have
been associated with FUO but less commonly than the
foregoing types of illness. Examples include thyroiditis,
sarcoidosis, Whipple disease, familial Mediterranean fever,
recurrent pulmonary emboli, alcoholic hepatitis, drug
fever, and factitious fever.

5. Undiagnosed FUO—Despite extensive evaluation, the
diagnosis remains elusive in 15% or more of patients. Of
these patients, the fever abates spontaneously in about 75%
with no diagnosis; in the remainder, more classic manifes-
tations of the underlying disease appear over time.

» Clinical Findings

Because the evaluation of a patient with FUO is costly and
time-consuming, it is imperative to first document the
presence of fever. This is done by observing the patient
while the temperature is being taken to ascertain that fever
is not factitious (self-induced). Associated findings that
accompany fever include tachycardia, chills, and piloerec-
tion. A thorough history—including family, occupational,
social (sexual practices, use of injection drugs), dietary
(unpasteurized products, raw meat), exposures (animals,
chemicals), and travel—may give clues to the diagnosis.
Repeated physical examination may reveal subtle, evanes-
cent clinical findings essential to diagnosis.

A. Laboratory Tests

In addition to routine laboratory studies, blood cultures
should always be obtained, preferably when the patient has
not taken antibiotics for several days, and should be held by
the laboratory for 2 weeks to detect slow-growing organ-
isms. Cultures on special media are requested if Legionella,
Bartonella, or nutritionally deficient streptococci are pos-
sible pathogens. “Screening tests” with immunologic or
microbiologic serologies (“febrile agglutinins”) are of low
yield and should not be done. If the history or physical
examination suggests a specific diagnosis, specific sero-
logic tests with an associated fourfold rise or fall in titer
may be useful. Because infection is the most common
cause of FUO, other body fluids are usually cultured, ie,
urine, sputum, stool, cerebrospinal fluid, and morning
gastric aspirates (if one suspects tuberculosis). Direct
examination of blood smears may establish a diagnosis of
malaria or relapsing fever (Borrelia).

B. Imaging

All patients with FUO should have a chest radiograph.
Studies such as sinus CT, upper gastrointestinal series with
small bowel follow-through, barium enema, proctosig-
moidoscopy, and evaluation of gallbladder function are
reserved for patients who have symptoms, signs, or a his-
tory that suggest disease in these body regions. CT scan of
the abdomen and pelvis is also frequently performed and is
particularly useful for looking at the liver, spleen, and ret-
roperitoneum. When the CT scan is abnormal, the findings
often lead to a specific diagnosis. A normal CT scan is not
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quite as useful; more invasive procedures such as biopsy or
exploratory laparotomy may be needed. The role of MRI in
the investigation of FUO has not been evaluated. In gen-
eral, however, MRI is better than CT for detecting lesions
of the nervous system and is useful in diagnosing various
vasculitides. Ultrasound is sensitive for detecting lesions of
the kidney, pancreas, and biliary tree. Echocardiography
should be used if one is considering endocarditis or atrial
myxoma. Transesophageal echocardiography is more sen-
sitive than surface echocardiography for detecting valvular
lesions, but even a negative transesophageal study does not
exclude endocarditis (10% false-negative rate). The useful-
ness of radionuclide studies in diagnosing FUO is variable.
Some experts use positron emission tomography (PET) if
CT scans (chest and abdominal) are nondiagnostic early in
the investigation of FUO. However, more studies are
needed before this practice can be more fully integrated
into clinical practice. In general, radionuclide scans are
plagued by high rates of false-positive and false-negative
results that are not useful when used as screening tests and,
if done at all, are limited to those patients whose history or
examination suggests local inflammation or infection.

C. Biopsy

Invasive procedures are often required for diagnosis. Any
abnormal finding should be aggressively evaluated: Head-
ache calls for lumbar puncture to rule out meningitis;
skin rash should be biopsied for cutaneous manifestations
of collagen vascular disease or infection; and enlarged
lymph nodes should be aspirated or biopsied for neo-
plasm and sent for culture. Bone marrow aspiration with
biopsy is a relatively low-yield procedure (15–25%; except
in HIV-positive patients, in whom mycobacterial infec-
tion is a common cause of FUO), but the risk is low and
the procedure should be done if other less invasive tests
have not yielded a diagnosis, particularly in persons with
hematologic abnormalities. Liver biopsy will yield a spe-
cific diagnosis in 10–15% of patients with FUO and
should be considered in any patient with abnormal liver
tests even if the liver is normal in size. CT scanning and
MRI have decreased the need for exploratory laparotomy;
however, surgical visualization and biopsies should be
considered when there is continued deterioration or lack
of diagnosis.

» Treatment

Although an empiric course of antimicrobials is sometimes
considered for FUO, it is rarely helpful and may impact
infectious diseases diagnoses (eg, by reducing the sensitiv-
ity of blood cultures).

» When to Refer

• Any patient with FUO and progressive weight loss and
other constitutional signs.

• Any immunocompromised patient (eg, transplant
recipients and HIV-infected patients).

• Infectious diseases specialists may also be able to coor-
dinate and interpret specialized testing (eg, Q fever

serologies) with outside agencies, such as the US Cen-
ters for Disease Control and Prevention.

» When to Admit

• Any patient who is rapidly declining with weight loss
where hospital admission may expedite workup.

• If FUO is present in immunocompromised patients,
such as those who are neutropenic from recent chemo-
therapy or those who have undergone transplantation
(particularly in the previous 6 months).

Fusco FM et al. Fever of unknown origin (FUO): which are the
factors influencing the final diagnosis? A 2005–2015 system-
atic review. BMC Infect Dis. 2019;19:653. [PMID: 31331269]

Mulders-Manders CM et al. Long-term prognosis, treatment,
and outcome of patients with fever of unknown origin in
whom no diagnosis was made despite extensive investigation:
a questionnaire based study. Medicine (Baltimore). 2018;97:
e11241. [PMID: 29924054]

Wang WX et al. Combined clinical parameters improve the
diagnostic efficacy of 18F-FDG PET/CT in patients with fever
of unknown origin (FUO) and inflammation of unknown
origin (IUO): a prospective study in China. Int J Infect Dis.
2020;93:77. [PMID: 31982625]

Zhai YZ et al. Clinical analysis of 215 consecutive cases with
fever of unknown origin: a cohort study. Medicine (Baltimore).
2018;97:e10986. [PMID: 29901588]

INFECTIONS IN THE
IMMUNOCOMPROMISED PATIENT

E S S E N T I A L S  O F  D I A G N O S I S

» Fever and other symptoms may be blunted
because of immunosuppression.

» A contaminating organism in an immunocompe-
tent individual may be a pathogen in an immuno-
compromised one.

» The interval since transplantation and the degree
of immunosuppression can narrow the differential
diagnosis.

» Empiric broad-spectrum antibiotics may be appro-
priate in high-risk patients whether or not symp-
toms are localized.

» General Considerations

Immunocompromised patients have defects in their natu-
ral defense mechanisms resulting in an increased risk for
infection. In addition, infection is often severe, rapidly
progressive, and life threatening. Organisms that are not
usually problematic in the immunocompetent person may
be important pathogens in the compromised patient (eg,
Staphylococcus epidermidis, Corynebacterium jeikeium,
Propionibacterium acnes, Bacillus species). Therefore, cul-
ture results must be interpreted with caution, and isolates
should not be disregarded as solely contaminants. Although
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the type of immunodeficiency is associated with specific
infectious disease syndromes, any pathogen can cause infec-
tion in any immunosuppressed patient at any time. Thus, a
systematic evaluation is required to identify a specific
organism.

A. Impaired Humoral Immunity

Defects in humoral immunity are often congenital,
although hypogammaglobulinemia can occur in multiple
myeloma, chronic lymphocytic leukemia, small lympho-
cyte lymphoma, and in patients who have undergone sple-
nectomy. Patients with ineffective humoral immunity lack
opsonizing antibodies and are at particular risk for infec-
tion with encapsulated organisms, such as Haemophilus
influenzae, Neisseria meningitides, and Streptococcus pneu-
moniae. Although rituximab is normally thought of as
being linked to impaired cellular immunity, it has been
associated with the development of Pneumocystis jirovecii
infection and progressive multifocal leukoencephalopathy
(PML) as well as with hepatitis B reactivation.

B. Granulocytopenia Neutropenia

Granulocytopenia is common following hematopoietic cell
transplantation (“stem cell transplantation”) and among
patients with solid tumors—as a result of myelosuppressive
chemotherapy—and in acute leukemias. The risk of infec-
tion begins to increase when the absolute granulocyte count
falls below 1000/mcL, with a dramatic increase in frequency
and severity when the granulocyte count falls below
100/mcL. The infection risk is also increased with a rapid
rate of decline of neutrophils and with a prolonged period
of neutropenia. The granulocytopenic patient is particu-
larly susceptible to infections with gram-negative enteric
organisms, Pseudomonas, gram-positive cocci (particularly
Staphylococcus aureus, S epidermidis, and viridans strepto-
cocci), Candida, Aspergillus, and other fungi that have
recently emerged as pathogens such as Trichosporon, Sced-
osporium, Fusarium, and the mucormycoses.

C. Impaired Cellular Immunity

Patients with cellular immune deficiency encompass a
large and heterogeneous group, including patients with
HIV infection (see Chapter 31); patients with lymphore-
ticular malignancies, such as Hodgkin disease; and patients
receiving immunosuppressive medications, such as corti-
costeroids, cyclosporine, tacrolimus, and other cytotoxic
medications. This latter group—those who are immuno-
suppressed as a result of medications—includes patients
who have undergone solid organ transplantation, many
patients receiving therapy for solid tumors, and patients
receiving prolonged high-dose corticosteroid treatment
(eg, for asthma, temporal arteritis, systemic lupus erythe-
matosus). Patients taking tumor necrosis factor (TNF)
inhibitors, such as etanercept and infliximab, are also
included in this category. Patients with cellular immune
dysfunction are susceptible to infections by a large number
of organisms, particularly ones that replicate intracellularly.
Examples include bacteria, such as Listeria, Legionella,
Salmonella, and Mycobacterium; viruses, such as herpes

simplex, varicella, and CMV; fungi, such as Cryptococcus,
Coccidioides, Histoplasma, and Pneumocystis; and proto-
zoa, such as Toxoplasma.

D. Hematopoietic Cell Transplant Recipients

The length of time it takes for complications to occur in
hematopoietic cell transplant recipients can be helpful in
determining the etiologic agent. In the early (preengraft-
ment) posttransplant period (days 1–21), patients will
become severely neutropenic for 7–21 days. Patients are at
risk for gram-positive (particularly catheter-related) and
gram-negative bacterial infections, as well as herpes sim-
plex virus, respiratory syncytial virus, and fungal infec-
tions. In contrast to solid organ transplant recipients, the
source of fever is unknown in 60–70% of hematopoietic
cell transplant patients. Between 3 weeks and 3 months
posttransplant, infections with CMV, adenovirus,Aspergillus,
and Candida are most common. P jirovecii pneumonia is
possible, particularly in patients who receive additional
immunosuppression for treatment of graft-versus-host
disease. Patients continue to be at risk for infectious com-
plications beyond 3 months following transplantation,
particularly those who have received allogeneic transplan-
tation and those who are taking immunosuppressive ther-
apy for chronic graft-versus-host disease. Varicella-zoster is
common, and Aspergillus and CMV infections are increas-
ingly seen in this period as well.

E. Solid Organ Transplant Recipients

The length of time it takes for infection to occur following
solid organ transplantation can also be helpful in deter-
mining the infectious origin. Immediate postoperative
infections often involve the transplanted organ. Following
lung transplantation, pneumonia and mediastinitis are
particularly common; following liver transplantation,
intra-abdominal abscess, cholangitis, and peritonitis may
be seen; after kidney transplantation, urinary tract infec-
tions, perinephric abscesses, and infected lymphoceles can
occur.

Most infections that occur in the first 2–4 weeks post-
transplant are related to the operative procedure and to
hospitalization itself (wound infection, intravenous cathe-
ter infection, urinary tract infection from an indwelling
urinary [Foley] catheter) or are related to the transplanted
organ. In rare instances, donor-derived infections (eg, West
Nile virus, tuberculosis) may present during this time
period. Compensated organ transplants obtained abroad
through “medical tourism” can introduce additional risk of
infections, which vary by country and by transplant set-
ting. Infections that occur between the first and sixth
months are often related to immunosuppression. During
this period, reactivation of viruses, such as herpes simplex,
varicella-zoster, and CMV is quite common. Opportunistic
infections with fungi (eg, Candida, Aspergillus, Cryptococ-
cus, Pneumocystis), Listeria monocytogenes, Nocardia, and
Toxoplasma are also common. After 6 months, if immuno-
suppression has been reduced to maintenance levels, infec-
tions that would be expected in any population occur.
Patients with poorly functioning allografts receiving
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long-term immunosuppression therapy continue to be at
risk for opportunistic infections.

F. Tumor Necrosis Factor Inhibitor Recipients

Patients taking TNF inhibitors (infliximab, etanercept,
adalimumab, certolizumab pegol, golimumab) have spe-
cific defects that increase risk of bacterial, mycobacterial
(particularly tuberculosis), viral (HBV reactivation and
HCV progression), and fungal infections (Pneumocystis,
molds, and endemic mycoses). Infection risk may be high-
est shortly after therapy is initiated (within the first
3 months) and with a higher dose of medications.

G. Recipients of Other Biologics

In addition to TNF inhibitors, other biologics target a vari-
ety of immunologic pathways that are involved in immu-
nologic mediated disease and in cancer replication.
Disruption of these pathways include, but are not limited
to impact on B cells, T cells, complement, and leukocytes.
This may result in not only serious infections, but the devel-
opment of autoimmune disease and malignancies as well.
Some medications have been observed to have specific
associations with opportunistic infections (eg, natalizumab
and PML, or eculizumab and meningococcal disease).
Other biologics such as chimeric antigen receptor T (CAR-T)
cells may have unintended infectious risks that are cur-
rently unknown, or may have adverse effects that mimic
infection (eg, cytokine release syndrome). Checkpoint
inhibitors (eg, anti-PD-1 and CTLA antibodies) used for
the treatment of advanced malignancies also may have
effects that mimic infection via immune enhancement.
Prolonged immunosuppression used to treat immune-
associated adverse events in CAR-T and checkpoint inhibi-
tor therapy (eg, TNF inhibitors and corticosteroids) can
then result in opportunistic and other infections. As more
biologics are developed and used, clinicians must remain
vigilant for the possibility of serious infectious disease risk.

H. Other Immunocompromised States

A large group of patients who are not specifically immuno-
deficient are at increased risk for infection due to debilitat-
ing injury (eg, burns or severe trauma), invasive procedures
(eg, chronic central intravenous catheters, indwelling uri-
nary catheters, dialysis catheters), central nervous system
(CNS) dysfunction (which predisposes patients to aspira-
tion pneumonia and pressure injuries), obstructing lesions
(eg, pneumonia due to an obstructed bronchus, pyelone-
phritis due to nephrolithiasis, cholangitis secondary to
cholelithiasis), and use of broad-spectrum antibiotics.
Patients with diabetes mellitus have alterations in cellular
immunity, resulting in mucormycosis, emphysematous
pyelonephritis, and foot infections.

» Clinical Findings

A. Laboratory Findings

Routine evaluation includes complete blood count with
differential, chest radiograph, and blood cultures; urine
and respiratory cultures should be obtained if indicated

clinically or radiographically. Any focal complaints (local-
ized pain, headache, rash) should prompt imaging and
cultures appropriate to the site.

Patients who remain febrile without an obvious source
should be evaluated for viral infection (serum CMV anti-
gen test or polymerase chain reaction), abscesses (which
usually occur near previous operative sites), candidiasis
involving the liver or spleen, or aspergillosis. Serologic
evaluation may be helpful if toxoplasmosis or an endemic
fungal infection (coccidioidomycosis, histoplasmosis) is a
possible cause. Antigen-based assays may be useful for the
diagnosis of aspergillosis (detected by galactomannan level
in serum or bronchoalveolar lavage fluid), or other invasive
fungal disease, including Pneumocystis infection (serum
[1→3]-beta-D-glucan level).

B. Special Diagnostic Procedures

Special diagnostic procedures should also be considered.
The cause of pulmonary infiltrates can be easily deter-
mined with simple techniques in some situations—eg,
induced sputum yields a diagnosis of Pneumocystis pneu-
monia in 50–80% of patients with AIDS with this infection.
In other situations, more invasive procedures may be
required (bronchoalveolar lavage, transbronchial biopsy,
open lung biopsy). Skin, liver, or bone marrow biopsy may
be helpful in establishing a diagnosis. Next generation
DNA-sequencing analysis (eg, of plasma, bronchoalveolar
lavage, cerebrospinal fluid) is an increasingly used and vali-
dated option for diagnosis of infectious diseases in immu-
nocompromised persons.

» Differential Diagnosis

Transplant rejection, organ ischemia and necrosis, throm-
bophlebitis, and lymphoma (posttransplant lymphoprolif-
erative disease) may all present as fever and must be
considered in the differential diagnosis.

» Prevention

While prophylactic antimicrobial medications are used
commonly, the optimal medications or dosage regimens
are debated. Hand washing is the simplest and most effective
means of decreasing hospital-associated infections, especially
in the compromised patient. Invasive devices such as cen-
tral and peripheral lines and indwelling urinary catheters
are potential sources of infection. Some centers use laminar
airflow isolation or high-efficiency particulate air (HEPA)
filtering in hematopoietic cell transplant patients. Rates of
infection and episodes of febrile neutropenia, but not mor-
tality, are decreased if colony-stimulating factors are used
(typically in situations where the risk of febrile neutropenia
is 20% or higher) during chemotherapy or during stem-cell
transplantation.

A. Pneumocystis & Herpes Simplex Infections

Trimethoprim-sulfamethoxazole (TMP-SMZ), one double-
strength tablet orally three times a week, one double-
strength tablet twice daily on weekends, or one
single-strength tablet daily for 3–6 months can prevent
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Pneumocystis infections in transplant patients. In patients
allergic to TMP-SMZ, dapsone, 50 mg orally daily or
100 mg three times weekly, is recommended. Glucose-
6-phosphate dehydrogenase (G6PD) levels should be
assessed before dapsone is instituted. Acyclovir prevents
herpes simplex infections in bone marrow and solid organ
transplant recipients and is given to seropositive patients
who are not receiving ganciclovir or valganciclovir for
CMV prophylaxis. The usual dose is 200 mg orally three
times daily for 4 weeks (hematopoietic cell transplants) to
12 weeks (other solid organ transplants).

B. CMV

No uniformly accepted approach has been adopted for
prevention of CMV. Prevention strategies often depend on
the serologic status of the donor and recipient and the
organ transplanted, which determines the level of immu-
nosuppression after transplant. In solid organ transplants
(liver, kidney, heart, lung), the greatest risk of developing
CMV disease is in seronegative recipients who receive
organs from seropositive donors. These high-risk patients
usually receive oral valganciclovir, 900 mg daily for
3–6 months (longer in lung transplant recipients). Other
solid organ transplant recipients (seropositive recipients)
are at lower risk for developing CMV disease, but still usu-
ally receive oral valganciclovir for 3 months. The lowest-
risk group for the development of CMV disease is in
seronegative patients who receive organs from seronegative
donors. Typically, no CMV prophylaxis is used in this
group. Ganciclovir and valganciclovir also prevent herpes
virus reactivation. Because immunosuppression is
increased during periods of rejection, patients treated for
rejection usually receive CMV prophylaxis during rejec-
tion therapy. Increasingly popular is a preemptive manage-
ment in which patients are monitored for the presence of
CMV by polymerase chain reaction and other methodolo-
gies. If CMV is detected, then therapy is instituted with
oral valganciclovir, 900 mg orally twice daily for a mini-
mum of 2–3 weeks.

Recipients of hematopoietic cell transplants are more
severely immunosuppressed than recipients of solid organ
transplants, are at greater risk for developing serious CMV
infection (usually CMV reactivation), and thus usually
receive more aggressive prophylaxis. Like in solid organ
transplant recipients, two approaches have been used: uni-
versal prophylaxis or preemptive therapy. In the former,
all high-risk patients (seropositive patients who receive
allogeneic transplants) may receive oral valganciclovir,
900 mg daily to day 100. However, valganciclovir is associ-
ated with significant bone marrow toxicity. Letermovir is
being used increasingly, and it is not associated with bone
marrow toxicity. Universal prophylaxis may be costly.
Because of the possibility of bone marrow toxicity and the
expense, many clinicians traditionally preferred the pre-
emptive approach over the universal prophylaxis approach
for recipients of hematopoietic stem cell transplants. How-
ever, while this preemptive approach is effective, it does
miss a small number of patients in whom CMV disease
would have been prevented had prophylaxis been used.
Other preventive strategies include use of CMV-negative or

leukocyte-depleted blood products for CMV-seronegative
recipients.

C. Other Organisms

Routine decontamination of the gastrointestinal tract to
prevent bacteremia in the neutropenic patient is not rec-
ommended. The use of prophylactic antibiotics in the afe-
brile, asymptomatic neutropenic patient is debated,
although many centers have adopted this strategy. Rates of
bacteremia are decreased, but overall mortality is not
affected and emergence of resistant organisms takes place.
Use of intravenous immunoglobulin is reserved for the
small number of patients with severe hypogammaglobu-
linemia following hematopoietic stem cell transplantation
and should not be routinely administered to all transplant
patients.

Prophylaxis with antifungal agents to prevent invasive
mold (primarily Aspergillus) and yeast (primarily Candida)
infections is routinely used, but the optimal agent, dose,
and duration are also debated. Lipid-based preparations of
amphotericin B, aerosolized amphotericin B, intravenous
and oral fluconazole or voriconazole, and oral posacon-
azole solution and tablets are all prophylactic options in the
neutropenic patient. Voriconazole is superior to ampho-
tericin for documented Aspergillus infections, and posacon-
azole prophylaxis (compared with fluconazole) results in
fewer cases of invasive aspergillosis among allogeneic stem
cell transplant recipients with graft-versus-host disease;
thus, one approach to prophylaxis is to use oral fluconazole
(400 mg/day) for patients at low risk for developing fungal
infections (autologous stem cell transplants) and oral vori-
conazole (200 mg twice daily) or oral posaconazole (200 mg
suspension three times daily or 300 mg [three 100-mg
tablets] sustained-release tablets once daily) for those at
high risk (allogeneic transplants, graft-versus-host disease)
at least until engraftment (usually 30 days). In solid organ
transplant recipients, the risk of invasive fungal infection
varies considerably (1–2% in liver, pancreas, and kidney
transplants and 6–8% in heart and lung transplants).
Whether universal prophylaxis or observation with pre-
emptive therapy is the best approach has not been deter-
mined. Although fluconazole is effective in preventing
yeast infections, emergence of fluconazole-resistant
Candida and molds (Fusarium, Aspergillus, Mucor) has
raised concerns about its routine use as a prophylactic
agent in the general solid organ transplant population.
However, liver transplant recipients with additional risk
factors, such as having undergone a choledochojejunos-
tomy, having had a high transfusion requirement or having
developed kidney disease, may benefit from abbreviated
postoperative Candida prophylaxis.

Given the high risk of reactivation of tuberculosis in
patients taking TNF inhibitors, all patients should be
screened for latent tuberculosis infection (LTBI) with a
tuberculin skin test or an interferon-gamma release assay
prior to the start of therapy. If LTBI is diagnosed, treatment
with the TNF inhibitors should be delayed until treatment
for LTBI is completed. There is also a marked risk of reac-
tivation of hepatitis B and hepatitis C in patients taking
TNF inhibitors; patients should also be screened for these
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viruses when TNF inhibitor treatment is being considered.
Providers should also ensure that patients’ vaccinations are
up-to-date before starting TNF inhibitors therapy.

» Treatment

A. General Measures

Because infections in the immunocompromised patient can
be rapidly progressive and life-threatening, diagnostic proce-
dures must be performed promptly, and empiric therapy is
usually instituted.

While reduction or discontinuation of immunosup-
pressive medication may jeopardize the viability of the
transplanted organ, this measure may be necessary if the
infection is life-threatening. Hematopoietic growth fac-
tors (granulocyte and granulocyte-macrophage colony-
stimulating factors) stimulate proliferation of bone marrow
stem cells, resulting in an increase in peripheral leukocytes.
These agents shorten the period of neutropenia and have
been associated with reduction in infection.

B. Specific Measures

Antimicrobial medication therapy ultimately should be
tailored to culture results. While combinations of antimi-
crobials are used with the intent of providing synergy or
preventing resistance, the primary reason for empiric com-
bination therapy is broad-spectrum coverage of all likely
pathogens.

Empiric therapy is often instituted at the earliest sign of
infection in the immunosuppressed patient because prompt
therapy favorably affects outcome, particularly in febrile neu-
tropenia. The antibiotic or combination of antibiotics used
depends on the degree of immune compromise and the site
of infection. For example, in the febrile neutropenic patient,
an algorithmic approach to therapy is often used. Febrile
neutropenic patients should be empirically treated with
broad-spectrum agents active against selected gram-positive
bacteria, Pseudomonas aeruginosa, and other aerobic gram-
negative bacilli (such as cefepime 2 g every 8 hours intrave-
nously). The addition of vancomycin, 10–15 mg/kg/dose
intravenously every 12 hours, should be considered in those
patients with suspected infection due to methicillin-resistant
Staphylococcus aureus (MRSA), S epidermidis, enterococcus,
and resistant viridans streptococci. Continued neutropenic
fever necessitates broadening of antibacterial coverage from
cefepime to agents such as imipenem 500 mg every 6 hours
or meropenem 1 g every 8 hours intravenously with or with-
out tobramycin 5–7 mg/kg intravenously every 24 hours.
Antifungal agents (such as voriconazole, 200 mg intrave-
nously or orally every 12 hours, or caspofungin, 50 mg daily
intravenously) should be added if fevers continue after
5–7 days of broad-spectrum antibacterial therapy. Regard-
less of whether the patient becomes afebrile, therapy is usu-
ally continued until resolution of neutropenia. There is some
evidence to support earlier discontinuation of antibiotics in
the neutropenic patient who becomes afebrile if no signs or
symptoms of infection persist.

Patients with fever and low-risk neutropenia (neutro-
penia expected to persist for less than 10 days, no comor-
bid complications requiring hospitalization, and cancer

adequately treated) can be treated with oral antibiotic
regimens, such as ciprofloxacin, 750 mg every 12 hours,
plus amoxicillin-clavulanic acid, 500 mg every 8 hours.
Antibiotics are usually continued as long as the patient is
neutropenic even if a source is not identified. In the organ
transplant patient with interstitial infiltrates, the main
concern is infection with Pneumocystis or Legionella spe-
cies, so that empiric treatment with a macrolide or fluo-
roquinolone (Legionella) and TMP-SMZ, 15 mg/kg/day
orally or intravenously, based on trimethoprim compo-
nent (Pneumocystis) would be reasonable in those patients
not receiving TMP-SMZ prophylaxis. If the patient does
not respond to empiric treatment, a decision must be
made to add more antimicrobial agents or perform inva-
sive procedures (see above) to make a specific diagnosis.
By making a definite diagnosis, therapy can be specific,
thereby reducing selection pressure for resistance and
superinfection.

» When to Refer

• Any immunocompromised patient with an opportunis-
tic infection.

• Patients with potential drug toxicities and drug interac-
tions related to antimicrobials where alternative agents
are sought.

• Patients with latent tuberculosis, HBV, and HCV infec-
tion in whom therapy with TNF inhibitors is planned.

» When to Admit

Immunocompromised patients who are febrile, or those
without fevers in whom an infection is suspected, particu-
larly in the following groups: solid-organ or hematopoietic
stem cell transplant recipient (particularly in the first
6 months), neutropenic patients, patients receiving TNF
inhibitors, and transplant recipients who have had recent
rejection episodes (including graft-versus-host disease).

Durand CM et al. Four-week direct-acting antiviral prophylaxis
for kidney transplantation from hepatitis C–viremic donors
to hepatitis C–negative recipients: an open-label nonrandom-
ized study. Ann Intern Med. 2021;174:137. [PMID: 32894697]

Fung M et al. Plasma cell-free DNA Next-generation sequencing
to diagnose and monitor infections in allogeneic hematopoi-
etic stem cell transplant patients. Open Forum Infect Dis.
2018;5:ofy301. [PMID: 30581881]

Hamandi B et al. Voriconazole and squamous cell carcinoma
after lung transplantation: a multicenter study. Am J Transplant.
2018;18:113. [PMID: 28898527]

Hogan CA et al. Clinical impact of metagenomic next-generation
sequencing of plasma cell-free DNA for the diagnosis of
infectious diseases: a multicenter retrospective cohort study.
Clin Infect Dis. 2021;72:239. [PMID: 31942944]

Selhorst P et al. Longer-term outcomes of HIV-positive-to-HIV-
positive renal transplantation. N Engl J Med. 2019;381:1387.
[PMID: 31577883]

Van de Wyngaert Z et al. Discontinuation of antimicrobial therapy
in adult neutropenic haematology patients: a prospective cohort.
Int J Antimicrob Agents. 2019;53:781. [PMID: 30831232]

Wilk AR et al. National landscape of HIV+ to HIV+ kidney and
liver transplantation in the United States. Am J Transplant.
2019;19:2594. [PMID: 31207040]

CMDT22_Ch30_p1288-p1330.indd 1294 02/07/21 6:13 PM



PROBLEMS IN INFECTIOUS DISEASES & ANTIMICROBIAL THERAPY 1295CMDT 2022

HEALTH CARE–ASSOCIATED INFECTIONS

E S S E N T I A L S  O F  D I A G N O S I S

» Acquired during the course of receiving health
care treatment for other conditions.

» Most cases are preventable.

» Hospital-associated infections are defined as not
being present or incubating at the time of hospi-
tal admission and developing ≥ 48 hours after
admission.

» Hand washing is the most effective prevention
and should be done routinely even when gloves
are worn.

» General Considerations

Worldwide, approximately 10% of patients acquire a health
care–associated infection, resulting in prolongation of the
hospital stay, increase in cost of care, and significant mor-
bidity and mortality. The most common infections are
urinary tract infections, usually associated with indwelling
urinary catheters or urologic procedures; bloodstream
infections, most commonly from indwelling catheters but
also from secondary sites, such as surgical wounds,
abscesses, pneumonia, the genitourinary tract, and the
gastrointestinal tract; pneumonia in intubated patients or
those with altered levels of consciousness; surgical wound
infections; MRSA infections; and Clostridioides difficile
colitis.

Some general principles are helpful in preventing, diag-
nosing, and treating health care–associated infections:

1. Many infections are a direct result of the use of invasive
devices for monitoring or therapy, such as intravenous
catheters, indwelling urinary catheters, shunts, surgical
drains, catheters placed by interventional radiology for
drainage, nasogastric tubes, and orotracheal or nasotra-
cheal tubes for ventilatory support. Early removal of
such devices reduces the possibility of infection.

2. Patients in whom health care–associated infections
develop are often critically ill, have been hospitalized
for extended periods, and have received several courses
of broad-spectrum antibiotic therapy. As a result, health
care–associated infections are often due to multidrug
resistant pathogens and differ from those encountered
in community-acquired infections. For example,
S aureus and S epidermidis (a frequent cause of pros-
thetic device infection) are often resistant to methicillin
and most cephalosporins (ceftaroline is the only active
cephalosporin against MRSA) and require vancomycin
for therapy; Enterococcus faecium resistant to ampicillin
and vancomycin; gram-negative infections caused by
Pseudomonas, Citrobacter, Enterobacter, Acinetobacter,
Stenotrophomonas, extended-spectrum beta-lactamases
(ESBL)–producing E coli, Klebsiella, and carbapenem-
resistant Enterobacteriaceae (CRE) may be resistant to

most antibacterials. When choosing antibiotics to treat
the seriously ill patient with a health care–associated
infection, antimicrobial history and the “local ecology”
must be considered. In the most seriously ill patients,
broad-spectrum coverage with vancomycin and a car-
bapenem with or without an aminoglycoside is recom-
mended. Once a pathogen is isolated and susceptibilities
are known, the most narrow-spectrum, least toxic, most
cost-effective regimen should be used.

Widespread use of antimicrobial medications contrib-
utes to the selection of drug-resistant organisms; thus,
every effort should be made to limit the spectrum of coverage
and unnecessary duration. All too often, unreliable or unin-
terpretable specimens are obtained for culture that result in
unnecessary use of antibiotics. The best example of this
principle is the diagnosis of line-related or bloodstream
infection in the febrile patient. To avoid unnecessary use of
antibiotics, thoughtful consideration of culture results is
mandatory. A positive wound culture without signs of
inflammation or infection, a positive sputum culture with-
out pulmonary infiltrates on chest radiograph, or a positive
urine culture in a catheterized patient without symptoms
or signs of pyelonephritis are all likely to represent coloni-
zation, not infection.

» Clinical Findings

A. Symptoms and Signs

Catheter-associated infections have a variable presentation,
depending on the type of catheter used (peripheral or cen-
tral venous catheters, nontunneled or tunneled). Local
signs of infection may be present at the insertion site, with
pain, erythema, and purulence. Fever is often absent in
uncomplicated infections and, if present, may indicate
more disseminated disease such as bacteremia, cellulitis
and septic thrombophlebitis. Often signs of infection at the
insertion site are absent.

1. Fever in an intensive care unit patient—Fever compli-
cates up to 70% of patients in intensive care units, and the
etiology of the fever may be infectious or noninfectious.
Common infectious causes include catheter-associated
infections, hospital-acquired and ventilator-associated
pneumonia (see Chapter 9), surgical site infections, uri-
nary tract infections, and sepsis. Clinically relevant sinus-
itis is relatively uncommon in the patient in the intensive
care unit.

An important noninfectious cause is thromboem-
bolic disease. Fever in conjunction with refractory
hypotension and shock may suggest sepsis; however,
adrenal insufficiency, thyroid storm, and transfusion
reaction may have a similar clinical presentation. Drug
fever is difficult to diagnose and is usually a diagnosis of
exclusion unless there are other signs of hypersensitivity,
such as a typical maculopapular rash (most common
with beta-lactams).

2. Fever in the postoperative patient—Postoperative
fever is very common and noninfectious fever resolves
spontaneously. Timing of the onset of the fever in relation
to the surgical procedure may be of diagnostic benefit.
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a. Immediate fever (in the first few hours after

surgery)—Immediate fever can be due to medications
that were given perioperatively, to surgical trauma, or to
infections that were present before surgery. Necrotizing
fasciitis due to group A streptococci or mixed organisms
may present in this period. Malignant hyperthermia is rare
and presents 30 minutes to several hours following inhala-
tional anesthesia and is characterized by extreme hyper-
thermia, muscle rigidity, rhabdomyolysis, electrolyte
abnormalities, and hypotension. Aggressive cooling and
dantrolene are the mainstays of therapy. Aspiration of
acidic gastric contents during surgery can result in a
chemical pneumonitis (Mendelson syndrome) that devel-
ops rapidly, is transient, and does not require antibiotics.
Fever due to surgical trauma usually resolves in 2–3 days;
however, it may be longer in more complicated operative
cases and in patients with head trauma.

b. Acute fever (within 1 week of surgery)—Acute
fever is usually due to common causes of hospital-associated
infections, such as ventilator-associated pneumonia
(including aspiration pneumonia in patients with decreased
gag reflex) and line infections. Noninfectious causes
include alcohol withdrawal, gout, pulmonary embolism,
and pancreatitis. Atelectasis following surgery is com-
monly invoked as a cause of postoperative fever but there is
no good evidence to support a causal association between the
presence or degree of atelectasis and fever.

c. Subacute fever (at least 1 week after surgery)—

Surgical site infections commonly present at least 1 week
after surgery. The type of surgery that was performed pre-
dicts specific infectious etiologies. Patients undergoing
cardiothoracic surgery may be at higher risk for pneumo-
nia and deep and superficial sternal wound infections.
Meningitis without typical signs of meningismus may
complicate neurosurgical procedures. Postoperative deep
abdominal abscesses may require drainage.

B. Laboratory Findings

Blood cultures are universally recommended, and chest
radiographs are frequently obtained. A properly prepared
sputum Gram stain and semi-quantitative sputum cultures
may be useful in selected patients where there is a high
pretest probability of pneumonia but multiple exclusion
criteria probably limit generalizability in most patients,
such as immunocompromised patients and those with
drug resistance. Other diagnostic strategies will be dictated
by the clinical context (eg, transesophageal echocardio-
gram in a patient with S aureus bacteremia).

Any fever in a patient with a central venous catheter
should prompt the collection of blood. The best method to
evaluate bacteremia is to gather at least two peripherally
obtained blood cultures. Blood cultures from unidentified
sites, a single blood culture from any site, or a blood culture
through an existing line will often be positive for coagu-
lase-positive staphylococci, particularly S epidermidis,
often resulting in the inappropriate use of vancomycin.
Unless two separate venipuncture cultures are obtained—
not through catheters—interpretation of results is impos-
sible, and unnecessary therapy often results. Each

“pseudobacteremia” increases bacterial resistance pressure,
laboratory costs, antibiotic use, and length of stay. Micro-
biologic evaluation of the removed catheter can sometimes
be helpful, but only in addition to (not instead of) blood
cultures drawn from peripheral sites. The differential time
to positivity measures the difference in time that cultures
simultaneously drawn through a catheter and a peripheral
site become positive. A positive test (at least 120 minutes’
difference in time) supports a catheter-related bloodstream
infection, while a negative test suggests catheters may be
retained.

» Complications

Complications such as septic thrombophlebitis, endocardi-
tis, or metastatic foci of infection (particularly with
S aureus) may be suspected in patients with persistent
bacteremia and fever despite removal of the infected cath-
eter. Additional studies such as venous Doppler studies,
transesophageal echocardiogram, and chest radiographs
may be indicated, and 4–6 weeks of antibiotics may be
needed. In the case of septic thrombophlebitis, anticoagu-
lation with heparin is also recommended if there are no
contraindications.

» Differential Diagnosis

Although most fevers are due to infections, about 25% of
patients will have fever of noninfectious origin, including
drug fever, nonspecific postoperative fevers (tissue damage
or necrosis), hematoma, pancreatitis, pulmonary embo-
lism, myocardial infarction, and ischemic bowel disease.

» Prevention

The concept of universal precautions emphasizes that
all patients are treated as though they have a potential
blood-borne transmissible disease, and thus all body
secretions are handled with care to prevent spread of
disease. Body substance isolation requires use of gloves
whenever a health care worker anticipates contact with
blood or other body secretions. Even though gloves are
worn, health care workers should routinely wash their
hands, since it is the easiest and most effective means of
preventing hospital-associated infections. Application of a
rapid drying, alcohol-based antiseptic is simple, takes
less time than traditional hand washing with soap and
water, is more effective at reducing hand colonization,
and promotes compliance with hand decontamination.
For prevention of transmission of C difficile infection,
hand washing is more effective than alcohol-based anti-
septics. Consequently, even after removing gloves, pro-
viders should always wash hands in cases of proven or
suspected C difficile infection.

Peripheral intravenous lines should be replaced no
more frequently than every 3–4 days. Some clinicians
replace only when clinically indicated or if the line was put
in emergently. Arterial lines and lines in the central venous
circulation (including those placed peripherally) can be left
in place indefinitely and are changed or removed when
they are clinically suspected of being infected, when they
are nonfunctional, or when they are no longer needed.
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Using sterile barrier precautions (including cap, mask,
gown, gloves, and drape) is recommended while inserting
central venous catheters. Antibiotic-impregnated (minocy-
cline plus rifampin or chlorhexidine plus silver sulfadia-
zine) venous catheters reduce line infections. Silver
alloy–impregnated indwelling urinary catheters reduce the
incidence of catheter-associated bacteriuria, but not con-
sistently catheter-associated urinary tract infections. Best
practices to prevent ventilator-associated pneumonia
include avoiding intubation if possible, minimizing and
daily interruption of sedation, pooling/draining of subglot-
tic secretions above the tube cuff, and elevating the head of
the bed. Silver-coated endotracheal tubes may reduce the
incidence of ventilator-associated pneumonia but has lim-
ited impact on hospital stay duration or mortality, so they
are not generally recommended. Catheter-related urinary
tract infections and intravenous catheter-associated infec-
tions are not Medicare-reimbursable conditions in the
United States. Preoperative skin preparation with
chlorhexidine and alcohol (versus povidone-iodine)
reduces the incidence of infection following surgery.
Another strategy that can prevent surgical-site infections
is the identification and treatment of S aureus nasal carri-
ers with 2% mupirocin nasal ointment and chlorhexidine
soap. Daily bathing of ICU patients with chlorhexidine-
impregnated washcloths versus soap and water results in
lower incidence of health care–associated infections and
colonization. Selective decontamination of the digestive
tract with nonabsorbable or parenteral antibiotics, or
both, may prevent hospital-acquired pneumonia and
decrease mortality but is in limited use because of the
concern of the development of antibiotic resistance.
Prevention bundles (implementing more than one inter-
vention concomitantly) are commonly used as a practical
strategy to enhance care.

Attentive nursing care (positioning to prevent pressure
injuries, wound care, elevating the head during tube feed-
ings to prevent aspiration) is critical in preventing hospital-
associated infections. In addition, monitoring of high-risk
areas by hospital epidemiologists is critical in the preven-
tion of infection. Some guidelines advocate rapid screening
(active surveillance cultures) for MRSA on admission to
acute care facilities among certain subpopulations of
patients (eg, those recently hospitalized, admission to the
intensive care unit, patients undergoing hemodialysis).
However, outside the setting of an MRSA outbreak, it is
not clear whether this strategy decreases the incidence of
hospital-associated MRSA infections.

Vaccines, including hepatitis A, hepatitis B, and the
varicella, pneumococcal, and influenza vaccinations, are
important adjuncts. (See section below titled Immuniza-
tion Against Infectious Diseases.)

» Treatment

A. Fever in an Intensive Care Unit Patient

Unless the patient has a central neurologic injury with
elevated intracranial pressure or has a temperature higher
than 41°C, there is less physiologic need to maintain euther-
mia. Empiric broad-spectrum antibiotics (see Table 30–5)

are recommended for neutropenic and other immunocom-
promised patients and in patients who are clinically
unstable.

B. Catheter-Associated Infections

Factors that inform treatment decisions include the type of
catheter, the causative pathogen, the availability of alter-
nate catheter access sites, the need for ongoing intravascu-
lar access, and the severity of disease.

In general, catheters should be removed if there is
purulence at the exit site; if the organism is S aureus,
gram-negative rods, or Candida species; if there is persis-
tent bacteremia (more than 48 hours while receiving
antibiotics); or if complications, such as septic thrombo-
phlebitis, endocarditis, or other metastatic disease, exist.
Central venous catheters may be exchanged over a guide-
wire provided there is no erythema or purulence at the
exit site and the patient does not appear to be septic.
Methicillin-resistant, coagulase-negative staphylococci
are the most common pathogens; thus, empiric therapy
with vancomycin, 15 mg/kg/dose intravenously twice
daily, should be given assuming normal kidney function.
Empiric gram-negative coverage should be used in
patients who are immunocompromised or who are criti-
cally ill (see Table 30–5).

Antibiotic treatment duration depends on the patho-
gen and the extent of disease. For uncomplicated bacte-
remia, 5–7 days of therapy is usually sufficient for
coagulase-negative staphylococci, even if the original
catheter is retained. Fourteen days of therapy are gener-
ally recommended for uncomplicated bacteremia caused
by gram-negative rods, Candida species, and S aureus.
Antibiotic lock therapy involves the instillation of
supratherapeutic concentrations of antibiotics with hep-
arin in the lumen of catheters. The purpose is to achieve
adequate concentrations of antibiotics to kill microbes
in the biofilm. Antibiotic lock therapy can be used for
catheter-related bloodstream infections caused by both
gram-positive and gram-negative bacterial pathogens
and when the catheter is being retained in a salvage
situation.

» When to Refer

• Any patient with multidrug-resistant infection.

• Any patient with fungemia, S aureus bacteremia, or
persistent bacteremia of any organism.

• Patients whose catheters cannot be removed.

• Patients with multisite infections.

• Patients with impaired or fluctuating kidney function
for assistance with dosing of antimicrobials.

• Patients with refractory or recurrent C difficile colitis.

Bupha-Intr O et al. Efficacy of early oral switch with β-lactams
for low-risk Staphylococcus aureus bacteremia. Antimicrob
Agents Chemother. 2020;64:e02345-19. [PMID: 32015029]

DeFilipp Z et al. Drug-resistant E. coli bacteremia transmitted by
fecal microbiota transplant. N Engl J Med. 2019;381:2043.
[PMID: 31665575]
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INFECTIONS OF THE CENTRAL
NERVOUS SYSTEM

E S S E N T I A L S  O F  D I A G N O S I S

» CNS infection is a medical emergency.

» Symptoms and signs common to all CNS infections
include headache, fever, sensorial disturbances,
neck and back stiffness, positive Kernig and Brudz-
inski signs, and cerebrospinal fluid abnormalities.

» General Considerations

Infections of the CNS can be caused by almost any infec-
tious agent, including bacteria, mycobacteria, fungi, spiro-
chetes, protozoa, helminths, and viruses.

Table 301. Typical cerebrospinal fluid findings in various central nervous system diseases (listed in alphabetical
order after Normal).

Diagnosis Cells/mcL

Glucose

(mg/dL)

Protein

(mg/dL) Opening Pressure

Normal 0–5 lymphocytes 45–851 15–45 70–180 mm H
2
O

Aseptic meningitis, viral meningitis,

or meningoencephalitis2

25–2000 (0.025–2.0 × 109/L), mostly

lymphocytes3

Normal or low High (> 50) Slightly elevated

Granulomatous meningitis

(mycobacterial, fungal)3

100–1000 (0.1–1.0 × 109/L), mostly

lymphocytes3

Low (< 45) High (> 50) Moderately elevated

“Neighborhood reaction”4 Variably increased Normal Normal or high Variable

Purulent meningitis (bacterial)5

community-acquired

200–20,000 (0.2–20 × 109/L) polymor-

phonuclear neutrophils

Low (< 45) High (> 50) Markedly elevated

Spirochetal meningitis 100–1000 (0.1–1.0 × 109/L), mostly

lymphocytes3

Normal High (> 50) Normal to slightly

elevated

1Cerebrospinal fluid glucose must be considered in relation to blood glucose level. Normally, cerebrospinal fluid glucose is 20–30 mg/dL

lower than blood glucose, or 50–70% of the normal value of blood glucose.
2Viral isolation from cerebrospinal fluid early; antibody titer rise in paired specimens of serum; polymerase chain reaction for herpesvirus.
3Polymorphonuclear neutrophils may predominate early.
4May occur in mastoiditis, brain abscess, epidural abscess, sinusitis, septic thrombus, brain tumor. Cerebrospinal fluid culture results usually negative.
5Organisms in smear or culture of cerebrospinal fluid; counterimmunoelectrophoresis or latex agglutination may be diagnostic.

» Etiologic Classification

CNS infections can be divided into several categories that
usually can be readily distinguished from each other by
cerebrospinal fluid examination as the first step toward
etiologic diagnosis (Table 30–1).

A. Purulent Meningitis

Patients with bacterial meningitis usually seek medical
attention within hours or 1–2 days after onset of symp-
toms. The organisms responsible depend primarily on the
age of the patient as summarized in Table 30–2. The diag-
nosis is usually based on the Gram-stained smear (positive
in 60–90%) or culture (positive in over 90%) of the cere-
brospinal fluid.

B. Chronic Meningitis

The presentation of chronic meningitis is less acute than
purulent meningitis. Patients with chronic meningitis usually
have a history of symptoms lasting weeks to months. The
most common pathogens are Mycobacterium tuberculosis,
atypical mycobacteria, fungi (Cryptococcus, Coccidioides,
Histoplasma), and spirochetes (Treponema pallidum and
Borrelia burgdorferi). The diagnosis is made by culture or
in some cases by serologic tests (cryptococcosis, coccidioi-
domycosis, syphilis, Lyme disease).

C. Aseptic Meningitis

Aseptic meningitis—a much more benign and self-limited
syndrome than purulent meningitis—is caused principally
by viruses, especially herpes simplex virus and the entero-
virus group (including coxsackieviruses and echoviruses).
Infectious mononucleosis may be accompanied by aseptic
meningitis. Leptospiral infection is also usually placed in
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the aseptic group because of the lymphocytic cellular
response and its relatively benign course. This type of men-
ingitis also occurs during secondary syphilis and dissemi-
nated Lyme disease. Prior to the routine administration of
measles-mumps-rubella (MMR) vaccines, mumps was the
most common cause of viral meningitis. Drug-induced
aseptic meningitis has been reported with nonsteroidal
anti-inflammatory drugs, sulfonamides, and certain mono-
clonal antibodies.

D. Encephalitis

Encephalitis (due to herpesviruses, arboviruses, rabies
virus, flaviviruses [West Nile encephalitis, Japanese
encephalitis], and many others) produces disturbances of
the sensorium, seizures, and many other manifestations.
Patients are more ill than those with aseptic meningitis.
Cerebrospinal fluid may be entirely normal or may show
some lymphocytes and, in some instances (eg, herpes sim-
plex), red cells as well. Influenza has been associated with
encephalitis, but the relationship is not clear. An autoim-
mune form of encephalitis associated with N-methyl-
D-aspartate receptor antibodies should be suspected in
younger patients with encephalitis and associated seizures,
movement disorders, and psychosis.

E. Partially Treated Bacterial Meningitis

Previous effective antibiotic therapy given for 12–24 hours
will decrease the rate of positive cerebrospinal fluid Gram
stain results by 20% and culture by 30–40% but will have
little effect on cell count, protein, or glucose. Occasionally,
previous antibiotic therapy will change a predominantly
polymorphonuclear response to a lymphocytic pleocytosis,

and some of the cerebrospinal fluid findings may be similar
to those seen in aseptic meningitis.

F. Neighborhood Reaction

As noted in Table 30–1, this term denotes a purulent infec-
tious process in close proximity to the CNS that spills some
of the products of the inflammatory process—white blood
cells or protein—into the cerebrospinal fluid. Such an
infection might be a brain abscess, osteomyelitis of the
vertebrae, epidural abscess, subdural empyema, or bacte-
rial sinusitis or mastoiditis.

G. Noninfectious Meningeal Irritation

Carcinomatous meningitis, sarcoidosis, systemic lupus ery-
thematosus, chemical meningitis, and certain medications—
nonsteroidal anti-inflammatory drugs, OKT3, TMP-SMZ,
and others—can also produce symptoms and signs of men-
ingeal irritation with associated cerebrospinal fluid pleocy-
tosis, increased protein, and low or normal glucose.
Meningismus with normal cerebrospinal fluid findings
occurs in the presence of other infections such as pneumo-
nia and shigellosis.

H. Brain Abscess

Brain abscess presents as a space-occupying lesion; symp-
toms may include vomiting, fever, change of mental status,
or focal neurologic manifestations. When brain abscess is
suspected, a CT scan should be performed. If positive,
lumbar puncture should not be performed since results
rarely provide clinically useful information and herniation
can occur. The bacteriology of brain abscess is usually
polymicrobial and includes S aureus, gram-negative bacilli,

Table 302. Initial antimicrobial therapy for purulent meningitis of unknown cause.

Population Usual Microorganisms Standard Terapy

18–50 years Streptococcus pneumoniae, Neisseria meningitidis Vancomycin1 plus ceftriaxone2

Over 50 years S pneumoniae, N meningitidis, Listeria monocytogenes,

gram-negative bacilli, group B streptococcus

Vancomycin1 plus ampicillin,3 plus ceftriaxone2

Impaired cellular

immunity

L monocytogenes, gram-negative bacilli, S pneumoniae Vancomycin1 plus ampicillin,3 plus cefepime4

Postsurgical or

posttraumatic

Staphylococcus aureus, S pneumoniae, aerobic gram-negative

bacilli, coagulase-negative staphylococci,5 diphtheroids

(eg, Propionibacterium acnes)5 (uncommon)

Vancomycin1 plus cefepime4

1Given to cover highly penicillin- or cephalosporin-resistant pneumococci. The dose of vancomycin is 15 mg/kg/dose intravenously every

8 hours. A target area under the curve (AUC) between 400 and 600 mg*hour/L is suggested for treatment of confirmed methicillin-resistant

Staphylococcus aureus (MRSA). Should be stopped if the causative organism is susceptible to ceftriaxone.
2Ceftriaxone can often be used safely in most patients with a history of penicillin allergy (aztreonam can be considered for empiric coverage

of gram-negative bacilli in patients with type 1 IgE-mediated penicillin and cephalosporin allergy). The usual dose of ceftriaxone is 2 g

intravenously every 12 hours. If the organism is susceptible, penicillin 3–4 million units intravenously every 4 hours is given.
3In severely ill patients, ampicillin is used when L monocytogenes infection is a consideration. For confirmed infection due to L monocyto-

genes, gentamicin is sometimes added to ampicillin. (For patients with type 1 IgE-mediated penicillin allergy, trimethoprim-sulfamethoxa-

zole [TMP-SMZ] in a dosage of 15–20 mg/kg/day of TMP in 3 or 4 divided doses can be considered.) The dose of ampicillin is 2 g

intravenously every 4 hours with normal kidney function.
4Cefepime is given in a dose of 3 g intravenously every 8 hours.
5Primarily associated with presence of hardware.
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streptococci, and mouth anaerobes (including anaerobic
streptococci and Prevotella species).

I. Health CareAssociated Meningitis

This infection may arise as a result of invasive neurosurgi-
cal procedures (eg, craniotomy, internal or external ven-
tricular catheters, external lumbar catheters), complicated
head trauma, or hospital-acquired bloodstream infections.
Outbreaks have been associated with contaminated epi-
dural or paraspinal corticosteroid injections. In general,
the microbiology is distinct from community-acquired
meningitis, with gram-negative organisms (eg, Pseudomo-
nas), S aureus, and coagulase-negative staphylococci and,
in the outbreaks associated with contaminated corticoste-
roids, mold and fungi (Exserohilum rostratum and Aspergil-
lus fumigatus) playing a larger role.

» Clinical Findings

A. Symptoms and Signs

The classic triad of fever, stiff neck, and altered mental
status has a low sensitivity (44%) for bacterial meningitis.
However, nearly all patients with bacterial meningitis have
at least two of the following symptoms—fever, headache,
stiff neck, or altered mental status.

B. Laboratory Tests

Evaluation of a patient with suspected meningitis includes
a blood count, blood culture, lumbar puncture followed by
careful study and culture of the cerebrospinal fluid, and a
chest film. The fluid must be examined for cell count, glu-
cose, and protein, and a smear stained for bacteria (and
acid-fast organisms when appropriate) and cultured for
pyogenic organisms and for mycobacteria and fungi when
indicated. Latex agglutination tests can detect antigens of
encapsulated organisms (S pneumoniae, H influenzae, N
meningitidis, and Cryptococcus neoformans) but are rarely
used except for detection of Cryptococcus or in partially
treated patients. Polymerase chain reaction (PCR) testing
of cerebrospinal fluid has been used to detect bacteria
(S pneumoniae, H influenzae, N meningitidis, M tuberculosis,
B burgdorferi, and Tropheryma whipplei) and viruses (her-
pes simplex, varicella-zoster, CMV, Epstein-Barr virus, and
enteroviruses) in patients with meningitis. The greatest
experience is with PCR for herpes simplex, varicella-zoster,
and JC virus. These tests are very sensitive (greater than
95%) and specific. In addition to its use in meningitis,
molecular methods such as PCR and next-generation
sequencing are being used increasingly for the diagnosis of
encephalitis, transverse myelitis, and brain abscess. In gen-
eral, molecular diagnostic tests may provide a more sensi-
tive and rapid alternative to traditional culture and serology
methods. However, it is difficult to ascertain the true sen-
sitivity of many molecular tests for CNS infections given
the absence of a gold standard. In some cases, tests to
detect several organisms may not be any more sensitive
than culture (or serology), but the real value is the rapidity
with which results are available, ie, hours compared with
days or weeks.

C. Lumbar Puncture and Imaging

Since performing a lumbar puncture in the presence of a
space-occupying lesion (brain abscess, subdural hematoma,
subdural empyema, necrotic temporal lobe from herpes
encephalitis) may result in brainstem herniation, a CT scan
is performed prior to lumbar puncture if a space-occupying
lesion is suspected on the basis of papilledema, seizures, or focal
neurologic findings. Other indications for CT scan are an
immunocompromised patient or moderately to severely
impaired level of consciousness. If delays are encountered in
obtaining a CT scan and bacterial meningitis is suspected,
blood cultures should be drawn and antibiotics and cortico-
steroids administered even before cerebrospinal fluid is
obtained for culture to avoid delay in treatment (Table 30–1).
Antibiotics given within 4 hours before obtaining cerebrospinal
fluid probably do not affect culture results. MRI with contrast
of the epidural injection site and surrounding areas is
recommended (sometimes repeatedly) for those with symp-
toms following a possibly contaminated corticosteroid
injection to exclude epidural abscess, phlegmon, vertebral
osteomyelitis, discitis, or arachnoiditis.

» Treatment

Although it is difficult to prove with existing clinical data
that early antibiotic therapy improves outcome in bacterial
meningitis, prompt therapy is still recommended. In puru-
lent meningitis, the identity of the causative microorgan-
ism may remain unknown or doubtful for a few days and
initial antibiotic treatment as set forth in Table 30–2 should
be directed against the microorganisms most common for
each age group.

The duration of therapy for bacterial meningitis varies
depending on the etiologic agent: H influenzae, 7 days;
N meningitidis, 3–7 days; S pneumoniae, 10–14 days;
L monocytogenes, 14–21 days; and gram-negative bacilli,
21 days.

For adults with pneumococcal meningitis, dexamethasone
10 mg administered intravenously 15–20 minutes before or
simultaneously with the first dose of antibiotics and continued
every 6 hours for 4 days decreases morbidity and mortality.
Patients most likely to benefit from corticosteroids are those
infected with gram-positive organisms (S pneumoniae or
S suis), and those who are HIV negative. It is unknown
whether patients with meningitis due to N meningitidis and
other bacterial pathogens benefit from the use of adjunctive
corticosteroids. Increased intracranial pressure due to brain
edema often requires therapeutic attention. Hyperventilation,
mannitol (25–50 g intravenously as a bolus), and even drain-
age of cerebrospinal fluid by repeated lumbar punctures or by
placement of intraventricular catheters have been used to
control cerebral edema and increased intracranial pressure.
Dexamethasone (4 mg intravenously every 4–6 hours) may
also decrease cerebral edema.

Therapy of brain abscess consists of drainage (excision
or aspiration) in addition to 3–4 weeks of systemic antibi-
otics directed against organisms isolated. An empiric regi-
men often includes metronidazole, 500 mg intravenously or
orally every 8 hours, plus ceftriaxone, 2 g intravenously every
12 hours, with or without vancomycin, 10–15 mg/kg/dose
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intravenously every 12 hours. Vancomycin trough serum
levels should be greater than 15 mcg/mL in such patients;
however, achievement of an area under the curve/minimal
inhibitory concentration (AUC/MIC) ratio of 400–600 is a
better predictor of outcome and should be used in con-
firmed MRSA abscesses. In cases where abscesses are
smaller than 2 cm, where there are multiple abscesses that
cannot be drained, or if an abscess is located in an area
where significant neurologic sequelae would result from
drainage, antibiotics for 6–8 weeks can be used without
drainage.

In addition to antibiotics, in cases of health care–
associated meningitis associated with an external intraven-
tricular catheter, the probability of cure is increased if the
catheter is removed. In infections associated with internal
ventricular catheters, removal of the internal components
and insertion of an external drain is recommended. After
collecting cerebrospinal fluid, epidural aspirate, or other
specimens for culture, routine empiric treatment for other
pathogens (as above) is recommended until the specific
cause of the patient’s CNS or parameningeal infection has
been identified. In addition, early consultation with a neu-
rosurgeon is recommended for those found to have an
epidural abscess, phlegmon, vertebral osteomyelitis, disci-
tis, or arachnoiditis to discuss possible surgical manage-
ment (eg, debridement).

Therapy of other types of meningitis is discussed else-
where in this book (fungal meningitis, Chapter 36; syphilis
and Lyme borreliosis, Chapter 34; tuberculous meningitis,
Chapter 33; herpes encephalitis, Chapter 32).

» When to Refer

• Patients with acute meningitis, particularly if culture
negative or atypical (eg, fungi, syphilis, Lyme disease,
M tuberculosis), or if hospital acquired, associated
with an intraventricular catheter, or if the patient is
immunosuppressed.

• Patients with chronic meningitis.

• All patients with brain abscesses and encephalitis.

• Patients with suspected hospital-acquired meningitis (eg,
in patients who have undergone recent neurosurgery or
epidural or paraspinal corticosteroid injection).

• Patients with recurrent meningitis.

» When to Admit

• Patients with suspected acute meningitis, encephalitis,
and brain or paraspinous abscess should be admitted
for urgent evaluation and treatment.

• There is less urgency to admit patients with chronic
meningitis; these patients may be admitted to expedite
diagnostic procedures and coordinate care, particularly if
no diagnosis has been made in the outpatient setting.

Fitzgerald D et al. Invasive pneumococcal and meningococcal
disease. Infect Dis Clin North Am. 2019;33:1125. [PMID:
31668194]
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meningitis. Clin Infect Dis. 2017;64:e34. [PMID: 28203777]

Vestergaard HH et al. Normocellular community-acquired bac-
terial meningitis in adults: a nationwide population-based
case series. Ann Emerg Med. 2021;77:11. [PMID: 32747082]

Wilson MR et al. Clinical metagenomic sequencing for diagnosis
of meningitis and encephalitis. N Engl J Med. 2019;380(24):2327.
[PMID: 31189036]

ANIMAL & HUMAN BITE WOUNDS

E S S E N T I A L S  O F  D I A G N O S I S

» Cat and human bites have higher rates of infection
than dog bites.

» Hand bites are particularly concerning for the pos-
sibility of closed-space infection.

» Antibiotic prophylaxis indicated for noninfected
bites of the hand and hospitalization required for
infected hand bites.

» All infected wounds need to be cultured to direct
therapy.

» General Considerations

About 1000 dog bite injuries require emergency depart-
ment attention each day in the United States, most often
in urban areas. Dog bites occur most commonly in the
summer months. Biting animals are usually known by
their victims, and most biting incidents are provoked
(ie, bites occur while playing with the animal or after
surprising the animal while eating or waking it abruptly
from sleep). Failure to elicit a history of provocation is
important, because an unprovoked attack raises the
possibility of rabies. Human bites are usually inflicted by
children while playing or fighting; in adults, bites are
associated with alcohol use and closed-fist injuries that
occur during fights.

The animal inflicting the bite, the location of the bite,
and the type of injury inflicted are all important determi-
nants of whether they become infected. Cat bites are more
likely to become infected than human bites—between 30%
and 50% of all cat bites become infected. Infections follow-
ing human bites are variable. Bites inflicted by children
rarely become infected because they are superficial, and
bites by adults become infected in 15–30% of cases, with a
particularly high rate of infection in closed-fist injuries.
Dog bites, for unclear reasons, become infected only 5% of
the time. Bites of the head, face, and neck are less likely to
become infected than bites on the extremities. “Through
and through” bites (eg, involving the mucosa and the skin)
have an infection rate similar to closed-fist injuries. Punc-
ture wounds become infected more frequently than lacera-
tions, probably because the latter are easier to irrigate and
debride.

The bacteriology of bite infections is polymicrobial.
Following dog and cat bites, over 50% of infections are
caused by aerobes and anaerobes and 36% are due to aer-
obes alone. Pure anaerobic infections are rare. Pasteurella
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species are the single most common isolate (75% of infec-
tions caused by cat bites and 50% of infections caused by
dog bites). Other common aerobic isolates include strepto-
cocci, staphylococci, Moraxella, and Neisseria; the most
common anaerobes are Fusobacterium, Bacteroides,
Porphyromonas, and Prevotella. The median number of
isolates following human bites is four (three aerobes and
one anaerobe). Like dog and cat bites, infections caused by
most human bites are a mixture of aerobes and anaerobes
(54%) or are due to aerobes alone (44%). Streptococci and
S aureus are the most common aerobes. Eikenella corrodens
(found in up to 30% of patients), Prevotella, and Fusobacte-
rium are the most common anaerobes. Although the
organisms noted are the most common, innumerable oth-
ers have been isolated—including Capnocytophaga (dog
and cat), Pseudomonas, and Haemophilus—emphasizing
the point that all infected bites should be cultured to define
the microbiology.

HIV can be transmitted from bites (either from biting
or receiving a bite from an HIV-infected patient) but has
rarely been reported.

» Treatment

A. Local Care

Vigorous cleansing and irrigation of the wound as well as
debridement of necrotic material are the most important
factors in decreasing the incidence of infections. Radio-
graphs should be obtained to look for fractures and the
presence of foreign bodies. Careful examination to
assess the extent of the injury (tendon laceration, joint
space penetration) is critical to appropriate care.

B. Suturing

If wounds require closure for cosmetic or mechanical
reasons, suturing can be done. However, one should
never suture an infected wound, and wounds of the
hand should generally not be sutured since a closed-
space infection of the hand can result in loss of
function.

C. Prophylactic Antibiotics

Prophylaxis is indicated in high-risk bites and in high-
risk patients. Cat bites in any location and hand bites by
any animal, including humans, should receive prophy-
laxis. Individuals with certain comorbidities (diabetes,
liver disease) are at increased risk for severe complica-
tions and should receive prophylaxis even for low-risk
bites, as should patients without functional spleens who
are at increased risk for overwhelming sepsis (primarily
with Capnocytophaga species). Amoxicillin-clavulanate
(Augmentin) 500 mg orally three times daily for 5–7 days
is the regimen of choice. For patients with serious allergy
to penicillin, a combination of clindamycin 300 mg orally
three times daily together with one of the following is
recommended for 5–7 days: doxycycline 100 mg orally
twice daily, or double-strength TMP-SMZ orally twice
daily, or a fluoroquinolone (ciprofloxacin 500 mg orally

twice daily or levofloxacin 500–750 mg orally once daily).
Moxifloxacin, a fluoroquinolone with good aerobic and
anaerobic activity, may be suitable as monotherapy at
400 mg orally once daily for 5–7 days. Agents such as
dicloxacillin, cephalexin, macrolides, and clindamycin
should not be used alone because they lack activity
against Pasteurella species. TMP-SMZ has poor activity
against anaerobes and should only be used in combina-
tion with clindamycin.

Because the risk of HIV transmission is so low fol-
lowing a bite, routine postexposure prophylaxis is not
recommended. Each case should be evaluated individu-
ally and consideration for prophylaxis should be given
to those who present within 72 hours of the incident, the
source is known to be HIV infected, and the exposure is
high risk.

D. Antibiotics for Documented Infection

For wounds that are infected, antibiotics are clearly indi-
cated. How they are given (orally or intravenously) and
the need for hospitalization are individualized clinical
decisions. The most commonly encountered pathogens
require treatment with ampicillin-sulbactam (Unasyn),
1.5–3.0 g intravenously every 6–8 hours; or amoxicillin-
clavulanate (Augmentin), 500 mg orally three times daily;
or ertapenem, 1 g intravenously daily. For the patient with
severe penicillin allergy, a combination of clindamycin,
600–900 mg intravenously every 8 hours, plus a fluoro-
quinolone (ciprofloxacin, 400 mg intravenously every
12 hours; levofloxacin, 500–750 mg intravenously once
daily) is indicated. Duration of therapy is usually
2–3 weeks unless complications such as septic arthritis or
osteomyelitis are present; if these complications are
present, therapy should be extended to 4 and 6 weeks,
respectively.

E. Tetanus and Rabies

All patients must be evaluated for the need for tetanus (see
Chapter 33) and rabies (see Chapter 32) prophylaxis.

» When to Refer

• If septic arthritis or osteomyelitis is suspected.

• For exposure to bites by dogs, cats, reptiles, amphibians,
and rodents.

• When rabies is a possibility.

» When to Admit

• Patients with infected hand bites.

• Deep bites, particularly if over joints.

Dhillon J et al. Scoping decades of dog evidence: a scoping
review of dog bite-related sequelae. Can J Public Health.
2019;110:364. [PMID: 30378009]

Greene SE et al. Infectious complications of bite injuries. Infect
Dis Clin North Am. 2021;35:219. [PMID: 33494873]

Kheiran A et al. Cat bite: an injury not to underestimate. J Plast
Surg Hand Surg. 2019;53:341. [PMID: 31287352]
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SEXUALLY TRANSMITTED DISEASES

E S S E N T I A L S  O F  D I A G N O S I S

» All sexually transmitted diseases (STDs) have sub-
clinical or latent periods, and patients may be
asymptomatic.

» Simultaneous infection with several organisms is
common.

» All patients who seek STD testing should be
screened for syphilis and HIV.

» Partner notification and treatment are important
to prevent further transmission and reinfection of
the index case.

» General Considerations

The most common STDs are gonorrhea,* syphilis,* human
papillomavirus (HPV)–associated condyloma acuminatum,
chlamydial genital infections,* herpesvirus genital infections,
trichomonas vaginitis, chancroid,* granuloma inguinale,
scabies, louse infestation, and bacterial vaginosis (among
women who have sex with women). However, shigellosis*;
hepatitis A, B, and C*; amebiasis; giardiasis*; cryptosporidiosis*;
salmonellosis*; and campylobacteriosis may also be transmit-
ted by sexual (oral-anal) contact, especially in men who have
sex with men. Ebola virus and Zika virus have both been
associated with sexual transmission. Both homosexual and
heterosexual contact are risk factors for the transmission of
HIV (see Chapter 31). All STDs have subclinical or latent
phases that play an important role in long-term persistence of
the infection or in its transmission from infected (but largely
asymptomatic) persons to other contacts. Simultaneous
infection by several different agents is common.

Infections typically present in one of several ways, each
of which has a defined differential diagnosis, which should
prompt appropriate diagnostic tests.

A. Genital Ulcers

Common etiologies include herpes simplex virus, primary
syphilis, and chancroid. Other possibilities include lym-
phogranuloma venereum (see Chapter 33), granuloma
inguinale caused by Klebsiella granulomatis (see Chapter 33),
as well as lesions caused by infection with Epstein-Barr
virus and HIV. Noninfectious causes are Behçet disease
(see Chapter 20), neoplasm, trauma, drugs, and irritants.

B. Urethritis With or Without Urethral Discharge

The most common infections causing urethral discharge
are Neisseria gonorrhoeae and Chlamydia trachomatis.
N gonorrhoeae and C trachomatis are also frequent causes
of prostatitis among sexually active men. Other sexually
transmitted infections that can cause urethritis include
Mycoplasma genitalium and, less commonly, Ureaplasma

urealyticum and Trichomonas vaginalis. Noninfectious
causes of urethritis include reactive arthritis with associ-
ated urethritis.

C. Vaginal Discharge

Common causes of vaginitis are bacterial vaginosis (caused
by overgrowth of anaerobes such as Gardnerella vaginalis),
candidiasis, and T vaginalis (see Chapter 18). Less common
infectious causes of vaginitis include HPV-associated con-
dylomata acuminata and group A streptococcus. Nonin-
fectious causes are physiologic changes related to the
menstrual cycle, irritants, and lichen planus. Even though
N gonorrhoeae and C trachomatis are frequent causes of
cervicitis, they rarely produce vaginal discharge.

» Screening & Prevention

All persons who seek STD testing should undergo rou-
tine screening for HIV infection, using rapid HIV testing
(if patients may not follow up for results obtained by stan-
dard methods) or nucleic acid amplification followed by
confirmatory serology (if primary HIV infection may be a
possibility) as indicated. Most algorithms now start with an
antigen/antibody combination HIV-1/2 immunoassay with
a confirmatory HIV-1/HIV-2 antibody differentiation
immunoassay. Patients in whom certain STDs have been
diagnosed and treated (chlamydia or gonorrhea, and
trichomonas in women) are at a high risk for reinfection
and should be encouraged to be rescreened for STDs at
3 months following the initial STD diagnosis.

Asymptomatic patients often request STD screening at
the time of initiating a new sexual relationship. Routine
HIV testing and hepatitis B serology testing should be
offered to all such patients. In sexually active women who
have not been recently screened, cervical Papanicolaou
testing and nucleic acid amplification testing of a urine
specimen for gonorrhea and chlamydia are recommended.
Among men who have sex with men, additional screening
is recommended for syphilis; hepatitis A; urethral, pharyn-
geal, and rectal gonorrhea; as well as urethral and rectal
chlamydia. Nucleic acid amplification testing is recom-
mended for gonorrhea or chlamydia. There are no recom-
mendations to screen heterosexual men for urethral
chlamydia, but this could be considered in STD clinics,
adolescent clinics, or correctional facilities. The periodicity
of screening thereafter depends on sexual risk, but most
screening should be offered at least annually to sexually
active adults (particularly to those 25 years old and under).
Clinicians should also evaluate transgender men and
women for STD screening, based on current anatomy and
behaviors practiced. If not immune, hepatitis B vaccination
is recommended for all sexually active adults, and hepatitis A
vaccination in men who have sex with men. Persons
between the ages of 9 and 26 should be routinely offered
vaccination against HPV (9-valent).

The risk of developing an STD following a sexual
assault is difficult to accurately ascertain given high rates of
baseline infections and poor follow-up. Victims of assault
have a high baseline rate of infection (N gonorrhoeae, 6%;
C trachomatis, 10%; T vaginalis, 15%; and bacterial*Reportable to public health authorities.
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vaginosis, 34%), and the risk of acquiring infection as a
result of the assault is significant but is often lower than the
preexisting rate (N gonorrhoeae, 6–12%; C trachomatis,
4–17%; T vaginalis, 12%; syphilis, 0.5–3%; and bacterial
vaginosis, 19%). Victims should be evaluated within
24 hours after the assault, and nucleic acid amplification
tests for N gonorrhoeae and C trachomatis should be per-
formed. Vaginal secretions are obtained for Trichomonas
wet mount and culture, or point-of-care testing. If a dis-
charge is present, if there is itching, or if secretions are
malodorous, a wet mount should be examined for Candida
and bacterial vaginosis. In addition, a blood sample should
be obtained for immediate serologic testing for syphilis,
hepatitis B, and HIV. Follow-up examination for STDs
should be repeated within 1–2 weeks, since concentrations
of infecting organisms may not have been sufficient to
produce a positive test at the time of initial examination. If
prophylactic treatment was given (may include postexpo-
sure hepatitis B vaccination without hepatitis B immune
globulin; treatment for chlamydial, gonorrheal, or tricho-
monal infection; and emergency contraception), tests
should be repeated only if the victim has symptoms. If
prophylaxis was not administered, the individual should be
seen in 1 week so that any positive tests can be treated. Fol-
low-up serologic testing for syphilis and HIV infection
should be performed in 6, 12, and 24 weeks if the initial tests
are negative. The usefulness of presumptive therapy is con-
troversial, with some feeling that all patients should receive
it and others that it should be limited to those in whom
follow-up cannot be ensured or to patients who request it.

Although seroconversion to HIV has been reported fol-
lowing sexual assault when this was the only known risk,
this risk is believed to be low. The likelihood of HIV trans-
mission from vaginal or anal receptive intercourse when
the source is known to be HIV positive is 1 per 1000 and 5
per 1000, respectively. Although prophylactic antiretroviral
therapy has not been studied in this setting, the Depart-
ment of Health and Human Services recommends the
prompt institution of postexposure prophylaxis with antiret-
roviral therapy if the person seeks care within 72 hours of the
assault, the source is known to be HIV positive, and the
exposure presents a substantial risk of transmission.

In addition to screening asymptomatic patients with
STDs, other strategies for preventing further transmission
include evaluating sex partners and administering preex-
posure vaccination of preventable STDs to individuals at
risk; other strategies include the consistent use of male and
female condoms and male circumcision. Adult male cir-
cumcision has been shown to decrease the transmission of
HIV by 50%, and of herpes simplex virus and HPV by 30%
in heterosexual couples in sub-Saharan Africa. For each
patient, there are one or more sexual contacts who require
diagnosis and treatment. Prompt treatment of contacts by
giving antibiotics to the index case to distribute to all sex-
ual contacts (patient-delivered therapy) is an important
strategy for preventing further transmission and to prevent
reinfection of the index case.

Note that vaginal spermicides and condoms containing
nonoxynol-9 provide no additional protection against
STDs. Early initiation of antiretroviral therapy in

HIV-infected individuals can prevent HIV acquisition in
an uninfected sex partner. Also, preexposure prophylaxis
with a once-daily pill containing emtricitabine plus tenofo-
vir disoproxil fumarate (TDF) has been shown to be effec-
tive in preventing HIV infection among high-risk men
who have sex with men, heterosexual women and men,
transgender women, and persons who inject drugs.

» When to Refer

• Patients with a new diagnosis of HIV.

• Patients with persistent, refractory, or recurrent STDs,
particularly when drug resistance is suspected.

Chou R et al. Preexposure prophylaxis for the prevention of HIV
infection: evidence report and systematic review for the US
Preventive Services Task Force. JAMA. 2019;321:2214.
[PMID: 31184746]

MacGowan RJ et al. Effect of internet-distributed HIV self-tests
on HIV diagnosis and behavioral outcomes in men who have
sex with men: a randomized clinical trial. JAMA Intern Med.
2020;180:117. [PMID: 31738378]

Price JC et al. Sexually acquired hepatitis C infection in HIV-
uninfected men who have sex with men using pre-exposure
prophylaxis against HIV. J Infect Dis. 2019;219:1373. [PMID:
30462305]

US Preventive Services Task Force; Krist AH et al. Behavioral
counseling interventions to prevent sexually transmitted
infections: US Preventive Services Task Force recommenda-
tion statement. JAMA. 2020;324:674. [PMID: 32809008]

INFECTIONS IN PERSONS WHO
INJECT DRUGS

E S S E N T I A L S  O F  D I A G N O S I S

» Common infections that occur with greater fre-
quency in persons who inject drugs include:

– Skin infections, aspiration pneumonia, tuberculosis.

– Hepatitis A, B, C, D; STDs; HIV/AIDS.

– Pulmonary septic emboli, infective endocarditis.

– Osteomyelitis and septic arthritis.

» General Considerations

There is a high incidence of infection among persons with
opioid use disorder, particularly among people who inject
drugs. Increased risk of infection is likely associated with
poor hygiene and colonization with potentially pathogenic
organisms, contamination of drugs and equipment,
increased sexual risk behaviors, and impaired immune
defenses. The use of parenterally administered recreational
drugs has increased enormously in recent years, fueled in
part by an epidemic of prescription opioid misuse and
abuse. More than 2 million persons in North America are
estimated to have used injection drugs in the past year.

Skin infections are associated with poor hygiene and
use of nonsterile technique when injecting drugs. S aureus
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(including community-acquired methicillin-resistant
strains) and oral flora (streptococci, Eikenella, Fusobacte-
rium, Peptostreptococcus) are the most common organisms,
with enteric gram-negatives generally more likely seen in
those who inject into the groin. Cellulitis and subcutane-
ous abscesses occur most commonly, particularly in
association with subcutaneous (“skin-popping”) or intra-
muscular injections and the use of cocaine and heroin
mixtures (probably due to ischemia). Myositis, clostridial
myonecrosis, and necrotizing fasciitis occur infrequently
but are life-threatening. Wound botulism in association
with black tar heroin occurs sporadically but often in
clusters.

Aspiration pneumonia and its complications (lung
abscess, empyema, brain abscess) result from altered con-
sciousness associated with drug use. Mixed aerobic and
anaerobic mouth flora are usually involved.

Tuberculosis also occurs in persons who use drugs, and
infection with HIV has fostered the spread of tuberculosis
in this population. Morbidity and mortality rates are
increased in HIV-infected individuals with tuberculosis.
Classic radiographic findings are often absent; tuberculosis
is suspected in any patient with infiltrates who does not
respond to antibiotics.

Hepatitis is very common among persons who inject
drugs and is transmissible both by the parenteral (hepatitis
B, C, and D) and by the fecal-oral route (hepatitis A). Mul-
tiple episodes of hepatitis with different agents can occur.
Hepatitis C has also been associated with non-injection
heroin use as well as intranasal use of other drugs, likely
secondary to blood on shared straws.

Pulmonary septic emboli may originate from venous
thrombi or right-sided endocarditis.

STDs are not directly related to drug use, but the prac-
tice of exchanging sex for drugs has resulted in an increased
frequency of STDs. Syphilis, gonorrhea, and chancroid are
the most common.

HIV/AIDS has a high incidence among persons who
inject drugs and their sexual contacts and among the off-
spring of infected women (see Chapter 31).

Infective endocarditis in persons who inject drugs is
most commonly caused by S aureus, Candida (usually
C albicans or C parapsilosis), Enterococcus faecalis, other
streptococci, and gram-negative bacteria (especially Pseu-
domonas and Serratia marcescens). See Chapter 33.

Other vascular infections include septic thrombophle-
bitis and mycotic aneurysms. Mycotic aneurysms resulting
from direct trauma to a vessel with secondary infection
most commonly occur in femoral arteries and less com-
monly in arteries of the neck. Aneurysms resulting from
hematogenous spread of organisms frequently involve
intracerebral vessels and thus are seen in association with
endocarditis.

Osteomyelitis and septic arthritis involving vertebral
bodies, sternoclavicular joints, the pubic symphysis, the
sacroiliac joints, and other sites usually results from hema-
togenous distribution of injected organisms or septic
venous thrombi. Pain and fever precede radiographic
changes, sometimes by several weeks. While S aureus—
often methicillin-resistant—is most common, Serratia,

Pseudomonas, Candida (often not C albicans), and other
pathogens rarely encountered in spontaneous bone or joint
disease are found in persons who inject drugs.

» Treatment

A common and difficult clinical problem is management of
a person known to inject drugs who presents with fever. In
general, after obtaining appropriate cultures (blood, urine,
and sputum if the chest radiograph is abnormal), empiric
therapy is begun. If the chest radiograph is suggestive of a
community-acquired pneumonia (consolidation), therapy
for outpatient pneumonia is begun with ceftriaxone, 1 g
intravenously every 24 hours, plus either azithromycin
(500 mg orally or intravenously every 24 hours) or doxycy-
cline (100 mg orally or intravenously twice daily). If the
chest radiograph is suggestive of septic emboli (nodular
infiltrates), therapy for presumed endocarditis is initiated,
usually with vancomycin 15 mg/kg/dose every 12 hours
intravenously (due to the high prevalence of MRSA and the
possibility of enterococcus). If the chest radiograph is nor-
mal and no focal site of infection can be found, endocardi-
tis is presumed. While awaiting the results of blood
cultures, empiric treatment with vancomycin is started. If
blood cultures are positive for organisms that frequently
cause endocarditis in drug users (see above), endocarditis
is presumed to be present and treated accordingly. In the
instance of confirmed methicillin-susceptible S aureus
infection, vancomycin should be discontinued and treat-
ment initiated with cefazolin or an antistaphylococcal
penicillin. If blood cultures are positive for an organism
that is an unusual cause of endocarditis, evaluation for an
occult source of infection should go forward. In this set-
ting, a transesophageal echocardiogram may be quite help-
ful since it is 90% sensitive in detecting vegetations and a
negative study is strong evidence against endocarditis. If
blood cultures are negative and the patient responds to
antibiotics, therapy should be continued for 7–14 days
(oral therapy can be given once an initial response has
occurred). In every patient, careful examination for an
occult source of infection (eg, genitourinary, dental, sinus,
gallbladder) should be done. Clinicians also can have a
significant role to play in integrating treatment of opioid
use disorder when patients present with infectious disease
complications. This includes screening for opioid use dis-
order, undergoing specific training for and prescribing
opioid use disorder medications, treatment of withdrawal
symptoms, and linkage to community-based treatment
after hospital discharge.

» When to Refer

• Any patient with suspected or proven infective
endocarditis.

• Patients with persistent bacteremia.

» When to Admit

• Persons who inject drugs with fever.

• Patients with abscesses or progressive skin and soft tis-
sue infection that require debridement.

CMDT22_Ch30_p1288-p1330.indd 1305 02/07/21 6:13 PM



ChAPTER 301306 CMDT 2022
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31876906]
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Schranz AJ et al. Trends in drug use-associated infective endo-
carditis and heart valve surgery, 2007 to 2017: a study of
statewide discharge data. Ann Intern Med. 2019;170:31.
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ACUTE INFECTIOUS DIARRHEA

E S S E N T I A L S  O F  D I A G N O S I S

» Acute diarrhea: lasts < 2 weeks.

» Chronic diarrhea: lasts > 2 weeks.

» Mild diarrhea: ≤ 3 stools per day.

» Moderate diarrhea: ≥ 4 stools per day with local
symptoms (abdominal cramps, nausea, tenesmus).

» Severe diarrhea: ≥ 4 stools per day with systemic
symptoms (fever, chills, dehydration).

» General Considerations

Acute diarrhea can be caused by a number of different
factors, including emotional stress, food intolerance,
inorganic agents (eg, sodium nitrite), organic substances
(eg, mushrooms, shellfish), medications, and infectious
agents (including viruses, bacteria, and protozoa)
(Table 30–3). From a diagnostic and therapeutic stand-
point, it is helpful to classify infectious diarrhea into
syndromes that produce inflammatory or bloody diar-
rhea and those that are noninflammatory, nonbloody, or
watery. In general, the term “inflammatory diarrhea”
suggests colonic involvement by invasive bacteria or
parasites or by toxin production. Patients complain of
frequent bloody, small-volume stools, often associated
with fever, abdominal cramps, tenesmus, and fecal
urgency. Common causes of this syndrome include
Shigella, Salmonella, Campylobacter, Yersinia, invasive
strains of Escherichia coli, and other Shiga-toxin–
producing strains of E coli (STEC), Entamoeba histolyt-
ica, and C difficile. Tests for fecal leukocytes or the
neutrophil marker lactoferrin are frequently positive,
and definitive etiologic diagnosis requires stool culture.
Noninflammatory diarrhea is generally milder and is
caused by viruses or toxins that affect the small intes-
tine and interfere with salt and water balance, resulting
in large-volume watery diarrhea, often with nausea,
vomiting, and cramps. Common causes of this syndrome
include viruses (eg, rotavirus, norovirus, astrovirus,

enteric adenoviruses), vibriones (Vibrio cholerae, Vibrio
parahaemolyticus), enterotoxin-producing E coli, Giardia
lamblia, cryptosporidia, and agents that can cause food-
borne gastroenteritis. In developed countries, viruses
(particularly norovirus) are an important cause of hospi-
talizations due to acute gastroenteritis among adults.

The term food poisoning denotes diseases caused by
toxins present in consumed foods. When the incubation
period is short (1–6 hours after consumption), the toxin is
usually preformed. Vomiting is usually a major complaint,
and fever is usually absent. Examples include intoxication
from S aureus or Bacillus cereus, and toxin can be detected
in the food. When the incubation period is longer—
between 8 hours and 16 hours—the organism is present in
the food and produces toxin after being ingested. Vomiting
is less prominent, abdominal cramping is frequent, and
fever is often absent. The best example of this disease is that
due to Clostridium perfringens. Toxin can be detected in
food or stool specimens.

The inflammatory and noninflammatory diarrheas dis-
cussed above can also be transmitted by food and water and
usually have incubation periods between 12 and 72 hours.
Cyclospora, cryptosporidia, and Isospora are protozoans
capable of causing disease in both immunocompetent and
immunocompromised patients. Characteristics of disease
include profuse watery diarrhea that is prolonged but usually
self-limited (1–2 weeks) in the immunocompetent patient
but can be chronic in the compromised host. Epidemiologic
features may be helpful in determining etiology. Recent
hospitalization or antibiotic use suggests C difficile; recent
foreign travel suggests Salmonella, Shigella, Campylobacter,
E coli, or V cholerae; undercooked hamburger suggests
STEC; outbreak in long-term care facility, school, or cruise
ship suggests norovirus (including newly identified strains,
eg, GII.4 Sydney); and fried rice consumption is associated
with B cereus toxin. Prominent features of some of these
causes of diarrhea are listed in Table 30–3.

» Treatment

A. General Measures

In general, most cases of acute gastroenteritis are self-limited
and do not require therapy other than supportive measures.
Treatment usually consists of replacement of fluids and
electrolytes and, very rarely, management of hypovolemic
shock and respiratory compromise. In mild diarrhea,
increasing ingestion of juices and clear soups is adequate.
In more severe cases of dehydration (postural light-
headedness, decreased urination), oral glucose-based rehy-
dration solutions can be used (Ceralyte, Pedialyte).

B. Specific Measures

In immunocompetent adults, empiric antimicrobial
therapy for bloody diarrhea while waiting for results is
recommended only with the following circumstances: (1)
documented fever, abdominal pain, bloody diarrhea, and
bacillary dysentery (frequent scant bloody stools, fever,
abdominal cramps, tenesmus) presumptively due to
Shigella; and (2) returning travelers with a temperature of
at least 38.5°C or signs of sepsis.
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Table 303. Acute bacterial diarrheas and "food poisoning" (listed in alphabetical order).

Organism Incubation Period Vomiting Diarrea Fever Associated Foods Diagnosis Clinical Features and Treatment

Bacillus cereus

(diarrheal toxin)

10–16 hours ± +++ – Toxin in meats, stews, and gravy. Clinical. Food and

stool can be

tested for toxin.

Abdominal cramps, watery diarrhea, and nausea

lasting 24–48 hours. Supportive care.

Bacillus cereus

(preformed

toxin)

1–8 hours +++ ± – Reheated fried rice causes vomiting

or diarrhea.

Clinical. Food and

stool can be

tested for toxin.

Acute onset, severe nausea and vomiting lasting

24 hours. Supportive care.

Campylobacter

jejuni

2–5 days ± +++ + Raw or undercooked poultry,

unpasteurized milk, water.

Stool culture on

special medium.

Fever, diarrhea that can be bloody, cramps. Usually

self-limited in 2–10 days. Treat with azithromycin.

Fluoroquinolones can be used if susceptibility is

confirmed. May be associated with Guillain-Barré

syndrome.

Clostridium

botulinum

12–72 hours ± – – Clostridia grow in anaerobic acidic

environment, eg, canned foods,

fermented fish, foods held warm

for extended periods.

Stool, serum, and

food can be

tested for toxin.

Stool and food

can be cultured.

Diplopia, dysphagia, dysphonia, respiratory embar-

rassment. Treatment requires clear airway, venti-

lation, and intravenous polyvalent antitoxin (see

text). Symptoms can last for days to months.

Clostridioides

difficile

Usually occurs after

7–10 days of antibiot-

ics. Can occur after a

single dose or several

weeks after comple-

tion of antibiotics.

– +++ ++ Associated with antibacterial drugs;

clindamycin and beta-lactams

most commonly implicated.

Fluoroquinolones associated

with hypervirulent strains.

Stool tested for

toxin.

Abrupt onset of diarrhea that may be bloody; fever.

Vancomycin 125 mg orally four times per day or

fidaxomicin 200 mg twice daily for 10 days.

Clostridium

perfringens

8–16 hours ± +++ – Clostridia grow in rewarmed meat

and poultry dishes and produce

an enterotoxin.

Stools can be tested

for enterotoxin or

cultured.

Abrupt onset of profuse diarrhea, abdominal

cramps, nausea; vomiting occasionally. Recovery

usual without treatment in 24–48 hours. Sup-

portive care; antibiotics not needed.

Enterohemorrhagic

Escherichia coli,

including Shiga-

toxin–producing

E coli strains

(STEC)

1–8 days + +++ – Undercooked beef, especially

hamburger; unpasteurized milk

and juice; raw fruits and

vegetables.

Shiga-toxin–produc-

ing E coli can be

cultured on spe-

cial medium.

Other toxins can

be detected in

stool.

Usually abrupt onset of diarrhea, often bloody;

abdominal pain. In adults, it is usually self-limited

to 5–10 days. In children, it is associated with

hemolytic-uremic syndrome (HUS). Antibiotic

therapy may increase risk of HUS. Plasma

exchange may help patients with STEC-

associated HUS.

Enterotoxigenic

E coli (ETEC)

1–3 days ± +++ ± Water, food contaminated with

feces.

Stool culture. Special

tests required to

identify toxin-

producing strains.

Watery diarrhea and abdominal cramps, usually

lasting 3–7 days. In travelers, fluoroquinolones

shorten disease.

(continued)
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Table 303. Acute bacterial diarrheas and "food poisoning" (listed in alphabetical order).

Organism Incubation Period Vomiting Diarrea Fever Associated Foods Diagnosis Clinical Features and Treatment

Noroviruses and

other caliciviruses

12–48 hours ++ +++ + Shellfish and fecally contaminated

foods touched by infected food

handlers.

Clinical diagnosis

with negative

stool cultures. PCR

available on stool.

Nausea, vomiting (more common in children), diar-

rhea (more common in adults), fever, myalgias,

abdominal cramps. Lasts 12–60 hours. Support-

ive care.

Rotavirus 1–3 days ++ +++ + Fecally contaminated foods touched

by infected food handlers.

Immunoassay on

stool.

Acute onset, vomiting, watery diarrhea that lasts

4–8 days. Supportive care.

Salmonella species 1–3 days – ++ + Eggs, poultry, unpasteurized milk,

cheese, juices, raw fruits and

vegetables.

Routine stool

culture.

Gradual or abrupt onset of diarrhea and low-grade

fever. No antimicrobials unless high risk (see text)

or systemic dissemination is suspected. If suscep-

tibility is confirmed, treatment with ceftriaxone,

ciprofloxacin, TMP-SMZ, or amoxicillin is recom-

mended. Prolonged carriage can occur.

Shigella species

(mild cases)

24–48 hours ± + + Food or water contaminated with

human feces. Person to person

spread.

Routine stool

culture.

Abrupt onset of diarrhea, often with blood and pus

in stools, cramps, tenesmus, and lethargy. Stool

cultures are positive. Azithromycin, ciprofloxacin,

and ceftriaxone are drugs of choice. Avoid fluoro-

quinolones if the ciprofloxacin MIC is 0.12 mcg/

mL or greater even if the laboratory report identi-

fies the isolate as susceptible. Do not give opi-

oids. Often mild and self-limited.

Staphylococcus

(preformed toxin)

1–8 hours +++ ± ± Staphylococci grow in meats, dairy,

and bakery products and produce

enterotoxin.

Clinical. Food and

stool can be

tested for toxin.

Abrupt onset, intense nausea and vomiting for up to

24 hours, recovery in 24–48 hours. Supportive

care.

Vibrio cholerae 24–72 hours + +++ – Contaminated water, fish, shellfish,

street vendor food.

Stool culture on

special medium.

Abrupt onset of liquid diarrhea in endemic area.

Needs prompt intravenous or oral replacement of

fluids and electrolytes. Doxycycline is drug of

choice if antibiotics are indicated. Ciprofloxacin,

azithromycin, or ceftriaxone are alternatives.

Vibrio

parahaemolyticus

2–48 hours + + ± Undercooked or raw seafood. Stool culture on

special medium.

Abrupt onset of watery diarrhea, abdominal cramps,

nausea and vomiting. Recovery is usually com-

plete in 2–5 days.

Yersinia enterocolitica 24–48 hours ± + + Undercooked pork, contaminated

water, unpasteurized milk, tofu.

Stool culture on

special medium.

Severe abdominal pain (appendicitis-like symp-

toms), diarrhea, fever. Polyarthritis, erythema

nodosum in children. If severe, give TMP-SMZ.

Alternatives are cefotaxime and ciprofloxacin.

Without treatment, self-limited in 1–3 weeks.

MIC, minimum inhibitory concentration; PCR, polymerase chain reaction; TMP-SMX, trimethoprim-sulfamethoxazole.
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Either a fluoroquinolone or azithromycin should be
used as empiric antimicrobial therapy for bloody diarrhea.
Empiric antibacterial treatment should be considered in
immunocompromised people with severe illness and
bloody diarrhea. Loperamide may be given to immuno-
competent adults with acute watery diarrhea but should be
avoided with Shigella infection or in suspected or proven
toxic megacolon. Therapeutic recommendations for spe-
cific agents can be found elsewhere in this book.

Bányai K et al. Viral gastroenteritis. Lancet. 2018;392:175.
[PMID: 30025810]

Guery B et al. Clostridioides difficile: diagnosis and treatments.
BMJ. 2019;366:l4609. [PMID: 31431428]

INFECTIOUS DISEASES IN THE
RETURNING TRAVELER

E S S E N T I A L S  O F  D I A G N O S I S

» Most infections are common and self-limited.

» Identify patients with transmissible diseases that
require isolation.

» The incubation period may be helpful in diagnosis.
– Less than 3 weeks following exposure may suggest

dengue, leptospirosis, and yellow fever.

– More than 3 weeks suggests typhoid fever, malaria,
and tuberculosis.

» General Considerations

The differential diagnosis of fever in the returning traveler
is broad, ranging from self-limited viral infections to life-
threatening illness. The evaluation is best done by identify-
ing whether a particular syndrome is present, then refining
the differential diagnosis based on an exposure history.
The travel history should include directed questions
regarding geography (rural versus urban, specific country
and region visited), time of year, animal or arthropod con-
tact, unprotected sexual intercourse, ingestion of untreated
water or raw foods, historical or pretravel immunizations,
and adherence to malaria prophylaxis.

» Etiologies

The most common infectious causes of fever—excluding
simple causes such as upper respiratory infections, bacte-
rial pneumonia and urinary tract infections—in returning
travelers are malaria (see Chapter 35), diarrhea (see next
section), and dengue (see Chapter 32). Others include
mononucleosis (associated with Epstein-Barr virus or cyto-
megalovirus), respiratory infections, including seasonal
influenza, influenza A/H1N1 “swine” influenza, and influ-
enza A/H5N1 or A/H7N9 “avian” influenza (see
Chapter 32); leptospirosis (see Chapter 34); typhoid fever
(see Chapter 33); and rickettsial infections (see Chapter 32).
In recent years, coronaviruses have emerged as particularly

significant regional and global outbreaks of various sizes
(SARS-CoV, MERS-CoV, and the massive global pandemic
from SARS-CoV-2). Foreign travel is increasingly recognized
as a risk factor for colonization and disease with resistant
pathogens, such as ESBL-producing gram-negative organ-
isms. Systemic febrile illnesses without a diagnosis also occur
commonly, particularly in travelers returning from sub-
Saharan Africa or Southeast Asia.

A. Fever and Rash

Potential etiologies include dengue, Ebola, Chikungunya,
and Zika viruses, viral hemorrhagic fever, leptospirosis,
meningococcemia, yellow fever, typhus, Salmonella typhi,
and acute HIV infection.

B. Pulmonary Infiltrates

Tuberculosis, ascaris, Paragonimus, and Strongyloides can
all cause pulmonary infiltrates.

C. Meningoencephalitis

Etiologies include N meningitidis, leptospirosis, arbovi-
ruses, rabies, and (cerebral) malaria.

D. Jaundice

Consider hepatitis A, yellow fever, hemorrhagic fever, lep-
tospirosis, and malaria.

E. Fever Without Localizing Symptoms or Signs

Malaria, typhoid fever, acute HIV infection, rickettsial ill-
ness, visceral leishmaniasis, trypanosomiasis, and dengue
are possible etiologies.

F. Traveler’s Diarrhea

See next section.

» Clinical Findings

Fever and rash in the returning traveler should prompt
blood cultures and serologic tests based on the exposure
history. The workup of a pulmonary infiltrate should
include the placement of a PPD or use of an interferon-
gamma release assay, examination of sputum for acid-fast
bacilli and possibly for ova and parasites. Patients with
evidence of meningoencephalitis should receive lumbar
puncture, blood cultures, thick/thin smears of peripheral
blood, history-guided serologies, and a nape biopsy (if
rabies is suspected). Jaundice in a returning traveler should
be evaluated for hemolysis (for malaria), and the following
tests should be performed: liver biochemical tests,
thick/thin smears of peripheral blood, and directed
serologic testing. The workup of traveler’s diarrhea is
presented in the following section. Finally, patients
with fever but no localizing signs or symptoms should
have blood cultures performed. Routine laboratory studies
usually include complete blood count with differential,
electrolytes, liver biochemical tests, urinalysis, and blood
cultures. Thick and thin peripheral blood smears should be
done (and repeated in 12–24 hours if clinical suspicion

CMDT22_Ch30_p1288-p1330.indd 1309 02/07/21 6:13 PM



ChAPTER 301310 CMDT 2022

remains high) for malaria if there has been travel to
endemic areas. Other studies are directed by the results of
history, physical examination, and initial laboratory tests.
They may include stool for ova and parasites, chest radio-
graph, HIV test, and specific serologies (eg, dengue, lepto-
spirosis, rickettsial disease, schistosomiasis, Strongyloides).
Bone marrow biopsy to diagnose typhoid fever could be help-
ful in the appropriate patient. Increasingly, next-generation
sequencing of plasma or body fluids such as cerebrospinal
fluid is used as an adjunctive modality for diagnosis when
traditional methods have not yielded a diagnosis.

» When to Refer

Travelers with fever, particularly if immunocompromised.

» When to Admit

Any evidence of hemorrhage, respiratory distress, hemo-
dynamic instability, and neurologic deficits.

Buss I et al. Aetiology of fever in returning travellers and
migrants: a systematic review and meta-analysis. J Travel
Med. 2020;27:taaa207. [PMID: 33146395]

Gleeson SE et al. Recurrent hematochezia in a returning traveler.
JAMA. 2021;325:1558. [PMID: 33666646]

Huang C et al. Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China. Lancet. 2020;395:497.
[PMID: 31986264]

Polen KD et al. Update: interim guidance for preconception
counseling and prevention of sexual transmission of Zika
virus for men with possible Zika virus exposure—United States,
August 2018. MMWR Morb Mortal Wkly Rep. 2018;67:868.
[PMID: 30091965]

TRAVELER’S DIARRHEA

E S S E N T I A L S  O F  D I A G N O S I S

» Usually a benign, self-limited disease occurring
about 1 week into travel.

» Prophylaxis not recommended unless there is a
comorbid disease (inflammatory bowel syndrome,
HIV, immunosuppressive medication).

» Single-dose therapy of a fluoroquinolone usually
effective if significant symptoms develop.

» General Considerations

Whenever a person travels from one country to another—
particularly if the change involves a marked difference in
climate, social conditions, or sanitation standards and
facilities—diarrhea may develop within 2–10 days. Bacte-
ria cause 80% of cases of traveler’s diarrhea, with entero-
toxigenic E coli, Shigella species, and Campylobacter jejuni
being the most common pathogens. Less common are
Aeromonas, Salmonella, noncholera vibriones, E histolytica,
and G lamblia. Contributory causes include unusual food
and drink, change in living habits, occasional viral infec-
tions (adenoviruses or rotaviruses), and change in bowel

flora. Chronic watery diarrhea may be due to amebiasis or
giardiasis or, rarely, tropical sprue.

» Clinical Findings

A. Symptoms and Signs

There may be up to ten or even more loose stools per day,
often accompanied by abdominal cramps and nausea, occa-
sionally by vomiting, and rarely by fever. The stools are usu-
ally watery and not associated with fever when caused by
enterotoxigenic E coli. With invasive bacterial pathogens
(Shigella, Campylobacter, Salmonella), stools can be bloody
and fever may be present. The illness usually subsides spon-
taneously within 1–5 days, although 10% remain symptom-
atic for 1 week or longer, and symptoms persist for longer
than 1 month in 2%. Traveler’s diarrhea is also a significant
risk factor for developing irritable bowel syndrome.

B. Laboratory Findings

In patients with fever and bloody diarrhea, stool culture is
indicated, but in most cases, cultures are reserved for those
who do not respond to antibiotics.

» Prevention

A. General Measures

Avoidance of fresh foods and water sources that are likely
to be contaminated is recommended for travelers to devel-
oping countries, where infectious diarrheal illnesses are
endemic.

B. Specific Measures

Because not all travelers will have diarrhea and because most
episodes are brief and self-limited, the recommended
approach is to provide the traveler with a supply of antimicro-
bials. Prophylaxis is recommended for those with significant
underlying disease (inflammatory bowel disease, AIDS,
diabetes mellitus, heart disease in older adults, conditions
requiring immunosuppressive medications) and for those
whose full activity status during the trip is so essential that
even short periods of diarrhea would be unacceptable.

Prophylaxis is started upon entry into the destination
country and is continued for 1 or 2 days after leaving. For
stays of more than 3 weeks, prophylaxis is not recom-
mended because of the cost and increased toxicity. For
prophylaxis, several oral antimicrobial once-daily regimens
are effective, such as ciprofloxacin, 500 mg, or rifaximin,
200 mg. Bismuth subsalicylate is effective but turns the
tongue and the stools black and can interfere with doxycy-
cline absorption, which may be needed for malaria prophy-
laxis; it is rarely used.

» Treatment

For most individuals, the affliction is short-lived, and
symptomatic therapy with loperamide is all that is required,
provided the patient is not systemically ill (fever 39°C or
higher) and does not have dysentery (bloody stools), in
which case antimotility agents should be avoided. Packages
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of oral rehydration salts to treat dehydration are available
over the counter in the United States (Infalyte, Pedialyte,
others) and in many foreign countries.

When treatment is necessary, in areas where toxin-
producing bacteria are the major cause of diarrhea (Latin
America and Africa), loperamide (4 mg oral loading dose,
then 2 mg after each loose stool to a maximum of 16 mg/day)
with a single oral dose of ciprofloxacin (750 mg), levofloxa-
cin (500 mg), or ofloxacin (200 mg) cures most cases of
traveler’s diarrhea. If diarrhea is associated with bloody
stools or persists despite a single dose of a fluoroquinolone,
1000 mg of azithromycin should be taken. In pregnant
women and in areas where invasive bacteria more
commonly cause diarrhea (Indian subcontinent, Asia,
especially Thailand where fluoroquinolone-resistant Cam-
pylobacter is prevalent), azithromycin is the medication of
choice. Rifaximin, a nonabsorbable agent, is also approved
for therapy of traveler’s diarrhea at a dose of 200 mg orally
three times per day or 400 mg twice a day for 3 days.
Because luminal concentrations are high, but tissue levels
are insufficient, it should not be used in situations where
there is a high likelihood of invasive disease (eg, fever,
systemic toxicity, or bloody stools).

» When to Refer

• Cases refractory to treatment.

• Persistent infection.

• Immunocompromised patient.

» When to Admit

Patients who are severely dehydrated or hemodynamically
unstable should be admitted to the hospital.

Ashbaugh HR et al. A multisite network assessment of the epide-
miology and etiology of acquired diarrhea among U.S. mili-
tary and western travelers (Global Travelers’ Diarrhea Study):
a principal role of norovirus among travelers with gastrointes-
tinal illness. Am J Trop Med Hyg. 2020;103:1855. [PMID:
32959765]

Schweitzer L et al. Emerging concepts in the diagnosis, treat-
ment, and prevention of travelers’ diarrhea. Curr Opin Infect
Dis. 2019;32:468. [PMID: 31361658]

º
ANTIMICROBIAL ThERAPY

SELECTED PRINCIPLES OF
ANTIMICROBIAL THERAPY

Specific steps (outlined below) are required when consid-
ering antibiotic therapy for patients. Medications within
classes, medications of first choice, and alternative medica-
tions are presented in Table 30–4.

A. Etiologic Diagnosis

Based on the organ system involved, the organism causing
infection can often be predicted. See Tables 30–5 and
30–6.

B. “Best Guess”

Select an empiric regimen that is likely to be effective
against the suspected pathogens.

C. Laboratory Control

Specimens for laboratory examination should be obtained
before institution of therapy to determine susceptibility.

D. Clinical Response

Based on clinical response and other data, the laboratory
reports are evaluated and then the desirability of changing the
regimen is considered. If the specimen was obtained from a
normally sterile site (eg, blood, cerebrospinal fluid, pleural
fluid, joint fluid), the recovery of a microorganism in signifi-
cant amounts is meaningful even if the organism recovered is
different from the clinically suspected agent, and this may
force a change in treatment. Isolation of unexpected microor-
ganisms from the respiratory tract, gastrointestinal tract, or
surface lesions (sites that have a complex flora) may represent
colonization or contamination, and cultures must be critically
evaluated before medications are abandoned that were judi-
ciously selected on a “best guess” basis.

E. Drug Susceptibility Tests

Some microorganisms are predictably inhibited by certain
medications; if such organisms are isolated, they need not
be tested for drug susceptibility. For example, all group A
hemolytic streptococci are inhibited by penicillin. Other
organisms (eg, enteric gram-negative rods) are variably
susceptible and generally require susceptibility testing
whenever they are isolated. Organisms that once had pre-
dictable susceptibility patterns are now associated with
resistance and require testing. Examples include the pneu-
mococci, which may be resistant to multiple medications
(including penicillin, macrolides, and tetracyclines); the
enterococci, which may be resistant to penicillin, amino-
glycosides, and vancomycin; and ESBL producing–E coli
resistant to third-generation cephalosporins, aminoglyco-
sides, and fluoroquinolones.

When culture and susceptibility results have been final-
ized, clinicians must use the most narrow-spectrum agent
and the shortest duration possible to decrease the selection
pressure for antibacterial resistance.

Antimicrobial drug susceptibility tests may be per-
formed on solid media as disk diffusion tests, in broth, in
tubes, in wells of microdilution plates, or as E-tests (strips
with increasing concentration of antibiotic). The latter
three methods yield results expressed as MIC. In most
infections, the MIC is the appropriate in vitro test to guide
selection of an antibacterial agent. When there appear to be
marked discrepancies between susceptibility testing and
clinical response, the following possibilities must be
considered:

1. Selection of an inappropriate medication, medication
dosage, or route of administration.

2. Failure to drain a collection of pus or to remove a for-
eign body.
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Table 304. Medication of choice for suspected or documented microbial pathogens (listed in alphabetical order,
within classes).

Suspected or Proved

Etiologic Agent Medication(s) of First Coice Alternative Medication(s)

Gram-Negative Cocci

Moraxella catarrhalis Cefuroxime, amoxicillin-clavulanic

acid

Ceftriaxone, cefuroxime axetil, a fluoroquinolone,1 a macrolide,2 a

tetracycline,3 TMP-SMZ4

Neisseria gonorrhoeae

(gonococcus)

Ceftriaxone + azithromycin or

doxycycline

Cefixime + azithromycin or doxycycline5

Neisseria meningitidis

(meningococcus)

Penicillin6 Ceftriaxone, ampicillin

Gram-Positive Cocci

Enterococcus faecalis Ampicillin ± gentamicin7

Ampicillin ± ceftriaxone

Vancomycin ± gentamicin

Enterococcus faecium Vancomycin ± gentamicin7 Linezolid,8 quinupristin-dalfopristin,8 daptomycin,8 tigecycline,8

tedizolid,8 oritavancin8

Staphylococcus,

methicillin-susceptible

Cefazolin

or

Penicillinase-resistant penicillin10

Vancomycin, a cephalosporin,9 clindamycin, amoxicillin-clavulanic

acid, ampicillin-sulbactam

Staphylococcus,

methicillin-resistant

Vancomycin TMP-SMZ,4 doxycycline, minocycline, linezolid,8 tedizolid,8 daptomycin,8

televancin,8 dalbavancin,8 oritavancin,8 ceftaroline, delafloxacin

Streptococcus, hemolytic,

groups A, B, C, G

Penicillin6 Macrolide,2 a cephalosporin,9 vancomycin, clindamycin

Streptococcus pneumoniae11

(pneumococcus)

Penicillin6 A cephalosporin,9 vancomycin, clindamycin, a tetracycline,3 respira-

tory fluoroquinolones1

Viridans streptococci Penicillin6 Cephalosporin,9 vancomycin

Gram-Negative Rods

Acinetobacter Imipenem, meropenem Tigecycline, minocycline, doxycycline, aminoglycosides,12 colistin,

cefiderocol

Bacteroides, gastrointestinal

strains

Metronidazole Ampicillin-sulbactam, piperacillin-tazobactam, ertapenem

Brucella Doxycycline + rifampin3 TMP-SMZ4 ± gentamicin; ciprofloxacin + rifampin

Burkholderia mallei (glanders) Streptomycin + tetracycline3 Chloramphenicol + streptomycin

Burkholderia pseudomallei

(melioidosis)

Ceftazidime Tetracycline,3 TMP-SMZ,4 amoxicillin-clavulanic acid, imipenem or

meropenem

Campylobacter jejuni Azithromycin A fluoroquinolone1

Enterobacter Ertapenem, imipenem, merope-

nem, cefepime

Aminoglycoside, a fluoroquinolone,1 TMP-SMZ4

Escherichia coli (uncomplicated

outpatient urinary infection)

Nitrofurantoin, fosfomycin Fluoroquinolones,1 TMP-SMZ,4 oral cephalosporin

Escherichia coli (sepsis)13 Cefotaxime, ceftriaxone Ertapenem,13 imipenem13 or meropenem,13 aminoglycosides,12

aztreonam, ticarcillin-clavulanate, piperacillin-tazobactam,

ceftazidime-avibactam,13,15 ceftolozane-tazobactam,13,14 meropenem/

vaborbactam,15 imipenem/cilastatin-relebactam13,14,15

Haemophilus (respiratory infec-

tions, otitis)

Ampicillin-clavulanate Doxycycline, azithromycin, ceftriaxone, cefuroxime, cefuroxime axetil,

TMP-SMZ4

Haemophilus (serious infection) Ceftriaxone Aztreonam

Helicobacter pylori Proton pump inhibitor (PPI),

clarithromycin, amoxicillin, and

metronidazole

PPI, clarithromycin, and amoxicillin or metronidazole

(continued)
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Klebsiella13 Ceftriaxone TMP-SMZ,4 aminoglycoside,12 ertapenem,13 imipenem13 or

meropenem,13 a fluoroquinolone,1 aztreonam, ticarcillin-

clavulanate, piperacillin-tazobactam, ceftazidime-avibactam,13

ceftolozane-tazobactam,13,14 meropenem/vaborbactam,15

imipenem/cilastatin-relebactam13,14,15

Legionella species (pneumonia) Azithromycin, or fluoroquino-

lones1 ± rifampin

Doxycycline ± rifampin

Prevotella, oropharyngeal

strains

Clindamycin Metronidazole

Proteus mirabilis Ampicillin TMP-SMZ,4 a fluoroquinolone,1 a cephalosporin9

Proteus vulgaris and other spe-

cies (Morganella, Providencia)

Ceftriaxone Ertapenem, imipenem or meropenem, TMP-SMZ,4 a fluoroquinolone1

Pseudomonas aeruginosa Piperacillin-tazobactam or ceftazi-

dime or cefepime, or imipenem or

meropenem or doripenem or

aztreonam (any one of the previ-

ous agents) ± aminoglycoside12

Ciprofloxacin (or levofloxacin) ± piperacillin-tazobactam; ciprofloxacin

(or levofloxacin) ± ceftazidime; ciprofloxacin (or levofloxacin) ±

cefepime; ceftazidime-avibactam13; ceftolozane-tazobactam,13

cefiderocol, imipenem/cilastatin-relebactam, meropenem/

vaborbactam

Salmonella (bacteremia) Ceftriaxone A fluoroquinolone1

Serratia Carbapenem TMP-SMZ,4 a fluoroquinolone,1 ceftriaxone

Shigella Azithromycin, ciprofloxacin, or

ceftriaxone

TMP-SMZ4

Vibrio (cholera, sepsis) A tetracycline3 TMP-SMZ,4 a fluoroquinolone1

Yersinia pestis (plague) Streptomycin ± a tetracycline3 Chloramphenicol, TMP-SMZ5

Gram-Positive Rods

Actinomyces Penicillin6 Tetracycline,3 clindamycin

Bacillus (including anthrax) Penicillin6 A macrolide,2 a fluoroquinolone1

Clostridium (eg, gas gangrene,

tetanus)

Penicillin6 Metronidazole, clindamycin, imipenem, or meropenem

Corynebacterium diphtheria Macrolide2 Penicillin6

Corynebacterium jeikeium Vancomycin Linezolid

Listeria Ampicillin ± aminoglycoside12 TMP-SMZ4

Acid-Fast Rods

Mycobacterium avium complex Clarithromycin or azithromycin +

ethambutol, ± rifabutin

Amikacin, ciprofloxacin

Mycobacterium

fortuitum-chelonei

Cefoxitin + clarithromycin Amikacin, rifampin, sulfonamide, doxycycline, linezolid

Mycobacterium kansasii INH + rifampin ± ethambutol Clarithromycin, azithromycin, ethionamide, cycloserine

Mycobacterium leprae Dapsone + rifampin ± clofazimine Minocycline, ofloxacin, clarithromycin

Mycobacterium tuberculosis16 Isoniazid (INH) + rifampin +

pyrazinamide ± ethambutol

Other antituberculous drugs (see Tables 9–14 and 9–15)

Nocardia TMP-SMZ4 Minocycline, imipenem or meropenem, linezolid

Spirocetes

Borrelia burgdorferi (Lyme

disease)

Doxycycline, amoxicillin, cefurox-

ime axetil

Ceftriaxone, penicillin, azithromycin

Borrelia recurrentis

(relapsing fever)

Doxycycline3 Penicillin6

Table 304. Medication of choice for suspected or documented microbial pathogens (listed in alphabetical order,
within classes). (continued)

Suspected or Proved

Etiologic Agent Medication(s) of First Coice Alternative Medication(s)

Gram-Negative Rods (Cont.)

(continued)
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Leptospira Penicillin6 Doxycycline,3 ceftriaxone

Treponema pallidum (syphilis) Penicillin6 Doxycycline, ceftriaxone

Treponema pertenue (yaws) Penicillin6 Doxycycline

Mycoplasmas Azitromycin or doxycycline A fluoroquinolone1

Clamydiae

C pneumoniae Doxycycline3 Azithromycin, a fluoroquinolone1,17

C psittaci Doxycycline Chloramphenicol

C trachomatis (urethritis or pel-

vic inflammatory disease)

Doxycycline or azithromycin Levofloxacin, ofloxacin

Rickettsiae Doxycycline3 Clorampenicol, a fluoroquinolone1

1Fluoroquinolones include ciprofloxacin, levofloxacin, moxifloxacin, and others. Gemifloxacin, levofloxacin, and moxifloxacin, the so-called

respiratory fluoroquinolones, demonstrate the most reliable activity against penicillin-resistant S pneumoniae and other respiratory infec-

tion pathogens. Delafloxacin is predictably active against methicillin-resistant S aureus (MRSA).
2Azithromycin is the preferred macrolide due to increased safety profile and minimal drug interaction potential.
3All tetracyclines have similar activity against most microorganisms. Minocycline (the most active tetracycline) and doxycycline are more

active than tetracycline against S aureus.
4TMP-SMZ is a mixture of 1 part trimethoprim and 5 parts sulfamethoxazole.
5Test of cure required if ceftriaxone not used.
6Penicillin G is preferred for parenteral injection; penicillin V for oral administration.
7Addition of gentamicin indicated only for severe enterococcal infections (eg, endocarditis, meningitis).
8Linezolid, tedizolid, daptomycin, televancin, dalbavancin, and oritavancin should be reserved for the treatment of vancomycin-resistant

isolates or in patients intolerant of vancomycin.
9Most intravenous cephalosporins (with the exception of ceftazidime) are active against streptococci and methicillin-susceptible staphylococci.
10Parenteral nafcillin or oxacillin; oral dicloxacillin, cloxacillin, or oxacillin.
11Infections caused by isolates with intermediate resistance may respond to high dose penicillin or ceftriaxone or the respiratory fluoroqui-

nolones (gemifloxacin, levofloxacin, and moxifloxacin). Infections caused by highly penicillin-resistant isolates should be treated with van-

comycin. Penicillin-resistant pneumococci are often resistant to macrolides, tetracyclines, and TMP-SMZ.
12Aminoglycosides—gentamicin, tobramycin, amikacin, netilmicin, plazomicin—should be chosen on the basis of local patterns of susceptibility.
13Extended beta-lactamase–producing (ESBL) isolates should be treated with a carbapenem. If a carbapenem cannot be used, ceftazidime-

avibactam or possibly ceftolozane-tazobactam can be considered.
14Ceftolozane-tazobactam, cefiderocol, imipenem/cilastatin-relebactam and occasionally ceftazidime-avibactam may be active against

multidrug-resistant P aeruginosa.
15Consider in cases of infection due to carbapenemase-producing Enterobacteriaceae.
16Resistance is common and susceptibility testing must be performed.
17Ciprofloxacin has inferior antichlamydial activity compared with levofloxacin or ofloxacin.

±, alone or combined with.

3. Failure of a poorly diffusing drug to reach the site of
infection (eg, CNS) or to reach intracellular phagocy-
tosed bacteria.

4. Superinfection in the course of prolonged chemotherapy.

5. Emergence of drug resistance in the original pathogen
or superinfection with a new more resistant organism.

6. Participation of two or more microorganisms in the
infectious process, of which only one was originally
detected and used for medication selection.

7. Inadequate host defenses, including immunodeficien-
cies and diabetes mellitus.

8. Noninfectious causes, including drug fever, malig-
nancy, and autoimmune disease.

F. Promptness of Response

Response depends on a number of factors, including the
patient (immunocompromised patients respond slower
than immunocompetent patients), the site of infection
(deep-seated infections such as osteomyelitis and endocar-
ditis respond more slowly than superficial infections such
as cystitis or cellulitis), the pathogen (virulent organisms
such as S aureus respond more slowly than viridans strep-
tococci; mycobacterial and fungal infections respond
slower than bacterial infections), and the duration of ill-
ness (in general, the longer the symptoms are present, the
longer it takes to respond). Thus, depending on the clinical
situation, persistent fever and leukocytosis several days

Table 304. Medication of choice for suspected or documented microbial pathogens (listed in alphabetical order,
within classes). (continued)

Suspected or Proved

Etiologic Agent Medication(s) of First Coice Alternative Medication(s)

Spirocetes (Cont.)
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Table 305. Examples of initial antimicrobial therapy for acutely ill, hospitalized adults pending identification of
causative organism (in alphabetical order).

Suspected Clinical Diagnosis Likely Etiologic Diagnosis Medication of Coice

Brain abscess Mixed anaerobes, pneumococci,

streptococci

Ceftriaxone, 2 g intravenously every 12 hours plus metronidazole,

500 mg orally every 8 hours, plus vancomycin, 15 mg/kg intrave-

nously every 8 hours1

Endocarditis, acute (including

injection drug user)

S aureus, E faecalis, viridans

streptococci

Vancomycin, 15 mg/kg/dose intravenously every 12 hours1

Fever in neutropenic patient

receiving cancer chemotherapy

S aureus, Pseudomonas,

Klebsiella, E coli

Cefepime, 2 g intravenously every 8 hours

Intra-abdominal sepsis (eg, post-

operative, peritonitis,

cholecystitis)

Gram-negative bacteria,

Bacteroides, anaerobic bacte-

ria, enterococcus

Piperacillin-tazobactam, 4.5 g intravenously every 6–8 hours, or

ertapenem, 1 g every 24 hours

Meningitis, bacterial, age > 50,

community-acquired

Pneumococcus, meningococcus,

Listeria monocytogenes,2

gram-negative bacilli, group B

streptococcus

Ampicillin, 2 g intravenously every 4 hours, plus ceftriaxone, 2 g

intravenously every 12 hours, plus vancomycin, 15 mg/kg

intravenously every 8 hours1

Meningitis, bacterial,

community-acquired

Streptococcus pneumoniae (pneu-

mococcus),2 Neisseria menin-

gitidis (meningococcus)

Ceftriaxone, 2 g intravenously every 12 hours,3 plus vancomycin,

15 mg/kg intravenously every 8 hours1

Meningitis, postoperative (or

posttraumatic)

S aureus, gram-negative bacilli,

coagulase-negative staphylo-

cocci, diphtheroids (eg, Propi-

onibacterium acnes)

(uncommon) pneumococcus

(in posttraumatic)

Vancomycin, 15 mg/kg intravenously every 8 hours1, plus cefepime,

3 g intravenously every 8 hours4

Osteomyelitis S aureus, secondarily gram-

negative aerobes

Vancomycin 15 mg/kg intravenously every 8 hours1, plus ceftriaxone

2 g intravenously every 24 hours

Pneumonia, acute, community-

acquired, non-ICU hospital

admission

Pneumococci, M pneumoniae,

Legionella, C pneumoniae

Ceftriaxone, 1 g intravenously every 24 hours or ampicillin-

sulbactam 1.5–3 g intravenously every 6 hours) plus azithromycin,

500 mg intravenously every 24 hours; or a respiratory fluoroqui-

nolone5 alone

Pneumonia, postoperative or

nosocomial

S aureus, mixed anaerobes,

gram-negative bacilli

Cefepime, 2 g intravenously every 8 hours; or ceftazidime, 2 g intra-

venously every 8 hours; or piperacillin-tazobactam, 4.5 g intrave-

nously every 6–8 hours; or imipenem, 500 mg intravenously every

6 hours; or meropenem, 1 g intravenously every 8 hours plus

tobramycin, 5–7 mg/kg intravenously every 24 hours; or ciprofloxa-

cin, 400 mg intravenously every 12 hours; or levofloxacin, 500 mg

intravenously every 24 hours plus vancomycin, 15 mg/kg/dose

intravenously every 12 hours1

Pyelonephritis with flank pain and

fever (recurrent urinary tract

infection)

E coli, Klebsiella, Enterobacter,

Pseudomonas

Ceftriaxone, 1 g intravenously every 24 hours; or if culture results

confirm susceptibility, ciprofloxacin, 400 mg intravenously every

12 hours (500 mg orally); or levofloxacin, 500 mg once daily

(intravenously/orally)

Septic arthritis S aureus, N gonorrhoeae Ceftriaxone, 1–2 g intravenously every 24 hours

Septic thrombophlebitis (eg, IV

tubing, IV shunts)

S aureus, gram-negative aerobic

bacteria

Vancomycin, 15 mg/kg/dose intravenously every 12 hours1, plus

ceftriaxone, 1 g intravenously every 24 hours

1Vancomycin serum levels should be monitored.
2TMP-SMZ can be used to treat Listeria monocytogenes in patients allergic to penicillin in a dosage of 15–20 mg/kg/day of TMP in three or

four divided doses.
3Including penicillin nonsusceptible isolates.
4Cefepime 3 g is a higher dose than sometimes recommended in order to optimize treatment of Pseudomonas and Enterobacter.
5Levofloxacin 750 mg/day, moxifloxacin 400 mg/day.
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Table 306. Examples of empiric choices of antimicrobials for adult outpatient infections (in alphabetical order).

Suspected Clinical

Diagnosis Likely Etiologic Agents Medications of Coice Alternative Medications

Acute sinusitis Streptococcus pneumoniae,

Haemophilus influenzae,

Moraxella catarrhalis

Amoxicillin-clavulanate,1 875 mg orally

twice daily for 10 days

For patients allergic to penicillin, doxycy-

cline, 100 mg twice daily for 10 days

Aspiration pneumonia Mixed oropharyngeal flora,

including anaerobes

Clindamycin, 300 mg orally four times

daily for 10–14 days

Amoxicillin 500 mg orally three times

daily for 10–14 days

Cystitis Escherichia coli, Staphylococ-

cus saprophyticus, Klebsiella

pneumoniae, Proteus

species, other gram-

negative rods or

enterococci

Nitrofurantoin monohydrate macro-

crystals 100 mg twice daily for

5–7 days (unless pregnant); fosfomy-

cin 3 g orally as a single dose

Cephalexin, 500 mg orally four times daily

for 7 days, for uncomplicated cystitis.

Due to increasing bacterial resistance,

TMP-SMZ and fluoroquinolones are

not recommended as first-line therapy

for empiric treatment

Erysipelas, impetigo,

cellulitis, ascending

lymphangitis

Group A streptococcus Penicillin V, 500 mg orally four times

daily for 7–10 days

Cephalexin, 500 mg orally four times daily

for 7–10 days; or azithromycin, 500 mg

on day 1 and 250 mg on days 2–5

Furuncle with sur-

rounding cellulitis

Staphylococcus aureus Dicloxacillin, 500 mg orally four times

daily for 7–10 days for MSSA. For CA-

MRSA: TMP-SMZ2 one double-

strength tablet twice daily for

7–10 days; or clindamycin 300 mg

orally three times daily for 7–10 days

Cephalexin, 500 mg orally four times daily

for 7–10 days for MSSA. For CA-MRSA,

doxycycline is a reasonable alternative

Gastroenteritis Salmonella, Shigella,

Campylobacter, Entamoeba

histolytica

See footnote 3

Otitis media S pneumoniae, H influenzae,

M catarrhalis

Amoxicillin, 500 mg–1 g orally three

times daily for 10 days

Amoxicillin-clavulanate,1 875 mg orally

twice daily; or cefuroxime, 500 mg

orally twice daily; or cefpodoxime,

200–400 mg daily; or doxycycline,

100 mg twice daily

Pelvic inflammatory

disease

Neisseria gonorrhoeae, Chla-

mydia trachomatis, anaer-

obes, gram-negative rods

Ceftriaxone 250 mg intramuscularly

once plus doxycycline 100 mg orally

twice daily for 14 days +/– metroni-

dazole 500 mg orally twice daily for

14 days; or cefoxitin 2 g intramuscu-

larly once plus probenecid 1 g orally

once, plus doxycycline 100 mg orally

twice daily for 14 days +/– metroni-

dazole 500 mg orally twice daily for

14 days

Pharyngitis Group A streptococcus Penicillin V, 500 mg orally four times

daily, or amoxicillin, 500 mg–1 g

orally three times daily for 10 days

For patients with history of mild penicillin

allergy, cephalexin, 500 mg orally four

times daily for 10 days; for patients

with IgE-mediated reaction, clindamy-

cin, 300 mg orally four times daily for

10 days; or azithromycin, 500 mg on

day 1 and 250 mg on days 2–5

Pneumonia S pneumoniae, Mycoplasma

pneumoniae, Legionella

pneumophila, Chla-

mydophila pneumoniae

Amoxicillin, 1.0 g three times daily

or

Doxycycline, 100 mg orally twice daily

For patients at high risk for infection due

to resistant pneumococci: amoxicillin-

clavulanate or cefpodoxime or

cefuroxime + macrolide or doxycycline

or a respiratory fluoroquinolone4

Pyelonephritis E coli, K pneumoniae, Proteus

species, S saprophyticus

Fluoroquinolones5 for 7 days if preva-

lence of resistance among uropatho-

gens is < 10%

TMP-SMZ,2 one double-strength tablet

twice daily for 7–14 days for suscepti-

ble pathogens. Oral beta-lactams are

less effective than fluoroquinolones or

TMP-SMZ

(continued)
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after initiation of therapy may not indicate improper
choice of antibiotics but may be due to the natural history
of the disease being treated. In most infections, either a
bacteriostatic or a bactericidal agent can be used. In some
infections (eg, infective endocarditis and meningitis), a
bactericidal agent should be used. When potentially toxic
medications (eg, aminoglycosides, flucytosine) are used,
serum levels of the medication are measured to minimize
toxicity and ensure appropriate dosage. In patients with
altered renal or hepatic clearance of medications, the dos-
age or frequency of administration must be adjusted; it is
best to measure levels in older adults, in morbidly obese
patients, or in those with altered kidney function when
possible and adjust therapy accordingly.

G. Duration of Antimicrobial Therapy

Generally, effective antimicrobial treatment results in
reversal of the clinical and laboratory parameters of active

infection and marked clinical improvement. However,
varying periods of treatment may be required for cure.
Key factors include (1) the type of infecting organism
(bacterial infections generally can be cured more rapidly
than fungal or mycobacterial ones), (2) the location of the
process (eg, endocarditis and osteomyelitis require pro-
longed therapy), and (3) the immunocompetence of the
patient.

H. Adverse Reactions and Toxicity

These include hypersensitivity reactions, direct toxicity,
superinfection by drug-resistant microorganisms, and
drug interactions. If the infection is life-threatening and
treatment cannot be stopped, the reactions are managed
symptomatically or another medication is chosen that does
not cross-react with the offending one (Table 30–4). If the
infection is less serious, it may be possible to stop all anti-
microbials and monitor the patient closely.

Table 306. Examples of empiric choices of antimicrobials for adult outpatient infections (in alphabetical order).

Suspected Clinical

Diagnosis Likely Etiologic Agents Medications of Coice Alternative Medications

Urethritis,

epididymitis

N gonorrhoeae, C trachomatis Ceftriaxone, 250 mg intramuscularly

once plus azithromycin (or doxycy-

cline) for N gonorrhoeae; azithromy-

cin 1 g orally once, or doxycycline,

100 mg orally twice daily for 7 days,

for C trachomatis

Cefixime 400 mg orally once for

N gonorrhoeae6

Sypilis

Early syphilis (primary,

secondary, or latent

of < 1 year’s

duration)

Treponema pallidum Benzathine penicillin G, 2.4 million

units intramuscularly once

Doxycycline, 100 mg orally twice daily

for 2 weeks. Ceftriaxone, 1–2 g intrave-

nously once daily for 10–14 days

Latent syphilis of

> 1 year’s duration

or cardiovascular

syphilis

T pallidum Benzathine penicillin G, 2.4 million

units intramuscularly once a week

for 3 weeks (total: 7.2 million units)

Doxycycline, 100 mg orally twice daily

for 4 weeks

Neurosyphilis T pallidum Aqueous penicillin G, 18–24 million

units/day intravenously for

10–14 days

1Amoxicillin-clavulante is available as a combination of amoxicillin, 250 mg, 500 mg, or 875 mg, plus 125 mg of clavulanic acid. Augmentin

XR is a combination of amoxicillin 1 g and clavulanic acid 62.5 mg.
2TMP-SMZ is a fixed combination of 1 part trimethoprim and 5 parts sulfamethoxazole. Single-strength tablets: 80 mg TMP, 400 mg SMZ;

double-strength tablets: 160 mg TMP, 800 mg SMZ.
3The diagnosis should be confirmed by culture before therapy. Salmonella gastroenteritis does not require therapy. For susceptible Shigella

isolates, give ciprofloxacin, 500 mg orally twice daily for 5 days. For Campylobacter infection, give azithromycin, 1 g orally times one dose,

or ciprofloxacin, 500 mg orally twice daily for 5 days. For E histolytica infection, give metronidazole, 750 mg orally three times daily for

5–10 days, followed by diiodohydroxyquinoline (not available in United States), 650 mg orally three times daily for 3 weeks.
4Fluoroquinolones with activity against S pneumoniae, including penicillin-resistant isolates, include levofloxacin (500–750 mg orally once

daily), moxifloxacin (400 mg orally once daily), or gemifloxacin (320 mg orally once daily). Use fluoroquinolones as medication of choice if

recent non-fluoroquinolone antibiotic use within 3 months.
5Fluoroquinolones and dosages include ciprofloxacin, 500 mg orally twice daily; ofloxacin, 400 mg orally twice daily; levofloxacin, 500 mg

orally daily.
6Test of cure recommended if ceftriaxone is not used.

CA-MRSA, community-acquired methicillin-resistant Staphylococcus aureus; MRSA, methicillin-resistant S aureus; MSSA, methicillin-susceptible

S aureus; TMP-SMZ, trimethoprim-sulfamethoxazole.

(continued)
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I. Route of Administration

Intravenous therapy is preferred for acutely ill patients
with serious infections (eg, endocarditis, meningitis, sep-
sis, severe pneumonia) when dependable levels of antibi-
otics are required for successful therapy. Certain
medications (eg, doxycycline, fluconazole, voriconazole,
rifampin, metronidazole, TMP-SMZ, and fluoroquino-
lones) are so well absorbed that they generally can be
administered orally in seriously ill—but not hemody-
namically unstable—patients.

Food does not significantly influence the bioavailability
of most oral antimicrobial agents. However, the tetracy-
clines (particularly tetracycline) and the quinolones chelate
multivalent cations resulting in decreased oral bioavailabil-
ity. Posaconazole suspension should always be adminis-
tered with food.

A major complication of intravenous antibiotic therapy
is infection due to the manipulation of the intravenous
catheter. Peripheral catheters are changed every 48–72 hours
to decrease the likelihood of catheter-associated infection,
and antimicrobial-coated central venous catheters (mino-
cycline and rifampin, chlorhexidine and sulfadiazine) have
been associated with a decreased incidence of these infec-
tions. Most of these infections present with local signs of
infection (erythema, tenderness) at the insertion site. In a
patient with fever who is receiving intravenous therapy, the
catheter must always be considered a potential source.
Small-gauge (20–23F) peripherally inserted silicone or
polyurethane catheters (Per Q Cath, A-Cath, Ven-A-Cath,
and others) are associated with a low infection rate and can
be maintained for 3–6 months without replacement. Such
catheters are ideal for long-term outpatient antibiotic
therapy.

J. Cost of Antibiotics

The cost of these agents can be substantial. In addition to
acquisition costs and monitoring costs (drug levels, liver
biochemical tests, electrolytes, etc), the cost of treating
adverse reactions, the cost of treatment failure and super-
infection, and the costs associated with drug administra-
tion must be considered.

K. Antimicrobial Stewardship

Antimicrobial stewardship is a critically important tool
intended to optimize clinical outcomes while minimiz-
ing unintended consequences of antimicrobial use.
These consequences include drug toxicity, superinfec-
tion, emergence of bacterial resistance, and impact
upon the human microbiome. The Infectious Diseases
Society of America recommends establishment of an
antimicrobial stewardship team at all acute care
facilities. The core members of a stewardship team
should include an infectious diseases physician and a
clinical pharmacist with infectious diseases training. If
possible, the addition of a clinical microbiologist, an
information system specialist, an infection control
professional, and a hospital epidemiologist would be

preferable. Key strategies for a stewardship team, as well
as the individual prescriber, should include questions
associated with the “Four Moments of Antibiotic
Decision Making”: (1) Does this patient have an infec-
tion that requires antibiotics? (2) Have the appropriate
cultures been ordered before starting antibiotics? (3)
After a few days of empiric antibiotics have passed, can
antibiotics be stopped? Can therapy be narrowed? Can
therapy be switched from intravenous to oral? (4) What
duration of antibiotic therapy is necessary for this
patient’s diagnosis? Stewardship interventions centered
upon one or more of the above questions have been dem-
onstrated to decrease the risk of C difficile and Candida
superinfection as well as attenuate the negative impact of
antibiotics on the human microbiome.

Kadri SS et al. U.S. efforts to curb antibiotic resistance—are we
saving lives? N Engl J Med. 2020;383:806. [PMID: 32846058]

Tamma PD et al. Rethinking how antibiotics are prescribed:
incorporating the 4 moments of antibiotic decision making
into clinical practice. JAMA. 2019;321:139. [PMID: 30589917]

HYPERSENSITIVITY

» Penicillin Allergy

All penicillins are cross-sensitizing and cross-reacting.
Skin tests using penicilloyl-polylysine and undegraded
penicillin can identify most individuals with IgE-
mediated reactions (hives, bronchospasm). In those
patients with positive reaction to skin tests, the incidence
of subsequent immediate severe reactions associated with
penicillin administration is high. A history of a penicillin
reaction in the past is often not reliable. Only a small
proportion (less than 5%) of patients with a stated history
of penicillin allergy experience an adverse reaction when
challenged with the medication. The decision to adminis-
ter penicillin or related medications (other beta-lactams)
to patients with an allergic history depends on the sever-
ity of the reported reaction, the severity of the infection
being treated, and the availability of alternative medica-
tions. For patients with a history of severe reaction (ana-
phylaxis), alternative medications should be used. In the
rare situations when there is a strong indication for using
penicillin (eg, syphilis in pregnancy) in allergic patients,
desensitization can be performed. If the reaction is mild
(nonurticarial rash), the patient may be rechallenged with
penicillin or may be given another beta-lactam
antibiotic.

Allergic reactions include anaphylaxis, serum sickness
(urticaria, fever, joint swelling, angioedema 7–12 days after
exposure), skin rashes, fever, interstitial nephritis, eosino-
philia, hemolytic anemia, other hematologic disturbances,
and vasculitis. The incidence of hypersensitivity to penicil-
lin is estimated to be 1–5% among adults in the
United States. Life-threatening anaphylactic reactions are
very rare (0.05%). Ampicillin produces maculopapular
skin rashes more frequently than other penicillins, but
many ampicillin (and other beta-lactam) rashes are not
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allergic in origin. The nonallergic ampicillin rash usually
occurs after 3–4 days of therapy, is maculopapular, is more
common in patients with coexisting viral illness (especially
Epstein-Barr infection), and resolves with continued ther-
apy. The maculopapular rash may or may not reappear
with rechallenge. Beta-lactams can induce nephritis with
primary tubular lesions associated with anti-basement
membrane antibodies.

If the intradermal test described below is negative,
desensitization is not necessary, and a full dose of the peni-
cillin may be given. If the test is positive, alternative medi-
cations should be strongly considered. If that is not feasible,
desensitization is necessary.

Patients with a history of allergy to penicillin are
also at an increased risk for having a reaction to cephalo-
sporins or carbapenems. A common approach to these
patients is to assess the severity of the reaction. If an IgE-
mediated reaction to penicillin can be excluded by his-
tory, a cephalosporin can be administered. When the
history justifies concern about an immediate-type reac-
tion, penicillin skin testing should be performed. If the
test is negative, the cephalosporin or carbapenem can
be given. If the test is positive, there is a 5–10% chance
of cross reactivity with cephalosporins, and the decision
whether to use cephalosporins depends on the avail-
ability of alternative agents and the severity of the infec-
tion. While carbapenems were considered highly cross
reactive with penicillins, the cross reactivity appears to
be minimal (1%).

º
IMMUNIZATION AGAINST
INFECTIOUS DISEASES

RECOMMENDED IMMUNIZATION
FOR ADULTS

Immunization is one of the most important tools (along
with sanitation) used to prevent morbidity and mortality
from infectious diseases. In general, the administration of
most vaccinations induces a durable antibody response
(active immunity). In contrast, passive immunization
occurs when preformed antibodies are given (eg, immune
globulin from pooled serum), resulting in temporary
protection which is a less durable response. The two vari-
ants of active immunization are live attenuated vaccines
(which are believed to result in an immunologic response
more like natural infection), and inactivated or killed
vaccines.

The schedule of vaccinations varies based on the risk of
the disease being prevented by vaccination, whether a vac-
cine has been given previously, the immune status of the
patient (probability of responding to vaccine) and safety of
the vaccine (live versus killed product, as well as implica-
tions for the fetus in pregnant women). Recommendations
for healthy adults as well as special populations based on
medical conditions are summarized in Table 30–7, which
can be accessed online at https://www.cdc.gov/vaccines/
schedules.

1. healty Adults

Vaccination recommendations are made by the Advisory
Committee on Immunization Practices (ACIP) of the US
Centers for Disease Control and Prevention (Table 30–7).
Characteristics of selected COVID-19 vaccines, as of
March 2021, are presented in Table 30–8.

2. Pregnant Women

Given the uncertainty of risks to the fetus, vaccination dur-
ing pregnancy is generally avoided with the following
exceptions: tetanus (transfer of maternal antibodies across
the placenta is important to prevent neonatal tetanus),
diphtheria, and influenza. Live vaccines are avoided during
pregnancy.

Influenza can be a serious infection if acquired in
pregnancy, and all pregnant women should be offered
influenza (inactivated) vaccination. The live attenuated
(intranasal) influenza vaccine is not recommended dur-
ing pregnancy.

3. hIV-Infected Adults

HIV-infected patients have impaired cellular and B cell
responses. Inactivated or killed vaccinations can generally
be given without any consequence, but the recipient may
not be able to mount an adequate antibody response. Live
or attenuated vaccines are generally avoided with some
exceptions (ie, in patients with CD4+ T lymphocytes
greater than 200 cells/mcL [0.2 × 109/L]). Guidelines for
vaccinating HIV-infected patients have been issued
jointly by the Centers for Disease Control and Prevention,
the US National Institutes of Health, and the HIV Medi-
cal Association of the Infectious Diseases Society of
America. Timing of vaccination is important to opti-
mize response. If possible, vaccination should be given
early in the course of HIV disease or following immune
reconstitution.

4. hematopoietic Cell Transplant Recipients

Hematopoietic cell transplant (HCT) recipients have vary-
ing rates of immune reconstitution following transplanta-
tion, depending on (1) the type of chemotherapy or
radiotherapy used pretransplant (in autologous HCT), (2) the
preparative regimen used for the transplant, (3) whether
graft-versus-host disease is present, and (4) the type of
immunosuppression used posttransplantation (in alloge-
neic HCT). Vaccines may not work immediately in the
posttransplant period. B cells may take 3–12 months to
return to normal posttransplant, and naïve T cells that can
respond to new antigens appear only 6–12 months post-
transplant. B cells of posttransplant patients treated with
rituximab may take up to 6 months to fully recover after
the last dose of the medication. Vaccines are therefore
administered 6–12 months following transplantation with
a minimum of 1 month between doses to maximize the
probability of response.
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Table 307. Recommended adult immunization schedule—United States, 2021.

Vaccine 19–26 years 27–49 years 50–64 years ≥65 years

Inuenza inactivated (IIV) or
Inuenza recombinant (RIV4)

1 dose annually

Inuenza live, attenuated
(LAIV4)

1 dose annually

Tetanus, diphtheria, pertussis
(Tdap or Td)

1 dose Tdap each pregnancy; 1 dose Td/Tdap for wound management (see notes)

1 dose Tdap, then Td or Tdap booster every 10 years

Measles, mumps, rubella
(MMR)

1 or 2 doses depending on indication
(if born in 1957 or later)

Varicella
(VAR)

2 doses (if born in 1980 or later) 2 doses

Zoster recombinant
(RZV)

2 doses

Human papillomavirus (HPV)
2 or 3 doses depending on age at

initial vaccination or condition
27 through 45 years

Pneumococcal conjugate
(PCV13) 1 dose

Pneumococcal polysaccharide
(PPSV23)

1 or 2 doses depending on indication 1 dose

Hepatitis A
(HepA)

2 or 3 doses depending on vaccine

Hepatitis B
(HepB)

2 or 3 doses depending on vaccine

Meningococcal A, C, W, Y
(MenACWY)

1 or 2 doses depending on indication, see notes for booster recommendations

Meningococcal B
(MenB)

Haemophilus inuenzae type b
(Hib)

1 or 3 doses depending on indication

1 dose

Recommended Adult Immunization Schedule by Age Group, United States, 2021

or

Recommended vaccination for adults who meet age requirement,

lack documentation of vaccination, or lack evidence of past infection

Recommended vaccination for adults with an

additional risk factor or another indication

Recommended vaccination based on shared
clinical decision-making

No recommendation/

Not applicable

2 or 3 doses depending on vaccine and indication, see notes for booster recommendations

19 through 23 years

or
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Vaccine Pregnancy

Immuno-
compromised
(excluding HIV

infection)

HIV infection
CD4 count Asplenia,

complement
deciencies

End-stage
renal

disease; or on
hemodialysis

Heart or
lung disease,
alcoholism1

Chronic liver
disease Diabetes Health care

personnel²
Men who have
sex with men<200

mm3
≥200
mm3

IIV or RIV4 1 dose annually

LAIV4 Not Recommended Precaution 1 dose annually

Tdap or Td 1 dose Tdap each
pregnancy 1 dose Tdap, then Td or Tdap booster every 10 years

MMR
Not

Recommended* Not Recommended 1 or 2 doses depending on indication

VAR
Not

Recommended* Not Recommended 2 doses

RZV 2 doses at age ≥50 years

HPV
Not

Recommended* 3 doses through age 26 years 2 or 3 doses through age 26 years depending on age at initial vaccination or condition

PCV13

PPSV23

HepA

HepB
<60 years

>60 years

MenACWY

MenB Precaution

Hib 3 doses HSCT
recipients only

1 dose

1, 2, or 3 doses depending on age and indication

1 or 2 doses depending on indication, see notes for booster recommendations

2 or 3 doses depending on vaccine and indication, see notes for booster recommendations

2 or 3 doses depending on vaccine

2, 3, or 4 doses depending on vaccine or condition

1 dose

Recommended Adult Immunization Schedule by Medical Condition and Other Indications, United States, 2021

Recommended vaccination

for adults who meet

age requirement, lack

documentation of

vaccination, or lack

evidence of past infection

Recommended vaccination

for adults with an additional

risk factor or another

indication

Precaution—vaccination

might be indicated if benet

of protection outweighs risk

of adverse reaction

Recommended vaccination

based on shared clinical

decision-making

Not recommended/

contraindicated—vaccine

should not be administered.

*Vaccinate after pregnancy.

No recommendation/

Not applicable

1. Precaution for LAIV4 does not apply to alcoholism. 2. See notes for inuenza; hepatitis B; measles, mumps, and rubella; and varicella vaccinations. 3. Hematopoietic stem cell transplant.

oror

(continued)
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NOTES
For vaccine recommendations for persons 18 years of age or younger, see the Recommended Child/Adolescent Immunization Schedule.
Additional Information

COVID-19 Vaccination
ACIP recommends use of COVID-19 vaccines within the scope of the Emergency Use Authorization or Biologics License Application for the particular vaccine. Interim ACIP recommendations for the
use of COVID-19 vaccines can be found at www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/covid-19.html.

Haemophilus influenzae type b vaccination
Special situations
• Anatomical or functional asplenia (including sickle cell disease): 1 dose if previously did not receive Hib; if elective splenectomy, 1 dose, preferably at least 14 days before splenectomy
• Hematopoietic stem cell transplant (HSCT): 3-dose series 4 weeks apart starting 6–12 months after successful transplant, regardless of Hib vaccination history

Hepatitis A vaccination
Routine vaccination
• Not at risk but want protection from hepatitis A (identification of risk factor not required): 2-dose series HepA (Havrix 6–12 months apart or Vaqta 6–18 months apart [minimum interval: 6 months])

or 3-dose series HepA-HepB (Twinrix at 0, 1, 6 months [minimum intervals: dose 1 to dose 2: 4 weeks / dose 2 to dose 3: 5 months])
Special situations
• At risk for hepatitis A virus infection: 2-dose series HepA or 3-dose series HepA-HepB as above

-Chronic liver disease (e.g., persons with hepatitis B, hepatitis C, cirrhosis, fatty liver disease, alcoholic liver disease, autoimmune hepatitis, alanine aminotransferase [ALT] or aspartate aminotransfer-
ase [AST] level greater than twice the upper limit of normal)

-HIV infection
-Men who have sex with men
-Injection or noninjection drug use
-Persons experiencing homelessness
-Work with hepatitis A virus in research laboratory or with nonhuman primates with hepatitis A virus infection
-Travel in countries with high or intermediate endemic hepatitis A (HepA-HepB [Twinrix] may be administered on an accelerated schedule of 3 doses at 0, 7, and 21–30 days, followed by a booster
dose at 12 months)

-Close, personal contact with international adoptee (e.g., household or regular babysitting) in first 60 days after arrival from country with high or intermediate endemic hepatitis A (administer dose
1 as soon as adoption is planned, at least 2 weeks before adoptee’s arrival)

-Pregnancy if at risk for infection or severe outcome from infection during pregnancy
-Settings for exposure, including health care settings targeting services to injection or noninjection drug users or group homes and nonresidential day care facilities for developmentally disabled
persons (individual risk factor screening not required)

Hepatitis B vaccination
Routine vaccination
• Not at risk but want protection from hepatitis B (identification of risk factor not required): 2- or 3-dose series (2-dose series Heplisav-B at least 4 weeks apart [2-dose series HepB only applies when

2 doses of Heplisav-B are used at least 4 weeks apart] or 3-dose series Engerix-B or Recombivax HB at 0, 1, 6 months [minimum intervals: dose 1 to dose 2: 4 weeks / dose 2 to dose 3: 8 weeks / dose
1 to dose 3: 16 weeks]) or 3-dose series HepA-HepB (Twinrix at 0, 1, 6 months [minimum intervals: dose 1 to dose 2: 4 weeks / dose 2 to dose 3: 5 months])

Special situations
• At risk for hepatitis B virus infection: 2-dose (Heplisav-B) or 3-dose (Engerix-B, Recombivax HB) series or 3-dose series HepA-HepB (Twinrix) as above

-Chronic liver disease (e.g., persons with hepatitis C, cirrhosis, fatty liver disease, alcoholic liver disease, autoimmune hepatitis, alanine aminotransferase [ALT] or aspartate aminotransferase [AST]
level greater than twice upper limit of normal)

-HIV infection
-Sexual exposure risk (e.g., sex partners of hepatitis B surface antigen [HBsAg]-positive persons; sexually active persons not in mutually monogamous relationships; persons seeking evaluation or
treatment for a sexually transmitted infection; men who have sex with men)

-Current or recent injection drug use

Table 307. Recommended adult immunization schedule—United States, 2021. (continued)
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-Percutaneous or mucosal risk for exposure to blood (e.g., household contacts of HBsAg-positive persons; residents and staff of facilities for developmentally disabled persons; health care and
public safety personnel with reasonably anticipated risk for exposure to blood or blood-contaminated body fluids; hemodialysis, peritoneal dialysis, home dialysis, and predialysis patients; persons
with diabetes mellitus age younger than 60 years, shared clinical decision-making for persons age 60 years or older)

-Incarcerated persons
-Travel in countries with high or intermediate endemic hepatitis B
-Pregnancy if at risk for infection or severe outcome from infection during pregnancy (Heplisav-B not currently recommended due to lack of safety data in pregnant women)

Human papillomavirus vaccination
Routine vaccination
• HPV vaccination recommended for all persons through age 26 years: 2- or 3-dose series depending on age at initial vaccination or condition:

-Age 15 years or older at initial vaccination: 3-dose series at 0, 1–2 months, 6 months (minimum intervals: dose 1 to dose 2: 4 weeks / dose 2 to dose 3: 12 weeks / dose 1 to dose 3: 5 months;
repeat dose if administered too soon)

-Age 9–14 years at initial vaccination and received 1 dose or 2 doses less than 5 months apart: 1 additional dose
-Age 9–14 years at initial vaccination and received 2 doses at least 5 months apart: HPV vaccination series complete, no additional dose needed

• Interrupted schedules: If vaccination schedule is interrupted, the series does not need to be restarted
• No additional dose recommended after completing series with recommended dosing intervals using any HPV vaccine
Shared clinical decision-making
• Some adults age 27–45 years: Based on shared clinical decision-making, 2- or 3-dose series as above
Special situations
• Age ranges recommended above for routine and catch-up vaccination or shared clinical decision-making also apply in special situations

-Immunocompromising conditions, including HIV infection: 3-dose series as above, regardless of age at initial vaccination
-Pregnancy: HPV vaccination not recommended until after pregnancy; no intervention needed if vaccinated while pregnant; pregnancy testing not needed before vaccination

Influenza vaccination
Routine vaccination
• Persons age 6 months or older: 1 dose any influenza vaccine appropriate for age and health status annually
• For additional guidance, see www.cdc.gov/flu/professionals/index.htm
Special situations
• Egg allergy, hives only: 1 dose any influenza vaccine appropriate for age and health status annually
• Egg allergy–any symptom other than hives (e.g., angioedema, respiratory distress): 1 dose any influenza vaccine appropriate for age and health status annually. If using an influenza vaccine other

than RIV4 or ccIIV4, administer in medical setting under supervision of health care provider who can recognize and manage severe allergic reactions.
• Severe allergic reactions to any vaccine can occur even in the absence of a history of previous allergic reaction. Therefore, all vaccine providers should be familiar with the office emergency plan and

certified in cardiopulmonary resuscitation.
• A previous severe allergic reaction to any influenza vaccine is a contraindication to future receipt of the vaccine.
• LAIV4 should not be used in persons with the following conditions or situations:

-History of severe allergic reaction to any vaccine component (excluding egg) or to a previous dose of any influenza vaccine
-Immunocompromised due to any cause (including medications and HIV infection)
-Anatomic or functional asplenia
-Close contacts or caregivers of severely immunosuppressed persons who require a protected environment
-Pregnancy
-Cranial CSF/oropharyngeal communications
-Cochlear implant
-Received influenza antiviral medications oseltamivir or zanamivir within the previous 48 hours, peramivir within the previous 5 days, or baloxavir within the previous 17 days
-Adults 50 years or older

• History of Guillain-Barré syndrome within 6 weeks after previous dose of influenza vaccine: Generally, should not be vaccinated unless vaccination benefits outweigh risks for those at higher risk
for severe complications from influenza

(continued)
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Measles, mumps, and rubella vaccination
Routine vaccination
• No evidence of immunity to measles, mumps, or rubella: 1 dose

-Evidence of immunity: Born before 1957 (health care personnel, see below), documentation of receipt of MMR vaccine, laboratory evidence of immunity or disease (diagnosis of disease without
laboratory confirmation is not evidence of immunity)

Special situations
• Pregnancy with no evidence of immunity to rubella: MMR contraindicated during pregnancy; after pregnancy (before discharge from health care facility), 1 dose
• Nonpregnant women of childbearing age with no evidence of immunity to rubella: 1 dose
• HIV infection with CD4 count ≥200 cells/mm3 for at least 6 months and no evidence of immunity to measles, mumps, or rubella: 2-dose series at least 4 weeks apart; MMR contraindicated for

HIV infection with CD4 count <200 cells/mm3

• Severe immunocompromising conditions: MMR contraindicated
• Students in postsecondary educational institutions, international travelers, and household or close, personal contacts of immunocompromised persons with no evidence of immunity to

measles, mumps, or rubella: 2-dose series at least 4 weeks apart if previously did not receive any doses of MMR or 1 dose if previously received 1 dose MMR
• Health care personnel:

-Born in 1957 or later with no evidence of immunity to measles, mumps, or rubella: 2-dose series at least 4 weeks apart for measles or mumps or at least 1 dose for rubella
-Born before 1957 with no evidence of immunity to measles, mumps, or rubella: Consider 2-dose series at least 4 weeks apart for measles or mumps or 1 dose for rubella

Meningococcal vaccination
Special situations for MenACWY
• Anatomical or functional asplenia (including sickle cell disease), HIV infection, persistent complement component deficiency, complement inhibitor (e.g., eculizumab, ravulizumab) use:

2-dose series MenACWY-D (Menactra, Menveo or MenQuadfi) at least 8 weeks apart and revaccinate every 5 years if risk remains
• Travel in countries with hyperendemic or epidemic meningococcal disease, microbiologists routinely exposed to Neisseria meningitidis: 1 dose MenACWY (Menactra, Menveo or MenQuadfi)

and revaccinate every 5 years if risk remains
• First-year college students who live in residential housing (if not previously vaccinated at age 16 years or older) and military recruits: 1 dose MenACWY (Menactra, Menveo or MenQuadfi)
• For MenACWY booster dose recommendations for groups listed under “Special situations” and in an outbreak setting (e.g., in community or organizational settings and among men who have sex

with men) and additional meningococcal vaccination information, see www.cdc.gov/mmwr/volumes/69/rr/rr6909a1.htm
Shared clinical decision-making for MenB
• Adolescents and young adults age 16–23 years (age 16–18 years preferred) not at increased risk for meningococcal disease: Based on shared clinical decision-making, 2-dose series MenB-4C

(Bexsero) at least 1 month apart or 2-dose series MenB-FHbp (Trumenba) at 0, 6 months (if dose 2 was administered less than 6 months after dose 1, administer dose 3 at least 4 months after
dose 2); MenB-4C and MenB-FHbp are not interchangeable (use same product for all doses in series)

Special situations for MenB
• Anatomical or functional asplenia (including sickle cell disease), persistent complement component deficiency, complement inhibitor (e.g., eculizumab, ravulizumab) use, microbiologists

routinely exposed to Neisseria meningitidis: 2-dose primary series MenB-4C (Bexsero) at least one month apart or
• MenB-4C (Bexsero) at least 1 month apart or 3-dose primary series MenB-FHbp (Trumenba) at 0, 1–2, 6 months (if dose 2 was administered at least 6 months after dose 1, dose 3 not needed);

MenB-4C and MenB-FHbp are not interchangeable (use same product for all doses in series); 1 dose MenB booster 1 year after primary series and revaccinate every 2–3 years if risk remains
• Pregnancy: Delay MenB until after pregnancy unless at increased risk and vaccination benefits outweigh potential risks
• For MenB booster dose recommendations for groups listed under “Special situations” and in an outbreak setting (e.g., in community or organizational settings and among men who have sex with

men) and additional meningococcal vaccination information, see www.cdc.gov/mmwr/volumes/69/rr/rr6909a1.htm

Pneumococcal vaccination
Routine vaccination
• Age 65 years or older (immunocompetent—see www.cdc.gov/mmwr/volumes/68/wr/mm6846a5.htm?s_ cid=mm6846a5_w): 1 dose PPSV23

-If PPSV23 was administered prior to age 65 years, administer 1 dose PPSV23 at least 5 years after previous dose

Table 307. Recommended adult immunization schedule—United States, 2021. (continued)
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Shared clinical decision-making
• Age 65 years or older (immunocompetent): 1 dose PCV13 based on shared clinical decision-making if previously not administered.

-PCV13 and PPSV23 should not be administered during the same visit
-If both PCV13 and PPSV23 are to be administered, PCV13 should be administered first
-PCV13 and PPSV23 should be administered at least 1 year apart

Special situations
(www.cdc.gov/mmwr/preview/mmwrhtml/mm6140a4.htm)
• Age 19–64 years with chronic medical conditions (chronic heart [excluding hypertension], lung, or liver disease, diabetes), alcoholism, or cigarette smoking: 1 dose PPSV23
• Age 19 years or older with immunocompromising conditions (congenital or acquired immunodeficiency [including B- and T-lymphocyte deficiency, complement deficiencies, phagocytic

disorders, HIV infection], chronic renal failure, nephrotic syndrome, leukemia, lymphoma, Hodgkin disease, generalized malignancy, iatrogenic immunosuppression [e.g., drug or radiation
therapy], solid organ transplant, multiple myeloma) or anatomical or functional asplenia (including sickle cell disease and other hemoglobinopathies): 1 dose PCV13 followed by 1 dose PPSV23
at least 8 weeks later, then another dose PPSV23 at least 5 years after previous PPSV23; at age 65 years or older, administer 1 dose PPSV23 at least 5 years after most recent PPSV23 (note: only 1 dose
PPSV23 recommended at age 65 years or older)

• Age 19 years or older with cerebrospinal fluid leak or cochlear implant: 1 dose PCV13 followed by 1 dose PPSV23 at least 8 weeks later; at age 65 years or older, administer another dose PPSV23
at least 5 years after PPSV23 (note: only 1 dose PPSV23 recommended at age 65 years or older)

Tetanus, diphtheria, and pertussis vaccination
Routine vaccination
• Previously did not receive Tdap at or after age 11 years: 1 dose Tdap, then Td or Tdap every 10 years
Special situations
• Previously did not receive primary vaccination series for tetanus, diphtheria, or pertussis: At least 1 dose Tdap followed by 1 dose Td or Tdap at least 4 weeks after Tdap and another dose Td or

Tdap 6–12 months after last Td or Tdap (Tdap can be substituted for any Td dose, but preferred as first dose), Td or Tdap every 10 years thereafter
• Pregnancy: 1 dose Tdap during each pregnancy, preferably in early part of gestational weeks 27–36
• Wound management: Persons with 3 or more doses of tetanus-toxoid-containing vaccine: For clean and minor wounds, administer Tdap or Td if more than 10 years since last dose of tetanus-

toxoid-containing vaccine; for all other wounds, administer Tdap or Td if more than 5 years since last dose of tetanus-toxoid-containing vaccine. Tdap is preferred for persons who have not previously
received Tdap or whose Tdap history is unknown. If a tetanus-toxoid-containing vaccine is indicated for a pregnant woman, use Tdap. For detailed information, see www.cdc.gov/mmwr/volumes/69/
wr/mm6903a5.htm

Varicella vaccination
Routine vaccination
• No evidence of immunity to varicella: 2-dose series 4–8 weeks apart if previously did not receive varicella-containing vaccine (VAR or MMRV [measles-mumps-rubella-varicella vaccine] for children);

if previously received 1 dose varicella-containing vaccine, 1 dose at least 4 weeks after first dose
- Evidence of immunity: U.S.-born before 1980 (except for pregnant women and health care personnel [see below]), documentation of 2 doses varicella-containing vaccine at least 4 weeks apart,
diagnosis or verification of history of varicella or herpes zoster by a health care provider, laboratory evidence of immunity or disease

Special situations
• Pregnancy with no evidence of immunity to varicella: VAR contraindicated during pregnancy; after pregnancy (before discharge from health care facility), 1 dose if previously received 1 dose

varicella-containing vaccine or dose 1 of 2-dose series (dose 2: 4–8 weeks later) if previously did not receive any varicella-containing vaccine, regardless of whether U.S.-born before 1980
• Health care personnel with no evidence of immunity to varicella: 1 dose if previously received 1 dose varicella-containing vaccine; 2-dose series 4–8 weeks apart if previously did not receive any

varicella-containing vaccine, regardless of whether U.S.-born before 1980
• HIV infection with CD4 count ≥200 cells/mm3 with no evidence of immunity: Vaccination may be considered (2 doses 3 months apart); VAR contraindicated for HIV infection with CD4 count

<200 cells/mm3

• Severe immunocompromising conditions: VAR contraindicated

Zoster vaccination
Routine vaccination
• Age 50 years or older: 2-dose series RZV (Shingrix) 2–6 months apart (minimum interval: 4 weeks; repeat dose if administered too soon), regardless of previous herpes zoster or history of zoster

vaccine live (ZVL, Zostavax) vaccination (administer RZV at least 2 months after ZVL)
Special situations
• Pregnancy: Consider delaying RZV until after pregnancy if RZV is otherwise indicated.
• Severe immunocompromising conditions (including HIV infection with CD4 count <200 cells/mm3): Recommended use of RZV under review
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5. Solid Organ Transplant Recipients

Solid organ transplant recipients demonstrate a broad
spectrum of immunosuppression, depending on the reason
for and type of organ transplantation and the nature of the
immunosuppression (including T-cell-depleting agents
during treatment of organ rejection). These factors affect
the propensity for infection posttransplantation and the
ability to develop antibody responses to vaccination. In
many cases, the time between placing a patient on a trans-
plant list and undergoing the transplantation takes months
or years. Providers should take this opportunity to ensure
that indicated vaccines are given during this pretransplant
period to optimize antibody responses. If this is not possible,
most experts give vaccines 3–6 months following trans-
plantation. Live vaccines are contraindicated in the post-
transplant period.

RECOMMENDED IMMUNIZATIONS
FOR TRAVELERS

Individuals traveling to other countries frequently
require immunizations in addition to those routinely
recommended and may benefit from chemoprophy-
laxis against various diseases. Vaccinations against yel-
low fever and meningococcus are the only ones
required by certain countries. These and other travel-
specific vaccines are listed at http://wwwnc.cdc.gov/
travel/destinations/list.

Various vaccines can be given simultaneously at differ-
ent sites. Some, such as cholera, plague, and typhoid vac-
cine, cause significant discomfort and are best given at

different times. In general, live attenuated vaccines (mea-
sles, mumps, rubella, yellow fever, and oral typhoid vac-
cine) should not be given to immunosuppressed individuals
or household members of immunosuppressed people or to
pregnant women. Immunoglobulin should not be given for
3 months before or at least 2 weeks after live virus vaccines,
because it may attenuate the antibody response.

Chemoprophylaxis of malaria is discussed in Chapter 35.

VACCINE SAFETY

Most vaccines are safe to administer. In general, it is rec-
ommended that the use of live vaccines be avoided in
immunocompromised patients, including pregnant
women. Vaccines are generally not contraindicated in the
following situations: mild, acute illness with low-grade
fevers (less than 40.5°C); concurrent antibiotic therapy;
soreness or redness at the site; and family history of adverse
reactions to vaccinations. Absolute contraindications to
vaccines are rare (Table 30–9).

Centers for Disease Control and Prevention (CDC). Adult
immunization schedules—United States, 2021. https://www.
cdc.gov/vaccines/schedules/hcp/imz/adult.html

Centers for Disease Control and Prevention (CDC). Health
Information for International Travel. https://wwwnc.cdc.gov/
travel/page/yellowbook-home

Centers for Disease Control and Prevention (CDC). Vaccine
safety. https://www.cdc.gov/vaccinesafety/index.html

Danziger-Isakov L et al. Vaccination of solid organ transplant
candidates and recipients: guidelines from the American
society of transplantation infectious diseases community of
practice. Clin Transplant. 2019;33:e13563. [PMID: 31002409]

Table 308. Selected COVID-19 vaccines and adverse effects.1

Vaccine (Type) Dosing Storage Adverse Effects

AstraZeneca/University of

Oxford (adenovirus vector)

Two doses, 4–12 weeks

apart

Refrigerator (2–8°C) Local: at site of injection

Systemic: fevers, chills, myalgias, fatigue,

headache

Janssen/Johnson & Johnson

(adenovirus vector)

One dose Refrigerator (2–8°C) Local: at site of injection

Systemic: fevers, chills, myalgias, fatigue,

headache

Moderna (mRNA) Two doses, 4 weeks

apart

Freezer (–20°C) then

refrigerator (2–8°C) for up to

30 days

Local: at site of injection

Systemic: fevers, chills, myalgias, fatigue,

headache

Severe allergies: anaphylaxis in 2.5/1

million

Novavax (recombinant protein) Two doses, 3 weeks

apart

Refrigerator (2–8°C) Local: at site of injection

Systemic: fevers, chills, myalgias, fatigue,

headache

Pfizer/BioNTech (mRNA) Two doses, 3 weeks

apart

Ultracold freezer (–70°C) then

freezer (–20°C for up to

2 weeks) then refrigerator

(2–8°C) for up to 5 days

Local: at site of injection

Systemic: fevers, chills, myalgias, fatigue,

headache

Severe allergies: anaphylaxis in 11/1

million

1Updated as of March 2021; see also Chapter 32, SARS-CoV-2 section.

CMDT22_Ch30_p1288-p1330.indd 1326 02/07/21 6:13 PM
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Table 309. Adverse effects and contraindications to commonly used vaccines in adults (listed in alphabetical order).

Vaccine Adverse Effects Contraindications1

Haemophilus influenzae

type b (Hib)

Minimal

Consist mainly of pain at the injection site

Any severe allergic reaction (eg, anaphylaxis) after a previous dose or to a vaccine component.

Hepatitis A Minimal

Consist mainly of pain at the injection site

Any severe allergic reaction (eg, anaphylaxis) after a previous dose or to a vaccine component.

Hepatitis B Minimal

Consist mainly of pain at the injection site

Any severe allergic reaction (eg, anaphylaxis) after a previous dose or to a vaccine component.

Human papillomavirus Minimal

Consist mainly of mild to moderate localized pain, erythema, swelling

Systemic reactions, mainly fever, seen in 4% of recipients

Any severe allergic reaction (eg, anaphylaxis) after a previous dose or to a vaccine component.

Influenza (intramuscular

inactivated and intra-

nasal live attenuated

vaccines)

Intramuscular, inactivated vaccine: Local reactions (erythema and ten-

derness) at the site of injection are common, but fevers, chills, and

malaise (which last in any case only 2–3 days) are rare.

Eiter inactivated or live attenuated vaccine: A potential association

between Guillain-Barré syndrome (3000–6000 cases per year in the

United States, usually following respiratory infections) and vaccination

with intramuscular, inactivated influenza vaccine has been reported

(possibly, 1–2 persons per million persons vaccinated), but this rate is

lower than the risk of the syndrome developing after influenza itself

(given that approximately 750 persons per million adults are hospital-

ized annually with influenza, and many more cases remain as outpa-

tients). Influenza vaccination may be associated with multiple

false-positive serologic tests to HIV, HTLV-1, and hepatitis C, but it is

self-limited, lasting 2–5 months.

Contraindication to both inactivated and live attenuated vaccine:

History of Guillain-Barré syndrome, especially within 6 weeks of receiving a previous influenza

vaccine.

Any severe allergic reaction (eg, anaphylaxis) after a previous dose or to a vaccine component,

including egg protein.2

Intranasal, live attenuated vaccine [FluMist] should not be used in:

• People 50 years of age and over

• Immunosuppressed individuals and those on immunosuppressive therapy

• Household members of immunosuppressed individuals

• Health care workers, or others with close contact with immunosuppressed persons

• Presence of reactive airway disease (eg, asthma) or chronic underlying metabolic (eg, kidney),

pulmonary, or heart diseases (use intramuscular inactivated vaccine)

• Pregnancy3

It is recommended that salicylates should be avoided for 6 weeks following vaccination (to prevent

Reye syndrome).

Measles, mumps, and

rubella (MMR)4

Fever will develop in about 5–15% of unimmunized individuals, and a

mild rash will develop in about 5% 5–12 days after vaccination.

Fever and rash are self-limited, lasting only 2–3 days.

Local swelling and induration are particularly common in individuals pre-

viously vaccinated with inactivated vaccine.

Pregnancy5

Known severe immunodeficiency (eg, from hematologic and solid cancers, receipt of chemother-

apy, congenital immunodeficiency, long-term immunosuppressive therapy [eg, > 2 weeks of

prednisone 20 mg daily or higher]), other disease- or therapy-related immune suppression, or

patients with HIV infection who are severely immunocompromised.

May be used in asymptomatic HIV-infected individuals whose CD4 count is > 200/mcL (0.2 × 109/L).

Severe allergic reaction (eg, anaphylaxis) to a previous dose or to a vaccine component (eg,

neomycin or to related agents such as streptomycin).
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Meningococcal, oligosac-

charide conjugate;

(MCV4 or MenACWY

[Menactra, Menveo];

meningococcal poly-

saccharide conjugate

MPSV4 [Menomune]);

meningococcal group B,

recombinant (MenB

[Bexsero, Trumenba])

Minor reactions (fever, redness, swelling, erythema, pain) occur slightly

more commonly with MCV4. Major reactions are rare.

A potential association between Guillain-Barré syndrome (3000–6000

cases per year in the United States, usually following respiratory infec-

tions) and vaccination with MCV4 has been reported, but current rec-

ommendations favor continued use of MCV4, since the benefits of

preventing the serious consequences of meningococcal infection out-

weigh the theoretical risk of Guillain-Barré syndrome.

Any severe allergic reaction (eg, anaphylaxis) to a previous dose or to a vaccine component (eg,

persons with history of adverse reaction to diphtheria toxoid should not receive meningococcal

oligosaccharide conjugate and polysaccharide conjugate vaccines since the protein conjugate

used in them is diphtheria toxoid).

Pneumococcal conjugate

(PCV13 [Prevnar]);

Pneumococcal poly-

saccharide (PPSV23)

[Pneumovax])

Mild local reactions (erythema and tenderness) occur in up to 50% of

recipients, but systemic reactions are uncommon.

Similarly, revaccination at least 5 years after initial vaccination is associ-

ated with mild self-limited local but not systemic reactions.

Any severe allergic reaction (eg, anaphylaxis) after a previous dose or to a vaccine component (eg,

for PCV13 to any vaccine containing diphtheria toxoid).

Tetanus, diphtheria, and

pertussis (DTP, Tdap);

tetanus, diphtheria

(Td)

Minimal

Consist mainly of pain at the injection site

Any severe allergic reaction (eg, anaphylaxis) after a previous dose or to a vaccine component.

For pertussis-containing vaccines: any history of unexplained encephalopathy (eg, coma, decreased

level of consciousness, or prolonged seizures) within 7 days of administration of a previous dose

of Tdap or diphtheria and tetanus toxoids and pertussis (DTP) or diphtheria and tetanus toxoids

and acellular pertussis (Tdap) vaccine.

Varicella Can occur as late as 4–6 weeks after vaccination.

Tenderness and erythema at the injection site are seen in 25%, fever in

10–15%, and a localized maculopapular or vesicular rash in 5%; a dif-

fuse rash, usually with five or fewer vesicular lesions, develops in a

smaller percentage.

Spread of virus from vaccinees to susceptible individuals is possible, but

the risk of such transmission even to immunocompromised patients is

small, and disease, when it develops, is mild and treatable with

acyclovir.

Known severe immunodeficiency (eg, from hematologic and solid cancers, receipt of chemother-

apy, congenital immunodeficiency, long-term immunosuppressive therapy [eg, > 2 weeks of

prednisone 20 mg daily or higher; other immunosuppressive medications], other disease- or

therapy-related immune suppression, or patients with HIV infection who are severely

immunocompromised).

Pregnancy.

Severe allergic reaction (eg, anaphylaxis) after a previous dose or to a vaccine component (eg,

neomycin).

For theoretic reasons, it is recommended that salicylates should be avoided for 6 weeks following

vaccination (to prevent potential for Reye syndrome).

Table 309. Adverse effects and contraindications to commonly used vaccines in adults (listed in alphabetical order).

Vaccine Adverse Effects Contraindications1
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Zoster Mild and limited to local reactions

Although it is theoretically possible to transmit the virus to susceptible

contacts, no such cases have been reported.

Known severe immunodeficiency (eg, from hematologic and solid cancers, receipt of chemother-

apy, congenital immunodeficiency, long-term immunosuppressive therapy [eg, > 2 weeks of

prednisone 20 mg daily or higher; other immunosuppressive medications], other disease- or

therapy-related immune suppression, or patients with HIV infection who are severely immuno-

compromised. May be used in asymptomatic HIV-infected individuals whose CD4 count is > 200/mcL

[0.2 × 109/L]).

Pregnancy.

Any severe allergic reaction (eg, anaphylaxis) after a previous dose or to a vaccine component (eg,

gelatin or neomycin).

1Adapted from Centers for Disease Control and Prevention. Contraindications and precautions to commonly used vaccines in adults. General recommendations on immunization: recommendations

of the Advisory Committee on Immunization Practices. https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/contraindications.html, accessed March 12, 2021; and from Hamborsky J et al (edi-

tors). Appendix A. Epidemiology and prevention of vaccine preventable diseases. 13th edition. Washington, DC, Public Health Foundation, 2015. Available at www.cdc.gov/vaccines/pubs/pinkbook/

index.html.
2The vaccine has typically been prepared using embryonated chicken eggs. However, a new vaccine using mammalian cell culture is now FDA approved.
3The inactivated influenza vaccine can be given during any trimester.
4MMR vaccine can be safely given to patients with a history of egg allergy even when severe.
5Although vaccination of pregnant women is not recommended, with the currently available RA27/3 vaccine strain, the congenital rubella syndrome does not occur in the offspring of those inadver-

tently vaccinated during pregnancy or within 3 months before conception.
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E S S E N T I A L S  O F  D I A G N O S I S

» Modes of transmission: sexual contact with an
infected person, parenteral exposure to infected
blood (transfusion or needle sharing), perinatal
exposure.

» Prominent systemic complaints: sweats, diarrhea,
weight loss, and wasting.

» Opportunistic infections due to diminished
cellular immunity—often life-threatening.

» Aggressive cancers, particularly non-Hodgkin
lymphoma.

» Neurologic manifestations, including dementia,
aseptic meningitis, and neuropathy.

» General Considerations

The Centers fr Disease Cntrl and Preventin (CDC)
AIDS case definitin (Table 31–1) includes pprtunistic
infectins and malignancies that rarely ccur in the absence
f severe immundeficiency (eg, Pneumocystis pneumnia,
central nervus system lymphma). It als classifies per-
sns as having AIDS if they have psitive HIV serlgy and
certain infectins and malignancies that can ccur in
immuncmpetent hsts but that are mre cmmn
amng persns infected with HIV (pulmnary tubercul-
sis, invasive cervical cancer). Several nnspecific cndi-
tins, including dementia and wasting (dcumented
weight lss)—in the presence f a psitive HIV serlgy—
are cnsidered AIDS. The definitin includes criteria fr
bth definitive and presumptive diagnses f certain infec-
tins and malignancies. Finally, persns with psitive HIV
serlgy wh have ever had a CD4 lymphcyte cunt
belw 200 cells/mcL r a CD4 lymphcyte percentage
belw 14% are cnsidered t have AIDS. Inclusin f per-
sns with lw CD4 cunts as AIDS cases reflects the recg-
nitin that immundeficiency is the defining characteristic
f AIDS. The chice f a cutff pint at 200 cells/mcL is
supprted by several chrt studies shwing that AIDS will
develp within 3 years in ver 80% f persns with cunts
belw this level in the absence f effective antiretrviral

31Mitchell H. Katz, MD

HIV Infection & AIDS

therapy. The prgnsis f persns with HIV/AIDS has dra-
matically imprved due t the develpment f effective
antiretrviral treatment. One cnsequence is that fewer per-
sns with HIV ever develp an infectin r malignancy r
have a lw enugh CD4 cunt t classify them as having
AIDS, which means that the CDC definitin has becme a
less useful measure f the impact f HIV/AIDS in the United
States. Cnversely, persns in whm AIDS had been diag-
nsed based n a serius pprtunistic infectin, malig-
nancy, r immundeficiency may nw be markedly healthier,
with high CD4 cunts, due t the use f antiretrviral treat-
ment. Therefre, the Scial Security Administratin as well
as mst scial service agencies fcus n functinal assess-
ment fr determining eligibility fr benefits rather than the
simple presence r absence f an AIDS-defining illness.

» Epidemiology

The mdes f transmissin f HIV are similar t thse f
hepatitis B, in particular with respect t sexual, parenteral,
and vertical transmissin. Althugh certain sexual prac-
tices (eg, receptive anal intercurse) are significantly riskier
than ther sexual practices (eg, ral sex), it is difficult t
quantify per-cntact risks. The reasn is that studies f
sexual transmissin f HIV shw that mst peple at risk
fr HIV infectin engage in a variety f sexual practices
and have sex with multiple persns, nly sme f whm
may actually be HIV infected. Thus, it is difficult t deter-
mine which practice with which persn actually resulted in
HIV transmissin.

Nnetheless, the best available estimates indicate that
the risk f HIV transmissin with receptive anal inter-
curse is between 1:100 and 1:30, with insertive anal inter-
curse 1:1000, with receptive vaginal intercurse 1:1000,
with insertive vaginal intercurse 1:10,000, and with recep-
tive fellati with ejaculatin 1:1000. The per-cntact risk f
HIV transmissin with ther behavirs, including recep-
tive fellati withut ejaculatin, insertive fellati, and cun-
nilingus, is nt knwn.

A number f cfactrs are knwn t increase the risk f
HIV transmissin during a given encunter, including the
presence f ulcerative r inflammatry sexually transmitted
diseases, trauma, menses, and lack f male circumcisin.

CMDT22_Ch31_p1331-p1373.indd 1331 29/06/21 9:15 PM
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Table 31–1. CDC AIDS case definition for surveillance of adults and adolescents.

Dfiniiv aIDS Dignoss (wi o wiou lbooy vidnc of hIV infcion)

1. Candidiasis of the esophagus, trachea, bronchi, or lungs.

2. Cryptococcosis, extrapulmonary.

3. Cryptosporidiosis with diarrhea persisting > 1 month.

4. Cytomegalovirus disease of an organ other than liver, spleen, or lymph nodes.

5. Herpes simplex virus infection causing a mucocutaneous ulcer that persists > 1 month; or bronchitis, pneumonitis, or esophagitis of

any duration.

6. Kaposi sarcoma in a patient < 60 years of age.

7. Lymphoma of the brain (primary) in a patient < 60 years of age.

8. Mycobacterium avium complex or Mycobacterium kansasii disease, disseminated (at a site other than or in addition to lungs, skin, or

cervical or hilar lymph nodes).

9. Pneumocystis jirovecii pneumonia.

10. Progressive multifocal leukoencephalopathy.

11. Toxoplasmosis of the brain.

Dfiniiv aIDS Dignoss (wi lbooy vidnc of hIV infcion)

1. Coccidioidomycosis, disseminated (at a site other than or in addition to lungs or cervical or hilar lymph nodes).

2. HIV encephalopathy.

3. Histoplasmosis, disseminated (at a site other than or in addition to lungs or cervical or hilar lymph nodes).

4. Isosporiasis with diarrhea persisting > 1 month.

5. Kaposi sarcoma at any age.

6. Lymphoma of the brain (primary) at any age.

7. Other non-Hodgkin lymphoma of B cell or unknown immunologic phenotype.

8. Any mycobacterial disease caused by mycobacteria other than Mycobacterium tuberculosis, disseminated (at a site other than or in

addition to lungs, skin, or cervical or hilar lymph nodes).

9. Disease caused by extrapulmonary M tuberculosis.

10. Salmonella (nontyphoid) septicemia, recurrent.

11. HIV wasting syndrome.

12. CD4 lymphocyte count < 200 cells/mcL or a CD4 lymphocyte percentage < 14%.

13. Pulmonary tuberculosis.

14. Recurrent pneumonia.

15. Invasive cervical cancer.

psumiv aIDS Dignoss (wi lbooy vidnc of hIV infcion)

1. Candidiasis of esophagus: (a) recent onset of retrosternal pain on swallowing; and (b) oral candidiasis.

2. Cytomegalovirus retinitis. A characteristic appearance on serial ophthalmoscopic examinations.

3. Mycobacteriosis. Specimen from stool or normally sterile body fluids or tissue from a site other than lungs, skin, or cervical or hilar

lymph nodes, showing acid-fast bacilli of a species not identified by culture.

4. Kaposi sarcoma. Erythematous or violaceous plaque-like lesion on skin or mucous membrane.

5. Pneumocystis jirovecii pneumonia: (a) a history of dyspnea on exertion or nonproductive cough of recent onset (within the past 3

months); and (b) chest film evidence of diffuse bilateral interstitial infiltrates or gallium scan evidence of diffuse bilateral pulmonary

disease; and (c) arterial blood gas analysis showing an arterial oxygen partial pressure < 70 mm Hg or a low respiratory diffusing

capacity < 80% of predicted values or an increase in the alveolar-arterial oxygen tension gradient; and (d) no evidence of a bacterial

pneumonia.

6. Toxoplasmosis of the brain: (a) recent onset of a focal neurologic abnormality consistent with intracranial disease or a reduced level of

consciousness; and (b) brain imaging evidence of a lesion having a mass effect or the radiographic appearance of which is enhanced by

injection of contrast medium; and (c) serum antibody to toxoplasmosis or successful response to therapy for toxoplasmosis.

7. Recurrent pneumonia: (a) more than one episode in a 1-year period; and (b) acute pneumonia (new symptoms, signs, or radiologic

evidence not present earlier) diagnosed on clinical or radiologic grounds by the patient’s clinician.

8. Pulmonary tuberculosis: (a) apical or miliary infiltrates and (b) radiographic and clinical response to antituberculous therapy.

CMDT22_Ch31_p1331-p1373.indd 1332 29/06/21 9:15 PM



hIV INFeCtION & aIDS 1333CMDT 2022

The risk f acquiring HIV infectin frm a needlestick
with infected bld is apprximately 1:300. Factrs knwn
t increase the risk f transmissin include depth f pene-
tratin, hllw bre needles, visible bld n the needle,
and advanced stage f disease in the surce. The risk f
HIV transmissin frm a mucsal splash with infected
bld is unknwn but is assumed t be significantly lwer.

The risk f acquiring HIV infectin frm illicit drug use
with sharing f needles frm an HIV-infected surce is esti-
mated t be 1:150. Use f clean needles markedly decreases
the chance f HIV transmissin, but des nt eliminate it if
ther drug paraphernalia are shared (eg, ckers).

When bld transfusin frm an HIV-infected dnr
ccurs, the risk f transmissin is 95%. Frtunately, since
1985, bld dnr screening has been universally prac-
ticed in the United States. Als, persns wh have recently
engaged in unsafe behavirs (eg, sex with a persn at risk
fr HIV, injectin drug use) are nt allwed t dnate. This
essentially eliminates dnatins frm persns wh are HIV
infected but have nt yet develped antibdies (ie, persns
in the “windw” perid). HIV antigen and viral lad test-
ing have been added t the screening f bld t further
lwer the chance f HIV transmissin. With these precau-
tins, the chance f HIV transmissin with receipt f bld
transfusin in the United States is abut 1:1,000,000.

Between 13% and 40% f children brn t HIV-
infected mthers cntract HIV infectin when the mther
has nt received treatment r when the child has nt
received perinatal HIV prphylaxis. The risk is higher with
vaginal than with cesarean delivery, higher amng mthers
with high viral lads, and higher amng thse wh breast-
feed their children. The cmbinatin f prenatal HIV test-
ing and cunseling, antiretrviral treatment fr infected
mthers during pregnancy and fr the infant immediately
after birth, scheduled cesarean delivery if the mther has a
viral lad f greater than 1000 cpies/mL, and avidance f
breastfeeding has reduced the rate f perinatal transmissin
f HIV t less than 2% in the United States and Eurpe.

HIV has nt been shwn t be transmitted by respira-
try drplet spread, by vectrs such as msquites, r by
casual nnsexual cntact. Saliva, sweat, stl, and tears are
nt cnsidered infectius fluids.

There are an estimated 1.2 millin adults and adlescents
in the United States living with HIV, 14% f whm are undi-
agnsed. Yung peple (age 13–24) are the mst likely t nt
knw they are infected. In 2018, 37,968 Americans were
newly diagnsed with HIV infectin; 79% men (30,166),
19% wmen (7189), and 2% (613) transgender and nnbi-
nary individuals. Men wh had sex with men accunted fr
665 f the new diagnses (24,993), and amng them, Black
and Latin men accunted fr 38% and 31% f new infec-
tins, respectively. Hetersexual cntacts accunted fr 24%
(9008) f new HIV diagnses, and injectin drug users
(including men wh have sex with men and use injectin
drugs) accunted fr 10% (3864) f new HIV diagnses.
Amng persns living with HIV in the United States, the
prevalence f infectin in the minrity cmmunity was stag-
geringly higher. The rate f infectin per 100,000 peple was
1034 fr Blacks, 666 fr persns f multiple races, 386 fr
Latins, cmpared t 154 amng Whites.

In general, the prgressin f HIV-related illness is
similar in men and wmen. Hwever, there are sme
imprtant differences. Wmen are at risk fr gyneclgic
cmplicatins f HIV, including recurrent candidal vagini-
tis, pelvic inflammatry disease, and cervical dysplasia and
carcinma. Vilence directed against wmen, pregnancy,
and frequent ccurrence f drug use and pverty all cm-
plicate the treatment f HIV-infected wmen.

Wrldwide there are an estimated 37.9 millin persns
infected with HIV, with hetersexual spread being the mst
cmmn mde f transmissin fr men and wmen. The
reasn fr the greater risk fr transmissin with heter-
sexual intercurse in Africa and Asia than in the United
States may relate t cfactrs such as general health status,
the presence f genital ulcers, relative lack f male circum-
cisin, the number f sexual partners, and different HIV
sertypes. It was estimated that in 2018, 76% f Americans
living with HIV received sme HIV care and 65% were
virally suppressed.

Centers fr Disease Cntrl and Preventin. HIV Surveillance
Report, 2018 (Updated); vl.31. http://www.cdc.gv/hiv/
library/reprts/hiv-surveillance.html. Published May 2020.

US Department f Health and Human Services. HIV Basics.
https://www.hiv.gv/hiv-basics

Wrld Health Organizatin. Number f peple (all ages) living
with HIV: estimates by WHO regin. Updated 2019. https://
www.wh.int/gh/hiv/epidemic_status/cases_all_text/en/

Wrld Health Organizatin. Recmmended ppulatin size
estimates f men wh have sex with men. 2020 Nv 30.
https://www.wh.int/publicatins/i/item/9789240015357

» Pathophysiology

Clinically, the syndrmes caused by HIV infectin are
usually explicable by ne f three knwn mechanisms:
immundeficiency, autimmunity, and allergic and hyper-
sensitivity reactins.

A. Immunodeficiency

Immundeficiency is a direct result f the effects f HIV
upn immune cells as well as the indirect impact f a gen-
eralized state f inflammatin and immune activatin due
t chrnic viral infectin. A spectrum f infectins and
neplasms is seen, as in ther cngenital r acquired
immundeficiency states. Tw remarkable features f HIV
immundeficiency are the lw incidence f certain infec-
tins such as listerisis and aspergillsis and the frequent
ccurrence f certain neplasms such as lymphma r
Kapsi sarcma. This latter cmplicatin has been seen
primarily in men wh have sex with men (MSM) r in
bisexual men, and its incidence steadily declined thrugh
the first 15 years f the epidemic. A herpesvirus (KSHV r
HHV-8) is the cause f Kapsi sarcma.

B. Autoimmunity/Allergic and
Hypersensitivity Reactions

Autimmunity can ccur as a result f disrdered cellular
immune functin r B lymphcyte dysfunctin. Examples
f bth lymphcytic infiltratin f rgans (eg, lymphcytic
interstitial pneumnitis) and autantibdy prductin

CMDT22_Ch31_p1331-p1373.indd 1333 29/06/21 9:15 PM
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(eg, immunlgic thrmbcytpenia) ccur. These phe-
nmena may be the nly clinically apparent disease r may
cexist with bvius immundeficiency. Mrever, HIV-
infected individuals appear t have higher rates f allergic
reactins t unknwn allergens as seen with esinphilic
pustular flliculitis (“itchy red bump syndrme”) as well as
increased rates f hypersensitivity reactins t medicatins
(fr example, the fever and sunburn-like rash seen with
trimethprim-sulfamethxazle reactins).

» Clinical Findings

The cmplicatins f HIV-related infectins and ne-
plasms affect virtually every rgan. The general apprach
t the HIV-infected persn with symptms is t evaluate
the rgan systems invlved, aiming t diagnse treatable
cnditins rapidly. As can be seen in Figure 31–1, the CD4
lymphcyte cunt result enables the clinician t fcus n
the diagnses mst likely t be seen at each stage f immu-
ndeficiency. Certain infectins may ccur at any CD4
cunt, while thers rarely ccur unless the CD4 lymph-
cyte cunt has drpped belw a certain level. Fr example,
a patient with a CD4 cunt f 600 cells/mcL, cugh, and
fever may have a bacterial pneumnia but wuld be very
unlikely t have Pneumocystis pneumnia.

A. Symptoms and Signs

Many individuals with HIV infectin remain asymptm-
atic fr years even withut antiretrviral treatment, with a
mean time f apprximately 10 years between infectin

and develpment f AIDS. When symptms ccur, they
may be remarkably prtean and nnspecific. Since virtually
all the findings may be seen with ther diseases, a cmbi-
natin f cmplaints is mre suggestive f HIV infectin
than any ne symptm.

Physical examinatin may be entirely nrmal. Abnrmal
findings range frm cmpletely nnspecific t highly specific
fr HIV infectin. Thse that are specific fr HIV infectin
include hairy leukplakia f the tngue, disseminated Kapsi
sarcma, and cutaneus bacillary angimatsis. Generalized
lymphadenpathy is cmmn early in infectin.

The specific presentatins and management f the vari-
us cmplicatins f HIV infectin are discussed under the
Cmplicatins sectin belw.

Brew BJ et al. Neurlgic sequelae f primary HIV infectin.
Handb Clin Neurl. 2018;152:65. [PMID: 29604985]

Chen B. Mlecular mechanism f HIV-1 entry. Trends Micrbil.
2019;27:878. [PMID: 31262533]

Fida M et al. Dlutegravir plus lamivudine dual therapy—a new
ptin fr initial antiretrviral therapy. Drugs Tday (Barc).
2019;55:297. [PMID: 31131840]

Tavassli S et al. Peripheral ulcerative keratitis with crneal melt
as the primary presentatin in a case f human immundefi-
ciency virus. BMJ Case Rep. 2019;12:e226936. [PMID:
30798272]

B. Laboratory Findings

Specific tests fr HIV include antibdy, antigen, and viral
lad detectin (Table 31–2). Initial testing fr HIV shuld

Bacterial infections
Tuberculosis
Herpes simplex
Herpes zoster
Vaginal candidiasis
Hairy leukoplakia
Kaposi sarcoma

Pneumocystosis
Toxoplasmosis
Cryptococcosis
Coccidioidomycosis
Cryptosporidiosis

Disseminated MAC
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Histoplasmosis
CMV retinitis
CNS lymphoma
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▲ Figure 31–1. Relationship of CD4 count to development of opportunistic infections. MAC, Mycobacterium avium

complex; CMV, cytomegalovirus; CNS, central nervous system.
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be dne using a furth-generatin HIV antigen/antibdy
immunassay. It detects HIV-1 and HIV-2 antibdies and
HIV-1 p24 antigen. Reactive specimens are then tested with
an HIV-1/HIV-2 differentiatin immunassay t cnfirm
infectin and t distinguish HIV-1 frm HIV-2. Fr patients
wh are reactive n bth tests, the sensitivity and specificity
fr chrnic HIV appraches 100%. Patients wh have a
reactive HIV antigen/antibdy immunassay but a negative
HIV-1/HIV-2 differentiatin immunassay shuld have a
HIV-1 viral lad test (nucleic acid test); thse with psitive
viral lads despite negative antibdies are likely having
acute HIV infectin. Persns wh are reactive n the initial
test and then negative n the cnfirmatry test and have
nndetectable viral lads are presumed t have a false-
psitive test, which may ccur with recent influenza vacci-
natin, autantibdies (eg, with cllagen vascular r
autimmune diseases), r allantibdies frm pregnancy.
With furth-generatin tests, antibdies will be detectable
in 95% f persns within 6 weeks after infectin.

Rapid HIV antibdy tests f bld r ral fluid prvide
results within 10–20 minutes and can be perfrmed in cli-
nician ffices, including by persnnel withut labratry
training and withut a Clinical Labratry Imprvement
Amendment (CLIA)–apprved labratry. Persns wh
test psitive n a rapid test require cnfirmatin with a
standard testing as abve. Rapid testing is particularly
helpful in settings where a result is needed immediately
(eg, a wman in labr wh has nt recently been tested fr
HIV) r when the patient is unlikely t return fr a result.
Rapid HIV hme tests that allw the testers t learn their
status privately by simply swabbing alng their gum lines
are als available (www.raquick.cm).

Nnspecific labratry findings with HIV infectin
may include anemia, leukpenia (particularly lymphpe-
nia), and thrmbcytpenia in any cmbinatin, elevatin
f the erythrcyte sedimentatin rate, plyclnal hyper-
gammaglbulinemia, and hypchlesterlemia. Cutaneus
anergy is cmmn with immunsuppressin.

The abslute CD4 lymphcyte cunt is the mst widely
used marker t prvide prgnstic infrmatin and t
guide therapy decisins (Table 31–2). As cunts decrease,
the risk f serius pprtunistic infectin ver the subse-
quent 3–5 years increases. There are many limitatins t
using the CD4 cunt, including diurnal variatin, depres-
sin with intercurrent illness, and intra-labratry and
interlabratry variability. Therefre, the trend is mre
imprtant than a single determinatin. The frequency f
perfrmance f cunts depends n the patient’s health
status and whether r nt they are receiving antiretrviral
treatment. All patients regardless f CD4 cunt shuld be
ffered antiretrviral treatment; CD4 cunts shuld be
mnitred every 3–6 mnths in patients taking antiretrvi-
ral treatment cnsistently. Initiatin f Pneumocystis jirovecii
prphylactic therapy is recmmended when the CD4
cunt drps belw 200 cells/mcL, and initiatin f Myco-
bacterium avium prphylaxis is recmmended when the
CD4 cunt drps belw 75–100 cells/mcL. Sme studies
suggest that the percentage f CD4 lymphcytes is a mre
reliable indicatr f prgnsis than the abslute cunts
because the percentage des nt depend n calculating a
manual differential. While the CD4 cunt measures
immune dysfunctin, it des nt prvide a measure f hw
actively HIV is replicating in the bdy. HIV viral load tests
assess the level f viral replicatin and prvide useful

Table 31–2. Commonly ordered tests for HIV infection.

ts Significnc

HIV-1/2 antigen/antibody

immunoassay

Detects antibodies for HIV-1 and HIV-2 along with HIV-1 p24 antigen. Positive specimens require testing with

HIV-1/HIV-2 antibody differentiation assay.

HIV-1/HIV-2 antibody

differentiation

immunoassay

Serves as confirmatory test and differentiates HIV-1 and HIV-2. Tests that are reactive on HIV-1/2 antigen/

antibody immunoassay but negative on this confirmatory test should have a HIV-1 viral load test. Sensitiv-

ity and specificity of combination of reactive antigen/antibody immunoassay and positive differentiation

assay approach 100% for chronic infection.

HIV rapid antibody test Screening test for HIV. Produces results in 10–20 minutes. Can be performed by personnel with limited

training. Sensitivity and specificity for chronic infection are > 99%. Positive results must be confirmed with

standard HIV testing using the HIV-1/2 antigen/antibody immunoassay and the HIV-1/HIV-2 antibody dif-

ferentiation assay.

HIV-1 viral load tests This nucleic acid test measures the amount of actively replicating HIV virus. Patients who are negative on the

HIV-1/2 antigen/antibody immunoassay and/or the HIV-1/HIV-2 antibody differentiation assay but have a

positive HIV viral load are likely experiencing acute HIV infection; however, caution is warranted when the

test result shows low-level viremia (ie, < 1000 copies/mL) as this may represent a false-positive result.

Besides its use in diagnosing acute HIV infection, HIV viral load is the most accurate indicator of viral activity

and response to treatment.

Absolute CD4 lymphocyte

count

Best test for determining stage of HIV infection. Risk of progression to an AIDS opportunistic infection or

malignancy is high with CD4 count is < 200 cells/mcL in the absence of treatment.

CD4 lymphocyte

percentage

Percentage may be more reliable than the CD4 count. Risk of progression to an AIDS opportunistic infection

or malignancy is high with percentage < 14% in the absence of treatment.
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prgnstic infrmatin that is independent f the infrma-
tin prvided by CD4 cunts.

» Differential Diagnosis

HIV infectin may mimic a variety f ther medical ill-
nesses. Specific differential diagnsis depends n the mde
f presentatin. In patients presenting with cnstitutinal
symptms such as weight lss and fevers, differential cn-
sideratins include cancer, chrnic infectins such as
tuberculsis and endcarditis, and endcrinlgic diseases
such as hyperthyridism. When pulmnary prcesses
dminate the presentatin, acute and chrnic lung infec-
tins must be cnsidered as well as ther causes f diffuse
interstitial pulmnary infiltrates, including SARS-CV-2
infectin (COVID-19). When neurlgic disease is the
mde f presentatin, cnditins that cause mental status
changes r neurpathy—eg, alchl use disrder (alchl-
ism), liver disease, kidney dysfunctin, thyrid disease,
and vitamin deficiency—shuld be cnsidered. If a patient
presents with headache and a cerebrspinal fluid plecyt-
sis, ther causes f chrnic meningitis enter the differen-
tial. When diarrhea is a prminent cmplaint, infectius
enterclitis, antibitic-assciated clitis, inflammatry
bwel disease, and malabsrptive syndrmes must be
cnsidered.

» Complications

A. Systemic Complaints

Fever, night sweats, and weight lss are cmmn symptms
in HIV-infected patients and may ccur withut a cmpli-
cating pprtunistic infectin. Patients with persistent
fever and n lcalizing symptms shuld nnetheless be
carefully examined, and evaluated with a chest radigraph
(Pneumocystis pneumnia can present withut respiratry
symptms), bacterial bld cultures if the fever is greater
than 38.5°C, serum cryptcccal antigen, and mycbacte-
rial cultures f the bld. Sinus CT scans shuld be cnsid-
ered t evaluate ccult sinusitis. If these studies are nrmal,
patients shuld be bserved clsely. Antipyretics are useful
t prevent dehydratin.

Centers fr Disease Cntrl and Preventin. 2018 quick refer-
ence guide: Recmmended labratry HIV testing algrithm
fr serum r plasma specimens. https://stacks.cdc.gv/view/
cdc/50872

Erlandsn KM et al. HIV and aging: recnsidering the apprach
t management f cmrbidities. Infect Dis Clin Nrth Am.
2019;33:769. [PMID: 31395144]

Pahwa S et al. NIH Wrkshp n HIV-assciated cmrbidities,
cinfectins, and cmplicatins: summary and recmmenda-
tin fr future research. J Acquir Immune Defic Syndr. 2021;
86:11. [PMID: 33306561]

1. Weight loss and wasting syndrome—Weight lss is a
particularly distressing cmplicatin f lng-standing HIV
infectin. Patients typically have disprprtinate lss f
muscle mass, with maintenance r less substantial lss f
fat stres. The mechanism f HIV-related weight lss is nt
cmpletely understd but appears t be multifactrial.

a. Presentation—AIDS patients frequently suffer frm
anrexia, nausea, and vmiting, all f which cntribute t
weight lss by decreasing calric intake. In sme cases, these
symptms are secndary t a specific infectin, such as viral
hepatitis. In ther cases, hwever, evaluatin f the symp-
tms yields n specific pathgen, and it is assumed t be due
t a primary effect f HIV. Malabsrptin als plays a rle in
decreased calric intake. Patients may suffer diarrhea frm
infectins with bacterial, viral, r parasitic agents.

Exacerbating the decrease in calric intake, many AIDS
patients have an increased metablic rate. This increased
rate has been shwn t exist even amng asymptmatic
HIV-infected persns, but it accelerates with disease pr-
gressin and secndary infectin. AIDS patients with sec-
ndary infectins als have decreased prtein synthesis,
which makes maintaining muscle mass difficult.

b. Management—Several strategies have been develped
t slw AIDS wasting. In the lng term, nthing is as effec-
tive as antiretrviral treatment, since it treats the underly-
ing HIV infectin. In the shrt term, effective fever cntrl
decreases the metablic rate and may slw the pace f
weight lss, as des treating any underlying pprtunistic
infectin. Fd supplementatin with high-calrie drinks
may enable patients with nt much appetite t maintain
their intake. Selected patients with therwise gd func-
tinal status and weight lss due t unrelenting nausea,
vmiting, r diarrhea may benefit frm ttal parenteral
nutritin (TPN). It shuld be nted, hwever, that TPN is
mre likely t increase fat stres than t reverse the muscle
wasting prcess.

Tw pharmaclgic appraches fr increasing appetite
and weight gain are the prgestatinal agent megestrol
acetate liquid suspensin (400–800 mg rally daily in
divided dses) and the antiemetic agent dronabinol
(2.5–5 mg rally three times a day), but neither f these
agents increases lean bdy mass. Side effects frm meges-
trl acetate are rare, but thrmbemblic phenmena,
edema, nausea, vmiting, and rash have been reprted. In
3–10% f patients using drnabinl, euphria, dizziness,
parania, and smnlence and even nausea and vmiting
have been reprted. Drnabinl cntains nly ne f the
active ingredients in marijuana, and many patients reprt
better relief f nausea and imprvement f appetite with
medical cannabis (administered via smking, vapriza-
tin, essential ils, r cked in fd). In the United States, 34
states and the District f Clumbia have legalized medical
marijuana, and 13 states have legalized recreatinal (nn-
medical) use. Hwever, the use and sale f marijuana are
still illegal under federal law.

Tw regimens that have resulted in increases in lean
bdy mass are grwth hrmne and anablic sterids.
Growth hormone at a dse f 0.1 mg/kg/day (up t 6 mg)
subcutaneusly fr 12 weeks has resulted in mdest
increases in lean bdy mass. Treatment with grwth hr-
mne can cst as much as $10,000 per mnth. Anabolic
steroids als increase lean bdy mass amng HIV-
infected patients. They seem t wrk best fr patients
wh are able t d weight training. The mst cmmnly
used regimens are teststerne enanthate r teststerne
cypinate (100–200 mg intramuscularly every 2–4 weeks).
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Teststerne transdermal system (apply 5 mg system each
evening) and teststerne gel (1%; apply a 5-g packet [50 mg
teststerne] t clean, dry skin daily) are als available. The
anablic sterid xandrlne (20 mg rally in tw divided
dses) has als been fund t increase lean bdy mass.

Badwski ME et al. Drnabinl ral slutin in the management
f anrexia and weight lss in AIDS and cancer. Ther Clin Risk
Manag. 2018;14:643. [PMID: 29670357]

Harrisn ME et al. Use f cyprheptadine t stimulate appetite
and bdy weight gain: a systematic review. Appetite. 2019;137:
62. [PMID: 30825493]

2. Nausea—Nausea leading t weight lss is smetimes
due t esphageal candidiasis. Patients with ral candidia-
sis and nausea shuld be empirically treated with an ral
antifungal agent. Patients with weight lss due t nausea f
unclear rigin may benefit frm use f antiemetics prir t
meals (prchlrperazine, 10 mg three times daily; metcl-
pramide, 10 mg three times daily; r ndansetrn, 8 mg
three times daily). Drnabinl (5 mg three times daily) r
medical cannabis can als be used t treat nausea. Depres-
sin and adrenal insufficiency are tw ptentially treatable
causes f weight lss.

Hall VP. Cmmn gastrintestinal cmplicatins assciated with
human immundeficiency virus/AIDS: an verview. Crit Care
Nurs Clin Nrth Am. 2018;30:101. [PMID: 29413205]

Unal E et al. Cannabinids: a guide fr use in the wrld f
gastrintestinal disease. J Clin Gastrenterl. 2020;54:769.
[PMID: 31789770]

B. Pulmonary Disease

1. Pneumocystis pneumonia—(See als Chapter 36.) P
jirovecii pneumnia is the mst cmmn pprtunistic
infectin assciated with AIDS. Pneumocystis pneumnia
may be difficult t diagnse because the symptms—fever,
cugh, and shrtness f breath—are nnspecific. Further-
mre, the severity f symptms ranges frm fever and n
respiratry symptms thrugh mild cugh r dyspnea t
frank respiratry distress.

Hypxemia may be severe, with a Po
2

less than 60 mm
Hg. The crnerstne f diagnsis is the chest radigraph
(Figure 31–2). Diffuse r perihilar infiltrates are mst
characteristic, but nly tw-thirds f patients with Pneu-
mocystis pneumnia have this finding. Nrmal chest radi-
graphs are seen in 5–10% f patients with Pneumocystis
pneumnia, while the remainder have atypical infiltrates.
Apical infiltrates are cmmnly seen amng patients with
Pneumocystis pneumnia wh have been receiving aersl-
ized pentamidine prphylaxis. Large pleural effusins are
uncmmn with Pneumocystis pneumnia; their presence
suggests bacterial pneumnia, ther infectins such as
tuberculsis, r pleural Kapsi sarcma.

Definitive diagnsis can be btained in 50–80% f cases
by Wright-Giemsa stain r direct flurescence antibdy
(DFA) test f induced sputum. Sputum inductin is per-
frmed by having patients inhale an aerslized slutin f
3% saline prduced by an ultrasnic nebulizer. Patients
shuld nt eat fr at least 8 hurs and shuld nt use

tthpaste r muthwash prir t the prcedure since they
can interfere with test interpretatin. The next step fr
patients with negative sputum examinatins in whm
Pneumocystis pneumnia is still suspected shuld be brn-
chalvelar lavage. This technique establishes the diagn-
sis in ver 95% f cases.

In patients with symptms suggestive f Pneumocystis
pneumnia but with negative r atypical chest radigraphs
and negative sputum examinatins, ther diagnstic tests
may prvide additinal infrmatin in deciding whether t
prceed t brnchalvelar lavage. Elevatin f serum
lactate dehydrgenase ccurs in 95% f cases f Pneumo-
cystis pneumnia, but the specificity f this finding is at
best 75%. A serum beta-glucan test is a mre sensitive and
specific test fr Pneumocystis pneumnia cmpared with
serum lactate dehydrgenase and may avid mre invasive
tests when used in the apprpriate clinical setting. Either a
nrmal diffusing capacity f carbn mnxide (DL

CO
) r a

high-reslutin CT scan f the chest that demnstrates n
interstitial lung disease makes the diagnsis f Pneumocys-
tis pneumnia very unlikely. In additin, a CD4 cunt
greater than 250 cells/mcL within 2 mnths prir t evalu-
atin f respiratry symptms makes a diagnsis f
Pneumocystis pneumnia unlikely; nly 1–5% f cases
ccur abve this CD4 cunt level (Figure 31–1). This is true
even if the patient previusly had a CD4 cunt lwer than
200 cells/mcL but has had an increase with antiretrviral
treatment. Pneumthraces can be seen in HIV-infected
patients with a histry f Pneumocystis pneumnia.

Trimethprim-sulfamethxazle is the preferred treat-
ment f Pneumocystis pneumnia (Table 31–3). In additin
t specific anti-Pneumocystis treatment, crticsterid
therapy has been shwn t imprve the curse f patients

▲ Figure 31–2. Pneumocystis pneumonia in a Haitian
woman suspected of having underlying HIV/AIDS.
Typical chest radiograph showing bilateral diffuse
interstitial infiltrates extending out from the hilar areas.
(Reproduced, with permission, from Grippi MA, Elias JA,
Fishman JA et al (editors). Fishman’s Pulmonary Diseases
and Disorders, 5th ed. McGraw-Hill, 2015.)
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Table 31–3. Treatment of AIDS-related opportunistic infections and malignancies.1

Infcion o

Mlignncy tmn Comlicions2

Pneumocystis jirovecii
infection3

Preferred regimen: Trimethoprim-sulfamethoxazole, 15 mg/kg/
day (based on trimethoprim component) intravenously or one
double-strength tablet orally three times a day for 21 days.
Add prednisone when Pao

2
< 70 mm Hg on room air or

alveolar-arterial O
2

gradient > 35 mm Hg: 40 mg orally twice
a day on days 1–5, 40 mg orally daily on days 6–10, 20 mg
orally daily on days 11–21

Nausea, neutropenia, anemia, hepatitis, rash,
Stevens-Johnson syndrome

Pentamidine, 3–4 mg/kg/day intravenously for 21 days plus
prednisone when indicated as above

Hypotension, hypoglycemia, anemia,
neutropenia, pancreatitis, hepatitis

Primaquine, 30 mg/day orally, and clindamycin, 600 mg every
8 hours orally, for 21 days plus prednisone when indicated as
above

Primaquine: hemolytic anemia in G6PD-deficient
patients,3 methemoglobinemia, neutropenia,
colitis

Clindamycin: rash, nausea, abdominal pain, colitis

Not recommended for severe disease: Trimethoprim, 15 mg/kg/
day orally in three divided doses, with dapsone, 100 mg/day
orally, for 21 days,3 plus prednisone when indicated as above

Nausea, rash, hemolytic anemia in G6PD3-
deficient patients; methemoglobinemia
(weekly levels should be < 10% of total
hemoglobin)

Not recommended for severe disease: Atovaquone, 750 mg
orally twice daily with food for 21 days, plus prednisone when
indicated as above

Rash, elevated aminotransferases, anemia,
neutropenia

Mycobacterium
avium complex
infection

Clarithromycin, 500 mg orally twice daily with ethambutol,
15 mg/kg/day orally (maximum, 1 g). May also add:

Clarithromycin: hepatitis, nausea, diarrhea
Ethambutol: hepatitis, optic neuritis

Rifabutin, 300 mg orally daily Rash, hepatitis, uveitis

Toxoplasmosis Preferred regimen: Pyrimethamine, 200 mg orally as loading dose,
followed by 50 mg daily (weight ≤ 60 kg) or 75 mg daily
(weight > 60 kg), combined with sulfadiazine, 1000 mg orally
four times daily (weight ≤ 60 kg) or 1500 mg orally four times
daily (weight > 60 kg) and leucovorin 10–25 mg orally daily for
at least 6 weeks. Longer courses are necessary for extensive
disease or incomplete clinical or radiographic resolution. Main-
tenance therapy with pyrimethamine 25–50 mg orally plus sul-
fadiazine 2000–4000 mg in two to four divided doses plus
leucovorin 10–25 mg orally daily. Long-term treatment should
be maintained until immune reconstitution with antiretroviral
treatment occurs.

Pyrimethamine: leukopenia, anorexia, vomiting
Sulfadiazine: nausea, vomiting, Stevens-Johnson

syndrome

For patients who are intolerant of sulfa who cannot be
desensitized: Substitute clindamycin 600 mg intravenously or
orally every 6 hours for the sulfadiazine in the above regimen

Pyrimethamine: leukopenia, anorexia, vomiting
Clindamycin: rash, nausea, abdominal pain, colitis

If pyrimethamine not available: Trimethoprim-sulfamethoxazole,
10 mg/kg/day (based on trimethoprim component)

Nausea, neutropenia, anemia, hepatitis, rash,
Stevens-Johnson syndrome

Non-Hodgkin
lymphoma

Combination chemotherapy (eg, EPOCH with rituximab and
G-CSF). Central nervous system disease: Radiation treatment
with dexamethasone for edema

Nausea, vomiting, anemia, neutropenia, thrombo-
cytopenia, cardiac toxicity (with doxorubicin)

Cryptococcal
meningitis

Preferred regimen: Induction: Liposomal amphotericin B,
3–4 mg/kg/day intravenously, with flucytosine, 25 mg/kg/
dose orally four times daily for minimum of 2 weeks (adjust
flucytosine dose for kidney function), then fluconazole,
400 mg orally daily for a minimum of 8 weeks (consolidation),
then 200 mg orally daily to complete a minimum of 1 year of
therapy (maintenance)

Liposomal amphotericin: fever, chills, hypokale-
mia, kidney disease

Flucytosine: bone marrow suppression, kidney
disease, hepatitis

Fluconazole: hepatitis

Induction: Amphotericin B, 0.7–1.0 mg/kg/day intravenously,
with flucytosine, 25 mg/kg/dose orally four times daily for a
minimum of 2 weeks (adjust flucytosine dose for kidney func-
tion), then fluconazole, 400 mg orally daily for a minimum of
8 weeks (consolidation), then 200 mg orally daily to complete
a minimum of 1 year of therapy (maintenance)

Amphotericin: fever, chills, hypokalemia, kidney
disease

Flucytosine: bone marrow suppression, kidney
disease, hepatitis

Fluconazole: hepatitis

(continued)
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Table 31–3. Treatment of AIDS-related opportunistic infections and malignancies.1

Infcion o

Mlignncy tmn Comlicions2

Cryptococcal
meningitis (cont.)

Fluconazole, used alone, is inferior to amphotericin B as induc-
tion therapy; it is recommended only for patients who can-
not tolerate or do not respond to the preferred regimen
above. If used for primary induction therapy, give flucon-
azole, 1200 mg orally daily, with flucytosine, 25 mg/kg/dose
orally four times daily for a minimum of 2 weeks (adjust flu-
cytosine dose for kidney function), then 400 mg orally daily
for a minimum of 8 weeks (consolidation), then 200 mg
orally daily to complete a minimum of 1 year of therapy.

Hepatitis

Cytomegalovirus ret-
initis (immediate
sight-threatening)

Preferred regimen: First-line therapy is oral valganciclovir,
900 mg orally twice a day with food for 21 days followed by
900 mg daily (maintenance). For sight-threatening infections
involving the macula or optic nerve, add intravitreal ganciclo-
vir (2 mg/injection) or foscarnet (2.4 mg/injection) for
1–4 doses/day for 7–10 days

For valganciclovir: Neutropenia, anemia, thrombo-
cytopenia (avoid in patients with hemoglobin
< 8 g/dL, neutrophil count below 500 cells/mcL
[0.5 × 109/L] or platelet count below 25,000/
mcL [25 × 109/L]. Potentially embryotoxic.

Ganciclovir, 10 mg/kg/day intravenously in two divided doses for
14–21 days, followed by 5 mg/kg daily (maintenance)

Neutropenia, anemia, thrombocytopenia
Adjust ganciclovir dose for kidney function.
Potentially embryotoxic.

Foscarnet, 90 mg/kg intravenously every 12 hours for 14 days,
followed by 90–120 mg/kg once daily

Nausea, hypokalemia, hypocalcemia, hyperphos-
phatemia, azotemia

Adjust foscarnet dose for kidney function.

Cidofovir, 5 mg/kg/week intravenously for 2 weeks, then 5 mg/kg
every other week with probenecid, 2 g orally 3 hours before
dose, 1 g orally 2 hours after dose, and 1 g orally 8 hours after
dose

Nephrotoxicity (to reduce likelihood, pre- and
post-saline hydration, along with probenecid),
ocular hypotony, anterior uveitis, neutropenia

Avoid in patients with sulfa allergy because of
cross hypersensitivity with probenecid

Esophageal
candidiasis or
recurrent vaginal
candidiasis

Fluconazole, 100–200 mg orally daily for 14–21 days for esopha-
geal disease and > 7 days for recurrent vaginal disease

Hepatitis, development of azole resistance. Fluco-
nazole should not be given to women who are
or may be pregnant because of risk of sponta-
neous abortion.

Herpes simplex
infection

Acyclovir, 400 mg orally three times daily for 5–10 days; or
acyclovir, 5 mg/kg intravenously every 8 hours for severe cases

Resistant herpes simplex with long-term therapy

Famciclovir, 500 mg orally twice daily for 5–10 days Nausea

Valacyclovir, 1 g orally twice daily for 5–10 days Nausea

Foscarnet, 40 mg/kg intravenously every 8 hours, for acyclovir-
resistant cases

Nausea, hypokalemia, hypocalcemia, hyperphos-
phatemia, azotemia

Adjust foscarnet dose for kidney function

Herpes zoster Preferred regimen: Valacyclovir, 1000 mg orally three times daily
for 7–10 days

Nausea

Preferred regimen: Famciclovir, 500 mg orally three times daily
for 7–10 days

Nausea

Acyclovir, 800 mg orally five times daily for 7–10 days. Intrave-
nous therapy at 10 mg/kg every 8 hours for extensive cutane-
ous or visceral disease until clinical improvement, then switch
to oral therapy to complete a 10- to 14-day course. For ocular
involvement, consult an ophthalmologist immediately.

Nausea

Kaposi sarcoma

Mild to moderate Initiation or optimization of antiretroviral treatment Side effects of antiretroviral treatment

Advanced disease Combination chemotherapy (eg, daunorubicin, bleomycin,
vinblastine)

Bone marrow suppression, cardiac toxicity (with
daunorubicin), fever

Pomalidomide, 5 mg/day orally on days 1–21 of every 28-day
cycle; alternative to chemotherapy

Fatigue, asthenia, dyspnea, anemia, neutropenia;
contraindicated in pregnancy

1Recommendations drawn from Centers for Disease Control and Prevention. Guidelines for the prevention and treatment of opportunistic infec-
tions in HIV-infected adults and adolescents. February 11, 2020. Downloaded from https://aidsinfo.nih.gov/guidelines on February 14, 2020.
2List of complications is not exhaustive.
3Prior to use of primaquine or dapsone, check glucose-6-phosphate dehydrogenase (G6PD) level in Black patients and those of Mediterranean
origin.
EPOCH, etoposide, prednisolone, vincristine (Oncovin), cyclophosphamide, doxorubicin (hydroxydaunomycin); G-CSF, granulocyte colony-
stimulating factor (filgrastim).

(continued)
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with mderate t severe P jirovecii pneumnia (Pao
2

less
than 70 mm Hg n rm air r alvelar-arterial O

2
gradi-

ent greater r equal t 35 mm Hg) when administered
within 72 hurs f the start f anti-Pneumocystis treatment.
It shuld be started as early as pssible after initiatin f
treatment, using prednisne 40 mg rally twice daily fr
days 1–5, 40 mg daily fr days 6–10, and 20 mg daily fr
days 11–21 (fr patients wh cannt take ral medicatin,
intravenus methylprednislne can be substituted at 75%
f the ral dse). The mechanism f actin is presumed t
be a decrease in alvelar inflammatin.

Fishman JA. Pneumocystis jirovecii. Semin Respir Crit Care Med.
2020;41:141. [PMID: 32000290]

Shibata S et al. Pneumcystis pneumnia in HIV-1-infected
patients. Respir Investig. 2019;57:213. [PMID: 30824356]

Tasaka S. Recent advances in the diagnsis and management f
Pneumocystis pneumnia. Tuberc Respir Dis (Seul). 2020;83:
132. [PMID: 32185915]

US Department f Health and Human Services. Guidelines fr
the preventin and treatment f pprtunistic infectins in
adults and adlescents with HIV. 2020. https://clinicalinf.hiv.
gv/en/guidelines/adult-and-adlescent-pprtunistic-
infectin/whats-new-guidelines

2. Other infectious pulmonary diseases—Other infec-
tius causes f pulmnary disease in AIDS patients include
bacterial, mycbacterial, and viral etilgies.

a. Bacterial—Cmmunity-acquired pneumnia is the
mst cmmn cause f pulmnary disease in HIV-infected
persns. An increased incidence f pneumcccal pneum-
nia with septicemia and Haemophilus influenzae pneumnia
has been reprted. Pseudomonas aeruginosa is an imprtant
respiratry pathgen in advanced disease and, mre rarely,
pneumnia frm Rhodococcus equi infectin can ccur.

b. Mycobacterial—The incidence f infectin with
Mycobacterium tuberculosis has markedly increased in
metrplitan areas because f HIV infectin as well as
hmelessness. Tuberculsis ccurs in an estimated 4% f
persns in the United States wh have AIDS. Patients with
active tuberculsis and CD4 cunts abve 350 cells/mcL
are likely t present with upper lbe and hilar infiltrates
and paratracheal adenpathy, findings similar t persns
uninfected with HIV (Figure 31–3). With advanced immu-
ndeficiency, lwer lbe, middle lbe, interstitial, and mili-
ary infiltrates are mre cmmn, alng with mediastinal
adenpathy and extrapulmnary invlvement. Althugh a
purified prtein derivative (PPD) test r an interferon
gamma release assay (IGRA, including the QuantiFERON
and T-SPOT tests) shuld be perfrmed n all HIV-
infected persns in whm a diagnsis f tuberculsis is
being cnsidered, the lwer the CD4 cell cunt, the greater
the likelihd f falsely negative PPD r IGRA test results
r f indeterminate IGRA test results.

Treatment f HIV-infected persns with active tubercu-
lsis is similar t treatment f HIV-uninfected tubercular
individuals. Hwever, rifampin shuld nt be given t
patients receiving a bsted prtease inhibitr (PI) regi-
men. In these cases, rifabutin may be substituted, but it
may require dsing mdificatins depending n the

antiretrviral regimen. Multidrug-resistant tuberculsis
has been a majr prblem in several metrplitan areas f
the develped wrld, and reprts frm Suth Africa f
“extremely resistant” tuberculsis in AIDS patients are a
grwing glbal cncern. Nncmpliance with prescribed
antituberculus medicatins is a majr risk factr. Several
f the reprted utbreaks appear t implicate nscmial
spread. The emergence f medicatin resistance makes it
essential that antibitic sensitivities be perfrmed n all
psitive cultures. Medicatin therapy shuld be individual-
ized. Patients with multidrug-resistant M tuberculosis
infectin shuld receive at least three medicatins t which
their rganism is sensitive.

Atypical mycbacteria can cause pulmnary disease in
AIDS patients with r withut preexisting lung disease and
respnds variably t treatment. Distinguishing between M
tuberculosis and atypical mycbacteria requires culture f
sputum specimens. DNA prbes allw fr presumptive
identificatin usually within days f a psitive culture.
While awaiting definitive diagnsis, clinicians shuld err
n the side f treating patients as if they have M tuberculosis
infectin unless the risk f atypical mycbacteria is very
high (eg, a persn withut risk fr tuberculsis expsure
with a CD4 cunt under 50 cells/mcL—see Figure 31–1),
clinicians may wait fr definitive diagnsis, and the persn
is smear-negative fr acid-fast bacilli, clinically stable, and
nt living in a cmmunal setting.

Blanc FX et al; STATIS ANRS 12290 Trial Team. Systematic r
test-guided treatment fr tuberculsis in HIV-infected adults.
N Engl J Med. 2020;382:2397. [PMID: 32558469]

▲ Figure 31–3. A 36-year-old man with pulmonary
tuberculosis. There is an opacification of a portion of
the left upper lung in association with a cavity, findings
consistent with pulmonary tuberculosis. Also, there is
an infiltrate in the right lung. The extent of his disease
raises the specter that he has underlying HIV/AIDS.
(Used, with permission, from Richard P. Usatine, MD, in
Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley H. The Color
Atlas and Synopsis of Family Medicine, 3rd ed. McGraw-Hill,
2019.)
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Kerkhff AD et al. Virtual CROI 2020: Tuberculsis and cinfec-
tins in HIV infectin. Tp Antivir Med. 2020;28:455. [PMID:
32886465]

Lapinel NC et al. Prevalence f nn-tuberculus mycbacteria in
HIV-infected patients admitted t hspital with pneumnia.
Int J Tuberc Lung Dis. 2019;23:491. [PMID: 31064629]

c. Viral (SARS-CV-2 and other)—COVID-19, the
illness caused by the nvel 2019 crnavirus SARS-CV-2,
causes a very wide spectrum f illness, ranging frm n
symptms, t a mild upper respiratry tract illness with fever
and cugh, t a clinical triad f fever, cugh, and dyspnea, t
pneumnia, t acute respiratry distress syndrme (ARDS),
and even t fulminant multisystem rgan failure and death.
Chest radigraphs and CT scans may be nrmal early in the
disease curse, then may shw nnspecific diffuse grund
glass pacities, multilbar infiltrates, and cnslidatins,
sme prgressing t full-blwn ARDS (see Chapter 32).

The limited data currently available d nt indicate that
the disease curse f COVID-19 in persns with HIV differs
frm that in persns withut HIV. Thse patients with HIV
wh have ther cmrbidities (eg, cardivascular disease,
lung disease, lng-term smking) have an increased risk f a
mre severe curse f COVID-19 illness.

Persns with HIV shuld nt alter their antiretrviral
regimens r add medicatins fr the purpse f pssibly
preventing r treating SARS-CV-2 infectin. Patients
wh have a suppressed HIV viral lad and are in stable
health shuld pstpne rutine medical and labratry
visits if pssible, and clinicians shuld use telephne r
virtual visits t replace face-t-face encunters fr nnur-
gent care and adherence cunseling. CDC guidelines
advise patients with HIV t maintain n-hand at least a
30-day—and ideally a 90-day—supply f antiretrviral
drugs and ther medicatins, and t change t pharmacy
r mail rder delivery f medicatins when pssible. Per-
sns with HIV may need additinal assistance with fd,
husing, transprtatin, and childcare.

Fr persns with HIV in self-islatin r quarantine
due t SARS-CV-2 expsure, clinicians shuld devise a
plan t evaluate patients if they develp COVID-19–
related persistent fever, cugh, r dyspnea, including ps-
sible transfer t a health care facility fr care. When a
persn with HIV is hspitalized fr presumed COVID-19,
antiretrviral therapy shuld be cntinued. If the patient’s
medicatins are nt n the hspital’s frmulary, the clini-
cian may need t write an rder that medicatins frm the
patients’ hme supplies can be administered. Antiretrviral
drug substitutins shuld be avided.

Althugh infrmatin and data are rapidly evlving, it
seems that persns with HIV n a suppressive antiretrvi-
ral regimen wh cntract COVID-19 have a prgnsis
similar t, and can be managed clinically the same as,
persns wh d nt have HIV. Hwever, additinal cau-
tin is warranted fr HIV-infected persns wh develp
COVID-19, especially thse with prly cntrlled HIV
r advanced AIDS.

Islatin f cytmegalvirus (CMV) frm brnchal-
velar lavage fluid ccurs cmmnly in AIDS patients but
des nt establish a definitive diagnsis. Diagnsis f CMV

pneumnia requires bipsy; respnse t treatment is pr.
Histplasmsis, cccidiidmycsis, and cryptcccal dis-
ease as well as mre cmmn respiratry viral infectins
shuld als be cnsidered in the differential diagnsis f
unexplained pulmnary infiltrates.

Centers fr Disease Cntrl and Preventin. What t knw abut
HIV and COVID-19. Updated 2021 Feb 1. https://www.cdc.
gv/crnavirus/2019-ncv/need-extra-precautins/hiv.html

Gu W et al. Patterns f HIV and SARS-CV-2 c-infectin in
Wuhan, China. J Int AIDS Sc. 2020;23:e25568. [PMID:
32697865]

US Department f Health and Human Services. Interim guidance
fr COVID-19 and persns with HIV. https://clinicalinf.hiv.
gv/en/guidelines/cvid-19-and-persns-hiv-interim-
guidance/interim-guidance-cvid-19-and-persns-hiv.
Updated 2021 Feb 26.

Vizcarra P et al; COVID-19 ID Team. Descriptin f COVID-19
in HIV-infected individuals: a single-centre, prspective
chrt. Lancet HIV. 2020;7:e554. [PMID: 32473657]

3. Noninfectious pulmonary diseases—

a. Presentation—Nninfectius causes f lung disease
include Kapsi sarcma, nn-Hdgkin lymphma, inter-
stitial pneumnitis, and increasingly, in the current antiret-
rviral treatment era, lung cancer. In patients with knwn
Kapsi sarcma, pulmnary invlvement cmplicates the
curse in apprximately ne-third f cases. Hwever, pul-
mnary invlvement is rarely the presenting manifestatin
f Kapsi sarcma. Nn-Hdgkin lymphma may invlve
the lung as the sle site f disease, but mre cmmnly
invlves ther rgans as well, especially the brain, liver, and
gastrintestinal tract. Bth f these prcesses may shw
ndular r diffuse parenchymal invlvement, pleural effu-
sins, and mediastinal adenpathy n chest radigraphs.

Nnspecific interstitial pneumnitis may mimic Pneu-
mocystis pneumnia. Lymphcytic interstitial pneumnitis
seen in lung bipsies has a variable clinical curse. Typi-
cally, these patients present with several mnths f mild
cugh and dyspnea; chest radigraphs shw interstitial
infiltrates. Many patients with this entity underg trans-
brnchial bipsies in an attempt t diagnse Pneumocystis
pneumnia. Instead, the tissue shws interstitial inflamma-
tin ranging frm an intense lymphcytic infiltratin
(cnsistent with lymphid interstitial pneumnitis) t a
mild mnnuclear inflammatin.

b. Management—Crticsterids may be helpful in
sme cases refractry t antiretrviral treatment.

Maitre T et al. Increasing burden f nninfectius lung disease
in persns living with HIV: a 7-year study using the French
natinwide hspital administrative database. Eur Respir J.
2018;52:1800359. [PMID: 30139778]

4. Sinusitis—

a. Presentation—Chrnic sinusitis can be a frustrating
prblem fr HIV-infected patients. Symptms include
sinus cngestin and discharge, headache, and fever. Sme
patients may have radigraphic evidence f sinus disease
n sinus CT scan in the absence f significant symptms.
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b. Management—HIV-infected patients with purulent
drainage shuld be treated fr pssible H influenzae with
amxicillin-ptassium clavulanate (500 mg rally three
times a day) (see Chapter 8). A 7-day curse f pseud-
ephedrine 60 mg twice daily may be helpful in decreasing
cngestin. Prlnged treatment (3–6 weeks) with an anti-
bitic and guaifenesin (600 mg rally twice daily) is sme-
times necessary. Fr patients nt respnding t
amxicillin-ptassium clavulanate, levflxacin may be
tried (400 mg rally daily). In patients with advanced
immundeficiency, Pseudomonas infectins shuld be sus-
pected, especially if there is nt a respnse t first-line
antibitics. Sme patients may require referral t an tlar-
ynglgist fr sinus drainage and culture fr pssible fun-
gal infectin (Aspergillus, Histoplasma capsulatum).

Ba S et al. Otrhinlarynglgical prfile and surgical interven-
tin in patients with HIV/AIDS. Sci Rep. 2018;8:12045. [PMID:
30104657]

Nabet C et al. Histoplasma capsulatum causing sinusitis: a case
reprt in French Guiana and review f the literature. BMC
Infect Dis. 2018;18:595. [PMID: 30477434]

C. Central Nervous System Disease

Central nervus system disease in HIV-infected patients
can be divided int intracerebral space-ccupying lesins,
encephalpathy, meningitis, and spinal crd prcesses.
Many f these cmplicatins have declined markedly in
prevalence in the era f effective antiretrviral treatment.
Cgnitive declines, hwever, may be mre cmmn in
HIV patients, especially as they age (lder than 50 years),
even thse wh are taking fully suppressive antiretrviral
treatment.

Stephens RJ et al. Central nervus system infectins in the
immuncmprmised adult presenting t the emergency
department. Emerg Med Clin Nrth Am. 2021;39:101.
[PMID: 33218652]

1. Toxoplasmosis—Txplasmsis is the mst cmmn
CNS space-ccupying lesin in HIV-infected patients.
Headache, fcal neurlgic deficits, seizures, r altered
mental status may be presenting symptms. The diagnsis
is usually made presumptively based n the characteristic
appearance f cerebral imaging studies in an individual
knwn t be serpsitive fr Toxoplasma. Typically, tx-
plasmsis appears as multiple cntrast-enhancing lesins
n CT scan. Lesins tend t be peripheral, with a predilec-
tin fr the basal ganglia.

Single lesins are atypical f txplasmsis. When a
single lesin has been detected by CT scanning, MRI scan-
ning may reveal multiple lesins because f its greater
sensitivity. If a patient has a single lesin n MRI and is
neurlgically stable, clinicians may pursue a 2-week
empiric trial f txplasmsis therapy. A repeat scan
shuld be perfrmed at 2 weeks. If the lesin has nt
diminished in size, bipsy f the lesin shuld be per-
frmed. A psitive Toxoplasma serlgic test des nt
cnfirm the diagnsis because many HIV-infected patients
have detectable titers withut having active disease.

Cnversely, less than 3% f patients with txplasmsis
have negative titers. Therefre, negative Toxoplasma titers
in an HIV-infected patient with a space-ccupying lesin
shuld be a cause fr aggressively pursuing an alternative
diagnsis. The preferred treatment f txplasmsis is
with pyrimethamine and sulfadiazine (Table 31–3). If
pyrimethamine is nt available, patients can be treated
with trimethprim-sulfamethxazle.

Vidal JE. HIV-related cerebral txplasmsis revisited: current
cncepts and cntrversies f an ld disease. J Int Assc
Prvid AIDS Care. 2019;18:2325958219867315. [PMID:
31429353]

2. Central nervous system lymphoma—Primary nn-
Hdgkin lymphma is the secnd mst cmmn CNS
space-ccupying lesin in HIV-infected patients. Symp-
tms are similar t thse with txplasmsis. While imag-
ing techniques cannt distinguish these tw diseases with
certainty, lymphma mre ften is slitary. Other less cm-
mn lesins shuld be suspected if there is preceding bac-
teremia, psitive tuberculin test, fungemia, r injectin
drug use. These include bacterial abscesses, cryptccc-
mas, tuberculmas, and Nocardia lesins.

Steretactic brain bipsy shuld be strngly cnsidered
if lesins are slitary r d nt respnd t txplasmsis
treatment, especially if they are easily accessible. Diagnsis
f lymphma is imprtant because many patients benefit
frm treatment (radiatin therapy). Althugh a psitive
plymerase chain reactin (PCR) assay f cerebrspinal
fluid fr Epstein–Barr virus DNA is cnsistent with a diag-
nsis f lymphma, the sensitivity and specificity f the test
are nt high enugh t bviate the need fr a brain bipsy.

Brandsma D et al. Primary CNS lymphma in HIV infectin.
Handb Clin Neurl. 2018;152:177. [PMID: 29604975]

Marcus C et al. Imaging in differentiating cerebral txplasmsis
and primary CNS lymphma with special fcus n FDG PET/
CT. AJR Am J Rentgenl. 2021;216:157. [PMID: 33112669]

3. HIV-associated dementia and neurocognitive disor-
ders—Patients with HIV-assciated dementia typically
have difficulty with cgnitive tasks (eg, memry, atten-
tin), exhibit diminished mtr functin, and have em-
tinal r behaviral prblems. Patients may first ntice a
deteriratin in their handwriting. The manifestatins f
dementia may wax and wane, with persns exhibiting peri-
ds f lucidity and cnfusin ver the curse f a day. The
diagnsis f HIV-assciated dementia is ne f exclusin
based n a brain imaging study and n spinal fluid analysis
that excludes ther pathgens. Neurpsychiatric testing is
helpful in distinguishing patients with dementia frm
thse with depressin. Many patients imprve with effec-
tive antiretrviral treatment. Hwever, slwly prgressive
neurcgnitive deficits may still develp in patients taking
antiretrviral treatment as they age.

Metablic abnrmalities may als cause changes in
mental status: hypglycemia, hypnatremia, hypxia, and
drug verdse are imprtant cnsideratins in this ppula-
tin. Other less cmmn infectius causes f encephalpa-
thy include prgressive multifcal leukencephalpathy
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(discussed belw), CMV, syphilis, and herpes simplex
encephalitis.

Avedissian SN et al. Pharmaclgic appraches t HIV-assci-
ated neurcgnitive disrders. Curr Opin Pharmacl. 2020;
54:102. [PMID: 33049585]

Rsca EC et al. Mntreal Cgnitive Assessment (MCA) fr
HIV-assciated neurcgnitive disrders. Neurpsychl Rev.
2019;29:313. [PMID: 31440882]

4. Cryptococcal meningitis—Cryptcccal meningitis
typically presents with fever and headache. Less than 20%
f patients have meningismus. Diagnsis is based n a
psitive latex agglutinatin test f serum that detects cryp-
tcccal antigen (r “CRAG”) r psitive culture f spinal
fluid fr Cryptococcus. Seventy t 90% f patients with
cryptcccal meningitis have a psitive serum CRAG.
Thus, a negative serum CRAG test makes a diagnsis f
cryptcccal meningitis unlikely and can be useful in the
initial evaluatin f a patient with headache, fever, and
nrmal mental status. Treatment has three phases: induc-
tin, cnslidatin, and maintenance. Inductin treatment
is given fr a minimum f 2 weeks plus evidence f clinical
imprvement and a negative CSF culture n repeat lumbar
puncture. Treatment can be stpped after 1 year f mainte-
nance therapy if the patient is asymptmatic, has a CD4 cell
cunt f greater than 100/mcL fr at least 3 mnths, and
has suppressed viral lad n effective antiretrviral treat-
ment. The preferred treatment is lipsmal amphtericin
with flucytsine (Table 31–3).

Byer-Chammard T et al. Recent advances in managing HIV-
assciated cryptcccal meningitis. F1000Res. 2019;8:743.
[PMID: 31275560]

Lawrence DS. Emerging cncepts in HIV-assciated cryptcc-
cal meningitis. Curr Opin Infect Dis. 2019;32:16. [PMID:
30507673]

Skipper C et al. Diagnsis and management f central nervus
system cryptcccal infectins in HIV-infected adults. J
Fungi (Basel). 2019;5:E65. [PMID: 31330959]

5. Meningococcal meningitis—HIV-infected persns are
at increased risk fr meningcccal disease. Treatment is
the same as in uninfected persns. Therefre, the Advisry
Cmmittee n Immunizatin Practices recmmends the
meningcccal cnjugate vaccine (sergrups A, C, W, and
Y) fr all HIV-infected persns aged 2 mnths r lder.

Bzi CH et al. Meningcccal disease surveillance in men wh
have sex with men—United States, 2015–2016. MMWR Mrb
Mrtal Wkly Rep. 2018;67:1060. [PMID: 30260947]

6. HIV meningitis and HIV myelopathy—HIV meningitis,
characterized by lymphcytic plecytsis f the spinal fluid
with negative culture, is cmmn early in HIV infectin. Spi-
nal crd functin may als be impaired in HIV-infected
individuals. HIV myelpathy presents with leg weakness and
incntinence. Spastic paraparesis and sensry ataxia are seen
n neurlgic examinatin. Myelpathy is usually a late mani-
festatin f HIV disease, and mst patients will have cncmi-
tant HIV encephalpathy. Pathlgic evaluatin f the spinal
crd reveals vaculatin f white matter. Because HIV

myelpathy is a diagnsis f exclusin, symptms suggestive
f myelpathy shuld be evaluated by lumbar puncture t rule
ut CMV plyradiculpathy (described belw) and an MRI
r CT scan t exclude epidural lymphma.

Leffert J et al. HIV-vacular myelpathy: an unusual early pre-
sentatin in HIV. Int J STD AIDS. 2021;32:205. [PMID:
33323068]

Levin SN et al. HIV and spinal crd disease. Handb Clin Neurl.
2018;152:213. [PMID: 29604979]

7. Progressive multifocal leukoencephalopathy (PML)—
PML is a viral infectin f the white matter f the brain
seen in patients with very advanced HIV infectin. It typi-
cally results in fcal neurlgic deficits such as aphasia,
hemiparesis, and crtical blindness. Imaging studies are
strngly suggestive f the diagnsis if they shw nnen-
hancing white matter lesins withut mass effect. Exten-
sive lesins may be difficult t differentiate frm the
changes caused by HIV. Several patients have stabilized r
imprved after the institutin f effective antiretrviral
treatment, and due t wide use f antiretrviral treatment,
PML is nw rarely seen.

Abrã CO et al. AIDS-related prgressive multifcal leuken-
cephalpathy. Rev Sc Bras Med Trp. 2020;54:e02522020.
[PMID: 33338109]

Crtese I et al. Prgressive multifcal leukencephalpathy and
the spectrum f JC virus-related disease. Nat Rev Neurl.
2021;17:37. [PMID: 33219338]

D. Peripheral Nervous System

a. Presentation—Peripheral nervus system syndrmes
include inflammatry plyneurpathies, sensry neurpa-
thies, and mnneurpathies.

An inflammatory demyelinating polyneuropathy
similar t Guillain-Barré syndrme ccurs in HIV-infected
patients, usually prir t frank immundeficiency. The
syndrme in many cases imprves with plasmapheresis,
supprting an autimmune basis f the disease. CMV can
cause an ascending plyradiculpathy characterized by
lwer extremity weakness and a neutrphilic plecytsis
n spinal fluid analysis with a negative bacterial culture.
Transverse myelitis can be seen with herpes zster r CMV.

Peripheral neuropathy is cmmn amng HIV-
infected persns. Patients typically cmplain f numbness,
tingling, and pain in the lwer extremities. Symptms are
disprprtinate t findings n grss sensry and mtr
evaluatin. Beynd HIV infectin itself, the mst cmmn
cause is prir antiretrviral treatment with stavudine r
didansine. Althugh nt used cmmnly in Western
cuntries, stavudine is still being used in resurce-limited
settings thrugh natinal antiretrviral treatment pr-
grams. Cautin shuld be used when administering these
agents t patients with a histry f peripheral neurpathy.
Unfrtunately, medicatin-induced neurpathy is nt
always reversed when the ffending agent is discntinued.
Patients with advanced disease may als develp periph-
eral neurpathy even if they have never taken antiretrviral
treatment. Evaluatin shuld rule ut ther causes f
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sensry neurpathy such as alchlism, thyrid disease,
vitamin B

12
deficiency, and syphilis.

b. Management—Treatment f peripheral neurpathy is
aimed at symptmatic relief. Patients shuld be initially
treated with gabapentin (start at 300 mg at bedtime and
increase t 300–900 mg rally three times a day) r ther
c-analgesics fr neurpathic pain (see Chapter 5). Opiid
analgesics shuld be avided because the cnditin tends
t be chrnic and patients are likely t becme dependent
n these agents withut significant imprvement in their
well-being.

Julian T et al. Human immundeficiency virus-related periph-
eral neurpathy: a systematic review and meta-analysis. Eur J
Neurl. 2021;28:1420. [PMID: 33226721]

E. Rheumatologic and Bone Manifestations

Arthritis, invlving single r multiple jints, with r withut
effusin, has been cmmnly nted in HIV-infected patients.
Invlvement f large jints is mst cmmn. Althugh the
cause f HIV-related arthritis is unknwn, mst patients will
respnd t nnsteridal anti-inflammatry medicatins.
Patients with a sizable effusin, especially if the jint is warm
r erythematus, shuld have the jint aspirated, fllwed
by culture f the fluid t rule ut suppurative arthritis as well
as fungal and mycbacterial disease.

Several rheumatlgic syndrmes, including reactive
arthritis, psriatic arthritis, sicca syndrme, and systemic
lupus erythematsus, have been reprted in HIV-infected
patients (see Chapter 20). Hwever, it is unclear if the
prevalence is greater than in the general ppulatin. Cases
f avascular necrsis f the femral heads have been
reprted spradically, generally in the setting f advanced
disease with lng-standing infectin and in patients receiv-
ing lng-term antiretrviral treatment. The etilgy is nt
clear but is prbably multifactrial in nature.

Osteprsis and stepenia appear t be mre cm-
mn in HIV-infected patients with chrnic infectin
and perhaps assciated with lng-term use f antiretr-
viral treatment. Vitamin D deficiency appears t be quite

cmmn amng HIV-infected ppulatins and mnitr-
ing vitamin D levels and instituting replacement therapy
fr detected deficiency are recmmended. Bne mineral
density scans fr HIV-infected pstmenpausal wmen
and men ver the age f 50 are als recmmended.

Thmsen MT et al. Prevalence f and risk factrs fr lw bne
mineral density assessed by quantitative cmputed tmgra-
phy in peple living with HIV and uninfected cntrls. J
Acquir Immune Defic Syndr. 2020;83:165. [PMID: 31929404]

Vega LE et al. Human immundeficiency virus infectin
(HIV)-assciated rheumatic manifestatins in the pre- and
pst-HAART eras. Clin Rheumatl. 2020;39:2515. [PMID:
32297034]

F. Myopathy

Mypathies are infrequent in the era f effective antiretr-
viral treatment but can be related t either HIV infectin r
antiretrviral treatment, particularly with use f zidvu-
dine (azidthymidine [AZT]). Prximal muscle weakness
is typical, and patients may have varying degrees f muscle
tenderness. Given its lng-term txicities, zidvudine is n
lnger recmmended when alternative treatments are
available.

Kaku M et al. Neurmuscular cmplicatins f HIV infectin.
Handb Clin Neurl. 2018;152:201. [PMID: 29604977]

Prir DE et al. Neurmuscular diseases assciated with human
immundeficiency virus infectin. J Neurl Sci. 2018;387:27.
[PMID: 29571868]

G. Retinitis

In HIV-infected patients, cmplaints f visual changes
must be evaluated immediately by an phthalmlgist
familiar with the manifestatins f HIV disease. CMV reti-
nitis, characterized by perivascular hemrrhages and white
fluffy exudates, is the mst cmmn retinal infectin in
AIDS patients and can be rapidly prgressive (Figure 31–4).
In cntrast, cttn wl spts, which are als cmmn in
HIV-infected patients, are benign, remit spntaneusly,
and appear as small indistinct white spts withut

Retinal

necrosis

Hemorrhage

▲ Figure 31–4. CMV retinitis. Retina has classic “pizza pie” or “cheese and ketchup” appearance, with hemorrhages
and dirty white, granular appearing retinal necrosis adjacent to major vessels (see diagrammatic map). (Photo used,
with permission, from Richard E. Wyszynski, MD. Diagram used, with permission, from Knoop KJ, Stack LB, Storrow AB,
Thurman RJ. The Atlas of Emergency Medicine, 5th ed. McGraw Hill, 2021.)
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exudatin r hemrrhage. Other rare retinal prcesses
include ther herpesvirus infectins r txplasmsis.
Chice f treatment fr CMV retinitis (Table 31–3)
depends n severity and lcatin f lesins, and the
patient’s verall cnditin and circumstances.

Ballard B et al. CMV retinitis. EyeWiki. 2020 Oct 22. https://
eyewiki.rg/CMV_Retinitis#General_treatment

Heiden D et al. Active cytmegalvirus retinitis after the start f
antiretrviral therapy. Br J Ophthalml. 2019;103:157. [PMID:
30196272]

Tang Y et al. Clinical features f cytmegalvirus retinitis in HIV
infected patients. Frnt Cell Infect Micrbil. 2020;10:136.
[PMID: 32318357]

Wns J et al. HIV-induced retinitis. Ocul Immunl Inflamm.
2020;28:1259. [PMID: 32966142]

H. Oral Lesions

a. Presentation—Oral candidiasis can be bthersme t
patients, many f whm reprt an unpleasant taste r muth
dryness. The tw mst cmmn frms f ral candidiasis seen
are pseudmembranus (remvable white plaques) and ery-
thematus (red friable plaques). Angular cheilitis—fissures at
the sides f the muth—is usually due t Candida as well

Hairy leukoplakia is caused by the Epstein-Barr virus.
The lesin is nt usually trubling t patients and smetimes
regresses spntaneusly. Hairy leukplakia is cmmnly
seen as a white lesin n the lateral aspect f the tngue. It
may be flat r slightly raised, is usually crrugated, and has
vertical parallel lines with fine r thick (“hairy”) prjectins
(Figure 8–6).

The presence f ral candidiasis r hairy leukplakia is
significant fr several reasns. First, these lesins are highly
suggestive f HIV infectin in patients wh have n ther
bvius cause f immundeficiency. Secnd, several studies
have indicated that patients with candidiasis have a high rate
f prgressin t AIDS even with statistical adjustment fr
CD4 cunt.

Gingival disease is cmmn in HIV-infected patients and
is thught t be due t an vergrwth f micrrganisms.
Aphthous ulcers are painful and may interfere with eating.

Other lesins seen in the muths f HIV-infected
patients include Kaposi sarcoma (usually n the hard palate)
and warts.

b. Management—Treatment f ral candidiasis is with
tpical agents such as cltrimazle 10-mg trches (ne
trche fur r five times a day). Patients with candidiasis
wh d nt respnd t tpical antifungals can be treated
with flucnazle (50–100 mg rally nce a day fr 3–7 days).
Angular cheilitis can be treated tpically with ketcnazle
cream (2%) twice a day.

Gingival disease usually respnds t prfessinal den-
tal cleaning and chlrhexidine rinses. A particularly
aggressive gingivitis r peridntitis will develp in sme
HIV-infected patients; these patients shuld be given anti-
bitics that cver anaerbic ral flra (eg, metrnidazle,
250 mg fur times a day fr 4 r 5 days) and referred t ral
surgens with experience with these entities.

Aphthous ulcers can be treated with flucinnide
(0.05% intment mixed 1:1 with plain Orabase and applied

six times a day t the ulcer). Fr lesins that are difficult t
reach, patients shuld use dexamethasne swishes (0.5 mg
in 5 mL elixir three times a day). The pain f the ulcers can
be relieved with use f an anesthetic spray (10% lidcaine).

Abdelwahed Hussein MR. Nn-Hdgkin’s lymphma f the ral
cavity and maxillfacial regin: a pathlgist viewpint.
Expert Rev Hematl. 2018;11:737. [PMID: 30058399]

Indrastiti RK et al. Oral manifestatins f HIV: can they be an
indicatr f disease severity? (A systematic review). Oral Dis.
2020;26:133. [PMID: 32862546]

Tappuni AR. The glbal changing pattern f the ral manifesta-
tins f HIV. Oral Dis. 2020;26:22. [PMID: 32862536]

I. Gastrointestinal Manifestations

1. Candidal and other esophagitis—(See als Chapter 15.)
Esphageal candidiasis is a cmmn AIDS cmplicatin. In
a patient with characteristic symptms, empiric antifungal
treatment is begun with flucnazle (100–200 mg rally
daily fr 14–21 days). Imprvement in symptms shuld be
apparent within 1–2 days f antifungal treatment. If there is
n imprvement, further evaluatin t identify ther causes
f esphagitis (herpes simplex, CMV) is recmmended.

Hversten P et al. Risk factrs, endscpic features, and clinical
utcmes f cytmegalvirus esphagitis based n a 10-year
analysis at a single center. Clin Gastrenterl Hepatl.
2020;18:736. [PMID: 31077832]

Mhamed AA et al. Diagnsis and treatment f esphageal can-
didiasis: current updates. Can J Gastrenterl Hepatl. 2019;
2019:3585136. [PMID: 31772927]

2. Hepatic disease—

a. Presentation—Autpsy studies have demnstrated
that the liver is a frequent site f infectins and neplasms
in HIV-infected patients. Hwever, many f these infectins
are nt clinically symptmatic. Mild elevatins f alkaline
phsphatase and amintransferases are ften nted n
rutine chemistry panels. Mycobacterial disease, CMV,
hepatitis B virus, hepatitis C virus, and lymphoma cause
liver disease and can present with varying degrees f nau-
sea, vmiting, right upper quadrant abdminal pain, and
jaundice. Sulfnamides, imidazle medicatins, antituber-
culus medicatins, pentamidine, clarithrmycin, and
didansine have als been assciated with hepatitis. All
nucleside reverse transcriptase inhibitrs cause lactic aci-
dsis, which can be fatal. Lactic acidsis, hwever, ccurs
mst cmmnly when didansine is used with stavudine;
this cmbinatin is n lnger recmmended in antiretrvi-
ral treatment regimens. HIV-infected patients with chrnic
hepatitis may have mre rapid prgressin f liver disease
because f the cncmitant immundeficiency r hepat-
txicity f antiretrviral treatment. Percutaneus liver
bipsy may be helpful in diagnsing liver disease, but sme
cmmn causes f liver disease (eg, M avium cmplex,
lymphma) can be determined by less invasive measures
(eg, bld culture, bipsy f a mre accessible site).

b. Management—With patients living lnger as a result
f advances in antiretrviral treatment, advanced liver dis-
ease and hepatic failure due t chrnic active hepatitis B
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and/r C are increasing causes f mrbidity and mrtality.
HIV-infected individuals wh are cinfected with hepatitis B
shuld be treated with antiretrviral regimens that include
medicatins with activity against bth viruses (tenfvir
disprxil fumarate [TDF] r tenfvir alafenamide [TAF],
lamivudine, r emtricitabine). Entecavir may be used if
HIV viral lad is suppressed; therwise, its use can lead t
lamivudine/emtricitabine-resistant HIV. It is imprtant t
be extremely cautius abut discntinuing these medica-
tins in cinfected patients as sudden discntinuatin
culd lead t a fatal flare f hepatitis B infectin.

Hepatitis C is mre virulent in persns with HIV and
shuld be treated using the new HCV direct-acting antivi-
rals (Table 16–6). Prir t treatment, the patient’s HCV
viral lad and HCV gentype shuld be determined.
Depending n the gentype and the prpsed treatment
regimen, HCV resistance testing is recmmended. Fr
example, HCV resistance testing is recmmended fr
patients with gentype 1a (the mst cmmn hepatitis C
gentype in the United States) wh are being cnsidered fr
treatment with elbasvir/grazprevir because substitutins
in certain amin acid psitins cnfer resistance. Because
the apprpriate treatment regimen depends n gentype,
resistance prfile, whether the patient is treatment naïve r
nt, as well as whether r nt the patient has cirrhsis (and,
if s, whether it is cmpensated r decmpensated), clini-
cians shuld check the guidelines f the AASLD/IDSA (see
website in references belw) t see the recmmended regi-
mens (see als Tables 16–6 and 16–7). Csts f the different
regimens vary by purchaser, and many clinicians chse the
least expensive f the recmmended regimens.

Althugh the recmmended regimens are the same fr
HIV-infected patients, ptential drug interactins with
antiretrviral treatment may cmplicate treatment. Clini-
cians shuld check the guidelines f the AASLD/IDSA and
US Department f Health and Human Services r the
guidelines f the University f Liverpl t determine
interactins between prpsed hepatitis C regimen and
HIV regimen.

Liver transplants have been perfrmed successfully in
HIV-infected patients. This strategy is mst likely t be
successful in persns wh have CD4 cunts greater than
100 cells/mcL and nndetectable viral lads.

Patel SV et al. Real-wrld efficacy f direct acting antiviral thera-
pies in patients with HIV/HCV. PLS One. 2020;15:e0228847.
[PMID: 32053682]

University f Liverpl. HEP drug interactins. https://www.
hep-druginteractins.rg

Wyles DL. Antiretrviral effects n HBV/HIV c-infectin and
the natural histry f liver disease. Clin Liver Dis. 2019;23:473.
[PMID: 31266621]

3. Biliary disease—Cholecystitis presents with manifesta-
tins similar t thse seen in immuncmpetent hsts but
is mre likely t be acalculus. Sclerosing cholangitis and
papillary stenosis have als been reprted in HIV-infected
patients. Typically, the syndrme presents with severe nau-
sea, vmiting, and right upper quadrant pain. Liver
enzymes generally shw alkaline phsphatase elevatins

disprprtinate t elevatin f the amintransferases.
Althugh dilated ducts can be seen n ultrasund, the
diagnsis is made by endscpic retrgrade chlangipan-
creatgraphy, which reveals intraluminal irregularities f
the prximal intrahepatic ducts with “pruning” f the ter-
minal ductal branches. Stensis f the distal cmmn bile
duct at the papilla is cmmnly seen. CMV, Cryptosporidium,
and micrspridia are thught t play inciting rles in this
syndrme, but these cnditins are rarely seen unless the
patient is suffering with very advanced HIV-related
immundeficiency.

Naseer M et al. Epidemilgy, determinants, and management
f AIDS chlangipathy: a review. Wrld J Gastrenterl.
2018;24:767. [PMID: 29467548]

Velásquez JN et al. Multimethdlgical apprach t gastrin-
testinal micrspridisis in HIV-infected patients. Acta Para-
sitl. 2019;64:658. [PMID: 31286356]

4. Enterocolitis—

a. Presentation—Enterocolitis is a cmmn prblem in
HIV-infected individuals. Organisms knwn t cause
enterclitis include bacteria (Campylobacter, Salmonella,
Shigella), viruses (CMV, adenvirus, SARS-CV-2), and
prtzans (Cryptosporidium, Entamoeba histolytica,
Giardia, Isospora, micrspridia). HIV itself may cause
enterclitis. Several f the rganisms causing enterclitis
in HIV-infected individuals als cause diarrhea in immu-
ncmpetent persns. Hwever, HIV-infected patients
tend t have mre severe and mre chrnic symptms,
including high fevers and severe abdminal pain that can
mimic acute abdminal catastrphes. Bacteremia and cn-
cmitant biliary invlvement are als mre cmmn with
enterclitis in HIV-infected patients. Relapses f enter-
clitis fllwing adequate therapy have been reprted with
bth Salmonella and Shigella infectins.

Because f the wide range f agents knwn t cause
enterclitis, a stl culture and multiple stl examinatins
fr va and parasites (including mdified acid-fast staining
fr Cryptosporidium) shuld be perfrmed. Thse patients
wh have Cryptosporidium in ne stl with imprvement
in symptms in less than 1 mnth shuld nt be cnsidered
t have AIDS, as Cryptosporidium is a cause f self-limited
diarrhea in HIV-negative persns. Mre cmmnly, HIV-
infected patients with Cryptosporidium infectin have per-
sistent enterclitis with prfuse watery diarrhea.

b. Management—T date, n cnsistently effective treat-
ments have been develped fr Cryptosporidium infectin
except t imprve immune functin thrugh the use f
effective antiretrviral treatment. The diarrhea can be
treated symptmatically with diphenxylate with atrpine
(ne r tw tablets rally three r fur times a day). Thse
wh d nt respnd may be given paregric with bismuth
(5–10 mL rally three r fur times a day). Octretide in
escalating dses (starting at 0.05 mg subcutaneusly every
8 hurs fr 48 hurs) has been fund t amelirate symp-
tms in apprximately 40% f patients with cryptspridia,
althugh the benefit is ften shrt-lived.

Patients with a negative stl examinatin and persis-
tent symptms shuld be evaluated with clnscpy and
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bipsy. Patients whse symptms last lnger than 1 mnth
with n identified cause f diarrhea are cnsidered t have
a presumptive diagnsis f AIDS enteropathy. Patients may
respnd t institutin f effective antiretrviral treatment
r ctretide. Upper endscpy with small bwel bipsy is
nt recmmended as a rutine part f the evaluatin.

Wang RJ et al. Widespread ccurrence f Cryptosporidium infec-
tins in patients with HIV/AIDS: epidemilgy, clinical fea-
ture, diagnsis, and therapy. Acta Trp. 2018;187:257. [PMID:
30118699]

Wang ZD et al. Prevalence f Cryptosporidium, micrspridia
and Isospora infectin in HIV-infected peple: a glbal sys-
tematic review and meta-analysis. Parasit Vectrs. 2018;11:28.
[PMID: 29316950]

5. Other disorders—Tw ther imprtant gastrintestinal
abnrmalities in HIV-infected patients are gastropathy
and malabsrptin. It has been dcumented that sme
HIV-infected patients d nt prduce nrmal levels f
stmach acid and therefre are unable t absrb medica-
tins that require an acid medium. This decreased acid
prductin may explain, in part, the susceptibility f
HIV-infected patients t Campylobacter, Salmonella, and
Shigella, all f which are sensitive t acid cncentratin.
There is n evidence that Helicobacter pylori is mre cm-
mn in HIV-infected persns.

A malabsorption syndrme ccurs cmmnly in AIDS
patients. It can be due t infectin f the small bwel with
M avium cmplex, Cryptosporidium, r micrspridia.

Hall VP. Cmmn gastrintestinal cmplicatins assciated
with human immundeficiency virus/AIDS: an verview. Crit
Care Nurs Clin Nrth Am. 2018;30:101. [PMID: 29413205]

J. Endocrinologic Manifestations

Hypogonadism is prbably the mst cmmn endcrin-
lgic abnrmality in HIV-infected men. The adrenal gland
is als a cmmnly afflicted endcrine gland in patients
with AIDS. Abnrmalities demnstrated n autpsy
include infectin (especially with CMV and M avium cm-
plex), infiltratin with Kapsi sarcma, and injury frm
hemrrhage and presumed autimmunity. The prevalence
f clinically significant adrenal insufficiency is lw. Patients
with suggestive symptms shuld underg a csyntrpin
stimulatin test.

Althugh frank deficiency f crtisl is rare, an islated
defect in mineralcrticid metablism may lead t salt-
wasting and hyperkalemia. Such patients shuld be treated
with fludrcrtisne (0.1–0.2 mg rally daily).

AIDS patients appear t have abnrmalities f thyrid
functin tests different frm thse f patients with ther
chrnic diseases. AIDS patients have been shwn t have
high levels f triidthyrnine (T

3
), thyrxine (T

4
), and

thyrid-binding glbulin and lw levels f reverse triid-
thyrnine (rT

3
). The causes and clinical significance f

these abnrmalities are unknwn.

Mirza FS et al. Endcrinlgical aspects f HIV infectin. J
Endcrinl Invest. 2018;41:881. [PMID: 29313284]

▲ Figure 31–5. Herpes simplex viral skin infection,
frequently found in HIV-positive men. Shown are
grouped vesicles typical of herpes simplex on the penis,
with both intact vesicles of initial eruption and visible
crusts of resolving lesions. (Reproduced, with permission,
from Eric Kraus, MD, in: Usatine RP, Smith MA, Mayeaux EJ
Jr, Chumley H. The Color Atlas and Synopsis of Family Medicine,
3rd ed. McGraw-Hill, 2019.)

Pezzaili LC et al. The imprtance f SHBG and calculated free
teststerne fr the diagnsis f symptmatic hypgnadism
in HIV-infected men: a single-centre real-life experience.
Infectin. 2021;49:295. [PMID: 33289905]

Zaid D et al. Human immundeficiency virus infectin and the
endcrine system. Endcrinl Metab (Seul). 2019;34:95.
[PMID: 31257738]

K. Skin Manifestations

The skin manifestatins that cmmnly develp in HIV-
infected patients can be gruped int viral, bacterial, fun-
gal, neplastic, and nnspecific dermatitides.

Cates SJ et al. What’s new in HIV dermatlgy? F1000Res.
2019;8:980. [PMID: 31297183]

1. Viral dermatitides—

a. Herpes simplex infections—These infectins
(Figure 31–5) ccur mre frequently, tend t be mre
severe, and are mre likely t disseminate in AIDS patients
than in immuncmpetent persns. Because f the risk f
prgressive lcal disease, all herpes simplex attacks shuld
be treated fr 5–10 days with acyclvir (400 mg rally three
times a day), famciclvir (500 mg rally twice daily), r
valacyclvir (500 mg rally twice daily) (Table 31–3). T
avid the cmplicatins f attacks, many clinicians recm-
mend suppressive therapy fr HIV-infected patients with a
histry f recurrent herpes. Optins fr suppressive ther-
apy include acyclvir (400 mg rally twice daily), famcicl-
vir (250 mg rally twice daily), and valacyclvir (500 mg
rally daily). Lng-term suppressive herpes prphylaxis
with acyclvir des nt reduce HIV transmissin between
hetersexual men and wmen frm develping cuntries.

b. Herpes zoster—This is a cmmn manifestatin f
HIV infectin. Patients with herpes zster infectins
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shuld be treated fr 7–10 days with famciclvir (500 mg
rally three times a day) r valacyclvir (500 mg three
times a day). Acyclvir can als be used, but it requires
very frequent dsing (800 mg rally fur r five times per
day fr 7 days). Vesicular lesins shuld be cultured if there
is any questin abut their rigin, since herpes simplex
respnds t much lwer dses f acyclvir. Disseminated
zster and cases with cular invlvement shuld be treated
with intravenus (10 mg/kg every 8 hurs fr 7–10 days)
rather than ral acyclvir. The recmbinant zster vaccine
(Shingrix, tw dses administered 2–6 mnths apart) can
be given t HIV-infected patients. Because it is nt a live
virus like the previus zster vaccine (Zstavax), it is nt
cntraindicated in patients with immune deficiency but,
based n ther vaccines, HIV-infected patients are likely t
develp mre rbust immune respnse t the vaccine
when their CD4 cunt is greater than 200/mcL. The lng-
term benefit f Shingrix in preventing shingles in HIV-
infected persns has yet t be established.

Dling KL et al. Recmmendatins f the Advisry Cmmittee n
Immunizatin Practices fr use f herpes zster vaccines.
MMWR Mrb Mrtal Wkly Rep. 2018;67:103. [PMID: 29370152]

James SF et al. Shingrix: the new adjuvanted recmbinant herpes
zster vaccine. Ann Pharmacther. 2018;52:673. [PMID:
29457489]

c. Molluscum contagiosum—This infectin is caused by
a px virus and is seen in HIV-infected patients, as in ther
immuncmprmised patients. The characteristic umbili-
cated fleshy papular lesins have a prpensity fr spreading
widely ver the patient’s face and neck (Figure 31–6) and
shuld be treated with tpical liquid nitrgen.

Murphy M et al. Nn-HPV perianal and anrectal sexually
transmitted viral infectins. Clin Cln Rectal Surg.
2019;32:340. [PMID: 31507343]

2. Bacterial dermatitides—

a. Staphylococcal infection—Staphylococcus is the
mst cmmn bacterial cause f skin disease in HIV-
infected patients; it usually presents as folliculitis, superfi-
cial abscesses (furuncles), r bullous impetigo. These
lesins shuld be treated aggressively since sepsis can
ccur. Flliculitis is initially treated with tpical clindamy-
cin r mupircin, and patients may benefit frm regular
washing with an antibacterial sap such as chlrhexidine.
Intranasal mupircin has been used successfully fr staph-
ylcccal declnizatin in ther settings. In HIV-infected
patients with recurrent staphylcccal infectins, weekly
intranasal mupircin shuld be cnsidered in additin t
tpical care and systemic antibitics. Abscesses ften
require incisin and drainage. Patients may need anti-
staphylcccal antibitics as well. Due t high frequency f
methicillin-resistant Staphylococcus aureus (MRSA) skin
infectins in HIV-infected ppulatins, lesins shuld be
cultured prir t initiating empiric antistaphylcccal
therapy. Recmmendatins fr empiric treatment are
either (1) trimethprim-sulfamethxazle (ne duble-
strength tablet rally twice daily) with r withut clindamy-
cin (500 mg rally three times daily); r (2) dxycycline
(100 mg rally twice daily) with clse fllw-up.

Hatlen TJ et al. Staphylcccal skin and sft tissue infectins.
Infect Dis Clin Nrth Am. 2021;35:81. [PMID: 33303329]

Sabbagh P et al. The glbal and reginal prevalence, burden, and
risk factrs fr methicillin-resistant Staphylococcus aureus
clnizatin in HIV-infected peple: a systematic review and
meta-analysis. Am J Infect Cntrl. 2019;47:323. [PMID:
30170767]

b. Bacillary angiomatosis—It is caused by tw clsely
related rganisms: Bartonella henselae and Bartonella quin-
tana. The epidemilgy f these infectins suggests z-
ntic transmissin frm fleas f infected dmestic cats. The
mst cmmn manifestatin is raised, reddish, highly vas-
cular skin lesins that can mimic lesins f Kapsi sarcma.
Fever is a cmmn manifestatin f this infectin; invlve-
ment f bne, lymph ndes, and liver has als been
reprted. The infectin respnds t dxycycline, 100 mg
rally twice daily, r erythrmycin, 250 mg rally fur
times daily fr at least 14 days. Patients wh are seriusly ill
with visceral invlvement may require mnths f therapy.

Mantis J et al. Cat-scratch disease in an AIDS patient presenting
with generalized lymphadenpathy: an unusual presentatin
with delayed diagnsis. Am J Case Rep. 2018;19:906. [PMID:
30068900]

3. Fungal rashes—

a. Rashes due to dermatophytes and candida—

Mst fungal rashes afflicting AIDS patients are due t
dermatphytes and Candida. While particularly cmmn
in the inguinal regin, they may ccur anywhere n the
bdy. Fungal rashes generally respnd well t tpical
cltrimazle (1% cream twice a day) r ketcnazle (2%
cream twice a day).

▲ Figure 31–6. Molluscum contagiosum. Extensive
molluscum contagiosum lesions on the face of a young
woman, suggestive she may be HIV-positive. (Used, with
permission, from Richard P. Usatine, MD, in Usatine RP,
Smith MA, Mayeaux EJ Jr, Chumley H. The Color Atlas and
Synopsis of Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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b. Seborrheic dermatitis—This is mre cmmn in
HIV-infected patients. Scrapings f sebrrhea have
revealed Malassezia furfur (Pityrosporum ovale), implying
that the sebrrhea is caused by this fungus. A cnsistent
finding is that sebrrhea respnds well t tpical cltrima-
zle (1% cream) as well as hydrcrtisne (1% cream).

Mren-Cutiñ G et al. Islatin f Malassezia spp. in HIV-
psitive patients with and withut sebrrheic dermatitis. An
Bras Dermatl. 2019;94:527. [PMID: 31777352]

Wikramanayake TC et al. Sebrrheic dermatitis—lking
beynd Malassezia. Exp Dermatl. 2019;28:991. [PMID:
31310695]

4. Neoplastic dermatitides—See Chapter 6 and the Kapsi
sarcma sectin belw.

5. Nonspecific dermatitides—

a. Xerosis—This cnditin presents in HIV-infected
patients with severe pruritus. The patient may have n
rash, r nnspecific excriatins frm scratching. Treat-
ment is with emllients (eg, absrptin base cream) and
antipruritic ltins (eg, camphr 9.5% and menthl 0.5%).

b. Psoriasis—Psriasis can be very severe in HIV-infected
patients. Phttherapy and etretinate (0.25–9.75 mg/kg/
day rally in divided dses) may be used fr recalcitrant
cases in cnsultatin with a dermatlgist.

L. HIV-Related Malignancies

Fur cancers are currently included in the CDC classifica-
tin f AIDS: Kapsi sarcma, nn-Hdgkin lymphma,
primary lymphma f the brain, and invasive cervical car-
cinma. Epidemilgic studies have shwn that between
1973 and 1987, amng single men in San Francisc, the
risk f Kapsi sarcma increased mre than 5000-fld and
the risk f nn-Hdgkin lymphma mre than 10-fld.
The increase in incidence f malignancies is prbably a
functin f impaired cell-mediated immunity. In the cur-
rent treatment era, cancers nt classified as AIDS-related,
such as lung cancer, are being increasingly diagnsed in
aging HIV-infected individuals despite ptimal antiretrvi-
ral treatment. Chrt studies suggest that HIV-infected
adults are at increased risk fr a variety f cancers cm-
pared t age-matched uninfected ppulatins. Mrtality
secndary t malignancies represents an increasing cause
f death in HIV-infected ppulatins.

Hessl NA et al. Incidence f first and secnd primary cancers
diagnsed amng peple with HIV, 1985–2013: a ppulatin-
based, registry linkage study. Lancet HIV. 2018;5:e647.
[PMID: 30245004]

Shiels MS et al. Prjected cancer incidence rates and burden f
incident cancer cases in HIV-infected adults in the United
States thrugh 2030. Ann Intern Med. 2018;168:866. [PMID:
29801099]

Valanikas E et al. Cancer preventin in patients with human
immundeficiency virus infectin. Wrld J Clin Oncl.
2018;9:71. [PMID: 30254961]

Vangipuram R et al. AIDS-assciated malignancies. Cancer
Treat Res. 2019;177:1. [PMID: 30523619]

1. Kaposi sarcoma—

a. Presentation—Lesins may appear anywhere; care-
ful examinatin f the eyelids, cnjunctiva, pinnae, palate,
and te webs is mandatry t lcate ptentially ccult
lesins. In light-skinned individuals, Kapsi lesins usually
appear as purplish, nnblanching lesins that can be pap-
ular r ndular. In dark-skinned individuals, the lesins
may appear brwner. In the muth, lesins are mst ften
palatal papules, thugh exphytic lesins f the tngue
and gingivae may als be seen. Kapsi lesins may be
cnfused with ther vascular lesins such as angimas and
pygenic granulmas. Kapsi sarcma lesins can ccur
shrtly after initiating antiretrviral treatment, especially
in patients starting antiretrviral treatment wh have
advanced immundeficiency. In this situatin, Kapsi sar-
cma is likely t be an immune recnstitutin reactin (see
Inflammatry Reactins belw). Kapsi sarcma can als
cause visceral disease (eg, gastrintestinal, pulmnary).

b. Management—Patients with mild t mderate frms
f Kapsi sarcma d nt require specific treatment as the
lesins usually reslve with effective antiretrviral treat-
ment. Hwever, it shuld be nted that the lesins may
flare when antiretrviral treatment is first initiated—
prbably as a result f an immune recnstitutin prcess.
Advanced disease is treated with cmbinatin chemther-
apy (Table 31–3).

Dalla Pria A et al. Recent advances in HIV-assciated Kapsi
sarcma. F1000Res. 2019;8:970. [PMID: 31297181]

Ngalamika O et al. Antiretrviral therapy fr HIV-assciated
cutaneus Kapsi’s sarcma: clinical, HIV-related, and
scidemgraphic predictrs f utcme. AIDS Res Hum
Retrviruses. 2021;37:368. [PMID: 33386064]

2. Non-Hodgkin lymphoma—

a. Presentation—Nn-Hdgkin lymphmas in HIV-
infected persns tends t be very aggressive. These malig-
nancies are usually f B cell rigin and characterized as
diffuse large-cell tumrs. Over 70% f the malignancies are
extrandal.

b. Management—The prgnsis f patients with sys-
temic nn-Hdgkin lymphma depends primarily n the
degree f immundeficiency at the time f diagnsis.
Patients with high CD4 cunts d markedly better than
thse diagnsed at a late stage f illness. Patients with pri-
mary central nervus system lymphma are treated with
radiatin. Respnse t treatment is gd, but prir t the
availability f antiretrviral treatment, mst patients died
within a few mnths after diagnsis due t their underlying
disease. Systemic disease is treated with cmbinatin che-
mtherapy (eg, EPOCH [etpside, prednislne, vincris-
tine, cyclphsphamide, dxrubicin]) with rituximab.
Granulcyte clny-stimulating factr (G-CSF; filgrastim)
is used t maintain white bld cunts.

Kimani SM et al. Epidemilgy f haematlgical malignancies
in peple living with HIV. Lancet HIV. 2020;7:e641. [PMID:
32791045]
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Lilly AJ et al. Human immundeficiency virus-assciated lym-
phprliferative disrders. Surg Pathl Clin. 2019;12:771.
[PMID: 31352987]

Re A et al. Early cnslidatin with high-dse therapy and
autlgus stem cell transplantatin is a feasible and effective
treatment ptin in HIV-assciated nn-Hdgkin lymphma
at high risk. Bne Marrw Transplant. 2018;53:228. [PMID:
28991244]

3. Hodgkin disease—Althugh Hdgkin disease is nt
included as part f the CDC definitin f AIDS, studies have
fund that HIV infectin is assciated with a fivefld increase
in the incidence f Hdgkin disease. HIV-infected persns
with Hdgkin disease are mre likely t have mixed cellularity
and lymphcyte depletin subtypes f Hdgkin disease and
t seek medical attentin at an advanced stage f disease.

Perricne AJ et al. Cytdiagnstic sensitivity f fine needle aspi-
ratin bipsy fr Hdgkin’s lymphma is decreased in patients
with human immundeficiency virus infectin. Acta Cytl.
2019;63:352. [PMID: 31234174]

Re A et al. HIV and lymphma: frm epidemilgy t clinical
management. Mediterr J Hematl Infect Dis. 2019;11:e2019004.
[PMID: 30671210]

4. Anal dysplasia and squamous cell carcinoma—These
lesins have been strngly crrelated with previus infec-
tin by human papillmavirus (HPV) and nted in bth
HIV-infected men and wmen. Althugh many f the
infected MSM reprt a histry f anal warts r have visible
warts, a significant percentage have silent papillmavirus
infectin. Cytlgic (using Papaniclau smears) and pap-
illmavirus DNA studies can easily be perfrmed n speci-
mens btained by anal swab. Because f the risk f
prgressin frm dysplasia t cancer in immuncmpr-
mised patients, sme experts advise annual anal cytlgic
examinatins in all HIV-infected persns. An anal Papani-
clau smear is perfrmed by rtating a mistened Dacrn
swab abut 2 cm int the anal canal. The swab is immedi-
ately inserted int a cytlgy bttle. Hwever, there is n
evidence that screening fr anal cancer with Papaniclau
smears decreases the incidence f invasive cancer.

HPV als appears t play a causative rle in cervical
dysplasia and carcinoma in HIV-infected wmen (discussed
belw).

Arens Y et al. Risk f invasive anal cancer in HIV-infected
patients with high-grade anal dysplasia: a ppulatin-based
chrt study. Dis Cln Rectum. 2019;62:934. [PMID:
30888979]

Cimic A et al. Imprtance f anal cytlgy and screening fr anal
dysplasia in individuals living with HIV with an emphasis n
wmen. Cancer Cytpathl. 2019;127:407. [PMID: 31145557]

Pwer Fley M et al. Management f anal intraepithelial nepla-
sia and anal squamus cell carcinma at a tertiary referral
centre with a dedicated infectius diseases unit: an 18-year
review. Int J Clrectal Dis. 2020;35:1855. [PMID: 32500433]

Wang CJ et al. HPV-assciated anal cancer in the HIV/AIDS
patient. Cancer Treat Res. 2019;177:183. [PMID: 30523625]

M. Gynecologic Manifestations

Vaginal candidiasis, cervical dysplasia and neplasia, and
pelvic inflammatry disease are mre cmmn in

HIV-infected wmen than in uninfected wmen. These
manifestatins als tend t be mre severe when they
ccur in assciatin with HIV infectin. Therefre, HIV-
infected wmen need frequent gyneclgic care. Vaginal
candidiasis may be treated with tpical agents r a single
dse f ral flucnazle (150 mg) (see Chapter 36). Recur-
rent vaginal candidiasis shuld be treated with flucnazle
(100–200 mg) fr at least 7 days. Hwever, flucnazle
increases the risk f spntaneus abrtin and shuld nt
be given t wmen wh are r may be pregnant.

The incidence f cervical dysplasia in HIV-infected
wmen is 40%. Because f this finding, recmmended
screening fr HIV-infected wmen is mre extensive than
fr uninfected wmen (see Chapter 18). Fr wmen
yunger than age 30 years, a Papaniclau smear shuld be
perfrmed within a year f the nset f sexual activity, but
n later than age 21 years. If nrmal, Papaniclau smears
shuld be perfrmed yearly. After three negative examina-
tins, screening shuld be dne every 3 years. HPV DNA
testing f the cervical specimen is nt recmmended fr
wmen yunger than age 30 years.

Fr wmen age 30 and lder, screening shuld cntinue
beynd age 65 (unlike the general ppulatin). There are
tw accepted screening prtcls: cytlgy alne and
cytlgy with HPV DNA ctesting. A Papaniclau smear
is dne when HIV is diagnsed and every 12 mnths there-
after, and after three negative smears, nging screening
can be perfrmed every 3 years. Alternatively, a Papanic-
lau smear with ctesting fr HPV DNA can be perfrmed
when HIV is diagnsed r starting when patients are age
30 years ld. If Papaniclau smear is nrmal and HPV test
is negative, then the next screening can be in 3 years.

The management f abnrmal Papaniclau tests and
psitive HPV tests is the same in infected wmen as in
uninfected wmen. Treatment shuld fllw the cnsensus
guidelines in the references belw.

While pelvic inflammatory disease appears t be
mre cmmn in HIV-infected wmen, the bacterilgy
f this cnditin appears t be the same as amng
HIV-uninfected wmen. HIV-infected wmen with pelvic
inflammatry disease shuld be treated with the same regi-
mens as uninfected wmen (see Chapter 18).

Smith AJB et al. Gyneclgic cancer in HIV-psitive wmen: a
systematic review and meta-analysis. Am J Obstet Gynecl.
2019;221:194. [PMID: 30771344]

Strickler HD et al. Primary HPV and mlecular cervical cancer
screening in US wmen living with HIV. Clin Infect Dis.
2021;72:1529. [PMID: 32881999]

N. Coronary Artery Disease

HIV-infected persns are at higher risk fr crnary artery
disease than age- and sex-matched cntrls. Part f this
increase in crnary artery disease is due t changes in
lipids caused by antiretrviral agents (see belw), especially
stavudine and several f the PIs. Hwever, sme f the risk
appears t be due t HIV infectin, independent f its
therapy. It is imprtant that clinicians pay clse attentin t
this issue because mycardial infarctins tend t present at
a yunger age in HIV-infected individuals than in
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HIV-uninfected individuals. HIV-infected patients with
symptms f crnary artery disease such as chest pain r
dyspnea shuld be rapidly evaluated. Clinicians shuld
aggressively treat cnditins that result in increased risk f
heart disease, especially smking, hypertensin, hyperlip-
idemia, besity, diabetes mellitus, and sedentary lifestyle.

Bernelli C et al. Cardivascular events recurrence and crnary
artery disease in HIV patients: the price we have t pay fr the
chrnicizatin f the disease. Can J Cardil. 2020;36:127.
[PMID: 31813674]

Hsue PY et al. HIV infectin and crnary heart disease: mecha-
nisms and management. Nat Rev Cardil. 2019;16:745.
[PMID: 31182833]

Patel AA et al. Crnary artery disease in patients with HIV
infectin: an update. Am J Cardivasc Drugs. 2020. [Epub
ahead f print] [PMID: 33184766]

O. Inflammatory Reactions (Immune
Reconstitution Inflammatory Syndromes)

With initiatin f antiretrviral treatment, sme patients
experience inflammatory reactions that appear t be ass-
ciated with immune recnstitutin as indicated by a rapid
increase in CD4 cunt. These inflammatry reactins may
present with generalized signs f fevers, sweats, and mal-
aise with r withut mre lcalized manifestatins that
usually represent unusual presentatins f pprtunistic
infectins. Fr example, vitreitis has develped in patients
with CMV retinitis after they have been treated with anti-
retrviral treatment.

M avium can present as fcal even suppurative lymph-
adenitis r granulmatus masses in patients receiving
antiretrviral treatment. Tuberculsis may paradxically
wrsen with new r evlving pulmnary infiltrates and
lymphadenpathy. PML and cryptcccal meningitis may
als behave atypically. Clinicians shuld be alert t these
syndrmes, which are mst ften seen in patients wh have
initiated antiretrviral treatment in the setting f advanced
disease and wh shw rapid increases in CD4 cunts with
treatment. The diagnsis f immune reconstitution
inflammatory syndrome (IRIS) is ne f exclusin and
can be made nly after recurrence r new pprtunistic
infectin has been ruled ut as the cause f the clinical
deteriratin. Management f IRIS is cnservative and sup-
prtive with use f crticsterids nly fr severe reactins.
Mst authrities recmmend that antiretrviral treatment
be cntinued unless the IRIS reactin is life-threatening.

Sereti I. Immune recnstructin inflammatry syndrme in
HIV infectin: beynd what meets the eye. Tp Antivir Med.
2020;27:106. [PMID: 32224502]

Sereti I et al. Prspective internatinal study f incidence and
predictrs f immune recnstitutin inflammatry syndrme
and death in peple living with human immundeficiency
virus and severe lymphpenia. Clin Infect Dis. 2020;71:652.
[PMID: 31504347]

» Prevention

A. Primary Prevention

Until vaccinatin is a reality, preventin f HIV infectin
will depend n HIV testing and cunseling, including

precautins regarding sexual practices and injectin drug
use, initiatin f antiretrviral treatment as a preventin
tl fr transmissin t thers, preexpsure and pstexp-
sure use f antiretrviral treatment, perinatal management
including antiretrviral treatment f the mther, screening
f bld prducts, and infectin cntrl practices in the
health care setting.

1. HIV testing and counseling—Primary care clinicians
shuld rutinely btain a sexual histry and prvide risk
factr assessment f their patients. Because apprximately
15% f the HIV-infected persns in the United States d nt
knw they are infected, the US Preventive Services Task
Frce recmmends that clinicians screen fr HIV infectin
in adlescents and adults ages 15 t 65 years. Yunger ad-
lescents and lder adults wh are at increased risk shuld
als be screened. Clinicians shuld review the risk factrs
fr HIV infectin with the patient and discuss safer sex and
safer needle use as well as the meaning f a psitive test.
Althugh the CDC recmmends “pt-ut” testing in medi-
cal settings, sme states require specific written cnsent. Fr
persns whse test results are psitive, it is critically impr-
tant that they be cnnected t nging medical care. Many
public health systems advcate fr initiating care and treat-
ment the same day that smene tests psitive if apprpri-
ate resurces are available (see C. Antiviral Treatment,
belw). Referrals fr partner-ntificatin services, scial
services, mental health services, and HIV-preventin ser-
vices shuld als be prvided. Preventin interventins
fcused n the imprtance f HIV-infected persns nt
putting thers at risk have been successful.

Fr patients whse test results are negative, clinicians
shuld review safer sex and needle use practices, including
cunseling nt t exchange bdily fluids unless they are in
a lng-term mutually mngamus relatinship with
smene wh has tested HIV antibdy-negative and has
nt engaged in unsafe sex, injectin drug use, r ther HIV
risk behavirs fr at least 6 mnths prir t r at any time
since the negative test.

T prevent sexual transmissin f HIV, nly latex r
plyurethane cndms shuld be used, alng with a water-
sluble lubricant. Althugh nnxynl-9, a spermicide,
kills HIV, it is cntraindicated because in sme patients it
may cause genital ulcers that culd facilitate HIV transmis-
sin. Patients shuld be cunseled that cndms are nt
100% effective. They shuld be made familiar with the use
f cndms, including, specifically, the advice that cn-
dms must be used every time, that space shuld be left at
the tip f the cndm as a receptacle fr semen, that inter-
curse with a cndm shuld nt be attempted if the penis
is nly partially erect, that men shuld hld n t the base
f the cndm when withdrawing the penis t prevent slip-
page, and that cndms shuld nt be reused. Althugh
anal intercurse remains the sexual practice at highest risk
fr transmitting HIV, sercnversins have been dcu-
mented with vaginal and ral intercurse as well. There-
fre, cndms shuld be used when engaging in these
activities. Wmen as well as men having sex with men
shuld understand hw t use cndms t be sure that
their partners are using them crrectly. Partners f HIV-
infected wmen shuld use latex r plyurethane barriers
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such as dental dams (available at dental supply stres) t
prevent direct ral cntact with vaginal secretins. Several
randmized trials in Africa demnstrated that male cir-
cumcisin significantly reduced HIV incidence in men, but
there are a number f barriers t perfrming widespread
circumcisins amng men in Africa.

Persns using injectin drugs shuld be cautined
never t share needles r ther drug paraphernalia. When
sterile needles are nt available, bleach des appear t inac-
tivate HIV and shuld be used t clean needles.

Beksinska M et al. Male and female cndms: their key rle in
pregnancy and STI/HIV preventin. Best Pract Res Clin
Obstet Gynaecl. 2020;66:55. [PMID: 32007451]

2. Antiretroviral treatment for decreasing transmission
of HIV to others (treatment as prevention)—Besides pre-
venting prgressin f HIV disease, effective antiretrviral
treatment decreases the risk f HIV transmissin between
sexual partners. Amng serdiscrdant cuples, stably
suppressing HIV with antiretrviral treatment almst cm-
pletely eliminates the risk f HIV transmissin t the unin-
fected partner. Althugh HIV-negative persns in stable
lng-term partnerships with HIV-infected persns repre-
sent nly ne grup f at-risk persns, increasing the use f
antiretrviral treatment amng the ppulatin f HIV-
infected persns appears t decrease cmmunity-wide
transmissin f HIV. Despite majr imprvements in
effectiveness and tlerability f antiretrviral treatment,
nly abut 60% f HIV-infected persns in the United
States are virally suppressed. Persns in whm the HIV
virus has been “undetectable” fr a prlnged perid have
virtually n chance f sexually transmitting HIV. Still,
because f the pssibility f variatins in measured viral
lad, and nt knwing whether their partners are virally
suppressed, and the pssibility f transmissin thrugh
bld, all HIV-infected persns shuld practice safer sex
and nt share needles s as t avid the pssibility f trans-
mitting HIV.

Cbb DA et al. Lng-acting appraches fr delivery f antiretr-
viral drugs fr preventin and treatment f HIV: a review f
recent research. Expert Opin Drug Deliv. 2020;17:1227.
[PMID: 32552187]

Chen MS et al. Preventin f HIV transmissin and the HPTN
052 Study. Annu Rev Med. 2020;71:347. [PMID: 31652410]

Saag MS et al. Antiretrviral drugs fr treatment and preventin
f HIV infectin in adults: 2020 recmmendatins f the
Internatinal Antiviral Sciety—USA Panel. JAMA. 2020;324:
1651. [PMID: 33052386]

3. Preexposure antiretroviral treatment prophylaxis—
Several large randmized duble-blind placeb-cntrlled
trials demnstrated that administering emtricitabine/TDF
(Truvada) can reduce the risk f sexual transmissin f
HIV amng uninfected individuals at high risk fr infec-
tin; ne study was f HIV-negative men and transgender
wmen wh have sex with men, and tw studies were f
hetersexual HIV-discrdant cuples. Preexpsure tenf-
vir has als been shwn t reduce HIV infectin amng
injectin drug users frm Thailand. In additin, real-wrld

studies f men wh have sex with men, where adherence
with emtricitabine/TDF has been high, have fund preex-
posure prophylaxis (PrEP) t be highly effective in pre-
venting HIV infectin. Emtricitabine/TAF (Descvy) has
als been apprved fr PrEP amng men and transgender
wmen. It has nt been studied amng cisgender wmen.
Cabtegravir, a lng-acting medicatin fr PrEP, received
apprval by the US Fd and Drug Administratin (FDA)
in 2021; it is injected every 8 weeks, has been shwn t be
superir t ral emtricitabine/TDF amng men wh have
sex with men, transfeminine individuals wh have sex with
men, and cisgender wmen in sub-Saharan Africa.

Wh shuld be prescribed PrEP is nt a simple ques-
tin. PrEP is best thught f as ne “ptin” fr HIV pre-
ventin, rather than as the nly ptin. Whether it is the
“best” ptin depends n three things: (1) the likelihd
that a persn will have HIV-infected partners r use the
needles f infected persns, (2) whether there is a better
ptin available t prevent HIV, and (3) the patient’s ability
t take a daily medicatin. CDC guidelines recmmend
ffering PrEP t persns at “substantial risk” fr HIV. Risk
fr HIV is a cmbinatin f the likelihd f having a
partner wh is HIV-infected and the likelihd that the
behavir (eg, type f intercurse, shared needles) transmits
HIV. Men wh have sex with men, and transgender male-
t-females are the grups with the highest HIV serpreva-
lence in the United States, and they are likely t have
partners wh are knwn t be r at risk fr being HIV-
infected. Thse wh have receptive anal intercurse have
the highest risk f HIV because the behavir is much mre
efficient at transmitting HIV than ther sexual practices.
Hetersexual drug users are als at high risk fr HIV-
infectin if they d nt cnsistently use clean needles r if
they trade drugs fr sex. It can be hardest t assess the risk
f hetersexual nn-drug users because it requires assess-
ing the likelihd that their partners have HIV risks such
as being bisexual men r using injectin drugs. Factrs
knwn t increase the risk f HIV transmissin and there-
fre make PrEP a gd chice fr particular grups f
patients are shwn in Table 31–4.

Hw des PrEP cmpare t ther ptins fr prevent-
ing HIV? Latex r plyurethane cndms are an excellent
chice fr preventing sexual transmissin f HIV because
they are inexpensive, have n side effects, and prevent
ther sexually transmitted diseases and pregnancy. Hw-
ever, fr a variety f reasns, peple d nt always use
cndms even when taught t d s. In additin, cndms
break r slip n ccasin, s even persns wh always use
cndms may want the extra prtectin f PrEP if they
have a knwn HIV-infected partner. Histry f sexually
transmitted diseases is prf f unprtected sex and
increases the likelihd that PrEP is a gd ptin fr a
patient.

Finally, fr PrEP t be effective, patients have t be will-
ing t take it. Maximum prtectin is generally reached in
7 days. Taking a duble dse n the first day is recm-
mended fr men wh have sex with men t shrten the
time t maximum prtectin but wuld be expected t
shrten the time t maximum prtectin in any persn.
Study participants wh tk at least fur daily dses in a
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Table 31–4. Recommendations for preexposure
prophylaxis (PrEP) of HIV infection.

pins fo wom pep sould dfinily b considd s 

good oion fo hIV vnion

Sexually active men who have sex with men, male-to-female

transgender persons, and heterosexuals and bisexual women

who are likely to have partners with HIV risks

Injection drug users

Fcos  incs  likliood  pep is  good oion

Patient has receptive anal intercourse

Patient has a known HIV-infected partner

Patient has a history of sexually transmitted diseases

Patient has a high number of sex partners

Patient is a commercial sex worker

Patient with inconsistent or no condom use

Patient who has been incarcerated or who has partners that

have been incarcerated

Patient is from or whose partners are from an area where HIV

incidence is high

Patient who is sharing needles or related paraphernalia (“works”)

Iniil ssssmn bfo scibing pep

HIV antibody test to confirm HIV negative

Symptom review to exclude primary HIV infection (eg, no

history of acute illness with fever and rash in prior month)

STD tests: syphilis; gonorrhea (at risk site-specific); and

chlamydia (at risk site-specific)

Serum creatinine and eGFR1

Confirm immunity to HBV or vaccinate if nonimmune2

Pregnancy test

Discuss risks, including that PrEP is not 100% effective, does

not protect against other STDs, and may have side effects

Counsel patients to use latex or polyurethane condoms and

clean needles, in addition to PrEP

Assess illicit substance use and offer treatment, if needed

Discuss importance of adherence to daily medication

pep sciion

Emtricitabine/TDF (Truvada) 1 tablet orally daily, initially for

30–90 days; then for 90 days. (Double dose is recommended

on day 1 for men who have sex with men but would shorten

the time to therapeutic drug levels in any patient)

Emtricitabine/TAF (Descovy) 1 tablet orally daily, initially for

30–90 days; then for 90 days (men only; not tested in

women)

Follow-u ssssmn

HIV antibody test every 3 months

Serum creatinine every 6 months

Pregnancy test every 3 months

STD tests: syphilis, gonorrhea (at risk site-specific); and

chlamydia (at risk site-specific)

Assess and support daily medication adherence

Reinforce benefits of using latex or polyurethane condoms

and clean needles with PrEP

Assess substance use and offer treatment, if needed

1Emtricitabine/TDF is contraindicated if creatinine clearance

< 60 mL/min.
2HBV-infected persons may experience HBV reactivation and liver

damage if emtricitabine/TDF is stopped.

eGFR, estimated glomerular filtration rate; HBV, hepatitis B virus;

STD, sexually transmitted disease; TDF, tenofovir disoproxil

fumarate.

PrEP checklists for providers and patients are available at https://

www.cdc.gov/hiv/risk/prep/index.html (Last updated May 13,

2020).

week were prtected almst as well as thse wh tk the
drug every day, indicating that missed dses d nt render
the treatment ineffective; hwever, adherence t daily ds-
ing is the safest methd fr persns having nging risks.
Fr patients preparing t stp PrEP, dsage shuld be cn-
tinued fr at least 2 days beynd the last expsure fr men
wh have sex with men, and 7 days fr all thers.

Fr men wh have sex with men, n-demand r event-
driven PrEP has been studied and is effective fr persns
infrequently having sex wh can fllw the schedule.
Emtricitabine/TDF is dsed 2-1-1: tw tablets 2 t 24 hurs
prir t sex, and then ne tablet 24 hurs later, and a final
tablet 24 hurs after that.

Recmmendatins n initial and fllw-up assess-
ments are shwn in Table 31–4. Emtricitabine/TDF is
cntraindicated fr persns with kidney disease (creati-
nine clearance less than 60 mL/min) because f the small
risk f kidney txicity with TDF. Decreases in bne min-
eral density have been dcumented in persns taking
emtricitabine/TDF fr PrEP at 24 weeks; whether this
decrease will have clinical significance is unknwn. Fr
men wh have sex with men and have creatinine clearance
less than 60 mL/min but greater than 30 mL/min, r
steprsis/stepenia (r at risk fr these cnditins),
clinicians may pt t use emtricitabine/TAF althugh it is
cntrversial whether TAF is less likely t cause clinically
significant prblems when used in PrEP.

Substantial increases in sexually transmitted diseases
have als been seen in persns taking PrEP, indicating the
imprtance f regular fllw-up in patients using PrEP.
Sme patients are reluctant t use insurance t cver the
cst f the medicatin fr fear f revealing that they are at
risk fr HIV; withut insurance, the cst is high. Prgrams
are available frm the medicatin manufacturer t cver
the cst f treatment fr lw-incme uninsured persns
and t cver insurance cpays fr insured patients.

Chu R et al. Pre-expsure prphylaxis fr the preventin f
HIV infectin: evidence reprt and systematic review fr the
U.S. Preventive Services Task Frce. JAMA. 2019;321:2214.
[PMID: 31184746]

Heendeniya A et al. Antiretrviral medicatins fr the preventin
f HIV infectin: a clinical apprach t preexpsure prphy-
laxis, pstexpsure prphylaxis, and treatment as preventin.
Infect Dis Clin Nrth Am. 2019;33:629. [PMID: 31239092]

Hillis A et al. Pre-expsure prphylaxis (PrEP) fr HIV preven-
tin amng men wh have sex with men (MSM): a scping
review n PrEP service delivery and prgramming. AIDS
Behav. 2020;24:3056. [PMID: 32274670]

Jseph Davey DL; PrEP in Pregnancy Wrking Grup. Emerging
evidence frm a systematic review f safety f pre-expsure
prphylaxis fr pregnant and pstpartum wmen: where are
we nw and where are we heading? J Int AIDS Sc.
2020;23:e25426. [PMID: 31912985]

Vanhamel J et al. The current landscape f pre-expsure prphy-
laxis service delivery mdels fr HIV preventin: a scping
review. BMC Health Serv Res. 2020;20:704. [PMID: 32736626]

4. Postexposure prophylaxis for sexual and drug use
exposures to HIV—The gal f postexposure prophylaxis
is t reduce r prevent lcal viral replicatin prir t dis-
seminatin such that the infectin can be abrted.
Althugh there is n prf that administratin f
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antiretrviral medicatins fllwing a sexual r parenteral
drug use expsure reduces the likelihd f infectin,
there is suggestive data frm animal mdels, perinatal
experience, and a case-cntrl study f health care wrkers
wh experienced a needle stick.

Treatment f persns wh have been expsed t HIV
shuld be within 72 hurs, but sner is better. All expsed
persns shuld first receive HIV testing t exclude the ps-
sibility that they are already infected. If rapid tests are nt
available, treatment shuld begin pending the results f a
standard HIV test.

The chice f antiretrviral agents and the duratin f
treatment are the same as thse fr expsures that ccur
thrugh the ccupatinal rute; the preferred regimen is
tenfvir 300 mg with emtricitabine 200 mg daily with
raltegravir 400 mg twice a day. In cntrast t thse with
ccupatinal expsures, sme individuals may present
very late after expsure. Because the likelihd f success
declines with length f time frm HIV expsure, treatment
is nt recmmended after mre than 72 hurs after exp-
sure. In additin, because the psychscial issues invlved
with pstexpsure prphylaxis fr sexual and drug use
expsures are cmplex, it shuld be ffered with preventin
cunseling. Cunseling shuld fcus n hw t prevent
future expsures. Individuals with nging risk fr HIV
infectin shuld be cnsidered candidates fr PrEP. Clini-
cians needing mre infrmatin n pstexpsure prphy-
laxis fr ccupatinal r nnccupatinal expsures shuld
cntact the Natinal Clinicians’ Pst-Expsure Prphylaxis
Htline (1-888-448-4911; http://nccc.ucsf.edu/clinician-
cnsultatin/pep-pst-expsure-prphylaxis/).

Atim M et al; Dean Street Cllabrative Grup. Pst-expsure
prphylaxis in the era f pre-expsure prphylaxis. HIV Med.
2020;21:668. [PMID: 32902098]

Centers fr Disease Cntrl and Preventin. HIV, HIV Basics,
Preventin, PEP (Pst-Expsure Prphylaxis). 2020 Oct 21.
https://www.cdc.gv/hiv/basics/pep.html

DeHaan E. Pst-expsure prphylaxis (PEP) t prevent HIV
infectin [Internet]. Baltimre (MD): Jhns Hpkins
University; 2020. [PMID: 33026756]

Heendeniya A et al. Antiretrviral medicatins fr the preven-
tin f HIV infectin: a clinical apprach t preexpsure
prphylaxis, pstexpsure prphylaxis, and treatment as
preventin. Infect Dis Clin Nrth Am. 2019;33:629. [PMID:
31239092]

O’Cnnell KA et al. HIV pst-expsure prphylaxis in the emer-
gency department: an updated assessment and pprtunities
fr HIV preventin identified. Am J Emerg Med. 2020:
S0735-6757(20)30888-3 [PMID: 33069548]

5. Prevention of perinatal transmission of HIV—Preventin
f perinatal transmissin f HIV begins by ffering HIV
cunseling and testing t all wmen wh are pregnant r
cnsidering pregnancy. HIV-infected wmen wh are
pregnant shuld start antiretrviral treatment with at least
three medicatins. Recmmended regimens are zidvu-
dine and lamivudine with either ritnavir-bsted lpina-
vir r ritnavir-bsted atazanavir. Cesarean delivery
shuld be planned if HIV viral lad is greater than 1000
cpies/mL near the time f delivery. Zidvudine shuld be
given t the infant after birth fr 6 weeks. When pssible,
breastfeeding shuld be avided.

Dettinger JC et al. Perinatal utcmes fllwing maternal pre-
expsure prphylaxis (PrEP) use during pregnancy: results
frm a large PrEP implementatin prgram in Kenya. J Int
AIDS Sc. 2019;22:e25378. [PMID: 31498563]

Jseph Davey DL et al; PrEP in Pregnancy Wrking Grup.
Emerging evidence frm a systematic review f safety f pre-
expsure prphylaxis fr pregnant and pstpartum wmen:
where are we nw and where are we heading? J Int AIDS Sc.
2020;23:e25426. [PMID: 31912985]

6. Prevention of HIV transmission in health care settings—
In health care settings, universal bdy fluid precautins
shuld be used, including use f glves when handling bdy
fluids and the additin f gwn, mask, and gggles fr pr-
cedures that may result in splash r drplet spread, and use
f specially designed needles with sheath devices t decrease
the risk f needle sticks. Because transmissin f tubercul-
sis and the SARS-CV-2 virus may ccur in health care
settings, all patients with cugh shuld be encuraged t
wear masks. Hspitalized HIV-infected patients with cugh
shuld be placed in respiratry islatin until tuberculsis
and COVID-19 can be excluded by chest radigraph, spu-
tum smear examinatin, and naspharyngeal swab testing.

Epidemilgic studies shw that needle sticks ccur
cmmnly amng health care prfessinals, especially
amng surgens perfrming invasive prcedures, inexperi-
enced hspital husestaff, and medical students. Effrts t
reduce needle sticks shuld fcus n aviding recapping
needles and use f safety needles whenever ding invasive
prcedures under cntrlled circumstances. The risk f
HIV transmissin frm a needle stick with bld frm an
HIV-infected patient is abut 1:300. The risk is higher with
deep punctures, large inculum, and surce patients with
high viral lads. The risk frm mucus membrane cntact
is t lw t quantitate.

Health care prfessinals wh sustain needle sticks
shuld be cunseled and ffered HIV testing as sn as
pssible. HIV testing is dne t establish a negative base-
line fr wrker’s cmpensatin claims in case there is a
subsequent cnversin. Fllw-up testing is usually per-
frmed at 6 weeks, 3 mnths, and 6 mnths. With the
patient’s permissin, their bld can be tested fr HIV
antibdy and HIV viral lad.

A case-cntrl study by the CDC indicates that admin-
istratin f zidvudine fllwing a needle stick decreases
the rate f HIV sercnversin by 79%. Therefre, clini-
cians shuld be ffered antiretrviral treatment as sn as
pssible after expsure and cntinued fr 4 weeks. The
preferred regimen is TDF 300 mg with emtricitabine 200 mg
(Truvada) daily with raltegravir 400 mg twice a day. Clini-
cians wh have expsures t persns wh are likely t have
antiretrviral medicatin resistance (eg, persns receiving
therapy wh have detectable viral lads) shuld have their
therapy individualized, using at least tw medicatins t
which the surce is unlikely t be resistant. Because reprts
have nted hepattxicity due t nevirapine in this setting,
this agent shuld be avided. Unfrtunately, there have
been dcumented cases f sercnversin fllwing pten-
tial parenteral expsure t HIV despite prmpt use f
zidvudine prphylaxis. Cunseling f the clinician shuld
include “safer sex” guidelines.
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Centers fr Disease Cntrl and Preventin. Human Immunde-
ficiency Virus (HIV) and Occupatinal Expsure. September
5, 2019. https://www.cdc.gv/hiv/wrkplace/healthcarewrk-
ers.html

7. Prevention of transmission of HIV through blood or
blood products—Current effrts in the United States t
screen bld and bld prducts have lwered the risk f
HIV transmissin with transfusin f a unit f bld t
1:1,000,000. Use f bld and bld prducts shuld be
judicius, with patients receiving the least amunt neces-
sary, and patients shuld be encuraged t dnate their
wn bld prir t elective prcedures.

8. HIV vaccine—Primate mdel data have suggested that
develpment f a prtective vaccine may be pssible, but
clinical trials in humans have been disappinting. Only ne
vaccine trial has shwn any degree f efficacy. In this ran-
dmized, duble-blind, placeb-cntrlled trial, a recmbi-
nant canarypx vectr vaccine plus tw bster injectins f
a recmbinant gp120 vaccine reduced the risk f HIV
amng a primarily hetersexual ppulatin in Thailand, but
efficacy was t lw (31%) fr widespread use. A msaic
HIV vaccine resulted in a strng immune respnse amng
adult humans and prtectin against infectin with an HIV-
like virus in rhesus mnkeys. The vaccine is currently being
studied in a phase IIB trial in sub-Saharan Africa.

Pitisuttithum P et al. Prphylactic HIV vaccine: vaccine regi-
mens in clinical trials and ptential challenges. Expert Rev
Vaccines. 2020;19:133. [PMID: 31951766]

B. Secondary Prevention

In the era prir t the develpment f effective antiretrviral
treatment, chrt studies f individuals with dcumented
dates f sercnversin demnstrate that AIDS develped
within 10 years in apprximately 50% f untreated serpsi-
tive persns. With currently available treatment, prgres-
sin f disease has been markedly decreased. In additin t
antiretrviral treatment, prphylactic regimens can prevent
pprtunistic infectins and imprve survival. Prphylaxis
and early interventin prevent several infectius diseases,
including tuberculsis and syphilis, which are transmissible
t thers. Recmmendatins fr screening tests, vaccina-
tins, and prphylaxis are listed in Table 31–5.

1. Tuberculosis—Because f the increased ccurrence f
tuberculsis amng HIV-infected patients, all such indi-
viduals shuld underg an intradermal PPD test r an
interferon-gamma release assay (IGRA) bld test at
baseline and yearly thereafter if they remain at risk f exp-
sure (eg, incarcerated, living in cngregate settings). Thse
with a psitive PPD (defined fr HIV-infected patients as
greater than 5 mm f induratin) r a psitive IGRA assay
(results that are reprted as psitive and nt negative r
indeterminate) shuld be clinically evaluated fr active
tuberculsis, including by a chest radigraph. Patients with
an infiltrate in any lcatin, especially if accmpanied by
mediastinal adenpathy, shuld have sputum sent fr acid-
fast staining. Patients with active tuberculsis shuld be
treated as utlined in Chapter 9 (see Tables 9–14 and

9–15). Patients with a psitive PPD r IGRA assay, a nr-
mal chest radigraph, r negative sputum sample fr active
tuberculsis infectin are classified as having latent tuber-
culsis infectin. Patients with latent tuberculsis infectin
wh have nt been previusly treated fr (active r latent)
tuberculsis shuld receive nce-weekly isniazid (900 mg
rally weekly fr patients greater than 50 kg) and rifapen-
tine (900 mg rally weekly fr patients greater than 50 kg)
fr 12 weeks. Less preferred regimens are rifampin daily
(10 mg/kg; maximum and usual adult dse is 600 mg rally
daily) fr 4 mnths and isniazid daily (300 mg rally
daily) fr 9 mnths. In patients with advanced immunde-
ficiency, bth the PPD and IGRA assay are mre likely t
be falsely negative r (fr IGRA assay) indeterminant.
Therefre, it may be wrth retesting patients with initially
lw CD4 cunts nce they have received antiretrviral
treatment and have immune recnstitutin (CD4 cunt
greater than r equal t 200 cells/mcL).

Khan PY et al. Transmissin f drug-resistant tuberculsis in
HIV-endemic settings. Lancet Infect Dis. 2019;19:e77.
[PMID: 30554996]

Peters JS et al. Advances in the understanding f Mycobacterium
tuberculosis transmissin in HIV-endemic settings. Lancet
Infect Dis. 2019;19:e65. [PMID: 30554995]

2. Syphilis—Because f the increased number f cases f
syphilis amng MSM, including thse wh are HIV-
infected, all such men shuld be screened fr syphilis by a
rapid plasma reagin (RPR) r Venereal Disease Research
Labratries (VDRL) test every 6 mnths. Increases f
syphilis cases amng HIV-infected persns are f particu-
lar cncern because these individuals are at increased risk
fr reactivatin f syphilis and prgressin t tertiary
syphilis despite standard treatment. Because the nly
widely available tests fr syphilis are serlgic and because
HIV-infected individuals are knwn t have disrdered
antibdy prductin, there is cncern abut the interpre-
tatin f these titers. This cncern has been fueled by a
reprt f an HIV-infected patient with secndary syphilis
and negative syphilis serlgic testing. Furthermre, HIV-
infected individuals may lse flurescent trepnemal
antibdy absrptin (FTA-ABS) reactivity after treatment
fr syphilis, particularly if they have lw CD4 cunts.
Thus, in this ppulatin, a nnreactive trepnemal test
des nt rule ut a past histry f syphilis. In additin,
persistence f trepnemes in the spinal fluid after ne
dse f benzathine penicillin has been demnstrated in
HIV-infected patients with primary and secndary syphi-
lis. Therefre, the CDC has recmmended an aggressive
diagnstic apprach t HIV-infected patients with reac-
tive RPR r VDRL tests f lnger than 1-year (r unknwn)
duratin. All such patients shuld have a lumbar puncture
with cerebrspinal fluid cell cunt and cerebrspinal fluid
VDRL. Thse with a nrmal cerebrspinal fluid evalua-
tin are treated as having late latent syphilis (benzathine
penicillin G, 2.4 millin units intramuscularly weekly fr
3 weeks) with fllw-up titers. Thse with a plecytsis r
a psitive cerebrspinal fluid-VDRL test are treated as
having neursyphilis (aqueus penicillin G, 2–4 millin
units intravenusly every 4 hurs, r prcaine penicillin G,
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Table 31–5. Health care maintenance and monitoring of HIV-infected individuals.

Fo ll hIV-infcd individuls:

CD4 counts every 3–6 months (can decrease to every 12 months if viral load suppressed on antiretroviral treatment for 2 years and CD4

count > 300 cells/mcL)

Viral load tests every 3–6 months and 1 month following a change in therapy

Genotypic resistance testing at baseline and if viral load not fully suppressed and patient taking antiretroviral treatment

Complete blood count, chemistry profile, transaminases and total bilirubin, at baseline and every 3–6 months

Urinalysis at baseline and annually during antiretroviral treatment (every 6 months if antiretroviral treatment regimen includes TDF)

Glucose or hemoglobin A
1c

at baseline and annually during antiretroviral treatment

Lipid panel at baseline, 4–8 weeks after starting or changing an antiretroviral treatment regimen that affects lipids, and annually for

everyone over 40 years of age

PPD or interferon-gamma release assay (IGRA) at baseline and annually if at high risk for exposure to persons with active TB

INH for those with positive PPD or IGRA, normal chest radiograph, and no history of treatment for active or latent TB

RPR or VDRL at entry and periodically based on sexual activity

Toxoplasma IgG serology at baseline

Hepatitis serologies: hepatitis A antibody, hepatitis B surface antigen, hepatitis B surface antibody, hepatitis B core antibody, hepatitis C

antibody

Pneumococcal vaccine

Meningococcal vaccine

Herpes zoster vaccine1

Inactivated influenza vaccine annually in season

Hepatitis A vaccine for those without immunity to hepatitis A

Hepatitis B vaccine for those who are hepatitis B surface antigen and antibody negative. (Use 40 mcg formulation at 0, 1, and 6 months;

repeat if no immunity 1 month after three-vaccine series.)

Combined tetanus, diphtheria, pertussis vaccine

Human papillomavirus vaccine for HIV-infected women age 26 years or less

Haemophilus influenzae type b vaccination

Bone mineral density monitoring for postmenopausal women and men 50 years of age or older

Papanicolaou smears annually; if three smears are negative, can switch to longer intervals (see Complications, Section M. Gynecologic

Manifestations)

Consider anal swabs for cytologic evaluation

Fo hIV-infcd individuls wi CD4 < 200 clls/mcL:

Pneumocystis jirovecii prophylaxis (see Treatment, Section A. Prophylaxis for Complications of HIV Infection and Table 31–6)

Fo hIV-infcd individuls wi CD4 < 75 clls/mcL:

Mycobacterium avium complex prophylaxis (see Treatment, Section A. Prophylaxis for Complications of HIV Infection)

Fo hIV-infcd individuls wi CD4 < 50 clls/mcL:

Consider CMV prophylaxis

1Consider in patients age > 50 years with history of varicella immunity and T cells > 200 cells/mcL.

BUN, blood urea nitrogen; CMV, cytomegalovirus; IgG, immunoglobulin G; IGRA, interferon gamma release assay; INH, isoniazid; PPD, purified

protein derivative; RPR, rapid plasma reagin; TB, tuberculosis; TDF, tenofovir disoproxil fumarate; VDRL, Venereal Disease Research Laboratories.

2.4 millin units intramuscularly daily, with prbenecid,
500 mg fur times daily, fr 10 days) fllwed by weekly
benzathine penicillin G 2.4 millin units intramuscularly
fr 3 weeks. Sme clinicians take a less aggressive apprach
t patients wh have lw titers (less than 1:8), a histry f
having been treated fr syphilis, and a nrmal neurlgic
examinatin. Clse fllw-up f titers is mandatry if such
a curse is taken. Fr a mre detailed discussin f this
tpic, see Chapter 34.

Ren M et al. Deciphering the serlgical respnse t syphilis
treatment in men living with HIV. AIDS. 2020;34:2089.
[PMID: 32773482]

3. Immunizations—HIV-infected individuals shuld
receive immunizatins as utlined in Table 31–5. Patients
withut evidence f hepatitis B surface antigen r surface
antibdy shuld receive hepatitis B vaccinatin, using the
40-mcg frmulatin; the higher dse is t increase the
chance f develping prtective immunity. If the patient

des nt have immunity 1 mnth after the three-sht
series, then the series shuld be repeated. HIV-infected
persns shuld als receive the standard inactivated vac-
cines such as tetanus and diphtheria bsters that wuld be
given t uninfected persns. Mst live vaccines, such as
yellw fever vaccine, shuld be avided. Measles vaccina-
tin, while a live virus vaccine, appears relatively safe when
administered t HIV-infected individuals and shuld be
given if the patient has never had measles r been ade-
quately vaccinated. The new recmbinant adjuvanted her-
pes zster vaccine (Shingrix), tw dses 2–6 mnths apart,
is recmmended fr HIV-infected persns with CD4
cunts greater than 200 cells/mcL. Hwever, it is nt
knwn if it is efficacius in preventing herpes zster in this
ppulatin.

Garrid HMG et al. Immungenicity f pneumcccal vaccina-
tin in HIV infected individuals: a systematic review and
meta-analysis. EClinicalMedicine. 2020;29:100576. [PMID:
33294820]
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Lee JH et al. Systematic review and meta-analysis f immune
respnse f duble dse f hepatitis B vaccinatin in HIV-
infected patients. Vaccine. 2020;38:3995. [PMID: 32334887]

4. Other measures—A randmized study fund that mul-
tivitamin supplementatin decreased HIV disease prgres-
sin and mrtality in HIV-infected wmen in Africa.
Hwever, supplementatin is unlikely t be as effective in
well-nurished ppulatins.

HIV-infected individuals shuld be cunseled with regard
t the imprtance f practicing safer sex even with ther
HIV-infected persns because f the pssibility f cntracting
a sexually transmitted disease, such as gnrrhea r syphilis.
There is als the pssibility f transmissin f a particularly
virulent r a drug-resistant strain between HIV-infected per-
sns. Substance abuse treatment shuld be recmmended
fr persns wh are using recreatinal drugs. They shuld
be warned t avid cnsuming raw meat, eggs, r shellfish
t avid infectins with Toxoplasma, Campylobacter, and
Salmonella. HIV-infected patients shuld wash their hands
thrughly after cleaning cat litter r shuld frg this
husehld chre t avid pssible expsure t txplasmsis.
T reduce the likelihd f infectin with Bartonella species,
patients shuld avid activities that might result in cat
scratches r bites. Althugh the data are nt cnclusive, many
clinicians recmmend that HIV-infected persns—especially
thse with lw CD4 cunts—drink bttled water instead f
tap water t prevent cryptspridia infectin.

Because f the emtinal impact f HIV infectin and
subsequent illness, many patients will benefit frm sup-
prtive cunseling.

» Treatment

Treatment fr HIV infectin can be bradly divided int
the fllwing categries: (1) prphylaxis fr pprtunistic
infectins, malignancies, and ther cmplicatins f HIV
infectin; (2) treatment f pprtunistic infectins, malig-
nancies, and ther cmplicatins f HIV infectin; and (3)
treatment f the HIV infectin itself with cmbinatin
antiretrviral treatment.

A. Prophylaxis for Complications of HIV Infection

In general, decisins abut prphylaxis f pprtunistic
infectins are based n the CD4 cunt, recent HIV viral
lad, and a histry f having had the infectin in the past.
In the era prir t antiretrviral treatment, patients wh
started taking prphylactic regimens were maintained n
them indefinitely. Hwever, studies have shwn that in
patients with rbust imprvements in immune functin—
as measured by increases in CD4 cunts abve the levels
that are used t initiate treatment—prphylactic regimens
can safely be discntinued.

Because individuals with advanced HIV infectin are
susceptible t a number f pprtunistic pathgens, the use
f agents with activity against mre than ne pathgen is
preferable.

1. Prophylaxis against Pneumocystis pneumonia—Patients
with CD4 cunts belw 200 cells/mcL, a CD4 lymphcyte
percentage belw 14%, r weight lss r ral candidiasis
shuld be ffered primary prphylaxis fr Pneumocystis
pneumnia. Patients with a histry f Pneumocystis pneu-
mnia shuld receive secndary prphylaxis until their
viral lad is undetectable and they have maintained a CD4
cunt f 200 cells/mcL r mre while receiving antiretrvi-
ral treatment fr lnger than 3 mnths. Regimens fr
Pneumocystis prphylaxis are given in Table 31–6.

2. Prophylaxis against M avium complex infection—
Patients whse CD4 cunts fall t belw 75–100 cells/mcL
shuld be given prphylaxis against M avium cmplex
infectin. Clarithrmycin (500 mg rally twice daily) and
azithrmycin (1200 mg rally weekly) have bth been
shwn t decrease the incidence f disseminated M avium
cmplex infectin by apprximately 75%, with a lw rate f
breakthrugh f resistant disease. The azithrmycin regi-
men is generally preferred based n high cmpliance and
lw cst. Prphylaxis against M avium cmplex infectin
may be discntinued in patients whse CD4 cunts rise
abve 100 cells/mcL in respnse t antiretrviral treatment
fr lnger than 3 mnths.

Table 31–6. Pneumocystis jirovecii prophylaxis, in order of preference.

Mdicion Dos Sid effcs Limiions

Trimethoprim-

sulfamethoxazole

One double-strength tablet three

times a week to one tablet

daily

Rash, neutropenia, hepatitis,

Stevens-Johnson syndrome

Hypersensitivity reaction is common but, if

mild, it may be possible to treat through.

Dapsone 50–100 mg orally daily or 100 mg

two or three times per week

Anemia, nausea, methemoglo-

binemia, hemolytic anemia

Less effective than above. Glucose-6-phosphate

dehydrogenase (G6PD) level should be

checked prior to therapy. Check methemo-

globin level after 1 month of treatment.

Atovaquone 1500 mg orally daily with a meal Rash, diarrhea, nausea Less effective than suspension trimethoprim-

sulfamethoxazole; equal efficacy to dap-

sone, but more expensive.

Aerosolized

pentamidine

300 mg monthly Bronchospasm (pretreat with

bronchodilators); rare

reports of pancreatitis

Apical P jirovecii pneumonia, extrapulmonary

P jirovecii infections, pneumothorax.

CMDT22_Ch31_p1331-p1373.indd 1357 29/06/21 9:15 PM



Chapter 311358 CMDT 2022

3. Prophylaxis against toxoplasmosis—Txplasmsis
prphylaxis is desirable in patients with a psitive IgG
txplasma serlgy and CD4 cunts belw 100 cells/mcL.
Trimethprim-sulfamethxazle (ne duble-strength
tablet daily) ffers gd prtectin against txplasmsis,
as des a cmbinatin f pyrimethamine, 25 mg rally
nce a week, plus dapsne, 50 mg rally daily, plus leucv-
rin, 25 mg rally nce a week. A glucse-6-phsphate
dehydrgenase (G6PD) level shuld be checked prir t
dapsne therapy, and a methemglbin level shuld be
checked at 1 mnth. Prphylaxis can be discntinued when
the CD4 cells have increased t greater than 200 cells/mcL
fr mre than 3 mnths.

B. Treatment of Complications of HIV Infection

Treatment f cmmn AIDS-related cmplicatins is
detailed abve and in Table 31–3. In the era prir t the use
f antiretrviral treatment, patients required lifelng treat-
ment fr many infectins, including CMV retinitis, tx-
plasmsis, and cryptcccal meningitis. Hwever, amng
patients wh have a gd respnse t antiretrviral treat-
ment, maintenance therapy fr sme pprtunistic infec-
tins can be terminated. Fr example, in cnsultatin with
an phthalmlgist, maintenance treatment fr CMV
infectin can be discntinued when persns receiving anti-
retrviral treatment have had a sustained increase in CD4
cunt t greater than 100 cells/mcL fr at least 3–6 mnths.
Similar results have been bserved in patients with M
avium cmplex bacteremia, wh have cmpleted a year r
mre f therapy fr M avium cmplex and have an increase
in their CD4 cunt t 100 cells/mcL fr greater than
6 mnths while receiving antiretrviral treatment. Cessatin
f secndary prphylaxis fr Pneumocystis pneumnia is
described abve.

Treating patients with repeated episdes f the same
pprtunistic infectin can pse difficult therapeutic chal-
lenges. Fr example, patients with secnd r third episdes
f Pneumocystis pneumnia may have develped allergic
reactins t standard treatments with a prir episde. Fr-
tunately, there are several alternatives available fr the
treatment f Pneumocystis infectin. Trimethprim with
dapsne and primaquine with clindamycin are tw cmbi-
natins that ften are tlerated in patients with a prir
allergic reactin t trimethprim-sulfamethxazle and
intravenus pentamidine. Patients in whm secnd epi-
sdes f Pneumocystis pneumnia develp while taking
prphylaxis tend t have milder curses.

Adjunctive treatments—Epoetin alfa (erythropoietin)
is apprved fr use in HIV-infected patients with anemia,
including thse with anemia secndary t zidvudine use.
As zidvudine is rarely used nw, especially at high dses,
the use f epetin alfa has als decreased. An erythrpi-
etin level less than 500 milli-units/mL shuld be demn-
strated befre starting therapy. The starting dse f epetin
alfa is 8000 units subcutaneusly three times a week.
Hypertensin is the mst cmmn side effect.

Human G-CSF (filgrastim) and granulcyte-macrphage
clny-stimulating factr (GM-CSF [sargramstim]) have
been shwn t increase the neutrphil cunts f

HIV-infected patients. Because f the high cst f this
therapy, the dsage shuld be clsely mnitred and
minimized, aiming fr a neutrphil cunt f 1000/mcL
(1.0 × 109/L). When the medicatin is used fr indicatins
ther than cyttxic chemtherapy, ne r tw dses at
5 mcg/kg per week subcutaneusly are usually sufficient.

C. Antiretroviral Therapy

The availability f agents that in cmbinatin suppress
HIV replicatin (Table 31–7) has had a prfund impact
n the natural histry f HIV infectin. Indeed, with the
advent f effective antiretrviral treatment, the life expec-
tancy f HIV-infected persns appraches that f unin-
fected persns when treatment is initiated early in the
curse f the disease and maintained.

The recgnitin that HIV damages the immune system
frm the beginning f infectin, even when the damage is
nt easily measured by cnventinal tests, cmbined with
the greater ptency, the imprved side-effect prfile, and
the decreased pill burden f mdern HIV regimens, have
led t the recmmendatin t start treatment as sn as
pssible fr all HIV-infected persns, including patients
having acute HIV infectin, regardless f CD4 cunt. The
START trial demnstrated that immediate treatment is
assciated with a greater than 50% reductin in risk fr
serius illness r death, cmpared t delaying treatment
until the CD4 cunt falls belw 350 cells/mcL.

Rapid initiatin prgrams have been created, where
treatment can be started n the same day that patients test
psitive fr HIV, s patients can start receiving treatment
prmptly and avid being lst t fllw-up. T d this, the
clinic must have sufficient resurces, medical and nn-
medical, t help patients cpe with these majr events in a
shrt time. Als, 5–20% f patients in develped cuntries
wh are treatment-naïve have a virus that is resistant t
sme medicatins; therefre, if treatment is started befre
the results f resistance testing are available, a nnnucle-
side reverse transcriptase inhibitr (NNRTI) shuld nt be
used. Recmmended regimens fr initiating treatment
befre resistance testing results are available include (1)
dlutegravir/TAF r TDF/emtricitabine (r lamivudine),
(2) bictegravir/TAF/emtricitabine, r (3) bsted daruna-
vir/TAF r TDF/emtricitabine (r lamivudine). Als,
patients requiring abacavir as part f their regimen shuld
nt start treatment prir t the results f HLA-B*5701
allele testing.

Once a decisin t initiate therapy has been made, sev-
eral imprtant principles shuld guide therapy. First,
because medicatin resistance t antiretrviral agents
develps in HIV-infected patients, a primary gal f ther-
apy shuld be cmplete suppressin f viral replicatin as
measured by the serum viral lad. Therapy that achieves
undetectable viral lad has been shwn t prvide a dura-
ble respnse t the therapy. Partially suppressive cmbina-
tins shuld be avided. Similarly, if txicity develps, it is
preferable t change the ffending medicatin rather than
reduce individual dses.

Althugh the HIV treatment prtcl has been fr three
medicatins frm at least tw different classes, exceptins
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Table 31–7. Antiretroviral therapy agents by class (alphabetical order within class).

Mdicion Dos

Common Sid

effcs Scil Monioing1 Cos2 Cos/Mon

Nuclosid rvs tnscis Inibios (NrtIs)

Abacavir (Ziagen) 300 mg orally twice daily Rash, fever—if occur,

rechallenge may

be fatal

No special monitoring $9.64/300 mg $578.56

Didanosine (Videx) 400 mg orally daily (enteric-

coated capsule) for per-

sons ≥ 60 kg

250 mg orally daily (enteric-

coated capsule) for per-

sons 30–59 kg

Peripheral neuropa-

thy, pancreatitis,

dry mouth,

hepatitis

Bimonthly neurologic

questionnaire for

neuropathy, potas-

sium, amylase, bili-

rubin, triglycerides

$12.29/400 mg $368.72

Emtricitabine

(Emtriva)

200 mg orally once daily Skin discoloration

palms/soles (mild)

No special monitoring $19.31/200 mg $579.38

Lamivudine

(Epivir)

150 mg orally twice daily or

300 mg daily

Rash, peripheral

neuropathy

No special monitoring $7.15/150 mg $429.00

Stavudine (Zerit) 40 mg orally twice daily for

persons ≥ 60 kg

30 mg orally twice daily for

persons < 60 kg

Peripheral neuropa-

thy, hepatitis,

pancreatitis

Monthly neurologic

questionnaire for

neuropathy, amylase

$6.85/40 mg $410.70

Zidovudine (AZT)

(Retrovir)

600 mg orally daily in two

divided doses

Anemia, neutropenia,

nausea, malaise,

headache, insom-

nia, myopathy

CBC with differential

4–8 weeks after

starting AZT

$0.90/300 mg $54.00

Nucloid rvs tnscis Inibios (NrtIs)

Tenofovir alafen-

amide (TAF)/

emtricitabine

(Descovy)

25 mg of TAF with 200 mg

of emtricitabine once

daily

Nephrotoxicity; hepa-

toxicity (if HBsAg

positive, HBV exac-

erbation after dis-

continuation);

bone resorption

Creatinine at baseline,

at 2–8 weeks, then

every 3–6 months;

urinalysis and urine

glucose and protein

at baseline and

repeated as clinically

indicated; HBsAg,

liver enzymes at

baseline, at 2–8

weeks, then every

3–6 months, con-

tinue for months

after discontinua-

tion; consider bone

densitometry

$77.23/tablet $2316.85

Tenofovir (TDF)

(Viread)

300 mg orally once daily Kidney dysfunction,

bone resorption,

gastrointestinal

distress

Creatinine at baseline,

at 2–8 weeks, then

every 3–6 months;

urinalysis and urine

glucose and protein

at baseline and

repeated as clinically

indicated; consider

bone densitometry

$3.65/300 mg $109.50

Nonnuclosid rvs tnscis Inibios (NNrtIs)

Doravirine

(Pilfetro)

100 mg daily Headache, fatigue,

abdominal pain

No special monitoring $60.85/100 mg $1825.56

(continued)
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Table 31–7. Antiretroviral therapy agents by class (alphabetical order within class).

Mdicion Dos

Common Sid

effcs Scil Monioing1 Cos2 Cos/Mon

Nonnuclosid rvs tnscis Inibios (NNrtIs) (con.)

Efavirenz (Sustiva) 600 mg orally daily Neurologic distur-

bances, rash,

hepatitis

No special monitoring $35.77/600 mg $1073.18

Etravirine

(Intelence)

200 mg orally twice daily Rash, peripheral

neuropathy

No special monitoring $14.12/100 mg $1693.80

Nevirapine

(Viramune)

200 mg orally daily for

2 weeks, then 200 mg

orally twice daily

Rash No special monitoring $10.80/200 mg $648.00

Rilpivirine

(Edurant)

25 mg daily Depression, rash No special monitoring $48.71/25 mg $1461.28

pos Inibios (pIs)

Atazanavir

(Reyataz)

400 mg orally once daily or

300 mg atazanavir with

100 mg ritonavir daily

Hyperbilirubinemia Bilirubin level every

3–4 months

$25.29/200 mg

or

$50.09/300 mg

$1517.10 (plus cost

of ritonavir)

$1502.70 (plus cost

of ritonavir)

Atazanavir/

cobicistat

(Evotaz)

300 mg of atazanavir with

150 mg of cobicistat

orally once daily

Hyperbilirubinemia Bilirubin level every

3–4 months

$64.22/tablet $1926.56

Darunavir/cobici-

stat (Prezcobix)

800 mg of darunavir and

150 mg of cobicistat

orally once daily

Rash No special monitoring $84.36/tablet $2530.82

Darunavir/ritonavir

(Prezista/Norvir)

pI-xincd ins:

600 mg of darunavir and

100 mg of ritonavir orally

twice daily

Fo pI-nïv ins:

800 mg of darunavir and

100 mg of ritonavir orally

daily

Rash No special monitoring $36.90/600 mg

(darunavir)

$73.80/800 mg

(darunavir)

2214.23 (plus cost of

ritonavir)

$2214.33 (plus cost

of ritonavir)

Fosamprenavir

(Lexiva)

Fo pI-xincd

ins: 700 mg of

fosamprenavir and 100

mg of ritonavir orally

twice daily

Fo pI-nïv ins: 1400

mg orally twice daily or

1400 mg of fosamprena-

vir and 200 mg of ritona-

vir orally once daily

Gastrointestinal, rash No special monitoring $20.83/700 mg $1249.86/700 mg

(plus cost of

ritonavir)

$2499.72/1400 mg

(plus cost of

ritonavir)

Indinavir (Crixivan) 800 mg orally three times

daily

Renal calculi Bilirubin level every

3–4 months

$3.05/400 mg $548.12

Lopinavir/ritonavir

(Kaletra)

400 mg/100 mg orally twice

daily

Diarrhea No special monitoring $10.24/200 mg

(Kaletra)

$1228.97

Nelfinavir

(Viracept)

750 mg orally three times

daily or 1250 mg twice

daily

Diarrhea No special monitoring $4.86/250 mg or

$12.14/625 mg

$1312.20 or

$1456.80

Ritonavir (Norvir) 600 mg orally twice daily or

in lower doses (eg, 100

mg orally once or twice

daily) for boosting other

PIs

Gastrointestinal dis-

tress, peripheral

paresthesias

No special monitoring $9.26/100 mg $3333.60

($277.80–555.60

in lower doses)

Saquinavir hard

gel (Invirase)

1000 mg orally twice daily

with 100 mg of ritonavir

orally twice daily

Gastrointestinal

distress

No special monitoring $12.02/500 mg $1442.09 (plus cost

of ritonavir)

(continued)

(continued)
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Table 31–7. Antiretroviral therapy agents by class (alphabetical order within class).

Mdicion Dos

Common Sid

effcs Scil Monioing1 Cos2 Cos/Mon

pos Inibios (pIs) (con.)

Tipranavir/ritona-

vir (Aptivus/

Norvir)

500 mg of tipranavir and

200 mg of ritonavir orally

twice daily

Gastrointestinal, rash No special monitoring $18.44/250 mg

(tipranavir)

$2213.15 (plus cost

of ritonavir)

eny Inibios

Enfuvirtide

(Fuzeon)

90 mg subcutaneously

twice daily

Injection site pain

and allergic

reaction

No special monitoring $71.71/90 mg $4302.67

Ings Inibios

Bictegravir 50 mg orally daily. No

longer marketed as a sin-

gle agent; used in anti-

retroviral combination

(Table 31–8)

Diarrhea, nausea,

headache

No special monitoring No longer

marketed as

a single agent

No longer marketed

as a single agent

Dolutegravir

(Tivicay)

Treatment-naïve or

integrase-naïve patients:

50 mg daily.

When administered with

efavirenz, fosamprenavir/

ritonavir, tipranavir/

ritonavir, or rifampin:

50 mg twice daily.

When administered to

integrase-experienced

patients with suspected

integrase resistance:

50 mg twice daily.

Hypersensitivity,

insomnia, fatigue,

headache, rash

No special monitoring $76.67/50 mg $2300.04/50 mg

daily or

$4600.08/50 mg

twice daily

Elvitegravir No longer marketed as a

single agent; used in

antiretroviral combina-

tions (Table 31–8)

Diarrhea, headache No special monitoring No longer

marketed as

a single agent

No longer marketed

as a single agent

Raltegravir

(Isentress)

400 mg orally twice daily Diarrhea, nausea,

headache

No special monitoring $34.70/400 mg $2082.24

Cabotegravir Oral regimen of 30 mg daily

with rilpivirine 25 mg

daily for 1 month; then

intramuscular loading

dose of 600 mg with

rilpivirine 900 mg intra-

muscularly in separate

buttock injections; fol-

lowed by monthly intra-

muscular injections of

400 mg with 600 mg ril-

pivirine thereafter.

Injection site reac-

tions with intra-

muscular dose.

No special monitoring  Monthly

maintenance

regimen $4752.00

eny nd Fusion Inibios

Enfuvirtide

(Fuzeon)

90 mg subcutaneously

twice daily

Injection site pain

and allergic

reaction

No special monitoring $71.71/90 mg $4302.67

Maraviroc

(Selzentry)

150 mg orally twice daily

or 300 mg orally twice daily

Cough, fever, rash No special monitoring $31.12 (for

either dose)

$1867.44 (for either

dose)

(continued)

(continued)
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Table 31–7. Antiretroviral therapy agents by class (alphabetical order within class).

Mdicion Dos

Common Sid

effcs Scil Monioing1 Cos2 Cos/Mon

eny nd Fusion Inibios (con.)

Ibalizumab

(Trogarzo)

Loading dose of 2000 mg

intravenously over 30

minutes; maintenance

dose of 800 mg intrave-

nously every 2 weeks

thereafter

Diarrhea, dizziness,

nausea, rash,

elevated

creatinine,

lymphopenia

Monthly CBC,

creatinine, bilirubin,

glucose, lipase

$3058.80/

400 mg

$12,235.20

acmn Inibio

Fostemsavir 600 mg orally twice a day Nausea No special monitoring $153.00/600 mg $9180.00

1Standard monitoring is complete blood count (CBC) and differential, basic chemistries, serum aminotransferases, and total bilirubin every
3–6 months, urinalysis at baseline and annually during antiretroviral treatment, fasting glucose or hemoglobin A

1c
at baseline and annually

during antiretroviral treatment, and fasting lipid profile at baseline, 4–8 weeks after starting an antiretroviral treatment regimen that affects
lipids, and annually for everyone over 40 years of age.
2Average wholesale price (AWP, for AB-rated generic when available) for quantity listed. Source: IBM Micromedex Red Book (electronic ver-
sion) IBM Watson Health, Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com (cited April 18, 2021). AWP may
not accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.

t the three-drug rule have emerged. A cmbinatin f
dlutegravir plus lamivudine (Dvat, Table 31–8) has been
shwn t be nninferir t dlutegravir plus TDF and
emtricitabine as initial therapy in patients with HIV viral
lad f less than 500,000 cpies/mL. A secnd exceptin is
the cfrmulatin f dlutegravir and rilpivirine (Juluca,
Table 31–8); this cmbinatin is FDA apprved as an alter-
native treatment fr patients wh have been successfully
virally suppressed fr at least 6 mnths, have n histry f
treatment failure, and are nt resistant t either f the tw
cmpnent agents. A third exceptin is cabtegravir with
rilpivirine as a nce-mnthly intramuscular injectin.

The presence f an acute pprtunistic infectin in mst
cases des nt preclude the initiatin f antiretrviral treat-
ment. Randmized trials cmpared early initiatin f antiret-
rviral treatment (within 2 weeks f starting treatment fr an
pprtunistic infectin r tuberculsis) with antiretrviral
treatment that was deferred until after treatment f the
pprtunistic infectin was cmpleted (6 weeks after its
start); results demnstrated that early initiatin reduced
death r AIDS prgressin by 50%. The reduced prgressin
rates were related t mre rapid imprvements in CD4
cunts in patients with advanced immundeficiency. Fur-
thermre, IRIS and ther adverse events were n mre fre-
quent in the early antiretrviral treatment arm.

Several randmized studies have als demnstrated
imprved clinical utcmes in HIV/tuberculsis cinfected
patients wh initiate antiretrviral treatment early in the
setting f active treatment fr tuberculsis and whse CD4
cunts are less than 50 cells/mcL. The exceptin t early
antiretrviral treatment in the setting f active infectins
may be in patients with a CNS-assciated infectin, such as
cryptcccal r tuberculsis meningitis. Several studies frm
lw-incme cuntries have shwn high mrtality rates with
early antiretrviral treatment initiatin in this setting.

An initial antiretrviral regimen shuld be chsen t
minimize side effects. Fr hspitalized patients, initiating
treatment in patients with pprtunistic infectins requires

clse crdinatin between inpatient and utpatient clini-
cians t ensure that treatment is cntinued nce patients
are discharged.

D. Choosing an Antiretroviral Treatment Regimen

Althugh the ideal cmbinatin f medicatins has nt yet
been defined fr all pssible clinical situatins, ptimal
regimens can be better understd after a review f the
available agents. These medicatins can be gruped int six
majr categries: nucleside and nucletide reverse tran-
scriptase inhibitrs (NRTIs); nnnucleside reverse tran-
scriptase inhibitrs (NNRTIs); prtease inhibitrs (PI);
integrase inhibitrs; entry and fusin inhibitrs; and
attachment inhibitrs.

1. Nucleoside and nucleotide reverse transcriptase
inhibitors (NRTI)—There are currently eight NRTI agents
available (cunting TDF and TAF as separate agents) fr
use. The chice f which agent t use depends primarily n
the patient’s prir treatment experience, results f resistance
testing, medicatin side effects, ther underlying cndi-
tins, and cnvenience f frmulatin. Hwever, mst cli-
nicians use fixed-dse cmbinatins (see Table 31–8) f
either emtricitabine/TDF, emtricitabine/TAF, r abacavir/
lamivudine (ABC/lamivudine), all f which can be given
nce a day. Abacavir shuld be given nly t HLA-B*5701-
negative persns. In patients with viral lads greater than
100,000 cpies/mL, ABC/lamivudine was less effective
than emtricitabine/TDF when cmbined with efavirenz r
ritnavir-bsted atazanavir. Hwever, ABC/lamivudine
appears t be equally efficacius as emtricitabine/TDF in
patients with viral lads greater than 100,000 cpies/mL
when cmbined with dlutegravir r raltegravir. In sme
studies, abacavir increased risks f mycardial infarctin,
and therefre shuld be avided in patients at high risk fr
cardivascular disease. Zidvudine/lamivudine (AZT/
lamivudine) is usually reserved fr secnd- r third-line
regimens because f txicity and dsing schedule. Of the

(continued)
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Table 31–8. Fixed-dose antiretroviral combinations (alphabetical order by brand name).

Nm Comonns Dosing nd Scil Considions Cos  Mon

Atripla TDF 300 mg
Emtricitabine 200 mg
Efavirenz 600 mg

One pill daily constitutes a complete antiretroviral treatment regimen. $1920.00

Biktarvy Emtricitabine 200 mg
TAF 25 mg
Bictegravir 50 mg

One pill daily constitutes a complete antiretroviral treatment regimen. One of the
recommended initial treatment regimens.

$4072.50

Com-
plera

TDF 300 mg
Emtricitabine 200 mg
Rilpivirine 25 mg

One pill daily constitutes a complete antiretroviral treatment regimen. Only for
patients with HIV viral load < 100,000/mL.

$3706.28

Delstrigo TDF 300 mg
Lamivudine 300 mg
Doravirine 100 mg

One pill daily constitutes a complete antiretroviral treatment regimen. $2778.12

Descovy TAF 25 mg
Emtricitabine 200 mg

One pill daily along with an NNRTI, protease inhibitor, integrase inhibitor, or mara-
viroc (entry inhibitor). The difference between Descovy and Truvada is that
Descovy has a different form of tenofovir (TAF) that appears to have less effect
on kidney function and bone mineral density than the form of tenofovir (TDF) in
Truvada. Descovy is approved for use as a single agent for PrEP in men (not
studied in women).

$2316.85

Dovato Dolutegravir 50 mg
Lamivudine 300 mg

One pill daily constitutes a complete antiretroviral treatment regimen in adults
with no prior antiviral treatment and no known substitutions associated with
resistance to either component.

$3032.81

Epzicom Abacavir 600 mg
Lamivudine 300 mg

One pill daily along with an NNRTI, protease inhibitor, integrase inhibitor, or mara-
viroc (entry inhibitor).

$1393.50

Genvoya TAF 10 mg
Emtricitabine 200 mg
Elvitegravir 150 mg
Cobicistat 150 mg

One pill daily constitutes a complete antiretroviral treatment regimen. Although it
contains four medications, one component (cobicistat) is a medication booster
only. The only difference between Stribild and Genvoya is that Genvoya has a
different form of tenofovir (TAF) that appears to be safer than tenofovir TDF
with less effect on kidney function and bone mineral density.

$4072.50

Juluca Dolutegravir 50 mg
Rilpivirine 25 mg

One pill daily with a meal for patients who have been virologically suppressed (viral
load < 50 copies/mL) on a stable antiretroviral treatment regimen for ≥ 6 months
and no history of treatment failure or resistance to dolutegravir or rilpivirine.

$3578.52

Odefsey TAF 25 mg
Emtricitabine 200 mg
Rilpivirine 25 mg

One pill daily constitutes a complete antiretroviral treatment regimen. Only for
patients with no history of HIV viral load ≥ 100,000 copies/mL. Or for replace-
ment of stable antiretroviral regimen in patients fully suppressed for > 6 months,
with no history of treatment failure, and with no known resistance to compo-
nents of the drug combination.

$3706.28

Stribild TDF 300 mg
Emtricitabine 200 mg
Elvitegravir 150 mg
Cobicistat 150 mg

One pill daily constitutes a complete antiretroviral treatment regimen. Although it
contains four medications, one component (cobicistat) is a medication booster
only.

$4272.06

Symtuza TAF 10 mg
Emtricitabine 200 mg
Darunavir 800 mg
Cobicistat 150 mg

One pill daily constitutes a complete antiretroviral treatment regimen. Although it
contains four medications, one component (cobicistat) is a medication booster
only. One of the recommended initial treatment regimens.

$4877.76

Triumeq Abacavir 600 mg
Lamivudine 300 mg
Dolutegravir 50 mg

One pill constitutes a complete antiretroviral treatment regimen. One of the recom-
mended initial treatment regimens.

$3818.26

Trizivir Abacavir 300 mg
Lamivudine 150 mg
Zidovudine 300 mg

One tablet twice daily with an NNRTI, protease inhibitor, integrase inhibitor, or
maraviroc (entry inhibitor). Although it contains three medications it does not
constitute a complete antiretroviral treatment regimen.

$1738.46

Truvada TDF 300 mg
Emtricitabine 200 mg

One pill daily with an NNRTI, protease inhibitor, integrase inhibitor, or maraviroc
(entry inhibitor). TDF is the most commonly used NRTI backbone. Truvada is
approved for use as a single agent for PrEP.

$2100.20

NNRTI, non-nucleoside reverse transcriptase inhibitor (eg, delavirdine, efavirenz, etravirine, nevirapine, rilpivirine); NRTI, nucleoside/nucleotide
reverse transcriptase inhibitor (eg, abacavir, didanosine, emtricitabine, lamivudine, stavudine, tenofovir, zidovudine); PrEP, preexposure
prophylaxis; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.
Average wholesale price (AWP, for AB-rated generic when available) for quantity listed. Source: IBM Micromedex Red Book (electronic ver-
sion) IBM Watson Health, Greenwood Village, CO, USA. Available at https://www.micromedexsolutions.com (cited April 18,2021). AWP may
not accurately represent the actual pharmacy cost because wide contractual variations exist among institutions.
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available agents, zidvudine is the mst likely t cause ane-
mia. Zidvudine and didansine are the mst likely t
cause neutrpenia. Stavudine is the mst likely t cause
lipatrphy (lss f fat in the face, extremities, and but-
tcks) and shuld n lnger be used; zidvudine is the next
mst likely agent t cause lipatrphy. Didansine is the
mst likely t cause peripheral neurpathy. Emtricitabine,
TDF, TAF, and lamivudine have activity against hepatitis B.
Didansine, emtricitabine, TDF, TAF, and lamivudine can
be administered nce daily. Infrmatin specific t each
medicatin is given belw and in Table 31–7.

a. Zidovudine—Zidvudine was the first apprved
antiviral medicatin fr HIV infectin. It is administered at
a dse f 300 mg rally twice daily. A cmbinatin f zidvu-
dine 300 mg and lamivudine 150 mg (Cmbivir) is available.
Apprximately 40% f patients experience subjective side
effects that usually remit within 6 weeks. The cmmn dse-
limiting side effects are anemia and neutrpenia, which
require nging labratry mnitring. Lng-term use has
been assciated with lipatrphy.

b. Lamivudine—Lamivudine is a safe and well-tlerated
agent. The dsage is 150 mg rally twice daily r 300 mg
rally nce a day. The dse shuld be reduced in patients
with chrnic kidney disease. There are n significant side
effects with lamivudine; it has activity against hepatitis B,
thugh HBV resistance t it is an increasing prblem.

c. Emtricitabine—Emtricitabine is dsed at 200 mg rally
nce daily. Emtricitabine als has activity against hepatitis B.
Its dsage shuld be reduced in patients with chrnic kidney
disease.

d. Abacavir—Abacavir is dsed at 300 mg rally twice
daily. Prir t initiatin f abacavir, patients shuld underg
testing fr HLA typing. Thse with the B*5701 allele shuld
nt be treated with abacavir because the likelihd f a
hypersensitivity reactin develping is high; the reactin is
characterized by a flu-like syndrme with rash and fever that
wrsens with successive dses. Unfrtunately, the absence f
this allele des nt guarantee that the patient will avid the
hypersensitivity reactin. Individuals in whm the hypersen-
sitivity reactin develps should not be rechallenged with this
agent because subsequent hypersensitivity reactins can be
fatal. Abacavir has als been assciated with an increased
risk f mycardial infarctin in sme chrt studies, gener-
ally in patients wh have underlying risks fr cardivascular
disease. Cnsequently, abacavir shuld nt be used in such
patients if effective alternative nucleside r nucletide ana-
lg agents exist. Abacavir is usually prescribed as a fixed-
dse cmbinatin pill with lamivudine fr use as a nce-daily
pill (Epzicm; Table 31–8).

Abacavir is als frmulated with zidvudine and lamivu-
dine in a single pill (Trizivir, ne tablet rally twice daily;
Table 31–8). Trizivir is nt recmmended as sl treatment
fr HIV because it is nt as efficacius as cmbining tw
nucleside/nucletide analgs with a ritnavir-bsted PI,
an NNRTI, r an integrase inhibitr.

e. Tenofovir—Tenfvir is the nly licensed nucletide
analg. It cmes in tw frms: tenfvir disprxil

fumarate (TDF) and tenfvir alafenamide (TAF). TDF is
available fr use bth in the frm f a single pill at an ral
dse f 300 mg nce daily and as an ral fixed-dse cm-
binatin pill with emtricitabine 200 mg (Truvada; Table
31–8) nce daily. Several ther single-tablet nce-a-day
cmplete regimens include TDF (Atripla, Cmplera,
Stribild) (Table 31–8). Tenfvir is active against hepatitis
B, including islates that have resistance t lamivudine.
TDF is assciated with a clinically mdest lss f kidney
functin, a small increased risk f acute kidney injury, and
increased rate f bne resrptin. In patients taking
bsted therapy (eg, therapy including cbicistat r ritna-
vir), TAF appears t cause fewer prblems with kidney
dysfunctin and bne lss and is the preferred chice.

TAF attains higher levels in cells with a much lwer
plasma level. Fr this reasn, it appears t cause less harm
t kidneys and less bne resrptin. TAF shuld nt be
used with rifamycins. TDF appears t be assciated with
lwer lipid levels, and TAF seems t be assciated with
greater weight gain when cmbined with integrase
inhibitrs.

If tenfvir (bth TDF and TAF) cannt be avided in
patients with creatinine clearance belw 60 mL/min, their
kidney functin shuld be mnitred very clsely. It is rec-
mmended that the serum creatinine be checked at base-
line, at 2–8 weeks, and then every 3–6 mnths and that a
urinalysis and urine glucse and prtein be checked at
baseline and mnitred peridically as clinically indicated.

f. Didanosine—The mst cnvenient frmulatin f
didansine is the enteric-cated capsule. Fr adults weigh-
ing at least 60 kg, the dse is ne 400-mg enteric-cated
capsule rally daily; fr thse 30–59 kg, the dse is ne
250-mg enteric-cated capsule rally daily. Didansine
shuld be taken n an empty stmach.

Didansine has been assciated with pancreatitis. The
incidence f pancreatitis with didansine is 5–10%—f
fatal pancreatitis, less than 0.4%. Patients with a histry f
pancreatitis, as well as thse taking ther medicatins ass-
ciated with pancreatitis (including trimethprim-sulfa-
methxazle and intravenus pentamidine) are at higher
risk fr this cmplicatin. Other cmmn side effects with
didansine include a dse-related, reversible, painful
peripheral neurpathy, which ccurs in abut 15% f
patients, and dry muth. Fulminant hepatic failure and
electrlyte abnrmalities, including hypkalemia, hypcal-
cemia, and hypmagnesemia, have been reprted in
patients taking didansine. Because f the side-effect pr-
file, didansine is rarely used tday.

2. Nonnucleoside reverse transcriptase inhibitors—
NNRTIs inhibit reverse transcriptase at a site different
frm that f the nucleside and nucletide agents described
abve. The majr advantage f NNRTIs is that fur f them
(efavirenz, rilpivirine, dravirine, and nevirapine) have
ptencies cmparable t that f PI (next sectin), at least
fr patients with viral lads under 100,000 cpies/mL—
with lwer pill burden and fewer side effects. Unlike PI,
they d nt appear t cause lipdystrphy; patients with
chlesterl and triglyceride elevatins wh are switched
frm a PI t an NNRTI may have imprvement in their
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lipids. The resistance patterns f NNRTIs are distinct frm
thse f the PIs. Because these agents may cause alteratins
in the clearance f PIs, dse mdificatins may be necessary
when these tw classes f medicatins are administered
cncmitantly. There is a high degree f crss-resistance
amng the “first-generatin” NNRTIs, such that resistance
t ne medicatin in this class unifrmly predicts resistance
t ther medicatins. Hwever, the “secnd-generatin”
NNRTI etravirine appears t have cnsistent antiviral activ-
ity in patients with prir expsure and resistance t nevi-
rapine, efavirenz, r delavirdine. In particular, the K103N
mutatin des nt appear t have an impact n etravirine
(r rilpivirine). There is n therapeutic reasn fr using
mre than ne NNRTI at the same time.

a. Efavirenz—The majr advantages f efavirenz are
that it can be given nce daily in a single dse (600 mg
rally) and it is available in a nce-daily fixed-dse
cmbinatin with TDF and emtricitabine in a single pill
(Atripla; Table 31–8). The majr side effects are rash
and psychiatric/neurlgic cmplaints, with patients
reprting symptms ranging frm lack f cncentratin
and strange dreams t delusins and mania. These side
effects tend t wane ver time, usually within a mnth r
s; hwever, there are sme patients wh cannt tlerate
these effects, especially if they persist lnger than a
mnth. Participant level data frm fur randmized trials
f efavirenz regimens versus nn-efavirenz cntaining
regimens fund increased suicidality (hazard rati f 2.6)
amng thse taking efavirenz. Administratin f efavi-
renz with fd, especially fatty fd, may increase its
serum levels and cnsequent neurtxicity. Therefre, it
shuld be taken n an empty stmach; taking befre bed-
time may als reduce patients’ experience f neurpsychi-
atric symptms.

b. Doravirine—Dsed at 100 mg rally daily, this drug
can be taken with r withut fd. Tw 48-week phase 3
studies shwed that, in previusly untreated individuals,
dravirine, when used with tw NRTIs resulted in similar
levels f viral suppressin as efavirenz plus tw NRTIs r
darunavir/ritnavir plus tw NRTIs. It is als available as
a single-pill cmbinatin with TDF and lamivudine
(Delstrig; Table 31–8). It is well tlerated. In cases f
virlgic failure, NNRTI crss-resistance may develp.

c. Rilpivirine—This medicatin, dsed at 25 mg nce
daily, is equal in efficacy t efavirenz in patients with HIV
viral lads belw 100,000 cpies/mL. Rilpivirine shuld nt
be used in patients with baseline viral lads f 100,000 cp-
ies/mL r greater r thse with CD4 cunts belw 200 cells/
mcL because f greater risk f viral failure. As is true f efavi-
renz, rilpivirine is available in a nce-daily fixed-dse cmbi-
natin with TDF and emtricitabine (Cmplera; Table 31–8)
and with TAF and emtricitabine (Odefsey; Table 31–8) t be
taken with a meal. It is als available in a tw-drug regimen
with dlutegravir (Juluca; Table 31–8). Prtn pump inhibi-
trs shuld nt be given with rilpivirine. Rilpivirine has
fewer neurlgic side effects than efavirenz. The FDA has
apprved a lng-acting frmulatin f rilpivirine fr
mnthly intramuscular injectins t be given with the inte-
grase inhibitr cabtegravir (see belw).

d. Nevirapine—The dse f nevirapine is 400 mg rally
daily (extended release), but it is initiated at a dse f
200 mg nce a day t decrease the incidence f rash, which
is as high as 40% when full dses are begun immediately. If
rash develps while the patient is taking 200 mg daily, liver
enzymes shuld be checked and the dse shuld nt be
increased until the rash reslves. Patients with mild rash
and n evidence f hepattxicity can cntinue t be
treated with nevirapine. Nevirapine shuld nt be used in
treatment-naïve wmen with CD4 cunts greater than
250 cells/mcL r in males with CD4 cunts greater than
400 cells/mcL because they have greater risk f hepattx-
icity. In general, because f the risk f fatal hepattxicity,
nevirapine shuld be used nly when there is nt a better
alternative.

e. Delavirdine—Of the available NNRTIs, delavirdine is
used the least largely because f its incnvenient dsing
and pill burden cmpared with the ther available NNRTIs.
Unlike nevirapine and efavirenz, delavirdine inhibits P450
cytchrmes rather than inducing these enzymes. This
means that delavirdine can act like ritnavir and bst
ther antiretrvirals, althugh delavirdine is nt as ptent
as ritnavir in this capacity. The dsage is 400 mg rally
three times a day. The majr side effect is rash.

f. Etravirine—Etravirine is an NNRTI apprved fr the
treatment f patients with prir NNRTI intlerance r
resistance. Etravirine has been shwn t be effective even
when sme degree f NNRTI resistance is present, making
it a true “secnd-generatin” medicatin in this class. Etra-
virine dsage is ne 200-mg tablet twice daily. It shuld be
used with a PI and an NRTI and nt just with tw NRTIs.
The mst cmmn side effects are nausea and rash; rarely,
the rash can be severe (txic epidermal necrlysis). Patients
with signs f severe rash r hypersensitivity reactins
shuld immediately discntinue the medicatin. Prir rash
due t treatment with ne f the ther NNRTIs des nt
make rash mre likely with etravirine. Etravirine shuld
nt be taken by peple with severe liver disease r admin-
istered with tipranavir/ritnavir, fsamprenavir/ritnavir,
atazanavir/ritnavir, full-dse ritnavir, r PI withut lw-
dse ritnavir.

3. Protease inhibitors—Ten PIs—indinavir, nelfinavir,
ritnavir, saquinavir, amprenavir, fsamprenavir, lpinavir
(in cmbinatin with ritnavir), atazanavir, darunavir, and
tipranavir—are available. PIs are ptent suppressrs f HIV
replicatin and are administered as part f a cmbinatin
regimen.

All f the PIs—t differing degrees—are metablized by
the cytchrme P450 system, and each can inhibit and
induce varius P450 isenzymes. Therefre, medicatin
interactins are cmmn and difficult t predict. Clini-
cians shuld cnsult the prduct inserts befre prescribing
PIs with ther medicatins. Medicatins such as rifampin
that are knwn t induce the P450 system shuld be
avided.

The fact that the PIs are dependent n metablism
thrugh the cytchrme P450 system has led t the use f
ritnavir t bst the medicatin levels f saquinavir, lpi-
navir, indinavir, atazanavir, tipranavir, darunavir, and
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amprenavir, allwing use f lwer dses and simpler ds-
ing schedules f these PIs. A secnd bsting agent, cbici-
stat, is cfrmulated with the PI atazanavir (Evtaz) and
darunavir (Prescbix). Similar t ritnavir, cbicistat als
inhibits liver enzymes that metablize ther HIV
medicatins.

In fact, guidelines recmmend that all PI-cntaining
regimens except nelfinavir use bsting if pssible.

When chsing which PI t use, prir patient experi-
ence, resistance patterns, side effects, and ease f adminis-
tratin are the majr cnsideratins. The first three PIs t
be develped—indinavir, saquinavir, and ritnavir (as sin-
gle agents)—are nw rarely used because f the superirity
f the secnd generatin f PIs. Amprenavir has been
almst entirely replaced by its prdrug, fsamprenavir.
Unfrtunately, all PIs, with the exceptin f unbsted ata-
zanavir have been linked t a cnstellatin f metablic
abnrmalities, including elevated chlesterl levels, elevated
triglyceride levels, insulin resistance, diabetes mellitus, and
changes in bdy fat cmpsitin (eg, buffal hump, abdm-
inal besity). The lipid abnrmalities and bdy habitus
changes are referred t as lipodystrophy. Althugh lipdys-
trphy is cmmnly assciated with PIs, it has been seen
als in HIV-infected persns wh have never been treated
with these agents. In particular, the lipatrphy effects seen
in patients receiving antiretrviral treatment appears t be
mre related t the nucleside txicity and in particular t
the thymidine analgs (stavudine and zidvudine).

Of the different manifestatins f lipdystrphy, the dys-
lipidemias that ccur are f particular cncern because f
the likelihd that increased levels f chlesterl and triglyc-
erides will result in increased prevalence f heart disease. All
patients taking PIs r NRTIs shuld have fasting serum
chlesterl, lw-density lipprtein (LDL) chlesterl, and
triglyceride levels perfrmed every 12 mnths. Clinicians
shuld assess fr crnary heart disease risk (see Chapter 28)
and cnsider initiating dietary changes r medicatin ther-
apy (r bth). PIs inhibit statin metablism. Lvastatin and
simvastatin shuld be avided. In general, the least interac-
tin is with pravastatin (20 mg daily rally). Atrvastatin
(10 mg daily rally) r rsuvastatin (5 mg/day rally ini-
tially; maximum 10 mg/day) may als be used cautiusly.
Fish il (3000 mg daily) cmbined with exercise and dietary
cunseling has been fund t decrease triglyceride levels by
25%. Patients with persistently elevated fasting serum tri-
glyceride levels f 500 mg/dL r mre wh d nt respnd
t dietary interventin shuld be treated with gemfibrzil
(600 mg twice daily prir t the mrning and evening
meals). PIs are assciated with abnrmalities in cardiac cn-
ductin, especially prlngatin f the PR interval.

a. Indinavir—Indinavir is usually dsed at 800 mg twice
daily in cmbinatin with 100 mg f ritnavir twice daily.
Nausea and headache are cmmn cmplaints with this
medicatin. Indinavir crystals are present in the urine in
apprximately 40% f patients; this results in clinically
apparent nephrlithiasis in abut 15% f patients receiving
indinavir. Lwer urinary tract symptms and acute kidney
injury als have been reprted. Patients taking this medica-
tin shuld be instructed t drink at least 48 unces f fluid
a day t ensure adequate hydratin in an attempt t limit

these cmplicatins. Mild indirect hyperbilirubinemia is
als cmmnly bserved in patients taking indinavir but is
nt an indicatin fr discntinuatin f the medicatin.

b. Saquinavir—Saquinavir is frmulated nly as a hard-
gel capsule (Invirase). It shuld be used nly with ritnavir
(1000 mg f hard-gel saquinavir with 100 mg f ritnavir
rally twice daily). The mst cmmn side effects with saqui-
navir are diarrhea, nausea, dyspepsia, and abdminal pain.

c. Ritonavir—Use f this ptent PI at full dse (600 mg
rally twice daily) has been limited by its inhibitin f the
cytchrme P450 pathway causing a large number f drug-
drug interactins and by its frequent side effects f fatigue,
nausea, and paresthesias. Hwever, it is widely used in lwer
dse (eg, 100 mg daily t 100 mg twice daily) as a bster f
ther PIs.

d. Nelfinavir—Nelfinavir is the nly PI fr which ritna-
vir bsting is nt recmmended. Unbsted nelfinavir is
generally nt as ptent as a bsted PI regimen (eg, lpina-
vir plus ritnavir). The dse f nelfinavir is 1250 mg rally
twice daily. Diarrhea is a side effect in 25% f patients tak-
ing nelfinavir, but this symptm may be cntrlled with
ver-the-cunter antidiarrheal agents in mst patients.

e. Amprenavir—Amprenavir has efficacy and side effects
similar t thse f ther PIs. Cmmn side effects are nau-
sea, vmiting, diarrhea, rash, and periral paresthesia. The
dse is 1200 mg rally twice daily. The cncentratin f
amprenavir decreases when cadministered with ethinyl
estradil; therefre, amprenavir shuld be used with cir-
cumspectin in the treatment f transgender persns
requiring high-dse estrgen.

f. Fosamprenavir—Fsamprenavir is a prdrug f
amprenavir. Its majr advantage ver using amprenavir is a
much lwer pill burden. Fr PI-naïve patients, it can be
dsed at 1400 mg rally twice daily (fur capsules a day)
r at 1400 mg rally daily (tw capsules) with ritnavir
200 mg rally daily (tw capsules) r at 700 mg rally with
ritnavir 100 mg rally twice daily. Patients previusly
treated with a PI shuld receive 700 mg rally with ritna-
vir 100 mg rally twice daily. Side effects are similar t
thse with amprenavir—mst cmmnly gastrintestinal
distress and hyperlipidemia. As with amprenavir, the cn-
centratin f fsamprenavir decreases when cadminis-
tered with ethinyl estradil; therefre, fsamprenavir
shuld be used with circumspectin in the treatment f
transgender persns requiring high-dse estrgen.

g. Lopinavir/r—Lpinavir/r is lpinavir (200 mg) cfr-
mulated with a lw dse f ritnavir (50 mg) t maximize
the biavailability f lpinavir. It has been shwn t be
mre effective than nelfinavir when used in cmbinatin
with stavudine and lamivudine. The usual dse is lpinavir
400 mg with ritnavir 100 mg (tw tablets) rally twice
daily with fd. When given alng with efavirenz r nevi-
rapine, a higher dse (600 mg/150 mg—three tablets) is
usually prescribed. The mst cmmn side effect is diar-
rhea, and lipid abnrmalities are frequent. Because f these
side effects, lpinavir/r has fallen ff the list f medicatins
recmmended as part f first-line treatment regimens.
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h. Atazanavir—Atazanavir is available alne and cfr-
mulated with cbicistat (Evtaz). Atazanavir can be dsed
as 400 mg (tw 200-mg capsules) daily with fd r it can
be dsed as 300 mg in cmbinatin with 100 mg f ritna-
vir nce daily with fd. When cfrmulated with cbici-
stat, it is dsed at 300-mg atazanavir and 150-mg cbicistat.
The mst cmmn side effect is mild hyperbilirubinemia
that reslves with discntinuatin f the medicatin.
Nephrlithiasis and chlelithiasis have als been reprted
with this PI. Bth tenfvir and efavirenz lwer the serum
cncentratin f atazanavir. Therefre, when either f
these tw medicatins is used with atazanavir, it shuld be
bsted by administering ritnavir r given cfrmulated
with cbicistat. Prtn pump inhibitrs are cntraindi-
cated in patients taking atazanavir because atazanavir
requires an acidic pH t remain in slutin.

i. Tipranavir—Tipranavir is the nly nnpeptidic PI
apprved by the FDA. Because f its unique structure, it is
active against sme strains f HIV that are resistant t
ther PIs. It is dsed with ritnavir (tw 250-mg capsules
f tipranavir with tw 100-mg capsules f ritnavir rally
twice daily with fd). The mst cmmn side effects are
nausea, vmiting, diarrhea, fatigue, and headache. Tip-
ranavir/ritnavir has been als assciated with liver dam-
age and shuld be used very cautiusly in patients with
underlying liver disease. Reprts f intracranial hemr-
rhage in patients taking tipranavir-cntaining regimens
have raised additinal safety cncerns abut this ptent PI.
Because it is a sulfa-cntaining medicatin, its use shuld
be clsely mnitred in patients with sulfa allergy.

j. Darunavir—Darunavir has impressive antiviral activity
in the setting f significant PI resistance and in treatment-
naïve patients. It is frmulated by itself and cfrmulated
with cbicistat (Prezcbix). When frmulated withut
cbicistat it requires bsting with ritnavir. Fr initial
treatment f HIV r fr treatment-experienced patients
withut darunavir-related resistance mutatins, daily ds-
ing is 800 mg f darunavir with 100 mg f ritnavir r with
150 mg f cbicistat. Darunavir 800 mg is als available in
a cfrmulated tablet with emtricitabine, TAF, and cbici-
stat (Symtuza, Table 31–8). It has been apprved fr use by
the FDA and the Eurpean Cmmissin. Fr patients with
prir PI treatment experience r PI resistance (with muta-
tins knwn t impact darunavir), darunavir shuld be
dsed at 600 mg rally twice daily, with ritnavir, 100 mg
rally twice daily. Darunavir has a safety prfile similar t
ther PIs, such as ritnavir-bsted lpinavir, but is gener-
ally better tlerated. Like tipranavir, darunavir is a sulfa-
cntaining medicatin, and its use shuld be clsely
mnitred in patients with sulfa allergy.

4. Integrase inhibitors—Integrase inhibitrs slw HIV
replicatin by blcking the HIV integrase enzyme needed
fr the virus t multiply. They are nw the preferred regi-
mens fr initiating therapy because f the cmbinatin f
efficacy, ease f administratin, and lw incidence f side
effects. Five integrase inhibitrs are currently available: ralte-
gravir; elvitegravir; dlutegravir; bictegravir; and cabtegra-
vir, which is t be given by mnthly injectins alng with
mnthly injectins f rilpivirine. Clinical trials f available

integrase inhibitrs reveal a cnsistent pattern f mre rapid
decline in viral lad cmpared with mre standard PI/r r
NNRTI-based regimens. Integrase inhibitrs are effective
(when cmbined with ther active medicatins) in the treat-
ment f HIV-infected patients with dcumented resistance
t each f the three main classes f antiretrviral medica-
tins (nucleside analgs, PIs, NNRTIs). Avid administer-
ing ral integrase inhibitrs with antacids r ther
medicatins with divalent catins (Ca2+, Mg2+, Al2+, Fe2+)
because chelatin f the integrase inhibitr by the catin
reduces absrptin. When these medicatins must be taken
with integrase inhibitrs, cnsult a pharmacist t determine
the best separatin f times f administratin.

a. Raltegravir—The dse f raltegravir is 400 mg rally
twice daily. It has been fund t be superir t efavirenz
and ritnavir-bsted darunavir and ritnavir-bsted
atazanavir. It is the recmmended integrase inhibitr
fr pregnant wmen. Cmmn side effects are diarrhea,
nausea, and headache, but verall, it is well tlerated and
has the additinal advantage ver PI-based regimens and
efavirenz-based regimens in that it appears t have little
impact n lipid prfiles r glucse metablism.

b. Elvitegravir—Elvitegravir is nt manufactured as a
single agent. It can be prescribed in a nce-a-day cmbina-
tin pill (Stribild) that cntains 125 mg f elvitegravir and
150 mg f cbicistat, a bsting agent, alng with standard
dses f TDF and emtricitabine (Table 31–8). Stribild has
been shwn t be nninferir t tw preferred first-line
regimens: Atripla and bsted atazanavir with emtricitabine/
TDF. The main side effect f Stribild is an increase in
serum creatinine levels that has been shwn t be related t
the cbicistat inhibitin f tubular secretin f creatinine
by the kidney and is thught t be nnpathlgic and
reversible. Hwever, because f this effect, Stribild is rec-
mmended in patients with estimated creatinine clearance
greater than 70 mL/min. A urinalysis shuld be dne at
baseline and at initial fllw-up t lk fr prteinuria and
glycsuria, which are signs f tubulpathy. Diarrhea and
rash may als ccur, althugh verall the medicatin is
well tlerated. Elvitegravir is als cfrmulated with
emtricitabine and TAF alng with cbicistat bsting in a
single nce-a-day pill (Genvya, Table 31–8). Since TAF
appears t have fewer side effects than TDF, this is likely t
becme the preferred elvitegravir regimen.

c. Dolutegravir—Dlutegravir shws excellent ptency
and tlerability and is dsed nce a day in mst circum-
stances. It has been shwn t be superir t efavirenz and
darunavir. Unlike elvitegravir, dlutegravir des nt
require a bsting agent and has fewer drug-drug interac-
tins. Similar t cbicistat, it inhibits tubular secretin f
creatinine by the kidney, resulting in small increases in
serum creatinine levels. The standard dsage used in
treatment-naïve, integrase-naïve patients is 50 mg/day. It is
available cmbined with abacavir and lamivudine in a sin-
gle nce a day tablet (Triumeq, Table 31–8). In patients
receiving efavirenz, fsamprenavir/ritnavir, tipranavir/
ritnavir, r rifampin, the dse shuld be increased t
50 mg twice daily. It shuld als be dsed at 50 mg twice
daily in integrase-experienced patients in whm integrase
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resistance is suspected. Indeed, when cmbined with ther
active medicatins, it has been shwn t prvide sme
activity in patients with integrase resistance wh have nt
respnded t prir raltegravir- r elvitegravir-cntaining
regimens. Dlutegravir has demnstrated impressive
results in clinical trials f treatment-naïve patients, in
terms f effectiveness, tlerability, and high barrier t
resistance, when cmpared with the mre standard
NNRTI, bsted PI, and raltegravir-cntaining regimens.
Dlutegravir is cfrmulated in cmbinatin with rilpiv-
irine (Juluca, Table 31–8) fr use as a nce-a-day (t be
taken with a meal) treatment fr patients wh are virlgi-
cally suppressed (viral lad less than 50 cpies/mL) n a
stable regimen fr at least 6 mnths, with n histry f
treatment failures r resistance t either f the tw agents.

d. Bictegravir—Bictegravir is dsed nce daily, des
nt require bsting, and has a high barrier t resistance.
It is dsed at 50 mg daily. It has been shwn t be nnin-
ferir t dlutegravir. It is nt available as a single agent
but is marketed as a fixed-dse cmbinatin f bictegra-
vir with emtricitabine and TAF (Biktarvy, Table 31–8).

e. Cabotegravir—Cabtegravir is an integrase inhibi-
tr that has been apprved fr use in the United States,
Canada, and in the Eurpean Unin. Cabtegravir cmes
in tw frms: an ral tablet and an injectable frmulatin.
In bth frms, it is intended t be given with rilpivirine.
The ral frm is meant nly fr the first mnth f therapy
t ensure that the patient is able t tlerate the medicatin
befre injecting it in its lng-acting frmulatin. Oral ds-
ing is 30 mg daily f cabtegravir with 25 mg daily f rilpi-
virine. When given intramuscularly in cmbinatin with
rilpivirine, the cabtegravir and rilpivirine are given as
separate injectins at the same time, ne in each buttck.
The first intramuscular lading dses are cabtegravir
600 mg and rilpivirine 900 mg. Thereafter, mnthly intra-
muscular dsing is 400 mg f cabtegravir and 600 mg f
rilpivirine. The advantage f this cmbinatin is that it is
cmplete therapy fr patients in whm the viral lad is
stable and suppressed (less than 50 cpies) n their current
regimen, which is then stpped in favr f cabtegravir/
rilpivirine. The mst cmmn side effect is injectin site
reactins.

5. Entry and fusion inhibitors—

a. Enfuvirtide—Enfuvirtide (Fuzen) is knwn as a
fusin inhibitr; it blcks the entry f HIV int cells by
blcking the fusin f the HIV envelpe t the cell mem-
brane. The additin f enfuvirtide t an ptimized antiret-
rviral regimen imprved CD4 cunts and lwered viral
lads in heavily pretreated patients with multidrug-resistant
HIV. Unfrtunately, resistance t enfuvirtide develps rapidly
in patients receiving a nnsuppressive treatment regimen.
The dse is 90 mg by subcutaneus injectin twice daily;
unfrtunately, painful injectin site reactins develp in
mst patients, which makes lng-term use prblematic.

b. Maraviroc—Maravirc is a CCR5 c-receptr antag-
nist. Medicatins in this class prevent the virus frm
entering uninfected cells by blcking the CCR5 c-receptr.
Befre starting therapy, a viral trpism assay shuld be

perfrmed because this class f entry inhibitrs is nly
active against “CCR5-trpic virus.” This frm f the HIV-1
virus tends t predminate early in infectin, while s-
called dual/mixed trpic virus (which utilizes either R5 r
CXCR4 c-receptrs) emerges later as infectin prgresses.
Apprximately 50–60% f previusly treated HIV-infected
patients have circulating CCR5-trpic HIV. The medica-
tin has been shwn t be effective in HIV-infected per-
sns wh have CCR5-trpic virus and nging viral
replicatin despite being heavily treated. The dse f mara-
virc is 150–300 mg rally twice daily, based n the ther
medicatins the patient is taking at the time—in cmbina-
tin with a ritnavir bsted PI, 150 mg daily f maravirc
has been used successfully. Cmmn side effects are cugh,
fever, rash, musculskeletal prblems, abdminal pain, and
dizziness; hwever, maravirc is generally well tlerated
with limited impact n serum lipids.

c. Ibalizumab—A nvel treatment fr HIV, ibalizumab is
a mnclnal antibdy that blcks the entry f HIV int
the CD4 cell by blcking the CD4 receptr. Given as an
intravenus infusin therapy alng with ther ral HIV
medicatins, it is used as rescue therapy fr patients with
multidrug-resistant HIV that is nt cntrlled by ther
treatments. It is given every 2 weeks. Cmmn side effects
include diarrhea, dizziness, nausea, rash, elevatins in cre-
atinine, and lymphpenia.

6. Attachment inhibitor—

Fostemavir—The active metablite f fstemavir, temsa-
vir, binds t the viral envelpe glycprtein 120, near t the
CD4 binding site, such that the virus des nt attach t the
CD4 cells and cannt enter them. With its unique mecha-
nism, it has n crss resistance with ther antiretrvirals.
Unlike maravirc, it is effective regardless f HIV-1 tr-
pism. It is FDA apprved fr use in heavily treatment-
experienced adults with multidrug-resistant HIV-1
infectin wh are nt respnding t their current regimen.
The dsage f fstemavir is 600 mg rally twice daily, alng
with an ptimized regimen f ther antiretrviral medica-
tins. It shuld nt be used in cnjunctin with drugs that
are strng P450 (CYP)3A inducers, such as rifampin, phe-
nytin, and St Jhn’s wrt.

7. Constructing an initial regimen—Guidelines fr start-
ing antiretrviral treatment are shwn in Table 31–9. The
regimens with the strngest evidence all cntain integrase
inhibitrs. This reflects their high efficacy, high barrier t
resistance, tlerability, lw pill burden, and safety prfile.
The tw easiest integrase inhibitrs t use are bictegravir
and dlutegravir and s they frm the backbne f the
recmmended regimens. With respect t nucleside and
nucletide reverse transcriptase inhibitrs (NRTIs), the
safest, mst effective, easiest t use are TDF and TAF and
then emtricitabine r lamivudine. Frm an efficacy stand-
pint, there is n difference between TDF r TAF; fr
patients n a bsted regimen (ie, ne including cbicistat
r ritnavir), thse with renal dysfunctin r steprsis
r stepenia (r risk fr these cnditins) shuld receive
TAF. Als, chsing between TDF and TAF may depend
n cnvenience: which ne is cfrmulated with ther
desired partner drugs. Emtricitabine and lamivudine are
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essentially the same frm the pint f view f efficacy and
side effects.

Fr the first time, there is a tw-drug regimen included
in the tp recmmended regimens: dlutegravir plus lami-
vudine, which is available as a single pill fr nce-a-day
treatment (Dvat, Table 31–8). (All ther recmmended
regimens cntain three drugs, smetimes with a furth
agent as a bster.) This tw-drug regimen is nt recm-
mended fr patients with high HIV viral lad (greater than
500,000 cpies/mL), r fr patients with HBV cinfectin
(because f develpment f resistance by the hepatitis B
virus t lamivudine when used as mntherapy with ps-
sibility f severe flares f hepatitis), r fr patients fr
whm the results frm HIV resistance r HBV testing are
nt yet available. There is als cncern abut its use in
patients with CD4 cell cunts less than 200/mL.

Studies have shwn dlutegravir/abacavir/lamivudine
t be superir t efavirenz/TDF/emtricitabine and have
shwn dlutegravir t be superir t ritnavir-bsted
darunavir (bth cmbined with either abacavir/lamivudine
r TDF/emtricitabine). A netwrk meta-analysis adjusting
fr NRTI backbne fund that dlutegravir had superir
efficacy in suppressing viral lad cmpared with regimens
cntaining ritnavir-bsted atazanavir, ritnavir-bsted
darunavir, efavirenz, r ritnavir-bsted lpinavir. Dis-
cntinuatin due t adverse events was als statistically
lwer with the dlutegravir regimens.

The drug cmbinatins incrprating the integrase
inhibitr raltegravir have dne well in cmparative studies.
Amng treatment-naïve patients, raltegravir in cmbina-
tin with TDF/emtricitabine is as effective as efavirenz/
TDF/emtricitabine fr daily treatment and has fewer side
effects. In a 5-year fllw-up t the duble-blind trial, the
raltegravir arm utperfrmed the efavirenz cmbinatin
regimen largely due t better lng-term tlerability. Fur-
thermre, the CD4 respnse appeared better in patients
treated with the raltegravir cmbinatin.

Neural tube defects are increased in the ffspring f
wmen taking dlutegravir at cnceptin, s use in wmen
f reprductive age requires infrmed cnsent. The inte-
grase inhibitr raltegravir is recmmended fr wmen wh
are already pregnant. Elvitegravir/cbicistat and ther
drugs bsted with cbicistat shuld nt be used during
pregnancy and neither shuld bictegravir (because f lack
f data regarding adverse effects). Recmmended drugs in
pregnancy include atazanavir/ritnavir, darunavir/ritnavir,
efavirenz, and rilpivirine.

The emergence f generic antiretrviral medicatins is
als likely t affect prescribing chices when equally effec-
tive regimens are available at different csts. There are
generic versins available fr abacavir, atazanavir, efavirenz,
lamivudine, and TDF. But hw this will affect the csts
patients pay can be very difficult t determine because f
cmplicated cpay rules.

Fr patients wh cannt take an integrase inhibitr,
alternative regimens are recmmended (Table 31–9).

Resistance testing shuld be perfrmed prir t starting
antiretrviral treatment. Of newly infected persns in
sme urban areas f the United States, 8–10% have NNRTI
resistance (primarily K103N). Patients with NNRTI resistance

wuld nt be expected t respnd fully t an efavirenz-based
regimen.

The mst imprtant determinant f treatment efficacy
is adherence t the regimen. Therefre, it is vitally impr-
tant that the regimen chsen be ne t which the patient
can easily adhere (Figure 31–7). In general, patients are
mre cmpliant if their medicatin regimens (Table 31–9)
ffer cmplete therapy in ne pill that needs t be taken
nly nce r twice a day, d nt require special timing with
regard t meals, can be taken at the same time as ther
medicatins, d nt require refrigeratin r special prepa-
ratin, and d nt have bthersme side effects. Given the
high level f effectiveness f recmmended regimens,
patients fr whm the viral lad des nt fully suppress are
likely nncmpliant. Pharmacists and ther specially
trained clinicians can be very effective in helping patients
imprve their adherence by taking the time t understand
why patients miss their medicatins and t prblem slve
(eg, take medicine at same time every day, keep a supply in
the car r at wrk in case they frget). Fr certain ppula-
tins (eg, unstably hused individuals), specially tailred
prgrams that include medicatin dispensing are needed.

E. Monitoring Antiretroviral Treatment

1. Goals of monitoring antiretroviral treatment—Mni-
tring f antiretrviral treatment (Figure 31–7) has tw
gals: evaluate fr txicity and measure efficacy using
bjective markers t determine whether t maintain r
change regimens. Labratry evaluatin fr txicity depends
n the specific medicatins in the cmbinatin but gener-
ally shuld be dne apprximately every 3–4 mnths nce
a patient is n a stable regimen. Patients wh are intlerant
f their initial regimen shuld be changed t ne f the
ther initial recmmended r alternative regimens in
Table 31–9. The secnd aspect f mnitring is t measure
bjective markers f efficacy. The CD4 cell cunt and HIV
viral lad shuld be repeated 1–2 mnths after the initia-
tin r change f antiretrviral regimen and every 3–6 mnths
thereafter in clinically stable patients. With integrase regi-
mens, apprximately 80% f patients will have undetect-
able HIV viral lad at 1 mnth. All patients shuld have
undetectable viral lads by 3 mnths; if nt, the usual
prblem is nnadherence (see belw). (Patients receiving
antiretrviral treatment with undetectable viral lad fr
2 years and CD4 cunts 300 cells/mcL r mre may need
CD4 testing nly every 12 mnths.)

2. The challenge of medication compliance—In a patient
wh is adherent t an effective regimen, viral lads shuld
be undetectable within 4–12 weeks. Fr patients in whm
viral lads are nt suppressed r wh have viral rebund
after suppressin, the majr questin facing the clinician is
whether the patient is nnadherent r has resistance t the
regimen, r bth. The issue is cmplicated because many
patients reprt being mre cmpliant than they really are.
Patients wh are having truble adhering t their treatment
shuld receive cunseling n hw t better cmply with
their treatment. In patients wh are adherent r wh have
missed enugh dses t make resistance pssible, resis-
tance testing shuld be perfrmed. Based n the results f
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Table 31–9. Recommended and alternative initial antiretroviral therapy (ART) regimens (alphabetical order).

rgimn advngs Disdvngs

rcommndd Iniil rgimns

Bictegravir + TAF + emtricitabine
(Bictarvy)

Single pill once-a-day regimen
Low risk of resistance
Noninferior to dolutegravir

Less experience than with dolutegravir

Dolutegravir (50 mg daily)1 +
Either:
emtricitabine/TDF
or
emtricitabine/TAF
or
lamivudine/TDF
or
lamivudine/TAF

Has activity in some patients with inte-
grase resistance

Once-a-day regimen
Dolutegravir plus either abacavir/lamivu-

dine or emtricitabine/TDF is superior to
darunavir/ritonavir plus either of the
NRTI backbones

Dolutegravir has an increased risk of infant neural tube
defects and therefore its use in women of reproductive
age should be carefully considered and undertaken only
with “double” contraceptive measures and written
informed consent.

No single tablet available
When used in patients with integrase resistance or combined

with certain other medications, requires twice-a-day
dosing

Dolutegravir + lamivudine
(Dovato)

Only recommended initial two-drug
regimen

Single pill once-a-day regimen

Not for use in patients with HIV RNA > 500,000 copies/mL, or
patients initiating therapy during an opportunistic infec-
tion, or patients with hepatitis B coinfection, or patients in
whom ART is being started prior to results of HIV
genotypic resistance testing or hepatitis B testing.

Dolutegravir has an increased risk of infant neural tube
defects, and therefore, its use in women of reproductive
age should be carefully considered and undertaken only
with “double” contraceptive measures and written
informed consent.

O Ings Inibio rgimns

Dolutegravir + abacavir +
lamivudine (Triumeq)

Single pill once-a-day regimen
Low risk of resistance
Superior to Atripla
Dolutegravir plus either abacavir/

lamivudine or emtricitabine/TDF is
superior to darunavir/ritonavir plus
either of the NRTI backbones

Dolutegravir has an increased risk of infant neural tube
defects, and therefore, its use in premenopausal women
should be carefully considered and undertaken only with
“double” contraceptive measures and written informed
consent.

Abacavir should be used only in HLA-B*5701-negative
persons

Should not be used in patients with hepatitis B coinfection
When used in patients with integrase resistance or combined

with certain other medications, requires twice-a-day
dosing

Fixed-dose combination should not be used in patients with
creatinine clearance < 50 mL/min

Raltegravir (400 mg twice daily) +
Either:
emtricitabine/TDF
or
emtricitabine/TAF
or
lamivudine/TDF
or
lamivudine/TAF

Preferred integrase inhibitor for women
who want to become pregnant

Fewest drug interactions of integrase
inhibitors

Lower barrier to resistance than bictegravir and dolutegravir
Requires twice-a-day dosing
No single tablet available

alniv Iniil rgimns fo pins Wo Cnno tk n Ings Inibio

Darunavir (800 mg daily) with
cobicistat +

Either:
emtricitabine/TDF
or
emtricitabine/TAF
or
lamivudine/TDF
or
lamivudine/TAF
(boosted protease inhibitor

regimen)

Single tablet once-a-day regimen (with
emtricitabine and TAF, Symtuza)

Cobicistat boosting causes similar drug-drug interactions as
ritonavir; increases in serum creatinine (nonpathologic)

(continued)
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Table 31–9. Recommended and alternative initial antiretroviral therapy (ART) regimens (alphabetical order).

rgimn advngs Disdvngs

alniv Iniil rgimns fo pins Wo Cnno tk n Ings Inibio (con.)

Darunavir (800 mg daily) with rito-
navir (100 mg daily) boosting +

Either:
emtricitabine/TDF
or
emtricitabine/TAF
or
lamivudine/TDF
or
lamivudine/TAF
(boosted protease inhibitor

regimen)

Potent boosted PI
Can be given once daily
Limited risk of resistance with poor

adherence

Not available as a single tablet
May cause rash in patients with sulfa allergy
Ritonavir boosting required
Has metabolic side effects

Doravirine with
Either:
emtricitabine/TDF
or
emtricitabine/TAF
or
lamivudine/TDF
or
lamivudine/TAF

Avoids the use of both integrase inhibi-
tors and protease inhibitors

Available as a single pill with lamivudine
and TDF (Delstrigo)

Does inhibit or induce the cytochrome
P450 3A4 enzyme

In cases of viral virologic failure, NNRTI cross-resistance may
develop.

Efavirenz/emtricitabine/TDF
(Atripla)

Efavirenz/lamivudine/TDF
Non-integrase, non-protease

inhibitor regimen

Single tablet once-a-day regimen with
emtricitabine

Longest-term clinical experience
Highly effective across broad range of

initial CD4 counts and viral loads

Avoid in patients with transmitted K103N resistance
Neuropsychiatric symptoms common and can be persistent

Rilpivirine/emtricitabine/TDF
(Complera) or with
emtricitabine/TAF (Odefsey)

Non-integrase, non-protease
inhibitor regimens

Single tablet once-a-day regimens
Noninferior to Atripla in patients with

baseline viral load < 100,000/mcL
Limited metabolic side effects

Requires taking with a meal
Cannot be used with proton pump inhibitors
Use only in patients with viral loads < 100,000 copies/mL and

CD4 counts > 200 cells/mcL
Do not use in patients with viral loads > 100,000 copies/mL

or CD4 counts < 200 cells/mcL

1Usual medication doses are supplied when not part of a fixed-dose preparation.

TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.

Repeatedly positive ELISA and Western blot confirmation of HIV

Intolerance to regimen Viral load detectable after 4–12 weeks of
treatment or viral rebound after suppression

Change to alternative
drug or regimen

Assess adherence. If not adherent, initiate
adherence counseling. If adherent, or if

prolonged period of partial or nonadherence,

Perform resistance testing and change to a
regimen with three drugs to which the patient

is not resistant from at least
two different classes.

Perform HIV viral load and resistance testing and begin a recommended
antiretroviral treatment regimen (Table 31–9)

▲ Figure 31–7. Approach to monitoring initial and subsequent antiretroviral therapy.

(continued)
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resistance testing, and assessment f the patient’s ability t
cmply with cmplicated regimens r t tlerate predict-
able side effects, the clinician shuld prescribe a cmbina-
tin f three medicatins t which there is n r nly
minimal resistance.

Once antiretrviral treatment has been initiated, it is
nt advisable t stp the therapy unless there is a cmpel-
ling reasn (eg, txicity, pr adherence, etc). S-called
drug hlidays r structured treatment interruptins are nt
recmmended because they have been shwn t increase
risk f AIDS-related cmplicatins, increase CD4 declines,
and increase mrbidity frm nn–AIDS-related cmplica-
tins (eg, mycardial infarctins and liver failure).

3. The challenge of medication resistance—Resistance t
HIV-1 medicatin has been dcumented fr all currently
available antiretrvirals including the newer classes f
fusin inhibitr, CCR5 inhibitrs, and integrase inhibitrs.
Althugh HIV medicatin resistance was cmmn in the
past, high-level resistance has been declining in the past
few years, likely related t better tlerated, easier t use,
and mre efficacius antiretrviral agents. Resistance als
ccurs in patients wh are antiretrviral treatment-naïve
but wh are infected with a medicatin-resistant strain—
called “primary” r “transmitted” medicatin resistance.
Chrt studies f antiretrviral treatment-naïve patients
entering care in Nrth America and Western Eurpe shw
that rughly 10–12% (and smetimes as high as 25%) f
recently infected individuals have been infected with a
medicatin-resistant strain f HIV-1.

In additin t being part f a standard baseline evalua-
tin, resistance testing is recmmended fr patients wh
are receiving antiretrviral treatment and have subptimal
viral suppressin (ie, viral lads greater than 200 cpies/
mL). Bth gentypic and phentypic resistance tests are
cmmercially available and in randmized cntrlled stud-
ies their use has been shwn t result in imprved shrt-
term virlgic utcmes cmpared t making treatment
chices withut resistance testing. Furthermre, multiple
retrspective studies have cnclusively demnstrated that
resistance tests prvide prgnstic infrmatin abut vir-
lgic respnse t newly initiated therapy that cannt be
gleaned frm standard clinical infrmatin (ie, treatment
histry, examinatin, CD4 cunt, and viral lad tests).

Because f the cmplexity f resistance tests, many cli-
nicians require expert interpretatin f results. In the case
f gentypic assays, results may shw that the mutatins
that are selected fr during antiretrviral treatment are
medicatin-specific r cntribute t brad crss-resistance
t multiple medicatins within a therapeutic class. An
example f a medicatin-specific mutatin fr the reverse
transcriptase inhibitrs wuld be the M184V mutatin that
is selected fr by lamivudine r emtricitabine therapy—this
mutatin causes resistance nly t thse tw medicatins.
Cnversely, the thymidine analg mutatins (“TAMs”) f
M41L, D67N, K70R, L210W, T215Y/F, and T219Q/K/E are
selected fr by either zidvudine r stavudine therapy, but
cause resistance t all the medicatins in the class and ften
extend t the nucletide inhibitr tenfvir when three r
mre f these TAMs are present. Further cmplicating the

interpretatin f gentypic tests is the fact that sme muta-
tins that cause resistance t ne medicatin can actually
make the virus that cntains this mutatin mre sensitive
t anther medicatin. The M184V mutatin, fr example,
is assciated with increased sensitivity t zidvudine,
stavudine, and tenfvir. The mst cmmn mutatins
assciated with medicatin resistance and crss-resistance
patterns fr NRTIs, NNRTIs, PIs, and integrase inhibitrs
can be fund at https://hivdb.stanfrd.edu (see specific
references belw). Phentypic tests als require expert
interpretatin in that the distinctin between a resistant
virus and sensitive ne is nt fully defined fr all available
medicatins.

Furthermre, bth methds f resistance testing are
limited by the fact that they may measure resistance in nly
sme f the viral strains present in an individual. Resis-
tance results may als be misleading if a patient is nt tak-
ing antiretrviral medicatins at the time f testing because
the dminant virus is likely the wild-type, even if there are
resistant viruses in the bdy that can becme dminant
with the selective pressure f antivirals. Thus, resistance
results d nt replace a careful histry f what medicatins
a patient has taken in the past and fr hw lng. Als, the
results f resistance testing shuld be viewed cumulatively—
ie, if resistance is reprted t an agent n ne test, it shuld
be presumed t be present thereafter even if subsequent
tests d nt give the same result.

Stanfrd University HIV Drug Resistance Database Hme Page
(https://hivdb.stanfrd.edu/) prvides Gentypic Resistance
Interpretatin Algrithm, HIVdb Prgram, versin 9.0,
February 22, 2021 (https://hivdb.stanfrd.edu/hivdb/by-
mutatins/); Gentype-Phentype Crrelatins (https://
hivdb.stanfrd.edu/pages/gentype-phentype.html); Gentype-
Treatment Crrelatins (https://hivdb.stanfrd.edu/pages/
gentype-rx.html); Gentype-Clinical Outcme Crrelatins
(https://hivdb.stanfrd.edu/pages/gentype-clinical.html)

F. Constructing Antiretroviral Treatment
Regimens for Patients with Resistance

In designing secnd-line regimens fr patients with resis-
tance t initial therapy, the gal is t identify three medica-
tins frm at least tw different classes t which the virus
is nt resistant. Even withut resistance testing, certain
frms f crss-resistance between medicatins within a
class can be assumed. Fr example, the resistance patterns
f lpinavir/ritnavir and indinavir are verlapping, and
patients with virus resistant t these agents are unlikely t
respnd t nelfinavir r saquinavir even thugh they have
never received treatment with these agents. Similarly, the
resistance patterns f nevirapine and efavirenz are verlap-
ping—as are the resistance patterns between raltegravir and
elvitegravir. Fstemsavir, an attachment inhibitr, and
ibalizumab, a mnclnal antibdy, are specifically FDA
apprved fr heavily treated adults with multidrug-resistant
HIV wh are nt respnding t their existing regimen. They
are used in cmbinatin with ther antiretrviral drugs.

In cnstructing regimens, txicities shuld be nnver-
lapping and agents that are either virlgically antagnistic
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r incmpatible in terms f drug-drug interactins shuld
be avided. Fr example, the cmbinatin f stavudine plus
didansine shuld be avided, since there is increased risk
f txicities, in particular in pregnant wmen because f
the increased risk f lactic acidsis, which can be fatal.
Mrever, the nucleside pair f zidvudine and stavudine
shuld be avided because f increased txicity and the
ptential fr antagnism that results frm intracellular
cmpetitin fr phsphrylatin. The cmbinatin f
didansine with tenfvir shuld be avided because f
bserved declines in CD4 cunts. Etravirine shuld nt be
used with bsted tipranavir because f drug-drug interac-
tins. Lamivudine and emtricitabine are essentially the
same medicatin and s are nt used tgether.

Given the availability f new class medicatins and new
generatin medicatins, a cmbinatin f antiretrviral
treatment can successfully treat virtually all patients—n
matter hw much resistance is present.

» Course & Prognosis

With imprvements in therapy, patients wh are cmpliant
with treatment shuld have near nrmal life spans. A
ppulatin-based study cnducted in Denmark fund that
HIV-infected persns at age 25 years withut hepatitis C
had a life expectancy similar t that f an uninfected
25-year-ld. Unfrtunately, nt all HIV-infected persns
have access t treatment. Studies cnsistently shw less
access t treatment fr Blacks, the hmeless, and injectin
drug users. Fr patients whse disease prgresses even
thugh they are receiving apprpriate treatment, palliative
care must be prvided (see Chapter 5), with attentin t
pain cntrl, spiritual needs, and family (bilgic and ch-
sen) dynamics.

» When to Refer

• HIV-infected patients in whm viral lads cannt be
fully suppressed n ne f the initial recmmended
regimens shuld be referred t specialists.

• Specialty cnsultatin is particularly imprtant fr thse
patients with detectable viral lads n antiretrviral treat-
ment; thse intlerant f standard medicatins; thse in

need f systemic chemtherapy; and thse with cmpli-
cated pprtunistic infectins, particularly when invasive
prcedures r experimental therapies are needed.

» When to Admit

Admit patients with pprtunistic infectins wh are
acutely ill (eg, wh are febrile, wh have had rapid change
f mental status, r wh are in respiratry distress) r wh
require intravenus medicatins.
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º
VIRAL DISEASES

HUMAN HERPESVIRUSES

1. Heresviruses 1 & 2

E S S E N T I A L S  O F  D I A G N O S I S

» Spectrum of illness: stomatitis, urogenital lesions,
Bell palsy, encephalitis.

» Variable intervals between exposure and clinical
disease since herpes simplex virus (HSV) causes
both primary (often subclinical) and reactivation
disease.

» General Considerations

HSV-1 and HSV-2 affect primarily the oral and genital
areas, respectively. Asymptomatic shedding of either virus
is common, but it is more common with HSV-2 and from
genital areas, with most infected individuals shedding virus
at least once a month, which may be responsible for trans-
mission. Asymptomatic HSV-2–infected individuals shed
the virus less often than those with symptomatic infection.
Clinical disease typically indicates reactivation. Total and
subclinical shedding of HSV-2 virus decrease after the first
year of initial infection, although viral shedding continues
for years thereafter.

Although HSV-2 is the most common cause of genital
ulcers in the developed world, epidemiologic studies show
that HSV-1 is a more common cause of both genital and
oral lesions than HSV-2 in young women in the United States.
Most HSV-2–infected persons in the United States are
unaware that they are infected.

HSV-2 seropositivity is associated with higher risk of
HIV acquisition (it is threefold higher among persons who
are HSV-2 seropositive than among those who are HSV-2
seronegative), and HSV-2 reactivates more often in
advanced HIV infection. HIV replication is increased
by interaction with HSV proteins. Suppression of HSV-2

decreases HIV plasma levels and genital tract shedding of
HIV, which can contribute to a reduction in the sexual
transmission of HIV.

» Clinical Findings

A. Symptoms and Signs

1. Mucocutaneous disease—See Chapter 6 for HSV-1
mucocutaneous disease (“herpes labialis” or “gingivosto-
matitis”). Digital lesions (whitlows) (Figure 32–1) are an
occupational hazard in medicine and dentistry. Contact
sports (eg, wrestling) are associated with outbreaks of skin
infections (“herpes gladiatorum”).

Vesicles form moist, painful ulcers after several days
and epithelialize over 1–2 weeks if untreated. Primary
infection is usually more severe than recurrences but may
be asymptomatic. Recurrences often involve fewer lesions,
tend to be labial, heal faster, and are triggered by stress,
fever, infection, sunlight, chemotherapy (eg, fludarabine,
azathioprine), among other undetermined factors.

HSV-2 lesions largely involve the genital tract. The virus
typically remains latent in the presacral ganglia and shedding
of HSV-2 can occur for years after acquisition (see Chapter 6).
Occasionally, lesions arise in the perianal region or on the
buttocks and upper thighs. Dysuria, cervicitis, and urinary
retention may occur in women. Urethritis may occur in men.
Proctitis and extensive, ulcerating, weeping sacral lesions
may be presenting symptoms in people living with HIV
infection with low CD4 counts. Large ulcerations and atypi-
cal lesions suggest drug-resistant isolates.

2. Ocular disease—HSV can cause uveitis, keratitis, bleph-
aritis, and keratoconjunctivitis (see Chapter 7). Lesions
limited to the epithelium usually heal without affecting
vision, whereas stromal involvement can cause uveitis,
scarring, and eventually blindness. HSV is the second most
common infectious cause of acute retinal necrosis, after
varicella-zoster virus (VZV).

3. Neonatal and congenital infection—Rarely, either
HSV-1 or HSV-2 can infect the fetus and induce congenital
malformations (organomegaly, bleeding, and central
nervous system [CNS] abnormalities). Neonatal transmission
during delivery, however, is more common than
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intrauterine infection. The global rate of neonatal herpes is
estimated to be about 10 cases per 100,000 live births.
Maternal infection during the third trimester is associated
with the highest risk of neonatal transmission, but about
70% of these infections are asymptomatic or unrecognized.
Invasive fetal monitoring and vacuum or forceps delivery
increase the risk of herpesvirus transmission.

4. CNS disease—Traditionally, herpes simplex encephalitis
is associated with HSV-1 infection and aseptic meningitis
with HSV-2 infection. Both viruses, however, can cause
encephalitis. Encephalitis presents with nonspecific symp-
toms: a flu-like prodrome, followed by headache, fever,
behavioral and speech disturbances, and focal or general-
ized seizures. The temporal lobe is often involved.
Untreated disease and presentation with coma carry a high
mortality. Ischemic stroke, although infrequent, can com-
plicate the course of HSV meningitis or encephalitis, or can
happen in isolation due to HSV-induced cerebral vasculi-
tis. Many survivors suffer neurologic sequelae, which are
observed more frequently among patients with HSV-1
infection. Both HSV-1 and HSV-2 can cause mild, nonspe-
cific neurologic symptoms and are also associated with
benign recurrent lymphocytic (Mollaret) meningitis.
Hyponatremia is a predictive marker for encephalitis
before lumbar puncture data are available.

5. Disseminated infection—Disseminated HSV infection
occurs in the setting of immunosuppression, either primary
or iatrogenic, or rarely with pregnancy. In disseminated
disease, skin lesions are not always present. Disseminated
skin lesions are a particular complication in patients with
atopic eczema (eczema herpeticum) and burns. Pneumonia
can occur regardless of immune status.

6. Bell palsy—HSV-1 is a cause of Bell palsy (facial nerve
paralysis) (see also Chapter 24).

7. Esophagitis and proctitis—HSV-1 can cause esophagi-
tis in immunocompromised patients, particularly those
with AIDS. The lesions are smaller and deeper than those

observed in patients with cytomegalovirus (CMV) esopha-
gitis or with other herpesviruses known to cause esophagi-
tis in immunocompromised persons. Rarely HSV
esophagitis is accompanied by significant upper gastroin-
testinal hemorrhage. Proctitis occurs mainly in men who
have sex with men.

8. Erythema multiforme—Herpes simplex viruses are a
leading cause of erythema multiforme minor (“herpes-
associated erythema multiforme”) and of the more severe
condition Stevens-Johnson syndrome/toxic epidermal
necrolysis (see also Chapter 6).

9. Other—HSV infection causes approximately 1% of cases of
acute liver failure, particularly in pregnant women and immu-
nosuppressed patients. The mortality of such rare fulminant
hepatitis is nearly 75%. An HSV lower respiratory tract infec-
tion of unknown clinical significance is common in mechani-
cally ventilated patients. Evidence suggests that this finding is
usually an indicator rather than the cause of a poor clinical
condition. HSV-1 pneumonia is associated with high morbid-
ity in patients with solid tumors. HSV-1 is reported to be a
cause of perinephric abscess, febrile neutropenia, chronic
urticaria, and esophagitis and enteritis in systemic lupus ery-
thematosus. HSV is also associated with Helicobacter pylori–
negative upper gastrointestinal tract ulcers.

B. Laboratory Findings

1. Mucocutaneous disease—See Chapter 6.

2. Ocular disease—Herpes keratitis is diagnosed by
branching (dendritic) ulcers that stain with fluorescein.
The extent of epithelial injury in herpes keratitis correlates
well with polymerase chain reaction (PCR) positivity. Uve-
itis from HSV is often diagnosed clinically, although PCR
assays (including a new multiplex assay that includes VZV)
on anterior chamber aspirated material may assist in mak-
ing the diagnosis.

3. Encephalitis and recurrent meningitis—Cerebrospinal
fluid (CSF) pleocytosis is common, with a similar increase
in the number of red cells although CSF findings may be
atypical in immunosuppressed patients. HSV real-time
PCR of the CSF is a rapid, sensitive, and specific tool for
early diagnosis and can be included in a multiple rapid
array panel. Viral detection by this method can be used if
the clinical picture is consistent, especially if initial studies
are negative. Antibodies to HSV in CSF can confirm the
diagnosis but appear late in disease. Viral culture shows a
sensitivity of only 10%. MRI scanning is often a useful
adjunct showing increased signal in the temporal and fron-
tal lobes. Temporal lobe seizure foci may be shown on
electroencephalograms (EEGs). Atypical presentations for
HSV encephalitis are reported from Germany including
the absence of pleocytosis, unremarkable early CT presen-
tations, and unusual MRI findings (global edema).

4. Esophagitis, proctitis, and other gastrointestinal
disease—Esophagitis is diagnosed by endoscopic biopsy
with real-time PCR and cultures. Proctitis may be diagnosed
by rectal swab for PCR, culture, or both. Complicated cases
may require biopsy. Concomitant hepatitis and colitis have

▲ Figure 32–1. Herpetic whitlow. (Used, with permis-
sion, from Richard P. Usatine, MD, in Usatine RP, Smith MA,
Mayeaux EJ Jr, Chumley H. The Color Atlas of Family Medicine,
2nd ed. McGraw-Hill, 2013.)
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been reported with herpes simplex. In pregnancy, HSV
hepatitis is infrequently (18% in one series) associated with
a rash and carries a mortality up to 39%.

5. Pneumonia—Pneumonia is diagnosed by clinical,
pathologic, and radiographic findings. The CT findings
include diffuse or multifocal areas of ground-glass attenu-
ation or consolidative changes or both and are best con-
firmed by using high-resolution CT techniques.

» Treatment & Prophylaxis

Medications that inhibit replication of HSV-1 and HSV-2
include acyclovir and related compounds, foscarnet, cido-
fovir, and trifluridine and vidarabine (both for keratitis)
(Table 32–1). Agents under study include helicase-primase
inhibitors (pritelivir) with promising preliminary data.
Brincidofovir, a lipid conjugate of cidofovir, shows in vitro
activity against HSV/VZV and is effective in preliminary
studies in hematopoietic cell transplant recipients as HSV/
VZV prophylaxis.

A. Mucocutaneous Disease

See Chapter 6.

B. Keratitis and Uveitis

For the treatment of acute epithelial keratitis, oral antiviral
agents such as valacyclovir or famciclovir are first-line thera-
pies (see Chapter 7). The usage of topical corticosteroids
may exacerbate the infection, although systemic corticoste-
roids may help with selected cases of stromal infection.
Long-term treatment (more than 1 year) with acyclovir at a
dosage of 800 mg/day orally decreases recurrence rates of
keratitis, conjunctivitis, or blepharitis due to HSV.

Uveitis is best managed with oral systemic (not topical)
acyclovir, although HSV resistance among people living
with HIV infection is reported because of the diversity of
the HSV species often present.

C. Neonatal Disease

Counseling (but not serologic screening) should be offered
to pregnant mothers. The use of maternal antenatal suppres-
sive therapy with acyclovir (typically, 400 mg orally three
times daily) beginning at 36 weeks’ gestation decreases the
presence of detectable HSV, the rates of recurrence at deliv-
ery, and the need for cesarean delivery. Cesarean delivery is
recommended for pregnant women with active genital
lesions or typical prodromal symptoms.

D. Encephalitis and Meningitis

Because of the need for rapid treatment to decrease mortal-
ity and neurologic sequelae, intravenous acyclovir (10 mg/
kg every 8 hours for 10 days or more, adjusting for kidney
disease) should be started in those patients with suspected
HSV encephalitis, stopping only if another diagnosis is
established. If the PCR of CSF is negative but clinical sus-
picion remains high, treatment should be continued for
10 days because the false-negative rate for PCR can be as
high as 25% (especially in children) and acyclovir is

relatively nontoxic. Acyclovir resistance in a case of herpes
simplex encephalitis is reported. Herpes simplex viral load
does not appear to correlate with outcome of meningitis,
and it is not recommended to follow viral load over time.

Long-term neurologic sequelae of HSV encephalitis are
common, and late pediatric relapse is recognized. Aseptic
meningitis may also require a course of intravenous acyclo-
vir or valacyclovir. Long-term oral prophylaxis with vala-
cyclovir, however, does not appear to prevent recurrences
of aseptic meningitis with HSV-2.

E. Disseminated Disease

Disseminated disease responds best to parenteral acyclovir
when treatment is initiated early.

F. Bell Palsy

Prednisolone, 25 mg orally twice daily for 10 days started
within 72 hours of onset, significantly increases the rate of
recovery. Data on antiherpes agents are equivocal, and there-
fore, HSV assays are not routinely recommended; according
to one study, valacyclovir (but not acyclovir), 1 g orally daily
for 5 days, plus corticosteroid therapy may be beneficial if
started within 7 days of symptom onset. In patients with
severe or complete facial paralysis, such antiviral therapy is
often administered but without proof of efficacy.

G. Esophagitis and Proctitis

Patients with esophagitis should receive either intravenous
acyclovir (5–10 mg/kg every 8 hours) or oral acyclovir
(400 mg five times daily) through resolution of symptoms,
typically 3–5 days; however, longer treatment may be neces-
sary for immunosuppressed patients. Maintenance therapy
for AIDS patients is also with acyclovir (400 mg orally three to
five times daily). Proctitis is treated with similar dosages and
usually responds within 5 days, although in HIV-infected
patients, higher doses (up to 5 g/day) intravenously in five or
six divided doses may be needed for severe lesions.

H. Erythema Multiforme

Suppressive therapy with oral acyclovir (400 mg twice a day
for 6 months) decreases the recurrence rate of HSV-associated
erythema multiforme. Valacyclovir (500 mg orally twice a
day) may be effective in cases unresponsive to acyclovir.

» Prevention

Besides antiviral suppressive therapy (see Erythema multi-
forme, above and in Chapter 6), prevention also requires
counseling and the use of condom barrier precautions dur-
ing sexual activity. Disclosure to sexual partners of HSV-
seropositive status is associated with about a 50% reduction
in HSV-2 acquisition. Male circumcision is associated with
a lower incidence of acquiring HSV-2 infection.

Preventing spread to hospital staff and other patients
from cases with mucocutaneous, disseminated, or genital
disease requires isolation and usage of hand washing and
gloving–gowning precautions. Staff with active lesions (eg,
whitlows) should not have contact with patients. There is
no approved herpes vaccine. Other vaccine candidates are
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Table 32–1. Agents for viral infections (listed in alphabetical order).1

Drug Dosing2 Sectrum Toxicities

Acyclovir HSV and VZV infections: 400 mg orally three times daily or 200 mg orally five

times daily; 30 mg/kg/day or 10 mg/kg every 8 hours intravenously for 7 days

Acute heres encehalitis: 10 mg/kg intravenously every 8 hours for 14–21 days

HSV, VZV Neurotoxic reactions,

reversible kidney dys-

function, local reactions

Baloxavir 40 mg dose if patient is 40 to < 80 kg

80 mg if patient is ≥ 80 kg

Only use for patients 12 years and older

Influenza A and

B strains

Diarrhea and bronchitis

Cidofovir 5 mg/kg intravenously weekly for 2 weeks, then every other week CMV Neutropenia, kidney dis-

ease, ocular hypotonia

Famciclovir Acute VZV: 500 mg orally three times daily for 7 days

Genital or cutaneous HSV-1/HSV-2: 250 mg three times daily for 7–10 days;

125 mg twice daily for 5 days for recurrences (500 mg twice daily for 7 days

if HIV-positive)

HSV, VZV Early angioedema; later

rarely, gastrointestinal

symptoms, headaches,

rashes

Foscarnet Induction: 90 mg/kg intravenously (90- to 120-minute infusion) every

12 hours or 60 mg/kg intravenously (minimum 1-hour infusion) every

8 hours over 2–3 weeks depending on clinical response

Maintenance: 90–120 mg/kg intravenously (2-hour infusion) once daily

HSV resistant to

acyclovir,

CMV, VZV,

HIV-1

Nephrotoxicity, genital

ulcerations, calcium

disturbances

Ganciclovir Induction: 5 mg/kg intravenously every 12 hours for 14–21 days

Maintenance: 6 mg/kg/day intravenously for 5 days each week

CMV Neutropenia, thrombocyto-

penia, CNS side effects

Idoxuridine Topical, 0.1% every 1–2 hours for 3–5 days (not available in the United States) HSV keratitis Local reactions

Interferon

alfa-2b

HBV infection: 10 million international units subcutaneously three times

weekly or 5 million units daily1

Condylomata: 1 million international units intralesionally in up to five

warts three times weekly for 3 weeks

HBV, HCV, HPV Influenza-like syndrome,

myelosuppression,

neurotoxicity

Interferon

alfa-n3

Refractory or recurring external condylomata acuminata: 0.05 mL

(250,000 international units) per wart intralesionally twice weekly for up

to 8 weeks; 0.5 mL (2.5 million international units) is the maximum dose

per treatment session

HPV, HCV Local reactions

Influenza-like syndrome,

myelosuppression,

neurotoxicity

Oseltamivir 75 mg orally twice daily for 5 days Influenza A and B Dose needs to be adjusted

for kidney dysfunction

Palivizumab 15 mg/kg intramuscularly every month in RSV season RSV Upper respiratory infection

symptoms

Penciclovir Topical 1% cream every 2 hours for 4 days HSV Local reactions

Peramivir Intravenous, 600-mg single dose Uncomplicated

influenza A

Nausea, vomiting, diarrhea,

neutropenia

Remdesivir Intravenous, 200 mg first day followed by 100 mg/day for 4 days for non-ICU

patients, 9 more days for ICU patients

Coronavirus-19

(COVID-19)

Transaminitis, fatigue,

headaches, nausea

Ribavirin RSV infection: one vial (6 g) dissolved and delivered through a Small

Particle Aerosol Generator (SPAG-2) over a continuous 12- to 18-hour

period daily for 5 consecutive days

RSV, severe

influenza A or

B, Lassa fever

Wheezing, hemolytic

anemia

Trifluridine Topical, 1% drops every 2 hours to 9 drops/day HSV keratitis Local reactions

Valacyclovir Acute VZV: 1 g orally three times daily for 7 days

primary genital HSV-1/HSV-2: 1 g twice daily for 10 days

Recurrent genital HSV-1/HSV-2: 500 mg twice daily for 3 days

Suressive theray: 1 g daily; 500 mg if fewer than 9 recurrences/year

(Dose depends on immune status and number of recurrences.)

VZV, HSV Thrombotic thrombocyto-

penic purpura or

hemolytic-uremic

syndrome in AIDS

Valganciclovir 900 mg orally twice daily for 3 weeks; 900 mg daily as maintenance CMV See ganciclovir

Zanamivir 5 mg inhalations twice daily for 5 days Uncomplicated

influenza A

and B

Bronchospasm in patients

with asthma

Sources: Data from Drugs.com and Lexicomp Online.
1Agents used exclusively in the management of HIV infection and AIDS are found in Chapter 31. Agents used in the management of HBV

and HCV infections are found in Chapter 16.
2Dosing varies considerably by indication and may require adjustment based on patient’s clinical state and type of viral infection.

Consultation with a pharmacist is recommended.

CMV, cytomegalovirus; CNS, central nervous system; CSF, cerebrospinal fluid; HBV, hepatitis B virus; HCV, hepatitis C virus; HPV, human

papillomavirus; HSV, herpes simplex virus; RSV, respiratory syncytial virus; VZV, varicella-zoster virus.
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in preclinical studies, including a mRNA vaccine against
HSV-2 (specifically, this vaccine expresses HSV-2 glyco-
proteins C, D, and E in lipid nanoparticles) that is targeted
toward pregnant women to prevent neonatal herpes.

Dropulic LK et al. A randomized, double-blinded, placebo-
controlled, phase 1 study of a replication-defective herpes
simplex virus (HSV) type 2 vaccine, HSV529, in adults with
or without HSV infection. J Infect Dis. 2019;220:990. [PMID:
31058977]

McCormack AL et al. HSV hepatitis in pregnancy: a review of the
literature. Obstet Gynecol Surv. 2019;74:93. [PMID: 30756123]

Pittet LF et al. Postnatal exposure to herpes simplex virus: to treat
or not to treat? Pediatr Infect Dis J. 2020. [Epub ahead of print]
[PMID: 32773663]

Whitley R et al. Clinical management of herpes simplex virus
infections: past, present, and future. F1000Res. 2018;7:1726.
[PMID: 30443341]

Workowski KA et al; Centers for Disease Control and Prevention.
Sexually transmitted diseases treatment guidelines, 2015.
MMWR Recomm Rep. 2015;64:1. [PMID: 26042815]

2. Varicella (Chickenox) &
Heres Zoster (Shingles)

E S S E N T I A L S  O F  D I A G N O S I S

» Varicella rash: pruritic, centrifugal, papular chang-
ing to vesicular (“dew drops on a rose petal”),
pustular, and finally crusting.

» Zoster rash: tingling, pain, eruption of vesicles in a
dermatomal distribution, evolving to pustules and
then crusting.

» General Considerations

Disease manifestations of VZV, or human herpesvirus
(HHV)-3, include chickenpox (varicella) and shingles
(herpes zoster). Chickenpox generally presents during
childhood; has an incubation period of 10–20 days (aver-
age 2 weeks); and is highly contagious, spreading by inhala-
tion of infective droplets or contact with lesions.

The incidence and severity of herpes zoster (“shingles”),
which affects up to 25% of persons during their lifetime,
increases with age due to an age-related decline in immu-
nity against VZV. More than half of all patients in whom
herpes zoster develops are older than 60 years, and the
incidence of herpes zoster reaches 10 cases per 1000
patient-years by age 80 (by which time 50% are infected
with VZV). The annual incidence in the United States of 1
million cases is increasing as the population ages. Popula-
tions at increased risk for varicella-zoster–related diseases
include immunosuppressed persons and persons receiving
biologic agents.

» Clinical Findings

A. Varicella

1. Symptoms and signs—Fever and malaise are mild in
children and more marked in adults. The pruritic rash
begins prominently on the face, scalp, and trunk, and later
involves the extremities (Table 32–2). Maculopapules
change within a few hours to vesicles that become pustular
and eventually form crusts (Figures 32–2 and 32–3). New
lesions may erupt for 1–5 days, so that different stages of
the eruption are usually present simultaneously. The crusts
slough in 7–14 days. The vesicles and pustules are superfi-
cial and elliptical, with slightly serrated borders. Pitted

Table 32–2. Diagnostic features of some acute exanthems (listed in alphabetical order).

Disease

prodromal Signs

and Symtoms Nature of Erution

Other Diagnostic

Features Laboratory Tests

Atypical measles Same as measles. Maculopapular centripetal rash,

becoming confluent.

History of measles

vaccination.

Measles antibody pres-

ent in past, with titer

rise during illness.

Chikungunya fever 2–4 (sometimes 1–12)

days, fever, head-

aches, abdominal

complaints, myal-

gias, arthralgias.

Maculopapular, centrally distributed,

pruritus, can be bullous with slough-

ing in children, occasional facial

edema and petechiae.

History of mosquito

bites, epidemio-

logic factors.

ELISA-based IgM or IgG

(fourfold increase in

titers); PCR and cul-

tures are infrequently

available.

Eczema herpeticum None. Vesiculopustular lesions in area of

eczema.

HSV isolated in cell cul-

ture. Multinucleated

giant cells in smear of

lesion.

Ehrlichiosis Headache, malaise. Rash in one-third, similar to Rocky

Mountain spotted fever.

Pancytopenia, ele-

vated liver bio-

chemical tests.

PCR, immunofluores-

cent antibody.

Enterovirus infections 1–2 days of fever,

malaise.

Maculopapular rash resembling rubella,

rarely papulovesicular or petechial.

Aseptic meningitis. Virus isolation from

stool or CSF; comple-

ment fixation titer

rise.

(continued)
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Table 32–2. Diagnostic features of some acute exanthems (listed in alphabetical order).

Disease

prodromal Signs

and Symtoms Nature of Erution

Other Diagnostic

Features Laboratory Tests

Erythema infectiosum

(erythroparvovirus)

None. Usually in

epidemics.

Red, flushed cheeks; circumoral pallor;

maculopapules on extremities.

“Slapped face”

appearance.

White blood cell count

normal.

Exanthema subitum

(HHV-6, 7; roseola)

3–4 days of high fever. As fever falls, pink maculopapules

appear on chest and trunk; fade in

1–3 days.

White blood cell count

low.

Infectious

mononucleosis

(EBV)

Fever, adenopathy,

sore throat.

Maculopapular rash resembling rubella,

rarely papulovesicular.

Splenomegaly, ton-

sillar exudate.

Atypical lymphocytes in

blood smears; hetero-

phile agglutination

(Monospot test).

Kawasaki disease Fever, adenopathy,

conjunctivitis.

Cracked lips, strawberry tongue,

maculopapular polymorphous rash,

peeling skin on fingers and toes.

Edema of extremi-

ties. Angiitis of

coronary arteries.

Thrombocytosis, elec-

trocardiographic

changes.

Measles (rubeola) 3–4 days of fever,

coryza, conjunctivi-

tis, and cough.

Maculopapular, brick red; begins on

head and neck; spreads downward

and outward, in 5–7 days rash

brownish, desquamating. See

Atypical measles, above.

Koplik spots on

buccal mucosa.

White blood cell count

low. Virus isolation in

cell culture. Antibody

tests by hemaggluti-

nation inhibition or

neutralization.

Meningococcemia Hours of fever,

vomiting.

Maculopapules, petechiae, purpura. Meningeal signs,

toxicity, shock.

Cultures of blood, CSF.

White blood cell

count high.

Rocky Mountain

spotted fever

3–4 days of fever,

vomiting.

Maculopapules, petechiae, initial distri-

bution centripetal (extremities to

trunk, including palms).

History of tick bite. Indirect fluorescent

antibody; comple-

ment fixation.

Rubella Little or no prodrome. Maculopapular, pink; begins on head

and neck, spreads downward, fades

in 3 days. No desquamation.

Lymphadenopathy,

postauricular or

occipital.

White blood cell count

normal or low. Sero-

logic tests for immu-

nity and definitive

diagnosis (hemagglu-

tination inhibition).

Scarlet fever One-half to 2 days of

malaise, sore throat,

fever, vomiting.

Generalized, punctate, red; prominent

on neck, in axillae, groin, skin folds;

circumoral pallor; fine desquamation

involves hands and feet.

Strawberry tongue,

exudative

tonsillitis.

Group A beta-hemolytic

streptococci in cul-

tures from throat;

antistreptolysin O

titer rise.

Smallpox Fever, malaise,

prostration.

Maculopapules to vesicles to pustules

to scars (lesions develop at the same

pace).

Centrifugal rash;

fulminant sepsis

in small percent-

age of patients,

gastrointestinal

and skin

hemorrhages.

Contact CDC1 for suspi-

cious rash; EM and

gel diffusion assays.

Typhus 3–4 days of fever,

chills, severe

headaches.

Maculopapules, petechiae, initial

distribution centrifugal (trunk to

extremities).

Endemic area, lice. Complement fixation.

Varicella (chickenpox) 0–1 day of fever,

anorexia, headache.

Rapid evolution of macules to papules,

vesicles, crusts; all stages simultane-

ously present; lesions superficial, dis-

tribution centripetal.

Lesions on scalp

and mucous

membranes.

Specialized complement

fixation and virus

neutralization in cell

culture. Fluorescent

antibody test of

smear of lesions.

1https://www.cdc.gov/smallpox/index.html

CDC, Centers for Disease Control and Prevention; CSF, cerebrospinal fluid; EBV, Epstein-Barr virus; ELISA, enzyme-linked immunosorbent

assay; EM, electron microscopy; HHV, human herpesvirus; HSV, herpes simplex virus; Ig, immunoglobulin; PCR, polymerase chain reaction.

(continued)
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scars are frequent. Although the disease is often mild,
complications (such as secondary bacterial infection,
pneumonitis, and encephalitis) occur in about 1% of cases
and often lead to hospitalization.

Varicella is more severe in older patients and immuno-
compromised persons. In the latter, atypical presentations,
including widespread dissemination in the absence of skin
lesions, are often described. After the primary infection,
the virus remains dormant in cranial nerve sensory ganglia
and spinal dorsal root ganglia. Latent VZV will reactivate as
herpes zoster in about 10–30% of persons. There is a small
increased risk of Guillain-Barré syndrome for at least
2 months after an acute herpes zoster attack.

2. Laboratory findings—Diagnosis is usually made clini-
cally, with confirmation by direct immunofluorescent anti-
body staining or PCR of scrapings from lesions, both of
which are more sensitive than culture. Multinucleated giant
cells are usually apparent on a Tzanck smear of material from
the vesicle base. Leukopenia and subclinical transaminase
elevation are often present, and thrombocytopenia occasion-
ally occurs. Although elevation of varicella IgM is occasion-
ally used to diagnose a primary VZV infection, the assay has
poor performance and is generally not recommended. The
exception is that varicella antibody tested in the CSF is useful
for identifying CNS involvement if VZV vasculopathy is
suspected but CSF VZV DNA PCR is negative. A varicella
skin test and interferon-gamma enzyme-linked immunospot
(ELISPOT) can screen for VZV susceptibility.

B. Herpes Zoster

Herpes zoster (“shingles”) usually occurs among adults,
but cases are reported among infants and children. Shin-
gles incidence rises markedly with age because of immu-
nosenescence and loss of specific immunity to VZV, with
rates of 8 to 12 per 1000 person-years in individuals older
than 80 years. Skin lesions resemble those of chickenpox.
Pain is often severe and commonly precedes the appearance
of rash. Lesions follow a dermatomal distribution, with
thoracic and lumbar roots being the most common. In
most cases, a single unilateral dermatome is involved, but
occasionally, neighboring and distant areas are involved.
Lesions on the tip of the nose, inner corner of the eye, and
root and side of the nose (Hutchinson sign) indicate
involvement of the trigeminal nerve (herpes zoster
ophthalmicus). Facial palsy and lesions of the external ear
with or without tympanic membrane involvement, vertigo
and tinnitus, or deafness signify geniculate ganglion
involvement (Ramsay Hunt syndrome or herpes zoster
oticus). Shingles is a particularly common and serious
complication among immunosuppressed patients.

» Complications

A. Varicella

Secondary bacterial skin superinfections, particularly with
group A Streptococcus and Staphylococcus aureus, are the
most common complications. Cellulitis, erysipelas, and
scarlet fever are described. Bullous impetigo and necrotiz-
ing fasciitis are less often seen. Other associations with

▲ Figure 32–2. Primary varicella (chickenpox) skin
lesions. (Public Health Image Library, CDC.)

▲ Figure 32–3. Chickenpox (varicella) with classic
“dew drop on rose petal” appearance. (Used, with
permission, from Richard P. Usatine, MD, in Usatine RP,
Smith MA, Mayeaux EJ Jr, Chumley H. The Color Atlas of
Family Medicine, 2nd ed. McGraw-Hill, 2013.)
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varicella include epiglottitis, necrotizing pneumonia,
osteomyelitis, septic arthritis, epidural abscess, meningitis,
endocarditis, pancreatitis, giant cell arteritis, inflammatory
bowel disease, and purpura fulminans. Toxic shock syn-
drome can also develop.

Interstitial VZV pneumonia is more common in adults
(especially cigarette smokers, people living with HIV, and
pregnant women) and may result in acute respiratory
distress syndrome (ARDS). After healing, numerous
densely calcified lesions are seen throughout the lung fields
on chest radiographs.

Historically, neurologic complications developed in
about 1 in 2000 children. Cerebellar ataxia occurs at a fre-
quency of 1:4000 in the young. A limited course and com-
plete recovery are the rule. Encephalitis is similarly
infrequent, occurs mostly in adults, and is characterized by
delirium, seizures, and focal neurologic signs. The rates for
both mortality and long-term neurologic sequelae are
about 10%. Ischemic strokes in the wake of acute VZV
infection present at a mean of 4 months after rashes and
may be due to an associated vasculitis. Multifocal encepha-
litis (described without a rash in solid organ transplant
recipients), ventriculitis, myeloradiculitis, arterial aneu-
rysm formation, Ramsay Hunt syndrome, an optic neuritis
(with zoster ophthalmicus), and arteritis are also described
in immunosuppressed individuals, especially those living
with HIV. When seizures develop in immunosuppressed
patients, especially those taking corticosteroids, dissemi-
nated zoster should be considered.

Clinical hepatitis is uncommon and mostly presents in
the immunosuppressed patient but can be fulminant and
fatal. Reye syndrome (fatty liver with encephalopathy) also
complicates varicella (and other viral infections, especially
influenza B virus), usually in childhood, and is associated
with aspirin therapy (see Influenza, below).

When contracted during the first or second trimesters
of pregnancy, varicella carries a miniscule risk of congeni-
tal malformations, including cicatricial lesions of an
extremity, growth retardation, microphthalmia, cataracts,
chorioretinitis, deafness, and cerebrocortical atrophy. If
varicella develops around the time of delivery, the newborn
is at risk for disseminated disease. VZV is a greater risk to
the pregnant mother.

B. Herpes Zoster

Postherpetic neuralgia occurs in 60–70% of patients who
have herpes zoster and are older than 60 years. The pain
can be prolonged and debilitating. Risk factors for posther-
petic neuralgia include advanced age, female sex, the pres-
ence of a prodrome, and severity of rash or pain but not
family history.

Other complications include the following: (1) bacterial
skin superinfections; (2) herpes zoster ophthalmicus,
which occurs with involvement of the trigeminal nerve, is
a sight-threatening complication (especially when it involves
the iris), and is a marker for vasculopathic stroke over the
ensuing year (Hutchinson sign is a marker of ocular
involvement in people living with HIV); (3) rarely, unilat-
eral ophthalmoplegia; (4) keratitis; (5) involvement of the
geniculate ganglion of cranial nerve VII as well as cranial

nerves V, VIII, IX, and X; (6) aseptic meningitis; (7)
peripheral motor neuropathy; (8) transverse myelitis,
which can become chronic; (9) encephalitis; (10) acute
cerebellitis; (11) stroke; (12) vasculopathy; (13) acute reti-
nal necrosis; (14) progressive outer retinal necrosis (largely
among people living with HIV); (15) temporal arteritis;
and (16) sacral meningoradiculitis (Elsberg syndrome).
Visceral dissemination in immunocompromised patients is
rare and fatal over half the time. VZV is a major cause of
Bell palsy in patients who are HSV seronegative.

Diagnosis of neurologic complications requires the
detection of VZV DNA in CSF or the detection of VZV
DNA in tissue. Diagnosis by examination of saliva may be
possible. Zoster sine herpete (pain without rash) can also
be associated with most of the above complications. A
multiplex assay can help distinguish HSV from VZV for
patients with keratitis.

Varicella-zoster increases maternal but not fetal mor-
bidity, and pregnant women should be advised to avoid
exposure to VZV.

» Treatment

A. General Measures

In general, patients with varicella should be isolated until
primary lesions have crusted. The skin is kept clean. Pruri-
tus can be relieved with antihistamines, calamine lotion,
and colloidal oatmeal baths. Fever can be treated with
acetaminophen (not aspirin). Fingernails can be closely
cropped to avoid skin excoriation and infection.

B. Antiviral Therapy

1. Varicella—Uncomplicated disease in otherwise healthy
children and adolescents does not require antiviral therapy.
Acyclovir, 20 mg/kg (up to 800 mg per dose) orally four
times daily for 5–7 days, should be given within the first
24 hours after the onset of varicella rash and should be
considered for patients older than 12 years, secondary
household contacts (disease tends to be more severe in
secondary cases), patients with chronic cutaneous and
cardiopulmonary diseases, and children receiving long-
term therapy with salicylates (to decrease the risk of Reye
syndrome). Acyclovir hastens defervescence and healing of
lesions but does not impact complication rates. Famciclovir
is not approved for anyone under 18 years of age. Valacy-
clovir can be given between ages 2 and 18 at a dose of
20 mg/kg (max 1 g) three times daily for 5 days. Nonsteroi-
dal anti-inflammatory drug (NSAID) use in varicella-
infected children appears to be associated with an increase
in bacterial infections.

In immunocompromised patients, in pregnant women
during the third trimester, and in patients with extracuta-
neous disease (encephalitis, pneumonitis), antiviral ther-
apy with high-dose acyclovir (30 mg/kg/day in three
divided doses intravenously for at least 7 days, 10 days for
encephalitis) should be started once the diagnosis is sus-
pected. The oral alternative is 800 mg four times daily for
5–10 days, based on disease state treated. Corticosteroids
may be useful in the presence of pneumonia. Prolonged
prophylactic acyclovir is important to prevent VZV
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reactivation in profoundly immunosuppressed patients.
Adjuvant treatment with VSV-specific immunoglobulins
for patients with pneumonia is advocated by some experts.

2. Herpes zoster—For uncomplicated herpes zoster, vala-
cyclovir or famciclovir is preferable to acyclovir due to
dosing convenience and higher drug levels in the body
(Table 32–1). Therapy should start within the first 72 hours
of the onset of the lesions and be continued for 7 days or
until the lesions crust over. Amenamevir is an oral heli-
case-primase inhibitor given as a single dose that is
approved to treat shingles in Japan but is not available in
the United States. Antiviral therapy reduces the duration of
herpetic lesions and associated episodes of acute pain but
does not decrease the risk of postherpetic neuralgia. Cortico-
steroids (a tapering course starting at 60 mg/day, for
2–3 weeks) are safe in immunocompetent patients and may
be useful in the acute management of disease to hasten the
resolution of acute lesions. Corticosteroids do not prevent
the development of postherpetic neuralgia.

Intravenous acyclovir is used for extradermatomal com-
plications of zoster. Adjunctive therapy may be considered in
retinal disease (foscarnet) and acute herpes zoster (sorivu-
dine, a topical antiviral). In cases of prolonged or repeated
acyclovir use, immunosuppressed patients may require a
switch to foscarnet due to the development of acyclovir-
resistant VZV infections. VZV associated with the Ramsay
Hunt syndrome is more resistant to antiviral therapy.

C. Treatment of Postherpetic Neuralgia

Once established, postherpetic neuralgia is difficult to treat,
and less than half of patients achieve adequate pain relief.
This condition may respond to neuropathic pain agents such
as gabapentin or lidocaine patches. Tricyclic antidepressants
and capsaicin cream are also widely used and effective; use
of opioids in managing neuropathic pain is controversial
and based on limited evidence, and their long-term use
should be avoided. The epidural injection of corticosteroids
and local anesthetics appears to modestly reduce herpetic
pain at 1 month but, as with oral corticosteroids, is not effec-
tive for prevention of long-term postherpetic neuralgia.
Transcutaneous electrical nerve stimulation or pulsed radio-
frequency is reportedly successful. Gabapentin appears to
show efficacy as a premedication in reducing the risk of
postherpetic neuralgia in diabetic patients with neuropathy.

» Prognosis

The total duration of varicella from onset of symptoms to
disappearance of crusts rarely exceeds 2 weeks. Fatalities
are rare except in immunosuppressed patients.

Herpes zoster resolves in 2–6 weeks. Antibodies persist
longer and at higher levels than with primary varicella. Eye
involvement with herpes zoster necessitates periodic future
examinations.

» Prevention

Health care workers should be screened for varicella and
vaccinated if seronegative. Patients with active varicella or

herpes zoster are promptly separated from seronegative
patients. For patients with varicella, airborne and contact
isolation is recommended, whereas for those with zoster,
contact precautions are sufficient. For immunosuppressed
patients with zoster, precautions should be the same as if
the patient had varicella. Exposed serosusceptible patients
should be placed in isolation and exposed serosusceptible
employees should stay away from work for 8–21 days after
exposure. Health care workers with zoster should receive
antiviral agents during the first 72 hours of disease and
withdraw from work until lesions are crusted. The need for
postexposure prophylaxis should be assessed.

A. Varicella

1. Vaccination—Universal childhood vaccination against
varicella is effective. The varicella vaccine is live and
attenuated, safe, and over 98.1% effective when given after
13 months of age. A single antigen live attenuated vaccine
(VARIVAX, VARILRIX) or a quadrivalent measles, mumps,
rubella, and varicella (MMRV) vaccine (ProQuad) is avail-
able (the combination is immunogenic). The first dose of
the single antigen vaccine should be administered at
12–18 months of age and the second at 4–6 years. Alterna-
tively, the MMRV vaccine can be given as a first dose at
12–15 months of age and the second dose before elemen-
tary school entry. Aspirin should be avoided for at least
6 weeks after vaccination because of the risk of Reye
syndrome. The single antigen vaccine is safe and well toler-
ated, but the quadrivalent MMRV vaccine is associated with a
small risk of febrile seizures 5–12 days after vaccination
among infants aged 12–23 months. Because of this risk, the
Centers for Disease Control and Prevention (CDC) recom-
mends using separate varicella and measles, mumps, and
rubella (MMR) vaccines for the first dose in children younger
than 48 months old. Rashes, when secondary to the varicella
vaccine, appear 15–42 days after vaccination. Rare cases of
keratitis are associated with zoster and varicella vaccines.

For serosusceptible individuals older than 13 years, two
doses of varicella vaccine (single antigen) administered
4–8 weeks apart are recommended. For those who received
a single dose in the past, a catch-up second dose is advised,
especially in the epidemic setting (where it is effective
when it can be given during the first 5 days postexposure).
Household contacts of immunocompromised patients
should adhere to these recommendations. Susceptible
pregnant women (who should not be vaccinated with live
varicella or zoster vaccines during pregnancy) need to
receive the first dose of single antigen vaccine before dis-
charge after delivery and the second dose 4–8 weeks later.
The Advisory Committee on Immunization Practices
(ACIP) recommends administration of the single agent
varicella vaccine as two doses 3 months apart to children
living with HIV aged 12 months or older with CD4 cell
percentage greater than 15% and adolescents and adults
with CD4 cell counts 200 cells/mcL or higher.

The vaccine may also be given to patients with impaired
humoral immunity, to patients receiving corticosteroids, to
pediatric oncology patients receiving chemotherapy, and to
patients with juvenile rheumatoid arthritis who receive
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methotrexate. Patients receiving high doses of corticoste-
roids for over 2 weeks may be vaccinated a month after
discontinuation of the therapy. Patients with leukemia,
lymphoma, or other malignancies whose disease is in
remission and who have not undergone chemotherapy for
at least 3 months may be vaccinated. Kidney and liver
transplant patients should be vaccinated if they are suscep-
tible to varicella.

The incidence of varicella in the United States is signifi-
cantly reduced with the varicella vaccine. Although uncom-
mon, the varicella vaccine, like any of the live varicella-zoster
vaccines, has the potential to reactivate and cause clinical
disease. It is thought that vaccination against varicella pro-
vides less protection against future zoster than does natural
varicella infection. The incidence of varicella-associated
group A streptococcal infection and varicella neurologic
complications are both diminished with the advent of vari-
cella vaccination.

The FDA no longer maintains a registry for exposed
pregnant women because of the low rate of such incidents
and the general safety of varicella vaccines. Incidents can
be reported to Merck (877-888-4231) or through the
Vaccine Adverse Events Registry System Vaccine (https://
vaers.hhs.gov/index).

2. Postexposure—Postexposure vaccination is recom-
mended for unvaccinated persons without other evidence
of immunity. Varicella-zoster immune globulin available in
the United States only as VariZIG should be considered for
susceptible exposed patients (for up to 10 days after expo-
sure but as soon as feasible) who cannot receive the vac-
cine, including immunosuppressed patients, neonates from
mothers with varicella around the time of delivery, exposed
premature infants born from serosusceptible mothers at
greater than 28 weeks of gestation, and neonates born at
less than 28 weeks of gestation regardless of maternal
serostatus. Varicella and zoster vaccines are not recom-
mended for pregnant women.

No controlled studies have evaluated the use of acyclo-
vir in this setting. VariZIG is given by intramuscular injec-
tion in a dosage of 125 international units/10 kg, to a
maximum of 625 international units with a weight-based
(2-kg cutoff) minimum dose of 62.5 or 125 international
units), with a repeat identical dose in 3 weeks if a high-risk
patient remains exposed. VariZIG has no place in therapy
of established disease; however, it reduces severity of vari-
cella in high-risk children or adults (ie, those with impaired
immunity and infants exposed peripartum) if given within
4 days of exposure. Varicella vaccination should be delayed
at least 5 months after VariZIG administration. If VariZIG
is not available, standard pooled intravenous immuno-
globulin (IVIG) (400 mg/kg given in one dose) can be
given. Acyclovir (40–80 mg/kg) for 5 days or the varicella
vaccine (if not contraindicated) can also be given as post-
exposure prophylaxis within 3 days of exposure. Either of
these options offers an efficacy of 70–85% compared to
90% efficacy for VariZIG.

Further information may be obtained by calling the
Centers for Disease Control and Prevention’s Immuniza-
tion Information Hotline (800-232-2522).

B. Herpes Zoster

Shingrix, HZ/su (GlaxoSmithKline Biologics), an adju-
vanted recombinant subunit vaccine, is approved by the
FDA for VZV, and is recommended for individuals 50 years
of age and older. Shingrix is preferred over the older live
attenuated VZV vaccine (ZOSTAVAX, see below). Shingrix
is particularly effective in reducing the incidence of herpes
zoster infection and postherpetic neuralgia in adults
70 years of age and older; immunosenescence to the vac-
cine does not appear to occur in older patients; in fact,
strong, persistent immune responses are seen more than
10 years after initial vaccination. It can also be used in
immunosuppressed patients. Two doses of the vaccine
given 2 months apart had 97% efficacy in preventing her-
pes zoster. Shingrix also is safe in people living with HIV
and with immune restoration (typically CD4 cell counts
above 50 cells/mcL), recipients of autologous stem cell
transplants, and adults with autoimmune disease taking
immunosuppressive therapy.

The older live attenuated VZV vaccine, ZOSTAVAX
(19,400 plaque forming units [pfu] of Oka/Merck strain)
contains at least 14 times the concentration of varicella
virus found in VARIVAX. ZOSTAVAX has been recom-
mended for persons 60 years and older because it reduces
the incidence of herpes zoster by 33–55% in the first
3 years after vaccination and reduces the incidence of
postherpetic neuralgia by 55–67%. The efficacy of ZOS-
TAVAX wanes over time, from 69% in the first year after
vaccination to 45% by the third year. ZOSTAVAX is safe
but only moderately immunogenic among people living
with HIV and with a CD4 cell count of at least 200 cells/mcL.
Decreased efficacy occurs in patients older than 70, and
this vaccine should not be given to immunosuppressed
persons. Nonetheless, hematologic oncology patients tak-
ing anti-CD20 monoclonal antibodies may be successfully
vaccinated with ZOSTAVAX. An increased risk of herpes
zoster during a 6-week interval following vaccination is
reported among patients taking immunosuppressant medi-
cations. This vaccine provides protection for about 3 years.

Even if the person has had a prior episode of herpes
zoster, either of the two zoster vaccines has efficacy and can
be administered. No specific recommendations exist
regarding how long to wait between a zoster outbreak and
administering the vaccine; the CDC recommends waiting
at least until the outbreak has resolved. Concurrent admin-
istration of the adjuvanted recombinant subunit vaccine or
the live attenuated VZV vaccine with pneumococcal
vaccine is safe. This policy is based on CDC analysis of
data, although some experts including original statements
of the manufacturer of ZOSTAVAX (Merck & Co.) contend
that the two vaccines should be separated by 4 weeks. If a
varicella vaccine is mistakenly administered to an adult
instead of the adjuvanted recombinant subunit vaccine or
the live attenuated zoster vaccine, the dose should be con-
sidered invalid and the patient should be administered a
dose of zoster vaccine at the same visit. The zoster vaccine
cannot be used in children in place of varicella vaccine; if
the vaccine is accidentally given to a child, the event should
be reported to the CDC.
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3. Estein-Barr Virus & Infectious
Mononucleosis

E S S E N T I A L S  O F  D I A G N O S I S

» Malaise, fever, and (exudative) sore throat.

» Palatal petechiae, lymphadenopathy, splenomeg-
aly; occasionally, a maculopapular rash.

» Positive heterophile agglutination test (Monospot).

» Atypical large lymphocytes in blood smear;
lymphocytosis.

» Complications: hepatitis, myocarditis, neuropathy,
encephalitis, airway obstruction from adenitis,
hemolytic anemia, thrombocytopenia.

» General Considerations

Epstein-Barr virus (EBV, or human herpes virus-4 [HHV-4])
is one of the most ubiquitous human viruses, infecting
more than 95% of the adult population worldwide and
persisting for the lifetime of the host. Infectious mononu-
cleosis is a common manifestation of EBV and may occur
at any age. In the United States the incidence of EBV infec-
tion is declining, although prevalence of EBV remains high
for those aged 12–19 years. In the developing world, infec-
tious mononucleosis occurs at younger ages and tends to
be less symptomatic. Rare cases in older adults occur usu-
ally without the full symptomatology. EBV is largely trans-
mitted by saliva but can also be recovered from genital
secretions. Saliva may remain infectious during convales-
cence, for 6 months or longer after symptom onset. The
incubation period lasts several weeks (30–50 days). Patients
with immunodeficiency disorders are at risk for the full
spectrum of EBV-associated disorders.

» Clinical Findings

A. Symptoms and Signs

Fever, sore throat, fatigue, malaise, anorexia, and myalgia
typically occur in the early phase of the illness. Physical
findings include lymphadenopathy (discrete, nonsuppura-
tive, slightly painful, especially along the posterior cervical
chain), transient upper lid edema (Hoagland sign), and
splenomegaly (in up to 50% of patients and sometimes
massive). A maculopapular or occasionally petechial rash
occurs in less than 15% of patients unless ampicillin is
given. Conjunctival hemorrhage, exudative pharyngitis,
uvular edema, tonsillitis, or gingivitis may occur and soft
palatal petechiae may be noted.

Other manifestations include hepatitis, interstitial
pneumonitis (sometimes with pleural involvement), cho-
lestasis, gastritis, kidney disease (mostly interstitial nephri-
tis), epiglottitis, and nervous system involvement in 1–5%
(mononeuropathies and occasionally aseptic meningitis,
encephalitis, cerebellitis, peripheral and optic neuritis,
transverse myelitis, or Guillain-Barré syndrome). Vaginal
ulcers are rare but may be present. Airway obstruction
from lymph node enlargement can occur. Complications of
acute disease are more common among older adults.

B. Laboratory Findings

An initial phase of granulocytopenia is followed within
1 week by lymphocytic leukocytosis (greater than 50% of
all leukocytes) with atypical lymphocytes (larger than nor-
mal mature lymphocytes, staining more darkly, and show-
ing vacuolated, foamy cytoplasm and dark nuclear
chromatin) comprising more than 10% of the leukocyte
count. Hemolytic anemia, with antibodies, occurs occa-
sionally as does thrombocytopenia (at times marked and
life-threatening).

Diagnosis is made based on characteristic manifesta-
tions and serologic evidence of infection (the heterophile
sheep cell agglutination [HA] antibody tests or the corre-
lated mononucleosis spot test [Monospot]). These tests
usually become positive within 4 weeks after onset of ill-
ness and are specific but often not sensitive in early illness.
Heterophile antibodies may be absent in young children
and in as many as 20% of adults. During acute illness, there
is a rise and fall in immunoglobulin M (IgM) antibody to
EB virus capsid antigen (VCA) and a rise in immunoglobu-
lin G (IgG) antibody to VCA, which persists for life. Anti-
bodies (IgG) to EBV nuclear antigen (EBNA) appear after
4 weeks of onset and also persist. Absence of IgG and IgM
VCA or the presence of IgG EBNA should make one recon-
sider the diagnosis of acute EBV infection.

PCR for EBV DNA is useful in the evaluation of malig-
nancies associated with EBV. For instance, detection of
EBV DNA in CSF shows a sensitivity of 90% and specificity
of nearly 100% for the diagnosis of primary CNS lym-
phoma in patients with AIDS.

» Differential Diagnosis

CMV infection, toxoplasmosis, acute HIV infection,
secondary syphilis, HHV-6 infection, rubella, and drug
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hypersensitivity reactions may be indistinguishable from
infectious mononucleosis due to EBV, but exudative
pharyngitis is usually absent and the heterophile antibody
tests are negative. With acute HIV infection, rash and
mucocutaneous ulceration are common but atypical lym-
phocytosis is much less common. Heterophile-negative
infectious mononucleosis with nonsignificant lymphocy-
tosis (especially if rash or mucocutaneous ulcers are pres-
ent) should prompt investigation for acute HIV infection.
CMV, toxoplasmosis, and, on occasion, EBV can cause
heterophile-negative infectious mononucleosis with atyp-
ical lymphocytosis. Mycoplasma infection may also pres-
ent as pharyngitis, though lower respiratory symptoms
usually predominate. A hypersensitivity syndrome
induced by carbamazepine or phenytoin may mimic infec-
tious mononucleosis.

The differential diagnosis of acute exudative pharyngi-
tis includes gonococcal and streptococcal infections, and
infections with adenovirus and herpes simplex. Head and
neck soft tissue infections (pharyngeal and tonsillar
abscesses) may occasionally be mistaken as the lymphade-
nopathy of mononucleosis.

» Complications

Secondary bacterial pharyngitis can occur and is often
streptococcal. Splenic rupture (0.5–1%) is a rare but
dramatic complication, and a history of preceding
trauma can be elicited in 50% of the cases. Acalculous
cholecystitis, fulminant hepatitis with massive necrosis,
pericarditis, and myocarditis are also infrequent
complications.

» Treatment

A. General Measures

Over 95% of patients with acute EBV-associated infec-
tious mononucleosis recover without specific antiviral
therapy. Treatment is symptomatic with NSAIDs or acet-
aminophen and warm saline throat irrigations or gargles
three or four times daily. Acyclovir decreases viral shed-
ding but shows no clinical benefit. Corticosteroid therapy,
although widespread, is not recommended in uncompli-
cated cases; its use is reserved for impending airway
obstruction from enlarged lymph nodes, hemolytic ane-
mia, and severe thrombocytopenia. The value of cortico-
steroid therapy in impending splenic rupture, pericarditis,
myocarditis, and nervous system involvement is less well
established. If a throat culture grows beta-hemolytic
streptococci, a 10-day course of penicillin or azithromy-
cin is indicated. Ampicillin and amoxicillin are avoided
because of the frequent association with rash (90%),
although one recent study indicates that the incidence of
drug hypersensitivity is much lower than previously
reported.

The role of antiviral prophylaxis for preventing post-
transplantation EBV infection and sequelae, including
posttransplant lymphoproliferative disorders (PTLD) in
patients who are donor organ EBV-positive and recipient
negative (the main risk factor for both early PTLD [less

than 1 year posttransplantation] and late PTLD [more than
1 year] after transplantation) remains controversial. The
2019 guidelines by the American Society of Transplanta-
tion Infectious Disease Community of Practice emphasize
the importance of reduction of immunosuppression for
PTLD but also note that rituximab and cytotoxic chemo-
therapy are useful for EBV-positive, CD20-positive lym-
phoproliferative states.

A 2018 retrospective study indicated that prophylaxis
with acyclovir, valacyclovir, ganciclovir, or valganciclovir
delayed primary EBV infection at 100 days posttransplant.
A decreased incidence of late-onset PTLD and EBV-related
neoplasia in treated patients was also noted.

A recent phase 2 clinical trial compared standard of
care treatment for EBV-associated lymphomas (R-CHOP)
to R-CHOP plus ibrutinib (a Bruton tyrosine kinase
inhibitor) and did not show a significant difference in
response to treatment or survival. Trials are ongoing to
establish the efficacy of autologous T cells targeting latent
membrane proteins as adjuvant therapy in EBV-associated
lymphomas.

B. Treatment of Complications

Hepatitis, myocarditis, and encephalitis are treated symp-
tomatically. Rupture of the spleen requires splenectomy
and is most often caused by deep palpation of the spleen or
vigorous activity. Patients should avoid contact or collision
sports for at least 4 weeks to decrease the risk of splenic rup-
ture (even if splenomegaly is not detected by physical exami-
nation, which can be insensitive).

» Prognosis & Prevention

In uncomplicated cases, fever disappears in 10 days and
lymphadenopathy and splenomegaly in 4 weeks. The debil-
ity sometimes lingers for 2–3 months.

Death is uncommon and is usually due to splenic rup-
ture, hypersplenic phenomena (severe hemolytic anemia,
thrombocytopenic purpura), or encephalitis.

4. Other EBV-Associated Syndromes

EBV viral antigens are found in more than 90% of patients
with endemic (African) Burkitt lymphoma and nasopha-
ryngeal carcinoma (among whom quantified EBV DNA
can be used to follow disease). Risk factors for Burkitt
lymphoma include a history of malaria (which may
decrease resistance to EBV infection), while risk factors for
nasopharyngeal carcinoma include long-term heavy ciga-
rette smoking and seropositive EBV serologies (VCA and
deoxyribonuclease [DNase]). VCA-IgA in peripheral blood
is a sensitive and specific predictor for nasopharyngeal
carcinoma in an endemic area.

Among Hodgkin lymphoma patients, EBV seropositiv-
ity is common when the disease is found in the developing
world or is associated with HIV infection, when pathologic
specimens show mixed cellularity, and when patients are
younger than 10 years or older than 45 years at onset of the
lymphoma. The EBV-seropositive patients have a worse
prognosis for early stages of Hodgkin lymphoma.
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Chronic EBV infection is associated with aberrant
cellular immunity (a low frequency of EBV-specific
CD8+ T cells), an X-linked lymphoproliferative syn-
drome (Duncan disease), lymphomatoid granulomato-
sis, and a fatal T-cell lymphoproliferative disorder in
children.

EBV is an important trigger for hemophagocytic
lymphohistiocytosis among immunodeficient patients
and causes B-cell lymphomas (such as primary CNS
lymphoma in people living with HIV), natural killer
(NK)/T-cell lymphoma, and posttransplant lymphopro-
liferative disorders. CD30 and EBV viral loads are prog-
nostic markers for EBV-associated lymphoproliferative
disease. PTLD is commonly associated with EBV, espe-
cially in children. EBV-naïve patients who receive a
donor organ from an EBV-infected donor are at the
highest risk for the development of PTLD. EBV serosta-
tus, however, is not associated with overall survival
among patients with PTLD. Decreasing the iatrogenic
immunosuppression given to prevent graft rejection is
the initial step in managing such patients, while ritux-
imab is effective in treating more than two-thirds of
cases. Oral mucocutaneous ulcerative disease in people
living with HIV may be due to EBV infection.

Age is a major determinant of the type of tumor associ-
ated with EBV. T- and NK-cell lymphomas caused by
chronic active EBV infections are more frequent in child-
hood, while peripheral T-cell lymphomas and diffuse large
B-cell lymphomas are more common in older patients due
to waning immunity. EBV is also associated with leiomyo-
mas in children with AIDS and with nasal T-cell
lymphomas.

» When to Admit

Presence of severe complications of EBV disease including
the following:

• Acute meningitis, encephalitis, or Guillain-Barré
syndrome.

• Severe thrombocytopenia; significant hemolysis.

• Potential splenic rupture.

• Airway obstruction from severe adenitis.

• Pericarditis.

• Abdominal findings mimicking an acute abdomen.

Kerr JR. Epstein-Barr virus (EBV) reactivation and therapeutic
inhibitors. J Clin Pathol. 2019;72:651. [PMID: 31315893]

Stocker N et al. Pre-emptive rituximab treatment for Epstein-
Barr virus reactivation after allogeneic hematopoietic stem
cell transplantation is a worthwhile strategy in high-risk
recipients: a comparative study for immune recovery and
clinical outcomes. Bone Marrow Transplant. 2020;55:586.
[PMID: 31562397]

Yoon SE et al. A phase II study of ibrutinib in combination with
rituximab-cyclophosphamide-doxorubicin hydrochloride-
vincristine sulfate-prednisone therapy in Epstein-Barr virus-
positive, diffuse large B cell lymphoma (54179060LYM2003:
IVORY study): results of the final analysis. Ann Hematol.
2020;99:1283. [PMID: 32333154]

5. Cytomegalovirus Disease

E S S E N T I A L S  O F  D I A G N O S I S

» Mononucleosis-like syndrome.

» Frequent pathogen seen in transplant populations.

» Diverse clinical syndromes in HIV (retinitis, esoph-
agitis, pneumonia, encephalitis).

» Most important infectious cause of congenital
abnormalities.

» General Considerations

Most CMV infections are asymptomatic. After primary
infection, the virus remains latent in most body cells.
Seroprevalence in adults of Western developed countries
is about 60–80% but is higher in developing countries.
The virus can be isolated from a variety of tissues under
nonpathogenic conditions. Transmission occurs through
sexual contact, breastfeeding, blood products, or trans-
plantation; it may also occur person-to-person (eg, day
care centers) or be congenital. Serious disease occurs pri-
marily in immunocompromised persons, including those
with inflammatory bowel disease.

There are three recognizable clinical syndromes: (1)
perinatal disease and CMV inclusion disease, (2) diseases
in immunocompetent persons, and (3) diseases in immu-
nocompromised persons. Congenital CMV infection is the
most common congenital infection in developed countries
(about 0.6% of live births, with higher rates in underdevel-
oped areas and among lower socioeconomic groups).
Transmission is much higher from mothers with primary
disease than those with reactivation (40% vs 0.2–1.8%).
About 10% of infected newborns will be symptomatic with
CMV inclusion disease.

In immunocompetent persons, acute CMV infection is
the most common cause of the mononucleosis-like syn-
drome with negative heterophile antibodies. In critically ill
immunocompetent adults, CMV reactivation is associated
with prolonged hospitalization and death. CMV appears to
be involved in the malignant manifestations of glioblas-
toma multiforme.

In immunocompromised persons, solid organ and bone
marrow transplant patients are at highest risk for disease
from CMV reactivation for a year after allograft transplan-
tation (but especially during the first 100 days posttrans-
plantation) and in particular when graft-versus-host
disease is present or when the donor is CMV seropositive
and the recipient is seronegative. Depending on the serosta-
tus of the donor and recipient, disease may present as pri-
mary infection or reactivation. The risk of CMV disease is
proportionate to the degree of immunosuppression and
manifestations may differ by the cause. CMV may contrib-
ute to transplanted organ dysfunction, which often mimics
organ rejection. CMV retinitis may develop after solid
organ or bone marrow transplantation. CMV disease in
people living with HIV (retinitis, serious gastrointestinal
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disease) occurs most prominently when the CD4 cell count
is less than 50 cells/mcL and can be a marker for increased
mortality. Antiretroviral therapy (ART) reduces the fre-
quency of retinitis and may reverse active disease. Patients
with immune recovery with CD4 cell count greater than
100 cells/mcL show decreased mortality. CMV retinitis
associated with intravitreal delivery of corticosteroids
(injections or implants) or systemic anti-TNF antibodies is
also described. Occasionally, CMV retinitis presents in
immunocompetent persons. Serious gastrointestinal CMV
disease also occurs after organ transplantation, cancer che-
motherapy, or corticosteroid therapy. CMV may exist
alongside other pathogens, such as Cryptosporidium, in up
to 15% of patients with AIDS cholangiopathy. CMV pneu-
monitis occurs in transplant recipients (mainly bone mar-
row and lung) with a 60–80% mortality rate and less often
in AIDS patients. CMV pneumonitis in hematologic
malignancies (eg, lymphoma) is increasingly reported.
Neurologic CMV in patients with advanced AIDS is usu-
ally associated with disseminated CMV infection.

» Clinical Findings

A. Symptoms and Signs

1. Perinatal disease and CMV inclusion disease—CMV
inclusion disease in infected newborns is characterized by
hepatitis, thrombocytopenia, microcephaly, periventricu-
lar CNS calcifications, mental retardation, and motor dis-
ability. Hearing loss develops in more than 50% of infants
who are symptomatic at birth, making CMV a leading
cause of pediatric hearing loss. Most infected neonates are
asymptomatic, but neurologic deficits may ensue later in
life, including hearing loss in 15% and cognitive impair-
ment in 10–20%. Perinatal infection acquired through
breastfeeding or blood products typically has a benign
clinical course.

2. Disease in immunocompetent persons—Acute CMV
infection is characterized by fever, malaise, myalgias,
arthralgias, and splenomegaly. Unlike in EBV mononucle-
osis, exudative pharyngitis or cervical lymphadenopathies
are uncommon, but cutaneous rashes (including the typi-
cal maculopapular rash after exposure to ampicillin) are
common. The mean duration of symptoms is 7–8 weeks.
Complications include mucosal gastrointestinal damage,
encephalitis, severe hepatitis, thrombocytopenia (on occa-
sion, refractory), the Guillain-Barré syndrome, pericardi-
tis, and myocarditis. The risk of Guillain-Barré syndrome
developing after primary CMV infection is estimated to be
0.6–2.2 cases per 1000 primary infection, similar to that
seen with Campylobacter jejuni infection. A mononucleosis-
like syndrome due to CMV can also occur post splenec-
tomy, often years later and associated with a protracted
fever, marked lymphocytosis, and impaired anti-CMV IgM
response.

3. Disease in immunocompromised persons—Distin-
guishing between CMV infection (with evidence of CMV
replication) and CMV disease (evidence for systemic
symptoms or organ invasion by pathologic diagnosis) is
important. In addition to people living with HIV, those

who have undergone transplantation (solid organ or hema-
topoietic stem cell) show a wide spectrum of disease
including ocular, gastrointestinal (eg, colitis, esophagitis,
and acute cholecystitis), kidney, and CNS disease, as out-
lined above. CMV viremia, assessed with “viral loads,”
serve as an important predictor of disease presence.

a. CMV retinitis—A funduscopic examination reveals
neovascular, proliferative lesions (“pizza-pie” retinopathy).
Immune restoration with ART is associated with CMV
vitritis and cystoid macular edema.

b. Gastrointestinal and hepatobiliary CMV—

Esophagitis presents with odynophagia. Gastritis can occa-
sionally cause bleeding, and small bowel disease may
mimic inflammatory bowel disease or may present as
ulceration or perforation. Colonic CMV disease causes
diarrhea, hematochezia, abdominal pain, fever, and weight
loss and may mimic inflammatory bowel disease. CMV
hepatitis commonly complicates liver transplantation and
appears to be increased in those with hepatitis B or
hepatitis C viral infection.

c. Respiratory CMV—CMV pneumonitis is character-
ized by cough, dyspnea, and relatively little sputum pro-
duction. Concomitant infection with Pneumocystis jirovecii
occurs among patients regardless of HIV status.

d. Neurologic CMV—Neurologic syndromes associated
with CMV include polyradiculopathy, transverse myelitis,
ventriculoencephalitis (suspected with ependymitis), and
focal encephalitis. These manifestations are more promi-
nent in patients with advanced AIDS in whom the enceph-
alitis has a subacute onset.

B. Laboratory Findings

1. Mothers and newborns—Pregnant women should be
tested for CMV viremia every 3 months if found to be
seropositive during the first trimester. Congenital CMV
disease is confirmed by presence of the virus in amniotic
fluid or an IgM assay from fetal blood. Amniocentesis is
less reliable before 21 weeks of gestation (due to inadequate
fetal urinary development and release into the amniotic
fluid), but amniocentesis is attendant with greater risk
when performed after 21 weeks of gestation. PCR assays of
dried blood samples from newborns, micro-enzyme-linked
immunosorbent assay (ELISA), shell-vial culture, or cul-
ture of urine, saliva, or blood specimens obtained during
the first 3 weeks of life are used to diagnose congenital
CMV infection.

2. Immunocompetent persons—The acute mononucleosis-
like syndrome is characterized by initial leukopenia; within
1 week, it is followed by absolute lymphocytosis with atypi-
cal lymphocytes. Abnormal liver biochemical tests are
common in the first 2 weeks of the disease (often 2 weeks
after the fever). Detection of CMV DNA, specific IgM, or a
fourfold increase of specific IgG levels supports the diagno-
sis of acute infection.

3. Immunocompromised persons—CMV retinitis is diag-
nosed on the basis of the characteristic ophthalmoscopic
findings. In people living with HIV, negative CMV
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serologies lower the possibility of the diagnosis but do not
eliminate it. Cultures alone are of little use in diagnosing
AIDS-related CMV infections since viral shedding of CMV
is common. Detection of CMV by quantitative DNA PCR
of the CSF should be used to diagnose CNS infection since
cultures are not specific for disease.

Detection of CMV by quantitative DNA PCR is also
used in posttransplant patients to guide both treatment and
prevention and should be interpreted in the context of
clinical and pathologic findings. CMV DNA levels are
internationally standardized and have replaced conven-
tional CMV antigenemia tests in many settings. The PCR
is sensitive in predicting clinical disease. Serial PCR should
be performed and compared using the same specimen type
(ie, whole blood or plasma). To assist in the diagnosis of CMV
pneumonia, bronchoalveolar lavage fluid can be tested to
quantify CMV DNA levels with a viral load assay. Rapid
shell-vial cultures detect early CMV antigens with fluores-
cent antibodies in 24–48 hours. Shell-vial cultures are more
useful on bronchoalveolar lavage fluid than in routine
blood monitoring. CMV colitis can occur in the absence of
a detectable viremia. A new ELISPOT assay is superior to
Quantiferon assays in reports from China and may show
potential for both diagnosis and following disease in trans-
plant recipients.

C. Imaging

The chest radiographic findings of CMV pneumonitis are
consistent with interstitial pneumonia.

D. Biopsy

Tissue confirmation is especially useful in diagnosing
CMV pneumonitis and CMV gastrointestinal disease; the
diagnosis of colonic CMV disease is made by mucosal
biopsy showing characteristic CMV histopathologic find-
ings of intranuclear (“owl’s eye”) and intracytoplasmic
inclusions. In situations where histopathologic or immu-
nohistochemical findings are not seen but CMV colitis is
suspected, CMV DNA PCR can be used to identify addi-
tional cases.

» Treatment & Prognosis

In immunocompetent persons, CMV infection is usually self-
limited, and no specific antiviral therapy is needed. In con-
trast, in immunocompromised persons, treatment of CMV
disease is necessary. All types of CMV disease in immuno-
compromised patients (particularly those with AIDS or
post-solid organ transplant) typically are treated initially
with intravenous ganciclovir (recommended dose is 5 mg/
kg every 12 hours, although this needs to be adjusted for
kidney function) until two CMV PCRs 1 week apart are
negative (usually 14–21 days). Oral valganciclovir (900 mg
every 12 hours), which also needs to be adjusted for kidney
function, is an acceptable alternative in patients with non–
life-threatening disease.

Pneumonia due to CMV in hematopoietic stem cell
transplant recipients is treated even more aggressively, with
5 mg/kg of ganciclovir intravenously every 12 hours for
21 days followed by 5 mg/kg daily for 3–4 weeks plus CMV

immunoglobulin (500 mg/kg) or CMV immunoglobulin
(150 mg/kg) twice per week for 2 weeks and then once
weekly for an additional 4 weeks.

CMV infections in immunosuppressed patients require
a reduction of immunosuppression when possible (espe-
cially for muromonab, azathioprine, or mycophenolate
mofetil; data are less consistent for alemtuzumab used for
graft-versus-host disease and not consistently associated
with a risk of CMV disease). Secondary prophylaxis is typi-
cally maintained until immune restoration (with two CD4
cell counts greater than 100 cells/mcL present for at least
6 months in the setting of HIV infection). Prolonged pro-
phylaxis may be necessary in other immunosuppressed
patients, such as those receiving TNF inhibitors.

Foscarnet and cidofovir are reserved for treatment of
resistant infections. Filociclovir (also known as cyclo-
propavir or MBX-400) is a methylenecyclopropane nucleo-
side analog currently in phase 2 clinical trials for the
treatment of CMV-related disease in transplant patients.
Other agents that may be useful in resistant CMV infec-
tions include CMV immunoglobulin, maribavir, lefluno-
mide, sirolimus-based therapy, artesunate, and adoptive
immunotherapy. Rare cases of post–hematopoietic stem
cell transplant CMV meningoencephalitis have been
treated successfully using adoptive T cells against CMV.

Treatment of CMV retinitis is discussed in Chapter 7.

» Prevention

Two live vaccines (based on the fibroblast-adapted AD169
and Towne CMV strains, respectively) were shown to be
safe and well-tolerated in clinical trials. However, the
Towne vaccine was not effective in preventing primary
infection or viral reactivation in kidney transplant patients
or in seronegative women. A vaccine candidate based on a
replication defective AD169 virus (named V160) has been
shown to be safe and immunogenic in seronegative adults.

A major source of CMV for pregnant women is their
own young children, particularly those in childcare. These
women can decrease their risk of contracting primary
CMV just before pregnancy or during pregnancy by prac-
ticing hand hygiene after changing diapers and after con-
tact with respiratory secretions; avoiding kissing young
children on the face; and avoiding sharing utensils, food,
and cleansing objects that have been in contact with chil-
dren’s secretions. CMV serologic tests are being evaluated
to diagnose primary maternal CMV infection and are
under review for use as a screening tool during the first
trimester of pregnancy. Early antiviral therapy with valaci-
clovir is under study to prevent vertical transmission of
CMV.

ART is effective in preventing CMV infections in peo-
ple living with HIV. Primary prevention is best accom-
plished by good hand hygiene and use of barrier methods
during sexual contacts with persons who are members of
high-prevalence groups (ie, men who have sex with men,
injection drug users, and those who have exposure to chil-
dren in childcare).

The use of leukocyte-depleted blood products effec-
tively reduces the incidence of CMV disease in patients
who have undergone transplantation. Prophylactic and
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preemptive strategies (eg, antiviral agents only when anti-
gen detection or PCR assays show evidence of active CMV
replication) appear equally effective in preventing invasive
disease and mortality after hematopoietic stem cell trans-
plant. The appropriate management of transplant patients
is based on the serostatus of the donor and the recipient.
All effective anti-CMV therapies can serve as prophylactic
agents for CMV-seropositive transplants or for CMV-
seronegative recipients of CMV-positive organ transplants.
Starting CMV prophylaxis 7–14 days after transplant may
help reduce late-onset CMV end-organ disease. The typical
dose for valganciclovir prophylaxis is 450 mg orally twice
daily, although a 2018 prospective trial in kidney transplant
recipients indicated that prophylaxis with low-dose valgan-
ciclovir (450 mg/day, three times a week for 6 months)
seemed to be effective. Acyclovir may also be used. Leter-
movir is useful in prophylaxis against CMV infections in
adult allogenic hematopoietic stem cell transplant recipi-
ents. It is given as 480 mg orally daily with dose adjust-
ments for cyclosporine administration and for advanced
kidney dysfunction (less than a creatinine clearance of
10 mL/min). Major side effects reported to date include
cough, diarrhea, headache, nausea, stomach pain, weak-
ness, and vomiting. Recommended duration of CMV pro-
phylaxis in posttransplant patients and in other
immunocompromised patients varies by the type of
transplant.

CMV immune globulin may also be useful in reducing
the incidence of bronchiolitis obliterans in the bone mar-
row transplant population and is used in some centers as
part of the prophylaxis in kidney, liver, and lung transplan-
tation patients. CMV immune globulin as prophylaxis is
not recommended in hematopoietic stem cell transplant
recipients.

» When to Refer

• People with AIDS with retinitis, esophagitis, colitis,
hepatobiliary disease, or encephalitis.

• Organ and hematopoietic stem cell transplants with
suspected reactivation CMV.

» When to Admit

• Escalating CMV viral load at the onset of illness.

• Risk of colonic perforation.

• Evaluation of unexplained, advancing encephalopathy.

• Initiation of treatment with intravenous anti-CMV
agents.

Alonso L. Successful treatment of post-transplant CMV menin-
goencephalitis with third-party CMV virus-specific T cells:
lessons learned. Pediatr Transplant. 2019:e13584. [PMID:
31556188]

Hussein ITM et al. The discovery and development of filociclo-
vir for the prevention and treatment of human cytomegalovi-
rus-related disease. Antiviral Res. 2020;176:104710. [PMID:
31940473]

Plotkin SA et al. Vaccination against the human cytomegalovi-
rus. Vaccine. 2019;37:7437. [PMID: 29622379]

Shahar-Nissan K et al. Valaciclovir to prevent vertical trans-
mission of cytomegalovirus after maternal primary infec-
tion during pregnancy: a randomised, double-blind,
placebo-controlled trial. Lancet. 2020;396:779. [PMID:
32919517]

US Department of Health and Human Services (HHS). AID-
Sinfo. Guidelines for the prevention and treatment of oppor-
tunistic infections in adults and adolescents with HIV.
Cytomegalovirus. 2019 Jun 26:K1–15. https://aidsinfo.nih.
gov/contentfiles/lvguidelines/adult_oi.pdf

6. Human Heresviruses 6, 7, & 8

HHV-6 is a B-cell lymphotropic virus that is the principal
cause of exanthema subitum (roseola infantum, sixth dis-
ease). Primary HHV-6 infection occurs most commonly in
children under 2 years of age and is a major cause of infan-
tile febrile seizures (21% in one recent series). HHV-6 is
also associated with encephalitis (symptoms may include
insomnia, seizures, and hallucinations), autoimmune
(Hashimoto) thyroiditis, myocarditis, and acute liver fail-
ure. Primary infection in immunocompetent adults is not
common but can produce a mononucleosis-like illness.
The lymphadenitis may be confused with lymphoma.
Pathologically, HHV-6 is associated with mesial temporal
sclerosis, which may lead to mesial temporal lobe epilepsy,
and HHV-6 is associated with epilepsy syndromes. Reacti-
vation of HHV-6 in immunocompetent adults is rare and
can present as encephalitis. Imaging studies in HHV-6
encephalitis typically show lesions in the hippocampus,
amygdala, and limbic structures.

Infection during pregnancy and congenital transmis-
sion is recognized. Most cases of reactivation occur in
immunocompromised persons. Reactivation is associated
with graft rejection, graft-versus-host disease, and bone
marrow suppression in transplant patients and with
encephalitis and pneumonitis in AIDS patients. In recipi-
ents of hematopoietic stem cell transplants, HHV-6 may
cause fever. It is also associated with an HHV-6–induced
encephalitis (diagnosed with multiplex PCR assays) that is
correlated strongly with umbilical cord hematopoietic cell
transplants (although HHV-6 is not associated with sur-
vival in such patients and surveillance for the virus may not
be needed).

HHV-6 is on occasion also associated with drug-
induced hypersensitivity syndromes. HHV-6 may cause
fulminant hepatic failure and acute decompensation of
chronic liver disease in children. Purpura fulminans and
corneal inflammation are reported. Two variants (A and B)
of HHV-6 have been identified. HHV-6B is the predomi-
nant strain found in both normal and immunocompro-
mised persons. Ganciclovir, cidofovir, and foscarnet (but
not acyclovir) appear to be clinically active against HHV-6.
Adoptively transferred virus-specific T-cell therapy is also
being developed for treatment of HHV-6 and other viral
infections in hematopoietic stem cell transplant recipients.

HHV-7 is a T-cell lymphotropic virus that is associated
with roseola seizures and, rarely, encephalitis, even in
immunocompetent adults. Pregnant women are often
infected. Infection with HHV-7 is synergistic with CMV in
kidney transplant recipients.

CMDT22_Ch32_p1374-p1458.indd 1389 02/07/21 2:37 PM



CHApTER 321390 CMDT 2022

HHV-8 (see also Chapter 31) is associated with Kaposi
sarcoma, multicentric Castleman disease, and primary
effusion (body cavity) lymphoma. HHV-8 infection is
endemic in Africa; transmission seems to be primarily
horizontal in childhood from intrafamilial contacts and
continues through adulthood possibly by nonsexual routes.

Balakrishna JP et al. Human herpes virus 6 (HHV6)-associated
lymphadenitis: pitfalls in diagnosis in benign and malignant
settings. Am J Surg Pathol. 2018;42:1402. [PMID: 29975251]

Bartolini L et al. Infection with HHV-6 and its role in epilepsy.
Epilepsy Res. 2019;153:34. [PMID: 30953871]

Eliassen E et al. HHV-6-associated neurological disease in chil-
dren: epidemiologic, clinical, diagnostic, and treatment con-
siderations. Pediatr Neurol. 2020;105:10. [PMID: 31932119]

MAJOR VACCINE-PREVENTABLE VIRAL
INFECTIONS

1. Measles

E S S E N T I A L S  O F  D I A G N O S I S

» Onset of prodrome 7–18 days after exposure in an
unvaccinated patient.

» Prodrome: fever, coryza, cough, conjunctivitis,
malaise, irritability, photophobia, Koplik spots.

» Rash: brick red, maculopapular; appears 3–4 days
after onset of prodrome; begins on the face and
proceeds “downward and outward,” affecting the
palms and soles last.

» Leukopenia.

» General Considerations

Measles is a reportable acute systemic paramyxoviral infec-
tion transmitted by direct contact with infectious droplets
or by airborne spread. It is highly contagious with com-
municability greatest during the preeruptive and catarrhal
stages but continues 4 days after the appearance of rash.
Measles elimination is defined as the absence of endemic
measles virus transmission in an area for 12 months or
longer. Measles remains a major cause of mortality with
more than 140,000 estimated deaths globally in 2018,
mostly in children younger than 5 years old.

As of April 2019, preliminary data from the World
Health Organization (WHO) indicate that reported mea-
sles cases rose by 300% in the first 3 months of 2019, com-
pared to the same period in 2018. The WHO previously
considered measles eradicated in most countries world-
wide, including the Americas. Many countries, however,
are reporting ongoing measles outbreaks, including the
Democratic Republic of the Congo, Nigeria, Guinea, Chad,
Burundi, Madagascar, Central African Republic, Ethiopia,
Philippines, Mexico, Yemen, Sudan, Ukraine, Brazil,
Kazakhstan, Uzbekistan, India, and Bangladesh. During
2019, measles outbreaks occurred in countries with high

vaccination coverage, including the United States, Israel,
Thailand, Tunisia, New Zealand, and many European coun-
tries and the Pacific Islands. As of October 7, 2020, the WHO
European Region reported a total of 12,028 measles cases.
This is compared to 104,554 cases and 42 deaths in 2019.

Most measles cases in the United States are due to either
travel to endemic areas or exposure to individuals who
have not been vaccinated against measles. Intentional
undervaccination continues to undermine measles elimi-
nation programs, and many measles vaccination cam-
paigns have been halted by COVID-19.

» Clinical Findings

A. Symptoms and Signs

The incubation period for measles is 10–14 days. The ill-
ness starts with a prodromal phase manifested by high-
grade fever (often as high as 40–40.6°C), malaise, coryza
(nasal obstruction, sneezing, and sore throat resembling
upper respiratory infections), persistent cough, and con-
junctivitis (redness, swelling, photophobia, and discharge).
These symptoms intensify over 2–4 days before onset of the
rash and peak on the first day of the rash. The fever persists
through the early rash (about 5–7 days) (Table 32–2).

The characteristic measles rash appears on the face and
behind the ears. Initial lesions are pinhead-sized papules that
coalesce to form a brick red, irregular, blotchy maculopapu-
lar rash. The rash spreads to the trunk and extremities,
including the palms and soles. It lasts for 3–7 days and fades
in the same manner it appeared. Other findings include
pharyngeal erythema, tonsillar exudate, moderate general-
ized lymphadenopathy, and, at times, splenomegaly.

Koplik spots (small, irregular, and red with whitish
center on the mucous membranes) are pathognomonic of
measles (Figure 32–4). They appear about 2 days before the
rash and last 1–4 days as tiny “table salt crystals” on the
palatal or buccal mucosa opposite the molars.

B. Laboratory Findings

Leukopenia is usually present unless secondary bacterial
complications exist. A lymphocyte count under 2000/mcL

▲ Figure 32–4. Very small, bright red spots on the
buccal mucosa indicative of Koplik spots. (Public Health
Image Library, CDC.)
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(2.0 × 109/L) is a poor prognostic sign. Thrombocytopenia
is common. Proteinuria is often observed.

Detection of IgM measles antibodies with ELISA or a
fourfold rise in serum hemagglutination inhibition anti-
body supports the diagnosis. IgM assays can be falsely
negative the first few days of infection and falsely positive
in the presence of rheumatoid factor or with acute rubella,
erythrovirus (formerly parvovirus B19), or HHV-6
infection.

Measles virus is technically difficult to culture. Real-
time reverse transcriptase-PCR (RT-PCR), available from
the CDC and some public health laboratories, can help
establish a diagnosis promptly.

» Differential Diagnosis

Measles is usually diagnosed clinically but may be mis-
taken for Kawasaki disease and other exanthematous infec-
tions (Table 32–2). Frequent difficulty in establishing a
diagnosis suggests that measles may be more prevalent
than is recognized.

» Complications

A. Respiratory Tract Disease

Early in the course of the disease, bronchopneumonia or
bronchiolitis due to the measles virus may occur in up to
5% of patients and result in serious respiratory difficulties.
Bronchiectasis may occur in up to a quarter of nonvacci-
nated children. The incidence of severe respiratory disease
may be increased among immunocompromised children
and pregnant women.

B. Central Nervous System

Postinfectious encephalomyelitis occurs in 0.05–0.1% of
cases, with higher rates occurring in adolescents. It is an
acute demyelinating disease that usually starts 3–7 days
after the rash. Seizures, coma, and other neurologic symp-
toms and signs may develop. Treatment is symptomatic
and supportive. Virus isolation from the CNS is uncom-
mon. There is an appreciable mortality (10–20%) and
morbidity (33% of survivors are left with neurologic
deficits).

Measles inclusion body encephalitis is another form of
neurologic complication that results in neurologic deterio-
ration and death within months of the acute illness among
patients with impaired cellular immunity. Treatment is
supportive, including stopping immunosuppressants when
feasible. Interferon and ribavirin are variably successful.

Subacute sclerosing panencephalitis is a very rare, fatal
CNS complication that occurs 5–15 years after infection. It
is characterized by progressive deterioration of motor and
cognitive function leading to death. It is more common in
boys of rural backgrounds who are infected with measles
before 2 years of age.

C. Other Complications

Immediately following measles, secondary bacterial infec-
tion, particularly otitis media (the most common compli-
cation), cervical adenitis, and pneumonia, occurs in about

15% of patients. Keratoconjunctivitis is a serious complica-
tion that caused blindness before the widespread use of
measles vaccine and vitamin A supplementation. Diarrhea
and protein-losing enteropathy (prodromal rectal Koplik
spots may occur) are significant complications among mal-
nourished children, although the mortality associated with
diarrhea is primarily 1 week prior to and 4 weeks after the
measles rash, with no longer-term mortality shown with
measles-associated diarrhea. Some data implicate the mea-
sles virus in the pathogenesis of rheumatoid arthritis.

» Treatment

Treatment is symptomatic, including antipyretics and flu-
ids as needed. Vitamin A supplementation for children
reduces pediatric morbidity and measles-associated mor-
tality. Data are less substantial for adult supplementation,
although many advocate megadose vitamin A given to the
mother at the time of delivery in order to boost infant
levels of the vitamin.

Measles virus is susceptible to ribavirin and other anti-
virals in vitro. Ribavirin is used in selected severe cases of
pneumonitis, but insufficient data prevent recommending
antiviral use. Zinc has a role in the maintenance of normal
immune functions, but routine zinc supplementation to
children with measles is not recommended, again for lack
of data.

» Prognosis

It is estimated that 23.2 million deaths were prevented
between 2000 and 2018 by use of measles vaccination. In
the United States, the case fatality rate is around 2 per 1000
reported cases, with deaths principally due to respiratory
and neurologic complications. Deaths in the developing
world are mainly related to acute diarrhea and protein-
losing enteropathy. Pregnant women with measles may be
at increased risk for death. Historically famines are partic-
ularly associated with high measles mortality.

» Prevention

The measles vaccine is a live vaccine that is available world-
wide as part of the trivalent MMR vaccine or the quadri-
valent MMRV vaccine. Because measles is highly
contagious, the vaccine coverage rates must exceed 95%
to prevent outbreaks. Illness confers permanent immu-
nity. One vaccine dose is about 93% effective. Two doses
of vaccine are estimated to be 97% protective. In the
United States, based on the National Immunization Sur-
vey, 91.5% of children aged 19–35 months received one or
more doses of MMR in 2017 and 91.9% of adolescents
aged 13–17 years received two or more doses of MMR in
2018. These data suggest considerable geographic dispar-
ity. Clustering of unvaccinated individuals increases the
likelihood of an outbreak.

At 6 months of age, more than 99% of infants of vacci-
nated women and 95% of infants of naturally immune
women lose maternal antibodies. The susceptibility to
measles is 2.4-fold higher if the vaccine is given prior to
15 months (with impact of waning maternal antibody
levels). In the United States, children receive their first
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vaccine dose of MMR vaccine at 12–15 months of age
(https://www.cdc.gov/vaccines/schedules/hcp/imz/child-
adolescent.html). The second dose is given at age 4–6 years,
prior to school entry.

Older children, teens, and adults without evidence of
immunity should receive two MMR doses separated by
28 days. For individuals born before 1957, herd immunity
is assumed. Persons at high risk for measles exposure
(teachers, health care workers, post–high school students,
travelers to developing countries) should also receive two
vaccination doses at least 28 days apart. Immigrants and
refugees should be screened and vaccinated if necessary.
The MMRV vaccines may be used in place of the tradi-
tional MMR vaccine.

MMR and MMRV vaccine should not be administered
to pregnant women, patients with anaphylactic reactions to
neomycin, and patients with known primary or acquired
immunodeficiency. Asymptomatic patients living with
HIV infection with CD4 cell counts higher than 200 cells/
mcL should receive the MMR vaccine but not the MMRV
vaccine.

Repeated studies fail to show an association between
vaccination and autism. MMR vaccine can cause fever and
transient rash. Severe allergic reactions are rare. Quadriva-
lent MMRV vaccine is associated with an increased risk of
febrile seizures that appears to be age-related; the risk is
highest when MMRV is given to infants between 12 and
23 months of age. Postimmunization seizures appear in
whole genome studies to be associated with an interferon
receptor and a measles receptor. Immune thrombocytope-
nia is a documented side effect. Rare cases of postimmuni-
zation encephalitis are reported.

In case of an outbreak, when susceptible individuals are
exposed to measles, MMR vaccine can prevent disease if
given within 3 days of exposure. Immunoglobulin should
be administered within 6 days of exposure in any high-risk
person exposed to measles, followed by active immuniza-
tion 3 months later. All infants less than 1 year of age
should receive intramuscular immunoglobulin (0.5 mL/kg,
maximum dose 15 mL). For infants between 6 months and
12 months, MMR vaccination with repeat at 15 months can
be given in place of intramuscular immunoglobulin. Preg-
nant women and severely immunocompromised persons
who are exposed to active measles cases should receive
IVIG (400 mg/kg).

Patients with measles should be isolated for 4 days after
the onset of rash. In the hospital setting, patients with
measles should be placed under airborne precautions.

An aerosolized measles vaccine was developed and
used in Mexico; however, in 2013, it was found to be infe-
rior to the subcutaneous vaccine. Future vaccines for a
variety of infectious agents may utilize measles vectors,
thereby augmenting immunity to measles.

» When to Refer

• Any suspect cases should be reported to public health
authorities.

• HIV infection.

• Pregnancy.

» When to Admit

• Meningitis, encephalitis, or myelitis.

• Severe pneumonia.

• Diarrhea that significantly compromises fluid or elec-
trolyte status.

Hviid A et al. Measles, mumps, rubella vaccination and autism:
a nationwide cohort study. Ann Intern Med. 2019;170:513.
[PMID: 30831578]

Di Pietrantonj C et al. Vaccines for measles, mumps, rubella, and
varicella in children. Cochrane Database Syst Rev. 2020;4:
CD004407. [PMID: 32309885]

Patel M et al. National update on measles cases and outbreaks—
United States, January 1–October 1, 2019. MMWR Morb
Mortal Wkly Rep. 2019;68:893. [PMID: 31600181]

Walker TY et al. National, regional, state, and selected local area
vaccination coverage among adolescents aged 13–17 years—
United States, 2018. MMWR Morb Mortal Wkly Rep. 2019;68:
718. [PMID: 31437143]

2. Mums

E S S E N T I A L S  O F  D I A G N O S I S

» Exposure 12–25 days before onset.

» Painful, swollen salivary glands, usually parotid.

» Frequent involvement of testes, pancreas, and
meninges in unvaccinated individuals.

» Mumps can occur in appropriately vaccinated
persons in highly vaccinated communities.

» General Considerations

Mumps is a paramyxoviral disease spread by respiratory
droplets. Children are most commonly affected; however,
in outbreaks, infection can affect patients in their second or
third decades of life. Mumps can spread rapidly in congre-
gate settings, such as colleges and schools. The incubation
period is 12–25 days (average, 16–18 days). The mumps
virus spreads through direct contact with respiratory secre-
tions or saliva or infected surfaces. Transmission can also
be airborne or via droplets. Up to one-third of affected
individuals have subclinical infection, which is still trans-
missible. Since the MMR vaccine was introduced in 1989,
the mumps case rate has decreased by more than 99%, with
only a few hundred cases reported most years. Unfortu-
nately, the mumps case rate started to increase in late 2015.
From January 2016 to June 2017, 9200 cases were reported,
including a large outbreak of close to 3000 cases in one
Arkansas community. Between January 1 and September
13, 2019, 47 states and the District of Columbia in the
United States reported 2363 mumps cases. From January 1
to January 25, 2020, preliminary data reported to the CDC
showed 70 cases in 16 states. A combination of factors
contributes to outbreaks, including efficacy of vaccines;
waning individual immunity; and crowded conditions,
which promote transmission.
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» Clinical Findings

A. Symptoms and Signs

Mumps is more serious in adults than in children and
appears to occur more commonly in males. Parotid tender-
ness and overlying facial edema (Figure 32–5) are the most
common physical findings and typically develop within
48 hours of the prodromal symptoms. Usually, one parotid
gland enlarges before the other, but unilateral parotitis
occurs in 25% of patients. The parotid duct (orifice of
Stensen) may be red and swollen. Trismus may result from
parotitis. The parotid glands return to normal within
1 week. Involvement of other salivary glands (submaxillary
and sublingual) occurs in 10% of cases. Fever and malaise
are variable but often minimal in young children. The
entire course of mumps rarely exceeds 2 weeks.

The testes are the most common extra salivary disease
site in adults. High fever, testicular swelling, and tenderness
(unilateral in 75% of cases) denote orchitis, which usually
develops 7–10 days after the onset of parotitis. In the mumps
outbreaks that occurred between 2006 and 2010 in the
United States, complications from mumps were rare; 3.3–
10% of adolescent and adult males developed orchitis (which
occurred less frequently in persons who have received two
doses of vaccine). Lower abdominal pain and ovarian
enlargement suggest oophoritis, which is usually unilateral
and occurs in less than 1% of postpubertal women.

Other rare complications, occurring in less than 1% of
cases, are meningitis, encephalitis, Guillain-Barré syndrome,
hearing loss, priapism or testicular infarction from orchitis,
pancreatitis, thyroiditis, keratitis, neuritis, hepatitis, myocar-
ditis, thrombocytopenia, migratory arthralgias, and nephri-
tis. No mumps-related deaths have occurred in the United
States in recent outbreaks. A rare cause of mumps is iodine
exposure in medical procedures (“iodide mumps”).

B. Laboratory Findings

Mild leukopenia with relative lymphocytosis may be pres-
ent. Elevated serum amylase usually reflects salivary gland
involvement rather than pancreatitis. Mild kidney injury is
found in up to 60% of patients.

The characteristic clinical picture usually suffices for
diagnosis. An elevated serum IgM is considered diagnos-
tic. Repeat testing 2–3 weeks after the onset of symptoms
is recommended if the first assay is negative because the
rise in IgM may be delayed, especially in vaccinated per-
sons. A fourfold rise in complement-fixing antibodies to
mumps virus in paired serum IgG also confirms infec-
tion. Anti-mumps IgM and IgG in the CSF can confirm
the diagnosis of mumps-associated meningitis. Nucleic
acid amplification techniques, such as RT-PCR, are more
sensitive than viral cultures and are available from some
commercial laboratories, selected state laboratories, and
the CDC. Diagnostic yield is highest if collected during
the first 3 days of illness. Confirmatory diagnosis of
mumps is also made by isolating the virus preferably from
a swab of the duct of the parotid or other affected salivary
gland. The virus can also be isolated from CSF early in
aseptic meningitis. Vaccinated persons may shed virus for
shorter periods of time compared to those who are
unvaccinated.

» Differential Diagnosis

Swelling of the parotid gland may be due to calculi in the
parotid ducts, tumors, or cysts. Other causes include sar-
coidosis, cirrhosis, diabetes, bulimia, pilocarpine usage,
and Sjögren syndrome. Parotitis may be produced by pyo-
genic organisms (eg, S aureus, gram-negative organisms
[particularly in debilitated individuals with poor oral
intake]), drug reaction (phenothiazines, propylthiouracil),
and other viruses (HIV, influenza A, parainfluenza, EBV
infection, coxsackieviruses, adenoviruses, HHV-6). Swell-
ing of the parotid gland must be differentiated from
inflammation of the lymph nodes located more posteriorly
and inferiorly than the parotid gland.

» Treatment

Treatment is symptomatic. Topical compresses may relieve
parotid discomfort. Some clinicians advocate IVIG for
complicated disease (eg, thrombocytopenia), although its
definitive role is unproven. No specific treatment exists for
orchitis.

» Prevention

Vaccination is the most effective way to prevent
mumps.

The vaccination schedule, indications, and contraindi-
cations are described in the measles section. The mumps
vaccine component of the MMR is less effective than the
measles and rubella components. One dose is 78% (range:
49–92%) protective. Two doses of the vaccine are 88%
(range: 66–95%) effective. Rare reported complications of
mumps vaccination include immune thrombocytopenic
purpura and aseptic meningitis.

▲ Figure 32–5. Mumps. (Public Health Image Library, CDC.)
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A 2017 study, evaluating the effect of a third dose of
MMR vaccine after a mumps outbreak, showed that the
attack rate was significantly lower among students who
received a third dose compared with two doses, especially
if the second dose was given more than 13 years prior to
the outbreak. The CDC recommends a third dose of
vaccine in case of an outbreak.

Suspected cases should be isolated. For outbreak con-
trol, the most important step is to vaccinate all susceptible
individuals. The MMR vaccine is not effective in prevent-
ing the disease in unvaccinated patients who already have
been exposed to the virus. In the health care setting, the
following steps should be taken: implement droplet and
standard precautions, isolate patients until swelling sub-
sides (about 9 days from onset), and provide vaccination to
health care workers with no evidence of immunity.

» When to Refer

Any suspect cases should be reported to public health
authorities.

» When to Admit

• Trismus; meningitis; encephalitis; myocarditis;
pancreatitis.

• Severe testicular pain; priapism.

• Severe thrombocytopenia.

Bockelman C et al. Mumps: an emergency medicine-focused
update. J Emerg Med. 2018;54:207. [PMID: 29110978]

Kaaijk P et al. A third dose of measles-mumps-rubella vaccine to
improve immunity against mumps in young adults. J Infect
Dis. 2020;221:902. [PMID: 31112277]

Marin M et al. Recommendation of the Advisory Committee on
Immunization Practices for use of a third dose of mumps
virus-containing vaccine in persons at increased risk for
mumps during an outbreak. MMWR Morb Mortal Wkly Rep.
2018;67:33. [PMID: 29324728]

Perez-Vilar S et al; WHO Global Vaccine Safety-Multi Country
Collaboration. Enhancing global vaccine pharmacovigilance:
proof-of-concept study on aseptic meningitis and immune
thrombocytopenic purpura following measles-mumps con-
taining vaccination. Vaccine. 2018;36:347. [PMID: 28558983]

3. Rubella

E S S E N T I A L S  O F  D I A G N O S I S

» Exposure 14–21 days before onset.

» No prodrome in children, mild prodrome in adults;
mild symptoms (fever, malaise, coryza) coincide
with, or precede by up to 5 days, the eruption of rash.

» Posterior cervical and postauricular lymphade-
nopathy 5–10 days before rash.

» Fine maculopapular rash of 3 days’ duration; face
to trunk to extremities.

» Leukopenia, thrombocytopenia.

» General Considerations

Rubella is a systemic disease caused by a togavirus trans-
mitted by inhalation of infective droplets. It is moderately
communicable. Infection usually confers permanent
immunity. The incubation period is 14–21 days. The dis-
ease is transmissible from 1 week before the rash appears
until 15 days afterward.

The last cases of endemic rubella and congenital rubella
syndrome were reported in 2009 from the Americas
region. Each year in the United States, fewer than 10 cases
of rubella are reported, all of which are due to the arrival of
infected persons from other countries. In 2015, the WHO
declared that the Americas were the first region to be
free of rubella and congenital rubella syndrome. Some
European countries are facing a challenge with lower
immunization coverage among refugees and migrants.
Worldwide, cases are decreasing due to widespread imple-
mentation of rubella-containing vaccines; as of 2018, the
vaccine was added to the national vaccine schedule in 168
of 194 (87%) countries, though it is important to note that
extensive variation in the rate of national coverage exists.
On the other hand, the number of cases of congenital
rubella syndrome remains high, particularly in Africa and
Southeast Asia. The increase in congenital rubella syn-
drome may be secondary to an increase in surveillance and
reporting of congenital rubella cases. The WHO set a goal
to eliminate rubella in at least five of the six regions (all but
the Western Pacific region, which includes China) by 2020,
although progress is hampered by lack of resources.

» Clinical Findings

A. Postnatal Rubella

Rubella is a common childhood disease; the majority of the
cases are asymptomatic. The clinical picture of rubella is
difficult to distinguish from other viral illnesses, such as
infectious mononucleosis, measles, echovirus infections,
and coxsackievirus infections. Fever and malaise, usually
mild, accompanied by tender suboccipital adenitis, may
precede the eruption by 1 week. Early posterior cervical
and postauricular lymphadenopathy is common. A fine,
pink maculopapular rash appears and fades from the face,
trunk, and extremities in rapid progression (2–3 days),
usually lasting 1 day in each area (Table 32–2).

B. Congenital Rubella

The principal importance of rubella lies in its devastating effects
on the fetus in utero causing fetal death, preterm delivery, and
teratogenic effects. The severity of symptoms is directly related
to the gestational age; fetal infection during the first trimester
leads to congenital rubella in at least 80% of fetuses; however,
an infection during the fourth month can lead to 10% risk of
a single congenital defect. In the second trimester of preg-
nancy, deafness is the primary complication.

C. Laboratory Findings

When rubella is suspected, the diagnosis requires serologic
confirmation. Diagnosis of acute rubella infection is based on
elevated IgM antibody, fourfold or greater rise in IgG antibody
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titers, or isolation of the virus. Serosensitivity to rubella is
thought to change with subsequent pregnancies, although data
from Hong Kong (lower immunity) and the United Kingdom
(higher immunity) differed in their findings.

IgM is detectable in 50% of persons on day 1 of the rash
but in most on day 5 after rash onset. Antibody testing can be
performed on sera or saliva. An isolated IgM-positive test
does not necessarily imply acute infection. IgM antibodies can
persist after an infection or could be false-positive due to
cross-reactivity with other antigens such as EBV, CMV, eryth-
rovirus, and rheumatoid factor. This distinction is very
important to make when infection is suspected in pregnancy.
High-avidity anti-rubella IgG assays can distinguish between
recent and remote infection. Low-avidity IgG is observed in
acute rubella infections and lasts up to 3 months postinfec-
tion. After 3 months, low-avidity antibodies are replaced by
high-avidity antibodies indicating remote infection.

The CDC can test for virus by RT-PCR from throat
swabs, oral fluids, or nasopharyngeal secretions. The tim-
ing of sample collection is important and is best if collected
within the first 3 days of an acute illness and within
3 months in case of congenital rubella syndrome. After
3 months of age, up to 50% of infants with congenital
rubella syndrome will not shed the virus.

» Complications

Complications of rubella are rare aside from the congenital
rubella syndrome. Polyarticular arthritis and arthralgia occur
more commonly in adult women; involve the fingers, wrists,
and knees; and usually subside within 7 days but may persist
for weeks. Hemorrhagic manifestations due to thrombocyto-
penia and vascular damage occur more commonly in chil-
dren, unlike other complications. Hepatitis has been reported.
Encephalitis, another rare complication, occurs more com-
monly in adults and has a high mortality rate.

» Treatment

Rubella infection, including complications, is treated
symptomatically.

» Prevention

Patients with rubella should be isolated for 7 days after rash
onset.

In the United States, monovalent rubella vaccine is not
produced. Live attenuated rubella virus vaccine is included in
the MMR or MMRV vaccine. It is recommended that the first
dose be given between 12 months and 15 months. The second
dose is given between age 4 and 6 years, prior to school entry.
More details on scheduling, side effects, and contraindications
are explained in the measles section. It is important that girls
are immune to rubella prior to menarche. In the United States,
about 80% of 20-year-old women are immune to rubella.

Rubella vaccine is safe and highly efficacious; a single dose
of MMR vaccine is about 97% effective at preventing rubella.

The immune status of pregnant women should be
evaluated because antibody titers fall in about 10% of vac-
cinated individuals within 12 years of vaccination. While
no evidence exists for adverse outcomes with MMR immu-
nization of pregnant women, it is still recommended that

women avoid pregnancy for at least 3 months after vaccina-
tion. Opportunities should be made available to vaccinate
all women of childbearing age.

The administration of live vaccines to immunocompro-
mised patients is controversial. In patients receiving immu-
nosuppressive therapy as well as in patients who have
undergone solid organ or bone marrow transplantation,
seroconversion is higher to rubella compared with measles,
mumps, and varicella. In addition, response to live attenu-
ated vaccines may be lessened due to presence of antibod-
ies from IVIG or other blood products. Safety is another
concern when administering live attenuated vaccines to
immunocompromised patients. Because MMR vaccine is
contraindicated in solid organ transplant recipients, cur-
rent evidence recommends that seronegative patients
receive one or two doses of the MMR vaccine at least
4 weeks prior to solid organ transplantation. Patients who
have undergone bone marrow transplant lose antigen-
specific antibodies and should be revaccinated regardless
of their vaccination history. The revised guidelines recom-
mend MMR and varicella vaccines be given to seronegative
patients without graft-versus-host disease 2 years after
hematopoietic stem cell transplantation.

» Prognosis

Rubella typically is a mild illness and rarely lasts more than
3–4 days. Congenital rubella has a high fetal mortality rate,
and the associated congenital defects are largely permanent.

» When to Refer

• Pregnancy.

• Meningitis/encephalitis.

• Significant vaccination reactions.

• Any suspect cases should be reported to public health
authorities.

Grant GB et al. Progress toward rubella and congenital rubella
syndrome control and elimination—worldwide, 2000–2018.
MMWR Morb Mortal Wkly Rep. 2019;68:855. [PMID:
31581161]

Hinman AR. Measles and rubella eradication. Vaccine. 2018;36:1.
[PMID: 29183733]

World Health Organization. Rubella (CRS) reported cases:
WHO vaccine-preventable diseases: monitoring system 2018
global summary. Updated 2019 Jul 15. http://apps.who.int/
immunization_monitoring/globalsummary/timeseries/tsin-
cidencecrs.html

4. poliomyelitis

E S S E N T I A L S  O F  D I A G N O S I S

» Incubation period 7–14 days after exposure.

» Headache, stiff neck, fever, vomiting, sore throat.

» Lower motor neuron lesion (flaccid myelitis) with
decreased deep tendon reflexes and muscle wast-
ing; sensation intact.
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» General Considerations

Poliomyelitis virus, an enterovirus, is highly contagious
through fecal-oral route, especially during the first week of
infection. There are three wild poliovirus serotypes; how-
ever, only wild poliovirus type 1 has remained endemic
since 2012. Pakistan and Afghanistan currently are the only
countries with endemic wild type poliovirus transmission.
Unfortunately, there has been a concerning uptick in the
numbers of both wild and vaccine-derived polio cases. In
2019, 29 cases of wild type polio were reported from
Afghanistan and 146 from Pakistan. By late 2020, 37 cases
of wild type polio were reported from Afghanistan and
65 cases from Pakistan. In 2019, a total of 354 vaccine-
derived polio cases were reported from 17 countries,
derived mostly from type 2 attenuated live oral poliovirus
vaccine (OPV). By late 2020, 302 cases of vaccine-derived
polio were reported from 17 countries.

Cases of acute flaccid myelitis (formerly acute flaccid
paralysis) resembling polio but not due to poliomyelitis
virus are being reported (see Acute Flaccid Myelitis,
below).

» Clinical Findings

A. Symptoms and Signs

At least 95% of infections are asymptomatic. Patients who
become symptomatic can present with abortive poliomy-
elitis, nonparalytic poliomyelitis, or paralytic poliomyelitis.
Post-poliomyelitis syndrome is the constellation of symp-
toms that affect polio survivors and is not infectious.

1. Abortive poliomyelitis—Nonspecific symptoms of this
minor illness include fever, headache, vomiting, diarrhea,
constipation, and sore throat lasting 2–3 days.

2. Nonparalytic poliomyelitis—In addition to the above
symptoms, signs of meningeal irritation and muscle spasm
occur in the absence of frank paralysis.

3. Paralytic poliomyelitis—Characterized as a flaccid
asymmetric paralysis affecting mostly the proximal muscles
of the lower extremities; the febrile period is present over
2–3 days. Sensory loss is very rare. Paralytic poliomyelitis is
divided into two forms, which may coexist: (1) spinal polio-
myelitis involving the muscles innervated by the spinal
nerves, and (2) bulbar poliomyelitis involving the muscles
supplied by the cranial nerves (especially nerves IX and X)
and of the respiratory and vasomotor centers. The most life-
threatening aspect of bulbar poliomyelitis is respiratory
paralysis. The incidence of paralytic poliomyelitis is higher
when infections are acquired later in life.

4. Postpoliomyelitis syndrome—The syndrome presents
with signs of chronic and new denervation. The most fre-
quent symptoms are progressive muscle limb paresis with
muscle atrophy, with fasciculations and fibrillation during
rest activity. The restless leg syndrome is also reported.

B. Laboratory Findings

The virus may be recovered from throat washings (early)
and stools (early and late) and PCR of washings, stool, or

CSF can also facilitate diagnosis. CSF findings include the
following: (1) normal or slightly increased pressure and
protein, (2) glucose is not decreased, and (3) white blood
cells usually number less than 500/mcL (0.5 × 109/L) and
are principally lymphocytes after the first 24 hours. CSF
findings are normal in 5% of patients. Neutralizing and
complement-fixing antibodies appear during the first or
second week of illness. Serologic testing cannot distinguish
between wild type and vaccine-related virus infections.

» Differential Diagnosis

Acute inflammatory polyneuritis (Guillain-Barré syn-
drome), Japanese encephalitis virus infection, West Nile
virus infection, and tick paralysis may resemble poliomy-
elitis. In Guillain-Barré syndrome (see Chapter 24), the
weakness is more symmetric and ascending in most cases,
but the Miller Fisher variant of Guillain-Barré is similar to
bulbar poliomyelitis. Paresthesia is uncommon in poliomy-
elitis but common in Guillain-Barré syndrome. The CSF
usually has high protein content but normal cell count in
Guillain-Barré syndrome. While no evidence of poliomy-
elitis infection exists in acute flaccid myelitis that resembles
polio, enteroviruses are isolated in some cases of acute flac-
cid myelitis.

» Treatment

In the acute phase of paralytic poliomyelitis, patients
should be hospitalized. In cases of respiratory weakness or
paralysis, intensive care is needed. Intensive physiotherapy
may help recover some motor function with paralysis.
Attention to psychological disorders in longstanding dis-
ease is also important.

Immunodeficient individuals have prolonged excretion
of poliovirus leading to virus circulation and threatening
the polio eradication efforts.

Immune modulators, such as prednisone, interferon,
and IVIG, do not show any clear benefit in the treatment of
post-poliomyelitis syndrome.

» Prognosis

The death-to-case ratio for paralytic polio ranges between
2% and 30%, depending on age. Bulbar poliomyelitis car-
ries a mortality rate of up to 75%.

» Prevention

Given the epidemiologic distribution of poliomyelitis and
the continued concern about vaccine-associated disease
with the trivalent live OPV, the inactive (Salk) parenteral
vaccine (IPV) is currently used in the United States for all
four recommended doses (at ages 2 months, 4 months,
6–18 months, and at 4–6 years). Inactivated vaccine is also
routinely used elsewhere in the developed world where one
dose is often administered, although immunogenicity is
improved with additional doses.

Because most of circulating vaccine-derived poliovirus
and vaccine-associated poliomyelitis are live OPV type 2,
the WHO replaced worldwide the trivalent live OPV (con-
taining types 1, 2, and 3) with the bivalent live OPV
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(type 1 and 3) in 2016. The goal is to replace all live OPV
with inactive parenteral vaccination to eliminate poliovirus
circulation. The advantages of oral vaccination are the ease
of administration, low cost, effective local gastrointestinal
and circulating immunity, and herd immunity. Monovalent
OPV type 2 (mOPV2) as well as the trivalent OPV are
used for control in countries with vaccine-derived type 2
outbreaks.

Routine immunization of adults in the United States is
no longer recommended because of the low incidence of the
disease. Vaccination should be considered for adults not
vaccinated within the prior decade who are exposed to
poliomyelitis or who plan to travel to endemic areas and
adults engaged in high-risk activities (eg, laboratory work-
ers handling stools).

» When to Refer

Any suspicious cases should be referred to public health
authorities.

Dyer O. Polio: WHO declares type 3 poliovirus eradicated after
31 year campaign. BMJ. 2019;367:l6201. [PMID: 31649018]

Moffett DB et al. Progress toward poliovirus containment imple-
mentation—worldwide, 2019–2020. MMWR Morb Mortal
Wkly Rep. 2020;69:1330. [PMID: 32941411]

Pallansch MA. Ending use of oral poliovirus vaccine—a difficult
move in the polio endgame. N Engl J Med. 2018;379:801.
[PMID: 30157390]

Razum O et al. Polio: from eradication to systematic, sustained
control. BMJ Glob Health. 2019;4:e001633. [PMID: 31544903]

5. Acute Flaccid Myelitis

E S S E N T I A L S  O F  D I A G N O S I S

» Viral illness precedes neurologic signs.

» Flaccid paralysis usually affects upper limbs or all
four limbs.

» Enterovirus is commonly isolated; poliomyelitis
must be ruled out.

» General Considerations

Before widespread polio vaccination in the 1950s, polio
was the most common cause of acute flaccid myelitis (also
known as acute flaccid paralysis). More recently, nonpolio
enteroviruses are most often the cause of acute flaccid
myelitis. This disease has been reported throughout
Africa (20 countries), the Eastern Mediterranean region
(5 countries), intermittently in Europe (Germany and
France), and the United States (48 states and the District of
Colombia). The CDC began surveillance for acute flaccid
myelitis in 2014. Since then, there have been three out-
breaks in the United States. The largest to date occurred in
2018, with 80 confirmed cases between January 1, 2018,
and November 1, 2018; all but 1 of the cases (99%) had a
preceding viral illness in the month before presentation of
neurologic signs. The neurologic signs most commonly

involved the upper limbs (47.5% of cases) or all four limbs
(28.8% of cases). The most commonly associated viruses
(among the 50 cases in which virus was isolated) were
enterovirus A71 and enterovirus D68. In all instances,
poliomyelitis was ruled out but an exact cause for the acute
flaccid myelitis was not always determined.

» Clinical Findings

Acute flaccid myelitis is usually a childhood disease; the
average age of presentation is 5 years. Cases usually present
in late summer or early fall. There are three clinical stages
of acute flaccid myelitis: a prodromal illness, followed by
acute neurologic injury, and convalescence.

A. Symptoms and Signs

The prodrome typically consists of fever, upper respiratory
symptoms, and gastrointestinal symptoms. One to four
weeks later, neurologic symptoms begin and usually mani-
fest as flaccid limb weakness with decreased reflexes. Fever
may recur, and the patient experiences myalgia and flaccid
weakness in one or more limbs. Upper extremities are
affected more often than lower extremities. Once new neu-
rologic symptoms have subsided, the convalescent phase
can last for months to years. During this time, patients may
experience residual muscle weakness and atrophy.

B. Laboratory Findings

Cerebrospinal fluid analysis shows pleocytosis (white
blood cells greater than 5/mcL [0.005 × 109/L]) often
paired with elevated protein level (and a normal glucose
concentration).

All individuals with suspected acute flaccid myelitis
should be tested for enteroviruses (including D68 and A71)
and rhinovirus from relevant anatomic sites. Testing for
arboviruses, adenovirus, and herpesviruses should also be
considered. All suspected cases should be reported to the
state health department, the CDC, or both.

C. Imaging

MRIs of the brain and spinal cord should be accompanied
by lumbar puncture. MRI typically shows disease of the
central gray matter within the spinal cord in the location of
the anterior horn cells.

» Treatment

No specific treatment exists for acute flaccid myelitis. Man-
agement consists of supportive care. Many adjunctive
therapies have been used, including IVIG, high-dose corti-
costeroids, and plasmapheresis, but none have shown effi-
cacy. Neurologists specializing in the management of acute
flaccid myelitis can be contacted through the AFM Physi-
cian Consult and Support Portal at the following website:
https://bit.ly/2Y2U3VR.

Several antiviral agents have been tested for efficacy
against the viruses thought to cause this disease. Fluoxetine
has in vitro activity against enterovirus D68; however, its
use has not been associated with improved neurologic
outcomes.
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Long-term therapy during the convalescent phase
should include physical therapy and any other necessary
forms of physical rehabilitation.

» Prevention

An effective enterovirus-A71 vaccine has been developed
for children and is in phase 3 trials (NCT03865238).

Fatemi Y et al. Acute flaccid myelitis: a clinical overview for
2019. Mayo Clin Proc. 2019;94:875. [PMID: 31054607]

Guan X et al. Effectiveness and safety of an inactivated enterovi-
rus 71 vaccine in children aged 6–71 months in a phase IV
study. Clin Infect Dis. 2020;71:2421. [PMID: 31734699]

McKay SL et al. Increase in acute flaccid myelitis—United States,
2018. MMWR Morb Mortal Wkly Rep. 2018;67:1273. [PMID:
30439867]

OTHER NEUROTROPIC VIRUSES

1. Rabies

E S S E N T I A L S  O F  D I A G N O S I S

» History of animal bite.

» Paresthesias, hydrophobia, rage alternating with
calm.

» Convulsions, paralysis, thick tenacious saliva.

» General Considerations

Rabies is a viral (rhabdovirus) encephalitis transmitted by
infected saliva that enters the body by an animal bite or an
open wound. Worldwide, over 17 million cases of animal
bites are reported every year, and it is estimated that about
59,000 deaths annually are attributable to rabies. Rabies is
endemic in over 150 countries; it is estimated that over 40%
of the world’s population lives in areas without rabies sur-
veillance. Most cases of rabies occur in rural areas of Africa
and Asia. India has the highest incidence, accounting for
36% of global deaths (http://www.who.int/rabies/epidemi-
ology/en/). In developing countries, more than 90% of
human cases and 99% of human deaths from rabies are
secondary to bites from infected dogs. Rabies among trav-
elers to rabies-endemic areas is usually associated with
animal injuries (including dogs in North Africa and India,
cats in the Middle East, and nonhuman primates in sub-
Saharan Africa and Asia), with most travel-associated cases
occurring within 10 days of arrival. Rabies-free areas
include much of Western Europe, Australia, New Zealand,
Japan, and the state of Hawaii in the United States. A map
outlining these areas is available with Wikimedia Com-
mons (https://commons.wikimedia.org/wiki/File:Rabies_
Free_Countries_and_Territories.svg).

In the United States, domestically acquired rabies cases
are rare (approximately 92% of cases are associated with
wildlife) but probably underreported. Reports largely from
the East Coast show an increase in rabies among cats, with

about 1% of tested cats showing rabies seropositivity. The
annual caseload in the United States is 1–3 cases (https://
www.cdc.gov/rabies/location/usa/surveillance/human_
rabies.html). Between 1960 and 2018, a total of 125 human
rabies cases were reported in the United States. These
included 36 cases (28%) with a history of dog bites during
international travel. The remaining 89 cases (72%) were
acquired in the United States, most often by bats.

Surveillance for animal rabies in 2017 showed 4454
animal and 2 human cases occurring in 49 states and
Puerto Rico. Wild animals accounted for 91% of cases, and
among wild animals, bats were the most common animal
(31.2%). Wildlife reservoirs, with each species having its
own rabies variant(s), follow a unique geographic distribu-
tion in the United States: raccoons on the East Coast;
skunks in the Midwest, Southwest, and California; and
foxes in the Southwest and in Alaska. However, some areas
have all three wildlife reservoirs (eg, the hill country of
Texas) https://www.cdc.gov/rabies/location/usa/surveil-
lance/wild_animals.html.

Raccoons, bats, and skunks accounted for 82% of the
rabid animals found in the United States in 2017; other
rabid animals include foxes, cats, cattle, and dogs. Rodents
and lagomorphs (eg, rabbits) are unlikely to spread rabies
because they cannot survive the disease long enough to
transmit it (woodchucks and groundhogs are exceptions).
Wildlife epizootics present a constant public health threat
in addition to the danger of reintroducing rabies to domes-
tic animals. Vaccination is the key to controlling rabies in
small animals and preventing rabies transmission to
human beings.

The virus enters the salivary glands of dogs 5–7 days
before their death from rabies, thus limiting their period of
infectivity. Less common routes of transmission include
contamination of mucous membranes with saliva or brain
tissue, aerosol transmission, and corneal transplantation.
Recognized mutations in rabies virus proteins can subvert
the host immune system. Transmission through solid
organ and vascular segment transplantation from donors
with unrecognized infection is also reported. A number of
transplantation-associated cases are reported, including
two clusters in the United States. Postexposure prophylaxis
can be administered in these patients and may prevent
development of disease.

The incubation period may range from 10 days to many
years but is usually 3–7 weeks depending in part on the
distance of the wound from the CNS. The virus travels via
the nerves to the brain, multiplies there, and then migrates
along the efferent nerves to the salivary glands. Rabies
virus infection forms cytoplasmic inclusion bodies similar
to Negri bodies. These Negri bodies are thought to be the
sites of viral transcription and replication.

» Clinical Findings

A. Symptoms and Signs

While there is usually a history of animal bite, bat bites may
not be recognized. The prodromal syndrome consists of
pain at the site of the bite in association with fever, malaise,
headache, nausea, and vomiting. The skin is sensitive to
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changes of temperature, especially air currents (aeropho-
bia). Percussion myoedema (a mounding of muscles after a
light pressure stimulus) can be present and persist through-
out the disease. Abnormal sexual behavior is also a recog-
nized presenting symptom of rabies and such behavior
includes priapism and frequent ejaculation in males and
hypersexuality in females.

The CNS stage begins about 10 days after the prodrome
and may be either encephalitic (“furious”) or paralytic
(“dumb”). The encephalitic form (about 80% of the cases)
produces the classic rabies manifestations of delirium alter-
nating with periods of calm, extremely painful laryngeal
spasms on attempting drinking (hydrophobia), autonomic
stimulation (hypersalivation), and seizures. In the less
common paralytic form, an acute ascending paralysis
resembling Guillain-Barré syndrome predominates with
relative sparing of higher cortical functions initially. Both
forms progress relentlessly to coma, autonomic nervous
system dysfunction, and death.

B. Laboratory Findings

Biting animals that appear well should be quarantined
and observed for 10 days. Sick or dead animals should be
tested for rabies. A wild animal, if captured, should be
sacrificed and the head shipped on ice to the nearest
laboratory qualified to examine the brain for evidence of
rabies virus. When the animal cannot be examined, rac-
coons, skunks, bats, and foxes should be presumed to be
rabid.

Direct fluorescent antibody testing of skin biopsy mate-
rial from the posterior neck of the potentially infected
animal (where hair follicles are highly innervated) has a
sensitivity of 60–80%.

Quantitative RT-PCR, nucleic acid sequence-based
amplification, direct rapid immunohistochemical test, and
viral isolation from the patient’s CSF or saliva are advo-
cated as definitive diagnostic assays. Antibodies can be
detected in the serum and the CSF. Pathologic specimens
often demonstrate round or oval eosinophilic inclusion
bodies (Negri bodies) in the cytoplasm of neuronal cells,
but the finding is neither sensitive nor specific. MRI signs
are diffuse and nonspecific.

» Treatment & Prognosis

Management requires intensive care with attention to the
airway, maintenance of oxygenation, and control of sei-
zures. Universal precautions are essential. Corticosteroids
are of no use. Survival is rare, and data are insufficient to
provide estimate of success.

If postexposure prophylaxis (discussed below) is given
expediently, before clinical signs develop, it is nearly
100% successful in prevention of disease. Once the symp-
toms have appeared, death almost inevitably occurs after
7 days, usually from respiratory failure. Most deaths
occur in persons with unrecognized disease who do not
seek medical care or in individuals who do not receive
postexposure prophylaxis. The very rare cases in which
patients recover without intensive care are referred to as
“abortive rabies.”

» Prevention

Immunization of household dogs and cats and active
immunization of persons with significant animal exposure
(eg, veterinarians) are important. The most important
decisions, however, concern animal bites. Animals that are
frequent sources of infection to travelers are dogs, cats, and
nonhuman primates.

In the developing world, education, surveillance, and
animal (particularly dog) vaccination programs (at recur-
rent intervals) are preferred over mass destruction of dogs,
which is followed typically by invasion of susceptible feral
animals into urban areas. In some Western European
countries, campaigns of oral vaccination of wild animals
led to the elimination of rabies in wildlife.

A. Local Treatment of Animal Bites and Scratches

Thorough cleansing, debridement, and repeated flushing
of wounds with soap and water are important. Rabies
immune globulin or antiserum should be given as stated
below. Wounds caused by animal bites should not be
sutured.

B. Postexposure Immunization

The decision to treat should be based on the circumstances
of the bite, including the extent and location of the wound,
the biting animal, the history of prior vaccination, and the
local epidemiology of rabies. Any contact or suspect contact
with a bat, skunk, or raccoon is usually deemed a sufficient
indication to warrant prophylaxis. Consultation with state
and local health departments is recommended. Postexpo-
sure treatment including both immune globulin and vac-
cination should be administered as promptly as possible
when indicated.

For patients who had not received rabies vaccination
prior to possible exposure, the optimal form of passive
immunization is human rabies immune globulin (HRIG;
20 international units/kg), administered once. As much as
possible of the full dose should be infiltrated around the
wound, with any remaining injected intramuscularly at a
site distant from the wound. Finger spaces can be safely
injected without development of a compartment syn-
drome. If HRIG is not available and appropriate tests for
horse serum sensitivity are done, equine rabies antiserum
(40 international units/kg) can be used.

Two vaccines containing inactivated rabies viruses are
licensed for active immunization and available for use in
humans in the United States: a human diploid cell vaccine
(Immovax) and a purified chick embryo cell vaccine
(RabAvert). There are several postexposure prophylaxis
strategies. The most commonly used one is the “abbrevi-
ated Essen” strategy, where either of the current vaccines is
given as four intramuscular injections of 1 mL in the del-
toid or, in small children, into the anterolateral thigh
muscles on days 0, 3, 7, and 14 after exposure (the fifth
dose at 28 days after exposure is no longer recommended
except among immunosuppressed patients). The vaccine
should not be given in the gluteal area due to suboptimal
response. An alternative intramuscular vaccination strat-
egy that takes only 1 week, with injections on days 0, 3, and
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7 after exposure with a Vero cell vaccine (Verorab), was
reportedly successful in achieving adequate neutralizing
titers at days 14 and 28 in a study from Thailand; this vac-
cine is not currently available in the United States. Several
new rabies vaccines are undergoing phase 1 clinical trials,
including replication-defective chimpanzee adenovirus
vaccines (ChAd155-RG and ChAdOx2 RabG) and a
mRNA vaccine (CreVac CV7202).

The WHO supports an intradermal vaccination strat-
egy using Verorab and the inactivated rabies virus vaccine
Rabipur (an alternative formulation of the purified chick
embryo cell) (0.1 mL per intradermal injection) for regions
of the world where vaccine is in short supply; either
vaccine can be given at two sites on days 0, 3, 7, and 28.

Rabies vaccines and HRIG should never be given in the
same syringe or at the same site. Allergic reactions to the
vaccine are rare and include a report of sudden unilateral
sensorineural hearing loss and immune thrombocytopenic
purpura, although local reactions (pruritus, erythema,
tenderness) occur in about 25% and mild systemic reac-
tions (headaches, myalgias, nausea) in about 20% of recipi-
ents. Rare cases of post-immunization encephalitis have
been reported. Intradermal vaccines appear to be better
tolerated than intramuscular vaccines, especially among
young children (while titers achieved with intramuscular
vaccinations are higher, the titers achieved with intrader-
mal vaccination are deemed sufficient for protection
against clinical rabies). The vaccines are commercially
available or can be obtained through health departments.
Adverse reactions to HRIG seem to be more frequent in
women and rare in young children.

In patients with history of past vaccination, the need for
HRIG is eliminated (HRIG is in short supply worldwide),
but postexposure vaccination is still required. The vaccine
should be given 1 mL in the deltoid twice (on days 0 and
3). Neither the passive nor the active form of postexposure
prophylaxis is associated with fetal abnormalities and thus
pregnancy is not considered a contraindication to vaccina-
tion. Peripartum rabies transmission occurs but is rare.
Neonates may also receive both forms of postexposure
prophylaxis at birth.

The WHO has a program to eliminate dog-transmitted
human rabies by 2030.

C. Preexposure Immunization

Preexposure prophylaxis with three injections of human
diploid cell (Immovax) vaccine intramuscularly (1 mL on
days 0, 7, and 21 or 28) is recommended for persons at high
risk for exposure: veterinarians (who should have rabies
antibody titers checked every 2 years and be boosted with
1 mL intramuscularly); animal handlers; laboratory work-
ers; Peace Corps workers; and travelers with stays over
1 month to remote areas in endemic countries in Africa,
Asia, and Latin America. An intradermal route is also
available (0.1 mL on days 0, 7, and 21 over the deltoid) but
not in the United States. Intradermal administration of a
double dose of 0.1 mL on days 0 and 7 is safe and as effec-
tive as the three-dose schedule. Immunosuppressive ill-
nesses and agents including corticosteroids as well as
antimalarials—in particular chloroquine—may diminish

the antibody response. A single-dose booster at 10 years
after initial immunization increases the level of antibody
titers. Unfortunately, data from travel services indicate that
only a small proportion of travelers with anticipated
lengthy stays in rabies-impacted areas receive the vaccine
as recommended.

» When to Refer

Suspicion of rabies requires contact with public health
personnel to initiate appropriate passive and active prophy-
laxis and observation of suspect cases.

» When to Admit

• Respiratory, neuromuscular, or CNS dysfunction con-
sistent with rabies.

• Patients with suspect rabies require initiation of therapy
until the disease is ruled out in suspect animals, and
this requires coordination of care based on likelihood of
patient compliance, availability of inpatient and outpa-
tient facilities, and response of local public health
teams.

Pieracci EG et al. Vital Signs: Trends in human rabies deaths and
exposures—United States, 1938–2018. MMWR Morb Mortal
Wkly Rep. 2019;68:524. [PMID: 31194721]

Soentjens P et al. Preexposure intradermal rabies vaccination: a
noninferiority trial in healthy adults on shortening the vacci-
nation schedule from 28 to 7 Days. Clin Infect Dis. 2019;68:
607. [PMID: 29939243]

Tian Z et al. Clinical features of rabies patients with abnormal
sexual behaviors as the presenting manifestations: a case
report and literature review. BMC Infect Dis. 2019;19:679.
[PMID: 31370800]

2. Arbovirus Encehalitides

E S S E N T I A L S  O F  D I A G N O S I S

» Acute febrile illness; rash may be present; stiff neck
progressing to stupor, coma, and convulsions.

» Upper motor neuron lesion signs: exaggerated
deep tendon reflexes, absent superficial reflexes,
and spastic paralysis.

» CSF opening pressure and protein are often
increased with lymphocytic pleocytosis.

» General Considerations

The arboviruses are arthropod-borne viral pathogens car-
ried by mosquitoes or ticks that produce clinical manifesta-
tions in humans. The mosquito-borne pathogens include
togaviruses (most of which are of the genus Alphavirus,
including Western, Eastern, Venezuelan equine encephali-
tis, chikungunya, and Mayaro virus), flaviviruses (West
Nile, St. Louis encephalitis, Japanese encephalitis, Murray
Valley encephalitis, dengue, Zika, yellow fever, and Rocio
viruses), orthobunyaviruses (the California serogroup
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viruses, including the Jamestown Canyon [seen largely in
Northeastern states], La Crosse [seen in the upper Midwest
and mid-Atlantic primarily], and Keystone viruses). The
tick-borne causes of encephalitis include the flaviviruses
Powassan virus (North American Northeast and Great
Lakes) and tick-borne encephalitis virus (Europe and
Asia), as well as the Colorado tick fever reovirus. Only
those viruses causing primarily encephalitis in the United
States are discussed here. The most commonly encoun-
tered arboviruses from 2018 in the United States are West
Nile virus (2647 cases, 92% of arboviral neuroinvasive dis-
ease), Jamestown Canyon virus (41 cases), the La Crosse
virus (86 cases), and Powassan virus (21 cases). Rare causes
of domestic arboviruses were St. Louis encephalitis virus
(8 cases) and eastern equine encephalitis virus disease
(6 cases).

West Nile virus is the leading cause of domestically
acquired arboviral disease in the United States. West Nile
virus disease is a nationally notifiable condition. Among
the 958 cases reported in 2019, based on preliminary data
from the CDC from 48 states and the District of Columbia,
626 (65%) were classified as neuroinvasive disease. The
states reporting the most cases of neuroinvasive disease are
in the west and southwest and include California
(147 cases), Arizona (136 cases), Colorado (52 cases),
Nevada (33 cases), and New Mexico (30 cases). Asymp-
tomatic seroconversion is the norm and is not reported.

Outbreaks with West Nile infection tend to occur
between mid-July and early September. Climatic factors,
including elevated mean temperatures and rainfall, corre-
late with increased West Nile infection. West Nile virus
circulates between mosquitoes (mainly Culex species) and
birds. In case of West Nile virus outbreak, infected birds
develop high level viremia that leads to substantial avian
mortality and a high incidence of mosquito infection.
Infected mosquitoes bite and infect people and other mam-
mals. However, humans and other mammals are “dead
end” hosts since they do not transmit the virus on to other
biting mosquitoes; only dengue and Venezuelan equine
encephalitis viruses produce viremias high enough to allow
continued transmission to other mosquitoes and ticks
between humans and vectors. Human-to-human transmis-
sion is usually related to blood transfusion and organ
transplantation. Since 2003, all blood donations in the
United States are screened with nucleic acid amplifica-
tion assays for West Nile virus. Eastern equine encepha-
litis is now also shown to be transmitted by organ
transplantation.

» Clinical Findings

A. Symptoms and Signs

West Nile virus infection has an incubation period of
2–14 days. The infection is symptomatic in about 20% of
the cases and less than 1% progress to neuroinvasive dis-
ease, including meningitis, encephalitis, and flaccid paraly-
sis. The case fatality rate is 3–15% in symptomatic patients.

Symptoms include acute febrile illness, and a nonpru-
ritic maculopapular rash is variably present. Meningitis is
indistinguishable from other viral meningitis. West Nile

virus encephalitis presents with fever and altered mental
status. Other signs include tremors, seizures, cranial nerve
palsies, and pathologic reflexes. Acute flaccid (poliomyeli-
tis-like) paralysis, which is asymmetric and can involve
facial and respiratory muscles, is a well-known complica-
tion and is less commonly seen with other arboviruses
infection. West Nile virus can also present as Guillain-
Barré syndrome with radiculopathy. The disease manifes-
tations associated with West Nile virus infection are
strongly age-dependent: the acute febrile syndrome and
mild neurologic symptoms are more common in the
young, aseptic meningitis and poliomyelitis-like syn-
dromes are seen in middle-aged persons, and frank
encephalopathy is seen more often in older adults. All
forms of disease tend to be severe in immunocompromised
persons in whom neuroinvasive manifestations and associ-
ated high mortality are more apt to develop. Other risk
factors for development of neuroinvasive disease and
increased mortality include Black race, diabetes, chronic
kidney disease, and hepatitis C virus infection.

Host genetic variation in the interferon response path-
way is associated with both risk for symptomatic West Nile
virus infection and increased likelihood of West Nile virus
disease progression.

B. Laboratory Findings

The peripheral white blood cell count is typically normal.
Usually a CSF lymphocytic pleocytosis is present, and
polymorphonuclear cells predominate early. The diagno-
sis of arboviral encephalitides depends on serologic tests.
For West Nile virus, an IgM capture ELISA in serum or
CSF is almost always positive by the time the disease is
clinically evident, and the presence of IgM in CSF indi-
cates neuroinvasive disease. Documentation of a fourfold
increase in acute/convalescent IgG titers is confirmatory
for all arboviruses. Antibodies to arboviruses persist for
life, and the presence of IgG in the absence of a rising titer
of IgM may indicate past exposure rather than acute
infection. Serologic tests are available commercially
and through local and state health departments. Cross-
reactivity exists among the different flaviviruses, so a
plaque reduction assay may be needed to definitively dis-
tinguish between West Nile fever, St. Louis encephalitis,
and others. PCR assays (available through state laborato-
ries and the CDC) can be used to detect viral RNA in
serum, CSF, or tissue early after illness onset and may be
particularly useful in immunocompromised patients with
abnormal antibody responses. Blood products are best
screened using nucleic acid assays. MRI of the brain may
reveal leptomeningeal, basal ganglia, thalamic, or peri-
ventricular enhancement.

» Differential Diagnosis

Mild forms of encephalitis must be differentiated from
aseptic meningitis, lymphocytic choriomeningitis, and
nonparalytic poliomyelitis.

Severe forms of arbovirus encephalitides are to be dif-
ferentiated from other causes of viral encephalitis (HSV,
mumps virus, poliovirus or other enteroviruses, HIV),
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encephalitis accompanying exanthematous diseases of
childhood (measles, varicella, infectious mononucleosis,
rubella), encephalitis following vaccination or infection (a
demyelinating type seen after rabies, measles, pertussis
vaccination), toxic encephalitis (from drugs, poisons, or
bacterial toxins such as Shigella dysenteriae type 1), Reye
syndrome, and severe forms of stroke, brain tumors, brain
abscess, autoimmune processes such as lupus cerebritis,
and intoxications. In the California Encephalitis Project,
anti-N-methyl-D-aspartate receptor (anti-NMDAR)
encephalitis is a more common cause of encephalitis than
viral diseases, especially in the young, with 65% of cases of
encephalitis due to anti-NMDAR occurring among patients
18 or younger.

» Complications

Bronchial pneumonia, urinary retention and infection,
prolonged weakness, and pressure injuries may occur. Reti-
nopathy occurs in 24% of patients with a history of West
Nile virus infection and is associated with increased risk in
those with encephalitis. Individuals with chronic symp-
toms after West Nile virus infection may show persistent
kidney infection for up to 6 years with West Nile virus
RNA present in urine; kidney infection may lead to pro-
gressive renal pathology.

» Treatment

Although specific antiviral therapy is not available for most
causative entities, vigorous supportive measures can be
helpful. Some studies suggest improved outcomes with the
use of IVIG enriched with West Nile virus antibody; how-
ever, a randomized, controlled trial of IVIG did not show a
benefit.

» Prognosis

Although most infections are mild or asymptomatic, the
prognosis is always guarded, especially at the extremes of
age. Most fatalities occur with neuroinvasive disease. The
majority of patients with non-neuroinvasive West Nile
virus disease or West Nile virus meningitis recover com-
pletely, but a syndrome of fatigue, malaise, and weakness
can linger for weeks or months. Patients who recover from
West Nile virus encephalitis or poliomyelitis often have
residual neurologic deficits. The recovery of persons with
severe neurologic compromise may take 6 months or lon-
ger. The sequelae of West Nile virus infection include a
poliomyelitis-like syndrome, cognitive complaints, move-
ment disorders, epilepsy, and depression; and they may
become apparent late in the course of what appears to be a
successful recovery.

Another entity (nonprimary infection), character-
ized by elevated serum IgG, absent serum IgM, and
occasional detection of West Nile virus RNA in blood or
CSF, is associated with underlying psychiatric disorders,
hospitalization during times not associated with peak
West Nile transmission, fever, and increased in-hospital
mortality.

The long-term prognosis is generally better for Western
equine than for Eastern equine or St. Louis encephalitis.

» Prevention

Mosquito avoidance (repellents, protective clothing, and
insecticide spraying) is effective prevention. Laboratory
precautions are indicated for handling all these pathogens.
No human vaccine is currently available for the arboviruses
prevalent in North America. A chimeric live attenuated
West Nile virus vaccine is tested in phase 2 clinical trials
and is shown to be safe and immunogenic in healthy
adults.

Lednicky JA et al. Keystone virus isolated from a Florida teen-
ager with rash and subjective fever: another endemic arbovi-
rus in the southeastern United States? Clin Infect Dis.
2019;68:143. [PMID: 29893806]

McDonald E et al. West Nile virus and other domestic nationally
notifiable arboviral diseases—United States, 2018. MMWR
Morb Mortal Wkly Rep. 2019;68:673. [PMID: 31393865]

Morens DM. Eastern equine encephalitis virus—another emer-
gent arbovirus in the United States. N Engl J Med. 2019;381:
1989. [PMID: 31747726]

Musso D et al. Unexpected outbreaks of arbovirus infections:
lessons learned from the Pacific and tropical America. Lancet
Infect Dis. 2018;18:e355. [PMID: 29934112]

3. Jaanese Encehalitis

E S S E N T I A L S  O F  D I A G N O S I S

» Most important vaccine-preventable cause of
encephalitis in the Asia-Pacific region.

» The virus is transmitted by mosquitoes, especially
Culex species.

» Wide symptom spectrum; most infections
asymptomatic.

» General Considerations

The Japanese encephalitis virus is a flavivirus akin to
those causing West Nile infection and St. Louis encepha-
litis. It is the most common cause of encephalitis in East
Asia with over 68,000 estimated annual cases and up to
20,400 annual deaths. It is geographically confined to East
Asia and the Western Pacific. Most cases occur in the
summer and late fall, although in tropical and subtropical
areas transmission occurs throughout the year. Major
outbreaks every 2–15 years often correlate with patterns
of agricultural development. The virus is transmitted by
mosquitoes, especially Culex species. Areas with high
endemicity tend to be warm-temperate, semitropical or
tropical areas with high annual rainfalls. Wading birds
(such as herons) and pigs more commonly sustain the
infection as reservoirs in nature, since the viremia in
humans is transient and not usually high enough to sus-
tain transmission. In endemic countries, Japanese
encephalitis is primarily a disease of children. Travelers to
major urban areas for less than 1 month are at minimal
risk for Japanese encephalitis. Transmission by blood
transfusion is documented.
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» Clinical Findings

A. Symptoms and Signs

The median incubation period is 5–15 days. Most persons
asymptomatically seroconvert. The 1% of patients in whom
disease develops report sudden-onset headaches, nausea,
and vomiting, followed by mental status changes, parkinso-
nian movement disorders, and in a smaller percentage,
seizures, typically in children.

Japanese encephalitis most closely resembles St. Louis
encephalitis and West Nile encephalitis, although epide-
miologic data readily distinguish these infections in most
instances. The clinical course is less severe in patients with
a history of dengue virus infection.

B. Laboratory Findings and Diagnosis

The disease should be suspected in persons with symptoms
of CNS infection who recently visited or who reside in an
endemic area.

Common laboratory abnormalities include leukocyto-
sis, mild anemia, and hyponatremia. CSF typically has a
mild to moderate pleocytosis with a lymphocytic predomi-
nance, slightly elevated protein, and normal glucose.

Diagnosis is confirmed by finding anti-Japanese
encephalitis virus IgM in CSF or serum using ELISA.
Definitive diagnosis requires fourfold increase in virus-
specific IgG confirmed by plaque reduction neutralization
assay. Because of low levels of viremia in humans, RT-PCR
is not recommended.

In severe disease, brain imaging reveals thalamic
lesions, with the hippocampus, midbrain, basal ganglia,
and cerebral cortex affected to varying degrees.

» Complications

A variety of cognitive, neurologic, and psychiatric complica-
tions, including memory impairment and intellectual
impairment in adults and children, are recognized to occur
in as many as 50% of survivors and to persist at least
1–2 years after the acute infection. Opsoclonus myoclonus
syndrome is rarely reported. The mortality is as high as 30%.

» Treatment

Treatment is supportive, including antipyretics, analgesics,
bed rest, and fluids. Corticosteroids may result in clinical
improvement of opsoclonus myoclonus syndrome.

» Prevention

Using mosquito repellents; wearing long sleeves, long
pants, and socks; and using air-conditioned facilities and
bed nets are essential means of protection.

In the United States, inactivated Vero-cell culture-
derived Japanese encephalitis vaccine (IXIARO) is licensed
for the prevention of Japanese encephalitis in persons
2 months of age and older. Travelers who plan to spend
more than 1 month in endemic areas should receive the
vaccine. Vaccine should also be considered for travelers
who plan to spend less than 1 month in endemic areas but

who are at increased risk for Japanese encephalitis (eg,
season, location, activities). Primary vaccination requires
two doses administered 28 days apart, to be completed
more than 1 week before travel. For adults, a booster dose
is recommended in case of potential reexposure or of con-
tinued risk for infection if the primary series of the vaccine
was administered over a 1 year before.

Four effective types of vaccine against Japanese enceph-
alitis are available worldwide, including live attenuated and
inactivated vaccines. The risk of serious reactions, includ-
ing potential encephalitis with live vaccines, is low and
decreases with age. Rare reported neurologic reactions are
not definitively associated with vaccination. There are no
studies about the safety of IXIARO in pregnant women.
Therefore, administration of this vaccine to pregnant
women should be deferred, unless the risk of infection
outweighs the risk of vaccine complications.

Barzon L et al. Recent developments in vaccines and biological
therapies against Japanese encephalitis virus. Expert Opin
Biol Ther. 2018;18:851. [PMID: 29991325]

Caldwell JP et al. Evolving epidemiology of Japanese encephali-
tis: implications for vaccination. Curr Infect Dis Rep 2018;
20:30. [PMID: 29959548]

Cheng VCC et al. Japanese encephalitis virus transmitted via
blood transfusion, Hong Kong, China. Emerg Infect Dis.
2018;24:49. [PMID: 29043965]

Hills SL et al. Japanese encephalitis vaccine: recommendations of
the Advisory Committee on Immunization Practices. MMWR
Recomm Rep. 2019;68:1. [PMID: 31518342]

World Health Organization. Japanese encephalitis: fact sheet.
May 2019. https://www.who.int/news-room/fact-sheets/
detail/japanese-encephalitis

4. Tick-Borne Encehalitis

E S S E N T I A L S  O F  D I A G N O S I S

» Flaviviral encephalitis found in Eastern, Central,
and occasionally Northern Europe and Asia.

» Transmitted via ticks or ingestion of unpasteur-
ized milk.

» Long-term neurologic sequelae in 2–25% of cases.

» Therapy is largely supportive.

» Prevention: avoid tick exposure, pasteurize milk,
and vaccinate.

» General Considerations

Tick-borne encephalitis (TBE) is a flaviviral infection
caused by TBE virus with three subtypes: European,
Siberian, and Far Eastern. The principal reservoirs and
vectors for TBE virus are ticks with small rodents as the
amplifying host; humans are an accidental host. The vec-
tors for most cases are Ixodes ricinus (European subtype)
and Ixodes persulcatus (Siberian and Far Eastern subtype).
Infection results from tick bites during outdoor activities in
forested areas, predominantly in the late spring through
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fall. Ingestion of unpasteurized milk from viremic livestock
(goats, sheep, and cattle) is also a recognized mode of
transmission. Transmission by transplantation of solid
organs is reported leading to fatal outcomes. TBE is
endemic in certain parts of Europe (where its prevalence
has been expanding in recent years; eg, in 2018, 377 cases
were recorded in Switzerland, 40% more than in 2017) and
Asia (principally China but a few cases from Japan as well).
The number of cases reported annually fluctuates signifi-
cantly depending on surveillance, human activities, socio-
economic factors, ecology, and climate. The incubation
period is 7–14 days for tick-borne exposures but only
3–4 days for milk ingestion.

Powassan virus is the only North American member of
the tick-borne encephalitides. Its vector is several Ixodes
species ticks. Most cases occur in older men (median age,
62; all deaths have occurred in persons over age 50), pri-
marily from Northeast and North Central states (especially
Minnesota, New York, and Wisconsin). Most reported
cases are neuroinvasive with presentations including acute
encephalitis and aseptic meningitis. The incubation period
can range from 1 to 5 weeks, although pinpointing the date
of actual exposure is often difficult.

Alkhurma hemorrhagic fever is also caused by a flavi-
virus first uncovered in Jeddah, Saudi Arabia, in 1995 and
is reemerging in the Middle East with occurrences in tour-
ists to Egypt, Djibouti, and possibly India. Its extent of
geographic distribution is currently unknown.

» Clinical Findings

A. Symptoms and Signs

Most cases are subclinical, and many resemble an influenza-
like syndrome with 2–10 days of fever (usually with mal-
aise, headache, and myalgias). In some cases, the disease is
biphasic where the initial flu-like period is followed by a
1- to 21-day symptom-free interval followed by a second
phase with fevers and neurologic symptoms (cases from
Asia appear not to show this biphasic pattern). The neu-
rologic manifestations range from febrile headache to
aseptic meningitis and encephalitis with or without
myelitis (preferentially of the cervical anterior horn) and
spinal paralysis (usually flaccid). A myeloradiculitic form
can also develop but is less common. Peripheral facial
palsies, sometimes bilateral, tend to occur infrequently
late in the course of infection, usually after encephalitis
and generally are associated with a favorable outcome
within 30–90 days. The main sequela of disease is paresis.
Other causes of long-term morbidity include protracted
cognitive dysfunction and persistent spinal nerve paraly-
sis. The post-encephalitic syndrome is characterized by
headache, difficulties concentrating, balance disorders,
dysphasia, hearing defects, and chronic fatigue. A pro-
gressive motor neuron disease and partial continuous
epilepsy are complications. Longstanding psychiatric
complications are reported and include attention deficits,
slowness of thought and learning impairment, depres-
sion, lability, and mutism.

Mortality in TBE is usually a consequence of brain
edema or bulbar involvement.

B. Laboratory Findings and Diagnosis

Leukopenia alternating with leukocytosis can be seen.
Abnormal CSF findings include an inconsistent pleocytosis
that may persist for up to 4 months. Hyponatremia is more
commonly seen than with other viral encephalitides. Neu-
roimaging might show hyperintense lesions in the thala-
mus, brainstem, and basal ganglia, and cerebral atrophy.

When neurologic symptoms develop, the TBE virus is
typically no longer detectable in blood and CSF samples.
Virus detection by RT-PCR in ticks from TBE patients, if
available, can help with the diagnosis. TBE virus IgM and
IgG are detected by ELISA when neurologic symptoms
occur.

Cross-reactivity with other flaviviruses or a vaccinated
state may require confirmation by detection of TBE virus–
specific antibodies by plaque-reduction neutralization
tests.

» Differential Diagnosis

The differential diagnosis includes other causes of aseptic
meningitis, such as enteroviral infections; poliomyelitis (no
longer reported from Eastern Europe); herpes simplex
encephalitis; and a variety of tick-borne pathogens, includ-
ing tularemia, the rickettsial diseases, babesiosis, Lyme
disease, and other flaviviral infections. Coinfections are
documented with Anaplasma, Babesia, and Borrelia
infections.

» Treatment

No specific antiviral treatment is available, and therapy is
largely supportive.

» Prognosis

The three subtypes of TPE have different prognoses. The
European subtype is usually milder with up to 2% mortal-
ity and 30% neuroinvasive disease. The Siberian subtype is
associated with 3% mortality and chronic, progressive dis-
ease. The Far Eastern subtype is usually more severe with
up to 40% mortality and higher likelihood of neurologic
involvement. All three subtypes are more severe among
elderly adults compared with children. Coinfection with
Borrelia burgdorferi (the agent of Lyme disease; transmitted
by the same tick vector) may result in more severe
disease.

» Prevention

No TBE vaccine is available in the United States. There are
four inactivated TBE virus vaccines for adults and children
licensed in Europe (two in Austria and Germany and two
in Russia) and one available in China. The vaccine is safe
and effective and should provide cross-protection against
all three TBE virus subtypes. The initial vaccination sched-
ule requires two to three doses given over 6 or more
months with boosters every 1–5 years, the interval depen-
dent on the vaccine and national guidelines. Breakthrough
TBE in vaccinated individuals is reported, especially
among recipients who are over 50 years of age and among
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persons who are immunosuppressed, such as those receiv-
ing anti-TNF therapy or methotrexate, indicating the need
for a modified immunization strategy in such patients.
Data support adding an extra booster vaccine dose for
individuals aged 50 years and older. Neuritis and neuropa-
thies of peripheral nerves (plexus neuropathy—paresis of
lower limb muscles, polyradiculopathy) are recognized
complications of TBE vaccination.

The low popular support for the vaccine in endemic
countries is responsible for limited abilities to control the
disease. Other prevention recommendations include
avoidance of tick exposure and pasteurization of cow and
goat milk.

Fischer M et al. Tickborne encephalitis. In: Centers for Disease
Control and Prevention. Chapter 3 (83): CDC Health Infor-
mation for International Travel 2018. New York: Oxford
University Press, 2018. https://wwwnc.cdc.gov/travel/yellow-
book/2018/infectious-diseases-related-to-travel/tickborne-
encephalitis

Hansson KE et al. Tick-borne encephalitis (TBE) vaccine fail-
ures: a ten-year retrospective study supporting the rationale
for adding an extra priming dose in individuals at age 50
years. Clin Infect Dis. 2020;70:245. [PMID: 30843030]

Krow-Lucal ER et al. Powassan virus disease in the United States,
2006–2016. Vector Borne Zoonotic Dis. 2018;18:286. [PMID:
29652642]

Kunze U et al. Report of the 21st Annual Meeting of the Interna-
tional Scientific Working Group on Tick-Borne Encephalitis
(ISW-TBE): TBE - record year 2018. Ticks Tick Borne Dis.
2020;11:101287. [PMID: 31522919]

Tambo E et al. Defeating re-emerging Alkhurma hemorrhagic
fever virus outbreak in Saudi Arabia and worldwide. PLoS
Negl Trop Dis. 2018;12:e0006707. [PMID: 30260960]

5. Lymhocytic Choriomeningitis

E S S E N T I A L S  O F  D I A G N O S I S

» “Influenza-like” prodrome of fever, chills, and
cough, followed by a meningeal phase.

» Aseptic meningitis: stiff neck, headache, vomiting,
lethargy.

» CSF: slight increase of protein, lymphocytic pleo-
cytosis (500–3000/mcL [0.5–3.0 × 109/L]).

» Complement-fixing antibodies within 2 weeks.

» General Considerations

The lymphocytic choriomeningitis virus is an arenavirus
(related to the pathogen causing Lassa fever, discussed
below) that primarily infects the CNS. Its main reservoir is
the house mouse (Mus musculus). Other rodents (such as
rats, guinea pigs, and even pet hamsters), monkeys, dogs,
and swine are also potential reservoirs. The infected animal
sheds lymphocytic choriomeningitis virus in nasal secre-
tions, urine, and feces; transmission to humans probably
occurs through aerosolized particles and mucosal expo-
sure, percutaneous inoculation, direct contact, or animal

bites. The disease in humans is underdiagnosed and occurs
most often in autumn. The lymphocytic choriomeningitis
virus is typically not spread person to person, although
vertical transmission is reported, and it is considered to be
an underrecognized teratogen. Rare cases related to solid
organ transplantation and autopsies of infected individuals
are also reported. All reported cases were donor derived.
Outbreaks are uncommon, and usually occur in laboratory
settings among those workers with significant rodent
exposure.

The ubiquitous nature of its reservoir and the large distri-
bution of the reported cases suggest a widespread geo-
graphic risk of lymphocytic choriomeningitis virus infection.
Serologic surveys in the southern and eastern United States
suggest past infection in approximately 3–5% of those tested,
although later data from upstate New York showed less than
1% seroprevalence. Infection risk can be reduced by limiting
contact with pet rodents and rodent trappings.

» Clinical Findings

A. Symptoms and Signs

The incubation period is 8–13 days to the appearance of
systemic manifestations and 15–21 days to the appear-
ance of meningeal symptoms. Symptoms are biphasic,
with a prodromal illness characterized by fever, chills,
headache, myalgia, cough, and vomiting, occasionally
with lymphadenopathy and maculopapular rash. After
3–5 days, the fever subsides only to return after 2–4 days
along with the meningeal phase, characterized by head-
ache, nausea and vomiting, lethargy, and variably present
meningeal signs. Arthralgias can develop late in the
course. Transverse myelitis, deafness, Guillain-Barré syn-
drome, and transient and permanent hydrocephalus are
reported. Lymphocytic choriomeningitis virus is a
well-known, albeit underrecognized, cause of congenital
infection frequently complicated with obstructive hydro-
cephalus and chorioretinitis. In fetuses and newborns
with ventriculomegaly or other abnormal neuroimaging
findings, screening for congenital lymphocytic chorio-
meningitis may be considered; mothers are asymptomatic
half the time. In over one-third of cases, rodent exposure
is reported retrospectively. Occasionally, a syndrome
resembling the viral hemorrhagic fevers is described in
transplant recipients of infected organs and in patients
with lymphoma.

B. Laboratory Findings

Leukocytosis or leukopenia and thrombocytopenia may be
initially present. During the meningeal phase, CSF analysis
frequently shows lymphocytic pleocytosis (total count is
often 500–3000/mcL [0.5–3.0 × 109/L]) with a slight
increase in protein, while a low to normal glucose is seen
in at least 25%. The virus may be recovered from the blood
and CSF by mouse inoculation. Complement-fixing anti-
bodies appear during or after the second week. Detection
of specific IgM by ELISA is widely used. Detection of lym-
phocytic choriomeningitis virus by PCR is available in
research settings.
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» Differential Diagnosis

The influenza-like prodrome and latent period may distin-
guish this from other aseptic meningitides, and bacterial
and granulomatous meningitis. A history of exposure to
mice or other potential vectors is an important diagnostic
clue.

» Treatment

Treatment is supportive. In several survivors of transplant-
associated outbreaks, ribavirin (which is effective against
other arenaviruses) has been used successfully along with
decreasing immunosuppression.

» Prognosis

Complications and fatalities are rare in the general popula-
tion. The illness usually lasts 1–2 weeks, though convales-
cence may be prolonged. Lymphocytic choriomeningitis in
solid organ transplant recipients is associated with a poor
prognosis; the mortality rate may exceed 80%.

» Prevention

Pregnant women should be advised of the dangers to their
unborn children inherent in exposure to rodents.

Tanveer F et al. Lymphocytic choriomeningitis virus meningo-
encephalitis in a renal transplant recipient following exposure
to mice. Transpl Infect Dis. 2018;29:e13013. [PMID:
30325104]

6. prion Diseases

E S S E N T I A L S  O F  D I A G N O S I S

» Rare in humans.

» Cognitive decline.

» Myoclonic fasciculations, ataxia, visual distur-
bances, pyramidal and extrapyramidal symptoms.

» Variant form presents in younger persons with
prominent psychiatric or sensory symptoms.

» Specific EEG patterns.

» General Considerations

The transmissible spongiform encephalopathies are a
group of fatal neurodegenerative diseases affecting humans
and animals. They are caused by proteinaceous infectious
particles or prions. These agents show slow replicative
capacity and long latent intervals in the host. They induce
the conformational change (“misfolding”) of a normal
brain protein (prion protein; PrP[C]) into an abnormal
isoform (PrP[Sc]) that accumulates and causes neuronal
vacuolation (spongiosis), reactive proliferation of astro-
cytes and microglia, and, in some cases, the deposition of
beta-amyloid oligomeric plaques.

Prion disease can be hereditary, sporadic, or transmis-
sible in humans. Hereditary disorders are caused by germ
line mutations in the PrP[C] gene causing familial
Creutzfeldt–Jakob disease (fCJD), Gerstmann-Sträussler-
Scheinker syndrome (GSS), and fatal familial insomnia.
Another uncommon hereditary disorder is PrP systemic
amyloidosis.

Sporadic Creutzfeldt-Jakob disease (sCJD) is the
most common of the human prion diseases, account-
ing for approximately 85% of cases; it has no known
cause. Transmissible prion disease is described only for
kuru and Creutzfeldt-Jakob disease in its iatrogenic
(iCJD) and variant (vCJD) form. Iatrogenic transmis-
sion of CJD is associated with prion contaminated
human corneas, dura mater grafts, pituitary-derived
growth hormone, gonadotropins, stereotactic electro-
encephalography, electrodes, and neurosurgical instru-
ments. Abnormal prion proteins have been detected in
the nasal mucosa and urine of patients with Creutzfeldt-
Jakob disease, raising health concerns about possibility
of transmission.

Kuru, once prevalent in central New Guinea, is now
rare, a decline in prevalence that started after the abandon-
ment of cannibalism in the late 1950s (a protective allele of
the PrP gene is now identified at codon 127).

More than 200 cases of vCJD (bovine spongiform
encephalopathy [BSE] or “mad cow disease”) were
reported in the United Kingdom since the first docu-
mented cases there in the mid-1990s. It is far less common
in North America, with only four cases reported in the
United States (the last one in 2015) and two deaths in
Canada from definite or probable vCJD. Of the US-
reported cases, none are confirmed to have acquired the
disease locally (two of them acquired the infection in the
United Kingdom, one in Saudi Arabia, one possibly in a
Middle Eastern or Eastern European country). The overall
annual incidence of prion disease worldwide is approxi-
mately 1–2 persons per million. This disease is character-
ized by its bovine-to-human transmission through
ingestion of meat from cattle infected with BSE. There is no
animal-to-animal spread of BSE, and milk and its derived
products are not considered infectious. Reports of second-
ary transmission of vCJD due to blood transfusions from
asymptomatic donors are reported in the United Kingdom.
Although iCJD and vCJD are not associated with a known
PrP gene mutation, a polymorphism in codon 129 is preva-
lent and seems to determine susceptibility and expression
of clinical disease.

A chronic wasting disease also due to a transmissible
spongiform encephalopathic agent is increasing; occurs
among deer, elk, and moose; and is reported from 26 states
including most of Wyoming and parts of Colorado but
present in the East and South as well. Although there are
no documented cases of transmission to humans, trans-
mission in the laboratory to squirrel monkeys has occurred,
and the CDC recommends refraining from killing bizarrely
acting animals, not handling or eating roadkill, and wear-
ing gloves when dressing wild game. Testing for the virus
in game animals may be useful, but its efficacy is not
established.
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» Clinical Findings

A. Symptoms and Signs

Both sCJD and fCJD usually present in the sixth or seventh
decade of life, whereas the iCJD form tends to occur in a
much younger population. Clinical features of these three
forms of disease usually involve mental deterioration
(dementia, behavioral changes, loss of cortical function)
that is progressive over several months, as well as myoclo-
nus and extrapyramidal (hypokinesia) and cerebellar man-
ifestations (ataxia, dysarthria). Finally, coma ensues,
usually associated with an akinetic state and less com-
monly decerebrate/decorticate posturing. Like iCJD, vCJD
usually affects younger patients (averaging ~28 years), but
the duration of disease is longer (about 1 year). The degree
of organ involvement is often extensive, and the clinical
symptoms are unique, mainly characterized by prominent
psychiatric and sensory symptoms.

B. Laboratory Findings

CJD should be diagnosed in the proper clinical scenario,
in the absence of alternative diagnoses after routine inves-
tigations. Abnormalities in CSF are subtle and rarely help-
ful. The detection of 14-3-3 protein in the CSF is helpful
for the diagnosis of sCJD but not in vCJD and fCJD. Its
sensitivity and specificity are widely variable among dif-
ferent studies and may be increased with use of tau pro-
tein assays. CSF detection of total PrP can differentiate
CJD from atypical Alzheimer disease with 82% sensitivity
and 91% specificity.

A blood-based assay and PCR in CSF may help with the
diagnosis of vCJD with high specificity but 71% sensitivity.
The assay as well as 14-3-3 protein assay and a “quaking
induced conversion” assay are all available through the
National Prion Disease Surveillance Center at Case
Western University in Cleveland. Other referral laborato-
ries with variable availability of assays include state health
departments, academic centers, and the National Prion
Clinics in the United Kingdom. It is also recognized that
the presence of a variant with low titers (“very low periph-
eral prion colonization”) in peripheral tissue, including
frequently biopsied tonsillar tissue, may be responsible for
the underrecognition of vCJD.

Probable diagnosis requires the presence of rapidly
progressive dementia plus two of four clinical features
(myoclonus, visual or cerebellar signs, pyramidal/extrapy-
ramidal signs, and akinetic mutism) as well as a positive
laboratory assay (typical EEG, positive 14-3-3 CSF assay
with duration under 2 years) and MRI high signal in the
caudate and/or putamen on diffusion-weighted imaging
(DWI) or fluid-attenuated inversion recovery (FLAIR)
imaging. In sCJD, the EEG typically shows a pattern of
paroxysms with high voltages and slow waves, while the
MRI is characteristic for bilateral areas of increased signal
intensity, predominantly in the caudate and putamen. An
MRI can improve early diagnosis of sCJD because clinical
findings are often missed. When an experienced neurora-
diologist or a prion disease expert reviews the MRI, diag-
nostic sensitivity of MRI for sCJD increases to 91%.

» Differential Diagnosis

Autoimmune encephalitis can have a similar clinical
picture. The presence of high titer autoantibodies (eg, to
the NMDA receptor) in the CSF is consistent with autoim-
mune encephalitis.

» Treatment & Prevention

There is no specific treatment for CJD. Once symptoms
appear, the infection invariably leads to death. Flupirtine
(an analgesic medication) is sometimes useful in slowing
the associated cognitive decline but does not affect sur-
vival. Quinacrine (mepacrine) was not shown to improve
survival for people with sCJD. Antibodies against PrP are
also proposed as a therapeutic strategy. Studies are in prog-
ress to identify epitopes for vaccine development, but no
promising candidates exist to date.

Iatrogenic CJD can be prevented by limiting patient
exposure to potentially infectious sources as mentioned
above. Prevention of vCJD relies on monitoring livestock
for possible infection. The American Red Cross does not
accept blood donations from persons with a family history
of CJD or with a history of dural grafts or pituitary-derived
growth hormone injections.

An international referral and database for CJD is avail-
able at http://www.cjdsurveillance.com.

Bardelli M et al. A bispecific immunotweezer prevents soluble
PrP oligomers and abolishes prion toxicity. PLoS Pathog.
2018;14:e1007335. [PMID: 30273408]

Houston F et al. Animal prion diseases: the risks to human
health. Brain Pathol. 2019;29:248. [PMID: 30588682]

Tee BL et al. Prion diseases. Neurol Clin. 2018;36:865. [PMID:
30366560]

7. progressive Multifocal
Leukoencehaloathy (pML)

PML is a rare demyelinating CNS disorder caused by the
reactivation of two polyoma viruses, the JC virus (John
Cunningham virus or JCV) and, less commonly, the BK
virus (associated with nephropathy). The JC virus usually
causes its primary infection during childhood with about
80% of adults typically being seropositive. The virus
remains latent in the kidneys, lymphoid tissues, epithelial
cells, peripheral blood leukocytes, bone marrow, and pos-
sibly brain until reactivation occurs and symptoms become
evident. This reactivation is usually seen in adults with
impaired cell-mediated immunity, especially AIDS patients
(5–10% of whom develop PML), as well as those with idio-
pathic CD4 lymphopenia syndrome. It is also reported
among those with lymphoproliferative and myeloprolifera-
tive disorders; in those with granulomatous, inflammatory,
and rheumatic diseases (systemic lupus erythematosus and
rheumatoid arthritis in particular); in those who have
undergone solid and hematopoietic cell transplantation;
and occasionally in those who have other medical states,
including cirrhosis and kidney disease. Diagnostic criteria
that use clinical, imaging, pathologic, and virologic mani-
festations of JCV are available from the American Academy
of Neurology.
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Medication-associated PML is described with the use
of natalizumab, rituximab, infliximab, alemtuzumab, azathio-
prine with corticosteroids, cyclophosphamide, and mycophe-
nolate mofetil. Natalizumab, a monoclonal antibody used in
the treatment of multiple sclerosis, is associated with the risk
of PML developing in 4 per 1000 treated patients, with the rate
increasing with duration of therapy. The risk of clinical PML
appears to increase up to 36 months of therapy and levels off
thereafter. The mean interval between use of the drug to the
diagnosis of PML is 5.5 months. JCV is detected in the CSF of
up to one-half of all patients treated with natalizumab. An
immune reconstitution inflammatory state (IRIS) may follow
cessation of natalizumab or other monoclonal antibody ther-
apy, although the JCV presence and the residual neurologic
deficits may not clear for years after therapy is stopped. The
risk of developing PML associated with rituximab is at least 1
in 25,000 exposed patients with cases reported in various
autoimmune conditions treated with rituximab (systemic
lupus erythematosus, rheumatoid arthritis, multiple sclerosis).
Although the exact relationship between latent JCV and frank
PML remains unclear, higher JC viral loads are detected
among patients who are immunosuppressed and among those
who have HIV infection with lower CD4 cell counts.

» Clinical Findings

A. Symptoms and Signs

JCV causes lytic infection of oligodendrocytes in the white
matter and symptoms presenting subacutely reflect the
diverse areas of CNS involvement. Symptoms include
altered mental status, aphasia, ataxia, hemiparesis or hemi-
plegia, and visual field disturbances. Seizures occur in
about 18%. Involvement of cranial nerves and the cervical
spine is rare.

B. Laboratory Findings

Quantitative PCR for JCV in CSF is used for diagnosis in
patients with compatible clinical and radiologic findings.
Persistent JC viremia and increasing urinary JCV DNA
may be predictive of PML. An anti-JCV IgG was higher
6 months before diagnosis but was not predictive of PML
in a cohort of people living with HIV infection.

C. Imaging

MRI of the brain shows multifocal areas of white matter
demyelination without mass effect or, usually, contrast
enhancement. These findings may not be distinguishable
from IRIS. Increased uptake of methionine with concomi-
tant decreased uptake of fluorodeoxyglucose in positron
emission tomography may be helpful for diagnosis. In
people living with HIV, a syndrome of cerebellar degenera-
tion is described. Case reports attest to the variability of
MRI findings and one should not rely on them solely for
diagnosis.

» Treatment & Prevention

Limiting the immunosuppressed state without inducing an
IRIS represents the mainstay of therapy for HIV-associated

PML. Treatment of HIV with ART reduces the incidence of
PML, improves the clinical symptoms, reverses some of the
radiographic abnormalities, and improves the 1-year mor-
tality rate, regardless of baseline CD4 cell count. Immune
recovery can induce worsening of the clinical picture in a
small number of cases. Immune reconstitution syndromes
do not alter mortality but are associated with a form of
PML called non-determined leukoencephalopathy asso-
ciated with a chemokine polymorphism. Significant neuro-
logic sequelae to PML infections are the rule and deficits
may persist for years.

Decreasing immunosuppression in patients without
HIV but with PML (eg, patients with multiple sclerosis or
those who have undergone transplant) is also important.
Cidofovir may be beneficial in non–HIV-related cases,
while corticosteroids may be useful with immune reconsti-
tution. Because the JCV infects cells through serotonin
receptors, some clinicians recommend the use of risperi-
done and mirtazapine. Anecdotal reports show that prema-
ture stopping of natalizumab in multiple sclerosis may
itself lead to IRIS states. Plasma exchange, which theoreti-
cally reduces the plasma level of agents associated with
PML, may be useful in natalizumab-associated PML but is
associated with a high risk of IRIS. In patients post-kidney
transplantation, a preinduction regimen with IVIG and
rituximab and transplantation with lymphocyte-depleted
cells appears to reduce the risk of PML. Titers of JC anti-
body are not shown to significantly increase prior to clini-
cal onset of PML in patients who have undergone solid
organ transplantation.

More recently, programmed cell death protein (PD-1)
inhibitor therapy (also known as “immune checkpoint
inhibitor”) is being evaluated for use in PML. The PD-1
inhibitor pembrolizumab reduced JC viral load and
increases CD4+ and CD8+ activity against the virus in a
preliminary set of eight patients with PML with different
predisposing conditions. In addition, allogeneic BK virus-
specific T cells are useful in lowering JC viral load.

Beck ES et al. Checkpoint inhibitors for the treatment of JC
virus-related progressive multifocal leukoencephalopathy.
Curr Opin Virol. 2020;40:19. [PMID: 32279025]

Cortese I et al. Pembrolizumab treatment for progressive multi-
focal leukoencephalopathy. N Engl J Med. 2019;380:1597.
[PMID: 30969503]

Muftuoglu M et al. Allogeneic BK virus-specific T cells for pro-
gressive multifocal leukoencephalopathy. N Engl J Med.
2018;379:1443. [PMID: 30304652]

8. Human T-Cell Lymhotroic Virus (HTLV)

HTLV-1 and -2 are retroviruses that infect CD4 and CD8 T
cells, respectively, where they persist as a lifelong latent
infection. HTLV-1 currently infects approximately
20 million individuals worldwide. It is endemic to many
regions in the world including southern Japan, the Carib-
bean, much of sub-Saharan Africa, South America, Eastern
Europe, and Oceania. The Caribbean basin and southwest-
ern Japan show the highest prevalence of infection (4–37%).
Conversely, HTLV-2 is mainly found in native populations
of South (1–58%), Central (8–10%), and North America
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(2–13%) as well as African pygmy tribes. In some areas of
Africa (eg, Malawi), HTLV-2 seroprevalence is higher than
HTLV-1 seroprevalence.

In the United States, studies done in blood donors show
a seroprevalence of HTLV-1 of 0.005% and HTLV-2 of
0.014%, a decline since the early 1990s. The virus is trans-
mitted horizontally (sex), vertically (intrauterine, peripar-
tum, and prolonged breastfeeding), and parenterally
(injection drug use and blood transfusion). Hence, a higher
prevalence is seen among injection drug users. Coinfection
with HIV-1 occurs (in less than 5% in a series from Spain)
but is often underrecognized. Transmission via organ
transplant has been reported. Disease may flare when
biologic agents are used for rheumatoid conditions.
HTLV-1 infection is associated with HTLV-1 adult T-cell
lymphoma/leukemia (ATL) and HTLV-1–associated
myelopathy/tropical spastic paraparesis (HAM/TSP). In
contrast, HTLV-2 is significantly less pathogenic, with few
reported cases of HAM/TSP as well as other neurologic
manifestations. The causative association of HTLV-1 with
ATL, attributed to the virally encoded oncoprotein tax, is
well established.

» Clinical Findings

A. Symptoms and Signs

The lifetime risk of developing ATL among HTLV-1 sero-
positive persons is estimated to be 3% in women and 7% in
men, with an incubation period of at least 15 years. The
mean age at diagnosis of ATL is 40–50 years in Central and
South America and 60 years in Japan.

ATL clinical syndromes may be classified as chronic,
acute (leukemic), smoldering, or lymphomatous. A pri-
mary cutaneous tumor is also described (with appearance
ranging from papular lesions to exfoliative erythroderma)
and shows a worse prognosis compared with the smolder-
ing type. Clinical features of ATL include diffuse lymph-
adenopathy, maculopapular skin lesions that may evolve
into erythroderma, periodontitis, a bronchoalveolar disor-
der, organomegaly, lytic bone lesions, and hypercalcemia.
Opportunistic infections, such as P jirovecii pneumonia
and cryptococcal meningitis, are common.

HAM/TSP, associated with both HTLV-1 and HTLV-2,
develops in 0.3–4% of seropositive individuals and is more
common in women and in older individuals. A chronic
inflammation of the CNS and spinal cord leads to intense
and progressive motor weakness and symmetric spastic
paraparesis, bilateral facial palsies, cognitive impairment,
falls, nociceptive low back pain, and paraplegia with hyper-
reflexia. Bladder and sexual disorders (eg, dyspareunia,
erectile dysfunction), sensory disturbances, and constipa-
tion are also common. Both viruses can also induce motor
abnormalities, such as leg weakness, impaired tandem
walk, and vibration sense, without overt HTLV-associated
myelopathy.

Studies from Brazil show that a subset of chronically
inflamed patients with HTLV-1 infections may be
asymptomatic and are recognized as having an “inter-
mediate syndrome” that may progress to full blown
myelopathy.

HTLV-1 seropositivity is associated with an increased
risk of tuberculosis, Strongyloides stercoralis hyperinfec-
tion, crusted scabies, and infective dermatitis. Inflamma-
tory states associated with HTLV-1 infection include
arthropathy, recurrent facial palsies, polymyositis, uveitis,
and sicca, but inconsistently Sjögren syndrome, vasculitis,
cryoglobulinemia, infiltrative pneumonitis, and ichthyosis.
Bronchioloalveolar carcinoma is increased in frequency in
the presence of HTLV-1.

HTLV-2 appears to cause a myelopathy that is milder
and slower to progress than HAM. All-cause and cancer
mortality are higher among HTLV-2 seropositive patients.

HTLV-1/HIV coinfection is associated both with higher
CD4 cell counts and a higher risk of HAM.

B. Laboratory Findings

The peripheral smear can show atypical lymphoid cells
with basophilic cytoplasm and convoluted nuclei (flower
cells). The diagnostic standard is evidence of clonal inte-
gration of the proviral DNA genome into tumor cell. The
identification of HTLV-1 antibodies supports the diagno-
sis. Serum neopterin levels may indicate disease activity.
An HTLV-1 provirus load in peripheral blood mononu-
clear cells and CSF cells and an HTLV-1 mRNA load are
proposed as markers of HAM risk and progression. HTLV
positivity is associated with erythrocytosis, lymphocytosis
(HTLV-2), and thrombocytosis (HTLV-1).

» Treatment, Prevention, & Prognosis

No vaccine or antiviral therapy currently exists for the
prevention and treatment of HTLV infections.

Management of ATL consists mainly of chemotherapy
(such as CHOP and EPOCH regimens), followed by allo-
geneic stem cell transplantation. Immunotherapies are
increasingly used, including monoclonal antibodies (eg,
the anti-CCR4 inhibitor mogamulizumab, anti-CD25
agents), SYK/JAK (spleen tyrosine kinase/Janus kinase)
inhibitors (eg, cerdulatinib and ruxolitinib), and PD-1/
immune checkpoint inhibitors (eg, nivolumab). A chemo-
therapy regimen in Japan using eight different agents
shows a higher response rate than traditional biweekly
CHOP (40% vs 25%). A clinical trial is underway evaluat-
ing lenalidomide plus EPOCH (NCT04301076). Combina-
tion therapy with interferon-alpha is used with success.
Prophylaxis against infections is needed in ATL because
patients show a profound immunodeficiency. Patients who
are coinfected with HIV-1 and HTLV reportedly do
respond to ART.

HAM is treated with a variety of immune-modulating
agents (including corticosteroids) without consistent
results. Modalities of therapy, none of which are uniformly
accepted as a mainstay, include combination therapy with
the antiretroviral raltegravir alone or in combination with
zidovudine; interferon-alpha; and a combination of pred-
nisolone, pegylated interferon, and sodium valproate;
pentoxifylline, cyclosporine, and the retinoid tamibaro-
tene. Small, uncontrolled studies suggest plasmapheresis
results in improvement in gait and sensory disturbance
among some patients and improvement in muscle pain

CMDT22_Ch32_p1374-p1458.indd 1409 02/07/21 2:37 PM



CHApTER 321410 CMDT 2022

with pulsed methylprednisolone. Clinical trials are under-
way evaluating novel therapies such as the monoclonal
antibody mogamulizumab (KW-0761) and tamibarotene
(AM80H, also known as retinobenzoic acid).

Screening of the blood supply for HTLV-1 is required in
the United States. There is significant cross-reactivity
between HTLV-1 and HTLV-2 by serologic studies, but
PCR can distinguish the two. Improved assays to screen
organ donors for HTLV-1 and -2 infections are needed,
although such screening is not currently required. Antena-
tal screening and avoiding breastfeeding (where the virus
can be transmitted) are also important preventive
measures.

Champs APS. Cognitive impairment in HTLV-1-associated
myelopathy, proviral load and inflammatory markers. Int J
Infect Dis. 2019;84:121. [PMID: 31085316]

Hirons A et al. Human T-cell lymphotropic virus type-1: a life-
long persistent infection, yet never truly silent. Lancet Infect
Dis. 2021;21:e2. [PMID: 32986997]

Kannagi M et al. Impact of host immunity on HTLV-1 patho-
genesis: potential of Tax-targeted immunotherapy against
ATL. Retrovirology. 2019;16:23. [PMID: 31438973]

Keikha M et al. Molecular targeting of PD-1 signaling pathway
as a novel therapeutic approach in HTLV-1 infection. Microb
Pathog. 2020;144:104198. [PMID: 32283259]

Marino-Merlo F et al. Antiretroviral therapy in HTLV-1 infec-
tion: an updated overview. Pathogens. 2020;9:342. [PMID:
32369988]

VIRAL HEMORRHAGIC FEVERS

1. Ebola Viral Disease (EVD)

E S S E N T I A L S  O F  D I A G N O S I S

» Early stage EVD: a nonspecific febrile illness.

» Later stage EVD: severe gastrointestinal symp-
toms, then neurologic symptoms and hypovolemic
shock.

» Hemorrhagic manifestations are late-stage
manifestations.

» Uveitis is prominent.

» Travel and contact history from an Ebola-affected
country raise suspicion.

» Virus is detected via RT-PCR.

» General Considerations

Genus Ebolavirus is a single-stranded RNA virus in the
Filoviridae family. Four different species of Ebolavirus have
been identified to cause human disease. Fruit bats are pos-
sible reservoir for Ebolavirus. Zoonotic transmission to
humans occurs via contact with the reservoir or an infected
primate. Ebolavirus can continue to be transmitted among
humans who have direct contact with infected body fluids.
To acquire EVD, the virus must enter the body via
mucous membranes, nonintact skin, sexual intercourse,

breastfeeding, or needlesticks. Traditional burial practices
in some African communities (which entail considerable
contact with the corpse) and unprotected direct care of
persons with EVD are associated with highest transmission
risk. Ebolavirus has been detected in semen up to 9 months
after recovery from infection.

EVD has a 2–21-day incubation period. Prior to mani-
festation of symptoms, Ebolavirus is not transmissible.
Even at symptom onset, the risk of transmission is low but
increases over time.

The first Ebola outbreak occurred in 1976 as a simulta-
neous epidemic in the Democratic Republic of Congo and
South Sudan. Subsequent outbreaks were confined to the
Democratic Republic of Congo, Uganda, and Sudan until
March 2014 when the first Ebola case in West Africa was
identified in Guinea. Zaire ebolavirus was the associated
species. This Ebola outbreak grew to be larger than all prior
Ebola outbreaks combined. The number of EVD cases
spread rapidly; there were at least 10 affected countries,
especially Guinea, Liberia, and Sierra Leone. Many cases
and deaths in these countries occurred among health care
workers. In the United States, 11 persons were treated for
Ebola. Most were health care workers who were evacuated
to the United States and 4 patients were diagnosed in the
United States. In total, 39 outbreaks of Ebola have occurred
since 1976, mostly in Africa.

» Clinical Findings

A. Symptoms and Signs

At symptom onset, early-stage EVD most typically presents
as a nonspecific febrile illness. Along with fever, patients
tend to experience headache, weakness, dizziness, malaise,
fatigue, myalgia, and arthralgia. After 3–5 days, patients
with later stage EVD may develop abdominal pain, severe
nausea, vomiting, and diarrhea accompanying the febrile
illness. This stage of the illness may continue for a week
during which time neurologic symptoms gain prominence.
Encephalitis is commonly observed and manifested as con-
fusion, slowed cognition, agitation, and occasional sei-
zures. Hypovolemic shock develops in most patients, but
hemorrhagic manifestations (gastrointestinal bleeding, dif-
fuse mucosal bleeding, conjunctival bleeding) develop in
only 1–5% of patients. Respiratory symptoms are not typi-
cal for EVD, although interstitial pneumonia and respira-
tory failure are reported.

B. Laboratory Findings

During the first few days of symptoms, diagnosis may be
made via several modalities, including antigen-capture
ELISA, IgM ELISA, RT-PCR, or virus isolation. Blood
samples obtained within the first 3 days of illness and
tested by RT-PCR should be repeated if results are negative
and clinical symptoms and signs persist. RNA levels peak a
median of 7 days after illness onset. Later in the disease
course or after recovery, IgM and IgG serologic tests may
be sent. After about 10 days, IgM antibodies begin to
develop, and, after approximately 2 weeks, an IgG antibody
response develops. Postmortem diagnosis may be made by
using immunohistochemistry, RT-PCR, or virus isolation.
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Given that filoviruses infect dendritic cells and then
hepatocytes and renal cortical cells, laboratory findings
typically include a low platelet count (and a thrombotic
thrombocytopenic purpura syndrome has been postulated
with the probable cause multifactorial), leukopenia, and
transaminitis (aspartate aminotransferase [AST] greater
than alanine aminotransferase [ALT]). As nonspecific
symptoms progress to a severe systemic inflammatory
response, coagulopathy with evidence of platelet dysfunc-
tion and disseminated intravascular coagulopathy (DIC)
often develops. Whether DIC is a common cause of bleed-
ing has not yet been firmly established because clinical
measurements of fibrinogen, prothrombin time, fibrin split
products, and platelets are not routinely taken in the com-
munities where most outbreaks have occurred. Additional
observed laboratory abnormalities include hypoalbumin-
emia, electrolytes imbalance, and increased serum creati-
nine level. Elevated blood urea nitrogen, AST, and
creatinine upon presentation are associated with higher
mortality.

» Differential Diagnosis

The differential diagnosis varies with the stage of illness.
Early-stage EVD is commonly mistaken for malaria,
typhoid, and other viral illnesses. As gastrointestinal symp-
toms develop, health providers should also consider viral
hepatitis, toxins, leptospirosis, and rickettsial diseases. In
later stage EVD, bacterial, viral, and parasitic illnesses,
including cholera and, in children, rotavirus infection can
present with severe gastroenteritis and shock. Encephalitis
must be differentiated from the confusion associated with
uremia. Hemorrhagic manifestations raise suspicion for
EVD but could be due to leukemia, thrombotic thrombo-
cytopenic purpura, hemolytic-uremic syndrome, or dis-
seminated intravascular coagulation. Travel and contact
history are crucial when considering the differential diag-
nosis in areas where Ebola is not endemic.

» Complications

Hypovolemic shock and multiorgan failure are the most
common complications of EVD. Hemorrhage can occur in
late stages. Rhabdomyolysis is reported frequently and may
explain many of the associated laboratory abnormalities.
Coinfections with malaria or bacteria (or both) are impor-
tant considerations and can occur before presentation and
during treatment of EVD. The virus is known to persist in
immunologically privileged sites, such as the CNS, eye, and
testes; however, viral relapse is uncommon. Post-EVD
musculoskeletal pain, headache, auditory symptoms
including hearing loss, and ocular symptoms (uveitis being
the most common ocular finding) may develop. EVD sur-
vivors exhibit high rates of neuropsychological long-term
sequelae including depression, anxiety, and posttraumatic
stress disorder.

» Treatment

Treatment is supportive. Several studies have shown that
intravenous fluids can reduce the mortality rates to less
than 50%. Despite the wide availability of oral rehydration

salts, mortality approximates 70% in endemic areas. In
these studies, the amount of intravenous fluid replacement
was relatively less than what would be used in countries
with more developed health systems. Among patients
treated in the United States or Europe, almost all received
intravenous fluids, electrolyte supplementation, and
empiric antibiotic therapy. Invasive or noninvasive
mechanical ventilation and continuous renal replacement
therapy are necessary in many cases. This increased level of
intervention likely contributed to the decreased mortality
(19%) among these patients. The use of individual air-
conditioned biosecure cubicles is preferred to the burden-
some protective equipment used during the 2014 West
African outbreaks and allows for more time spent with
patients.

There are no approved medications for the treatment of
EVD. Administration of convalescent plasma does not
result in improved survival. Several medications have
advanced to clinical trials; however, some trials were termi-
nated due to low enrollment or lack of efficacy. Monoclo-
nal antibodies that have been tested include mAb114 (a
monoclonal antibody isolated from a survivor of the 1995
outbreak in the Democratic Republic of the Congo),
ZMapp (a cocktail of three chimeric monoclonal antibod-
ies against Z ebolavirus), and REGN-EB3 (another cocktail
of three monoclonal antibodies against Z ebolavirus).
ZMapp showed some therapeutic benefit, but many of
these patients received multiple agents and were not part of
randomized controlled trials. The PREVAIL II study evalu-
ated ZMapp for treatment of EVD and found it to be safe
and well tolerated but failed to establish efficacy due to
low enrollment numbers. REGN-EB3 is given as a single
dose, does not require freezing, and shows efficacy in
nonhuman primates, including reduction in mortality.
Starting in November 2018, the Pamoja Tulinde Maisha
(PALM) trial enrolled 681 Congolese patients to receive
one of four investigational drugs: mAb114, ZMapp,
REGN-EB3, or remdesivir (GS-5734; a novel nucleotide
analog prodrug). The trial was stopped early because
preliminary results from 499 patients showed that those
taking REGN-EB3 or mAb114 had a greater chance of
survival than patients who received the other two medi-
cations (mortality with mAb-114 or REGN-EB3 was
35.1–33.5% compared to 49.7–53.1% mortality for those
who received ZMapp or remdesivir). REGN-EB3 (mar-
keted as Inmazeb) was approved by the FDA on October
14, 2020.

In the 2018 outbreak in the Democratic Republic of
the Congo, the two antivirals used were remdesivir and
the RNA-dependent RNA polymerase inhibitor favipira-
vir. Mathematical models show a high likelihood of effi-
cacy for both agents against EVD if given within 3–4 days
of infection, and the efficacy of remdesivir is theoretically
100% while that of favipiravir is 60%. Although both
agents were effective in nonhuman primates and one
study in humans found favipiravir to be effective in
patients with low to moderate viremia, a 2019 trial of
favipiravir in 99 participants found no difference in mor-
tality for persons with low or high viral loads compared
to historical controls.
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Aside from supportive treatment and experimental
therapeutics, patients typically receive empiric antimalarial
agents in endemic areas and broad-spectrum antibiotics.

» Prognosis

Children under 5 years of age and adults older than 40 have
a high risk of death from EVD. Pregnancy is a risk factor
for severe illness and death. In the 2014–2016 outbreak, the
average maternal mortality was 86%. Immunosuppressed
patients had shorter incubation time, rapid progression of
disease, and poor outcomes. A higher baseline viral load
was a strong predictor of mortality. In general, poor overall
medical care confers a poor prognosis. Among survivors,
protective antibodies persist for at least 10 years.

» Prevention

Risk reduction should focus on preventing wildlife to
human transmission and reducing human to human trans-
mission by surveillance, early detection and isolation of
cases, contact tracing, containment measures (disinfection,
hygiene, and sanitation), strict droplet and contact precau-
tions in health care setting, and reduction of sexual trans-
mission in Ebola survivors. The WHO recommends that
men avoid sexual activity or use barrier protection during
intercourse for 12 months from onset of symptoms or until
their semen tests negative twice for Ebola virus.

There are two Ebola vaccines being used in the ongoing
epidemic in the Democratic Republic of the Congo. The
recombinant vesicular stomatitis virus (rVSV)-based vac-
cine expressing Z ebolavirus (ZEBOV) glycoprotein is
found to be highly effective in disease prevention after
10 days from receiving the vaccine. Side effects, such as fever,
myalgia, chills, fatigue, headaches, and oligoarthritis,
developed in most of the persons who received the vaccine.
rVSV-ZEBOV (marketed as Ervebo) showed promising
results in phase 3 clinical trials (most study participants
had persistent antibody levels at 1 year; NCT02503202). In
addition, it was tested in a clinical trial conducted in
Guinea during the 2014–16 Ebola outbreak in West Africa
and was found to offer a high level of protection against
Ebola (100% efficacy). rVSV-ZEBOV is the only Ebola vac-
cine candidate that has so far been able to demonstrate clini-
cal effectiveness. It was approved by the European Medicines
Agency (EMA) on November 11, 2019 and by the US FDA
on December 19, 2019. The adenovirus/vaccinia virus vec-
tor vaccine was also deployed in the outbreak in the
Democratic Republic of the Congo, which began in 2018;
EMA approval for this vaccine is pending. The adenovirus/
vaccinia virus vector vaccine is actually a two-dose series of
two different vaccines, Ad26.ZEBOV (replication-
incompetent recombinant adenovirus 26 expressing the
ZEBOV [Mayinga strain] glycoprotein) and MVA-BN-Filo
(a nonreplicating modified vaccinia Ankara-Bavarian Nor-
dic virus vector expressing the glycoproteins of Zaire and
Sudan ebolaviruses, Marburg virus, and the nucleoprotein
of Tai Forest virus), given about 6 weeks apart
(NCT03140774). This vaccine is being tested in a clinical
trial in the Democratic Republic of the Congo at a dose
that has shown 100% protective efficacy in nonhuman

primate studies and that is well tolerated and immunogenic
in extensive phase 1–2 trials. Nevertheless, concerns
remain about public acceptance of an investigational two-
dose vaccine when an approved one-dose vaccine (rVSV-
ZEBOV) is already available.

There are over 12 other Ebola vaccines in various stages
of clinical testing, including a recombinant Ebola virus
glycoprotein nanoparticle formulated with a saponin-
based Matrix-M adjuvant.

Risk stratification may be useful in deciding when and
to whom to administer antiviral postexposure prophylaxis.
A high-risk exposure is defined as penetrating sharps
injury from used device or through contaminated gloves or
clothing, direct contact with an infected patient (alive
or deceased) or their bodily fluids with broken skin or
mucous membranes such as eyes, nose, or mouth. The
rVSV-ZEBOV vaccine was used in the setting of postexpo-
sure prophylaxis among health care workers and found to
be effective, but the evidence is limited to case series. The
vaccine-mediated immunity requires an average of 10 days
to develop and might not be fast enough in certain cases to
prevent infection.

Ongoing studies focus on isolation of cross-reactive
monoclonal antibodies across Ebola virus species. The use
of different preparations of combination monoclonal anti-
bodies (Zmapp and MIL-77E) as postexposure prophylaxis
during the West African outbreak failed to show statistical
significance, and the conclusion was that the benefit was
modest, at best. Newer forms of monoclonal antibodies
include virus-like particles (VLP), mucin-deleted glyco-
proteins, and bispecific binding proteins (which bind Ebola
proteins as well as those of related viruses such as the
Sudan virus). The use of antiviral agents in postexposure
prophylaxis is another alternative that, to date, also shows
no clear survival benefit. The agent brincidofovir, for
example, was not studied further because of inadequate
sample size in Liberia.

» When to Admit

Persons living in or returning from a country with high
rates of Ebola transmission should be monitored for
21 days and admitted to a health care facility when symp-
toms meeting the WHO case definition of a suspected
EVD case develop, in accordance with the screening proto-
col designated by the respective country’s governmental
health decision-making body.

Callaway E. ‘Make Ebola a thing of the past’: first vaccine against
deadly virus approved. Nature. 2019;575:425. [PMID: 31745354]

Centers for Disease Control and Prevention (CDC). MMWR
Ebola reports. https://www.cdc.gov/mmwr/ebola_reports.html

Chertow DS. Understanding long-term effects of Ebola virus dis-
ease. Nat Med. 2019;25:714. [PMID: 31036880]

Fischer WA 2nd et al. Ebola virus disease: an update on post-
exposure prophylaxis. Lancet Infect Dis. 2018;18:e183. [PMID:
29153266]

Fries L. A randomized, blinded, dose-ranging trial of an Ebola
virus glycoprotein (EBOV GP) nanoparticle vaccine with
matrix-M” adjuvant in healthy adults. J Infect Dis. 2020;
222:572. [PMID: 31603201]
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2. Other Hemorrhagic Fevers

This diverse group of illnesses results from infection with
one of several single-stranded RNA viruses (members of
the families Arenaviridae, Bunyaviridae, Filoviridae, and
Flaviviridae). Flaviviruses, such as the pathogens causing
dengue and yellow fever, and Filoviridae, causing EVD, are
discussed in separate sections.

Lassa fever is a rodent-associated disease caused by an
Old-World arenavirus. Rodents shed the virus in urine and
droppings and transmit the virus to humans either by
direct contact with these materials, ingestion, or inhalation
of aerosolized particles. Lassa fever is mostly endemic in
West Africa, where 100,000 to 300,000 cases and 5000 deaths
are seen annually. Case fatality rates in hospitalized patients
in West Africa are up to 50%. Other arenaviruses include
the Junin virus (cause of Argentinian hemorrhagic fever)
and the Lujo virus. Lujo virus was first described in 2008 in
Zambia where it caused a small cluster of nosocomial
infections.

The bunyavirus hemorrhagic fevers include hantavi-
ruses (discussed separately), Crimean Congo hemorrhagic
fever, Rift Valley fever, and several newly emerging viruses
such as the one that causes severe fever with thrombocyto-
penia syndrome.

Crimean Congo hemorrhagic fever (CCHF) is a dis-
ease transmitted from ticks and livestock. Human-to-
human transmission can occur in the community or
hospital setting by contact with infected body secretions.
The geographic distribution is widespread with cases
reported from Africa, Asia, the Middle East, and Eastern
Europe, with increased incidence recently in the East
Mediterranean region. Butchers and slaughterhouse work-
ers in southeastern Iran are at high risk for infection with
the CCHF pathogen.

Rift Valley fever is transmitted from livestock animals,
infected mosquitoes, and flies. To date, there is no human-
to-human transmission. Risk factors for acquiring Rift
Valley fever include working with abortive animal tissue;
slaughtering, skinning, or sheltering animals; and drinking
unpasteurized milk. Rift Valley fever causes outbreaks in
Africa and the Arabian Peninsula.

A new bunyavirus was identified in 2009 in central and
northeastern China and was named for its symptoms:
severe fever with thrombocytopenia syndrome (SFTS)
virus. SFTS is transmitted by tick bite (Ixodidae family,
including the tick Haemaphysalis longicornis, which is
found in Asia as well as among animals [rarely humans] in
the eastern United States). It may also be transmitted
between humans through direct contact with infected
blood or secretions. Another virus (Heartland virus),
identified in the United States, is similar to the SFTS virus.
Transmission occurs via the Lone Star tick (Amblyomma
americanum). The virus appears to be amplified in deer

and raccoons. In the United States, most cases are reported
from the Midwest and southern states.

» Clinical Findings

A. Symptoms and Signs

The incubation period varies between species, ranging
from 2 to 21 days. The clinical symptoms in the early phase
of a viral hemorrhagic fever are indistinguishable from
other viral illnesses. Due to lack of specific symptoms on
presentation, viral hemorrhagic fevers are an important
cause to consider in fever of unknown origin in children in
endemic areas. The late phase is more specific and is char-
acterized by organ failure, altered mental status, and hem-
orrhage. Exanthems and mucosal lesions can occur.

In advanced stages, significant edema, pleural effusion,
and fewer hemorrhagic manifestations compared with
EVD can develop in patients with Lassa fever and Lujo
virus infection. Hearing loss in various degrees is the most
common complication of Lassa fever infection. Mortality
in pregnant patients during the third trimester and fetal
mortality are very high.

CCHF has more prominent hemorrhagic manifesta-
tions. Patients have red eyes, flushed face, red throat, and
petechiae that progress to severe uncontrollable bleeding.
Severe headaches are common in CCHF and correlate with
the severity of vascular damage, vasodilatation, and cyto-
kine release.

Rift Valley fever disease can present with three distinct
syndromes: (1) ocular disease; retinitis is the most com-
mon complication and permanent vision loss develops in
1–10% of patients; (2) meningoencephalitis occurs in less
than 1% of cases; these patients have headache, coma, or
seizures 1–4 weeks after initial symptoms and a low mor-
tality but a high morbidity with neurologic deficits that can
be severe; and (3) hemorrhagic fever; patients present
2–4 days after illness and show evidence of severe liver
impairment and later hemorrhages; the hemorrhagic state
occurs in less than 1% of patients, but the case-fatality ratio
of such patients reaches about 50%.

B. Laboratory Findings

Laboratory features usually include thrombocytopenia,
leukopenia (although with Lassa fever leukocytosis is
noted), anemia, elevated liver biochemical tests, and abnor-
malities consistent with disseminated intravascular
coagulation.

Special care should be taken for handling clinical speci-
mens of suspected cases. Laboratory personnel should be
warned about the diagnostic suspicion, and the CDC must
be contacted for guidance. The diagnosis may be made by
antigen detection (by ELISA), culture of the virus (the
“gold standard” for Lassa virus diagnosis), PCR, or demon-
stration of a fourfold rise in antibody titer. CCHF is best
diagnosed with an IgM serology, although IgG ELISA or
immunofluorescence and quantitative RT-PCR are nearly
as effective. Isolation of the viruses in culture requires a
biosafety level 4 laboratory. Serologic assays are attendant
with early false-negative and late false-positive assays.
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» Differential Diagnosis

The differential diagnosis for hemorrhagic fever includes
meningococcemia or other septicemias, rickettsial infec-
tion, dengue, typhoid fever, and malaria. SFTS differential
diagnosis includes anaplasmosis, hemorrhagic fever with
renal syndrome, or leptospirosis. The likelihood of acquir-
ing hemorrhagic fevers among travelers is low.

» Treatment & Prevention

Patients should be placed in private rooms with standard
contact and droplet precautions. Barrier precautions to
prevent contamination of skin or mucous membranes
should also be adopted by health care providers. Airborne
precautions should be considered in patients with signifi-
cant pulmonary involvement or undergoing procedures
that stimulate cough.

Supportive care is the mainstay of therapy. There is no
approved antiviral medication, but ribavirin is shown to be
effective in vitro and in vivo against Lassa virus. Early diag-
nosis and management can reduce mortality.

Postexposure prophylaxis with ribavirin in the man-
agement CCHF appears to be effective; however, little
data exist to support its efficacy for Lassa fever and other
arenaviruses. The antitrypanosomal agent suramin may
be effective against the Rift Valley fever virus. Sorafenib,
a tyrosine kinase inhibitor approved for treatment of
renal cell and hepatocellular carcinoma, has antiviral
activity against Rift Valley fever virus. A combination of
monoclonal antibodies that cross-react with the glyco-
proteins of Lassa virus has been tested in macaques with
promising results.

An inactivated vaccine is available for Rift Valley fever
but is not licensed and is not commercially available. There
are no vaccines approved for other viruses causing viral
hemorrhagic fever. Several vaccines have been developed
for Lassa virus but only one has entered clinical trials. A
one-dose vaccine for Lassa virus that consists of a measles
vector simultaneously expressing LASV glycoprotein and
nucleoprotein was successfully tested in monkeys and is
currently a phase 1 clinical trial involving 60 human par-
ticipants (NCT04055454).

The main method of preventing Rift Valley fever is vac-
cination of susceptible livestock before outbreaks occur.
Several vaccines have been developed for Rift Valley fever
control in livestock, but only one, the Smithburn vaccine (a
live attenuated virus), is produced commercially and used
in East Africa. An inactivated vaccine has been developed
for humans but is neither licensed nor commercially
available.

» When to Admit

• Persons with symptoms of any hemorrhagic fever and
who have been in possible endemic area should be iso-
lated for diagnosis and symptomatic treatment.

• Isolation is particularly important because diseases due
to some of these agents, such as Lassa virus, are highly
transmissible to health care workers.

Mateo M et al. Vaccines inducing immunity to Lassa virus glyco-
protein and nucleoprotein protect macaques after a single
shot. Sci Transl Med. 2019;11:eaaw3163. [PMID: 31578242]

Qi R et al. Severe fever with thrombocytopenia syndrome can
masquerade as hemorrhagic fever with renal syndrome. PLoS
Negl Trop Dis. 2019;13:e0007308. [PMID: 30925154]

Smith DR et al. Attenuation and efficacy of live-attenuated Rift
Valley fever virus vaccine candidates in non-human primates.
PLoS Negl Trop Dis. 2018;12:e0006474. [PMID: 29742102]

Zakham F et al. Viral haemorrhagic fevers in the Middle East.
Rev Sci Tech. 2019;38:185. [PMID: 31564731]

3. Dengue

E S S E N T I A L S  O F  D I A G N O S I S

» Incubation period 7–10 days.

» Sudden onset of high fever, chills, severe myalgias
and arthralgias, headache, and retroorbital pain.

» Severe dengue is defined by the presence of plasma
leakage, hemorrhage, or organ involvement.

» Signs of hemorrhage such as ecchymoses, gastro-
intestinal bleeding, and epistaxis appear later in
the disease.

» General Considerations

Dengue virus belongs to the genus Flavivirus and has four
distinct serotypes that can cause infection. Infection with
one serotype does not confer immunity to the other sero-
types. Dengue is transmitted primarily from human to
human by the bite of the Aedes mosquito. Health care–
associated transmission (needlestick or mucocutaneous
exposure) and vertical transmission occur rarely. Trans-
mission via bone marrow and solid organ transplant is also
known to occur. WHO reports that dengue is currently
endemic in 128 countries, mostly in tropical and subtropi-
cal regions with more than 3 billion persons at risk for
infection. An estimated 100–400 million cases of dengue
fever occur annually. Case numbers have increased over
the last two decades; this surge of cases is associated with
climatic factors, travel, and urbanization. Thus, along with
malaria, dengue is one of the two most common vector-borne
diseases of humans. Dengue is also the second overall cause
of a febrile illness (after malaria and excluding common
upper respiratory viral infections) in travelers returning from
developing countries.

Most dengue cases occur in Asia (about 70% of cases)
and Latin America. In 2019, high numbers of cases were
reported in Bangladesh (greater than 101,000), Malaysia
(greater than 131,000), Philippines (greater than 420,000),
and Vietnam (greater than 320,000). In 2020, increasing
case numbers were reported in Bangladesh, Brazil, Cook
Islands, Ecuador, India, Indonesia, Maldives, Mauritania,
Mayotte (France), Nepal, Singapore, Sri Lanka, Sudan,
Thailand, Timor-Leste, and Yemen. As of October 20,
2020, Brazil, Paraguay, Bolivia, Argentina, and Malaysia
have reported most dengue cases.
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In the United States, even though dengue is endemic in
Northern Mexico and the Aedes mosquito is common in the
southern states, outbreaks are uncommon. Most cases
occur in travelers, immigrants, or inhabitants of US territo-
ries that are endemic to the dengue virus. Puerto Rico
experiences periodic large outbreaks, as did Hawaii in 2015
and 2016. As of November 9, 2020, 250 dengue cases were
reported in United States (including 69 locally acquired
cases reported in Florida; the remaining cases were travel-
acquired) and 439 in US territories (primarily Puerto Rico).

The incubation period is usually 7–10 days. When the
virus is introduced into susceptible populations, usually by
viremic travelers from endemic countries, epidemic attack
rates range from 50% to 70%.

» Clinical Findings

A. Symptoms and Signs

A history of travel to a dengue-endemic area within 14 days
of symptom onset is helpful in establishing a diagnosis.
Most infected patients are asymptomatic. Only 20%
develop symptoms ranging from mild disease (dengue
fever) to severe hemorrhagic fever to fatal shock (dengue
shock syndrome). In 1997 the WHO classified symptom-
atic dengue into dengue fever, dengue hemorrhagic fever,
and dengue shock syndrome. The 2009 WHO classifica-
tion of dengue is the following: dengue without warning
signs; dengue with warning signs; and severe dengue. This
classification was criticized for lacking clarity and mixing
distinct disease phenotypes within each category and was
not adopted by all countries.

After the incubation period, the febrile phase begins
abruptly with nonspecific symptoms, high fever, chills,
facial flushing, malaise, retroorbital eye pain, generalized
body pain, and arthralgia. Some patients might have macu-
lopapular rash, sore throat, and conjunctival injection. Not
all patients have all symptoms or fever. Mild hemorrhagic
manifestations can be seen. Most of the patients will
recover, and fever is usually cleared by day 8.

A subset of patients, especially those with suboptimally
controlled type 2 diabetes, may progress to severe dengue,
which is defined by the presence of plasma leakage, hemor-
rhage, or organ involvement. Hematocrit drop may be the
earliest sign and an indicator of the severity of plasma leak-
age. Pleural effusion and ascites can develop and may be
detected by lateral decubitus chest radiograph or ultra-
sound before clinical detection. Increasing liver size, per-
sistent vomiting, and severe abdominal pain are indications
of plasma leakage. Signs of hemorrhage such as ecchymo-
ses, gastrointestinal bleeding, and epistaxis appear. Severe
organ involvement may develop, such as hepatitis, enceph-
alitis, and myocarditis.

Shock develops in patients when a critical volume of
plasma is lost through leakage. Decrease in the level of
consciousness, hypothermia, hypoperfusion resulting in
metabolic acidosis, progressive organ impairment, and dis-
seminated intravascular coagulation leading to severe
hemorrhage should raise concern for shock. Acute kidney
injury in dengue largely occurs with shock syndrome and
shows a high mortality.

B. Laboratory Findings

Leukopenia is characteristic, and elevated transaminases are
found frequently in dengue fever. Thrombocytopenia, fibri-
nolysis, and hemoconcentration occur more often in the
hemorrhagic form of the disease. In other forms of disease,
especially in children, anemia is more common. The eryth-
rocyte sedimentation rate (ESR) is normal in most cases.

The nonspecific nature of the illness mandates labora-
tory verification for diagnosis, usually with IgM and IgG
ELISAs after the febrile phase. Virus is recovered from the
blood by PCR or detection of the specific viral protein NS1
by ELISA during the first few days of infection. Immuno-
histochemistry for antigen detection in tissue samples and
dried blood spots can also be used. Thrombocytopenia and
blood vessel fragility in remote settings can be assessed
with a tourniquet test.

» Differential Diagnosis

Distinguishing between dengue and other causes of febrile
illness in endemic areas is difficult. Fevers due to dengue are
more often associated with neutropenia and thrombocyto-
penia and with myalgias, arthralgias/arthritis, and lethargy
among adults. Chikungunya is more apt to develop a
chronic arthritis. The arboviral encephalitides require addi-
tional epidemiologic information and serologic data to
make the diagnosis. Influenza and malaria are easily con-
fused early in disease, although the rhinitis and malaise
should help distinguish influenza, and the cyclicity of fevers
and presence of splenomegaly should suggest malaria.

» Complications

Usual complications include pneumonia, bone marrow fail-
ure, hepatitis, iritis, retinal hemorrhages and maculopathy,
orchitis, and oophoritis. Neurologic complications (such as
encephalitis, Guillain-Barré syndrome, phrenic neuropathy,
subdural hematoma, cerebral vasculitis, and transverse
myelitis) are less common. Acute disseminated encephalo-
myelitis has been linked with infection and the live dengue
vaccine. Bacterial superinfection can occur. Oral complica-
tions include acute gingivitis, palatal bleeding, tongue
plaques, xerostomia, and rarely osteonecrosis of the jaw.

Maternal infection poses a risk of hemorrhage in both
the mother and the infant if infection occurs near term.
Severe dengue is a risk factor for obstetric complications,
cesarean delivery, fetal distress, and maternal morbidity.

» Treatment

There are no specific therapeutic options for the clinical man-
agement of dengue besides supportive care. Treatment entails
the appropriate use of volume replacement, blood products,
and vasopressors. Acetaminophen is recommended for anal-
gesic and antipyretic treatment. NSAID usage should be
minimized and preferably avoided to decrease the risk of
gastritis and bleeding, particularly in patients with a predilec-
tion for hemorrhage or when there are abnormalities in plate-
lets, liver function, or clotting factors.

Platelet counts do not usefully predict clinically signifi-
cant bleeding. Platelet transfusions may be considered for
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severe thrombocytopenia (less than 10,000/mcL [10.0 ×
109/L]) or when there is evidence of bleeding. However,
benefit in the absence of bleeding may not be observed,
and harm may be caused by delay in count recovery. Moni-
toring vital signs and blood volume may help in anticipat-
ing the complications of dengue hemorrhagic fever or
shock syndrome.

Repurposed medications, such as chloroquine, statins,
and balapiravir, have not shown clear therapeutic benefit.
Research is focusing on monoclonal antibodies as a thera-
peutic option as well as medications, including peptide
agents that target structural and nonstructural proteins of
dengue virus essential to its replication.

» Prognosis

Although fatalities occur with severe disease, the estimated
mortality (2.5% of severe cases) appears to be diminishing,
likely due to improved recognition of the disease and wider
availability of supportive treatment. Causes of death
include hemorrhagic fever (seen with recurrent disease)
and occasionally fulminant hepatitis. Thrombocytopenia
and acute hepatitis are predictors of severe dengue and
higher mortality. Acute kidney injury in dengue shock
syndrome portends poor prognosis. In general, the more
severe forms of disease (hemorrhagic fever and shock)
occur more often in Asia than in the Americas. Comor-
bidities of cardiovascular disease, diabetes, stroke, pulmo-
nary disease, kidney disease, and older age are associated
with more severe dengue.

» Prevention

Preventive measures should be encouraged, such as control
of mosquitoes by screening and insect repellents including
long-lasting insecticides, particularly during early morning
and late afternoon exposures. Screening blood transfusions
for dengue is important, especially in endemic areas.

Dengvaxia (CYD-TDV), a recombinant, live, attenu-
ated, tetravalent dengue vaccine, is FDA approved for
children 9–16 years old with previous history of dengue
infection and who live in endemic areas. It was first
licensed in 2015 and is approved in more than 20 countries.
Trials evaluating the efficacy of this vaccine reported over-
all 56% efficacy; however, efficacy was lower in younger
age groups, seronegative individuals at the time of vaccina-
tion, and those infected with dengue serotype 2. The vac-
cine is given as a 0-, 6-, and 12-month series. Serious side
effects were no more common than in placebo recipients.
Vaccination is indicated for those between ages 9 and
45 years. However, Dengvaxia carries an increased risk of
severe dengue in those who experience their first natural
dengue infection after vaccination (those who were sero-
negative at the time of vaccination). Thus, the WHO rec-
ommends limiting the vaccine to those who have had at
least one dengue infection prior to vaccination and, for
countries considering using Dengvaxia as part of their
dengue control program, recommends pre-vaccination
screening using dengue serology. Pregnant women and
immunosuppressed persons should not be vaccinated.
Another tetravalent dengue vaccine, a two-dose TAK-003,

is currently in phase 3 clinical trials and has shown promis-
ing results (73.3% efficacy; NCT02747927).

Since 2011, researchers have been injecting a bacterium
that blocks mosquitos’ ability to transmit viruses (such as
dengue and Wolbachia pipientis) into the eggs of Aedes
aegypti mosquitoes. In some study areas, as much as a 76%
reduction in the rate of dengue has been observed.

Biswall S et al; TIDES Study Group. Efficacy of a tetravalent den-
gue vaccine in healthy children and adolescents. N Engl J Med.
2019;381:2009. [PMID: 31693803]

Lee IK et al. Diabetic patients suffering dengue are at risk for
development of dengue shock syndrome/severe dengue:
emphasizing the impacts of co-existing comorbidity(ies) and
glycemic control on dengue severity. J Microbiol Immunol
Infect. 2020;53:69. [PMID: 30146413]

Mamun MA et al. The dengue epidemic in Bangladesh: risk fac-
tors and actionable items. Lancet. 2019;394:2149. [PMID:
31839186]

Sridhar S et al. Effect of dengue serostatus on dengue vaccine
safety and efficacy. N Engl J Med. 2018;379:327. [PMID:
29897841]

Wilder-Smith A et al. Misguided approach to dengue vaccine
risk. Science. 2019;366:1082. [PMID: 31780549]

World Health Organization. Dengue and severe dengue. 2019
Dec 3. https://www.who.int/en/news-room/fact-sheets/detail/
dengue-and-severe-dengue

World Health Organization. Dengue vaccine: WHO position
paper, September 2018—Recommendations. Vaccine. 2019;37:
4848. [PMID: 30424888]

4. Hantaviruses

E S S E N T I A L S  O F  D I A G N O S I S

» Transmitted by rodents and cause two clinical
syndromes.

» Hemorrhagic fever with renal syndrome (HFRS):

mild to severe illness.

» Hantavirus ulmonary syndrome (HpS): 40% mor-
tality rate.

» General Considerations

Hantaviruses are enveloped RNA bunyaviruses naturally
hosted in rodents, moles, and shrews. Globally, hantaviruses
infect more than 200,000 people annually, and their collec-
tive mortality rate is about 35–40%. Hantavirus infection in
humans can cause several disease syndromes. HFRS is pri-
marily caused by Dobrava-Belgrade virus, Puumala virus,
Seoul virus, and Hantaan virus in Asia and Europe. These
viruses are called Old World hantaviruses. Nephropathia
epidemica is a milder form of HFRS. Puumala virus is the
most prevalent pathogen and is present throughout Europe.
The HPS, also known as hantavirus cardiopulmonary syn-
drome, is caused mainly by Sin Nombre virus and Andes
virus, the New World Hantaviruses in Americas. While they
share many clinical features, a specific strain is not associ-
ated with a specific syndrome and overlap is seen between
the syndromes. The primary reservoirs include the field
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mouse for Hantaan virus HFRS, the bank vole for Puumula
virus, and the deer mouse for SNV-HPS.

Aerosols of virus-contaminated rodent urine and feces
are thought to be the main vehicle for transmission to
humans. Person-to-person transmission is observed only
with the Andes virus. Occupation is the main risk factor for
transmission of all hantaviruses: animal trappers, forestry
workers, laboratory personnel, farmers, and military per-
sonnel are at highest risk. Climate change appears to be
impacting the incidence of hantavirus infection mainly
through effects on reservoir ecology.

» Clinical Findings

A. Symptoms and Signs

Vascular leakage is the hallmark of the disease for both
syndromes, with kidneys being the main target with vari-
ants associated with HFRS and the lungs with variants
associated with HPS.

1. HFRS—HFRS manifests as mild, moderate, or severe ill-
ness depending on the causative strain. A 2- to 3-week
incubation period is followed by a protracted clinical
course, typically consisting of five distinct phases: febrile
period, hypotension, oliguria, diuresis, and convalescence
phase. Various degrees of kidney involvement are usually
seen. Puumala virus infection is often referred to as
nephropathia epidemica. Thromboembolic phenomena
are also recognized complications. A secondary hemo-
phagocytic lymphohistiocytosis can be seen with HFRS.
Pulmonary edema is not typically seen but when present
usually occurs in the final stages of disease (oliguric and
diuretic phase). Encephalitis and pituitary involvement are
rare findings with hantavirus infection, although a few
cases are reported with Puumala virus infection. Patients
may have persistent hematuria, proteinuria, or hyperten-
sion up to 35 months after infection. Smoking appears to
exacerbate the viremia with the Puumala virus infection,
and bradycardia can also be prominent.

2. HPS—The clinical course of HPS is divided into a febrile
prodrome, a cardiopulmonary stage, oliguric and diuretic
phase, followed by convalescence. A 14- to 17-day incuba-
tion period is followed by a prodromal phase, typically
lasting 3–6 days, that is associated with myalgia; malaise;
abdominal pain along with nausea, vomiting, and diarrhea;
headache; chills; and fever of abrupt onset. An ensuing
cardiopulmonary phase is characterized by the acute onset
of pulmonary edema. In this stage, cough is generally pres-
ent, abdominal pain and symptoms as above may dominate
the clinical presentation, and in severe cases, significant
myocardial depression occurs. Acute kidney injury and
myositis may occur. Sequelae include neuropsychological
impairments in some HPS survivors.

B. Laboratory Findings

Laboratory features include hemoconcentration and eleva-
tion in lactate dehydrogenase, serum lactate, and hepato-
cellular enzymes. Early thrombocytopenia and leukocytosis
(as high as 90,000 cells/mcL [90.0 × 109/L] in HPS) are seen
in both HFRS and HPS. In HPS, immunoblasts (activated

lymphocytes with plasmacytoid features) can be seen in
blood, lungs, kidneys, bone marrow, liver, and spleen.

An indirect fluorescent assay and enzyme immunoassay
are available for detection of specific IgM or low-avidity IgG
virus-specific antibodies. A quantitative RT-PCR is avail-
able; however, the viremia of human hantavirus infections is
short-term, and therefore, viral RNA cannot be readily
detected in the blood or urine of patients unless for the more
readily detected early viremia of the Andes variant.

A plaque reduction neutralization test remains a gold
standard serologic assay and distinguishes between the dif-
ferent hantavirus species, although cross reaction between
Old and New World viruses exist. This test needs to be
performed in a laboratory with appropriate biosafety (level 3).

» Differential Diagnosis

The differential diagnosis of the acute febrile syndrome
seen with HFRS or early HPS includes scrub typhus, lepto-
spirosis, and dengue. HPS requires differentiation from
other respiratory infections caused by such pathogens as
SARS-CoV-2, Legionella, Chlamydia, and Mycoplasma.
Coxsackievirus infection should also be considered in the
differential diagnosis.

» Treatment

Treatment is mainly supportive. Cardiorespiratory support
with vasopressors is frequently needed; extracorporeal
membrane oxygenation may be required in severe cases of
HPS. Intravenous ribavirin is used in HFRS (Hantaan virus)
with some success in decreasing the severity of the kidney
injury. Its effectiveness in HPS, however, is not established.

» Prevention

Because infection is thought to occur by inhalation of
rodent waste, prevention is aimed at eradication of rodents
in houses and avoidance of exposure to rodent excreta,
including forest service facilities. Climatic changes often
require particular attention to rodent populations in parks.
Inactivated vaccines are used in several Asian countries
where patients are at risk for HFRS. Vaccines under inves-
tigation include a Hantaan/Puumala virus DNA vaccine
(delivered via a TriGrid device).

» Prognosis

The outcome is highly variable depending on severity of
disease. HPS is a more severe disease than HFRS, with a
mortality rate of about 40%. In Sin Nombre virus infec-
tions, the persistence of elevated IgG titers correlates with
a favorable outcome.

Dheerasekara K et al. Hantavirus infection—treatment and pre-
vention. Curr Treat Options Infect Dis. 2020;29:1. [PMID:
33144850]

Munir N et al. Hantavirus diseases pathophysiology, their diag-
nostic strategies and therapeutic approaches: a review. Clin
Exp Pharmacol Physiol. 2020. [Epub ahead of print] [PMID:
32894790]

Noh JY et al. Hemorrhagic fever with renal syndrome. Infect
Chemother. 2019;51:405. [PMID: 31668027]
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5. Yellow Fever

E S S E N T I A L S  O F  D I A G N O S I S

» Endemic area exposure: tropical and subtropical
South America and Africa.

» Sudden onset of severe headache, aching in legs,
and tachycardia.

» Brief (1 day) remission, followed by bradycardia,
hypotension, jaundice, hemorrhagic tendency.

» Albuminuria, leukopenia, bilirubinemia.

» General Considerations

Yellow fever is a zoonotic flavivirus infection transmitted
by Aedes mosquito bites. There are three types of transmis-
sion cycles: sylvatic (or jungle; humans working or travel-
ling in the forest are bitten by infected mosquitoes),
intermediate (most common type of outbreak in Africa;
mosquitoes infect both monkeys and people leading to
outbreaks in separate villages), and urban (seen in large
epidemics; infected mosquitoes transmit the virus from
person to person). Elevated temperatures and increased
rainfall are major determinants of transmission.

Yellow fever occurs in 47 endemic countries in Africa
and in Central and South America. Around 90% of cases
reported every year occur in sub-Saharan Africa. Adults
and children are equally susceptible, though attack rates
are highest among adult males because of their work habits.
Modeling data from Africa in 2013 estimates the annual
case load is 84,000 to 170,000 annual cases with 29,000 to
60,000 deaths. The number of people susceptible to infec-
tion with yellow fever virus worldwide is estimated to be
between 394 million and 473 million.

The last decade has seen a resurgence of yellow fever,
likely due to suboptimal vaccination coverage along with
waning population-level immunity.

» Clinical Findings

A. Symptoms and Signs

Most persons have no illness or only mild illness. The incu-
bation period is 3–6 days in persons in whom symptoms
develop.

1. Mild form—Symptoms are malaise, headache, fever,
retroorbital pain, nausea, vomiting, and photophobia. Rel-
ative bradycardia (an increase in heart rate of fewer than
10 beats/min for a 1°C increase in temperature), conjunc-
tival injection, and facial flushing may be present.

2. Severe form—Severe illness develops in about 15%.
Initial symptoms are similar to the mild form, but brief
fever remission lasting hours to a few days is followed by a
“period of intoxication” manifested by fever and relative
bradycardia (Faget sign), hypotension, jaundice, hemor-
rhage (gastrointestinal, nasal, oral), and delirium that may
progress to coma.

B. Laboratory Findings

Leukopenia, elevated liver enzymes, and bilirubin can occur.
Proteinuria is present and usually disappears completely
with recovery. Bleeding dyscrasias with elevated prothrom-
bin and partial thromboplastin times, decreased platelet
count, and presence of fibrin-split products can also occur.

In the early stages of the disease (up to 10 days), diagno-
sis is confirmed if yellow fever virus RNA is detected by
RT-PCR in blood from a person with no history of recent
yellow fever vaccination. PCR determinants can distinguish
between wild type virus and vaccine-associated strains.

In later stages, serologic diagnosis can be made by using
ELISA to measure IgM 3 days after the onset of symptoms;
however, yellow fever vaccine and other flaviviruses, includ-
ing dengue, West Nile, and Zika viruses, may give a false-
positive ELISA test result. Thus, the presence of yellow fever
virus–specific IgM antibody and negative ELISA panel for
other relevant flaviviruses confirm the diagnosis. If ELISA is
positive for other flaviviruses, the more specific plaque
reduction neutralization assay should be done in reference
laboratories, which measures the titer of the neutralizing
antibodies in the serum toward the infecting virus.

» Differential Diagnosis

It may be difficult to distinguish yellow fever from other
viral hepatidites, malaria, leptospirosis, louse-borne relaps-
ing fever, dengue, and other hemorrhagic fevers on clinical
evidence alone. Albuminuria is a constant feature in yellow
fever patients, and its presence helps differentiate yellow
fever from other viral hepatitides. Serologic confirmation
is often needed.

» Treatment

No specific antiviral therapy is available. Treatment is
directed toward symptomatic relief and management of
complications. A randomized clinical trial of sofosbuvir for
treatment of yellow fever is underway in Brazil.

» Prognosis

The mortality rate of the severe form is 20–50%, with death
occurring most commonly between the sixth and the tenth
days. Convalescence is prolonged, including 1–2 weeks of
asthenia. Infection confers lifelong immunity to those who
recover.

» Prevention

The yellow fever vaccine, which is derived from the live
attenuated 17D strain (with substrains 17D-204 and 17DD
similar in efficacy and side effects) and given as a single
dose for a lifetime, is the most effective way to prevent and
control disease. A single dose of vaccine in the past was
considered to provide lifelong immunity. While the 10-year
booster dose is no longer recommended for most people,
persistent seropositivity at 8 years post vaccination is only
85% (and below 60% in children vaccinated at 9–12 months
of age). Thus, at-risk groups with waning immunity and
high probability of exposure may consider receiving a
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second dose of vaccine after 10 years (these groups are
listed at https://www.cdc.gov/yellowfever/healthcarepro-
viders/vaccine-info.html).

Yellow fever vaccine is recommended for persons aged
over 9 months who are traveling to or living in areas at risk
for yellow fever virus transmission. This vaccine should
never be given to children under 6 months old due to their
higher risk of developing encephalitis related to the vaccine.
WHO recommends that all endemic countries should include
yellow fever vaccine in their national immunization
programs.

The vaccine is contraindicated in persons with severe
egg allergies or who are severely immunocompromised,
including patients with primary immunodeficiencies, HIV
infection with CD4+ count below 200/mcL, thymus disor-
der with abnormal immune function, malignant neo-
plasms, transplantation, or immunosuppressive and
immunomodulatory therapies. The vaccine should not be
given to breastfeeding women or patients over 60 years of
age because this age group is at higher risk for viscerotropic
and neurologic disease. It should be administered at least
24 hours apart from the measles vaccine. Pregnant women
should receive the vaccine only if they cannot defer travel
to endemic areas (Chapter 30). Clinicians should be aware
of rare but frequently fatal vaccine-induced reactions,
including anaphylaxis, yellow fever vaccine–associated
viscerotropic disease, and yellow fever vaccine–associated
neurologic disease.

A 2017 initiative, the Eliminate Yellow Fever program,
is composed of 50 organizations and designed to increase
surveillance and control in 40 countries of Africa and the
Americas in an attempt to reach a billion at-risk individu-
als with seroprotection by 2026.

The best personal protective measures are to avoid mos-
quito bites. If not in an endemic area, the patient should be
isolated from mosquitoes to prevent transmission, since
blood in the acute phase is potentially infectious.

Campi-Azevedo AC et al. Short-lived immunity after 17DD yel-
low fever single dose indicates that booster vaccination may be
required to guarantee protective immunity in children. Front
Immunol. 2019;10:2192. [PMID: 31616412]

Figueiredo-Mello C et al. Efficacy of sofosbuvir as treatment for
yellow fever: protocol for a randomised controlled trial in
Brazil (SOFFA study). BMJ Open. 2019;9:e027207. [PMID:
31772079]

World Health Organization. Yellow fever. 2019 Sep 16. https://
www.who.int/csr/disease/yellowfev

OTHER SYSTEMIC VIRAL DISEASES

1. Zika Virus

E S S E N T I A L S  O F  D I A G N O S I S

» Most infected persons asymptomatically seroconvert.

» Clinical symptoms are akin to those of chikungu-
nya virus infection but with less arthritis.

» Complications include microcephaly and ocular
abnormalities in infants born to mothers infected
during pregnancy, as well as Guillain-Barré.

» There is no effective antiviral or vaccine.

» General Considerations

Zika virus is a flavivirus, akin to the viruses that cause
dengue fever, Japanese encephalitis, and West Nile
infection.

The virus was noted in Africa and Asia during the
1950s–1980s, but first spread beyond those two continents
during 2007 when an outbreak occurred in Yap State,
Federated States of Micronesia. A large outbreak occurred
in French Polynesia in 2013. The virus then spread to the
Western hemisphere and was first noted in northeastern
Brazil in 2015, and 239,742 cases were subsequently
reported between 2015 and 2018. Zika virus spread rapidly
throughout the Americas, including the United States and
worldwide (http://www.who.int/csr/disease/zika/en/).
Despite distinct lineages, Zika virus exists as only one
serotype.

Aedes species mosquitoes, particularly Aedes aegypti,
are primarily responsible for transmission of Zika virus.
The biodistribution of the species largely determines the
area of prevalence for Zika virus. Aedes species mosquitoes
are found primarily in the southeastern United States, but
one species Aedes albopictus may be seen as far north as
Pennsylvania and New Jersey. Rarely, a few other mosquito
species including Anopheles and Culex may be competent
for the Zika virus. Sexual transmission is reported from
males and females to partners via vaginal, anal, or oral sex.
Vertical transmission from pregnant woman to fetus is
prominent. Transmission via platelet transfusion is also
reported.

Since the onset of the first reported cases in the
United States in 2015, most cases occur in US territories
(largely Puerto Rico). The territorial cases are largely
locally acquired and the US state cases are largely travel-
acquired. The number of annual cases is diminishing
markedly in the United States with a peak in 2016 of 4897
travel-associated cases and 224 locally acquired cases
(Florida, 218; Texas, 6). The CDC case count for the year
2020, as of September 3, 2020, reports 1 case (a returning
traveler) in the United States and 13 (all locally acquired
cases) in the US territories.

» Clinical Findings

A. Symptoms and Signs

The incubation period is 3–14 days. The majority (50–80%)
of Zika virus infections are asymptomatic. Symptoms
include acute onset fever, maculopapular rash that is usu-
ally pruritic, nonpurulent conjunctivitis, and arthralgias,
the latter mimicking the symptoms of the chikungunya
virus. Rash may outlast the fever but is not always present.
Symptoms last up to 7 days. Most infections are asymptom-
atic. Viral infections most often confused with Zika include
dengue and chikungunya virus infections.
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B. Laboratory Findings and Diagnostic Studies

The CDC recommends that persons with symptoms of
Zika infection be tested if they live in or have traveled
recently to an area with active transmission. The CDC no
longer recommends testing for asymptomatic pregnant
women.

Diagnosis is made by detecting viral RNA (nucleic acid
testing) in patients presenting with onset of symptoms less
than 7 days. Nucleic acid testing can be performed within
14 days of illness onset. Persons being tested 14 days or
more after symptom onset should be tested using IgM
serology. The Trioplex RT-PCR assay, which detects Zika
virus, chikungunya virus, and dengue virus RNA, and the
Zika MAC-ELISA, which detects Zika virus IgM antibod-
ies (usually present up to 12 weeks after illness onset), are
available. Matched serum and urine specimens should be
tested simultaneously. Although not routinely recom-
mended, RT-PCR can be performed on amniotic fluid,
CSF, and placental tissue. A positive RT-PCR test defini-
tively makes the diagnosis of Zika virus infection and does
not require additional confirmatory testing. A negative test
does not exclude the presence of the virus in other tissues
and does not rule out infection. Persons with negative
nucleic acid tests and symptoms of Zika infection should
undergo further testing for Zika virus IgM antibody and
other arboviral infections. Serologic testing for Zika virus
should only be conducted by laboratories with experience
in performing flavivirus serology. Recommended serologic
assays include enzyme immunoassays and immunofluores-
cence assays (which detect IgM antibodies using viral
lysate, cell culture supernatant, or recombinant proteins) as
well as neutralization assays (such as plaque-reduction
neutralization tests). The Zika MAC-ELISA can be per-
formed on serum or CSF. Anti-Zika IgM antibodies are
observed in CSF of children with congenital infection.
Neutralizing antibodies can cross-react with dengue and
other flaviviruses, so samples testing positive should be
sent to public health laboratories for confirmation.

In the United States, testing for asymptomatic pregnant
women is not currently recommended by the CDC even
after travel to an area with Zika activity. The WHO how-
ever does still recommends testing via IgM antibody for
asymptomatic pregnant women who could have had con-
tact with vector-borne or sexually transmitted Zika virus.
In areas with active Zika transmission, asymptomatic preg-
nant women should be tested for IgM antibody as part of
routine obstetric care. Persistent Zika virus RNA in serum
has been reported in pregnancy. Pregnant women with
confirmed or suspected Zika virus infection may be moni-
tored by serial ultrasounds at 3- to 4-week intervals, assess-
ing fetal anatomy and growth. With a declining prevalence
of Zika virus infection, positive antibody tests run the risk
of more likely being false-positives and thus the need for
the outlined assessments exists.

» Complications

Two neurologic complications are of particular concern:
(1) congenital microcephaly, often associated with brain
calcifications and other abnormalities, first noted during

the outbreak in Brazil; and (2) Guillain-Barré syndrome,
first noted during the outbreak in French Polynesia. The
incidence of Guillain-Barré syndrome is estimated at
2–3 cases per 10,000 Zika virus infections. In addition to
microcephaly, Zika causes a spectrum of birth defects of
the CNS that collectively are termed “congenital Zika
syndrome.” These include fetal brain disruption sequence,
subcortical calcifications, pyramidal and extrapyramidal
signs, ocular lesions of chorioretinal atrophy, focal pig-
mented mottling of the retina, and congenital contractures.
Newborns of women infected with Zika virus during preg-
nancy have a 5–14% risk of congenital Zika syndrome and
a 4–6% risk of Zika virus–associated microcephaly. Spon-
taneous abortions and rare deaths related to Zika virus
infection are reported.

As with Ebola virus, the Zika virus can persist in semen
for months; in the male reproductive tract the prostate
gland and the testes are the presumed reservoirs. Persis-
tence of the virus in the female reproductive tract is
possible.

» Treatment

There are no antivirals approved for treatment of Zika
virus; thus, management should focus on supportive care.
Aspirin and NSAIDs are avoided during illness caused by
the flavivirus dengue because of its propensity to cause
hemorrhage. Zika virus infections, however, do not appear
to be associated with major hemorrhagic complications.

» Prevention

The most effective means is environmental control of mos-
quitoes and removal of areas where water is stagnant or
builds up. Such measures include screens on houses;
removal of old tires and debris from endemic areas of
infection; and movement toward better living conditions,
including air conditioning in impoverished areas. Because
of the association between microcephaly and Zika virus
infection during pregnancy, pregnant women are advised
to avoid travel to areas where Zika virus is circulating
(http://www.who.int/csr/disease/zika/information-for-
travelers/en/). Guidelines for testing of pregnant women
potentially exposed are available through the CDC.
Infected individuals should refrain from blood donations
for several months.

No approved vaccine against Zika virus exists; however
several inactivated vaccine candidates have shown the abil-
ity to induce neutralizing antibodies based in phase 1 trials.
A phase 2 multicenter randomized trial evaluating Zika
virus wild type DNA vaccine (NCT03110770) is currently
undergoing data analysis. Vaccine candidate evaluation has
been hampered by the declining incidence of Zika virus.

Abbink P et al. Zika virus vaccines. Nat Rev Microbiol. 2018;16:
594. [PMID: 29921914]

Giron S et al. Vector-borne transmission of Zika virus in Europe,
southern France, August 2019. Eurosurveillance. 2019;24:
1900655. [PMID: 31718742]

Kovacs A. Zika, the newest TORCH infectious disease in the
Americas. Clin Infect Dis. 2020;70:2673. [PMID: 31346608]

CMDT22_Ch32_p1374-p1458.indd 1420 02/07/21 2:37 PM



VIRAL & RICKETTSIAL INFECTIONS 1421CMDT 2022

Musso D et al. Zika Virus infection—after the pandemic. N Engl
J Med. 2019;381:1444. [PMID: 31597021]

Sánchez-Montalvá A et al. Persistence of Zika virus in body
fluids—final report. N Engl J Med. 2019;380:198. [PMID:
30628425]

2. Chikungunya Fever

Chikungunya (“that which bends up” in the Bantu language
Kimakonde) fever is an alphavirus infection transmitted to
humans by A aegypti and A albopictus and is considered a
classic “arthritogenic” virus. The virus originated with two
strains, one in West Africa and the other in East/Central/
Southern Africa. The first documented clinical cases in
India were derivative of the E/C/S African strains with later
reports of outbreaks in Kenya in 2004. Subsequently, there
were reports from areas that adjoin the Indian Ocean,
Southeast Asia and its neighboring islands (2005–2007),
South India (2005), and the island of La Réunion
(2005–2006), with further spread including autochthonous
cases in Italy and France (2007). In 2013, the first autochtho-
nous case of chikungunya reported in the western hemi-
sphere occurred on Saint Martin in the Caribbean, with
isolates derivative of the East/Central/South Africa strains.
Despite these differences, only one serotype exists.

For 2020, the CDC reported 15 travel-associated US
cases in eight states (with the largest number of reports
from California and New Jersey). Chikungunya virus
prevalence is ubiquitous in endemic countries in Africa,
the Americas, Asia, and Europe.

Among naïve populations, attack rates are often as high
as 50%. On Saint Martin, 39% of infections were asymp-
tomatic. Vertical transmission is documented if the mother
is viremic during parturition, and transmission does not
appear to occur throughout pregnancy as it does with Zika
virus. Infectious virus was isolated from saliva, although
transmission from oral secretions is not observed among
humans. Endemicity of A aegypti in the Americas and the
introduction of A albopictus into Europe and the New
World raise concern for further extension of the epidemic.
Case reports show that chikungunya virus may coinfect
patients with yellow fever virus, plasmodia, Zika virus, and
dengue virus.

» Clinical Findings

A. Symptoms and Signs

After an incubation period of 1–12 days (estimated median
3), there is abrupt onset of fever; headache; intestinal com-
plaints, including diarrhea, vomiting, or abdominal pain;
myalgias; and arthralgias/arthritis affecting small, large,
and axial joints. The simultaneous involvement of more
than 10 joints and the presence of tenosynovitis (especially
in the wrist) are characteristic. The stooped posture of
patients gives the disease its name. Joint symptoms persist
for 4 months in 33% and linger for years in about 10%. A
centrally distributed pigmented or pruritic maculopapular
rash is reported in 10–40% of patients; it can be bullous
with sloughing in children. Mucosal disease occurs in
about 15%. Facial edema and localized petechiae are

reported. Neurologic complications, including encephali-
tis, myelopathy, peripheral neuropathy, Guillain-Barré
syndrome, myeloneuropathy, and myopathy, are usually
found in persons younger than 5 or older than 49 years.
Encephalitis occurred in 8.6 per 100,000 persons infected
in La Réunion during 2005–2006 with 17% mortality and
increased risk of encephalitis among those older than
65 years. Hemorrhagic fever–like presentations are unusual.
Coinfection with other respiratory viruses and with den-
gue is common. Some of the neuropathology may be
immune-mediated, and these cases are usually in those
over age 20 and associated with longer latencies and better
outcomes. Death is rare and usually related to underlying
comorbidities. The differential diagnosis includes other
tropical febrile diseases, such as malaria, leishmaniasis, or
dengue.

B. Laboratory Findings

Diagnosis is made epidemiologically and clinically. Mild
leukopenia occurs as does thrombocytopenia, which is sel-
dom severe. Elevated inflammatory markers do not correlate
well with the severity of arthritis. Radiographs of affected
joints are normal during the acute phase. Bone lesions are
visible in some patients with chronic symptoms.

Serologic confirmation requires elevated IgM titers or
fourfold increase in convalescent IgG levels using an
ELISA. RT-PCR and ELISA are commercially available; no
ELISA kit is FDA-cleared. Culture techniques (viral isola-
tion in insect or mammalian cell lines or by inoculation of
mosquitoes or mice) require BSL 3 (biosafety level 3) con-
tainment. Directions on submitting specimens for testing
may be obtained from the CDC Arboviral Diseases Branch,
970-221-6400. Suspected cases in the United States should
be promptly reported to public health authorities.

» Complications & Prognosis

Common complications of chikungunya fever are long-
term weakness, asthenia, myalgia, arthralgia, and arthritis,
noted to be present in 25–66.5% of cases at 1 year. Risk
factors for long-term arthralgias include the existence of
such symptoms at 4 months after onset of disease and age
over 35 years. Persons with preexisting arthritis are also at
increased risk for prolonged symptoms after chikungunya
infection with polyarthralgias occasionally lasting for
years. Nasal skin necrosis is rarely reported. The Guillain-
Barré syndrome is also reported. Comorbid conditions,
including hypertension, diabetes, and cardiac diseases,
may contribute to severe outcomes; although in some
series, patients with significant neurologic complications
do not show comorbidities. Severe outcomes and higher
mortality are reported among more recent Brazilian cases.

» Treatment & Prevention

Treatment is supportive with NSAIDs and corticosteroids.
Chloroquine and methotrexate may be useful for manag-
ing refractory arthritis. Chronic disease may require dis-
ease modifying antirheumatic drugs, such as the reports
from La Réunion where methotrexate was associated with
a positive response. No licensed vaccine exists, although at
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least 18 vaccines are in trials including inactivated and live
attenuated vaccines. A measles-vectored chikungunya
virus vaccine (MV-CHIK) is the most advanced vaccine
candidate and is in phase 2 clinical trials. Prevention relies
on avoidance of mosquito vectors. Transplantation of tis-
sue from immigrants or from travelers to known endemic
areas should be discouraged. Prophylaxis with specific
chikungunya immunoglobulins may be useful for immu-
nosuppressed persons.

Badawi A et al. Prevalence of chronic comorbidities in Chikun-
gunya: a systematic review and meta-analysis. Int J Infect Dis.
2018;67:107. [PMID: 29277382]

Mehta R et al. The neurological complications of chikungunya
virus: a systematic review. Rev Med Virol. 2018;28:e1978.
[PMID: 29671914]

Onuora S. Acute inflammatory arthritis: methotrexate for
chronic chikungunya arthritis? Nat Rev Rheumatol. 2018;14:
122. [PMID: 29416137]

Sales GMPG et al. Treatment of chikungunya chronic arthritis: a
systematic review. Rev Assoc Med Bras (1992). 2018;64:63.
[PMID: 29561944]

Stegmann-Planchard S et al. Chikungunya, a risk factor for
Guillain-Barré syndrome. Clin Infect Dis. 2020;70:1233.
[PMID: 31290540]

3. Colorado Tick Fever

E S S E N T I A L S  O F  D I A G N O S I S

» Onset 1–19 days (average, 4 days) following tick
bite.

» Fever, chills, myalgia, headache, prostration.

» Leukopenia, thrombocytopenia.

» Second attack of fever after remission lasting
2–3 days.

» General Considerations

Colorado tick fever is a reportable biphasic, febrile illness
caused by a reovirus infection transmitted by Dermacentor
andersoni tick bite. About five cases occur annually, largely
among men over age 40. The disease is limited to the
western United States and Canada and is most prevalent
during the tick season (March to November), typically at
4,000–10,000 feet above sea level in grassy areas. There is a
discrete history of tick bite or exposure in 90% of cases.
The virus infects the marrow erythrocyte precursors.
Blood transfusions can be a vehicle of transmission.

» Clinical Findings

A. Symptoms and Signs

The incubation period is 3–6 days, rarely as long as 19 days.
The onset is usually abrupt with a high fever. Severe myal-
gia, headache, photophobia, anorexia, nausea and vomit-
ing, and generalized weakness are prominent. Physical
findings are limited to an occasional faint rash. The acute
symptoms resolve within a week. Remission is followed in

50% of cases by recurrent fever and a full recrudescence
lasting 2–4 days.

The differential diagnosis includes influenza, Rocky
Mountain spotted fever, numerous other viral infections,
and, in the right setting, relapsing fevers.

B. Laboratory Findings

Leukopenia with a shift to the left and atypical lympho-
cytes occurs, reaching a nadir 5–6 days after the onset of
illness. Thrombocytopenia may occur. An RT-PCR assay
may be used to detect early viremia. Detection of IgM by
capture ELISA or plaque reduction neutralization is possi-
ble after 2 weeks from symptom onset and is the most fre-
quently used diagnostic tool.

» Complications

Aseptic meningitis (particularly in children), encephalitis,
and hemorrhagic fever occur rarely. Malaise may last weeks
to months. Fatalities are very uncommon. Rarely, sponta-
neous abortion or multiple congenital anomalies may
complicate Colorado tick fever infection acquired during
pregnancy.

» Treatment

No specific treatment is available. Ribavirin has shown
efficacy in an animal model. Antipyretics are used,
although salicylates should be avoided due to potential
bleeding with the thrombocytopenia seen in patients with
Colorado tick fever.

» Prognosis

The disease is usually self-limited and benign.

» Prevention

Tick avoidance is the best prevention. The tick season is
primarily from March to November, and the ticks mostly
live at high altitudes (over 7000 feet) in sagebrush.

McDonald E et al. Notes from the field: investigation of Colo-
rado tick fever virus disease cases—Oregon, 2018. MMWR
Morb Mortal Wkly Rep. 2019;68:289. [PMID: 30921304]

Rodino KG et al. Tick-borne diseases in the United States. Clin
Chem. 2020;66:537. [PMID: 32232463]

COMMON VIRAL RESPIRATORY INFECTIONS

1. Severe Acute Resiratory Syndrome—
Coronavirus 2019 (SARS-CoV-2)

The COVID-19 pandemic has been both devastating and
fast-changing. In an ongoing commitment to offer current
and authoritative diagnostic information and treatment
recommendations, this section is being updated frequently
online in CMDT Online (https://accessmedicine.com/
CMDT). In this printed version of the section, information
likely to change over time has been removed and the reader
is referred to CMDTO for the complete content. The con-
tent herein is current as of March 2021. A number of
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authoritative websites provide current statistics about the
impact of the pandemic and current guidelines, including
https://www.cdc.gov/coronavirus/2019-ncov/index.html
and https://coronavirus.jhu.edu/.

E S S E N T I A L S  O F  D I A G N O S I S

» Wide spectrum of symptoms.

» Asymptomatic in at least 20–35%.

» Upper respiratory tract illness with fever and
cough most often when symptomatic.

» The clinical triad of cough, fever, and dyspnea is
infrequent (less than 15%).

» Advanced pulmonary complications (pneumonia,
acute respiratory distress syndrome [ARDS]) with
fulminant disease.

» Mortality of 1–21%.

» High predilection for the elderly, the immuno-
compromised, those with chronic diseases, those
living in crowded conditions.

» General Considerations

In late 2019, a novel coronavirus emerged, spreading
quickly from its origin in China across the globe. The
CDC-recommended terminology for the virus is SARS-
CoV-2, and the illness caused by this virus is called “Coro-
navirus Disease 2019” or COVID-19.

COVID-19 was declared a pandemic by the WHO on
March 11, 2020. The earliest known case in the United States
was documented on January 21, 2020, in a man who had
recently returned to the state of Washington from China.
The first US case that was not associated with travel or
contact with infected travellers was identified in February
2020 in Solano, California.

Some COVID-19 strains from Western Europe have
enhanced transmissibility as a function of a modified spike
protein S. A pattern of mutations is being described as
phylodynamic and three main groups comprise current
global strains, with ongoing efforts underway to identify
new variants as they emerge.

The CDC website provides a complex set of guidelines
and suggestions regarding travel (www.cdc.gov). All travelers
should be aware of the likelihood of quarantine both abroad
and on return based on origin and destination of travel. A
case tally and other current information are available through
the WHO website (https://www.who.int/emergencies/
diseases/novel-coronavirus-2019) and, with an interactive
map, through The Johns Hopkins University Coronavirus
Resource Center website (https://coronavirus.jhu.edu/map.
html). Highly informative bi-weekly UCSF Medical Grand
Rounds focused entirely on COVID-19 since March 19, 2020,
to at least March 2021 can be found on YouTube.

Severe COVID-19 disease is hypothesized to occur due
to development of an intense and/or prolonged inflamma-
tory reaction, often called a “cytokine storm,” in the later

phase of illness. Specifically, persistent immune activation
in predisposed patients can lead to uncontrolled amplifica-
tion of cytokine production (including interleukin-6 [IL-6]),
leading to multiorgan failure and death.

A. Clinical Epidemiology and Transmission

SARS-CoV-2 shows a higher rate of person-to-person
spread than the 2003 SARS-CoV-1 virus. R

0
is the basic

reproductive number signifying the number of persons
infected by an infected individual. Calculations of R

0
for

SARS-CoV-2 have varied but the true R
0

likely lies some-
where between 2 and 3. Transmission has been shown to be
extremely efficient within higher-density living facilities
(such as nursing homes, homeless encampments, jails and
prisons, some Native American reservations, and certain
employment settings [such as the meat packing plants]).
Simply talking (or singing) in close quarters may efficiently
spread the virus.

Presymptomatic spread probably accounts for a large
number of cases, although the principal mode of transmis-
sion is likely respiratory droplets, which can be propelled
up to 6 feet by sneezing or coughing (and have been docu-
mented to be propelled as far as 27 feet). The degree that
SARS-CoV-2 is aerosolized during coughing and respira-
tory procedures remains unclear, as does whether aerosol-
ized particles contain live virus leading to transmission.
The CDC currently recommends that airborne precautions
be used in health care settings only for health care provid-
ers performing respiratory procedures (such as collecting
induced sputum or intubating the patient). While the case-
fatality rate was higher with the 2003 SARS-CoV-1, the
number of infected cases, a consequence of the disease
dynamics, is much higher with SARS-CoV-2 than with
either the SARS or MERS viruses. The incubation period
for SARS-CoV-2 ranges from about 2 to 24 days with an
average of about 5.2 days.

Hospital-related transmission to staff or other patients
was reported in 41% of 138 hospitalized patients from
Wuhan, China. By mid-April of 2020, over 9400 health care
personnel had become infected in the United States and 27
had died. A preliminary study from Birmingham, England,
shows that among hospital personnel, the highest rates of
disease are encountered among housekeeping staff and
physicians on acute medicine (but not emergency medi-
cine) and general medicine services.

Severe disease seems to develop in adults much more
often than in children, and symptomatic disease appears to
develop in men more often than in women. The coding of
the angiotensin-converting enzyme (ACE) receptor pro-
tein on the X chromosome and the presence of variants in
this protein may explain some of the clinical variation seen.

Children appear to be infected primarily by older fam-
ily members and less so by school interactions, although
these data are preliminary. Children show lower concentra-
tions of ACE-2 receptors in lung tissue, which may explain
their lower propensity toward infection. With the advent of
COVID-19, the CDC reports a fall in immunization rates
for the vaccine preventable diseases of childhood. The
unique complications of COVID-19 among children are
discussed below.
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B. Public Health Concerns

Three factors that are complicating the control of this epi-
demic virus are (1) its known infectivity of health care
workers, (2) its spread by infected individuals during an
early asymptomatic phase of illness, and (3) difficulty
accessing testing. In the United States, many different
versions of nucleic acid testing are offered by the CDC,
local and state health departments, commercial testing
companies (eg, LabCorp and Quest), and many hospital-
associated clinical laboratories.

The use of personal protective equipment is manda-
tory by health care workers in contact with suspect cases
and in particular those exposed to secretions, such as anes-
thesiologists and pulmonologists. The use of cloth face
coverings (not necessarily surgical masks) among the gen-
eral population is recommended by the CDC and is
required in many jurisdictions.

Among many COVID-19–related US public health
concerns, the most urgent needs include the following:
(1) increased availability of masks, personal protection
equipment, and ventilators; (2) widespread implementa-
tion of containment measures (social distancing and self-
quarantining) before the disease spreads exponentially in
vulnerable populations; (3) standardization of nucleic acid
assays and broadened surveillance to help control infec-
tion; and (4) expanded accessibility of serologic tests to
determine an individual’s exposure history (which will
inform the community impact of COVID-19, allow for
establishment of contact tracing, determine when social
distancing measures can be lifted, and identify recovered
patients who can provide convalescent serum); (5)
increased attention to minority populations (particularly
Black and Latino populations) who are at high risk for
infection; (5) standardization of state-by-state data report-
ing; and (6) vaccine research, including the identification
of markers for protection.

Four benchmarks developed by a panel of governmen-
tal and academic advisors to recommend the readiness of
jurisdictions to ease lockdown restrictions include (1) the
ability of hospitals to safely care for patients without
requiring a crisis standard of care, (2) the ability of a state
to test all who have symptoms, (3) a robust system of con-
tact tracing, and (4) a documented decline in incidence of
COVID-19 infection for 14 days.

» Clinical Findings

A. Symptoms and Signs

Many infected individuals are asymptomatic, although the
ratio of asymptomatic to symptomatic infection remains
unclear and changes as more individuals are tested. People
with COVID-19 can manifest a wide range of symptoms
from mild to severe illness that begin 2–14 days (the mean
is 5 days) after exposure to SARS-CoV-2. The CDC reports
that symptomatic patients may have any of the following:
cough, fever, chills/rigors, or myalgias. Dyspnea is present
in variable numbers and is especially infrequent in chil-
dren. No one symptom should be used as a discriminant
for disease. Less common symptoms include rhinitis;

pharyngitis; abdominal symptoms, including nausea and
diarrhea; headaches; anosmia; and ageusia. It appears that
15–20% of people with COVID-19 require hospitalization
and 3–5% require critical care.

COVID-19 infection is particularly serious in the elderly
and in those with immunocompromising conditions (includ-
ing post-organ transplant) or chronic diseases (diabetes;
hypertension; chronic heart, lung, or kidney disease; and prior
stroke). Preliminary evidence suggests that patients with
rheumatologic diseases are not at increased risk for coronavi-
rus infection; data describing risk of COVID-19 in people
living with HIV are not yet available (see Chapter 31).

While the infection shows a predilection for pulmonary
tissues, data regarding susceptibility of persons who smoke
cigarettes and those with asthma are unclear.

While pregnant women do not appear to be at
increased risk for complications (as they do with influ-
enza infection), the full spectrum of complications asso-
ciated with pregnancy is not known. Reports of in utero
transmission are not confirmed with the duration of IgM
to coronavirus in potentially infected neonates much
shorter than that seen with other neonatal viral infec-
tions. The virus does not appear to be transmitted in
breast milk. A team based at the University of California,
San Francisco (UCSF) (the PRIORITY study) is assessing
prospectively the complications associated with preg-
nancy, delivery, and breastfeeding. (See https://www.
nejm.org/coronavirus for review of cases and https://
obgyn.ucsf.edu/block/theme-priority-study for enroll-
ment of women in the above categories.)

B. Laboratory Findings

Hematologic and blood chemistry findings include neutro-
philia, absolute lymphocytosis (using 400 cells/mcL [0.4 ×
109/L] as a cutoff), increased absolute lactate dehydroge-
nase level, and increased liver biochemical tests. Addition-
ally, many reports have accumulated data detailing the
initial coagulopathy seen in severe COVID-19, which is
identified by elevated D-dimer and fibrin/fibrinogen deg-
radation products; the prothrombin time, partial thrombo-
plastin time, and platelet counts are usually unaffected
initially (see Chapter 14). The entity, referred to as COVID-
19–associated coagulopathy, has laboratory findings that
differ from DIC. In COVID-19–associated coagulopathy,
fibrinogen levels are higher and platelets levels are more
often normal than with DIC.

C. Diagnostic Studies

COVID-19 diagnosis is established using nucleic acid test-
ing. Molecular tests to detect SARS-CoV-2 were first devel-
oped in China in January 2020. Since then, many different
types of SARS-CoV-2 tests have been developed in thou-
sands of laboratories worldwide. In the United States, the
FDA approved the first SARS-CoV-2 PCR test via emer-
gency use authorization (EUA) on February 4, 2020. The
first EUA for a SARS-CoV-2 antigen test was issued on
May 9, 2020. As of May 13, 2020, the FDA has approved 98
individual SARS-CoV-2 tests under EUAs, including 85
molecular tests, 12 antibody tests, and 1 antigen test.
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Importantly, standardization of these tests is far from
finalized. The sensitivity of nucleic acid tests from oral
swabs is deemed low (35%); nasopharyngeal swabs (63%)
or the more invasive bronchoalveolar lavage fluids (91%)
are preferred specimens. Sputum is preferred over oro-
pharyngeal specimens, and the virus may be detectable
longer in sputum than in other upper respiratory tract
samples. Saliva is being evaluated as an easier to obtain
and higher yield specimen early in the course of illness;
after the first week, endobronchial specimens show better
sensitivity. Some tests convert from negative to positive
during the course of acute illness. The phenomenon of
false positives in low prevalence populations (Bayes theo-
rem) has not received adequate attention with coronavi-
rus, but the caveat that no assay is 100% specific needs to
be remembered.

Isolation of the virus by antigen assays more than
10 days after the onset of symptomatic infection (or 15 days
after exposure on the average) is usually not associated
with replicative, infectious particles.

A variety of laboratories are producing antibody assays
to determine immunity and facilitate decision making in
return-to-work policies. On April 1, 2020, the first rapid
lateral flow assay (Cellex) was approved by the FDA under
EUA to detect IgM and IgG antibodies to SARS-CoV-2.
Subsequently, several additional tests that can detect SARS-
CoV-2 antibodies have received EUAs (https://www.fda.
gov/medical-devices/emergency-situations-medical-
devices/emergency-use-authorizations#covid19ivd). It is
not clear whether these assays test for neutralizing antibod-
ies and if neutralizing antibodies are sufficient for control
of infection; T cell responses may also be needed. Impor-
tantly, the duration that IgM and IgG antibodies to SARS-
CoV-2 persist after the infection has been cleared remains
unclear, and some patients with mild infection do not
mount such antibody responses. Additionally, because
most of these assays are not standardized, the results
should be interpreted with caution.

A CRISPR-Cas12 lateral flow real-time polymerase
chain reaction (RT-PCR) assay using respiratory speci-
mens that is reported to be 100% sensitive and 95% specific
is being developed; when marketed, this test will be faster
than most currently available PCR tests but the volume of
assays that can be carried out is limited.

An unstandardized combination of clinical findings in
conjunction with nucleic acid tests are used to make the
diagnosis of COVID-19, recognizing that the wide spec-
trum of clinical findings and the false reassurance of assays
are not fully sensitive or specific. Well-standardized sero-
logic assays, when combined with PCR, have the potential
to improve sensitivity and accuracy.

D. Imaging

Early in the disease, neither chest radiographs nor chest
CT scans provide diagnostic utility, since both may be
normal. Later in the disease course, nonspecific diffuse
ground-glass opacities and multilobular infiltrates
(which often progress to consolidation) may appear
(Figure 32–6).

» Differential Diagnosis

The key element in the differential diagnosis is seasonal
influenza infection, which can usually be ruled out by a
nasal swab. Concomitant infection with influenza or other
respiratory pathogens is possible. Prominent musculoskel-
etal manifestations, sinusitis, and a sudden onset favor
influenza infection, while a more insidious presentation
with cough, weakness, malaise, and a gradual worsening of
pulmonary symptoms favor SARS-CoV-2 infection.

» Complications

Most patients recover without sequelae. In an early Chinese
series, 81% of patients were asymptomatic or had mild
disease, 14% had severe disease, and 5% were critically ill.
In a New York City series, 14% of patients required ICU
care, 12% required ventilation, 3% required renal replace-
ment therapy, and 21% died.

One large Chinese study found that the independent
predictors of a fatal outcome were age 75 years and older, a
history or coronary heart disease, cerebrovascular disease,
dyspnea, procalcitonin levels over 0.5 ng/mL, and aspartate
aminotransferase levels over 40 units/L.

A clinical risk score calculator to predict critical illness
in hospitalized patients with COVID-19 called COVID-
GRAM has been validated (http://118.126.104.170/);

▲ Figure 32–6. Ground-glass opacity. Posterior-
anterior chest radiograph of patient A, a man in his 50s
with COVID-19 pneumonia. Features include ground-
glass opacity in both mid and lower zones of the lungs,
which is predominantly peripheral (white arrows) with
preservation of lung marking. Linear opacity can be
seen in the periphery of the left mid zone (black arrow).
(Used, with permission, from Cleverley J, Piper J, Jones MM.
The role of chest radiography in confirming COVID-19 pneu-
monia. BMJ. 2020;370:m2426. © BMJ Publishing Group Ltd.)
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predictors of clinical deterioration include presence of
chest film abnormalities, older age, positive cancer history,
increased number of comorbidities, presence of certain
signs and symptoms (hemoptysis, dyspnea, and decreased
consciousness), and presence of certain laboratory abnor-
malities (increased neutrophil to lymphocyte ratio,
increased lactate dehydrogenase, and increased direct
bilirubin).

Some patients progress to ARDS, the care of which
requires the involvement of intensivists who can provide
guidelines for respiratory support, including appropriate
oxygen flow and ventilatory parameters, prone positioning,
and hydration status. The US National Institutes of Health
(NIH) COVID-19 critical care management guidelines can
be found at https://www.covid19treatmentguidelines.nih.
gov/introduction/.

COVID-19–associated coagulopathy is associated with
a particular predisposition to pulmonary emboli and to
thrombosis of renal vessels used for continuous renal
replacement therapy and, less often, to thrombosis of
extracorporeal membrane oxygenation–associated vessels.

Many extrapulmonary complications are reported,
and most of these are likely related to SARS-CoV-2–
induced inflammatory reactions. A fulminant myocardi-
tis is reported in about 15% of ICU patients, which can be
further complicated by heart failure, cardiac arrhythmias,
acute coronary syndrome, rapid deterioration, and sud-
den death. Reported neurologic complications include
acute stroke, impaired cognition, and encephalopathy.
Neither isolation of the virus from the CNS nor frank
meningitis, however, has been reported, while Guillain-
Barre syndrome and acute hemorrhagic necrotizing
encephalopathy have been reported. Acute musculoskel-
etal pain is reported in nearly 20%. Hepatic and biliary
injury, often acute, and DIC in advanced cases are
reported from China. Conjunctivitis is reported from
China in about one-third of cases. In the New York,
British, and Italian experiences, a hyperinflammatory
syndrome akin to an atypical Kawasaki syndrome was
noted in children. This has been termed multisystem
inflammatory syndrome in children (MIS-C) and
mimics Kawasaki syndrome in most respects, with reports
of more abdominal symptoms with the COVID-19–
associated form (see Kawasaki syndrome, below).

The long-term sequelae of COVID-19 are being
described; a diversity of syndromes appears to character-
ize these long-term sequelae and are in the process of
further definition. A compilation of nine studies of post–
acute COVID-19 syndrome from the United States,
Europe, and China shows that a male preponderance
(52–67%) and an age range veered toward upper middle
age (mean, 45–63.2 years; median, 56–70.5 years, not all
studies giving both values), with the most common symp-
toms being fatigue and dyspnea.

The serious psychological sequelae of potentially dying
in isolation, of restricted or impaired access to family or
friends (especially in nursing homes), and limited funeral
services are all relevant issues with which society is grap-
pling. These important aspects require creativity to find
tolerable, safe, and sustainable solutions.

» Prevention

Prevention and treatment recommendations are evolving.
The usual precautions include handwashing with soap and
water for at least 20 seconds, avoiding touching the face,
wearing a cloth face covering in public (and, for health care
workers, wearing an impermeable mask [eg, N95 mask] if
exposure to patients with cough is anticipated), and isolat-
ing cases (in particular, removing infected patients from
long-term living/care facilities, such as nursing homes, and
transportation structures, such as cruise ships).

Social distancing is an important determinant for con-
trol of the disease; communities within the United States
that practice such distancing show lower R

0
values. Other

essential public health priorities should be improving SARS-
CoV-2 testing, management, and control in populations with
inadequate access to health care (eg, homeless, migrants,
and undocumented) as well as in disadvantaged communi-
ties across the globe where social distancing is not possible.

The first SARS-CoV-2 vaccine trials began in March
2020. Since then, many candidate vaccines have been
launched into preclinical development or authorized for use
and involve a variety of technologies (including DNA and
RNA platforms, inactivated genes, live-attenuated genes,
nonreplicating vectors, protein subunits, and replicating
viral vectors). Recent structural biologic studies suggest that
antibodies against a prefusion spike protein may facilitate
neutralization of the spike protein, the S protein that binds
to ACE receptors, and thus a combination of interactive
antibodies may be essential for neutralization of COVID-19.
Unlike HIV, the rate of mutation of SARS-CoV-2 is relatively
low; this is an encouraging aspect in vaccine development
and efficacy. The use of simultaneous combination modali-
ties is also encouraged by vaccine developers.

As of April 23, 2021, 13 vaccines have received at least
preliminary regulatory authorization and begun to be distrib-
uted in one or more countries. In the US, the Pfizer/BioNTech/
Fosun Pharma, the Moderna/NIH, and the Johnson &
Johnson vaccines are in use, while the AstraZeneca/
Oxford University vaccine is also available internationally.
Current vaccine recommendations and guidelines from the
CDC are available at https://www.cdc.gov/vaccines/hcp/
acip-recs/vacc-specific/covid-19.html. The WHO tracks
ongoing vaccine trials at https://www.who.int/publications/m/
item/draft-landscape-of-covid-19-candidate-vaccines.

» Treatment

Most infections are mild and require no treatment or only
supportive therapy. Because of the biphasic nature of
advanced cases, the early course should be managed with
antiviral agents, as they become available, and the later
cytokine storm phase with anti-inflammatory agents.
Please see the most recent update online of this section at
CMDTOnline for current treatment recommendations.

As of March 2021, several agents are being evaluated in
clinical trials. Perhaps the most promising is remdesivir (a
viral RNA-dependent RNA polymerase [RdRp] inhibitor
with known in vitro but limited in vivo activity against
the Ebola and Marburg viruses as well as RSV, Lassa virus,
and Nipah virus). The preliminary results of the first
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remdesivir randomized controlled trials were released on
April 29, 2020. One of these, a multicenter trial sponsored
by the US National Institute of Allergy and Infectious Dis-
eases (NIAID) called the Adaptive COVID-19 Treatment
Trial (ACTT), studied 1063 hospitalized adult patients with
advanced COVID-19 and lung involvement and found that
those who received remdesivir recovered several days
faster than similar patients who received placebo; however,
there was no mortality benefit. Additionally, a multicenter
Chinese randomized controlled trial of 237 critically ill
adult patients showed no clinical benefit in the remdesivir
group. Based on these data, remdesivir was approved by the
FDA under a EUA on May 1, 2020. It has also been avail-
able from the manufacturer (Gilead Sciences) on a com-
passionate use basis and is being tested in several clinical
trials of both critically ill and noncritically ill patients. The
rate of adverse events is about 40%, including renal toxicity,
diarrhea, transaminitis, and rash, and the drug must be
administered intravenously in the hospital, usually in an
intensive care unit. Favipiravir is an additional RdRp
inhibitor being studied for COVID-19 treatment.

Supportive treatments targeting the SARS-CoV-2–
induced immune response, such as IL-6 inhibitors (eg,
tocilizumab and sarilumab), are being used based on anec-
dotal evidence for severe pneumonia. Small early studies
have shown some promise, and large clinical trials are
underway with the rationale being that high levels of IL-6
are a key component to the cytokine storm associated with
advanced coronavirus infection.

Convalescent plasma (ie, plasma from the blood of
patients who have recovered from COVID-19) is being used
for the critically ill in some centers. While several small
series have reported success with the use of convalescent
plasma, most available data on its effectiveness are currently
anecdotal; clinical trials are ongoing (for US center and
patient enrollment, visit www.uscovidplasma.org).

Of the remaining repurposed medications that have
been used or studied for treatment of COVID-19, none have
shown as much promise as the therapies described above.
Hydroxychloroquine was initially prescribed widely for
COVID-19. Its mode of action is probably anti-inflammatory,
and preliminary studies suggest its role in the management
of COVID-19 infection is limited. Its use with azithromycin
is potentially dangerous because of the untoward develop-
ment of cardiac arrhythmias in patients with prolonged QT
syndromes, optic neuritis, gastrointestinal intolerance, and
anemia. A registry review compared 14,888 coronavirus
cases given chloroquine or hydroxychloroquine with or
without azithromycin to 81,144 infected controls not taking
medication; results showed a decreased in-hospital survival
as well as the above noted arrhythmias among patients
receiving the medications. The agents should only be used
for coronavirus infection as part of a clinical trial.

The anti-HIV combination of lopinavir/ritonavir
(Kaletra) was shown to be ineffective by a group of Chinese
investigators. The open-label DISCOVERY trial, however,
compared adults receiving the triple combination of lopi-
navir-ritonavir, ribavirin, and interferon beta-1b to adults
who received lopinavir-ritonavir alone and found that if
given within 7 days of symptom onset, the combination

group showed much faster symptom resolution and shorter
duration of hospital stay. Another anti-HIV combination,
darunavir/cobicistat, is also under study.

A combination of neutralizing monoclonal antibodies
(REGN3048 and REGN3051) is being studied in a first-in-
human clinical trial sponsored by the NIAID. Additional
agents under investigation include leronlimab (PRO 140; a
CCR5 antagonist) and galidesivir (BCX4430; a nucleoside
RNA polymerase inhibitor). The Janus kinase (JAK) inhib-
itor baricitintib is also undergoing clinical trials.

ACE inhibitors and angiotensin receptor blockers do
not have an impact on disease, and it is recommended that
patients who take these medications for other indications
continue taking them. No increased risk of COVID-19
exists among patients who take any particular class of anti-
hypertensive agents.

Because pathogenesis includes the action of a serine
protease TMPRSS2 with the ACE receptor, two inhibitors
of TMPRSS2 are undergoing studies. Camostat mesylate is
a TMPRSS2 inhibitor that is available in Japan for other
indications (chronic pancreatitis and postoperative reflux
esophagitis) and is undergoing study for COVID-19 in
Denmark. A related TMPRSS2 inhibitor, nafamostat, is
being studied in Germany.

The WHO does not recommend that patients who have
or may have COVID-19 restrict the use of ibuprofen if it is
needed. Corticosteroids are generally contraindicated for
management of coronavirus infections, including for pneu-
monia, even when their customary use is beneficial, such
as for septic shock; the Infectious Diseases Society of
America (IDSA) cautions against their use.

The IDSA maintains a freely available website and
table outlining the current status of all therapies for
coronavirus: https://www.idsociety.org/practice-guideline/
covid-19-guideline-treatment-and-management/. In addi-
tion, the Pediatric Infectious Diseases Society provides
guidance on use of antivirals for children with COVID-19:
https://academic.oup.com/jpids/article/doi/10.1093/jpids/
piaa045/5823622.

The IDSA recommends that all the above therapies,
including remdesivir, be administered only as a part of a
clinical trial at a facility with the ability to carry out appro-
priate investigative activities, although given recent data,
remdesivir may soon become the standard of care for hos-
pitalized COVID-19 patients.

VTE prophylaxis for COVID-19 patients is indicated
and numerous guidelines are being published to assist with
full anticoagulation (see Chapter 14). Guidelines published
by the American Society of Hematology are available at
https://www.hematology.org/covid-19/covid-19-and-vte-
anticoagulation. Higher levels of anticoagulation may be
needed in COVID-19 patients, and weight-based antico-
agulation is preferred.

» When to Refer

Because most healthy patients are asymptomatic, the exact
parameters used for referral are under study. Patients may
have atypical manifestations, yet they may be shedding and
transmitting the virus. Patients in whom the disease is
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suspected should be tested with nasopharyngeal (rather
than oral) swabs if symptoms are consistent with COVID-19
infection.

Clinics and hospitals with the resources to screen or test
outpatients for COVID-19 should set up a testing area that
is isolated from other patient care areas (and outside or in
an “open air” environment if possible). These facilities
should also designate separate care areas for patients in
whom COVID-19 is confirmed or suspected and provide
the necessary personal protective equipment for staff who
could potentially be exposed to patients infected with
SARS-CoV-2. Some cities with sufficient resources are
designating coronavirus hospitals.

» When to Admit

The principal complications requiring admission are respi-
ratory. Progression to respiratory failure and ARDS can be
rapid, and any patient in a high-risk category for complica-
tions (advanced age; immunosuppression; chronic dis-
eases, particularly hypertension, obesity, and diabetes)
should be admitted for observation and placed under
intensive care based on respiratory parameters.
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2. Resiratory Syncytial Virus (RSV) &
Other paramyxoviruses

E S S E N T I A L S  O F  D I A G N O S I S

» RSV is a major cause of morbidity and mortality at
the extremes of age (< 5 years and > 65 years).

» Treatment is largely supportive.

» No active vaccination for RSV is currently available.

» General Considerations

Respiratory syncytial virus (RSV) is a paramyxovirus that
causes annual outbreaks during the wintertime with usual
onset of pulmonary symptoms between mid-October and

early January in the continental United States. Outside the
United States, RSV usually peaks during wet months in
areas with high annual precipitation and during cooler
months in hot and dry areas. Infections occur earlier in
urban areas.

There are two major subtypes, A and B, and it appears
that the A subtype is associated with disease severity. RSV
is the leading cause of hospitalization in US children, with
annual hospitalization rates of 6 per 1000 children younger
than 5 years. Prematurity and bronchopulmonary dyspla-
sia are major risk factors for severe disease. Early RSV
bronchiolitis in children, along with a family history of
asthma, are associated with persistence of airway reactivity
later in life.

RSV also causes upper and lower respiratory tract
infection in adults, with the virus entering through contact
with mucous membranes. RSV occurs with increasing
severity in those with comorbid conditions, older adults
(accounting for a rate of 4 per 1000 hospitalizations and
14,000 deaths annually), persons with severe combined
immunodeficiency, and patients after lung or bone marrow
transplantation (because CD8 T cells are not available for
viral clearance). An interleukin-1 receptor polymorphism
is associated with more severe bronchiolitis. Recurrences
occur throughout life. The average incubation period is
5 days. Up to 10% of disease classified as invasive pneumo-
coccal disease is thought to be RSV or influenza.

In immunocompromised patients, such as bone mar-
row transplant recipients, serious pneumonia can occur,
and outbreaks with a high mortality rate (over 70%) are
reported.

Other paramyxoviruses important in human disease
include human metapneumovirus, parainfluenza virus,
and Nipah virus.

Human metapneumovirus is a ubiquitous seasonal
virus circulating during late winter to early spring. It is
divided into subgroups A and B. Metapneumovirus
accounted for 7.3% of childhood (younger than 16 years
old) pneumonia in a Norwegian series of 3650 patients in
which RSV accounted for 28.7%. Clinical presentations
range from mild upper respiratory tract infections to
severe lower respiratory tract infections (eg, bronchiolitis,
croup, and pneumonia). Lower respiratory tract (some-
times severe) infections are observed among immunocom-
promised and elderly adults, especially residents of nursing
homes. In lung transplant recipients, human metapneumo-
virus is a common cause of respiratory illness and may
increase the risk of acute and chronic graft rejection.
Ribavirin appears to be well tolerated in lung transplant
recipients with metapneumovirus infection. The control of
RSV infection in modeling studies reduces the incidence of
human metapneumovirus infection.

Human parainfluenza viruses (HPIVs) are commonly
seen in children and are the most common cause of laryn-
gotracheitis (croup). Four different serotypes are described,
and they differ in their clinical presentations as well as
epidemiology. HPIV-1 and HPIV-2 are responsible for
croup. HPIV-3 is associated with bronchiolitis and pneu-
monia. HPIV-4 is a less frequently reported pathogen.
Reinfections are common throughout life. HPIVs can also
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cause severe disease in older individuals, immunocompro-
mised persons, and patients with chronic illnesses.

Nipah virus is a highly virulent paramyxovirus first
described in 1999. Cases are concentrated mainly in
Southeast Asia (Malaysia, Singapore, Bangladesh, and
India). Fruit bats are identified as the natural host of
the virus. An outbreak of 14 cases, 8 fatal, occurred in
Bangladesh associated with drinking date palm sap
between 2010 and 2014. Direct pig-human, cow-human,
human-human, and nosocomial transmission are reported.
Nipah virus causes acute encephalitis with a high fatality
rate (67–92%), although respiratory symptoms are also
described. Cranial nerve palsies, encephalopathy, and dys-
tonia are among neurologic sequelae (15–32%) seen in
infected individuals. Relapses occurring weeks and months
after initial infection are described (3.4–7.5%).

» Clinical Findings

A. Symptoms and Signs

In RSV bronchiolitis, proliferation and necrosis of bron-
chiolar epithelium develop, producing obstruction from
sloughed epithelium and increased mucus secretion. Signs
of infection include low-grade fever, tachypnea, and
wheezes. Apnea is a common presenting symptom. Hyper-
inflated lungs, decreased gas exchange, and increased work
of breathing are present. Pulmonary hemorrhage is
reported. In children, RSV is globally the most common
cause of acute lower respiratory infection and a common
cause of acute and recurrent otitis media.

B. Laboratory Findings

A rapid diagnosis of RSV infection is made by viral antigen
identification of nasal washings using an ELISA or immu-
nofluorescent assay; PCR-based rapid tests are also used.
Multiplex assays in conjunction with influenza A and B
tests are available commercially. RSV viral load assay val-
ues at day 3 of infection may correlate with requirement of
intensive care and respiratory failure in children.

Human metapneumovirus is best diagnosed by PCR.
Tests for rapid detection of viral antigens with immuno-
fluorescence, ELISA, and PCR techniques are widely avail-
able for detection of HPIV. Culture may also be used.
ELISA (serum and CSF) and PCR (urine and respiratory
secretions but not blood) are both used for Nipah virus
infection diagnosis.

» Treatment & Prevention

Treatment of RSV consists of supportive care, including
hydration, humidification of inspired air, antibiotic therapy
(to reduce other respiratory morbidity) if concomitant
bacterial pneumonia is suspected, and ventilatory support
as needed. Neither bronchodilating agents nor corticoste-
roids show efficacy in bronchiolitis although individual
patients with significant bronchospasm or history of
asthma may respond to them.

The use of aerosolized ribavirin or RSV-enriched IVIG,
or both, can be considered in high-risk patients, such as those

with a history of bone marrow transplantation, and appears
to lessen mortality. Azithromycin therapy during RSV infec-
tion has been shown to reduce the probability of recurrent
wheezing during the subsequent year by approximately 50%.

Several additional agents are under study for treatment of
RSV. They include a small molecule RSV-F inhibitors (such
as JNJ-53718678 [NCT02387606 and NCT03379675], pre-
satovir [NCT02135614], BTA-C585 [NCT02718937], zireso-
vir [NCT02654171 and NCT02460016], and MDT-637
[NCT01355016]) and antibody-like RSV-F inhibitors (such
as ALX-0171 [NCT02979431 and NCT03418571]).

The prophylactic monoclonal antibody palivizumab,
while recommended for and effective in high-risk infants
(premature infants less than 32 weeks gestational age as
well as infants 32- to 25-week gestational age with addi-
tional risk factors such as congenital heart and lung dis-
eases and Down syndrome), is not of proven efficacy
among adults with RSV. The monoclonal antibody nirse-
vimab is also effective in preventing RSV-associated lower
respiratory tract infections in premature infants.

No RSV vaccine is currently commercially available;
however, there are many undergoing clinical trials in a
variety of target populations, including neonates, children,
pregnant women, and older adults.

Prevention in hospitals entails rapid diagnosis, hand
washing contact isolation, and perhaps passive immuniza-
tion. (Passive immunization is costly but is associated with
improved antiviral titers in hematologic stem cell transplant
recipients.) The use of conjugated pneumococcal vaccina-
tion appears to decrease the incidence of concomitant pneu-
monia associated with viral infections in children in some
countries. Viral shedding averages 11 days and correlates
inversely with age and directly with severity of infection.

Therapeutic modalities for human metapneumovirus
and parainfluenza virus infections under investigation
include intravenous ribavirin administration.

Elawar F et al. Pharmacological targets and emerging treatments
for respiratory syncytial virus bronchiolitis. Pharmacol Ther.
2021;220:107712. [PMID: 33121940]

Griffin MP et al; Nirsevimab Study Group. Single-dose nirse-
vimab for prevention of RSV in preterm infants. N Engl J
Med. 2020;383:415. [PMID: 32726528]

Madhi SA et al. Respiratory syncytial virus vaccination during
pregnancy and effects in infants. N Engl J Med. 2020;383:426.
[PMID: 32726529]

3. Seasonal Influenza

E S S E N T I A L S  O F  D I A G N O S I S

» Cases usually in epidemic pattern.

» Onset with fever, chills, malaise, cough, coryza,
and myalgias.

» Aching, fever, and prostration out of proportion to
catarrhal symptoms.

» Leukopenia.
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» General Considerations

Influenza (an orthomyxovirus) is a highly contagious dis-
ease transmitted by the respiratory route in humans. Trans-
mission occurs primarily by droplet nuclei rather than
fomites or direct contact. There are three types of influenza
viruses that infect humans. While type A can infect a vari-
ety of mammals (humans, swine, horses, etc) and birds,
types B and C almost exclusively infect humans. Type A
viruses are further divided into subtypes based on the
hemagglutinin (H) and the neuraminidase (N) expressed
on their surface. There are 18 subtypes of hemagglutinin
and 11 subtypes of neuraminidase.

Annual epidemics usually appear in the fall or winter
in temperate climates. Up to 5 million cases of severe
influenza are estimated by the WHO to occur annually,
with up to 0.5 million annual deaths. Influenza epidemics
affect 10–20% of the global population on average each
year and are typically the result of minor antigenic varia-
tions of the virus, or antigenic drift, which occur often in
influenza A virus. On the other hand, pandemics—
associated with higher mortality—appear at longer and
varying intervals (decades) as a consequence of major
genetic reassortment of the virus (antigenic shift) or
adaptation of an avian or swine virus to humans (as with
the pandemic H1N1 virus of 1918) (https://www.who.int/
influenza/surveillance_monitoring/updates/latest_
update_GIP_surveillance/en/).

The highly pathogenic avian influenza subtypes are
discussed in the next section. The novel swine-origin influ-
enza A (pandemic H1N1) virus emerged in Mexico in 2009
and quickly spread throughout North America and the
world causing a pandemic. This virus originated from tri-
ple-reassortment of North American swine, human, and
avian virus lineages and Eurasian swine virus lineages and
replaced the previous H1N1 seasonal virus.

» Clinical Findings

A. Symptoms and Signs

Type A and B seasonal influenza viruses produce clinically
indistinguishable infections, whereas type C usually causes
mild illness. The incubation period is 1–4 days. In unvac-
cinated persons, uncomplicated influenza often begins
abruptly. Symptoms range widely from nearly asymptom-
atic to a constellation of systemic symptoms (including
fever, chills, headache, malaise, and myalgias) and respira-
tory symptoms (including rhinorrhea, congestion, pharyn-
gitis, hoarseness, nonproductive cough, and substernal
soreness). Gastrointestinal symptoms and signs may occur,
particularly among young children with influenza B virus
infections. Fever lasts 1–7 days (usually 3–5). Elderly
patients especially may present with lassitude and confu-
sion, often without fever or respiratory symptoms. Signs
include mild pharyngeal injection, flushed face, and con-
junctival redness. Moderate enlargement of the cervical
lymph nodes and tracheal tenderness may be observed.
The presence of fever (higher than 38.2°C) and cough dur-
ing influenza season is highly predictive of influenza infec-
tion in those older than 4 years.

B. Laboratory Findings

Rapid influenza diagnostic tests for detection of influenza
antigens from nasal or throat swabs are widely available,
highly specific, and produce fast results but have low sensi-
tivity leading to high false-negative results. Because of this,
the CDC recommends empirically treating patients in
whom influenza is suspected. Testing is not necessary
unless the patient is ill enough to require admission to the
hospital. Not all commercial rapid influenza diagnostic
tests can differentiate between influenza A and influenza B,
and none of the available rapid influenza diagnostic tests
can provide information on influenza A subtypes. Newer
digital immunoassays and rapid nucleic acid amplification
tests are more sensitive than traditional rapid influenza
diagnostic tests; however, the sensitivity of newer PCR
techniques is compromised early in the season during low
prevalence periods. A nasopharyngeal swab, nasal aspirate,
combined nasopharyngeal swab with oropharyngeal swab,
or material from a bronchoalveolar lavage can be tested for
any influenza strain. When influenza pneumonia is sus-
pected, lower respiratory tract specimens should be col-
lected and tested for influenza viruses by RT-PCR or the
above assays.

» Differential Diagnosis

The differential diagnoses for influenza-like infections
include a variety of viral respiratory infections (SARS-
CoV-2, parainfluenza, RSV, atypical dengue, adenovirus,
enterovirus, coronavirus) or other viral infections (flavivi-
rus, CMV, EBV, acute HIV infection), as well as bacterial
infections such as mycobacterial infection (atypical pneu-
monia), pertussis, and Legionnaire disease. Epidemiologic
factors can suggest Legionnaire (elderly smokers). Chro-
nicity of cough may suggest adenovirus, mycobacterial, or
pertussis infection. Leukocytosis and lymphadenopathy
are more often seen with CMV and EBV. Distinguishing
influenza from dengue requires attention to rhinitis
(influenza) and thrombocytopenia (dengue).

» Complications

Hospitalization or ICU admission for influenza is often a
consequence of diffuse viral pneumonitis with severe
hypoxemia and sometimes shock. Patients with asthma,
residents of nursing homes and long-term care facilities,
adults aged 65 years or older, persons who are morbidly
obese, and persons with underlying medical conditions
(pulmonary, renal, cardiovascular, hepatic, hematologic,
neurologic, and neurodevelopmental conditions; and
immune-deficient conditions, such as HIV, diabetes, and
cirrhosis) are at high risk for complications. Infection dur-
ing pregnancy increases the risk for hospitalization and
may be associated with severe illness, sepsis, pneumotho-
rax and respiratory failure, spontaneous abortion, preterm
labor, and fetal distress.

Influenza causes necrosis of the respiratory epithelium,
increased adherence of bacteria to infected cells, and ciliary
dysfunction, which predispose to secondary bacterial
infections. Pneumococcal pneumonia is the most common
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secondary infection, and staphylococcal pneumonia is the
most serious. Haemophilus spp infections also occur. Other
frequent complications are acute sinusitis, otitis media, and
purulent bronchitis.

Cardiovascular diseases are a complication of influenza
infection, in particular among older adults, and influenza
is postulated to be a significant trigger for myocardial
infarction, cerebrovascular disease, and sudden death.
Several studies suggest that influenza vaccination has pro-
tective effect against major adverse cardiovascular events.
Neurologic complications, including seizures and encepha-
lopathy, may occur. Encephalopathic complications of
influenza are uncommon.

Reye syndrome is a rare and severe complication of
influenza (usually B type) and other viral diseases (espe-
cially varicella), particularly in young children. It consists
of rapidly progressive hepatic failure and encephalopathy,
and there is a 30% mortality rate. The pathogenesis is
unknown, but the syndrome is associated with aspirin use
in the management of viral infections.

» Treatment

Treatment is supportive. Antiviral therapy should be consid-
ered for all persons with acute illness, in particular those at
high risk for developing complications who have a sugges-
tive clinical presentation or with laboratory-confirmed
influenza. Clinical trials show a reduction in the duration of
symptoms, hospital admissions, as well as secondary compli-
cations, such as otitis, sinusitis, or pneumonia, but not mor-
tality when using these agents. Maximum benefit is expected
with the earliest initiation of therapy. Although the benefit of
antiviral therapy after 48 hours of illness is reduced, it should
be initiated if the patient is hospitalized or critically ill. Ben-
efit has been noted up to 4–5 days into illness.

The antiviral treatment of choice should be based on
the susceptibility of the circulating virus. Since high levels
of resistance to the adamantanes (amantadine and riman-
tadine) persist among seasonal H1N1 and H3N2 influenza
A viruses and these agents are not effective against influ-
enza B viruses, amantadine and rimantadine are not rec-
ommended for treatment.

Three neuraminidase inhibitors are FDA approved for
treatment of influenza A and B: oral oseltamivir, inhaled
zanamivir, and intravenous peramivir. The CDC recom-
mends treatment with oral oseltamivir (75 mg twice daily
for 5 days) as the drug of choice for patients of any age,
pregnant women, and patients who are hospitalized or
have complicated infection. Absorption of oral oseltamivir
is considered reliable, except in patients with impaired
gastric motility or gastrointestinal bleeding.

Inhaled zanamivir (10 mg, 2 inhalations twice daily for
5 days) is indicated for uncomplicated acute influenza in
patients 7 years and older, is relatively contraindicated
among persons with asthma because of the risk of bron-
chospasm, and is not formulated for use in mechanically
ventilated patients. Inhaled zanamivir lacks efficacy in
pneumonia, probably due to poor bioavailability in the
peripheral lungs.

Intravenous peramivir (600 mg in single dose) is used
for outpatient treatment of uncomplicated infection in

patients 18 years and older and is recommended when
there is a concern about inadequate oral absorption of
oseltamivir. The efficacy of peramivir in patients with
severe illness and in patients with influenza B is not well
established. Some studies demonstrated that repeated
doses for up to 5 days of intravenous peramivir is safe,
effective and shorten the duration of influenza illness.

Resistance to neuraminidase inhibitors (oseltamivir,
zanamivir, and peramivir) can occur during or after
prolonged use in immunocompromised patients, par-
ticularly in persons who have undergone hematopoietic
stem cell transplant. Intravenous zanamivir is an inves-
tigational drug that could be requested for clinical use if
there is a concern for oseltamivir-resistant influenza
strain. Laninamivir is a long-acting inhaled neuramini-
dase inhibitor used for the treatment of seasonal influ-
enza, including infection caused by oseltamivir-resistant
virus. It is licensed in Japan and South Korea but not in
the United States.

Baloxavir (a selective inhibitor of influenza cap-
dependent endonuclease that is given as a single oral dose)
is FDA-approved for treatment of uncomplicated influenza
A and B infections. It is given as 40 mg or 80 mg orally once
daily depending on weight (the higher dose for persons
80 kg or more) and should be given within the first
48 hours of infection. Its side effects include diarrhea and
bronchitis, and to date, its effects in patients older than
65 years or younger than 12 years are not established. Bal-
oxavir’s unique mechanism of action will likely make it
useful as part of multidrug therapy for resistant disease.
For complicated disease, especially in immunosuppressed
patients, the combination of oseltamivir, amantadine, and
ribavirin appears to produce faster viral clearance but no
definite clinical improvement.

The first class of organosilanes have potent antiviral
activity against influenza A viruses that are resistant to
amantadine and oseltamivir. Dapivirine, an FDA-
approved HIV nonnucleoside reverse transcriptase
inhibitor, has broad-spectrum antiviral against multiple
strains of influenza A and B viruses. Iminosugars are
also under study. Updated advice is available at http://
www.cdc.gov/flu/index.htm.

» Prognosis

The duration of the uncomplicated illness is 1–7 days,
and the prognosis is excellent in healthy adults and chil-
dren. Hospitalization typically occurs in those with
underlying medical disease, at the extremes of age, and
in pregnant women. Most fatalities are due to bacterial
pneumonia, although exacerbations of other disease pro-
cesses, in particular cardiac diseases, occur. Pneumonia
resulting from influenza has a high mortality rate among
pregnant women and persons with a history of rheu-
matic heart disease. Mortality among adults hospitalized
with influenza ranges from 4% to 8%, although higher
mortality (greater than 10–15%) may be seen during
pandemics and among immunocompromised individu-
als. At least 64% of pneumonia and influenza deaths
occurred among elderly persons in the United States,
who comprised only 15% of the population.
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If the fever recurs or persists for more than 4 days
with productive cough and white cell count over 10,000/mcL
(10.0 × 109/L), secondary bacterial infection should be
suspected.

» Prevention

Annual administration of influenza vaccine is the most
effective measure for preventing influenza and its complica-
tions. Seasonal influenza vaccines can reduce influenza
hospitalizations by an estimated 61%. Vaccination of health
care workers is associated with decreased mortality among
hospitalized patients and those in long-term care facilities.
Vaccination prevents influenza illness among pregnant
women and their infants during the first months of life.

The ACIP and the American College of Obstetricians
and Gynecologists’ Committee recommend annual influ-
enza vaccination for all persons over 6 months of age with
no contraindications. Vaccination is emphasized for high-
risk groups and their contacts and caregivers.

Several Cochrane database analyses have examined the
efficacy of the influenza vaccines in select populations. The
studied groups include patients with COPD (a docu-
mented reduction in exacerbations with inactivated vac-
cine), the elderly (where vaccination shows some efficacy),
adults with cancer (weak evidence, some lower mortality
and influenza-related outcomes), healthy adults (estab-
lished efficacy with inactivated vaccine, but only modest
effects in pregnant women and newborns), and healthy
children (where both live and inactivated vaccines lower
the rate of influenza infections).

Other reviews establish the efficacy and safety of influ-
enza vaccination in patients with rheumatoid arthritis,
asthma, or myasthenia gravis, and elderly nursing home
patients. The obese have an impaired response to the influ-
enza vaccine.

Multiple influenza vaccine products are licensed in the
United States and available from different manufacturers
(see Table 30–8). These include inactivated influenza vac-
cines (standard- or high-dose, trivalent [IIV3] or quadriva-
lent [IIV4], adjuvanted or unadjuvanted), recombinant
vaccines (trivalent [RIV3] or quadrivalent [RIV4]), and
live attenuated influenza vaccine (LAIV4). All trivalent
vaccines contain antigens from one strain each of influenza
A (H1N1), influenza A (H3N2), and influenza B. Quadri-
valent vaccines include an additional influenza B strain.
The CDC does not endorse one influenza vaccine product
over another, although each influenza vaccine product has
different age indications and contraindications. The CDC
publishes its annual influenza recommendations in the late
summer (www.cdc.gov/mmwr).

LAIV4 (which was not recommended by the CDC dur-
ing the 2016–2017 and 2017–2018 seasons in the Northern
Hemisphere due to concerns about its effectiveness against
influenza viruses in prior years) is considered an accept-
able option for groups in whom it is indicated.

Adults over the age of 18 years, including pregnant
women, can receive any influenza vaccine, with few excep-
tions. Patients 65 years or older should receive a high-dose
trivalent inactivated influenza vaccine containing four
times more hemagglutinin than standard dose (Fluzone

High Dose), or Fluad, a trivalent inactivated influenza vac-
cine that contains an adjuvant (MF59), which enhances the
immune response to the vaccine. Adults older than 65 years
can use any IIV or RIV intramuscular vaccine; in a large
randomized trial, high-dose IIV3 showed superior efficacy
over standard-dose IIV3 and may provide better protec-
tion. Some data suggest intradermal vaccination is more
effective than intramuscular vaccination in the elderly. The
herpes zoster vaccine can be safely coadministered with the
seasonal influenza vaccines in patients over 50 years of age,
with similar immunogenicity.

For patients with cancer, chemotherapeutic regimens
containing rituximab show persistent perturbations of
B-cell and Ig synthesis, and these modifications decrease
humoral responses to the influenza vaccine. Adjuvanted
vaccine is efficacious but has resulted in brief disease exac-
erbation in persons with psoriatic arthritis taking TNF-
alpha inhibitors.

Vaccination is contraindicated for persons with a his-
tory of severe allergic reaction to an influenza vaccine.
Precautions should be taken if patients report a history of
Guillain-Barré syndrome 6 weeks following an influenza
vaccine and if patients have a moderate to severe acute ill-
ness with or without fever until clinical improvement.
Persons with a history of egg allergy with hives only may
receive any recommended influenza vaccine. Those with
more severe allergic reactions to eggs may receive any rec-
ommended vaccine under close observation in a health
care facility under the supervision of a provider with expe-
rience treating severe allergic reactions. Only the recombi-
nant vaccine and the US cell culture-based inactivated
(Flucelvax Quadrivalent, ccIIV4) vaccine are egg-free.
Additional vaccine information can be found at http://
www.cdc.gov/flu/professionals/vaccination/index.htm.

When antiviral chemoprophylaxis is used, it prevents
70–90% of influenza infections. Chemoprophylaxis is not
routinely recommended and is not recommended prior to
exposure to prevent development of resistance. Chemo-
prophylaxis may be considered for persons at increased
risk for complications from infection who are exposed
to an infected patient within 2 weeks of vaccination, for
persons unlikely to respond to vaccination because of
immunosuppression after exposure to an infected per-
son, for persons for whom vaccination is contraindi-
cated and who are at high risk for complications after
exposure to an infected person, and for prevention of
infection in residents of institutions during an outbreak.
Alternatively, a person can be monitored closely, and
antiviral therapy initiated at the first onset of symptoms
after exposure. Initiation of chemoprophylaxis is not
recommended more than 48 hours after exposure.
Patients taking chemoprophylaxis should seek urgent
medical care if an influenza-like illness develops.

Chemoprophylaxis against influenza A and B is accom-
plished with daily administration of the neuraminidase
inhibitors oseltamivir (75 mg/day, oral) or zanamivir
(10 mg/day, inhaled) to continue through 7 days after last
known exposure. For outbreak control in long-term care
facilities and hospitals, a minimum of 2 weeks is recom-
mended, including in vaccinated persons if the seasonal
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vaccine is not well matched to the circulating strain, to
continue until 1 week after identification of the last known
case. Zanamivir should not be given as chemoprophylaxis
to asthmatic persons, nursing home residents, or children
younger than 5 years.

Breakthrough infections with influenza occur with
neuraminidase inhibitors (in a study with zanamivir) and
with vaccination. The efficacy of chemoprophylaxis is
proven for individuals and households but not community
settings.

Hand hygiene and surgical facemasks appear to prevent
household transmission of influenza virus isolates when
implemented within 36 hours of recognition of symptoms
in an index patient. Such nonpharmaceutical interventions
assist in mitigating the spread of pandemic and interpan-
demic influenza to nonvaccinated persons. In one study,
patients with seasonal H1N1 influenza infection were
infectious from 1 day before to about 7 days following ill-
ness onset. Children and immunosuppressed persons
exhibit prolonged viral shedding and may be infectious
longer. Winter school breaks during periods of high influ-
enza transmission appear to decrease rates of visits to pri-
mary care practitioners for influenza illness among
children and adults.

Any hospital patient in whom the infection is sus-
pected should be isolated in an individual room with
standard and droplet precautions. CDC guidelines rec-
ommend the equivalent of N95 masks for aerosol-
generating procedures (eg, bronchoscopy, elective
intubation, suctioning, administering nebulized medica-
tions). For such procedures, an airborne infection isola-
tion room can be used, with air exhausted directly outside
or recirculated after filtration by a high efficiency particu-
late air (HEPA) filter. Strict adherence to hand hygiene
with soap and water or an alcohol-based hand sanitizer
and immediate removal of gloves and other equipment
after contact with respiratory secretions is essential. Pre-
cautions should be maintained until 7 days from symp-
tom onset or until 24 hours after symptom resolution,
whichever is longer. Postexposure prophylaxis or close
monitoring and early treatment should be considered for
close contacts of patients who are at high risk for compli-
cations of influenza and may be considered for health
care personnel, public health workers, or first responders
who experienced a recognized, unprotected close contact
exposure to a person with influenza virus infection dur-
ing that person’s infectious period.

A regimen of dose sparing vaccination (to 3.5 mcg) is
advocated by some providers to address the extreme
shortage of influenza vaccine, particularly in developing
world countries, with adequate vaccination against all
components except H3N2, where there is reduced
seroconversion.

» When to Admit

• Limited availability of supporting services.

• Pneumonia or decreased oxygen saturation.

• Changes in mental status.

• Consider with pregnancy.

Centers for Disease Control and Prevention (CDC). FluView: a
weekly U.S. influenza surveillance report. https://www.cdc.
gov/flu/weekly

Cochrane Library. Influenza: evidence from Cochrane Reviews.
https://www.cochranelibrary.com/collections/doi/10.1002/
14651858.SC000006/full

Cohen C et al. Vaccinating mothers to protect their babies
against influenza. J Infect Dis. 2020;221:5. [PMID: 31671176]

Ferdinands JM et al. Waning of influenza vaccine protection:
exploring the trade-offs of changes in vaccination timing
among older adults. Clin Infect Dis. 2020;70:1550. [PMID:
31257422]

Grohskopf LA et al. Prevention and control of seasonal influenza
with vaccines: recommendations of the Advisory Committee
on Immunization Practices—United States, 2020-21 influ-
enza season. MMWR Recomm Rep. 2020;69:1. [PMID:
32820746]

Whitley RJ et al. Resistance of influenza virus to antiviral medi-
cations. Clin Infect Dis. 2020;71:1092. [PMID: 31538179]

4. Avian Influenza

E S S E N T I A L S  O F  D I A G N O S I S

» Most human cases occur after exposure to infected
poultry.

» Clinically indistinguishable from seasonal
influenza.

» Epidemiologic factors assist in diagnosis.

» Rapid antigen assays confirm diagnosis but do not
distinguish avian from seasonal influenza.

» General Considerations

Zoonotic influenza viruses are distinct from human sea-
sonal influenza viruses and do not easily transmit between
humans. In addition, a number of viral genetic changes are
required for adaptation to humans. For avian influenza
viruses, birds are the natural hosts. Around the world and
in North America, avian influenza A outbreaks occur in
poultry from time to time (including a 2016 outbreak in
Dubois County, Indiana, with avian but no human cases),
and the virus has become endemic in poultry in some
countries, mostly in Southeast Asia and Egypt. Occasion-
ally, avian influenza viruses may infect humans or other
mammals, including domestic cats and dogs. Illness in
humans ranges from mild disease to rapid progressive
severe disease and death depending on the subtype.

The primary risk factor for human infection is direct or
indirect exposure to infected live or dead poultry or con-
taminated environments, such as live bird markets. Slaugh-
tering and handling carcasses of infected poultry are also
risk factors.

The emergence of H5, H7, and H9 avian influenza virus
subtypes in humans raises concern that the virus may
undergo genetic reassortment or mutations in some of the
genes and develop greater human-to-human transmissibil-
ity with the potential to produce a global pandemic. All
fatal avian influenza virus infections acquire their internal
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gene segments from H9N2 viruses, the most widespread
avian influenza subtype.

Human infections with H5N1 viruses have been
reported to WHO from 16 countries, the first report in the
Americas was in Canada in 2014, and approximately 60%
of the cases have died. Infection with H7N9 avian influenza
virus was first reported in China in 2013. Since then, many
cases have been reported around the world with an average
case fatality rate of 40%. Infections with other H7 avian
influenza viruses (H7N2, H7N3, and H7N7) have occurred
sporadically around the world. Rare human cases of influ-
enza H9N2 are also reported.

» Clinical Findings

A. Symptoms and Signs

Distinguishing avian influenza from regular influenza is
difficult. History of exposure to dead or ill birds or live
poultry markets in the prior 10 days, recent travel to
Southeast Asia or Egypt, or contact with known cases
should be investigated. Patients infected by H5N1 or H7N9
avian influenza A viruses have an aggressive clinical
course. The symptoms and signs include fever followed by
lower respiratory symptoms (cough, dyspnea). Upper
respiratory tract symptoms are less common. Gastrointes-
tinal symptoms are reported more frequently in H5N1
infections. Conjunctivitis is reported in influenza H7 infec-
tions. Other systems can also be involved leading to neuro-
logic manifestations (encephalopathy, seizure) and liver
impairment. Prolonged febrile states and generalized mal-
aise are common. Respiratory failure, multiorgan dysfunc-
tion, and septic shock are the usual cause of death.
Bacterial superinfections are reported.

For human infections with H7N7 and N9B2 avian
influenza virus infections, most cases have been mild with
a few cases hospitalized and very few reports of deaths
resulting from infection.

B. Laboratory Findings

Commercial rapid antigen tests are not optimally sensitive
or specific for detection of H5N1 influenza and should not
be the definitive test for influenza. More sensitive RT-PCR
assays are available through many hospitals and state
health departments. Diagnostic yield can be improved by
early collection of samples, preferably within 7 days of ill-
ness onset. Throat swabs or lower respiratory specimens
(such as tracheal aspirate or bronchoalveolar lavage fluid)
may provide higher yield of detection than nasal swabs.
When highly pathogenic strains, such as H5N1 influenza
virus infections, are suspected, extreme care in the han-
dling of these samples must be observed during prelimi-
nary testing. Positive samples must then be forwarded to
the appropriate public health authorities for further inves-
tigation (eg, culture) in laboratories with the adequate level
of biosafety (level 3).

» Treatment

Persons with severe illness and confirmed and probable
cases with mild disease should receive treatment as soon as

possible. The first-line recommendation is to use the neur-
aminidase inhibitor oseltamivir, 75 mg orally twice daily
for 5 days administered within 48 hours from onset of ill-
ness. Longer courses of therapy (eg, 10 days) should be
considered in hospitalized patients with severe illness and
persistent viral shedding. Data are lacking for use of
inhaled zanamivir or peramivir for severe avian influenza.
Overall oseltamivir, by modeling, is associated with a 49%
reduction in mortality from H5N1 avian influenza virus
infections. As with seasonal influenza, enteric oseltamivir
is well absorbed in critically ill persons without gastric
stasis, known malabsorption, or gastrointestinal bleeding.
Daily intravenous peramivir (600 mg, reduced to 200 mg
for kidney dysfunction) for a minimum of 5 days and a
maximum of 10 or more days (depending on severity of
illness) or zanamivir (10 mg inhaled daily for 10 days) may
be considered in such patients. Combination therapy with
amantadine or rimantadine (in countries where H5N1
influenza virus A strains are likely to be susceptible to ada-
mantanes) may be considered in patients with pneumonia
or progressive disease. Resistance of avian H5N1 influenza
strains to amantadine and rimantadine is present in most
geographic areas. Resistance to neuraminidase inhibitors
(oseltamivir, zanamivir, and peramivir) can occur with
H5NA and H7N9 avian–infected patients. Successful treat-
ment with administration of convalescent plasma is
reported.

» Prevention

The most effective method of prevention is avoidance of
exposure. Persons who work with poultry should practice
good hand hygiene and use appropriate personal protective
equipment. These workers should also be vaccinated
against seasonal influenza since this can reduce the likeli-
hood of coinfection with avian and seasonal influenza.
Persons should avoid visiting live poultry markets and
should avoid contact with ill birds. No risk exists for
acquiring avian influenza through the consumption of
well-cooked poultry products. The US government bans
the importation of poultry from infected areas. Culling of
animals has been effective in ending outbreaks of highly
pathogenic avian influenza but is difficult with H7-infected
poultry because most are asymptomatic. Policies regarding
closure of live poultry markets during avian epidemics are
controversial.

Persons with exposure should monitor themselves for
10 days after the last known exposure and should seek
prompt medical attention if new fever or respiratory symp-
toms develop. Postexposure prophylaxis is not recom-
mended in persons working with noninfected birds or who
used appropriate personal protective equipment while
working with infected birds. For persons with exposure to
infected persons, postexposure prophylaxis is recom-
mended for household and family members and may be
considered for health care personnel with close unpro-
tected contact. Postexposure prophylaxis regimens include
75 mg of oseltamivir orally or 10 mg inhaled zanamivir
twice daily for 5 or 10 days from the last known exposure,
depending on the length of the exposure. Careful surveil-
lance for human cases and prudent stockpiling of
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medications with establishment of an infrastructure for
dissemination are essential modalities of control. Non-
pharmacologic means of control include masks, social dis-
tancing, quarantine, travel limitations, and infrastructure
development, particularly for emergency departments.

Vaccines do not provide cross-protection against strains
of the H5, H7, and H9 influenza viruses. The US govern-
ment has prepandemic stockpiles of adjuvanted H5N1
vaccines and H7N9 vaccines that are not available to the
public. The highly diverse genetic nature and the rapid
evolution of the avian influenza viruses have resulted in the
emergence of viruses that are not covered by stockpiled
vaccines. The US FDA approved an adjuvanted influenza A
(H5N1) monovalent vaccine (Audenz) in January 2020. It
is approved for persons 6 months of age and older. Studies
investigating vaccine candidates for avian influenza A sub-
type H7N9 are ongoing.

Because the potential for pandemic influenza for many
of the new reassortment viruses is not fully known, contin-
ued surveillance is essential, and stockpiling of vaccines,
adjuvant, and medications (oseltamivir and zanamivir) is
warranted at the public health level.

de Vries RD et al. Avian influenza A virus pandemic prepared-
ness and vaccine development. Vaccines (Basel). 2018;6:E46.
[PMID: 30044370]

5. Severe Acute Resiratory Syndrome
(SARS-CoV-1)

E S S E N T I A L S  O F  D I A G N O S I S

» Mild, moderate, or severe respiratory illness.

» Travel to endemic area within 10 days before
symptom onset, including mainland China, Hong
Kong, Singapore, Taiwan, Vietnam, and Toronto.

» Persistent fever; dry cough, dyspnea in most.

» Diagnosis confirmed by antibody testing or isola-
tion of virus.

» No specific treatment; mortality as high as 14% in
clinically diagnosed cases.

» General Considerations

SARS-CoV-1 (previously referred to as “SARS”) is a
respiratory syndrome caused by a coronavirus, transmit-
ted through direct or indirect contact of mucous mem-
branes with infectious respiratory droplets. The virus is
shed in stools, but the role of fecal-oral transmission is
unknown. The natural reservoir appears to be the horse-
shoe bat (which eats and drops fruits ingested by civets,
the earlier presumed reservoir and a likely amplifying
host), which can carry a variety of different coronavirus
strains.

The earliest cases were traced to a health care worker
in Guangdong Province in China in late 2002, with rapid
spread thereafter throughout Asia and Canada,

considered a consequence of spread through travel. The
last cases were reported in 2004. The 2003 outbreak
involved 8098 probable cases from 29 countries, with 774
fatalities. Nine additional cases associated with a research
laboratory were reported in China in 2004 with no fur-
ther cases reported since then. A 29-base pair deletion
evolved during the course of human-to-human transmis-
sion, and it is thought to be responsible in part for the
abeyance of the outbreak.

» Clinical Findings

A. Symptoms and Signs

SARS-CoV-1 is an atypical pneumonia that affects per-
sons in all age groups. Severity ranges from asymptom-
atic disease to severe respiratory illness. Many subclinical
cases probably go undiagnosed. Seasonality, as with
influenza, is not established. The incubation period is
2–7 days, and it can be spread to contacts of affected
patients for 10 days. The mean time from onset of clini-
cal symptoms to hospital admission is 3–5 days. In all
clinical cases, persistent fever is present; chills or rigors
(or both), cough, shortness of breath, rales, and rhonchi
are the rule. Headache, myalgias, and sore throat are
common with watery diarrhea occurring in a subset of
patients. Elderly patients may report malaise and delir-
ium, without the typical febrile response.

B. Laboratory Findings and Imaging

Leukopenia (particularly lymphopenia) and low-grade
disseminated intravascular coagulation are common.
Modest elevations of ALT and creatine kinase are fre-
quently seen. Arterial oxygen saturation less than 95%
with associated nonspecific pulmonary infiltrates is evi-
dent in 80% of affected individuals. A high-resolution CT
scan is abnormal in 67% of patients with initially normal
chest radiographs.

Serologic tests, including enzyme immunoassays and
fluorescent antibody assays, are available through public
health departments at the state level, although seroconver-
sion may not occur until 3 weeks after the onset of symp-
toms. The detection rates for the virus using conventional
RT-PCR are generally low during the first week of illness.
Urine, nasopharyngeal aspirate, and stool specimens are
positive in 42%, 68%, and 97%, respectively, on day 14 of
illness. Viral isolation is technically laborious and
time-consuming.

» Complications

ARDS, with extensive bilateral consolidation, occurs in
about 16% of patients, and about 20–30% of patients
require intubation and mechanical ventilation.

» Treatment

Severe cases require intensive supportive management.
Different agents including, lopinavir/ritonavir, ribavirin,
interferon, IVIG, and systemic corticosteroids were used
during the 2003 epidemic, but the treatment efficacy of
these agents remains inconclusive. In vitro studies with
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ribavirin show no activity against the virus, and a retro-
spective analysis of the epidemic in Toronto suggests worse
outcomes in patients who received the medication. A 2017
study of alisporivir, a nonimmunosuppressive cyclosporine
A analog, alone and in combination with ribavirin, initially
showed efficacy in vitro but then did not improve out-
comes in a mouse model. A meta-analysis studying the use
of Chinese herbs failed to show any efficacy in treating
SARS-CoV-1. Many promising treatments for SARS-
CoV-1 (such as monoclonal antibodies, convalescent sera
of convalescent patients, and antivirals) were put on hold
when naturally acquired SARS-CoV-1 cases dwindled.
However, many of these treatments are now being re-tested
and re-purposed for treatment of SARS-CoV-2 infection
(please see SARS-CoV-2/COVID-19 for additional details).

» Prognosis

The overall mortality rate of identified cases is about 14%.
Poor prognostic factors include advanced age (mortality
rate greater than 50% in those over 65 years of age com-
pared with less than 1% for those under 2 years of age),
chronic hepatitis B infection treated with lamivudine, high
initial or high peak lactate dehydrogenase concentration,
high neutrophil count on presentation, diabetes mellitus,
acute kidney disease, and low counts of CD4 and CD8 on
presentation.

» Prevention

Health care workers engaged in procedures that involve
contact with respiratory droplets are at risk. Isolation of
high-risk patients is essential, and simple hygienic mea-
sures may help reduce transmission.

Control measures include quarantining in the home
for high-risk exposed persons. The tourist industry, in
particular hotels with attention to hygiene and quaran-
tine, were significant places for control measure in the past
outbreak.

Facemasks are useful for preventing hospital acquired
infection. Continual reporting of suspected cases is crucial,
as is awareness of restrictions on international travel. The
most cautious modalities include monitoring for 10 days
after the last potential exposure and confinement of recov-
ering patients for a similar interval.

There are two vaccine candidates in early stages of
development. One is the 218-amino acid residue receptor-
binding domain of SARS, expressed in yeast, and it is
called RBD219-N1. The other is a single-plasmid DNA
vaccine encoding the spike (S) glycoprotein of SARS; it
has been shown to be safe in a phase 1 clinical trial
(NCT00099463).

Muth D et al. Attenuation of replication by a 29 nucleotide dele-
tion in SARS-coronavirus acquired during the early stages of
human-to-human transmission. Sci Rep. 2018;8:15177.
[PMID: 30310104]

Sabarimurugan S et al. Comprehensive review on the prevailing
COVID-19 therapeutics and the potential of repurposing
SARS-CoV-1 candidate drugs to target SARS-CoV-2 as a fast-
track treatment and prevention option. Ann Transl Med.
2020;8:1247. [PMID: 33178779]

6. Middle East Resiratory Syndrome–
Coronavirus (MERS-CoV)

E S S E N T I A L S  O F  D I A G N O S I S

» Mild, moderate, or severe respiratory illness.

» Travel to endemic area, including Saudi Arabia,
United Arab Emirates, Qatar, and Jordan, within
14 days before symptom onset.

» Contact with camels reported in many cases.

» Fever, cough, and dyspnea.

» CDC can assist with RT-PCR.

» Supportive treatment; mortality 36–45%.

» General Considerations

Middle East respiratory syndrome (MERS) is a syndrome asso-
ciated with a coronavirus similar to the cause of SARS. Patients
with MERS have had a history of residence or travel in the
Middle East, in particular Saudi Arabia, or contact with such
patients. The virus is transmitted between humans through
direct or indirect contact of mucous membranes with infec-
tious respiratory droplets. The virus is shed in stool, but the role
of fecal-oral transmission is unknown. The earliest cases were
identified in 2012 in the Kingdom of Saudi Arabia, and 75% of
all cases have occurred there. Additional cases have occurred
throughout the Middle East, Africa, and Europe, with a
reported death rate of 36% (http://www.who.int/emergencies/
mers-cov/en/). Only two cases have ever been identified in the
United States; both were reported in 2014 in health care provid-
ers who lived and worked in Saudi Arabia. So-called super-
spreaders are often responsible for propagating the pathogen in
the early stages of an outbreak. It is also recognized more often
that asymptomatic cases are frequent, especially among chil-
dren, and they may contribute to disease transmission.

Person-to-person transmission can occur within fami-
lies; hospital-associated cases comprise 10–25% of reported
infections. The median incubation period is 5 days (range,
2–14) with the mean age of 50 (range 9 months to 99 years)
and 65% occurring among men. Over 90% of patients have
an underlying medical condition, including diabetes mel-
litus (68%), hypertension (34%), or chronic heart or kidney
disease. Those with diabetes, kidney disease, chronic lung
disease, or other immunocompromising conditions likely
are at highest risk for severe disease.

Camels (especially female camels) appear to be the
principal reservoir, and several studies show that contact
with dromedary herds of camels is greater among cases
than controls. Raw camel milk is considered a potential
source. Persons who work with camels are more likely to
have antibody evidence of past infection.

» Clinical Findings

A. Symptoms and Signs

MERS is an acute respiratory syndrome, with the most
common symptoms being fever (98%), cough (83%), and
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dyspnea (72%). Chills and rigors are common (87%). Gas-
trointestinal symptoms may occur, with diarrhea being
most common (26%), followed by nausea and abdominal
pain, and may precede respiratory symptoms. Mild and
asymptomatic cases are reported.

B. Laboratory Findings and Imaging

Hematologic findings in the largest series to date include
thrombocytopenia (36%), lymphopenia (34%), and lym-
phocytosis (11%). Moderate elevations in lactate dehydro-
genase (49%), AST (15%), and ALT (11%) are recognized.
Chest radiograph abnormalities are nearly universal and
include increased bronchovascular markings, patchy infil-
trates or consolidations, interstitial changes, opacities
(reticular and nodular) and pleural effusions, and total
lung opacification. Ground-glass opacities and consolida-
tion are most commonly seen. The findings mimic those of
many other causes of pneumonia.

Serum serologies and RT-PCR are available through
CDC (https://www.cdc.gov/coronavirus/mers/lab/index.
html). Highest viral loads are found in lower respiratory
tract specimens, including bronchoalveolar lavage fluid,
sputum, and tracheal aspirates. These samples are pre-
ferred for diagnosis. The CDC recommends sending lower
respiratory tract specimens, nasopharyngeal and oropha-
ryngeal swabs, and serum for testing. In confirmed cases,
serial sample collection (perhaps every 2–4 days) from
multiple sites is recommended to increase understanding
of virus shedding kinetics. In cases in which symptom
onset occurred more than 14 days prior and symptoms are
ongoing, serum should be sent to the CDC for serologic
testing and the above specimens should be sent for
RT-PCR.

C. Case Definition

A patient with severe illness shows the following character-
istics: fever (38°C, 100.4°F or higher) and pneumonia or
ARDS (based on clinical or radiologic evidence); and
either history of travel in or near the Arabian Peninsula
within 14 days before symptom onset; or close contact with
a symptomatic traveler in whom fever and acute respira-
tory illness (not necessarily pneumonia) developed within
14 days after traveling in or near the Arabian Peninsula
(above); or is a member of a cluster of patients with severe
acute respiratory illness (eg, fever and pneumonia requir-
ing hospitalization) of unknown etiology in which
MERS-CoV is being evaluated, in consultation with state
and local health departments.

In milder illness, patients have fever and symptoms of
respiratory illness (not necessarily pneumonia; eg, cough,
shortness of breath) and history of having close contact
with a confirmed MERS case as well as a history of being
in a health care facility (as a patient, worker, or visitor)
within 14 days of symptom onset in a country or territory
within the Arabian Peninsula in which recent health
care–associated cases of MERS have been identified.

Of note, fever may not be present in certain patients,
including the very young, elderly persons, immunosup-
pressed individuals, or those taking certain medications.

» Complications

Respiratory failure is such a common complication that in
a series from Saudi Arabia, 89% of patients required inten-
sive care and mechanical ventilation. Patients with MERS-
CoV appear to advance faster to respiratory failure than do
those with SARS.

» Treatment

Respiratory support is essential. No vaccine or known anti-
viral therapy exists to combat MERS. Therapies are adapted
from SARS treatments, which include interferons, ribavi-
rin, lopinavir-ritonavir, or mycophenolate mofetil. The use
of macrolides is not associated with a reduction in mortal-
ity. A small retrospective study found improved survival at
14 days with ribavirin and interferon-alpha but not at
28 days.

» Prognosis

The overall mortality rate of identified cases is about 36%.
Factors associated with mortality include the use of corti-
costeroids and also the use of continuous renal replace-
ment therapy. A set of radiographic criteria (diffuse
involvement, fibrosing sequela) are associated with a worse
prognosis and the need for intubation. Advanced age is
associated with a poor prognosis. Functional outcomes of
survivors are similar to those of other non-MERS severe
acute respiratory virus illnesses.

» Prevention

Isolation and quarantine of cases is authorized by CDC.
Strict infection control measures are essential as well as care
and management of household contacts and hospital work-
ers engaged in the care of patients. Travelers to Saudi Arabia
(including the many pilgrims to the holy sites) should prac-
tice frequent hand washing and avoid contact with those
who have respiratory symptoms. Evaluation of patients with
suspect symptoms within 14 days of return from Saudi
Arabia is essential. Because health care workers engaged in
procedures that involve contact with respiratory droplets
are at risk, isolation of high-risk patients is essential, as are
simple hygienic measures. Limiting the number of hospital
contacts and visits is important. Control measures, includ-
ing quarantining in the home for high-risk exposed persons
and the use of facemasks for preventing hospital-acquired
infections, are important. Assisting public health authorities
with case reporting and surveillance is essential. Postexpo-
sure prophylaxis with ribavirin and lopinavir/ritonavir for
health care workers is associated with a 40% decrease in the
risk of acquiring infection.

Camel workers including slaughterhouse and market
workers, veterinarians, and racing personnel should wear
facial protection and protective clothing and practice good
personal hygiene, including frequent hand washing after
touching animals and receive education about the syn-
drome. Family members of such personnel should not be
exposed to work paraphernalia including clothing and
shoes and workers should shower at the site of employment
rather than the home. Avoidance of direct contact with
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camels (who may be asymptomatic but who can transmit
the virus though nasal or ocular discharge, milk, urine, and
feces) is important. Infected camels should be segregated
from other livestock and kept off the market, including
their meat products, and buried or destroyed.

Vaccine candidates include subunits to the RBD (recep-
tor binding domain) and spike protein, whole DNA, viral
vectors, and inactivated or live attenuated whole virus
vaccines.

Alfaraj SH et al. Clinical predictors of mortality of Middle East
respiratory syndrome coronavirus (MERS-CoV) infection: a
cohort study. Travel Med Infect Dis. 2019;39:48. [PMID:
30872071]

Arabi YM et al; Saudi Critical Care Trials Group. Macrolides in
critically ill patients with Middle East respiratory syndrome.
Int J Infect Dis. 2019;81:184. [PMID: 30690213]

Momattin H et al. A systematic review of therapeutic agents for
the treatment of the Middle East respiratory syndrome
coronavirus (MERS-CoV). Travel Med Infect Dis. 2019;30:9.
[PMID: 31252170]

Park SY et al. Post-exposure prophylaxis for Middle East respira-
tory syndrome in healthcare workers. J Hosp Infect. 2019;
101:42. [PMID: 30240813]

ADENOVIRUS INFECTIONS

» General Considerations

At least 60 serotypes of adenovirus are currently described,
and these are members of 7 species classified A–G. About
half of these subgroups produce a variety of clinical syn-
dromes. Adenoviruses show a worldwide distribution and
occur throughout the year. These infections are usually
self-limited or clinically inapparent and occur most com-
monly among infants, young children, and military recruits
and appear to be responsible for about 2–7% of childhood
viral respiratory infections and 5–11% of viral pneumonia
and bronchiolitis. These infections cause particular mor-
bidity and mortality in immunocompromised persons,
such as people living with HIV infection and COPD, as
well as in patients who have undergone solid organ and
hematopoietic stem cell transplantation or cardiac surgery
or in those who have received cancer chemotherapy. A few
cases of donor-transmitted adenoviral infection have been
reported in past years.

Adenoviruses, although a common cause of human
disease, also receive particular recognition through their
role as vectors in gene therapy and vaccine development.

» Clinical Findings

A. Symptoms and Signs

The incubation period is 4–9 days. Clinical syndromes of
adenovirus infection, often overlapping, include the fol-
lowing. The common cold (see Chapter 8) is characterized
by rhinitis, pharyngitis, and mild malaise without fever.
Conjunctivitis is often present. Nonstreptococcal exudative
pharyngitis is characterized by fever lasting 2–12 days and
accompanied by malaise and myalgia. Lower respiratory
tract infection may occur, including bronchiolitis, sug-
gested by cough and rales, or pneumonia. Types 1, 2, 3, 4, 7,

and 55 commonly cause acute respiratory disease and
atypical pneumonia; coinfections or serial infections are
documented to occur. Infections are especially severe in
Native American children. Adenovirus type 14 is a cause of
severe and sometimes fatal pneumonia in those with
chronic lung disease but is also seen in healthy young
adults and military recruit outbreaks. Viral or bacterial
coinfections occur with adenovirus in 15–20% of cases.
Pharyngoconjunctival fever is manifested by fever and
malaise, conjunctivitis (often unilateral), mild pharyngitis,
and cervical adenitis. Epidemic keratoconjunctivitis (trans-
missible person-to-person, most often types 8, 19, and 37)
occurs in adults and is manifested by bilateral conjunctival
redness, pain, tearing, and an enlarged preauricular lymph
node (multiple types may be involved in a single outbreak).
Keratitis may lead to subepithelial opacities (especially
with the above types).

Sexually transmitted genitourinary ulcers and urethritis
may be caused by types 2, 8, and 37. Adenoviruses also
cause acute gastroenteritis (types 40 and 41), mesenteric
adenitis, acute appendicitis, rhabdomyolysis, and intussus-
ception. Rarely, they are associated with encephalitis, men-
ingitis, cerebellitis, ARDS, acute flaccid myelitis, and
pericarditis. Adenovirus is commonly identified in endo-
myocardial tissue of patients with myocarditis and dilated
cardiomyopathy. Risk factors associated with severity of
infection include youth, chronic underlying infections,
recent transplantation, and serotypes 5 or 21.

Hepatitis (type 5 adenovirus), pneumonia, and hemor-
rhagic cystitis (types 11 and 34) tend to develop in infected
liver, lung, or kidney transplant recipients, respectively.
Disease states that may develop in hematopoietic stem cell
transplant patients include hepatitis, pneumonia, diarrhea,
hemorrhagic cystitis, tubulointerstitial nephritis, colitis,
and encephalitis.

B. Laboratory Findings and Imaging

Antigen detection assays including direct fluorescence
assay or enzyme immunoassay are rapid and show sensitiv-
ity of 40–60% compared with viral culture (considered the
standard). Samples with negative rapid assays require PCR
assays or viral cultures for diagnosis. Quantitative real-time
rapid-cycle PCR is useful in distinguishing disease from
colonization, especially in hematopoietic stem cell trans-
plant patients. Multiplex nucleic acid amplification assays
can test for multiple respiratory viruses simultaneously
with increased sensitivity. Adenovirus differs from other
viral and bacterial respiratory infections seen on chest CT
imaging, appearing as a multifocal consolidation or
ground-glass opacity without airway inflammatory
findings.

» Treatment & Prognosis

Treatment is symptomatic. Ribavirin or cidofovir is used in
immunocompromised individuals with occasional success,
although cidofovir is attendant with significant renal toxic-
ity. Brincidofovir, the lipid-conjugated prodrug of cidofo-
vir, has better oral bioavailability, is better tolerated, and
achieves higher intracellular concentrations of active drug
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than cidofovir but currently is only available through com-
passionate use policies since its primary indicated use
remains for Ebola virus infections. IVIG is used in immu-
nocompromised patients and can be used in combination
with other therapies, but data are still limited. Reduced
immunosuppression is often required. Typing of isolates is
useful epidemiologically and in distinguishing transmis-
sion from endogenous reactivation. Topical steroids or
tacrolimus may be used to treat adenoviral keratoconjunc-
tivitis. The commercially available synthetic corticosteroid
mifepristone shows some in vitro activity against adenovi-
ruses. Complications of adenovirus pneumonia in children
include bronchiolitis obliterans. Deaths are reported on
occasion.

The control of epidemic adenoviral conjunctivitis is
often difficult and requires meticulous attention to hand
hygiene, use of disposable gloves, sterilization of equip-
ment (isopropyl alcohol is insufficient, recommendations
of manufacturers are preferred), cohorting of cases, and
furloughing of employees. Treatment with a combination
of povidone-iodine 1.0% eyedrops and dexamethasone
0.1% eyedrops four times a day can reduce symptoms and
expedite recovery. Prolonged shedding of adenovirus type
55 is reported.

Vaccines are not available for general use. Use of live
oral vaccines containing attenuated type 4 and type 7 was
reinstated in military personnel in 2013 and has been asso-
ciated with significant decrease in adenoviral disease.

Fu Y et al. Human adenovirus type 7 infection causes a more
severe disease than type 3. BMC Infect Dis. 2019;19:36. [PMID:
30626350]

Saha B et al. Recent advances in novel antiviral therapies against
human adenovirus. Microorganisms. 2020;8:1284. [PMID:
32842697]

OTHER EXANTHEMATOUS VIRAL INFECTIONS

1. Erythroparvovirus Infections

Primate erythroparvovirus 1, more commonly known as
parvovirus B19, infects human erythroid precursor cells.
It is quite widespread (by age 15 years about 50% of chil-
dren have detectable IgG), and its transmission occurs
through respiratory secretions and saliva, through the pla-
centa (vertical transmission with 30–50% of pregnant
women nonimmune), and through administration of
blood products. The incubation period is 4–14 days.
Chronic forms of the infection can occur. Bocavirus,
another erythroparvovirus, is a cause of winter acute respi-
ratory disease in children and adults.

» Clinical Findings

A. Symptoms and Signs

Parvovirus B19 causes several syndromes and manifests
differently in various populations.

1. Children—In children, an exanthematous illness (“fifth
disease,” erythema infectiosum) is characterized by a fiery
red “slapped cheek” appearance, circumoral pallor, and a

subsequent lacy, maculopapular, evanescent rash on the
trunk and limbs. Eosinophilic cellulitis (Well syndrome) is
also reported with parvovirus B19, as are microvesicular
eruptions and atypical rashes. Parvovirus B19 infection is
also one of the most common causes of myocarditis in
childhood.

2. Immunocompromised patients—A transient aplastic
crisis and pure red blood cell aplasia may occur, although
symptoms and signs may be less classic among the immu-
nocompromised populations. Bone marrow aspirates
reveal absence of mature erythroid precursors and charac-
teristic giant pronormoblasts. The parvovirus B19 gene is
detected in 16–19% of acute leukemia and chronic myeloid
leukemia patients.

3. Adults—A limited nonerosive symmetric polyarthritis
that mimics lupus erythematosus and rheumatoid arthritis,
which may in some cases be a type II mixed cryoglobuline-
mia, can develop in middle-aged persons (especially
women). Rashes, especially facial, are less common in adults.

Chloroquine and its derivatives exacerbate parvovirus
B19–associated anemia and are linked with significantly
lower hematocrit in hospital admissions in malaria
endemic areas. Rare reported presentations include myo-
carditis with infarction, constrictive pericarditis, chronic
dilated cardiomyopathy (although a 2016 analysis from the
Netherlands dispute some cardiac findings), uveitis,
encephalitis (from India), autoimmune (Hashimoto) thy-
roiditis, hepatitis and liver failure, pneumonitis, neu-
tropenia, thrombocytopenia, a lupus-like syndrome,
glomerulonephritis, CNS vasculitis, papular-purpuric
“gloves and socks” syndrome, complications of drug hyper-
sensitivity, and a chronic fatigue syndrome. A subclinical
infection is documented among patients with sickle cell
disease. Other CNS manifestations of parvovirus B19
include encephalitis, meningitis, stroke (usually in sickle
cell anemia patients with aplastic crises), and peripheral
neuropathy (brachial plexitis and carpal tunnel syndrome)
with occasional chronic residua.

The symptoms of parvovirus B19 infection can mimic
those of autoimmune states such as lupus, systemic sclero-
sis, antiphospholipid syndrome, or vasculitis. A more spe-
cific entity named relapsing symmetric seronegative
synovitis with edema was reported in two cases to be
associated serologically with parvovirus B19 infection.

In pregnancy, premature labor, hydrops fetalis, fetal
anemia, and fetal loss are reported sequelae. Pregnant
women with a recent exposure or with suggestive symp-
toms should be tested for the disease and carefully moni-
tored if results are positive.

A serosurvey from France suggests parvovirus B19
infection may occur more commonly in patients with
schizophrenia.

Metagenomics studies suggest that parvoviruses are
associated with some cases of tubulointerstitial fibrosis.

B. Laboratory Findings

The diagnosis is clinical (Table 32–2) but may be con-
firmed by either an elevated titer of IgM anti-parvovirus
B19 antibodies in serum or with PCR in serum or
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bone marrow. By the time common presenting symptoms
manifest, in particular a rash or polyarthropathy in an
immunocompetent patient, the viremia may have cleared
but IgM antibodies are likely present. In immunocompro-
mised patients, RT-PCR is the optimal test. Autoimmune
antibodies (antiphospholipid and antineutrophil cyto-
plasmic antibodies) can be present and are thought to be
a consequence of molecular mimicry. False-positive
serologies also occur in the presence of recent IVIG and
anti–B-cell therapy. Also, remnant parvovirus B19, from
tissue and serum, is thought to explain some false-
positive findings. Assays on marrow tissue are indicated
only if a marrow is deemed necessary for other hemato-
logic reasons.

» Treatment

Treatment in healthy persons is symptomatic (NSAIDs are
used to treat arthralgias, and transfusions are used to treat
transient aplastic crises). In immunosuppressed patients
including those with HIV, IVIG is very effective in the
short-term reduction of anemia. Relapses tend to occur
about 4 months after administration of IVIG. There is no
reduction in encephalitic complications with IVIG. Intra-
uterine blood transfusion can be considered in severe fetal
anemia, although such transfusions have been linked to
impaired neurologic development.

» Prevention & Prognosis

Several nosocomial outbreaks are documented. In these
cases, standard containment guidelines, including hand
washing after patient exposure and avoiding contact with
pregnant women, are paramount. Among infected, preg-
nant women, the presence of hydrops is associated with a
poor prognosis. Serologic data show that day-care atten-
dants are at higher risk for infection and need practice
hygienic principles in particular.

Because transfusion-transmitted parvovirus is very
rare, blood banks do not routinely screen for parvovirus in
the United States or abroad. Most infected donor patients
have concomitant antibodies, most recipients have had
prior parvovirus infection, and the levels of viremia are
considered too low in infected patients to transmit the
virus. Transfusion specialists recommend DNA screening
of vulnerable patients after transfusion.

The prognosis is generally excellent in immunocompe-
tent individuals. In immunosuppressed patients, persistent
anemia may require prolonged transfusion dependence.
Remission of parvovirus B19 infection in AIDS patients
may occur with ART, though the immune reconstitution
inflammatory syndrome is also reported.

Telbivudine, a thymidine analog used in hepatitis B
virus infection, appears to show some in vitro activity, in
particular with myocarditis, suggesting a potential future
commercial role for this compound in parvovirus B19
infections.

Roediger B et al. An atypical parvovirus drives chronic tubuloin-
terstitial nephropathy and kidney fibrosis. Cell. 2018;175:530.
[PMID: 30220458]

Romero Starke K et al. Are daycare workers at a higher risk of
parvovirus B19 infection? A systematic review and meta-
Analysis. Int J Environ Res Public Health. 2019;16:E1392.
[PMID: 30999694]

Sim JY et al. Human parvovirus B19 infection in patients with or
without underlying diseases. J Microbiol Immunol Infect.
2019;52:534. [PMID: 31257106]

2. poxvirus Infections

Among the poxviruses causing disease in humans, the fol-
lowing are the most clinically important: variola/vaccinia,
molluscum contagiosum, orf and paravaccinia, and
monkeypox.

1. Variola/vaccinia—Smallpox (caused by the variola
virus) was a highly contagious disease associated with high
mortality and disabling sequelae. Its manifestations include
severe headache, acute onset of fever, prostration, and a
rash characterized by uniform progression from macules
to papules to firm, deep-seated vesicles or pustules. The
synchronous progression in smallpox readily differentiates
lesions from those of varicella (see also Chapter 6).

Complications of smallpox include bacterial superin-
fections (cellulitis and pneumonia), encephalitis, and kera-
titis with corneal ulcerations (risk factor for blindness).
Effective vaccination led to its global elimination by 1979
and routine vaccination stopped in 1985. Recommenda-
tions to destroy remaining samples of this virus have not
been acted upon thus far, and significant concern exists for
potential misuse of these repositories in military or terror-
ist activities.

Smallpox should be considered, in concordance with
the CDC Smallpox Response Plan (https://www.cdc.gov/
smallpox/bioterrorism-response-planning/community/
index.html), in any patient with fever and a characteristic
rash for which other etiologies—such as herpes infections
(eczema herpeticum may be differentiated from suspect
smallpox by appropriate serologic stains and clinical
appearance), erythema multiforme, drug reactions, or
other infections—are unlikely. Patients with suspected
infection should be placed in airborne and contact isola-
tion and the official agency contacted (CDC Poxvirus and
Rabies Branch help desk may be reached at 404-639-4129
and the Director’s Emergency Operation Center at
770-488-7100).

A needle-stick injury case of vaccinia virus infection
reported in 2019 from California was treated with the p37
inhibitor tecovirimat and vaccinia immune globulin intra-
venous (VIGIV) and resolution of a necrotic finger lesion
was prolonged (94 days).

Guidelines regarding smallpox vaccination are available
at https://www.cdc.gov/smallpox/vaccine-basics/index.html.

2. Molluscum contagiosum—Molluscum contagiosum is
caused by a molluscipox virus that may be transmitted
sexually or by other close contact. The disease is mani-
fested by pearly, raised, umbilicated skin nodules sparing
the palms and soles. Keratoconjunctivitis can occur. Most
ocular lesions are typical umbilicated dome-shaped lesions,
but a variety of atypical ocular lesions are reported often in

CMDT22_Ch32_p1374-p1458.indd 1440 02/07/21 2:37 PM



VIRAL & RICKETTSIAL INFECTIONS 1441CMDT 2022

immunocompetent patients, more often in females and
young adults (mean age 19).

There may be an association with atopic dermatitis or
eczema. Marked and persistent lesions in AIDS patients
respond readily to combination ART. Treatment options
include destructive therapies (curettage, cryotherapy, can-
tharidin, 10–15% hydrogen peroxide, 10% potassium
hydroxide, and keratolytics [ingenol mebutate and SB206/
berdazimer sodium gel are under study], among others),
immunomodulators (imiquimod, cimetidine, canthari-
din, tuberculin-purified protein derivatives [PPDs], and
Candida antigen), and antiviral agents (topical cidofovir is
effective anecdotally in refractory cases; brincidofovir is
approved for the treatment of Ebola but is still off-label for
molluscum contagiosum, where it shows some efficacy).
No treatment is uniformly effective, and multiple courses
of therapy are often needed. One meta-analysis recom-
mends natural resolution of lesions if normal immunity
can be restored.

3. Orf and paravaccinia—Orf (contagious pustular derma-
titis, or ecthyma contagiosa) and paravaccinia (milker’s
nodules) are occupational diseases acquired by contact
with sheep/goats and cattle, respectively. Household meat
processing and animal slaughter have been implicated as
risk factors. A new poxvirus akin to parapoxviruses was
reported in 2015 in two patients from rural Tennessee and
Missouri (the latter had also traveled to Tanzania). Orf is a
common infection in sheep, goats, and deer. Thus, it is
found worldwide, and farmers, veterinarians, and hunters
are considered high-risk populations. It progresses through
six clinically distinct dermatologic stages and lesions usu-
ally heal in 3–6 weeks without scarring. The use of nonpo-
rous gloves for persons handling animals is recommended,
especially if the persons are immunosuppressed. Molecular
tests are used to confirm clinical diagnosis. Although there
is no specific treatment, Orf anecdotally responds to
imiquimod. A live vaccine is available for animals, and the
orfvirus, which has immunomodulatory properties, is
increasingly used as a vector and as an oncolytic agent in
human vaccine trials.

4. Monkeypox—First identified in 1970, monkeypox is
enzootic in the rain forests of equatorial Africa and pres-
ents in humans as a syndrome similar to smallpox. The
incubation period is about 13 days (range, 6–28 in one
Central African Republic outbreak) and limited person-to-
person spread occurs. Mortality rates vary from 3% to 11%
depending on the immune status of the patient. Secondary
attack rates appear to be about 10%. Since 2017, confirmed
cases of monkeypox have occurred in Cameroon, Central
African Republic, Côte d’Ivoiure, Democratic Republic of
the Congo, Republic of the Congo, Gabon, Liberia, Nigeria
(where cases occurred after a 40-year hiatus), Sierra Leone,
and South Sudan. Risk factors identified from the
Democratic Republic of Congo include being bitten by
rodents, working as a hunter, and being male over 18 years
of age. The giant pouched rat is a particular reservoir for
disease in Central Africa.

Confusion with smallpox and varicella occurs; however,
both lymphadenopathy (seen in up to 90% of unvaccinated

persons) and a febrile prodrome are prominent features in
monkeypox infection. The monkeypox rash is distin-
guished by its deep-seated and well-circumscribed nature,
lesions at the same stage of development (unlike varicella
but like smallpox), and its centrifugal progression (includ-
ing palms and soles). Suspected cases should be placed on
standard, contact, and droplet precautions; local and state
public health officials and the CDC should be notified for
assistance with confirmation of the diagnosis (by electron
microscopy, viral culture, ELISA, PCR, and a GeneXpert
assay referred to as MPX/OPX [monkeypox/orthopox]).
There are no standard or optimized guidelines for the clini-
cal management of monkeypox. Cidofovir is effective in
vitro against monkeypox, and its less toxic prodrug brin-
cidofovir may be useful as well. Vaccinia immune globulin
can be used in selected cases.

Other general precautions that should be taken are
avoidance of contact with rodents from endemic areas
(whose illness is manifested by alopecia, rash, and ocu-
lar or nasal discharge), appropriate care and isolation of
humans exposed to such animals within the prior
3 weeks, and veterinary examination and investigation
of suspect animals through health departments. Vac-
cinia immunization is effective against monkeypox and
is recommended for those involved in the investigation
of the outbreak and for health care workers caring for
those infected with monkeypox if no contraindication
exists (outlined above). Postexposure vaccination is also
advised for documented contacts of infected persons or
animals. US federal agencies prohibit the importation of
African rodents.

5. Novel orthopoxviruses—Two cases of a novel ortho-
poxvirus were identified in the country of Georgia in 2013
with a third diagnosed serologically from 2010. All cases
had animal contact, two had cattle contact, and serologic
data showed possible associations with rodents and shrews
as well as cattle. None had been vaccinated for smallpox.
Another novel orthopoxvirus was identified in a patient
who had undergone kidney transplantation in North
America in 2015. The seroprevalence to orthopoxvirsues is
high in veterinary workers and those with cat exposures.

Centers for Disease Control and Prevention (CDC). Updated
interim CDC guidance for use of smallpox vaccine, cidofovir,
and vaccinia immune globulin (VIG) for prevention and
treatment in the setting of an outbreak of monkeypox infec-
tions. http://www.cdc.gov/ncidod/monkeypox/treatment-
guidelines.htm

Delaune D et al. Drug development against smallpox: present
and future. Antimicrob Agents Chemother. 2020;64:e01683.
[PMID 31932370]

Durski KN et al. Emergence of monkeypox—west and central
Africa, 1970–2017. MMWR Morb Mortal Wkly Rep. 2018;67:
306. [PMID: 29543790]

Meyer H et al. Smallpox in the post-eradication era. Viruses.
2020;12:138. [PMID: 31991671]

Teixidó C et al. Efficacy and safety of topical application of 15%
and 10% potassium hydroxide for the treatment of molluscum
contagiosum. Pediatr Dermatol. 2018;35:336. [PMID:
29479727]

Wang R et al. Orf virus: a promising new therapeutic agent. Rev
Med Virol. 2019;29:e2013. [PMID: 30370570]
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VIRUSES & GASTROENTERITIS

Viruses are responsible for at least 30–40% of cases of
infectious diarrhea in the United States. These agents
include rotaviruses; caliciviruses, including noroviruses
such as Norwalk virus; astroviruses; enteric adenoviruses;
and, less often, toroviruses, coronaviruses, picornaviruses
(including the Aichi virus), and pestiviruses. Rotaviruses
and noroviruses are responsible for most nonbacterial
cases of gastroenteritis.

Rotaviruses are reoviruses with eight species and sig-
nificant animal reservoirs and are associated with signifi-
cant morbidity and mortality. Each year, over 200,000
children die of rotavirus infection worldwide. Children
aged 6 months to 2 years are the most affected, although
adults are affected occasionally as well. By age 5, virtually
every child has been infected with this pathogen. The
diverse set of rotaviruses (classified by glycoproteins and
protease-sensitive proteins [G-type and P-type antigens],
which segregate independently) results in a constellation of
phenotypes, although only about four of these are respon-
sible for over 90% of disease. Rotavirus infections follow an
endemic pattern, especially in the tropics and low-income
countries, but they peak during the winter in temperate
regions. The virus is transmitted by fecal-oral route and
can be shed in feces for up to 3 weeks in severe infections.
In outbreak settings (eg, day care centers), the virus is
ubiquitously found in the environment, and secondary
attack rates are between 16% and 30% (including house-
hold contacts). Nosocomial outbreaks are reported.

The disease is usually mild and self-limiting. A 2- to
3-day prodrome of fever and vomiting is followed by non-
bloody diarrhea (up to 10–20 bowel movements per day)
lasting for 1–4 days. It is thought that systemic disease
occurs rarely, and unusual reported presentations include
cerebellitis and pancreatitis. Patients with gastroenteritis
are not routinely tested for rotavirus because the results do
not alter treatment. Oral and intravenous rehydration solu-
tions are the primary treatment options, but effective
adjunctive therapies include specific probiotics (eg,
LactobacillusGG or Saccharomyces boulardii), nitazoxanide,
diosmectite, or racecadotril. Adjunctive therapies such as
oral odansetron shorten the median duration of diarrhea
and hospitalization. Local intestinal immunity gives pro-
tection against successive infection.

Vaccines have been highly successful in reducing the
global burden of rotavirus. Four oral, live, attenuated rota-
virus vaccines—Rotarix (derived from a single common
strain of human rotavirus), RotaTeq (a reassorted bovine-
human rotavirus), Rotavac (naturally occurring bovine-
human reassortant neonatal G9P, also called 116E), and
RotaSiil (bovine-human reassortant with human G1, G2,
G3 and G4 bovine UK G6P[5] backbone)—are available
internationally and WHO prequalified. All four vaccines
are considered highly effective in preventing severe gastro-
intestinal disease. In the United States, two rotavirus vac-
cines have been approved since 2006: RotaTeq (given at 2,
4, and 6 months of age) and a live, oral attenuated monova-
lent human rotavirus vaccine (HRV, Rotarix or RV1; given
at 2 and 4 months of age). One advantage of these vaccines

is the evidence of heterotypic immunity (prevention against
rotavirus strains not included in the vaccine). Accordingly,
some data from the Americas suggest that rotavirus
vaccination confers herd immunity to children under 1
year of age. Vaccine policies are estimated to potentially
prevent 600,000 deaths in 58 of the world’s poorest GAVI
(formerly Global Alliance for Vaccines and Immunizations)–
supported countries between 2018 and 2019.

Vaccine coverage is inadequate in the United States for
rotavirus (75.3% in the 2017 National Immunization
Study), particularly among the poor. National immuniza-
tion programs of over 80 countries include rotavirus vac-
cine, and the different rotavirus vaccines are available
commercially in 100 countries.

With the control of rotavirus, noroviruses, such as
Norwalk virus (one of a variety of small round viruses
divided into 6 genogroups [3 causing disease in man] and
at least 25 genotypes), are now the major cause of diarrhea
globally. Noroviruses are a leading cause of food-borne
disease in the United States (with food handlers largely
responsible and associated foods most often leafy vegeta-
bles, fruits, nuts, and mollusks) and are significantly associ-
ated with military deployment as well as travel-associated
and nosocomial infections.

Norovirus gastroenteritis is responsible for nearly
700 million infections globally annually and up to 20% of
all diarrhea in both children and adults, with an estimated
900 deaths annually in the United States (primarily among
older adults) and 200,000 deaths globally. The efficacy of
the rotavirus vaccination has increased the percentage of
gastroenteritis caused by norovirus. The noroviruses
appear to evolve by antigenic drift (similar to influenza).
While 90% of young adults show serologic evidence of past
infection, no long-lasting protective immunity develops,
and reinfections are common.

Outbreak environments include long-term care facili-
ties (nursing homes in particular), restaurants, hospitals,
schools, day care centers, vacation destinations (including
cruise ships), and military bases. Persons at particular risk
are younger individuals, older adults, those who are insti-
tutionalized, and those who are immunosuppressed.
Although transmission is usually fecal-oral, airborne,
person-to-person, and water-borne transmission are also
documented. A short incubation period (24–48 hours), a
short symptomatic illness (12–60 hours, but up to 5 days in
hospital-associated cases), a high frequency (greater than
50%) of vomiting, and absence of bacterial pathogens in stool
samples are highly predictive of norovirus gastroenteritis.

RT-PCR of stool samples is used for diagnostic and
epidemiologic purposes. Several licensed multiple patho-
gen platform assays are available, but they are expensive
and interpretation of the cause of illness in a given patient
may be difficult. Treatment options are similar to rotavirus
(see above) and rely mostly on oral and intravenous rehy-
dration. Deaths are rare in the developed world, and the
more common associated diseases are aspiration pneumo-
nia, septicemia, and necrotizing enterocolitis.

Outbreak control for both rotavirus and norovirus
infections include strict adherence to general hygienic
measures. Despite the promise of alcohol-based sanitizers
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for the control of pathogen transmission, such cleansers
may be relatively ineffective against the noroviruses com-
pared with antibacterial soap and water, reinforcing the
need for new hygienic agents against this prevalent group
of viruses. Cohorting of sick patients, contact precautions
for symptomatic hospitalized patients, and proper decon-
tamination procedures are crucial. Symptomatic staff
should be excluded from work until symptom resolution
(or 48–72 hours after this for norovirus disease).

Burnett E et al. Real-world effectiveness of rotavirus vaccines,
2006–19: a literature review and meta-analysis. Lancet Glob
Health. 2020;8:e1195. [PMID: 32827481]

Leroux-Roels G et al. Safety and immunogenicity of different
formulations of norovirus vaccine candidate in healthy adults:
a randomized, controlled, double-blind clinical trial. J Infect
Dis. 2018;217:597. [PMID: 29140444]

Netzler NE et al. Norovirus antivirals: where are we now? Med
Res Rev. 2019;39:860. [PMID: 30584800]

ENTEROVIRUSES THAT PRODUCE
SEVERAL SYNDROMES

The most famous enterovirus, the poliomyelitis virus, is
discussed above under Major Vaccine-Preventable Viral
Infections. Other clinically relevant enteroviral infections
are discussed in this section.

1. Coxsackievirus Infections

Coxsackievirus infections cause several clinical syndromes.
As with other enteroviruses, infections are most common
during the summer. Two groups, A and B, are defined
either serologically or by mouse bioassay. There are more
than 50 serotypes.

» Clinical Findings

A. Symptoms and Signs

The clinical syndromes associated with coxsackievirus
infection are summer grippe; herpangina; epidemic pleu-
rodynia; aseptic meningitis and other neurologic syn-
dromes; acute nonspecific pericarditis; myocarditis; hand,
foot, and mouth disease; epidemic conjunctivitis; and other
syndromes.

1. Summer grippe (A and B)—A febrile illness, principally
of children, summer grippe usually lasts 1–4 days. Minor
upper respiratory tract infection symptoms are often
present.

2. Herpangina (A2–6, 10; B3)—There is sudden onset of
fever, which may be as high as 40.6°C, sometimes with
febrile convulsions. Other symptoms are headache, myal-
gia, and vomiting. The sore throat is characterized early by
petechiae or papules on the soft palate that ulcerate in
about 3 days and then heal. Treatment is symptomatic.

3. Epidemic pleurodynia (Bornholm disease) (B1–5)—
Pleuritic pain is prominent. Tenderness, hyperesthesia, and
muscle swelling are present over the area of diaphragmatic
attachment. Other findings include headache, sore throat,
malaise, nausea, and fever. Orchitis and aseptic meningitis

occur in less than 10% of patients. Most patients are ill for
4–6 days.

4. Aseptic meningitis (A and B) and other neurologic
syndromes—Fever, headache, nausea, vomiting, stiff neck,
drowsiness, and CSF lymphocytosis without chemical
abnormalities may occur, and pediatric clusters of group B
(especially B5) meningitis are reported. Focal encephalitis
and transverse myelitis are reported with coxsackievirus
group A and acute flaccid myelitis with group B in India.
Disseminated encephalitis occurs after group B infection,
and acute flaccid myelitis is reported with both coxsackie-
virus groups A and B.

5. Acute nonspecific pericarditis (B types)—Sudden onset
of anterior chest pain, often worse with inspiration and in
the supine position, is typical. Fever, myalgia, headache,
and pericardial friction rub appear early and these symp-
toms are often transient. Evidence for pericardial effusion
on imaging studies is often present, and the occasional
patient has a paradoxical pulse. Electrocardiographic evi-
dence of pericarditis is often present. Relapses may occur.

6. Myocarditis (B1–5)—Heart failure in the neonatal
period secondary to in utero myocarditis and over 20% of
adult cases of myocarditis and dilated cardiomyopathy are
associated with group B (especially B3) infections.

7. Hand, foot, and mouth disease (A5, 6, 10, 12, and 16,
B5)—This disease can be epidemic. It is characterized by
stomatitis, a vesicular rash on hands and feet (Figure 32–7),
nail dystrophies, and onychomadesis (nail shedding), with
some cases showing higher fevers, long duration, and
more severe skin manifestations. Enteroviruses 71 and 33
are also causative agents, the former of usually more severe
disease. A16 disease is usually mild. A6 may be atypical
but is usually self-limited. Rare fatalities are reported
among surveillance programs in China where recombi-
nant patterns between coxsackieviruses and echoviruses
are reported.

▲ Figure 32–7. Typical flat, gray, oval vesicular lesions
on the ventral hand and fingers. (Used, with permission,
from Richard P. Usatine, MD, in Usatine RP, Smith MA,
Mayeaux EJ Jr, Chumley HS. The Color Atlas and Synopsis of
Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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8. Epidemic conjunctivitis—As with enterovirus 70, the
A24 variant of coxsackievirus is associated with acute epi-
demic hemorrhagic conjunctivitis in tropical areas with out-
breaks reported in southern China, Pakistan, southern Sudan,
the Comoros, Uganda, Cuba, and Thailand. It is also reported
as a cause of corneal endothelitis after cataract surgery.

9. Other syndromes associated with coxsackievirus
infections—These include rhabdomyolysis, fulminant
neonatal hepatitis (occurs rarely), pancreatitis with con-
comitant hepatitis and myocarditis (A4), glomerulopathy
(group B infections), onychomadesis (B1), neonatal hemo-
phagocytic lymphohistocytosis (B1), types 1 and 2 diabetes
mellitus (mainly group B infections), and thyroid disease
(group B4), although definitive causality is not established.
A pathogenic role in primary Sjögren syndrome and acute
myocardial infarction has also been proposed for group B
coxsackievirus infections. A report of confirmed infective
endocarditis due to coxsackievirus B2 in a patient with a
prosthetic cardiac patch used in repair of a child with com-
plete atrial ventricular septic defect suggests that viral eti-
ologies of culture-negative infective endocarditis should be
considered even in cases of cardiac surgery.

B. Laboratory Findings

Routine laboratory studies show no characteristic abnor-
malities. Neutralizing antibodies appear during convales-
cence. The virus may be isolated from throat washings or
stools inoculated into suckling mice. Viral culture is expen-
sive, labor intensive, and requires several days for results. A
PCR test for enterovirus RNA is available and, although it
cannot identify the serotype, may be useful, particularly in
cases of meningitis.

» Treatment & Prognosis

Treatment is symptomatic. Except for meningitis, myocardi-
tis, pericarditis, diabetes, and rare illnesses such as pancreati-
tis or poliomyelitis-like states, the most common syndromes
caused by coxsackieviruses are benign and self-limited. Two
controlled trials showed a potential clinical benefit with
pleconaril for patients with enteroviral meningitis although
the compassionate use of this medication has stopped (clini-
cians can contact Schering Plough for updates). There are
anecdotal reports of success with IVIG in severe disease.
Vaccines against the most common etiologic agents in a
given country have been developed, but simultaneous circu-
lation of more than one virus make coxsackievirus vaccines
based on a single agent relatively ineffective.

Esposito S et al. Hand, foot and mouth disease: current knowl-
edge on clinical manifestations, epidemiology, aetiology and
prevention. Eur J Clin Microbiol Infect Dis. 2018;37:391.
[PMID: 29411190]

2. Echovirus Infections

Echoviruses are enteroviruses that produce several clinical
syndromes, particularly in children. Infection is most com-
mon during summer. Among reported specimens, death

ensues in about 3%. Males younger than 20 years are more
commonly infected than other persons.

Over 30 serotypes of echoviruses are recognized and
the most common serotypes for disease are A types 6, 9, 11,
19, 29, 30, and 33 as well as C99. Most can cause aseptic
meningitis, which may be associated with a rubelliform
rash. Transmission is primarily fecal-oral. Hand washing is
an effective control measure in outbreaks of aseptic menin-
gitis. Outbreaks related to fecal contamination of water
sources, including drinking water and swimming and
bathing pools, were reported previously.

Besides meningitis, other conditions associated with
echoviruses range from common respiratory diseases and
epidemic diarrhea to myocarditis, a hemorrhagic obstetric
syndrome, keratoconjunctivitis, severe hepatitis with coagu-
lopathy, leukocytoclastic vasculitis, encephalitis with sepsis,
interstitial pneumonitis, pleurodynia, hemophagocytic syn-
dromes (in children with cancer), sudden deafness, enceph-
alitis, acute flaccid myelitis (a leading cause in India), optic
neuritis, uveitis, and septic shock. Echoviruses and enterovi-
ruses are also a common cause of nonspecific exanthems.

As with other enterovirus infections, diagnosis is best
established by correlation of clinical, epidemiologic, and
laboratory evidence. Cytopathic effects are produced in
tissue culture after recovery of virus from throat washings,
blood, or CSF. An enterovirus PCR of the CSF can assist in
the diagnosis and is associated with a shorter duration of
hospitalization in febrile neonates. Fourfold or greater rises
in antibody titer signify systemic infection.

Treatment is usually symptomatic, and the prognosis is
excellent, though there are reports of mild paralysis after
CNS infection. In vitro data suggest some role for amanta-
dine or ribavirin, but clinical studies supporting these find-
ings are not available.

From a public health standpoint, clustered illnesses,
such as among travelers swimming in sewage-infested sea-
water, suggest point-source exposure. Prevention of fecal-
oral contamination and maintenance of pool hygiene
through chlorination and pH control are important public
health control measures.

Broberg EK et al; The Eu/Eea Member State Contributors.
Upsurge in echovirus 30 detections in five EU/EEA countries,
April to September, 2018. Euro Surveill. 2018;23:1800537.
[PMID: 30401013]

Zhang J et al. Identification of a new recombinant strain of echo-
virus 33 from children with hand, foot, and mouth disease
complicated by meningitis in Yunnan, China. Virol J. 2019;16:
63. [PMID: 31068194]

3. Enteroviruses 68, 70, 71, & Related Agents

Enteroviruses are nonenveloped, single-stranded viruses in
the Picornaviridae family. They are divided into 12 species
(A to L; human enteroviruses include species A to D). Sev-
eral distinct clinical syndromes are described in associa-
tion with enteroviruses.

Enterovirus D68 (EV-D68) is a unique enterovirus
that shares epidemiologic characteristics with human
rhinovirus and is typically associated with respiratory illness.
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Several clusters are reported from the Netherlands, Japan,
the Philippines, and Thailand. An outbreak throughout the
United States was reported during 2014–2015. The outbreak
was also associated with cases of acute flaccid myelitis but
not definitively linked thus far. The virus is implicated also
in aseptic meningitis and encephalitis.

Enterovirus 70 (EV-A70), a ubiquitous virus and
responsible for abrupt bilateral eye discharge and subcon-
junctival hemorrhage with occasional systemic symptoms,
is most commonly associated with acute hemorrhagic
conjunctivitis.

Enterovirus 71 (EV-A71) almost always occurs in the
Asia-Pacific region (but with reports from the United States
since the 1980s) and is associated with (1) hand, foot, and
mouth disease, which can be severe or even fatal; (2) her-
pangina; (3) a form of epidemic encephalitis associated on
occasion with pulmonary edema; and (4) acute flaccid
myelitis mimicking poliomyelitis (see separate section on
acute flaccid myelitis).

Human enteroviruses are neurotropic. They may have a
role in amyotrophic lateral sclerosis. EV-D68 has been
reported in a case of fatal meningitis/encephalitis. A num-
ber of nonpolio type C enteroviruses are associated with
polio-like syndromes, and surveillance for these is most
active in China. Enterovirus infection of the pancreas can
trigger cell-mediated autoimmune destruction of beta
cells resulting in diabetes. Enterovirus myocarditis can be
a serious infection in neonates, complicated by cardiac
dysfunction and arrhythmias. An association with hemo-
phagocytosis is also reported.

Mortality is especially high in EV-A71–associated
brainstem encephalitis, which is often complicated by pul-
monary edema, particularly when it occurs in children
younger than 5 years. A complication is autonomic ner-
vous system dysregulation, which may precede the pulmo-
nary edema. Because of lower herd immunity, hand, foot,
and mouth disease tends to infect children under age 5 in
nonendemic areas. Clinical and epidemiologic findings
aided by isolation of the suspect agent from conjunctival
scraping for EV-A70; vesicle swabs, body secretions, or
CSF for EV-A71; and respiratory secretions for D68 facili-
tate diagnosis of these enteroviral entities. Enzyme immu-
noassays and complement fixation tests show good
specificity but poor sensitivity (less than 80%). RT-PCR
may increase the detection rate in enterovirus infections
and is useful in the analysis of CSF samples among patients
with meningitis and of blood samples among infants with
a sepsis-like illness.

Treatment of these entities remains largely symptom-
atic. A study in China showed that recombinant human
interferon-alpha1b in EV-A71–associated hand, foot, and
mouth disease was associated with decreased fever dura-
tion, healing time of typical skin or oral mucosal lesions,
and EV-A71 viral load. There is anecdotal success in man-
aging myocarditis with immunoglobulins.

The major complication associated with EV-A70 is the
rare development of an acute neurologic illness with motor
paralysis akin to poliomyelitis. Treatment of acute flaccid
myelitis related to EV-A71 with IVIG does not appear
to improve neurologic outcomes. Attention-deficit with

hyperactivity occurs in about 20% with confirmed
infection.

EV-D68 requires supportive care with particular atten-
tion to respiratory support. The CDC’s National Enterovirus
Surveillance System should receive reports of disease at
https://www.cdc.gov/surveillance/ness/ness-sites.html.

Household contacts, especially children under 6 months
of age, are at particular risk for EV-A71 acquisition. A
commercial disinfectant, Virkon S at 1–2% application,
appears to reduce infectivity of fomites. A stage-based sup-
portive treatment for EV-A71 infections, recognizing the
potential for late-onset CNS disease and cardiopulmonary
failure is important. There is no commercially available
EV-A71 vaccine in the United States, although vaccines
produced in China appear to be successful against EV-A71–
associated hand, foot, and mouth disease and herpangina.
Decreases in antibody titers suggest booster doses of these
vaccines may be needed.

Enterovirus 72 (EV-A72) is another term for hepatitis
A virus (see Chapter 16). Enterovirus EV-A104 is related
to rhinoviruses and associated with respiratory illness in
reports from Italy and Switzerland.

Hu YL et al. Current status of enterovirus D68 worldwide and in
Taiwan. Pediatr Neonatol. 2020;61:9. [PMID: 31706947]

Rodriguez-Calvo T. Enterovirus infection and type 1 diabetes:
unraveling the crime scene. Clin Exp Immunol. 2019;195:15.
[PMID: 30307605]

4. Human parechovirus Infection

Human parechovirus is classified among 19 genotypes
among a distinct genus of picornaviruses and causes a wide
variety of disease in humans, especially in infants. The
pathogen mainly affects small children during the summer
and early fall, although disease can also occur in older
adults. Cases are reported worldwide. Virus type A3 is the
most commonly reported isolate in the United States. In a
recent Chinese study of children with acute gastroenteritis,
12% tested positive for parechovirus A and the most com-
mon genotype was A1b. Clinical presentation is mainly
driven by gastrointestinal and respiratory illness, although
otitis, neonatal sepsis, fever without a detectable source,
gastroenteritis, flaccid paralysis, myalgias (which may be
epidemic), diffuse maculopapular and palmar-plantar
rashes, aseptic meningitis, intracranial hemorrhage, sei-
zures, pericarditis, and an acute disseminated encephalitis
are described in the literature.

Type A6 typically affects individuals older than 20 years
while type A3 is responsible for meningitis/encephalitis,
neonatal sepsis (13% of late-onset neonatal sepsis [between
4 and 120 days of life] in one series was due to parechovi-
rus) and was reported in association with necrotizing
enterocolitis and hepatitis. It is the most common cause of
neonatal meningitis and is the picornavirus most often
found in CSF samples of CNS-related infections in very
young children. The encephalitis can be severe, and the
Guillain-Barré syndrome is also reported with parechovi-
rus type A6. CSF parameters include a normal count in
over 90% and an abnormal protein in less than 50%. CNS
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infection may be seen with virus type A4 as well. Respira-
tory and gastrointestinal illnesses are seen with types A4–
A6, A10, A13, and A15.

Treatment is largely supportive and rapid identification
of the viral antigen by PCR in stools, respiratory samples,
and CSF may decrease use of unnecessary antibiotics and
shorten hospital stay, although current PCR assays are not
always sufficiently sensitive to exclude parechoviruses.
Intravenous immunoglobulin was anecdotally successful in
one case of parechovirus dilated cardiomyopathy and
maternal antibodies to parechovirus type 3 are protective.
Reported complications of neonatal cerebral infections
include learning disabilities, epilepsy, and cerebral palsy.
Because intrafamilial transmission is well documented,
diagnosis may help isolate the affected children. Also, diag-
nosis may prevent the excessive use of antibiotics.

Abedi GR et al. Enterovirus and parechovirus surveillance—
United States, 2014–2016. MMWR Morb Mortal Wkly Rep.
2018;67:515. [PMID: 29746455]

Kabuga AI et al. Human parechovirus are emerging pathogens
with broad spectrum of clinical syndromes in adults. J Med
Virol. 2020. [Epub ahead of print] [PMID: 32761910]

Zhu YN et al. Prevalence and molecular characterization of
parechovirus A in children with acute gastroenteritis in Shen-
zhen, 2016–2018. Arch Virol. 2020;165:1377. [PMID: 32296995]

º
RICKETTSIAL DISEASES

TYPHUS GROUP

1. Eidemic (Louse-Borne) Tyhus

E S S E N T I A L S  O F  D I A G N O S I S

» Prodrome of headache, then chills and fever.

» Severe, intractable headaches, prostration, persis-
tent high fever.

» Macular rash appearing on days 4–7 on the trunk
and in the axillae, spreading to the rest of the
body but sparing the face, palms, and soles.

» Diagnosis confirmed by complement fixation,
microagglutination, or immunofluorescence.

» General Considerations

Epidemic louse-borne typhus is caused by Rickettsia prowa-
zekii, an obligate parasite of the body louse Pediculus
humanus (other lice were thought not to contribute
although a 2018 report from Turkey suggests P humanus
capitus may transmit R prowazekii) (Table 32–3). Trans-
mission is favored by crowded, unsanitary living condi-
tions, famine, war, or any circumstances that predispose to
heavy infestation with lice. After biting a person infected
with R prowazekii, the louse becomes infected by the
organism, which persists in the louse gut and is excreted in
its feces. When the same louse bites an uninfected

individual, the feces enter the bloodstream when the person
scratches the itching wound. Dry, infectious louse feces may
also enter via the respiratory tract. Cases can be acquired by
travel to pockets of infection (eg, central and northeastern
Africa, Central and South America). Outbreaks have been
reported from Peru, Burundi, Ethiopia, Turkey, and Russia
and are associated with migration of peoples as well as with
refugee camps where crowding and poor hygiene may occur.
Because of aerosol transmissibility, R prowazekii is consid-
ered a possible bioterrorism agent. In the United States, cases
occur among the homeless, refugees, and the unhygienic,
most often in the winter.

R prowazekii can survive in lymphoid and adipose (in
endothelial reservoirs) tissues after primary infection, and
years later, produce recrudescence of disease (Brill-Zinsser
disease) without exposure to infected lice. This phenome-
non can serve as a point source for future outbreaks.

An extrahuman reservoir of R prowazekii in the
United States is flying squirrels, Glaucomys volans. Trans-
mission to humans can occur through their ectoparasites,
known as sylvatic typhus, usually causing atypical mild
disease. Foci of sylvatic typhus are found in the eastern
United States and are reported to occur in Brazil, Ethiopia,
and Mexico.

» Clinical Findings

A. Symptoms and Signs

Prodromal malaise, cough, headache, backache, arthralgia,
myalgia, and chest pain begin after an incubation period of
10–14 days, followed by an abrupt onset of chills, high
fever, and prostration, with flu-like symptoms progressing
to delirium and stupor. The headache is severe, and the
fever is prolonged (Table 32–2).

Other findings consist of conjunctivitis, mild vitritis,
retinal lesions, optic neuritis, and hearing loss from neu-
ropathy of the eighth cranial nerve, abdominal pain, and
often splenomegaly. Flushed faces and macular rash (that
may become confluent) appear; the rash appears first in the
axillae and then over the trunk, spreading to the extremi-
ties on the fifth or sixth day of illness but sparing the palms
of hands and soles of feet. In severely ill patients, the rash
becomes hemorrhagic, and hypotension becomes marked.
Pneumonia, thromboses, vasculitis with major vessel
obstruction and gangrene, circulatory collapse, myocardi-
tis, uremia, and seizure may occur. Improvement begins
13–16 days after onset with a rapid drop of fever and typi-
cally a spontaneous recovery.

B. Laboratory Findings

The white blood cell count is variable. Thrombocytopenia,
elevated liver enzymes, proteinuria, and hematuria com-
monly occur. Serum obtained 5–12 days after onset of
symptoms usually shows specific antibodies forR prowazekii
antigens as demonstrated by complement fixation, micro-
agglutination, or immunofluorescence. In primary rickett-
sial infection, early antibodies are IgM; in recrudescence
(Brill-Zinsser disease), early antibodies are predominantly
IgG. A PCR test exists, but its availability is limited.
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C. Imaging

Radiographs of the chest may show patchy consolidation.

» Differential Diagnosis

The prodromal symptoms and the early febrile stage lack
enough specificity to permit diagnosis in nonepidemic sit-
uations. The rash is sufficiently distinctive for diagnosis,
but it may be absent in up to 50% of cases or may be diffi-
cult to observe in dark-skinned persons. A variety of other
acute febrile diseases should be considered, including
typhoid fever, meningococcemia, and measles.

» Treatment

Treatment consists of doxycycline 100 mg orally twice daily
for 7–10 days or for at least 3 days after the fever subsides.
A single dose of 200 mg of doxycycline may be effective;
however, some patients may relapse. Chloramphenicol is
considered less effective than doxycycline, but it is still the
drug of choice in pregnancy.

» Prognosis

The prognosis depends greatly on the patient’s age and
immune status. The mortality rate is 10% in the second and
third decades but in the past, it reached 60% in the sixth
decade. Brill-Zinsser disease is rarely fatal.

» Prevention

Prevention consists of louse control with insecticides, par-
ticularly by applying chemicals to clothing or treating it
with heat, and frequent bathing.

A deloused and bathed typhus patient is not infectious.
The disease is not transmitted from person to person.
Patients are infectious from the lice during the febrile
period and perhaps 2–3 days after the fever returns to
normal.

No vaccine is available for the prevention of R prowazekii
infection.

Centers for Disease Control and Prevention (CDC). Typhus
Fevers. https://www.cdc.gov/typhus/healthcare-providers/
index.html

Ulutasdemir N et al. The epidemic typhus and trench fever are
risk for public health due to increased migration in southeast
of Turkey. Acta Trop. 2018;178:115. [PMID: 29126839]

2. Endemic (Murine) Tyhus

Rickettsia typhi, a ubiquitous pathogen recognized on all
continents, is transmitted from rat to rat through the rat
flea (Table 32–3). Serosurveys of animals show high preva-
lence of antibodies to R typhi in opossums, followed by
dogs and cats. Humans usually acquire the infection in an
urban or suburban setting when bitten by an infected flea.
Rare human cases in the developed world occur in travel-
ers, usually to Southeast Asia, Africa, or the Mediterranean
area, although other pockets of infection are also known to
occur in the Andes and the Yucatán. In the United States,
the related Rickettsia felis cases (a spotted fever rickettsia,

discussed below) are mainly reported from Texas and
southern California.

» Clinical Findings

A. Symptoms and Signs

The presentation is nonspecific, including fever, headache,
myalgia, and chills. Relative bradycardia is reported. Macu-
lopapular rash occurs in around 50% of cases; it is concen-
trated on the trunk, mostly sparing the palms and soles,
and fades rapidly.

Even if untreated, endemic typhus is usually self-limited,
and the prognosis is excellent. One recent systematic review
including 239 untreated patients from 12 studies reported
an overall mortality of 0.4%. The illness may be associated
with maternal death, miscarriage, preterm birth, and low
birth weight if acquired early during pregnancy.

B. Laboratory Findings

Serologic confirmation may be necessary for differentia-
tion, with complement-fixing or immunofluorescent anti-
bodies detectable within 15 days after onset, with specific
R typhi antigens. A fourfold rise in serum antibody titers
between the acute and the convalescent phase is diagnostic.
It is important to note that R typhi antigens frequently
cross-react with those of R prowazekii. The PCR can distin-
guish between these two infections depending on the
sample type, the timing of sample collection, bacterial load,
and severity of disease. During the first week of illness,
PCR is the most sensitive test if samples are taken before
doxycycline administration.

» Differential Diagnosis

The most common entity in the differential diagnosis is
Rocky Mountain spotted fever, usually occurring after
rural exposure and with a different rash (centripetal versus
centrifugal for epidemic or endemic typhus).

» Complications

The most common complication is pulmonary, in the form
of pneumonia, followed by pleural effusion and respiratory
failure. Other complications include neurologic (periph-
eral facial paralysis, meningismus, ataxia, seizures), acute
kidney injury, and multiorgan failure. Rare complications
include ocular findings, disseminated intravascular coagu-
lation, and hemophagocytosis syndrome. Anemia, throm-
bocytopenia, leukopenia, hyponatremia, and elevated
levels of liver enzymes commonly occur.

» Treatment

Doxycycline 100 mg orally twice daily for 3 days (or
until the patient is afebrile for 48 hours) is the medica-
tion of choice, except during pregnancy. Ciprofloxacin
(500–750 mg orally twice a day) and ampicillin (500 mg
orally three times a day) are reportedly successful in preg-
nant women. Azithromycin is frequently used but is likely
inferior to doxycycline and is not associated with improved
fetal outcomes.
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Table 32–3. Rickettsial diseases (listed in alphabetical order, within groups).

Disease

Rickettsial

pathogen

Geograhic Areas of

prevalence

Insect

Vector

Mammalian

Reservoir

Travel

Association

Tyhus Grou

Endemic (murine) typhus Rickettsia typhi Worldwide; small foci

(United States: southeastern

Gulf Coast)

Flea Rodents, opossums Often

Epidemic (louse-borne)

typhus

Rickettsia prowazekii South America, Northeastern

and Central Africa

Louse Humans, flying

squirrels

Rare

Scrub Tyhus Grou

Scrub typhus Orientia

tsutsugamushi

Southeast Asia, Japan,

Australia, Western Siberia

Mite1 Rodents Often

Sotted Fever Grou

African tick bite fever Rickettsia africae Rural sub-Saharan Africa,

Eastern Caribbean

Tick1 Cattle Often

California flea rickettsiosis Rickettsia felis Worldwide Flea Cats, opossums

Lymphangitis-associated

rickettsiosis

R sibirica

mongolitimonae

Europe, Africa, Mongolia Tick1 Unknown Unknown

Mediterranean spotted fever,

Boutonneuse fever, Kenya

tick typhus, South African

tick fever, Indian tick

typhus

Rickettsia conorii Africa, India, Mediterranean

regions

Tick1 Rodents, dogs Often

Queensland tick typhus Rickettsia australis Eastern Australia Tick1 Rodents, marsupials Rare

Rocky Mountain spotted fever,

Brazilian spotted fever

Rickettsia rickettsii Western Hemisphere;

United States (especially

mid-Atlantic coast region)

Southeastern Brazil

Tick1 Rodents, dogs, por-

cupines, capyba-

ras for Brazilian

spotted fever

Rare

Siberian Asian tick typhus Rickettsia sibirica Siberia, Mongolia Tick1 Rodents Rare

Tick-borne lymphadenopathy/

Dermacentor-borne

necrosis erythema lymph-

adenopathy/scalp eschar

neck lymphadenopathy

R slovaca, R raoultii,

Candidatus R rioja

Europe Tick Unknown Occasional

Transitional Grou

Rickettsialpox Rickettsia akari United States, Korea, former

USSR

Mite1 Mice Occasional

Ehrlichiosis/Analasmosis

Human granulocytic

anaplasmosis

Anaplasma phagocy-

tophilum, Ehrlichia

ewingii, Ehrlichia

muris

eauclairensis2

Neorickettsia

sennetsu2

Northeastern United States

and upper Midwest (E muris

eauclairensis)

Southeast Asia (N sennetsu)

Tick1 Rodents, deer,

sheep

Occasional

Human monocytic ehrlichiosis Ehrlichia chaffeensis,

Ehrlichia canis

Southeastern United States Tick1 Dogs Occasional

Q fever Coxiella burnetii Worldwide None3 Cattle, sheep, goats Occasional

1Also serve as arthropod reservoirs by maintaining rickettsiae through transovarian transmission.
2Limited data available on exact cell involved in pathogenesis.
3Human infection results from inhalation of dust.
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» Prevention

Preventive measures are directed at control of rats and
ectoparasites (rat fleas) with insecticides, rat poisons, and
rat-proofing of buildings.

» Prognosis

Endemic typhus is usually a self-limited disease. A large
case series from Texas reported a fatality rate of 0.4%.

Doppler JF et al. A systematic review of the untreated mortality
of murine typhus. PLoS Negl Trop Dis. 2020;14:e0008641.
[PMID: 32925913]

Newton PN et al. A prospective, open-label, randomized trial of
doxycycline versus azithromycin for the treatment of uncom-
plicated murine typhus. Clin Infect Dis. 2019;68:738. [PMID:
30020447]

3. Scrub Tyhus (Tsutsugamushi Fever)

E S S E N T I A L S  O F  D I A G N O S I S

» Exposure to mites in endemic South and East Asia,
the western Pacific (including Korea), and Australia.

» Black eschar at site of the bite, with regional and
generalized lymphadenopathy.

» High fever, relative bradycardia, headache,
myalgia, and a short-lived macular rash.

» Frequent pneumonitis, encephalitis, and
myocarditis.

» General Considerations

Scrub typhus is caused by Orientia tsutsugamushi, which is
a parasite of rodents and is transmitted by larval trombicu-
lid mites (chiggers). Multiple strains exist and are associ-
ated with geographic areas. The disease is endemic in
Korea; China; Taiwan; Japan; Pakistan; India (where it is
reported to be the leading cause of acute febrile illness in
central India); Thailand (where scrub typhus is also the
leading cause of acute undifferentiated fever); Malaysia;
Vietnam; Laos; and Queensland, Australia (Table 32–3),
which form an area known as the “tsutsugamushi triangle.”
Scrub typhus is a cause of acute febrile illness in India and
China and is a recognized cause of fever of unknown ori-
gin. Cases are also reported in the Middle East, Kenya, and
South America. Transmission is often more common at
higher altitudes. The mites live on vegetation (grass and
brush) but complete their maturation cycle by biting
humans who encounter infested vegetation. Risk factors in
China include female sex, age between 60 and 69 years, and
farming. Therefore, the disease is more common in rural
areas, but urban cases have also been described. Vertical
transmission occurs, and blood transfusions may transmit
the pathogen as well. Rare occupational transmission via
inhalation is documented among laboratory workers.
Cases among travelers to endemic areas are increasingly
recognized.

» Clinical Findings

A. Symptoms and Signs

After a 1- to 3-week incubation period, malaise, chills,
severe headache, and backache develop. At the site of the
bite, a papule evolves into a flat black eschar (the groin and
the abdomen being the most common sites followed by the
chest and axilla), which is a helpful finding for diagnosis
but was only described in 19% of patients in a South
Korean series of scrub typhus. The regional lymph nodes
are commonly enlarged and tender, and sometimes a more
generalized adenopathy occurs. Fever rises gradually dur-
ing the first week of infection, and the rash is usually macu-
lar and primarily on the trunk area. The rash can be
fleeting or more severe, peaking at 8 days but lasting up to
21 days after onset of infection. Relative bradycardia,
defined as an increase in heart rate of fewer than 10 beats/
min for a 1-degree Celsius increase in temperature, fre-
quently accompanies scrub typhus infection. The occur-
rence of relative bradycardia has no effect on clinical
outcome. Gastrointestinal symptoms, including nausea,
vomiting, and diarrhea, occur in nearly two-thirds of
patients and correspond to the presence of superficial
mucosal hemorrhage, multiple erosions, or ulcers in the
gastrointestinal tract. Acute kidney injury and other renal
abnormalities are frequently present.

Severe complications, such as pneumonitis, myocardi-
tis, encephalitis or aseptic meningitis, peritonitis, granulo-
matous hepatitis, hemophagocytic syndrome, immune
thrombocytopenia, disseminated intravascular coagula-
tion, cerebrovascular hemorrhage or infarction, cranial
nerve palsies, parkinsonian symptoms, ARDS, or hemo-
phagocytosis, may develop during the second or third
week. An attack confers prolonged immunity against
homologous strains and transient immunity against heter-
ologous strains. Heterologous strains produce mild disease
if infection occurs within a year after the first episode.

B. Laboratory Findings

Thrombocytopenia and elevation of liver enzymes, biliru-
bin, and creatinine are common. Indirect immunofluores-
cent assay and indirect immunoperoxidase assays are the
gold standard for scrub typhus diagnosis. These tests are
expensive and have limited availability. An ELISA detect-
ing Orientia specific antibodies in serum is available. PCR
(from the eschar or blood) is the most sensitive diagnostic
test but remains positive even after initiation of treatment.
Culture of the organism from blood obtained in the first
few days of illness is another diagnostic modality but
requires a specialized BSL 3 laboratory. It is suggested to
combine IgM detection by ELISA and conventional PCR to
improve the diagnosis of scrub typhus.

» Differential Diagnosis

Leptospirosis, typhoid, dengue, malaria, Q fever, hemor-
rhagic fevers, tuberculous meningitis, and other rickettsial
infections should be considered. The headache may mimic
trigeminal neuralgia. Scrub typhus is a recognized cause of
obscure tropical fevers, especially in children. The presence
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of an eschar, lymphocytosis, and elevated C-reactive protein
(CRP) may help distinguish scrub typhus from dengue.

» Treatment & Prognosis

Without treatment, fever subsides spontaneously after
2 weeks, but the mortality rate may be 10–30%. The treat-
ment of choice is doxycycline (100 mg orally twice daily) or
minocycline (100 mg intravenously twice daily) until there
is evidence of clinical improvement for at least 3 days after
the fever subsides. Shorter duration of therapy is associated
with relapse. A 2018 randomized controlled trial compar-
ing doxycycline to rifampin showed that 600 mg of
rifampin daily for 5 days is noninferior to 200 mg of daily
doxycycline therapy for 5 days. Alternative therapy for
pregnant women and patients with doxycycline allergy
include chloramphenicol, although chloramphenicol- and
tetracycline-resistant strains have been reported from
Southeast Asia. Azithromycin is shown to be as effective as
doxycycline with fewer side effects, but it is more expen-
sive. Azithromycin may not prevent poor fetal outcomes in
infected pregnant women.

Poor prognostic factors include hypotension requiring
vasopressors, ICU care, age over 60 years, absence of an
eschar (making the diagnosis difficult), pregnancy, and
laboratory findings such as leukocytosis or hypoalbumin-
emia. Most patients recover without neurologic sequelae.

» Prevention

Mite control with repeated application of long-acting miti-
cides and, less so, rodent control can make endemic areas
safe. Insect repellents on clothing and skin as well as protec-
tive clothing are effective preventive measures. Although
chemoprophylaxis with doxycycline has been used, the
CDC does not recommend prophylaxis with antibiotics for
asymptomatic travelers. No effective vaccines are available.

Kim YS et al. Effects of rifampin and doxycycline treatments in
patients with uncomplicated scrub typhus: an open-label,
randomized, controlled trial. Clin Infect Dis. 2018;67:600.
[PMID: 29462266]

Richards AL et al. Scrub typhus: historic perspective and current
status of the worldwide presence of Orientia species. Trop
Med Infect Dis. 2020;5:49. [PMID: 32244598]

Wangrangsimakul T et al. Scrub typhus and the misconception
of doxycycline resistance. Clin Infect Dis. 2020;70:2444.
[PMID: 31570937]

SPOTTED FEVERS

1. Rocky Mountain Sotted Fever

E S S E N T I A L S  O F  D I A G N O S I S

» Exposure to tick bite in an endemic area.

» Influenza-like prodrome followed by fever, severe
headache, and myalgias; occasionally, delirium
and coma.

» Red macular rash appears between days 2 and 6 of
fever, first on the wrists and ankles and then
spreading centrally; it may become petechial.

» Mortality over 70% in untreated patients.

» Serial serologic examinations by indirect fluorescent
antibody confirm the diagnosis retrospectively.

» General Considerations

Rocky Mountain spotted fever (RMSF) is caused by
R rickettsii and is endemic in parts of the Americas
(Table 32–3). In the United States, the numbers of RMSF
cases have increased over the last two decades, peaking in
2017 at 6248. Despite its name, most cases of RMSF occur
outside the Rocky Mountain area. More than half of US
cases are from five states: North Carolina, Tennessee,
Oklahoma, Missouri, and Arkansas. Human cases
reemerged in northern Mexico in 2008 after decades of
quiescence (since the 1940s). As of 2018, northern Mexico
reported nearly 4000 RMSF cases.

R rickettsii is transmitted to humans by the bite of ticks.
Several hours of contact between the tick and the human
host are required for transmission. Ticks that can transmit
the infection include the Rocky Mountain wood tick,
Dermacentor andersoni, in the western United States, and
the American dog tick, D variabilis, in the eastern
United States. Other hard-bodied ticks transmit the
organism in the southern United States and in Central and
South America and are responsible for transmitting it
among rodents, dogs, porcupines, and other animals. The
brown dog tick, Rhipicephalus sanguineus, is a vector in
eastern Arizona and responsible for many Native Ameri-
can cases. Epidemic RMSF, as described in Arizona and
Mexico, is associated with massive local infestations of the
brown dog tick in domestic dogs, which may explain why
the incidence of RMSF in the three most highly affected
communities in an Arizona epidemic from 2003 to 2012
was 150 times the US national average.

There are 25 genotypes of R rickettsii in four different
groups, and potential genomic-clinical correlations are
underway. Several other rickettsial species cause mild,
nonlethal infections in the United States, including
R parkeri, R phillipi, and R massiliae. These are discussed in
the “tick typhus” section.

A Brazilian spotted fever with higher mortality than
RMSF is thought to be due to a virulent strain of R rickettsii. A
host of spotted fever species have been identified from human
patients over the last 20 years throughout the world including
species from China (Rickettsia sp. XY99), Slovakia (R slovaca),
Morocco (R aeschlimannii), Sicily (R massiiliae), China, and
Egypt (R sibirica monolitimonae). Capybaras are a highly
mobile vector for the Brazilian disease.

» Clinical Findings

A. Symptoms and Signs

RMSF can cause severe multiorgan dysfunction and fatality
rates of up to 73% if left untreated, making it the most
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serious rickettsial disease. Two to 14 days (mean, 7 days)
after the bite of an infectious tick, symptoms begin with the
abrupt onset of high fever, chills, headache, nausea and
vomiting, myalgias, restlessness, insomnia, and irritability.
The characteristic rash (faint macules that progress to
maculopapules and then petechiae) appears between days
2 and 6 of fever. It initially involves the wrists and ankles,
spreading centrally to the arms, legs, and trunk over the
next 2–3 days. Involvement of the palms and soles is char-
acteristic. Eschars are not usually seen and are more sug-
gestive of rickettsial fevers. Facial flushing, conjunctival
injection, and hard palate lesions (Figure 32–8) may occur.
In about 10% of cases, however, no rash or only a minimal
rash is seen. Cough and pneumonitis may develop, and
delirium, lethargy, seizures, stupor, and coma may also
appear in more severe cases. Splenomegaly, hepatomeg-
aly, jaundice, myocarditis (which may mimic an acute
coronary syndrome), adrenal hemorrhage, polyarticular
arthritis, or uremia is occasionally present. ARDS and
necrotizing vasculitis, when present, are of greatest
concern.

In Sonora, Mexico, during 2015–2016, spontaneous
abortions were reported in three of four pregnant women
with RMSF.

B. Laboratory Findings

Thrombocytopenia, hyponatremia, elevated aminotrans-
ferases, and hyperbilirubinemia are common. CSF may
show hypoglycorrhachia and mild pleocytosis. Dissemi-
nated intravascular coagulation is observed in severe cases.
Diagnosis during the acute phase of the illness can be made
by immunohistologic or PCR demonstration of R rickettsii
in skin biopsy specimens (or cutaneous swabs of skin
lesions). Performing such studies as soon as skin lesions
become apparent and before antibiotics commence maxi-
mizes sensitivity.

Serologic studies confirm the diagnosis, but most
patients do not mount an antibody response until the sec-
ond week of illness. The indirect fluorescent antibody IgG
test is most commonly used.

Diagnosis is most commonly made serologically and
99% of cases are diagnosed with probable disease. It is
important that paired sera (acute and convalescent) be
used when possible to establish an acute infection.

» Differential Diagnosis

The diagnosis is challenging because early symptoms
resemble those of many other infections. The classic triad
of fever, rash, and tick bite is rarely recognized, with up to
40% of patients not recalling a tick bite. Moreover, the
rash may be confused with that of measles, typhoid, and
ehrlichiosis, or—most importantly—meningococcemia.
Blood cultures and examination of CSF establish the latter.
Coinfections may mask the diagnosis. Some spotted fever
rickettsioses may also mimic RMSF but will not be detected
by routine serologic testing for RMSF.

» Treatment & Prognosis

Treatment with doxycycline (100 mg orally twice daily for
5–7 days or for at least 3 days after the fever subsides) is
recommended in all ages and in pregnant women. Although
recent data suggest that doxycycline is unlikely to be a
teratogen, pregnant women should be counselled regard-
ing potential risks. Chloramphenicol (50–100 mg/kg/day
in four divided doses, orally or intravenously for 4–10 days)
is the only alternative medication to treat RMSF; however,
patients who are treated with chloramphenicol may be at
higher risk for death than people treated with a tetracy-
cline. Note that oral formulations of chloramphenicol are
not available in the United States and that use of chloram-
phenicol potentially has adverse risks such as aplastic ane-
mia. Patients usually defervesce within 48–72 hours, and
therapy should be continued for at least 3 days after defer-
vescence occurs.

The reported mortality rate for treated patients in the
United States is about 3–5%. The following features are
associated with increased mortality: (1) infection in older
adults or Native Americans; (2) the presence of atypical
clinical features (absence of headache, no history of tick
attachment, gastrointestinal symptoms) and underlying
chronic diseases; and (3) a delay in initiation of appropri-
ate antibiotic therapy. The usual cause of death is pneu-
monitis with respiratory or cardiac failure. A fulminant
form of RMSF can be seen in patients with glucose-
6-phosphate dehydrogenase deficiency. Sequelae may
include seizures, encephalopathy, peripheral neuropathy,
paraparesis, bowel and bladder incontinence, cerebellar
and vestibular dysfunction, hearing loss, and motor defi-
cits; these sequelae are reported to last for years after the
initial infection.

» Prevention

Protective clothing, tick-repellent chemicals, and the
removal of ticks at frequent intervals are helpful measures.
The effectiveness of aggressive campaigns to decrease ticks
in the community is under investigation in communities
with high RMSF attack rates. Prophylactic therapy after a
tick bite is not recommended.

▲ Figure 32–8. Hard palate lesion caused by
Rocky Mountain spotted fever. (Public Health Image
Library, CDC.)
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Binder AM et al. Diagnostic methods used to classify confirmed
and probable cases of spotted fever rickettisoses—
United States, 2010–2015. MMWR Morb Mortal Wkly Rep.
2019;68:243. [PMID: 30870409]

Erickson T et al. Evidence of locally acquired spotted fever group
rickettsioses in Southeast Texas, 2008–2016. Zoonoses Public
Health. 2018;65:897. [PMID: 30152119]

2. Tick Tyhus (Rickettsial Fever)

The term “tick typhus” denotes a variety of spotted rickett-
sial fevers, often named by their geographic location (eg,
Mediterranean spotted fever, Queensland tick typhus,
Oriental spotted fever, African tick bite fever, Siberian tick
typhus, North Asian tick typhus) or by morphology (eg,
boutonneuse fever). More than 30 species of spotted fever
group rickettsioses are found worldwide (mostly in Europe
and Asia), 21 of which are pathogenic in humans (includ-
ing R rickettsii, described above). These illnesses are caused
by various rickettsial organisms (eg, R africae, R australis,
R conorii, R japonica, R massiliae, R parkeri, R sibirica, and
R 364D) and are transmitted by various tick species. Dogs and
wild animals, usually rodents and even reptiles, may serve as
reservoirs for rickettsial fevers. Travel is a risk factor for dis-
ease, particularly among elderly ecotourists. In a series of 280
international travelers with rickettsial disease, the most com-
mon cause was spotted fever rickettsiosis (231 cases, 82.5% of
the total) followed by scrub typhus (16, 5.7%).

Tick-borne rickettsioses are the main source of rickett-
sial infections in Europe and cause a syndrome similar to
that seen in Mediterranean spotted fever. Physicians
from Algeria and India report endemic tick typhus, sug-
gesting a pandemicity of tick-borne rickettsioses. Newer
recognized species include R helvetica, R monacensis,
R massiliae, and R aeschlimannii. Another described
syndrome is tick-borne lymphadenopathy/Dermacentor-
borne-necrosis-erythema-lymphadenopathy/scalp eschar
neck lymphadenopathy associated with R slovaca,
R candidatus, R rioja, and R raoultii and characterized by tick
bite, eschar on the scalp, and cervical lymphadenopathy.

The pathogens usually produce an eschar or black spot
(tâche noire) at the site of the tick bite that may be useful
in diagnosis, though spotless boutonneuse fever occurs.
Symptoms include fever, headache, myalgias, and rash.
Painful lymphadenopathy or lymphangitis may also occur.
Rarely, papulovesicular lesions may resemble rickettsial-
pox. Endothelial injury produces perivascular edema and
dermal necrosis. Regional adenopathy, disseminated
lesions, kidney disease, splenic rupture, and focal hepatic
necrosis are observed. A multifocal retinitis is a reported
complication. Neurologic manifestations, including
encephalitis, internuclear ophthalmoplegia, coronary
involvement, and the hemophagocytic syndrome, are rare.

The diagnosis is clinical, with serologic or PCR (culture
can be used but is less sensitive than either) of the buffy
coat of blood, or an eschar if one is available, used for con-
firmation. Treatment should be started upon clinical suspi-
cion since delayed therapy is the usual cause of increased
morbidity. Oral treatment with doxycycline (100 mg twice
daily) or chloramphenicol (50–75 mg/kg/day in four

divided doses) for 7–10 days is indicated. Caution is
advised with the use of ciprofloxacin because it is associ-
ated with a poor outcome and increases the severity of
disease in Mediterranean spotted fever. Primary care prac-
titioners in endemic areas often include macrolides in the
management of acute febrile illnesses to cover for these
rickettsial fevers. The combination of azithromycin and
rifampin is effective and safe in pregnancy. Prevention
entails protective clothing, repellents, and inspection for
and removal of ticks.

Formerly classified as an endemic or murine typhus,
the cat-flea typhus, caused by R felis is more properly clas-
sified as a spotted fever. The causative agent has been
linked to the cat flea and opossum exposure. While the
diseases appear to be ubiquitous, most cases in the
United States (southern Texas, California, and possibly
Hawaii) occur in the spring and summer. Treatment is the
same as for other rickettsial fevers.

Cases of non-rickettsiae–associated spotted fever tend
to have a better prognosis than due those due to R rickettsiae
infection. Treatment for non-rickettsiae–associated spot-
ted fever as well as R rickettsiae infection is with a tetracy-
cline, typically doxycycline, and there is some laboratory
evidence that these organisms may be less responsive to
macrolides.

Satjanadumrong J et al. Distribution and ecological drivers of
spotted fever group rickettsia in Asia. Ecohealth. 2019;16:611.
[PMID: 30993545]

3. Rickettsialox

Rickettsialpox is an acute, self-limiting, febrile illness
caused by Rickettsia akari, a parasite of mice, transmitted
by the mite Liponyssoides sanguineus (Table 32–3). Rickett-
sialpox is in the spotted fever group of rickettsia. R akari
infections are reported globally. Seroprevalence studies
among injection drug users in Baltimore show seropositiv-
ity as high as 16%. In New York, its association with pov-
erty is very strong. The illness has also been found in
farming communities. Crowded conditions and mouse-
infested housing allow transmission of the pathogen to
humans. The classic triad of fever, rash, and eschar is found
in 99% of cases. The primary lesion is a painless red papule
that appears at variable times but on the average a week
after a mite bite. The lesion often vesiculates and forms a
black eschar.

The onset of symptoms—chills, fever, headache, photo-
phobia, and disseminated aches and pains—is sudden. The
fever may be followed by a widespread papular eruption
2–4 days later, with an average of 30–40 lesions that spare
the palms and soles. The interval from vesiculation to crust
formation is about 10 days. Early lesions may resemble
those of chickenpox (typically vesicular versus papulove-
sicular in rickettsialpox). Pathologic findings include der-
mal edema, subepidermal vesicles, and at times a
lymphocytic vasculitis.

Transient leukopenia and thrombocytopenia and acute
hepatitis can occur. A fourfold rise in serum antibody titers
to rickettsial antigen, detected by complement fixation or
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indirect fluorescent assays, is diagnostic and available
through the CDC. Conjugated anti-rickettsial globulin can
identify antigen in punch biopsies of skin lesions. PCR
detection of rickettsial DNA in fresh tissue also appears of
value. R akari can also be isolated from eschar biopsy
specimens.

Treatment consists of oral doxycycline (200 mg loading
dose followed by 100 mg twice daily) for 2–5 days or until
defervescence. The disease is usually mild and self-limited
without treatment, but occasionally, severe symptoms may
require hospitalization. Control requires the elimination of
mice from human habitations and insecticide applications.

Vyas NS et al. Investigating the histopathological findings and
immunolocalization of rickettsialpox infection in skin biop-
sies: a case series and review of the literature. J Cutan Pathol.
2020;47:451. [PMID: 31955452]

OTHER RICKETTSIAL &
RICKETTSIAL-LIKE DISEASES

1. Ehrlichiosis & Analasmosis

E S S E N T I A L S  O F  D I A G N O S I S

» Infection of monocyte or granulocyte by tick-
borne gram-negative bacteria.

» Nine-day incubation period; clinical disease
ranges from asymptomatic to life-threatening.

» Malaise, nausea, fever, and headaches.

» US cases of ehrlichiosis typically occur in men
aged 60–69 years; US cases of anaplasmosis typi-
cally occur in men aged over 40 years; both occur
in the summer, with different geographic areas of
prevalence.

» Excellent response to therapy with tetracyclines.

» General Considerations

Human ehrlichiosis and anaplasmosis are endemic in the
United States.

Ehrlichia chaffeensis (Table 32–3), the most common
Ehrlichia species infecting humans, is seen primarily in the
south-central United States (especially Arkansas, Missouri,
and Oklahoma). Ehrlichia ewingii causes human granulo-
cytic ehrlichiosis similar to anaplasmosis and constitutes
almost 10% of ehrlichiosis cases; most cases in the
United States are reported from the Midwest and Southeast.
Human granulocytic anaplasmosis is caused by Anaplasma
phagocytophilum; most cases in the United States are reported
from New England, New York, Minnesota, and Wisconsin.
Increasingly, anaplasmosis is being reported from Asia,
South Korea, Mongolia, China (where a new species is identi-
fied, Anaplasma capra), and Northern Europe.

In North America, the major tick-borne rickettsial dis-
ease vectors for these pathogens are (1) the Lone Star tick
(Amblyomma americanus), which is the vector for

E chaffeensis and E ewingii; (2) the black-legged tick (Ixodes
scapularis), which is a vector for B burgdorferi (Lyme dis-
ease), Babesia microti (babesiosis), and A phagocytophilum
(anaplasmosis), and a possible vector for Ehrlichia muris
eauclairensis; and (3) the western black-legged tick (Ixodes
pacificus), which is a vector for A phagocytophilum along the
Pacific coast of the United States. Vectors for European and
Asian cases are not reported to date. The principal reservoirs
for human monocytic ehrlichiosis and human granulocytic
anaplasmosis are the white tail deer and the white-footed
mouse, respectively. Other mammals are implicated as well.
Transfusion-transmitted anaplasmosis has been reported.

CDC reports indicate that the incidences of human
monocytic ehrlichiosis, granulocytic ehrlichiosis and, in
particular, anaplasmosis are increasing; cases are report-
able to local and state health departments. Because more
than one agent may coexist in the same area, cases of
human ehrlichiosis and anaplasmosis may be reported as
“human ehrlichiosis/anaplasmosis undetermined” in the
absence of species identification.

The case fatality rate is 1% with E chaffeensis infections
and 0.3% among cases of human anaplasmosis. Most cases
of E ewingii infection have occurred among immunocom-
petent patients. No deaths have been reported from either
E ewingii or E muris eauclairensis.

» Clinical Findings

A. Symptoms and Signs

Clinical disease of human monocytic ehrlichiosis ranges
from mild to life-threatening. Typically, after a 1- to 2-week
incubation period and a prodrome consisting of malaise,
rigors, and nausea, high fever and headache develop. A
pleomorphic rash may occur. Presentation in immunosup-
pressed patients (including transplant patients) and older
patients tends to be more severe. Rare serious sequelae
include acute respiratory failure and ARDS; neurologic
complications, the most common being meningoencepha-
litis and aseptic meningitis; acute kidney disease (which
may mimic thrombotic thrombocytopenic purpura);
hemophagocytic syndrome; and multiorgan failure.

The clinical manifestations of human granulocytic
ehrlichiosis and anaplasmosis are similar to those seen with
human monocytic ehrlichiosis. Rash, however, is infrequent.
If a rash is present, coinfection with other tick-borne
diseases or an alternative diagnosis should be suspected.
Persistent fever and malaise are reported to occur for 2 or
more years. Reported complications of anaplasmosis include
leukopenia, thrombocytopenia, and cerebral infarction.

Coinfection with anaplasmosis and Lyme disease or
babesiosis may occur, but the clinical manifestations
(including fever and cytopenias) are more severe with ana-
plasmosis than with Lyme disease. A spirochete, Borrelia
miyamotoi, may mimic anaplasmosis in its clinical
manifestations.

B. Laboratory Findings

Diagnosis can be made by the history of tick exposure
followed by a characteristic clinical presentation. Leuko-
penia, absolute lymphopenia, thrombocytopenia, and
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transaminitis occur often. Thrombocytopenia occurs more
often than leukopenia in human granulocytic ehrlichiosis.
Examination of peripheral blood with Giemsa stain may
reveal characteristic intraleukocytic vacuoles (morulae) in
up to 20% of patients. An indirect fluorescent antibody
assay is available through the CDC and requires acute and
convalescent sera. A PCR assay can be helpful for making
the diagnosis early in the disease course. PCR assay is most
sensitive in the first week of illness and can be used as a
confirmatory test.

» Treatment & Prevention

Treatment for human ehrlichiosis and anaplasmosis is with
doxycycline, 100 mg twice daily (orally or intravenously)
for 10–14 days or until 3 days of defervescence. Rifampin is
an alternative in pregnant women. Treatment should not
be withheld while awaiting confirmatory serology when
suspicion is high. Lack of clinical improvement and defer-
vescence 48 hours after doxycycline initiation suggests an
alternate diagnosis. Some patients may continue to have
headache, weakness, and malaise for weeks despite ade-
quate treatment. Tick control is the essence of prevention.

Centers for Disease Control and Prevention (CDC). Ehrlichio-
sis: epidemiology and statistics. https://www.cdc.gov/ehrlichi-
osis/stats/index.html

Centers for Disease Control and Prevention (CDC). Anaplasmo-
sis: epidemiology and statistics. https://www.cdc.gov/anaplas-
mosis/stats/index.html

2. Q Fever (Coxiella burnetti Infection)

E S S E N T I A L S  O F  D I A G N O S I S

» Exposure to sheep, goats, cattle, or their products;
some infections are laboratory acquired.

» Acute or chronic febrile illness: headache, cough,
prostration, and abdominal pain.

» Pneumonitis, hepatitis, or encephalopathy; less
often, endocarditis, vascular infections, or chronic
fatigue syndrome.

» A common cause of culture-negative endocarditis.

» General Considerations

Q fever, a reportable and significantly underestimated dis-
ease in the United States, is caused by the gram-negative
intracellular coccobacillus C burnetii. Coxiella infections
occur globally, mostly in cattle, sheep, and goats, in which
they cause mild or subclinical disease (Table 32–3). In
these animals, reactivation of the infection occurs during
pregnancy and causes abortions or low birth weight off-
spring. Coxiella is resistant to heat and drying and remains
infective in the environment for months.

Human infection occurs via inhalation of aerosolized
bacteria (in dust or droplets) from feces, urine, milk, or
products of conception of infected animals. Ingestion and

skin penetration are other recognized routes of transmis-
sion. A 2017 outbreak in Spain had an attack rate of 25%
(16/64). There is a known occupational risk for animal
handlers, slaughterhouse workers, veterinarians, labora-
tory workers, and other workers exposed to animal prod-
ucts. In the United States, over 60% of cases do not report
an exposure to potentially infectious animals, but cases are
more than twice as likely as non-cases to report drinking
raw milk.

Human-to-human transmission does not seem to
occur, but maternal-fetal infection can occur and infection
after liver transplant is reported.

» Clinical Findings

A. Symptoms and Signs

Asymptomatic infection is common. For the remaining
cases, a febrile illness develops after an incubation period
of 2–3 weeks, usually accompanied by headache, relative
bradycardia, prostration, and muscle pains. The clinical
course may be acute, chronic (duration 6 months or lon-
ger), or relapsing. Pneumonia and granulomatous hepatitis
are the predominant manifestations in the acute form (and
these may vary in incidence geographically), whereas other
less common manifestations include skin rashes (maculo-
papular or purpuric), fever of unknown origin, myocardi-
tis, pericarditis, aortic aneurysms, aseptic meningitis,
encephalitis, orchitis, iliopsoas abscess, spondylodiscitis,
tenosynovitis, granulomatous osteomyelitis (more often
seen in children), and regional (mediastinal) or diffuse
lymphadenopathies.

It has been recommended that the term “chronic Q
fever” be abandoned to avoid confusion and be replaced
with “persistent localized infections.” The most common
presentation in patients with persistent localized infec-
tions is culture-negative endocarditis. Risk factors for
endocarditis are the immunocompromised state, presence
of preexisting valvular conditions, male sex, and age
above 40 years. Valvular prosthesis (mechanical or bio-
prosthesis) represents the most important risk factor. In
series of post-cardiac surgery patients with culture-
negative endocarditis, Q fever is the most common cause
(about 40% of cases).

The clinical manifestations of endocarditis are nonspe-
cific with fever, night sweats, and weight loss. Rarely, urti-
caria, edema, erythema nodosum, and arthralgias are
reported. Sudden cardiac insufficiency, stroke, or other
embolic and mycotic aneurysms can also develop. Vascular
infections, particularly of the aorta (causing mycotic aneu-
rysms) and of graft prostheses, are the second most com-
mon presentation and are associated with a high mortality
(25%). A post–Q fever chronic fatigue syndrome (1 year
after acute infection with chronic symptoms) is controver-
sial and of unknown pathophysiology. Cognitive behav-
ioral therapy is effective in reducing fatigue severity in
patients with Q fever fatigue syndrome; long-term treat-
ment with doxycycline has not been shown to be effective.

New infection or reactivation of Q fever can occur in
pregnant women and is associated with spontaneous abor-
tions, intrauterine growth retardation, intrauterine fetal
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death, and premature delivery. C burnetii infection during
the first trimester can cause oligohydramnios.

B. Laboratory Findings

Laboratory examination during the acute phase may show
elevated liver biochemical tests and occasional leukocyto-
sis. Patients with acute Q fever usually produce antibodies
to C burnetii phase II antigen (phase II antigens are formed
in vitro from deleted avirulent mutants and are empirically
more commonly seen in acute disease, whereas phase I
antigens, seen in nature and laboratory infections, are
found in the IgG form in chronic disease). A fourfold rise
between acute and convalescent sera by indirect immuno-
fluorescence is diagnostic of the infection. Real-time PCR
for C burnetii DNA is helpful only in early diagnosis of Q
fever. C burnetii DNA becomes undetectable in serum as
serologic responses develop. The positive predictive value
of antibodies to phase II antigens in acute disease is at most
65%, and considerable intertest variability exists with phase
2 antigens. Diagnostic tests combining PCR with ELISA
(Immuno-PCR) improve the sensitivity and specificity
during the first 2 weeks after the onset of symptoms.

While persistent infection can be diagnosed based on
serologic tests done at 3- and 6-month intervals (with an IgG
titer against phase I antigen of 1:800 or greater), the sensitiv-
ity of such serologies is often low, and the diagnosis of Q
fever is often made clinically. An automated epifluorescence
assay has greater than 95% sensitivity for the detection of
phase I antigens in persistent infection. The presence of ele-
vated levels of anticardiolipin antibodies have a high positive
predictive value for acute endocarditis.

Diagnosis of Q fever endocarditis is often made at the
time of valve replacement with PCR of tissue samples.
C burnetii may also be isolated from affected valves using
the shell-vial technique.

C. Imaging

Radiographs of the chest can show patchy pulmonary infil-
trates. All patients with acute Q fever should be screened for
underlying valvular disease with echocardiography. Initial
imaging and follow-up with serial 18-FDG PET/CT scan
may be helpful in identifying chronic infection and moni-
toring treatment response.

» Differential Diagnosis

Viral, Mycoplasma, and bacterial pneumonias; viral hepati-
tis; brucellosis; Legionnaire disease; murine or scrub
typhus; Kawasaki disease; tuberculosis; psittacosis; and
other animal-borne diseases can have similar clinical pre-
sentations to Q fever. Q fever should be considered in cases
of unexplained fevers with negative blood cultures in asso-
ciation with embolic or cardiac disease. Cases of Q fever
can mimic autoimmune disease. Coinfection with typhus
and leptospirosis is reported.

» Treatment & Prognosis

Doxycycline is the most effective medication against
C burnetii; there are rare reports of doxycycline resistance.

Isolates remain susceptible to levofloxacin, moxifloxacin,
and to a lesser extent ciprofloxacin. No resistance to sulfa-
methoxazole-trimethoprim is reported to date.

For acute infection, treatment with doxycycline (100 mg
orally twice daily) for 14 days or at least 3 full days after
defervescence is recommended. Even in untreated patients,
the mortality rate is usually low, except when endocarditis
develops.

There are no consensus guidelines on the treatment of
persistent C burnetii infections. Most experts recommend a
combination oral therapy with doxycycline (100 mg twice a
day) plus hydroxychloroquine for approximately 18 months
for native valve endocarditis and 24 months for prosthetic
valve endocarditis. The use of alternative combination regi-
mens with a quinolone or rifampin shows some efficacy.

Serologic responses can be monitored during and after
completion of therapy and treatment can be extended in
the absence of favorable serologic response. The general
variability of serologic data, however, limits their useful-
ness and providers usually rely on clinical criteria. Patients
should be monitored for an extended period of time, gen-
erally at least several years per expert opinion, due to risk
of relapse.

For patients with endocarditis, clinical cure is possible
without valve replacement. Heart valve replacement is not
associated with better survival, except in the group of
patients with a valvular prosthesis. Given the difficulty in
treating endocarditis, transthoracic echocardiography is
recommended to screen for predisposing valvulopathy in all
patients with acute Q fever, and the same therapy for 1 year
should be offered in the presence of valvulopathy. In addi-
tion, patients undergoing routine valve surgery in endemic
countries should be evaluated via Q fever serology and
treated if positive.

All infected pregnant women should be given long-
term trimethoprim-sulfamethoxazole (320/1600 mg orally
for the duration of pregnancy, but not beyond 32 weeks’
gestation) to prevent the obstetric complications.

In retrospective studies, an increased risk of diffuse
B-cell lymphoma and follicular lymphoma was found in
patients with Q fever compared with the general population.
Patients with persistent focalized infections were at higher
risk for lymphadenitis and progression to lymphoma.

» Prevention

Prevention is based on detection of the infection in livestock,
with reduction of contact with infected and parturient ani-
mals or contaminated dust; special care when working with
animal tissues; and effective pasteurization of milk. A whole-
cell Q fever vaccine is available in Australia for persons with
high-risk exposures, although there are reports of vaccine
failure more than 15 days after vaccination.

The organism is highly transmissible to laboratory
workers and culture techniques require a biosafety level 3
setting. C burnetii is a category B bioterrorism agent. In the
setting of a bioterrorist attack, postexposure prophylaxis
with doxycycline 100 mg orally twice a day for 5–7 days
should be administered within 8–12 days of exposure.
Pregnant women may take trimethoprim-sulfamethoxa-
zole as an alternative.
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Centers for Disease Control and Prevention (CDC). National
Notifiable Diseases Surveillance System (NNDSS): Q Fever
(Coxiella burnetii) 2009 Case Definition https://wwwn.cdc.
gov/nndss/conditions/q-fever/case-definition/2009/

Mboussou Y et al. Pregnancy outcomes of Q fever: prospective
follow-up study on Reunion island. BMC Infect Dis. 2019;19:
1001. [PMID: 31775645]

º
KAWASAKI DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Fever, conjunctivitis, oral mucosal changes, rash,
cervical lymphadenopathy, peripheral extremity
changes.

» Elevated ESR and CRP levels.

» Risk for coronary arteritis and aneurysms.

» General Considerations

Kawasaki disease is a worldwide multisystem disease. It is
also known as the “mucocutaneous lymph node syn-
drome.” It occurs mainly in children between the ages of
3 months and 5 years but can occur occasionally in adults
as well. Kawasaki disease occurs most often in Asians or
native Pacific Islanders. Its incidence in Japan is twice that
of the United States, and it occurs among siblings at twice
the incidence of cases and at higher rates among parents of
cases. These findings plus the known seasonality (higher
incidence in winter and early spring) and occasional epi-
demic pattern of cases point to the inadequate current
understanding of the etiology of this disease.

Kawasaki disease is an acute, self-limiting, mucocuta-
neous vasculitis characterized by the infiltration of vessel
walls with mononuclear cells and later by IgA secreting
plasma cells that can result in the destruction of the tunica
media and aneurysm formation. The cause remains
unknown. Epidemiologic studies show an increased risk
with advanced maternal age, mother of foreign birth,
maternal group B Streptococcus colonization, and early
infancy hospitalization for a bacterial illness. Genetic fac-
tors are considered to play an important role in the patho-
genesis of the disease. Ongoing analyses identify many
gene polymorphisms, which significantly correlate with
Kawasaki disease susceptibility (at least 23 to disease, and
10 to the presence of coronary aneurysms).

The Kawasaki-like disease, called multisystem inflam-
matory syndrome in children (MIS-C), is described in the
section above on SARS-CoV-2.

» Clinical Findings

A. Symptoms and Signs

A clinical diagnosis of classic or “complete” Kawasaki dis-
ease requires the presence of at least 5 days of fever, usually
high-grade (over 39°C to 40°C) and four of the following
five criteria: (1) bilateral nonexudative conjunctivitis

(begins shortly after the onset of fever), (2) oral changes of
erythema and cracking of lips, strawberry tongue, and
erythema of oral and pharyngeal mucosa (ulcers and pha-
ryngeal exudates are not consistent with Kawasaki disease),
(3) peripheral extremity changes (erythema and edema of
the hands and feet in the acute phase, and/or periungual
desquamation within 2 to 3 weeks after the onset of fever),
(4) polymorphous rash, and (5) cervical lymphadenopathy
(larger than 1.5 cm, usually unilateral; least common of the
clinical features). The revised case definition allows the
diagnosis on day 4 in the presence of more than four prin-
cipal clinical criteria, particularly when redness and swell-
ing of the hands and feet are present.

A diagnosis of atypical or “incomplete” Kawasaki dis-
ease can be made in patients with unexplained fever and
fewer than four principal criteria if accompanied by com-
patible laboratory tests or findings of aneurysms detected
by echocardiography or angiography.

B. Laboratory Findings

Laboratory findings in the acute phase of Kawasaki disease
typically include leukocytosis with neutrophilic predomi-
nance, anemia, and an elevated ESR and CRP. High platelet
counts are characteristic but occur in the second week.
N-terminal moiety of B-type natriuretic peptide (NT-
proBNP), likely indicative of myocardial involvement, may
be elevated in some patients with Kawasaki disease.

The laboratory components of the CDC’s case defini-
tion of MIS-C are positivity for current or recent SARS-
CoV-2 infection by RT-PCR, serology, or antigen test (or
known COVID-19 exposure within the 4 weeks prior to
the onset of symptoms) in conjunction with evidence of
inflammation (including one or more of the following:
elevated CRP, ESR, fibrinogen, procalcitonin, D-dimer, fer-
ritin, lactic acid dehydrogenase, interleukin-6 [IL-6], or
neutrophils; or reduced lymphocytes or albumin).

Major complications include arteritis and aneurysms of
the coronary vessels. The arteritis begins 6–8 days after the
onset of disease, occurs in about 25% of untreated patients,
and occasionally causes myocardial infarction. Coronary
complications are more common among patients older
than 6 years or younger than 1 year of age; males; and those
unresponsive to IVIG, who received a smaller dose of
IVIG, or did not receive treatment within 10 days of symp-
tom onset. According to the 2017 American Heart
Association definitions of coronary artery aneurysm, such
aneurysms developed in 6.4% of patients with Kawasaki
disease despite treatment with IVIG and aspirin. While
myocarditis can be found in all patients with Kawasaki
disease on histologic specimens and is prominent during
the acute stage, only a small percentage of patients are
clinically symptomatic.

Cardiac complications include left ventricular dysfunc-
tion, which usually normalizes promptly with IVIG ther-
apy, and mitral regurgitation, which occurs early and does
not appear to persist. Noninvasive diagnosis of coronary
complications can be made with CT coronary angiography
(the most sensitive test), magnetic resonance angiography,
or transthoracic echocardiography (advocated for early
screening). Kawasaki shock syndrome is a complication,
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with an estimated incidence of 7%, possibly caused by
decrease in peripheral vascular resistance, myocarditis
with or without myocardial ischemia, and capillary
leakage.

The multisystemic findings of Kawasaki disease show it
to be a systemic disease that affects medium-sized arteries of
multiple organs, causing elevations in serum transaminases,
interstitial pneumonitis, abdominal pain, vomiting, diar-
rhea, gallbladder hydrops, pancreatitis, lymphadenopathy,
hypoalbuminemia, arrhythmias, aseptic meningitis, acute
encephalopathy with biphasic seizures and late reduced dif-
fusion, retinal and choroidal detachment, pulmonary com-
plications (effusions, empyema, pneumothorax), and pyuria.
CSF pleocytosis with a mononuclear cell predominance,
normal glucose levels, and protein levels is seen in one-third
of children who undergo lumbar puncture.

Other diseases with similar presentation that should be
considered include measles in unimmunized children as
well as other viral infections, such as SARS-CoV-2, adeno-
virus, scarlet fever, hemophagocytic lymphohistiocytosis
syndrome, and toxic shock syndrome; rickettsial infec-
tions; or leptospirosis and drug hypersensitivity reactions.

» Treatment & Prevention

All patients meeting the diagnostic criteria for Kawasaki
disease (complete and incomplete), including patients with
recurrent Kawasaki disease, should be treated as soon as
the diagnosis is suspected to reduce inflammation and
arterial damage.

A single dose of IVIG should be given in the first
10 days of the illness. Patients in whom the diagnosis was
made later than the tenth day may still benefit from IVIG
treatment if they have elevated inflammatory markers (ESR
or CRP), with persistent fever or have coronary artery
aneurysms. When IVIG treatment is not given, coronary
artery aneurysms occur in 20% of children. Even when
treated with IVIG within the first 10 days of illness, coro-
nary artery aneurysms still develop in 5% of patients. Rare
cases of aseptic meningitis are reported with IVIG.
Coombs-positive hemolytic anemia, especially in individu-
als with AB blood type and anaphylactic reactions to
immunoglobulins with selective IgA deficiency are other
complications associated with IVIG administration.

Although aspirin does not lower the frequency of devel-
opment of coronary abnormalities, it has important anti-
inflammatory activity and antiplatelet activity. Concomitant
aspirin with IVIG should be started at 80–100 mg/kg/day
orally (divided into four doses and not exceeding 4 g/day)
until the patient is afebrile for 48 hours and then reduced
to 3–5 mg/kg/day until markers of acute inflammation
normalize. A 2019 meta-analysis indicates that low-dose
aspirin (3–5 mg/kg/day) may be as effective as the use of
high-dose aspirin (30 mg/kg/day or more) for the initial
treatment of Kawasaki disease. Since ibuprofen antago-
nizes the irreversible platelet inhibition induced by aspirin,
it should be avoided when aspirin is given.

The use of corticosteroids for children with Kawasaki
disease is controversial. According to the 2017 published
guidelines by the American Heart Association, single-dose
pulse methylprednisolone should not be used routinely for

patients with Kawasaki disease. A course of corticosteroid
therapy with tapering over 2–3 weeks could be considered
in addition to IVIG and aspirin for patients at high-risk for
not responding to IVIG.

Resistant Kawasaki disease, defined as having recru-
descent or persistent fever at least 36 hours after the end of
the first IVIG infusion when no other source of fever is
found, develops in about 10–20% of patients. The Egami
score is a predictor used in Japan to help determine who
will respond to IVIG, although the scoring system has been
shown to have lower utility in US cases. The presence of
coronary artery abnormalities on the initial echocardio-
gram and their presence before day 5 of fever predict non-
response to IVIG in one Israeli study.

Options for refractory cases include a second dose of
IVIG, high-dose pulse corticosteroids over 3 days with or
without a subsequent oral taper course, longer oral taper-
ing course of corticosteroids over 2–3 weeks together with
IVIG and aspirin, TNF-alpha blockers such as infliximab,
the anti-inflammatory interleukin-1 receptor antagonist
anakinra, low-dose methotrexate, and cyclosporine.
Immunomodulatory monoclonal antibody therapy and
cytotoxic agents or (rarely) plasma exchange should be
considered only in highly refractory cases in which other
therapy has failed.

The most common serious complication in the acute
phase is thrombotic occlusion of a coronary artery aneu-
rysm leading to myocardial infarction or sudden death. An
echocardiogram is recommended within 1–2 weeks and
4–6 weeks after treatment for uncomplicated patients.
More frequent imaging is recommended for patients with
significant and evolving coronary artery abnormalities.
Anticoagulation with warfarin or low-molecular-weight
heparin is indicated, along with aspirin, in patients with
rapidly expanding coronary artery aneurysms. Aspirin, a
second antiplatelet agent, and anticoagulation with warfa-
rin, low-molecular-weight heparin, or direct-acting oral
anticoagulants (which need further study in this popula-
tion) may be considered for patients with large or giant
aneurysms (at least 8 mm) (which correlate with delay in
diagnosis) and a recent history of coronary artery throm-
bosis. Platelets from Kawasaki patients treated with anti-
platelet agents do show decreased platelet aggregation
function. Systemic arterial aneurysms are also recognized and
always occur concomitantly with coronary aneurysms, and
large systemic aneurysms show a high rate of regression.

If myocardial infarction occurs, therapy with thrombo-
lytics, percutaneous coronary intervention, coronary artery
bypass grafts, and even cardiac transplantation should be
considered. Manifestations of coronary artery aneurysms
can occur as late as in the third or fourth decade of life with
a study showing a prevalence of 5% coronary sequelae from
Kawasaki disease among young adults evaluated with angi-
ography. Calcified coronary aneurysms on CT scans are
less likely to regress.

» Prognosis

The reported recurrence rate is 3% in one study from
Japan. The highest risk of recurrence occurs in the first
2 years after the first episode. The mortality peaks between
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15 and 45 days after the onset of fever, at the time of coro-
nary artery vasculitis, thrombocytosis, and a hypercoagu-
lable state.

Over the long-term, the risk for clinical cardiac events
in patients with no coronary artery abnormalities is similar
to the general population. For patients in whom coronary
artery abnormalities developed, the risk for cardiac com-
plications, such as thrombosis, stenosis, myocardial infarc-
tion, and death, ranges between 1% and 48%. Follow-up is
especially needed among the subset of patients with neu-
tropenia who have been treated with IVIG. The adminis-
tration of IVIG is shown to improve left ventricular
function. The AHA recommends risk stratification based
on the assessment of coronary luminal dimensions by
echocardiogram, under cardiologic supervision. The fre-
quency of clinical follow-up, diagnostic testing, reproduc-
tive counseling, indications for medical therapy
(beta-blockers, statins), and thromboprophylaxis (aspirin

and anticoagulation) depends on the individual’s risk
assessment.

» When to Refer

All cases of Kawasaki disease merit referral to specialists.

Burns JC. Cyclosporine and coronary outcomes in Kawasaki
disease. J Pediatr. 2019;210:239. [PMID: 31234982]

Centers for Disease Control and Prevention. Multisystem inflamma-
tory syndrome in children. https://www.cdc.gov/coronavirus/2019-
ncov/hcp/pediatric-hcp.html#anchor_1589580133375

Schroeder AR et al. COVID-19 and Kawasaki disease: finding the
signal in the noise. Hosp Pediatr. 2020;10:e1. [PMID:
32404331]

Zheng X et al. Efficacy between low and high dose aspirin for the
initial treatment of Kawasaki disease: current evidence based
on a meta-analysis. PLoS One. 2019;14:e0217274. [PMID:
31117119]
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º
INFECTIONS CAUSED BY
GRAM-POSITIVE BACTERIA

STREPTOCOCCAL INFECTIONS

Grup A beta-hemlytic streptccci (Streptococcus
pyogenes) are the mst cmmn bacterial cause f
pharyngitis. See Pharyngitis & Tnsillitis in Chapter 8.

1. Acute Reumatic Fever & Scarlet Fever

» General Considerations

Grup A streptccci prducing erythrgenic txin may
cause scarlet fever in susceptible persns. Acute rheumatic
fever may fllw recurrent episdes f pharyngitis begin-
ning 1–4 weeks after the nset f symptms. Effectively
cntrlling rheumatic fever depends n identificatin and
treatment f primary streptcccal infectin and secnd-
ary preventin f recurrences.

Glmerulnephritis is anther rare cmplicatin, fl-
lwing a single infectin with a nephritgenic strain f
streptcccus grup A (eg, types 4, 12, 2, 49, and 60), mre
cmmnly n the skin than in the thrat, and begins
1–3 weeks after the nset f the infectin.

» Clinical Findings

S pyogenes (grup A Streptococcus [GAS]) pharyngitis is
usually a self-limited cnditin, lasting 3–5 days. The rash
f scarlet fever (als called scarletina) is diffusely erythem-
atus and resembles a sunburn, and superimpsed fine red
papules give the skin a sandpaper cnsistency; it is mst
intense in the grin and axillas. It blanches n pressure,
may becme petechial, and fades in 2–5 days, leaving a fine
desquamatin. The face is flushed, with circumral pallr,
and the tngue is cated with enlarged red papillae (straw-
berry tngue). The diagnsis is clinical in the setting f
streptcccal pharyngitis. The diagnsis f acute rheu-
matic fever relies n a cnstellatin f signs, symptms,
and labratry findings, knwn as the Jones criteria:
major criteria include presence f pancarditis, plyarthri-
tis, subcutaneus ndules, erythema marginatum, chrea,
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and minor criteria include presence f heart blck, arthral-
gia, elevated erythrcyte sedimentatin rate (ESR) r
C-reactive prtein (CRP), fever, leukcytsis, r histry f
prir rheumatic fever. At least tw majr Jnes criteria r
ne majr and tw minr criteria plus evidence f recent
GAS infectin by either bacterial culture data, rapid strep
testing, r elevated anti-strep antibdy titers are required t
establish a diagnsis. These cmplicatins are mre cmmn
in children.

» Treatment

Antimicrbial therapy f pharyngitis may reduce the risk
f cmplicatins (see Chapter 8). There is n additinal
treatment f scarlet fever r acute rheumatic fever beynd
that f the underlying streptcccal pharyngitis.

» Prevention of Recurrent Rheumatic Fever

Patients wh have had rheumatic fever shuld be treated
with a cntinuus curse f antimicrbial prphylaxis
fr at least 5 years. Effective regimens are erythrmycin,
250 mg rally twice daily, r penicillin G, 500 mg rally
daily.

Karthikeyan G et al. Acute rheumatic fever. Lancet. 2018;392:161.
[PMID: 30025809]

2. Streptococcal Skin Infections

Grup A beta-hemlytic streptccci are nt nrmal skin
flra. Streptcccal skin infectins result frm clnizatin
f nrmal skin by cntact with ther infected individuals r
by preceding streptcccal respiratry infectin.

» Clinical Findings

A. Symptoms and Signs

Erysipelas is a painful superficial cellulitis that frequently
invlves the face (Figure 33–1). It is well demarcated frm
the surrunding nrmal skin. It affects skin with impaired
lymphatic drainage, such as edematus lwer extremities
r wunds.
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Impetigo is a fcal, vesicular, pustular lesin with a thick,
amber-clred crust with a “stuck-n” appearance (see
Chapter 6).

B. Laboratory Findings

Cultures btained frm a wund r pustule are likely t grw
grup A streptccci. Bld cultures are ccasinally psitive.

▲ Figure 33–1. Erysipelas of the face with edema, bright
red erythema, and serosanguineous discharge from the
severely swollen cheek. (Public Health Image Library, CDC.)

Table 33–1. Treatment of common skin and soft tissue infections (SSTIs).

SSTI Type Common Patogens Treatment

Purulent (abscess,
furuncle, carbuncle,
cellulitis with
purulence)

Staphylococcus aureus Incision and drainage is the primary treatment
Consider the addition of antibiotics in select situations1

Oral antibiotic regimens2

Dicloxacillin 500 mg four times daily or cephalexin 500 mg four times daily
Clindamycin 300–450 mg three or four times daily or trimethoprim-sulfamethoxazole

one double-strength tablet twice daily or doxycycline (or minocycline) 100 mg
twice daily

Intravenous antibiotic regimens2

Nafcillin 1–2 g four to six times daily or cefazolin 1 g three times daily
Vancomycin 1 g twice daily or daptomycin 4 mg/kg once daily
Linezolid 600 mg (can also be given orally) twice daily for 10–14 days

Nonpurulent (cellulitis,
erysipelas)

Beta-hemolytic strepto-
cocci (S aureus less

likely)

Oral antibiotic regimens2

Amoxicillin 500 mg three times daily or 875 mg twice daily
Cephalexin 500 mg four times daily or clindamycin 300 mg three times daily2

Intravenous antibiotic regimens2

Nafcillin 1–2 g four to six times daily or cefazolin 1 g three times daily
Vancomycin 1 g twice daily or daptomycin 4 mg/kg once daily

1Antibiotic therapy should be given in addition to incision and drainage for purulent skin and soft tissue infections if the patient has any of the
following: severe or extensive disease, symptoms and signs of systemic illness, purulent cellulitis/wound infection, comorbidities and extremes
of age, abscess in area difficult to drain or on face/hand, associated septic phlebitis, or lack of response to incision and drainage alone.
Antibiotic doses may vary based on weight and kidney function. Dosages listed assume normal renal and hepatic function, as well as average
weight. Reevaluate dosing with renal/hepatic impairment.
2Other drugs that are FDA approved for treating SSTIs include daptomycin, 4 mg/kg intravenously once daily for 7–14 days; tedizolid 200 mg
orally once daily for 6 days, tigecycline 100 mg intravenously once followed by 50 mg intravenously twice a day for 5–14 days; ceftaroline
600 mg twice a day for 7–14 days; dalbavancin 1500 mg as a single intravenous dose; oritavancin 1200 mg as a single intravenous dose;
telavancin 10 mg/kg intravenously once daily for 7–14 days; and delafloxacin, 450 mg orally or 300 intravenously twice daily for 5–14 days.

» Treatment

Althugh penicillin is the treatment f chice fr strept-
cccal infectins, it may be difficult t differentiate staphy-
lcccal infectins frm streptcccal infectins. In
practice, initial therapy fr patients with risk factrs fr
Staphylococcus aureus (eg, injectin drug use, diabetes mel-
litus, wund infectin) shuld cver this rganism. Either
intravenus nafcillin r cefazlin (which can als be given
intramuscularly) is a reasnable chice. In the patient at
risk fr methicillin-resistant S aureus infectin r with a
serius penicillin allergy (ie, anaphylaxis), intravenus
vancmycin r daptmycin shuld be used (Table 33–1).

Patients wh d nt require parenteral therapy may be
treated with amxicillin, 500 mg three times daily r 875 mg
twice daily fr 7–10 days. A first-generatin ral cephal-
sprin, eg, cephalexin, r clindamycin is an alternative t
amxicillin (Table 33–1). In patients with recurrent celluli-
tis f the leg, maintenance therapy (fr at least 1 year) with
penicillin, 250 mg rally twice daily, may reduce relapses.

Cranendnk DR et al. Cellulitis: current insights int path-
physilgy and clinical management. Neth J Med. 2017;75:366.
[PMID: 29219814]

Stevens DL et al. Practice guidelines fr the diagnsis and man-
agement f skin and sft tissue infectins: 2014 update by the
Infectius Diseases Sciety f America. Clin Infect Dis.
2014;59:147. [PMID: 24947530]

3. Necrotizing Fasciitis

Necrtizing fasciitis is a rapidly spreading infectin invlv-
ing the fascia f deep muscle ften invlving an extremity,
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head and neck, and perianal r genital area (“Furnier
gangrene”). Sme patients have a preceding skin r blunt
trauma injury. Patients wh are immunsuppressed, dia-
betic, at extremes f age (elderly r nenates), r affected
by liver disease are generally mre susceptible.

Distinguishing necrtizing fasciitis frm necrtizing
mysitis may be difficult as skeletal muscle and fascia are
invlved in bth syndrmes. Necrtizing fasciitis is mst
ften mnmicrbial; the usual causative agent is S pyogenes
(Grup A beta-hemlytic streptccci) but it can als be
caused by ther streptcccal species, and ccasinally by
S aureus. Infectins can be plymicrbial (mixed aerbic
and anaerbic bacteria). A histry f expsure t brackish
water r marine life shuld raise suspicin fr Vibrio vulni-
ficans r Aeromonas species. Patients with burn injuries are
susceptible t Pseudomonas species. Necrtizing mysitis is
ften caused by Clostridia species (clstridial mynecrsis
r “gas gangrene”). See Clstridial Diseases, belw.

» Clinical Findings

A. Symptoms and Signs

The clinical findings at presentatin may be thse f severe
cellulitis, but the presence f systemic txicity and severe
pain, which may be fllwed by anesthesia f the invlved
area due t destructin f nerves as infectin advances
thrugh the fascial planes, is a clue t the diagnsis. Infec-
tin can prgress rapidly, and pain ften subsides as nerves
are destryed. Multirgan failure is cmmn as infectin
prgresses.

B. Laboratory Findings

Nnspecific serum markers include elevated white bld
cell cunt, erythrcyte sedimentatin rate (ESR) and
C-reactive prtein (CRP). Elevated creatine kinase may
indicate muscle invlvement. Bld cultures and wund
cultures shuld be btained, as well as tissue cultures frm
surgical specimens. Histlgic specimens may demn-
strate extensive tissue destructin, thrmbsis f bld
vessels, and bacteria spreading alng fascial planes.

C. Imaging

CT r MRI f the affected area may shw gas in tissues r
fascial plane infectin. Imaging may als appear nrmal, s
rely n clinical suspicin and surgical evaluatin.

» Treatment

Surgical explratin is mandatry when the diagnsis is
suspected. Early and extensive debridement is essential
fr survival. Surgical evaluatin shuld nt be delayed
while awaiting imaging r ther diagnstic tests, espe-
cially in the setting f rapid prgressin f clinical
manifestatins.

Brad-spectrum antibitic therapy shuld be initiated
whenever the diagnsis is suspected and shuld cver aer-
bic and anaerbic rganisms. Initial therapy typically
cnsists f a carbapenem (merpenem r imipenem) r
piperacillin-tazbactam plus an agent with activity against
methicillin-resistant S aureus (vancmycin, linezlid, r

daptmycin) plus clindamycin fr its antitxin and ther
effects against txin-prducing strains f streptccci and
staphylccci. Patients with expsure histries that suggest
less cmmn etilgies shuld have additinal therapy
targeted t thse rganisms. Antibitic therapy shuld
then be tailred t culture results. Antibitic therapy
shuld be cntinued until all infected tissue has been
remved and the patient has stabilized; the final duratin
depends n individual patient factrs.

In additin t surgical and antibitic therapy, the use f
intravenus immunglbulin fr streptcccal necrtizing
sft tissue infectins has been shwn t reduce mrtality.
The dse is 1 g/kg n day 1, fllwed by 0.5 g/kg n days
2 and 3.

Bruun T et al. Risk factrs and predictrs f mrtality in strep-
tcccal necrtizing sft-tissue infectins: a multicenter pr-
spective study. Clin Infect Dis. 2021;72:293. [PMID:
31923305]

Stevens DL et al. Necrtizing sft-tissue infectins. N Engl J
Med. 2017;377:2253. [PMID: 29211672]

4. Oter Group A Streptococcal Infections

Arthritis, pneumnia, empyema, endcarditis, and necr-
tizing fasciitis are relatively uncmmn infectins that
may be caused by grup A streptccci. Txic shck–like
syndrme als ccurs.

Arthritis generally ccurs in assciatin with celluli-
tis. In additin t intravenus therapy with penicillin G,
2 millin units every 4 hurs (r cefazlin r vancmycin
in dses recmmended abve fr penicillin-allergic
patients), frequent percutaneus needle aspiratin shuld
be perfrmed t remve jint effusins. Open surgical
drainage may be necessary in many cases. Treatment
duratin is nt well studied but is generally 2–4 weeks,
with final duratin dependent upn clinical imprvement
and nrmalizatin f inflammatry markers (ESR, CRP).

Pneumonia and empyema ften are characterized by
extensive tissue destructin and an aggressive, rapidly
prgressive clinical curse assciated with significant
mrbidity and mrtality. High-dse penicillin (as fr
grup A streptccci endcarditis, belw) and chest tube
drainage are indicated fr treatment f empyema. Vanc-
mycin is an acceptable substitute in penicillin-allergic
patients.

Grup A streptccci can cause endocarditis in rare
instances. Endcarditis shuld be treated with 4 millin units
f penicillin G intravenusly every 4 hurs fr 4–6 weeks.
Vancmycin, 1 g intravenusly every 12 hurs, is recm-
mended fr persns allergic t penicillin.

Any streptcccal infectin—and necrtizing fasciitis
in particular—can be assciated with streptococcal toxic
shock syndrome, typified by invasin f skin r sft tis-
sues, acute respiratry distress syndrme, and kidney
failure. Persns wh are very yung, lder adults, and
thse with underlying medical cnditins are at particu-
larly high risk fr invasive disease. Bacteremia ccurs in
mst cases. Skin rash and desquamatin may nt be pres-
ent. Mrtality rates can be up t 80%. The syndrme is due
t elabratin f pyrgenic erythrtxin (which als
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causes scarlet fever), a superantigen that stimulates mas-
sive release f inflammatry cytkines believed t mediate
the shck. A beta-lactam, such as penicillin, remains the
drug f chice fr treatment f serius streptcccal infec-
tins, but clindamycin, which is a ptent inhibitr f txin
prductin, shuld als be administered at a dse f 600 mg
every 8 hurs intravenusly fr invasive disease, espe-
cially in the presence f shck. Intravenus immune
glbulin can be cnsidered fr streptcccal txic shck
syndrme fr pssible therapeutic benefit frm specific
antibdy t streptcccal extxins in immune glbulin
preparatins. Many dsing regimens have been used,
including 0.5 g/kg nce daily fr 5–6 days r a single
dse f 2 g/kg with a repeat dse at 48 hurs if the patient
remains unstable.

Outbreaks f invasive disease have been assciated with
clnizatin by invasive clnes that can be transmitted t
clse cntacts wh, thugh asymptmatic, may be a reser-
vir fr disease. Tracing cntacts f patients with invasive
disease is cntrversial.

Gundersn CG et al. D patients with cellulitis need t be hs-
pitalized? A systematic review and meta-analysis f mrtality
rates f inpatients with cellulitis. J Gen Intern Med. 2018;
33:1553. [PMID: 30022408]

5. Non–Group A Streptococcal Infections

Nn–grup A hemlytic streptccci (eg, grups B, C, and
G) prduce a spectrum f disease similar t that f grup
A streptccci. The treatment f infectins caused by these
strains is similar t grup A streptccci.

Grup B streptccci are an imprtant cause f sepsis,
bacteremia, and meningitis in the nenate. Antepartum
screening t identify carriers and peripartum antimicrbial
prphylaxis are recmmended in pregnancy. This rgan-
ism, part f the nrmal vaginal flra, may cause septic
abrtin, endmetritis, r peripartum infectins and, less
cmmnly, cellulitis, bacteremia, and endcarditis in
adults. Treatment f infectins caused by grup B strept-
ccci is with either penicillin r vancmycin in dses rec-
mmended fr grup A streptccci. Because f in vitr
synergism, sme experts recmmend the additin f lw-
dse gentamicin, 1 mg/kg every 8 hurs.

Viridans streptccci, which are nnhemlytic r
alpha-hemlytic (ie, prducing a green zne f hemlysis
n bld agar), are part f the nrmal ral flra. Althugh
these strains may prduce fcal pygenic infectin, they
are mst ntable as the leading cause f native valve
endcarditis.

Grup D streptccci include Streptococcus gallolyticus
(bovis) and the enterccci. S gallolyticus (bovis) is a cause
f endcarditis in assciatin with bwel neplasia r cir-
rhsis and is treated like viridans streptccci.

Baddur LM et al. Infective endcarditis in adults: diagnsis,
antimicrbial therapy, and management f cmplicatins: a
scientific statement fr healthcare prfessinals frm the
American Heart Assciatin. Circulatin. 2015;132:1435.
[PMID: 26373316]

Kim SL et al. Distributin f streptcccal grups causing infec-
tive endcarditis: a descriptive study. Diagn Micrbil Infect
Dis. 2018;91:269. [PMID: 29567126]

ENTEROCOCCAL INFECTIONS

Tw species, Enterococcus faecalis and Enterococcus faecium,
are respnsible fr mst human entercccal infectins.
Enterccci cause wund infectins, urinary tract infec-
tins, bacteremia, and endcarditis. Infectins caused by
penicillin-susceptible strains shuld be treated with ampi-
cillin 2 g every 4 hurs r penicillin 3–4 millin units every
4 hurs; if the patient is penicillin-allergic, vancmycin
15 mg/kg every 12 hurs intravenusly can be given. If the
patient has endcarditis r meningitis, gentamicin 1 mg/kg
every 8 hurs intravenusly shuld be added t the regi-
men fr a duratin f 2–3 weeks in rder t achieve the
bactericidal activity that is required t cure these infec-
tins. In cases f endcarditis, ceftriaxne 2 g every 12 hurs
may be given instead f gentamicin in cmbinatin with
the ampicillin.

Resistance t vancmycin, penicillin, and gentamicin is
cmmn amng entercccal islates, especially E faecium;
it is essential t determine antimicrbial susceptibility f
islates. Infectin cntrl measures that may be indicated
t limit their spread include islatin, barrier precautins,
and avidance f veruse f vancmycin and gentamicin.
Cnsultatin with an infectius diseases specialist is
strngly advised when treating infectins caused by resis-
tant strains f enterccci. Quinupristin/dalfpristin and
linezlid are apprved by the FDA fr treatment f infec-
tins caused by vancmycin-resistant strains f enter-
ccci. Daptmycin, tigecycline, tedizlid, and ritavancin
are nt apprved by the FDA fr the treatment fr vanc-
mycin-resistant strains f enterccci, althugh they are
frequently active in vitr.

Quinupristin/dalfpristin is nt active against strains
f E faecalis and shuld be used nly fr infectins
caused by E faecium. The dse is 7.5 mg/kg intravenusly
every 8–12 hurs. Phlebitis and irritatin at the infusin
site (ften requiring a central line) and an arthralgia-
myalgia syndrme are relatively cmmn side effects.
Linezlid, an xazlidinne, is active against bth
E faecalis and E faecium. The dse is 600 mg twice daily,
and bth intravenus and ral preparatins are available.
Its tw principal side effects are thrmbcytpenia and
bne marrw suppressin; hwever, peripheral neurpa-
thy, ptic neuritis, and lactic acidsis have been bserved
with prlnged use (typically greater than 6 weeks) due
t mitchndrial txicity. Emergence f resistance has
ccurred during therapy with bth quinupristin/dalfpris-
tin and linezlid.

Baddur LM et al. Infective endcarditis in adults: diagnsis,
antimicrbial therapy, and management f cmplicatins: a
scientific statement fr healthcare prfessinals frm the
American Heart Assciatin. Circulatin. 2015;132:1435.
[PMID: 26373316]
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PNEUMOCOCCAL INFECTIONS

1. Pneumococcal Pneumonia

E S S E N T I A L S  O F  D I A G N O S I S

» Productive cough, fever, rigors, dyspnea, early
pleuritic chest pain.

» Consolidating lobar pneumonia on chest
radiograph.

» Gram-positive diplococci on Gram stain of sputum.

» General Considerations

Pneumcccus is the mst cmmn cause f cmmunity-
acquired pygenic bacterial pneumnia. Alchlism, asthma,
HIV infectin, sickle cell disease, splenectmy, and hemat-
lgic disrders are predispsing factrs. Mrtality rates
remain high in cases f advanced age, multilbar disease,
hypxemia, extrapulmnary cmplicatins, and bacteremia.

» Clinical Findings

A. Symptoms and Signs

Presenting symptms and signs include high fever, prduc-
tive cugh, ccasinal hemptysis, and pleuritic chest pain.
Rigrs may ccur initially but are uncmmn later in the
curse. Brnchial breath sunds are an early sign.

B. Laboratory Findings

There is ften leukcytsis, r ccasinally leukpenia, but
neither finding shuld be used t make a decisin abut
hspital admissin (see When t Admit, belw).

Diagnsis requires islatin f the rganism in culture,
althugh the Gram stain appearance f sputum can be sug-
gestive. Sputum and bld cultures, psitive in 60% and
25% f cases f pneumcccal pneumnia, respectively,
shuld be btained prir t initiatin f antimicrbial
therapy in patients wh are admitted t the hspital. A
gd-quality sputum sample (less than 10 epithelial cells
and greater than 25 plymrphnuclear leukcytes per
high-pwer field) shws gram-psitive diplccci in
80–90% f cases. A rapid urinary antigen test fr Strept-
cccus pneumniae, with sensitivity f 70–80% and speci-
ficity greater than 95%, can assist with early diagnsis. The
use f prcalcitnin t guide therapy is discussed belw.

C. Imaging

Pneumcccal pneumnia classically is a lbar pneumnia
with radigraphic findings f cnslidatin and ccasin-
ally effusin. Hwever, differentiating it frm ther pneu-
mnias is nt pssible radigraphically r clinically
because f significant verlap in presentatins.

» Complications

Parapneumnic (sympathetic) effusin is cmmn and
may cause recurrence r persistence f fever. These sterile

fluid accumulatins need n specific therapy. Empyema
ccurs in 5% r less f cases and is differentiated frm
sympathetic effusin clinically and by the presence f
rganisms n Gram-stained fluid r psitive pleural fluid
cultures.

Pneumcccal pericarditis is a rare cmplicatin that
can cause tampnade. Pneumcccal arthritis als is
uncmmn. Pneumcccal endcarditis usually invlves
the artic valve and ften ccurs in assciatin with men-
ingitis and pneumnia (smetimes referred t as Austrian
r Osler triad). Early heart failure and multiple emblic
events are typical.

» Treatment

A. Specific Measures

Initial antimicrbial therapy fr pneumnia is empiric (see
Table 9–9) pending islatin and identificatin f the caus-
ative agent. Once S pneumoniae is identified as the infect-
ing pathgen, any f several antimicrbial agents may be
used depending n the clinical setting, cmmunity pat-
terns f penicillin resistance, and susceptibility f the par-
ticular islate.

1. Outpatient therapy—Uncmplicated pneumcccal
pneumnia (ie, arterial Po

2
greater than 60 mm Hg, n

cexisting medical prblems, and single-lbe disease with-
ut signs f extrapulmnary infectin) caused by penicil-
lin-susceptible strains f pneumcccus may be treated n
an utpatient basis with amxicillin, 750 mg rally twice
daily fr 7–10 days. Cephalsprins including cefpdx-
ime, 200 mg rally twice daily, and cefdinir, 300 mg twice
daily, may als be used. Fr penicillin-allergic patients,
alternatives are azithrmycin, ne 500-mg dse rally n
the first day and 250 mg fr the next 4 days; clarithrmy-
cin, 500 mg rally twice daily fr 7 days; dxycycline,
100 mg rally twice daily fr 7 days; levflxacin, 750 mg
rally fr 5–7 days; r mxiflxacin, 400 mg rally fr
7–14 days. Patients shuld be mnitred fr clinical
respnse (eg, less cugh, defervescence within 2–3 days)
because pneumccci have becme increasingly resistant
t penicillin and the secnd-line agents.

Outpatients with high-risk cmrbid cnditins (such
as pulmnary disease, diabetes, cardiac disease, r alchl
use disrder) may benefit frm brader cmbinatin
therapy (eg, amxicillin/clavulanate r cephalsprin plus
dxycycline r a macrlide), unless a flurquinlne is
chsen fr mntherapy.

2. Inpatient therapy—Parenteral therapy is generally rec-
mmended fr the hspitalized patient at least until there
has been clinical imprvement. Ceftriaxne, 1 g intrave-
nusly every 24 hurs, is effective fr strains that are
penicillin-susceptible (ie, strains fr which the minimum
inhibitry cncentratin [MIC] f penicillin is 2 mcg/mL
r less fr nn-CNS specimens). Fr serius penicillin
allergy r infectin caused by a highly penicillin-resistant
strain, vancmycin, 1 g intravenusly every 12 hurs, is
effective. Additinally, azithrmycin r dxycycline is
typically added fr cverage f atypical rganisms. Alter-
natively, a respiratry flurquinlne (eg, levflxacin,
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750 mg) can be used. The ttal duratin f therapy is nt
well defined but 5–7 days is apprpriate fr patients wh
have an uncmplicated infectin and demnstrate a gd
clinical respnse. Crticsterid use remains cntrversial
in cmmunity-acquired pneumnia and shuld nt be
administered rutinely.

Procalcitonin is a peptide released by human cells in
respnse t expsure t bacterial txins and is measurable
in the serum. In trials, antibitics have been safely held r
withdrawn when the prcalcitnin level was nrmal r
decreasing by a substantial amunt. Antibitic cnsump-
tin is significantly reduced in patients presenting with
acute respiratry infectins and sepsis when guided by
prcalcitnin levels; prcalcitnin can be used effectively
in these settings nly when used as a pint f care test.

B. Treatment of Complications

Pleural effusins develping after initiatin f antimicr-
bial therapy usually are sterile, and thracentesis need nt
be perfrmed if the patient is therwise imprving. Thra-
centesis is indicated fr an effusin present prir t initia-
tin f therapy and in the patient wh has nt respnded
t antibitics after 3–4 days. Chest tube drainage may be
required if pneumccci are identified by culture r Gram
stain, especially if aspiratin f the fluid is difficult.

Echcardigraphy shuld be dne if pericardial effu-
sin is suspected. Patients with pericardial effusin wh
are respnding t antibitic therapy and have n signs f
tampnade may be mnitred and treated with indmeth-
acin, 50 mg rally three times daily, fr pain. In patients
with increasing effusin, unsatisfactry clinical respnse,
r evidence f tampnade, pericardicentesis will deter-
mine whether the pericardial space is infected. Infected
fluid must be drained either percutaneusly (by tube place-
ment r needle aspiratin), by placement f a pericardial
windw, r by pericardiectmy. Pericardiectmy eventu-
ally may be required t prevent r treat cnstrictive
pericarditis.

Endcarditis shuld be treated fr 4 weeks with 3–4
millin units f penicillin G every 4 hurs intravenusly;
ceftriaxne, 2 g nce daily intravenusly; r vancmycin,
15 mg/kg every 12 hurs intravenusly. Mild heart failure
due t valvular regurgitatin may respnd t medical
therapy, but mderate t severe heart failure is an indica-
tin fr prsthetic valve implantatin, as are systemic
embli r large friable vegetatins as determined by
echcardigraphy.

C. PenicillinResistant Pneumococci

Resistance breakpints fr parenterally administered peni-
cillin and high-dse ral amxicillin (2 g twice daily) are as
fllws: susceptible, penicillin MIC f 2 mcg/mL r less;
intermediate, MIC f 4 mcg/mL; resistant, MIC f 8 mcg/
mL r mre. Nte, hwever, that these breakpints d nt
apply t rally administered penicillin, which are the same
as fr use f penicillin in treatment f meningitis. In cases
f pneumcccal pneumnia where the islate has a peni-
cillin MIC greater than 2 mcg/mL, cephalsprin crss-
resistance is cmmn, and a nn–beta-lactam antimicrbial,

such as vancmycin, 1 g intravenusly every 12 hurs, r a
flurquinlne with enhanced gram-psitive activity (eg,
levflxacin, 750 mg intravenusly r rally nce daily, r
mxiflxacin, 400 mg intravenusly r rally nce daily), is
recmmended. Penicillin-resistant strains f pneum-
ccci may be resistant t macrlides, trimethprim-
sulfamethxazle, and chlramphenicl, and susceptibility
must be dcumented prir t their use. All bld and
cerebrspinal fluid islates shuld still be tested fr resis-
tance t penicillin. There has been n change t the peni-
cillin susceptibility breakpint fr pneumcccal islates
causing meningitis, nr any change in treatment
recmmendatins.

» Prevention

See Chapter 30 fr discussin f pneumcccal vaccines.
All patients shuld have screening fr smking cessatin.

» When to Refer

• All patients with suspected pneumcccal endcarditis
r meningitis need infectius disease specialist
cnsultatin.

• Extensive disease.

• Seriusly ill patient with pneumnia, particularly in the
setting f cmrbid cnditins (eg, liver disease).

• Prgressin f pneumnia r failure t imprve n
antibitics.

» When to Admit

• All patients in whm pneumcccal endcarditis r
meningitis is suspected r dcumented shuld be
admitted fr bservatin and empiric therapy.

• All patients with pneumcccal pneumnia that is mul-
tilbar r is assciated with significant hypxemia.

• Failure f utpatient pneumnia therapy, including
inability t maintain ral intake and medicatins.

• Exacerbatins f underlying disease (eg, heart failure)
by pneumnia that wuld benefit frm hspitalizatin.

• Risk scres fr illness severity using PSI (Pneumnia
Severity Index) (https://www.thecalculatr.c/health/
Pneumnia-Severity-Index-(PSI)-Calculatr-977.html)
and CURB-65 (Cnfusin, Urea, Respiratry rate,
Bld Pressure, Age ≥ 65 years) (https://www.mdcalc.
cm/curb-65-scre-pneumnia-severity) can aid in the
decisin abut whether t admit a patient.

Galán-Rs J et al. Bacteremic pneumcccal pneumnia in
adults. Arch Brncneuml. 2018;54:54. [PMID: 28757279]

Hill AT et al; CHEST Expert Cugh Panel. Adult utpatients
with acute cugh due t suspected pneumnia r influenza:
CHEST guideline and Expert Panel reprt. Chest. 2019;
155:155. [PMID: 30296418]

Huang DT et al; PrACT Investigatrs. Prcalcitnin-guided use
f antibitics fr lwer respiratry tract infectin. N Engl J
Med. 2018;379:236. [PMID: 29781385]

Wunderink RG et al. Advances in the causes and management f
cmmunity acquired pneumnia in adults. BMJ. 2017;
358:j2471. [PMID: 28694251]
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2. Pneumococcal Meningitis

E S S E N T I A L S  O F  D I A G N O S I S

» Fever, headache, altered mental status.

» Meningismus.

» Gram-positive diplococci on Gram stain of cere-
brospinal fluid.

» General Considerations

S pneumoniae is the mst cmmn cause f bacterial men-
ingitis in adults. Head trauma with cerebrspinal fluid
leaks, sinusitis, and pneumnia may precede it.

» Clinical Findings

A. Symptoms and Signs

The nset is rapid, with fever, headache, meningismus, and
altered mentatin. Pneumnia may be present. Cmpared
with meningitis caused by the meningcccus, pneum-
cccal meningitis lacks a rash. Obtundatin, fcal neur-
lgic deficits, and cranial nerve palsies are mre prminent
features and may lead t lng-term sequelae.

B. Laboratory Findings

The cerebrspinal fluid has typically greater than 1000
white bld cells/mcL (1 × 109/L), ver 60% f which are
plymrphnuclear leukcytes; the glucse cncentratin
is less than 40 mg/dL (2.22 mml/L), r less than 50% f
the simultaneus serum cncentratin; and the prtein
usually exceeds 150 mg/dL (1500 mg/L). Nt all cases f
meningitis will have these typical findings, and alteratins
in cerebrspinal fluid cell cunts and chemistries may be
surprisingly minimal, verlapping with thse f aseptic
meningitis.

Gram stain f cerebrspinal fluid shws gram-psitive
ccci in 80–90% f cases, and in untreated cases, bld r
cerebrspinal fluid cultures are almst always psitive.
Urine antigen tests may be psitive but are nt sufficiently
sensitive t exclude the diagnsis.

» Treatment

Antibitics shuld be given as sn as the diagnsis is sus-
pected. If lumbar puncture must be delayed (eg, while
awaiting results f an imaging study t exclude a mass
lesin), the patient shuld be treated empirically fr pre-
sumed meningitis with intravenus ceftriaxne, 2 g, plus
vancmycin, 15 mg/kg, plus dexamethasne, 0.15 mg/kg
administered cncmitantly after bld cultures (psitive
in 50% f cases) have been btained. Once susceptibility t
penicillin has been cnfirmed, penicillin, 24 millin units
intravenusly daily in six divided dses, r ceftriaxne, 2 g
every 12 hurs intravenusly, is cntinued fr 10–14 days
in dcumented cases.

The best therapy fr penicillin-resistant strains is
nt knwn. Penicillin-resistant strains (MIC greater than

0.06 mcg/mL) are ften crss-resistant t the third-genera-
tin cephalsprins as well as ther antibitics. Suscepti-
bility testing is essential t prper management f this
infectin. If the MIC f ceftriaxne r ceftaxime is 0.5
mcg/mL r less, single-drug therapy with either f these
cephalsprins is likely t be effective; when the MIC is 1
mcg/mL r mre, treatment with a cmbinatin f ceftri-
axne, 2 g intravenusly every 12 hurs, plus vancmycin,
30 mg/kg/day intravenusly in tw r three divided dses,
is recmmended. If a patient with a penicillin-resistant
rganism is slw t respnd clinically, repeat lumbar punc-
ture may be indicated t assess bacterilgic respnse.

Dexamethasne administered with antibitic t adults
has been assciated with a 60% reductin in mrtality and
a 50% reductin in unfavrable utcmes. It is recm-
mended that dexamethasne be given immediately prir t
r cncmitantly with the first dse f apprpriate antibi-
tic and cntinued in thse with pneumcccal disease
every 6 hurs thereafter fr a ttal f 4 days. The effect f
dexamethasne n utcme f meningitis caused by peni-
cillin-resistant rganisms is nt knwn.

Csterus JM et al. Cmmunity-acquired bacterial meningitis.
Curr Opin Infect Dis. 2017;30:135. [PMID: 27828810]

Mra Carpi AL et al. Pneumcccal bacteremia and meningi-
tis. N Engl J Med. 2018;379:2063. [PMID: 30462944]

STAPHYLOCOCCUS AUREUS INFECTIONS

1. Skin & Soft Tissue Infections

E S S E N T I A L S  O F  D I A G N O S I S

» Localized erythema with induration and purulent
drainage.

» Abscess formation.

» Folliculitis commonly observed.

» Gram stain of pus shows gram-positive cocci in
clusters; cultures usually positive.

» General Considerations

Apprximately ne-quarter f peple are asymptmatic
nasal carriers f S aureus, which is spread by direct cntact.
Carriage ften precedes infectin, which ccurs as a cnse-
quence f disruptin f the cutaneus barrier r impair-
ment f hst defenses. S aureus tends t cause mre
purulent skin infectins than streptccci, and abscess
frmatin is cmmn. The prevalence f methicillin-
resistant strains in many cmmunities is high and shuld
influence antibitic chices when antimicrbial therapy is
needed.

» Clinical Findings

A. Symptoms and Signs

S aureus skin infectins may begin arund ne r mre
hair fllicles, causing flliculitis; may becme lcalized t
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frm bils (r furuncles); r may spread t adjacent skin
and deeper subcutaneus tissue (ie, a carbuncle). Deep
abscesses invlving muscle r fascia may ccur, ften in
assciatin with a deep wund r ther inculatin r
injectin (Figure 33–2). Necrtizing fasciitis, a rare frm f
S aureus skin and sft tissues infectin, has been reprted
with cmmunity strains f methicillin-resistant S aureus.

B. Laboratory Findings

Cultures f the wund r abscess material will almst
always yield the rganism. In patients with systemic signs
f infectin, bld cultures shuld be btained because f
ptential bacteremia, endcarditis, stemyelitis, r meta-
static seeding f ther sites. Patients wh are bacteremic
shuld have bld cultures taken early during therapy t
exclude persistent bacteremia, an indicatr f severe r
cmplicated infectin.

» Treatment

Prper drainage f abscess fluid r ther fcal infectins is
the mainstay f therapy. Incisin and drainage alne is
highly effective fr the treatment f mst uncmplicated
cutaneus abscesses. A small benefit can be btained frm
the additin f antimicrbials fllwing incisin and
drainage (Table 33–1). In areas where methicillin resis-
tance amng cmmunity S aureus islates is high, recm-
mended ral antimicrbial agents include clindamycin,
trimethprim-sulfamethxazle, dxycycline, r mincy-
cline. When the risk f methicillin resistance is lw r
methicillin susceptibility has been cnfirmed by testing f
the islate, cnsider diclxacillin r cephalexin. Seven days
f treatment are sufficient in mst cases.

Fr cmplicated infectins with extensive cutaneus r
deep tissue invlvement r fever, initial parenteral therapy
is ften indicated. When methicillin resistance rates are
high (abve 10%), empiric therapy with vancmycin is a
drug f chice. Cefazlin intravenusly r intramuscularly

r a penicillinase-resistant penicillin such as nafcillin r
xacillin in a dsage f 1.5 g every 6 hurs intravenusly is
preferred fr infectins caused by methicillin-susceptible
islates. Ttal duratin f therapy fr sft tissue infectins
depends n clinical respnse and effectiveness f drainage/
debridement. Curses f 7 days with early transitin t ral
therapy are effective in many cases.

Linezlid is FDA apprved fr treatment f skin and
skin-structure infectins as well as hspital-acquired pneu-
mnia caused by methicillin-resistant strains f S aureus; it
is clinically as effective as vancmycin fr these indicatins.
Its cnsiderable cst makes it an unattractive chice fr mst
rutine utpatient infectins, and its safety in treatment
curses lasting lnger than 2–3 weeks is nt well character-
ized. Other drugs that are FDA apprved fr treating skin
and sft tissue infectins are listed in Table 33–1. Telavancin
is apprved fr the treatment f hspital-acquired S aureus
pneumnia but has been assciated with nephrtxicity.

Khan A et al. Current and future treatment ptins fr cmmunity-
assciated MRSA infectin. Expert Opin Pharmacther.
2018;19:457. [PMID: 29480032]

Mran GJ et al. Effect f cephalexin plus trimethprim-sulfa-
methxazle vs cephalexin alne n clinical cure f uncm-
plicated cellulitis: a randmized clinical trial. JAMA. 2017;
317:2088. [PMID: 28535235]

Pullman J et al; PROCEED Study Grup. Efficacy and safety f
delaflxacin cmpared with vancmycin plus aztrenam fr
acute bacterial skin and skin structure infectins: a phase 3,
duble-blind, randmized study. J Antimicrb Chemther.
2017;72:3471. [PMID: 29029278]

Talan DA et al. Trimethprim-sulfamethxazle versus placeb
fr uncmplicated skin abscess. N Engl J Med. 2016;374:823.
[PMID: 26962903]

2. Osteomyelitis

S aureus causes apprximately 60% f all cases f stemy-
elitis. Ostemyelitis may be caused by direct inculatin,
eg, frm an pen fracture r as a result f surgery; by exten-
sin frm a cntiguus fcus f infectin r pen wund;
r by hematgenus spread. Lng bnes and vertebrae are
the usual sites. Epidural abscess is a cmmn cmplicatin
f vertebral stemyelitis and shuld be suspected if fever
and severe back r neck pain are accmpanied by radicular
pain r symptms r signs indicative f spinal crd cm-
pressin (eg, incntinence, extremity weakness, pathlgic
extremity reflexes).

» Clinical Findings

A. Symptoms and Signs

The infectin may be acute, with abrupt develpment f
lcal symptms and systemic txicity, r indlent, with
insidius nset f vague pain ver the site f infectin,
prgressing t lcal tenderness and cnstitutinal symp-
tms (fever, malaise, anrexia, night sweats). Fever is
absent in ne-third r mre f cases. Back pain is ften the
nly symptm in vertebral stemyelitis and may be ass-
ciated with an epidural abscess and spinal crd cmpres-
sin. Draining sinus tracts ccur in chrnic infectins r
infectins f freign bdy implants.

▲ Figure 33–2. Methicillin-resistant Staphylococcus

aureus (MRSA) abscess on the back of the neck. (Used,
with permission, from Richard P. Usatine, MD, in Usatine
RP, Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas
and Synopsis of Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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B. Laboratory Findings

The diagnsis is established by islatin f S aureus frm
the bld, bne, r a cntiguus fcus f a patient with
symptms and signs f fcal bne infectin. Bld culture
will be psitive in apprximately 60% f untreated cases.
Bne bipsy and culture are indicated if bld cultures are
sterile. Inflammatry markers (CRP, ESR) are typically
elevated.

C. Imaging

Bne scan and gallium scan, each with a sensitivity f
apprximately 95% and a specificity f 60–70%, are useful
in identifying r cnfirming the site f bne infectin.
Plain bne films early in the curse f infectin are ften
nrmal but will becme abnrmal in mst cases even with
effective therapy. Spinal infectin (unlike malignancy) tra-
verses the disk space t invlve the cntiguus vertebral
bdy. CT is mre sensitive than plain films and helps lcal-
ize assciated abscesses. MRI is slightly less sensitive than
bne scan, but has a specificity f 90%. It is indicated when
epidural abscess is suspected in assciatin with vertebral
stemyelitis. 18F-FDG-PET/CT may be useful in the diag-
nsis f vertebral stemyelitis as well as the detectin f
ther metastatic sites f infectin.

» Treatment

Prlnged therapy is required t cure staphylcccal ste-
myelitis. Duratins f 4–6 weeks r lnger are recm-
mended. Traditinally, intravenus therapy has been
preferred, particularly during the acute phase f the infec-
tin fr patients with systemic txicity. Intravenus ther-
apy with cefazlin, 2 g every 8 hurs, r alternatively,
nafcillin r xacillin, 9–12 g/day in six divided dses, are
the drugs f chice fr infectin with methicillin-sensitive
islates. Patients with infectins due t methicillin-
resistant strains f S aureus r wh have severe penicillin
allergies shuld be treated with vancmycin, 30 mg/kg/day
intravenusly divided in tw r three dses. Dses shuld
be adjusted t achieve a vancmycin trugh level f
15–20 mcg/mL. Studies have als demnstrated nninferi-
rity f ral regimens fllwing 2 weeks f intravenus
therapy. In patients with S aureus islates susceptible t
ral agents, cmbinatin ral therapy has been shwn t be
effective if given fr 4–6 weeks fllwing 2 weeks f induc-
tin therapy with an intravenus agent as abve. Lev-
flxacin, 750 mg rally daily, r ciprflxacin, 750 mg
rally twice daily, in cmbinatin with rifampin, 300 mg
twice daily, is an ral regimen with the mst data supprt-
ing efficacy. Trimethprim-sulfamethxazle, dxycycline,
r clindamycin may be an ptin fr ral therapy in the
right candidate; cnsultatin with an infectius diseases
specialist is recmmended. The rle f newer agents, such
as daptmycin r linezlid, remains t be defined.

Surgical treatment is ften indicated under the fllw-
ing circumstances: (1) staphylcccal stemyelitis with
assciated epidural abscess and spinal crd cmpressin,
(2) ther abscesses (psas, paraspinal), (3) extensive dis-
ease, r (4) recurrent r persistent infectin despite

standard medical therapy. Fllw-up imaging may nt be
needed in patients wh demnstrate imprvement in
symptms and nrmalizatin f inflammatry markers.

Berbari EF et al. 2015 Infectius Diseases Sciety f America
(IDSA) clinical practice guidelines fr the diagnsis and
treatment f native vertebral stemyelitis in adults. Clin
Infect Dis. 2015;61:e26. [PMID: 26229122]

Li HK et al; OVIVA Trial Cllabratrs. Oral versus intravenus
antibitics fr bne and jint infectin. N Engl J Med. 2019;
380:425. [PMID: 30699315]

3. Stapylococcal Bacteremia

S aureus readily invades the bldstream and infects sites
distant frm the primary site f infectin. Whenever S
aureus is recvered frm bld cultures, the pssibility f
endcarditis, stemyelitis, r ther metastatic deep infec-
tin must be cnsidered. Bacteremia that persists fr mre
than 48–96 hurs after initiatin f therapy is strngly
predictive f wrse utcme and cmplicated infectin.
Given the relatively high risk f infective endcarditis in
patients with S aureus bacteremia, transesphageal ech-
cardigraphy is recmmended fr mst patients as a sensi-
tive and cst-effective methd fr excluding underlying
endcarditis. Hwever, transthracic echcardigraphy
may be sufficient in select patients cnsidered t be at lw
risk fr endcarditis, namely thse wh meet all the fllw-
ing criteria: (1) n permanent intracardiac device, (2)
sterile fllw-up bld cultures within 4 days after the
initial set, (3) n hemdialysis dependence, (4) nscmial
acquisitin f S aureus bacteremia, and (5) n clinical signs
f infective endcarditis r secndary fci f infectin.

Empiric therapy f staphylcccal bacteremia shuld
be with vancmycin, 15–20 mg/kg/dse intravenusly
every 8–12 hurs, r daptmycin, 6 mg/kg/day intrave-
nusly, until results f susceptibility tests are knwn. If the
S aureus islate is methicillin-susceptible, treatment shuld
be narrwed t cefazlin, 2 g every 8 hurs, r nafcillin r
xacillin, 2 g intravenusly every 4 hurs. Cefazlin is as
effective as nafcillin r xacillin and has been assciated
with fewer adverse events during treatment. In patients
with methicillin-resistant S aureus, treatment shuld be
with vancmycin, 15–20 mg/kg/dse intravenusly every
8–12 hurs. Maintaining a vancmycin trugh cncentra-
tin f 15–20 mcg/mL may imprve utcmes and is rec-
mmended. Daptmycin 6 mg/kg/day is als an
FDA-apprved ptin as lng as the patient des nt
require treatment fr cncmitant S aureus pneumnia.
The additin f rifamycins t standard antimicrbial ther-
apy has nt been shwn t be beneficial in the absence f
indwelling prsthetic material and is assciated with mre
adverse events. Duratin f therapy fr S aureus bactere-
mia is 4–6 weeks f antibitic therapy but a subset f
patients with uncmplicated infectin may be able t be
treated fr 14 days. A patient with uncmplicated bactere-
mia must meet all the fllwing criteria: (1) infective end-
carditis has been excluded, (2) n implanted prstheses are
present, (3) fllw-up bld cultures drawn 2–4 days after
the initial set are sterile, (4) the patient defervesces within
72 hurs f initiatin f effective antibitic therapy, and (5)
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n evidence f metastatic infectin is present n examina-
tin. When present at the time f diagnsis, central venus
catheters shuld be remved. Vancmycin treatment fail-
ures are relatively cmmn, particularly fr cmplicated
bacteremia and amng infectins invlving freign bdies.
Imprved utcmes have been demnstrated when cnsul-
tatin with an infectius diseases specialist is btained and
shuld be cnsidered in all cases f S aureus bacteremia.

Li J et al. β-Lactam therapy fr methicillin-susceptible Staphylo-
coccus aureus bacteremia: a cmparative review f cefazlin
versus antistaphylcccal penicillins. Pharmactherapy.
2017;37:346. [PMID: 28035690]

Liu C et al. Clinical practice guidelines by the Infectius Diseases
Sciety f America fr the treatment f methicillin-resistant
Staphylococcus aureus infectins in adults and children. Clin
Infect Dis. 2011;52:e18. [PMID: 21208910]

Ra SN et al. Treatment utcmes with cefazlin versus xacillin
fr deep-seated methicillin-susceptible Staphylococcus aureus
bldstream infectins. Antimicrb Agents Chemther.
2015;59:5232. [PMID: 26077253]

4. Toxic Sock Syndrome

S aureus prduces txins that cause three imprtant enti-
ties: “scalded skin syndrme” in children, txic shck syn-
drme in adults, and entertxin fd pisning. Txic
shck syndrme is characterized by abrupt nset f high
fever, vmiting, and watery diarrhea. Sre thrat, myalgias,
and headache are cmmn. Hyptensin with kidney and
heart failure is assciated with a pr utcme. A diffuse
macular erythematus rash and nnpurulent cnjunctivitis
are cmmn, and desquamatin, especially f palms and
sles, is typical during recvery (Figure 33–3). Fatality
rates may be as high as 15%. Althugh riginally assciated
with tampn use, any fcus (eg, naspharynx, bne,
vagina, rectum, abscess, r wund) harbring a txin-
prducing S aureus strain can cause txic shck syndrme.
Classically, bld cultures are negative because symptms
are due t the effects f the txin and nt systemic
infectin. Other entities assciated with txic shck
include invasive grup A streptcccal infectin and certain
Clostridium species (C perfringens, C sordellii).

Imprtant aspects f treatment include rapid rehydra-
tin, targeted antimicrbials (antistaphylcccal therapy
when S aureus is implicated) (Table 33–1), management f
kidney r heart failure, and addressing surces f txin, eg,
remval f tampn r drainage f abscess. Intravenus
clindamycin, 900 mg every 8 hurs, is ften added t inhibit
txin prductin. Intravenus immune glbulin may be
cnsidered, althugh there are limited data cmpared with
Streptococcus txic shck syndrme (see abve).

5. Infections Caused by
CoagulaseNegative Stapylococci

Cagulase-negative staphylccci are an imprtant cause
f infectins f intravascular and prsthetic devices and f
wund infectin fllwing cardithracic surgery. These
rganisms infrequently cause infectins such as stemy-
elitis and endcarditis in the absence f a prsthesis. Mst
human infectins are caused by Staphylococcus epidermidis,
S haemolyticus, S hominis, S warnerii, S saprophyticus,
S saccharolyticus, and S cohnii. These cmmn hspital-
acquired pathgens are less virulent than S aureus, and
infectins caused by them tend t be mre indlent.

Because cagulase-negative staphylccci are nrmal
inhabitants f human skin, it is difficult t distinguish
infectin frm cntaminatin, the latter perhaps accunt-
ing fr three-furths f bld culture islates. Infectin is
mre likely if the patient has a freign bdy (eg, sternal
wires, prsthetic jint, prsthetic cardiac valve, pacemaker,
intracranial pressure mnitr, cerebrspinal fluid shunt,
peritneal dialysis catheter) r an intravascular device in
place. Purulent r sersanguineus drainage, erythema,
pain, r tenderness at the site f the freign bdy r device
suggests infectin. Jint instability and pain are signs f
prsthetic jint infectin. Fever, a new murmur, instability
f the prsthesis, r signs f systemic emblizatin are
evidence f prsthetic valve endcarditis.

Infectin is als mre likely if the same strain is cnsis-
tently islated frm tw r mre bld cultures (particu-
larly if samples were btained at different times) and frm
the freign bdy site. Cntaminatin is mre likely when a
single bld culture is psitive r if mre than ne strain is
islated frm bld cultures. The antimicrbial suscepti-
bility pattern and speciatin are used t determine whether
ne r mre strains have been islated.

Whenever pssible, the intravascular device r freign
bdy suspected f being infected shuld be remved. Hw-
ever, remval and replacement f sme devices (eg, prs-
thetic jint, prsthetic valve, cerebrspinal fluid shunt) can
be a difficult r risky prcedure, and it may smetimes be
preferable t treat with antibitics alne, knwing that the
prbability f cure is reduced and that surgical manage-
ment may eventually be necessary.

Cagulase-negative staphylccci are cmmnly resis-
tant t beta-lactams and multiple ther antibitics. Fr
patients with nrmal kidney functin, vancmycin, 1 g
intravenusly every 12 hurs, is the treatment f chice
until susceptibility t penicillinase-resistant penicillins r
ther agents has been cnfirmed. Duratin f therapy has
nt been established fr relatively uncmplicated infec-
tins, such as thse frm intravenus devices, which may

▲ Figure 33–3. Marked desquamation due to toxic
shock syndrome, which develops late in the disease.
(Public Health Image Library, CDC.)
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be eliminated by simply remving the device. Infectin
invlving bne r a prsthetic valve shuld be treated fr
6 weeks. A cmbinatin regimen f vancmycin plus
rifampin, 300 mg rally twice daily, plus gentamicin, 1 mg/kg
intravenusly every 8 hurs, is recmmended fr treatment
f prsthetic valve endcarditis caused by methicillin-
resistant strains.

Baddur LM et al. Infective endcarditis in adults: diagnsis,
antimicrbial therapy, and management f cmplicatins: a
scientific statement fr healthcare prfessinals frm the
American Heart Assciatin. Circulatin. 2015;132:1435.
[PMID: 26373316]

Tan EM et al. Outcmes in patients with cardivascular
implantable electrnic device infectin managed with
chrnic antibitic suppressin. Clin Infect Dis. 2017;64:1516.
[PMID: 28329125]

CLOSTRIDIAL DISEASES

1. Clostridial Myonecrosis (Gas Gangrene)

E S S E N T I A L S  O F  D I A G N O S I S

» Sudden onset of pain and edema in and around a
contaminated wound.

» Prostration and systemic toxicity.

» Brown to blood-tinged watery exudate, with skin
discoloration of surrounding area.

» Gas in the tissue by palpation or radiograph.

» Gram-positive rods in culture or smear of
exudate.

» General Considerations

Gas gangrene r clstridial mynecrsis is a life-threatening
muscle infectin prduced by any ne f several clstridia
(Clostridium perfringens, C ramosum, C bifermentans, C
histolyticum, C novyi, etc). Trauma and injectin drug use
are cmmn predispsing cnditins. Txins prduced in
devitalized tissues under anaerbic cnditins result in
shck, hemlysis, and mynecrsis.

» Clinical Findings

A. Symptoms and Signs

The nset is usually sudden, with rapidly increasing pain in
the affected area, hyptensin, and tachycardia. Fever is
present but is nt prprtinate t the severity f the infec-
tin. In the last stages f the disease, severe prstratin,
stupr, delirium, and cma ccur.

The wund becmes swllen, and the surrunding skin
is pale. There is a ful-smelling brwn, bld-tinged serus
discharge. As the disease advances, the surrunding tissue
changes frm pale t dusky and finally becmes deeply
disclred, with calescent, red, fluid-filled vesicles. Gas
may be palpable in the tissues.

B. Laboratory Findings

Gas gangrene is a clinical diagnsis, and empiric therapy is
indicated if the diagnsis is suspected. Radigraphic stud-
ies may shw gas within the sft tissues, but this finding is
nt sensitive nr specific. The smear shws absence f
neutrphils and the presence f gram-psitive rds. Anaer-
bic culture cnfirms the diagnsis.

» Differential Diagnosis

Other bacteria can prduce gas in infected tissue, eg,
enteric gram-negative rganisms, r anaerbes.

» Treatment

Adequate surgical debridement and expsure f infected
areas are essential, with radical surgical excisin ften nec-
essary. Penicillin, 2 millin units every 3 hurs intrave-
nusly, is an effective adjunct. Clindamycin may decrease
the prductin f bacterial txin, and sme experts recm-
mend the additin f clindamycin, 600–900 mg every
8 hurs intravenusly, t penicillin. Hyperbaric xygen
therapy has been used empirically but must be used in
cnjunctin with administratin f an apprpriate antibi-
tic and surgical debridement.

De Prst N et al. Therapeutic targets in necrtizing sft tissue
infectins. Intensive Care Med. 2017;43:1717. [PMID:
28474117]

Stevens DL et al. Practice guidelines fr the diagnsis and man-
agement f skin and sft tissue infectins: 2014 update by the
Infectius Diseases Sciety f America. Clin Infect Dis.
2014;59:147. [PMID: 24947530]

Yang Z et al. Interventins fr treating gas gangrene. Cchrane
Database Syst Rev. 2015;12:CD010577. [PMID: 26631369]

2. Tetanus

E S S E N T I A L S  O F  D I A G N O S I S

» History of wound and possible contamination.

» Jaw muscle stiffness (“lock jaw”), then spasms
(trismus).

» Neck stiffness, dysphagia, irritability, hyperreflexia.

» Finally, painful convulsions precipitated by mini-
mal stimuli.

» General Considerations

Tetanus is caused by the neurtxin tetanspasmin, elab-
rated by C tetani. Spres f this rganism are ubiquitus in
sil and may germinate when intrduced int a wund.
Tetanspasmin interferes with neurtransmissin at spinal
synapses f inhibitry neurns. As a result, minr stimuli
result in uncntrlled spasms, and reflexes are exaggerated.
The incubatin perid is 5 days t 15 weeks, with the aver-
age being 8–12 days.

Mst cases ccur in unvaccinated individuals. Persns
at risk are lder adults, migrant wrkers, newbrns, and
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injectin drug users. While puncture wunds are particu-
larly prne t causing tetanus, any wund, including bites
r decubiti, may becme clnized and infected by C
tetani.

» Clinical Findings

A. Symptoms and Signs

The first symptm may be pain and tingling at the site f
inculatin, fllwed by spasticity f the muscles nearby.
Stiffness f the jaw, neck stiffness, dysphagia, and irritability
are ther early signs. Hyperreflexia develps later, with
spasms f the jaw muscles (trismus) r facial muscles and
rigidity and spasm f the muscles f the abdmen, neck, and
back. Painful tnic cnvulsins precipitated by minr stim-
uli are cmmn. Spasms f the glttis and respiratry mus-
cles may cause acute asphyxia. The patient is awake and alert
thrughut the illness. The sensry examinatin is nrmal.
The temperature is nrmal r nly slightly elevated.

B. Laboratory Findings

The diagnsis f tetanus is made clinically.

» Differential Diagnosis

Tetanus must be differentiated frm varius acute central
nervus system (CNS) infectins such as meningitis. Tris-
mus may ccasinally develp with the use f phenthi-
azines. Strychnine pisning shuld als be cnsidered.

» Complications

Airway bstructin is cmmn. Urinary retentin and
cnstipatin may result frm spasm f the sphincters.
Respiratry arrest and cardiac failure are late events.

» Prevention

Active immunizatin prevents tetanus (see Table 30–7). Fr
primary immunizatin f adults, Td (tetanus and diphthe-
ria txids vaccine) is administered as tw dses 4–6 weeks
apart, with a third dse 6–12 mnths later. Fr ne f the
three dses, Tdap (tetanus txid, reduced-dse diphtheria

txid, acellular pertussis vaccine) shuld be substituted
fr Td. Bster Td dses are given every 10 years r at the
time f majr injury if it ccurs mre than 5 years after a
dse; a single dse f Tdap is preferred t Td fr wund
management if the patient has nt been previusly vacci-
nated with Tdap. Wmen shuld receive Tdap with each
pregnancy, preferably between 27 and 36 weeks, with
immunizatin at 27–30 weeks assciated with the highest
antibdy cncentratins.

Passive immunizatin with tetanus immune glbulin,
250 units intramuscularly, shuld be used in nnimmu-
nized individuals and thse whse immunizatin status is
uncertain whenever a wund is cntaminated r likely t
have devitalized tissue. Active immunizatin with tetanus
txid vaccine is started cncurrently. Table 33–2 prvides
a guide t prphylactic management.

» Treatment

A. Specific Measures

Human tetanus immune glbulin, 500 units, shuld be
administered intramuscularly within the first 24 hurs f
presentatin. Whether intrathecal administratin has any
additinal benefit is cntrversial. An unblinded, randm-
ized trial cmparing intramuscular tetanus immune glbu-
lin t intramuscular plus intrathecal tetanus immune
glbulin fund clinical benefit in the intrathecal grup.
Hwever, the exact immune glbulin preparatin was nt
specified and the ttal dse was 4000 units. Tetanus des
nt prduce natural immunity, and a full curse f immu-
nizatin with tetanus txid shuld be administered nce
the patient has recvered.

B. General Measures

Debridement f wunds shuld be undertaken if impli-
cated as the surce. Metrnidazle, 7.5 mg/kg adminis-
tered intravenusly r rally every 6 hurs (maximum 4 g
daily), is preferred and shuld be administered t all
patients. Penicillin, 20 millin units intravenusly daily in
divided dses, is an alternative. Minimal stimuli can pr-
vke spasms, s the patient shuld be placed at bed rest

Table 33–2. Guide to tetanus prophylaxis in wound management.

history of Absorbed

Tetanus Toxoid

Clean, Minor Wounds All Oter Wounds1

Tdap or Td2 TIG3 Tdap or Td2 TIG3

Unknown or < 3 doses Yes No Yes Yes

3 or more doses No4 No No5 No

1Examples include wounds contaminated with dirt, feces, soil, or saliva; puncture wounds; avulsions; and wounds from missiles, crushing,

burns, and frostbite.
2Td indicates tetanus toxoid and diphtheria toxoid vaccine, adult form. Tdap indicates tetanus toxoid, reduced diphtheria toxoid, and acel-

lular pertussis vaccine, which may be substituted as a single dose for Td. Unvaccinated individuals should receive a complete series of three

doses, one of which is Tdap.
3Human tetanus immune globulin, 250 units intramuscularly.
4Yes if more than 10 years have elapsed since last dose.
5Yes if more than 5 years have elapsed since last dose. (More frequent boosters are not needed and can enhance side effects.) Tdap has

been safely administered within 2 years of Td vaccination, although local reactions to the vaccine may be increased.
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and mnitred under the quietest cnditins pssible.
Sedatin, paralysis with curare-like agents, and mechanical
ventilatin are ften necessary. Enteral nutritinal supprt
shuld be given early.

» Prognosis

High mrtality rates are assciated with a shrt incubatin
perid, early nset f cnvulsins, and delay in treatment.
Cntaminated lesins abut the head and face are mre
dangerus than wunds elsewhere.

Healy CM et al. Assciatin between third-trimester Tdap
immunizatin and nenatal pertussis antibdy cncentra-
tin. JAMA. 2018;320:1464. [PMID: 30304426]

3. Botulism

E S S E N T I A L S  O F  D I A G N O S I S

» Recent ingestion of home-canned or smoked
foods; recovery of toxin in serum or food.

» Injection drug use.

» Diplopia, dry mouth, dysphagia, dysphonia; mus-
cle weakness leading to respiratory paralysis; nor-
mal sensory examination.

» Pupils are fixed and dilated in most cases.

» General Considerations

Btulism is a paralytic disease caused by btulinum txin,
which is prduced by Clostridium botulinum, a ubiquitus,
strictly anaerbic, spre-frming bacillus fund in sil.
Fur txin types—A, B, E, and F—cause human disease.
Btulinum txin is extremely ptent and is classified by the
CDC as a high-pririty agent because f its ptential fr
use as an agent f biterrrism. Naturally ccurring btu-
lism exists in three frms: fd-brne btulism, infant
btulism, r wund btulism. Fd-brne btulism is
caused by ingestin f prefrmed txin present in canned,
smked, r vacuum-packed fds such as hme-canned
vegetables, smked meats, and vacuum-packed fish. Cm-
mercial fds have been assciated with utbreaks f btu-
lism. Infant btulism (assciated with ingestin f hney)
and wund btulism (ften ccurs in assciatin with
injectin drug use) result frm rganisms present in the
gut r wund that secrete txin.

» Clinical Findings

A. Symptoms and Signs

Twelve t 36 hurs after ingestin f the txin, visual dis-
turbances appear, particularly diplpia and lss f accm-
mdatin. Ptsis, cranial nerve palsies with impairment f
extracular muscles, and fixed dilated pupils are character-
istic signs. The sensry examinatin is nrmal. Other
symptms are dry muth, dysphagia, and dysphnia. Nau-
sea and vmiting may be present, particularly with type E

txin. The sensrium remains clear and the temperature
nrmal. Paralysis prgressing t respiratry failure and
death may ccur unless mechanical assistance is prvided.

B. Laboratory Findings

Txin in fds and patients’ serum can be demnstrated by
muse inculatin and identified with specific antiserum.

» Differential Diagnosis

Because the clinical presentatin f btulism is s distinc-
tive and the differential diagnsis limited, btulism nce
cnsidered is nt easily cnfused with ther diseases. Cra-
nial nerve invlvement may be seen with vertebrbasilar
insufficiency, the C. Miller Fisher variant f Guillain-Barré
syndrme, myasthenia gravis, r any basilar meningitis
(infectius r carcinmatus).

» Treatment

If btulism is suspected, the clinician shuld cntact state
health authrities r the CDC fr advice and help with pr-
curement f equine serum heptavalent btulism antitxin
and fr assistance in btaining assays fr txin in serum,
stl, r fd. Skin testing is recmmended t exclude
hypersensitivity t the antitxin preparatin. Antitxin
shuld be administered as early as pssible, ideally within
24 hurs f the nset f symptms, t arrest prgressin f
disease; its administratin shuld nt be delayed fr labra-
try cnfirmatin f the diagnsis. Respiratry failure is
managed with intubatin and mechanical ventilatin. Par-
enteral fluids r alimentatin shuld be given while swal-
lwing difficulty persists. The remval f unabsrbed txin
frm the gut may be attempted. Remnants f suspected
fds shuld be assayed fr txin. Persns wh might have
eaten the suspected fd must be lcated and bserved.

Adalja AA et al. Clinical management f ptential biterrrism-
related cnditins. N Engl J Med. 2015;372:954. [PMID:
25738671]

Schulte M et al. Effective and rapid treatment f wund btulism,
a case reprt. BMC Surg. 2017;17:103. [PMID: 29073888]

LISTERIOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Ingestion of contaminated food product.

» Fever in a pregnant woman in her third trimester.

» Altered mental status and fever in an elderly or
immunocompromised patient.

» Blood and cerebrospinal fluid cultures confirm the
diagnosis.

» General Considerations

Listeria monocytogenes is a facultative, mtile, gram-
psitive rd that is capable f invading several cell types and
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causes intracellular infectin. Mst cases f infectin
caused by L monocytogenes are spradic, but utbreaks
have been traced t eating cntaminated fd, including
unpasteurized dairy prducts, ht dgs, delicatessen meats,
cantalupes, and rictta cheese. Outbreaks have been ass-
ciated with significant mrbidity and mrtality in infected
persns.

» Clinical Findings

Five types f infectin are recgnized:
(1) Infection during pregnancy, usually in the last

trimester, is a mild febrile illness withut an apparent
primary fcus and may reslve withut specific therapy.
Hwever, apprximately ne in five pregnancies cmpli-
cated by listerisis result in spntaneus abrtin r
stillbirth and surviving infants are at risk fr clinical ne-
natal listerisis.

(2) Granulomatosis infantisepticum is a nenatal
infectin acquired in uter, characterized by disseminated
abscesses, granulmas, and a high mrtality rate.

(3) Bacteremia with r withut sepsis syndrme is an
infectin f nenates r immuncmprmised adults. The
presentatin is f a febrile illness withut a recgnized
surce.

(4) Meningitis caused by L monocytogenes affects
infants under 2 mnths f age as well as lder adults, rank-
ing third after pneumcccus and meningcccus as cm-
mn causes f bacterial meningitis. Cerebrspinal fluid
shws a neutrophilic plecytsis. Adults with meningitis
are ften immuncmprmised, and cases have been ass-
ciated with HIV infectin and therapy with tumr necrsis
factr (TNF) inhibitrs such as infliximab.

(5) Focal infections, including adenitis, brain abscess,
endcarditis, stemyelitis, and arthritis, ccur rarely.

» Prevention

At-risk patients (eg, pregnant wmen) shuld avid unpas-
teurized milk prducts. Smked seafds, cld cuts, ht
dgs, and meat spreads als carry risk. Thrughly ck
animal surce fd and wash raw vegetables.

» Treatment

Ampicillin, 8–12 g/day intravenusly in fur t six divided
dses (the higher dse fr meningitis), is the treatment f
chice. Gentamicin, 5 mg/kg/day intravenusly nce r in
divided dses, is synergistic with ampicillin against Listeria
in vitr and in animal mdels, and the use f cmbinatin
therapy may be cnsidered during the first few days f
treatment t enhance eradicatin f rganisms. In patients
with penicillin allergies, trimethprim-sulfamethxazle
has excellent intracellular and cerebrspinal fluid pene-
tratin and is an apprpriate alternative. The dse is
10–20 mg/kg/day intravenusly f the trimethprim cm-
pnent. Mrtality and mrbidity rates still are high. Ther-
apy shuld be administered fr at least 2–3 weeks. Lnger
duratins—between 3 and 6 weeks—have been recm-
mended fr treatment f meningitis, especially in immu-
ncmprmised persns.

Madjunkv M et al. Listerisis during pregnancy. Arch Gynecl
Obstet. 2017;296:143. [PMID: 28536811]

Salama PJ et al. Learning frm listeria: safer fd fr all. Lancet.
2018;391:2305. [PMID: 29900862]

º
INFECTIVE ENDOCARDITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Fever.

» Preexisting organic heart lesion.

» Positive blood cultures.

» Evidence of vegetation on echocardiography.

» Evidence of systemic emboli.

» General Considerations

Endcarditis is a bacterial r fungal infectin f the valvular
r endcardial surface f the heart. The clinical presentatin
depends n the infecting rganism and the valve r valves
that are infected. Mre virulent rganisms—S aureus in
particular—tend t prduce a mre rapidly prgressive and
destructive infectin. Endcarditis caused by mre virulent
rganisms ften presents as an acute febrile illness and is
cmplicated by early emblizatin, acute valvular regurgita-
tin, and mycardial abscess frmatin. Viridans strains f
streptccci, enterccci, ther bacteria, yeasts, and fungi
tend t cause a mre subacute picture.

Predispsing valvular abnrmalities include rheumatic
invlvement f any valve, bicuspid artic valves, calcific r
sclertic artic valves, hypertrphic subartic stensis, mitral
valve prlapse, and a variety f cngenital disrders such as
ventricular septal defect, tetralgy f Fallt, carctatin f the
arta, r patent ductus arterisus. Rheumatic disease is n
lnger the majr predispsing factr in develped cuntries.
Regurgitatin lesins are mre susceptible than stentic nes.

The initiating event in native valve endcarditis is clni-
zatin f the valve by bacteria r yeast that gain access t the
bldstream. Transient bacteremia is cmmn during dental,
upper respiratry, urlgic, and lwer gastrintestinal diag-
nstic and surgical prcedures. It is less cmmn during
upper gastrintestinal and gyneclgic prcedures. Intravas-
cular devices are als a prtal f access f micrrganisms
int the bldstream. A large prprtin f cases f S aureus
endcarditis are attributable t health care–assciated
bacteremia.

Native valve endocarditis is usually caused by S aureus,
viridans streptccci, enterccci, r HACEK rganisms (an
acrnym fr Haemophilus aphrophilus [nw Aggregatibacter
aphrophilus], Actinobacillus actinomycetemcomitans [nw
Aggregatibacter actinomycetemcomitans], Cardiobacterium
hominis, Eikenella corrodens, and Kingella species). Strept-
cccal species frmerly accunted fr the majrity f native
valve endcarditis cases; S aureus is nw the leading cause.
Gram-negative rganisms and fungi accunt fr a small
percentage.
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In injection drug users, S aureus accunts fr ver 60%
f all endcarditis cases and fr 80–90% f cases in which
the tricuspid valve is infected. Enterccci and streptccci
cmprise mst f the balance in abut equal prprtins.
Other causative rganisms are gram-negative aerbic
bacilli, fungi, and unusual rganisms.

The micrbilgy f prosthetic valve endocarditis als
is distinctive. Early infectins (ie, thse ccurring within
2 mnths after valve implantatin) are cmmnly caused
by staphylccci—bth cagulase-psitive and cagulase-
negative—gram-negative rganisms, and fungi. In late
prsthetic valve endcarditis, streptccci are cmmnly
identified, althugh cagulase-negative and cagulase-
psitive staphylccci still cause many cases.

» Clinical Findings

A. Symptoms and Signs

Virtually all patients have fever at sme pint in the illness,
althugh it may be very lw grade (less than 38°C) in
elderly individuals and in patients with heart failure r
kidney failure. Rarely, there may be n fever at all.

The duratin f illness typically is a few days t a few
weeks. Nnspecific symptms are cmmn. The initial
symptms and signs f endcarditis may be caused by
direct arterial, valvular, r cardiac damage. Althugh a
changing regurgitant murmur is significant diagnstically,
it is the exceptin rather than the rule. Symptms als may
ccur as a result f emblizatin, metastatic infectin r
immunlgically mediated phenmena. These include
cugh; dyspnea; arthralgias r arthritis; diarrhea; and
abdminal, back, r flank pain.

The characteristic peripheral lesins—petechiae (n the
palate r cnjunctiva r beneath the fingernails), subungual
(“splinter”) hemrrhages (Figure 33–4), Osler ndes (pain-
ful, vilaceus raised lesins f the fingers, tes, r feet,
Janeway lesins (painless erythematus lesins f the palms
r sles), and Rth spts (exudative lesins in the retina)—
ccur in abut 25% f patients. Strkes and majr systemic
emblic events are present in abut 25% f patients and
tend t ccur befre r within the first week f antimicr-
bial therapy. Hematuria and prteinuria may result frm
embli r immunlgically mediated glmerulnephritis.

B. Imaging

Chest radigraph may shw evidence fr the underlying
cardiac abnrmality and, in right-sided endcarditis, pul-
mnary infiltrates. The electrcardigram is nndiagns-
tic, but new cnductin abnrmalities suggest mycardial
abscess frmatin. Echcardigraphy is useful in identify-
ing vegetatins and ther characteristic features suspicius
fr endcarditis and may prvide adjunctive infrmatin
abut the specific valve r valves that are infected. The
sensitivity f transthracic echcardigraphy is between
55% and 65%; it cannt reliably rule ut endcarditis but
may cnfirm a clinical suspicin. Transesphageal ech-
cardigraphy is 90% sensitive in detecting vegetatins and
is particularly useful fr identifying valve ring abscesses as
well as prsthetic valve endcarditis.

C. Diagnostic Studies

1. Blood cultures—Three sets f bld cultures are recm-
mended befre starting antibitics t maximize micrbi-
lgic diagnsis; adequate vlume is imprtant. Each culture
bttle shuld be filled with 10 mL f bld since half f
adults have less than 1 clny frming unit f bacteria per
mL bld. The yield f bacteria may be up t 5% higher fr
every additinal milliliter cllected. Optimal yield is with
tw r three sets f cultures frm different sites. There is n
difference in yield if bld is cllected simultaneusly r
several hurs apart.

Apprximately 5% f cases will be culture-negative,
usually attributable t administratin f antimicrbials
prir t cultures. If antimicrbial therapy has been admin-
istered prir t btaining cultures and the patient is clini-
cally stable, it is reasnable t withhld antimicrbial
therapy fr 2–3 days s that apprpriate cultures can be
btained. Culture-negative endcarditis may als be due t
rganisms that require special media fr grwth (eg,
Legionella, Bartonella, Abiotrophia species, frmerly
referred t as nutritinally deficient streptccci), rgan-
isms that d nt grw n artificial media (Tropheryma
whipplei, r pathgens f Q fever r psittacsis), r thse
that may require prlnged incubatin (eg, Brucella, anaer-
bes, HACEK rganisms). Bartonella quintana is an impr-
tant cause f culture-negative endcarditis.

2. Modified Duke criteria—The Mdified Duke criteria
are useful fr the diagnsis f endcarditis. Major criteria
include (1) tw psitive bld cultures fr a micrrgan-
ism that typically causes infective endcarditis r persis-
tent bacteremia, r a single psitive bld culture fr

▲ Figure 33–4. Splinter hemorrhages appearing as
red lineal streaks under the nail plate and within the
nail bed, in endocarditis, psoriasis, and trauma. (Used,
with permission, from Richard P. Usatine, MD, in Usatine
RP, Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas
and Synopsis of Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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Coxiella burnetii r anti–phase 1 IgG antibdy titer greater
than r equal t 1:800; and (2) evidence f endcardial
invlvement dcumented by echcardigraphy shwing
definite vegetatin, mycardial abscess, new partial dehis-
cence f a prsthetic valve, r new valvular regurgitatin
(increase r change in murmur is nt sufficient). Minor
criteria include the presence f a predispsing cnditin;
fever f 38°C r higher; vascular phenmena, such as cuta-
neus hemrrhages, aneurysm, systemic embli, r pul-
mnary infarctin; immunlgic phenmena, such as
glmerulnephritis, Osler ndes, Rth spts, r rheuma-
tid factr; and psitive bld cultures nt meeting the
majr criteria r serlgic evidence f an active infectin.
A definite diagnsis can be made with 80% accuracy if tw
majr criteria, ne majr criterin and three minr crite-
ria, r five minr criteria are fulfilled. A pssible diagnsis
f endcarditis is made if ne majr and ne minr crite-
rin r three minr criteria are met. If fewer criteria are
fund, r a sund alternative explanatin fr illness is
identified, r the patient’s febrile illness has reslved within
4 days, endcarditis is unlikely.

» Complications

The curse f infective endcarditis is determined by the
degree f damage t the heart, by the site f infectin
(right-sided versus left-sided, artic versus mitral valve),
by the presence f metastatic fci f infectin, by the
ccurrence f emblizatin, and by immunlgically
mediated prcesses. Destructin f infected heart valves is
especially cmmn and precipitus with S aureus, but can
ccur with any rganism and can prgress even after bac-
terilgic cure. The infectin can als extend int the
mycardium, resulting in abscesses leading t cnductin
disturbances, and invlving the wall f the arta, creating
sinus f Valsalva aneurysms.

Peripheral emblizatin t the brain and mycardium
may result in infarctins. Emblizatin t the spleen and
kidneys is als cmmn. Peripheral embli may initiate
metastatic infectins r may becme established in vessel
walls, leading t myctic aneurysms. Right-sided endcar-
ditis (usually the tricuspid valve) causes septic pulmnary
embli, ccasinally with infarctin and lung abscesses.

» Prevention

The American Heart Assciatin recmmends antibitic
prphylaxis fr infective endcarditis in a relatively small
grup f patients with predispsing cngenital r valvular
anmalies (Table 33–3) underging select dental prce-
dures, peratins invlving the respiratry tract, r pera-
tins f infected skin, skin structure, r musculskeletal
tissue (Table 33–4). Current antimicrbial recmmenda-
tins are given in Table 33–5.

» Treatment

Empiric regimens fr endcarditis while culture results are
pending shuld include agents active against staphylccci,
streptccci, and enterccci. Vancmycin 1 g every
12 hurs intravenusly plus ceftriaxne 2 g every 24 hurs

prvides apprpriate cverage pending definitive diagn-
sis; cnsultatin with an infectius disease expert is
strngly recmmended when initiating treatment. Intrave-
nus therapy has been the mainstay f treatment fr infec-
tive endcarditis. Sme data, hwever, have begun t
supprt the use f ral antibitic therapy fllwing 2 weeks
f intravenus antibitic regimens fr certain rganisms.

Table 33–3. Cardiac conditions with high risk of
adverse outcomes from endocarditis for which prophy-
laxis with dental procedures is recommended.1,2

Prosthetic cardiac valve

Previous infective endocarditis

Congenital heart disease (CHD)3

Unrepaired cyanotic CHD, including palliative shunts and

conduits

Completely repaired congenital heart defect with prosthetic

material or device, whether placed by surgery or by catheter

intervention, during the first 6 months after the procedure4

Repaired CHD with residual defects at the site or adjacent to

the site of a prosthetic patch or prosthetic device

Cardiac transplantation recipients in whom cardiac valvulopathy

develops

1Reproduced, with permission, from Wilson W et al. Prevention of

infective endocarditis. Circulation. 2007;116:1736. Copyright ©

2007 American Heart Association, Inc.
2See Table 33–5 for prophylactic regimens.
3Except for the conditions listed above, antibiotic prophylaxis is not

recommended for other forms of CHD.
4Prophylaxis is recommended because endothelialization of pros-

thetic material occurs within 6 months after procedure.

Table 33–4. Recommendations for administration of
bacterial endocarditis prophylaxis for patients accord-
ing to type of procedure.1

Propylaxis Recommended

Propylaxis Not

Recommended

Dental procedures

All dental procedures that

involve manipulation of gin-

gival tissue or the periapical

region of the teeth or perfo-

ration of the oral mucosa,

including routine cleaning

Respiratory tract procedures

Only respiratory tract proce-

dures that involve incision of

the respiratory mucosa

Procedures on infected skin,

skin structure, or musculo

skeletal tissue

Dental procedures

Routine anesthetic injections

through noninfected tissue,

taking dental radiographs,

placement of removable

prosthodontic or orthodontic

appliances, adjustment of

orthodontic appliances,

placement of orthodontic

brackets, shedding of decidu-

ous teeth, and bleeding from

trauma to the lips or oral

mucosa

Gastrointestinal tract

procedures

Genitourinary tract

procedures

1Reproduced, with permission, from Wilson W et al. Prevention of

infective endocarditis. Circulation. 2007;116:1736. Copyright ©

2007 American Heart Association, Inc.
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A. Viridans Streptococci

Fr penicillin-susceptible viridans streptcccal endcardi-
tis (ie, MIC 0.1 mcg/mL r less), penicillin G, 18 millin
units intravenusly either cntinuusly r in fur t six
equally divided dses, r ceftriaxne, 2 g intravenusly nce
daily fr 4 weeks, is recmmended. The duratin f therapy
can be shrtened t 2 weeks if gentamicin, 3 mg/kg intrave-
nusly every 24 hurs, is used with penicillin r ceftriaxne.
The 2-week regimen is reasnable and can be cnsidered in
patients with uncmplicated endcarditis, rapid respnse t
therapy, and n underlying kidney disease. Fr the patient
unable t tlerate penicillin r ceftriaxne, vancmycin,
15 mg/kg intravenusly every 12 hurs fr 4 weeks, is given
with a desired trugh level f 10–15 mcg/mL. Prsthetic
valve endcarditis is treated with a 6-week curse f peni-
cillin r ceftriaxne and the clinician can cnsider adding
2 weeks f gentamicin at the start f therapy.

Viridans streptccci relatively resistant t penicillin
(ie, MIC greater than 0.12 mcg/mL but less than r equal t
0.5 mcg/mL) shuld be treated fr 4 weeks. Penicillin G,
24 millin units intravenusly either cntinuusly r in
fur t six equally divided dses, is cmbined with genta-
micin, 3 mg/kg intravenusly every 24 hurs fr the first
2 weeks. Ceftriaxne may be a reasnable alternative treat-
ment ptin fr islates that are susceptible t ceftriaxne.
In the patient with IgE-mediated allergy t penicillin,
vancmycin alne, 15 mg/kg intravenusly every 12 hurs
fr 4 weeks, shuld be administered. Prsthetic valve end-
carditis is treated with a 6-week curse f penicillin r
ceftriaxne plus gentamicin as abve.

Endcarditis caused by viridans streptccci with an
MIC greater than 0.5 mcg/mL r by Abiotrophia species
shuld be treated the same as entercccal endcarditis.

B. Other Streptococci

Endcarditis caused by S pneumoniae, grup A strept-
ccci (S pyogenes), r grups B, C, and G streptccci is
unusual. S pneumoniae sensitive t penicillin (MIC less
than 0.1 mcg/mL) can be treated with penicillin, 18 millin
units intravenusly either cntinuusly r in fur t six
equally divided dses, r cefazlin, 6 g intravenusly
either cntinuusly r in three equally divided dses, r
ceftriaxne, 2 g daily intravenusly fr 4 weeks. High-
dse penicillin (24 millin units) r a third-generatin
cephalsprin may be required fr the treatment f end-
carditis (withut meningitis) caused by strains resistant t
penicillin (MIC greater than 0.1 mcg/mL). The additin
f vancmycin and rifampin t ceftriaxne may be cn-
sidered in patients with S pneumoniae strains with cef-
taxime MIC greater than 2 mcg/mL. Grup A streptcccal
infectin can be treated with penicillin r ceftriaxne fr
4–6 weeks. Grups B, C, and G streptccci tend t be
mre resistant t penicillin than grup A streptccci,
and sme experts have recmmended adding gentamicin,
3 mg/kg intravenusly every 24 hurs, t penicillin fr
the first 2 weeks f a 4- t 6-week curse. Endcarditis
caused by S gallolyticus (bovis) is assciated with liver
disease, especially cirrhsis, and gastrintestinal abnr-
malities, especially cln cancer. Clnscpy shuld be
perfrmed t exclude the latter.

Table 33–5. American Heart Association recommendations for endocarditis prophylaxis for dental procedures for
patients with cardiac conditions.1–3

Oral Amoxicillin 2 g 1 hour before procedure

Penicillin allergy Clindamycin 600 mg 1 hour before procedure

or

Cephalexin 2 g 1 hour before procedure (contraindicated if there is history of a beta-lactam immedi-

ate hypersensitivity reaction)

or

Azithromycin or

clarithromycin

500 mg 1 hour before procedure

Parenteral Ampicillin 2 g intramuscularly or intravenously 30 minutes before procedure

Penicillin allergy Clindamycin 600 mg intravenously 1 hour before procedure

or

Cefazolin 1 g intramuscularly or intravenously 30 minutes before procedure (contraindicated if

there is history of a beta-lactam immediate hypersensitivity reaction)

1Data from the American Heart Association. Circulation. 2007;116:1736.
2For patients undergoing respiratory tract procedures involving incision of respiratory tract mucosa to treat an established infection or a

procedure on infected skin, skin structure, or musculoskeletal tissue known or suspected to be caused by S aureus, the regimen should

contain an anti-staphylococcal penicillin (eg, nafcillin 2 g intravenously 30 minutes prior to procedure) or cephalosporin (eg, cephalexin or

cefazolin, dosed as per above). Vancomycin can be used to treat patients unable to tolerate a beta-lactam or if the infection is known or

suspected to be caused by a methicillin-resistant strain of S aureus.
3See Table 33–3 for list of cardiac conditions.
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C. Group D Streptococci Enterococci

Fr entercccal endcarditis, penicillin r ampicillin
alne is inadequate. One recmmended regimen is ampi-
cillin, 2 g intravenusly every 4 hurs, r penicillin G,
18–30 millin units intravenusly cntinuusly r in six
equally divided dses plus gentamicin, 1 mg/kg intrave-
nusly every 8 hurs. The secnd recmmended regimen
is ampicillin (2 g intravenusly every 4 hurs) plus ceftri-
axne 2 g intravenusly every 12 hurs. The recmmended
duratin f therapy is 4–6 weeks (the lnger duratin fr
patients with symptms fr mre than 3 mnths, relapse,
r prsthetic valve endcarditis). The cmbinatin f
ampicillin plus ceftriaxne is recmmended fr patients
with creatinine clearance less than 50 mL/min r whse
entercccal islates are resistant t gentamicin. In patients
intlerant f penicillin and ampicillin r wh have enter-
cccal islate resistant t these agents, vancmycin plus
gentamicin can be used.

Endcarditis caused by strains resistant t penicillin
and vancmycin are difficult t treat and shuld always be
managed with an infectius diseases specialist.

D. Staphylococci

Fr methicillin-susceptible S aureus islates, nafcillin r
xacillin, 12 g intravenusly daily given cntinuusly r in
fur t six divided dses, r cefazlin, 6 g intravenusly
daily given cntinuusly r in three divided dses fr
6 weeks, is the preferred therapy. In cases f brain abscess
resulting frm methicillin-susceptible S aureus endcardi-
tis, nafcillin shuld be used instead f cefazlin. Fr
patients with histry f immediate type hypersensitivity t
beta-lactams, a desensitizatin prtcl shuld be under-
taken. Fr patients with a histry f nn-anaphylactid
reactins t penicillins, cefazlin shuld be used. Patients
wh are infected with methicillin-resistant S aureus r wh
are unable t tlerate beta-lactam therapy shuld receive
vancmycin, 30 mg/kg/day intravenusly divided in tw r
three dses, t achieve a gal trugh level f 15–20 mcg/kg,
r daptmycin intravenusly at greater than r equal t 8
mg/kg/day. Aminglycside cmbinatin regimens are nt
recmmended. The effect f rifampin with antistaphyl-
cccal drugs is variable, and its rutine use is nt
recmmended.

Because cagulase-negative staphylccci—a cm-
mn cause f prsthetic valve endcarditis—are rutinely
resistant t methicillin, beta-lactam antibitics shuld
nt be used fr this infectin unless the islate is demn-
strated t be susceptible. A cmbinatin f vancmycin,
30 mg/kg/day intravenusly divided in tw r three dses
fr 6 weeks; rifampin, 300 mg every 8 hurs fr 6 weeks;
and gentamicin, 3 mg/kg intravenusly every 8 hurs fr
the first 2 weeks, is recmmended fr prsthetic valve
infectin. If the rganism is sensitive t methicillin, either
nafcillin r xacillin r cefazlin can be used in cmbina-
tin with rifampin and gentamicin. Cmbinatin therapy
with nafcillin r xacillin (vancmycin r daptmycin fr
methicillin-resistant strains), rifampin, and gentamicin is
als recmmended fr treatment f S aureus prsthetic
valve infectin.

E. HACEK Organisms

HACEK rganisms are slw-grwing, fastidius gram-
negative cccbacilli r bacilli (H aphrophilus [nw A
aphrophilus], A actinomycetemcomitans, C hominis,
E corrodens, and Kingella species) that are nrmal ral
flra and cause less than 5% f all cases f endcarditis.
They may prduce beta-lactamase, and thus the treat-
ment f chice is ceftriaxne (r anther third-generatin
cephalsprin), 2 g intravenusly nce daily fr 4 weeks.
Prsthetic valve endcarditis shuld be treated fr
6 weeks. In the penicillin-allergic patient, experience is
limited, but flurquinlnes have in vitr activity and
shuld be cnsidered.

F. CultureNegative Endocarditis

Failure t culture micrrganisms frm patients with sus-
pected infective endcarditis may be due t infectin frm
rganisms nt recvered in rutine micrbilgy testing
r previus administratin f antimicrbial agents befre
bld cultures were btained. These cases must be man-
aged with the assistance f an infectius disease specialist.
Pathgens that are nt able t be cultured by cmmnly
used techniques include Bartonella species, Chlamydia
species, Brucella species, and Tropheryma whipplei. Ser-
lgic testing shuld be perfrmed in patients wh have
epidemilgic risk factrs fr these infectins. Treatment
shuld be directed at likely pathgens while awaiting ser-
lgic results; treatment f patients given prir antimicr-
bials befre cultures were btained must als cnsider
likely pathgens.

G. Role of Surgery

While many cases can be successfully treated medically,
perative management is frequently required. Acute heart
failure unrespnsive t medical therapy is an indicatin
fr valve replacement even if active infectin is present.
Infectins unrespnsive t apprpriate antimicrbial ther-
apy after 7–10 days (ie, persistent fevers, psitive bld
cultures despite therapy) are mre likely t be eradicated if
the valve is replaced. Surgery is nearly always required fr
cure f fungal endcarditis and is mre ften necessary
with highly resistant bacteria. It is als indicated when the
infectin invlves the sinus f Valsalva r prduces septal
abscesses. Recurrent infectin with the same rganism
prmpts an perative apprach, especially with infected
prsthetic valves. Cntinuing emblizatin presents a dif-
ficult prblem when the infectin is therwise respnd-
ing; surgery may be the prper apprach. Particularly
challenging is a large and fragile vegetatin demnstrated
by echcardigraphy in the absence f emblizatin. Mst
clinicians favr an perative apprach with vegetectmy
and valve repair if the patient is a gd candidate. Opera-
tin withut delay may be cnsidered in patients with
endcarditis and an emblic strke wh have an indicatin
fr surgery. If nt urgent r if intracranial hemrrhage is
present, a delay f at least 4 weeks shuld be cnsidered.
Emblizatin after bacterilgic cure des nt necessarily
imply recurrence f endcarditis.
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H. Role of Anticoagulation

Anticagulatin is cntraindicated in native valve end-
carditis because f an increased risk f intracerebral hem-
rrhage frm myctic aneurysms r emblic phenmena.
The rle f anticagulant therapy during prsthetic valve
endcarditis is mre cntrversial. Reversal f anticagu-
latin may result in thrmbsis f the mechanical prsthe-
sis, particularly in the mitral psitin. Cnversely,
anticagulatin during active prsthetic valve endcardi-
tis caused by S aureus has been assciated with fatal intra-
cerebral hemrrhage. One apprach is t discntinue
anticagulatin during the septic phase f S aureus prs-
thetic valve endcarditis. In patients with S aureus prs-
thetic valve endcarditis cmplicated by a CNS emblic
event, anticagulatin shuld be discntinued fr the first
2 weeks f therapy. Indicatins fr anticagulatin fllw-
ing prsthetic valve implantatin fr endcarditis are the
same as fr patients with prsthetic valves withut end-
carditis (eg, nnprcine mechanical valves and valves in
the mitral psitin).

» Response to Therapy

If infectin is caused by viridans streptccci, enterccci,
r cagulase-negative staphylccci, defervescence ccurs
in 3–4 days n average; with S aureus r Pseudomonas
aeruginosa, fever may persist fr lnger. Bld cultures
shuld be btained every 1–2 days t dcument steriliza-
tin. Other causes f persistent fever are mycardial r
metastatic abscess, sterile emblizatin, superimpsed
hspital-acquired infectin, and drug reactin. Mst
relapses ccur within 1–2 mnths after cmpletin f
therapy. Obtaining ne r tw bld cultures during this
perid is prudent.

» When to Refer

• Cnsider cnsulting an infectius diseases specialist in
all cases f suspected infective endcarditis.

• Cnsult a cardiac surgen in the situatins mentined
in the Rle f Surgery sectin abve t prevent further
emblic disease, heart failure, and ther cmplicatins,
including death.

» When to Admit

Patients with infective endcarditis shuld be hspitalized
fr expedited evaluatin and treatment.
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º
INFECTIONS CAUSED BY
GRAM-NEGATIVE BACTERIA

BORDETELLA PERTUSSIS INFECTION
(Whooping Cough)

E S S E N T I A L S  O F  D I A G N O S I S

» Predominantly in infants under age 2 years; ado-
lescents and adults are reservoirs of infection.

» Two-week prodromal catarrhal stage of malaise,
cough, coryza, and anorexia.

» Paroxysmal cough ending in a high-pitched inspi-
ratory “whoop.”

» Absolute lymphocytosis, often striking; culture
confirms diagnosis.

» General Considerations

Pertussis is an acute infectin f the respiratry tract
caused by B pertussis that is transmitted by respiratry
drplets. The incubatin perid is 7–17 days. Half f all
cases ccur befre age 2 years. Neither immunizatin nr
disease cnfers lasting immunity t pertussis. Cnse-
quently, adults are an imprtant reservir f the disease.

» Clinical Findings

The symptms f classic pertussis last abut 6 weeks and
are divided int three cnsecutive stages. The catarrhal
stage is characterized by its insidius nset, with lacrima-
tin, sneezing, and cryza, anrexia and malaise, and a
hacking night cugh that becmes diurnal. The parxys-
mal stage is characterized by bursts f rapid, cnsecutive
cughs fllwed by a deep, high-pitched inspiratin
(whp). The cnvalescent stage begins 4 weeks after nset
f the illness with a decrease in the frequency and severity
f parxysms f cugh. The diagnsis ften is nt cnsid-
ered in adults, wh may nt have a typical presentatin.
Cugh persisting mre than 2 weeks is suggestive. Infec-
tin may als be asymptmatic.

The white bld cell cunt is usually 15,000–20,000/mcL
(15–20 × 109/L) (rarely, as high as 50,000/mcL [50 × 109/L]
r mre), 60–80% f which are lymphcytes. The diagnsis
is established by islating the rganism frm a naspharyn-
geal culture n special medium (eg, Brdet-Gengu agar).
Plymerase chain reactin assays fr B pertussis may be
available in sme clinical r health department labratries.
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» Prevention

Acellular pertussis vaccine is recmmended fr all infants,
cmbined with diphtheria and tetanus txids (DTaP).
Infants and susceptible adults with significant expsure
shuld receive prphylaxis with an ral macrlide. In recg-
nitin f their imprtance as a reservir f disease, vaccina-
tin f adlescents and adults against pertussis is
recmmended (see Table 30–7 and www.cdc.gv/vaccines/
schedules). Adlescents aged 11–18 years (preferably
between 11 and 12 years f age) wh have cmpleted the
DTP r DTaP vaccinatin series shuld receive a single dse
f either Tdap prduct instead f Td (tetanus and diphtheria
txids vaccine) fr bster immunizatin against tetanus,
diphtheria, and pertussis. Tdap, which immunizes against
the same bacteria as DTaP, is a bster immunizatin; Tdap
cntains the same amunt f tetanus txid (T) as DTaP but
reduced diphtheria txid and acellular pertussis (hence the
lwer case -dap). Adults f all ages (including thse lder
than age 64 years) shuld receive a single dse f Tdap. In
additin, pregnant wmen shuld receive a dse f Tdap
during each pregnancy regardless f prir vaccinatin his-
try, ideally between 27 and 36 weeks f gestatin, t maxi-
mize the antibdy respnse f the wman and the passive
antibdy transfer t the infant. Fr any wman wh was nt
previusly vaccinated with Tdap and fr whm the vaccine
was nt given during her pregnancy, Tdap shuld be admin-
istered immediately pstpartum. The CDC has eliminated
the recmmendatin that a 2-year perid windw is needed
between receiving the Td and Tdap vaccines based n data
shwing that there is nt an increased risk f adverse events.

» Treatment

Antibitic treatment shuld be initiated in all suspected
cases. Treatment ptins include erythrmycin, 500 mg
fur times a day rally fr 7 days; azithrmycin, 500 mg
rally n day 1 and 250 mg fr 4 mre days; r clarithr-
mycin, 500 mg rally twice daily fr 7 days. Trimethprim-
sulfamethxazle, 160–800 mg rally twice a day fr
7 days, als is effective. Treatment shrtens the duratin f
carriage and may diminish the severity f cughing parx-
ysms. These same regimens are indicated fr prphylaxis f
cntacts t an active case f pertussis wh are expsed
within 3 weeks f the nset f cugh in the index case.

DeSilva M et al. Tdap vaccinatin during pregnancy and micr-
cephaly and ther structural birth defects in ffspring. JAMA.
2016;316:1823. [PMID: 27802536]

Nguyen VTN et al. Pertussis: the whping cugh. Prim Care.
2018;45:423. [PMID: 30115332]

OTHER BORDETELLA INFECTIONS

Bordetella bronchiseptica is a plemrphic gram-negative
cccbacillus causing kennel cugh in dgs. On ccasin it
causes upper and lwer respiratry infectin in humans,
principally HIV-infected patients. Infectin has been ass-
ciated with cntact with dgs and cats, suggesting animal-
t-human transmissin. Treatment f B bronchiseptica
infectin is guided by results f in vitr susceptibility tests.

MENINGOCOCCAL MENINGITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Fever, headache, vomiting, delirium, convulsions.

» Petechial rash on skin and mucous membranes in
many.

» Neck and back stiffness and positive Kernig and
Brudzinski signs are characteristic.

» Purulent spinal fluid with gram-negative intracel-
lular and extracellular diplococci.

» Culture of cerebrospinal fluid, blood, or petechial
aspiration confirms the diagnosis.

» General Considerations

Meningcccal meningitis is caused by Neisseria menin-
gitidis f grups A, B, C, Y, and W-135, amng thers.
Meningitis due t sergrup A is uncmmn in the United
States. Sergrup B generally causes spradic cases. Ser-
grup C meningcccus is the mst cmmn cause f
epidemic disease in the United States. Up t 40% f per-
sns are naspharyngeal carriers f meningccci, but
disease develps in relatively few f these persns. Infec-
tin is transmitted by drplets. The clinical illness may take
the frm f meningcccemia (a fulminant frm f septi-
cemia withut meningitis), meningcccemia with menin-
gitis, r meningitis. Recurrent meningcccemia with
fever, rash, and arthritis is seen rarely in patients with cer-
tain terminal cmplement deficiencies. Asplenic patients
are als at risk.

» Clinical Findings

A. Symptoms and Signs

High fever, chills, nausea, vmiting, and headache as well as
back, abdminal, and extremity pains are typical. Rapidly
develping cnfusin, delirium, seizures, and cma ccur
in sme. On examinatin, nuchal and back rigidity are typi-
cal. Psitive Kernig and Brudzinski signs (Kernig sign is
pain in the hamstrings upn extensin f the knee with the
hip at 90-degree flexin; Brudzinski sign is flexin f the
knee in respnse t flexin f the neck) are specific but nt
sensitive findings. A petechial rash appearing all ver the
bdy, including n mucus membranes, n the lwer
extremities, and at pressure pints, is fund in mst cases.
Petechiae may vary in size frm pinpint lesins t large
ecchymses r even skin gangrene that may later slugh.

B. Laboratory Findings

Lumbar puncture typically reveals a cludy r purulent
cerebrspinal fluid, with elevated pressure, increased pr-
tein, and decreased glucse cntent. The fluid usually
cntains greater than 1000 cells/mcL (1.0 × 109/L) with
plymrphnuclear cells predminating and cntaining
gram-negative intracellular diplccci. The rganism is
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usually demnstrated by smear and culture f the cerebr-
spinal fluid, rpharynx, bld, r aspirated petechiae. The
absence f rganisms in a Gram-stained smear f the cere-
brspinal fluid sediment des nt rule ut the diagnsis.
The capsular plysaccharide can be demnstrated in cere-
brspinal fluid r urine by latex agglutinatin; this is useful
in partially treated patients, thugh sensitivity is 60–80%.

Disseminated intravascular cagulatin is an imprtant
cmplicatin f meningcccal infectin and is typically
present in txic patients with ecchymtic skin lesins.

» Differential Diagnosis

Meningcccal meningitis must be differentiated frm
ther meningitides. In small infants and in lder adults,
fever r stiff neck is ften missing, and altered mental sta-
tus may dminate the picture.

Rickettsial, echvirus, and, rarely, ther bacterial infec-
tins (eg, staphylcccal infectins, scarlet fever) als
cause petechial rash.

» Prevention

Fur meningcccal vaccines are available. There are tw
vaccines with cverage against meningcccal sergrups
A, C, Y, and W-135 and tw with cverage against menin-
gcccal sergrup B. The tw vaccines effective fr
meningcccal sergrups A, C, Y, and W-135 are the
meningcccal plysaccharide vaccine (MPSV4), indi-
cated fr vaccinatin f persns ver age 55, and the cn-
jugate vaccine (MCV4), indicated fr persns aged 2–55 years.
The tw vaccines against meningcccal sergrup B are
MenB-FHbp and MenB-4C; they are apprved fr persns
aged 10–25 years and are nt interchangeable.

The Advisry Cmmittee n Immunizatin Practices
recmmends immunizatin with a dse f MCV4 fr pre-
adlescents aged 11–12 with a bster at age 16 (see www.
cdc.gv/vaccines/schedules/hcp/child-adlescent.html).
Fr ease f prgram implementatin, persns aged 21 years
r yunger shuld have dcumentatin f receipt f a dse
f MCV4 nt mre than 5 years befre enrllment t cl-
lege. If the primary dse was administered befre the six-
teenth birthday, a bster dse shuld be administered
befre enrllment. Vaccine is als recmmended as a tw-
dse primary series administered 2 mnths apart fr per-
sns aged 2 thrugh 54 years with persistent cmplement
deficiency, persns with functinal r anatmic asplenia,
and fr adlescents with HIV infectin. All ther persns
at increased risk fr meningcccal disease (eg, military
recruits, micrbilgists rutinely expsed t islates f
N meningitidis, r travelers t an epidemic r highly endemic
cuntry) shuld receive a single dse. One f the mening-
cccal sergrup B vaccines may be administered t persns
10 years f age r lder wh are at increased risk fr menin-
gcccal disease. These persns include thse with persis-
tent cmplement deficiencies; persns with anatmic r
functinal asplenia; micrbilgists; and persns identified
t be at increased risk because f a sergrup B meningcc-
cal disease utbreak. Vaccinatin f persns aged 16–23 years
may prvide shrt-term prtectin against mst strains f
sergrup B meningcccal disease.

Eliminating naspharyngeal carriage f meningccci
is an effective preventin strategy in clsed ppulatins
and t prevent secndary cases in husehld r therwise
clse cntacts. Rifampin, 600 mg rally twice a day fr
2 days, ciprflxacin, 500 mg rally nce, r ne intramus-
cular 250-mg dse f ceftriaxne is effective. Cases f
flurquinlne-resistant meningcccal infectins have
been identified in the United States. Hwever, ciprflxa-
cin remains a recmmended empiric agent fr eradicatin
f naspharyngeal carriage. Schl and wrk cntacts
rdinarily need nt be treated. Hspital cntacts receive
therapy nly if intense expsure has ccurred (eg, muth-
t-muth resuscitatin). Accidentally discvered carriers
withut knwn clse cntact with meningcccal disease
d nt require prphylactic antimicrbials.

» Treatment

Bld cultures must be btained and intravenus antimi-
crbial therapy started immediately. This may be dne
prir t lumbar puncture in patients in whm the diagn-
sis is nt straightfrward and fr thse in whm MR r CT
imaging is indicated t exclude mass lesins. Aqueus
penicillin G is the antibitic f chice (24 millin units/24 h
intravenusly in divided dses every 4 hurs). The preva-
lence f strains f N meningitidis with intermediate resis-
tance t penicillin in vitr (MICs 0.1–1 mcg/mL) is
increasing, particularly in Eurpe. Penicillin-intermediate
strains thus far remain fully susceptible t ceftriaxne and
ther third-generatin cephalsprins used t treat menin-
gitis, and these shuld be effective alternatives t penicillin.
In penicillin-allergic patients r thse in whm Haemophilus
influenzae r gram-negative meningitis is a cnsideratin,
ceftriaxne, 2 g intravenusly every 12 hurs, shuld be
used. Treatment shuld be cntinued in full dses by the
intravenus rute until the patient is afebrile fr 5 days.
Shrter curses—as few as 4 days if ceftriaxne is used—
are als effective.

» When to Admit

All patients with suspected meningcccal infectin
shuld be admitted fr evaluatin and empiric intravenus
antibitic therapy.

Linder KA et al. JAMA patient page. Meningcccal meningitis.
JAMA. 2019;321:1014. [PMID: 30860561]

MacNeil JR et al. Use f sergrup B meningcccal vaccines in
adlescents and yung adults: recmmendatins f the Advi-
sry Cmmittee n Immunizatin Practices, 2015. MMWR
Mrb Mrtal Wkly Rep. 2015;64:1171. [PMID: 26492381]

INFECTIONS CAUSED BY
HAEMOPHILUS SPECIES

H influenzae and ther Haemophilus species may cause
sinusitis, titis, brnchitis, epiglttitis, pneumnia, celluli-
tis, arthritis, meningitis, and endcarditis. Nntypeable
strains are respnsible fr mst disease in adults. Alchl
use disrder, smking, chrnic lung disease, advanced age,
and HIV infectin are risk factrs. Haemophilus species
clnize the upper respiratry tract in patients with chrnic
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bstructive pulmnary disease and frequently cause puru-
lent brnchitis.

Beta-lactamase–prducing strains are less cmmn in
adults than in children. Fr adults with sinusitis, titis, r
respiratry tract infectin, ral amxicillin, 750 mg twice
daily fr 10–14 days, is adequate. Fr beta-lactamase–
prducing strains, use f the ral fixed-drug cmbinatin
f amxicillin, 875 mg, with clavulanate, 125 mg, is indi-
cated. Fr the penicillin-allergic patient, ral cefurxime
axetil, 250 mg twice daily; r a flurquinlne (cipr-
flxacin, 500 mg rally twice daily; levflxacin, 500–750 mg
rally nce daily; r mxiflxacin, 400 mg rally nce
daily) fr 7 days is effective. Azithrmycin, 500 mg rally
nce fllwed by 250 mg daily fr 4 days, is preferred ver
clarithrmycin when a macrlide is the preferred agent.
Trimethprim-sulfamethxazle (160/800 mg rally twice
daily) can be cnsidered, but resistance rates have been
reprted t be up t 25%.

In the mre seriusly ill patient (eg, the txic patient
with multilbar pneumnia), ceftriaxne, 1 g/day intrave-
nusly, is recmmended pending determinatin f whether
the infecting strain prduces beta-lactamase. A flurqui-
nlne (see abve fr dsages) can be used fr the penicillin-
allergic patients fr a 10- t 14-day curse f therapy.

Epiglottitis is characterized by an abrupt nset f high
fever, drling, and inability t handle secretins. An
imprtant clue t the diagnsis is cmplaint f a severe
sre thrat despite an unimpressive examinatin f the
pharynx. Stridr and respiratry distress result frm laryn-
geal bstructin. The diagnsis is best made by direct
visualizatin f the cherry-red, swllen epiglttis at laryn-
gscpy. Because laryngscpy may prvke laryngspasm
and bstructin, especially in children, it shuld be per-
frmed in an intensive care unit r similar setting, and nly
at a time when intubatin can be perfrmed prmptly.
Ceftriaxne, 1 g intravenusly every 24 hurs fr 7–10 days,
is the drug f chice. Trimethprim-sulfamethxazle r a
flurquinlne (see abve fr dsage) may be used in the
patient with serius penicillin allergy.

Meningitis, rare in adults, is a cnsideratin in the
patient wh has meningitis assciated with sinusitis r
titis. Initial therapy fr suspected H influenzae meningitis
shuld be with ceftriaxne, 4 g/day in tw divided dses,
until the strain is prved nt t prduce beta-lactamase.
Meningitis is treated fr at least 7 days. Dexamethasne,
0.15 mg/kg intravenusly every 6 hurs, may reduce the
incidence f lng-term sequelae, principally hearing lss.

Bruwer MC et al. Epidemilgy f cmmunity-acquired bac-
terial meningitis. Curr Opin Infect Dis. 2018;31:78. [PMID:
29176349]

Sriram KB et al. Nntypeable Haemophilus influenzae and
chrnic bstructive pulmnary disease: a review fr clini-
cians. Crit Rev Micrbil. 2018;44:125. [PMID: 28539074]

INFECTIONS CAUSED BY
MORAXELLA CATARRHALIS

M catarrhalis is a gram-negative aerbic cccus mrphlgi-
cally and bichemically similar t Neisseria. It causes
sinusitis, brnchitis, and pneumnia. Bacteremia and

meningitis have als been reprted in immuncmpr-
mised patients. The rganism frequently clnizes the
respiratry tract, making differentiatin f clnizatin
frm infectin difficult. If M catarrhalis is the predmi-
nant islate, therapy is directed against it. M catarrhalis
typically prduces beta-lactamase and therefre is
usually resistant t ampicillin and amxicillin. It is sus-
ceptible t amxicillin-clavulanate, ampicillin-sulbactam,
trimethprim-sulfamethxazle, ciprflxacin, and secnd-
and third-generatin cephalsprins.

LEGIONNAIRES DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Patients are often immunocompromised, smoke
cigarettes, or have chronic lung disease.

» Scant sputum production, pleuritic chest pain,
toxic appearance.

» Chest radiograph: focal patchy infiltrates or
consolidation.

» Gram stain of sputum: polymorphonuclear leuko-
cytes and no organisms.

» General Considerations

Legionella infectin ranks amng the three r fur mst
cmmn causes f cmmunity-acquired pneumnia and is
cnsidered whenever the etilgy f a pneumnia is in
questin. Leginnaires disease is mre cmmn in persns
wh smke cigarettes and in thse with chrnic lung dis-
ease r wh are immuncmprmised. Outbreaks have
been assciated with cntaminated water surces, such as
shwerheads and faucets in patient rms and air cndi-
tining cling twers.

» Clinical Findings

A. Symptoms and Signs

Leginnaires disease is ne f the atypical pneumnias, s
called because a Gram-stained smear f sputum des nt
shw rganisms. Hwever, many features f Leginnaires
disease are mre like typical pneumnia, with high fevers,
txic appearance, pleurisy, and grssly purulent sputum.
Nausea, vmiting, and diarrhea may be prminent. There
may be relative bradycardia. Classically, this pneumnia is
caused by Legionella pneumophila, thugh ther species
can cause identical disease.

B. Laboratory Findings

There may be hypnatremia, hypphsphatemia, elevated
liver enzymes, and elevated creatine kinase. Culture f
Legionella species has a 80–90% sensitivity. Dieterle silver
staining f tissue, pleural fluid, r ther infected material is
als a reliable methd fr detecting Legionella species.
Direct flurescent antibdy stains and serlgic testing
such as urinary antigen are less sensitive because these will
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detect nly L pneumophila sertype 1. Testing sputum
samples using plymerase chain reactin has emerged as a
highly sensitive methd fr diagnsing Legionella, and
availability f this testing has becme widespread.

» Treatment

Azithrmycin (500 mg rally nce daily), clarithrmycin
(500 mg rally twice daily), r a flurquinlne (eg, lev-
flxacin, 750 mg rally nce daily), and nt erythrmycin,
are the drugs f chice fr treatment f leginellsis. Dura-
tin f therapy is 10–14 days, althugh a 21-day curse f
therapy is recmmended fr immuncmprmised patients.

Cunha BA et al. Leginnaire’s disease: a clinical diagnstic
apprach. Infect Dis Clin Nrth Am. 2017;31:81. [PMID:
28159178]

Herwaldt LA et al. Leginella: a reemerging pathgen. Curr
Opin Infect Dis. 2018;31:325. [PMID: 29794542]

GRAM-NEGATIVE BACTEREMIA & SEPSIS

Gram-negative bacteremia can riginate in a number f
sites, the mst cmmn being the geniturinary system,
hepatbiliary tract, gastrintestinal tract, and lungs. Less
cmmn surces include intravenus lines, infusin fluids,
surgical wunds, drains, and pressure injuries.

Patients with ptentially fatal underlying cnditins in
the shrt term such as neutrpenia r immunparesis have
a mrtality rate f 40–60%; thse with serius underlying
diseases likely t be fatal in 5 years, such as slid tumrs,
cirrhsis, and aplastic anemia, die in 15–20% f cases; and
individuals with n underlying diseases have a mrtality
rate f 5% r less.

» Clinical Findings

A. Symptoms and Signs

Mst patients have fevers and chills, ften with abrupt
nset. Hwever, 15% f patients are hypthermic (tem-
perature 36.4°C r less) at presentatin, and 5% never
develp a temperature abve 37.5°C. Hyperventilatin
with respiratry alkalsis and changes in mental status are
imprtant early manifestatins. Hyptensin and shck,
which ccur in 20–50% f patients, are unfavrable prg-
nstic signs.

B. Laboratory Findings

Neutrpenia r neutrphilia, ften with increased num-
bers f immature frms f plymrphnuclear leukcytes,
is the mst cmmn labratry abnrmality in septic
patients. Thrmbcytpenia ccurs in 50% f patients,
labratry evidence f cagulatin abnrmalities in 10%,
and vert disseminated intravascular cagulatin in 2–3%.
Bth clinical manifestatins and the labratry abnrmali-
ties are nnspecific and insensitive, which accunts fr the
relatively lw rate f bld culture psitivity (apprxi-
mately 20–40%). If pssible, three bld cultures frm
separate sites shuld be btained in rapid successin befre
starting antimicrbial therapy. The chance f recvering
the rganism in at least ne f the three bld cultures is

greater than 95%. The false-negative rate fr a single cul-
ture f 5–10 mL f bld is 30%. This may be reduced t
5–10% (albeit with a slight false-psitive rate due t isla-
tin f cntaminants) if a single vlume f 30 mL is incu-
lated int several bld culture bttles. Bld cultures may
be falsely negative; when a patient with presumed septic
shck, negative bld cultures, and inadequate explanatin
fr the clinical curse respnds t antimicrbial agents,
therapy shuld be cntinued fr 10–14 days.

» Treatment

Several factrs are imprtant in the management f patients
with sepsis.

A. Removal of Predisposing Factors

This usually means decreasing r stpping immunsup-
pressive medicatins and, in certain circumstances, giving
granulcyte clny-stimulating factr (filgrastim; G-CSF)
t the neutrpenic patient.

B. Identifying the Source of Bacteremia

By simply finding the surce f bacteremia and remving
it (central venus catheter) r draining it (abscess), a fatal
disease becmes easily treatable.

C. Supportive Measures

The use f fluids, vaspressrs, and crticsterids in sep-
tic shck is discussed in Chapter 14. Management f dis-
seminated intravascular cagulatin is discussed in
Chapter 13.

D. Antibiotics

Antibitics shuld be given as sn as the diagnsis is sus-
pected, since delays in therapy have been assciated with
increased mrtality rates, particularly nce hyptensin
develps. In general, bactericidal antibitics shuld be
used and given intravenusly t ensure therapeutic serum
levels. Penetratin f antibitics int the site f primary
infectin is critical fr successful therapy—ie, if the infec-
tin riginates in the CNS, antibitics that penetrate the
bld-brain barrier shuld be used—eg, third- r furth-
generatin cephalsprin—but nt first-generatin cepha-
lsprins r aminglycsides, which penetrate prly.
Sepsis caused by gram-psitive rganisms cannt be dif-
ferentiated n clinical grunds frm that due t gram-
negative bacteria. Therefre, initial therapy shuld include
antibitics active against bth types f rganisms.

The number f antibitics necessary remains cntrver-
sial and depends n the cause. Table 30–4 prvides a guide
fr empiric therapy. Althugh a cmbinatin f antibitics
is ften recmmended fr “synergism,” cmbinatin ther-
apy has nt been shwn t be superir t a single-drug regi-
men with any f several brad-spectrum antibitics (eg, a
third-generatin cephalsprin, piperacillin-tazbactam,
carbapenem). If multiple drugs are used initially, the regi-
men shuld be mdified and cverage narrwed based n
the results f culture and sensitivity testing.
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Directed therapy fr gram-negative bacteremia may be
treated with as few as 7 days f antibitic therapy.

Aillet C et al. Bacteraemia in emergency departments: effective
antibitic reassessment is assciated with a better utcme.
Eur J Clin Micrbil Infect Dis. 2018;37:325. [PMID:
29164361]

Rhdes A et al. Surviving Sepsis Campaign: internatinal
guidelines fr management f sepsis and septic shck: 2016.
Intensive Care Med. 2017;43:304. [PMID: 28101605]

Yahav D et al; Bacteremia Duratin Study Grup. Seven versus
14 days f antibitic therapy fr uncmplicated gram-negative
bacteremia: a nninferirity randmized cntrlled trial.
Clin Infect Dis. 2019;69:1091. [PMID: 30535100]

SALMONELLOSIS

Salmnellsis includes infectin by any f apprximately
2000 sertypes f salmnellae. All Salmonella sertypes are
members f a single species, Salmonella enterica. Human
infectins are caused almst exclusively by S enterica subsp
enterica, f which three sertypes—typhi, typhimurium,
and enteriditis—are predminantly islated. Three clinical
patterns f infectin are recgnized: (1) enteric fever, the
best example f which is typhid fever, due t sertype
typhi; (2) acute enterclitis, caused by sertype
typhimurium, amng thers; and (3) the “septicemic” type,
characterized by bacteremia and fcal lesins, exemplified
by infectin with sertype enteriditis. All types are trans-
mitted by ingestin f the rganism, usually frm tainted
fd r drink.

1. Enteric Fever (Typoid Fever)

E S S E N T I A L S  O F  D I A G N O S I S

» Gradual onset of headache, vomiting, abdominal
pain.

» Rose spots, relative bradycardia, splenomegaly,
and abdominal distention and tenderness.

» Slow (stepladder) rise of fever to maximum and
then slow return to normal.

» Leukopenia; blood, stool, and urine cultures posi-
tive for Salmonella.

» General Considerations

Enteric fever is a clinical syndrme characterized by gas-
trintestinal symptms as well as cnstitutinal symptms
such as fever, malaise, and headache. It may have a lng
incubatin perid (6–30 days), and the gastrintestinal
symptms may reslve but then recur. Prgressive infec-
tin ften evlves with delirium. Enteric fever is caused by
typhidal strains f Salmonella, S typhi (typhid fever) and
t a lesser extent S paratyphi (subtypes A, B and C). Infec-
tin begins when rganisms breach the mucsal epithe-
lium f the intestines. Having crssed the epithelial barrier,

rganisms invade and replicate in macrphages in Peyer
patches, mesenteric lymph ndes, and the spleen. Ser-
types ther than typhi usually d nt cause invasive dis-
ease, presumably because they lack the necessary
human-specific virulence factrs. Bacteremia ccurs, and
the infectin then lcalizes principally in the lymphid tis-
sue f the small intestine. Peyer patches becme inflamed
and may ulcerate, with invlvement greatest during the
third week f disease. The rganism may disseminate t
the lungs, gallbladder, kidneys, r CNS.

» Clinical Findings

A. Symptoms and Signs

During the prdrmal stage, there is increasing malaise,
headache, cugh, and sre thrat, ften with abdminal
pain and cnstipatin, while the fever ascends in a stepwise
fashin. After abut 7–10 days, it reaches a plateau and the
patient is much mre ill. There may be marked cnstipa-
tin, especially early, r “pea sup” diarrhea; marked
abdminal distentin ccurs as well. If there are n cmpli-
catins, the patient’s cnditin will gradually imprve ver
7–10 days. Hwever, relapse may ccur fr up t 2 weeks
after defervescence.

During the early prdrme, physical findings are few.
Later, splenmegaly, abdminal distentin and tenderness,
relative bradycardia, and ccasinally meningismus appear.
The rash (rse spts) cmmnly appears during the secnd
week f disease. The individual spt, fund principally n
the trunk, is a pink papule 2–3 mm in diameter that fades
n pressure. It disappears in 3–4 days.

B. Laboratory Findings

Unlike with ther causes f gram-negative bacteremia,
mst patients with enteric fever d nt have leukcytsis
and leukpenia can be bserved. Transaminitis is cm-
mn. Typhid fever is best diagnsed by bld culture,
which is psitive in the first week f illness in 80% f
patients wh have nt taken antimicrbials. The rate f
psitivity declines thereafter, but ne-furth r mre f
patients still have psitive bld cultures in the third week.
Cultures f bne marrw ccasinally are psitive when
bld cultures are nt. Stl cultures are ften negative by
the time systemic symptms develp.

» Differential Diagnosis

Enteric fever must be distinguished frm ther gastrintes-
tinal illnesses and frm ther infectins that have few
lcalizing findings. Examples include tuberculsis, infec-
tive endcarditis, brucellsis, lymphma, and Q fever.
Often there is a histry f recent travel t endemic areas,
and viral hepatitis, malaria, r amebiasis may be in the
differential.

» Complications

Cmplicatins ccur in abut 30% f untreated cases and
accunt fr 75% f deaths. Intestinal hemrrhage,

CMDT22_Ch33_p1459-p1497.indd 1482 02/07/21 2:38 PM



BACTERIAL & ChLAMYDIAL INFECTIONS 1483CMDT 2022

manifested by a sudden drp in temperature and signs f
shck fllwed by dark r fresh bld in the stl, r intes-
tinal perfratin, accmpanied by abdminal pain and
tenderness, is mst likely t ccur during the third week.
Appearance f leukcytsis and tachycardia shuld suggest
these cmplicatins. Urinary retentin, pneumnia,
thrmbphlebitis, mycarditis, neurlgic cmplicatins,
chlecystitis, nephritis, stemyelitis, and meningitis are
less ften bserved.

» Prevention

Immunizatin is nt always effective but shuld be cnsid-
ered fr husehld cntacts f a typhid carrier, fr travel-
ers t endemic areas, and during epidemic utbreaks. A
multiple-dse ral vaccine and a single-dse parenteral
vaccine are available. Their efficacies are similar, but ral
vaccine causes fewer side effects. Bsters, when indicated,
shuld be given every 5 years and 2 years fr ral and par-
enteral preparatins, respectively.

Adequate waste dispsal and prtectin f fd and
water supplies frm cntaminatin are imprtant public
health measures t prevent salmnellsis. Carriers cannt
wrk as fd handlers.

» Treatment

A. Specific Measures

Because f increasing antimicrbial resistance, flurqui-
nlnes—such as ciprflxacin 750 mg rally twice daily r
levflxacin 500 mg rally nce daily, 5–7 days fr uncm-
plicated enteric fever and 10–14 days fr severe infectin—
are the agents f chice fr treatment f salmonella
infectins. Ceftriaxne, 2 g intravenusly fr 7 days, is als
effective. Althugh resistance t flurquinlnes r
cephalsprins ccurs uncmmnly, the prevalence is
increasing, and extensively drug-resistant S typhi has
emerged in Suth Asia in recent years. When an infectin
is caused by a multidrug-resistant strain, select an antibi-
tic t which the islate is susceptible in vitr. There is
glbal resistance t ampicillin, chlramphenicl, and
trimethprim-sulfamethxazle.

B. Treatment of Carriers

Ciprflxacin, 750 mg rally twice a day fr 4 weeks, has
prved t be highly effective in eradicating the carrier state.
Chlecystectmy may be used if prlnged antimicrbial
therapy fails. When the islate is susceptible, treatment f
carriage with ampicillin, trimethprim-sulfamethxazle,
r chlramphenicl may be successful.

» Prognosis

The mrtality rate f typhid fever is abut 2% in treated
cases. Elderly r debilitated persns are likely t d wrse.
With cmplicatins, the prgnsis is pr. Relapses ccur
in up t 15% f cases. A residual carrier state frequently
persists in spite f therapy.

Gibani MM et al. Typhid and paratyphid fever: a call t actin.
Curr Opin Infect Dis. 2018;31:440. [PMID: 30138141]

Wain J et al. Typhid fever. Lancet. 2015;385:1136. [PMID:
25458731]

2. Salmonella Gastroenteritis

By far the mst cmmn frm f salmnellsis is acute
enterclitis, which can be caused by bth typhidal and
nn-typhidal Salmonella. The incubatin perid is
8–48 hurs after ingestin f cntaminated fd r liquid.

Symptms and signs cnsist f fever (ften with chills),
nausea and vmiting, cramping abdminal pain, and diar-
rhea, which may be grssly bldy, lasting 3–5 days. Dif-
ferentiatin must be made frm viral gastrenteritis, fd
pisning, shigellsis, amebic dysentery, and acute ulcer-
ative clitis. The diagnsis is made by culturing the rgan-
ism frm the stl. The disease is usually self-limited, but
bacteremia with lcalizatin in jints r bnes may ccur,
especially in patients with sickle cell disease.

In mst cases, treatment f uncmplicated entercli-
tis is symptmatic nly as mst illnesses are self-limited
and antimicrbial treatment may prlng bacterial shed-
ding. Hwever, patients wh are malnurished r severely
ill, patients with sickle cell disease, and patients wh are
immuncmprmised (including thse wh are HIV-
psitive) shuld be treated with ciprflxacin, 500 mg
rally twice a day; ceftriaxne, 1 g intravenusly nce daily;
trimethprim-sulfamethxazle, 160 mg/80 mg rally
twice a day; r azithrmycin, 500 mg rally nce daily fr
7–14 days (14 days fr immuncmprmised patients).

Shane AL et al. 2017 Infectius Diseases Sciety f America
clinical practice guidelines fr the diagnsis and management
f infectius diarrhea. Clin Infect Dis. 2017;65:1963. [PMID:
29194529]

3. Salmonella Bacteremia

Salmonella infectin may be manifested by prlnged r
recurrent fevers accmpanied by bacteremia and lcal
infectin in bne, jints, pleura, pericardium, lungs, r
ther sites. Myctic artic aneurysms may als ccur. This
cmplicatin f bacteremia tends t ccur in immuncm-
prmised persns, including HIV-infected individuals, r
in lder adults with preexisting aneurysms r atherscle-
rtic plaques. Sertypes ther than typhi usually are is-
lated. Treatment requires systemic antimicrbial therapy
(duratin depends n the site f infectin) plus drainage f
any abscesses. In HIV-infected patients, relapse is cm-
mn, and lifelng suppressive therapy may be needed.
Ciprflxacin, 750 mg rally twice a day, is effective bth
fr therapy f acute infectin and fr suppressin f recur-
rence. Incidence f infectins caused by drug-resistant
strains may be n the rise.

Crump JA et al. Epidemilgy, clinical presentatin, labratry
diagnsis, antimicrbial resistance, and antimicrbial man-
agement f invasive Salmonella infectins. Clin Micrbil Rev.
2015;28:901. [PMID: 26180063]
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SHIGELLOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Diarrhea, often with blood and mucus.

» Crampy abdominal pain and systemic toxicity.

» Leukocytes in stool; positive stool culture.

» General Considerations

Shigella dysentery is a cmmn disease, ften self-limited
and mild but ccasinally serius. S sonnei is the leading
cause in the United States, fllwed by S flexneri. S dysenteriae
causes the mst serius frm f the illness. Shigellae are
invasive rganisms. The infective dse is lw at 102–103

rganisms. There has been a rise in strains resistant t
multiple antibitics.

» Clinical Findings

A. Symptoms and Signs

The illness usually starts abruptly, with diarrhea, lwer
abdminal cramps, and tenesmus. The diarrheal stl
ften is mixed with bld and mucus. Systemic symptms
are fever, chills, anrexia and malaise, and headache. The
abdmen is tender. Sigmidscpic examinatin reveals an
inflamed, engrged mucsa with punctate and smetimes
large areas f ulceratin.

B. Laboratory Findings

The stl shws many leukcytes and red cells. Stl cul-
ture is psitive fr Shigella in mst cases, but bld cultures
grw the rganism in less than 5% f cases.

» Differential Diagnosis

Bacillary dysentery must be distinguished frm salmnella
enterclitis and frm disease due t entertxigenic
Escherichia coli, Campylobacter, and Yersinia enterocolitica.
Amebic dysentery may be similar clinically and is diag-
nsed by finding amebas in the fresh stl specimen.
Ulcerative clitis is anther cause f bldy diarrhea.

» Complications

Temprary disaccharidase deficiency may fllw the diar-
rhea. Reactive arthritis is an uncmmn cmplicatin,
usually ccurring in HLA-B27 individuals infected by
Shigella. Hemlytic-uremic syndrme ccurs rarely.

» Treatment

Treatment f dehydratin and hyptensin is lifesaving in
severe cases. Recmmended empiric antimicrbial ther-
apy is either a flurquinlne (ciprflxacin, 750 mg
rally twice daily fr 7–10 days, r levflxacin, 500 mg
rally nce daily fr 3 days) r ceftriaxne, 1 g intrave-
nusly nce daily fr 5 days. If the islate is susceptible,
trimethprim-sulfamethxazle, 160/80 mg rally twice

daily fr 5 days, r azithrmycin, 500 mg rally nce daily
fr 3 days, is als effective. High rates f resistance t
amxicillin make it a less effective treatment ptin.

Gulart MA et al. Shigellsis in men wh have sex with men: an
verlked pprtunity t cunsel with pre-expsure pr-
phylaxis fr HIV. Int J STD AIDS. 2016;27:1236. [PMID:
26945593]

Shane AL et al. 2017 Infectius Diseases Sciety f America
clinical practice guidelines fr the diagnsis and management
f infectius diarrhea. Clin Infect Dis. 2017;65:1963. [PMID:
29194529]

GASTROENTERITIS CAUSED BY
ESCHERICHIA COLI

E coli causes gastrenteritis by a variety f mechanisms.
Entertxigenic E coli (ETEC) elabrates either a heat-
stable r heat-labile txin that mediates the disease. ETEC
is an imprtant cause f traveler’s diarrhea. Enterinvasive
E coli (EIEC) differs frm ther E coli bwel pathgens in
that these strains invade cells, causing bldy diarrhea and
dysentery similar t infectin with Shigella species. EIEC is
uncmmn in the United States. Neither ETEC nr EIEC
strains are rutinely islated and identified frm stl cul-
tures because there is n selective medium. Antimicrbial
therapy against Salmonella and Shigella, such as ciprflxa-
cin 500 mg rally twice daily, shrtens the clinical curse,
but the disease is self-limited.

Shiga-txin–prducing E coli (STEC) infectin can
result in asymptmatic carrier stage, nnbldy diarrhea,
hemrrhagic clitis, hemlytic-uremic syndrme, r
thrmbtic thrmbcytpenic purpura. Althugh E coli
O157:H7 is respnsible fr mst cases f STEC infectin in
the United States, ther STEC strains that cause severe dis-
ease (such as E coli O104:H4) have been reprted in Eurpe.
E coli O157:H7 has caused several utbreaks f diarrhea and
hemlytic-uremic syndrme related t cnsumptin f
undercked hamburger, raw flur, unpasteurized apple
juice, and spinach, while E coli O145 was linked t the cn-
sumptin f cntaminated lettuce. Older individuals and
yung children are mst affected, with hemlytic-uremic
syndrme being mre cmmn in the latter grup. STEC
identificatin can be difficult. The CDC recmmends that
all stls submitted fr rutine testing frm patients with
acute cmmunity-acquired diarrhea be simultaneusly cul-
tured fr E coli O157:H7 and tested fr Shiga txins t
detect nn-O157 STEC, such as E coli O145. Antimicrbial
therapy des nt alter the curse f the disease and may
increase the risk f hemlytic-uremic syndrme. Treatment
is primarily supprtive. Hemlytic-uremic syndrme r
thrmbtic thrmbcytpenic purpura ccurring in ass-
ciatin with a diarrheal illness suggests the diagnsis and
shuld prmpt evaluatin fr STEC. Cnfirmed infectins
shuld be reprted t public health fficials.

Tack D et al. Preliminary incidence and trends f infectins with
pathgens transmitted cmmnly thrugh fd—Fdbrne
Diseases Active Surveillance Netwrk, 10 U.S. Sites, 2016–
2019. MMWR Mrb Mrtal Wkly Rep. 2020;69:508. [PMID:
3235295]
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CHOLERA

E S S E N T I A L S  O F  D I A G N O S I S

» History of travel in endemic area or contact with
infected person.

» Voluminous diarrhea (up to 15 L/day).

» Characteristic “rice water stool.”

» Rapid development of marked dehydration.

» Positive stool cultures.

» General Considerations

Chlera is an acute diarrheal illness caused by certain ser-
types f Vibrio cholerae. The disease is txin-mediated, and
fever is unusual. The txin activates adenylyl cyclase in
intestinal epithelial cells f the small intestines, prducing
hypersecretin f water and chlride in and a massive
diarrhea f up t 15 L/day. Death results frm prfund
hypvlemia. Chlera ccurs in epidemics under cndi-
tins f crwding, war, and famine (eg, in refugee camps)
and where sanitatin is inadequate. Infectin is acquired by
ingestin f cntaminated fd r water. The mst recent
utbreak f chlera in the Western Hemisphere ccurred
in Haiti in late 2010, when there was a massive earthquake
fllwed by a chlera utbreak that resulted in thusands
f deaths.

» Clinical Findings

Chlera is characterized by a sudden nset f severe, fre-
quent watery diarrhea (up t 1 L/h). The liquid stl is
gray; turbid; and withut fecal dr, bld, r pus (“rice
water stl”). Dehydratin and hyptensin develp rap-
idly. Stl cultures are psitive, and agglutinatin f vibris
with specific sera can be demnstrated. Rapid antigen and
PCR-based testing is als available.

» Treatment

Treatment is primarily by replacement f fluids. In mild r
mderate illness, ral rehydratin usually is adequate. A
simple ral replacement fluid can be made frm 1/2 tea-
spn f table salt and 6 level teaspns f sugar added t
1 L f water. Intravenus fluids are indicated fr persns
with signs f severe hypvlemia and thse wh cannt
take adequate fluids rally. Lactated Ringer infusin is
satisfactry.

Antimicrbial therapy will shrten the curse f illness
and is indicated fr severely ill patients. Antimicrbials
active against V cholerae include tetracycline, ampicillin,
chlramphenicl, trimethprim-sulfamethxazle, flu-
rquinlnes, and azithrmycin. Multidrug-resistant
strains exist, s susceptibility testing, if available, is advis-
able. A single 1 g ral dse f azithrmycin is effective fr
severe chlera caused by strains with reduced susceptibil-
ity t flurquinlnes, but resistance is emerging t this
drug as well.

» Prevention

Oral chlera vaccines are available that cnfer shrt-lived,
limited prtectin and may be required fr entry int r
reentry after travel t sme cuntries. One live attenuated
ral vaccine is apprved fr use in the United States fr
persns traveling t areas f active chlera transmissin,
but supplies may be limited r unavailable.

Vaccinatin prgrams are expensive and nt particularly
effective in managing utbreaks f chlera. When ut-
breaks ccur, effrts shuld be directed tward establishing
clean water and fd surces and prper waste dispsal.

Clemens JD et al. Chlera. Lancet. 2017;390:1539. [PMID:
28302312]

Wng KK et al. Recmmendatins f the Advisry Cmmittee
n Immunizatin Practices fr use f chlera vaccine. MMWR
Mrb Mrtal Wkly Rep. 2017;66:482. [PMID: 28493859]

INFECTIONS CAUSED BY OTHER
VIBRIO SPECIES

Vibris ther than V cholerae that cause human disease are
Vibrio parahaemolyticus, V vulnificus, and V alginolyticus.
All are halphilic marine rganisms. Infectin is acquired
by expsure t rganisms in cntaminated, undercked,
r raw crustaceans r shellfish and warm (greater than
20°C [82.4°F]) cean waters and estuaries. Infectins are
mre cmmn during the summer mnths frm regins
alng the Atlantic cast and the Gulf f Mexic in the
United States and frm trpical waters arund the wrld.
Oysters are implicated in up t 90% f fd-related cases.
V parahaemolyticus causes an acute watery diarrhea with
crampy abdminal pain and fever, typically ccurring
within 24 hurs after ingestin f cntaminated shellfish.
The disease is self-limited, and antimicrbial therapy is
usually nt necessary. V parahaemolyticus may als cause
cellulitis and sepsis, thugh these findings are mre char-
acteristic f V vulnificus infectin.

V vulnificus and V alginolyticus—neither f which is ass-
ciated with diarrheal illness—are imprtant causes f celluli-
tis, wund infectins, and primary bacteremia fllwing
expsure t sea water r ingestin f cntaminated shellfish.
Cellulitis with r withut sepsis may be accmpanied by bulla
frmatin and necrsis with extensive sft tissue destructin,
at times requiring debridement and amputatin. The infec-
tin can be rapidly prgressive and is particularly severe in
immuncmprmised individuals—especially thse with
cirrhsis—with death rates as high as 50%. Patients with
chrnic liver disease and thse wh are immuncmpr-
mised shuld be cautined t avid eating raw ysters.

Dxycycline 100 mg rally twice daily plus ceftriaxne
fr 7–10 days is the drug f chice fr treatment f sus-
pected r dcumented primary bacteremia r cellulitis
caused by Vibrio species. V vulnificus is susceptible in vitr
t penicillin, ampicillin, cephalsprins, chlramphenicl,
aminglycsides, and flurquinlnes, and these agents
may als be effective. V parahaemolyticus and V alginolyticus
prduce beta-lactamase and therefre are resistant t penicillin
and ampicillin, but susceptibilities therwise are similar t
thse listed fr V vulnificus.

CMDT22_Ch33_p1459-p1497.indd 1485 02/07/21 2:38 PM



ChAPTER 331486 CMDT 2022

Baker-Austin C et al. Vibrio vulnificus: new insights int a deadly
pprtunistic pathgen. Envirn Micrbil. 2018;20:423.
[PMID: 29027375]

Wng KC et al. Antibitic use fr Vibrio infectins: imprtant
insights frm surveillance data. BMC Infect Dis. 2015;15:226.
[PMID: 26062903]

INFECTIONS CAUSED BY
CAMPYLOBACTER SPECIES

Campylobacter rganisms are micraerphilic, mtile,
gram-negative rds. Tw species infect humans: Campylo-
bacter jejuni, an imprtant cause f diarrheal disease, and
C fetus subsp fetus, which typically causes systemic infec-
tin and less frequently gastrenteritis. Dairy cattle and
pultry are an imprtant reservir fr campylbacters.
Outbreaks f enteritis have been assciated with cnsump-
tin f raw milk. Campylobacter gastrenteritis is assci-
ated with fever, abdminal pain, and diarrhea characterized
by lse, watery, r bldy stls. The differential diagn-
sis includes shigellsis, Salmonella gastrenteritis, and
enteritis caused by Y enterocolitica r invasive E coli. The
disease is self-limited, but its duratin can be shrtened
with antimicrbial therapy. Either azithrmycin, 1 g rally
as a single dse, r ciprflxacin, 500 mg rally twice
daily fr 3 days, is effective therapy. Hwever, C jejuni
islates may be resistant t flurquinlne, particularly
in Sutheast Asia, and susceptibility testing shuld be
rutinely perfrmed.

C fetus causes systemic infectins that can be fatal,
including primary bacteremia, endcarditis, meningitis,
and fcal abscesses. It infrequently causes gastrenteritis.
Patients infected with C fetus are ften lder, debilitated, r
immuncmprmised. Clsely related species, cllectively
termed “campylobacter-like rganisms,” cause bacteremia
in HIV-infected individuals. Systemic infectins respnd
t therapy with gentamicin, carbapenems, ceftriaxne, r
ciprflxacin. Ceftriaxne, merpenem, r chlrampheni-
cl shuld be used t treat infectins f the CNS because f
their ability t penetrate the bld-brain barrier.

Shane AL et al. 2017 Infectius Diseases Sciety f America
clinical practice guidelines fr the diagnsis and management
f infectius diarrhea. Clin Infect Dis. 2017;65:1963. [PMID:
29194529]

TULAREMIA

E S S E N T I A L S  O F  D I A G N O S I S

» History of contact with rabbits, other rodents, and
biting ticks in summer in endemic area.

» Fever, headache, nausea, and prostration.

» Papule progressing to ulcer at site of inoculation.

» Enlarged regional lymph nodes.

» Positive serologic tests or culture of ulcer, lymph
node aspirate, or blood.

» General Considerations

Tularemia is a zntic infectin f wild rdents and rab-
bits caused by Francisella tularensis. Humans usually
acquire the infectin by cntact with animal tissues (eg,
trapping muskrats, skinning rabbits) r frm a tick r
insect bite. Hamsters and prairie dgs als may carry the
rganism. An utbreak f pneumnic tularemia in 2000 n
Martha’s Vineyard in Massachusetts was linked t lawn-
mwing and brush-cutting as risk factrs fr infectin,
underscring the ptential fr prbable aersl transmis-
sin f the rganism. F tularensis has been classified as a
high-pririty agent fr ptential biterrrism use because
f its virulence and relative ease f disseminatin. Infectin
in humans ften prduces a lcal lesin and widespread
rgan invlvement but may be entirely asymptmatic. The
incubatin perid is typically 3–5 days.

» Clinical Findings

A. Symptoms and Signs

Fever, headache, and nausea begin suddenly, and a lcal
lesin—a papule at the site f inculatin—develps and
sn ulcerates. Reginal lymph ndes may becme
enlarged and tender and may suppurate. The lcal lesin
may be n the skin f an extremity r in the eye. Pneum-
nia may develp frm hematgenus spread f the rgan-
ism r may be primary after inhalatin f infected aersls.
Fllwing ingestin f infected meat r water, an enteric
frm may be manifested by gastrintestinal symptms,
stupr, and delirium. In any type f invlvement, the
spleen may be enlarged and tender and there may be nn-
specific rashes, myalgias, and prstratin.

B. Laboratory Findings

Culturing the rganism frm bld r infected tissue
requires special media. Fr this reasn and because cultures
f F tularensis may be hazardus t labratry persnnel,
the diagnsis is usually made serlgically. A psitive agglu-
tinatin test (greater than 1:80) develps in the secnd week
after infectin and may persist fr several years.

» Differential Diagnosis

Tularemia must be differentiated frm rickettsial and
meningcccal infectins, cat-scratch disease, infectius
mnnuclesis, and varius bacterial and fungal diseases.

» Complications

Hematgenus spread may prduce meningitis, perisple-
nitis, pericarditis, pneumnia, and stemyelitis.

» Treatment

Streptmycin is the drug f chice; the recmmended dse
is 7.5 mg/kg intramuscularly every 12 hurs fr 7–14 days.
Gentamicin, which has gd in vitr activity against F
tularensis, is generally less txic than streptmycin but
sme case series reprt lwer treatment success rates.
Dxycycline (200 mg/day rally) is als effective but has a
higher relapse rate and shuld nly be used fr the less
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seriusly ill. A variety f ther agents (eg, flurquin-
lnes) are active in vitr, but their clinical effectiveness is
nt well established.

Maurin M et al. Tularaemia: clinical aspects in Eurpe. Lancet
Infect Dis. 2016;16:113. [PMID: 26738841]

PLAGUE

E S S E N T I A L S  O F  D I A G N O S I S

» History of exposure to rodents in endemic area.

» Sudden onset of high fever, muscular pains, and
prostration.

» Axillary, cervical, or inguinal lymphadenitis (bubo).

» Pustule or ulcer at inoculation site.

» Pneumonia or meningitis is often fatal.

» Positive smear and culture from bubo and positive
blood culture.

» General Considerations

Plague is a zntic infectin carried by wild rdents and
caused by Yersinia pestis, a small biplar-staining gram-
negative rd. It is endemic in Califrnia, Arizna, Nevada,
and New Mexic. Wrldwide, Madagascar accunts fr
three-quarters f the glbal burden. It is transmitted amng
rdents and t humans by the bites f fleas r frm cntact
with infected animals. Fllwing a fleabite, the rganisms
spread thrugh the lymphatics t the lymph ndes, which
becme greatly enlarged (bubes). They may then reach the
bldstream t invlve all rgans. When pneumnia r
meningitis develps, the utcme is ften fatal. The patient
with pneumnia can transmit the infectin t ther indi-
viduals by drplets. The incubatin perid is 2–10 days.
Because f its extreme virulence, its ptential fr dissemina-
tin and persn-t-persn transmissin, and effrts t
develp the rganism as an agent f biwarfare, plague bacil-
lus is cnsidered a high-pririty agent fr biterrrism.

» Clinical Findings

A. Symptoms and Signs

The nset is sudden, with high fever, malaise, tachycardia,
intense headache, delirium, and severe myalgias. The
patient appears prfundly ill. If pneumnia develps,
tachypnea, prductive cugh, bld-tinged sputum, and
cyansis als ccur. There may be signs f meningitis. A
pustule r ulcer at the site f inculatin may be bserved.
Axillary, inguinal, r cervical lymph ndes becme
enlarged and tender and may suppurate and drain. With
hematgenus spread, the patient may rapidly becme
txic and cmatse, with purpuric spts (black plague)
appearing n the skin.

Primary plague pneumnia is a fulminant pneumnitis
with bldy, frthy sputum and sepsis. It is usually fatal
unless treatment is started within a few hurs after nset.

B. Laboratory Findings

The plague bacillus may be fund in smears frm aspirates
f bubes examined with Gram stain. Cultures frm bub
aspirate r pus and bld are psitive but may grw slwly.
In cnvalescing patients, an antibdy titer rise may be
demnstrated by agglutinatin tests.

» Differential Diagnosis

The lymphadenitis f plague is mst cmmnly mistaken
fr the lymphadenitis accmpanying staphylcccal r
streptcccal infectins f an extremity, sexually transmit-
ted diseases such as lymphgranulma venereum r syphi-
lis, and tularemia. The systemic manifestatins resemble
thse f enteric r rickettsial fevers, malaria, r influenza.
The pneumnia resembles ther bacterial pneumnias, and
the meningitis is similar t thse caused by ther bacteria.

» Prevention

Aviding expsure t rdents and fleas in endemic areas is
the best preventin strategy. Drug prphylaxis may prvide
temprary prtectin fr persns expsed t the risk f
plague infectin, particularly by the respiratry rute.
Dxycycline, 100 mg rally twice daily fr 7 days, is effec-
tive. N vaccine is available at this time.

» Treatment

Therapy shuld be started immediately nce plague is sus-
pected. Either streptmycin (the agent with which there is
greatest experience), 1 g every 12 hurs intravenusly, r
gentamicin, administered as a 2-mg/kg lading dse, then
1.7 mg/kg every 8 hurs intravenusly, is effective. Alterna-
tively, dxycycline, 100 mg rally r intravenusly, may be
used. The duratin f therapy is 10 days. Patients with
plague pneumnia are placed in strict respiratry islatin,
and prphylactic therapy is given t any persn wh came
in cntact with the patient.

Yang R. Plague: recgnitin, treatment, and preventin. J Clin
Micrbil. 2018;56:e01519. [PMID: 29070654]

GONOCOCCAL INFECTIONS

E S S E N T I A L S  O F  D I A G N O S I S

» Purulent, profuse urethral discharge with dysuria,
especially in men; yields positive smear.

» Men: urethritis, epididymitis, prostatitis, proctitis,
pharyngitis.

» Women: cervicitis with purulent discharge, or
asymptomatic, yielding positive culture; vaginitis,
salpingitis, proctitis also occur.

» Disseminated disease: fever, rash, tenosynovitis,
and arthritis.

» The preferred method of diagnosis is testing with
nucleic acid amplification.
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» General Considerations

Gnrrhea is caused by Neisseria gonorrhoeae, a gram-
negative diplcccus typically fund inside plymrph-
nuclear cells. It is transmitted during sexual activity and
has its greatest incidence in the 15- t 29-year-ld age
grup. The incubatin perid is usually 2–8 days.

» Classification

A. Urethritis and Cervicitis

Initial symptoms seen in men include burning n urinatin
and a serus r milky discharge. One t 3 days later, the
urethral pain is mre prnunced and the discharge becmes
yellw, creamy, and prfuse, smetimes bld-tinged. The
disrder may regress and becme chrnic r prgress t
invlve the prstate, epididymis, and periurethral glands
with painful inflammatin. Chrnic infectin leads t prs-
tatitis and urethral strictures. Rectal infectin is cmmn in
men wh have sex with men. Other sites f primary infec-
tin (eg, the pharynx) must always be cnsidered. Asymp-
tmatic infectin is cmmn and ccurs in bth sexes.

Gonococcal infection in women ften presents with
dysuria, urinary frequency, and urgency, with a purulent
urethral discharge. Vaginitis and cervicitis with inflamma-
tin f Barthlin glands are cmmn. Infectin may be
asymptmatic, with nly slightly increased vaginal dis-
charge and mderate cervicitis n examinatin. Infectin
may remain as a chrnic cervicitis—an imprtant reservir
f gnccci. It can prgress t invlve the uterus and
tubes with acute and chrnic salpingitis, with scarring f
tubes and sterility. In pelvic inflammatry disease, anaer-
bes and chlamydia ften accmpany gnccci. Rectal
infectin may result frm spread f the rganism frm the
genital tract r frm anal citus.

Nucleic acid amplificatin tests are the preferred
methd fr diagnsing gnrrhea at all sites given their
excellent sensitivity and specificity. In wmen with sus-
pected cervical infectin, endcervical r vaginal swabs
(clinician- r self-cllected) as well as first catch am urine
specimen (later specimens have 10% reduced sensitivity)
are ptins. In men with urethral infectin, first catch am
urine is recmmended. Nucleic acid amplificatin tests are
als recmmended by the CDC fr rpharyngeal and
rectal site swab testing. Urine testing des nt detect r-
pharyngeal and rectal gnrrhea unless there is cncurrent
genital infectin. Gram stain f urethral r rectal discharge
in men, especially during the first week after nset, shws
gram-negative diplccci in plymrphnuclear leuk-
cytes. Gram stain is less ften psitive in wmen. Cultures
shuld still be btained when evaluating a treatment failure
t assess fr antimicrbial resistance.

B. Disseminated Disease

Systemic cmplicatins fllw the disseminatin f gn-
ccci frm the primary site via the bldstream. Tw dis-
tinct clinical syndrmes—either purulent arthritis r the
triad f rash, tensynvitis, and arthralgias—are cm-
mnly bserved in patients with disseminated gncccal
infectin, althugh verlap can be seen. The skin lesins

can range frm maculpapular t pustular r hemrrhagic,
which tend t be few in number and peripherally lcated.
The tensynvitis is ften fund in the hands and wrists
and feet and ankles. These unique findings can help distin-
guish amng ther infectius syndrmes. The arthritis can
ccur in ne r mre jints and may be migratry. Gn-
ccci are islated by culture frm less than half f patients
with gncccal arthritis. Nucleic acid amplificatin can
be perfrmed n synvial fluid, if available, and may be
mre sensitive fr the diagnsis. Rarely, gncccal end-
carditis r meningitis develps.

C. Conjunctivitis

The mst cmmn frm f eye invlvement is direct
inculatin f gnccci int the cnjunctival sac. In
adults, this ccurs by autinculatin f a persn with
genital infectin. The purulent cnjunctivitis may rapidly
prgress t panphthalmitis and lss f the eye unless
treated prmptly.

» Differential Diagnosis

Gncccal urethritis r cervicitis must be differentiated
frm nngncccal urethritis; cervicitis r vaginitis due t
Chlamydia trachomatis, Gardnerella vaginalis, Trichomonas,
Candida, and ther pathgens assciated with sexually trans-
mitted diseases; and pelvic inflammatry disease, arthritis,
prctitis, and skin lesins. Often, several such pathgens
cexist in a patient. Reactive arthritis (urethritis, cnjunctivi-
tis, arthritis) may mimic gnrrhea r cexist with it.

» Prevention

Preventin is based n educatin and mechanical r
chemical prphylaxis. The cndm, if prperly used, can
reduce the risk f infectin. Partner ntificatin and refer-
ral f cntacts fr treatment has been the standard methd
used t cntrl sexually transmitted diseases. Early treat-
ment f cntacts can halt the develpment f symptms
as well. Expedited treatment f sex partners by patient-
delivered partner therapy is mre effective than partner
ntificatin in reducing persistence and recurrence rates f
gnrrhea and chlamydia.

» Treatment

Therapy typically is administered befre antimicrbial
susceptibilities are knwn. The chice f which regimen t
use shuld be based n the natinal prevalence f antibi-
tic-resistant rganisms. Natinwide, there are strains f
gnccci that are resistant t penicillin, tetracycline, r
ciprflxacin. Cnsequently, these drugs are nt cnsid-
ered first-line therapy. Resistance t azithrmycin and t
ceftriaxne has been reprted. All sexual partners shuld
be treated and tested fr HIV infectin and syphilis, as
shuld the patient.

A. Uncomplicated Gonorrhea

Due t increasing resistance f N gonorrhoeae t cephal-
sprins, the CDC recmmends a high dse f intramuscular
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ceftriaxne when chlamydial infectin has been excluded.
Fr uncmplicated gncccal infectins f the cervix,
urethra, rectum, and pharynx, the recmmended treat-
ment is ceftriaxne (500 mg intramuscularly fr patients
wh weigh less than 105 kg and 1 g intramuscularly fr
patients wh weigh 150 kg r mre). Cefixime, 800 mg
rally as a single dse, shuld be used when an ral cepha-
lsprin is the nly ptin. When chlamydial infectin has
nt been excluded, c-treatment f chlamydia with dxy-
cycline 100 mg twice daily fr 7 days r azithrmycin 1 g as
a single dse is recmmended. Flurquinlnes are nt
recmmended fr treatment due t high rates f micrbial
resistance. Spectinmycin, 1 g intramuscularly nce, may
be used fr the penicillin-allergic patient but is nt cur-
rently available in the United States.

B. Treatment of Other Infections

Disseminated gncccal infectin (including arthritis and
arthritis-dermatitis syndrmes) shuld be treated with
ceftriaxne (1 g intravenusly daily) plus azithrmycin
(1000 mg rally as a single dse), until 48 hurs after
imprvement begins, at which time therapy may be
switched t cefixime (400 mg rally daily) t cmplete at
least 1 week f antimicrbial therapy. Endcarditis shuld
be treated with ceftriaxne (2 g every 24 hurs intrave-
nusly) fr at least 4 weeks.

Pelvic inflammatry disease requires cefxitin (2 g
intravenusly every 6 hurs) r ceftetan (2 g intrave-
nusly every 12 hurs) plus dxycycline (100 mg every
12 hurs). Clindamycin (900 mg intravenusly every
8 hurs) plus gentamicin (administered intravenusly as a
2-mg/kg lading dse fllwed by 1.5 mg/kg every 8 hurs)
is als effective. Ceftriaxne (250 mg intramuscularly as a
single dse) r cefxitin (2 g intramuscularly) plus prbene-
cid (1 g rally as a single dse) plus dxycycline (100 mg twice
a day fr 14 days), with r withut metrnidazle (500 mg
twice daily fr 14 days), is an effective utpatient regimen.

De Ambrgi M. Internatinal frum n gncccal infectins
and resistance. Lancet Infect Dis. 2017;17:1127. [PMID:
29115267]

St Cyr S et al. Update t CDC’s treatment guidelines fr gn-
cccal infectin, 2020. MMWR Mrb Mrtal Wkly Rep.
2020;69:1911. [PMID: 33332296]

CHANCROID

Chancrid is a sexually transmitted disease caused by the
shrt gram-negative bacillus Haemophilus ducreyi. The
incubatin perid is 3–5 days. At the site f inculatin, a
vesicpustule develps that breaks dwn t frm a painful,
sft ulcer with a necrtic base, surrunding erythema, and
undermined edges. There may be multiple lesins due t
autinculatin. The adenitis is usually unilateral and cn-
sists f tender, matted ndes f mderate size with verly-
ing erythema. These may becme fluctuant and rupture
spntaneusly. With lymph nde invlvement, fever, chills,
and malaise may develp. Balanitis and phimsis are fre-
quent cmplicatins in men. Wmen may have n external
signs f infectin. The diagnsis is established by culturing
a swab f the lesin nt a special medium.

Chancrid must be differentiated frm ther genital
ulcers. The chancre f syphilis is clean and painless, with a
hard base. Mixed sexually transmitted disease is very cm-
mn (including syphilis, herpes simplex, and HIV infec-
tin), as is infectin f the ulcer with fusifrms, spirchetes,
and ther rganisms.

A single dse f either azithrmycin, 1 g rally, r cef-
triaxne, 250 mg intramuscularly, is effective treatment.
Effective multiple-dse regimens are erythrmycin, 500 mg
rally fur times a day fr 7 days, r ciprflxacin, 500 mg
rally twice a day fr 3 days.

Rmer L et al. Macrlides fr treatment f Haemophilus ducreyi
infectin in sexually active adults. Cchrane Database Syst
Rev. 2017;12:CD012492. [PMID: 29226307]

GRANULOMA INGUINALE

Granulma inguinale is a chrnic, relapsing granulma-
tus angenital infectin due t Klebsiella granulomatis
(previusly knwn as Calymmatobacterium granulomatis).
The pathgnmnic cell, fund in tissue scrapings r
secretins, is large (25–90 mcm), and cntains intracyt-
plasmic cysts filled with bdies (Dnvan bdies) that
stain deeply with Wright stain.

The incubatin perid is 8 days t 12 weeks. The nset
is insidius. The lesins ccur n the skin r mucus mem-
branes f the genitalia r perineal area. They are relatively
painless infiltrated ndules that sn slugh. A shallw,
sharply demarcated ulcer frms, with a beefy-red friable
base f granulatin tissue. The lesin spreads by cntiguity.
The advancing brder has a characteristic rlled edge f
granulatin tissue. Large ulceratins may advance nt the
lwer abdmen and thighs. Scar frmatin and healing
ccur alng ne brder while the ppsite brder advances.

Superinfectin with spirchete-fusifrm rganisms is
cmmn. The ulcer then becmes purulent, painful, ful-
smelling, and extremely difficult t treat.

Several therapies are available. Because f the indlent
nature f the disease, duratin f therapy is relatively lng.
The fllwing recmmended regimens shuld be given fr
3 weeks r until all lesins have healed: azithrmycin, 1 g
rally nce weekly (preferred); dxycycline, 100 mg rally
twice daily; r azithrmycin, 1 g rally nce weekly; r
ciprflxacin, 750 mg rally twice daily; trimethprim-
sulfamethxazle, 1 duble-strength tablet rally twice a
day; r erythrmycin, 500 mg rally fur times a day.

O’Farrell N et al. 2016 Eurpean guideline n dnvansis. Int J
STD AIDS. 2016;27:605. [PMID: 26882914]

BARTONELLA SPECIES

Bartonella species are respnsible fr a wide variety f clini-
cal syndrmes. Bacillary angiomatosis, an imprtant man-
ifestatin f bartnellsis, is discussed in Chapter 31. A
variety f atypical infectins, including retinitis, encephali-
tis, stemyelitis, and persistent bacteremia and endcardi-
tis (especially cnsider in culture-negative endcarditis),
have been described.
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Trench fever is a self-limited, luse-brne relapsing
febrile disease caused by B quintana. The disease has
ccurred epidemically in luse-infested trps and civil-
ians during wars and endemically in residents f scattered
gegraphic areas (eg, Central America). An urban equiva-
lent f trench fever has been described amng persns wh
are hmeless. Humans acquire infectin when infected lice
feces enter sites f skin breakdwn. Onset f symptms is
abrupt and fever lasts 3–5 days, with relapses, althugh
islated febrile episdes and prlnged fevers can als
ccur. The patient cmplains f weakness and severe pain
behind the eyes and typically in the back and legs. Lymph-
adenpathy, splenmegaly, and a transient maculpapular
rash may appear. Subclinical infectin is frequent, and a
carrier state is recgnized. The differential diagnsis
includes ther febrile, self-limited states such as dengue,
leptspirsis, malaria, relapsing fever, and typhus. Optimal
therapy is uncertain.

Cat-scratch disease is an acute infectin f children
and yung adults caused by Bartonella henselae. It is trans-
mitted frm cats t humans as the result f a scratch r bite.
Within a few days, a papule r ulcer will develp at the
inculatin site in ne-third f patients. One t 3 weeks
later, fever, headache, and malaise ccur. Reginal lymph
ndes becme enlarged, ften tender, and may suppurate.
Lymphadenpathy frm cat scratches resembles that due t
neplasm, tuberculsis, lymphgranulma venereum, and
bacterial lymphadenitis. The diagnsis is usually made
clinically. Special cultures fr bartnellae, serlgy, r exci-
sinal bipsy, thugh rarely necessary, cnfirm the diagn-
sis. The bipsy reveals necrtizing lymphadenitis and is
itself nt specific fr cat-scratch disease. Cat-scratch dis-
ease is usually self-limited, requiring n specific therapy.
Encephalitis ccurs rarely.

Disseminated frms f the disease—bacillary angima-
tsis, pelisis hepatis, and retinitis—ccur mst cmmnly
in immuncmprmised patients such as persns with late
stages f HIV r slid rgan transplant recipients. The
lesins are vasculprliferative and histpathlgically
distinct frm thse f cat-scratch disease. Unexplained
fever in patients with late stages f HIV infectin is nt
uncmmnly due t bartnellsis. B quintana, the agent f
trench fever, can als cause bacillary angimatsis and
persistent bacteremia r endcarditis (which will be “cul-
ture-negative” unless specifically sught), the latter tw
entities being assciated with hmelessness. Due t the
fastidius nature f the rganism and its special grwth
requirements, serlgic testing (eg, demnstratin f a
high antibdy titer in an indirect immunflurescence
assay) r nucleic acid amplificatin tests are ften required
t establish a diagnsis.

The disseminated frms f the disease (bacillary angi-
matsis, pelisis hepatis, and retinitis) require a prlnged
curse f antibitic therapy ften in cmbinatin with a
secnd agent. Bacteremia and endcarditis can be effec-
tively treated with dxycycline (200 mg rally r intrave-
nusly in tw divided dses per day) plus 2 weeks f either
gentamicin (3 mg/kg/day intravenusly) r rifampin
(600 mg/day rally in tw divided dses) fllwed by dxy-
cycline mntherapy fr a ttal duratin f at least 3 mnths

unless valve surgery has been perfrmed, in which case
treatment can be shrtened t 6 weeks after valve surgery.
Relapse may ccur.

Okar U et al. Bartonella species, an emerging cause f bld-
culture-negative endcarditis. Clin Micrbil Rev. 2017;30:
709. [PMID: 28490579]

ANAEROBIC INFECTIONS

Anaerbic infectins tend t be plymicrbial and
abscesses are cmmn. Pus and infected tissue ften are
maldrus. Septic thrmbphlebitis and metastatic infec-
tin are frequent and may require incisin and drainage.
Diminished bld supply that favrs prliferatin f anaer-
bes because f reduced tissue xygenatin may interfere
with the delivery f antimicrbials t the site f anaerbic
infectin. Cultures, unless carefully cllected under anaer-
bic cnditins, may yield negative results.

Imprtant types f infectins that are mst cmmnly
caused by anaerbic rganisms are listed belw. Treatment
f all these infectins cnsists f surgical explratin and
judicius excisin in cnjunctin with administratin f
antimicrbial drugs.

1. head & Neck Infections

Prevotella melaninogenica (frmerly Bacteroides melanin-
ogenicus) and anaerbic spirchetes are cmmnly
invlved in peridntal infectins. These rganisms,
fusbacteria, and peptstreptccci may cause chrnic
sinusitis, peritnsillar abscess, chrnic titis media, and
mastiditis. F necrophorum has been recgnized as a
cmmn cause f pharyngitis in adlescents and yung
adults. F necrophorum infectin has been assciated with
septic internal jugular thrmbphlebitis (Lemierre syn-
drme) and causes septic pulmnary emblizatin.
Hygiene, drainage, and surgical debridement are as
imprtant in treatment as antimicrbials. Penicillin alne
is inadequate treatment fr infectins frm ral anaerbic
rganisms because f penicillin resistance, usually due t
beta-lactamase prductin. Therefre, ampicillin/sulbac-
tam 1.5–3 g intravenusly every 6 hurs (if parenteral
therapy is required), r amxicillin/clavulanic acid
875 mg/125 mg rally twice daily, r clindamycin can be
used (600 mg intravenusly every 8 hurs r 300 mg
rally every 6 hurs). Antimicrbial treatment is cntin-
ued fr a few days after symptms and signs f infectin
have reslved. Indlent, established infectins (eg, mas-
tiditis r stemyelitis) may require prlnged curses f
therapy, eg, 4–6 weeks r lnger.

2. Cest Infections

Usually in the setting f pr ral hygiene and peridntal
disease, aspiratin f saliva (which cntains 108 anaerbic
rganisms per milliliter in additin t aerbes) may lead t
necrtizing pneumnia, lung abscess, and empyema. Ply-
micrbial infectin is the rule, and anaerbes—particularly
P melaninogenica, fusbacteria, and peptstreptccci—
are cmmn etilgic agents. Mst pulmnary infectins
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respnd t antimicrbial therapy alne. Percutaneus chest
tube r surgical drainage is indicated fr empyema.

Clindamycin, 600 mg intravenusly nce, fllwed by
300 mg rally every 6–8 hurs, is the treatment f chice
fr these infectins. Metrnidazle des nt cver faculta-
tive streptccci, which ften are present, and if used, a
secnd agent that is active against streptccci, such as
ceftriaxne 1 g intravenusly r intramuscularly daily,
shuld be added. Penicillin, 2 millin units intravenusly
every 4 hurs, fllwed by amxicillin, 500 mg rally every
8 hurs, is an alternative; hwever, penicillin-resistant
Bacteroides fragilis and P melaninogenica are cmmnly
islated and have been assciated with clinical failures.
Mxiflxacin, 400 mg rally r intravenusly nce daily,
may be used. Because these infectins respnd slwly, a
prlnged curse f therapy (eg, 4–6 weeks) is generally
recmmended.

3. Central Nervous System

Anaerbes are a cmmn cause f brain abscess, subdural
empyema, r septic CNS thrmbphlebitis. The rganisms
reach the CNS by direct extensin frm sinusitis, titis, r
mastiditis r by hematgenus spread frm chrnic lung
infectins. Antimicrbial therapy—eg, ceftriaxne, 2 g
intravenusly every 12 hurs, plus metrnidazle, 500 mg
intravenusly every 8 hurs—is an imprtant adjunct t
surgical drainage. Duratin f therapy is 6–8 weeks but
shuld be based n fllw-up imaging. Sme small multi-
ple brain abscesses can be treated with antibitics alne
withut surgical drainage.

4. IntraAbdominal Infections

In the cln there are up t 1011 anaerbes per gram f
cntent—predminantly B fragilis, clstridia, and pept-
streptccci. These rganisms play a central rle in mst
intra-abdminal abscesses fllwing trauma t the cln,
as well as diverticulitis, appendicitis, perirectal abscess,
hepatic abscess, and chlecystitis, ften in assciatin
with aerbic clifrm bacteria. The bacterilgy includes
anaerbes as well as enteric gram-negative rds and n
ccasin enterccci. Therapy shuld be directed bth
against anaerbes and gram-negative aerbes. Agents
that are active against B fragilis include metrnidazle,
chlramphenicl, mxiflxacin, tigecycline, ertapenem,
imipenem, dripenem, ampicillin-sulbactam, ticarcillin-
clavulanic acid, and piperacillin-tazbactam. Resistance
t cefxitin, ceftetan, and clindamycin is increasingly
encuntered. Mst third-generatin cephalsprins have
pr efficacy.

Table 33–6 summarizes the antibitic regimens fr
management f mderate t mderately severe infectins
(eg, patient hemdynamically stable, gd surgical drain-
age pssible r established, lw APACHE scre, n multi-
ple rgan failure) and severe infectins (eg, majr peritneal
silage, large r multiple abscesses, patient hemdynami-
cally unstable), particularly if drug-resistant rganisms are
suspected. An effective ral regimen fr patients able t
take it is presented als.

5. Female Genital Tract & Pelvic Infections

The nrmal flra f the vagina and cervix includes several
species f bacterides, peptstreptccci, grup B strept-
ccci, lactbacilli, clifrm bacteria, and, ccasinally, spi-
rchetes and clstridia. These rganisms cmmnly cause
genital tract infectins and may disseminate frm there.

While salpingitis is ften caused by gnccci and chla-
mydiae, tub-varian and pelvic abscesses are assciated
with anaerbes in mst cases. Pstpartum infectins may
be caused by aerbic streptccci r staphylccci, but
anaerbes are ften fund, and the wrst cases f pstpar-
tum r pstabrtin sepsis are assciated with clstridia
and bacterides. These have a high mrtality rate, and
treatment requires bth antimicrbials directed against
anaerbes and clifrms (similar t treatment f anaerbic
intra-abdminal infectins, Table 33–6) and abscess drain-
age r early hysterectmy.

6. Bacteremia & Endocarditis

Anaerbic bacteremia usually riginates frm the gastrin-
testinal tract, the rpharynx, pressure injuries, r the
female genital tract. Endcarditis due t anaerbic and
micraerphilic streptccci and bacterides riginates
frm the same sites. Mst cases f anaerbic r micraer-
philic streptcccal endcarditis can be effectively treated
with 12–20 millin units f penicillin G intravenusly
daily fr 4–6 weeks, but ptimal therapy f ther types f
anaerbic bacterial endcarditis must rely n labratry
guidance. Prpinibacteria, clstridia, and bacterides
ccasinally cause endcarditis.

Table 33–6. Treatment of anaerobic intra-abdominal
infections.

Communityonset

Oral terapy

Moxifloxacin 400 mg every 24 hours

Ciprofloxacin 750 mg twice a day or levofloxacin 750 mg

once a day plus metronidazole 500 mg every 8 hours

Intravenous terapy

Moderate to moderately severe infections:

Ertapenem 1 g intravenously every 24 hours

or

Ceftriaxone 1 g intravenously every 24 hours plus

metronidazole intravenously or orally, 500 mg every

8 hours. If penicillin allergic, can replace ceftriaxone with

ciprofloxacin 400 mg intravenously (or 500 mg orally)

every 12 hours.

Severe infections:

Imipenem 0.5 g intravenously every 6–8 hours or

meropenem 1 g every 8 hours or doripenem 0.5 g every

8 hours or piperacillin/tazobactam 3.75 g every 6 hours

healt care–associated

Intravenous terapy

Imipenem 0.5 g intravenously every 6–8 hours or

meropenem 1 g every 8 hours or doripenem 0.5 g every

8 hours or piperacillin/tazobactam 4.5 g every 6 hours

or

Ceftazidime or cefepime 2 g intravenously every 8 hours

plus metronidazole 500 mg intravenously or orally every

8 hours
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7. Skin & Soft Tissue Infections

Anaerbic infectins f the skin and sft tissue usually
fllw trauma, inadequate bld supply, r surgery and
are mst cmmn in areas that are cntaminated by ral
r fecal flra. These infectins als ccur in injectin
drug users and persns sustaining animal bites. There
may be prgressive tissue necrsis (Figure 33–5) and a
putrid dr.

Several terms, such as bacterial synergistic gangrene,
synergistic necrtizing cellulitis, necrtizing fasciitis (see
abve), and nn-clstridial crepitant cellulitis, have been
used t classify these infectins. Althugh there are sme
differences in micrbilgy amng them, their differen-
tiatin n clinical grunds alne is difficult. All are mixed
infectins caused by aerbic and anaerbic rganisms and
require aggressive surgical debridement f necrtic tissue
fr cure.

Brad-spectrum antibitics active against bth anaer-
bes and gram-psitive and gram-negative aerbes (eg,
vancmycin plus piperacillin-tazbactam) shuld be
instituted empirically and mdified by culture results (see
Table 30–5). They are given fr abut a week after pr-
gressive tissue destructin has been cntrlled and the
margins f the wund remain free f inflammatin.

▲ Figure 33–5. Left foot gangrene, with plantar
extension. (Used, with permission, from Dean SM, Satiani
B, Abraham WT. Color Atlas and Synopsis of Vascular
Diseases. McGraw-Hill, 2014.)

Brk I. Spectrum and treatment f anaerbic infectins. J Infect
Chemther. 2016;22:1. [PMID: 26620376]

de Prst N et al. Therapeutic targets in necrtizing sft tissue
infectins. Intensive Care Med. 2017;43:1717. [PMID:
28474117]

º
ACTINOMYCOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Recent dental infection, abdominal trauma, or
intrauterine contraception device placement.

» Chronic pneumonia or indolent cervicofacial or
intra-abdominal abscess.

» Sinus tract formation.

» General Considerations

Actinomyces israelii and ther species f Actinomyces ccur
in the nrmal flra f the muth and tnsillar crypts.
When intrduced int traumatized tissue and assciated
with ther anaerbic bacteria, these actinmycetes becme
pathgens.

The mst cmmn site f infectin is the cervicfacial
area (abut 60% f cases). Infectin typically fllws
extractin f a tth r ther trauma. Lesins may develp
in the gastrintestinal tract r lungs fllwing ingestin r
aspiratin f the rganism frm its endgenus surce in
the muth. Interestingly, T whipplei, the causative agent f
Whipple disease, is an actinmycete and therefre is
related t the species that cause actinmycsis.

» Clinical Findings

A. Symptoms and Signs

1. Cervicofacial actinomycosis—Cervicfacial actinmycsis
develps slwly. The area becmes markedly indurated, and
the verlying skin becmes reddish r cyantic. Abscesses
eventually draining t the surface persist fr lng perids.
“Sulfur granules”—masses f filamentus rganisms—may
be fund in the pus. There is usually little pain unless there is
secndary infectin. Trismus indicates that the muscles f
masticatin are invlved. Radigraphy may reveal bny
invlvement. Cervicfacial r thracic disease may ccasin-
ally invlve the CNS, mst cmmnly brain abscess r
meningitis.

2. Thoracic actinomycosis—Thracic invlvement begins
with fever, cugh, and sputum prductin with night
sweats and weight lss. Pleuritic pain may be present. Mul-
tiple sinuses may extend thrugh the chest wall, t the
heart, r int the abdminal cavity. Ribs may be invlved.
Radigraphy shws areas f cnslidatin and in many
cases pleural effusin.

3. Abdominal actinomycosis—Abdminal actinmycsis
usually causes pain in the ilececal regin, spiking fever
and chills, vmiting, and weight lss; it may be cnfused
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with Crhn disease. Irregular abdminal masses may be
palpated. Pelvic inflammatry disease caused by actinmy-
cetes has been assciated with prlnged use f an intra-
uterine cntraceptive device. Sinuses draining t the
exterir may develp. CT scanning reveals an inflamma-
try mass extended t invlve bne.

B. Laboratory Findings

The anaerbic, gram-psitive rganism may be demn-
strated as a granule r as scattered branching gram-
psitive filaments in the pus. Anaerbic culture is neces-
sary t distinguish actinmycetes frm Nocardia species
because specific therapy differs fr the tw infectins.
Histpathlgy examinatin f affected tissue and bne is
useful in identifying rganisms that are fastidius and
slw t culture.

» Treatment

Penicillin G is the drug f chice. Ten t 20 millin units
are given intravenusly fr 4–6 weeks, fllwed by ral
penicillin V, 500 mg fur times daily. Alternatives
include ampicillin, 12 g/day intravenusly fr 4–6 weeks,
fllwed by ral amxicillin, 500 mg three times daily, r
dxycycline, 100 mg twice daily intravenusly r rally.
Respnse t therapy is slw. Therapy shuld be cntin-
ued fr weeks t mnths after clinical manifestatins
have disappeared t ensure cure. Surgical prcedures
such as drainage and resectin may be beneficial. With
penicillin and surgery, the prgnsis is gd. The diffi-
culties f diagnsis, hwever, may permit extensive
destructin f tissue befre the diagnsis is identified
and therapy is started.

Xu Y et al. Disseminated actinmycsis. N Engl J Med. 2018;
379:1071. [PMID: 30207906]

º
NOCARDIOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Indolent pneumonia with dissemination to CNS,
skin, and bone or primary cutaneous disease.

» Suspect in setting of chronic lung disease or
immunocompromised person.

» General Considerations

Nocardia species are aerbic filamentus sil bacteria that
can cause pulmnary and systemic ncardisis. Cmmn
Nocardia species include members f the Nocardia
asteroides cmplex and Nocardia brasiliensis. Brnch-
pulmnary abnrmalities (eg, brnchiectasis) predispse
t clnizatin, but infectin is unusual unless the patient
is als receiving systemic crticsterids r is therwise
immunsuppressed.

» Clinical Findings

Pulmnary invlvement usually begins with malaise, lss
f weight, fever, and night sweats. Cugh and prductin
f purulent sputum are the chief cmplaints. Pulmnary
infiltrates may penetrate t the exterir thrugh the chest
wall, invading the ribs.

Disseminatin invlves any rgan. Brain abscesses and
subcutaneus ndules are mst frequent. Cutaneus
lesins may mimic actinmycsis. Radigraphy may shw
infiltrates accmpanied by pleural effusin. Even in the
absence f clinical symptms and signs f CNS infectin,
clinicians shuld cnsider brain imaging in patients with
ncardisis t rule ut an ccult abscess.

Nocardia species are usually fund as delicate, branch-
ing, gram-psitive filaments. They may be weakly acid-
fast, ccasinally causing diagnstic cnfusin with
tuberculsis. Identificatin is made by culture.

» Treatment

Fr islated primary cutaneus infectins, therapy is initi-
ated with trimethprim-sulfamethxazle rally r intrave-
nusly (5–10 mg/kg/day based n trimethprim). Surgical
prcedures such as drainage and resectin may be needed
as adjunctive therapy fr islated cutaneus disease. A
higher dse f 15 mg/kg/day (based n trimethprim)
shuld be used fr disseminated r pulmnary infectins.
Resistance t trimethprim-sulfamethxazle is increasing
and initiating treatment with tw drugs while awaiting anti-
bitic susceptibilities in cases f disseminated r severe
lcalized disease shuld be cnsidered. Brain abscesses r
pneumnia shuld be initially treated with cmbinatin
therapy. Alternative agents r drugs that can be given in
cmbinatin with trimethprim-sulfamethxazle include
imipenem, 500 mg intravenusly every 6 hurs; amikacin,
7.5 mg/kg intravenusly every 12 hurs; r mincycline,
100–200 mg rally r intravenusly twice daily. Cnsulta-
tin with an infectius diseases expert is encuraged.

Respnse may be slw; therapy shuld be cntinued fr
at least 6 mnths. The prgnsis in systemic ncardisis is
pr when diagnsis and therapy are delayed.

Fatahi-Bafghi M. Ncardisis frm 1888 t 2017. Micrb Pathg.
2018;114:369. [PMID: 29146497]

Takiguchi Y et al. Pulmnary ncardisis: a clinical analysis f
30 cases. Intern Med. 2017;56:1485. [PMID: 28626172]

º
INFECTIONS CAUSED BY MYCOBACTERIA

NONTUBERCULOUS
MYCOBACTERIAL DISEASES

Abut 10% f mycbacterial infectins are caused by nntu-
berculus mycbacteria. Nntuberculus mycbacterial
infectins are amng the mst cmmn pprtunistic infec-
tins in advanced HIV disease. These rganisms have dis-
tinctive labratry characteristics, ccur ubiquitusly in the
envirnment, are nt cmmunicable frm persn t persn,
and are ften resistant t standard antituberculus drugs.
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1. Pulmonary Infections

Mycobacterium avium cmplex (MAC) causes a chrnic,
slwly prgressive pulmnary infectin resembling tuber-
culsis in immuncmpetent patients wh typically have
underlying pulmnary disease. Susceptibility testing fr
macrlide-resistance shuld be perfrmed n clinical is-
lates. Pulmnary disease is ften classified as ndular,
brnchiectatic, r fibrcavitary. Treatment f pulmnary
MAC requires a three-drug regimen: clarithrmycin
(500–1000 mg rally daily) r azithrmycin (500 mg rally
daily) plus either rifampin (600 mg rally daily) r rifabu-
tin (300 mg rally daily) plus ethambutl (15 mg/kg rally
daily). Therapy is cntinued fr at least 12 mnths after
sterilizatin f cultures.

M kansasii can prduce clinical disease resembling
tuberculsis, but the illness prgresses mre slwly. Mst
such infectins ccur in patients with preexisting lung
disease, thugh 40% f patients have n knwn pulm-
nary disease. Micrbilgically, M kansasii is similar t
M tuberculosis and is sensitive t the same drugs except
pyrazinamide, t which it is resistant. Therapy with isniazid,
ethambutl, and rifampin fr 2 years (r 1 year after sputum
cnversin) has been successful.

Less cmmn causes f pulmnary disease include M
xenopi, M szulgai, and M gordonae. These rganisms have
variable sensitivities, and treatment is based n results f
sensitivity tests. The rapidly grwing mycbacteria, M
abscessus, M chelonae, and M fortuitum, als can cause
pneumnia in the ccasinal patient.

Daley CL et al. Treatment f nntuberculus mycbacterial
pulmnary disease: an fficial ATS/ERS/ESCMID/IDSA clin-
ical practice guideline. Clin Infect Dis. 2020;71:905. [PMID:
32797222]

Jarand J et al. Lng-term fllw-up f Mycobacterium avium
cmplex lung disease in patients treated with regimens
including clfazimine and/r rifampin. Chest. 2016;149:1285.
[PMID: 26513209]

2. Lympadenitis

Mst cases f lymphadenitis (scrfula) in adults are caused
by M tuberculosis and can be a manifestatin f dissemi-
nated disease. In children, the majrity f cases are due t
nntuberculus mycbacterial species. Infectin with nn-
tuberculus mycbacteria can be successfully treated by
surgical excisin withut antituberculus therapy.

3. Skin & Soft Tissue Infections

Skin and sft tissue infectins such as abscesses, septic
arthritis, and stemyelitis can result frm direct incula-
tin r hematgenus disseminatin r may ccur as a
cmplicatin f surgery.

M abscessus, M chelonae, and M fortuitum are frequent
causes f these types f infectins. Mst cases ccur in the
extremities and initially present as ndules. Ulceratin with
abscess frmatin ften fllws. The rganisms are resistant

t the usual antituberculsis drugs and may have susceptibil-
ity t clarithrmycin, azithrmycin, dxycycline, amikacin,
cefxitin, sulfnamides, imipenem, and ciprflxacin.
Given the multidrug-resistant nature f these rganisms,
btaining antibitic susceptibility testing is recmmended.
Therapy ften includes surgical debridement alng with at
least tw active antibitics. Antibitic therapy is usually
cntinued fr 3 mnths, althugh this must be determined
based n clinical respnse.

M marinum infectin (“swimming pl granulma”)
presents as a ndular skin lesin fllwing expsure t
nnchlrinated water. The lesins respnd t therapy with
clarithrmycin, dxycycline, mincycline, r trimethprim-
sulfamethxazle.

M ulcerans infectin (Buruli ulcer) is seen mainly in
Africa and Australia and prduces a large ulcerative lesin.
Therapy cnsists f surgical excisin and skin grafting.

4. Disseminated Mycobacterium avium Infection

MAC causes disseminated disease in immuncmpr-
mised patients, mst cmmnly in patients in the late
stages f HIV infectin, when the CD4 cell cunt is less
than 50/mcL (see Pulmnary Disease Caused by Nntuber-
culus Mycbacteria, Chapter 9, fr a discussin f the
infectin in immuncmpetent persns). Persistent fever
and weight lss are the mst cmmn symptms. The
rganism can usually be cultured frm multiple sites,
including bld, liver, lymph nde, r bne marrw. Bld
culture is the preferred means f establishing the diagnsis
and has a sensitivity f 98%.

Agents with prved activity against MAC are rifabutin,
azithrmycin, clarithrmycin, and ethambutl. Amikacin
and ciprflxacin wrk in vitr, but clinical results are
incnsistent. A cmbinatin f tw r mre active agents
shuld be used t prevent rapid emergence f secndary
resistance. Clarithrmycin, 500 mg rally twice daily, plus
ethambutl, 15 mg/kg/day rally as a single dse, with r
withut rifabutin, 300 mg/day rally, is the treatment f
chice. Azithrmycin, 500 mg rally nce daily, may be
used instead f clarithrmycin. Insufficient data are avail-
able t permit specific recmmendatins abut secnd-line
regimens fr patients intlerant f macrlides r thse with
macrlide-resistant rganisms. MAC therapy may be dis-
cntinued in patients wh have been treated with 12 mnths
f therapy fr disseminated MAC, wh have n evidence
f active disease, and whse CD4 cunts exceed 100 cells/
mcL fr 6 mnths while receiving antiretrviral therapy
(ART).

Antimicrbial prphylaxis f MAC prevents dissemi-
nated disease and prlngs survival. It is the standard f
care t ffer it t all HIV-infected patients with CD4 cunts
f 50/mcL r less. In cntrast t active infectin, single-
drug ral regimens f clarithrmycin, 500 mg twice daily,
azithrmycin, 1200 mg nce weekly, r rifabutin, 300 mg
nce daily, are apprpriate. Clarithrmycin r azithrmy-
cin is mre effective and better tlerated than rifabutin,
and therefre preferred. Primary prphylaxis fr MAC
infectin can be stpped in patients wh have respnded t
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antiretrviral cmbinatin therapy with elevatin f CD4
cunts f greater than 100 cells/mcL fr 3 mnths.

Masur H et al. Preventin and treatment f pprtunistic infec-
tins in HIV-infected adults and adlescents: updated guide-
lines frm the Centers fr Disease Cntrl and Preventin,
Natinal Institutes f Health, and HIV Medicine Assciatin
f the Infectius Diseases Sciety f America. Clin Infect Dis.
2014;58:1308. [PMID: 24585567]

MYCOBACTERIUM TUBERCULOSIS

INFECTIONS

Tuberculsis is discussed in Chapter 9. Further infrmatin
and expert cnsultatin can be btained frm the Curry
Internatinal Tuberculsis Center at the website www.cur-
rytbcenter.ucsf.edu r by telephne, 510-238-5100.

TUBERCULOUS MENINGITIS

E S S E N T I A L S  O F  D I A G N O S I S

» Gradual onset of listlessness and anorexia.

» Headache, vomiting, and seizures common.

» Cranial nerve abnormalities typical.

» Tuberculosis focus may be evident elsewhere.

» Cerebrospinal fluid shows several hundred lym-
phocytes, low glucose, and high protein.

» General Considerations

Tuberculus meningitis is caused by rupture f a menin-
geal tuberculma resulting frm earlier hematgenus
seeding f tubercle bacilli frm a pulmnary fcus, r it
may be a cnsequence f miliary spread.

» Clinical Findings

A. Symptoms and Signs

The nset is usually gradual, with listlessness, irritability,
anrexia, and fever, fllwed by headache, vmiting, cn-
vulsins, and cma. In lder patients, headache and behav-
iral changes are prminent early symptms. Nuchal
rigidity and cranial nerve palsies ccur as the meningitis
prgresses. Evidence f active tuberculsis elsewhere r a
histry f prir tuberculsis is present in up t 75% f
patients.

B. Laboratory Findings

The spinal fluid is frequently yellwish, with increased
pressure, 100–500 cells/mcL (0.1–0.5 × 109/L) (predmi-
nantly lymphcytes, thugh neutrphils may be present
early during infectin), increased prtein, and decreased
glucse. Acid-fast stains f cerebrspinal fluid are ften

negative, and cultures als may be negative in 15–25% f
cases. Nucleic acid amplificatin tests fr rapid diagnsis f
tuberculsis have variable sensitivity and specificity and
nne are FDA apprved fr use in meningitis. Chest radi-
graphs ften reveal abnrmalities cmpatible with tuber-
culsis but may be nrmal. The tuberculin skin test is
usually (but nt always) psitive.

» Differential Diagnosis

Tuberculus meningitis may be cnfused with any ther
type f meningitis, but the gradual nset, the predmi-
nantly lymphcytic plecytsis f the spinal fluid, and
evidence f tuberculsis elsewhere ften pint t the diag-
nsis. Fungal and ther granulmatus meningitides,
syphilis, and carcinmatus meningitis are in the differen-
tial diagnsis.

» Complications

Cmplicatins f tuberculus meningitis include seizures,
cranial nerve palsies, strke, and bstructive hydrcepha-
lus with impaired cgnitive functin. These result frm
inflammatry exudate primarily f the basilar meninges
and arteries.

» Treatment

Presumptive diagnsis fllwed by early, empiric antitu-
berculus therapy is essential fr survival and t minimize
sequelae. Even if cultures are nt psitive, a full curse f
therapy is warranted if the clinical setting is suggestive f
tuberculus meningitis.

Regimens that are effective fr pulmnary tubercul-
sis are effective als fr tuberculus meningitis (see
Table 9–15). Rifampin, isniazid, and pyrazinamide all
penetrate well int cerebrspinal fluid. The penetratin
f ethambutl is mre variable, but therapeutic cncen-
tratins can be achieved, and the drug has been success-
fully used fr meningitis. Aminglycsides penetrate less
well. Regimens that d nt include bth isniazid and
rifampin may be effective but are less reliable and generally
must be given fr lnger perids.

Many authrities recmmend the additin f crtic-
sterids fr patients with fcal deficits r altered mental
status. Dexamethasne, 0.15 mg/kg intravenusly r rally
fur times daily fr 1–2 weeks, then discntinued in a
tapering regimen ver 4 weeks, may be used.

Heemskerk AD et al. Intensified antituberculsis therapy in
adults with tuberculus meningitis. N Engl J Med. 2016;
374:124. [PMID: 26760084]

Khnga M et al. Xpert MTB/RIF Ultra: a gamechanger fr tuber-
culus meningitis? Lancet Infect Dis. 2018;18:6. [PMID:
28919337]

Prasad K et al. Crticsterids fr managing tuberculus men-
ingitis. Cchrane Database Syst Rev. 2016;4:CD002244.
[PMID: 27121755]
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º
INFECTIONS CAUSED BY ChLAMYDIAE

CHLAMYDIA TRACHOMATIS INFECTIONS

1. Lympogranuloma Venereum

E S S E N T I A L S  O F  D I A G N O S I S

» Evanescent primary genital lesion.

» Inguinal buboes with suppuration and draining
sinuses.

» Proctitis and rectal stricture in women or in men
who have sex with men.

» Positive complement fixation test.

» General Considerations

Lymphgranulma venereum (LGV) is an acute and
chrnic sexually transmitted disease caused by C trachomatis
types L1–L3. The disease is acquired during intercurse r
thrugh cntact with cntaminated exudate frm active
lesins. The incubatin perid is 5–21 days. After the geni-
tal lesin disappears, the infectin spreads t the lymph
ndes f the genital and rectal areas. Inapparent infectins
and latent disease are nt uncmmn.

» Clinical Findings

A. Symptoms and Signs

In men, the initial vesicular r ulcerative lesin (n the
external genitalia) is evanescent and ften ges unnticed.
Inguinal bubes appear 1–4 weeks after expsure, are ften
bilateral, and have a tendency t fuse, sften, and break
dwn t frm multiple draining sinuses, with extensive
scarring. In women, the genital lymph drainage is t the
perirectal glands. Early anrectal manifestatins are prc-
titis with tenesmus and bldy purulent discharge; late
manifestatins are chrnic cicatrizing inflammatin f the
rectal and perirectal tissue. These changes lead t bstipa-
tin and rectal stricture and, ccasinally, rectvaginal and
perianal fistulas. They are als seen with anal citus.

B. Laboratory Findings

The cmplement fixatin antibdy testing may be psitive
(titers greater than 1:64), but crss-reactin with ther
chlamydiae ccurs. Althugh a psitive reactin may
reflect remte infectin, high titers usually indicate active
disease. Nucleic acid detectin tests are sensitive but can-
nt differentiate LGV frm nn-LGV strains.

» Differential Diagnosis

The early lesin f LGV must be differentiated frm the
lesins f syphilis, genital herpes, and chancrid; lymph
nde invlvement must be distinguished frm that due t
tularemia, tuberculsis, plague, neplasm, r pygenic
infectin; and rectal stricture must be distinguished frm
that due t neplasm and ulcerative clitis.

» Treatment

If diagnstic testing fr LGV is nt available, patients with
a clinical presentatin suggestive f LGV shuld be treated
empirically. The antibitic f chice is dxycycline (cntra-
indicated in pregnancy), 100 mg rally twice daily fr
21 days. Erythrmycin, 500 mg rally fur times a day fr
21 days, is als effective. Azithrmycin, 1 g rally nce
weekly fr 3 weeks, may als be effective.

De Vries HJC et al. 2019 Eurpean guideline n the management
f lymphgranulma venereum. J Eur Acad Dermatl
Venerel. 2019;33:1821. [PMID: 31243838]

Wrkwski KA et al; Centers fr Disease Cntrl and Preventin
(CDC). Sexually transmitted diseases treatment guidelines,
2015. MMWR Recmm Rep. 2015;64:1. [PMID: 26042815]

2. Clamydial Uretritis & Cervicitis

E S S E N T I A L S  O F  D I A G N O S I S

» C trachomatis: common cause of urethritis, cervici-
tis, and postgonococcal urethritis.

» Diagnosis made by nucleic acid amplification of
urine or swab specimen.

» General Considerations

C trachomatis immuntypes D–K are islated in abut 50%
f cases f nngncccal urethritis and cervicitis. In ther
cases, Ureaplasma urealyticum r Mycoplasma genitalium
can be grwn as a pssible etilgic agent. C trachomatis is
an imprtant cause f pstgncccal urethritis. Cinfec-
tin with gnccci and chlamydiae is cmmn, and pst-
gncccal (ie, chlamydial) urethritis may persist after
successful treatment f the gncccal cmpnent. Occa-
sinally, epididymitis, prstatitis, r prctitis is caused by
chlamydial infectin. Chlamydiae are a leading cause f
infertility in females in the United States.

» Clinical Findings

A. Symptoms and Signs

The urethral r cervical discharge due t C trachomatis
tends t be less painful, less purulent, and watery cm-
pared with gncccal infectin. Wmen infected with
chlamydiae may be asymptmatic r may have symptms
and signs f cervicitis, salpingitis, r pelvic inflammatry
disease. Lng-term sequelae may include ectpic preg-
nancy and infertility.

B. Laboratory Findings

A patient with clinical signs and symptms f urethritis r
cervicitis is assumed t have chlamydial infectin until
prven therwise. The diagnsis shuld be cnfirmed,
whenever pssible, by the FDA-apprved, highly sensitive
nucleic acid amplificatin tests fr use with urine r vagi-
nal swabs. A negative urine nucleic acid amplificatin test

CMDT22_Ch33_p1459-p1497.indd 1496 02/07/21 2:38 PM



BACTERIAL & ChLAMYDIAL INFECTIONS 1497CMDT 2022

fr chlamydia reliably excludes the diagnsis f chlamydial
urethritis r cervicitis and therapy need nt be adminis-
tered. Urine testing des nt exclude infectin at ther
sites, such as rectal r pharyngeal disease.

C. Screening

Active screening fr chlamydial infectin is recmmended
in certain settings: pregnant wmen; all sexually active
wmen 25 years f age and under; lder wmen with risk
factrs fr sexually transmitted diseases; and men with risk
factrs fr sexually transmitted diseases, such as HIV-
psitive men r men wh have sex with men.

» Treatment

Recmmended regimens are a single ral 1-g dse f
azithrmycin (preferred and safe in pregnancy), 100 mg f
dxycycline rally fr 7 days (cntraindicated in preg-
nancy), r 500 mg f levflxacin nce daily fr 7 days
(als cntraindicated in pregnancy). Presumptively admin-
istered therapy still may be indicated fr sme patients,
such as fr an individual with gncccal infectin in
whm n chlamydial testing was perfrmed r a test ther
than a nucleic acid amplificatin test was used t exclude
the diagnsis, r an individual fr whm a test result is
pending but is cnsidered unlikely t fllw up, and fr
sexual cntacts f dcumented cases. As fr all patients in
whm sexually transmitted diseases are diagnsed, studies
fr HIV and syphilis shuld als be perfrmed.

Geisler WM et al. Azithrmycin versus dxycycline fr urgenital
Chlamydia trachomatis infectin. N Engl J Med. 2015;373:2512.
[PMID: 26699167]

Wiesenfeld HC. Screening fr Chlamydia trachomatis infectins
in wmen. N Engl J Med. 2017;376:765. [PMID: 28225683]

Wrkwski KA et al; Centers fr Disease Cntrl and Preventin
(CDC). Sexually transmitted diseases treatment guidelines,
2015. MMWR Recmm Rep. 2015;64:1. [PMID: 26042815]

CHLAMYDOPHILA PSITTACI &
PSITTACOSIS (Ornithosis)

E S S E N T I A L S  O F  D I A G N O S I S

» Fever, chills, and cough; headache common.

» Atypical pneumonia with slightly delayed appear-
ance of signs of pneumonitis.

» Contact with infected bird (psittacine, pigeons,
many others) 7–15 days previously.

» Isolation of chlamydiae or rising titer of comple-
ment-fixing antibodies.

» General Considerations

Psittacsis is acquired frm cntact with birds (parrts,
parakeets, pigens, chickens, ducks, and many thers),
which may r may nt be ill. The histry may be difficult

t btain if the patient acquired infectin frm an illegally
imprted bird.

» Clinical Findings

The nset is usually rapid, with fever, chills, myalgia, dry
cugh, and headache. Signs include temperature-pulse dis-
sciatin, dullness t percussin, and rales. Pulmnary
findings may be absent early. Dyspnea and cyansis may
ccur later. Endcarditis, which is culture-negative, may
ccur. The radigraphic findings in typical psittacsis are
thse f atypical pneumnia, which tends t be interstitial
and diffuse in appearance, thugh cnslidatin can ccur.
Psittacsis is indistinguishable frm ther bacterial r viral
pneumnias by radigraphy.

The rganism is rarely islated frm cultures. The diag-
nsis is usually made serlgically; antibdies appear dur-
ing the secnd week and can be demnstrated by
cmplement fixatin r immunflurescence. Antibdy
respnse may be suppressed by early chemtherapy.

» Differential Diagnosis

The illness is indistinguishable frm viral, mycplasmal, r
ther atypical pneumnias except fr the histry f cntact
with birds. Psittacsis is in the differential diagnsis f
culture-negative endcarditis.

» Treatment

Treatment cnsists f tetracycline, 0.5 g rally every 6 hurs
r 0.5 g intravenusly every 12 hurs, fr 14–21 days.
Erythrmycin, 500 mg rally every 6 hurs, may be effective
as well.

Hgerwerf L et al. Chlamydia psittaci (psittacsis) as a cause f
cmmunity-acquired pneumnia: a systematic review and
meta-analysis. Epidemil Infect. 2017;145:3096. [PMID:
28946931]

CHLAMYDOPHILA PNEUMONIAE INFECTION

C pneumoniae causes pneumnia and brnchitis. The clini-
cal presentatin f pneumnia is that f an atypical pneu-
mnia. The rganism accunts fr apprximately 10% f
cmmunity-acquired pneumnias, ranking secnd t
mycoplasma as an agent f atypical pneumnia.

Like C psittaci, strains f C pneumoniae are resistant t
sulfnamides. Azithrmycin, 500 mg rally n day 1 and
250 mg fr 4 mre days, r dxycycline, 100 mg rally tw
times a day fr 10 days, appears t be effective therapy.
Flurquinlnes, such as levflxacin (500 mg rally nce
daily fr 7–14 days) r mxiflxacin (400 mg rally nce
daily fr 7–14 days), are active in vitr against C pneumoniae
and prbably are effective. It is unclear if empiric cverage
fr atypical pathgens in hspitalized patients with cm-
munity-acquired pneumnia prvides a survival benefit r
imprves clinical utcme.

Fujita J et al. Where is Chlamydophila pneumoniae pneumnia?
Respir Investig. 2020;58:336. [PMID: 32703757]
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º
SYPHILIS

NATURAL HISTORY & PRINCIPLES OF
DIAGNOSIS & TREATMENT

Syphilis is a complex infectious disease caused by Trepo-
nema pallidum, a spirochete capable of infecting almost
any organ or tissue in the body and causing protean clinical
manifestations (Table 34–1). Transmission occurs most
frequently during sexual contact (including oral sex) or via
the placenta from mother to fetus (congenital syphilis).
The risk of acquiring syphilis after unprotected sex with an
individual with infectious syphilis is approximately
30–50%. Rarely, it can also be transmitted through non-
sexual contact or blood transfusion. The natural history of
acquired syphilis is generally divided into two major stages:
early (infectious) syphilis and late syphilis.

Early infectious syphilis includes primary lesions
(chancre and regional lymphadenopathy) appearing during
primary syphilis, secondary lesions (commonly involving
skin and mucous membranes, occasionally bone, central
nervous system [CNS], or liver) appearing during second-
ary syphilis (when dissemination of T pallidum produces
systemic signs), relapsing lesions during early latency, and
congenital lesions. The hallmark of these lesions is an abun-
dance of spirochetes; tissue reaction is usually minimal.

Late (tertiary) syphilis consists of so-called benign
(gummatous) lesions involving skin, bones, and viscera;
cardiovascular disease (principally aortitis); and a variety of
CNS and ocular syndromes. These forms of syphilis are not
contagious. The lesions contain few demonstrable spiro-
chetes, but tissue reactivity (vasculitis, necrosis) is severe and
suggestive of hypersensitivity phenomena. Between these
stages are symptom-free latent phases. In early latent syphi-
lis, which is defined as the symptom-free interval lasting up
to 1 year after initial infection, infectious lesions can recur.

Public health efforts to control syphilis focus on the
diagnosis and treatment of early (infectious) cases and
their partners.

Most cases of syphilis in the United States continue to
occur in men who have sex with men (MSM). Globally, the
World Health Organization (WHO) estimates 5.6 million
total incident syphilis infections occur annually, with a
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prevalence of 1% among pregnant women attending ante-
natal clinics. Preventing congenital syphilis is a major
public health goal for the Centers for Disease Control and
Prevention (CDC) and WHO.

COURSE & PROGNOSIS

The lesions associated with primary and secondary syphilis
are self-limiting, even without treatment, and resolve with
few or no residua. Ocular and otologic syphilis have been
associated with permanent vision and hearing loss. Ter-
tiary and congenital syphilis may be highly destructive and
permanently disabling and may lead to death. While infec-
tion is almost never completely eradicated in the absence of
treatment, most infections likely remain latent without
sequelae, and only a small number of latent infections
progress to further disease.

CLINICAL STAGES OF SYPHILIS

1. Primary Syphilis

E S S E N T I A L S  O F  D I A G N O S I S

» Painless ulcer on genitalia, perianal area, rectum,
pharynx, tongue, lip, or elsewhere.

» Fluid expressed from ulcer contains T pallidum by
immunofluorescence or darkfield microscopy.

» Nontender enlargement of regional lymph nodes.

» Serologic nontreponemal and treponemal tests
may be positive.

» Clinical Findings

A. Symptoms and Signs

The typical lesion is the chancre at the site or sites of inocu-
lation, most frequently located on the penis (Figure 34–1),
labia, cervix, or anorectal region. Anorectal lesions are
especially common among MSM. Chancres also occur
occasionally in the oropharynx (lip, tongue, or tonsil) and

CMDT22_Ch34_p1498-p1514.indd 1498 02/07/21 2:40 PM



SPIROCHETAL INFECTIONS 1499CMDT 2022

rarely on the breast or finger or elsewhere. An initial small
erosion appears 10–90 days (average, 3–4 weeks) after
inoculation then rapidly develops into a painless superfi-
cial ulcer with a clean base and firm, indurated margins.
This is associated with enlargement of regional lymph
nodes, which are rubbery, discrete, and nontender. Healing
of the chancre occurs without treatment, but a scar may
form, especially with secondary bacterial infection. Multi-
ple chancres may be present, particularly in HIV-positive
patients. Although the “classic” ulcer of syphilis has been
described as nontender, nonpurulent, and indurated, only
31% of patients have this triad.

B. Laboratory Findings

1. Microscopic examination—In early syphilis, darkfield
microscopic examination by a skilled observer of fresh
exudate from moist lesions or material aspirated from

regional lymph nodes is up to 90% sensitive for diagnosis
but is usually only available in select clinics that specialize
in sexually transmitted infections.

An immunofluorescent staining technique for demon-
strating T pallidum in dried smears of fluid taken from
early syphilitic lesions is performed in only a few
laboratories.

T pallidum polymerase chain reaction (PCR) is avail-
able in select research, referral, and public health laborato-
ries and has the highest yield in primary and secondary
lesions. Organisms can also be detected in blood, especially
in congenital and secondary syphilis cases.

2. Serologic tests for syphilis—(Table 34–2.) Serologic
tests (the mainstay of syphilis diagnosis) fall into two gen-
eral categories: (1) Nontreponemal tests detect antibodies
to lipoidal antigens present in the host after modification

▲ Figure 34–1. Primary syphilis with a large chancre
on the glans of the penis. The multiple small surround-
ing ulcers are part of the syphilis and not a second dis-
ease. (Used, with permission, from Richard P. Usatine, MD,
in Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley HS. The
Color Atlas and Synopsis of Family Medicine, 3rd ed.
McGraw-Hill, 2019.)

Table 34–1. Stages of syphilis and common clinical
manifestations.

Primary syphilis

Chancre: painless ulcer with clean base and firm indurated

borders

Regional lymphadenopathy

Secondary syphilis

Skin and mucous membranes

Rash: diffuse (may include palms and soles), macular,

papular, pustular, and combinations

Condylomata lata

Mucous patches: painless, silvery ulcerations of mucous

membrane with surrounding erythema

Generalized lymphadenopathy

Constitutional symptoms

Fever, usually low-grade

Malaise, anorexia

Arthralgias and myalgias

Central nervous system

Asymptomatic

Symptomatic

Meningitis

Cranial neuropathies (II–VIII)

Other

Ocular: iritis, iridocyclitis

Renal: glomerulonephritis, nephrotic syndrome

Hepatitis

Musculoskeletal: arthritis, periostitis

Tertiary syphilis

Late benign (gummatous): granulomatous lesion usually

involving skin, mucous membranes, and bones but any

organ can be involved

Cardiovascular

Aortic regurgitation

Coronary ostial stenosis

Aortic aneurysm

Neurosyphilis

Asymptomatic

Meningovascular

Tabes dorsalis

General paresis

Note: Central nervous system involvement may occur at any stage.

Table 34–2. Percentage of patients with positive sero-
logic tests for syphilis.1

Stage

Test Primary Secondary Tertiary

VDRL or RPR 75–85% 99–100% 40–95%

FTA-ABS, TPPA,

or MHA-TP

69–100% 100% 94–98%

MHA-TP 46–89% 90–100% NA

EIA or CIA 54–100% 100% NA

1Based on untreated cases.

CIA, chemiluminescence assay; EIA, enzyme immunoassay;

FTA-ABS, fluorescent treponemal antibody absorption assay;

MHA-TP, microhemagglutination assay for T pallidum; RPR, rapid

plasma reagin test; TPPA, T pallidum particle agglutination; VDRL,

Venereal Disease Research Laboratory test.
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by T pallidum. (2) Treponemal tests use live or killed
T pallidum as antigen to detect antibodies specific for
pathogenic treponemes.

a. Nontreponemal antibody tests—The most com-
monly used nontreponemal antibody tests are the Venereal
Disease Research Laboratory (VDRL) and rapid plasma
reagin (RPR) tests. A different, enzyme immunoassay
(EIA)–based screening algorithm is discussed below.

Nontreponemal tests generally become positive 4–6 weeks
after infection or 1–3 weeks after the appearance of a pri-
mary lesion; they are almost invariably positive in the sec-
ondary stage. These tests are nonspecific and may be
positive in patients with non–sexually transmitted trepo-
nematoses. More important, false-positive serologic reac-
tions are frequently encountered in a wide variety of
conditions, including autoimmune diseases, infectious
mononucleosis, malaria, febrile diseases, leprosy, injection
drug use, infective endocarditis, advanced age, hepatitis C
viral infection, and pregnancy. False-positive nontrepone-
mal tests are usually of low titer and transient and may be
distinguished from true positives by correlating with clini-
cal findings and performing a treponemal specific-
antibody test. False-negative results can be seen when very
high antibody titers are present (the prozone phenome-
non). If syphilis is strongly suspected and the nontrepone-
mal test is negative, the laboratory should be instructed to
dilute the specimen to detect a positive reaction.

Nontreponemal antibody titers are used to monitor the
response to therapy and should decline over time. The rate
of decline depends on various factors. In general, persons
with repeat infections, higher initial titers, more advanced
stages of disease, or who are HIV-infected at the time of
treatment have a slower seroconversion rate and are more
likely to remain serofast (ie, titers decline but do not
become nonreactive). The RPR and VDRL tests are equally
reliable, but RPR titers tend to be higher than VDRL titers.
Thus, when these tests are used to follow disease activity,
the same testing method should be used and preferably
performed at the same laboratory.

b. Treponemal antibody tests—These tests measure
antibodies capable of reacting with T pallidum antigens.
The T pallidum particle agglutination (TPPA) test and the
fluorescent treponemal antibody absorption test (FTA-
ABS) are two of the most commonly used treponemal tests.
Newer treponemal tests used in reverse screening algo-
rithms include the EIA and chemiluminescence assay
(CIA).

In the traditional screening algorithm, the treponemal
tests are used to confirm a positive nontreponemal test.
Because of their sensitivity, particularly in the late stages of
the disease, treponemal tests are also of value when there is
clinical evidence of syphilis, but the nontreponemal sero-
logic test for syphilis is negative. Treponemal tests are reac-
tive in many patients with primary syphilis and in almost all
patients with secondary syphilis (Table 34–2). Although a
reactive treponemal-specific serologic test remains reactive
throughout a patient’s life in most cases, it may (like non-
treponemal antibody tests) revert to negative with adequate
therapy. Final decisions about the significance of the results

of serologic tests for syphilis must be based on a total clini-
cal appraisal and may require expert consultation.

c. Enzyme immunoassay (EIA)- or chemiluminescence

immunoassay (CIA)-based screening algorithms—

Newer screening algorithms reverse the traditional test
order and begin with an automated treponemal antibody
test (eg, EIA or CIA) and then follow up with a nontrepo-
nemal test (RPR or VDRL) if the treponemal test is posi-
tive. This algorithm is faster and decreases labor costs to
laboratories when compared with traditional screening.
The EIAs have sensitivities of 95–100% and specificities of
99–100%.

The reverse algorithms can cause challenges in clinical
management. A positive treponemal test with a negative
RPR or VDRL may represent prior, treated syphilis;
untreated latent syphilis; or a false-positive treponemal
test. Such results should be evaluated with a second, differ-
ent treponemal test as a “tie-breaker.” Reverse algorithms
are recommended by several international organizations
including the International Union against Sexually Trans-
mitted Infections (IUSTI), but the CDC still recommends
the traditional algorithm.

d. Rapid treponemal tests—Both a treponemal and a
dual HIV/treponemal rapid point of care test are approved
for use in the United States. Other tests are available inter-
nationally and are commonly used in limited-resource
settings. Sensitivity ranges from 62% to 100% and specific-
ity from 83% to 95%.

3. Polymerase chain reaction—In the United States, there are
no commercially available FDA-approved T pallidum PCR
test kits. However, kits are available as a laboratory-developed
test in select research, referral, and public health laboratories
and have the highest yield in primary and secondary lesions.
There are no standards for these tests, but PCR has many
advantages as a tool for direct detection, including high sensi-
tivity and ability to use a wide range of clinical specimen
types, including cerebrospinal fluid. PCR testing of blood has
low sensitivity and is not recommended.

4. Cerebrospinal fluid examination CSF—See Neuro-
syphilis section.

» Differential Diagnosis

The syphilitic chancre may be confused with genital herpes,
chancroid (usually painful and uncommon in the United
States), lymphogranuloma venereum, or neoplasm. Simul-
taneous evaluation for herpes simplex virus types 1 and 2
using PCR or culture should also be done in these cases.

» Prevention & Screening

Avoidance of sexual contact is the only completely reliable
method of prevention but is an impractical public health
measure. Latex or polyurethane condoms are effective but
protect covered areas only. Men who have sex with men
should be screened every 6–12 months, and as often as
every 3 months in high-risk individuals (those who have
multiple encounters with anonymous partners or who have
sex in conjunction with the use of drugs). Every pregnant
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woman should be screened at the first prenatal visit and in
some states with increasing congenital syphilis rates, again
in the third trimester. A third screening at delivery is rec-
ommended if there are risk indicators, including poverty,
sex work, illicit drug use, history of other sexually trans-
mitted diseases, and residence in a community with high
syphilis morbidity. Patients treated for other sexually trans-
mitted diseases should also be tested for syphilis, and per-
sons who have known or suspected sexual contact with
patients who have syphilis should be evaluated and pre-
sumptively treated to abort development of infectious
syphilis (see Treating Syphilis Contacts below).

» Treatment

A. Antibiotic Therapy

Penicillin remains the preferred treatment for syphilis,
since there have been no documented cases of penicillin-
resistant T pallidum (Table 34–3). In pregnant women,
penicillin is the only option that reliably treats the fetus
(see below).

Alternatives to penicillin for nonpregnant patients
include doxycycline and ceftriaxone (although optimum
dose and duration for ceftriaxone are not well defined).
Azithromycin has been shown to be effective in some parts

of the world but should be used with caution; it should not
be used at all in MSM due to demonstrated resistance. All
patients treated with a non-penicillin regimen must have
particularly close clinical and serologic follow-up.

B. Managing Jarisch–Herxheimer Reaction

The Jarisch–Herxheimer reaction, manifested by fever and
aggravation of the existing clinical picture in the hours fol-
lowing treatment, is a cytokine-mediated immunologic
reaction to endotoxins released from the killed bacteria. It
is most common in early syphilis, particularly secondary
syphilis where it can occur in 66% of cases.

The reaction may be blunted by simultaneous adminis-
tration of antipyretics, although no proven method of pre-
vention exists. In cases with increased risk of morbidity due
to the Jarisch–Herxheimer reaction (including CNS or car-
diac involvement and pregnancy), consultation with an
infectious disease expert is recommended. Patients should be
reminded that the reaction does not signify an allergy to
penicillin.

C. Local Measures Mucocutaneous Lesions

Local treatment is usually not necessary. No local antisep-
tics or topical antibiotics should be applied to a lesion until
specimens for microscopy have been obtained.

Table 34–3. Recommended treatment for syphilis.1

Stage of Syphilis Treatment Alternative2 Comment

Early

Primary, secondary, or

early latent

Benzathine penicillin G

2.4 million units

intramuscularly once

Doxycycline 100 mg orally twice daily for 14 days

or

Tetracycline 500 mg orally four times daily for

14 days

or

Ceftriaxone 1 g intramuscularly or intravenously

daily for 8–10 days3

Late

Late latent or uncertain

duration

Benzathine penicillin G

2.4 million units

intramuscularly

weekly for 3 weeks

Doxycycline 100 mg orally twice daily for 28 days

or

Tetracycline 500 mg orally four times daily for

28 days

No routine CSF evaluation

needed unless neurologic,

otologic, or ocular changes

Tertiary without

neurosyphilis

Benzathine penicillin G

2.4 million units

intramuscularly

weekly for 3 weeks

Doxycycline 100 mg orally twice daily for 28 days

or

Tetracycline 500 mg orally four times daily for

28 days

CSF evaluation recommended

in all patients

Neurosyphilis Aqueous penicillin G

18–24 million units

intravenously daily,

given every 3–4 hours

or as continuous infu-

sion for 10–14 days

Procaine penicillin, 2.4 million units intramuscularly

daily with probenecid 500 mg orally four times

daily for 10–14 days

or

Ceftriaxone 2 g intramuscularly or intravenously

daily for 10–14 days

Follow treatment with benza-

thine penicillin G 2.4 million

units intramuscularly weekly

for up to 3 weeks

1Penicillin is the only documented effective treatment in pregnancy; pregnant patients with true allergy should be desensitized and treated

with penicillin according to stage of disease as above.
2Patients treated with alternative therapies require close clinical and serologic monitoring.
3Fewer data for ceftriaxone treatment; optimal dose or duration not known.

CSF, cerebrospinal fluid
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D. Public Health Measures

Counsel patients with infectious syphilis to abstain from
sexual activity for 7–10 days after treatment. All cases of
syphilis must be reported to the appropriate local public
health agency in order to identify and treat sexual contacts.
In addition, all patients with syphilis who are not known to
be HIV-infected should have an HIV test at the time of diag-
nosis. Those with a negative HIV test should be offered HIV
preexposure prophylaxis (HIV PrEP) because syphilis is
associated with an increased risk of future HIV acquisition.

E. Treating Syphilis Contacts

Patients who have been sexually exposed to infectious
syphilis within the preceding 3 months may be infected but
seronegative and thus should be treated as for early syphilis
even if serologic tests are negative. Persons exposed more
than 3 months previously should be treated based on sero-
logic results; however, if the patient is unreliable for follow-
up, empiric therapy is indicated. Contacts of the persons
with syphilis should be evaluated for HIV PrEP.

» FollowUp Care

Because treatment failures and reinfection may occur,
patients treated for syphilis should be monitored clinically
and serologically with nontreponemal titers every 3–6 months.
In primary and secondary syphilis, titers are expected to
decrease fourfold by 12 months; however, titers from up to
20% of patients may fail to decrease. Optimal management
of these patients is unclear, but at a minimum, close clinical
and serologic follow-up is indicated. In HIV-negative
patients, an HIV test should be repeated; a thorough neu-
rologic history and examination should be performed and
lumbar puncture considered since unrecognized neuro-
syphilis can be a cause of treatment failure. If symptoms or
signs persist or recur after initial therapy or there is a four-
fold or greater increase in nontreponemal titers, the patient
has been reinfected (more likely) or the therapy failed (if a
non-penicillin regimen was used). In those individuals, an
HIV test should be performed, a lumbar puncture done
(unless reinfection is a certainty), and re-treatment given
as indicated above.

2. Secondary Syphilis

E S S E N T I A L S  O F  D I A G N O S I S

» Generalized maculopapular rash.

» Mucous membrane lesions.

» Condylomata lata in moist skin areas.

» Generalized nontender lymphadenopathy.

» Fever may be present.

» Meningitis, hepatitis, osteitis, arthritis, iritis.

» Many treponemes in moist lesions by immunoflu-
orescence or darkfield microscopy.

» Positive serologic tests for syphilis.

▲ Figure 34–2. Papular squamous eruption of the
hands and feet of a woman with secondary syphilis.
(Used, with permission, from Richard P. Usatine, MD, in
Usatine RP, Smith MA, Mayeaux EJ Jr, Chumley HS. The
Color Atlas and Synopsis of Family Medicine, 3rd ed.
McGraw-Hill, 2019.)

» Clinical Findings

The secondary stage of syphilis usually appears a few weeks
(or up to 6 months) after development of the chancre,
when dissemination of T pallidum produces systemic signs
(fever, lymphadenopathy) or infectious lesions at sites dis-
tant from the site of inoculation. The most common mani-
festations are skin and mucosal lesions. The skin lesions are
nonpruritic, macular, papular, pustular, or follicular (or
combinations of any of these types, but generally not vesicu-
lar) and generalized; involvement of the palms and soles
(Figure 34–2) occurs in 80% of cases. Annular lesions simu-
lating ringworm may be observed. Transillumination may
help identify faint rashes, or rashes in persons with darker
skin color. Mucous membrane lesions may include mucous
patches (Figure 34–3), which can be found on the lips, mouth,
throat, genitalia, and anus. Specific lesions—condylomata lata
(Figure 34–4)—are fused, weeping papules on the moist
skin areas and mucous membranes and are sometimes mis-
taken for genital warts. Unlike the dry rashes, the mucous
membrane lesions are highly infectious.
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▲ Figure 34–3. Secondary syphilis mucous patch of
the tongue. (Used with permission from Kenneth Katz,
MD, MSc, MSCE.)

▲ Figure 34–4. Secondary syphilis perianal condylo-
mata lata. (Used with permission from Joseph Engelman,
MD; San Francisco City Clinic.)

Meningeal (aseptic meningitis or acute basilar meningi-
tis), hepatic, renal, bone, and joint invasion may occur,
with resulting cranial nerve palsies, jaundice, nephrotic
syndrome, and periostitis. Alopecia (moth-eaten appear-
ance) and uveitis may also occur.

The serologic tests for syphilis are positive in almost all
cases (see Primary Syphilis and Table 34–2). The moist
cutaneous and mucous membrane lesions often show
T pallidum on darkfield microscopic examination. A tran-
sient CSF lymphocytic pleocytosis (usually less than
50–100 cells/mcL [0.05–0.1 × 109/L]) is seen in 40% of
patients with secondary syphilis. There may be evidence of
hepatitis or nephritis (immune complex type) as circulat-
ing immune complexes are deposited in blood vessel walls.

Skin lesions may be confused with the infectious exan-
thems, pityriasis rosea, and drug eruptions. Visceral lesions
may suggest nephritis or hepatitis due to other causes.

» Treatment

Treatment is as for primary syphilis unless CNS or ocular
disease or neurologic signs or symptoms are present, in
which case a lumbar puncture should be performed. If
examination of the fluid is positive (see Spinal fluid

examination for Neurosyphilis, below), treatment for
neurosyphilis should be given (Table 34–3). See Primary
Syphilis for follow-up care and treatment of contacts.

3. Latent Syphilis

E S S E N T I A L S  O F  D I A G N O S I S

» Early latent syphilis: infection < 1 year.

» Late latent syphilis: infection > 1 year.

» No physical signs.

» History of syphilis with inadequate treatment.

» Positive serologic tests for syphilis.

» General Considerations

Latent syphilis is the clinically quiescent phase in the
absence of primary or secondary lesions; the diagnosis is
made by positive serologic tests. Early latent syphilis is
defined as the first year after primary infection and may
relapse to secondary syphilis if undiagnosed or inade-
quately treated. Relapse is almost always accompanied by a
rising titer in quantitative serologic tests; indeed, a rising
titer may be the first or only evidence of relapse. About
90% of relapses occur during the first year after infection.

Early latent infection can be diagnosed if there was
documented seroconversion or a fourfold increase in non-
treponemal titers in the past 12 months; the patient can
recall symptoms of primary or secondary syphilis; or the
patient had a sex partner with documented primary, sec-
ondary, or early latent syphilis.

After the first year of latent syphilis, the patient is said
to be in the late latent stage and noninfectious to sex part-
ners. Transplacental transmission to a fetus, however, is
possible in any phase. A diagnosis of late latent syphilis is
justified only when the history and physical examination
show no evidence of tertiary disease or neurosyphilis. The
latent stage may last from months to a lifetime.

» Treatment

Treatment of early latent syphilis and follow-up are the
same as for primary syphilis unless CNS disease is present
(Table 34–3). Treatment of late latent syphilis is also shown
in Table 34–3. The treatment of this stage of the disease is
intended to prevent late sequelae. If there is evidence of
CNS involvement, a lumbar puncture should be performed
and, if positive, the patient should receive treatment for
neurosyphilis (see Spinal fluid examination for Neuro-
syphilis, below). Titers may not decline as rapidly following
treatment compared to early syphilis. Nontreponemal sero-
logic tests should be repeated at 6, 12, and 24 months. If
titers increase fourfold or if initially high titers (1:32 or
higher) fail to decrease fourfold by 12–24 months or if
symptoms or signs consistent with syphilis develop, an HIV
test should be repeated in HIV-uninfected patients, lumbar
puncture should be performed, and re-treatment given
according to the stage of the disease.
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4. Tertiary (Late) Syphilis

E S S E N T I A L S  O F  D I A G N O S I S

» Infiltrative tumors of skin, bones, liver (gummas).

» Aortitis, aortic aneurysms, aortic regurgitation.

» CNS disorders: meningovascular and degenera-
tive changes, paresthesias, shooting pains, abnor-
mal reflexes, dementia, or psychosis.

» General Considerations

This stage may occur at any time after secondary syphilis, even
after years of latency, and is rarely seen in developed countries
in the modern antibiotic era. Late lesions are thought to repre-
sent an immunologic reaction to the organism and are usually
divided into two types: (1) a localized hyperproliferative gum-
matous reaction with a relatively rapid onset and generally
prompt response to therapy and (2) diffuse inflammation of a
more insidious onset that characteristically involves the CNS
and large arteries, may not improve despite treatment, and is
often fatal if untreated. Gummas may involve any area or
organ of the body but most often affect the skin or long bones.
Cardiovascular disease is usually manifested by aortic aneu-
rysm, aortic regurgitation, or aortitis. Various forms of diffuse
or localized CNS involvement may occur.

Late syphilis must be differentiated from neoplasms of the
skin, liver, lung, stomach, or brain; other forms of menin-
gitis; and primary neurologic lesions.

Although almost any tissue and organ may be involved
in late syphilis, the following are the most common types
of involvement: skin, mucous membranes, skeletal system,
eyes, respiratory system, gastrointestinal system, cardio-
vascular system, and nervous system.

» Clinical Findings

A. Symptoms and Signs

1. Skin—Cutaneous lesions of late syphilis are of two vari-
eties: (1) multiple nodular lesions that eventually ulcerate
(lues maligna) or resolve by forming atrophic, pigmented
scars and (2) solitary gummas that start as painless subcu-
taneous nodules, then enlarge, attach to the overlying skin,
and eventually ulcerate.

2. Mucous membranes—Late lesions of the mucous mem-
branes are nodular gummas or leukoplakia, highly destruc-
tive to the involved tissue.

3. Skeletal system—Bone lesions are destructive, causing
periostitis, osteitis, and arthritis with little or no associated
redness or swelling but often marked myalgia and myositis
of the neighboring muscles.

4. Eyes—Late ocular lesions are gummatous iritis, chorio-
retinitis, optic atrophy, and cranial nerve palsies, in addi-
tion to the lesions of CNS syphilis.

5. Respiratory system—Respiratory involvement is caused
by gummatous infiltrates into the larynx, trachea, and

pulmonary parenchyma, producing discrete pulmonary
densities. There may be hoarseness, respiratory distress,
and wheezing secondary to the gummatous lesion itself or
to subsequent stenosis occurring with healing.

6. Gastrointestinal system—Gummas involving the liver
may be benign but can cause cirrhosis. Gastric involvement
can consist of diffuse infiltration into the stomach wall or
focal lesions that endoscopically and microscopically can
be confused with lymphoma or carcinoma. Epigastric pain,
early satiety, regurgitation, belching, and weight loss are
common symptoms.

7. Cardiovascular system—Cardiovascular lesions (10–
15% of tertiary syphilitic lesions) are often progressive,
disabling, and life-threatening. CNS lesions are often pres-
ent concomitantly. Involvement usually starts as an arteritis
in the supracardiac portion of the aorta and progresses to
one or more of the following: (1) narrowing of the coronary
ostia, with resulting decreased coronary circulation, angina,
and acute myocardial infarction; (2) scarring of the aortic
valves, producing aortic regurgitation, and eventually heart
failure; and (3) weakness of the wall of the aorta, with sac-
cular aneurysm formation (Figure 34–5) and associated
pressure symptoms of dysphagia, hoarseness, brassy cough,
back pain (vertebral erosion), and occasionally rupture of
the aneurysm. Recurrent respiratory infections are com-
mon as a result of pressure on the trachea and bronchi.

8. Nervous system neurosyphilis—See next section.

» Treatment

Treatment of tertiary syphilis (excluding neurosyphilis) is
the same as late latent syphilis (Table 34–3); symptoms may
not resolve after treatment. Positive serologic tests do not
usually become negative.

The pretreatment clinical and laboratory evalua-
tion should include neurologic, ocular, cardiovascu-
lar, psychiatric, and CSF examinations. In the presence
of definite CSF or neurologic abnormalities, treat for
neurosyphilis.

▲ Figure 34–5. Ascending saccular aneurysm of the
thoracic aorta in tertiary syphilis. (Public Health Image
Library, CDC.)
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5. Neurosyphilis

E S S E N T I A L S  O F  D I A G N O S I S

» Can occur at any stage of disease.

» Consider both clinical presentation and laboratory
data.

» Perform neurologic examination in all patients;
consider CSF evaluation for atypical symptoms or
lack of decrease in nontreponemal serology titers.

» General Considerations

Neurosyphilis can occur at any stage of disease and can be a
progressive, disabling, and life-threatening complication.
Asymptomatic CSF abnormalities and meningovascular syph-
ilis occur earlier (months to years after infection, sometimes
coexisting with primary and secondary syphilis) than tabes
dorsalis and general paresis (2–50 years after infection).

» Clinical Findings

A. Classification

1. Asymptomatic neuroinvasion—This form has been
reported in up to 40% of patients with early syphilis and is
characterized by spinal fluid abnormalities (positive spinal
fluid serology, lymphocytic pleocytosis, occasionally
increased protein) without symptoms or signs of neurologic
involvement. There are no clear data to support that these
asymptomatic CSF abnormalities have clinical significance;
therefore, unless treatment failure is suspected, routine CSF
evaluation of asymptomatic patients is not recommended.

2. Meningovascular syphilis—This form is characterized
by meningeal involvement or changes in the vascular struc-
tures of the brain (or both), producing symptoms of acute
or chronic meningitis (headache, irritability); cranial nerve
palsies (basilar meningitis); unequal reflexes; irregular
pupils with poor light and accommodation reflexes; and
when large vessels are involved, cerebrovascular accidents.
The CSF shows lymphocytic pleocytosis (100–1000/mcL
[0.1–1.0 × 109/L]) and elevated protein, and may have a
positive serologic test (CSF VDRL) for syphilis. The symp-
toms of acute meningitis are rare in late syphilis.

3. Tabes dorsalis—This is a chronic progressive degenera-
tion of the parenchyma of the posterior columns of the
spinal cord and of the posterior sensory ganglia and nerve
roots. The symptoms and signs are impairment of proprio-
ception and vibration sense, Argyll Robertson pupils
(which react poorly to light but accommodate for near
focus), and muscular hypotonia and hyporeflexia. Impaired
proprioception results in a wide-based gait and inability to
walk in the dark. Paresthesias, analgesia, or sharp recurrent
pains in the muscles of the leg (“shooting” or “lightning”
pains) may occur. Joint damage may occur as a result of
lack of sensory innervation (Charcot joint). The CSF may
have a normal or increased lymphocytic cell count, ele-
vated protein, and variable results of serologic tests.

4. General paresis—This is generalized involvement of the
cerebral cortex with insidious onset of symptoms. There is
usually a decrease in concentrating power, memory loss,
dysarthria, tremor of the fingers and lips, irritability, and
mild headaches. Most striking is the change of personality;
the patient may become slovenly, irresponsible, confused,
and psychotic. The CSF findings resemble those of tabes
dorsalis. Combinations of the various forms of neurosyphi-
lis (especially tabes and paresis) are not uncommon.

B. Laboratory Findings

See Serologic Tests for Syphilis, above; these tests should
also be performed in cases of suspected neurosyphilis.

1. Indications for a lumbar puncture—In early syphilis
(primary and secondary syphilis and early latent syphilis),
invasion of the CNS by T pallidum with CSF abnormalities
occurs commonly, but clinical neurosyphilis rarely devel-
ops in patients who have received standard therapy. Thus,
unless clinical symptoms or signs of neurosyphilis or ocu-
lar involvement (uveitis, neuroretinitis, optic neuritis, iri-
tis) are present, a lumbar puncture is not routinely
recommended. CSF evaluation is recommended, however,
if neurologic or ophthalmologic symptoms or signs are
present, if there is evidence of treatment failure (see earlier
discussion), or if there is evidence of active tertiary syphilis
(eg, aortitis, iritis, optic atrophy, the presence of a gumma).

2. Spinal fluid examination—CSF findings in neurosyphi-
lis are variable. In “classic” cases, there is an elevation of
total protein above 46 mg/dL, lymphocytic pleocytosis of
5–100 cells/mcL (0.005–0.1 × 109/L), and a positive CSF
nontreponemal test. VDRL is more sensitive and preferred
over RPR. The serum nontreponemal titers will be reactive
in most cases. Because the CSF VDRL may be negative in
30–70% of cases of neurosyphilis, a negative test does not
exclude neurosyphilis, while a positive test confirms the
diagnosis. The CSF FTA-ABS is sometimes used; it is a
highly sensitive test but lacks specificity, and a high serum
titer of FTA-ABS may result in a positive CSF titer in the
absence of neurosyphilis.

» Treatment

Neurosyphilis is treated with high doses of aqueous peni-
cillin to achieve better penetration and higher drug levels
in the CSF than is possible with benzathine penicillin G
(Table 34–3). There are limited data for using ceftriaxone
to treat neurosyphilis as well, but because other regimens
have not been adequately studied, patients with a history of
an IgE-mediated reaction to penicillin may require skin
testing for allergy to penicillin and, if positive, should be
desensitized. Because the 10- to 14-day treatment course
for neurosyphilis is less than the 21 days recommended for
treatment of late syphilis, CDC guidelines state that clini-
cians may consider giving an additional 2.4 million units of
benzathine penicillin G intramuscularly once weekly for
1–3 weeks at the conclusion of the intravenous treatment.

All patients treated for neurosyphilis should have non-
treponemal serologic tests done every 3–6 months. CDC
guidelines recommend spinal fluid examinations at
6-month intervals until the CSF cell count is normal;
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however, there are data to suggest that normalization of
serum titers is an acceptable surrogate for CSF response. If
the serum nontreponemal titers do not normalize, consider
repeating the CSF analysis; expert consultation may be
helpful in this scenario. A second course of penicillin
therapy may be given if the CSF cell count has not
decreased at 6 months or is not normal at 2 years.

6. Syphilis in HIV-Infected Patients

Syphilis is common among HIV-infected individuals.
Some data suggest that syphilis coinfection is associated
with an increase in HIV viral load and a decrease in CD4
count that normalizes with therapy; other studies have not
found an association with HIV disease progression. Over-
all, for optimal patient care as well as prevention of trans-
mission to partners, guidelines for the primary care of
HIV-infected patients recommend at least annual syphilis
screening.

Interpretation of serologic tests should be the same for
HIV-positive and HIV-negative persons. If the diagnosis of
syphilis is suggested on clinical grounds but nontrepone-
mal antibody tests are negative, consider the prozone effect
caused by very high titers (see Nontreponemal Antibody
Tests, above), or try direct examination of primary or sec-
ondary lesions for spirochetes.

HIV-positive patients with primary and secondary
syphilis should have careful clinical and serologic follow-
up at 3-month intervals. The use of antiretroviral therapy
has been associated with reduced serologic failure rates
after syphilis treatment.

The diagnosis of neurosyphilis in HIV-infected patients
is complicated by the fact that mild CSF abnormalities may
be found in HIV infection alone. Evaluate patients for
visual and hearing changes, since ocular and auditory
syphilis may not result in CSF abnormalities. Like in HIV-
uninfected patients, routine lumbar puncture is not recom-
mended in asymptomatic patients; it should be reserved for
cases in which neurologic symptoms or signs are present or
there is concern for treatment failure. Following treatment,
CSF white blood cell counts should normalize within
12 months regardless of HIV status, while the CSF VDRL
may take longer. As discussed above, the same criteria for
failure apply to HIV-positive and HIV-negative patients,
and re-treatment regimens are the same.

For all stages and sites of syphilitic infection, treat-
ment does not differ by HIV infection status.

7. Syphilis in Pregnancy

All pregnant women should have a nontreponemal sero-
logic test for syphilis at the time of the first prenatal visit
(see Chapter 19). In women who may be at increased risk
for syphilis or for populations in which there is a high
prevalence of syphilis, additional nontreponemal tests
should be performed during the third trimester at 28 weeks
and again at delivery. The serologic status of all women
who have delivered should be known before discharge
from the hospital. Seropositive women should be consid-
ered infected and should be treated unless prior treatment
with fall in antibody titer is medically documented.

The only recommended treatment for syphilis in
pregnancy is penicillin in dosage schedules appropriate
for the stage of disease (Table 34–3). Penicillin prevents
congenital syphilis in 90% of cases, even when treatment is
given late in pregnancy. Women with a history of penicillin
allergy should be skin tested and desensitized if necessary.
Tetracycline and doxycycline are contraindicated in
pregnancy.

The infant should be evaluated immediately at birth, and,
depending on the likelihood of infection, monitored for
clinical and serologic manifestations in the first year of life.

» Prevention of Syphilis

A randomized controlled trial of doxycycline postexposure
prophylaxis for sexually transmitted infection prevention
among men who have sex with men enrolled in a larger
HIV PrEP study in France resulted in a 73% reduction in
syphilis and 70% reduction in chlamydia. This strategy is
not yet recommended, and further trials are underway to
confirm the findings.

» When to Refer

• Consultation with the local public health department
may help obtain all prior positive syphilis serologic
results and may be helpful in complicated or atypical
cases.

• Early (infectious) syphilis cases may be contacted for
partner notification and treatment by local public
health authorities.

» When to Admit

• Pregnant women with syphilis and true penicillin
allergy should be admitted for desensitization and
treatment.

• Women in late pregnancy treated for early syphilis
should have close outpatient monitoring or be admitted
because the Jarisch–Herxheimer reaction can induce
premature labor.

• Patients with neurosyphilis usually require admission
for treatment with aqueous penicillin.

Ghanem KG et al. The modern epidemic of syphilis. N Engl J
Med. 2020;382:845. [PMID: 32101666]

Ropper AH. Neurosyphilis. N Engl J Med. 2019;381:1358.
[PMID: 31577877]

Workowski KA et al; Centers for Disease Control and Prevention
(CDC). Sexually transmitted diseases treatment guidelines,
2015. MMWR Recomm Rep. 2015;64:1. [PMID: 26042815]

º
NON–SEXUALLY TRANSMITTED
TREPONEMATOSES

A variety of treponemal diseases other than syphilis occur
endemically in many tropical areas of the world. They are
distinguished from disease caused by T pallidum by their
nonsexual transmission via direct skin contact, their rela-
tively high incidence in certain geographic areas and
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among children, and their tendency to produce less severe
visceral manifestations. As in syphilis, skin, soft tissue, and
bone lesions may develop, organisms can be demonstrated
in infectious lesions with darkfield microscopy or immu-
nofluorescence, but cannot be cultured in artificial media;
the serologic tests for syphilis are positive; molecular meth-
ods such as PCR and genome sequencing are available, but
not widely used in endemic areas; the diseases have pri-
mary, secondary, and sometimes tertiary stages. Treatment
with 2.4 million units of benzathine penicillin G intramus-
cularly is generally curative in any stage of the non–sexually
transmitted treponematoses. In cases of penicillin hyper-
sensitivity, tetracycline, 500 mg orally four times a day for
10–14 days, is usually the recommended alternative. In
randomized controlled trials, oral azithromycin (30 mg/kg
once) was noninferior to benzathine penicillin G for the
treatment of yaws in children.

YAWS

Yaws, the most prevalent of the endemic treponematoses,
is largely limited to tropical regions and is caused by
T pallidum subspecies pertenue. It is characterized by
granulomatous lesions of the skin, mucous membranes,
and bone. Yaws is rarely fatal, though if untreated it may
lead to chronic disability and disfigurement. Yaws is
acquired by direct nonsexual contact, usually in child-
hood, although it may occur at any age. The “mother yaw,”
a painless papule that later ulcerates, appears 3–4 weeks
after exposure. There is usually associated regional lymph-
adenopathy. Six to 12 weeks later, secondary lesions occur,
which are raised papillomas and papules that weep highly
infectious material appear and last for several months or
years. Painful ulcerated lesions on the soles are called “crab
yaws” because of the resulting gait. Late gummatous lesions
may occur, with associated tissue destruction involving
large areas of skin and subcutaneous tissues. The late
effects of yaws, with bone change, shortening of digits, and
contractions, may be confused with similar changes occur-
ring in leprosy. CNS, cardiac, or other visceral involvement
is rare. See above for therapy. The World Health Organization
has set a goal of eliminating yaws using mass treatment
with azithromycin; however, emergence of macrolide resis-
tance has complicated this approach.

Frimpong M et al. Multiplex recombinase polymerase amplifica-
tion assay for simultaneous detection of Treponema pallidum
and Haemophilus ducreyi in yaws-like lesions. Trop Med
Infect Dis. 2020;5:157. [PMID: 33036234]

Marks M. Advances in the treatment of yaws. Trop Med Infect
Dis. 2018;3:E92. [PMID: 30274488]

º
SELECTED SPIROCHETAL DISEASES

RELAPSING FEVER

The infectious organisms in relapsing fever are spirochetes
of the genus Borrelia. The infection has two forms: tick-
borne and louse-borne. The main reservoir for tick-borne

relapsing fever is rodents, which serve as the source of
infection for ticks. Tick-borne relapsing fever may be
transmitted transovarially from one generation of ticks to
the next. Humans can be infected by tick bites or by rub-
bing crushed tick tissues or feces into the bite wound. Tick-
borne relapsing fever is endemic, but is not transmitted
from person to person. In the United States, infected ticks
are found throughout the western states, but clinical cases
are uncommon in humans.

The louse-borne form is primarily seen in the develop-
ing world, and humans are the only reservoir. Large epi-
demics may occur in louse-infested populations, and
transmission is favored by crowding, malnutrition, and
cold climate.

» Clinical Findings

A. Symptoms and Signs

There is an abrupt onset of fever, chills, tachycardia, nausea
and vomiting, arthralgia, and severe headache. Hepato-
megaly and splenomegaly may develop, as well as various
types of rashes (macular, papular, petechial) that usually
occur at the end of a febrile episode. Delirium occurs with
high fever, and there may be various neurologic and psy-
chological abnormalities. The attack terminates, usually
abruptly, after 3–10 days. After an interval of 1–2 weeks,
relapse occurs, but often it is somewhat milder. Three to
ten relapses may occur before recovery in tick-borne dis-
ease, whereas louse-borne disease is associated with only
one or two relapses.

B. Laboratory Findings

During episodes of fever, large spirochetes are seen in thick
and thin blood smears stained with Wright or Giemsa
stain. The organisms can be cultured in special media but
rapidly lose pathogenicity. The spirochetes can multiply in
injected rats or mice and can be seen in their blood.

A variety of anti-Borrelia antibodies develop during the
illness; sometimes the Weil–Felix test for rickettsioses and
nontreponemal serologic tests for syphilis may also be
falsely positive. Infection can cause false-positive indirect
fluorescent antibody and Western blot tests for Borrelia
burgdorferi, causing some cases to be misdiagnosed as Lyme
disease. PCR assays can be performed on blood, CSF, and
tissue but are not always available in endemic regions. CSF
abnormalities occur in patients with meningeal involve-
ment. Mild anemia and thrombocytopenia are common,
but the white blood cell count tends to be normal.

» Differential Diagnosis

The manifestations of relapsing fever may be confused with
malaria, leptospirosis, meningococcemia, yellow fever,
typhus, or rat-bite fever.

» Prevention

Prevention of tick bites (as described for rickettsial diseases)
and delousing procedures applicable to large groups can
prevent illness. There are no vaccines for relapsing fever.
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Postexposure prophylaxis with doxycycline 200 mg
orally on day 1 and 100 mg daily for 4 days has been shown
to prevent relapsing fever following tick bites in highly
endemic areas.

» Treatment

A single dose of tetracycline or erythromycin, 0.5 g orally,
or a single dose of procaine penicillin G, 600,000–800,000
units intramuscularly (adults), probably constitutes ade-
quate treatment for louse-borne relapsing fevers; however,
some experts advocate for longer courses of treatment to
prevent persistent infection. In tick-borne disease, treat-
ment begins with penicillin G, 3 million units intravenously
every 4 hours, or ceftriaxone, 1 g intravenously daily; with
clinical improvement, a 10-day course can be completed
with 0.5 g of tetracycline or erythromycin given orally four
times daily. If CNS invasion is suspected, intravenous peni-
cillin G or ceftriaxone should be continued for 10–14 days.
Jarisch–Herxheimer reactions occur commonly following
treatment and may be life-threatening, so patients should
be closely monitored (see Syphilis, above). All pregnant
women with tick-borne disease should be treated for 14 days,
ideally with intravenous penicillin or ceftriaxone.

» Prognosis

The overall mortality rate is usually about 5%. Fatalities are
most common in older, debilitated, or very young patients.
With treatment, the initial attack is shortened and relapses
are largely prevented.

Talagrand-Reboul E. Relapsing fevers: neglected tick-borne dis-
eases. Front Cell Infect Microbiol. 2018;8:98. [PMID: 29670860]

Warrell DA. Louse-borne relapsing fever (Borrelia recurrentis
infection). Epidemiol Infect. 2019;147:e106. [PMID: 30869050]

RAT-BITE FEVER

Rat-bite fever is an uncommon acute infectious disease
caused by the treponeme Spirillum minus (Asia) or the
bacteria Streptobacillus moniliformis (North America). It is
transmitted to humans by the bite of a rat. Inhabitants of
rat-infested dwellings, owners of pet rats, and laboratory
workers are at greatest risk.

» Clinical Findings

A. Symptoms and Signs

In Spirillum infections, the original rat bite, unless second-
arily infected, heals promptly, but 1 to several weeks later,
the site becomes swollen, indurated, and painful. It assumes
a dusky purplish hue and may ulcerate. Regional lymphan-
gitis and lymphadenitis, fever, chills, malaise, myalgia,
arthralgia, and headache are present. Splenomegaly may
occur. A sparse, dusky-red maculopapular rash appears on
the trunk and extremities in many cases, and there may be
frank arthritis.

After a few days, both the local and systemic symptoms
subside, only to reappear several days later. This relapsing
pattern of fever for 3–4 days alternating with afebrile

periods lasting 3–9 days may persist for weeks. The other
features, however, usually recur only during the first few
relapses. Endocarditis is a rare complication of infection.

B. Laboratory Findings

Leukocytosis is often present, and the nontreponemal test
for syphilis is often falsely positive. The organism may be
identified in darkfield examination of the ulcer exudate or
aspirated lymph node material; more commonly, it is
observed after inoculation of a laboratory animal with the
patient’s exudate or blood. It has not been cultured in arti-
ficial media.

» Differential Diagnosis

Rat-bite fever must be distinguished from the rat-bite–
induced lymphadenitis and rash of streptobacillary fever.
Clinically, the severe arthritis and myalgias seen in strepto-
bacillary disease are rarely seen in disease caused by S
minus. Reliable differentiation requires an increasing titer
of agglutinins against S moniliformis or isolation of the
causative organism. Other diseases in the differential
include tularemia, rickettsial disease, Pasteurella multocida
infections, and relapsing fever.

» Treatment

In acute illness, intravenous penicillin, 1–2 million units
every 4–6 hours, is given initially; ceftriaxone 1 g intrave-
nously daily is another option. Once improvement has
occurred, therapy may be switched to oral penicillin V 500 mg
four times daily, or amoxicillin 500 mg three times daily, to
complete 10–14 days of therapy. For the penicillin-allergic
patient, tetracycline 500 mg orally four times daily or doxy-
cycline 100 mg twice a day can be used.

» Prognosis

The reported mortality rate of about 10% should be mark-
edly reduced by prompt diagnosis and antimicrobial
treatment.

Walker JW et al. Rat bite fever: a case report and review of the
literature. Pediatr Emerg Care. 2019;35:e28. [PMID:
28002119]

LEPTOSPIROSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Clinical illness can vary from asymptomatic to fatal
liver and kidney failure.

» Anicteric leptospirosis: more common and milder
form of the disease.

» Icteric leptospirosis (Weil syndrome): impaired
kidney and liver function, abnormal mental status,
and hemorrhagic pneumonia; 5–40% mortality
rate.
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» General Considerations

Leptospirosis is an acute and sometimes severe treponemal
infection that is caused by several species within the genus
Leptospira. The disease is distributed worldwide, and it is
among the most common zoonotic infections. The lepto-
spires enter through minor skin lesions and probably via
the conjunctiva. Cases have occurred in international trav-
elers after swimming or rafting in contaminated water, and
occupational cases occur among sewer workers, rice plant-
ers, abattoir workers, and farmers. Sporadic urban cases
have been seen in homeless persons exposed to rat urine.

» Clinical Findings

A. Symptoms and Signs

Anicteric leptospirosis, the more common and milder
form of the disease, is often biphasic. After an incubation
period of 2–20 days, the initial or “septicemic” phase
begins with abrupt fever to 39–40°C, chills, abdominal
pain, severe headache, and myalgias, especially of the calf
muscles. There may be marked conjunctival suffusion.
Leptospires can be isolated from blood, CSF, and tissues.
Following a 1- to 3-day period of improvement in symp-
toms and absence of fever, the second or “immune” phase
begins; however, in severe disease the phases may appear
indistinct. Leptospires are absent from blood and CSF but
are still present in the kidney, and specific antibodies
appear. A recurrence of symptoms is seen as in the first
phase of disease with the onset of meningitis. Uveitis rash,
nausea, vomiting, diarrhea, and adenopathy may occur. A
rare but severe manifestation is hemorrhagic pneumonia.
The illness is usually self-limited, lasting 4–30 days, and
complete recovery is the rule.

Icteric leptospirosis (Weil syndrome) is the more severe
form of the disease, characterized by impaired kidney and
liver function, abnormal mental status, hemorrhagic pneu-
monia, hypotension, and a 5–40% mortality rate. Symptoms
and signs often are continuous and not biphasic.

Leptospirosis with jaundice must be distinguished from
hepatitis, yellow fever, rickettsial disease, and relapsing
fever.

B. Laboratory Findings

The leukocyte count may be normal or as high as 50,000/mcL
(50 × 109/L), with neutrophils predominating. The urine
may contain bile, protein, casts, and red cells. Oliguria is
common, and in severe cases uremia may occur. Elevated
bilirubin and aminotransferases are seen in 75%, and ele-
vated creatinine (greater than 1.5 mg/dL) (132.6 mcmol/L)
is seen in 50% of cases. Serum creatine kinase is usually
elevated in persons with leptospirosis and normal in per-
sons with hepatitis. In cases with meningeal involvement,
organisms may be found in the CSF during the first 10 days
of illness. Early in the disease, the organism may be identi-
fied by darkfield examination of the patient’s blood (a test
requiring expertise since false-positives are frequent in
inexperienced hands) or by culture. Cultures take 1–6 weeks
to become positive but may remain negative if antibiotics
were started before culture was obtained. The organism

may also be grown from the urine from the tenth day to the
sixth week. Diagnosis is usually made by means of sero-
logic tests, including the microscopic agglutination test and
enzyme-linked immunosorbent assay (ELISA). PCR
molecular diagnostics are increasingly available and appear
to be sensitive, specific, positive early in disease, and able
to detect leptospiral DNA in blood, urine, CSF, and aque-
ous humor.

» Complications

Myocarditis, aseptic meningitis, acute kidney injury, and
pulmonary infiltrates with hemorrhage are not common
but are the usual causes of death. Iridocyclitis may occur.

» Prevention

The mainstay of prevention is avoidance of potentially
contaminated food and water.

Prophylaxis with doxycycline (200 mg orally once a
week) may be useful if a person is at high risk due to being
in an area or season (eg, monsoon flooding) when expo-
sure would be more likely. Human vaccine is used in some
limited settings but is not widely available.

» Treatment

Many cases are self-limited without specific treatment.
Many antibiotics, including penicillin, ceftriaxone, and
tetracyclines, show antileptospiral activity; meta-analysis
has not demonstrated a clear survival benefit for any anti-
biotic. Doxycycline (100 mg every 12 hours orally or intra-
venously), penicillin (eg, 1.5 million units every 6 hours
intravenously), and ceftriaxone (1 g daily intravenously)
are used in severe leptospirosis. Jarisch–Herxheimer reac-
tions may occur (see Syphilis, above). Although therapy for
mild disease is controversial, most clinicians treat with
doxycycline, 100 mg orally twice daily, for 7 days, or
amoxicillin, 50 mg/kg, divided into three doses daily.
Azithromycin is also active, but clinical experience is
limited.

» Prognosis

Without jaundice, the disease is almost never fatal. With
jaundice, the mortality rate is 5% for those under age 30 years
and 40% for those over age 60 years.

» When to Admit

Patients with jaundice or other evidence of severe disease
should be admitted for close monitoring and may require
admission to an intensive care unit.

Grennan D. JAMA patient page. Leptospirosis. JAMA. 2019;
321:812. [PMID: 30806697]

Jiménez JIS et al. Leptospirosis: report from the task force on
tropical diseases by the World Federation of Societies of
Intensive and Critical Care Medicine. J Crit Care. 2018;43:361.
[PMID: 29129539]

Karpagam KB et al. Leptospirosis: a neglected tropical zoonotic
infection of public health importance-an updated review. Eur
J Clin Microbiol Infect Dis. 2020;39:835. [PMID: 31898795]
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LYME DISEASE (Lyme Borreliosis)

E S S E N T I A L S  O F  D I A G N O S I S

» Erythema migrans: a flat or slightly raised red
lesion that expands with central clearing.

» Headache or stiff neck.

» Arthralgias, arthritis, and myalgias; arthritis is
often chronic and recurrent.

» General Considerations

This illness, named after the town of Old Lyme, Connecti-
cut, is the most common tick-borne disease in the United
States and Europe and is caused by genospecies of the spiro-
chete B burgdorferi. Most US cases are reported from the
mid-Atlantic, northeastern, and north central regions of the
country. The true incidence of Lyme disease is not known
for a number of reasons: (1) serologic tests are not standard-
ized (see below); (2) clinical manifestations are nonspecific;
and (3) even with reliable testing, serology is insensitive in
early disease.

The tick vector of Lyme disease varies geographically and
is Ixodes scapularis in the northeastern, north central, and
mid-Atlantic regions of the United States; Ixodes pacificus on
the West Coast; Ixodes ricinus in Europe; and Ixodes persul-
catus in Asia. The disease also occurs in Australia. Mice and
deer make up the major animal reservoir of B burgdorferi,
but other rodents and birds may also be infected. Domestic
animals such as dogs, cattle, and horses can also develop
clinical illness, usually manifested as arthritis.

Under experimental conditions, ticks must feed for
24–36 hours or longer to transmit infections. Most cases
are reported in the spring and summer months. In addi-
tion, the percentage of ticks infected varies on a regional
basis. In the northeastern and midwestern United States,
15–65% of I scapularis ticks are infected with the spiro-
chete; in the west, less than 5% of I pacificus are infected.
These are important epidemiologic features in assessing
the likelihood that tick exposure will result in disease. Elic-
iting a history of brushing a tick off the skin (ie, the tick
was not feeding) or removing a tick on the same day as
exposure (ie, the tick did not feed long enough) decreases
the likelihood that infection will develop.

Because the Ixodes tick is so small, the bite is usually
painless and goes unnoticed. After feeding, the tick drops
off in 2–4 days. If a tick is found, it should be removed
immediately. The best way to accomplish this is to use fine-
tipped tweezers to pull firmly and repeatedly on the tick’s
mouth part—not the tick’s body—until the tick releases its
hold. Saving the tick in a bottle of alcohol for future identi-
fication may be useful, especially if symptoms develop.

» Clinical Findings

The three stages of Lyme disease are classified based on
early or late manifestations of the disease and whether it is
localized or disseminated.

A. Symptoms and Signs

1. Stage 1, early localized infection—Stage 1 infection is
characterized by erythema migrans (Figure 6–26). About 1
week after the tick bite (range, 3–30 days; median 7–10 days),
a flat or slightly raised red lesion appears at the site, which
is commonly seen in areas of tight clothing such as the
groin, thigh, or axilla. This lesion expands over several
days. Although originally described as a lesion that pro-
gresses with central clearing (“bulls-eye” lesion), often
there is a more homogeneous appearance or even central
intensification. About 10–20% of patients either do not
have typical skin lesions or the lesions go unnoticed. Most
patients with erythema migrans will have a concomitant
viral-like illness (the “summer flu”) characterized by myal-
gias, arthralgias, headache, and fatigue. Fever may or may
not be present. Even without treatment, the symptoms and
signs of erythema migrans resolve in 3–4 weeks. Although
the classic lesion of erythema migrans is not difficult to
recognize, atypical forms can occur that may lead to misdi-
agnosis. Southern tick–associated rash illness (STARI) has
a similar appearance, but it occurs in geographically dis-
tinct areas of the United States.

Completely asymptomatic disease, without erythema
migrans or flu-like symptoms, can occur but is very
uncommon in the United States.

2. Stage 2, early disseminated infection—Up to 50–60%
of patients with erythema migrans are bacteremic and
within days to weeks of the original infection, secondary
skin lesions develop in about 50% of patients. These lesions
are similar in appearance to the primary lesion but are usu-
ally smaller. Malaise, fatigue, fever, headache (sometimes
severe), neck pain, and generalized achiness are common
with the skin lesions. Most symptoms are transient. After
hematogenous spread, some patients experience cardiac
(4–10% of patients) or neurologic (10–15% of patients)
manifestations, including myopericarditis, with atrial or
ventricular arrhythmias and heart block. Neurologic mani-
festations include both the central and peripheral nervous
systems. The most common CNS manifestation is aseptic
meningitis with mild headache and neck stiffness. The
most common peripheral manifestation is a cranial nerve
VII neuropathy, ie, facial palsy (usually unilateral but can
be bilateral, see Figure 24–1). A sensory or motor radicu-
lopathy and mononeuritis multiplex occur less frequently.
Conjunctivitis, keratitis, and, rarely, panophthalmitis can
also occur. Rarely, a cutaneous hypopigmented skin lesion
called a borrelial lymphocytoma develops.

3. Stage 3, late persistent infection—Stage 3 infection
occurs months to years after the initial infection and again
primarily manifests itself as musculoskeletal, neurologic,
and skin disease. In early reports, musculoskeletal com-
plaints developed in up to 60% of patients, but with early
recognition and treatment of disease, this has decreased to
less than 10%. The classic manifestation of late disease is a
monoarticular or oligoarticular arthritis most commonly
affecting the knee or other large weight bearing joints.
While these joints may be quite swollen, these patients
generally report less pain compared to patients with bacte-
rial septic arthritis. Even if untreated, the arthritis is
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self-limited, resolving in a few weeks to months. Multiple
recurrences are common but are usually less severe than
the original disease. Joint fluid reflects an inflammatory
arthritis with a mean white blood cell count of 25,000/mcL
(25 × 109/L) with a predominance of neutrophils. Chronic
arthritis develops in about 10% of patients. The pathogen-
esis of chronic Lyme arthritis may be an immunologic
phenomenon rather than persistence of infection.

Rarely, the nervous system (both central and peripheral)
can be involved in late Lyme disease. In the United States, a
subacute encephalopathy, characterized by memory loss,
mood changes, and sleep disturbance, is seen. In Europe, a
more severe encephalomyelitis caused by B garinii is seen
and presents with cognitive dysfunction, spastic parapare-
sis, ataxia, and bladder dysfunction. Peripheral nervous
system involvement includes intermittent paresthesias,
often in a stocking glove distribution, or radicular pain.

The cutaneous manifestation of late infection, which
can occur up to 10 years after infection, is acrodermatitis
chronicum atrophicans. It has been described mainly in
Europe after infection with B afzelii. There is usually
bluish-red discoloration of a distal extremity with associ-
ated swelling. These lesions become atrophic and sclerotic
with time and eventually resemble localized scleroderma.
Cases of diffuse fasciitis with eosinophilia, an entity that
resembles scleroderma, have been rarely associated with
infection with B burgdorferi.

B. Laboratory Findings

The diagnosis of Lyme disease is based on both clinical
manifestations and laboratory findings. The US Surveil-
lance Case Definition specifies a person with exposure to
a potential tick habitat (within the 30 days just prior to
developing erythema migrans) with (1) erythema
migrans diagnosed by a clinician or (2) at least one late
manifestation of the disease and (3) laboratory confir-
mation as fulfilling the criteria for Lyme disease.

Nonspecific laboratory abnormalities can occur, par-
ticularly in early disease. The most common are an ele-
vated sedimentation rate of more than 20 mm/h seen in
50% of cases, and mildly abnormal liver biochemical tests
are present in 30%. The abnormal liver biochemical tests
are transient and return to normal within a few weeks of
treatment. A mild anemia, leukocytosis (11,000–18,000/mcL)
(11–18 × 109/L), and microscopic hematuria have been
reported in 10% or less of patients.

Laboratory confirmation requires serologic tests to
detect specific antibodies to B burgdorferi in serum, prefer-
ably by ELISA and not by indirect immunofluorescence
assay (IFA), which is less sensitive and specific and can cause
misdiagnosis. A two-test approach is recommended for
the diagnosis of active Lyme disease, with all specimens
positive or equivocal by ELISA then confirmed with a West-
ern immunoblot assay that can detect both IgM and IgG
antibodies or with a different ELISA. A positive immunoblot
requires that antibodies are detected against two (for IgM) or
five (for IgG) specific protein antigens from B burgdorferi.

If a patient with suspected early Lyme disease has nega-
tive serologic studies, acute and convalescent titers should

be obtained since up to 50% of patients with early disease
can be antibody negative in the first several weeks of ill-
ness. A fourfold rise in antibody titer would be diagnostic
of recent infection. In patients with later stages of disease,
almost all are antibody positive. False-positive reactions in
the ELISA and IFA have been reported in juvenile rheuma-
toid arthritis, rheumatoid arthritis, systemic lupus erythe-
matosus, infectious mononucleosis, subacute infective
endocarditis, syphilis, relapsing fever, leptospirosis, entero-
viral and other viral illnesses, and patients with gingival
disease. False-negative serologic reactions occur early in
illness, and antibiotic therapy early in disease can abort
subsequent seroconversion.

The diagnosis of late nervous system Lyme disease is
often difficult since clinical manifestations, such as subtle
memory impairment, may be difficult to document. Most
patients have a history of previous erythema migrans or
monoarticular or polyarticular arthritis, and the vast
majority have antibody present in serum. Patients with late
disease and peripheral neuropathy almost always have
positive serum antibody tests, usually have abnormal elec-
trophysiology tests, and may have abnormal nerve biopsies
showing perivascular collections of lymphocytes; however,
the CSF is usually normal and does not demonstrate local
antibody production.

Caution should be exercised in interpreting serologic
tests because they are not subject to national standards, and
inter-laboratory variation is a major problem. In addition,
some laboratories perform tests that are entirely unreliable
and should never be used to support the diagnosis of Lyme
disease (eg, the Lyme urinary antigen test, immunofluores-
cent staining for cell wall–deficient forms of B burgdorferi,
lymphocyte transformation tests, using PCR on inappro-
priate specimens such as blood or urine). Finally, testing is
often done in patients with nonspecific symptoms such as
headache, arthralgia, myalgia, fatigue, and palpitations.
Even in endemic areas, the pretest probability of having
Lyme disease is low, and the probability of a false-positive
test result is greater than that of a true-positive result. For
these reasons, the CDC has established guidelines for labo-
ratory evaluation of patients with suspected Lyme disease:

1. The diagnosis of early Lyme disease is clinical (ie, expo-
sure in an endemic area, with clinician-documented
erythema migrans) and does not require laboratory
confirmation. (Tests are often negative at this stage.)

2. Late disease requires objective evidence of clinical
manifestations (recurrent brief attacks of monoarticu-
lar or oligoarticular arthritis of the large joints; lympho-
cytic meningitis, cranial neuritis [facial palsy],
peripheral neuropathy or, rarely, encephalomyelitis—
but not headache, fatigue, paresthesias, or stiff neck
alone; atrioventricular conduction defects with or with-
out myocarditis) and laboratory evidence of disease
(two-stage testing with ELISA or IFA followed by
Western blot, as described above).

3. Patients with nonspecific symptoms without objective
signs of Lyme disease should not have serologic testing
done. It is in this setting that false-positive tests occur
more commonly than true-positive tests.
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4. The role of serologic testing in nervous system Lyme
disease is unclear, as sensitivity and specificity of CSF
serologic tests have not been determined. However, it is
rare for a patient to have positive serologic tests on CSF
without positive tests on serum (see below).

5. Other tests such as the T cell proliferative assay and
urinary antigen detection have not yet been studied
well enough to be routinely used.

Cultures for B burgdorferi can be performed but are not
routine and are usually reserved for clinical studies.

PCR is very specific for detecting the presence of
Borrelia DNA, but sensitivity is variable and depends on
which body fluid is tested, the stage of the disease, and col-
lection and testing technique. In general, PCR is more
sensitive than culture, especially in chronic disease but is
not available in many clinical laboratories. Testing should
not be done on blood or urine but has been successfully
performed on synovial fluid and CSF. Up to 85% of syno-
vial fluid samples are positive in active arthritis. In con-
trast, 38% of CSF samples in acute CNS Lyme disease are
PCR positive compared with only 25% in chronic CNS
disease. However, whether a positive PCR indicates persis-
tence of viable organisms that will respond to further treat-
ment or is only a marker for residual DNA (not active
infection) has not been clarified. A negative PCR result
does not rule out disease.

» Complications

B burgdorferi infection in pregnant women has not been
associated with congenital syndromes, unlike other spiro-
chetal illnesses such as syphilis.

Some patients and advocacy groups have claimed either
a post–Lyme syndrome (in the presence of positive labora-
tory tests and after appropriate treatment) or “chronic
Lyme disease” in which tests may all be negative. Both enti-
ties include nonspecific symptoms such as fatigue, myal-
gias, and cognitive difficulties (see Prognosis below).
Expert groups are in agreement that there are no data to
support that ongoing infection is the cause of either
syndrome.

» Prevention

There is no human vaccine currently available. Simple pre-
ventive measures such as avoiding tick-infested areas, cov-
ering exposed skin with long-sleeved shirts and wearing
long trousers tucked into socks, wearing light-colored
clothing, using repellents, and inspecting for ticks after
exposure will greatly reduce the number of tick bites. Envi-
ronmental controls directed at limiting ticks on residential
property would be helpful, but trying to limit the deer, tick,
or white-footed mouse populations over large areas is not
feasible.

Prophylactic antibiotic treatment following tick bites is
recommended in certain high-risk situations if all of the
following criteria are met: (1) a tick identified as an adult
or nymphal I scapularis has been attached for at least
36 hours; (2) prophylaxis can be started within 72 hours of
the time the tick was removed; (3) more than 20% of ticks

in the area are known to be infected with B burgdorferi; and
(4) there is no contraindication to the use of doxycycline
(not pregnant, age greater than 8 years, not allergic). The
medication of choice for prophylaxis is a single 200-mg
dose of doxycycline. If doxycycline is contraindicated, no
prophylaxis should be given since short-course prophylac-
tic therapy with other agents has not been studied. The
patient should be closely monitored for early disease, and if
early disease does develop, appropriate therapy is very
effective in preventing long-term sequelae. Individuals
who have removed ticks (including those who have had
prophylaxis) should be monitored carefully for 30 days for
possible coinfections.

» Coinfections

Lyme disease, babesiosis (see Chapter 35), and human
granulocytic anaplasmosis (see Chapter 32) are endemic in
similar areas of the country and are transmitted by the
same tick, I scapularis. Coinfection with two or all three of
these organisms can occur, causing a clinical picture that is
not “classic” for any of these diseases. The presence of ery-
thema migrans is highly suggestive of Lyme disease,
whereas flu-like symptoms without rash are more sugges-
tive of babesiosis or anaplasmosis. Coinfection should be
considered and excluded in patients who have persistent high
fevers 48 hours after starting appropriate therapy for Lyme
disease; in patients with persistent symptoms despite resolu-
tion of rash; and in those with anemia, leukopenia, or
thrombocytopenia.

» Treatment

Recommendations for therapy are outlined in Table 34–4.
For erythema migrans, antibiotic therapy shortens the
duration of rash and prevents late sequelae. Doxycycline is
most commonly used and has the advantage of being active
against anaplasmosis, a common coinfection. It has proven
effective in shorter courses of 10–14 days compared to
other regimens. Amoxicillin is also effective and is recom-
mended for pregnant or lactating women and for those
who cannot tolerate doxycycline. Cefuroxime axetil is as
effective as doxycycline, but because of its cost, it should be
considered an alternative choice for those who cannot tol-
erate doxycycline or amoxicillin or for those in whom the
medications are contraindicated. Erythromycin and
azithromycin are less effective, associated with higher rates
of relapse, and are not recommended as first-line therapy.

Isolated facial palsy (without meningitis or peripheral
neuropathy) can be treated with doxycycline, amoxicillin,
or cefuroxime axetil for 2–3 weeks. Therapy does not affect
the rate of resolution of the cranial neuropathy, but it does
prevent development of late disease manifestations.

The need for a lumbar puncture in patients with sev-
enth nerve palsy is controversial. Some clinicians perform
lumbar puncture on all patients with facial palsy and others
only if there are symptoms or signs of meningitis. If men-
ingitis is present, parenteral therapy with ceftriaxone or
penicillin is recommended in US guidelines. However,
several European studies support doxycycline 400 mg/day
orally for 14 days as equally effective.
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Table 34–4. Treatment of Lyme disease.

Manifestations Medication and Dosage

Tick bite No treatment in most circumstances (see text); observe

Erythema migrans1 Doxycycline, 100 mg orally twice daily for 10–14 days, or amoxicillin, 500 mg orally three times

daily for 2–3 weeks, or cefuroxime axetil, 500 mg orally twice daily for 2–3 weeks

Neurologic disease

Facial palsy (without meningitis) Doxycycline, amoxicillin, or cefuroxime axetil as above for 2–3 weeks

Other central nervous system disease Ceftriaxone, 2 g intravenously once daily, or penicillin G, 18–24 million units daily intravenously

in six divided doses, or cefotaxime, 2 g intravenously every 8 hours—all for 2–4 weeks.

Doxycycline, 100 mg orally twice daily for 2–4 weeks (not in US guidelines, but supported by

trial data in Europe)

Cardiac disease

Atrioventricular block and myopericarditis2 An oral or parenteral (if more severe disease) regimen as described above can be used

Arthritis

Oral dosage Doxycycline, amoxicillin, or cefuroxime axetil as above for 28 days (see text)

Parenteral dosage Ceftriaxone, cefotaxime, or penicillin G as above for 2–4 weeks

Acrodermatitis chronicum atrophicans Doxycycline, amoxicillin, or cefuroxime axetil as above for 3 weeks

“Chronic Lyme disease” or “post-Lyme

disease syndrome”

Symptomatic therapy; prolonged antibiotics are not recommended

1Patients who cannot tolerate tetracyclines or beta-lactams can be treated with azithromycin 500 mg orally daily for 10 days.
2Symptomatic patients, those with second- or third-degree block, and those with first-degree block with a PR interval ≥ 300 milliseconds

should be hospitalized for observation.

Patients with atrioventricular block or myopericarditis
(or both) can be treated with either oral or parenteral
agents for 2–3 weeks. Hospitalization and observation are
indicated for symptomatic patients, those with second- or
third-degree block, and those with first-degree block with
a PR interval of 300 milliseconds or more. Once stabilized,
hospitalized patients can be transitioned to one of the oral
regimens to complete therapy.

Therapy of arthritis is difficult because some patients
do not respond to any therapy, and those who do respond
may do so slowly. Oral agents (doxycycline, amoxicillin, or
cefuroxime axetil) are as effective as intravenous regimens
(ceftriaxone, cefotaxime, or penicillin). A reasonable
approach to the patient with Lyme arthritis is to start with
oral therapy for 28 days. If there is partial resolution, re-
treat with an additional 28 days of the same oral regimen.
However, if there has been no response or worsening with
initial oral therapy, switch to intravenous ceftriaxone for
14–28 days. If arthritis persists after re-treatment, symp-
tomatic therapy with nonsteroidal anti-inflammatory
drugs is recommended. For severe refractory pain, syno-
vectomy may be required.

Based on limited data, therapy of Lyme disease in preg-
nancy should be the same as therapy in other patients with
the exception that doxycycline should not be used.

Clinicians may encounter patients with nonspecific
symptoms (such as fatigue and myalgias) and positive sero-
logic tests for Lyme disease who request therapy for their
illness. When treating these patients, clinicians must
remember (1) that nonspecific symptoms alone are not
diagnostic; (2) that serologic tests are fraught with

difficulty (as noted above), and in areas where disease
prevalence is low, false-positive serologic tests are much
more common than true-positive tests; and (3) that paren-
teral therapy with ceftriaxone for 2–4 weeks is costly and
can cause significant adverse effects, including cholelithia-
sis and Clostridioides difficile colitis. Parenteral therapy
should be reserved for those most likely to benefit, ie, those
with characteristic cutaneous, neurologic, cardiac, or rheu-
matic manifestations of Lyme disease.

» Prognosis

Most patients respond to appropriate therapy with
prompt resolution of symptoms within 4 weeks. True
treatment failures are thus uncommon, and in most cases
re-treatment or prolonged treatment of Lyme disease is
instituted because of misdiagnosis or misinterpretation
of serologic results (both IgG and IgM antibodies can
persist for prolonged periods despite adequate therapy)
rather than inadequate therapy or response. Prolonged
courses of antibiotic therapy for nonspecific symptoms
that persist after completion of appropriate assessment
(and treatment, if necessary) for Lyme disease is not
recommended.

The long-term outcome of adult patients with Lyme
disease is generally favorable, but some patients have
chronic complaints. Joint pain, memory impairment, and
poor functional status because of pain are common subjec-
tive complaints, but physical examination and neurocogni-
tive testing fail to document the presence of these symptoms
as objective sequelae.
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Immunity is not complete after Lyme disease. Reinfec-
tion, although uncommon, is predominantly seen in patients
successfully treated for early disease (erythema migrans) in
whom antibody titers do not develop. Clinical manifestations
and serologic response are similar to an initial infection.

» When to Refer

Consultation with an infectious diseases specialist with
experience in diagnosing and treating Lyme disease can be
helpful in atypical or prolonged cases.

» When to Admit

Admission for parenteral antibiotics is indicated for any
patient with symptomatic CNS or cardiac disease as well as

those with second- or third-degree atrioventricular block,
or first-degree block with a PR interval of 300 milliseconds
or more.

Cardenas-de la Garza JA et al. Clinical spectrum of Lyme dis-
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Kortela E et al. Oral doxycycline compared to intravenous ceftri-
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AFRICAN TRYPANOSOMIASIS
(Sleeping Sickness)

E S S E N T I A L S  O F  D I A G N O S I S

» Exposure to tsetse flies; chancre at bite site
uncommon.

» Hemolymphatic disease: Irregular fever, headache,
joint pain, rash, edema, lymphadenopathy.

» Meningoencephalitic disease: Somnolence, severe
headache, progressing to coma.

» Trypanosomes in blood or lymph node aspirates;
positive serologic tests.

» Trypanosomes and increased white cells and pro-
tein in cerebrospinal fluid.

» General Considerations

African trypanosomiasis is caused by the hemoflagellates
Trypanosoma brucei rhodesiense and Trypanosoma brucei
gambiense. The organisms are transmitted by bites of tsetse
flies (genus Glossina), which inhabit shaded areas along
streams and rivers. Trypanosomes ingested in a blood meal
develop over 18–35 days in the fly; when the fly feeds again
on a mammalian host, the infective stage is injected.
Human disease occurs in rural areas of sub-Saharan Africa
from south of the Sahara to about 30 degrees south lati-
tude. T b gambiense causes West African trypanosomiasis
and is transmitted in the moist sub-Saharan savannas and
forests of west and central Africa. T b rhodesiense causes
East African trypanosomiasis and is transmitted in the
savannas of east and southeast Africa.

T b rhodesiense infection is primarily a zoonosis of
game animals and cattle; humans are infected sporadically.
Humans are the principal mammalian host for
T b gambiense, but domestic animals can be infected. The
number of reported cases increased from the 1960s to
the 1990s and has since decreased greatly, although cases

35Philip J. Rosenthal, MD
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are reported from over 20 countries. Total incidence has
been estimated at less than 5000 cases per year, mostly due
to T b gambiense, with the largest number in the Demo-
cratic Republic of the Congo. Infections are rare among
travelers, including visitors to game parks.

» Clinical Findings

A. Symptoms and Signs

1. West African trypanosomiasis—Chancres at the site of
the bite are uncommon. After an asymptomatic period that
may last for months, hemolymphatic disease presents with
fever, headache, myalgias, arthralgias, weight loss, and
lymphadenopathy, with discrete, nontender, rubbery
nodes, referred to as Winterbottom sign when in a poste-
rior cervical distribution. Other common signs are mild
splenomegaly, transient edema, and a pruritic erythema-
tous rash. Febrile episodes may be broken by afebrile peri-
ods of up to several weeks. The hemolymphatic stage
progresses over months to meningoencephalitic disease,
with somnolence, irritability, personality changes, severe
headache, and parkinsonian symptoms progressing to
coma and death.

2. East African trypanosomiasis—Chancres at the bite site
are more commonly recognized with T b rhodesiense infec-
tion, with a painful lesion of 3–10 cm and regional lymph-
adenopathy that appears about 48 hours after the tsetse fly
bite and lasts 2–4 weeks. East African disease follows a
much more acute course, with the onset of symptoms usu-
ally within a few days of the insect bite. The hemolym-
phatic stage includes intermittent fever and rash, but
lymphadenopathy is less common than with West African
disease. Myocarditis can cause tachycardia and death due
to arrhythmias or heart failure. If untreated, East African
trypanosomiasis progresses over weeks to months to menin-
goencephalitic disease, somnolence, coma, and death.

B. Laboratory Findings

Diagnosis can be difficult, and definitive diagnosis requires
identification of trypanosomes. Microscopic examination
of fluid expressed from a chancre or lymph node may show
motile trypanosomes or, in fixed specimens, parasites
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stained with Giemsa. During the hemolymphatic stage,
detection of parasites in Giemsa-stained blood smears is
common in East African disease but difficult in West African
disease. Serial specimens should be examined, since para-
sitemias vary greatly over time. Meningoencephalitic (or
second stage) disease is defined by the World Health
Organization (WHO) as cerebrospinal fluid (CSF) showing
at least five mononuclear cells per microliter, elevated pro-
tein, or presence of trypanosomes. Concentration tech-
niques can aid identification of parasites in blood or CSF.
Serologic tests are also available. The card agglutination
test for trypanosomes (CATT) has excellent sensitivity and
specificity for West African disease and can be performed
in the field, but the diagnosis should be confirmed by iden-
tification of the parasites. Field-applicable immunochro-
matographic lateral flow rapid diagnostic tests that cost less
than CATT and are simpler to perform are available; com-
bining tests improves sensitivity and specificity. Molecular
diagnostic tests, including PCR and field-friendly loop-
mediated isothermal amplification (LAMP), are available,
but these are not yet standardized or routinely available.

» Treatment

Detection of trypanosomes is a prerequisite for treatment
of African trypanosomiasis because of the significant tox-
icity of most available therapies. Treatment recommenda-
tions depend on the type of trypanosomiasis (Table 35–1),
which is determined by geography, and stage of disease,
which requires examination of CSF. Eflornithine, nifurti-
mox, suramin, and melarsoprol are available in the
United States from the CDC Drug Service (www.cdc.gov/
laboratory/drugservice).

A. West African Trypanosomiasis

Pentamidine (4 mg/kg intramuscularly or intravenously
every day or every other day for 7 days) has been used to
treat infection that does not involve the central nervous
system (CNS). The side effects of pentamidine include
immediate hypotension; tachycardia; gastrointestinal

symptoms during administration; sterile abscesses; and
pancreatic (hypoglycemia), liver, and kidney abnormali-
ties. An alternate drug for early stage infection is eflorni-
thine (100 mg/kg/day intravenously every 6 hours for
14 days).

The treatment of choice for CNS infection has been a
combination of intravenous eflornithine (400 mg/kg/day in
two doses for 7 days) and oral nifurtimox (15 mg/kg/day in
three doses for 10 days), which has improved efficacy and
less toxicity than older regimens. Eflornithine, though less
toxic than older trypanocidal drugs, can cause gastrointes-
tinal symptoms, bone marrow suppression, seizures, and
alopecia. An alternative agent is melarsoprol. Fexinidazole
is as effective and safe as eflornithine plus nifurtimox when
administered orally over 10 days; this drug has been
endorsed by the WHO for both early and CNS infection
and will likely replace other therapies for all but advanced
CNS disease. Fexinidazole is recommended for persons
6 years of age and older, with body weight at least 20 kg, and
a CSF leukocyte count below 100/mcL (0.1 × 109/L) (evalu-
ation of CSF can be avoided if there is no suspicion of severe
CNS disease). The drug has an acceptable safety profile, in
particular compared to older therapies, but adverse events
include headache, nausea, vomiting, insomnia, anxiety,
weakness, tremor, and decreased appetite. For advanced CNS
disease (CNS leukocytes more than 100/mcL [0.1 × 109/L]),
eflornithine plus nifurtimox is recommended.

B. East African Trypanosomiasis

Pentamidine and eflornithine are not reliably effective, and
early disease is treated with suramin. The dosing regimens
of suramin vary (eg, 100–200 mg test dose, then 20 mg/kg
[maximum 1 g] intravenously on days 1, 3, 7, 14, and 21 or
weekly for five doses). Suramin toxicities include vomiting
and, rarely, seizures and shock during infusions as well as
subsequent fever, rash, headache, neuropathy, and kidney
and bone marrow dysfunction.

Suramin does not enter the CNS, so East African try-
panosomiasis involving the CNS is treated with melarsop-
rol (three series of 3.6 mg/kg/day intravenously for 3 days,
with 7-day breaks between the series or a 10-day intrave-
nous course with 0.6 mg/kg on day 1, 1.2 mg/kg on day 2,
and 1.8 mg/kg on days 3–10). Melarsoprol also acts against
West African disease, but eflornithine plus nifurtimox is
preferred due to its lower toxicity. Immediate side effects of
melarsoprol include fever and gastrointestinal symptoms.
The most important side effect is a reactive encephalopathy
that can progress to seizures, coma, and death. To help
avoid this side effect, corticosteroids are coadministered
(dexamethasone 1 mg/kg/day intravenously for 2–3 days or
oral prednisolone 1 mg/kg/day for 5 days, and then
0.5 mg/kg/day until treatment completion). In addition,
increasing resistance to melarsoprol is a serious concern.

» Prevention & Control

Individual prevention in endemic areas should include
neutral-colored clothes (eg, long sleeve shirts and pants),
insect repellents, and mosquito nets. Control programs
focusing on vector elimination and treatment of infected

Table 35–1. Treatment of African trypanosomiasis.

Disease Stage

Treatment

First Line Alternative

West African Early Fexinidazole Pentamidine

Suramin

Eflornithine

CNS involvement Fexinidazole (< 100

leukocytes/mcL

[0.1 × 109/L] in

CNS)

Eflornithine +

nifurtimox

Melarsoprol

East African Early

CNS involvement

Suramin

Melarsoprol

Pentamidine

CNS, central nervous system.
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persons and animals have shown good success in many
areas but suffer from limited resources.

Büscher P et al. Human African trypanosomiasis. Lancet. 2017;
390:2397. [PMID: 28673422]

Deeks ED. Fexinidazole: first global approval. Drugs. 2019;79:215.
[PMID: 30635838]

Mesu VKBK et al. Oral fexinidazole for late-stage African Try-
panosoma brucei gambiense trypanosomiasis: a pivotal multi-
centre, randomised, non-inferiority trial. Lancet. 2018;391:144.
[PMID: 29113731]

AMERICAN TRYPANOSOMIASIS
(Chagas Disease)

E S S E N T I A L S  O F  D I A G N O S I S

Acute stage

» Inflammatory lesion at inoculation site.

» Fever.

» Hepatosplenomegaly; lymphadenopathy.

» Myocarditis.

» Parasites in blood are diagnostic.

Chronic stage

» Heart failure, cardiac arrhythmias.

» Thromboembolism.

» Megaesophagus; megacolon.

» Serologic tests are usually diagnostic.

» General Considerations

Chagas disease is caused by Trypanosoma cruzi, a protozoan
parasite found only in the Americas; it infects wild animals
and, to a lesser extent, humans from southern South America
to the southern United States. An estimated 6–8 million
people are infected, mostly in rural areas, with the highest
national prevalence in Bolivia, Argentina, Paraguay, Ecuador,
El Salvador, and Guatemala. Control efforts in endemic
countries have decreased disease incidence to about 30,000
new infections and 14,000 deaths per year. The disease is
often acquired in childhood. In many countries in South
America, Chagas disease is the most important cause of
heart disease. The vector is endemic in the southern United
States where some animals are infected and a few instances
of local transmission have been reported.

T cruzi is transmitted by reduviid (triatomine) bugs
infected by ingesting blood from animals or humans who
have circulating trypanosomes. Multiplication occurs in the
digestive tract of the bug and infective forms are eliminated
in feces. Infection in humans occurs when the parasite pen-
etrates the skin through the bite wound, mucous mem-
branes, or the conjunctiva. Transmission can also occur by
blood transfusion, organ or bone marrow transplantation,
congenital transfer, or ingestion of food contaminated with
vector feces. From the bloodstream, T cruzi invades many
cell types but has a predilection for myocardium, smooth

muscle, and CNS glial cells. Multiplication causes cellular
destruction, inflammation, and fibrosis, with progressive
disease over decades.

» Clinical Findings

A. Symptoms and Signs

As many as 70% of infected persons remain asymptomatic.
The acute stage is seen principally in children and lasts
1–2 months. The earliest findings are at the site of inoculation
either in the eye—Romaña sign (unilateral edema, conjuncti-
vitis, and lymphadenopathy)—or in the skin—a chagoma
(swelling with local lymphadenopathy). Subsequent findings
include fever, malaise, headache, mild hepatosplenomegaly,
and generalized lymphadenopathy. Acute myocarditis and
meningoencephalitis are rare but can be fatal.

An asymptomatic latent period (indeterminate phase)
may last for life, but symptomatic disease develops in
10–30% of infected individuals, commonly many years
after infection.

Chronic Chagas disease generally manifests as abnor-
malities in cardiac and smooth muscle. Cardiac disease
includes arrhythmias, heart failure, and embolic disease.
Smooth muscle abnormalities lead to megaesophagus and
megacolon, with dysphagia, regurgitation, aspiration, con-
stipation, and abdominal pain. These findings can be com-
plicated by superinfections. In immunosuppressed persons,
including AIDS patients and transplant recipients, latent
Chagas disease may reactivate; findings have included
brain abscesses and meningoencephalitis.

B. Diagnostic Testing

The diagnosis is made by detecting parasites in persons
with suggestive findings who have resided in an endemic
area. With acute infection, evaluation of fresh blood or
buffy coats may show motile trypanosomes, and fixed
preparations may show Giemsa-stained parasites. Concen-
tration methods increase diagnostic yields. Trypanosomes
may be identified in lymph nodes, bone marrow, or peri-
cardial or spinal fluid. Molecular tests are highly sensitive
and can be used to detect parasites in organ transplant
recipients or after accidental exposure. When initial tests
are unrevealing, xenodiagnosis using laboratory vectors,
laboratory culture, or animal inoculation may provide a
diagnosis, but these methods are expensive and slow.

Chronic Chagas disease is usually diagnosed serologi-
cally. Many serologic assays, including rapid diagnostic
tests, are available, but sensitivity and specificity are not
ideal; confirmatory assays are advised after an initial
positive test, as is standard for blood bank testing in
South America. The diagnosis of chronic disease with PCR
remains suboptimal.

» Treatment

Treatment is inadequate because the two drugs used, ben-
znidazole and nifurtimox, often cause severe side effects,
must be used for long periods, and are ineffective against
chronic infection. In acute and congenital infections, the
drugs can reduce the duration and severity of infection, but
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cure is achieved in only about 70% of patients. During the
chronic phase of infection, although parasitemia may dis-
appear in up to 70% of patients, treatment does not clearly
alter the progression of the disease. In a 2015 trial for
Chagas cardiomyopathy, benznidazole significantly
reduced parasite detection but not progression of cardiac
disease. Nevertheless, there is general consensus that treat-
ment should be considered in all T cruzi–infected persons
regardless of clinical status or time since infection. In par-
ticular, treatment is recommended for acute, congenital,
and reactivated infections and for children and young
adults with chronic disease. Both drugs are FDA-approved
for the treatment of Chagas disease: benznidazole in chil-
dren 2–12 years old and nifurtimox in children under
18 years of age and weighing at least 2.5 kg. Nifurtimox is
available in the United States from the CDC Drug Service
(www.cdc.gov/laboratory/drugservice).

Benznidazole is generally preferred due to better effi-
cacy and safety profiles. It is given orally at a dosage of
5 mg/kg/day in two divided doses for 60 days. Its side effects
include granulocytopenia, rash, and peripheral neuropathy.
Nifurtimox is given orally in daily doses of 8–10 mg/kg in
four divided doses after meals for 90–120 days. Side effects
include gastrointestinal (anorexia, vomiting) and neuro-
logic (headaches, ataxia, insomnia, seizures) symptoms,
which appear to be reversible and to lessen with dosage
reduction. For both drugs, some recommendations suggest
higher dosing for acute infections. Patients with chronic
Chagas disease may also benefit from antiarrhythmic ther-
apy, standard therapy for heart failure, and conservative and
surgical management of megaesophagus and megacolon.

» Prevention & Control

In South America, a major eradication program based on
improved housing, use of residual pyrethroid insecticides
and pyrethroid-impregnated bed curtains, and screening of
blood donors has achieved striking reductions in new
infections. In endemic areas and ideally in donors from
endemic areas, blood should not be used for transfusion
unless at least two serologic tests are negative.

Bern C et al. Chagas disease in the United States: a public health
approach. Clin Microbiol Rev. 2019;33:e00023. [PMID:
31776135]

Pérez-Molina JA et al. Chagas disease. Lancet. 2018;391:82.
[PMID: 28673423]

LEISHMANIASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Sand fly bite in an endemic area.

» Visceral leishmaniasis: irregular fever, progressive
hepatosplenomegaly, pancytopenia, wasting.

» Cutaneous leishmaniasis: chronic, painless, moist
ulcers or dry nodules.

» Mucocutaneous leishmaniasis: destructive naso-
pharyngeal lesions.

» Amastigotes in macrophages in aspirates, touch
preparations, or biopsies.

» Positive culture, serologic tests, PCR, or skin test.

» General Considerations

Leishmaniasis is a zoonosis transmitted by bites of
sand flies of the genus Lutzomyia in the Americas and
Phlebotomus elsewhere. When sand flies feed on an infected
host, the parasitized cells are ingested with the blood meal.
Leishmaniasis is caused by about 20 species of Leishmania;
taxonomy is complex. Clinical syndromes are generally
dictated by the infecting species, but some species can
cause more than one syndrome.

The estimated annual incidence of disease has been
decreasing, with current estimates of 600,000 to 1 million
annual cases of cutaneous disease and 50,000–90,000 cases
of visceral disease. Progress against visceral disease has
been greatest on the Indian subcontinent.

Visceral leishmaniasis (kala azar) is caused mainly by
Leishmania donovani in the Indian subcontinent and East
Africa; Leishmania infantum in the Mediterranean, Middle
East, China, parts of Asia, and Horn of Africa; and
Leishmania chagasi in South and Central America. Other
species may occasionally cause visceral disease. Over 90%
of cases occur in seven countries: Brazil, Ethiopia, India,
Kenya, Somalia, South Sudan, and Sudan. In each locale,
the disease has particular clinical and epidemiologic
features. The incubation period is usually 4–6 months
(range: 10 days to 24 months). Without treatment, the
fatality rate reaches 90%. Early diagnosis and treatment
reduce mortality to 2–5%.

About 90% of cases of cutaneous leishmaniasis occur
in Afghanistan, Pakistan, Syria, Saudi Arabia, Algeria, Iran,
Brazil, and Peru. Old World cutaneous leishmaniasis is
caused mainly by Leishmania tropica, Leishmania major,
and Leishmania aethiopica in the Mediterranean, Middle
East, Africa, Central Asia, and Indian subcontinent. New
World cutaneous leishmaniasis is caused by Leishmania
mexicana, Leishmania amazonensis, and the species listed
below for mucocutaneous disease in Central and
South America. Mucocutaneous leishmaniasis (espundia)
occurs in lowland forest areas of the Americas and is
caused by Leishmania braziliensis, Leishmania panamensis,
and Leishmania peruviana.

» Clinical Findings

A. Symptoms and Signs

1. Visceral leishmaniasis kala azar—Most infections are
subclinical, but a small number progress to full-blown dis-
ease. A local nonulcerating nodule at the site of the sand fly
bite may precede systemic manifestations but usually is
inapparent. The onset of illness may be acute, within
2 weeks of infection, or insidious. Symptoms and signs
include fever, chills, sweats, weakness, anorexia, weight
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loss, cough, and diarrhea. The spleen progressively
becomes greatly enlarged, firm, and nontender. The liver is
somewhat enlarged, and generalized lymphadenopathy
may occur. Hyperpigmentation of skin can be seen, leading
to the name kala azar (“black fever”). Other signs include
skin lesions, petechiae, gingival bleeding, jaundice, edema,
and ascites. As the disease progresses, severe wasting and
malnutrition are seen; death eventually occurs, often due to
secondary infections, within months to a few years. Post–
kala azar dermal leishmaniasis may appear after apparent
cure in the Indian subcontinent and Sudan. It may simulate
leprosy, with hypopigmented macules or nodules develop-
ing on preexisting lesions. Viscerotropic leishmaniasis has
been reported in small numbers of American military
personnel in the Middle East, with mild systemic febrile
illnesses after L tropica infections.

2. Old World and New World cutaneous leishmaniasis—
Cutaneous swellings appears 1 week to several months
after sand fly bites and can be single or multiple. Char-
acteristics of lesions and courses of disease vary depend-
ing on the leishmanial species and host immune
response. Lesions begin as small papules and develop
into nonulcerated dry plaques or large encrusted ulcers
with well-demarcated raised and indurated margins
(Figure 35–1). Satellite lesions may be present. The
lesions are painless unless secondarily infected. Local
lymph nodes may be enlarged. Systemic symptoms are
uncommon, but fever, constitutional symptoms, and
regional lymphadenopathy may be seen. For most spe-
cies, healing occurs spontaneously in months to a few
years, but scarring is common.

Leishmaniasis recidivans is a relapsing form of L tropica
infection associated with hypersensitivity, in which the
primary lesion heals centrally, but spreads laterally, with
extensive scarring. Diffuse cutaneous leishmaniasis
involves spread from a primary lesion, with local dissemi-
nation of nodules and a protracted course. Disseminated
cutaneous leishmaniasis involves multiple nodular or
ulcerated lesions, often with mucosal involvement.

3. Mucocutaneous leishmaniasis espundia—In Latin
America, mucosal lesions develop in a small percentage of
persons infected with L braziliensis and some other species,
usually months to years after resolution of a cutaneous lesion.
Nasal congestion is followed by ulceration of the nasal mucosa
and septum, progressing to involvement of the mouth, lips,
palate, pharynx, and larynx. Extensive destruction can occur,
and secondary bacterial infection is common.

4. Infections in patients with AIDS—Leishmaniasis is an
opportunistic infection in persons with AIDS. Visceral
leishmaniasis can present late in the course of HIV infec-
tion, with fever, hepatosplenomegaly, and pancytopenia.
The gastrointestinal tract, respiratory tract, and skin may
also be involved.

B. Laboratory Findings

Identifying amastigotes within macrophages in tissue sam-
ples provides a definitive diagnosis. In visceral leishmaniasis,
fine-needle aspiration of the spleen for culture and tissue
evaluation is generally safe, and yields a diagnosis in over
95% of cases. Bone marrow aspiration is less sensitive but
safer and diagnostic in most cases, and Giemsa-stained
buffy coat of peripheral blood may occasionally show organ-
isms. Cultures with media available from the CDC will grow
promastigotes within a few days to weeks. Molecular assays
can also be diagnostic. Serologic tests may facilitate diagno-
sis, but none are sufficiently sensitive or specific to be used
alone. Numerous antibody-based rapid diagnostic tests are
available; these have shown good specificity but limitations
in sensitivity outside of India. Antigen-based rapid diagnos-
tic tests may offer improved sensitivity. For cutaneous
lesions, biopsies should be taken from the raised border of a
skin lesion, with samples for histopathology, touch prepara-
tion, and culture. The histopathology shows inflammation
with mononuclear cells. Macrophages filled with amasti-
gotes may be present, especially early in infection. An intra-
dermal leishmanin (Montenegro) skin test is positive in
most individuals with cutaneous disease but negative in
those with progressive visceral or diffuse cutaneous disease;
this test is not approved in the United States. In mucocuta-
neous leishmaniasis, diagnosis is established by detecting
amastigotes in scrapings, biopsy preparations, or aspirated
tissue fluid, but organisms may be rare. Cultures from these
samples may grow organisms. Serologic studies are often
negative, but the leishmanin skin test is usually positive.

» Treatment

A. Visceral Leishmaniasis

The treatment of choice for visceral leishmaniasis on the
Indian subcontinent is liposomal amphotericin B (approved
by the FDA), which is generally effective and well tolerated
but expensive. Standard dosing is 3 mg/kg/day intrave-
nously on days 1–5, 14, and 21. Simpler regimens that have
shown good efficacy in India include four doses of 5 mg/kg
over 4–10 days and a single dose of 15 mg/kg, but efficacies
of shorter regimens have been lower outside India. A single
infusion of an amphotericin B lipid emulsion, which is
more affordable than liposomal preparations, showed

▲ Figure 35–1. Skin ulcer due to cutaneous leishmani-
asis. Note the classic morphologic characteristics of this
wound with its erythematous, nodular interior, sur-
rounded by a raised border. (From Dr. Mae Melvin, Public
Health Image Library, CDC.)
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excellent efficacy, albeit lower than that of the liposomal
formulation. Conventional amphotericin B deoxycholate,
which is much less expensive, is also highly effective but
with more toxicity. It is administered as a slow intravenous
infusion of 1 mg/kg/day for 15–20 days or 0.5–1 mg/kg
every second day for up to 8 weeks. Infusion-related side
effects with conventional or liposomal amphotericin B
include gastrointestinal symptoms, fever, chills, dyspnea,
hypotension, and hepatic and renal toxicity.

Pentavalent antimonials remain the most commonly
used drugs to treat leishmaniasis in most areas. Response
rates are good outside India, but in India, resistance is a
major problem. Two preparations are available, sodium
stibogluconate in the United States and many other areas
and meglumine antimonate in Latin America and franco-
phone countries; the compounds appear to have compara-
ble activities. In the United States, sodium stibogluconate
can be obtained from the CDC Drug Service (www.cdc.
gov/laboratory/drugservice). Standard dosing for either
antimonial is 20 mg/kg once daily intravenously (pre-
ferred) or intramuscularly for 20 days for cutaneous leish-
maniasis and 28 days for visceral or mucocutaneous
disease. Toxicity increases over time, with development of
gastrointestinal symptoms, fever, headache, myalgias,
arthralgias, pancreatitis, and rash. Intramuscular injections
can cause sterile abscesses. Monitoring should include
serial ECGs, and changes are indications for discontinua-
tion to avoid progression to serious arrhythmias.

The efficacy of amphotericin B is lower in East Africa
than in Asia, and the standard treatment is a combination
of sodium stibogluconate (20 mg/kg/day intravenously)
plus paromomycin (15 mg/kg/day intramuscularly) for
17 days, with demonstrated excellent efficacy; liposomal
amphotericin B may be considered in elderly or pregnant
patients due to toxicity concerns.

Miltefosine is the first oral drug for the treatment of
leishmaniasis, and it is registered in India for this indica-
tion. It initially demonstrated excellent results in India, but
efficacy is decreasing due to drug resistance. It can be
administered at a daily oral dose of 2.5 mg/kg in two
divided doses for 28 days. A 14-day course plus a single
dose of liposomal amphotericin B showed excellent effi-
cacy. A 28-day course of miltefosine (2.5 mg/kg/day) is also
effective for the treatment of New World cutaneous leish-
maniasis. Vomiting, diarrhea, and elevations in transami-
nases and kidney function studies are common, but
generally short-lived, side effects.

The aminoglycoside paromomycin (11 mg/kg/day
intramuscularly for 21 days) was shown to be similarly
efficacious to amphotericin B for the treatment of visceral
disease in India, where it is approved for this indication. It
is much less expensive than liposomal amphotericin B or
miltefosine. The drug is well tolerated; side effects include
ototoxicity and reversible elevations in liver enzymes.

The use of drug combinations to improve treatment effi-
cacy, shorten treatment courses, and reduce the selection of
resistant parasites has been actively studied. In India, com-
pared to a standard 30-day (treatment on alternate days)
course of amphotericin, noninferior efficacy and decreased
adverse events were seen with a single dose of liposomal

amphotericin plus a 7-day course of miltefosine, a single
dose of liposomal amphotericin plus a 10-day course of
paromomycin, or a 10-day course of miltefosine plus paro-
momycin. A combination of sodium stibogluconate and
paromomycin is the standard treatment in East Africa.

B. Cutaneous Leishmaniasis

In the Old World, cutaneous leishmaniasis is generally self-
healing over some months and does not metastasize to the
mucosa, so it may be justified to withhold treatment in
regions without mucocutaneous disease if lesions are small
and cosmetically unimportant. Lesions on the face or hands
are generally treated. New World leishmaniasis has a greater
risk of progression to mucocutaneous disease, so treatment is
more often warranted. Standard therapy is with pentava-
lent antimonials for 20 days, as described above. Other
treatments include those discussed above for visceral dis-
ease, azole antifungals, and allopurinol. In studies in
South America, a 28-day course of miltefosine was superior
to a 20-day course of meglumine antimoniate, and oral flu-
conazole also showed good efficacy. Topical therapy has
included intralesional antimony, intralesional pentamidine,
paromomycin ointment, cryotherapy, local heat, and surgical
removal. Diffuse cutaneous leishmaniasis and related chronic
skin processes generally respond poorly to therapy.

C. Mucocutaneous Leishmaniasis

Cutaneous infections from regions where parasites include
those that cause mucocutaneous disease (eg, L braziliensis
in parts of Latin America) should all be treated to help
prevent disease progression. Treatment of mucocutaneous
disease with antimonials is disappointing, with responses
in only about 60% in Brazil. Other therapies listed above
for visceral leishmaniasis may also be used, although they
have not been well studied for this indication.

» Prevention & Control

Personal protection measures for avoidance of sand fly
bites include use of insect repellants, fine-mesh insect net-
ting, long sleeves and pants, and avoidance of warm shaded
areas where flies are common. Disease control measures
include destruction of animal reservoir hosts, mass treat-
ment of humans in disease-prevalent areas, residual insec-
ticide spraying in dwellings, limiting contact with dogs and
other domesticated animals, and use of permethrin-
impregnated collars for dogs.

Burza S et al. Leishmaniasis. Lancet. 2018;392:951. [PMID:
30126638]

Diro E et al. A randomized trial of AmBisome monotherapy and
AmBisome and miltefosine combination to treat visceral leish-
maniasis in HIV co-infected patients in Ethiopia. PLoS Negl
Trop Dis. 2019;13:e0006988. [PMID: 30653490]

Gedda MR et al. Post kala-azar dermal leishmaniasis: a threat to
elimination program. PLoS Negl Trop Dis. 2020;14:e0008221.
[PMID: 32614818]

Goswami RP et al. Combination therapy against Indian visceral
leishmaniasis with liposomal amphotericin B (Fungisome”) and
short-course miltefosine in comparison to miltefosine mono-
therapy. Am J Trop Med Hyg. 2020;103:308. [PMID: 32394874]
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MALARIA

E S S E N T I A L S  O F  D I A G N O S I S

» Exposure to anopheline mosquitoes in a malaria-
endemic area.

» Intermittent attacks of chills, fever, and sweating.

» Headache, myalgia, vomiting, splenomegaly;
anemia, thrombocytopenia.

» Intraerythrocytic parasites identified in thick or thin
blood smears or positive rapid diagnostic tests.

» Falciparum malaria complications: cerebral malaria,
severe anemia, hypotension, pulmonary edema,
acute kidney injury, hypoglycemia, acidosis, and
hemolysis.

» General Considerations

Malaria is the most important parasitic disease of humans,
causing hundreds of millions of illnesses and hundreds of
thousands of deaths each year. The disease is endemic in
most of the tropics, including much of South and Central
America, Africa, the Middle East, the Indian subcontinent,
Southeast Asia, and Oceania. Transmission, morbidity, and
mortality are greatest in Africa, where most deaths from
malaria are in young children. Malaria is also common in
travelers from nonendemic areas to the tropics. Although
the disease remains a major problem, impressive advances
have been made in many regions. A 2016 study estimated a
57% decrease in the malaria death rate and 37% decrease in
the annual number of malaria deaths in the past 15 years.
However, after marked gains, morbidity and mortality
appear to have leveled, with WHO estimates showing mod-
est annual increases in incidence, but decreases in deaths
(228 million cases and 405,000 deaths estimated in 2018);
other estimates suggest greater morbidity and mortality.

Four species of the genus Plasmodium classically cause
human malaria. Plasmodium falciparum is responsible for
nearly all severe disease, since it uniquely infects erythro-
cytes of all ages and mediates the sequestration of infected
erythrocytes in small blood vessels, thereby evading clear-
ance by the spleen. P falciparum is endemic in most malari-
ous areas and is by far the predominant species in Africa.
Plasmodium vivax is about as common as P falciparum
outside of Africa. P vivax uncommonly causes severe dis-
ease, although this outcome may be more common than
previously appreciated. Plasmodium ovale and Plasmodium
malariae are much less common causes of disease, and
generally do not cause severe illness. Plasmodium knowlesi,
a parasite of macaque monkeys, causes illnesses in humans,
including some severe disease, in Southeast Asia.

Malaria is transmitted by the bite of infected female
anopheline mosquitoes. During feeding, mosquitoes inject
sporozoites, which circulate to the liver, and rapidly infect
hepatocytes, causing asymptomatic liver infection. Merozo-
ites are subsequently released from the liver, and they rap-
idly infect erythrocytes to begin the asexual erythrocytic

stage of infection that is responsible for human disease.
Multiple rounds of erythrocytic development, with produc-
tion of merozoites that invade additional erythrocytes, lead
to large numbers of circulating parasites and clinical illness.
Some erythrocytic parasites also develop into sexual game-
tocytes, which are infectious to mosquitoes, allowing com-
pletion of the life cycle and infection of others.

Malaria may uncommonly be transmitted from mother
to infant (congenital malaria), by blood transfusion, and in
nonendemic areas by mosquitoes infected after biting
infected immigrants or travelers. In P vivax and P ovale,
parasites also form dormant liver hypnozoites, which are
not killed by most drugs, allowing subsequent relapses of
illness after initial elimination of erythrocytic infections.
For all plasmodial species, parasites may recrudesce follow-
ing initial clinical improvement after suboptimal therapy.

In highly endemic regions, where people are infected
repeatedly, antimalarial immunity prevents severe disease in
most older children and adults. However, young children,
who are relatively nonimmune, are at high risk for severe
disease from P falciparum infection, and this population is
responsible for most deaths from malaria. Pregnant women
are also at increased risk for severe falciparum malaria. In
areas with lower endemicity, individuals of all ages com-
monly present with uncomplicated or severe malaria. Trav-
elers, who are generally nonimmune, are at high risk for
severe disease from falciparum malaria at any age.

» Clinical Findings

A. Symptoms and Signs

An acute attack of malaria typically begins with a pro-
drome of headache and fatigue, followed by fever. A classic
malarial paroxysm includes chills, high fever, and then
sweats. Patients may appear to be remarkably well between
febrile episodes. Fevers are usually irregular, especially
early in the illness, but without therapy may become regu-
lar, with 48-hour (P vivax and P ovale) or 72-hour
(P malariae) cycles, especially with non-falciparum dis-
ease. Headache, malaise, myalgias, arthralgias, cough, chest
pain, abdominal pain, anorexia, nausea, vomiting, and
diarrhea are common. Seizures may represent simple
febrile convulsions or evidence of severe neurologic dis-
ease. Physical findings may be absent or include signs of
anemia, jaundice, splenomegaly, and mild hepatomegaly.
Rash and lymphadenopathy are not typical in malaria, and
thus suggestive of another cause of fever.

In the developed world, it is imperative that all persons
with suggestive symptoms, in particular fever, who have
traveled in an endemic area be evaluated for malaria. The
risk for falciparum malaria is greatest within 2 months of
return from travel; other species may cause disease many
months—and occasionally more than a year—after return
from an endemic area.

Severe malaria is principally a result of P falciparum
infection. It is characterized by signs of severe illness, organ
dysfunction, or a high parasite load (peripheral parasit-
emia greater than 5% or greater than 200,000 parasites/
mcL). Severe falciparum malaria can include dysfunction
of any organ system, including neurologic abnormalities
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progressing to alterations in consciousness, repeated sei-
zures, and coma (cerebral malaria); severe anemia; hypo-
tension and shock; noncardiogenic pulmonary edema and
acute respiratory distress syndrome; acute kidney injury
due to acute tubular necrosis or, less commonly, severe
hemolysis; hypoglycemia; acidosis; hemolysis with jaun-
dice; hepatic dysfunction; retinal hemorrhages and other
fundoscopic abnormalities; bleeding abnormalities, includ-
ing disseminated intravascular coagulation; and secondary
bacterial infections, including pneumonia and Salmonella
bacteremia. In the developing world, severe malaria and
deaths from the disease are mostly in young children, in
particular from cerebral malaria and severe anemia. Cere-
bral malaria is a consequence of a single severe infection
while severe anemia follows multiple malarial infections,
intestinal helminths, and nutritional deficiencies. In a large
trial of African children, acidosis, impaired consciousness,
convulsions, renal impairment, and underlying chronic
illness were associated with poor outcome.

Uncommon disorders resulting from immunologic
responses to chronic infection are massive splenomegaly
and, with P malariae infection, immune complex glomeru-
lopathy with nephrotic syndrome. HIV-infected individu-
als are at increased risk for malaria and for severe disease,
in particular with advanced immunodeficiency.

B. Laboratory Findings

Giemsa-stained blood smears remain the mainstay of
diagnosis (Figures 35–2, 35–3, 35–4, and 35–5), although
other routine stains (eg, Wright stain) will also demon-
strate parasites. Thick smears provide efficient evaluation
of large volumes of blood, but thin smears are simpler for
inexperienced personnel and better for discrimination of
parasite species. Single smears are usually positive in
infected individuals, although parasitemias may be very
low in nonimmune individuals. If illness is suspected,
repeating smears at 8- to 24-hour intervals is appropriate.
The severity of malaria correlates only loosely with the
quantity of infecting parasites, but high parasitemias (espe-
cially greater than 10–20% of erythrocytes infected or

▲ Figure 35–2. Thin film Giemsa-stained micrograph
with Plasmodium falciparum ring forms. (From Steven
Glenn, Laboratory & Consultation Division, Public Health
Image Library, CDC.)

▲ Figure 35–3. Thin film Giemsa-stained micrograph
with Plasmodium malariae trophozoite. (From Steven
Glenn, Laboratory & Consultation Division, Public Health
Image Library, CDC.)

▲ Figure 35–4. Thin film Giemsa-stained micrograph
with Plasmodium vivax schizont. (From Steven Glenn,
Laboratory & Consultation Division, Public Health Image
Library, CDC.)

▲ Figure 35–5. Thin film Giemsa-stained micrograph
with Plasmodium ovale trophozoite. (From Steven Glenn,
Laboratory & Consultation Division, Public Health Image
Library, CDC.)
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greater than 200,000–500,000 parasites/mcL) or the pres-
ence of malarial pigment (a breakdown product of hemo-
globin) in more than 5% of neutrophils is associated with a
particularly poor prognosis.

A second means of diagnosis is rapid diagnostic tests to
identify circulating plasmodial antigens with a simple “dip-
stick” format. These tests are not well standardized but are
widely available. At best, they offer sensitivity and specific-
ity near that of high-quality blood smear analysis and are
simpler to perform. However, P falciparum lacking the
most common rapid diagnostic test antigen, histidine-rich
protein 2 (HRP2), has been identified in some areas, lead-
ing to concern that HRP2-based tests may miss some cases
of falciparum malaria.

Serologic tests indicate history of disease but are not
useful for diagnosis of acute infection. PCR and related
molecular tests (eg, LAMP) are highly sensitive but not
available for routine diagnosis. In immune populations,
highly sensitive molecular tests, such as PCR, have limited
value because subclinical infections, which are not rou-
tinely treated, are common.

Other diagnostic findings with uncomplicated malaria
include thrombocytopenia, anemia, leukocytosis or leuko-
penia, liver function abnormalities, and hepatospleno-
megaly. Severe malaria can present with the laboratory
abnormalities expected for the advanced organ dysfunc-
tion discussed above.

» Treatment

Malaria is the most common cause of fever in much of the
tropics and in travelers seeking medical attention after
return from endemic areas. Fevers are often treated pre-
sumptively in endemic areas, but ideally, treatment should
follow definitive diagnosis, especially in non-immune
individuals.

Symptomatic malaria is caused only by the erythrocytic
stage of infection. Available antimalarial drugs (Table 35–2)
act against this stage, except for primaquine, which acts
principally against hepatic parasites.

A. Non-Falciparum Malaria

The first-line drug for non-falciparum malaria from most
areas remains chloroquine. Due to increasing resistance of
P vivax to chloroquine, alternative therapies are recom-
mended when resistance is suspected, particularly for
infections acquired in Indonesia, Oceania, and South
America. These infections can be treated with artemisinin-
based combination therapies (ACTs) or other first-line
regimens for P falciparum infections as discussed below.
For P vivax or P ovale, eradication of erythrocytic parasites
with chloroquine should be accompanied by treatment
with primaquine or tafenoquine (after evaluating for
glucose-6-phosphate dehydrogenase [G6PD] deficiency;
see below) to eradicate dormant liver stages (hypnozoites),

Table 35–2. Major antimalarial drugs.

Drug Class Use

Chloroquine 4-Aminoquinoline Treatment and chemoprophylaxis of infection with sensitive parasites

Amodiaquine1 4-Aminoquinoline Treatment of Plasmodium falciparum, optimally in fixed combination with

artesunate

Piperaquine1 4-Aminoquinoline Treatment of P falciparum in fixed combination with dihydroartemisinin

Quinine Quinoline methanol Oral and intravenous1 (for severe infections) treatment of P falciparum

Quinidine Quinoline methanol Intravenous therapy of severe infections with P falciparum

Mefloquine Quinoline methanol Chemoprophylaxis and treatment of infections with P falciparum

Primaquine, tafenoquine 8-Aminoquinoline Radical cure and terminal prophylaxis of infections with Plasmodium vivax

and Plasmodium ovale; alternative for malaria chemoprophylaxis

Sulfadoxine-pyrimethamine

(Fansidar)

Folate antagonist combination Treatment of P falciparum, optimally in combination with artesunate;

intermittent preventive therapy

Atovaquone-proguanil

(Malarone)

Quinone-folate antagonist

combination

Treatment and chemoprophylaxis of P falciparum infection

Doxycycline Tetracycline Treatment (with quinine) of infections with P falciparum;

chemoprophylaxis

Halofantrine1 Phenanthrene methanol Treatment of infections with some chloroquine-resistant P falciparum

Lumefantrine Amyl alcohol Treatment of P falciparum malaria in fixed combination with artemether

(Coartem)

Pyronaridine Benzonaphthyridine Treatment of P falciparum malaria in fixed combination artesunate

Artemisinins (artesunate,

artemether,

dihydroartemisinin)

Sesquiterpene lactone

endoperoxides

Treatment of P falciparum in oral combination regimens for uncompli-

cated disease and parenterally for severe malaria

1Not available in the United States.

Modified, with permission, from Katzung BG. Basic & Clinical Pharmacology, 14th edition. McGraw-Hill, 2018.
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Table 35–3. WHO recommendations for the treatment
of uncomplicated falciparum malaria.

Regimen Notes

Artemether-lumefantrine

(Coartem, Riamet)

Coformulated, first-line therapy in

many countries. Approved in

the United States.

Artesunate-amodiaquine

(ASAQ)

Coformulated, first-line therapy in

multiple African countries.

Artesunate-mefloquine First-line therapy in parts of

Southeast Asia and South

America but efficacy decreas-

ing in parts of Thailand.

Artesunate-pyronaridine Coformulated. Most recently

approved regimen; used in

some Southeast Asian

countries.

Artesunate-sulfadoxine-

pyrimethamine

First-line in some countries, but

efficacy lower than other regi-

mens in most areas.

Dihydroartemisinin–

piperaquine

Coformulated. First-line in some

countries, but efficacy decreas-

ing in parts of Southeast Asia.

Data from World Health Organization: Guidelines for the Treatment

of Malaria. World Health Organization. Geneva 2015.

which may lead to relapses with recurrent erythrocytic
infection and malaria symptoms after weeks to months if
left untreated. P malariae infections need only be treated
with chloroquine.

B. Uncomplicated Falciparum Malaria

P falciparum is resistant to chloroquine and sulfadoxine-
pyrimethamine in most areas, with the exceptions of Central
America west of the Panama Canal and Hispaniola. Falci-
parum malaria from other areas should not be treated with
these older drugs, and decisions regarding chemoprophy-
laxis should follow the same geographic considerations.

ACTs, all including a short-acting artemisinin and
longer-acting partner drug, are first-line therapies in nearly
all endemic countries. WHO recommends six ACTs to
treat falciparum malaria (Table 35–3), but the efficacy of
these regimens varies. Quinine generally remains effective
for falciparum malaria, but it must be taken for 7 days and
is poorly tolerated, and should best be reserved for the
treatment of severe malaria and for treatment after another
regimen has failed (Table 35–4).

In developed countries, malaria is an uncommon but
potentially life-threatening infection of travelers and immi-
grants, many of whom are nonimmune, so they are at risk
for rapid progression to severe disease. Nonimmune indi-
viduals with falciparum malaria should generally be
admitted to the hospital due to risks of rapid progression
of disease. A number of options are available for the
treatment of uncomplicated falciparum malaria in the
United States (Table 35–4).

C. Severe Malaria

Severe malaria is a medical emergency. Parenteral treat-
ment is indicated for severe malaria, as defined above, and
with inability to take oral drugs. With appropriate prompt
therapy and supportive care, rapid recoveries may be seen
even in very ill individuals.

Intravenous artesunate is approved by the FDA and is
the standard of care for severe malaria. It has demon-
strated superior efficacy and better tolerability than qui-
nine. Artesunate is administered intravenously in four
doses of 2.4 mg/kg over 3 days every 12 hours on day 1,
and then daily. If artesunate cannot be obtained promptly,
severe malaria should be treated with intravenous quinine
(available in most countries but not the United States),
intravenous quinidine (no longer available in the United
States), or an oral agent until intravenous artesunate is
available. In endemic regions, if parenteral therapy is not
available, intrarectal administration of artemether or arte-
sunate is also effective. Patients receiving intravenous
quinine or quinidine should receive continuous cardiac
monitoring; if QTc prolongation exceeds 25% of baseline,
the infusion rate should be reduced. Blood glucose should
be monitored every 4–6 hours, and 5–10% dextrose
may be coadministered to decrease the likelihood of
hypoglycemia.

Appropriate care of severe malaria includes mainte-
nance of fluids and electrolytes; respiratory and hemody-
namic support; and consideration of blood transfusions,
anticonvulsants, antibiotics for bacterial infections, and
hemofiltration or hemodialysis. Exchange transfusion is
sometimes used for those with high parasitemia (greater
than 5–10%), but beneficial effects have not clearly been
demonstrated.

D. Antimalarial Drugs

1. Chloroquine—Chloroquine remains the drug of choice
for the treatment of sensitive P falciparum and other spe-
cies of malaria parasites (Table 35–4). Chloroquine is active
against erythrocytic parasites of all human malaria species.
It does not eradicate hepatic stages, so it must be used with
primaquine to eradicate P vivax and P ovale infections.
Chloroquine-resistant P falciparum is widespread in nearly
all areas of the world with falciparum malaria, with the
exceptions of Central America west of the Panama Canal
and Hispaniola. Chloroquine-resistant P vivax has been
reported from a number of areas, most notably Southeast
Asia and Oceania.

Chloroquine is the drug of choice for the treatment of
non-falciparum and sensitive falciparum malaria. It rap-
idly terminates fever (in 24–48 hours) and clears parasit-
emia (in 48–72 hours) caused by sensitive parasites.
Chloroquine is also the preferred chemoprophylactic
agent in malarious regions without resistant falciparum
malaria.

Chloroquine is usually well tolerated, even with pro-
longed use. Pruritus is common, primarily in Africans.
Nausea, vomiting, abdominal pain, headache, anorexia,
malaise, blurring of vision, and urticaria are uncommon.
Dosing after meals may reduce some adverse events.
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Table 35–4. Treatment of malaria.

Clinical Setting Drug Therapy1 Alternative Drugs

Chloroquine-sensitive

Plasmodium falciparum

and Plasmodium malariae

infections

Chloroquine phosphate, 1 g at 0 hours, then

500 mg at 6, 24, and 48 hours

or–

Chloroquine phosphate, 1 g at 0 hours

and 24 hours, then 0.5 g at 48 hours

Plasmodium vivax and

Plasmodium ovale

infections

Chloroquine (as above), then (if G6PD

normal) primaquine, 30-mg base daily for

14 days or tafenoquine 300 mg once

For infections from Indonesia, Papua New Guinea, and other

areas with suspected resistance: therapies listed for

uncomplicated chloroquine-resistant

P falciparum plus primaquine

Uncomplicated infections

with chloroquine-

resistant P falciparum

Coartem (artemether 20 mg, lumefantrine

120 mg), four tablets twice daily for 3 days

or–

Malarone, four tablets (total of 1 g of

atovaquone, 400 mg of proguanil) daily

for 3 days

or–

Quinine sulfate, 650 mg three times daily

for 3–7 days

Plus one of the following (when quinine given

for < 7 days)

Doxycycline, 100 mg twice daily for 7 days

or–

Clindamycin, 600 mg twice daily for 7 days

Mefloquine, 15 mg/kg once or 750 mg, then 500 mg

in 6–8 hours

or–

Dihydroartemisinin-piperaquine2 (dihydroartemisinin 40 mg,

piperaquine 320 mg), 4 tablets daily for 3 days

or–

ASAQ2 (artesunate 100 mg, amodiaquine 270 mg),

two tablets daily for 3 days

Severe or complicated

infections with

P falciparum

Artesunate 2.4 mg/kg intravenously every

12 hours for 1 day, then daily3

Quinidine gluconate,4,5 10 mg/kg intravenously over 1–2 hours,

then 0.02 mg/kg intravenously/min

or–

Quinidine gluconate,4,5 15 mg/kg intravenously over 4 hours,

then 7.5 mg/kg intravenously over 4 hours every 8 hours

or–

Quinine dihydrochloride,2,4,5 20 mg/kg intravenously over

4 hours, then 10 mg/kg intravenously every 8 hours

or–

Artemether,2,3 3.2 mg/kg intramuscularly, then 1.6 mg/kg/day

intramuscularly

1All dosages are oral and refer to salts unless otherwise indicated. See text for additional information on all agents, including toxicities and

cautions. See CDC guidelines (phone: 877-FYI-TRIP; http://www.cdc.gov/malaria/) for additional information and pediatric dosing.
2Not available in the United States.
3With all parenteral regimens, change to an oral regimen as soon as the patient can tolerate it.
4Cardiac monitoring should be in place during intravenous administration of quinidine or quinine.
5Avoid loading doses in persons who have received quinine, quinidine, or mefloquine in the prior 24 hours.

G6PD, glucose-6-phosphate dehydrogenase.

2. Amodiaquine, piperaquine, and pyronaridine—Amo-
diaquine is a 4-aminoquinoline that is closely related to
chloroquine. Amodiaquine has been widely used to
treat malaria because of its low cost, limited toxicity,
and, in some areas, effectiveness against chloroquine-
resistant strains of P falciparum. Use of amodiaquine
decreased after recognition of rare but serious side
effects, notably agranulocytosis, aplastic anemia, and
hepatotoxicity. However, serious side effects are rare
with short-term use, and artesunate-amodiaquine is
one of the standard ACTs recommended to treat falci-
parum malaria (Table 35–3). Chemoprophylaxis with
amodiaquine is best avoided because of increased toxic-
ity with long-term use.

Piperaquine is another 4-aminoquinoline that has been
coformulated with dihydroartemisinin in an ACT. Pipera-
quine appears to be well tolerated and in combination with
dihydroartemisinin, offers a highly efficacious therapy for
falciparum and vivax malaria. Due to the long half-life of
piperaquine (~3 weeks), dihydroartemisinin-piperaquine
offers the longest period of posttreatment prophylaxis of
available ACTs. However, resistance to piperaquine has
emerged in southeast Asia, with consequent treatment
failures of dihydroartemisinin-piperaquine in that region.

Pyronaridine is a benzonaphthyridine that was also
previously used as a monotherapy to treat malaria in China
and acts against many drug-resistant strains of P falciparum.
The combination of artesunate plus pyronaridine has
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shown excellent efficacy against falciparum and vivax
malaria and has been well tolerated, although elevated
transaminases can be seen.

3. Mefloquine—Mefloquine is effective against many
chloroquine-resistant strains of P falciparum and against
other malarial species. Although toxicity is a concern,
mefloquine is also a recommended chemoprophylactic
drug. Resistance to mefloquine has been reported sporadi-
cally from many areas, but it appears to be uncommon
except in regions of Southeast Asia with high rates of mul-
tidrug resistance (especially border areas of Thailand).

For treatment of uncomplicated malaria, mefloquine
can be administered as a single dose or in two doses over
1 day. It is used in combination with artesunate for falci-
parum malaria, although resistance limits efficacy in
Southeast Asia. It should be taken with meals and swal-
lowed with a large amount of water. Mefloquine is recom-
mended by the CDC for chemoprophylaxis in all malarious
areas except those with no chloroquine resistance (where
chloroquine is preferred) and some rural areas of Southeast
Asia with a high prevalence of mefloquine resistance.

Adverse effects with weekly dosing of mefloquine for
chemoprophylaxis include nausea, vomiting, dizziness,
sleep and behavioral disturbances, epigastric pain, diar-
rhea, abdominal pain, headache, rash and, uncommonly,
seizures and psychosis. There is an FDA black box warning
about neuropsychiatric toxicity, possibly including rare,
irreversible effects. Mefloquine should be avoided in per-
sons with histories of psychiatric disease or seizures.

Adverse effects are more common (up to 50% of treat-
ments) with the higher dosages of mefloquine required for
treatment. These effects may be lessened by splitting
administration into two doses separated by 6–8 hours.
Serious neuropsychiatric toxicities (depression, confusion,
acute psychosis, or seizures) have been reported in less
than 1 in 1000 treatments, but some authorities believe that
these are more common. Mefloquine can also alter cardiac
conduction, and so it should not be coadministered with
quinine, quinidine, or halofantrine, and caution is required
if these drugs are used to treat malaria after mefloquine
chemoprophylaxis. Mefloquine is generally considered safe
in young children and pregnant women.

4. Quinine and quinidine—Quinine dihydrochloride and
quinidine gluconate are effective therapies for falciparum
malaria, especially severe disease, although toxicity con-
cerns complicate therapy (Table 35–4). Quinine acts rap-
idly against the four species of human malaria parasites.
Quinidine, the dextrorotatory stereoisomer of quinine, is at
least as effective as quinine in the treatment of severe falci-
parum malaria, but is no longer available in the United States.

Resistance of P falciparum to quinine is common in
some areas of Southeast Asia, where the drug may fail if
used alone to treat falciparum malaria. However, quinine
still provides at least a partial therapeutic effect in most
patients.

Quinine and quinidine are effective treatments for
severe falciparum malaria, although intravenous artesu-
nate is the standard of care. The drugs can be administered
in divided doses or by continuous intravenous infusion;

treatment should begin with a loading dose to rapidly
achieve effective plasma concentrations. Intravenous qui-
nine and quinidine should be administered with cardiac
monitoring because of their cardiac toxicity and the rela-
tive unpredictability of their pharmacokinetics. Therapy
should be changed to an oral agent as soon as the patient
has improved and can tolerate oral medications.

In areas without newer combination regimens, oral
quinine sulfate is an alternative first-line therapy for
uncomplicated falciparum malaria, although poor toler-
ance may limit compliance. Quinine is commonly used
with a second drug (most often doxycycline) to shorten the
duration of use (to 3 days) and to limit toxicity. Therapeu-
tic dosages of quinine and quinidine commonly cause tin-
nitus, headache, nausea, dizziness, flushing, and visual
disturbances. Hematologic abnormalities include hemoly-
sis (especially with G6PD deficiency), leukopenia, agranu-
locytosis, and thrombocytopenia. Therapeutic doses may
cause hypoglycemia through stimulation of insulin release;
this is a particular problem in severe infections and in
pregnant patients, who have increased sensitivity to insulin.
Overly rapid infusions can cause severe hypotension.
ECG abnormalities (QT prolongation) are fairly com-
mon, but dangerous arrhythmias are uncommon when
the drugs are administered appropriately. Quinine should
not be given concurrently with mefloquine and should be
used with caution in a patient who has previously received
mefloquine.

5. Primaquine and tafenoquine—Primaquine phosphate,
a synthetic 8-aminoquinoline, is the drug of choice for the
eradication of dormant liver forms of P vivax and P ovale
(Table 35–4). Primaquine is active against hepatic stages
of all human malaria parasites. This action is optimal soon
after therapy with chloroquine or other agents. Primaquine
also acts against erythrocytic stage parasites, although
this activity is too weak for the treatment of active disease,
and against gametocytes. The addition of a single low dose
of primaquine in conjunction with an ACT in G6PD-nor-
mal patients with falciparum malaria is a strategy to lower
transmission to mosquitoes.

For P vivax and P ovale infections, chloroquine or other
drugs are used to eradicate erythrocytic forms, and if the
G6PD level is normal, a 14-day course of primaquine
(52.6 mg primaquine phosphate [30 mg base] daily) is ini-
tiated to eradicate liver hypnozoites and prevent a subse-
quent relapse. Some strains of P vivax, particularly in New
Guinea and Southeast Asia, are relatively resistant to pri-
maquine, and the drug may fail to eradicate liver forms.

Standard chemoprophylaxis does not prevent a relapse
of P vivax or P ovale infections, since liver hypnozoites are
not eradicated by chloroquine or other standard treat-
ments. To diminish the likelihood of relapse, some authori-
ties advocate the use of a treatment course of primaquine
after the completion of travel to an endemic area. Prima-
quine can also be used for chemoprophylaxis to prevent P
falciparum and P vivax infection in persons with normal
levels of G6PD.

Primaquine in recommended doses is generally well
tolerated. It infrequently causes nausea, epigastric pain,
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abdominal cramps, and headache, especially when taken
on an empty stomach. Rare adverse effects include leuko-
penia, agranulocytosis, leukocytosis, and cardiac arrhyth-
mias. Standard doses of primaquine may cause hemolysis
or methemoglobinemia (manifested by cyanosis), espe-
cially in persons with G6PD deficiency or other hereditary
metabolic defects. Patients should be tested for G6PD
deficiency before primaquine is prescribed. Primaquine
should be discontinued if there is evidence of hemolysis or
anemia and should be avoided in pregnancy.

Tafenoquine, an 8-aminoquinoline, has a much longer
half-life than primaquine. These two medications share the
risk of hemolysis with G6PD deficiency and probably other
toxicities; tafenoquine should not be used during preg-
nancy or in those with G6PD deficiency. Tafenoquine is
FDA-approved for patients at least 16 years of age for two
indications, but with different formulations, marketed by
different companies. To eliminate hepatic stages of P vivax,
a single dose (Krintafel, two 150-mg tablets once daily) is
taken with food soon after initiation of primary therapy
(with chloroquine or other agents). For malaria chemopro-
phylaxis, the drug (Arakoda, two 100-mg tablets) is taken
once daily for 3 days and then weekly until 1 week after the
last exposure.

6. Inhibitors of folate synthesis—Inhibitors of two para-
site enzymes involved in folate metabolism, dihydrofolate
reductase (DHFR) and dihydropteroate synthase (DHPS),
are used, generally in combination regimens, for the treat-
ment and prevention of malaria, although the drugs are
rather slow acting and limited by resistance.

Fansidar is a fixed combination of sulfadoxine
(500 mg) and pyrimethamine (25 mg). It is not advised
for chemoprophylaxis due to rare serious side effects with
long-term dosing. For treatment, advantages of sulfadox-
ine-pyrimethamine include ease of administration (a
single oral dose) and low cost. However, resistance is a
major problem.

Sulfadoxine-pyrimethamine plus artesunate has shown
efficacy for malaria treatment in some areas but is best
replaced by more effective ACTs. Sulfadoxine-pyrimethamine
is recommended by WHO for monthly preventive therapy
in pregnant women in areas of high endemicity, although its
efficacy is limited by resistance. Amodiaquine plus sulfadox-
ine-pyrimethamine is recommended monthly during the
rainy season for chemoprevention in regions of West Africa
with seasonal malaria transmission and limited drug resis-
tance. Another antifolate combination, trimethoprim-
sulfamethoxazole (TMP-SMZ), is widely used to prevent
coinfections in patients infected with HIV, and it offers par-
tial protection against malaria.

7. Artemisinins—Artemisinin (qinghaosu) is a sesquiter-
pene lactone endoperoxide, the active component of an
herbal medicine that has been used for various indications
in China for over 2000 years. Analogs have been synthe-
sized to increase solubility and improve antimalarial effi-
cacy. The most important of these analogs are artesunate,
artemether, and dihydroartemisinin. WHO encourages
availability of oral artemisinins only in coformulated com-
bination regimens.

Artemisinins act very rapidly against all erythrocytic-
stage human malaria parasites. Of concern, delayed clear-
ance of parasites and clinical failures have been seen after
treatment with artesunate in parts of Southeast Asia, her-
alding the emergence of artemisinin resistance in this
region.

Artemisinins play a vital role in the treatment of
malaria, including multidrug-resistant P falciparum
malaria. Due to their short plasma half-lives, recrudes-
cence rates are unacceptably high after short-course ther-
apy, leading to approved use only as initial therapy for
severe malaria and in ACTs for uncomplicated malaria.
The ACTs that are currently most advocated in Africa
are artesunate plus amodiaquine (ASAQ) and arte-
mether plus lumefantrine (Coartem), each of which is
available as a coformulated product. Another ACT,
artesunate plus mefloquine, is used mostly outside of
Africa; its efficacy may be declining in parts of Asia.
Dihydroartemisinin-piperaquine has shown excellent
efficacy and is the first-line regimen in some countries
in Southeast Asia, but efficacy has declined in Cambo-
dia due to decreased activity of both components of the
regimen. The newest approved ACT, artesunate-
pyronaridine, is approved in some countries. Other
ACTs not recommended by the WHO are available in
some countries and have shown good efficacy in limited
studies, including arterolane-piperaquine, artemisinin-
piperaquine, and artemisinin-naphthoquine.

In studies of severe malaria, intramuscular artemether
was at least as effective as intramuscular quinine, and intra-
venous artesunate was superior to intravenous quinine in
terms of efficacy and tolerability. Thus, the standard of care
for severe malaria is intravenous artesunate, when it is
available, although parenteral quinine and quinidine
remain acceptable alternatives. Artesunate and artemether
have also been effective in the treatment of severe malaria
when administered rectally, offering a valuable treatment
modality when parenteral therapy is not available.

Artemisinins are very well tolerated. The most com-
monly reported adverse effects have been nausea, vomit-
ing, and diarrhea, which may often be due to acute malaria,
rather than drug toxicity. Neutropenia, anemia, hemolysis,
and elevated levels of liver enzymes have been noted rarely.
Hemolysis may occur weeks after therapy with intravenous
artesunate. Artemisinins are teratogenic in animals, but
with good safety seen in humans, and the importance of
effectively treating malaria during pregnancy, the WHO
recommends ACTs to treat uncomplicated malaria and
intravenous artesunate to treat complicated malaria during
all trimesters of pregnancy.

8. Atovaquone plus proguanil Malarone—Atovaquone,
a hydroxynaphthoquinone, is not effective when used
alone, due to rapid development of drug resistance. How-
ever, Malarone, a fixed combination of atovaquone
(250 mg) and the antifolate proguanil (100 mg), is highly
effective for both the treatment and chemoprophylaxis of
falciparum malaria, and it is approved for both indications
in the United States (Table 35–4). It also appears to be
active against other species of malaria parasites. Unlike
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most other antimalarials, Malarone provides activity
against both erythrocytic and hepatic stage parasites.

For treatment, Malarone is given at an adult dose of
four tablets daily for 3 days (Table 35–5). For chemopro-
phylaxis, Malarone must be taken daily. It has an advantage
over mefloquine and doxycycline in requiring shorter
durations of treatment before and after the period at risk
for malaria transmission, due to activity against liver-stage
parasites. It should be taken with food.

Malarone is generally well tolerated. Adverse effects
include abdominal pain, nausea, vomiting, diarrhea, head-
ache, and rash, and these are more common with the
higher dose required for treatment. Reversible elevations in
liver enzymes have been reported. The safety of atova-
quone in pregnancy is unknown.

9. Antibiotics—A number of antibacterials in addition to
the folate antagonists and sulfonamides are slow-acting
antimalarials. None of the antibiotics should be used as
single agents for the treatment of malaria due to their slow
rate of action.

Doxycycline is commonly used in the treatment of fal-
ciparum malaria in conjunction with quinidine or quinine,
allowing a shorter and better-tolerated course of those
drugs (Table 35–4). Doxycycline is also a standard chemo-
prophylactic drug, especially for use in areas of Southeast
Asia with high rates of resistance to other antimalarials,
including mefloquine. Doxycycline side effects include
gastrointestinal symptoms, candidal vaginitis, and photo-
sensitivity. The drug should be taken while upright with a
large amount of water to avoid esophageal irritation.
Clindamycin can be used in conjunction with quinine
or quinidine in those for whom doxycycline is not rec-
ommended, such as children and pregnant women

(Table 35–4). The most common toxicities with clindamy-
cin are gastrointestinal.

10. Lumefantrine—Lumefantrine, an aryl alcohol related to
halofantrine, is available only as a fixed-dose combination
with artemether (Coartem or Riamet). Oral absorption is
highly variable and improved when the drug is taken with
food. Use of Coartem with a fatty meal is recommended.
Coartem is highly effective for the treatment of falciparum
malaria, but it requires twice-daily dosing. Despite this limi-
tation, due to its reliable efficacy against falciparum malaria,
Coartem is the first-line therapy for malaria in many malari-
ous countries. Coartem is well tolerated; side effects include
headache, dizziness, loss of appetite, gastrointestinal symp-
toms, and palpitations. Importantly, Coartem does not gen-
erally cause QT prolongation or the serious cardiac toxicity
seen with halofantrine.

» Prevention

Malaria is transmitted by night-biting anopheline mosqui-
toes. Bed nets, in particular nets treated with permethrin
insecticides, are heavily promoted as inexpensive means of
antimalarial protection, but effectiveness varies in part due
to widespread insecticide resistance. Indoor spraying of
insecticides is generally highly effective in Africa but lim-
ited by resource constraints.

Extensive efforts are underway to develop a malaria
vaccine, but a vaccine offering a high level of protection is
not anticipated in the near future. RTS,S vaccine, which is
based on a sporozoite antigen, is the most advanced vac-
cine candidate. Multiple clinical trials showed about
25–50% protection against malaria in children in the year
after immunization, but lower levels of protection in very

Table 35–5. Drugs for the prevention of malaria in travelers.1

Drug Use2 Adult Dosage all oral3

Chloroquine Areas without resistant Plasmodium falciparum 500 mg weekly

Malarone Areas with multidrug-resistant P falciparum 1 tablet (250-mg atovaquone/100-mg proguanil) daily

Mefloquine Areas with chloroquine-resistant P falciparum 250 mg weekly

Doxycycline Areas with multidrug-resistant P falciparum 100 mg daily

Primaquine4 Terminal prophylaxis of Plasmodium vivax and

Plasmodium ovale infections; alternative for

P falciparum prophylaxis

30-mg base daily: for terminal prophylaxis take for 14 days after

travel; for chemoprevention begin 1–2 days before travel,

take during travel and for 7 days after travel

Tafenoquine4 Alternative for P falciparum prophylaxis 200 mg once daily for 3 days and then weekly until 1 week after

last exposure

1Recommendations may change, as resistance to all available drugs is increasing. See text for additional information on toxicities and cau-

tions. For additional details and pediatric dosing, see CDC guidelines (phone: 800-CDC-INFO; http://wwwnc.cdc.gov/travel/). Travelers to

remote areas should consider carrying effective therapy (see text) for use if a febrile illness develops, and they cannot reach medical atten-

tion quickly.
2Areas without known chloroquine-resistant P falciparum are Central America west of the Panama Canal, Haiti, Dominican Republic, Egypt,

and most malarious countries of the Middle East. Malarone or mefloquine is currently recommended for other malarious areas except for

border areas of Thailand, where doxycycline is recommended.
3For drugs other than primaquine, begin 1–2 weeks before departure (except 2 days before for doxycycline and Malarone) and continue

for 4 weeks after leaving the endemic area (except 1 week for Malarone). All dosages refer to salts unless otherwise indicated.
4Screen for glucose-6-phosphate dehydrogenase deficiency before using primaquine.

Modified, with permission, from Katzung BG. Basic & Clinical Pharmacology, 14th edition. McGraw-Hill, 2018.
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young children, in areas of highest malaria exposure, and
over longer periods of time. Seasonal malaria immuniza-
tion, using short-acting vaccines during the high transmis-
sion season, is being investigated. Other approaches under
study include vaccines containing erythrocytic, liver-stage,
and sexual-stage antigens, and use of radiation-attenuated
or molecularly attenuated sporozoites.

When travelers from nonendemic to endemic countries
are counseled on the prevention of malaria, it is imperative
to emphasize measures to prevent mosquito bites (insect
repellents, insecticides, and bed nets), since parasites are
increasingly resistant to multiple drugs and no chemopro-
phylactic regimen is fully protective. Chemoprophylaxis is
recommended for all travelers from nonendemic regions to
endemic areas, although risks vary greatly for different
locations, and some tropical areas entail no risk; specific
recommendations for travel to different locales are avail-
able from the CDC (www.cdc.gov; 877-FYI-TRIP). Rec-
ommendations from the CDC include the use of
chloroquine for chemoprophylaxis in the few areas with
only chloroquine-sensitive malaria parasites (principally
the Caribbean and Central America west of the Panama
Canal), and Malarone, mefloquine, or doxycycline for
other areas (Table 35–5). Primaquine and tafenoquine are
also effective but not used as often. In some circumstances,
it may be appropriate for travelers to not use chemopro-
phylaxis but to carry supplies of drugs with them in case a
febrile illness develops and medical attention is unavail-
able. Regimens for self-treatment include ACTs, Malarone,
and quinine. Most authorities do not recommend routine
terminal prophylaxis with primaquine to eradicate dor-
mant hepatic stages of P vivax and P ovale after travel, but
this may be appropriate in some circumstances, especially
for travelers with major exposure to these parasites.

Regular chemoprophylaxis is not a standard manage-
ment practice in developing world populations due to the
expense and potential toxicities of long-term therapy. How-
ever, the strategy of intermittent preventive therapy, whereby
at-risk populations (in particular pregnant women and
children) receive antimalarial therapy at set intervals, may
decrease the incidence of malaria while allowing antimalar-
ial immunity to develop. During pregnancy, intermittent
preventive therapy with sulfadoxine-pyrimethamine, pro-
vided once during both the second and third trimesters, has
improved pregnancy outcomes. With increasing resistance,
the preventive efficacy of sulfadoxine-pyrimethamine is
likely falling, and the long-acting ACT dihydroartemisinin-
piperaquine is a promising replacement. In areas with sea-
sonal malaria transmission and limited drug resistance,
principally the Sahel subregion of West Africa, the policy is
to administer amodiaquine and sulfadoxine-pyrimethamine
to children monthly during the transmission season.

» Prognosis

When treated appropriately, uncomplicated malaria gener-
ally responds well, with resolution of fevers within 1–2 days
and a mortality of about 0.1%. Severe malaria can com-
monly progress to death, but many children respond well
to therapy. In the developed world, mortality from malaria
is mostly in adults, and often follows extended illnesses and

secondary complications long after eradication of the
malarial infection. Pregnant women are at particular risk
during their first pregnancy. Malaria in pregnancy also
increases the likelihood of poor pregnancy outcomes, with
increased prematurity, low birth weight, and mortality.

» When to Refer

Referral to an expert on infectious diseases or travel
medicine is important with all cases of malaria in the
United States, and in particular for falciparum malaria;
referral should not delay initial diagnosis and therapy,
since delays in therapy can lead to severe illness or death.

» When to Admit

• Admission for non-falciparum malaria is warranted
only if specific problems that require hospital manage-
ment are present.

• Patients with falciparum malaria are generally admitted
because the disease can progress rapidly to severe illness;
exceptions may be made with individuals who are from
malaria-endemic areas, and thus expected to have a
degree of immunity, who are without evidence of severe
disease, and who are judged able to return promptly for
medical attention if their disease progresses.

Ashley EA et al. Malaria. Lancet. 2018;391:1608. [PMID: 29631781]
Baird JK. 8-aminoquinoline therapy for latent malaria. Clin

Microbiol Rev. 2019;32:e00011. [PMID: 31366609]
Conrad MD, Rosenthal PJ. Antimalarial drug resistance in Africa:

the calm before the storm? Lancet Infect Dis. 2019;19:e338.
[PMID: 31375467]

D’Alessandro U et al. Treatment of uncomplicated and severe
malaria during pregnancy. Lancet Infect Dis. 2018;18:e133.
[PMID: 29395998]

Desai M et al. Prevention of malaria in pregnancy. Lancet Infect
Dis. 2018;18:e119. [PMID: 29395997]

Haston JC et al. Guidance for using tafenoquine for prevention and
antirelapse therapy for malaria—United States, 2019. MMWR
Morb Mortal Wkly Rep. 2019;68:1062. [PMID: 31751320]

van der Pluijm RW et al; Tracking Resistance to Artemisinin Col-
laboration. Triple artemisinin-based combination therapies
versus artemisinin-based combination therapies for uncompli-
cated Plasmodium falciparum malaria: a multicentre, open-
label, randomised clinical trial. Lancet. 2020;395:1345. [PMID:
32171078]

World Health Organization. World Malaria Report 2020. Geneva,
Switzerland: WHO, 2020. https://www.who.int/publications/i/
item/9789240015791

BABESIOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» History of tick bite or exposure to ticks.

» Fever, flu-like symptoms, anemia.

» Intraerythrocytic parasites on Giemsa-stained
blood smears.

» Positive serologic tests.
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» General Considerations

Babesiosis is an uncommon intraerythrocytic infection
caused mainly by two Babesia species and transmitted by
Ixodes ticks. In the United States, hundreds of cases of
babesiosis have been reported, and infection is caused by
Babesia microti, which also infects wild mammals. Most
babesiosis in the United States occurs in the coastal north-
east, with some cases also in the upper midwest, following
the geographic range of the vector Ixodes scapularis, and
Lyme disease and anaplasmosis, which are spread by the
same vector. The incidence of the disease appears to be
increasing in some areas. Babesiosis is caused by Babesia
divergens in Europe and by Babesia venatorum in China.
Babesiosis due to Babesia duncani and other Babesia-like
organisms have been reported uncommonly from the
western United States. Babesiosis can also be transmitted
by blood transfusion, but blood supplies are not screened.
A survey of a large set of blood samples from endemic
regions of the United States identified ~0.4% as potentially
infectious for B microti.

» Clinical Findings

A. Symptoms and Signs

Serosurveys suggest that asymptomatic infections are com-
mon in endemic areas. With B microti infections, symp-
toms appear 1 to several weeks after a tick bite; parasitemia
is evident after 2–4 weeks. Patients usually do not recall the
tick bite. The typical flu-like illness develops gradually and
is characterized by fever, malaise, fatigue, headache,
anorexia, and myalgia. Other findings may include nausea,
vomiting, abdominal pain, arthralgia, sore throat, depres-
sion, emotional lability, anemia, thrombocytopenia, ele-
vated transaminases, and splenomegaly. Parasitemia may
continue for months to years, with or without symptoms,
and the disease is usually self-limited. Severe complications
are most likely to occur in older persons or in those who
have had splenectomy. Serious complications include
respiratory failure, hemolytic anemia, disseminated intra-
vascular coagulation, heart failure, and acute kidney injury.
In a study of hospitalized patients, the mortality rate was
6.5%. Most recognized B divergens infections in Europe
have been in patients who have had splenectomy. These
infections progress rapidly with high fever, severe hemo-
lytic anemia, jaundice, hemoglobinuria, and acute kidney
injury, with death rates over 40%.

B. Laboratory Findings

Identification of the intraerythrocytic parasite on Giemsa-
stained blood smears establishes the diagnosis
(Figure 35–6). These can be confused with malaria para-
sites, but the morphology is distinctive. Repeated smears
are often necessary because well under 1% of erythrocytes
may be infected, especially early in infection, although
parasitemias can exceed 10%. Diagnosis can also be made
by PCR, which is more sensitive than blood smear. An
indirect immunofluorescent antibody test for B microti is
available from the CDC; antibody is detectable within
2–4 weeks after the onset of symptoms and persists for

months, and a fourfold increase in antibody titer between
acute and convalescent sera confirms acute infection.

» Treatment

Most patients have a mild illness and recover without
therapy. Standard therapy for mild to moderate disease is a
7-day course of atovaquone (750 mg orally every 12 hours)
plus azithromycin (600 mg orally once daily), which is
equally effective and better tolerated than the alternative
regimen, a 7-day course of quinine (650 mg orally three
times daily) plus clindamycin (600 mg orally three times
daily). However, there is more experience using quinine
plus clindamycin, and this regimen is recommended by
some experts for severe disease. Exchange transfusion has
been used successfully in severely ill asplenic patients and
those with parasitemia greater than 10%.

Krause PJ. Human babesiosis. Int J Parasitol. 2019;49:165. [PMID:
30690090]

Madison-Antenucci S et al. Emerging tick-borne diseases.
Clin Microbiol Rev. 2020;33:e00083-18. [PMID: 31896541]

TOXOPLASMOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Infection confirmed by isolation of Toxoplasma

gondii or identification of tachyzoites in tissue or
body fluids.

Primary infection

» Fever, malaise, headache, sore throat.

» Lymphadenopathy.

» Positive IgG and IgM serologic tests.

Congenital infection

» After acute infection of seronegative mothers,
CNS abnormalities and retinochoroiditis seen in
offspring.

▲ Figure 35–6. Blood smear showing Babesia spp.
rings with basophilic stippling. (From Dr. Mae Melvin,
Public Health Image Library, CDC.)
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Infection in immunocompromised persons

» Reactivation leads to encephalitis, retinochoroiditis,
pneumonitis, myocarditis.

» Positive IgG but negative IgM serologic tests.

» General Considerations

T gondii, an obligate intracellular protozoan, is found
worldwide in humans and in many species of mammals
and birds. The definitive hosts are cats. Humans are
infected after ingestion of cysts in raw or undercooked
meat, ingestion of oocysts in food or water contaminated
by cats, transplacental transmission of trophozoites or,
rarely, direct inoculation of trophozoites via blood transfu-
sion or organ transplantation. Toxoplasma seroprevalence
varies widely. It has decreased in the United States to less
than 20%, but it is much higher in other countries in both
the developed and developing worlds, where it may exceed
80%. In the United States, T gondii is estimated to infect
1.1 million persons each year, with resultant chorioretinitis
developing in 21,000 and vision loss in 4800.

» Clinical Findings

A. Symptoms and Signs

The clinical manifestations of toxoplasmosis may be
grouped into four syndromes.

1. Primary infection in the immunocompetent person—
After ingestion, T gondii infection progresses from the
gastrointestinal tract to lymphatics, and then dissemina-
tion. Most acute infections are asymptomatic. About
10–20% are symptomatic after an incubation period of
1–2 weeks. Acute infections in immunocompetent persons
typically present as mild, febrile illnesses that resemble
infectious mononucleosis. Nontender cervical or diffuse
lymphadenopathy may persist for weeks to months. Sys-
temic findings may include fever, malaise, headache, sore
throat, rash, myalgias, hepatosplenomegaly, and atypical
lymphocytosis. Rare severe manifestations are pneumoni-
tis, meningoencephalitis, hepatitis, myocarditis, polymyo-
sitis, and retinochoroiditis. Symptoms may fluctuate, but
most patients recover spontaneously within at most a few
months.

2. Congenital infection—Congenital transmission occurs
as a result of infection, which may be symptomatic or
asymptomatic, in a nonimmune woman during pregnancy.
Fetal infection follows maternal infection in 30–50% of
cases, but this risk varies by trimester: 10–25% during the
first, 30–50% during the second, and 60% or higher during
the third trimester. In the United States, an estimated 400
to 4000 congenital infections occur yearly. While the risk of
fetal infection increases, the risk of severe fetal disease
decreases over the course of pregnancy. Early fetal infec-
tions commonly lead to spontaneous abortion, stillbirths,
or severe neonatal disease, including neurologic manifesta-
tions. Retinochoroiditis and other sight-threatening eye
lesions may develop. Infections later in pregnancy less
commonly lead to major fetal problems. Most infants

appear normal at birth, but they may have subtle abnor-
malities and progress to symptoms and signs of congenital
toxoplasmosis later in life.

3. Retinochoroiditis—The most common late presenta-
tion of congenital toxoplasmosis is retinochoroiditis, which
presents weeks to years after congenital infection, com-
monly in teenagers or young adults. Retinochoroiditis is
also seen in persons who acquire infection early in life, and
these patients more often present with unilateral disease.
Uveitis is also seen. Disease presents with pain, photopho-
bia, and visual changes, usually without systemic symp-
toms. Signs and symptoms eventually improve, but visual
defects may persist. Rarely, progression may result in glau-
coma and blindness.

4. Disease in the immunocompromised person—Reacti-
vated toxoplasmosis occurs in patients with AIDS, cancer,
or those given immunosuppressive drugs. In patients with
advanced AIDS, the most common manifestation is
encephalitis, with multiple necrotizing brain lesions. The
encephalitis usually presents subacutely, with fever, head-
ache, altered mental status, focal neurologic findings, and
other evidence of brain lesions. Less common manifesta-
tions of toxoplasmosis in patients with AIDS are chorio-
retinitis and pneumonitis. Chorioretinitis presents with
ocular pain and alterations in vision. Pneumonitis presents
with fever, cough, and dyspnea. Toxoplasmosis can develop
in recipients of solid organ or bone marrow transplants due
to reactivation or, more rarely, transmission of infection.
Reactivation also can occur in those with hematologic
malignancies or treated with immunosuppressive drugs.
With primary or reactivated disease in those with immu-
nodeficiency due to malignancy or immunosuppressive
drugs, toxoplasmosis is similar to that in individuals with
AIDS, but pneumonitis and myocarditis are more
common.

B. Diagnostic Testing

1. Identification of parasites—Organisms can be seen in
tissue or body fluids, although they may be difficult to
identify; special staining techniques can facilitate identifi-
cation. The demonstration of tachyzoites indicates acute
infection; cysts may represent either acute or chronic infec-
tion. With lymphadenopathy due to toxoplasmosis, exami-
nation of lymph nodes usually does not show organisms.
Parasite identification can also be made by inoculation of
tissue culture or mice. PCR can be used for sensitive iden-
tification of organisms in amniotic fluid, blood, CSF, aque-
ous humor, and bronchoalveolar lavage fluid.

2. Serologic diagnosis—Multiple serologic methods are
used, including the Sabin-Feldman dye test, enzyme-linked
immunosorbent assay (ELISA), indirect fluorescent anti-
body test, and agglutination tests. IgG antibodies are seen
within 1–2 weeks of infection and usually persist for life.
IgM antibodies peak earlier than IgG and decline more
rapidly, although they may persist for years. In immuno-
compromised individuals in whom reactivation is sus-
pected, a positive IgG assay indicates distant infection, and
thus the potential for reactivated disease; a negative IgG
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argues strongly against reactivation toxoplasmosis. With
reactivation in immunocompromised persons, IgM tests
are generally negative.

3. During pregnancy and in newborns—Conversion from
a negative to positive serologic test or rising titers are sug-
gestive of acute infection, but tests are not routinely per-
formed during pregnancy. When pregnant women are
screened, negative IgG and IgM assays exclude active infec-
tion, but indicate the risk of infection during the preg-
nancy. Positive IgG with negative IgM is highly suggestive
of chronic infection, with no risk of congenital disease
unless the mother is severely immunocompromised. A
positive IgM test is concerning for new infection because of
the risk of congenital disease. Confirmatory testing should
be performed before consideration of treatment or possible
termination of pregnancy due to the limitations of available
tests. Tests of the avidity of anti-IgG antibodies can be help-
ful, but a battery of tests is needed for confirmation of
acute infection during pregnancy. When acute infection
during pregnancy is suspected, PCR of amniotic fluid
offers a sensitive assessment for congenital disease. In new-
borns, positive IgM or IgA antibody tests are indicative of
congenital infection, although the diagnosis is not ruled
out by a negative test. Positive IgG assays may represent
transfer of maternal antibodies without infection of the
infant, but persistence of positive IgG beyond 12 months of
age is diagnostic of congenital infection. PCR of blood,
CSF, or urine can also be helpful for early diagnosis of con-
genital disease.

4. In immunocompetent individuals—Individuals with a
suggestive clinical syndrome should be tested for IgG and
IgM antibodies. Seroconversion, a 16-fold rise in antibody
titer, or an IgM titer greater than 1:64 is suggestive of acute
infection, although false-positive results may occur. Acute
infection can also be diagnosed by detection of tachyzoites
in tissue, culture of organisms, or PCR of blood or body
fluids. Histologic evaluation of lymph nodes can show
characteristic morphology, with or without organisms.

5. In immunodeficient individuals—A presentation con-
sistent with toxoplasmic encephalitis warrants imaging of
the brain. CT and MRI scans typically show multiple ring-
enhancing cerebral lesions, most commonly involving the
corticomedullary junction and basal ganglia. MRI is the
more sensitive imaging modality. In AIDS patients with a
positive IgG serologic test and no recent antitoxoplasma or
antiviral therapy, the predictive value of a typical imaging
study is about 80%. The other common diagnosis in this
setting is CNS lymphoma, which more typically causes a
single brain lesion. The differential diagnosis also includes
tuberculoma, bacterial brain abscess, fungal abscess, and
carcinoma. Diagnosis of CNS toxoplasmosis is most typi-
cally made after a therapeutic trial, with clinical and radio-
logic improvement expected within 2–3 weeks. Definitive
diagnosis requires brain biopsy and search for organisms
and typical histology. In retinochoroiditis, funduscopic
examination shows vitreous inflammatory reaction, white
retinal lesions, and pigmented scars. Diagnosis of other
clinical entities in immunocompromised individuals is
generally based on histology.

» Treatment

A. Approach to Treatment

Therapy is generally not necessary in immunocompetent
persons, since primary illness is self-limited. However, for
severe, persistent, or visceral disease, treatment for
2–4 weeks may be considered. Treatment is appropriate for
primary infection during pregnancy because the risk of
fetal transmission or the severity of congenital disease may
be reduced. For retinochoroiditis, most episodes are self-
limited, and opinions vary on indications for treatment.
Treatment is often advocated for episodes with decreases in
visual acuity, multiple or large lesions, macular lesions,
significant inflammation, or persistence for over a month.
Immunocompromised patients with active infection must
be treated. For those with transient immunodeficiency,
therapy can be continued for 4–6 weeks after cessation of
symptoms. For those with persistent immunodeficiency,
such as AIDS patients, full therapy for 4–6 weeks is fol-
lowed by maintenance therapy with lower doses of drugs.
Immunodeficient patients who are asymptomatic but have
a positive IgG serologic test should receive long-term
chemoprophylaxis.

B. Medications

Drugs for toxoplasmosis are active only against tachyzoites,
so they do not eradicate infection. Standard therapy is the
combination of pyrimethamine (200-mg loading dose,
then 50–75 mg [1 mg/kg] orally once daily) plus sulfadia-
zine (1–1.5 g orally four times daily), with folinic acid
(10–20 mg orally once daily) to prevent bone marrow sup-
pression. Patients should be screened for a history of sul-
fonamide sensitivity (skin rashes, gastrointestinal
symptoms, hepatotoxicity). To prevent sulfonamide crys-
tal-induced nephrotoxicity, good urinary output should be
maintained. Pyrimethamine side effects include headache
and gastrointestinal symptoms. Even with folinic acid
therapy, bone marrow suppression may occur; platelet and
white blood cell counts should be monitored at least
weekly. A first-line alternative is clindamycin (600 mg
orally four times daily) replacing sulfadiazine as the stan-
dard therapy regimen. Another alternative is TMP-SMZ.
Pyrimethamine is not used during the first trimester of
pregnancy due to its teratogenicity. Standard therapy for
acute toxoplasmosis during pregnancy is spiramycin (1 g
orally three times daily until delivery) to decrease the risk
of fetal infection; it reduces the frequency of transmission
to the fetus by about 60%. Spiramycin does not cross the
placenta, so when fetal infection is documented or for
acute infections late in pregnancy (which commonly lead
to fetal transmission) treatment with combination regi-
mens as described above is indicated.

» Prevention

Prevention of primary infection centers on avoidance of
undercooked meat or contact with material contaminated
by cat feces, particularly for seronegative pregnant women
and immunocompromised persons. Irradiation, cooking to
66°C, or freezing to –20°C kills tissue cysts. Thorough
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cleaning of hands and surfaces is needed after contact with
raw meat or areas contaminated by cats. Oocysts passed in
cat feces can remain infective for a year or more, but fresh
oocysts are not infective for 48 hours. For best protection,
litter boxes should be changed daily and soaked in boiling
water for 5 minutes, gloves should be worn when garden-
ing, fruits and vegetables should be thoroughly washed,
and ingestion of dried meat should be avoided.

Universal screening of pregnant women for T gondii
antibodies is conducted in some countries but not the
United States. Pregnant women should ideally have their
serum examined for IgG and IgM antibody, and those with
negative titers should adhere to the prevention measures
described above. Seronegative women who continue to
have environmental exposure should undergo repeat sero-
logic screening several times during pregnancy.

For immunocompromised individuals, chemoprophy-
laxis to prevent primary or reactivated infection is war-
ranted. For hematopoietic cell transplant recipients and
advanced AIDS patients, chemoprophylaxis with TMP-
SMZ (one double-strength tablet daily or two tablets three
times weekly), used for protection against Pneumocystis, is
effective against T gondii. Alternatives are pyrimethamine
plus either sulfadoxine or dapsone (various regimens). In
AIDS patients, chemoprophylaxis can be discontinued if
antiretroviral therapy leads to immune reconstitution.

Khan K et al. Congenital toxoplasmosis: an overview of the neu-
rological and ocular manifestations. Parasitol Int. 2018;67:715.
[PMID: 30041005]

Ybañez RHD et al. Review on the current trends of toxoplasmo-
sis serodiagnosis in humans. Front Cell Infect Microbiol.
2020;10:204. [PMID: 32457848]

AMEBIASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Organisms or antigen present in stools or abscess
aspirate.

» Positive serologic tests with colitis or hepatic
abscess, but these may represent prior infections.

» Mild to moderate colitis with recurrent diarrhea.

» Severe colitis: bloody diarrhea, fever, and abdomi-
nal pain, with potential progression to hemorrhage
or perforation.

» Hepatic abscess: fever, hepatomegaly, and abdomi-
nal pain.

» General Considerations

The Entamoeba complex contains three morphologically
identical species: Entamoeba dispar and Entamoeba mosh-
kovskii, which are avirulent, and Entamoeba histolytica,
which may be an avirulent intestinal commensal or lead
to serious disease. Disease follows penetration of the
intestinal wall, resulting in diarrhea, and with severe

involvement, dysentery or extraintestinal disease, most
commonly liver abscess.

E histolytica infections are present worldwide but are
most prevalent in subtropical and tropical areas under
conditions of crowding, poor sanitation, and poor nutri-
tion. Of the estimated 500 million persons worldwide
infected with Entamoeba, most are infected with E dispar
and an estimated 10% with E histolytica. The prevalence of
E moshkovskii is unknown. Mortality from invasive
E histolytica infections is estimated at 100,000 per year.

Humans are the only established E histolytica host. Trans-
mission occurs through ingestion of cysts from fecally con-
taminated food or water, facilitated by person-to-person
spread, flies and other arthropods as mechanical vectors, and
use of human excrement as fertilizer. Urban outbreaks have
occurred because of common-source water contamination.

» Clinical Findings

A. Symptoms and Signs

1. Intestinal amebiasis—In most infected persons, the
organism lives as a commensal, and the carrier is without
symptoms. With symptomatic disease, diarrhea may begin
within a week of infection, although an incubation period
of 2–4 weeks is more common, with gradual onset of
abdominal pain and diarrhea. Fever is uncommon. Periods
of remission and recurrence may last days to weeks or lon-
ger. Abdominal examination may show distention, tender-
ness, hyperperistalsis, and hepatomegaly. Microscopic
hematochezia is common. More severe presentations
include colitis and dysentery, with worse diarrhea
(10–20 stools per day) and bloody stools. With dysentery,
physical findings include high fevers, prostration, vomit-
ing, abdominal pain and tenderness, hepatic enlargement,
and hypotension. Severe presentations are more common
in young children, pregnant women, those who are mal-
nourished, and those receiving corticosteroids. Thus, in
endemic regions, corticosteroids should not be started for
presumed inflammatory bowel disease without first ruling
out amebiasis. Fulminant amebic colitis can progress to
necrotizing colitis, intestinal perforation, mucosal slough-
ing, and severe hemorrhage, with mortality rates over 40%.
More long-term complications of intestinal amebiasis
include chronic diarrhea with weight loss, which may last
for months to years; bowel ulcerations; and amebic appen-
dicitis. Localized granulomatous lesions (amebomas) can
present after either dysentery or chronic intestinal infec-
tion. Clinical findings include pain, obstructive symptoms,
and hemorrhage and may suggest intestinal carcinoma.

2. Extraintestinal amebiasis—The most common extrain-
testinal manifestation is amebic liver abscess. This can
occur with colitis, but more frequently presents without
history of prior intestinal symptoms. Patients present with
the acute or gradual onset of abdominal pain, fever, an
enlarged and tender liver, anorexia, and weight loss. Diar-
rhea is present in a small number of patients. Physical
examination may show intercostal tenderness. Abscesses
are most commonly single and in the right lobe of the liver,
and they are much more common in men. Without prompt
treatment, amebic abscesses may rupture into the pleural,

CMDT22_Ch35_p1515-p1552.indd 1533 02/07/21 2:41 PM



CHAPTER 351534 CMDT 2022

peritoneal, or pericardial space, which is often fatal. Ame-
bic infections may rarely occur throughout the body,
including the lungs, brain, and genitourinary system.

B. Laboratory Findings

Laboratory studies with intestinal amebiasis show leukocy-
tosis and hematochezia, with fecal leukocytes not present
in all cases. With extraintestinal amebiasis, leukocytosis
and elevated liver function studies are seen.

C. Diagnostic Testing

Diagnosis is typically made by finding E histolytica or its anti-
gen or by serologic tests. However, each method has limita-
tions. Molecular diagnosis is possible from multi-pathogen
panels, which are sensitive and specific but expensive.

1. Intestinal amebiasis—Diagnosis is most commonly
made by identifying organisms in the stool. E histolytica and
E dispar cannot be distinguished, but the identification of
amebic trophozoites or cysts in a symptomatic patient is
highly suggestive of amebiasis. Stool evaluation for organisms
is not highly sensitive (~30–50% for amebic colitis), and at
least three stool specimens should be evaluated after concen-
tration and staining. Multiple serologic assays are available;
these tests are fairly sensitive, although sensitivity is lower
(~70% in colitis) early in illness, and they cannot distinguish
recent and old disease, as they remain positive for years after
infection. Commercially available stool antigen tests (TechLab
II, CELISA, QUIK CHEK) can distinguish E histolytica from
nonpathogenic species and offer improved sensitivity (greater
than 90% for colitis). The QUIK CHEK assay is FDA-
approved, offers rapid point-of-care diagnosis, and is avail-
able in a combined assay for amebiasis, giardiasis, and
cryptosporidiosis. Highly sensitive molecular tests are not
used routinely but available in some high resource settings
within commercial panels for identifying gut pathogens.
Colonoscopy of uncleansed bowel typically shows no specific
findings in mild intestinal disease; in severe disease, ulcers
may be found with intact intervening friable mucosa, resem-
bling inflammatory bowel disease (Figure 35–7). Examina-
tion of fresh ulcer exudate for motile trophozoites and for
E histolytica antigen may yield a diagnosis.

2. Hepatic abscess—Serologic tests for anti-amebic anti-
bodies are almost always positive, except very early in the
infection. Thus, a negative test in a suspicious case should
be repeated in about a week. The TechLab II antigen test
can be used to test serum with good sensitivity if used
before the initiation of therapy. Examination of stools for
organisms or antigen is frequently negative; the antigen test
is positive in ~40% of cases. As imaging studies cannot
distinguish amebic and pyogenic abscesses, when a diagno-
sis is not available from serologic studies, percutaneous
aspiration may be indicated, ideally with an image-guided
needle. Aspiration typically yields brown or yellow fluid.
Detection of organisms in the aspirate is uncommon, but
detection of E histolytica antigen is very sensitive and diag-
nostic. The key risk of aspiration is peritoneal spillage lead-
ing to peritonitis from amoebas or other (pyogenic or
echinococcal) organisms.

D. Imaging

Liver abscesses can be identified by ultrasonography, CT,
or MRI, typically with round or oval low-density nonho-
mogeneous lesions, with abrupt transition from normal
liver to the lesion, and hypoechoic centers. Abscesses are
most commonly single, but more than one may be present.
The right lobe is usually involved.

» Treatment

Treatment of amebiasis generally entails the use of met-
ronidazole or tinidazole to eradicate tissue trophozoites
and a luminal amebicide to eradicate intestinal cysts
(Table 35–6). Asymptomatic infection with E dispar
does not require therapy. This organism cannot be dif-
ferentiated morphologically from E histolytica, but with
negative serology E dispar colonization is likely, and
treatment is not indicated. Intestinal colonization with
E histolytica is treated with a luminal agent. Effective
luminal agents are diloxanide furoate (500 mg orally
three times daily with meals for 10 days), iodoquinol
(diiodohydroxyquin; 650 mg orally three times daily for
21 days), and paromomycin (30-mg/kg base orally,
maximum 3 g, in three divided doses after meals daily
for 7 days). Side effects associated with luminal agents
are flatulence with diloxanide furoate, mild diarrhea
with iodoquinol, and gastrointestinal symptoms with
paromomycin. Relative contraindications are thyroid
disease for iodoquinol and kidney disease for iodo-
quinol or paromomycin.

Treatment of intestinal amebiasis requires tinidazole
(2 g orally once daily for 3–5 days) or metronidazole
(750 mg orally three times daily for 10 days) plus a lumi-
nal agent (Table 35–6). Tinidazole offers simpler dosing,
a more rapid clinical response, and fewer side effects
than metronidazole. Side effects from either agent
include transient nausea, vomiting, epigastric discom-
fort, headache, or a metallic taste. A disulfiram-like reac-
tion may occur if alcohol is coingested. Metronidazole
and tinidazole should be avoided in pregnant or nursing
mothers, if possible. Fluid and electrolyte replacement is

▲ Figure 35–7. Gross pathology showing intestinal
ulcers due to amebiasis. (From Dr. Mae Melvin, Public
Health Image Library, CDC.)
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Table 35–6. Treatment of amebiasis.1

Clinical Setting Drugs of Choice and Adult Dosage Alternative Drugs and Adult Dosage

Asymptomatic intestinal

infection

Luminal agent: Diloxanide furoate,2 500 mg orally three

times daily for 10 days

or–

Iodoquinol, 650 mg orally three times daily for 21 days

or–

Paromomycin, 10 mg/kg orally three times daily for 7 days

Mild to moderate

intestinal infection

Metronidazole, 750 mg orally three times daily (or 500 mg

intravenously every 6 hours) for 10 days

or–

Tinidazole, 2 g orally daily for 3 days

plus–

Luminal agent (see above)

Luminal agent (see above)

plus either–

Tetracycline, 250 mg orally three times daily for

10 days

or–

Erythromycin, 500 mg orally four times daily for

10 days

Severe intestinal

infection

Metronidazole, 750 mg orally three times daily (or 500 mg

intravenously every 6 hours) for 10 days

or–

Tinidazole, 2 g orally daily for 5 days

plus–

Luminal agent (see above)

Luminal agent (see above)

plus either–

Tetracycline, 250 mg orally three times daily for

10 days

or–

Dehydroemetine2 or emetine,2 1 mg/kg

subcutaneously or intramuscularly for 3–5 days

Hepatic abscess,

ameboma, and other

extraintestinal disease

Metronidazole, 750 mg orally three times daily (or 500 mg

intravenously every 6 hours) for 10 days

or–

Tinidazole, 2 g orally daily for 5 days

plus–

Luminal agent (see above)

Dehydroemetine2 or emetine,2 1 mg/kg subcuta-

neously or intramuscularly for 8–10 days,

followed by (liver abscess only) chloroquine,

500 mg orally twice daily for 2 days, then

500 mg daily for 21 days

plus–

Luminal agent (see above)

1See text for additional details and cautions.
2Not available in the United States.

also important for patients with significant diarrhea.
Surgical management of acute complications of intestinal
amebiasis is best avoided whenever possible. Successful
therapy of severe amebic colitis may be followed by post-
dysenteric colitis, with continued diarrhea without per-
sistent infection; this syndrome generally resolves in
weeks to months.

Amebic liver abscess is also treated with metronidazole
or tinidazole plus a luminal agent (even if intestinal infec-
tion is not documented; Table 35–6). Metronidazole can be
used intravenously when necessary. With failure of initial
response to metronidazole or tinidazole, chloroquine,
emetine, or dehydroemetine may be added. Needle aspira-
tion may be helpful for large abscesses (over 5–10 cm), in
particular if the diagnosis remains uncertain, if there is an
initial lack of response, or if a patient is very ill, suggesting
imminent abscess rupture. With successful therapy,
abscesses disappear slowly (over months).

» Prevention & Control

Prevention requires safe water supplies; sanitary disposal of
human feces; adequate cooking of food; protection of food
from fly contamination; hand washing; and, in endemic areas,
avoidance of fruits and vegetables that cannot be cooked or
peeled. Water supplies can be boiled, treated with iodine

(0.5-mL tincture of iodine per liter for 20 minutes; cysts are
resistant to standard concentrations of chlorine), or filtered.

Shirley DT et al. A review of the global burden, new diagnostics,
and current therapeutics for amebiasis. Open Forum Infect
Dis. 2018;5:ofy161. [PMID: 30046644]

COCCIDIOSIS (Cryptosporidiosis, Isosporiasis,
Cyclosporiasis, Sarcocystosis) &
MICROSPORIDIOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Acute diarrhea, especially in children in develop-
ing countries.

» Outbreaks of diarrhea secondary to contami-
nated water or food.

» Prolonged diarrhea in immunocompromised
persons.

» Diagnosis mostly by identifying organisms in spe-
cially stained stool specimens.
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» General Considerations

The causes of coccidiosis are Cryptosporidium species
(C parvum, C hominis, and others); Cystoisospora (formerly
Isospora) belli; Cyclospora cayetanensis; and Sarcocystis spe-
cies. Microsporidiosis is caused by at least 14 species, most
commonly Enterocytozoon bieneusi and Encephalitozoon
intestinalis. These infections occur worldwide, particularly
in the tropics and in regions where hygiene is poor. They are
causes of endemic childhood gastroenteritis (particularly in
malnourished children in developing countries); institu-
tional and community outbreaks of diarrhea; traveler’s diar-
rhea; and acute and chronic diarrhea in immunosuppressed
patients, in particular those with AIDS. They are all notable
for the potential to cause prolonged diarrhea, often lasting
for a number of weeks. Clustering occurs in households, day
care centers, and among sexual partners.

The infectious agents are oocysts (coccidiosis) or spores
(microsporidiosis) transmitted from person to person or
by contaminated drinking or swimming water or food.
Ingested oocysts release sporozoites that invade and multi-
ply in enterocytes, primarily in the small bowel. Coccidian
oocysts and microsporidian cysts can remain viable in the
environment for years.

Cryptosporidiosis is a zoonosis (C parvum principally
infects cattle), but most human infections are acquired
from humans, in particular with C hominus. Cryptospo-
ridia are highly infectious and readily transmitted in day
care settings and households. They have caused large com-
munity outbreaks due to contaminated water supplies
(causing ~400,000 illnesses in Milwaukee in 1993 and
~2780 illnesses in Oregon in 2013) and are the leading
cause of recreational water–associated outbreaks of gastro-
enteritis. In the developing world, cryptosporidiosis is a
leading cause of childhood diarrhea. In a study of causes of
moderate-to-severe diarrhea in Asia and Africa, Crypto-
sporidium was the second most commonly identified
pathogen in children under 2 years of age.

C belli and C cayetanensis appear to infect only humans.
C cayetanensis has caused a number of food-borne out-
breaks in the United States in recent years, most commonly
associated with imported fresh produce. Sarcocystis infects
many species; humans are intermediate hosts (infected by
ingestion of fecal sporocysts) for some species but defini-
tive hosts for Sarcocystis bovihominis and Sarcocystis sui-
hominis (infected by ingestion of tissue cysts in undercooked
beef and pork, respectively).

» Clinical Findings

A. Symptoms and Signs

1. Coccidiosis—

a. Cryptosporidiosis—The incubation period appears
to be ~14 days. In developing countries, disease is primar-
ily in children under 5 years of age, causing 5–10% of child-
hood diarrhea. Presenting symptoms include acute watery
diarrhea, abdominal pain, and cramps, with rapid resolu-
tion in most patients; however, symptoms quite commonly
persist for 2 weeks or more. In developed countries,
most patients are adults. Diarrhea in immunocompetent

individuals typically lasts from 5 to 10 days. It is usually
watery, with accompanying abdominal pain and cramps,
nausea, vomiting, and fever. Relapses may follow initial
resolution of symptoms. Mild illness and asymptomatic
infection are also common.

Cryptosporidiosis is a well-characterized cause of diar-
rhea in those with AIDS. It was common before the advent
of highly active antiretroviral therapy, particularly with
advanced immunosuppression. Clinical manifestations are
variable, but patients commonly have chronic diarrhea
with frequent foul-smelling stools, malabsorption, and
weight loss. Severe, life-threatening watery diarrhea may
be seen. Cryptosporidiosis also causes extraintestinal dis-
ease with AIDS, including pulmonary infiltrates with dys-
pnea and biliary tract infection with sclerosing cholangitis
and AIDS cholangiopathy.

b. Isosporiasis—The incubation period for C belli is about
1 week. In immunocompetent persons, it usually causes a
self-limited watery diarrhea lasting 2–3 weeks, with abdomi-
nal cramps, anorexia, malaise, and weight loss. Fever is
unusual. Chronic symptoms may persist for months. In
immunocompromised patients, isosporiasis more commonly
causes severe and chronic diarrhea, with complications
including marked dehydration, malnutrition, and hemor-
rhagic colitis. Extraintestinal disease has been reported rarely.

c. Cyclosporiasis—C cayetanensis oocysts must undergo
a period of sporulation of 7 days or more after shedding
before they become infectious. Therefore, person-to-person
spread is unlikely, and spread has typically been due to con-
taminated food (especially fresh produce) and water. The
incubation period is 1–11 days. Infections can be asymptom-
atic. Cyclosporiasis causes an illness similar to that described
for the other pathogens included in this section, with watery
diarrhea, abdominal cramps, nausea, fatigue, and anorexia.
Fever is seen in 25% of cases. Symptoms typically continue
for 2 weeks or longer and may persist for months without
therapy. Relapses of diarrhea are common. Diarrhea may be
preceded by a flu-like prodrome and followed by persistent
fatigue. In immunocompromised patients, cyclosporiasis is
typically more severe and prolonged, with chronic fulminant
watery diarrhea and weight loss.

d. Sarcocystosis—Sarcocystis infection is common in
some developing countries but is usually asymptomatic.
Infection appears to most commonly follow the ingestion
of undercooked beef or pork, leading to the development
of cysts in muscle, with myalgias, fever, bronchospasm,
pruritic rash, lymphadenopathy, and subcutaneous nod-
ules. Ingestion of fecal sporocysts may lead to gastrointes-
tinal symptoms.

2. Microsporidiosis—Microsporidia are obligate intracel-
lular protozoans that cause a wide spectrum of diseases.
Many infections are of zoonotic origin, but human-to-
human transmission has been documented. Infection is
mainly by ingestion of spores, but also by direct inoculation
of the eyes. In immunocompetent hosts, microsporidian
infections most commonly present as self-limited diarrhea.
Ocular infections have also been described. Disease from
microsporidia is seen mainly in immunocompromised
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persons, particularly those with AIDS. Infections in AIDS
patients are most commonly with E bieneusi and
E intestinalis. They cause chronic diarrhea, with anorexia,
bloating, weight loss, and wasting, especially in those with
advanced immunodeficiency. Fever is usually not seen.
Other illnesses in immunocompromised persons associated
with microsporidians (including the genera Enterocytozoon,
Encephalitozoon, Brachiola, Vittaforma, Pleistophora, Trachi-
pleistophora, and Microsporidium) include biliary tract dis-
ease (AIDS cholangiopathy), genitourinary infection with
cystitis, kidney disease, hepatitis, peritonitis, myositis, respi-
ratory infections including sinusitis, central nervous system
infections including granulomatous encephalitis, and dis-
seminated infections. Ocular infections with Encephalito-
zoon species cause conjunctivitis and keratitis, presenting as
redness, photophobia, and loss of visual acuity.

B. Laboratory Findings

1. Coccidiosis—

a. Cryptosporidiosis—Typically, stool is without blood
or leukocytes. Diagnosis is traditionally made by detecting
the organism in stool using a modified acid-fast stain; this
technique is relatively insensitive, and multiple specimens
should be evaluated before ruling out the diagnosis. Of
note, routine evaluation for ova and parasites typically does
not include a modified acid-fast stain, so this must be spe-
cifically requested in many laboratories. Various antigen
detection methods, including immunofluorescence
microscopy, ELISA, and immunochromatography, offer
improved sensitivity and specificity, both over 90% with
available assays, and these methods may be considered the
optimal means of diagnosis. Molecular diagnostic panels
that recognize Cryptosporidium and other enteropathogens
in stool are available but expensive.

b. Isosporiasis—Diagnosis of isosporiasis is by examina-
tion of stool wet mounts or after modified acid-fast stain-
ing, in which the organism is clearly distinguishable from
other parasites. Other stains also show the organism. Shed-
ding of oocysts may be intermittent, so the sensitivity of
stool evaluation is not high, and multiple samples should
be examined. The organism may also be identified in duo-
denal aspirates or small bowel biopsies.

c. Cyclosporiasis—Diagnosis is made by examination
of stool wet mounts or after modified acid-fast staining.
Multiple specimens may need to be examined to make a
diagnosis; concentration of specimens improves sensitivity.
The organism can also be identified in small bowel aspi-
rates or biopsy specimens. Molecular assays with high
sensitivity and specificity, including multi-pathogen pan-
els, are available.

d. Sarcocystosis—Eosinophilia and elevated creatine
kinase may be seen. Diagnosis is by identification of the
acid-fast organisms in stool or by identification of tropho-
zoites or bradyzoites in tissue biopsies.

2. Microsporidiosis—Diagnosis can be made by identifica-
tion of organisms in specially stained stool, fluid, or tissue
specimens, for example with Weber chromotrope-based

stain. Electron microscopy is helpful for confirmation of
the diagnosis and speciation. PCR and culture techniques
are available but not used routinely.

» Treatment

Most acute infections with these pathogens in immuno-
competent persons are self-limited and do not require
treatment. Supportive treatment for severe or chronic diar-
rhea includes fluid and electrolyte replacement and, in
some cases, parenteral nutrition.

1. Coccidiosis—

a. Cryptosporidiosis—Treatment of cryptosporidiosis
is challenging. No agent is clearly effective. Modest benefits
have been seen in some (but not other) studies with paro-
momycin, a nonabsorbed aminoglycoside (25–35 mg/kg
orally for 14 days has been used), and nitazoxanide
(500 mg–1 g orally twice daily for 3 days in immunocom-
petent patients and 2–8 weeks in advanced AIDS patients),
which is approved in the United States for this indication.
Other agents that have been used with mixed success in
AIDS patients with cryptosporidiosis include azithromy-
cin, spiramycin, bovine hyperimmune colostrum, and
octreotide. Reversing immunodeficiency with effective
antiretroviral therapy is of greatest importance.

b. Isosporiasis—Isosporiasis is effectively treated in
immunocompetent and immunosuppressed persons with
TMP-SMZ (160 mg/800 mg orally two to four times daily
for 10 days, with the higher dosage for patients with AIDS).
An alternative therapy is pyrimethamine (75 mg orally in
four divided doses) with folinic acid (10–25 mg/day
orally). Maintenance therapy with low-dose TMP-SMZ
(160 mg/800 mg daily or three times per week) or Fansidar
(1 tablet weekly) prevents relapse in those with persistent
immunosuppression.

c. Cyclosporiasis—Cyclosporiasis is also treated with
TMP-SMZ (dosing as for isosporiasis). With AIDS, long-
term maintenance therapy (160 mg/800 mg three times
weekly) helps prevent relapse. For patients intolerant of
TMP-SMZ, ciprofloxacin (500 mg orally twice daily for
7 days) showed efficacy, albeit with less ability to clear the
organism than TMP-SMZ.

d. Sarcocystosis—For sarcocystosis, no specific treat-
ment is established, but patients may respond to therapy
with albendazole or TMP-SMZ.

2. Microsporidiosis—Treatment of microsporidiosis is
complex. Infections with most species, including those
causing gastrointestinal and other manifestations, should
be treated with albendazole (400 mg orally twice daily for
2–4 weeks), which has activity against a number of species,
but relatively poor efficacy (about 50%) against E bieneusi,
the most common microsporidial cause of diarrhea in
AIDS patients. Fumagillin, which is used to treat honey-
bees and fish with microsporidian infections, has shown
benefit in clinical trials at a dose of 20 mg three times per
day for 14 days; treatment was accompanied by reversible
thrombocytopenia. As with cryptosporidiosis, the best
means of controlling microsporidiosis in AIDS patients is
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to restore immune function with effective antiretroviral
therapy. Ocular microsporidiosis can be treated with topi-
cal fumagillin solution (3 mg/mL); this probably should be
given with concurrent systemic therapy with albendazole.
Adjunctive management may include topical corticoste-
roids to decrease inflammation and keratoplasty.

» Prevention

Water purification is important for control of these infec-
tions. Chlorine disinfection is not effective against crypto-
sporidial oocysts, so other purification measures are needed.
Immunocompromised patients should boil or filter drinking
water and should consider avoidance of lakes and swimming
pools. Routine precautions (hand washing, gloves, disinfec-
tion) should prevent institutional patient-to-patient spread.
Optimal means of preventing microsporidial infections are
not well understood, but water purification and body sub-
stance precautions for immunocompromised and hospital-
ized individuals are likely effective.

Giangaspero A et al. Human cyclosporiasis. Lancet Infect Dis.
2019;19:e226. [PMID: 30885589]

Hemphill A et al. Comparative pathobiology of the intestinal
protozoan parasites Giardia lamblia, Entamoeba histolytica,
and Cryptosporidium parvum. Pathogens. 2019;8:E116.
[PMID: 31362451]

GIARDIASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Acute diarrhea may be profuse and watery.

» Chronic diarrhea with greasy, malodorous stools.

» Abdominal cramps, distention, flatulence.

» Cysts or trophozoites in stools.

» General Considerations

Giardiasis is a protozoal infection of the upper small intes-
tine caused by the flagellate Giardia lamblia (also called
Giardia intestinalis and Giardia duodenalis). The parasite
occurs worldwide, most abundantly in areas with poor
sanitation. In developing countries, young children are
very commonly infected. In the United States and Europe,
the infection is the most common intestinal protozoal
pathogen; the US estimate is 100,000 to 2.5 million new
infections leading to 5000 hospital admissions yearly.
Groups at special risk include travelers to Giardia-endemic
areas, those who swallow contaminated water during rec-
reation or wilderness travel, men who have sex with men,
and persons with impaired immunity. Outbreaks are com-
mon in households, children’s day care centers, and resi-
dential facilities, and may occur as a result of contamination
of water supplies.

The organism occurs in feces as a flagellated trophozo-
ite and as a cyst. Only the cyst form is infectious by the oral

route; trophozoites are destroyed by gastric acidity. Humans
are a reservoir for the pathogen; dogs, cats, beavers, and
other mammals have been implicated but not confirmed as
reservoirs. Under suitable moist, cool conditions, cysts can
survive in the environment for weeks to months. Cysts are
transmitted as a result of fecal contamination of water or
food, by person-to-person contact, or by anal-oral sexual
contact. The infectious dose is low, requiring as few as ten
cysts. After the cysts are ingested, trophozoites emerge in
the duodenum and jejunum. Epithelial damage and muco-
sal invasion are uncommon. Hypogammaglobulinemia,
low secretory IgA levels in the gut, achlorhydria, and mal-
nutrition favor the development of infection.

» Clinical Findings

A. Symptoms and Signs

It is estimated that about 50% of infected persons have no
discernable infection, about 10% become asymptomatic
cyst passers, and 25–50% develop an acute diarrheal syn-
drome. Acute diarrhea may clear spontaneously but is
commonly followed by chronic diarrhea. The incubation
period is usually 1–3 weeks but may be longer. The illness
may begin gradually or suddenly. The acute phase may last
days or weeks, and is usually self-limited. The initial illness
may include profuse watery diarrhea, and hospitalization
may be required due to dehydration, particularly in young
children. Typical symptoms of chronic disease are abdomi-
nal cramps, bloating, flatulence, nausea, malaise, and
anorexia. Fever and vomiting are uncommon. Diarrhea is
usually not severe in the chronic stage of infection; stools
are greasy or frothy and foul smelling, without blood, pus,
or mucus. The diarrhea may be daily or recurrent; inter-
vening periods may include constipation. Symptoms can
persist for weeks to months. Weight loss is frequent.
Chronic disease can include malabsorption, including fat
and protein-losing enteropathy and vitamin deficiencies.

B. Laboratory Findings

Most patients seek medical attention after having been ill
for over a week, commonly with weight loss of 5 kg or
more. Stool is generally without blood or leukocytes. Diag-
nosis is traditionally made by the identification of tropho-
zoites or cysts in stool. A wet mount of liquid stool may
identify motile trophozoites. Stained fixed specimens may
show cysts or trophozoites. Cysts may not be detected in
the stool at the onset of the illness. Cyst excretion may be
prolonged after the self-limited acute phase of infection.
Sensitivity of stool analysis is not ideal, estimated at
50–80% for a single specimen and over 90% for three speci-
mens. Sampling of duodenal contents with a string test or
biopsy is no longer generally recommended, but biopsies
may be helpful in very ill or immunocompromised patients.
When giardiasis is suspected, stool antigen assays are sim-
pler and cheaper than repeated stool examinations, but
these tests will not identify other stool pathogens. Multiple
tests, which identify antigens of trophozoites or cysts in
stool, are available. They are generally quite sensitive
(85–98%) and specific (90–100%). Molecular diagnostic
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panels that recognize Giardia and other enteropathogens in
stool are available but expensive.

» Treatment

The treatments of choice for giardiasis are tinidazole (2 g
orally once) or metronidazole (250 mg orally three times
daily for 5–7 days). The drugs are not universally effective;
cure rates for single courses are typically about 80–95%.
Toxicities are as described for treatment of amebiasis, but
the lower dosages used for giardiasis limit side effects.
Albendazole (400 mg orally once daily for 5 days) and
nitazoxanide (500 mg orally twice daily for 3 days) both
appear to have similar efficacy and fewer side effects com-
pared with metronidazole, although data are limited, and a
2016 meta-analysis suggested superiority in efficacy of
tinidazole over albendazole. Nitazoxanide is generally well
tolerated but may cause mild gastrointestinal side effects.
Other drugs with activity against Giardia include furazoli-
done (100 mg orally four times a day for 7 days), which is
about as effective as the other named drugs but causes
gastrointestinal side effects, and paromomycin (500 mg
orally three times a day for 7 days), which appears to have
somewhat lower efficacy but, unlike metronidazole, tinida-
zole, and furazolidone, is safe in pregnancy. Symptomatic
giardiasis should always be treated. Treatment of asymp-
tomatic patients should be considered, since they can
transmit the infection. With a suggestive presentation but
negative diagnostic studies, an empiric course of treatment
may be appropriate. Household or day care contacts with
an index case should be tested and treated if infected.

» Prevention

Community chlorination (0.4 mg/L) of water is relatively
ineffective for inactivating cysts, so filtration is required.
For wilderness or international travelers, bringing water to
a boil for 1 minute or filtration with a pore size less than
1 mcm are adequate. In day care centers, appropriate dis-
posal of diapers and frequent hand washing are essential.

Mmbaga BT et al. Cryptosporidium and Giardia infections in
children: a review. Pediatr Clin North Am. 2017;64:837.
[PMID: 28734513]

TRICHOMONIASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Women: copious vaginal discharge.

» Men: nongonococcal urethritis.

» Motile trichomonads on wet mounts.

» General Considerations

Trichomoniasis is caused by the protozoan Trichomonas
vaginalis and is among the most common sexually

transmitted diseases, causing vaginitis in women and
nongonococcal urethritis in men. It can also occasionally
be acquired by other means, since it can survive in moist
environments for several hours.

» Clinical Findings

A. Symptoms and Signs

T vaginalis is often harbored asymptomatically. For
women with symptomatic disease, after an incubation
period of 5 days to 4 weeks, a vaginal discharge devel-
ops, often with vulvovaginal discomfort, pruritus, dys-
uria, dyspareunia, or abdominal pain. Examination
shows a copious discharge, which is usually not foul
smelling but is often frothy and yellow or green in color.
Inflammation of the vaginal walls and cervix with punc-
tate hemorrhages are common. Most men infected with
T vaginalis are asymptomatic, but it can be isolated from
about 10% of men with nongonococcal urethritis. In
men with trichomonal urethritis, the urethral discharge
is generally more scanty than with other causes of
urethritis.

B. Diagnostic Testing

Diagnosis is traditionally made by identifying the organ-
ism in vaginal or urethral secretions. Examination of wet
mounts will show motile organisms. Tests for bacterial
vaginosis (pH > 4.5, fishy odor after addition of potassium
hydroxide) are often positive with trichomoniasis. Newer
point-of-care antigen detection and nucleic acid probe
hybridization tests and nucleic acid amplification assays
offer improved sensitivity compared to wet mount micros-
copy and excellent specificity.

» Treatment

The treatment of choice is tinidazole or metronidazole,
each as a 2 g single oral dose. Tinidazole may be better
tolerated and active against some resistant parasites. Tox-
icities of these drugs are discussed in the section on
amebiasis. If the large single dose cannot be tolerated, an
alternative metronidazole dosage is 500 mg orally twice
daily for 1 week. A meta-analysis suggested that a 7-day
course of metronidazole (500 mg twice daily) is more
effective than a single dose; this regimen is recom-
mended for HIV-infected women and may become stan-
dard for other groups. All infected persons should be
treated, even if asymptomatic, to prevent subsequent
symptomatic disease and limit spread. Treatment failure
suggests reinfection, but metronidazole-resistant organ-
isms have been reported. These may be treated with
tinidazole, longer courses of metronidazole, intravaginal
paromomycin, or other experimental therapies (see
Chapter 18).

Van Gerwen OT et al. Recent advances in the epidemiology,
diagnosis, and management of Trichomonas vaginalis infec-
tion. F1000Res. 2019;8:1666. [PMID: 31583080]
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º
HELMINTHIC INFECTIONS

TREMATODE (FLUKE) INFECTIONS

SCHISTOSOMIASIS (Bilharziasis)

E S S E N T I A L S  O F  D I A G N O S I S

» History of freshwater exposure in an endemic
area.

» Acute schistosomiasis: fever, headache, myalgias,
cough, urticaria, diarrhea, and eosinophilia.

» Intestinal schistosomiasis: abdominal pain, diar-
rhea, and hepatomegaly, progressing to anorexia,
weight loss, and features of portal hypertension.

» Urinary schistosomiasis: hematuria and dysuria,
progressing to hydronephrosis and urinary
infections.

» Diagnosis:characteristic eggs in feces or urine; biopsy
of rectal or bladder mucosa; positive serology.

» General Considerations

Schistosomiasis, which affects more than 200 million per-
sons worldwide, leads to severe consequences in 20 million
persons and about 100,000 deaths annually. The disease is
caused by six species of trematode blood flukes. Five spe-
cies cause intestinal schistosomiasis, with infection of
mesenteric venules: Schistosoma mansoni, which is present
in Africa, the Arabian peninsula, South America, and the
Caribbean; Schistosoma japonicum, which is endemic in
China and Southeast Asia; Schistosoma mekongi, which is
endemic near the Mekong River in Southeast Asia; and
Schistosoma intercalatum and Schistosoma guineensis,
which occur in parts of Africa. Schistosoma haematobium
causes urinary schistosomiasis, with infection of venules of
the urinary tract, and is endemic in Africa and the Middle
East. Transmission of schistosomiasis is focal, with greatest
prevalence in poor rural areas. Control efforts have dimin-
ished transmission significantly in many areas, but high-
level transmission remains common in sub-Saharan Africa
and some other areas. Prevalence of infection and illness
typically peaks at about 15–20 years of age.

Humans are infected with schistosomes after contact
with freshwater containing cercariae released by infected
snails. Infection is initiated by penetration of skin or
mucous membranes. After penetration, schistosomulae
migrate to the portal circulation, where they rapidly
mature. After about 6 weeks, adult worms mate, and
migrate to terminal mesenteric or bladder venules, where
females deposit their eggs. Some eggs reach the lumen of
the bowel or bladder and are passed with feces or urine,
while others are retained in the bowel or bladder wall or
transported in the circulation to other tissues, in particular
the liver. Disease in endemic areas is primarily due to a
host response to eggs, with granuloma formation and

inflammation, eventually leading to fibrosis. Chronic
infection can result in scarring of mesenteric or vesicular
blood vessels, leading to portal hypertension and altera-
tions in the urinary tract. In previously uninfected indi-
viduals, such as travelers with freshwater contact in
endemic regions, acute schistosomiasis may occur, with a
febrile illness 2–8 weeks after infection.

» Clinical Findings

A. Symptoms and Signs

1. Cercarial dermatitis—Following cercarial penetration,
localized erythema develops in some individuals, which
can progress to a localized pruritic maculopapular rash
that persists for some days. Dermatitis can be caused by
human schistosomes and, in nontropical areas, by bird
schistosomes that cannot complete their life cycle in
humans (swimmer’s itch).

2. Acute schistosomiasis Katayama syndrome—A
febrile illness may develop 2–8 weeks after exposure in
persons without prior infection, most commonly after
heavy infection with S mansoni or S japonicum. Presenting
symptoms and signs include acute onset of fever; headache;
myalgias; cough; malaise; urticaria; diarrhea, which may be
bloody; hepatosplenomegaly; lymphadenopathy; and pul-
monary infiltrates. Localized lesions may occasionally
cause severe manifestations, including CNS abnormalities
and death. Acute schistosomiasis usually resolves in
2–8 weeks.

3. Chronic schistosomiasis—Many infected persons have
light infections and are asymptomatic, but an estimated
50–60% have symptoms and 5–10% have advanced organ
damage. Asymptomatic infected children may suffer from
anemia and growth retardation. Symptomatic patients with
intestinal schistosomiasis typically experience abdominal
pain, fatigue, diarrhea, and hepatomegaly. Over years,
anorexia, weight loss, weakness, colonic polyps, and fea-
tures of portal hypertension develop. Late manifestations
include hematemesis from esophageal varices, hepatic
failure, and pulmonary hypertension. Urinary schistoso-
miasis may present within months of infection with hema-
turia and dysuria, most commonly in children and young
adults. Fibrotic changes in the urinary tract can lead to
hydroureter, hydronephrosis, bacterial urinary infections
and, ultimately, kidney disease or bladder cancer.

B. Laboratory Findings

Microscopic examination of stool or urine for eggs, evalu-
ation of tissue, or serologic tests establish the diagnosis.
Characteristic eggs can be identified on smears of stool or
urine. The most widely used stool test is the Kato-Katz
technique. Quantitative tests that yield more than 400 eggs
per gram of feces or 10 mL of urine are indicative of heavy
infections with increased risk of complications. Diagnosis
can also be made by biopsy of the rectum, colon, liver, or
bladder. Serologic tests include an ELISA available from
the CDC that is 99% specific for all species, but cannot
distinguish acute and past infection. Sensitivity of the test
is 99% for S mansoni, 95% for S haematobium, but less than
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50% for S japonicum. Serology is of limited use in endemic
settings but can be helpful in travelers from nonendemic
regions. The most widely used point-of-care assays target
circulating anodic and cathodic antigens to detect circulat-
ing schistosome antigens in serum and urine. Antigen tests
have better sensitivity than stool smears, especially for
S mansoni; sensitivity is lower for S haematobium. Molecu-
lar tests for schistosomiasis have been developed but are
not routinely used for diagnosis. In acute schistosomiasis,
leukocytosis and marked eosinophilia may occur; serologic
tests may become positive before eggs are seen in stool or
urine. After therapy, eggs may be shed in stool or urine for
months, and so the identification of eggs in fluids or tissue
cannot distinguish past or active disease. With a diagnosis
of schistosomiasis, evaluation for the extent of disease is
warranted, including liver function studies and imaging of
the liver with intestinal disease and ultrasound or other
imaging studies of the urinary system in urinary disease.

» Treatment

Treatment is indicated for all schistosome infections. In
areas where recurrent infection is common, treatment is
valuable in reducing worm burdens and limiting clinical
complications. The drug of choice for schistosomiasis is
praziquantel. The drug is administered for 1 day at an oral
dose of 40 mg/kg (in one or two doses) for S mansoni,
S haematobium, S intercalatum, and S guineensis infections
and a dose of 60 mg/kg (in two or three doses) forS japonicum
and S mekongi. Cure rates are generally greater than 80%
after a single treatment, and those not cured have marked
reduction in the intensity of infection. Praziquantel is
active against invading cercariae but not developing schis-
tosomulae. Therefore, the drug may not prevent illness
when given after exposure and, for recent infections, a
repeat course after a few weeks may be appropriate. Pra-
ziquantel may be used during pregnancy. Resistance to
praziquantel has been reported. Toxicities include abdomi-
nal pain, diarrhea, urticaria, headache, nausea, vomiting,
and fever, and may be due both to direct effects of the drug
and responses to dying worms. Alternative therapies are
oxamniquine for S mansoni infection and metrifonate for
S haemotobium infection. Both of these drugs currently
have limited availability (they are not available in the
United States), and resistance may be a problem. No sec-
ond-line drug is available for S japonicum infections. The
antimalarial drug artemether has activity against schistoso-
mulae and adult worms and may be effective in chemopro-
phylaxis; however, it is expensive, and long-term use in
malarious areas might select for resistant malaria parasites.
With severe disease, use of corticosteroids in conjunction
with praziquantel may decrease complications. Treatment
should be followed by repeat examinations for eggs about
every 3 months for 1 year after therapy, with re-treatment
if eggs are seen.

» Prevention

Travelers to endemic areas should avoid freshwater expo-
sure. Vigorous toweling after exposure may limit cercarial
penetration. Chemoprophylaxis with artemether has

shown efficacy but is not standard practice. Community
control of schistosomiasis includes improved sanitation
and water supplies, elimination of snail habitats, and inter-
mittent treatment to limit worm burdens.

Nelwan ML. Schistosomiasis: life cycle, diagnosis, and control.
Curr Ther Res Clin Exp. 2019;91:5. [PMID: 31372189]

LIVER, LUNG, & INTESTINAL FLUKES

CLONORCHIASIS & OPISTHORCHIASIS

Infection by Clonorchis sinensis, the Chinese liver fluke, is
endemic in areas of Japan, Korea, China, Taiwan, Southeast
Asia, and the far eastern part of Russia. An estimated
15 million people are infected (13 million in China); in
some communities, prevalence can reach 80%. Opisthor-
chiasis is principally caused by Opisthorchis felineus
(regions of the former Soviet Union) or Opisthorchis
viverrini (Thailand, Laos, Vietnam). Clonorchiasis and
opisthorchiasis are clinically indistinguishable. Parasite
eggs are shed into water in human or animal feces, where
they infect snails, which release cercariae, which infect fish.
Human infection follows ingestion of raw, undercooked, or
pickled freshwater fish containing metacercariae. These
parasites excyst in the duodenum and ascend into the bili-
ary tract, where they mature and remain for many years,
shedding eggs in the bile.

Most patients harbor few parasites and are asymptom-
atic. An acute illness can occur 2–3 weeks after initial
infection, with fever, malaise, abdominal pain, anorexia,
tender hepatomegaly, urticaria, and eosinophilia. The
acute syndrome is difficult to diagnose, since ova may not
appear in the feces until 3–4 weeks after onset of symp-
toms. In chronic heavy infections, findings include abdom-
inal pain, anorexia, weight loss, and tender hepatomegaly.
More serious findings can include recurrent bacterial
cholangitis and sepsis, cholecystitis, liver abscess, and pan-
creatitis. An increased risk of cholangiocarcinoma has
been documented.

Early diagnosis is presumptive, based on clinical find-
ings and epidemiology. Subsequent diagnosis is made by
finding characteristic eggs in stool or duodenal or biliary
contents. The stool Kato-Katz test is widely used; perform-
ing repeated tests improves sensitivity. Imaging studies
show characteristic biliary tract dilatations with filling
defects due to flukes. Serologic assays for clonorchiasis
with excellent sensitivity are available but cannot distin-
guish between past and current infection. Molecular tests
have been developed but are not widely used.

The drug of choice is praziquantel, 25 mg/kg orally
three times daily for 2 days, which provides cure rates over
90% and egg reduction rates of nearly 100%. One day of
treatment may be sufficient. Re-treatment may be required,
especially in some areas with known decreased praziquan-
tel efficacy. The second-line drug is albendazole (400 mg
orally twice daily for 7 days), which appears to be some-
what less effective. Tribendimidine, which is approved in
China, has shown efficacy for clonorchiasis similar to that
of praziquantel.
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PARAGONIMIASIS

Eight species of Paragonimus lung flukes cause human
disease. The most important is Paragonimus westermani.
Paragonimus species are endemic in East Asia, Oceania,
West Africa, and South America, where millions of persons
are infected; rare infections caused by Paragonimus
kellicotti have occurred in North America. Eggs are released
into freshwater, where parasites infect snails, and then
cercariae infect crabs and crayfish. Human infection fol-
lows consumption of raw, undercooked, or pickled fresh-
water shellfish. Metacercariae then excyst, penetrate into
the peritoneum, and pass into the lungs, where they mature
into adult worms over about 2 months.

Most persons have moderate worm burdens and are
asymptomatic. In symptomatic cases, abdominal pain and
diarrhea develop 2 days to 2 weeks after infection, followed
by fever, cough, chest pain, urticaria, and eosinophilia. Acute
symptoms may last for several weeks. Chronic infection can
cause cough productive of brown sputum, hemoptysis, dys-
pnea, and chest pain, with progression to chronic bronchitis,
bronchiectasis, bronchopneumonia, lung abscess, and pleu-
ral disease. Ectopic infections can cause disease in other
organs, most commonly the CNS, where disease can present
with seizures, headaches, and focal neurologic findings due
to parasite meningitis and to intracerebral lesions.

The diagnosis of paragonimiasis is made by identifying
characteristic eggs in sputum or stool or identifying worms
in biopsied tissue. Multiple examinations and concentration
techniques may be needed. Serologic tests may be helpful; an
ELISA available from the CDC has sensitivity and specificity
more than 95%. Chest radiographs may show varied abnor-
malities of the lungs or pleura, including infiltrates, nodules,
cavities, and fibrosis, and the findings can be confused with
those of tuberculosis. With CNS disease, skull radiographs
can show clusters of calcified cysts, and CT or MRI can show
clusters of ring-enhancing lesions.

Treatment is with praziquantel (25 mg/kg orally three
times daily for 2 days), which provides efficacy of at least
90%. Alternative therapies are bithionol and triclabenda-
zole. As with cysticercosis, for cerebral paragonimiasis,
praziquantel should generally be used with corticosteroids.
Chronic infection may lead to permanent lung dysfunction
and pleural disease requiring drainage procedures.

INTESTINAL FLUKES

The large intestinal fluke, Fasciolopsis buski, is a common
parasite of pigs and humans in eastern and southern Asia.
Eggs shed in stools hatch in freshwater, followed by infec-
tion of snails, and release of cercariae that encyst on aquatic
plants. Humans are infected by eating uncooked plants,
including water chestnuts, bamboo shoots, and watercress.
Adult flukes mature in about 3 months and live in the small
intestine attached to the mucosa, leading to local inflam-
mation and ulceration. Other intestinal flukes that cause
similar syndromes include Heterophyes (North Africa and
Turkey) and Metagonimus (East Asia) species; these species
are transmitted by undercooked freshwater fish.

Infections with intestinal flukes are often asymptom-
atic, although eosinophilia may be marked. In symptomatic

cases, after an incubation period of 1–2 months, manifesta-
tions include epigastric pain and diarrhea. Other gastroin-
testinal symptoms, ileus, edema, and ascites may be seen
uncommonly. Diagnosis is based on identification of char-
acteristic eggs or adult flukes in the stool. In contrast to other
fluke infections, illness more than 6 months after travel in an
endemic area is unlikely. The drug of choice is praziquantel,
25 mg/kg orally as a single dose. Alternative therapies are
triclabendazole and niclosamide (for most species).

Mas-Coma S et al. Fascioliasis. Adv Exp Med Biol. 2019;1154:71.
[PMID: 31297760]

Na BK et al. Clonorchis sinensis and clonorchiasis. Acta Trop.
2019:105309. [PMID: 31862466]

CESTODE INFECTIONS

NONINVASIVE CESTODE INFECTIONS

The four major tapeworms that cause noninvasive infec-
tions in humans are the beef tapeworm Taenia saginata, the
pork tapeworm Taenia solium, the fish tapeworm Diphyl-
lobothrium latum, each of which can reach many meters in
length, and the dwarf tapeworm Hymenolepis nana. Taenia
and Hymenolepis species are broadly distributed, especially
in the tropics; D latum is most prevalent in temperate
regions. Other tapeworms that can cause noninvasive
human disease include the rodent tapeworm Hymenolepis
diminuta, the dog tapeworm Dipylidium caninum, and
other Taenia and Diphyllobothrium species. Invasive tape-
worm infections, including T solium (when infective eggs,
rather than cysticerci are ingested) and Echinococcus spe-
cies, will be discussed separately.

1. Beef Tapeworm

Infection is most common in cattle breeding areas. Humans
are the definitive host. Gravid segments of T saginata are
passed in human feces to soil, where they are ingested by
grazing animals, especially cattle. The eggs then hatch to
release embryos that encyst in muscle as cysticerci. Humans
are infected by eating raw or undercooked infected beef.
Most individuals infected with T saginata are asymptom-
atic, but abdominal pain and other gastrointestinal symp-
toms may be present. Eosinophilia is common. The most
common presenting finding is the passage of proglottids in
the stool.

2. Pork Tapeworm

T solium is transmitted to pigs that ingest human feces.
Humans can be either the definitive host (after consuming
undercooked pork, leading to tapeworm infection) or the
intermediate host (after consuming food contaminated
with human feces containing T solium eggs, leading to
cysticercosis, which is discussed under Invasive Cestode
Infections). As with the beef tapeworm, infection with
T solium adult worms is generally asymptomatic, but gas-
trointestinal symptoms may occur. Infection is generally
recognized after passage of proglottids. Autoinfection with
eggs can progress to cysticercosis.
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3. Fish Tapeworm

Infection with D latum follows ingestion of undercooked
freshwater fish, most commonly in temperate regions. Eggs
from human feces are taken up by crustaceans, these are
eaten by fish, which are then infectious to humans. Infec-
tion with multiple worms over many years can occur.
Infections are most commonly asymptomatic, but nonspe-
cific gastrointestinal symptoms, including diarrhea, may
occur. Diagnosis usually follows passage of proglottids. Pro-
longed heavy infection can lead to megaloblastic anemia and
neuropathy from vitamin B

12
deficiency, which is due to

infection-induced dissociation of the vitamin from intrinsic
factor and to utilization of the vitamin by worms.

4. Dwarf Tapeworm

H nana is the only tapeworm that can be transmitted
between humans. Infections are common in warm areas,
especially with poor hygiene and institutionalized popula-
tions. Infection follows ingestion of food contaminated
with human feces. Eggs hatch in the intestines, where
oncospheres penetrate the mucosa, encyst as cysticercoid
larvae, and then rupture after about 4 days to release adult
worms. Autoinfection can lead to amplification of infec-
tion. Infection with H nana, the related rodent tapeworm
H diminuta, or the dog tapeworm D caninum can also fol-
low accidental ingestion of infected insects. H nana are
dwarf in size relative to other tapeworms but can reach
5 cm in length. Heavy infection is common, especially in
children, and can be accompanied by abdominal discom-
fort, anorexia, and diarrhea.

» Laboratory Findings

Diagnosis is usually made based on the identification of
characteristic eggs or proglottids in stool. Egg release may
be irregular, so examination of multiple specimens or con-
centration techniques may be needed.

» Treatment

The treatment of choice for noninvasive tapeworm infec-
tions is praziquantel. A single dose of praziquantel
(5–10 mg/kg orally) is highly effective, except for H nana,
for which the dosage is 25 mg/kg. Treatment of H nana is
more difficult, as the drug is not effective against maturing
cysts. Therefore, a repeat treatment after 1 week and
screening after therapy to document cure are appropriate
with heavy infections. Therapy can be accompanied by
headache, malaise, dizziness, abdominal pain, and nausea.

The alternative therapy for these infections is niclosamide.
A single dose of niclosamide (2 g chewed) is effective against
D latum, Taenia, and D caninum infections. For H nana,
therapy is continued daily for 1 week. Niclosamide may
cause nausea, malaise, and abdominal pain.

Craig P et al. Intestinal cestodes. Curr Opin Infect Dis. 2007;20:
524. [PMID: 17762788]

Panti-May JA et al. Worldwide overview of human infections
with Hymenolepis diminuta. Parasitol Res. 2020;119:1997.
[PMID: 32211990]

INVASIVE CESTODE INFECTIONS

1. Cysticercosis

E S S E N T I A L S  O F  D I A G N O S I S

» Exposure to T solium through fecal contamination
of food.

» Focal CNS lesions; seizures, headache.

» Brain imaging shows cysts; positive serologic
tests.

» General Considerations

Cysticercosis is due to tissue infection with cysts of
T solium that develop after humans ingest food contami-
nated with eggs from human feces, thus acting as an inter-
mediate host for the parasite. Prevalence is high where the
parasite is endemic, in particular Mexico, Central and
South America, the Philippines, and Southeast Asia. An
estimated 20 million persons are infected with cysticerci
yearly, leading to about 400,000 persons with neurologic
symptoms and 50,000 deaths. Antibody prevalence rates
up to 10% are recognized in some endemic areas, and the
infection is one of the most important causes of seizures in
the developing world and in immigrants to the United States
from endemic countries. In Latin America, it is estimated
that 0.5–1.5 million people suffer from epilepsy secondary
to cysticercosis.

» Clinical Findings

A. Symptoms and Signs

Neurocysticercosis can cause intracerebral, subarachnoid,
and spinal cord lesions and intraventricular cysts. Single
or multiple lesions may be present. Lesions may persist
for years before symptoms develop, generally due to local
inflammation or ventricular obstruction. Presenting
symptoms include seizures, focal neurologic deficits,
altered cognition, and psychiatric disease. Symptoms
develop more quickly with intraventricular cysts, with
findings of hydrocephalus and meningeal irritation,
including severe headache, vomiting, papilledema, and
visual loss. A particularly aggressive form of the disease,
racemose cysticercosis, involves proliferation of cysts at
the base of the brain, leading to alterations of conscious-
ness and death. Spinal cord lesions can present with pro-
gressive focal findings.

Cysticercosis of other organ systems is usually clini-
cally benign. Involvement of muscles can uncommonly
cause discomfort and is identified by radiographs of
muscle showing multiple calcified lesions. Subcutaneous
involvement presents with multiple painless palpable skin
lesions. Involvement of the eyes can present with ptosis
due to extraocular muscle involvement or intraocular
abnormalities.
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B. Laboratory Findings and Imaging

Diagnosis generally requires consideration of both labora-
tory and imaging findings. The updated Del Brutto diagnos-
tic criteria, which include laboratory and imaging findings,
have demonstrated good sensitivity and specificity.

CSF examination may show lymphocytic or eosino-
philic pleocytosis, decreased glucose, and elevated protein.
Serology plays an important role in diagnosis; both anti-
body and antigen detection assays are available. ELISAs
and related immunoblot assays have excellent sensitivity
and specificity, but sensitivity is lower with only single or
calcified lesions.

With neuroimaging by CT or MRI, multiple parenchy-
mal cysts are most typically seen. Parenchymal calcifica-
tion is also common. Performing both CT and MRI is ideal
because CT is better for identification of calcification and
MRI for smaller and ventricular lesions. Typical findings
can be highly suggestive of the diagnosis.

» Treatment

The medical management of neurocysticercosis has been
controversial because the benefits of cyst clearance must
be weighed against potential harm of an inflammatory
response to dying worms. Antihelminthic therapy has-
tens radiologic improvement in parenchymal cysticerco-
sis, but some randomized trials have shown that
corticosteroids alone are as effective as specific therapy
plus corticosteroids for controlling seizures. Overall,
most authorities recommend treatment of active lesions,
in particular lesions with a high likelihood of progres-
sion, such as intraventricular cysts. At the other end of
the spectrum, inactive calcified lesions probably do not
benefit from therapy. In addition, cysticidal therapy
should be avoided if there is a high risk of hydrocephalus,
as with subarachnoid involvement. When treatment is
deemed appropriate, standard therapy consists of alben-
dazole (10–15 mg/kg/day orally for 8 days) or praziquan-
tel (50 mg/kg/day orally for 15–30 days). Albendazole is
probably preferred, since it has shown better efficacy in
some comparisons and since corticosteroids appear to
lower circulating praziquantel levels but increase alben-
dazole levels. Increasing the dosage of albendazole to
30 mg/kg/day orally may improve outcomes. Combining
albendazole plus praziquantel improved outcomes com-
pared to albendazole alone in patients with multiple
viable intraparenchymal cysts. Corticosteroids are usu-
ally administered concurrently, but dosing is not stan-
dardized. Patients should be observed for evidence of
localized inflammatory responses. Anticonvulsant ther-
apy should be provided if needed, and shunting per-
formed if required for elevated intracranial pressure.
Surgical removal of cysts may be helpful for some diffi-
cult cases of neurocysticercosis and for symptomatic
non-neurologic disease.

Garcia HH et al; Cysticercosis Working Group in Peru. Labora-
tory diagnosis of neurocysticercosis (Taenia solium). J Clin
Microbiol. 2018;56:e00424-18. [PMID: 29875195]

Garcia HH et al. Taenia solium cysticercosis and its impact in
neurological disease. Clin Microbiol Rev. 2020;33:e00085-19.
[PMID: 32461308]

White AC et al. Diagnosis and treatment of neurocysticercosis:
2017 Clinical Practice Guidelines by the Infectious Diseases
Society of America (IDSA) and the American Society of
Tropical Medicine and Hygiene (ASTMH). Am J Trop Med
Hyg. 2018;98:945. [PMID: 29644966]

2. Echinococcosis

E S S E N T I A L S  O F  D I A G N O S I S

» History of exposure to dogs or wild canines in an
endemic area.

» Large cystic lesions, most commonly of the liver or
lung.

» Positive serologic tests.

» General Considerations

Echinococcosis occurs when humans are intermediate hosts
for canine tapeworms. Infection is acquired by ingesting
food contaminated with canine feces containing parasite
eggs. The principal species that infect humans are
Echinococcus granulosus, which causes cystic hydatid disease,
and Echinococcus multilocularis, which causes alveolar hyda-
tid disease. E granulosus is transmitted by domestic dogs in
areas with livestock (sheep, goats, camels, and horses) as
intermediate hosts, including Africa, the Middle East,
southern Europe, South America, Central Asia, Australia,
New Zealand, and the southwestern United States. E multi-
locularis, which much less commonly causes human disease,
is transmitted by wild canines and is endemic in northern
forest areas of the Northern Hemisphere, including central
Europe, Siberia, northern Japan, northwestern Canada, and
western Alaska. An increase in the fox population in Europe
has been associated with an increase in human cases. The
disease range has also extended southward in Central Asia
and China. Other species that cause limited disease in
humans are endemic in South America and China.

After humans ingest parasite eggs, the eggs hatch in the
intestines to form oncospheres, which penetrate the mucosa,
enter the circulation, and encyst in specific organs as hydatid
cysts. E granulosus forms cysts most commonly in the liver
(65%) and lungs (25%), but the cysts may develop in any
organ, including the brain, bones, skeletal muscles, kidneys,
and spleen. Cysts are most commonly single. The cysts can
persist and slowly grow for many years.

» Clinical Findings

A. Symptoms and Signs

Infections are commonly asymptomatic and may be noted
incidentally on imaging studies or present with symptoms
caused by an enlarging or superinfected mass. Findings
may include abdominal or chest pain, biliary obstruction,
cholangitis, portal hypertension, cirrhosis, bronchial
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obstruction leading to segmental lung collapse, and abscesses.
Cyst leakage or rupture may be accompanied by a severe aller-
gic reaction, including fever and hypotension. Seeding of cysts
after rupture may extend the infection to new areas.

E multilocularis generally causes a more aggressive dis-
ease than E granulosus, with initial infection of the liver,
but then local and distant spread commonly suggesting a
malignancy. Symptoms based on the areas of involvement
gradually worsen over years, with the development of
obstructive findings in the liver and elsewhere.

B. Laboratory Findings

Serologic tests, including ELISA and immunoblot, offer
sensitivity and specificity over 80% for E granulosus
liver infections, but lower sensitivity for involvement of
other organs. Serology is somewhat more reliable for
E multilocularis infections. Serologic tests may also distin-
guish the two major echinococcal infections.

C. Imaging

Diagnosis is usually based on imaging studies, including
ultrasonography, CT, and MRI. In E granulosus infection, a
large cyst containing multiple daughter cysts that fill the
cyst interior is highly suggestive of the diagnosis. In
E multilocularis infection, imaging shows an irregular
mass, often with areas of calcification.

» Treatment

The treatment of cystic hydatid disease is with albendazole,
often with cautious surgical resection of cysts. When used
alone, as in cases where surgery is not possible, albendazole
(10–15 mg/kg/day orally) has demonstrated efficacy, with
courses of 3 months or longer duration; alternating cycles
of treatment and rest may be needed. Mebendazole
(40–50 mg/kg/day orally) is an alternative drug, and pra-
ziquantel may also be effective. In some cases, medical
therapy is begun, with surgery performed if disease persists
after some months of therapy. Another approach, in par-
ticular with inoperable cysts, is percutaneous aspiration,
injection, and reaspiration (PAIR). In this approach (which
should not be used if cysts communicate with the biliary
tract), patients receive antihelminthic therapy, and the cyst
is partially aspirated. After diagnostic confirmation by
examination for parasite protoscolices, a scolicidal agent
(95% ethanol, hypertonic saline, or 0.5% cetrimide) is
injected, and the cyst is reaspirated after about 15 minutes.
PAIR includes a small risk of anaphylaxis, which has been
reported in about 2% of procedures, but death due to ana-
phylaxis has been rare. Treatment of alveolar cyst disease is
challenging, generally relying on wide surgical resection of
lesions. Therapy with albendazole before or during surgery
may be beneficial and may also provide improvement or
even cure in inoperable cases.

Kikuchi T et al. Human proliferative sparganosis update. Parasi-
tol Int. 2020;75:102036. [PMID: 31841658]

Wen H et al. Echinococcosis: advances in the 21st century. Clin
Microbiol Rev. 2019;32:e00075-18. [PMID: 30760475]

INTESTINAL NEMATODE (Roundworm)
INFECTIONS

ASCARIASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Transient cough, urticaria, pulmonary infiltrates,
eosinophilia.

» Nonspecific abdominal symptoms.

» Eggs in stool; adult worms occasionally passed.

» General Considerations

Ascaris lumbricoides is the most common of the intestinal
helminths, causing about 800 million infections, 12 million
acute cases, and 10,000 or more deaths annually. Preva-
lence is high wherever there is poor hygiene and sanitation
or where human feces are used as fertilizer. Heavy infec-
tions are most common in children.

Infection follows ingestion of eggs in contaminated
food. Larvae hatch in the small intestine, penetrate into the
bloodstream, migrate to the lungs, and then travel via air-
ways back to the gastrointestinal tract, where they develop
to adult worms, which can be up to 40 cm in length, and
live for 1–2 years.

» Clinical Findings

Most persons with Ascaris infection are asymptomatic. In a
small proportion of patients, symptoms develop during
migration of worms through the lungs, with fever, nonpro-
ductive cough, chest pain, dyspnea, and eosinophilia, occa-
sionally with eosinophilic pneumonia. Rarely, larvae lodge
ectopically in the brain, kidney, eye, spinal cord, and other
sites and may cause local symptoms.

Light intestinal infections usually produce no symp-
toms. With heavy infection, abdominal discomfort may be
seen. Adult worms may also migrate and be coughed up, be
vomited, or may emerge through the nose or anus. They
may also migrate into the common bile duct, pancreatic
duct, appendix, and other sites, which may lead to cholan-
gitis, cholecystitis, pyogenic liver abscess, pancreatitis,
obstructive jaundice, or appendicitis. With very heavy
infestations, masses of worms may cause intestinal obstruc-
tion, volvulus, intussusception, or death. Although severe
manifestations of infection are uncommon, the very high
prevalence of ascariasis leads to large numbers of individu-
als, especially children, with important sequelae. Moderate
to high worm loads in children are also associated with
nutritional abnormalities due to decreased appetite and
food intake, and also decreased absorption of nutrients.

The diagnosis of ascariasis is made after adult worms
emerge from the mouth, nose, or anus, or by identifying
characteristic eggs in the feces, usually with the Kato-Katz
technique. Imaging studies demonstrate worms, with fill-
ing defects in contrast studies and at times evidence of
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intestinal or biliary obstruction. Eosinophilia is marked
during worm migration but may be absent during intesti-
nal infection.

» Treatment

All infections should ideally be treated. Treatments of choice
are albendazole (single 400-mg oral dose), mebendazole
(single 500-mg oral dose or 100 mg twice daily for 3 days),
or pyrantel pamoate (single 11-mg/kg oral dose, maximum
1 g). These drugs are all well tolerated but may cause mild
gastrointestinal toxicity. They are considered safe for chil-
dren above 1 year of age and in pregnancy, although use in
the first trimester is best avoided. An alternative is ivermec-
tin (single 200 mcg/kg oral dose). In endemic areas, reinfec-
tion after treatment is common. Intestinal obstruction
usually responds to conservative management and antihel-
minthic therapy. Surgery may be required for appendicitis
and other gastrointestinal complications.

TRICHURIASIS

Trichuris trichiura, the whipworm, infects about 500 million
persons throughout the world, particularly in humid tropi-
cal and subtropical environments. Infection is heaviest and
most frequent in children. Infections are acquired by inges-
tion of eggs. The larvae hatch in the small intestine and
mature in the large bowel to adult worms of about 4 cm in
length. The worms do not migrate through tissues.

Most infected persons are asymptomatic. Heavy infec-
tions may be accompanied by abdominal cramps, tenes-
mus, diarrhea, distention, nausea, and vomiting. The
Trichuris dysentery syndrome may develop, particularly in
malnourished young children, with findings resembling
inflammatory bowel disease including bloody diarrhea and
rectal prolapse.

Trichuriasis is diagnosed by identification of character-
istic eggs and sometimes adult worms in stools. Eosino-
philia is common. Treatment is typically with albendazole
(400 mg/day orally) or mebendazole (200 mg/day orally),
for 1–3 days for light infections or 3–7 days for heavy infec-
tions, but cure rates are lower than for ascariasis or hook-
worm infection. An alternative is ivermectin (200 mcg/kg
orally once daily for 3 days). Oxantel pamoate (one dose of
15–30 mg/kg) has shown good efficacy in clearing infec-
tions; randomized trials showed albendazole plus oxantel
pamoate (31% cure; 96% egg reduction) to be superior to
mebendazole, and albendazole plus oxantel pamoate (69%
cure; 99% egg reduction) and albendazole plus ivermectin
(28% cure; 95% egg reduction) to be superior to albenda-
zole plus mebendazole. Oxantel pamoate has low efficacy
against Ascaris and hookworm infection.

HOOKWORM DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Transient pruritic skin rash and lung symptoms.

» Anorexia, diarrhea, abdominal discomfort.

» Iron deficiency anemia.

» Characteristic eggs and occult blood in the stool.

» General Considerations

Infection with the hookworms Ancylostoma duodenale and
Necator americanus is very common, especially in most
tropical and subtropical regions. Both worms are broadly
distributed. Prevalence is estimated at about 500 million,
causing approximately 65,000 deaths each year. When eggs
are deposited on warm moist soil, they hatch, releasing
larvae that remain infective for up to a week. With contact,
the larvae penetrate skin and migrate in the bloodstream to
the pulmonary capillaries. In the lungs, the larvae pene-
trate into alveoli and then are carried by ciliary action
upward to the bronchi, trachea, and mouth. After being
swallowed, they reach and attach to the mucosa of the
upper small bowel, where they mature to adult worms.
Ancylostoma infection can also be acquired by ingestion of
the larvae in food or water. Hookworms attach to the intes-
tinal mucosa and suck blood. Blood loss is proportionate to
the worm burden.

» Clinical Findings

A. Symptoms and Signs

Most infected persons are asymptomatic. A pruritic macu-
lopapular rash (ground itch) may occur at the site of larval
penetration, usually in previously sensitized persons. Pul-
monary symptoms may be seen during larval migration
through the lungs, with dry cough, wheezing, and low-
grade fever, but these symptoms are less common than
with ascariasis. About 1 month after infection, as maturing
worms attach to the small intestinal mucosa, gastrointesti-
nal symptoms may develop, with epigastric pain, anorexia,
and diarrhea, especially in previously unexposed individu-
als. Persons chronically infected with large worm burdens
may have abdominal pain, anorexia, diarrhea, and findings
of marked iron-deficiency anemia and protein malnutri-
tion. Anemia can lead to pallor, weakness, dyspnea, and
heart failure, and protein loss can lead to hypoalbumin-
emia, edema, and ascites. These findings may be accompa-
nied by impairment in growth and cognitive development
in children. Infection with the dog hookworm Ancylostoma
caninum can uncommonly lead to abdominal pain, diar-
rhea, and eosinophilia, with intestinal ulcerations and
regional lymphadenitis.

B. Laboratory Findings

Diagnosis is based on the demonstration of characteristic
eggs in feces; concentration techniques are usually not
needed. Microcytic anemia, occult blood in the stool, and
hypoalbuminemia are common. Eosinophilia is common,
especially during worm migration.

» Treatment

Treatment is with albendazole (single 400-mg oral dose) or
mebendazole (100 mg orally twice daily for 3 days).

CMDT22_Ch35_p1515-p1552.indd 1546 02/07/21 2:41 PM



PROTOZOAL & HELMINTHIC INFECTIONS 1547CMDT 2022

Occasional adverse effects are diarrhea and abdominal
pain. Pyrantel pamoate and levamisole are also effective.
Anemia should be managed with iron replacement and, for
severe symptomatic anemia, blood transfusion. Mass treat-
ment of children with single doses of albendazole or
mebendazole at regular intervals limits worm burdens and
the extent of disease and is advocated by WHO.

STRONGYLOIDIASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Transient pruritic skin rash and lung symptoms.

» Anorexia, diarrhea, abdominal discomfort.

» Larvae detected in stool.

» Hyperinfection in the immunocompromised; lar-
vae detected in sputum or other fluids.

» Eosinophilia.

» General Considerations

Strongyloidiasis is caused by infection with Strongyloides
stercoralis. Although much less prevalent than ascariasis,
trichuriasis, or hookworm infections, strongyloidiasis is
nonetheless a significant problem, infecting tens of mil-
lions of individuals in tropical and subtropical regions.
Infection is also endemic in some temperate regions of
North America, Europe, Japan, and Australia. Of particular
importance is the predilection of the parasite to cause
severe infections in immunocompromised individuals due
to its ability to replicate in humans. A related parasite,
Strongyloides fuelleborni, infects humans in parts of Africa
and New Guinea.

Among nematodes, S stercoralis is uniquely capable of
maintaining its full life cycle both within the human host
and in soil. Infection occurs when filariform larvae in soil
penetrate the skin, enter the bloodstream, and are carried
to the lungs, where they escape from capillaries into alveoli,
ascend the bronchial tree, and are then swallowed and car-
ried to the duodenum and upper jejunum, where matura-
tion to the adult stage takes place. Females live embedded
in the mucosa for up to 5 years, releasing eggs that hatch in
the intestines as free rhabditiform larvae that pass to the
ground via the feces. In moist soil, these larvae metamor-
phose into infective filariform larvae. Autoinfection can
occur in humans, when some rhabditiform larvae develop
into filariform larvae that penetrate the intestinal mucosa
or perianal skin, and enter the circulation. The most dan-
gerous manifestation of S stercoralis infection is the hyper-
infection syndrome, with dissemination of large numbers
of filariform larvae to the lungs and other tissues in immu-
nocompromised individuals. Mortality with this syndrome
approaches 100% without treatment and has been about
25% with treatment. The hyperinfection syndrome is seen
in patients receiving corticosteroids and other immuno-
suppressive medications; patients with hematologic malig-
nancies, malnutrition, or alcoholism; or persons with

AIDS. The risk seems greatest for those receiving
corticosteroids.

» Clinical Findings

A. Symptoms and Signs

As with other intestinal nematodes, most infected persons
are asymptomatic. An acute syndrome can be seen at the
time of infection, with a pruritic, erythematous, maculo-
papular rash, usually of the feet. These symptoms may be
followed by pulmonary symptoms (including dry cough,
dyspnea, and wheezing) and eosinophilia after a number of
days, followed by gastrointestinal symptoms after some
weeks, as with hookworm infections. Chronic infection
may be accompanied by epigastric pain, nausea, diarrhea,
and anemia. Maculopapular or urticarial rashes of the but-
tocks, perineum, and thighs, due to migrating larvae, may
be seen. Large worm burdens can lead to malabsorption or
intestinal obstruction. Eosinophilia is common but may
fluctuate.

With hyperinfection large numbers of larvae can
migrate to many tissues, including the lungs, CNS, kidneys,
and liver. Gastrointestinal symptoms can include abdomi-
nal pain, nausea, vomiting, diarrhea, and more severe find-
ings related to intestinal obstruction, perforation, or
hemorrhage. Bacterial sepsis, probably secondary to intes-
tinal ulcerations, is a common presenting finding. Pulmo-
nary findings include pneumonitis, cough, hemoptysis,
and respiratory failure. Sputum may contain adult worms,
larvae, and eggs. CNS disease includes meningitis and
brain abscesses; the CSF may contain larvae. Various pre-
sentations can progress to shock and death.

B. Laboratory Findings

The diagnosis of strongyloidiasis can be difficult, as eggs
are seldom found in feces. Diagnosis is usually based on
the identification of rhabditiform larvae in the stool or
duodenal contents. These larvae must be distinguished
from hookworm larvae, which may hatch after stool collec-
tion. Repeated examinations of stool or examination of
duodenal fluid may be required for diagnosis because the
sensitivity of individual tests is only about 30%. Hyperin-
fection is diagnosed by the identification of large numbers
of larvae in stool, sputum, or other body fluids. An ELISA
from the CDC offers about 90% sensitivity and specificity,
but cross-reactions with other helminths may occur. PCR
and related molecular diagnostic methods have improved
and are useful diagnostic tests. Eosinophilia and mild ane-
mia are common, but eosinophilia may be absent with
hyperinfection. Hyperinfection may include extensive pul-
monary infiltrates, hypoproteinemia, and abnormal liver
function studies.

C. Screening

It is important to be aware of the possibility of strongyloi-
diasis in persons with even a distant history of residence in
an endemic area, since the infection can be latent for
decades. Screening of at-risk individuals for infection is
appropriate before institution of immunosuppressive
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therapy. Screening can consist of serologic tests, with stool
examinations in those with positive serologic tests, but
consideration of presumptive treatment even if the stool
evaluations are negative.

» Treatment

Full eradication of S stercoralis is more important than with
other intestinal helminths due to the ability of the parasite
to replicate in humans. The treatment of choice for routine
infection is ivermectin (200 mcg/kg orally daily for
1–2 days). Less effective alternatives are albendazole
(400 mg orally twice daily for 3 days) and thiabendazole
(25 mg/kg orally twice daily for 3 days). For hyperinfec-
tion, ivermectin should be administered daily until the
clinical syndrome has resolved and larvae have not been
identified for at least 2 weeks. Follow-up examinations for
larvae in stool or sputum are necessary, with repeat dosing
if the infection persists. With continued immunosuppres-
sion, eradication may be difficult, and regular repeated
therapy (eg, monthly ivermectin) may be required.

ENTEROBIASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Nocturnal perianal pruritus.

» Identification of eggs or adult worms on perianal
skin or in stool.

» General Considerations

Enterobius vermicularis, the pinworm, is a common cause of
intestinal infections worldwide, with maximal prevalence in
school-aged children. Enterobiasis is transmitted person-to-
person via ingestion of eggs after contact with the hands or
perianal region of an infected individual, food or fomites
that have been contaminated by an infected individual, or
infected bedding or clothing. Autoinfection also occurs.
Eggs hatch in the duodenum and larvae migrate to the
cecum. Females mature in about a month, and remain viable
for about another month. During this time, they migrate
through the anus to deposit large numbers of eggs on the
perianal skin. Due to the relatively short life span of these
helminths, continuous reinfection, as in institutional set-
tings, is required for long-standing infection.

» Clinical Findings

A. Symptoms and Signs

Most individuals with pinworm infection are asymptom-
atic. The most common symptom is perianal pruritus,
particularly at night, due to the presence of the female
worms or deposited eggs. Insomnia, restlessness, and
enuresis are common in children. Perianal scratching may
result in excoriation and impetigo. Many mild gastrointes-
tinal symptoms have also been attributed to enterobiasis,
but associations are not proven. Serious sequelae are

uncommon. Rarely, worm migration results in inflamma-
tion or granulomatous reactions of the gastrointestinal or
genitourinary tracts. Colonic ulceration and eosinophilic
colitis have been reported.

B. Laboratory Findings

Pinworm eggs are usually not found in stool. Diagnosis is
made by finding adult worms or eggs on the perianal skin. A
common test is to apply clear cellophane tape to the perianal
skin, ideally in the early morning, followed by microscopic
examination for eggs. The sensitivity of the tape test is
reported to be about 50% for a single test and 90% for three
tests. Nocturnal examination of the perianal area or gross
examination of stools may reveal adult worms, which are
about 1 cm in length. Eosinophilia is rare.

» Treatment

Treatment is with single oral doses of albendazole
(400 mg), mebendazole (100 mg), or pyrantel pamoate
(11 mg/kg, to a maximum of 1 g). The dose is repeated in
2 weeks due to frequent reinfection. Other infected family
members should be treated concurrently, and treatment
of all close contacts may be appropriate when rates of
reinfection are high in family, school, or institutional set-
tings. Standard hand washing and hygiene practices are
helpful in limiting spread. Perianal scratching should be
discouraged. Washing of clothes and bedding should kill
pinworm eggs.

Else KJ et al. Whipworm and roundworm infections. Nat Rev Dis
Primers. 2020;6:44. [PMID: 32467581]

Jourdan PM et al. Soil-transmitted helminth infections. Lancet.
2018;391:252. [PMID: 28882382]

Krolewiecki A et al. Strongyloidiasis: a neglected tropical disease.
Infect Dis Clin North Am. 2019;33:135. [PMID: 30712758]

Moser W et al. Drug combinations against soil-transmitted hel-
minth infections. Adv Parasitol. 2019;103:91. [PMID: 30878060]

INVASIVE NEMATODE (Roundworm)
INFECTIONS

ANGIOSTRONGYLIASIS

Nematodes of rats of the genus Angiostrongylus cause two
distinct syndromes in humans. Angiostrongylus cantonensis,
the rat lungworm, causes eosinophilic meningoencephali-
tis, primarily in Southeast Asia and some Pacific islands,
but with multiple recent reports also from the Americas,
Hawaii (82 reported cases in 2007–17), and Australia. In
one study, A cantonensis was responsible for 67% of evalu-
able cases of eosinophilic meningitis in Vietnam.
Angiostrongylus costaricensis causes gastrointestinal
inflammation. In both diseases, human infection follows
ingestion of larvae within slugs or snails (and also crabs,
prawns, or centipedes for A cantonensis) or on material,
such as salads, contaminated by these organisms. Since the
parasites are not in their natural hosts, they cannot com-
plete their life cycles, but they can cause disease after
migrating to the brain or gastrointestinal tract. A cantonensis
can also migrate from the brain to the pulmonary arteries.
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» Clinical Findings

A. A cantonensis Infection

The disease is caused primarily by worm larvae migrating
through the CNS and an inflammatory response to dying
worms. After an incubation period of 1 day to 2 weeks,
presenting symptoms and signs include headache, stiff
neck, nausea, vomiting, cranial nerve abnormalities, and
paresthesias. Most cases resolve spontaneously after
2–8 weeks, but serious sequelae and death have been
reported. The diagnosis is strongly suggested by the find-
ing of eosinophilic CSF pleocytosis (over 10% eosinophils)
in a patient with a history of travel to an endemic area.
Peripheral eosinophilia may not be present. Definitive
diagnosis is made by recovery of A cantonensis larvae from
the CSF and the eyes, although this is uncommon.

B. A costaricensis Infection

Parasites penetrate ileocecal vasculature and develop into
adults, which lay eggs, but do not complete their life cycle.
Disease is due to an inflammatory response to dying worms
in the intestinal tract, with an eosinophilic granulomatous
response, at times including vasculitis and ischemic necrosis.
Common findings are abdominal pain, vomiting, and fever.
Pain is most commonly localized to the right lower quad-
rant, and a mass may be appreciated, all mimicking appen-
dicitis. Symptoms may recur over months. Uncommon
findings are intestinal perforation or obstruction, or disease
due to migration of worms to other sites. Many cases are
managed surgically, usually for suspected appendicitis.
Biopsy of inflamed intestinal tissue may show worms local-
ized to mesenteric arteries and eosinophilic granulomas.

» Treatment

Antihelminthic therapy may be harmful for A cantonensis
infection, since responses to dying worms may worsen
with therapy. If antihelminthic treatment is to be used,
albendazole is probably the best choice, and therapy should
be early in the disease course (within 3 weeks of exposure).
Corticosteroids have commonly been used, and these are
probably appropriate if antihelminthics are provided. Ocu-
lar infection is treated surgically. It is not known if antihel-
minthic therapy is helpful for A costaricensis infection.

Johnston DI et al. Review of cases of angiostrongyliasis in Hawaii,
2007–2017. Am J Trop Med Hyg. 2019;101:608. [PMID: 31287041]

McAuliffe L et al. Severe CNS angiostrongyliasis in a young
marine: a case report and literature review. Lancet Infect Dis.
2019;19:e132. [PMID: 30454904]

CUTANEOUS LARVA MIGRANS
(Creeping Eruption)

Cutaneous larva migrans is caused principally by larvae of
the dog and cat hookworms, Ancylostoma braziliense and A
caninum. Other animal hookworms, gnathostomiasis, and
strongyloidiasis may also cause this syndrome. Infections
are common in warm areas, including the southeastern
United States. They are most common in children. The
disease is caused by the migration of worms through skin;

the nonhuman parasites cannot complete their life cycles,
so only cause cutaneous disease.

» Clinical Findings

Intensely pruritic erythematous papules develop, usually on
the feet or hands, followed within a few days by serpiginous
tracks marking the course of the parasite, which may travel
several millimeters per day (Figure 35–8). Several tracks may
be present. The process may continue for weeks, with lesions
becoming vesiculated, encrusted, or secondarily infected.
Systemic symptoms and eosinophilia are uncommon.

The diagnosis is based on the characteristic appearance
of the lesions. Biopsy is usually not indicated.

» Treatment

Without treatment, the larvae eventually die and are absorbed.
Mild cases do not require treatment. Thiabendazole (10%
aqueous suspension) can be applied topically three times daily
for 5 or more days. Systemic therapy with albendazole
(400 mg orally once or twice daily for 3–5 days) or ivermectin
(200 mcg/kg orally single dose) is highly effective.

Kincaid L et al. Management of imported cutaneous larva
migrans: a case series and mini-review. Travel Med Infect Dis.
2015;13:382. [PMID: 26243366]

FILARIASIS

LYMPHATIC FILARIASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Episodic attacks of lymphangitis, lymphadenitis,
and fever.

» Chronic progressive swelling of extremities and
genitals; hydrocele; chyluria; lymphedema.

» Microfilariae in blood, chyluria, or hydrocele fluid;
positive serologic tests.

▲ Figure 35–8. Cutaneous larva migrans on the foot.
(Used, with permission, from Richard P. Usatine, MD, in Usatine
RP, Smith MA, Mayeaux EJ Jr, Chumley HS. The Color Atlas
and Synopsis of Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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» General Considerations

Lymphatic filariasis is caused by three filarial nematodes:
Wuchereria bancrofti, Brugia malayi, and Brugia timori,
and is among the most important parasitic diseases of man.
Approximately 120 million people are infected with these
organisms in tropical and subtropical countries, about a
third of these suffer clinical consequences of the infections,
and many are seriously disfigured. W bancrofti causes
about 90% of episodes of lymphatic filariasis. It is transmit-
ted by Culex, Aedes, and Anopheles mosquitoes and is
widely distributed in the tropics and subtropics, including
sub-Saharan Africa, Southeast Asia, the western Pacific,
India, South America, and the Caribbean. B malayi is
transmitted by Mansonia and Anopheles mosquitoes and is
endemic in parts of China, India, Southeast Asia, and the
Pacific. B timori is found only in islands of southeastern
Indonesia. Mansonella are filarial worms transmitted by
midges and other insects in Africa and South America.

Humans are infected by the bites of infected mosqui-
toes. Larvae then move to the lymphatics and lymph nodes,
where they mature over months to thread-like adult
worms, and then can persist for many years. The adult
worms produce large numbers of microfilariae, which are
released into the circulation, and infective to mosquitoes,
particularly at night (except for the South Pacific, where
microfilaremia peaks during daylight hours).

» Clinical Findings

A. Symptoms and Signs

Many infections remain asymptomatic despite circulating
microfilariae. Clinical consequences of filarial infection are
principally due to inflammatory responses to developing,
mature, and dying worms. The initial manifestation of
infection is often acute lymphangitis, with fever, painful
lymph nodes, edema, and inflammation spreading periph-
erally from involved lymph nodes (in contrast to bacterial
lymphangitis, which spreads centrally). Lymphangitis and
lymphadenitis of the upper and lower extremities is com-
mon (Figure 35–9); genital involvement, including epidid-
ymitis and orchitis, with scrotal pain and tenderness,
occurs principally only with W bancrofti infection. Acute
attacks of lymphangitis last for a few days to a week and
may recur a few times per year. Filarial fevers may also
occur without lymphatic inflammation.

The most common chronic manifestation of lymphatic
filariasis is swelling of the extremities or genitals due to
chronic lymphatic inflammation and obstruction. Extrem-
ities become increasingly swollen, with a progression over
time from pitting edema, to nonpitting edema, to sclerotic
changes of the skin that are referred to as elephantiasis.
Genital involvement, particularly with W bancrofti, occurs
more commonly in men, progressing from painful epididy-
mitis to hydroceles that are usually painless but can
become very large, with inguinal lymphadenopathy, thick-
ening of the spermatic cord, scrotal lymphedema, thicken-
ing and fissuring of the scrotal skin, and occasionally
chyluria. Lymphedema of the female genitalia and breasts
may also occur.

Tropical pulmonary eosinophilia is a distinct syn-
drome principally affecting young adult males with either
W bancrofti or B malayi infection, but typically without
microfilaremia. This syndrome is characterized by asthma-
like symptoms, with cough, wheezing, dyspnea, and low-
grade fevers, usually at night. Without treatment, tropical
pulmonary eosinophilia can progress to interstitial fibrosis
and chronic restrictive lung disease. Mansonella can inhabit
serous cavities, the retroperitoneum, the eye, or the skin,
and cause abnormalities related to inflammation at these
sites.

B. Laboratory Findings

The diagnosis of lymphatic filariasis is strongly suggested
by characteristic findings of lymphangitis or lymphatic
obstruction in persons with risk factors for the disease. The
diagnosis is confirmed by finding microfilariae, usually in
blood, but microfilariae may be absent, especially early in
the disease progression (first 2–3 years) or with chronic
obstructive disease. To increase yields, blood samples are
obtained at about midnight in most areas, but during day-
light hours in the South Pacific. Smears are evaluated by
wet mount to identify motile parasites and by Giemsa
staining; these examinations can be delayed until the fol-
lowing morning, with storage of samples at room tempera-
ture. Of note, the periodicity of microfilaremia is variable,
and daytime samples may yield positive results. Microfi-
lariae may also be identified in hydrocele fluid or chylous
urine. Eosinophilia is usually absent, except during acute
inflammatory syndromes. Serologic tests may be helpful
but cannot distinguish past and active infections. Rapid
antigen tests with sensitivity and specificity over 90% are
available for detection of W bancrofti. These can be consid-
ered the diagnostic tests of choice and are used to guide
control programs. However, cross-reactivity with Loa loa
infections has been described. Due to potential severe tox-
icity, caution is appropriate before treatment with

▲ Figure 35–9. Elephantiasis of legs due to filariasis.
(Public Health Image Library, CDC.)
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ivermectin for positive W bancrofti antigen tests in areas
also endemic for L loa infection. Multiple molecular tests,
including field-friendly LAMP assays, have been devel-
oped. Adult worms may also be found in lymph node
biopsy specimens (although biopsy is not usually clinically
indicated) or by ultrasound of a scrotal hydrocele or
lymphedematous breast. When microfilaremia is lacking,
especially if sophisticated techniques are not available,
diagnoses may need to be made on clinical grounds.

» Treatment & Control

A. Drug Treatment

Diethylcarbamazine is the drug of choice, but it cannot
cure infections due to its limited action against adult
worms. Asymptomatic infection and acute lymphangitis
are treated with this drug (2 mg/kg orally three times daily)
for 10–14 days, leading to a marked decrease in microfila-
remia. Therapy may be accompanied by allergic symptoms,
including fever, headache, malaise, hypotension, and bron-
chospasm, probably due to release of antigens from dying
worms. For this reason, treatment courses may begin with
a lower dosage, with escalation over the first 4 days of treat-
ment. Single annual doses of diethylcarbamazine (6 mg/kg
orally), alone or with ivermectin (400 mcg/kg orally) or
albendazole (400 mg orally) may be as effective as longer
courses of diethylcarbamazine. Combination therapy with
a single dose of each of the three drugs cleared parasites in
more than 95% of persons for 3 years and offered superior
clearance compared to a single dose of diethylcarbamazine
plus albendazole and noninferiority compared to three
annual doses of the two-drug regimen; triple-drug therapy
was as safe and well-tolerated. When onchocerciasis or
loiasis is suspected, it may be appropriate to withhold
diethylcarbamazine to avoid severe reactions to dying
microfilariae; rather, ivermectin plus albendazole may be
given, although these drugs are less active than diethylcar-
bamazine against adult worms. Appropriate management
of advanced obstructive disease is uncertain. Drainage of
hydroceles provides symptomatic relief, although they will
recur. Therapy with diethylcarbamazine cannot reverse
chronic lymphatic changes, but is typically provided to
lower worm burdens. An interesting approach under study
is to treat with doxycycline (100–200 mg/day orally for
4–6 weeks), which kills obligate intracellular Wolbachia
bacteria, leading to death of adult filarial worms. Doxycy-
cline was also effective at controlling Mansonella perstans
infection, which does not respond well to standard antifi-
larial drugs. Secondary bacterial infections must be treated.
Surgical correction may be helpful in some cases.

B. Disease Control

Avoidance of mosquitoes is a key measure; preventive mea-
sures include the use of screens, bed nets (ideally treated
with insecticide), and insect repellents. Community-based
treatment with single annual doses of effective drugs offers
a highly effective means of control. The current WHO
strategy for control includes mass treatment of at-risk com-
munities with single annual doses of diethylcarbamazine

plus albendazole or, for areas with onchocerciasis, albenda-
zole plus ivermectin; in some circumstances, more fre-
quent dosing offers improved control.

Dubray CL et al. Safety and efficacy of co-administered diethyl-
carbamazine, albendazole and ivermectin during mass drug
administration for lymphatic filariasis in Haiti: results from a
two-armed, open-label, cluster-randomized, community
study. PLoS Negl Trop Dis. 2020;14:e0008298. [PMID:
32511226]

King CL et al. A trial of a triple-drug treatment for lymphatic
filariasis. N Engl J Med. 2018;379:1801. [PMID: 30403937]

Weil GJ et al. The safety of double- and triple-drug community
mass drug administration for lymphatic filariasis: a multi-
center, open-label, cluster-randomized study. PLoS Med.
2019;16:e1002839. [PMID: 31233507]

ONCHOCERCIASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Conjunctivitis progressing to blindness.

» Severe pruritus; skin excoriations, thickening, and
depigmentation; and subcutaneous nodules.

» Microfilariae in skin snips and on slit-lamp exami-
nation; adult worms in subcutaneous nodules.

» General Considerations

Onchocerciasis, or river blindness, is caused by Onchocerca
volvulus. An estimated 37 million persons are infected, of
whom 3–4 million have skin disease, 500,000 have severe
visual impairment, and 300,000 are blinded. Over 99% of
infections are in sub-Saharan Africa, especially the West
African savanna, with about half of cases in Nigeria and
Congo. In some hyperendemic African villages, close to
100% of individuals are infected, and 10% or more of the
population is blind. The disease is also prevalent in the
southwestern Arabian Peninsula and Latin America, includ-
ing southern Mexico, Guatemala, Venezuela, Colombia,
Ecuador, and northwestern Brazil. Onchocerciasis is trans-
mitted by simulium flies (blackflies). These insects breed in
fast-flowing streams and bite during the day.

After the bite of an infected blackfly, larvae are depos-
ited in the skin, where adults develop over 6–12 months.
Adult worms live in subcutaneous connective tissue or
muscle nodules for a decade or more. Microfilariae are
released from the nodules and migrate through subcutane-
ous and ocular tissues. Disease is due to responses to
worms and to intracellular Wolbachia bacteria.

» Clinical Findings

A. Symptoms and Signs

After an incubation period of up to 1–3 years, the disease
typically produces an erythematous, papular, pruritic rash,
which may progress to chronic skin thickening and
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depigmentation. Itching may be severe and unresponsive
to medications, such that more disability-adjusted life-years
are lost to onchocercal skin problems than to blindness.
Numerous firm, nontender, movable subcutaneous nod-
ules of about 0.5–3 cm, which contain adult worms, may be
present. Due to differences in vector habits, these nodules
are more commonly on the lower body in Africa but on the
head and upper body in Latin America. Inguinal and femo-
ral lymphadenopathy is common, at times resulting in a
“hanging groin,” with lymph nodes hanging within a sling
of atrophic skin. Patients may also have systemic symp-
toms, with weight loss and musculoskeletal pain.

The most serious manifestations of onchocerciasis
involve the eyes. Microfilariae migrating through the eyes
elicit host responses that lead to pathology. Findings
include punctate keratitis and corneal opacities, progress-
ing to sclerosing keratitis and blindness. Iridocyclitis, glau-
coma, choroiditis, and optic atrophy may also lead to vision
loss. The likelihood of blindness after infection varies
greatly based on geography, with the risk greatest in
savanna regions of West Africa.

B. Diagnostic Testing

The diagnosis is made by identifying microfilariae in skin
snips, by visualizing microfilariae in the cornea or anterior
chamber by slit-lamp examination, by identification of adult
worms in a biopsy or aspirate of a nodule or, uncommonly, by
identification of microfilariae in urine. Skin snips from the
iliac crest (Africa) or scapula (Americas) are allowed to stand
in saline for 2–4 hours or longer, and then examined micro-
scopically for microfilariae. Deep punch biopsies are not
needed, and if suspicion persists after a skin snip is negative,
the procedure should be repeated. Ultrasound may identify
characteristic findings suggestive of adult worms in skin nod-
ules. When the diagnosis remains difficult, the Mazzotti test
can be used; exacerbation of skin rash and pruritus after a
50-mg oral dose of diethylcarbamazine is highly suggestive of
the diagnosis. This test should only be used after other tests
are negative, since treatment can elicit severe skin and eye
reactions in heavily infected individuals. A related and safer
test using topical diethylcarbamazine is also available. Eosino-
philia is a common but inconsistent finding. Antigen and
antibody detection tests are under study.

» Treatment & Control

The treatment of choice is ivermectin, which kills micro-
filariae, but not adult worms, so disease control requires
repeat administrations. Treatment is with a single oral
dose of 150 mcg/mL, but schedules for re-treatment have
not been standardized. One regimen is to treat every
3 months for 1 year, followed by treatment every
6–12 months for the suspected life span of adult worms
(about 15 years). Treatment results in marked reduction
in numbers of microfilariae in the skin and eyes, although
its impact on the progression of visual loss remains
uncertain. Toxicities of ivermectin are generally mild;
fever, pruritus, urticaria, myalgias, edema, hypotension,
and tender lymphadenopathy may be seen, presumably
due to reactions to dying worms. Ivermectin should be
used with caution in patients also at risk for loiasis, since
it can elicit severe reactions including encephalopathy.
Moxidectin, which is used for many veterinary parasitic
infections, was approved by the FDA for the treatment of
onchocerciasis in 2018. Moxidectin was well-tolerated
and superior to ivermectin in suppressing skin microfi-
lariae and offers another agent for treatment and control.
As with other filarial infections, doxycycline acts against
O volvulus by killing intracellular Wolbachia bacteria. A
course of 100 mg/day for 4–6 weeks kills the bacteria and
prevents parasite embryogenesis for at least 18 months.
Doxycycline shows promise as a first-line agent to treat
onchocerciasis because of its improved activity against
adult worms compared to other agents and limited toxic-
ity due to the slow action of the drug.

Protection against onchocerciasis includes avoidance of
biting flies. Major efforts are underway to control insect
vectors in Africa. In addition, mass distribution of iver-
mectin for intermittent administration at the community
level is ongoing, and the prevalence of severe skin and eye
disease is decreasing.

Opoku NO et al. Single dose moxidectin versus ivermectin for
Onchocerca volvulus infection in Ghana, Liberia, and the
Democratic Republic of the Congo: a randomised, controlled,
double-blind phase 3 trial. Lancet. 2018;392:1207. [PMID:
29361335]
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CANDIDIASIS

E S S E N T I A L S  O F  D I A G N O S I S

» Common normal flora but opportunistic pathogen.

» Typically mucosal disease, particularly vaginitis
and oral thrush/esophagitis.

» Persistent, unexplained oral or vaginal candidiasis:
check for HIV or diabetes mellitus.

» (1,3)-Beta-D-glucan results may be positive in can-
didemia even when blood cultures are negative.

» General Considerations

Candida albicans can be cultured from the mouth, vagina,
and feces of most people. Cellular immunodeficiency pre-
disposes to mucocutaneous disease. When no other under-
lying cause is found, persistent oral or vaginal candidiasis
should raise suspicion for HIV infection or diabetes. Risk
factors for invasive candidiasis include prolonged neutro-
penia, abdominal surgery, broad-spectrum antibiotic ther-
apy, corticosteroids, kidney disease, and the presence of
intravascular catheters. Although C albicans remains the
most common cause of both mucocutaneous and systemic
candidiasis, non-albicans strains are of considerable impor-
tance in certain contexts and may impact therapy owing to
antifungal resistance.

» Clinical Findings

A. Mucosal Candidiasis

Vulvovaginal candidiasis occurs in an estimated 75% of
women during their lifetime. Risk factors include preg-
nancy, uncontrolled diabetes mellitus, broad-spectrum
antimicrobial treatment, corticosteroid use, and HIV infec-
tion. Symptoms include acute vulvar pruritus, burning
vaginal discharge, and dyspareunia.

Esophageal candidiasis may present clinically with
symptoms of substernal odynophagia, gastroesophageal
reflux, or nausea without substernal pain. Oral candidiasis,

though often associated, is not invariably present. Diagnosis
is best confirmed by endoscopy with biopsy and culture.

B. Candidal Funguria

Most cases of candidal funguria are asymptomatic and rep-
resent specimen contamination or bladder colonization (and
do not warrant antifungal therapy). However, symptoms and
signs of true Candida urinary tract infections are indistin-
guishable from bacterial urinary tract infections and can
include urgency, hesitancy, fever, chills, or flank pain.

C. Invasive Candidiasis

Invasive candidiasis can be (1) candidemia (bloodstream
infection) without deep-seated infection; (2) candidemia
with deep-seated infection (typically eyes, kidney, or abdo-
men); and (3) deep-seated candidiasis in the absence of
bloodstream infection (ie, hepatosplenic candidiasis).
Varying ratios of these clinical entities depends on the pre-
dominating risk factors for affected patients (ie, neutrope-
nia, indwelling vascular catheters, postsurgical).

The clinical presentation of candidemia varies from
minimal fever to septic shock that can resemble a severe
bacterial infection. The diagnosis of invasive Candida
infection is challenging, since Candida species are often
isolated from mucosal sites in the absence of invasive
disease while blood cultures are positive only 50% of the
time in invasive infection. Consecutively positive
(1,3)-beta-D-glucan results may be used to guide empiric
therapy in high-risk patients even in the absence of posi-
tive blood cultures.

Hepatosplenic candidiasis can occur following pro-
longed neutropenia in patients with underlying hemato-
logic cancers, but this entity is less common in the era of
widespread antifungal prophylaxis. Typically, fever and
variable abdominal pain present weeks after chemotherapy
when neutrophil counts have recovered. Blood cultures are
generally negative, though hepatosplenic abscesses may be
seen on abdominal imaging.

D. Candidal Endocarditis

Candidal endocarditis is a rare infection affecting patients
with prosthetic heart valves or prolonged candidemia, such

36Stacey R. Rose, MD, FACP

Richard J. Hamill, MD
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as with indwelling catheters. The diagnosis is established
definitively by culturing Candida from vegetations at the
time of valve replacement.

» Treatment

A. Mucosal Candidiasis

Vulvovaginal candidiasis can be treated with topical or
oral azoles. A single 150-mg oral dose of fluconazole is
equivalent to topical treatments with better patient accep-
tance. Topical azole preparations include clotrimazole,
100-mg vaginal tablet for 7 days, or miconazole, 200-mg
vaginal suppository for 3 days. Disease recurrence is com-
mon but can be decreased with weekly oral fluconazole
therapy (150 mg weekly). Vulvovaginal candidiasis caused
by non-albicans strains (eg, Candida glabrata) may require
alternative therapies (such as intravaginal boric acid) in the
setting of azole resistance. Oral ibrexafungerp, a highly
bioavailable glucan synthase inhibitor, may also be effec-
tive for azole-resistant disease.

Treatment of esophageal candidiasis depends on the
severity of disease. If patients are able to swallow and take
adequate amounts of fluid orally, fluconazole, 200–400 mg
daily for 14–21 days, is recommended. Patients who are
unable to tolerate oral therapy should receive intravenous
fluconazole, 400 mg daily, or an echinocandin. Options
for patients with fluconazole-refractory disease include
oral itraconazole solution, 200 mg daily; oral or intravenous
voriconazole, 200 mg twice daily; or an intravenous
echinocandin (caspofungin, 70 mg loading dose, then
50 mg/day; anidulafungin, 200 mg/day; or intravenous
micafungin, 150 mg/day). Posaconazole tablets, 300 mg/
day, may also be considered for fluconazole-refractory
disease. Relapse is common with all agents when there is
underlying HIV infection without adequate immune
reconstitution.

B. Candidal Funguria

Candidal funguria frequently resolves with discontinuance
of antibiotics or removal of bladder catheters. Clinical ben-
efit from treatment of asymptomatic candiduria has not
been demonstrated, but persistent funguria should raise
the suspicion of invasive infection. When symptomatic
funguria persists, oral fluconazole, 200 mg/day for 7–14 days,
can be used.

C. Invasive Candidiasis

The 2016 Infectious Diseases Society of America guide-
lines for management of candidemia recommend an intra-
venous echinocandin as first-line therapy (ie, caspofungin
(70 mg once, then 50 mg daily), micafungin (100 mg daily),
or anidulafungin (200 mg once, then 100 mg daily). Intra-
venous or oral fluconazole (800 mg once, then 400 mg
daily) is an acceptable alternative for less critically ill
patients without recent azole exposure.

Therapy for candidemia should be continued for 2 weeks
after the last positive blood culture and resolution of symp-
toms and signs of infection. A dilated fundoscopic

examination is recommended for patients with candidemia
to exclude endophthalmitis and repeat blood cultures
should be drawn to demonstrate organism clearance.
Susceptibility testing is recommended on all bloodstream
Candida isolates; once patients have become clinically
stable, parenteral therapy can be discontinued and treat-
ment can be completed with oral fluconazole, 400 mg
daily for susceptible isolates. Removal or exchange of
intravascular catheters is recommended for patients with
candidemia in whom the catheter is the suspected source
of infection.

Non-albicans species of Candida often have resistance
patterns that are different from C albicans. An echinocan-
din is recommended for treatment of C glabrata infection
with transition to oral fluconazole or voriconazole reserved
for patients whose isolates are known to be susceptible to
these agents. For isolates with resistance to azoles and echi-
nocandins, lipid formulation amphotericin B (3–5 mg/kg
intravenously daily) may be used. C krusei is generally
fluconazole-resistant and so should be treated with an
alternative agent, such as an echinocandin or voriconazole.
Cases of health care–associated infections due to multi-
drug-resistant Candida auris have been described from
several countries, including the United States, with most
cases having been treated with echinocandins plus envi-
ronmental source control.

D. Candidal Endocarditis

Best results are achieved with a combination of medical
and surgical therapy (valve replacement). Lipid formu-
lation amphotericin B (3–5 mg/kg/day) or high-dose
echinocandin (caspofungin 150 mg/day, micafungin
150 mg/day, or anidulafungin 200 mg/day) is recom-
mended as initial therapy. Step-down or long-term sup-
pressive therapy for nonsurgical candidates may be
done with fluconazole at 6–12 mg/kg/day for susceptible
organisms.

E. Prevention of Invasive Candidiasis

In high-risk patients undergoing induction chemotherapy,
bone marrow transplantation, or liver transplantation, pro-
phylaxis with antifungal agents has been shown to prevent
invasive fungal infections, although the effect on mortality
and the preferred agent remain debated. Although the iso-
lation of Candida species from mucosal sites raises the
possibility of invasive candidiasis among critically ill
patients, trials of empiric antifungal agents in such situa-
tions have not shown clear clinical benefit.

Bradley SF. JAMA patient page. Candida auris infection. JAMA.
2019;322:1526. [PMID: 31613347]

Pappas PG et al. Clinical practice guideline for the management
of candidiasis: 2016 update by the Infectious Diseases Society
of America. Clin Infect Dis. 2016;62:e1. [PMID: 26679628]

Pristov KE et al. Resistance of Candida to azoles and echinocan-
dins worldwide. Clin Microbiol Infect. 2019;25:792. [PMID:
30965100]
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HISTOPLASMOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Exposure to bird and bat droppings; common
along river valleys (especially the Ohio River and
the Mississippi River valleys).

» Most patients asymptomatic; respiratory illness
most frequent clinical problem.

» Disseminated disease common in AIDS or other
immunosuppressed states; poor prognosis.

» Blood and bone marrow cultures and urine poly-
saccharide antigen are useful in diagnosis of dis-
seminated disease.

» General Considerations

Histoplasmosis is caused by Histoplasma capsulatum, a
dimorphic fungus that has been isolated from soil con-
taminated with bird or bat droppings in endemic areas
(central and eastern United States, eastern Canada, Mexico,
Central America, South America, Africa, and Southeast Asia).
Infection presumably takes place by inhalation of conidia.
These convert into small budding cells that are engulfed
by phagocytes in the lungs. The organism proliferates
and undergoes lymphohematogenous spread to other
organs.

» Clinical Findings

A. Symptoms and Signs

Most cases of histoplasmosis are asymptomatic or mild and
thus go unrecognized. Past infection is recognized by pul-
monary and splenic calcification noted on incidental
radiographs. Symptomatic infection may present with mild
influenza-like illness, often lasting 1–4 days. Moderately
severe infections are frequently diagnosed as atypical
pneumonia. These patients have fever, cough, and mild
central chest pain lasting 5–15 days.

Clinically evident infections occur in several forms: (1)
Acute pulmonary histoplasmosis frequently occurs in
epidemics, often when soil containing infected bird or bat
droppings is disturbed. Clinical manifestations can vary
from a mild influenza-like illness to severe pneumonia.
The illness may last from 1 week to 6 months but is almost
never fatal. (2) Progressive disseminated histoplasmosis
most frequently occurs in patients with underlying HIV
infection (with CD4 cell counts usually less than 100 cells/
mcL) or other conditions of impaired cellular immunity.
Disseminated histoplasmosis has also been reported in
patients from endemic areas taking tumor necrosis factor
(TNF)-alpha inhibitors. It is characterized by fever and
multiple organ system involvement. Chest radiographs
may show a miliary pattern. Presentation may be fulmi-
nant, simulating septic shock, with death ensuing rapidly
unless treatment is provided. Symptoms usually consist of

fever, dyspnea, cough, loss of weight, and prostration.
Ulcers of the mucous membranes of the oropharynx may
be present. The liver and spleen are nearly always enlarged,
and all the organs of the body are involved, particularly the
adrenal glands; this results in adrenal insufficiency in about
50% of patients. Gastrointestinal involvement may mimic
inflammatory bowel disease. Central nervous system
(CNS) invasion occurs in 5–10% of individuals with dis-
seminated disease. (3) Chronic pulmonary histoplasmo-
sis is usually seen in older patients who have underlying
chronic lung disease. Chest radiographs show various
lesions including complex apical cavities, infiltrates, and
nodules. (4) Complications of pulmonary histoplasmosis
include granulomatous mediastinitis characterized by per-
sistently enlarged mediastinal lymph nodes and fibrosing
mediastinitis in which an excessive fibrotic response to
Histoplasma infection results in compromise of pulmonary
vascular structures.

B. Laboratory Findings

Most patients with chronic pulmonary disease show ane-
mia of chronic disease. Bone marrow involvement with
pancytopenia may be prominent in disseminated forms.
Marked lactate dehydrogenase (LD) and ferritin elevations
are also common, as are mild elevations of serum aspartate
aminotransferase.

With pulmonary involvement, sputum culture is rarely
positive except in chronic disease; antigen testing of bron-
choalveolar lavage fluid may be helpful in acute disease.
The combination of urine and serum polysaccharide anti-
gen assays has an 83% sensitivity for the diagnosis of acute
pulmonary histoplasmosis.

Blood or bone marrow cultures from immunocompro-
mised patients with acute disseminated disease are positive
more than 80% of the time but may take several weeks for
growth. The urine antigen assay has a sensitivity of greater
than 90% for disseminated disease in immunocompro-
mised patients and a declining titer can be used to follow
response to therapy. Both CSF antigen and antibody testing
should be performed in patients suspected of having
meningitis.

» Treatment

For progressive localized disease and for mild to moder-
ately severe nonmeningeal disseminated disease in immu-
nocompetent or immunocompromised patients, itraconazole,
200–400 mg/day orally divided into two doses, is the treat-
ment of choice with an overall response rate of approxi-
mately 80% (Table 36–1). The oral solution is better
absorbed than the capsule formulation, which requires
gastric acid for absorption. Therapeutic drug monitoring
of itraconazole levels should be performed to assess ade-
quacy of drug absorption. Duration of therapy ranges from
weeks to several months depending on the severity of ill-
ness. Intravenous liposomal amphotericin B, 3 mg/kg/day,
is used in patients with more severe disseminated disease
and meningitis. Patients with AIDS-related histoplasmosis
require lifelong suppressive therapy with itraconazole,
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Table 36–1. Agents for systemic mycoses.*

Dug Dosing

rnl

Clnc?

CSF

pnion? toxiciis Scum of aciviy

polyns

Amphotericin B 0.3–1.5 mg/kg/day

intravenously

No Poor Rigors, fever, azotemia,

hypokalemia, hypo-

magnesemia, renal

tubular acidosis,

anemia

All major pathogens

except Scedosporium

Amphotericin B

lipid complex

5 mg/kg/day intravenously No Poor Fever, rigors, nausea,

hypotension, anemia,

azotemia, tachypnea

Same as amphotericin B,

above

Amphotericin B,

liposomal

3–6 mg/kg/day intravenously No Poor Fever, rigors, nausea,

hypotension, azote-

mia, anemia, tachy-

pnea, chest tightness

Same as amphotericin B,

above

Preferred agent for CNS

azols

Fluconazole Systemic infection: 400–2000

mg/day intravenously or

orally

Mucosal infection: 100–200

mg/day orally

Yes Yes Nausea, rash, xerosis,

alopecia, headache,

hepatic enzyme

elevations

Mucosal candidiasis

(including urinary

tract), cryptococcosis,

histoplasmosis,

coccidioidomycosis

Isavuconazole 200 mg orally or intravenously

every 8 hours for 6 doses

(48 hours) as loading dose,

followed by 200 mg/day

orally or intravenously

No Low in CSF, high

in brain

Nausea, diarrhea, upper

abdominal pain,

dizziness

Broad range of activity

including invasive

aspergillosis and

mucormycosis (limited

data for Mucorales)

Itraconazole Oral solution and capsule

formulations available, both

dosed at 200 mg three

times daily for 3 days, then

200 mg once or twice daily

thereafter1

No Variable Nausea, hypokalemia,

edema, hypertension,

peripheral neuropa-

thy, exacerbation of

heart failure

Histoplasmosis,

coccidioidomycosis,

blastomycosis, paracoc-

cidioidomycosis,

mucosal candidiasis

(except urinary),

sporotrichosis, aspergil-

losis, chromomycosis

SUBA-

itraconazole

130 mg by mouth once daily

(two 65-mg capsules)

No Variable Nausea, hypokalemia,

edema, hypertension,

peripheral neuropa-

thy, exacerbation of

heart failure

FDA-approved for treat-

ment histoplasmosis,

blastomycosis,

aspergillosis

Ketoconazole 200–800 mg/day orally in one

or two doses with food or

acidic beverage

No Poor Anorexia, nausea, sup-

pression of testoster-

one and cortisol, rash,

headache, hepatic

enzyme elevations,

hepatic failure

Nonmeningeal histoplas-

mosis and coccidioido-

mycosis, blastomycosis,

paracoccidioidomyco-

sis, mucosal candidiasis

(except urinary)

Posaconazole Delayed-release tablet formu-

lation preferred over oral

solution due to more pre-

dictable absorption

For delayed-release tablet or

intravenous formulation:

300 mg twice daily for

2 doses (1 day) as loading

dose followed by 300 mg

daily thereafter

No Yes Nausea, vomiting,

abdominal pain, diar-

rhea, and headache;

pseudohyperaldoste-

ronism

Broad range of activity

including the Mucorales

(continued)

CMDT22_Ch36_p1553-p1565.indd 1556 02/07/21 2:42 PM



MYCOtIC INFeCtIONS 1557CMDT 2022

Table 36–1. Agents for systemic mycoses.*

Dug Dosing

rnl

Clnc?

CSF

pnion? toxiciis Scum of aciviy

azols (con.)

Voriconazole2 Systemic infection:

6 mg/kg intravenously every

12 hours for 24 hours

loading dose, followed by

4 mg/kg intravenously every

12 hours or 200–300 mg

orally every 12 hours

Mucosal infection:

200–300 mg orally every

12 hours (no loading dose

required)

Yes Yes Transient visual distur-

bances, rash, photo-

sensitivity, fluoride

excess with periostitis,

peripheral neuropa-

thy, squamous cell

skin cancers, hepatic

enzyme elevations1

All major pathogens

except the Mucorales

and sporotrichosis

ecinocndins

Anidulafungin 200-mg intravenous loading

dose, followed by 100 mg/

day intravenously

< 1% Poor Diarrhea, hepatic

enzyme elevations,

histamine-mediated

reactions

Mucosal and invasive

candidiasis

Caspofungin

acetate

70-mg intravenous loading

dose, followed by 50 mg/

day intravenously

< 50%3 Poor Transient neutropenia;

hepatic enzyme ele-

vations when used

with cyclosporine

Aspergillosis, mucosal and

invasive candidiasis,

empiric antifungal

therapy in febrile

neutropenia

Micafungin

sodium

100 mg/day intravenously No Poor Rash, rigors, headache,

phlebitis

Mucosal and invasive can-

didiasis, prophylaxis in

hematopoietic stem cell

transplantation

animboli

Flucytosine (5-FC) 100–150 mg/kg/day orally in

four divided doses

Yes Yes Leukopenia,4 rash,

diarrhea, hepatitis,

nausea, vomiting

Cryptococcosis,5

candidiasis,5

chromomycosis

allylmin

Terbinafine 250 mg once daily orally Yes Poor Nausea, abdominal pain,

taste disturbance,

rash, diarrhea, and

hepatic enzyme

elevations

Dermatophytes,

sporotrichosis,

chromomycosis,

eumycetoma

*General information provided, but specific dosing may vary by indication and other patient characteristics; an infectious diseases specialist should
be consulted for complex cases.
1Oral solution preferred due to less variable absorption; capsule should be taken with food and acidic beverages to enhance absorption.
For severe infections, blood levels should be measured to ensure adequate exposure.
2Some authorities advocate therapeutic drug monitoring in patients who are not responding to therapy. Administration with drugs that
are metabolized by the cytochrome P450 system is contraindicated or requires careful monitoring of liver function. Intravenous formulation
is contraindicated for patients with CrCl < 50 mL/min because of accumulation of cyclodextrin.
3No dosage adjustment required for chronic kidney disease; dosage adjustment necessary with moderate to severe hepatic dysfunction.
4Use should be monitored with blood levels to prevent this or the dose adjusted according to creatinine clearance.
5In combination with amphotericin B.
CNS, central nervous system; CSF, cerebrospinal fluid.

200 mg/day orally, although secondary prophylaxis may
be discontinued if immune reconstitution occurs in
response to antiretroviral therapy. Criteria for discon-
tinuing secondary prophylaxis include 1 year of success-
ful antifungal therapy along with a CD4 cell count of
greater than 150 cells/mcL and 6 months or more of
antiretroviral treatment (ART). There is no clear evi-
dence that antifungal agents are of benefit for patients

with fibrosing mediastinitis, although oral itraconazole is
often used. Rituximab, in conjunction with corticoste-
roids, may contribute to slowing progression of the
fibrosing process and provide some clinical benefit.
Reported outcomes in patients with fibrosing mediasti-
nitis treated with either surgical procedures or nonsurgi-
cal intravascular interventions appear to be relatively
good in the short term.

(continued)
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Azar MM et al. Current concepts in the epidemiology, diagnosis,
and management of histoplasmosis syndromes. Semin Respir
Crit Care Med. 2020;41:13. [PMID: 32000281]

COCCIDIOIDOMYCOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Acute infection: influenza-like illness, fever, back-
ache, headache, fatigue, and cough. Erythema
nodosum common.

» Dissemination may result in meningitis, bony
lesions, or skin and soft tissue abscesses; common
opportunistic infection in AIDS.

» Chest radiograph findings vary from pneumonitis
to cavitation.

» Serologic tests useful; large spherules containing
endospores demonstrable in sputum or tissues.

» General Considerations

Coccidioidomycosis should be considered in the diagnosis
of any obscure illness in a patient who has lived in or vis-
ited an endemic area. Infection results from the inhalation
of arthroconidia of Coccidioides immitis or C posadasii;
both organisms are molds that grow in soil in certain arid
regions of the southwestern United States, in Mexico, and
in Central and South America. Less than 1% of immuno-
competent persons show dissemination, but among these
patients, the mortality rate is high.

In patients with AIDS who reside in endemic areas, coc-
cidioidomycosis is a common opportunistic infection. In
these patients, disease manifestations range from focal pul-
monary infiltrates to widespread miliary disease with mul-
tiple organ involvement and meningitis; severity is inversely
related to the extent of control of the HIV infection.

» Clinical Findings

A. Symptoms and Signs

Symptoms of primary coccidioidomycosis occur in about
40% of infections. Symptom onset (after an incubation
period of 10–30 days) is usually that of a respiratory tract
illness with fever and occasionally chills. Coccidioidomy-
cosis is a common, frequently unrecognized, etiology of
community-acquired pneumonia in endemic areas.

Erythema nodosum may appear 2–20 days after onset
of symptoms. Persistent pulmonary lesions, varying from
cavities and abscesses to parenchymal nodular densities or
bronchiectasis, occur in about 5% of diagnosed cases.

Disseminated disease occurs in about 0.1% of White
and 1% of non-White patients. Filipinos and Blacks are
especially susceptible, as are pregnant women of all races.
Any organ may be involved. Pulmonary findings usually
become more pronounced, with mediastinal lymph node
enlargement, cough, and increased sputum production.
Lung abscesses may rupture into the pleural

space, producing an empyema. Complicated skin and bone
infections may develop. Fungemia may occur and is char-
acterized clinically by a diffuse miliary pattern on chest
radiograph and by early death. The course may be particu-
larly rapid in immunosuppressed patients. Clinicians car-
ing for immunosuppressed patients in endemic areas need
to consider that patients may be latently infected.

Meningitis occurs in 30–50% of cases of dissemination
and may result in chronic basilar meningitis. Subcutaneous
abscesses and verrucous skin lesions are especially com-
mon in fulminating cases. Patients with AIDS with dis-
seminated disease have a higher incidence of miliary
infiltrates, lymphadenopathy, and meningitis, but skin
lesions are uncommon.

B. Laboratory Findings

In primary coccidioidomycosis, there may be moderate
leukocytosis and eosinophilia. Serologic testing is useful
for both diagnosis and prognosis. The immunodiffusion
tube precipitin test and enzyme-linked immunosorbent
assay (ELISA) detect IgM antibodies and are both useful
for diagnosis early in the disease process. A persistently
rising IgG complement fixation titer (1:16 or more) is sug-
gestive of disseminated disease; in addition, immunodiffu-
sion complement fixation titers can be used to assess the
adequacy of therapy. Serum complement fixation titers
may be low when there is meningitis but no other dissemi-
nated disease. In patients with HIV-related coccidioidomy-
cosis, the false-negative rate may be as high as 30%. Blood
cultures are rarely positive.

Patients in whom coccidioidomycosis is diagnosed
should undergo evaluation for meningeal involvement
when CNS symptoms or neurologic signs are present. Spi-
nal fluid findings include increased cell count with lympho-
cytosis and reduced glucose. Spinal fluid culture is positive
in approximately 30% of meningitis cases. Demonstrable
complement-fixing antibodies in spinal fluid are diagnostic
of coccidioidal meningitis. These are found in over 90% of
cases; Coccidioides antigen or (1,3)-beta-D-glucan testing
may augment (not replace) CSF antibody testing.

C. Imaging

Radiographic findings vary, but patchy, nodular, and lobar
upper lobe pulmonary infiltrates are most common. Hilar
lymphadenopathy may be visible and is seen in localized
disease; mediastinal lymphadenopathy suggests dissemina-
tion. There may be pleural effusions and lytic lesions in bone
with accompanying complicated soft tissue collections.

» Treatment

General symptomatic therapy should be provided as
needed for disease limited to the chest with no evidence of
progression. Itraconazole (400 mg orally daily divided into
two doses) or fluconazole (200–400 mg or higher orally
once or twice daily) should be given for disease in the
chest, bones, and soft tissues; however, therapy must be
continued for 6 months or longer after the disease is inac-
tive to prevent relapse (Table 36–1). Response to therapy
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should be monitored by following the clinical response and
progressive decrease in serum complement fixation titers.

For progressive pulmonary or extrapulmonary disease,
liposomal amphotericin B intravenously should be given,
although oral azoles may be used for mild cases. Duration
of therapy is determined by a declining complement fixa-
tion titer and a favorable clinical response. For meningitis,
treatment usually is with high-dose oral fluconazole (400–
1200 mg/day), although lumbar or cisternal intrathecal
administration of amphotericin B daily in increasing doses
up to 1–1.5 mg/day is used initially by some experienced
clinicians or in cases refractory to fluconazole. Systemic
therapy with liposomal amphotericin B, 3–5 mg/kg/day
intravenously, is usually given concurrently with intrathe-
cal therapy, but is not sufficient alone for the treatment of
meningeal disease. Once the patient is clinically stable, oral
therapy with an azole, usually with fluconazole (400 mg
daily) and given lifelong, is the recommended alternative to
intrathecal amphotericin B therapy.

Surgical drainage is necessary for management of soft
tissue abscesses, necrotic bone, and complicated pulmo-
nary disease (eg, rupture of coccidioidal cavity).

» Prognosis

The prognosis for patients with limited disease is good.
Serial complement fixation titers should be performed
after therapy for patients with coccidioidomycosis; rising
titers warrant reinstitution of therapy because relapse is
likely. Late CNS complications of adequately treated men-
ingitis include cerebral vasculitis with stroke and hydro-
cephalus that may require shunting. There may be a benefit
from short-term systemic corticosteroids following cere-
brovascular events associated with coccidioides meningitis.
Disseminated and meningeal forms still have mortality
rates exceeding 50% in the absence of therapy.

Kimes KE et al. Pulmonary coccidioidomycosis. Semin Respir
Crit Care Med. 2020;41:42. [PMID: 32000283]

PNEUMOCYSTOSIS
(Pneumocystis jirovecii Pneumonia)

E S S E N T I A L S  O F  D I A G N O S I S

» Fever, dyspnea, dry cough, hypoxia with exertion;
often only slight lung physical findings.

» Chest radiograph: diffuse interstitial disease or
normal.

» Detection of P jirovecii in sputum, bronchoalveolar
lavage fluid, or lung tissue; PCR of bronchoalveo-
lar lavage; (1,3)-beta-D-glucan in blood.

» General Considerations

Pneumocystis jirovecii, the Pneumocystis species that affects
humans, is found worldwide.

The overt infection is a subacute interstitial pneumonia
that occurs among older children and adults with abnor-
mal or altered cellular immunity, either due to an underly-
ing disease process (eg, cancer, malnutrition, stem cell or
organ transplantation or, most commonly, AIDS) or due to
treatment with immunosuppressive medications (eg, corti-
costeroids or cytotoxic agents).

Pneumocystis pneumonia occurs in up to 80% of AIDS
patients not receiving prophylaxis and is a major cause of
morbidity and mortality. Its incidence increases in direct
proportion to the fall in CD4 cells, with most cases occur-
ring at CD4 cell counts less than 200/mcL. In non-AIDS
patients receiving immunosuppressive therapy, symptoms
frequently begin after corticosteroids have been tapered or
discontinued.

» Clinical Findings

A. Symptoms and Signs

Findings are usually limited to the pulmonary parenchyma.
Onset may be subacute, characterized by dyspnea on exer-
tion and nonproductive cough. Pulmonary physical findings
may be slight and disproportionate to the degree of illness
and the radiologic findings; some patients have bibasilar
crackles. Without treatment, the course is usually one of
rapid deterioration and death. Adult patients may present
with spontaneous pneumothorax, usually in patients with
previous episodes or those receiving aerosolized pentami-
dine prophylaxis. Patients with AIDS will usually have other
evidence of HIV-associated disease, including fever, fatigue,
and weight loss, for weeks or months preceding the illness.

B. Laboratory Findings

Arterial blood gas determinations usually show hypoxemia
with hypocapnia but may be normal; however, rapid desatu-
ration occurs if patients exercise before samples are drawn.
Measurement of serum (1,3)-beta-D-glucan levels has good
sensitivity, although specificity is compromised by being
positive in other fungal infections. The organism cannot be
cultured, and definitive diagnosis depends on morphologic
demonstration of the organisms in respiratory specimens
using specific stains, such as immunofluorescence. Poly-
merase chain reaction (PCR) of bronchoalveolar lavage is
overly sensitive in that the test can be positive in colonized,
uninfected persons; quantitative values may help with iden-
tifying infected patients, although precise cutoffs have not
been established. A negative PCR from bronchoalveolar
lavage rules out disease. Open lung biopsy and needle lung
biopsy are infrequently required but may aid in diagnosing
a granulomatous form of Pneumocystis pneumonia.

C. Imaging

Chest radiographs most often show diffuse “interstitial”
infiltration, which may be heterogeneous, miliary, or
patchy early in infection. There may also be diffuse or focal
consolidation, cystic changes, nodules, or cavitation within
nodules. About 5–10% of patients with Pneumocystis pneu-
monia have normal chest films. High-resolution chest CT
scans may be quite suggestive of P jirovecii pneumonia,
helping distinguish it from other causes of pneumonia.
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» Treatment

It is appropriate to start empiric therapy for P jirovecii
pneumonia if the disease is suspected clinically; however,
in both AIDS patients and non-AIDS patients with mild to
moderately severe disease, continued treatment should be
based on a proven diagnosis because of clinical overlap
with other infections, the toxicity of therapy, and the pos-
sible coexistence of other infectious organisms. Oral trim-
ethoprim-sulfamethoxazole (TMP-SMZ) is the preferred
agent because of its low cost and excellent bioavailability;
patients suffering from nausea and vomiting or intractable
diarrhea should be given intravenous TMP-SMZ until they
can tolerate the oral formulation. The best-studied second-
line option is a combination of primaquine and clindamy-
cin, although dapsone/trimethoprim, pentamidine, and
atovaquone have been used. Therapy should be continued
with the selected medication for at least 5–10 days before
considering changing agents, as fever, tachypnea, and pul-
monary infiltrates persist for 4–6 days after starting treat-
ment. Some patients have a transient worsening of their
disease during the first 3–5 days, which may be related to
an inflammatory response secondary to the presence of
dead or dying organisms. Early addition of corticosteroids
may attenuate this response (see below).

A. Trimethoprim-Sulfamethoxazole

There are strong data indicating that TMP-SMZ is the opti-
mal first-line therapy for Pneumocystis pneumonia. The
dosage of TMP-SMZ is 15–20 mg/kg/day (based on trime-
thoprim component) given orally or intravenously daily in
three or four divided doses for 14–21 days. Patients with
AIDS have a high frequency of hypersensitivity reactions
(approaching 50%), which may include fever, rashes (some-
times severe), malaise, neutropenia, hepatitis, nephritis,
thrombocytopenia, hyperkalemia, and hyperbilirubinemia.

B. Primaquine/Clindamycin

A meta-analysis suggested that primaquine, 15–30 mg
orally daily, plus clindamycin, 600 mg three times orally
daily, is the best second-line therapy with superior results
when compared with pentamidine. Primaquine may cause
hemolytic anemia in patients with glucose-6-phosphate
dehydrogenase (G6PD) deficiency.

C. Pentamidine Isethionate

The use of pentamidine has decreased as alternative agents
have been studied. This medication is administered intra-
venously (preferred) or intramuscularly as a single dose of
3–4 mg (salt)/kg/day for 14–21 days. Pentamidine causes
side effects in nearly 50% of patients. Hypoglycemia (often
clinically inapparent), hyperglycemia, hyponatremia, and
delayed nephrotoxicity with azotemia may occur.

D. Atovaquone

Atovaquone is FDA approved for patients with mild to
moderate disease who cannot tolerate TMP-SMZ or pent-
amidine, but failure is reported in 15–30% of cases. Mild
side effects are common, but no serious reactions have

been reported. The dosage is 750 mg orally (taken with a
fatty meal) two times daily for 21 days.

E. Other Medications

Trimethoprim, 15 mg/kg/day in three divided doses daily,
plus dapsone, 100 mg/day, is an alternative oral regimen for
mild to moderate disease or for continuation of therapy
after intravenous therapy is no longer needed.

F. Prednisone

Based on studies done in patients with AIDS, prednisone is
given for moderate to severe pneumonia (when PaO

2
on

admission is less than 70 mm Hg or oxygen saturation is
less than 90%) in conjunction with antimicrobials. The
addition of corticosteroids in such patients is associated
with significant reduction in morbidity and mortality;
administration of adjunctive corticosteroids within 72 hours
is preferred. The dosage of prednisone is 40 mg twice daily
orally for 5 days, then 40 mg daily for 5 days, and then
20 mg daily until therapy is completed (total course, 21 days).
Observational studies suggest that adjunctive corticoste-
roids are associated with reduced mortality in non-AIDS
patients with Pneumocystis pneumonia and severe hypoxia
(PaO

2
60 mm Hg or less).

» Prevention

Primary prophylaxis for Pneumocystis pneumonia in HIV-
infected patients should be given to persons with CD4
counts less than 200 cells/mcL. Primary prophylaxis is also
beneficial in patients with hematologic malignancy and
transplant recipients, and in patients receiving high-dose
corticosteroid therapy, although precise recommendations
for Pneumocystis prophylaxis in these settings have not
been established. HIV-infected patients with a history of
Pneumocystis pneumonia should receive secondary pro-
phylaxis until they have had a durable virologic response to
antiretroviral therapy and maintained a CD4 count of
greater than 200 cells/mcL for at least 3–6 months.

» Prognosis

In the absence of early and adequate treatment, the fatality
rate for Pneumocystis pneumonia in immunodeficient per-
sons is nearly 100%. Early treatment reduces the mortality
rate to ~10–20% in AIDS patients. The mortality rate in
other immunodeficient patients is still 30–50%, probably
because of failure to make a timely diagnosis. In immuno-
deficient patients who do not receive prophylaxis, recur-
rences are common (30% in AIDS).

Ding L et al. Adjunctive corticosteroids may be associated with
better outcome for non-HIV Pneumocystis pneumonia with
respiratory failure: a systemic review and meta-analysis of
observational studies. Ann Intensive Care. 2020;10:34.
[PMID: 32198645]

Stern A et al. Prophylaxis for Pneumocystis pneumonia (PCP) in
non-HIV immunocompromised patients. Cochrane Database
Syst Rev. 2014:CD005590. [PMID: 25269391]

White PL et al. Therapy and management of Pneumocystis jirovecii
infection. J Fungi (Basel). 2018;4:E127. [PMID: 30469526]
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CRYPTOCOCCOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Most common cause of fungal meningitis.

» Predisposing factors: chemotherapy for hemato-
logic malignancies, Hodgkin lymphoma, cortico-
steroid therapy, structural lung diseases, transplant
recipients, TNF-alpha inhibitor therapy, and AIDS.

» Headache, abnormal mental status; meningis-
mus seen occasionally, though rarely in
patients with AIDS.

» Demonstration of capsular polysaccharide anti-
gen or positive culture in CSF is diagnostic.

» General Considerations

Cryptococcosis is mainly caused by Cryptococcus neofor-
mans, an encapsulated budding yeast that has been found
worldwide in soil and on dried pigeon dung. Cryptococcus
gattii is a closely related species that also causes disease in
humans, although C gattii may affect more ostensibly immu-
nocompetent persons. It is a major cause of cryptococcosis
in the Pacific northwestern region of the United States and
may result in more severe disease than C neoformans.

Infections are acquired by inhalation. In the lung, the
infection may remain localized, heal, or disseminate. Clini-
cally apparent cryptococcal pneumonia rarely develops in
immunocompetent persons. Progressive lung disease and
dissemination most often occur in the setting of cellular
immunodeficiency, including hematologic malignancies
under treatment, Hodgkin lymphoma, long-term cortico-
steroid therapy, solid-organ transplant, TNF-alpha inhibi-
tor therapy, or HIV infection.

» Clinical Findings

A. Symptoms and Signs

Pulmonary disease ranges from simple nodules to wide-
spread infiltrates leading to respiratory failure. Dissemi-
nated disease may involve any organ, but CNS disease
predominates. Headache is usually the first symptom of
meningitis. Confusion and other mental status changes as
well as cranial nerve abnormalities, nausea, and vomiting
may be seen as the disease progresses. Nuchal rigidity and
meningeal signs occur about 50% of the time but are
uncommon in patients with AIDS. Communicating hydro-
cephalus may complicate the course. C gattii infection fre-
quently presents with respiratory symptoms along with
neurologic signs caused by space-occupying lesions in the
CNS. Primary C neoformans infection of the skin may
mimic bacterial cellulitis, especially in persons receiving
immunosuppressive therapy such as corticosteroids. The
immune reconstitution inflammatory syndrome (IRIS),
which is paradoxical clinical worsening associated with
improved immunologic status, can occur in HIV-positive
and transplant patients with cryptococcosis, as well as non-
AIDS patients being treated for C gattii infection.

B. Laboratory Findings

Respiratory tract disease is diagnosed by culture of respira-
tory secretions or pleural fluid. For suspected meningeal
disease, lumbar puncture is the preferred diagnostic proce-
dure. Spinal fluid findings include increased opening pres-
sure, variable pleocytosis, increased protein, and decreased
glucose, though as many as 50% of AIDS patients have no
pleocytosis. Gram stain of the CSF usually reveals budding,
encapsulated fungi. In patients with AIDS, the serum cryp-
tococcal antigen is a sensitive screening test for meningitis,
being positive in over 95% of cases. Cryptococcal capsular
antigen in CSF and culture together establish the diagnosis
over 90% of the time. Antigen testing by lateral flow assay
has improved sensitivity and specificity over the conven-
tional latex agglutination test and can provide more rapid
diagnostic results. MRI is more sensitive than CT in find-
ing CNS abnormalities, such as cryptococcomas.

» Treatment

Because of decreased efficacy, initial therapy with an azole
alone is not recommended for treatment of acute crypto-
coccal meningitis. Liposomal amphotericin B, 3–4 mg/kg/
day intravenously for 14 days, is the preferred agent for
induction therapy, followed by an additional 8 weeks of
fluconazole, 400 mg/day orally for consolidation (Table
36–1). This regimen is quite effective, achieving clinical
responses and CSF sterilization in over 70% of patients.
The addition of flucytosine has been associated with
improved survival, but toxicity is common. Flucytosine is
administered orally at a dose of 100 mg/kg/day divided
into four equal doses and given every 6 hours. Hematologic
parameters should be closely monitored during flucytosine
therapy, and it is important to adjust the dose for any
decreases in kidney function. Fluconazole (800–1200 mg
orally daily) may be given with amphotericin B when flu-
cytosine is not available or patients cannot tolerate it. Fre-
quent, repeated lumbar punctures or ventricular shunting
should be performed to relieve high CSF pressures or if
hydrocephalus is a complication. Corticosteroids should
not be used. Failure to adequately relieve raised intracranial
pressure is a major cause of morbidity and mortality. The
end points for amphotericin B therapy and for switching to
maintenance with oral fluconazole are a favorable clinical
response (decrease in temperature; improvement in head-
ache, nausea, vomiting, and Mini-Mental State Examina-
tion scores), improvement in CSF biochemical parameters
and, most importantly, conversion of CSF culture to
negative.

A similar approach is reasonable for patients with cryp-
tococcal meningitis in the absence of AIDS, though the
mortality rate is higher. Therapy is generally continued
until CSF cultures become negative. Maintenance antifun-
gal therapy is important after treatment of an acute episode
in AIDS-related cases, since otherwise the rate of relapse is
greater than 50%. Fluconazole, 200 mg/day orally, is the
maintenance therapy of choice, decreasing the relapse rate
approximately tenfold compared with placebo and three-
fold compared with weekly amphotericin B in patients
whose CSF has been sterilized by the induction therapy.
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After successful therapy of cryptococcal meningitis, it is
possible to discontinue secondary prophylaxis with flucon-
azole in individuals with AIDS who have had a satisfactory
response to antiretroviral therapy (eg, CD4 cell count
greater than 100–200 cells/mcL for at least 6 months). Pub-
lished guidelines suggest that 6–12 months of fluconazole
can be used as maintenance therapy in patients without
AIDS following successful treatment of the acute illness.

» Prognosis

Factors that indicate a poor prognosis include the activity
of the predisposing conditions, older age, organ failure,
lack of spinal fluid pleocytosis, high initial antigen titer in
either serum or CSF, decreased mental status, increased
intracranial pressure, and the presence of disease outside
the nervous system.

Beardsley J et al. Central nervous system cryptococcal infections
in non-HIV infected patients. J Fungi (Basel). 2019;5:E71.
[PMID: 31382367]

Zavala S et al. Cryptococcosis. Semin Respir Crit Care Med.
2020;41:69. [PMID: 32000285]

ASPERGILLOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Most common cause of non-candidal invasive
fungal infection in transplant recipients and in
patients with hematologic malignancies.

» Risk factors for invasive disease: leukemia, bone
marrow or organ transplantation, corticosteroid
use, advanced AIDS.

» Pulmonary, sinus, and CNS are most common dis-
ease sites.

» Detection of galactomannan in serum or other
body fluids is useful for early diagnosis in at-risk
patients.

» General Considerations

Aspergillus fumigatus is the usual cause of aspergillosis,
though many species of Aspergillus may cause a wide spec-
trum of disease. The lungs, sinuses, and brain are the organs
most often involved. Clinical illness results either from an
aberrant immunologic response or tissue invasion.

» Clinical Findings

A. Symptoms and Signs

1. Allergic forms of aspergillosis—Allergic bronchopul-
monary aspergillosis (ABPA) occurs in patients with pre-
existing asthma or cystic fibrosis. Patients develop
worsening bronchospasm and fleeting pulmonary infil-
trates. Allergic aspergillus sinusitis produces a chronic
sinus inflammation characterized by eosinophilic mucus
and noninvasive hyphal elements.

2. Chronic aspergillosis—Chronic pulmonary aspergillo-
sis produces a spectrum of disease that usually occurs
when there is preexisting lung damage but not significant
immunocompromise. Disease manifestations range from
aspergillomas that develop in a lung cavity to chronic
fibrosing pulmonary aspergillosis in which the majority of
lung tissue is replaced with fibrosis. Long-standing (longer
than 3 months) pulmonary and systemic symptoms such as
cough, shortness of breath, weight loss, and malaise are
common.

3. Invasive aspergillosis—Invasive aspergillosis most
commonly occurs in profoundly immunodeficient patients,
such as those who have undergone hematopoietic stem cell
transplantation or have prolonged, severe neutropenia, but
it can occur among critically ill immunocompetent patients
as well. Pulmonary aspergillosis has been observed in
severe COVID-19 infection. Pulmonary disease is most
common, with patchy infiltration leading to a severe nec-
rotizing pneumonia. Invasive sinus disease also occurs. At
any time, there may be hematogenous dissemination to the
CNS, skin, and other organs. Early diagnosis and reversal
of any correctable immunosuppression are essential.

B. Laboratory Findings

In ABPA, there is eosinophilia with high levels of IgE and
IgG Aspergillus precipitins in the blood.

For invasive aspergillosis, definitive diagnosis requires
demonstration of Aspergillus in tissue or culture from a
sterile site; however, given the morbidity of the disease and
the low yield of culture, clinicians must maintain a high
index of suspicion and use a combination of host, radio-
logic, and mycologic criteria to yield a probable diagnosis
of invasive aspergillosis in at-risk patients. Indirect diag-
nostic assays include detection of galactomannan in bron-
choalveolar lavage fluid or serum or serum assays for
(1,3)-beta-D-glucan (though the latter is not specific for
Aspergillus); the diagnostic utility of Aspergillus DNA by
PCR is debated. To improve the reliability of galactoman-
nan testing, multiple determinations should be done,
though sensitivity is decreased in patients receiving anti-
mold prophylaxis (ie, voriconazole or posaconazole). Isola-
tion of Aspergillus from pulmonary secretions does not
necessarily imply invasive disease, although its positive
predictive value increases with more advanced immunosup-
pression. Clinical suspicion for invasive aspergillosis should
prompt CT scanning of the chest, which may aid in early
detection and help direct additional diagnostic procedures.
Common radiologic findings include nodules; wedge-
shaped infarcts; or a characteristic “halo sign,” a zone of
diminution of ground glass around a consolidation.

» Prevention

The high mortality rate and difficulty in diagnosis of inva-
sive aspergillosis often lead clinicians to institute prophylac-
tic therapy for patients with profound immunosuppression.
The best-studied agents include posaconazole (300 mg
orally daily) and voriconazole (200 mg orally twice daily),
although patient and agent selection criteria remain
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undefined. Widespread use of broad-spectrum azoles
raises concern for development of breakthrough invasive
disease by highly resistant fungi.

» Treatment

1. Allergic forms of aspergillosis—Itraconazole is the best
studied agent for the treatment of allergic aspergillus
sinusitis with topical corticosteroids being the cornerstone
of therapy for ongoing care. For acute exacerbations of
ABPA, oral prednisone is begun at a dose of 0.5 mg/kg/day
and then tapered slowly over several months. Itraconazole
at a dose of 200 mg orally daily for 16 weeks appears to
improve pulmonary function and decrease corticosteroid
requirements in these patients; voriconazole is an alterna-
tive agent.

2. Chronic aspergillosis—The most effective therapy for
symptomatic aspergilloma is surgical resection. Other
forms of chronic aspergillosis are generally treated with at
least 4–6 months of oral azole therapy (itraconazole 200 mg
twice daily, voriconazole 200 mg twice daily, or posacon-
azole 300 mg daily); observational data suggest voricon-
azole may be superior to itraconazole for maintenance
therapy.

3. Invasive aspergillosis—The 2016 Infectious Diseases
Society of America guidelines consider voriconazole
(6 mg/kg intravenously twice on day 1 and then 4 mg/kg
every 12 hours thereafter) as optimal therapy for inva-
sive aspergillosis. However, the 2017 European Society
for Clinical Microbiology and Infectious Diseases, the
European Confederation of Medical Mycology, and the
European Respiratory Society (ESCMID-ECMM-ERS)
joint clinical guidelines indicate either isavuconazole
(200 mg intravenously every 8 hours for six doses, then
200 mg daily) or voriconazole as first-line therapy.
Other alternatives include a lipid formulation of ampho-
tericin B (3–5 mg/kg/day), caspofungin (70 mg intrave-
nously on day 1, then 50 mg/day thereafter), micafungin
(100–150 mg intravenously daily), and posaconazole
oral tablets (300 mg twice daily on day 1, then 300 mg
daily thereafter).

Treatment duration may vary depending on the clinical
response but 6–12 weeks is generally recommended. Anti-
fungal susceptibility testing of Aspergillus isolates is recom-
mended in patients who are unresponsive to therapy or
with clinical suspicion for azole resistance. Therapeutic
drug monitoring should be considered for both voricon-
azole and posaconazole given variations in metabolism and
absorption.

Surgical debridement is generally done for sinusitis,
and can be useful for focal pulmonary lesions, especially
for treatment of life-threatening hemoptysis and infections
recalcitrant to medical therapy. The mortality rate of pul-
monary or disseminated disease in the immunocompro-
mised patient remains high, particularly in patients with
refractory neutropenia.

Koehler P et al. COVID-19 associated pulmonary aspergillosis.
Mycoses. 2020;63:528. [PMID: 32339350]

Russo A et al. Pulmonary aspergillosis: an evolving challenge for
diagnosis and treatment. Infect Dis Ther. 2020;9:511. [PMID:
32638227]

Ullmann AJ et al. Diagnosis and management of Aspergillus
diseases: executive summary of the 2017 ESCMID-ECMM-
ERS guideline. Clin Microbiol Infect. 2018;24:e1. [PMID:
29544767]

MUCORMYCOSIS

E S S E N T I A L S  O F  D I A G N O S I S

» Most common cause of non-Aspergillus invasive
mold infection.

» Risk factors: uncontrolled diabetes, leukemia,
transplant recipient, wound contamination by soil.

» Pulmonary, rhinocerebral, and skin are most com-
mon disease sites.

» Rapidly fatal without multidisciplinary
interventions.

» General Considerations

The term “mucormycosis” is applied to opportunistic
infections caused by members of the genera Rhizopus,
Mucor, Lichtheimia (formerly Absidia), and Cunningha-
mella. Predisposing conditions include hematologic
malignancy; stem cell transplantation; solid organ trans-
plantation; diabetic ketoacidosis; chronic kidney disease;
and treatment with desferoxamine, corticosteroids, or
cytotoxic drugs.

» Clinical Findings

Invasive disease of the sinuses, orbits, and the lungs may
occur. Necrosis is common due to hyphal tissue invasion
that may manifest as ulceration of the hard palate, nasal
palate, or hemoptysis. Widely disseminated disease can
occur. Biopsy of involved tissue remains the cornerstone of
diagnosis; the organisms appear in tissues as broad, branch-
ing nonseptate hyphae. Cultures are frequently negative.

» Treatment

Optimal therapy of mucormycosis involves reversal of pre-
disposing conditions (if possible), surgical debridement,
and prompt antifungal therapy. A prolonged course of a
lipid preparation of intravenous liposomal amphotericin B
(5–10 mg/kg with higher doses given for CNS disease)
should be started early. Oral posaconazole (300 mg/day) or
isavuconazole (200 mg every 8 hours for 1–2 days, then
200 mg daily thereafter) can be used for less severe disease,
as step-down therapy after disease stabilization, or as sal-
vage therapy due to poor response to or tolerance of
amphotericin. Combination therapy with amphotericin and
posaconazole or isavuconazole is not proven but is com-
monly used because of the poor response to monotherapy.
Control of diabetes and other underlying conditions, along
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with extensive repeated surgical removal of necrotic, non-
perfused tissue, is essential. Even when these measures are
introduced in a timely fashion, the prognosis remains
guarded.

Brunet K et al. Mucormycosis treatment: recommendations, lat-
est advances, and perspectives. J Mycol Med. 2020;30:101007.
[PMID: 32718789]

Cornely OA et al. Global guideline for the diagnosis and man-
agement of mucormycosis: an initiative of the European
Confederation of Medical Mycology in cooperation with the
Mycoses Study Group Education and Research Consortium.
Lancet Infect Dis. 2019;19:e405. [PMID: 31699664]

Lionakis MS et al. Breakthrough invasive mold infections in the
hematology patient: current concepts and future directions.
Clin Infect Dis. 2018;67:1621. [PMID: 29860307]

BLASTOMYCOSIS

Blastomycosis occurs most often in men infected during
occupational or recreational activities outdoors and in a
geographically limited area of the south, central, and mid-
western United States and Canada. Disease usually occurs
in immunocompetent individuals.

Pulmonary infection is most common and may be
asymptomatic. With dissemination, lesions most fre-
quently occur in the skin, bones, and urogenital system.

Cough, moderate fever, dyspnea, and chest pain are com-
mon. These may resolve or progress, with purulent sputum
production, pleurisy, fever, chills, loss of weight, and prostra-
tion. Radiologic studies, either chest radiographs or CT
scans, usually reveal lobar consolidation or masses.

Raised, verrucous cutaneous lesions are commonly
present in disseminated blastomycosis. Bones—often the
ribs and vertebrae—are frequently involved. Epididymitis,
prostatitis, and other involvement of the male urogenital
system may occur. Although they do not appear to be at
greater risk for acquisition of disease, infection in HIV-
infected persons may progress rapidly, with dissemination
common.

Laboratory findings usually include leukocytosis and
anemia. The organism is found in clinical specimens, such
as expectorated sputum or tissue biopsies, as a 5–20 mcm
thick-walled cell with a single broad-based bud. It grows
readily on culture. A urinary antigen test is available, but it
has considerable cross reactivity with other dimorphic
fungi; it may be useful in monitoring disease resolution or
progression. The quantitative antigen enzyme immunoas-
say may be helpful in the diagnosis of CNS disease. A
serum enzyme immunoassay based on the surface protein
BAD-1 appears to have much better sensitivity and speci-
ficity than the urinary antigen test.

Itraconazole, 200–400 mg/day orally for at least
6–12 months, is the therapy of choice for nonmeningeal
disease, with a response rate of over 80% (Table 36–1).
Liposomal amphotericin B, 3–5 mg/kg/day intravenously,
is given initially for severe disease, treatment failures, or
CNS involvement.

Clinical follow-up for relapse should be made regularly
for several years so that therapy may be resumed or
another drug instituted.

Schwartz IS et al. Blastomycosis. Semin Respir Crit Care Med.
2020;41:31. [PMID: 32000282]

SPOROTRICHOSIS

Sporotrichosis is a chronic fungal infection caused by
organisms of the Sporothrix schenckii complex. It is world-
wide in distribution; most patients have had contact with
soil, sphagnum moss, or decaying wood. Infection takes
place when the organism is inoculated into the skin—
usually on the hand, arm, or foot, especially during garden-
ing, or puncture from a rose thorn.

The most common form of sporotrichosis begins with a
hard, nontender subcutaneous nodule. This later becomes
adherent to the overlying skin and ulcerates. Within a few
days to weeks, lymphocutaneous spread along the lym-
phatics draining this area occurs, which may result in
ulceration. Cavitary pulmonary disease occurs in individu-
als with underlying chronic lung disease.

Disseminated sporotrichosis is rare in immunocompe-
tent persons but may present with widespread cutaneous,
lung, bone, joint, and CNS involvement in immunocom-
promised patients, especially those with cellular immuno-
deficiencies, including AIDS and alcohol abuse.

Cultures are needed to establish diagnosis. The useful-
ness of serologic tests is limited, but may be helpful in
diagnosing disseminated disease, especially meningitis.

Itraconazole, 200–400 mg orally daily for several months,
is the treatment of choice for localized disease and some
milder cases of disseminated disease (Table 36–1). Terbin-
afine, 500 mg orally twice daily, also has good efficacy in
lymphocutaneous disease. Amphotericin B intravenously,
0.7–1.0 mg/kg/day, or a lipid amphotericin B preparation,
3–5 mg/kg/day, is used for severe systemic infection. Sur-
gery may be indicated for complicated pulmonary cavitary
disease, and joint involvement may require arthrodesis.

The prognosis is good for lymphocutaneous sporotri-
chosis; pulmonary, joint, and disseminated disease respond
less favorably.

Orofino-Costa R et al. Sporotrichosis: an update on epidemiol-
ogy, etiopathogenesis, laboratory and clinical therapeutics.
An Bras Dermatol. 2017;92:606. [PMID: 29166494]

MYCETOMA (Eumycetoma & Actinomycetoma)

Mycetoma is a chronic local, slowly progressive destructive
infection that usually involves the foot; it begins in subcu-
taneous tissues, frequently after implantation of vegetative
material into tissues during occupational activities. The
infection then spreads to contiguous structures with sinus
tracts and extruding grains. Eumycetoma (also known as
maduromycosis) is the term used to describe mycetoma
caused by true fungi. The disease begins as a papule, nod-
ule, or abscess that over months to years progresses slowly
to form multiple abscesses and sinus tracts ramifying deep
into the tissue. Secondary bacterial infection may result in
large open ulcers. Radiographs may show destructive
changes in the underlying bone. Causative species can
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often be suggested by the color of the characteristic grains
and hyphal size within the infected tissues but definitive
diagnosis requires culture.

The prognosis for eumycetoma is poor, though surgical
debridement along with prolonged oral itraconazole ther-
apy, 200 mg twice daily, or combination therapy including
itraconazole and terbinafine may result in a response rate of
70% (Table 36–1). The various etiologic agents may respond
differently to antifungal agents, so culture results are invalu-
able. Amputation is necessary in far advanced cases.

van de Sande W et al. Closing the mycetoma knowledge gap.
Med Mycol. 2018;56:153. [PMID: 28992217]

OTHER OPPORTUNISTIC MOLD INFECTIONS

Fungi previously considered to be harmless colonizers,
includingPseudallescheria boydii (Scedosporium apiospermum),
Scedosporium prolificans, Fusarium, Paecilomyces, Tricho-
derma longibrachiatium, and Trichosporon, are now significant
pathogens in immunocompromised patients. Opportunis-
tic infections with these agents are seen in patients being
treated for hematologic malignancies, in stem cell or organ
transplant recipients, and in those receiving broad-spec-
trum antifungal prophylaxis. Infection may be localized in
the skin, lungs, or sinuses, or widespread disease may
appear with lesions in multiple organs. Fusariosis should
be suspected in severely immunosuppressed persons in
whom multiple, painful skin lesions develop; blood cul-
tures are often positive. Sinus infection may cause bony
erosion. Infection in subcutaneous tissues following trau-
matic implantation may develop as a well-circumscribed
cyst or as an ulcer.

Nonpigmented septate hyphae are seen in tissue and are
indistinguishable from those of Aspergillus when infections
are due to S apiospermum or species of Fusarium, Paecilo-
myces, Penicillium, or other hyaline molds. The differentia-
tion of S apiospermum and Aspergillus is particularly
important, since the former is uniformly resistant to
amphotericin B but may be sensitive to azole antifungals
(eg, voriconazole). Treatment of fusariosis may include
amphotericin, voriconazole, or combination therapy; there
are limited data on the use of isavuconazole or posacon-
azole for this disease. In addition to antifungal therapy,
reversal of underlying immunosuppression is an essential
component of treatment for these invasive mold infections.

Infection by any of a number of black molds is designated
as phaeohyphomycosis. These black molds (eg, Exophiala,
Bipolaris, Cladophialophora, Curvularia, Alternaria) are
common in the environment, especially on decaying vegeta-
tion. In tissues of patients with phaeohyphomycosis, the
mold is seen as black or faintly brown hyphae, yeast cells, or
both. Culture on appropriate medium is needed to identify
the agent. Histologic demonstration of these organisms is
definitive evidence of invasive infection; positive cultures
must be interpreted cautiously and not assumed to be con-
taminants in immunocompromised hosts.

Arcobello JT et al. Phaeohyphomycosis. Semin Respir Crit Care
Med. 2020;41:131. [PMID: 32000289]

HOUSEHOLD MOLDS

E S S E N T I A L S  O F  D I A G N O S I S

» Molds are very common indoors where moisture
exists in enclosed spaces.

» Most common indoor molds are Cladosporium,
Penicillium, Aspergillus, and Alternaria.

» People most at risk for health problems include
those with allergies, asthma, and underlying
immunocompromising conditions.

Molds are commonly present in homes, particularly in
the presence of moisture, and patients will commonly
seek assessment for whether their illness is due to molds.
Well-established health problems due to molds can be
considered in three categories: (1) There is the potential
for allergy to environmental mold species, which can
manifest in the typical manner with allergic symptoms
such as rhinitis and eye irritation. Furthermore, in predis-
posed individuals, exposure to certain molds can trigger
asthma or asthmatic attacks. These types of manifesta-
tions are reversible with appropriate therapies. More
chronic allergic effects can be seen with disorders such as
allergic bronchopulmonary aspergillosis (see Allergic
Forms of Aspergillosis); (2) Susceptible individuals can
develop hypersensitivity reactions upon exposure to mold
antigens; these include occupational disorders (eg, farm-
er’s lung and pigeon breeder’s disease) as well as hyper-
sensitivity pneumonitis in response to a large antigenic
exposure. Affected patients have fever, lymph node swell-
ing, and pulmonary infiltrates. These disease manifesta-
tions are transient and improve with removal of the
offending antigen; (3) Invasive mold disease (see Invasive
Aspergillosis).

At the present time, there are no data to support that
mold exposure can induce immune dysfunction. Similarly,
the concept of toxic-mold syndrome or cognitive impair-
ment due to inhalation of mycotoxins has not been vali-
dated despite scrutiny by expert panels. The presence of
mold in the household is typically easily discernable with
visual inspection or detection by odor; if present, predis-
posing conditions should be corrected by individuals expe-
rienced in mold remediation.

A number of laboratories offer testing for the evaluation
of patients who suspect they have a mold-induced disorder,
such as testing homes for mold spores, measuring urinary
“mycotoxins,” and performing serum IgG assays to molds.
However, these tests should not be obtained as most are not
validated and do not provide meaningful results upon
which to make therapeutic decisions.

Borchers AT et al. Mold and human health: a reality check. Clin
Rev Allergy Immunol. 2017;52:305. [PMID: 28299723]

Chang C et al. The myth of mycotoxins and mold injury. Clin
Rev Allergy Immunol. 2019;57:449. [PMID: 31608429]
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Disorders Related to
Environmental
Emergencies

COLD & HEAT

The human bdy maintains a steady temperature thrugh
the balane f internal heat prdutin and envirnmental
heat lss. Heat exhange between the bdy and envirn-
ment urs via fur mmn presses: radiatin, evap-
ratin, ndutin, and nvetin. In extreme
temperatures, the bdy’s thermregulatin may fail, result-
ing in the re bdy temperature mving tward the tem-
perature f the external envirnment. Cld and heat
expsure may ause a wide spetrum f nditins ranging
in severity frm mild t ptentially life threatening t
death. Many f these nditins are preventable with
apprpriate eduatin and planning.

The likelihd and severity f extreme temperature-
related nditins depend n physilgi and envirnmen-
tal fatrs. Physilgi risk fatrs inlude extremes f age;
gnitive impairment; pr physial nditining, seden-
tary lifestyle, r immbility; pr alimatizatin; nur-
rent injury; prir temperature-related injury; and numerus
underlying medial nditins, espeially thse affeting
gnitin and thermregulatin. Pharmalgi risk fa-
trs inlude mediatins, hlisti r alternative treatments,
illiit drugs, tba, and alhl. Mediatins impating
sweating and the entral nervus system, r affeting uta-
neus bld flw, suh as peripheral vasnstritrs r
vasdilatrs, are mre likely t wrsen temperature-related
nditins. Envirnmental risk fatrs inlude hanging
weather nditins, inadequate lthing r husing
(hmelessness, r husing with inadequate temperature
ntrl), and upatinal r rereatinal expsure.

DISORDERS DUE TO HEAT

E S S E N T I A L S  O F  D I A G N O S I S

» Spectrum of preventable heat-related illnesses:
heat cramps, heat exhaustion, heat syncope, and
heat stroke.

» Heat stroke: hyperthermia with cerebral dysfunc-
tion in a patient with heat exposure.

37
Jacqueline A. Nemer, MD, FACEP

Marianne A. Juarez, MD

» Best outcome: early recognition, initiation of rapid
cooling, and avoidance of shivering during cool-
ing; delays in cooling result in higher morbidity
and mortality in heat stroke victims.

» Best choice of cooling method: whichever can be
instituted the fastest with the least compromise to
the patient.

» General Considerations

Heat-related illnesses are amng the mst mmnly seen
envirnmental emergenies presenting t emergeny
departments. The amunt f heat retained in the bdy is
determined by internal metabli funtin and envirn-
mental nditins, inluding temperature and humidity.
Hyperthermia results frm the bdy’s inability t maintain
nrmal internal temperature thrugh heat lss. Hyperther-
mia results frm either mprmised heat dissipatin
mehanisms r abnrmally high heat prdutin. Inreased
metabli rate is the mst imprtant fatr in elevatin f
bdy temperature. Heat lss urs primarily thrugh
sweating and peripheral vasdilatin. The diret transfer f
heat frm the skin t the surrunding air, by nvetin r
ndutin, urs with diminishing effiieny as ambient
temperature rises, espeially abve 37.2°C (the pint at
whih heat transfer reverses diretin). At nrmal tem-
peratures, evapratin aunts fr apprximately 20% f
the bdy’s heat lss, but at high temperatures it bemes
the primary mehanism fr dissipatin f heat. This
mehanism diminishes as humidity rises.

Heat stress an be aused by a mbinatin f envirn-
mental and metabli heat. Climate hange may signifi-
antly ntribute t the risk f heat-related nditins.

There is a spetrum f preventable heat stress ndi-
tins, ranging frm mild frms, suh as heat ramps, t
severe frms, suh as heat strke. Risk fatrs inlude ln-
ger duratin f exertin, ht envirnment, insuffiient
alimatizatin, and dehydratin. Additinal risk fatrs
inlude skin disrders r ther medial nditins that
inhibit sweat prdutin r evapratin, besity, pr-
lnged seizures, hyptensin, redued utaneus bld
flw, redued ardia utput, the use f drugs that inrease
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metablism r musle ativity r impair sweating, and
withdrawal syndrmes. Illiit drugs an ause inreased
musle ativity and thus generate inreased bdy heat.

Classi (nnexertinal) heat-related illness may ur
in any individual in a ht, relaxing envirnment with
inreased severity in individuals with the risk fatrs men-
tined abve, despite minimal physial ativity.

Heat cramps are exerise-assiated painful invlun-
tary musle ntratins during r immediately after exer-
ise. They result frm dilutinal hypnatremia as sweat
lsses are replaed with water alne. Heat exhaustion is
haraterized by dehydratin, sdium depletin, r is-
tni fluid lss with ampanying ardivasular hanges.
It results frm prlnged strenuus ativity in a ht envi-
rnment withut adequate water r salt intake.

Heat syncope is defined as a transient lss f n-
siusness with spntaneus return t nrmal mentatin.
It results frm vlume depletin and utaneus vasdila-
tin with subsequent systemi and erebral hyptensin.
Exerise-assiated pstural hyptensin is usually the
ause f heat synpe and may ur during r immedi-
ately fllwing exerise. Heat stroke is a severe frm f
heat-related illness resulting in erebral dysfuntin with
re bdy temperature ver 40°C. It may present in ne f
tw frms: lassi and exertinal. Classic (nonexertional)
heat stroke urs in patients with impaired thermregu-
latry mehanisms r in extreme envirnmental ndi-
tins. Exertional heat stroke urs in healthy persns
underging strenuus exertin in a ht r humid envirn-
ment. Persns at greatest risk are thse wh are at the
extremes f age, hrnially debilitated, and taking medi-
atins that interfere with heat-dissipating mehanisms.

» Clinical Findings

When diagnsing and treating heat-related illnesses, it is
neessary t use an internal (retal, Fley, r esphageal)
thermmeter sine the skin temperature may nt au-
rately reflet re bdy temperature. Heat cramps are
painful skeletal musle ntratins and severe musle
spasms with nset during r shrtly after exerise. Exami-
natin findings typially inlude stable vital signs; nrmal
r slightly inreased re bdy temperature; mist and l
skin; and tender, hard, lumpy, painful musles that may be
twithing. The diagnsis is made linially.

Heat exhaustion is diagnsed based n symptms and
linial findings f a re bdy temperature slightly ele-
vated but less than 40°C, tahyardia, and mist skin.
Symptms are similar t thse f heat ramps and heat
synpe. Additinal symptms inlude nausea, vmiting,
malaise, myalgias, hyperventilatin, thirst, and weakness.
Central nervus system symptms inlude headahe, dizzi-
ness, fatigue, anxiety, paresthesias, impaired judgment, and
asinally psyhsis. Heat exhaustin may prgress t
heat strke if sweating eases and mental status delines.

Heat syncope generally urs in the setting f pr-
lnged vigrus physial ativity r prlnged standing in
a ht humid envirnment fllwed by a sudden llapse.
Physial examinatin may reveal l and mist skin, a
weak pulse, and lw systli bld pressure.

Heat stroke is a life-threatening emergeny. The hall-
mark f heat strke is erebral dysfuntin when the re
bdy temperature is ver 40°C. Presenting symptms
inlude all findings seen in heat exhaustin with additinal
neurlgi symptms suh as dizziness, weakness, em-
tinal lability, nfusin, delirium, blurred visin, nvul-
sins, llapse, and unnsiusness. Physial examinatin
findings may be variable and therefre unreliable. Exer-
tinal heat strke may present with sudden llapse and lss
f nsiusness fllwed by irratinal behavir. Sweating
may nt be present. Cliniians must be vigilant in mnitr-
ing fr kidney injury, liver failure, metabli derangements,
respiratry mprmise, agulpathy, and ishemia, sine
initial labratry findings may be nnspeifi.

» Treatment

A. Heat Cramps

Mve the patient t a shaded, l envirnment and pr-
vide ral istni r hypertni rehydratin slutin t
replae bth eletrlytes and water. Oral salt tablets are not
recommended. Advise the patient t rest fr at least 2 days
with ntinued dietary supplementatin befre returning
t wrk r resuming strenuus ativity in the heat.

B. Heat Exhaustion

Mve the patient t a shaded, l envirnment, prvide
adequate fluid and eletrlyte replaement, and initiate
ative ling measures if neessary. Physilgi saline r
istni gluse slutin may be administered intrave-
nusly when ral administratin is nt apprpriate. At
least 48 hurs f rest and rehydratin are remmended.

C. Heat Syncope

Treatment is essentially the same as fr heat exhaustin:
rest and reumbeny in a shaded, l plae, and fluid and
eletrlyte replaement by muth, r intravenusly if
neessary.

D. Heat Stroke

Initially, the patient’s ABCs (airway, breathing, irulatin)
must be addressed and stabilized, then treatment is aimed
at rapidly reduing the re bdy temperature within
1 hur while supprting irulatin and perfusin. Patients
shuld be plaed n pulse ximetry and ardia mnitrs
while ntinuing t measure re bdy temperature and
fluid intake and utput. The patient shuld be bserved fr
mpliatins suh as hypvlemi r ardigeni shk,
metabli abnrmalities, ardia arrhythmias, agulpa-
thy, aute respiratry distress syndrme (ARDS), hypgly-
emia, rhabdmylysis, seizures, rgan dysfuntin,
infetin, and severe edema that an prgress t a m-
partment syndrme. Cirulatry failure in heat-related ill-
ness is mstly due t shk frm relative r abslute
hypvlemia. Oral r intravenus fluid administratin
must be prvided t ensure adequate urinary utput. Clini-
ians must als assess fr and treat nurrent nditins
suh as infetin, trauma, and drug effets.
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Chie f ling methd depends n whih an be
instituted the fastest with the least mprmise t the ver-
all are f the patient. Evaprative ling is preferred fr
nnexertinal heat strke and ndutive-based ling
fr exertinal heat strke. Evaporative cooling is a nnin-
vasive, effetive, quik, and easy way t redue tempera-
ture. This is amplished by plaing the undressed patient
in lateral reumbent psitin r supprted in a hands-and-
knees psitin t expse maximum skin surfae t the air
while the entire undressed bdy is sprayed with lukewarm
water (20°C) and led by large fans irulating rm air.
Additin f inhaled l air r xygen may aid in ling
but must nt be used alne. Conductive-based cooling
invlves l fluid infusin, gastri r bladder lavage, ie
paks, and immersin int ie water r l water. When
immersin in ie water r ld water is available in the
field, it is the preferred methd f ling fr exertinal
heat strke. Ie paks are mst effetive when vering the
whle bdy, as ppsed t the traditinal methd f pla-
ing them in the axilla and grin nly. Intravasular heat
exhange atheter systems as well as hemdialysis using
ld dialysate (30–35°C) have als been suessful in
reduing re bdy temperature.

Shivering must be avided beause it inhibits the effe-
tiveness f ling by inreasing internal heat prdutin.
Mediatins an be used t suppress shivering inluding
magnesium, quik-ating piid analgesis, benzdiaze-
pines, and quik-ating anestheti agents. Skin massage is
remmended t prevent utaneus vasnstritin.
Antipyretics (aspirin, acetaminophen) have no effect on envi-
ronmentally induced hyperthermia and are contraindicated.
Treatment must be ntinued until the re bdy tempera-
ture drps t 39°C.

» Prevention

Eduatin is neessary t imprve preventin and early
regnitin f heat-related disrders. Individuals may take
steps t redue persnal risk fatrs and t gradually ali-
matize t ht envirnments. Fr preventin f upa-
tinal heat-related illness, a mprehensive preventive
prgram shuld assess persnal risk fatrs, estimated
wet-bulb glbe temperature, wrklad, alimatizatin
status, and early symptm regnitin.

Cahes, athleti trainers, athletes, and parents f
yung athletes must be eduated abut heat-related illness,
speifially abut preventin, risks, symptms and signs,
and treatment. Medial evaluatin and mnitring shuld
be used t identify the individuals and the weather ndi-
tins that inrease the risk f heat-related disrders.

Thse wh are physially ative in a ht envirnment
must inrease fluid nsumptin befre, during, and after
physial ativities. Fluid nsumptin shuld inlude bal-
aned eletrlyte fluids and water. Water nsumptin
alne may lead t eletrlyte imbalane, partiularly hyp-
natremia. It is not recommended to have salt tablets avail-
able for use because of the risk of hypertonic hypernatremia.
Clse mnitring f fluid and eletrlyte intake and early
interventin are remmended in situatins neessitating
exertin r ativity in ht envirnments.

» Prognosis

Mrtality is high frm heat strke, mst frequently send-
ary t multirgan dysfuntin. The patient is als at risk
fr rhabdmylysis, ARDS, and inflammatin even after
re temperature has nrmalized. Fllwing heat strke,
immediate reexpsure t ambient heat must be avided.

» When to Refer

Ptential nsultants inlude a surgen fr suspiin f
mpartment syndrme, nephrlgist fr kidney injury,
and transplant surgen fr fulminant liver failure.

» When to Admit

All patients with suspeted heat strke must be admitted
t a hspital with intensive are apability fr lse
mnitring.

Epstein Y et al. Heatstrke. N Engl J Med. 2019;380:2449.
[PMID: 31216400]

Gauer R et al. Heat-related illnesses. Am Fam Physiian. 2019;
99:482. [PMID: 30990296]

King MA et al. Influene f prir illness n exertinal heat strke
presentatin and utme. PLS One. 2019;14:e0221329.
[PMID: 31430332]

Lipman GS et al. Wilderness Medial Siety pratie guidelines
fr the preventin and treatment f heat illness: 2019 update.
Wilderness Envirn Med. 2019;30:S33. [PMID: 31221601]

ACCIDENTAL SYSTEMIC HYPOTHERMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Systemic hypothermia is a core body temperature
< 35°C.

» Accurate core body temperature measurement
must be obtained using a low-reading core tem-
perature probe that measures as low as 25°C.

» Core body temperature must be > 32°C before
terminating resuscitation efforts.

» Extracorporeal membrane oxygenation (ECMO) or
cardiopulmonary bypass may be considered in
hypothermic patients with hemodynamic instabil-
ity or cardiac arrest.

» General Considerations

Systemi hypthermia is defined as re bdy temperature
belw 35°C. This may be primary, frm expsure t pr-
lnged ambient, extremely lw temperature, r sendary,
due t thermregulatry dysfuntin. Bth may be present
at the same time.

Hypthermia must be nsidered in any patient with
prlnged expsure t an ambient ld envirnment, espe-
ially in any patients with prir ld weather injury as well
as the risk fatrs listed in the Cld & Heat setin. In
prlnged r repetitive ld expsure, hypthermia ensues
if the bdy’s thermregulatry respnses beme impaired.
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» Clinical Findings

Symptms and signs f hypthermia are typially nnspe-
ifi and markedly variable based n the patient’s underly-
ing health and irumstanes f ld expsure. Labratry
studies must assess aid-base status; eletrlytes, partiu-
larly ptassium and gluse; kidney, liver, and panreas
funtin; agulatin; and rhabdmylysis. Inaurate
labratry values will ur if the bld sample is warmed
t 37°C fr testing. All patients must be evaluated fr ass-
iated nditins inluding hypglyemia, trauma, infe-
tin, verdse, and peripheral ld injury.

Aurate re bdy temperature measurements must be
btained using a lw-reading re temperature prbe that
measures as lw as 25°C. Stage I hypothermia is typially
seen when the re bdy temperature is between 32°C and
35°C and is defined by shivering and pssibly pr judgment
r rdinatin but with hemdynami stability and a nr-
mal level f nsiusness. Stage II hypothermia rrelates
with re bdy temperature 28–32°C. Shivering stps; bra-
dyardia, dilated pupils, slwed reflexes, ld diuresis, and
nfusin and lethargy ensue. The eletrardigram (ECG)
may reveal a J wave r Osbrn wave (psitive defletin in
the terminal prtin f the QRS mplex, mst ntable in
leads II, V

5
, and V

6
) (Figure 37–1). When the re bdy

temperature is belw 28°C, the likelihd f hemdynami
instability and ardia arrest inreases dramatially. Stage III
hypothermia (re bdy temperature 24–28°C) is harater-
ized by lss f nsiusness but present vital signs. Stage IV
hypothermia (re bdy temperature less than 24°C) is the
lss f vital signs. Cma, lss f reflexes, asystle, r ven-
triular fibrillatin may falsely lead the liniian t assume
the patient is dead despite reversible hypthermia.

» Treatment

Rewarming is the initial, imperative treatment for all hypo-
thermic patients. Resusitatin begins with rapid assessment

and supprt f airway, breathing, and irulatin, simul-
taneusly with the initiatin f rewarming, and preven-
tin f further heat lss. All ld, wet lthing must be
remved and replaed with warm, dry lthing and
blankets.

Mild r stage I hypthermia an be treated with passive
external rewarming (eg, remving and replaing wet
lthes with dry nes) r by ative external rewarming. In
ntrast t thse with mre severe hypthermia, it is safe
and remmended fr the uninjured patient with mild
hypthermia t beme physially ative t generate heat.
Active external rewarming is nninvasive, highly effetive,
and safe fr mild hypthermia. It invlves applying external
heat t the patient’s skin. Examples inlude warm bedding,
heated blankets, heat paks, and immersin int a 40°C
bath. Warm bath immersin limits the ability t mnitr
the patient r treat ther existing nditins. Patients
with mild hypthermia and previus gd health usually
respnd well t passive and ative external warming.

Stage II and III hypthermia are treated as abve with
the additin f mre aggressive rewarming strategies. This
requires lse mnitring f vital signs and ardia rhythm
during rewarming. Warm intravenus fluids (38–42°C) are
nsidered minimally invasive and effetive.

As hypthermia bemes mre severe, there are
inreased mpliatins f bth hypthermia itself and f
rewarming. Cmpliatins f rewarming ur as lder
peripheral bld returns t entral irulatin. This may
result in re temperature afterdrp, rewarming lati ai-
dsis frm shunting latate int the irulatin, rewarming
shk frm peripheral vasdilatin, and hypvlemia,
ventriular fibrillatin, and ther ardia arrhythmias.
Afterdrp an be lessened by ative external rewarming f
the trunk but nt the extremities and by aviding any
musle mvement by the patient. Extreme autin must be
taken when handling the hypthermi patient t avid
triggering ptentially fatal arrhythmias in a phenmenn
knwn as resue llapse.

Patients with hemdynami instability r ardia arrest
shuld be transferred t a faility with ECMO r ardi-
pulmnary bypass apability.

Early regnitin and advaned management guide-
lines are needed fr patients with stage IV hypthermia.
For hypothermic patients in cardiac arrest, high-quality CPR
must be initiated and continued until the patient’s core body
temperature is at least 32°C. Belw 30°C, arrhythmias and
asystle may be refratry t drug therapy until the patient
has been rewarmed; therefre, treatment shuld fus n
exellent CPR tehnique in njuntin with aggressive
rewarming f the patient. Epinephrine r vaspressin
may be given in ardia arrest f the severely hypther-
mi patient. Internatinal Cmmissin fr Muntain
Emergeny Mediine remmends extrarpreal life
supprt as the treatment f hie fr patients at high risk
fr hypthermi ardia arrest. Extrarpreal life supprt
has been shwn t substantially imprve survival f
patients with unstable irulatin r ardia arrest.

Any hypthermi patient with return f spntaneus
irulatin must be mnitred very lsely beause f the
high likelihd f subsequent multirgan system failure.

▲ Figure 37–1. Electrocardiogram shows leads II and V
5

in a patient whose body temperature is 24°C. Note the
bradycardia and Osborn waves. These findings become
more prominent as the body temperature lowers and
gradually resolve with rewarming. Osborn waves have an
extra positive deflection in the terminal portion of the
QRS complex and are best seen in the inferior and lateral
precordial leads (most notably in leads II, V

5
, and V

6
).
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» When to Admit

Hypthermia patients must underg lse mnitring fr
ptential mpliatins. This is typially dne during an
inpatient admissin r prlnged emergeny department
bservatin.

Dw J et al. Wilderness Medial Siety linial pratie guide-
lines fr the ut-f-hspital evaluatin and treatment f
aidental hypthermia: 2019 update. Wilderness Envirn
Med. 2019;30:S47. [PMID: 31740369]

Haverkamp FJC et al. The prehspital management f
hypthermia—an up-t-date verview. Injury. 2018;49:149.
[PMID: 29162267]

Pasquier M et al. An evaluatin f the Swiss staging mdel fr
hypthermia using hspital ases and ase reprts frm the
literature. Sand J Trauma Resus Emerg Med. 2019;27:60.
[PMID: 31171019]

HYPOTHERMIA OF THE EXTREMITIES

E S S E N T I A L S  O F  D I A G N O S I S

» “Keep warm, keep dry, and keep moving” to prevent
cold-induced injury.

» Rewarming of the extremity suffering cold-
induced injury must be performed as soon as pos-
sible once there is no risk of refreezing; exercise,
rubbing, or massage must be avoided during
rewarming.

» Clinical Findings

Cld expsure f the extremities prdues immediate
lalized and then generalized vasnstritin, whih
may result in a wide range f injuries. Tissue damage
urs beause f ishemia and intravasular thrmbses,
endthelial damage, r atual freezing. Freezing (frstbite)
may ur when skin temperatures drp r in the presene
f wind, water, immbility, malnutritin, r vasular
disease.

Fr all frms f ld-indued injury t an extremity,
autin must be taken t avid rubbing r massaging the
injured area and t avid applying misture, ie, r heat.
The ld-injured extremity must be prteted frm trauma,
sendary infetin, and further ld expsure.

» Prevention

“Keep warm, keep dry, and keep moving.” Fr ptimal pre-
ventin f frstbite, individuals must wear warm, dry
lthing. Arms, legs, fingers, and tes must be exerised t
maintain irulatin. Wet lthing, sks, and shes must
be replaed with dry nes. Risk fatrs inlude underlying
diseases r mediatins that derease tissue perfusin and
prlnged ld envirnmental expsure. Cautin must be
taken t avid ramped psitins; wet r nstritive

lthing; prlnged dependeny f the feet; use f tba,
alhl, and sedative mediatins; and expsure t wet,
muddy grund and windy nditins.

FROSTNIP & CHILBLAIN (Erythema Pernio)

Frostnip is a superfiial nnfreezing injury ausing lal
paresthesias f the invlved area that mpletely reslves
with passive external rewarming.

Chilblains, r erythema pernio, are inflammatry skin
hanges aused by expsure t ld withut atual freezing
f the tissues. These skin lesins may be red r purple
papular lesins, whih are painful r pruriti, with burning
r paresthesias. They may be assiated with edema r
blistering and aggravated by warmth. With ntinued
expsure, ulerative r hemrrhagi lesins may appear
and prgress t sarring, fibrsis, and atrphy. Treatment
nsists f elevating and passively externally rewarming
the affeted part.

IMMERSION FOOT OR TRENCH FOOT

Immersion foot (or hand) is aused by prlnged
immersin in ld water r mud, usually belw 10°C.
Prehyperemic stage is marked by early symptms f
ld and anesthesia f the affeted area. Hyperemic
stage fllws with a ht sensatin, intense burning, and
shting pains. Posthyperemic stage urs with ng-
ing ld expsure; the affeted part bemes pale r
yanti with diminished pulsatins due t vasspasm.
This may result in blistering, swelling, redness, ehym-
ses, hemrrhage, nersis, peripheral nerve injury, r
gangrene.

Treatment nsists f air drying and gradual rewarming
by expsure t air at rm temperature. Affeted parts are
elevated t aid in remval f edema fluid. Pressure sites are
prteted with ushins. Bed rest is required until all ulers
have healed.

FROSTBITE

Frostbite is injury frm tissue freezing and frmatin f
ie rystals in the tissue. Mst tissue destrutin fllws
reperfusin f the frzen tissues resulting in further tissue
damage. In mild ases, nly the skin and subutaneus tis-
sues are invlved. Symptms inlude numbness, prikling,
ithing, and pallr. With inreasing severity, deeper stru-
tures beme invlved; the skin appears white r yellw,
lses elastiity, and bemes immbile. Edema, hemr-
rhagi blisters, nersis, gangrene, paresthesias, and stiff-
ness may ur.

» Treatment

A. Immediate Treatment

Evaluate and treat the patient fr assiated systemi hyp-
thermia, nurrent nditins, and injury. Early use f
systemi analgesis is remmended fr nnfrzen
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injuries. Hydrate the patient t avid hypvlemia and t
imprve perfusin.

1. Rewarming—Rapid rewarming at temperatures
slightly abve nrmal bdy temperature may signifi-
antly derease tissue nersis and reverse the tissue
rystallizatin. If there is any possibility of refreezing,
the frostbitten part must not be thawed. Ideally, the
frzen extremity must nt be used, but if required fr
evauatin, the affeted frzen extremity must be pad-
ded and splinted t avid additinal injury. Rewarming
is best amplished by warm bath immersin. The fr-
zen extremity is immersed in a mving water bath heated
t 37–39°C fr apprximately 30 minutes until the area
bemes sft and pliable t the tuh. Water in this tem-
perature range feels warm but nt ht t the nrmal hand
r wrist. If warm water is nt available, then passive
thawing in a warm envirnment must be allwed. Dry
heat is nt remmended beause it is mre diffiult t
regulate and inreases the likelihd f aidental burns.
Thawing may ause tenderness and burning pain. One
the frzen part has thawed and returned t nrmal tem-
perature, disntinue external heat. In the early stage,
rewarming by exercise, rubbing, or friction is contra-
indicated. The patient must be kept n bed rest with the
affeted parts elevated and unvered at rm tempera-
ture. Avid appliatin f asts, lusive dressings, r
bandages. Blisters must be left intat unless signs f
infetin supervene.

2. Antiinfective measures and wound care—Frstbite
inreases suseptibility t tetanus and infetin. Tetanus
prphylaxis status must be verified and updated as needed.
Infetin risk may be redued by asepti wund are. Nn-
adherent sterile gauze and fluffy dressing must be lsely
applied t wunds and ushins used fr all areas f pres-
sure. Tpial ale vera ream r gel shuld be applied t the
thawed tissue befre appliatin f dressings. Antibitis
shuld nt be administered empirially.

B. Medical and Surgical Treatment Options

Telemediine may be used s that speialists an prvide
advie n early field treatment f ld-injured patients in
remte areas, thereby imprving utmes. Nnsteridal
anti-inflammatry drugs shuld be administered (in the
absene f ntraindiatins) until frstbite wunds are
healed r surgial management urs. Cliniians must
wath fr evidene f mpartment syndrme and need
fr fasitmy. Eshar frmatin withut evidene f
infetin may be nservatively treated. The underlying
skin may heal spntaneusly with the eshar ating as a
bilgi dressing. Rates f amputatin have been redued
with the use f intravenus infusins f syntheti prsta-
glandins and f tissue plasmingen ativatrs, and with
intra-arterial administratin f a thrmblyti within
24 hurs f expsure. The rate f tissue salvage dereases
with every hur f delay frm rewarming t thrmblyti
therapy.

C. FollowUp Care

Patient eduatin must inlude nging are f the ld
injury and preventin f future hypthermia and ld
injury. Gentle, prgressive physial therapy t prmte
irulatin shuld be instituted as tlerated.

» Prognosis

Revery frm frstbite depends n the underlying mr-
bidities, the extent f initial tissue damage, the rewarming
reperfusin injury, and the late sequelae. The invlved
extremity may be at inreased suseptibility fr dismfrt
and injury upn re-expsure t ld. Neurpathi sequelae
inlude pain, numbness, tingling, hyperhidrsis, and ld
sensitivity f the extremities. Nerve ndutin abnrmali-
ties may persist fr many years after a ld injury.

» When to Admit

• Management f tissue damage, mrbidities, assi-
ated injuries.

• Need fr hspital-based interventins.

• Psyhsial fatrs that uld mprmise patient
safety r revery.

Drinane J et al. Thrmblyti salvage f threatened frstbitten
extremities and digits: a systemati review. J Burn Care Res.
2019;40:541. [PMID: 31188429]

MIntsh SE et al. Wilderness Medial Siety pratie guidelines
fr the preventin and treatment f frstbite: 2019 update.
Wilderness Envirn Med. 2019;30:S19. [PMID: 31326282]

Shenaq DS et al. Urban frstbite: strategies fr limb salvage. J Burn
Care Res. 2019;40:613. [PMID: 30990527]

º
DROWNING

E S S E N T I A L S  O F  D I A G N O S I S

» The first requirement of rescue is immediate
rescue breathing and CPR.

» Clinical manifestations include hypoxemia, pulmo-
nary edema, and hypoventilation.

» Patients must be assessed for hypothermia, hypo-
glycemia, alcohol intake, concurrent injuries, and
medical conditions.

» General Considerations

Drwning, as defined by the Wrld Health Organizatin, is
any “press resulting in primary respiratry impairment
frm submersin in a liquid medium.” Drwning may
result in asphyxiatin (frm fluid aspiratin r laryng-
spasm), hypxemia, hypthermia, and aidemia. Out-
mes frm drwning range frm life withut mrbidity t
death. Mrbidity may be immediate r delayed. A patient
may be deeptively asymptmati during the initial
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revery perid nly t deterirate r die as a result f
aute respiratry failure within the fllwing 12–24 hurs.
Disseminated intravasular agulatin may als lead t
bleeding after asphyxiatin frm drwning.

Drwning is a leading ause f death in hildren and is
highly preventable in all ages with implementatin f edua-
tinal and safety measures. Cliniians must prvide patient
eduatin and guidane abut drwning preventin.

» Clinical Findings

A. Symptoms and Signs

The patient’s appearane may vary frm asymptmati t
marked distress with abnrmal vital signs. Symptms and
signs inlude respiratry diffiulty, hest pain, dysrhyth-
mia, hyptensin, yansis, and hypthermia (frm ld
water r prlnged submersin). A pink frth frm the
muth and nse indiates pulmnary edema. The patient
may experiene headahe, neurlgi defiits, and altered
level f nsiusness.

B. Laboratory Findings

Metabli aidsis is mmn and arterial bld gas
results may be helpful in determining the degree f injury
sine initial linial findings may appear benign. Pao

2
is

usually dereased; Paco
2

may be inreased r dereased;
pH is dereased. Bedside bld sugar must be heked
rapidly. Other testing is based n linial senari.

» Prevention

Eduatin and preventin are ritial given the high bur-
den f disease frm drwning.

Preventive measures must be taken t redue mrbidity
and mrtality frm drwning. Cnditins that inrease risk f
submersin injury inlude the use f alhl, psyhtrpis,
and ther drugs, inadequate water safety skills, pr physial
health, hyperventilatin, sudden aute illness, aute trauma,
dempressin sikness, dangerus water nditins, and
envirnmental hazards (eg, lak f fening arund pls).

» Treatment

A. First Aid

1. The first requirement of rescue is immediate basic life
support treatment and CPR. At the sene, immediate
airway management and measures t mbat hypx-
emia are ritial t imprve utme.

2. Patient must be assessed fr hypthermia, hypglyemia,
nurrent medial nditins, and assiated trauma.

3. Resuer must nt attempt t drain water frm the vi-
tim’s lungs.

4. Resusitatin and basi life supprt effrts must be
ntinued until re bdy temperature reahes 32°C.

B. Subsequent Management

1. Ensure optimal ventilation and oxygenation—The
nset f hypxemia exists even in the alert, nsius

patient wh appears t be breathing nrmally. Oxygen
must be administered immediately at the highest available
nentratin. Oxygen saturatin must be maintained at
90% r higher via sme frm f supplemental xygen.

Serial physial examinatins and hest radigraphs
must be perfrmed t detet pssible pneumnitis, atele-
tasis, and pulmnary edema. Brnhdilatrs may be used
t treat wheezing. Nasgastri sutining may be neessary
t dempress the stmah.

2. Cardiovascular support—Intravasular vlume status
must be mnitred and supprted by vasular fluid
replaement, vaspressrs, r diuretis as needed.

3. Correction of blood pH and electrolyte abnormali
ties—Metabli aidsis is present in the majrity f
drwning vitims, but this typially rrets thrugh ade-
quate ventilatin and xygenatin. Glyemi ntrl
imprves utme.

4. Cerebral and spinal cord injury—Central nervus sys-
tem damage may prgress despite apparently adequate
treatment f hypxia and shk.

5. Hypothermia—Cre bdy temperature must be mea-
sured and managed as apprpriate (see Aidental Sys-
temi Hypthermia, abve).

» Course & Prognosis

As the duratin f submersin lengthens, the prbability f
wrse utmes inreases. Favrable prgnsis is related t
a duratin f submersin less than 5 minutes. Respiratry
damage is ften severe in the minutes t hurs fllwing a
drwning. With apprpriate respiratry supprtive treat-
ment, patients may imprve rapidly ver the first few days
fllwing the drwning. Lng-term mpliatins f
drwning may inlude neurlgi impairment, seizure
disrder, and pulmnary r ardia damage. Prgnsis is
diretly rrelated with the patient’s age, submersin time,
rapidity f prehspital resusitatin and subsequent trans-
prt t a medial faility, linial status at time f arrival t
hspital, Glasgw Cma Sale sre, pupillary reativity,
and verall health assessment (APACHE II sre).

» When to Admit

Mst patients with signifiant drwning r nurrent
medial r traumati nditins require inpatient mnitr-
ing fllwing the event. This inludes ntinuus mnitr-
ing f ardirespiratry, neurlgi, renal, and metabli
funtin. Pulmnary edema may nt appear fr 24 hurs.

Parenteau M et al. Drwning management. Mil Med. 2018;
183:172. [PMID: 30189074]

Reynlds JC et al. Lng-term survival after drwning-related
ardia arrest. J Emerg Med. 2019;57:129. [PMID: 31262547]

Shmidt AC et al. Wilderness Medial Siety linial pratie
guidelines fr the treatment and preventin f drwning:
2019 update. Wilderness Envirn Med. 2019;30:S70. [PMID:
31668915]

Sulvi LS et al. Aidental drwning: the imprtane f early
measures f resusitatin fr a suessful utme. Case Rep
Emerg Med. 2018;2018:7525313. [PMID: 29974001]
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º
THERMAL BURNS

E S S E N T I A L S  O F  D I A G N O S I S

» Estimates of the burn location, size, and depth
greatly determine the treatment plan.

» The first 48 hours of burn care offer the greatest
impact on morbidity and mortality of a burn victim.

Wrldwide, burns are a mmn ause f injury and
ptential mrbidity and mrtality. Burn prgnsis is
affeted by the type f envirnment where the burn
urred. Lw-resure settings (wilderness r lw-inme
areas) are assiated with delays in and subptimal aess
t standard burn treatments.

The first 48 hurs after thermal burn injury ffer the
greatest pprtunity t impat the survival f the patient.
Early surgial interventin, wund are, enteral feeding,
gluse ntrl and metabli management, infetin n-
trl, and preventin f hypthermia and mpartment
syndrme have ntributed t signifiantly lwer mrtality
rates and shrter hspitalizatins. Researh utilizing sev-
eral different well-established burn severity sres has
shwn the imprtane f patient mrbidities t the
prgnsis f patients with severe burn injuries.

» General Considerations

A. Classification

Burns are lassified by extent, depth, patient age, and ass-
iated illness r injury. Aurate estimatin f burn size
and depth is neessary t quantify the parameters f
resusitatin.

1. Extent—In adults, the “rule f nines” (Figure 37–2) is
useful fr rapidly assessing the extent f a burn. It is impr-
tant t view the entire patient t make an aurate assess-
ment f skin findings n initial and subsequent
examinatins. One rule f thumb is that the palm f an
pen hand in adult patients nstitutes 1% f ttal bdy
surfae area (TBSA). TBSA is alulated fr partial- and
full-thikness burns.

2. Depth—Judgment f depth f injury is diffiult. Super-
ficial burns may appear red r gray but will demnstrate
exellent apillary refill and are nt blistered initially. If the
wund is blistered and appears pink and wet, this repre-
sents a superficial partial-thickness burn. Deep partial-
thickness burns appear white and wet, and bleed if pked;
utaneus sensatin is maintained. Full-thickness burns
result in a lss f adnexal strutures and may appear white-
yellw in lr, r may have a blak harred appearane.
This stiff, dry skin des nt bleed when pked and utane-
us sensatin is lst.

Deep partial-thikness and full-thikness burns are
treated in a similar fashin. Bth require early debridement
and grafting t heal apprpriately, withut whih the skin
bemes thin and sarred.

Entire head and
neck = 9%

Entire arm
= 9% 9%

9%

9%

9%

9%

9%9%

Posterior surface
of upper trunk

= 9%

Posterior surface
of lower trunk

= 9%

Posterior surface
of each leg = 9%

Adult

Rule of Nines

1%

▲ Figure 37–2. Estimation of body surface area in burns.

B. Survival After Burn Injury

Transfer t a burn unit is determined by large burn size,
irumferential burn, r burn invlving a jint r high-risk
bdy part, and by mrbidities. Mrtality rates have been
signifiantly redued due t treatment advanes inluding
imprvements in wund are, treatment f infetin, early
burn exisin, skin substitute usage, and early nutritinal
supprt.

C. Associated Injuries or Illnesses

Smke inhalatin, assiated trauma, and eletrial inju-
ries are mmnly assiated with burns. Severe burns
frm any sure may result in similar mpliatins (eg,
infetins, respiratry mprmise, multirgan dysfun-
tin, venus thrmbemblism, and gastrintestinal
mpliatins).

D. Systemic Reactions to Burn Injury

Burns greater than apprximately 20% f TBSA may lead
t systemi metabli derangements requiring intensive
supprt. The inflammatry asade an result in shk and
agulpathy.

» Treatment

A. Initial Resuscitation

1. Primary survey—Burn patients require a full trauma
assessment, starting with “ABCDE” (airway, breathing,
irulatin, disability, expsure).

a. Airway control—Serial assessments f airway and
breathing are neessary beause airway mprmise and
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ARDS may develp, partiularly in thse with inhalatin
injury.

b. Vascular access—Vasular aess must be btained
n all burn patients.

c. Fluid resuscitation—Patients with burns greater
than 15% f TBSA require intravasular fluid administra-
tin f large vlumes f rystallid. The mst widely reg-
nized guideline fr fluid resusitatin is the Parkland
formula (https://www.mdal.m/parkland-frmula-
burns) in whih the fluid requirement in the first
24 hurs is estimated as 4 mL/kg × bdy weight per per-
ent f bdy surfae area burned. Half the alulated fluid
is given in the first 8-hur perid frm the time f injury,
nt the time f arrival t medial are. The remaining
fluid is delivered ver the next 16 hurs. An extremely
large vlume f fluid may be required. Crystallid slu-
tins alne may be insuffiient t restre ardia prelad
during the perid f burn shk. Cnversely, liniians
must wath fr linial signs f vlume verlad as it may
lead t pulmnary mpliatins r t a mpartment
syndrme frm edema. Eletrial burns and inhalatin
injury may inrease the fluid requirement.

B. Management

1. Pain control—Pain ntrl is ritial in burn injury
patients. Treatment is with (ral r intravenus) nnsteri-
dal anti-inflammatry drugs and piids (see Chapter 5).

2. Chemoprophylaxis—

a. Tetanus immunization—Verify and update tetanus
prphylaxis status in all burn patients. (See Chapter 33.)

b. Antibiotics—All nnsuperfiial wunds need t be
vered with tpial antibitis. Prphylaxis with systemi
antibitis is nt indiated.

3. Surgical management—

a. Escharotomy—As tissue swelling urs, ishemia
may develp under any nstriting eshar f an extremity,
nek, r hest, r in irumferential full-thikness burns f the
trunk. Eshartmy inisins an be life- and limb-saving.

b. Fasciotomy—Fasitmy is indiated fr any mpart-
ment syndrme. Cliniians must frequently mnitr
patients fr develpment f early signs f a mpartment
syndrme, partiularly in thse with irumferential burns.

c. Debridement, dressings, and topical and sys-

temic antibiotic therapy—Minr burn wunds
must be debrided t determine the depth f the burn and
then thrughly leansed. Thereafter, daily wund are
must nsist f debridements as needed, tpial antibit-
is, and wund dressings. Patient mpliane and ade-
quate pain ntrl is essential fr suessful utpatient
treatment. The wund must be reevaluated by the treat-
ing liniian within 24–72 hurs t evaluate fr signs f
infetin.

The gal f burn wund management is t prtet the
wund frm desiatin and avid further injury r infe-
tin. Regular and thrugh leansing f burned areas is f

ritial imprtane. Tpial antibitis may be applied
after wund leansing. Silver sulfadiazine is n lnger
remmended.

It is imperative t lsely mnitr fr and treat systemi
infetin, sine this remains a leading ause f mrbidity
amng patients with majr burn injuries. Health are–
assiated infetins are inreasingly mmn.

d. Wound management—The gal f therapy after fluid
resusitatin is rapid and stable lsure f the wund.
Wunds that d nt heal spntaneusly in 7–10 days (eg,
deep partial-thikness r full-thikness burns) are best
treated by a speialist thrugh exisin and autgraft t
avid develpment f granulatin and infetin. The qual-
ity f the skin in regenerated deep partial-thikness burns
is marginal beause f the very thin dermis that emerges.

Cultured allgenei keratinyte grafts an prvide
rapid early verage fr superfiial burn injuries. Skin sub-
stitutin with ultured grafts may be life-saving fr severe
burns. Althugh the replaed dermis has nearly nrmal
histlgi dermal elements, there are n adnexal strutures
present, and very few, if any, elasti fibers.

e. Abdominal compartment syndrome—Abdminal
mpartment syndrme is a ptentially lethal nditin
that may develp in severely burned patients, with mrtal-
ity rates f apprximately 60% despite surgial interven-
tin. Diagnsis is nfirmed by bladder pressures greater
than 30 mm Hg in at-risk patients. Surgial abdminal
dempressin may imprve ventilatin and xygen deliv-
ery but may nt impat survival.

C. Patient Support

Burn patients require extensive supprtive are, bth
physilgially and psyhlgially. It is imprtant t
maintain nrmal re bdy temperature and avid
hypthermia, by maintaining envirnmental tempera-
ture at r abve 30°C, in patients with burns ver mre
than 20% f TBSA. Burn patients are at risk fr many
mpliatins suh as respiratry injury, ARDS r
respiratry failure unrespnsive t maximal ventila-
try supprt, sepsis, multirgan failure, and venus
thrmbemblism.

Burn patients have inreased metabli and energy
needs fr wund healing and require areful assessment
and prvisin f ptimal nutritin. Early aggressive nutri-
tin (by parenteral r enteral rutes) redues infetins,
revery time, nninfetius mpliatins, length f hs-
pital stay, lng-term sequelae, and mrtality.

Preventin f lng-term sars remains a frmidable
prblem in seriusly burned patients.

» Prognosis

Prgnsis depends n the extent and latin f the burn
tissue damage, assiated injuries, mrbidities, and m-
pliatins. Hyperglyemia is a preditr f wrse ut-
mes. Cmmn mpliatins inlude sepsis; gangrene
requiring limb amputatin; r neurlgi, ardia, gni-
tive, r psyhiatri dysfuntin. Psyhiatri supprt may be
neessary fllwing burn injury.
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» When to Refer

Transfer t a burn unit is indiated fr large burn size (fr
partial-thikness burns greater than 10% f TBSA r fr
full-thikness burns greater than 5% f TBSA), irumfer-
ential burn, inhalatin injury, r burn invlving a jint r
high-risk bdy part (fae, hands, feet, genitalia), and fr
patients with mrbidities.

» When to Admit

• All severe burn patients require extensive supprtive
are, bth physilgially and psyhlgially.

• Signifiant burns (based n latin and extent).

• Patients with signifiant mrbidities and subptimal
hme situatins.

• Burn enter nsultatin an advise whih patients
require transfer and whih an be managed via tele-
mediine/telephne nsultatin.

• Mnitring inludes vital signs, wund are, and bserva-
tin fr ptential mpliatins f eletrlyte abnrmali-
ties, aute kidney injury, hepati failure, ardipulmnary
mprmise, hyperglyemia, and infetin.

Cha KY et al. Respiratry management in smke inhalatin
injury. J Burn Care Res. 2019;40:507. [PMID: 30893426]

Otterness K et al. Emergeny department management f smke
inhalatin injury in adults. Emerg Med Prat. 2018;20:1.
[PMID: 29489306]

Smith RR et al. Analysis f fatrs impating length f stay in
thermal and inhalatin injury. Burns. 2019;45:1593. [PMID:
31130323]

º
ELECTRICAL INJURY

E S S E N T I A L S  O F  D I A G N O S I S

» Extent of injury is determined by the type, amount,
duration, and pathway of electrical current.

» Clinical findings of death are unreliable; therefore,
resuscitation efforts must be attempted before
assuming the electrical injury victim is dead.

» Skin findings may be misleading and are not
indicative of the depth of tissue injury.

» General Considerations

Eletriity-indued injuries are mmn and yet mst are
preventable. These injuries ur by expsure t eletri-
al urrent f lw vltage, high vltage, r lightning.
Eletrial urrent type is either alternating urrent (AC) r
diret urrent (DC) and is measured in vlts (V). Eletriity
auses aute injury by diret tissue damage, musle tetany,
diret thermal injury and agulatin nersis, and assi-
ated trauma.

Alternating current (AC) is an eletri urrent that
peridially reverses diretin in a sine wave pattern and
may ause musle tetany, whih prlngs the duratin and

amunt f urrent expsure. AC an be lw vltage r high
vltage. Mst husehlds and businesses use eletri pwer
in the frm f AC at low voltages (less than 1000 V). Lw
vltage eletrial injuries an range frm minr t signifiant
damage and death. High voltage (greater than 1000 V) AC
eletrial injuries are ften related t upatinal expsure
and assiated with deep tissue damage and higher mrbidity
and mrtality. Direct current (DC) is unidiretinal eletri-
al flw (eg, lightning, batteries, and autmtive eletrial
systems). It is mre likely t ause a single intense musle
ntratin and asystle. Lightning differs frm ther high-
vltage eletrial shk beause lightning delivers a diret
urrent f millins f vlts in a fratin f a send.

The extent f damage frm eletrial injuries depends n
the fllwing fatrs: vltage, urrent type, tissue resistane,
misture, pathway, duratin f expsure, assiated trauma,
and mrbidities. Current is the mst imprtant determi-
nant f tissue damage. Current passes thrugh the tissues f
least resistane as energy, whih prdues heat and auses
diret thermal injury. Tissue resistane varies thrughut
the bdy with nerve ells being the mst vulnerable and
bne the mst resistant t eletrial urrent.

» Clinical Findings

Eletrial burns are f three distint types: flash (aring)
burns, flame (lthing) burns, and the diret heating effet
f tissues by the eletrial urrent.

Skin damage does not correlate with the degree of injury.
Nt all eletrial injuries ause skin damage; very minr skin
damage may be present with massive internal injuries.
Symptms and signs may range frm very subtle t death.
The presene f entrane and exit burns signifies an
inreased risk f deep tissue damage. Current passing
thrugh skeletal musle an ause musle nersis and n-
tratins severe enugh t result in bne frature. If the
urrent passes thrugh the heart r brainstem, death may be
immediate due t ventriular fibrillatin, asystle, r apnea.

Resusitatin must be initiated n all vitims f eletrial
injury sine linial findings are deeptive and unreliable.

» Complications

Cmpliatins inlude ardia r respiratry arrest; dys-
rhythmias; neurlgi dysfuntin (eg, autnmi dysfun-
tin; altered mental status; seizures); paralysis; headahe;
neurpathy; vasular injury; tissue edema and nersis;
mpartment syndrme; assiated traumati injuries;
pneumthrax; rhabdmylysis; aute kidney injury; hyp-
vlemia; infetins; ular mpliatins; sepsis; gangrene;
and gnitive r psyhiatri dysfuntin. Psyhiatri sup-
prt may be neessary fllwing eletrial injury.

» Treatment

A. Emergency Measures

The patient must be assessed and treated as a trauma vi-
tim. The patient must be safely separated frm the eletri-
al urrent prir t initiatin f CPR r ther treatments.
Resuscitation must be initiated since clinical findings of
death are unreliable.
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B. Hospital Measures

The initial assessment invlves airway, breathing, and ir-
ulatin fllwed by a full trauma prtl. Fluid resusita-
tin is imprtant t maintain adequate urinary utput.
Initial evaluatin inludes ardia mnitring and ECG,
mplete bld unt, eletrlytes, kidney funtin tests,
liver hemistries, reatine phsphkinase r urine mygl-
bin, urinalysis, and ardia enzymes. ECG des nt shw
typial patterns f ishemia sine the eletrial damage is
epiardial. Vitims must be evaluated fr hidden injury,
rgan injury, blunt trauma, dehydratin, skin burns, hyper-
tensin, aid-base disturbanes, and neurlgial as well as
psyhlgial damage.

Eletrial burn wunds are an underregnized, yet
devastating frm f burn injury with wide-ranging and
signifiant mpliatins.

When eletrial injury urs, there must be a high sus-
piin fr extensive deep tissue nersis. Superfiial skin
may appear deeivingly benign. Deep tissue nersis leads
t prfund tissue swelling, resulting in a high risk f a
mpartment syndrme. Early debridement f devitalized
tissues and tetanus prphylaxis may redue the risks f
infetin.

Pain management is imprtant befre, during, and
after initial treatment and subsequent rehabilitatin.

» Prognosis

Prgnsis depends n the degree and latin f eletrial
injury, initial tissue damage, assiated injuries, mr-
bidities, and mpliatins.

» When to Refer

• Speialists may need t perfrm fasitmy fr m-
partment syndrme, debridement f devitalized tissue,
r mirvasular renstrutin.

• Ophthalmlgists shuld evaluate patients fr pssible
ular mpliatins; ENT physiians shuld evaluate
fr tympani membrane rupture r hearing lss.

» When to Admit

Indiatins fr hspitalizatin inlude high-vltage exp-
sure; dysrhythmia r ECG hanges; large burn size; neur-
lgi, pulmnary, r ardia symptms; suspiin f
signifiant deep tissue r rgan damage; transthrai
urrent pathway; histry f ardia disease r ther signifi-
ant mrbidities r injuries; and need fr surgery.

Gentges J et al. Eletrial injuries in the emergeny department: an
evidene-based review. Emerg Med Prat. 2018;20:1. [PMID:
30358379]

Gille J et al. Eletrial injury—a dual enter analysis f patient har-
ateristis, therapeuti speifis and utme preditrs. Sand J
Trauma Resus Emerg Med. 2018;26:43. [PMID: 29855384]

Stkly OR et al. The impat f eletrial injuries n lng-term
utmes: a Burn Mdel System Natinal Database study.
Burns. 2020;46:352. [PMID: 31420267]

Waldmann V et al. Eletrial ardia injuries: urrent nepts
and management. Eur Heart J. 2018;39:1459. [PMID: 28444167]

º
RADIATION EXpOSURE

E S S E N T I A L S  O F  D I A G N O S I S

» Damage from radiation is determined by the
source, type, quantity, duration, bodily location,
and susceptibility and accumulation of exposures
of the person.

» Clinicians and patients must be educated regard-
ing the risks of medical diagnostic radiation
weighed against the benefits of the medical imag-
ing needed.

» General Considerations

Radiatin expsure may ur frm envirnmental, u-
patinal, medial are, aidental, r intentinal auses.
The extent f damage frm radiatin expsure depends n
the type, quantity, and duratin f radiatin expsure; the
rgans expsed; the degree f disruptin t DNA; meta-
bli and ellular funtin; and the age, underlying ndi-
tin, suseptibility, mrbidities, and aumulative
expsures f the vitim.

Radiatin urs frm bth nninizing and inizing
radiatin sures. Nonionizing radiation is lw energy,
resulting in injuries related t lal thermal damage (eg,
mirwave, ultravilet, visible light, and radiwave). Ion-
izing radiation is high energy, ausing bdily damage in
several ways. Expsure may be external, internal, r bth.
Radiatin expsure triggers multiple metabli hanges n
the mleular and ellular levels resulting in tissue-speifi
damage.

The Internatinal Cmmissin n Radilgial Prte-
tin (ICRP) website prvides the mst up-t-date rem-
mendatins fr prtetin against inizing radiatin
(http://www.irp.rg/index.asp). The Wrld Health Orga-
nizatin (WHO) publishes guidelines n radiatin emer-
genies (https://www.wh.int/inizing_radiatin/a_e/en/).
These guidelines inlude remmended interventins dur-
ing the early, intermediate, and late emergeny phases and
the management f their psyhsial impat.

» Clinical Findings

Radiatin expsure results in aute and delayed effets.
It is imprtant t btain the event histry in rder t
assess the amunt f radiatin expsure, and the pssi-
bility f existing injuries r nditins. Aute effets
invlve damage f the rapidly dividing ells (eg, the
musa, skin, and bne marrw). This may be mani-
fested as musitis, nausea, vmiting, gastrintestinal
edema and ulers, skin burns, and bne marrw sup-
pressin ver hurs t days after expsure. Delayed
effets inlude malignany, reprdutin abnrmalities,
and liver, kidney, and entral nervus system and immune
system dysfuntin.

Acute radiation syndrome is due t an expsure t
high dses f inizing radiatin ver a brief time urse.
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Cliniians must be eduated t regnize and treat aute
radiatin sikness. The symptm nset is within hurs t
days depending n the dse. Symptms inlude anrexia,
nausea, vmiting, weakness, exhaustin, lassitude and, in
sme ases, prstratin; these symptms may ur singly
r in mbinatin. Dehydratin, anemia, and infetin
may fllw. The Centers fr Disease Cntrl and Preven-
tin ffers infrmatin regarding aute radiatin syn-
drme (https://www.d.gv/neh/radiatin/emergenies/
arsphysiianfatsheet.htm).

In aute radiatin expsure, medial are inludes lse
mnitring f the gastrintestinal, utaneus, hematlgi,
ardipulmnary, and erebrvasular symptms and
signs frm initial expsure and ver time.

» Therapeutic Radiation Exposure

Radiatin therapy has been a suessful mpnent in the
treatment f many malignanies. These radiatin-treated
aner survivrs have a higher risk f develpment f a
send malignany; besity; and pulmnary, ardia, and
thyrid dysfuntin, as well as an inreased verall risk fr
hrni health nditins and mrtality.

» Medical Imaging Radiation Exposure

Medial imaging with inizing radiatin expsure has dra-
matially inreased ver the past few deades. With the
rising use f medial imaging, there is internatinal fus
n imprving the safety by standardizatin and regulatin
f radiatin dsing in medial diagnstis and eduatin
fr liniian and the publi abut this issue.

The Amerian Cllege f Radilgy (ACR) prvides
“ACR Apprpriateness Criteria,” whih are evidene-based
guidelines reated by expert panels t serve as a referene
fr best praties fr imaging deisins by health are pr-
viders (https://www.ar.rg/Clinial-Resures/ACR-
Apprpriateness-Criteria). Cliniians and patients must
arefully weigh the risks and benefits f radiatin expsure
when deiding n an imaging test.

» Occupational & Environmental
Radiation Exposure

Useful resures fr prfessinals inlude bth the Centers
fr Disease Cntrl and Preventin “Radiatin Emergen-
ies” website (https://www.d.gv/neh/radiatin/emer-
genies/index.htm) and the Natinal Nulear Seurity
Administratin’s Radiatin Emergeny Assistane Center
whih prvides 24-hur aess t expert nsultatin ser-
vies (telephne: 1-865-576-1005 r website: https://rise.
rau.gv/reats/).

» Treatment

Treatment is fused n dentaminatin, symptmati
relief, supprtive are, and psyhsial supprt and
management f existing nditins r injuries. Speifi
supprtive treatments are determined by the dse,
rute, and effets f expsure and assiated nditins
present.

» Prognosis

Prgnsis is determined by the radiatin dse, duratin,
and frequeny as well as by the underlying nditin f the
vitim. Death is usually due t hematpieti failure, gas-
trintestinal musal damage, entral nervus system dam-
age, widespread vasular injury, r sendary infetin.

Caringenesis is related t the radiatin type, ttal
dse, duratin, and aumulatin f expsure, and t the
suseptibility f the vitim. Radiatin-related aner risks
persist thrughut the expsed persn’s life span.

With the inreased use f inizing radiatin fr medial
diagnstis and treatments, there is a grwing nern fr
the iatrgeni inrease in radiatin-indued aner risks.
There are age-related sensitivities t radiatin; prenatal and
yunger age vitims are mre suseptible t aringenesis.

» When to Admit

Mst patients with signifiant inizing radiatin expsure
require admissin fr lse mnitring and supprtive
treatment.

Dainiak N. Medial management f aute radiatin syndrme
and assiated infetins in a high-asualty inident. J Radiat
Res. 2018;59:ii54. [PMID: 29509947]

Khdamradi E et al. Targets fr prtetin and mitigatin f
radiatin injury. Cell Ml Life Si. 2020;77:3129. [PMID:
32072238]

Oren O et al. Curbing unneessary and wasted diagnsti imag-
ing. JAMA. 2019;321:245. [PMID: 30615023]

Parrish JS et al. Disasters resulting frm radilgi and nulear
events. Crit Care Clin. 2019;35:619. [PMID: 31445609]

Submmittee n Apprpriateness Criteria Radiatin Expsure;
Jrdan DW et al. Validatin f adult relative radiatin levels
using the ACR Dse Index Registry: reprt f the ACR
Apprpriateness Criteria Radiatin Expsure Submmittee.
J Am Cll Radil. 2019;16:236. [PMID: 30245216]

º
ENVIRONMENTAL DISORDERS RELATED
TO ALTITUDE

DYSBARISM & DECOMPRESSION SICKNESS

E S S E N T I A L S  O F  D I A G N O S I S

» Symptoms temporally related to recent altitude or
pressure changes.

» Early recognition and prompt treatment of
decompression illness are extremely important.

» Patient must also be assessed for hypothermia,
hypoglycemia, concurrent injuries, and medical
conditions.

» Consultation with diving medicine or hyperbaric
oxygen specialist is indicated.

» General Considerations

Dysbarism and dempressin illness are physilgi
prblems that result frm altitude hanges and the effets
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f envirnmental pressure n the gases in the bdy during
underwater desent and asent. These are mst likely
t ur when suba diving is fllwed lsely by travel t
high altitudes, r when the suba diver is nt adherent t
the nservative dive guidelines fr dive duratin, urse,
depth, and surfae times.

As a diver begins t desend, the gases in the bdy m-
press and disslve in the bld and the tissues. These gases
disslve thrughut areas f the bdy that are bth m-
pressible (lungs, gastrintestinal trat) and nnmpress-
ible (sinuses, jints). When the diver desends further, there
is inreased pressure n the gases t disslve even mre int
the bldstream and these tissues. During the subsequent
asent, the disslved gases expand. The gas mpressin
and expansin depend n the differene between the atm-
spheri pressure and the partial pressure f the gas dis-
slved in the tissues.

Dysbarism results frm bartrauma when gas mpres-
sin r expansin urs in parts f the bdy that are nn-
mpressible r have limited mpliane. Pulmnary
verinflatin syndrme is ne f the mst serius and
ptentially fatal results f bartrauma. This syndrme is
due t an inapprpriately rapid asent ausing alveli rup-
ture and air bubble extravasatin int tissue planes r even
the erebral irulatin.

Decompression illness urs when the pressure
hange is t rapid frm higher pressure t lwer pressure.
The result is that gas bubbles frm and ause damage
depending n their latin (eg, rnary, pulmnary, spi-
nal r erebral bld vessels, jints, sft tissues). Dem-
pressin illness symptms depend n the size, number, and
latin f released gas bubbles (ntably nitrgen). Risk f
dempressin illness in suba diving depends n multiple
fatrs: the dive details (depth, duratin, number f dives,
interval surfae time between dives, and water nditins).
Patient fatrs inlude age, weight, verall health, physial
nditin, physial exertin, the rate f asent, and the
length f time between the lw altitude (suba dive) and
high altitude (grund asent r air travel). Predispsing fa-
trs inlude besity, injury, hypxia, lung r ardia disease,
right t left ardia shunt, dehydratin, alhl and media-
tin effets, and pani attaks. Dempressin illness may
als ur in thse wh take ht shwers after ld dives.

Preventive measures inlude pre-dive medial sreening
and dive planning; diver eduatin; strit adherene t dive
urse, timing, and depths; and a slw and ntrlled asent
plus prper ntrl f buyany. Cnservative remmen-
datin is t avid high altitudes (grund asent r air
travel) fr at least 24 hurs after surfaing frm the dive,
espeially fllwing multiple dives.

» Clinical Findings

There is a range f linial manifestatins depending n
the latin f the gas bubble frmatin r the mpress-
ibility f gases in the bdy. Symptm nset may be imme-
diate r within minutes r hurs (in the majrity), up t
48 hurs later. Dempressin illness symptms inlude
pain in the jints (“the bends”); skin pruritus r burning
(“skin bends”); ardia symptms (aute rnary syn-
drme, ndutin abnrmalities); spinal rd r erebral

symptms (fal neurlgi dysfuntin r “dissiatin”
symptms that d nt fllw typial distributin neur-
anatmi patterns); labyrinthine dempressin illness
(“the staggers,” entral vertig); pulmnary dempres-
sin illness (“the hkes,” inspiratry pain, ugh, and
respiratry distress); arterial gas emblism (erebral,
pulmnary); bartrauma f the lungs, ear, and sinus; and
ma and death.

Dempressin illness invlving the brain and spinal rd
may ur by different mehanisms due t air bubbles aus-
ing arterial lusin, venus bstrutin, r in situ txiity.

The liniian must assess fr assiated nditins f
hypthermia, hypglyemia, hypvlemia, drwning,
trauma, envenmatin, r nurrent medial nditins.

» Treatment

Early regnitin and prmpt treatment are extremely
imprtant. Dempressin illness must be nsidered if
symptms are temprally related t reent diving r rapid
hanges in altitude r pressure within the past 48 hurs.
Cntinuus administratin f 100% xygen is indiated
and benefiial fr all patients. Hyperbari xygen treat-
ment is mmnly remmended fr dempressin ill-
ness symptms. Immediate nsultatin with a diving
mediine r hyperbari xygen speialist is indiated even
if mild dempressin illness symptms reslve. Nnste-
ridal anti-inflammatry drugs, aetaminphen, r aspirin
may be given fr pain ntrl if there are n ntraindia-
tins. Opioids must be used very cautiously, sine these may
bsure the respnse t rempressin.

» When to Admit

Rapid transprtatin t a hyperbari treatment faility fr
rempressin is imperative fr dempressin illness. The
Divers Alert Netwrk is an exellent wrldwide resure
fr emergeny advie 24 hurs daily fr the management f
diving-related nditins (www.dan.rg).

Gre MD et al. Is it safe t SCUBA dive with asthma? Expert Rev
Respir Med. 2019;13:1069. [PMID: 31509025]

Mallen JR et al. SCUBA mediine fr tlarynglgists: Part II.
Diagnsti, treatment, and dive fitness remmendatins.
Laryngspe. 2020;130:59. [PMID: 30776095]

Manini S et al. Triage and treatment f mass asualty dem-
pressin sikness after depressurizatin at 6400 m. Aersp
Med Hum Perfrm. 2018;89:1085. [PMID: 30487030]

HIGH-ALTITUDE ILLNESS

E S S E N T I A L S  O F  D I A G N O S I S

» The severity of the high-altitude illness is affected
by the rate and height of ascent and the individu-
al’s susceptibility.

» Prompt recognition and medical treatment of
early symptoms of high-altitude illness may pre-
vent progression.
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» Clinicians must assess other conditions that may
coexist or mimic symptoms of high-altitude
illness.

» Immediate descent is the definitive treatment for
high-altitude cerebral edema and high-altitude
pulmonary edema.

» General Considerations

As altitude inreases, there is a derease in bth barmetri
pressure and xygen partial pressure resulting in hypbari
hypxia. High-altitude illnesses are due t hypbari hypxia
at high altitudes (usually greater than 2000 meters r 6562
feet). High-altitude illness inludes a spetrum f disrders
ategrized by end-rgan effets (mstly erebral and pul-
mnary) and expsure duratin (aute and lng-term).
Aute high-altitude illnesses are acute hypoxia, acute
mountain sickness (AMS), high-altitude cerebral edema
(HACE), and high-altitude pulmonary edema (HAPE).

Alimatizatin urs as a physilgi respnse t the
inreasing altitude and inreasing hypbari hypxia. High-
altitude illness results when the hypxi stress is greater
than the individual’s ability t alimatize. Risk fatrs fr
high-altitude illness inlude inreased physial ativity with
insuffiient alimatizatin, inadequate eduatin and
preparatin, individual suseptibility, and previus high-
altitude illness. The key determinants f high-altitude ill-
ness risk and severity inlude bth individual suseptibility
fatrs and altitudinal fatrs, suh as rate and height f
asent and ttal hange in altitude ver time.

Individual suseptibility fatrs inlude underlying n-
ditins suh as ardia and pulmnary disease, patent fra-
men vale, bld disrders, pregnany, neurlgi
nditins, smking, reent surgery, diabetes mellitus, and
many ther hrni medial nditins. Thse with symp-
tmati neurlgi, ardia, r pulmnary disease must
avid high altitudes.

Patient assessment fr high-altitude illness must als
inlude evaluatin fr ther nditins, whih may exist
r may present in a similar manner.

1. High-Altitude–Associated Neurologic
Conditions: AMS & HACE

There is a spetrum f neurlgi nditins aused by
high altitude, ranging frm acute mountain sickness
(AMS) t the mre serius frm, high-altitude cerebral
edema (HACE)

AMS inludes symptms suh as headahe (mst severe
and persistent symptm), lassitude, drwsiness, dizziness,
hilliness, nausea and vmiting, and diffiulty sleeping.
Later symptms inlude irritability, diffiulty nentrat-
ing, anrexia, insmnia, and inreased headahes.

HACE inludes the severe symptms f AMS and
results frm erebral vasgeni edema and erebral ellular
hypxia. It usually urs at elevatins abve 2500 meters
(8202 feet) but may ur at lwer elevatins. Hallmarks
are altered mental status, ataxia, severe lassitude, and
enephalpathy. Examinatin findings may inlude

nfusin, ataxia, urinary retentin r inntinene, fal
neurlgi defiits, papilledema, and seizures. Symptms
may prgress t btundatin, ma, and death.

» Treatment

Definitive treatment is immediate desent f at least 610
meters (2001 feet), and desent must ntinue until symp-
tms imprve. Desent is essential if the symptms are
persistent, severe, r wrsening, r if HACE r HAPE is
present. If immediate desent is nt pssible, prtable
hyperbari hambers an prvide symptmati relief, but
this must nt delay desent.

Initial treatment invlves xygen administratin t
keep the pulse ximetry S

p
O

2
t greater than 90%.

Aetazlamide is an effetive mediatin fr bth pr-
phylaxis and treatment f mild symptms f AMS.

Dexamethasne is given fr mderate t severe AMS.
Dexamethasne is the primary treatment fr HACE.
Aetazlamide an be added as an adjunt in severe
HACE ases. In mst individuals, symptms lear within
24–48 hurs. HACE treatment must ntinue until
24 hurs after reslutin f symptms r until desent is
mpleted. Dexamethasne shuld nt be given fr ln-
ger than 7 days.

It is imperative that the liniian als assess fr ther
nditins that may mimi r exist with AMS and
HACE.

If HAPE symptms and signs are present alng with
HACE, nifedipine r a seletive phsphdiesterase inhibi-
tr may be added fr pulmnary vasdilatin. The lini-
ian must be autius when using mbinatins f
vasdilatrs.

2. Acute HApE

HAPE is the leading ause f death frm high-altitude ill-
ness. The hallmark is markedly elevated pulmnary artery
pressure fllwed by pulmnary edema. Early symptms
may appear within 6–36 hurs after arrival at a high-altitude
area. These inlude inessant dry ugh, shrtness f breath
disprprtinate t exertin, headahe, dereased exerise
perfrmane, fatigue, dyspnea at rest, and hest tightness.
Regnitin f the early symptms may enable the patient t
desend befre inapaitating pulmnary edema develps.
Strenuus exertin must be avided. As pulmnary edema
wrsens, wheezing, rthpnea, and hemptysis may develp.

Physial findings may inlude tahyardia, mild fever,
tahypnea, yansis, prlnged respiratin, rales, wheez-
ing, and rhnhi. The liniian must assess fr ther pten-
tial medial nditins beause the linial piture may
resemble ther entities. Diagnsis is usually linial; anil-
lary tests are nnspeifi r unavailable n site. Prmpt
regnitin and medial attentin f early symptms f
HAPE may prevent prgressin.

» Treatment

Immediate desent (at least 610 meters [2000 feet]) is
essential, althugh this may nt be immediately pssible
and may nt alne imprve symptms.
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The patient must be plaed at rest, relined with head
elevated. Supplemental xygen must be administered t
maintain pulse ximetry readings f S

p
O

2
greater than

90%. Rempressin in a prtable hyperbari bag will tem-
prarily redue symptms if rapid r immediate desent is
nt pssible, but must nt delay desent.

Nifedipine an be used as an adjunt if the ther
therapies (desent, xygen, r prtable hyperbari
hambers) are nt suessful r available. Seletive
phsphdiesterase inhibitrs may be used fr HAPE
preventin and may als prvide effetive symptm
relief as an alternative r if nifedipine is nt available.
Administering nifedipine plus a phosphodiesterase inhibi-
tor as pulmonary vasodilators is not recommended
beause this mbinatin may als lwer the mean arte-
rial pressure and derease erebral perfusin. Treatment
fr ARDS (see Chapter 9) is required fr sme patients.
If neurlgi symptms are present nurrently with
HAPE and d nt reslve with imprved xygenatin,
dexamethasne may be added arding t HACE treat-
ment guidelines.

There is an internatinal effrt t advane the under-
standing f high-altitude pulmnary edema thrugh the
researh and database registry (https://www.altitude.rg).

» Prevention of HighAltitude Disorders

Pre-trip preventive measures inlude partiipant edua-
tin, medial prepartiipatin evaluatin, pre-trip plan-
ning, ptimal physial nditining befre travel, and
adequate rest and sleep the day befre travel and during
the trip. Preventive effrts during asent inlude redued
fd intake, avidane f alhl and tba, and limit-
ing any unneessary physial ativity during travel.

Gradual asent is the mst effetive way t allw ali-
matizatin. Lw-risk asensin rate is 2 r mre days t
arrive at 2500–3000 meters. The altitude reahed during
waking hurs is nt as imprtant as the altitude at whih
the hiker sleeps. Muntaineering parties at altitudes f
3000 meters r higher must arry a supply f xygen and
medial equipment suffiient fr several days.

Drug prphylaxis may be presribed fr AMS and
HACE if n ntraindiatins exist. Prphylati lw-dse
aetazlamide has been shwn t redue the inidene and
severity f AMS and HACE when started 3 days prir t
asent and ntinued fr 48–72 hurs at high altitude.
Dexamethasne is an alternative prphylati mediatin
fr AMS and HACE.

Individuals with a past histry f HAPE shuld use
drug prphylaxis t redue the risk f reurrene. Nifedip-
ine started the day befre asent and ntinued thrugh
the furth day at target elevatin, r thrugh the seventh
day if the asent rate was faster, is remmended. Salme-
terl an be added beginning 24 hurs prir t asent.
Salmeterl is used as an adjunt t nifedipine but nt as
mntherapy.

Phsphdiesterase inhibitrs may be benefiial in the
treatment f HAPE based n their physilgi effets f
dereased pulmnary arterial pressures and pulmnary
vasdilatin.

» When to Admit

• All patients with HACE r HAPE must be hspitalized
fr further bservatin.

• Hspitalizatin must als be nsidered fr any patient
wh remains symptmati after treatment and desent.

• Pulmnary symptms and hypxia may be wrsened by
mpliatins suh as pulmnary emblism, sendary
respiratry infetin, brnhspasm, muus plugging,
r aute rnary syndrme.

Aksel G et al. High-altitude illness: management apprah. Turk J
Emerg Med. 2019;19:121. [PMID: 31687609]

Dekker MCJ et al. Muntain neurlgy. Prat Neurl. 2019;19:404.
[PMID: 31177100]

Luks AM et al. Wilderness Medial Siety pratie guidelines fr
the preventin and treatment f aute altitude illness: 2019
update. Wilderness Envirn Med. 2019;30:S3. [PMID: 31248818]

SAFETY OF AIR TRAVEL & SELECTION
OF PATIENTS FOR AIR TRAVEL

The medial safety f air travel depends n the nature and
severity f the traveler’s preflight nditin and fatrs
suh as travel duratin and frequeny f travel, use and
frequeny f inflight exerise, abin altitude pressure, avail-
ability f medial supplies, infetius diseases f ther
travelers, and the presene f health are prfessinals n
bard. Air travel passengers are suseptible t a wide range
f flight-related prblems: pulmnary (hypxemia, spnta-
neus pneumthrax), venus thrmbemblism (VTE),
infetins, ardia, gastrintestinal, ular, immunlgi,
synpe, neurpsyhiatri, metabli, trauma, and illiit
substane-related nditins. Air travel risks are higher fr
thse air travelers with preexisting medial nditins.

Hypbari hypxia is the underlying etilgy f mst
serius medial emergenies in flight due t abin altitude.
Despite mmerial airraft pressurizatin requirements,
there is signifiant hypxemia, dyspnea, gas expansin,
and stress in travelers, partiularly in thse with underly-
ing pulmnary disease.

Air travel has been the main fus f medial reviews
n travel-related VTE; hwever, any frm f prlnged
travel invlving immbilizatin is assiated with inreased
risk f VTE (nw referred t as “traveler’s thrmbsis”).
VTE risk is mre relevant fr thse passengers with addi-
tinal VTE risk fatrs. Risks fr VTE in lng-distane
travelers inlude the fllwing: (1) travel invlving imm-
bilizatin fr 4 r mre hurs, (2) hyperagulable disr-
ders, and (3) aquired risks. Preventin measures may
inlude wearing graduated mpressin stkings; fre-
quent exerise and psitin hanges during travel; and the
use f thrmbprphylaxis, suh as lw-mleular-weight
heparin (LMWH) r diret-ating ral antiagulant
(DOAC) (see Chapter 14).

Air travel is nt advised fr anyne wh is “inapai-
tated” r has any “unstable nditins.” The Air Transprt
Assiatin f Ameria defines an incapacitated passen-
ger as “ne wh is suffering frm a physial r mental dis-
ability and wh, beause f suh disability r the effet f
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the flight n the disability, is inapable f self-are; wuld
endanger the health r safety f suh persn r ther pas-
sengers r airline emplyees; r wuld ause dismfrt r
annyane f ther passengers.” Unstable conditions
inlude ative pneumthrax, advaned pulmnary hyper-
tensin, aute wrsening f an underlying lung disease,
prly ntrlled hypertensin, dysrhythmias, angina
petris, valvular disease, heart failure, r aute psyhiatri
nditin; severe anemia r symptmati sikle ell dis-
ease; reent myardial infartin; erebrvasular ai-
dent; prly ntrlled seizure disrder; deep venus
thrmbsis; pstsurgery, espeially heart surgery (unless
apprved by surgen); and any ative mmuniable dis-
ease. Publi Health Travel Restritins have shwn effiay
in preventing mmerial air r internatinal travel f
persns with ertain mmuniable diseases that pse
publi health threat.

» Pregnancy

Pregnant travelers have unique travel-related and latin-
speifi risks. A liniian’s authrizatin is required if travel
is essential during the ninth mnth f pregnany r earlier
in a mpliated r high-risk pregnany.

Lng travel inreases risk f VTE fr the pregnant trav-
eler. Pregnant travelers are at higher risk frm infetin
transmissin and air travel radiatin expsure.

» Prevention

Air travel mpliatins may be redued by the fllwing
preventive measures: passenger presreening, passenger
eduatin, and in-flight psitining and ativity. Pre-
sreening evaluatin is remmended fr all high-risk
patients inluding preexisting requirement fr xygen,
ntinuus psitive airway pressure r ventilatr supprt,

underlying restritive r bstrutive lung disease, mr-
bidities wrsened by hypxemia, previus respiratry dis-
tress during air travel, reent pneumthrax, and reent
(within 6 weeks) aute respiratry illness. Patients at risk
fr hypxia must be assessed prir t air travel t deter-
mine if there is a need fr supplemental in-flight xygen.

Air travel eduatin must inlude risk redutin mea-
sures fr VTE, infetius diseases, and exaerbatins f
underlying medial nditins. Patients and liniians an
hek the Wrld Health Organizatin website fr the mst
updated infrmatin n travel health risks and infetius
diseases (https://www.wh.int/travel-advie). Air travel has
been assiated with an inreased risk f transmissin f
infetius diseases.

All lng-distane travelers an redue VTE risk by
aviding nstritive lthing, staying well-hydrated,
hanging psitin frequently, aviding ramped psitin,
aviding leg rssing, engaging in frequent (at least every
hur) in-flight leg strething exerises, and walking fr
5 minutes every hur. Cliniians must assess thse with
high risk f VTE prir t air travel t determine whether
antiagulatin is indiated (see Table 14–14).

ACOG Cmmittee Opinin N. 746 summary: air travel during
pregnany. Obstet Gynel. 2018 Aug;132(2):533–4. [PMID:
30045206]

Bellinghausen AL et al. Hw I d it: Assessing patients fr air
travel. Chest. 2020;S0012-3692:35141. [PMID: 33212136]

Czuprynska J et al. Anntatin: travel and thrmbsis. Br J
Haematl. 2020;188:838. [PMID: 31372991]

Ergan B et al. Are pulmnlgists well aware f planning safe air
travel fr patients with COPD? The SAFCOP study. Int J
Chrn Obstrut Pulmn Dis. 2019;14:1895. [PMID: 31686801]

Tuite AR et al. Glbal trends in air travel: impliatins fr n-
netivity and resiliene t infetius disease threats. J Travel
Med. 2020;27:taaa070. [PMID: 32374834]
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º
INITIAL EVALUATION: POISONING OR
OVERDOSE

Patients with drug overdoses or poisoning may initially
have no symptoms or they may have varying degrees of
overt intoxication. The asymptomatic patient may have
been exposed to or may have ingested a lethal dose, but not
yet exhibit any manifestations of toxicity. It is important to
(1) quickly assess the potential danger, (2) consider gut and
skin decontamination to prevent absorption, (3) treat com-
plications if they occur, and (4) observe the asymptomatic
patient for an appropriate interval.

» Assess the Danger

If the drug or poison is known, its danger can be assessed
by consulting a text or computerized information resource
or by calling a regional poison control center. (In the
United States, dialing 1-800-222-1222 will direct the call to
the regional poison control center.) Assessment will usually
take into account the dose ingested; the time since inges-
tion; the presence of any symptoms or clinical signs; preex-
isting cardiac, respiratory, kidney, or liver disease; and,
occasionally, specific serum drug or toxin levels. Be aware
that the history given by the patient or family may be
incomplete or unreliable.

38 Craig Smollin, MD

Poisoning

discharged if no symptoms have developed. Before dis-
charge, psychiatric evaluation should be performed to
assess suicide risk. Intentional ingestions in adolescents
should raise the possibility of unwanted pregnancy or sex-
ual abuse.

º
THE SYMPTOMATIC PATIENT

In symptomatic patients, treatment of life-threatening com-
plications takes precedence over in-depth diagnostic evalu-
ation. Patients with mild symptoms may deteriorate rapidly,
which is why all potentially significant exposures should be
observed in an acute care facility. The following complica-
tions may occur, depending on the type of poisoning.

COMA

» Assessment & Complications

Coma is commonly associated with ingestion of large doses
of antihistamines (eg, diphenhydramine), benzodiazepines
and other sedative-hypnotic drugs, ethanol, opioids, anti-
psychotic drugs, or antidepressants. The most common
cause of death in comatose patients is respiratory failure,
which may occur abruptly. Pulmonary aspiration of gastric
contents may also occur, especially in victims who are
deeply obtunded or convulsing. Hypoxia and hypoventila-
tion may cause or aggravate hypotension, arrhythmias, and
seizures. Thus, protection of the airway and assisted venti-
lation are the most important treatment measures for any
poisoned patient.

» Treatment

A. Emergency Management

The initial emergency management of coma can be remem-
bered by the mnemonic ABCD, for Airway, Breathing,
Circulation, and Drugs (dextrose, thiamine, and naloxone
or flumazenil), respectively.

1. Airway—Establish a patent airway by positioning, suc-
tion, or insertion of an artificial nasal or oropharyngeal
airway. If the patient is deeply comatose or if airway

IMMEDIATE 24HOUR TOXICOLOGY
CONSULTATION

Call your regional poison control center

U.S. toll-free 1-800-222-1222

» Observe the Patient

Asymptomatic or mildly symptomatic patients should be
observed for at least 4–6 hours. Longer observation is indi-
cated if the ingested substance is a sustained-release prepa-
ration or is known to slow gastrointestinal motility (eg,
opioids, anticholinergics, aspirin) or may cause a delayed
onset of symptoms (eg, acetaminophen, colchicine, hepa-
totoxic mushrooms). After that time, the patient may be
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reflexes are depressed, perform endotracheal intubation.
These airway interventions may not be necessary if the
patient is intoxicated by an opioid or a benzodiazepine
and responds to intravenous naloxone or flumazenil.

2. Breathing—Clinically assess the quality and depth of
respiration and provide assistance, if necessary, with a bag-
valve-mask device or mechanical ventilator. Administer
supplemental oxygen, if needed. The arterial or venous
blood CO

2
tension, or noninvasive end-tidal CO

2
monitor-

ing, is useful in determining the adequacy of ventilation.
The arterial blood PO

2
determination may reveal hypox-

emia, which may be caused by respiratory depression,
bronchospasm, pulmonary aspiration, or noncardiogenic
pulmonary edema. Pulse oximetry provides an assessment
of oxygenation, but is not reliable in patients with methe-
moglobinemia or carbon monoxide poisoning, unless a
pulse oximetry device capable of detecting these forms of
hemoglobin is used.

3. Circulation—Measure the pulse and blood pressure and
estimate tissue perfusion (eg, by measurement of urinary
output, skin signs, arterial blood pH). Place the patient on
continuous ECG monitoring. Insert an intravenous line, and
draw blood for glucose, electrolytes, serum creatinine and
liver tests, and possible quantitative toxicologic testing.

4. Drugs—

a. Dextrose and thiamine—Unless promptly treated,
severe hypoglycemia can cause irreversible brain damage.
Therefore, in all obtunded, comatose or convulsing
patients, give 50% dextrose, 50–100 mL by intravenous
bolus, unless a rapid point-of-care blood sugar test rules
out hypoglycemia. In alcoholic or very malnourished
patients who may have marginal thiamine stores, give
thiamine 100 mg intramuscularly or in the intravenous
fluids.

b. Opioid antagonists—Naloxone, 0.4–2 mg intrave-
nously or 2–4 mg by intranasal spray, may reverse opioid-
induced respiratory depression and coma. It is often given
empirically to any comatose patient with depressed respira-
tions. If opioid overdose is strongly suspected, give addi-
tional doses of naloxone (up to 5–10 mg may be required to
reverse the effects of potent opioids). Note: Naloxone has a
shorter duration of action (2–3 hours) than most common
opioids; repeated doses may be required, and continuous
observation for at least 3–4 hours after the last dose is
mandatory.

c. Flumazenil—Flumazenil, 0.2–0.5 mg intravenously,
repeated as needed up to a maximum of 3 mg, may reverse
benzodiazepine-induced coma. Caution: In most circum-
stances, use of flumazenil is not advised as the potential
risks outweigh its benefits. Flumazenil should not be given
if the patient has coingested a potential convulsant drug, is
a user of high-dose benzodiazepines, or has a seizure dis-
order because its use in these circumstances may precipi-
tate seizures. Note: Flumazenil has a short duration of
effect (2–3 hours), and resedation requiring additional
doses may occur.

HYPOTHERMIA

» Assessment & Complications

Hypothermia commonly accompanies coma due to opi-
oids, ethanol, hypoglycemic agents, phenothiazines, barbi-
turates, benzodiazepines, and other sedative-hypnotics and
central nervous system depressants. Hypothermic patients
may have a barely perceptible pulse and blood pressure.
Hypothermia may cause or aggravate hypotension, which
will not reverse until the temperature is normalized.

» Treatment

Treatment of hypothermia is discussed in Chapter 37.
Gradual rewarming is preferred unless the patient is in
cardiac arrest.

HYPOTENSION

» Assessment & Complications

Hypotension may be due to poisoning by many different
drugs, including antihypertensives, beta-blockers, calcium
channel blockers, disulfiram (ethanol interaction), iron,
trazodone, quetiapine, and other antipsychotic agents and
antidepressants. Poisons causing hypotension include cya-
nide, carbon monoxide, hydrogen sulfide, aluminum or
zinc phosphide, arsenic, and certain mushrooms.

Hypotension in the poisoned or drug-overdosed patient
may be caused by venous or arteriolar vasodilation, hypo-
volemia, depressed cardiac contractility, or a combination
of these effects.

» Treatment

Most hypotensive poisoned patients respond to empiric
treatment with repeated 200 mL intravenous boluses of
0.9% saline or other isotonic crystalloid up to a total of
1–2 L; much larger amounts may be needed if the victim is
profoundly volume depleted (eg, as with massive diarrhea
due to Amanita phalloides mushroom poisoning). Moni-
toring the central venous pressure (CVP) can help deter-
mine whether further fluid therapy is needed. Consider
bedside cardiac ultrasound or pulmonary artery catheter-
ization (or both) to assess CVP. If fluid therapy is not suc-
cessful after adequate volume replacement, give dopamine
or norepinephrine by intravenous infusion.

Hypotension caused by certain toxins may respond to
specific treatment. For hypotension caused by overdoses of
tricyclic antidepressants or other sodium channel blockers,
administer sodium bicarbonate, 50–100 mEq by intrave-
nous bolus injection. Norepinephrine 4–8 mcg/min by
intravenous infusion is more effective than dopamine in
some patients with overdoses of tricyclic antidepressants or
of drugs with predominantly vasodilating effects. For beta-
blocker overdose, glucagon (5–10 mg intravenously) may
be of value. For calcium channel blocker overdose, admin-
ister calcium chloride, 1–2 g intravenously (repeated doses
may be necessary; doses of 5–10 g and more have been
given in some cases). High-dose insulin (0.5–1 unit/kg/h
intravenously) euglycemic therapy may also be used
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Table 38–1. Common toxins or drugs causing arrhyth-
mias (listed in alphabetical order).1

Arrhythmia Common Causes

Atrioventricular block Beta-blockers, calcium channel

blockers, class Ia antiarrhythmics

(including quinidine), carbamaze-

pine, clonidine, digitalis glycosides,

lithium

QT interval prolongation

and torsades de

pointes

Arsenic, class Ia and class III antiar-

rhythmics, citalopram, droperidol,

lithium, methadone, pentamidine,

sertraline, sotalol, and many other

drugs2

Sinus bradycardia Beta-blockers, calcium channel

blockers, clonidine, digitalis

glycosides, organophosphates

Sinus tachycardia Beta-agonists (eg, albuterol),

amphetamines, anticholinergics,

antihistamines, caffeine, cocaine,

pseudoephedrine, tricyclic and

other antidepressants

Ventricular premature

beats and ventricular

tachycardia

Amphetamines, cocaine, ephedrine,

caffeine, chlorinated or fluorinated

hydrocarbons, digoxin, aconite

(found in some Chinese herbal

preparations), fluoride, theophyl-

line. QT prolongation can lead to

atypical ventricular tachycardia

(torsades de pointes)

Wide QRS complex Class Ia and class Ic antiarrhythmics,

phenothiazines (eg, thioridazine),

potassium (hyperkalemia), propran-

olol, tricyclic antidepressants,

bupropion, lamotrigine, diphen-

hydramine (severe overdose)

1Arrhythmias may also occur as a result of hypoxia, metabolic aci-

dosis, or electrolyte imbalance (eg, hyperkalemia or hypokalemia,

hypocalcemia, hypomagnesemia).
2https://crediblemeds.org/

(see the sections Beta-Adrenergic Blockers and Calcium
Channel Blockers, below). Intralipid 20% lipid emulsion
has been reported to improve hemodynamics in some
cases of intoxication by highly lipid-soluble drugs such as
bupivacaine, bupropion, clomipramine, and verapamil.
Intravenous methylene blue and extracorporeal membrane
oxygenation (ECMO) have been employed in a few refrac-
tory cases; ECMO may offer temporary hemodynamic
stabilization while the offending drug is eliminated.

Mycyk MB. Extracorporeal membrane oxygenation shows prom-
ise for treatment of poisoning some of the time: the challenge
to do better by aiming higher. Crit Care Med. 2020;48:1235.
[PMID: 32697497]

Nafea OE et al. Comparative effectiveness of methylene blue ver-
sus intravenous lipid emulsion in a rodent model of amlodipine
toxicity. Clin Toxicol (Phila). 2019;57:784. [PMID: 30729824]

Weiner L et al. Clinical utility of venoarterial-extracorporeal
membrane oxygenation (VA-ECMO) in patients with drug-
induced cardiogenic shock: a retrospective study of the Extra-
corporeal Life Support Organizations’ ECMO case registry.
Clin Toxicol (Phila). 2020;58:705. [PMID: 31617764]

HYPERTENSION

» Assessment & Complications

Hypertension may be due to poisoning with amphetamines
and synthetic stimulants, anticholinergics, cocaine,
performance-enhancing products (eg, containing caffeine,
phenylephrine, ephedrine, or yohimbine), monoamine
oxidase (MAO) inhibitors, and other drugs.

Severe hypertension (eg, diastolic blood pressure
greater than 105–110 mm Hg in a person who does not
have chronic hypertension) can result in acute intracranial
hemorrhage, myocardial infarction, or aortic dissection.

» Treatment

Treat hypertension if the patient is symptomatic or if the
diastolic pressure is higher than 105–110 mm Hg—
especially if there is no prior history of hypertension.

Hypertensive patients who are agitated or anxious may
benefit from a sedative (such as lorazepam, 2–3 mg intra-
venously) or an antipsychotic drug (eg, haloperidol or
olanzapine). For persistent hypertension, administer phen-
tolamine, 2–5 mg intravenously, or nitroprusside sodium,
0.25–8 mcg/kg/min intravenously. If excessive tachycardia
is present, add esmolol, 25–100 mcg/kg/min intravenously,
or labetalol, 0.2–0.3 mg/kg intravenously. Caution: Do not
give beta-blockers alone, since doing so may paradoxically
worsen hypertension in some cases as a result of unop-
posed alpha-adrenergic stimulation.

ARRHYTHMIAS

» Assessment & Complications

Arrhythmias may occur with a variety of drugs or toxins
(Table 38–1). They may also occur as a result of hypoxia,
metabolic acidosis, or electrolyte imbalance (eg, hyperkale-
mia, hypokalemia, hypomagnesemia, or hypocalcemia), or

following exposure to chlorinated solvents or chloral
hydrate overdose. Atypical ventricular tachycardia (tors-
ades de pointes) is often associated with drugs that prolong
the QT interval.

» Treatment

Hypoxia or electrolyte imbalance should be sought and
treated. If ventricular arrhythmias persist, administer lido-
caine or amiodarone at usual antiarrhythmic doses. Note:
Wide QRS complex tachycardia in the setting of tricyclic
antidepressant overdose (or diphenhydramine or class Ia
antiarrhythmic drugs) should be treated with sodium
bicarbonate, 50–100 mEq intravenously by bolus infusion.
Caution: In such cases, avoid class Ia antiarrhythmic
agents (eg, procainamide, disopyramide) and amiodarone,
which may aggravate arrhythmias caused by tricyclic anti-
depressants. Torsades de pointes associated with prolonged
QT interval may respond to intravenous magnesium (2 g
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intravenously over 2 minutes) or overdrive pacing. Treat
digitalis-induced arrhythmias with digoxin-specific
antibodies.

For tachyarrhythmias induced by chlorinated solvents,
chloral hydrate, Freons, or sympathomimetic agents, use
propranolol or esmolol (see doses given above in Hyper-
tension section).

Shakeer SK et al. Chloral hydrate overdose survived after cardiac
arrest with excellent response to intravenous β-blocker.
Oman Med J. 2019;34:244. [PMID: 31110633]

SEIZURES

» Assessment & Complications

Seizures may be caused by many poisons and drugs,
including amphetamines, antidepressants (especially tricy-
clic antidepressants, bupropion, and venlafaxine), antihis-
tamines (especially diphenhydramine), antipsychotics,
camphor, synthetic cannabinoids and cathinones, cocaine,
isoniazid (INH), chlorinated insecticides, piperazines, tra-
madol, and theophylline. The onset of seizures may be
delayed for up to 18–24 hours after extended-released
bupropion overdose.

Seizures may also be caused by hypoxia, hypoglycemia,
hypocalcemia, hyponatremia, withdrawal from alcohol or
sedative-hypnotics, head trauma, central nervous system
infection, or idiopathic epilepsy.

Prolonged or repeated seizures may lead to hypoxia,
metabolic acidosis, hyperthermia, and rhabdomyolysis.

» Treatment

Administer lorazepam, 2–3 mg, or diazepam, 5–10 mg,
intravenously, or—if intravenous access is not immediately
available—midazolam, 5–10 mg intramuscularly. If convul-
sions continue, administer phenobarbital, 15–20 mg/kg
slowly intravenously over no less than 30 minutes. (For
drug-induced seizures, phenobarbital is preferred over phe-
nytoin or levetiracetam.) Propofol infusion has also been
reported effective for some resistant drug-induced seizures.

Seizures due to a few drugs and toxins may require anti-
dotes or other specific therapies (as listed in Table 38–2).

Park HR et al. Endosulfan-induced prolonged super-refractory
status epilepticus. J Epilepsy Res. 2018;8:93. [PMID:
30809504]

HYPERTHERMIA

» Assessment & Complications

Hyperthermia may be associated with poisoning by
amphetamines and other synthetic stimulants (cathinones,
piperazines), atropine and other anticholinergic drugs,
cocaine, salicylates, strychnine, 2,4-dinitrophenol, tricyclic
antidepressants, and various other medications. Overdoses
of serotonin reuptake inhibitors (eg, fluoxetine, paroxetine,
sertraline) or their use in a patient taking an MAO

inhibitor may cause agitation, hyperactivity, myoclonus,
and hyperthermia (“serotonin syndrome”). Antipsychotic
agents can cause rigidity and hyperthermia (neuroleptic
malignant syndrome [NMS]). (See Chapter 25.) Malignant
hyperthermia is a rare disorder associated with general
anesthetic agents.

Hyperthermia is a rapidly life-threatening complica-
tion. Severe hyperthermia (temperature higher than
40–41°C) can rapidly cause brain damage and multiorgan
failure, including rhabdomyolysis, acute kidney injury, and
coagulopathy (see Chapter 37).

» Treatment

Treat hyperthermia aggressively by removing the patient’s
clothing, spraying the skin with tepid water, and high-
volume fanning. Alternatively, the patient can be placed in
an ice water bath (not simply applying ice to selected sur-
faces). If external cooling is not rapidly effective, as shown
by a normal rectal temperature within 30–40 minutes, or if
there is significant muscle rigidity or hyperactivity, induce
neuromuscular paralysis with a nondepolarizing neuro-
muscular blocker (eg, rocuronium, vecuronium). Once
paralyzed, the patient must be intubated and mechanically
ventilated and sedated. While the patient is paralyzed, the
absence of visible muscular convulsive movements may
give the false impression that brain seizure activity has
ceased; bedside electroencephalography may be useful in
recognizing continued nonconvulsive seizures.

Dantrolene (2–5 mg/kg intravenously) may be effective
for hyperthermia associated with muscle rigidity that does
not respond to neuromuscular blockade (ie, malignant

Table 38–2. Seizures related to toxins or drugs requir-
ing special consideration (listed in alphabetical order).1

Toxin or Drug Comments

Isoniazid Administer pyridoxine.

Lithium May indicate need for hemodialysis.

Methylenedioxymetham-

phetamine (MDMA;

“Ecstasy”)

Seizures may also be due to hypo-

natremia or hyperthermia.

Organophosphates Administer pralidoxime (2-PAM)

and atropine in addition to usual

anticonvulsants.

Strychnine “Seizures” are actually spinally

mediated muscle spasms and

usually require neuromuscular

paralysis and mechanical

ventilation.

Theophylline Seizures indicate need for

hemodialysis.

Tricyclic antidepressants Hyperthermia and cardiotoxicity

are common complications of

repeated seizures; paralyze early

with neuromuscular blockers to

reduce muscular hyperactivity.

1See text for dosages.
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hyperthermia). Bromocriptine, 2.5–7.5 mg orally daily, has
been recommended for neuroleptic malignant syndrome.
Cyproheptadine, 4 mg orally every hour for three or four
doses, or chlorpromazine, 25 mg intravenously or 50 mg
intramuscularly, has been used to treat serotonin syndrome.

Kopec KT et al. Dinitrophenol (DNP) fatality associated with a
falsely elevated salicylate level: a case report with verification of
laboratory cross reactivity. J Med Toxicol. 2018;14:323. [PMID:
30051204]

Tormoehlen LM et al. Neuroleptic malignant syndrome and sero-
tonin syndrome. Handb Clin Neurol. 2018;157:663. [PMID:
30459031]

Van Schoor J et al. Dantrolene is not the answer to 2,4-dinitrophe-
nol poisoning: more heated debate. BMJ Case Rep. 2018;11:
e225323. [PMID: 30573533]

º
ANTIDOTES & OTHER TREATMENT

ANTIDOTES

Give an antidote (if available) when there is reasonable
certainty of a specific diagnosis (Table 38–3). Be aware that
some antidotes themselves may have serious side effects.

The indications and dosages for specific antidotes are dis-
cussed in the respective sections for specific toxins.

Dart RC et al. Expert consensus guidelines for stocking of anti-
dotes in hospitals that provide emergency care. Ann Emerg
Med. 2018;71:314. [PMID: 28669553]

DECONTAMINATION OF THE SKIN

Corrosive agents rapidly injure the skin and eyes and must
be removed immediately. In addition, many toxins are
readily absorbed through the skin, and systemic absorption
can be prevented only by rapid action.

Wash the affected areas with copious quantities of luke-
warm water or saline, taking care to limit exposure to
health care providers. Wash carefully behind the ears,
under the nails, and in skin folds. For oily substances (eg,
pesticides), wash the skin at least twice with plain soap and
shampoo the hair. Specific decontaminating solutions or
solvents (eg, alcohol) are rarely indicated and in some cases
may paradoxically enhance absorption. For exposure to
chemical warfare poisons such as nerve agents or vesicants,
some authorities recommend use of a dilute hypochlorite
solution (household bleach diluted 1:10 with water), but
not in the eyes.

DECONTAMINATION OF THE EYES

Act quickly to prevent serious damage. Flush the eyes with
copious amounts of saline or water. (If available, instill
local anesthetic drops in the eye before beginning irriga-
tion.) Remove contact lenses if present. Lift the tarsal con-
junctiva to look for undissolved particles and to facilitate
irrigation. Continue irrigation for 15 minutes or until each
eye has been irrigated with at least 1 L of solution. If the
toxin is an acid or a base, check the pH of the tears after
irrigation, and continue irrigation until the pH is between
6 and 8. An amphoteric decontamination solution (Dipho-
terine, Prevor) is used in some countries for treatment of
alkali injuries to the eye.

After irrigation is complete, perform a careful examina-
tion of the eye, using fluorescein and a slit lamp or Wood
lamp to identify areas of corneal injury. Patients with seri-
ous conjunctival or corneal injury should be immediately
referred to an ophthalmologist.

GASTROINTESTINAL DECONTAMINATION

Removal of ingested poisons by induced emesis or gastric
lavage was a routine part of emergency treatment for
decades. However, prospective randomized studies have
failed to demonstrate improved clinical outcome after gas-
tric emptying. For small or moderate ingestions of most
substances, toxicologists often recommend oral activated
charcoal alone without prior gastric emptying; in some
cases, when the interval after ingestion has been more
than 1–2 hours and the ingestion is non–life-threatening,
even charcoal is withheld (eg, if the estimated benefit is
outweighed by the potential risk of pulmonary aspiration
of charcoal). Exceptions are large ingestions of

Table 38–3. Some toxic agents for which there are
specific antidotes (listed in alphabetical order).1

Toxic Agent Specific Antidote

Acetaminophen N-Acetylcysteine

Anticholinergics (eg,

atropine)

Physostigmine

Anticholinesterases (eg,

organophosphate

pesticides)

Atropine and pralidoxime (2-PAM)

Benzodiazepines Flumazenil (rarely used)2

Carbon monoxide Oxygen (hyperbaric oxygen of

uncertain benefit)

Cyanide Sodium nitrite, sodium thiosulfate;

hydroxocobalamin

Digitalis glycosides Digoxin-specific Fab antibodies

Heavy metals (eg, lead, mer-

cury, iron) and arsenic

Specific chelating agents

Isoniazid Pyridoxine (vitamin B
6
)

Methanol, ethylene glycol Ethanol (ethyl alcohol) or fomepi-

zole (4-methylpyrazole)

Opioids Naloxone, nalmefene

Snake venom Specific antivenin

Sulfonylurea oral hypoglyce-

mic drugs

Glucose, octreotide

1See text for indications and dosages.
2May induce seizures in patients with preexisting seizure disorder,

benzodiazepine addiction, or concomitant tricyclic antidepressant

or other convulsant overdose. If seizures occur, diazepam and

other benzodiazepine anticonvulsants will not be effective. As with

naloxone, the duration of action of flumazenil is short (2–3 hours)

and resedation may occur, requiring repeated doses.
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anticholinergic compounds and salicylates, which often
delay gastric emptying, and ingestion of sustained-release
or enteric-coated tablets, which may remain intact for sev-
eral hours. In these cases, delayed gut decontamination
may be indicated.

Gastric emptying is not generally used for ingestion of
corrosive agents or petroleum distillates, because further
esophageal injury or pulmonary aspiration may result.
However, in certain cases, removal of the toxin may be
more important than concern over possible complications.
Consult a medical toxicologist or regional poison control
center (1-800-222-1222) for advice.

A. Activated Charcoal

Activated charcoal effectively adsorbs almost all drugs and
poisons. Poorly adsorbed substances include iron, lithium,
potassium, sodium, mineral acids, and alcohols.

1. Indications—Activated charcoal can be used for prompt
adsorption of drugs or toxins in the stomach and intestine.
However, evidence of benefit in clinical studies is lacking.
Administration of charcoal, especially if mixed with sorbi-
tol, can provoke vomiting, which could lead to pulmonary
aspiration in an obtunded patient.

2. Contraindications—Activated charcoal should not
be used for comatose or convulsing patients unless it
can be given by gastric tube and the airway is first pro-
tected by a cuffed endotracheal tube. It is also contrain-
dicated for patients with ileus or intestinal obstruction
or those who have ingested corrosives for whom endos-
copy is planned.

3. Technique—Administer activated charcoal, 60–100 g
orally or via gastric tube, mixed in aqueous slurry. Repeated
doses may be given to ensure gastrointestinal adsorption or
to enhance elimination of some drugs.

B. Whole Bowel Irrigation

Whole bowel irrigation uses large volumes of a balanced
polyethylene glycol-electrolyte solution to mechanically
cleanse the entire intestinal tract. Because of the composi-
tion of the irrigating solution, there is no significant gain or
loss of systemic fluids or electrolytes.

1. Indications—Whole bowel irrigation is particularly
effective for massive iron ingestion in which intact tablets
are visible on abdominal radiographs. It has also been used
for ingestions of lithium, sustained-release and enteric-
coated tablets, and swallowed drug-filled packets.

2. Contraindications—Do not use in patients with sus-
pected intestinal obstruction. Use with caution in patients
who are obtunded or have depressed airway protective
reflexes.

3. Technique—Administer a balanced polyethylene glycol-
electrolyte solution (CoLyte, GoLYTELY) into the stomach
via gastric tube at a rate of 1–2 L/h until the rectal effluent
is clear. This may take several hours. It is most effective
when patients are able to sit on a commode to pass the
intestinal contents.

C. Increased Drug Removal

1. Urinary manipulation—Forced diuresis is hazardous;
the risk of complications (fluid overload, electrolyte imbal-
ance) usually outweighs its benefits. Some drugs (eg,
salicylates, phenobarbital) are more rapidly excreted with
an alkaline urine. To alkalinize the urine, add 100 mEq
(two ampules) of sodium bicarbonate to 1 L of 5% dextrose
in 0.225% saline (¼ normal saline), and infuse this solution
intravenously at a rate of about 150–200 mL/h. Acidifica-
tion (sometimes promoted for amphetamines, phencycli-
dine) is not very effective and should not be used.

2. Hemodialysis—The indications for dialysis are as fol-
lows: (1) known or suspected potentially lethal amounts of
a dialyzable drug (Table 38–4); (2) poisoning with deep
coma, apnea, severe hypotension, fluid and electrolyte or
acid-base disturbance, or extreme body temperature
changes that cannot be corrected by conventional mea-
sures; or (3) poisoning in patients with severe kidney, car-
diac, pulmonary, or hepatic disease who will not be able to
eliminate toxin by the usual mechanisms.

Continuous renal replacement therapy (including con-
tinuous venovenous hemodiafiltration and similar tech-
niques) is of uncertain benefit for elimination of most
poisons but has the advantage of gradual removal of the
toxin and correction of any accompanying acidosis. Its use
has been reported in the management of a variety of poi-
sonings, including lithium intoxication.

3. Repeatdose charcoal—Repeated doses of activated
charcoal, 20–30 g orally or via gastric tube every 3–4 hours,

Table 38–4. Recommended use of hemodialysis in
poisoning (listed in alphabetical order).1

Poison Common Indications1

Carbamazepine Seizures, severe cardiotoxicity; serum level

> 60 mg/L

Ethylene glycol Acidosis, serum level > 50 mg/dL

Lithium Severe symptoms; level > 4–5 mEq/L,

especially if kidney impairment

Note: dialysis of uncertain value; consult

with medical toxicologist

Methanol Acidosis, serum level > 50 mg/dL

Phenobarbital Intractable hypotension, acidosis despite

maximal supportive care

Salicylate Severe acidosis, CNS symptoms, serum

level

> 100 mg/dL (acute overdose) or

> 60 mg/dL (chronic intoxication)

Theophylline Serum level > 90–100 mg/L (acute) or

seizures and serum level > 40–60 mg/L

(chronic)

Valproic acid Serum level > 900–1000 mg/L or deep

coma, severe acidosis

1See text for further discussion of indications.

CNS, central nervous system.
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may hasten elimination of some drugs (eg, phenytoin, car-
bamazepine, dapsone) by absorbing drugs excreted into
the gut lumen (“gut dialysis”). However, clinical studies
have failed to prove better outcome using repeat dose char-
coal. Sorbitol or other cathartics should not be used with
each dose, or else the resulting large stool volumes may
lead to dehydration or hypernatremia.

Campion GH et al. Extracorporeal treatments in poisonings from
four non-traditionally dialysed toxins (acetaminophen,
digoxin, opioids and tricyclic antidepressants): a combined
single-centre and national study. Basic Clin Pharmacol Toxi-
col. 2019;124:341. [PMID: 30248244]

Ghannoum M et al. Use of extracorporeal treatments in the man-
agement of poisonings. Kidney Int. 2018;94:682. [PMID:
29958694]

Harbord N. Common toxidromes and the role of extracorporeal
detoxification. Adv Chronic Kidney Dis. 2020;27:11. [PMID:
32146996]

Zellner T et al. The use of activated charcoal to treat intoxica-
tions. Dtsch Arztebl Int. 2019;116:311. [PMID: 31219028]

º
DIAGNOSIS OF POISONING

The identity of the ingested substance or substances is usu-
ally known, but occasionally a comatose patient is found
with an unlabeled container or the patient is unable or
unwilling to give a coherent history. By performing a
directed physical examination and ordering common clini-
cal laboratory tests, the clinician can often make a tentative
diagnosis that may allow empiric interventions or may
suggest specific toxicologic tests.

» Physical Examination

Important diagnostic variables in the physical examination
include blood pressure, pulse rate, temperature, pupil size,
sweating, muscle tone, level of consciousness, and the pres-
ence or absence of peristaltic activity. Poisonings may pres-
ent with one or more of the following common
syndromes.

A. Sympathomimetic Syndrome

The blood pressure and pulse rate are elevated, though
with severe hypertension reflex bradycardia may occur.
The temperature is often elevated, pupils are dilated, and
the skin is sweaty, though mucous membranes are dry.
Patients are usually agitated, anxious, or frankly
psychotic.

Examples: Amphetamines, cocaine, ephedrine, pseu-
doephedrine, synthetic cathinones and cannabinoids.

B. Sympatholytic Syndrome

The blood pressure and pulse rate are decreased, and body
temperature is low. The pupils are small or even pinpoint.
Patients are usually obtunded or comatose.

Examples: Barbiturates, benzodiazepines and other
sedative hypnotics, gamma-hydroxybutyrate (GHB), cloni-
dine and related antihypertensives, ethanol, opioids.

C. Cholinergic Syndrome

Stimulation of muscarinic receptors causes bradycardia,
miosis (constricted pupils), sweating, and hyperperistalsis as
well as bronchorrhea, wheezing, excessive salivation, and
urinary incontinence. Nicotinic receptor stimulation may
produce initial hypertension and tachycardia as well as fas-
ciculations and muscle weakness. Patients are usually agi-
tated and anxious.

Examples: Carbamates, nicotine, organophosphates
(including nerve agents), physostigmine.

D. Anticholinergic Syndrome

Tachycardia with mild hypertension is common, and the
body temperature is often elevated. Pupils are widely dilated.
The skin is flushed, hot, and dry. Peristalsis is decreased, and
urinary retention is common. Patients may have myoclonic
jerking or choreoathetoid movements. Agitated delirium is
frequently seen, and severe hyperthermia may occur.

Examples: Atropine, scopolamine, other naturally
occurring and pharmaceutical anticholinergics, antihista-
mines, tricyclic antidepressants.

» Laboratory Tests

The following clinical laboratory tests are recommended for
screening of the overdosed patient: measured serum osmo-
lality and calculated osmol gap (if toxic alcohol ingestion is in
the differential diagnosis), electrolytes and anion gap, glu-
cose, creatinine, blood urea nitrogen (BUN), creatine kinase
(CK), urinalysis (eg, oxalate crystals with ethylene glycol
poisoning, myoglobinuria with rhabdomyolysis), and elec-
trocardiography. Quantitative serum acetaminophen and
ethanol levels should be determined in all patients with drug
overdoses as well as a serum or urine pregnancy test when
appropriate.

A. Osmol Gap

The osmol gap (Table 38–5) is increased in the presence of
large quantities of low-molecular-weight substances, most

Table 38–5. Use of the osmol gap in toxicology.

The osmol gap (Delta osm) is determined by subtracting the cal-

culated serum osmolality from the measured serum osmolality.

Calculated
osmolality  2[Na (mEq/L)]

Glucose
(mg/dL)

18

BUN
(mg/dL)

2.8(osm)
=  +  +

+

Delta osm = Measured osmolality – Calculated osmolality = 0 ± 10

Serum osmolality may be increased by contributions of exogenous

substances such as alcohols and other low-molecular-weight sub-

stances. Since these substances are not included in the calculated

osmolality, there will be a gap proportionate to their serum con-

centration. Contact a medical toxicologist or poison control center

for assistance in calculating and interpreting the osmol gap.

Adapted, with permission, from Stone CK, Humphries RL (editors):

Current Emergency Diagnosis & Treatment, 5th ed. McGraw-Hill, 2004.
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commonly ethanol. Other common poisons associated
with increased osmol gap are acetone, ethylene glycol, iso-
propyl alcohol, methanol, and propylene glycol. Note: Severe
alcoholic ketoacidosis and diabetic ketoacidosis can also
cause an elevated osmol gap resulting from the production of
ketones and other low-molecular-weight substances.

B. Anion Gap

Metabolic acidosis associated with an elevated anion gap is
usually due to an accumulation of lactic acid or other acids
(see Chapter 21). Common causes of elevated anion gap in
poisoning include carbon monoxide, cyanide, ethylene gly-
col, propylene glycol, medicinal iron, INH, methanol, met-
formin, ibuprofen, and salicylates. Massive acetaminophen
overdose can cause early-onset anion gap metabolic
acidosis.

The osmol gap should also be checked; combined ele-
vated anion and osmol gaps suggests poisoning by methanol
or ethylene glycol, though this may also occur in patients
with diabetic ketoacidosis and alcoholic ketoacidosis.

C. Toxicology Laboratory Testing

A comprehensive toxicology screen is of little value in the
initial care of the poisoned patient because results usually do
not return in time to influence clinical management. Specific
quantitative levels of certain drugs may be extremely helpful
(Table 38–6), however, especially if specific antidotes or
interventions (eg, dialysis) would be indicated based on the
results.

Many hospitals can perform a quick but limited urine
screen for “drugs of abuse” (typically these screens include
only opiates, amphetamines, and cocaine, and some add ben-
zodiazepines, barbiturates, methadone, oxycodone, phencycli-
dine, and tetrahydrocannabinol [marijuana]). There are
numerous false-positive and false-negative results. For example,
synthetic opioids, such as fentanyl, oxycodone, and metha-
done, are often not detected by routine opiate immunoassays.

» Abdominal Imaging

A plain film (or CT scan) of the abdomen may reveal radi-
opaque iron tablets, drug-filled condoms, or other toxic
material. Studies suggest that few tablets are predictably vis-
ible (eg, ferrous sulfate, sodium chloride, calcium carbonate,
and potassium chloride). Thus, the radiograph is useful only
if abnormal.

» When to Refer

Consultation with a regional poison control center (1-800-
222-1222) or a medical toxicologist is recommended when
the diagnosis is uncertain; there are questions about what
laboratory tests to order; when dialysis is being considered to
remove the drug or poison; or when advice is needed regard-
ing the indications, dose, and side effects of antidotes.

» When to Admit

• The patient has symptoms and signs of intoxication that
are not expected to clear within a 6- to 8-hour observa-
tion period.

• Delayed absorption of the drug might be predicted to
cause a later onset of serious symptoms (eg, after inges-
tion of a sustained-release product).

• Continued administration of an antidote is required
(eg, N-acetylcysteine for acetaminophen overdose).

• Psychiatric or social services evaluation is needed for
suicide attempt or suspected drug abuse.

Ciottone GR. Toxidrome recognition in chemical-weapons
attacks. N Engl J Med. 2018;378:1611. [PMID: 29694809]

Nelson LS, Hoffman RS (editors). Goldfrank’s Toxicologic Emer-
gencies, 11th ed. McGraw-Hill, 2019.

Olson KR (editor). Poisoning & Drug Overdose, 7th ed. McGraw-
Hill, 2018.

Table 38–6. Specific quantitative levels and potential
therapeutic interventions (listed in alphabetical
order).1

Drug or Toxin Treatment

Acetaminophen Specific antidote (N-acetylcysteine) based on

serum level

Carbon monoxide High carboxyhemoglobin level indicates

need for 100% oxygen, consideration of

hyperbaric oxygen

Carbamazepine High level may indicate need for hemodialysis

Digoxin On basis of serum digoxin level and severity

of clinical presentation, treatment with Fab

antibody fragments (eg, DigiFab) may be

indicated

Ethanol Low serum level may suggest nonalcoholic

cause of coma (eg, trauma, other drugs,

other alcohols); serum ethanol may also

be useful in monitoring ethanol therapy

for methanol or ethylene glycol poisoning

Iron Level may indicate need for chelation with

deferoxamine

Lithium Serum levels can guide decision to institute

hemodialysis

Methanol,

ethylene glycol

Acidosis, high levels indicate need for

hemodialysis, therapy with ethanol or

fomepizole

Methemoglobin Methemoglobinemia can be treated with

methylene blue intravenously

Salicylates High level may indicate need for hemodialysis,

alkaline diuresis

Theophylline Immediate hemodialysis or hemoperfusion

may be indicated based on serum level

Valproic acid Elevated levels may indicate need to consider

hemodialysis or L-carnitine therapy, or

both

1Some drugs or toxins may have profound and irreversible toxicity

unless rapid and specific management is provided outside of rou-

tine supportive care. For these agents, laboratory testing may

provide the serum level or other evidence required for administer-

ing a specific antidote or arranging for hemodialysis.
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º
SELECTED POISONINGS

ACETAMINOPHEN

Acetaminophen (paracetamol in the United Kingdom,
Europe) is a common analgesic found in many nonpre-
scription and prescription products. After absorption, it is
metabolized mainly by glucuronidation and sulfation, with
a small fraction metabolized via the P450 mixed-function
oxidase system (2E1) to a highly toxic reactive intermedi-
ate. This toxic intermediate is normally detoxified by cel-
lular glutathione. With acute acetaminophen overdose
(greater than 150–200 mg/kg, or 8–10 g in an average
adult), hepatocellular glutathione is depleted and the reac-
tive intermediate attacks other cell proteins, causing necro-
sis. Patients with enhanced P450 2E1 activity, such as those
who chronically abuse alcohol and patients taking INH, are
at increased risk for developing hepatotoxicity. Hepatic
toxicity may also occur after overuse of acetaminophen—
eg, as a result of taking two or three acetaminophen-
containing products concurrently or exceeding the
recommended maximum dose of 4 g/day for several days.
The amount of acetaminophen in US oral prescription
combination products (eg, hydrocodone/acetaminophen)
is limited by the FDA to no more than 325 mg per tablet.

» Clinical Findings

Shortly after ingestion, patients may have nausea or vomit-
ing, but there are usually no other signs of toxicity until
24–48 hours after ingestion, when hepatic aminotransferase
levels begin to increase. With severe poisoning, fulminant
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▲ Figure 38–1. Nomogram for prediction of acetaminophen hepatotoxicity following acute overdosage. Patients
with serum levels above the line after acute overdose should receive antidotal treatment. (Adapted, with permission,
from Daly FF et al. Guidelines for the management of paracetamol poisoning in Australia and New Zealand—explanation
and elaboration. A consensus statement from clinical toxicologists consulting to the Australasian Poisons Information Centres.
Med J Austr. 2008;188:296. © Copyright 2008 The Medical Journal of Australia. By permission from John Wiley & Sons.)

hepatic necrosis may occur, resulting in jaundice, hepatic
encephalopathy, acute kidney injury, and death. Rarely,
massive ingestion (eg, serum levels greater than 500–1000
mg/L [33–66 mmol/L]) can cause early onset of acute
coma, seizures, hypotension, and metabolic acidosis unre-
lated to hepatic injury.

The diagnosis after acute overdose is based on measure-
ment of the serum acetaminophen level. Plot the serum
level versus the time since ingestion on the acetaminophen
nomogram shown in Figure 38–1. Ingestion of sustained-
release products or coingestion of an anticholinergic agent,
salicylate, or opioid drug may cause delayed elevation of
serum levels, which can make it difficult to interpret the
nomogram. In addition, the nomogram cannot be used
after chronic or staggered overdose.

» Treatment

A. Emergency and Supportive Measures

Administer activated charcoal if it can be given within
1–2 hours of the ingestion. Although charcoal may interfere
with absorption of the oral preparation of the antidote
acetylcysteine, this is not considered clinically significant.

B. Specific Treatment

If the serum or plasma acetaminophen level falls above the
line on the nomogram (Figure 38–1), treatment with
N-acetylcysteine is indicated; it can be given orally or intra-
venously. Oral treatment begins with a loading dose
of N-acetylcysteine, 140 mg/kg, followed by 70 mg/kg
every 4 hours. Dilute the solution to about 5% with water,
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juice, or soda. If vomiting interferes with oral N-acetylcysteine
administration, consider giving the antidote intravenously.
The conventional oral N-acetylcysteine protocol in the
United States calls for 72 hours of treatment. However,
other regimens have demonstrated equivalent success with
20–48 hours of treatment.

The FDA-approved 21-hour intravenous regimen of
acetylcysteine (Acetadote) calls for a loading dose of
150 mg/kg given intravenously over 60 minutes, followed
by a 4-hour infusion of 50 mg/kg, and a 16-hour infusion
of 100 mg/kg. Very large ingestions of acetaminophen
(reported ingestions of more than 30 g or if the measured
serum acetaminophen level is greater than twice the nomo-
gram line) may require higher dose of N-acetylcysteine,
and providers should contact a regional poison control
center or medical toxicologist for assistance.

Treatment with N-acetylcysteine is most effective if it is
started within 8–10 hours after ingestion. Hemodialysis is
rarely indicated, but might be needed in some patients with
massive overdose.

Chiew AL et al. Interventions for paracetamol (acetaminophen)
overdose. Cochrane Database Syst Rev. 2018;2:CD003328.
[PMID: 29473717]

Hendrickson RG. What is the most appropriate dose of N-acetyl-
cysteine after massive acetaminophen overdose? Clin Toxicol
(Phila). 2019;57:686. [PMID: 30777470]

Lucyk S. Calculated decisions: acetaminophen overdose and
N-acetylcysteine (NAC) dosing. Emerg Med Pract. 2018;20:S3.
[PMID: 29617550]

Woodhead K et al. BET 1: In paracetamol overdose, is oral
N-acetylcysteine as effective as intravenous N-acetylcysteine?
Emerg Med J. 2018;35:643. [PMID: 30249712]

ACIDS, CORROSIVE

The strong mineral acids exert primarily a local corrosive
effect on the skin and mucous membranes. Symptoms
include severe pain in the throat and upper gastrointestinal
tract; bloody vomitus; difficulty in swallowing, breathing,
and speaking; discoloration and destruction of skin and
mucous membranes in and around the mouth; and shock.
Severe systemic metabolic acidosis may occur both as a
result of cellular injury and from systemic absorption of
the acid.

Severe deep destructive tissue damage may occur after
exposure to hydrofluoric acid because of the penetrating
and highly toxic fluoride ion. Systemic hypocalcemia and
hyperkalemia may also occur after fluoride absorption,
even following skin exposure.

Inhalation of volatile acids, fumes, or gases such as
chlorine, fluorine, bromine, or iodine causes severe irrita-
tion of the throat and larynx and may cause upper airway
obstruction and noncardiogenic pulmonary edema.

» Treatment

A. Ingestion

Dilute immediately by giving a glass (4–8 oz) of water to
drink. Do not give bicarbonate or other neutralizing
agents, and do not induce vomiting. Some experts recom-
mend immediate cautious placement of a small flexible

gastric tube and removal of stomach contents followed by
lavage, particularly if the corrosive is a liquid or has impor-
tant systemic toxicity.

In symptomatic patients, perform flexible endoscopic
esophagoscopy to determine the presence and extent of
injury. CT scan or plain radiographs of the chest and abdo-
men may also reveal the extent of injury. Perforation, peri-
tonitis, and major bleeding are indications for surgery. The
use of corticosteroids to prevent stricture formation is
controversial but may be indicated in select patient
populations.

B. Skin Contact

Flood with water for 15 minutes. Use no chemical anti-
dotes; the heat of the reaction may cause additional injury.

For hydrofluoric acid burns, apply 2.5% calcium glu-
conate gel (prepared by adding 3.5 g calcium gluconate to
5 oz of water-soluble surgical lubricant, eg, K-Y Jelly);
then arrange immediate consultation with a plastic sur-
geon or other specialist. Binding of the fluoride ion may
be achieved by injecting 0.5 mL of 5% calcium gluconate
per square centimeter under the burned area. (Caution:
Do not use calcium chloride.) Use of a Bier-block tech-
nique or intra-arterial infusion of calcium is sometimes
required for extensive burns or those involving the nail
bed; consult with a hand surgeon or poison control center
(1-800-222-1222).

C. Eye Contact

Anesthetize the conjunctiva and corneal surfaces with topi-
cal local anesthetic drops (eg, proparacaine). Flood with
water for 15 minutes, holding the eyelids open. Check pH
with pH 6.0–8.0 test paper, and repeat irrigation, using
0.9% saline, until pH is near 7.0. Check for corneal damage
with fluorescein and slit-lamp examination; consult an
ophthalmologist about further treatment.

D. Inhalation

Remove from further exposure to fumes or gas. Check skin
and clothing. Observe for and treat chemical pneumonitis
or pulmonary edema.

Hoffman RS et al. Ingestion of caustic substances. N Engl J Med.
2020;382:1739. [PMID: 32348645]

Hoffman S et al. Dermal hydrofluoric acid toxicity case review:
looks can be deceiving. J Emerg Nurs. 2021;47:28. [PMID:
33183770]

ALKALIES

The strong alkalies are common ingredients of some
household cleaning compounds and may be suspected by
their “soapy” texture. Those with alkalinity above pH 12.0
are particularly corrosive. Disk (or “button”) batteries are
also a source. Alkalies cause liquefactive necrosis, which is
deeply penetrating. Symptoms include burning pain in the
upper gastrointestinal tract, nausea, vomiting, and diffi-
culty in swallowing and breathing. Examination reveals
destruction and edema of the affected skin and mucous
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membranes and bloody vomitus and stools. Radiographs
may reveal evidence of perforation or the presence of radi-
opaque disk batteries in the esophagus or lower gastroin-
testinal tract.

» Treatment

A. Ingestion

Dilute immediately with a glass of water. Do not induce
emesis. Some gastroenterologists recommend immediate
cautious placement of a small flexible gastric tube and
removal of stomach contents followed by gastric lavage
after ingestion of liquid caustic substances, in order to
remove residual material. However, others argue that pas-
sage of a gastric tube is contraindicated due to the risk of
perforation or reexposure of the esophagus to the corrosive
material from vomiting around the tube.

Prompt endoscopy is recommended in symptomatic
patients to evaluate the extent of damage; CT scanning may
also aid in assessment. If a radiograph reveals ingested disk
batteries lodged in the esophagus, immediate endoscopic
removal is mandatory.

The use of corticosteroids to prevent stricture forma-
tion is controversial but may be indicated in select patient
populations.

B. Skin Contact

Wash with running water until the skin no longer feels
soapy. Relieve pain and treat shock.

C. Eye Contact

Anesthetize the conjunctival and corneal surfaces with
topical anesthetic (eg, proparacaine). Irrigate with water or
saline continuously for 20–30 minutes, holding the lids
open. Amphoteric solutions may be more effective than
water or saline and some are available in Europe (Dipho-
terine, Prevor). Check pH with pH test paper and repeat
irrigation for additional 30-minute periods until the pH is
near 7.0. Check for corneal damage with fluorescein and
slit-lamp examination; consult an ophthalmologist for fur-
ther treatment.

Bizrah M et al. An update on chemical eye burns. Eye (Lond).
2019;33:1362. [PMID: 31086244]

Dohlman CH et al. Chemical burns of the eye: the role of retinal
injury and new therapeutic possibilities. Cornea. 2018;37:248.
[PMID: 29135604]

Zhang X et al. Tractional Descemet’s membrane detachment
after ocular alkali burns: case reports and review of literature.
BMC Ophthalmol. 2018;18:256. [PMID: 30249214]

AMPHETAMINES & COCAINE

Amphetamines and cocaine are widely abused for their
euphorigenic and stimulant properties. Both drugs may be
smoked, snorted, ingested, or injected. Amphetamines and
cocaine produce central nervous system stimulation and a
generalized increase in central and peripheral sympathetic
activity. The toxic dose of each drug is highly variable and
depends on the route of administration and individual

tolerance. The onset of effects is most rapid after intrave-
nous injection or smoking. Amphetamine derivatives and
related drugs include methamphetamine (“crystal meth,”
“crank”), MDMA (“Ecstasy”), ephedrine (“herbal ecstasy”),
and methcathinone (“cat” or “khat”). Methcathinone deriv-
atives and related synthetic chemicals such as methylene-
dioxypyrovalerone (MDPV) have become popular drugs of
abuse and are often sold as purported “bath salts.” Amphet-
amine-like reactions have also been reported after use of
synthetic cannabinoids (eg, “Spice” and “K2”). Nonpre-
scription medications and nutritional supplements may
contain stimulant or sympathomimetic drugs such as
ephedrine, yohimbine, or caffeine (see also Theophylline &
Caffeine section).

» Clinical Findings

Presenting symptoms may include anxiety, tremulousness,
tachycardia, hypertension, diaphoresis, dilated pupils,
agitation, muscular hyperactivity, and psychosis. Muscle
hyperactivity may lead to metabolic acidosis and rhabdo-
myolysis. In severe intoxication, seizures and hyperther-
mia may occur. Sustained or severe hypertension may
result in intracranial hemorrhage, aortic dissection, or
myocardial infarction; chronic use may cause cardiomy-
opathy. Ischemic colitis has been reported. Hyponatre-
mia has been reported after MDMA use; the mechanism
is not known but may involve excessive water intake,
syndrome of inappropriate antidiuretic hormone (SIADH),
or both.

The diagnosis is supported by finding amphetamines or
the cocaine metabolite benzoylecgonine in the urine. Note
that many drugs can give false-positive results on the
immunoassay for amphetamines, and most synthetic stim-
ulants do not react with the immunoassay, giving false-
negative results.

» Treatment

A. Emergency and Supportive Measures

Maintain a patent airway and assist ventilation, if neces-
sary. Treat seizures as described at the beginning of this
chapter. Rapidly lower the body temperature in patients
who are hyperthermic (temperature higher than 39–40°C).
Give intravenous fluids to prevent myoglobinuric kidney
injury in patients who have rhabdomyolysis.

B. Specific Treatment

Treat agitation, psychosis, or seizures with a benzodiaze-
pine such as diazepam, 5–10 mg, or lorazepam, 2–3 mg
intravenously. Add phenobarbital 15 mg/kg intravenously
for persistent seizures. Treat hypertension with a vasodila-
tor drug such as phentolamine (1–5 mg intravenously) or
nitroprusside, or a combined alpha- and beta-adrenergic
blocker such as labetalol (10–20 mg intravenously). Do not
administer a pure beta-blocker such as propranolol alone,
as this may result in paradoxical worsening of the hyper-
tension as a result of unopposed alpha-adrenergic effects.

Treat tachycardia or tachyarrhythmias with a short-
acting beta-blocker such as esmolol (25–100 mcg/kg/min
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by intravenous infusion). Treat hyperthermia as described
above. Treat hyponatremia as outlined in Chapter 21.

Luethi D et al. Designer drugs: mechanism of action and adverse
effects. Arch Toxicol. 2020;94:1085. [PMID: 32249347]

Rahimi M et al. Predictive factors of mortality in acute amphet-
amine type stimulants poisoning; a review of 226 cases.
Emerg (Tehran). 2018;6:e1. [PMID: 29503826]

Richards JR et al. Methamphetamine use and heart failure:
prevalence, risk factors, and predictors. Am J Emerg Med.
2018;36:1423. [PMID: 29307766]

Stockings E et al. Mortality among people with regular or prob-
lematic use of amphetamines: a systematic review and meta-
analysis. Addiction. 2019;114:1738. [PMID: 31180607]

ANTICOAGULANTS

Warfarin and related compounds (including ingredients of
many commercial rodenticides, the so-called superwarfa-
rins such as brodifacoum, difenacoum, and related com-
pounds) inhibit the normal clotting system by blocking
hepatic synthesis of vitamin K–dependent clotting factors.
After ingestion of “superwarfarins,” inhibition of clotting
factor synthesis may persist for several weeks or even
months after a single dose. Direct-acting oral anticoagu-
lants (DOACs) include the direct thrombin inhibitor dabi-
gatran and the factor Xa inhibitors apixiban, betrixaban,
edoxaban, and rivaroxaban. Some of these, especially dabi-
gatran, are largely eliminated by the kidney and may accu-
mulate in patients with kidney dysfunction.

Excessive anticoagulation may cause hemoptysis, gross
hematuria, bloody stools, hemorrhages into organs, wide-
spread bruising, and bleeding into joint spaces.

» Treatment

A. Emergency and Supportive Measures

Discontinue the drug at the first sign of gross bleeding, and
determine the prothrombin time (international normal-
ized ratio, INR). The prothrombin time is increased within
12–24 hours (peak 36–48 hours) after overdose of warfarin
or “superwarfarins.” Note: DOACs (dabigatran, apixiban,
betrixaban, edoxaban, and rivaroxaban) do not predictably
alter routine coagulation studies (prothrombin time, par-
tial thromboplastin time, and INR), and these tests are of
limited use. Specialized coagulation studies including the
hemaclot and ecarin clotting assay and the anti-factor Xa
activity may be helpful but are not widely available.

If the patient has ingested an acute overdose, administer
activated charcoal.

B. Specific Treatment

1. Warfarin—In cases of warfarin and “superwarfarin” over-
dose, do not treat prophylactically with vitamin K—wait for
evidence of anticoagulation (elevated prothrombin time).
See Table 14–21 for the management of INR above thera-
peutic range. Doses of vitamin K as high as 200 mg/day
have been required after ingestion of “superwarfarins.”
Give fresh-frozen plasma, prothrombin complex concen-
trate, or activated factor VII as needed to rapidly correct
the coagulation factor deficit if there is serious bleeding. If

the patient is chronically anticoagulated and has strong
medical indications for being maintained in that status (eg,
prosthetic heart valve), give much smaller doses of vitamin
K (1 mg orally) and fresh-frozen plasma (or both) to titrate
to the desired prothrombin time. If the patient has ingested
brodifacoum or a related superwarfarin, prolonged obser-
vation (over weeks) and repeated administration of large
doses of vitamin K may be required.

2. Directacting oral anticoagulants—Vitamin K does not
reverse the anticoagulant effects of the DOACs. Idaruci-
zumab has been approved by the FDA for reversal of the
thrombin inhibitor dabigatran; andexanet is approved for
reversal of the factor Xa inhibitors apixaban, edoxaban,
betrixaban, and rivaroxaban. If specific reversal agents are
unavailable, evidence supports the use of prothrombin
complex concentrates or activated prothrombin complex
concentrates for reversal of factor Xa inhibitors.

Cuker A et al. Reversal of direct oral anticoagulants: guidance
from the Anticoagulation Forum. Am J Hematol. 2019;94:697.
[PMID: 30916798]

Dobesh PP et al. Antidotes for reversal of direct oral anticoagu-
lants. Pharmacol Ther. 2019;204:107405. [PMID: 31521696]

Gunasekaran K et al. A review of the incidence diagnosis and
treatment of spontaneous hemorrhage in patients treated
with direct oral anticoagulants. J Clin Med. 2020;9:2984.
[PMID: 32942757]

Korobey MJ et al. Efficacy of 4-factor prothrombin complex
concentrates in factor Xa inhibitor-associated intracranial
bleeding. Neurocrit Care. 2021;34:112. [PMID: 32430804]

ANTICONVULSANTS

Anticonvulsants (carbamazepine, phenytoin, valproic acid,
and many newer agents) are widely used in the manage-
ment of seizure disorders and some are also used for treat-
ment of mood disorders or pain.

Phenytoin can be given orally or intravenously. Rapid
intravenous injection of phenytoin can cause acute myo-
cardial depression and cardiac arrest owing to the solvent
propylene glycol (fosphenytoin does not contain this dilu-
ent). Chronic phenytoin intoxication can occur following
only slightly increased doses because of zero-order kinetics
and a small toxic-therapeutic window. Phenytoin intoxica-
tion can also occur following acute intentional or acciden-
tal overdose. The overdose syndrome is usually mild even
with high serum levels. The most common manifestations
are ataxia, nystagmus, and drowsiness. Choreoathetoid
movements have been described.

Carbamazepine intoxication causes drowsiness, stupor
and, with high levels, atrioventricular block, coma, and
seizures. Dilated pupils and tachycardia are common. Tox-
icity may be seen with serum levels over 20 mg/L (85
mcmol/L), although severe poisoning is usually associated
with concentrations greater than 30–40 mg/L (127–169
mcmol/L). Because of erratic and slow absorption, intoxi-
cation may progress over several hours to days.

Valproic acid intoxication produces a unique syn-
drome consisting of hypernatremia (from the sodium
component of the salt), metabolic acidosis, hypocalcemia,
elevated serum ammonia, and mild liver aminotransferase
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elevation. Hypoglycemia may occur as a result of hepatic
metabolic dysfunction. Coma with small pupils may be
seen and can mimic opioid poisoning. Encephalopathy and
cerebral edema can occur.

Gabapentin, levetiracetam, vigabatrin, and zonisamide
generally cause somnolence, confusion, and dizziness;
there is one case report of hypotension and bradycardia
after a large overdose of levetiracetam. Felbamate can
cause crystalluria and kidney injury after overdose and
may cause idiosyncratic aplastic anemia with therapeutic
use. Lamotrigine, topiramate, and tiagabine have been
reported to cause seizures after overdose; lamotrigine has
sodium channel–blocking properties and may cause QRS
prolongation and heart block.

» Treatment

A. Emergency and Supportive Measures

For recent ingestions, give activated charcoal orally or by
gastric tube. For large ingestions of carbamazepine or val-
proic acid—especially of sustained-release formulations—
consider whole bowel irrigation.

B. Specific Treatment

There are no specific antidotes. Naloxone was reported in
several case reports to reverse sedation in valproic acid
overdose. Carnitine may be useful in patients with valproic
acid–induced hyperammonemia. Consider hemodialysis
for massive intoxication with valproic acid or carbamaze-
pine (eg, carbamazepine levels greater than 60 mg/L [254
mcmol/L] or valproic acid levels greater than 800 mg/L
[5544 mcmol/L]).

Alyahya B et al. Acute lamotrigine overdose: a systematic review
of published adult and pediatric cases. Clin Toxicol (Phila).
2018;56:81. [PMID: 28862044]

Kalogera V et al. Patient survival after acute voluntary poisoning
with a huge dose of oxcarbazepine and olanzapine. Med Arch.
2018;72:303. [PMID: 30515002]

Yang X et al. Early hemoperfusion for emergency treatment of
carbamazepine poisoning. Am J Emerg Med. 2018;36:926.
[PMID: 29066188]

ANTIPSYCHOTIC DRUGS

Drugs in this group include “conventional” antipsychotics
(eg, chlorpromazine, haloperidol, droperidol) and newer
“atypical” antipsychotics (eg, risperidone, olanzapine,
ziprasidone, quetiapine, aripiprazole). While conventional
drugs act mainly on CNS dopamine receptors, atypical
drugs also interact with serotonin receptors.

Therapeutic doses of conventional phenothiazines
(particularly chlorpromazine) induce drowsiness and mild
orthostatic hypotension in as many as 50% of patients.
Larger doses can cause obtundation, miosis, severe hypo-
tension, tachycardia, convulsions, and coma. Abnormal
cardiac conduction may occur, resulting in prolongation of
QRS or QT intervals (or both) and ventricular arrhyth-
mias. Among the atypical agents, quetiapine is more likely
to cause coma and hypotension. Hypotension is probably

related to blockade of peripheral alpha-adrenergic recep-
tors, causing vasodilatation.

With therapeutic or toxic doses, an acute extrapyrami-
dal dystonic reaction may develop in some patients, with
spasmodic contractions of the face and neck muscles,
extensor rigidity of the back muscles, carpopedal spasm,
and motor restlessness. This reaction is more common
with haloperidol and other butyrophenones and less com-
mon with newer atypical antipsychotics. Severe rigidity
accompanied by hyperthermia and metabolic acidosis
(“neuroleptic malignant syndrome”) may occasionally
occur and is life-threatening (see Chapter 25). Atypical
antipsychotics have also been associated with weight gain
and diabetes mellitus, including diabetic ketoacidosis.

» Treatment

A. Emergency and Supportive Measures

Administer activated charcoal for large or recent inges-
tions. For severe hypotension, treatment with intravenous
fluids and vasopressor agents may be necessary. Treat
hyperthermia as outlined. Maintain ECG monitoring.

B. Specific Treatment

Hypotension often responds to intravenous saline boluses;
cardiac arrhythmias associated with widened QRS inter-
vals on the ECG may respond to intravenous sodium
bicarbonate as is given for tricyclic antidepressant over-
doses. Prolongation of the QT interval and torsades de
pointes are usually treated with intravenous magnesium or
overdrive pacing.

For extrapyramidal signs, give diphenhydramine,
0.5–1 mg/kg intravenously, or benztropine mesylate, 0.01–
0.02 mg/kg intramuscularly. Treatment with oral doses of
these agents should be continued for 24–48 hours.

Bromocriptine (2.5–7.5 mg orally daily) may be effec-
tive for mild or moderate neuroleptic malignant syndrome.
Dantrolene (2–5 mg/kg intravenously) has also been used
for muscle rigidity but is not a true antidote. For severe
hyperthermia, rapid neuromuscular paralysis is preferred.

Beach SR et al. QT prolongation, torsades de pointes, and psycho-
tropic medications: a 5-year update. Psychosomatics. 2018;59:
105. [PMID: 29275963]

Christensen AP et al. Overdoses with aripiprazole: signs, symp-
toms and outcome in 239 exposures reported to the Danish
Poison Information Centre. Basic Clin Pharmacol Toxicol.
2018;122:293. [PMID: 28881461]

Peridy E et al. Quetiapine poisoning and factors influencing
severity. J Clin Psychopharmacol. 2019;39:312. [PMID:
31205192]

ARSENIC

Arsenic is found in some pesticides and industrial chemi-
cals and is used as a chemotherapeutic agent. Chronic
arsenic poisoning has been associated with contaminated
aquifers used for drinking water. Symptoms of acute poi-
soning usually appear within 1 hour after ingestion but
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may be delayed as long as 12 hours. They include abdomi-
nal pain, vomiting, watery diarrhea, and skeletal muscle
cramps. Profound dehydration and shock may occur. In
chronic poisoning, symptoms can be vague but often
include pancytopenia, painful peripheral sensory neuropa-
thy, and skin changes including melanosis, keratosis, and
desquamating rash. Cancers of the lung, bladder, and skin
have been reported. Urinary arsenic levels may be falsely
elevated after certain meals (eg, seafood) that contain large
quantities of a nontoxic form of organic arsenic.

» Treatment

A. Emergency Measures

After recent ingestion (within 1–2 hours), perform gastric
lavage. Activated charcoal is of uncertain benefit because it
binds arsenic poorly. Administer intravenous fluids to
replace losses due to vomiting and diarrhea.

B. Antidote

For patients with severe acute intoxication, administer a
chelating agent. The preferred drug is 2,3-dimercaptopro-
panesulfonic acid (DMPS, Unithiol) (3–5 mg/kg intrave-
nously every 4 hours); although there is no FDA-approved
commercial formulation of DMPS in the United States, it
can be obtained from some compounding pharmacies. An
alternative parenteral chelator is dimercaprol (British anti-
Lewisite, BAL), which comes as a 10% solution in peanut
oil and is given as 3–5 mg/kg intramuscularly every
4–6 hours for 2 days. The side effects include nausea, vom-
iting, headache, and hypertension. When gastrointestinal
symptoms allow, switch to the oral chelator succimer
(dimercaptosuccinic acid, DMSA), 10 mg/kg every
8 hours, for 1 week. Consult a medical toxicologist or
regional poison control center (1-800-222-1222) for advice
regarding chelation.

Bjorklund G et al. Arsenic intoxication: general aspects and che-
lating agents. Arch Toxicol. 2020;94:1879. [PMID: 32388818]

Dani SU et al. Chronic arsenic intoxication diagnostic score
(CAsIDS). J Appl Toxicol. 2018;38:122. [PMID: 28857213]

ATROPINE & ANTICHOLINERGICS

Atropine, scopolamine, belladonna, Datura stramonium,
Hyoscyamus niger, some mushrooms, tricyclic antidepres-
sants, and antihistamines are antimuscarinic agents with
variable central nervous system effects. Symptoms of toxic-
ity include dryness of the mouth, thirst, difficulty in swal-
lowing, and blurring of vision. Physical signs include
dilated pupils, flushed skin, tachycardia, fever, delirium,
myoclonus, and ileus. Antidepressants and antihistamines
may also induce convulsions.

Antihistamines are commonly available with or without
prescription. Diphenhydramine commonly causes delir-
ium, tachycardia, and seizures. Massive diphenhydramine
overdose may mimic tricyclic antidepressant cardiotoxic
poisoning.

» Treatment

A. Emergency and Supportive Measures

Administer activated charcoal. External cooling and seda-
tion, or neuromuscular paralysis in rare cases, are indicated
to control high temperatures.

B. Specific Treatment

For severe anticholinergic syndrome (eg, agitated delir-
ium), give physostigmine salicylate, 0.5–1 mg slowly intra-
venously over 5 minutes, with ECG monitoring; repeat as
needed to a total dose of no more than 2 mg. Caution:
Bradyarrhythmias and convulsions are a hazard with phy-
sostigmine administration, and the drug should be avoided
in patients with evidence of cardiotoxic effects (eg, QRS
interval prolongation) from tricyclic antidepressants or
other sodium channel blockers.

Arens AM et al. Adverse effects of physostigmine. J Med Toxicol.
2019;15:184. [PMID: 30747326]

Chung WM et al. Datura fruit poisoning. Med J Malaysia.
2018;73:453. [PMID: 30647232]

Jayawickreme KP et al. Unknowing ingestion of Brugmansia sua-
veolens leaves presenting with signs of anticholinergic toxicity:
a case report. J Med Case Rep. 2019;13:322. [PMID: 31665073]

BETA-ADRENERGIC BLOCKERS

There are a wide variety of beta-adrenergic blocking drugs,
with varying pharmacologic and pharmacokinetic prop-
erties (see Table 11–9). The most toxic beta-blocker is
propranolol, which not only blocks beta-1- and beta-2-
adrenoceptors but also has direct membrane-depressant
and central nervous system effects.

» Clinical Findings

The most common findings with mild or moderate intoxi-
cation are hypotension and bradycardia. Cardiac depres-
sion from more severe poisoning is often unresponsive to
conventional therapy with beta-adrenergic stimulants such
as dopamine and norepinephrine. In addition, with pro-
pranolol and other lipid-soluble drugs, seizures and coma
may occur. Propranolol, oxprenolol, acebutolol, and alpre-
nolol also have membrane-depressant effects and can cause
conduction disturbance (wide QRS interval) similar to tri-
cyclic antidepressant overdose.

The diagnosis is based on typical clinical findings.
Routine toxicology screening does not usually include
beta-blockers.

» Treatment

A. Emergency and Supportive Measures

Attempts to treat bradycardia or heart block with atropine
(0.5–2 mg intravenously), isoproterenol (2–20 mcg/min by
intravenous infusion, titrated to the desired heart rate), or an
external transcutaneous cardiac pacemaker are often inef-
fective, and specific antidotal treatment may be necessary.
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For drugs ingested within an hour of presentation (or
longer after ingestion of an extended-release formulation),
administer activated charcoal.

B. Specific Treatment

For persistent bradycardia and hypotension, give glucagon,
5–10 mg intravenously, followed by an infusion of 1–5 mg/h.
Glucagon is an inotropic agent that acts at a different recep-
tor site and is therefore not affected by beta-blockade. High-
dose insulin (0.5–1 unit/kg/h intravenously) along with
glucose supplementation has also been used to reverse
severe cardiotoxicity. Membrane-depressant effects (wide
QRS interval) may respond to boluses of sodium bicarbon-
ate (50–100 mEq intravenously) as for tricyclic antidepres-
sant poisoning. Intravenous lipid emulsion (Intralipid 20%,
1.5 mL/kg) has been used successfully in severe propranolol
overdose. ECMO should be considered for refractory shock.

Krenz JR et al. An overview of hyperinsulinemic-euglycemic
therapy in calcium channel blocker and β-blocker overdose.
Pharmacotherapy. 2018;38:1130. [PMID: 30141827]

Rotella JA et al. Treatment for beta-blocker poisoning: a system-
atic review. Clin Toxicol (Phila). 2020;58:943. [PMID:
32310006]

CALCIUM CHANNEL BLOCKERS

In therapeutic doses, nifedipine, nicardipine, amlodipine,
felodipine, isradipine, nisoldipine, and nimodipine act
mainly on blood vessels, while verapamil and diltiazem act
mainly on cardiac contractility and conduction. However,
these selective effects can be lost after acute overdose.
Patients may present with bradycardia, atrioventricular
(AV) nodal block, hypotension, or a combination of these
effects. Hyperglycemia is common due to blockade of insu-
lin release. With severe poisoning, cardiac arrest may occur.

» Treatment

A. Emergency and Supportive Measures

For ingested drugs, administer activated charcoal. In addi-
tion, whole bowel irrigation should be initiated as soon as
possible if the patient has ingested a sustained-release
product.

B. Specific Treatment

Treat symptomatic bradycardia with atropine (0.5–2 mg
intravenously), isoproterenol (2–20 mcg/min by intrave-
nous infusion), or a transcutaneous cardiac pacemaker. For
hypotension, give calcium chloride 10%, 10 mL, or calcium
gluconate 10%, 20 mL. Repeat the dose every 3–5 minutes.
The optimum (or maximum) dose has not been estab-
lished, but many toxicologists recommend raising the ion-
ized serum calcium level to as much as twice the normal
level. Calcium is most useful in reversing negative inotro-
pic effects and is less effective for AV nodal blockade and
bradycardia. High doses of insulin (0.5–1 unit/kg intrave-
nous bolus followed by 0.5–1 unit/kg/h infusion) along
with sufficient dextrose to maintain euglycemia have been

reported to be beneficial, but there are no controlled stud-
ies. Infusion of Intralipid 20% lipid emulsion has been
reported to improve hemodynamics in animal models and
case reports of calcium channel blocker poisoning. Methy-
lene blue (1–2 mg/kg) was reported to reverse refractory
shock due to profound vasodilation in a patient with amlo-
dipine poisoning. ECMO has been recommended for
refractory shock.

Ramanathan K et al. Extracorporeal therapy for amlodipine
poisoning. J Artif Organs. 2020;23:183. [PMID: 31552515]

Seegobin K et al. Severe beta blocker and calcium channel
blocker overdose: role of high dose insulin. Am J Emerg Med.
2018;36;736.e5. [PMID: 29331270]

CARBON MONOXIDE

Carbon monoxide is a colorless, odorless gas produced by
the combustion of carbon-containing materials. Poisoning
may occur as a result of suicidal or accidental exposure to
automobile exhaust, smoke inhalation in a fire, or acciden-
tal exposure to an improperly vented gas heater, generator,
or other appliance. Carbon monoxide can be generated
during degradation of some anesthetic gases by carbon
dioxide adsorbents. Carbon monoxide avidly binds to
hemoglobin, with an affinity approximately 250 times that
of oxygen. This results in reduced oxygen-carrying capac-
ity and altered delivery of oxygen to cells (see also Smoke
Inhalation in Chapter 9).

» Clinical Findings

At low carbon monoxide levels (carboxyhemoglobin satura-
tion 10–20%), victims may have headache, dizziness,
abdominal pain, and nausea. With higher levels, confusion,
dyspnea, and syncope may occur. Hypotension, coma, and
seizures are common with levels greater than 50–60%. Sur-
vivors of acute severe poisoning may develop permanent
obvious or subtle neurologic and neuropsychiatric deficits.
The fetus and newborn may be more susceptible because of
high carbon monoxide affinity for fetal hemoglobin.

Carbon monoxide poisoning should be suspected in
any person with severe headache or acutely altered mental
status, especially during cold weather, when improperly
vented heating systems may have been used. Diagnosis
depends on specific measurement of the arterial or venous
carboxyhemoglobin saturation, although the level may
have declined if high-flow oxygen therapy has already been
administered, and levels do not always correlate with clini-
cal symptoms. Routine arterial blood gas testing and pulse
oximetry are not useful because they give falsely normal
PaO

2
and oxyhemoglobin saturation determinations,

respectively. (A specialized pulse oximetry device, the
Masimo pulse CO-oximeter, is capable of distinguishing
oxyhemoglobin from carboxyhemoglobin.)

» Treatment

A. Emergency and Supportive Measures

Maintain a patent airway and assist ventilation, if neces-
sary. Remove the victim from exposure. Treat patients with
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coma, hypotension, or seizures as described at the begin-
ning of this chapter.

B. Specific Treatment

The half-life of the carboxyhemoglobin (CoHb) complex is
about 4–5 hours in room air but is reduced dramatically by
high concentrations of oxygen. Administer 100% oxygen
by tight-fitting high-flow reservoir face mask or endotra-
cheal tube. Hyperbaric oxygen (HBO) can provide 100%
oxygen under higher than atmospheric pressures, further
shortening the half-life; it may also reduce the incidence of
subtle neuropsychiatric sequelae. Randomized controlled
studies disagree about the benefit of HBO, but commonly
recommended indications for HBO in patients with car-
bon monoxide poisoning include a history of loss of con-
sciousness, CoHb greater than 25%, metabolic acidosis,
age over 50 years, and cerebellar findings on neurologic
examination.

Casillas S et al. Effectiveness of hyperbaric oxygenation versus
normobaric oxygenation therapy in carbon monoxide poi-
soning: a systematic review. Cureus. 2019;11:e5916. [PMID:
31788375]

Lin CH et al. Treatment with normobaric or hyperbaric oxygen
and its effect on neuropsychometric dysfunction after carbon
monoxide poisoning: a systematic review and meta-analysis
of randomized controlled trials. Medicine (Baltimore).
2018;97:e12456. [PMID: 30278526]

CHEMICAL WARFARE: NERVE AGENTS

Nerve agents used in chemical warfare work by cholines-
terase inhibition and are most commonly organophospho-
rus compounds. Agents such as tabun (GA), sarin (GB),
soman (GD), and VX are similar to insecticides such as
malathion but are vastly more potent. They may be inhaled
or absorbed through the skin. Systemic effects due to
unopposed action of acetylcholine include miosis, saliva-
tion, abdominal cramps, diarrhea, and muscle paralysis
producing respiratory arrest. Inhalation also produces
severe bronchoconstriction and copious nasal and tracheo-
bronchial secretions.

» Treatment

A. Emergency and Supportive Measures

Perform thorough decontamination of exposed areas with
repeated soap and shampoo washing. Personnel caring for
such patients must wear protective clothing and gloves,
since cutaneous absorption may occur through normal
skin.

B. Specific Treatment

Give atropine in an initial dose of 2 mg intravenously and
repeat as needed to reverse signs of acetylcholine excess.
(Some victims have required several hundred milligrams.)
Treat also with the cholinesterase-reactivating agent prali-
doxime, 1–2 g intravenously initially followed by an infu-
sion at a rate of 200–400 mg/h.

Agency for Toxic Substances and Disease Registry. Toxic Sub-
stances Portal. 2021 Feb 9. https://www.atsdr.cdc.gov/

Hulse EJ et al. Organophosphorus nerve agent poisoning: manag-
ing the poisoned patient. Br J Anaesth. 2019;123:457. [PMID:
31248646]

Richardson JR et al. Neurotoxicity of pesticides. Acta Neuro-
pathol. 2019;138:343. [PMID: 31197504]

Timperley CM et al. Advice on assistance and protection from the
Scientific Advisory Board of the Organisation for the Prohibi-
tion of Chemical Weapons: Part 2. On preventing and treating
health effects from acute, prolonged, and repeated nerve agent
exposure, and the identification of medical countermeasures
able to reduce or eliminate the longer-term health effects of
nerve agents. Toxicology. 2019;413:13. [PMID: 30500381]

United States Department of Labor. Occupational Safety and
Health Administration. Safety and Health Guides/Nerve
Agents Guide. https://www.osha.gov/SLTC/emergencypre-
paredness/guides/nerve.html

CLONIDINE & OTHER SYMPATHOLYTIC
ANTIHYPERTENSIVES

Overdosage with these agents (clonidine, guanabenz,
guanfacine, methyldopa) causes bradycardia, hypotension,
miosis, respiratory depression, and coma. (Transient
hypertension occasionally occurs after acute overdosage, a
result of peripheral alpha-adrenergic effects in high doses.)
Symptoms are usually resolved in less than 24 hours, and
deaths are rare. Similar symptoms may occur after inges-
tion of topical nasal decongestants chemically similar to
clonidine (oxymetazoline, tetrahydrozoline, naphazoline).
Brimonidine and apraclonidine are used as ophthalmic
preparations for glaucoma. Tizanidine is a centrally acting
muscle relaxant structurally related to clonidine; it pro-
duces similar toxicity in overdose.

» Treatment

A. Emergency and Supportive Measures

Give activated charcoal. Maintain the airway and support
respiration if necessary. Symptomatic treatment is usually
sufficient even in massive overdose. Maintain blood pres-
sure with intravenous fluids. Dopamine can also be used.
Atropine is usually effective for bradycardia.

B. Specific Treatment

There is no specific antidote. Naloxone has been reported to be
successful in a few anecdotal cases and retrospective studies.

Toce MS et al. Clinical effects of pediatric clonidine exposure: a
retrospective cohort study at a single tertiary care center. J
Emerg Med. 2021;60:58. [PMID: 33036823]

COCAINE

See Amphetamines & Cocaine.

CYANIDE

Cyanide is a highly toxic chemical used widely in research
and commercial laboratories and many industries. Its gas-
eous form, hydrogen cyanide, is an important component
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of smoke in fires. Cyanide-generating glycosides are also
found in the pits of apricots and other related plants. Cya-
nide is generated by the breakdown of nitroprusside, and
poisoning can result from rapid high-dose infusions. Cya-
nide is also formed by metabolism of acetonitrile, a solvent
found in some over-the-counter fingernail glue removers.
Cyanide is rapidly absorbed by inhalation, skin absorption,
or ingestion. It disrupts cellular function by inhibiting cyto-
chrome oxidase and preventing cellular oxygen utilization.

» Clinical Findings

The onset of toxicity is nearly instantaneous after inhala-
tion of hydrogen cyanide gas but may be delayed for min-
utes to hours after ingestion of cyanide salts or cyanogenic
plants or chemicals. Effects include headache, dizziness,
nausea, abdominal pain, and anxiety, followed by confu-
sion, syncope, shock, seizures, coma, and death. The odor
of “bitter almonds” may be detected on the victim’s breath
or in vomitus, though this is not a reliable finding. The
venous oxygen saturation may be elevated (greater than
90%) in severe poisonings because tissues have failed to
take up arterial oxygen.

» Treatment

A. Emergency and Supportive Measures

Remove the victim from exposure, taking care to avoid
exposure to rescuers. For suspected cyanide poisoning due
to nitroprusside infusion, stop or slow the rate of infusion.
(Metabolic acidosis and other signs of cyanide poisoning
usually clear rapidly.)

For cyanide ingestion, administer activated charcoal.
Although charcoal has a low affinity for cyanide, the usual
doses of 60–100 g are adequate to bind typically ingested
lethal doses (100–200 mg).

B. Specific Treatment

In the United States, there are two available cyanide anti-
dote regimens. The conventional cyanide antidote package
(Nithiodote) contains sodium nitrite (to induce methemo-
globinemia, which binds free cyanide) and sodium thiosul-
fate (to promote conversion of cyanide to the less toxic
thiocyanate). Administer 3% sodium nitrite solution, 10 mL
intravenously, followed by 25% sodium thiosulfate solution,
50 mL intravenously (12.5 g). Caution: Nitrites may induce
hypotension and dangerous levels of methemoglobin.

The other approved cyanide treatment in the United
States is hydroxocobalamin (Cyanokit, EMD Pharmaceuti-
cals), a newer and potentially safer antidote. The adult dose
of hydroxocobalamin is 5 g intravenously (children’s dose
is 70 mg/kg). Note: Hydroxocobalamin causes red discol-
oration of skin and body fluids that may last several days
and can interfere with some laboratory tests.

Hendry-Hofer TB et al. A review on ingested cyanide: risks,
clinical presentation, diagnostics, and treatment challenges. J
Med Toxicol. 2019;15:128. [PMID: 30539383]

Parker-Cote JL et al. Challenges in the diagnosis of acute cyanide
poisoning. Clin Toxicol (Phila). 2018;56:609. [PMID: 29417853]

DIETARY SUPPLEMENTS & HERBAL
PRODUCTS

Unlike prescription and over-the-counter pharmaceuticals,
dietary supplements do not require FDA approval and do
not undergo the same premarketing evaluation of safety and
efficacy as drugs, and purveyors may or may not adhere to
good manufacturing practices and quality control stan-
dards. Supplements may cause illness as a result of intrinsic
toxicity, misidentification or mislabeling, drug-herb reac-
tions, or intentional adulteration with pharmaceuticals. If
you suspect a dietary supplement or herbal product may be
the cause of an otherwise unexplained illness, contact the
FDA (1-888-463-6332) or the regional poison control cen-
ter (1-800-222-1222), or consult the following online data-
base: https://www.fda.gov/food/dietary-supplements.

Table 38–7 lists selected examples of clinical toxicity
from some of these products.

Charen E et al. Toxicity of herbs, vitamins and supplements. Adv
Chronic Kidney Dis. 2020;27:67. [PMID: 32147004]

Lim DY et al. Collective exposure to lead from an approved
natural product-derived drug in Korea. Ann Occup Environ
Med. 2019;31:e20. [PMID: 31620297]

DIGITALIS & OTHER CARDIAC GLYCOSIDES

Cardiac glycosides paralyze the Na+-K+-ATPase pump and
have potent vagotonic effects. Intracellular effects include
enhancement of calcium-dependent contractility and
shortening of the action potential duration. A number of
plants (eg, oleander, foxglove, lily-of-the-valley) contain
cardiac glycosides. Bufotenin, a cardiotoxic steroid found
in certain toad secretions and used as an herbal medicine
and a purported aphrodisiac, has pharmacologic proper-
ties similar to cardiac glycosides.

» Clinical Findings

Intoxication may result from acute single exposure or
chronic accidental overmedication, especially in patients
with kidney dysfunction taking digoxin. After acute over-
dosage, nausea and vomiting, bradycardia, hyperkalemia,
and AV block frequently occur. Patients in whom toxicity
develops gradually during long-term therapy may be hypo-
kalemic and hypomagnesemic owing to concurrent
diuretic treatment and more commonly present with ven-
tricular arrhythmias (eg, ectopy, bidirectional ventricular
tachycardia, or ventricular fibrillation). Digoxin levels may
be only slightly elevated in patients with intoxication from
cardiac glycosides other than digoxin because of limited
cross-reactivity of immunologic tests.

» Treatment

A. Emergency and Supportive Measures

After acute ingestion, administer activated charcoal. Moni-
tor potassium levels and cardiac rhythm closely. Treat bra-
dycardia initially with atropine (0.5–2 mg intravenously) or
a transcutaneous external cardiac pacemaker.
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B. Specific Treatment

For patients with significant intoxication, administer
digoxin-specific antibodies (digoxin immune Fab [ovine];
DigiFab). Estimation of the dose is based on the body bur-
den of digoxin calculated from the ingested dose or the
steady-state serum digoxin concentration, as described
below. More effective binding of digoxin may be achieved
if the dose is given partly as a bolus and the remainder as
an infusion over a few hours.

1. From the ingested dose—Number of vials = approxi-
mately 1.5–2 × ingested dose (mg).

2. From the serum concentration—Number of vials =
serum digoxin (ng/mL) × body weight (kg) × 10–2. Note:
This is based on the equilibrium digoxin level; after acute
overdose, serum levels may be falsely high for several hours
before tissue distribution is complete, and overestimation
of the DigiFab dose is likely.

3. Empiric dosing—Empiric titration of DigiFab may be
used if the patient’s condition is relatively stable and an
underlying condition (eg, atrial fibrillation) favors retain-
ing a residual level of digitalis activity. Start with one or two
vials and reassess the patient’s clinical condition after
20–30 minutes. For cardiac glycosides other than digoxin
or digitoxin, there is no formula for estimation of vials
needed and treatment is entirely based on response to
empiric dosing.

Note: After administration of digoxin-specific Fab anti-
body fragments, serum digoxin levels may be falsely ele-
vated depending on the assay technique.

Table 38–7. Examples of potential toxicity associated with some dietary supplements and herbal medicines (listed
in alphabetical order).

Product Common Use Possible Toxicity

Azarcon (Greta) Mexican folk remedy for abdominal pain, colic Contains lead

Comfrey Gastric upset, diarrhea Contains pyrrolizidine alkaloids, can cause hepatic

veno-occlusive disease

Creatine Athletic performance enhancement Nausea, diarrhea, abdominal cramps; elevated serum

creatinine

Ginkgo Memory improvement, tinnitus Antiplatelet effects, hemorrhage; abdominal pain,

diarrhea

Ginseng Immune system; stress Decreased glucose; increased cortisol

Guarana Athletic performance enhancement, appetite suppression Contains caffeine: can cause tremor, tachycardia,

vomiting

Kava Anxiety, insomnia Drowsiness, hepatitis, skin rash

Ma huang Stimulant; athletic performance enhancement Contains ephedrine: anxiety, insomnia, hypertension,

tachycardia, seizures

Spirulina Body building Niacin-like flushing reaction

Yohimbine Sexual enhancement Hallucinations, hypertension, tachycardia

Zinc Cold/flu symptoms Nausea, oral irritation, anosmia

Adapted, with permission, from Table II-30 by Haller C in "Herbal and Alternative Products," In: Olson KR (ed.) Poisoning & Drug Overdose, 7th

edition. McGraw-Hill, 2018.

Arbabian H et al. Elderly patients with suspected chronic digoxin
toxicity: a comparison of clinical characteristics of patients
receiving and not receiving digoxin-Fab. Emerg Med Australas.
2018;30:242. [PMID: 29316267]

Chan BS et al. Clinical outcomes from early use of digoxin-
specific antibodies versus observation in chronic digoxin poi-
soning (ATOM-4). Clin Toxicol (Phila). 2019;57:638. [PMID:
30585517]

ETHANOL, BENZODIAZEPINES, & OTHER
SEDATIVE-HYPNOTIC AGENTS

The group of agents known as sedative-hypnotic drugs
includes a variety of products used for the treatment of
anxiety, depression, insomnia, and epilepsy. Besides com-
mon benzodiazepines, such as lorazepam, alprazolam,
clonazepam, diazepam, oxazepam, chlordiazepoxide, and
triazolam, this group includes the newer benzodiazepine-
like hypnotics zolpidem, zopiclone, and zaleplon, the
muscle relaxants baclofen and carisoprodol, and barbitu-
rates such as phenobarbital. Ethanol and other selected
agents are also popular recreational drugs. All of these
drugs depress the central nervous system reticular activat-
ing system, cerebral cortex, and cerebellum.

» Clinical Findings

Mild intoxication produces euphoria, slurred speech, and
ataxia. Ethanol intoxication may produce hypoglycemia,
even at relatively low concentrations, in children and in
fasting adults. With more severe intoxication, stupor,
coma, and respiratory arrest may occur. Carisoprodol
(Soma) commonly causes muscle jerking or myoclonus.
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Death or serious morbidity is usually the result of pulmonary
aspiration of gastric contents. Bradycardia, hypotension,
and hypothermia are common. Patients with massive
intoxication may appear to be dead, with no reflex
responses and even absent electroencephalographic activ-
ity. Diagnosis and assessment of severity of intoxication are
usually based on clinical findings. Ethanol serum levels
over 300 mg/dL (0.3 g/dL; 65 mmol/L) can produce coma
in infrequent drinkers, while regular drinkers may remain
awake at much higher levels.

» Treatment

A. Emergency and Supportive Measures

Administer activated charcoal if the patient has ingested a
massive dose and the airway is protected. Repeat-dose
charcoal may enhance elimination of phenobarbital, but it
has not been proved to improve clinical outcome. Hemodi-
alysis may be necessary for patients with severe phenobar-
bital intoxication.

B. Specific Treatment

Flumazenil is a benzodiazepine receptor-specific antago-
nist; it has no effect on ethanol, barbiturates, or other sed-
ative-hypnotic agents. If used, flumazenil is given slowly
intravenously, 0.2 mg over 30–60 seconds, and repeated in
0.2–0.5 mg increments as needed up to a total dose of
3–5 mg. Caution: Flumazenil should rarely be used because
it may induce seizures in patients with preexisting seizure
disorder, benzodiazepine tolerance, or concomitant tricyclic
antidepressant or other convulsant overdose. If seizures
occur, diazepam and other benzodiazepine anticonvulsants
may not be effective. As with naloxone, the duration of
action of flumazenil is short (2–3 hours) and resedation
may occur, requiring repeated doses.

Krause M et al. Toxin-induced coma and central nervous system
depression. Neurol Clin. 2020;38:825. [PMID: 33040863]

GAMMA-HYDROXYBUTYRATE (GHB)

GHB is a popular drug of abuse. It originated as a short-
acting general anesthetic and is occasionally used in the
treatment of narcolepsy. It gained popularity among body-
builders for its alleged growth hormone stimulation and
found its way into social settings, where it is consumed as
a liquid. It has been used to facilitate sexual assault (“date-
rape” drug). Symptoms after ingestion include drowsiness
and lethargy followed by coma with respiratory depression.
Muscle twitching and seizures are sometimes observed.
Recovery is usually rapid, with patients awakening within
a few hours. Other related chemicals with similar effects
include butanediol and gamma-butyrolactone (GBL). A
prolonged withdrawal syndrome has been described in
some heavy users.

» Treatment

Monitor the airway and assist breathing if needed. There is
no specific treatment. Most patients recover rapidly with

supportive care. GHB withdrawal syndrome may require
very large doses of benzodiazepines; baclofen has also
been used.

Busardò FP et al. Interpreting γ-hydroxybutyrate concentrations
for clinical and forensic purposes. Clin Toxicol (Phila).
2019;57:149. [PMID: 30307336]

Marinelli E et al. Gamma-hydroxybutyrate abuse: pharmacology
and poisoning and withdrawal management. Arh Hig Rada
Toksikol. 2020;71:19. [PMID: 32597141]

HYPOGLYCEMIC DRUGS

Medications used for diabetes mellitus include insulin, sul-
fonylureas and other insulin secretagogues, alpha-glucosidase
inhibitors (acarbose, miglitol), biguanides (metformin),
thiazolidinediones (pioglitazone, rosiglitazone), sodium
glucose transporter (SGLT2) inhibitors, and peptide ana-
logs (pramlintide, exenatide) or enhancers (sitagliptin) (see
Chapter 27). Of these, insulin and the insulin secretagogues
are the most likely to cause hypoglycemia. Metformin can
cause lactic acidosis, especially in patients with impaired
kidney function or after intentional drug overdose. Eugly-
cemic diabetic ketoacidosis has been reported with SGLT2
use. Table 27–5 lists the duration of hypoglycemic effect of
oral hypoglycemic agents and Table 27–6 the extent and
duration of various types of insulins.

» Clinical Findings

Hypoglycemia may occur quickly after injection of short-
acting insulins or may be delayed and prolonged, especially
if a large amount has been injected into a single area, creat-
ing a “depot” effect. Hypoglycemia after sulfonylurea inges-
tion is usually apparent within a few hours but may be
delayed several hours, especially if food or glucose-
containing fluids have been given.

» Treatment

Give sugar and carbohydrate-containing food or liquids by
mouth, or intravenous dextrose if the patient is unable to
swallow safely. For severe hypoglycemia, start with D50W,
50 mL intravenously (25 g dextrose); repeat, if needed.
Follow up with dextrose-containing intravenous fluids
(D5W or D10W) to maintain a blood glucose greater than
70–80 mg/dL.

For hypoglycemia caused by sulfonylureas and related
insulin secretagogues, consider use of octreotide, a syn-
thetic somatostatin analog that blocks pancreatic insulin
release. A dose of 50–100 mcg octreotide subcutaneously
every 6–12 hours can reduce the need for exogenous dex-
trose and prevent rebound hypoglycemia from excessive
dextrose dosing.

Admit all patients with symptomatic hypoglycemia
after sulfonylurea overdose. Observe asymptomatic over-
dose patients for at least 12 hours.

Consider hemodialysis for patients with metformin
overdose accompanied by severe lactic acidosis (lactate
greater than 20 mmol/L or pH < 7.0).

CMDT22_Ch38_p1582-p1611.indd 1600 02/07/21 2:35 PM



POISONING 1601CMDT 2022

Razavi-Nematollahi L et al. Adverse effects of glycemia-lowering
medications in type 2 diabetes. Curr Diab Rep. 2019;19:132.
[PMID: 31748838]

Scheen AJ. Cardiovascular effects of new oral glucose-lowering
agents: DPP-4 and SGLT-2 inhibitors. Circ Res. 2018;122:1439.
[PMID: 29748368]

Ueda P et al. Sodium glucose cotransporter 2 inhibitors and risk
of serious adverse events: nationwide register-based cohort
study. BMJ. 2018;363:k4365. [PMID: 30429124]

ISONIAZID

Isoniazid (INH) is an antibiotic used mainly in the treat-
ment and prevention of tuberculosis. It may cause hepatitis
with long-term use, especially in alcoholic patients and elderly
persons. It produces acute toxic effects by competing with
pyridoxal 5-phosphate, resulting in lowered brain gamma-
aminobutyric acid (GABA) levels. Acute ingestion of as little as
1.5–2 g of INH can cause toxicity, and severe poisoning is
likely to occur after ingestion of more than 80–100 mg/kg.

» Clinical Findings

Confusion, slurred speech, and seizures may occur abruptly
after acute overdose. Severe lactic acidosis—out of propor-
tion to the severity of seizures—is probably due to inhibited
metabolism of lactate. Peripheral neuropathy and acute
hepatitis may occur with long-term use.

Diagnosis is based on a history of ingestion and the
presence of severe acidosis associated with seizures. INH is
not usually included in routine toxicologic screening, and
serum levels are not readily available.

» Treatment

A. Emergency and Supportive Measures

Seizures may require higher than usual doses of benzodiaz-
epines (eg, lorazepam, 3–5 mg intravenously) or adminis-
tration of pyridoxine as an antidote.

Administer activated charcoal after large recent inges-
tion, but with caution because of the risk of abrupt onset of
seizures.

B. Specific Treatment

Pyridoxine (vitamin B
6
) is a specific antagonist of the acute

toxic effects of INH and is usually successful in controlling
convulsions that do not respond to benzodiazepines. Give
5 g intravenously over 1–2 minutes or, if the amount
ingested is known, give a gram-for-gram equivalent amount
of pyridoxine. Patients taking INH are usually given 25–50 mg
of pyridoxine orally daily to help prevent neuropathy.

Glatstein M et al. Pyridoxine for the treatment of isoniazid-
induced seizures in intentional ingestions: the experience of a
national poison center. Am J Emerg Med. 2018;36:1775.
[PMID: 29397257]

LEAD

Lead is used in a variety of industrial and commercial
products, such as firearms ammunition, storage batteries,
solders, paints, pottery, plumbing, and gasoline and is

found in some traditional Hispanic and Ayurvedic ethnic
medicines. Lead toxicity usually results from chronic
repeated exposure and is rare after a single ingestion. Lead
produces a variety of adverse effects on cellular function
and primarily affects the nervous system, gastrointestinal
tract, and hematopoietic system.

» Clinical Findings

Lead poisoning often goes undiagnosed initially because
presenting symptoms and signs are nonspecific and expo-
sure is not suspected. Common symptoms include colicky
abdominal pain, constipation, headache, and irritability.
Severe poisoning may cause coma and convulsions.
Chronic intoxication can cause learning disorders (in chil-
dren) and motor neuropathy (eg, wrist drop). Lead-
containing bullet fragments in or near joint spaces can
result in chronic lead toxicity.

Diagnosis is based on measurement of the blood lead
level. Whole blood lead levels above 5 mcg/dL warrant pub-
lic health investigation. Levels between 10 and 25 mcg/dL
have been associated with impaired neurobehavioral devel-
opment in children. Levels of 25–50 mcg/dL may be associ-
ated with headache, irritability, and subclinical neuropathy.
Levels of 50–70 mcg/dL are associated with moderate toxic-
ity, and levels greater than 70–100 mcg/dL are often associ-
ated with severe poisoning. Other laboratory findings of
lead poisoning include microcytic anemia with basophilic
stippling and elevated free erythrocyte protoporphyrin.

» Treatment

A. Emergency and Supportive Measures

The most critical intervention in the treatment of lead poi-
soning is identification of and removal from the source of
exposure. For patients with encephalopathy, maintain a pat-
ent airway and treat coma and convulsions as described at
the beginning of this chapter.

For recent acute ingestion, if a large lead-containing
object (eg, fishing weight) is still visible in the stomach on
abdominal radiograph, whole bowel irrigation, endoscopy,
or even surgical removal may be necessary to prevent sub-
acute lead poisoning. (The acidic gastric contents may
corrode the metal surface, enhancing lead absorption.
Once the object passes into the small intestine, the risk of
toxicity declines.)

B. Specific Treatment

The indications for chelation depend on the blood lead
level and the patient’s clinical state. A medical toxicologist
or regional poison control center (1-800-222-1222) should
be consulted for advice about selection and use of these
antidotes.

1. Severe toxicity—Patients with severe intoxication
(encephalopathy or levels greater than 70–100 mcg/dL)
should receive edetate calcium disodium (ethylenediami-
netetraacetic acid, EDTA), 1500 mg/m2/kg/day (approxi-
mately 50 mg/kg/day) in four to six divided doses or as a
continuous intravenous infusion. Most clinicians also add
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dimercaprol (BAL), 4–5 mg/kg intramuscularly every 4
hours for 5 days, for patients with encephalopathy.

2. Less severe toxicity—Patients with less severe symptoms
and asymptomatic patients with blood lead levels between
55 and 69 mcg/dL may be treated with edetate calcium
disodium alone in dosages as above. An oral chelator, suc-
cimer (DMSA), is available for use in patients with mild to
moderate intoxication. The usual dose is 10 mg/kg orally
every 8 hours for 5 days, then every 12 hours for 2 weeks.

Angelon-Gaetz KA et al. Lead in spices, herbal remedies, and
ceremonial powders sampled from home investigations for
children with elevated blood lead levels—North Carolina,
2011–2018. MMWR Morb Mortal Wkly Rep. 2018;67:1290.
[PMID: 30462630]

Reuben A. Childhood lead exposure and adult neurodegenera-
tive disease. J Alzheimers Dis. 2018;64:17. [PMID: 29865081]

LITHIUM

Lithium is widely used for the treatment of bipolar depres-
sion and other psychiatric disorders. The only normal route
of lithium elimination is via the kidney, so patients with
acute or chronic kidney disorders are at risk for accumula-
tion of lithium resulting in gradual onset (chronic) toxicity.
Intoxication resulting from chronic accidental overmedica-
tion or kidney impairment is more common and usually
more severe than that seen after acute oral overdose.

» Clinical Findings

Mild to moderate toxicity causes lethargy, confusion,
tremor, ataxia, and slurred speech. This may progress to
myoclonic jerking, delirium, coma, and convulsions.
Recovery may be slow and incomplete following severe
intoxication. Laboratory studies in patients with chronic
intoxication often reveal an elevated serum creatinine and
an elevated BUN/creatinine ratio due to underlying vol-
ume contraction. The white blood cell count is often ele-
vated. ECG findings include T-wave flattening or inversion,
and sometimes bradycardia or sinus node arrest. Nephro-
genic diabetes insipidus can occur with overdose or with
therapeutic doses. Dysfunction of the thyroid and parathy-
roid glands has also been described as a result of prolonged
lithium exposure.

Lithium levels may be difficult to interpret. Lithium has
a low toxic:therapeutic ratio, and chronic intoxication can
be seen with levels only slightly above the therapeutic
range (0.8–1.2 mEq/L). In contrast, patients with acute
ingestion may have transiently very high levels (up to 10
mEq/L reported) without any symptoms before the lithium
fully distributes into tissues. Note: Falsely high lithium
levels (as high as 6–8 mEq/L) can be measured if a green-
top blood specimen tube (containing lithium heparin) is
used for blood collection.

» Treatment

After acute oral overdose, consider gastric lavage or whole
bowel irrigation to prevent systemic absorption (Note:
lithium is not adsorbed by activated charcoal). In all

patients, evaluate kidney function and volume status, and
give intravenous saline-containing fluids as needed. Moni-
tor serum lithium levels and seek assistance with their
interpretation and the need for dialysis from a medical
toxicologist or regional poison control center (1-800-222-
1222). Consider hemodialysis if the patient is markedly
symptomatic or if the serum lithium level exceeds 4–5
mEq/L, especially if kidney function is impaired. Continu-
ous renal replacement therapy may be an effective alterna-
tive to hemodialysis.

Hlaing PM et al. Neurotoxicity in chronic lithium poisoning.
Intern Med J. 2020;50:427. [PMID: 31211493]

King JD et al. Extracorporeal removal of poisons and toxins.
Clin J Am Soc Nephrol. 2019;14:1408. [PMID: 31439539]

LSD & OTHER HALLUCINOGENS

A variety of substances—ranging from naturally occurring
plants and mushrooms to synthetic substances such as
phencyclidine (PCP), toluene and other solvents, dextro-
methorphan, and lysergic acid diethylamide (LSD)—are
abused for their hallucinogenic properties. The mecha-
nism of toxicity and the clinical effects vary for each
substance.

Many hallucinogenic plants and mushrooms produce
anticholinergic delirium, characterized by flushed skin, dry
mucous membranes, dilated pupils, tachycardia, and uri-
nary retention. Other plants and mushrooms may contain
hallucinogenic indoles such as mescaline and LSD, which
typically cause marked visual hallucinations and percep-
tual distortion, widely dilated pupils, and mild tachycardia.
PCP, a dissociative anesthetic agent similar to ketamine,
can produce fluctuating delirium and coma, often associ-
ated with vertical and horizontal nystagmus. Toluene and
other hydrocarbon solvents (butane, trichloroethylene,
“chemo,” etc) cause euphoria and delirium and may sensi-
tize the myocardium to the effects of catecholamines, lead-
ing to fatal dysrhythmias. Other drugs used for their
psychostimulant effects include synthetic cannabinoid
receptor agonists, Salvia divinorum, synthetic tryptamines,
and phenylethylamines, and mephedrone and related
cathinone derivatives. See https://www.erowid.org/psycho-
actives/psychoactives.shtml for descriptions of various
hallucinogenic substances.

» Treatment

A. Emergency and Supportive Measures

Maintain a patent airway and assist respirations if neces-
sary. Treat coma, hyperthermia, hypertension, and seizures
as outlined at the beginning of this chapter. For recent large
ingestions, consider giving activated charcoal orally or by
gastric tube.

B. Specific Treatment

Patients with anticholinergic delirium may benefit from a
dose of physostigmine, 0.5–1 mg intravenously, not to
exceed 1 mg/min. Dysphoria, agitation, and psychosis
associated with LSD or mescaline intoxication may respond
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to benzodiazepines (eg, lorazepam, 1–2 mg orally or intra-
venously) or haloperidol (2–5 mg intramuscularly or intra-
venously) or another antipsychotic drug (eg, olanzapine or
ziprasidone). Monitor patients who have sniffed solvents
for cardiac dysrhythmias (most commonly premature ven-
tricular contractions, ventricular tachycardia, ventricular
fibrillation); treatment with beta-blockers such as pro-
pranolol (1–5 mg intravenously) or esmolol (250–500 mcg/
kg intravenously, then 50 mcg/kg/min by infusion) may be
more effective than lidocaine or amiodarone.

Tamama K et al. Newly emerging drugs of abuse. Handb Exp
Pharmacol. 2020;258:463. [PMID: 31595417]

MARIJUANA & SYNTHETIC CANNABINOIDS

Marijuana refers to the crushed dried leaves and flowers of
the Cannabis plant. These dried leaves and flowers contain
the psychoactive cannabinoid delta-9-tetrahydrocannabi-
nal (THC), which binds to endogenous cannabinoid
receptors. Marijuana is usually smoked in cigarettes or
pipes but may also be vaporized or added to a variety of
foods, beverages, and candies. Resin from the plant may
be dried and pressed into blocks called hashish, and sol-
vents may be used to extract THC into highly concen-
trated oils (butane hash oil). THC has been used medically
as an appetite stimulant, as an antiemetic, and in the treat-
ment of a variety of medical conditions. It has now been
legalized for both medical and recreational use in an
increasing number of US states (https://disa.com/map-of-
marijuana-legality-by-state). Toxicity is dose dependent
but varies significantly by individual, prior experience,
and degree of tolerance. Synthetic cannabinoids (“Spice,”
“K2,” “Black Mamba”) are laboratory designed analogs of
THC. They have become increasingly popular and are
associated with a variety of adverse side effects, including
seizures, kidney dysfunction, and serious neuropsychiatric
symptoms.

» Clinical Findings

Onset of symptoms after smoking is usually rapid (min-
utes) with a duration of effect of approximately 2 hours.
Symptoms may be delayed after ingestion and can result in
prolonged intoxication (up to 8 hours). Mild intoxication
may result in euphoria, palpitations, heightened sensory
awareness, altered time perception, and sedation. More
severe intoxication may result in anxiety, visual hallucina-
tions, and acute paranoid psychosis. Physical findings
include tachycardia, orthostatic hypotension, conjunctival
injection, incoordination, slurred speech, and ataxia. Long-
term heavy marijuana use is associated with recurrent
nausea, abdominal pain, and vomiting, termed the canna-
binoid hyperemesis syndrome. Children may inadver-
tently be exposed to marijuana through the consumption
of THC-containing candies or other foods. Children may
experience more severe symptoms including stupor, coma,
and seizures. E-cigarette or vaping-associated acute lung
injury (EVALI) is a syndrome of diffuse lung injury associ-
ated with vaping THC adulterated with vitamin E acetate.

» Treatment

A. Emergency and Supportive Measures

Treat anxiety and paranoia with simple reassurance and
placement into a calming environment. Benzodiazepines
such as lorazepam or diazepam may be used for more
severe behavioral and psychomotor symptoms. Hypoten-
sion and sinus tachycardia should be treated with intrave-
nous fluids.

B. Specific Treatment

There is no specific antidote currently available. Consider
activated charcoal early after ingestion of large quantities.
Topical capsaicin and haloperidol have been used with
variable success for the treatment of acute vomiting in
patients with cannabinoid hyperemesis syndrome.

Aldy K et al. E-cigarette or vaping product use-associated lung
injury (EVALI) features and recognition in the emergency
department. J Am Coll Emerg Physicians Open. 2020;1:1090.
[PMID: 33145562]

Lucas CJ et al. The pharmacokinetics and the pharmacodynamics
of cannabinoids. Br J Clin Pharmacol. 2018;84:2477. [PMID:
30001569]

Wong K et al. Acute cannabis toxicity. Pediatr Emerg Care.
2019;35:799. [PMID: 31688799]

MERCURY

Mercury poisoning may occur by ingestion of inorganic
mercuric salts, organic mercury compounds, or inhalation
of metallic mercury vapor. Ingestion of the mercuric salts
causes a burning sensation in the throat, discoloration and
edema of oral mucous membranes, abdominal pain, vomit-
ing, bloody diarrhea, and shock. Direct nephrotoxicity
causes acute kidney injury. Inhalation of high concentra-
tions of metallic mercury vapor may cause acute fulminant
chemical pneumonia. Chronic mercury poisoning causes
weakness, ataxia, intention tremors, irritability, and depres-
sion. Exposure to alkyl (organic) mercury derivatives from
highly contaminated fish or fungicides used on seeds has
caused ataxia, tremors, convulsions, and catastrophic birth
defects. Nearly all fish have some traces of mercury con-
tamination; the US Environmental Protection Agency
(EPA) advises consumers to avoid swordfish, shark, king
mackerel, and tilefish because they contain higher levels.
Fish and shellfish that are generally low in mercury content
include shrimp, canned light tuna (not albacore “white”
tuna), salmon, pollock, and catfish. Dental fillings com-
posed of mercury amalgam pose a very small risk of
chronic mercury poisoning and their removal is rarely
justified. Some imported skin lightening creams contain
toxic quantities of mercury.

» Treatment

A. Acute Poisoning

There is no effective specific treatment for mercury vapor
pneumonitis. Remove ingested mercuric salts by lavage
and administer activated charcoal. For acute ingestion of
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mercuric salts, give dimercaprol (BAL) at once, as for arse-
nic poisoning. Unless the patient has severe gastroenteritis,
consider succimer (DMSA), 10 mg/kg orally every 8 hours
for 5 days and then every 12 hours for 2 weeks. Unithiol
(DMPS) is a chelator that can be given orally or parenterally
but is not commonly available in the United States; it can be
obtained from some compounding pharmacies. Maintain
urinary output. Treat oliguria and anuria if they occur.

B. Chronic Poisoning

Remove from exposure. Neurologic toxicity is not consid-
ered reversible with chelation, although some authors rec-
ommend a trial of succimer or unithiol (contact a regional
poison center or medical toxicologist for advice).

Jackson AC. Chronic neurological disease due to methylmercury
poisoning. Can J Neurol Sci. 2018;45:620. [PMID: 30278852]

Mudan A et al. Notes from the field: methylmercury toxicity
from a skin lightening cream obtained from Mexico—Cali-
fornia 2019. MMWR Morb Mortal Wkly Rep. 2019;68:1166.
[PMID: 31856147]

METHANOL & ETHYLENE GLYCOL

Methanol (wood alcohol) is commonly found in a variety of
products, including solvents, duplicating fluids, record
cleaning solutions, and paint removers. It is sometimes
ingested intentionally by alcoholic patients as a substitute for
ethanol and may also be found as a contaminant in bootleg
whiskey. Ethylene glycol is the major constituent in most
antifreeze compounds. The toxicity of both agents is caused
by metabolism to highly toxic organic acids—methanol to
formic acid; ethylene glycol to glycolic and oxalic acids.
Diethylene glycol is a nephrotoxic solvent that has been
improperly substituted for glycerine in various liquid medi-
cations (cough syrup, teething medicine, acetaminophen),
causing numerous deaths in Haiti, Panama, and Nigeria.

» Clinical Findings

Shortly after ingestion of methanol or ethylene glycol,
patients usually appear “drunk.” The serum osmolality
(measured by freezing point depression) is usually
increased, but acidosis is often absent early. After several
hours, metabolism to toxic organic acids leads to a severe
anion gap metabolic acidosis, tachypnea, confusion, con-
vulsions, and coma. Methanol intoxication frequently
causes visual disturbances, while ethylene glycol often
produces oxalate crystalluria and acute kidney injury.
Note: Point-of-care analytical devices commonly used in
the emergency department may falsely measure glycolic
acid (a toxic metabolite of ethylene glycol) as lactic acid.

» Treatment

A. Emergency and Supportive Measures

For patients presenting within 30–60 minutes after inges-
tion, empty the stomach by aspiration through a nasogastric
tube. Charcoal is not very effective but should be adminis-
tered if other poisons or drugs have also been ingested.

B. Specific Treatment

Patients with significant toxicity (manifested by severe
metabolic acidosis, altered mental status, markedly ele-
vated osmol gap, or evidence of end-organ toxicity) should
undergo hemodialysis as soon as possible to remove the
parent compound and the toxic metabolites. Treatment
with folic acid, thiamine, and pyridoxine may enhance the
breakdown of toxic metabolites.

Ethanol blocks metabolism of the parent compounds by
competing for the enzyme alcohol dehydrogenase. Fomepi-
zole (4-methylpyrazole; Antizol) blocks alcohol dehydro-
genase and is much easier to use than ethanol. If started
before onset of acidosis, fomepizole may be used as the sole
treatment for ethylene glycol ingestion in some cases. A
regional poison control center (1-800-222-1222) should be
contacted for indications and dosing.

Gallagher N et al. The diagnosis and management of toxic
alcohol poisoning in the emergency department: a review
article. Adv J Emerg Med. 2019;3:e28. [PMID: 31410405]

Kraut JA et al. Toxic alcohols. N Engl J Med. 2018;378:270.
[PMID: 29342392]

Ng PCY et al. Toxic alcohol diagnosis and management: an emer-
gency medicine review. Intern Emerg Med. 2018;13:375.
[PMID: 29427181]

Pohanka M. Antidotes against methanol poisoning: a review.
Mini Rev Med Chem. 2019;19:1126. [PMID: 30864518]

METHEMOGLOBINEMIA-INDUCING AGENTS

A large number of chemical agents are capable of oxidiz-
ing ferrous hemoglobin to its ferric state (methemoglo-
bin), a form that cannot carry oxygen. Drugs and
chemicals known to cause methemoglobinemia include
benzocaine (a local anesthetic found in some topical
anesthetic sprays and a variety of nonprescription prod-
ucts), aniline, propanil (an herbicide), nitrites, nitrogen
oxide gases, nitrobenzene, dapsone, phenazopyridine
(Pyridium), and many others. Dapsone has a long elimi-
nation half-life and may produce prolonged or recurrent
methemoglobinemia. Amyl nitrite and isobutyl nitrite
(“poppers”) are inhaled as sexual stimulants but can result
in methemoglobinemia.

» Clinical Findings

Methemoglobinemia reduces oxygen-carrying capacity
and may cause dizziness, nausea, headache, dyspnea, con-
fusion, seizures, and coma. The severity of symptoms
depends on the percentage of hemoglobin oxidized to
methemoglobin; severe poisoning is usually present when
methemoglobin fractions are greater than 40–50%. Even at
low levels (15–20%), victims appear cyanotic because of
the “chocolate brown” color of methemoglobin, but they
have normal PO

2
results on arterial blood gas determina-

tions. Conventional pulse oximetry gives inaccurate oxy-
gen saturation measurements; the reading is often between
85% and 90%. Severe metabolic acidosis may be present.
Hemolysis may occur, especially in patients susceptible to
oxidant stress (ie, those with glucose-6-phosphate dehy-
drogenase deficiency).

CMDT22_Ch38_p1582-p1611.indd 1604 02/07/21 2:35 PM



POISONING 1605CMDT 2022

» Treatment

A. Emergency and Supportive Measures

Administer high-flow oxygen. If the causative agent was
recently ingested, administer activated charcoal. Repeat-
dose activated charcoal may enhance dapsone elimination.

B. Specific Treatment

Methylene blue enhances the conversion of methemoglo-
bin to hemoglobin by increasing the activity of the enzyme
methemoglobin reductase. For symptomatic patients,
administer 1–2 mg/kg (0.1–0.2 mL/kg of 1% solution)
intravenously. The dose may be repeated once in 15–20
minutes if necessary. Patients with hereditary methemo-
globin reductase deficiency or glucose-6-phosphate dehy-
drogenase deficiency may not respond to methylene blue
treatment. In severe cases where methylene blue is not
available or is not effective, exchange blood transfusion
may be necessary.

Cefalu JN et al. Methemoglobinemia in the operating room and
intensive care unit: early recognition, pathophysiology, and
management. Adv Ther. 2020;37:1714. [PMID: 32193811]

Siendones E et al. Cellular and molecular mechanisms of reces-
sive hereditary methaemoglobinaemia type II. J Clin Med.
2018;7:E341. [PMID: 30309019]

MUSHROOMS

There are thousands of mushroom species that cause a
variety of toxic effects. The most dangerous species of
mushrooms are Amanita phalloides and related species,
which contain potent cytotoxins (amatoxins). Ingestion of
even a portion of one amatoxin-containing mushroom
may be sufficient to cause death.

The characteristic pathologic finding in fatalities from
amatoxin-containing mushroom poisoning is acute mas-
sive necrosis of the liver.

» Clinical Findings

Amatoxin-containing mushrooms typically cause a delayed
onset (8–12 hours after ingestion) of severe abdominal
cramps, vomiting, and profuse diarrhea, followed in 1–2 days
by acute kidney injury, hepatic necrosis, and hepatic
encephalopathy. Cooking the mushrooms does not prevent
poisoning.

Monomethylhydrazine poisoning (Gyromitra and
Helvella species) is more common following ingestion of
uncooked mushrooms, as the toxin is water-soluble. Vom-
iting, diarrhea, hepatic necrosis, convulsions, coma, and
hemolysis may occur after a latent period of 8–12 hours.

» Treatment

A. Emergency Measures

After the onset of symptoms, efforts to remove the toxic
agent are probably useless, especially in cases of amatoxin
or gyromitrin poisoning, where there is usually a delay of
8–12 hours or more before symptoms occur and patients

seek medical attention. However, activated charcoal is rec-
ommended for any recent ingestion of an unidentified or
potentially toxic mushroom. Administer intravenous fluids
liberally to replace massive losses from vomiting and diar-
rhea; monitor central venous pressure, urinary output, and
kidney function tests to help guide volume replacement.

B. Specific Treatment

A variety of purported antidotes (eg, thioctic acid, penicil-
lin, corticosteroids) have been suggested for amatoxin-type
mushroom poisoning, but controlled studies are lacking
and experimental data in animals are equivocal. Aggressive
fluid replacement for diarrhea and intensive supportive
care for hepatic failure are the mainstays of treatment. Sily-
marin (silibinin), a derivative of milk thistle, is commonly
used in Europe, but is commercially available in the United
States only as an oral nutritional supplement. The Euro-
pean intravenous product (Legalon-SIL) can be obtained
in the United States under an emergency IND provided by
the FDA. Contact the regional poison control center
(1-800-222-1222) for more information. N-acetylcysteine
has also been used and may provide some benefit. Liver
transplant may be the only hope for survival in gravely ill
patients—contact a liver transplant center early.

Liu J et al. N-acetylcysteine as a treatment for amatoxin poison-
ing: a systematic review. Clin Toxicol (Phila). 2020;58:1015.
[PMID: 32609548]

White J et al. Mushroom poisoning: a proposed new clinical
classification. Toxicon. 2019;157:53. [PMID: 30439442]

OPIATES & OPIOIDS

Prescription and illicit opiates and opioids (morphine,
heroin, codeine, oxycodone, fentanyl, hydromorphone,
etc) are popular drugs of misuse and abuse and the cause of
frequent hospitalizations for overdose. These drugs have
widely varying potencies and durations of action; for
example, some of the illicit fentanyl derivatives are up to
2000 times more potent than morphine. Poisonings and
fatalities have been reported due to the illicit use of fentanyl
and the presence of fentanyl and its derivatives in counter-
feit medications. All of these agents decrease central ner-
vous system activity and sympathetic outflow by acting on
opiate receptors in the brain. Tramadol is an analgesic that
is unrelated chemically to the opioids but acts on opioid
receptors. Buprenorphine is a partial agonist-antagonist
opioid used for the outpatient treatment of both chronic
pain and opioid addiction (Table 5–6). Kratom (Mitragyna
speciosa) is an herbal supplement with agonist activity at
mu opioid receptors. While it has been marketed as a “safe”
and natural treatment for patients with opioid use disorder,
overdose is associated with both agitation and drowsiness
and in severe cases seizures, hallucinations, and respiratory
depression.

» Clinical Findings

Mild intoxication is characterized by euphoria, drowsiness,
and constricted pupils. More severe intoxication may cause
hypotension, bradycardia, hypothermia, coma, and
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respiratory arrest. Pulmonary edema may occur. Death is
usually due to apnea or pulmonary aspiration of gastric
contents. Methadone may cause QT interval prolongation
and torsades de pointes. While the duration of effect for
heroin is usually 3–5 hours, methadone intoxication may
last for 48–72 hours or longer. Tramadol, dextrometho-
rphan, and meperidine also occasionally cause seizures.
With meperidine, the metabolite normeperidine is proba-
bly the cause of seizures and is most likely to accumulate
with repeated dosing in patients with chronic kidney
disease. Wound botulism has been associated with skin-
popping, especially involving “black tar” heroin. Buprenor-
phine added to an opioid regimen may precipitate acute
withdrawal symptoms. Many opioids, including fentanyl,
tramadol, oxycodone, and methadone, are not detected on
routine urine toxicology “opiate” screening.

» Treatment

A. Emergency and Supportive Measures

Protect the airway and assist ventilation. Administer acti-
vated charcoal for recent large ingestions.

B. Specific Treatment

Naloxone is a specific opioid antagonist that can rapidly
reverse signs of narcotic intoxication. Although it is struc-
turally related to the opioids, it has no agonist effects of its
own. If no intravenous access is available, administer nal-
oxone 4 mg intranasally, otherwise administer 0.2–2 mg
intravenously and repeat as needed to awaken the patient
and maintain airway protective reflexes and spontaneous
breathing. Large doses (up to 10 mg) may be required for
patients intoxicated by some opioids (eg, codeine, fentanyl
derivatives). Caution: The duration of effect of naloxone is
only about 2–3 hours; repeated doses may be necessary for
patients intoxicated by long-acting drugs such as metha-
done. Continuous observation for at least 3 hours after the
last naloxone dose is mandatory.

Bauman MH et al. U-47700 and its analogs: non-fentanyl syn-
thetic opioids impacting the recreational drug market. Brain
Sci. 2020;10:895. [PMID: 33238449]

Jones CM. Changes in synthetic opioid involvement in drug
overdose deaths in the United States, 2010–2016. JAMA.
2018;319:1819. [PMID: 29715347]

Lavonas EJ et al. Impact of the opioid epidemic. Crit Care Clin.
2020;36:753. [PMID: 32892827]

PESTICIDES: CHOLINESTERASE INHIBITORS

Organophosphorus and carbamate insecticides (organo-
phosphates: parathion, malathion, etc; carbamates: carba-
ryl, aldicarb, etc) are widely used in commercial agriculture
and home gardening and have largely replaced older, more
environmentally persistent organochlorine compounds
such as DDT and chlordane. The organophosphates and
carbamates—also called anticholinesterases because they
inhibit the enzyme acetylcholinesterase—cause an increase
in acetylcholine activity at nicotinic and muscarinic
receptors and in the peripheral and central nervous system.

There are a variety of chemical agents in this group, with
widely varying potencies. Most of them are poorly water-
soluble, are often formulated with an aromatic hydrocar-
bon solvent such as xylene and are well absorbed through
intact skin. Most chemical warfare “nerve agents” (such as
GA [tabun], GB [sarin], GD [soman], and VX) are
organophosphates.

» Clinical Findings

Inhibition of cholinesterase results in abdominal cramps,
diarrhea, vomiting, excessive salivation, sweating, lacrimation,
miosis, wheezing and bronchorrhea, seizures, and skeletal
muscle weakness. Initial tachycardia is usually followed by
bradycardia. Profound skeletal muscle weakness, aggravated
by excessive bronchial secretions and wheezing, may result in
respiratory arrest and death. Symptoms and signs of poison-
ing may persist or recur over several days, especially with
highly lipid-soluble agents such as fenthion or dimethoate.

The diagnosis should be suspected in patients who pres-
ent with miosis, sweating, and diarrhea. Serum and red
blood cell cholinesterase activity is usually depressed at least
50% below baseline in those victims who have severe
intoxication.

» Treatment

A. Emergency and Supportive Measures

If the agent was recently ingested, consider gut decontami-
nation by aspiration of the liquid using a nasogastric tube
followed by administration of activated charcoal. If the agent
is on the victim’s skin or hair, wash repeatedly with soap or
shampoo and water. Providers should take care to avoid skin
exposure by wearing gloves and waterproof aprons. Dilute
hypochlorite solution (eg, household bleach diluted 1:10) is
reported to help break down organophosphate pesticides
and nerve agents on equipment or clothing.

B. Specific Treatment

Atropine reverses excessive muscarinic stimulation and is
effective for treatment of salivation, bronchial hypersecre-
tion, wheezing, abdominal cramping, and sweating. How-
ever, it does not interact with nicotinic receptors at
autonomic ganglia and at the neuromuscular junction and
has no direct effect on muscle weakness. Administer 2 mg
intravenously, and if there is no response after 5 minutes,
give repeated boluses in rapidly escalating doses (eg, dou-
bling the dose each time) as needed to dry bronchial secre-
tions and decrease wheezing; as much as several hundred
milligrams of atropine have been given to treat severe
poisoning.

Pralidoxime (2-PAM, Protopam) is a more specific
antidote that reverses organophosphate binding to the cho-
linesterase enzyme; therefore, it should be effective at the
neuromuscular junction as well as other nicotinic and
muscarinic sites. It is most likely to be clinically effective if
started very soon after poisoning, to prevent permanent
binding of the organophosphate to cholinesterase. How-
ever, clinical studies have yielded conflicting results regard-
ing the effectiveness of pralidoxime in reducing mortality.
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Administer 1–2 g intravenously as a loading dose and
begin a continuous infusion (200–500 mg/h, titrated to
clinical response). Continue to give pralidoxime as long as
there is any evidence of acetylcholine excess. Pralidoxime
is of questionable benefit for carbamate poisoning, because
carbamates have only a transitory effect on the cholinester-
ase enzyme. Other, unproven therapies for organophos-
phate poisoning include magnesium, sodium bicarbonate,
clonidine, and extracorporeal removal.

Hulse EJ et al. Organophosphorus nerve agent poisoning: man-
aging the poisoned patient. Br J Anaesth. 2019;123:457.
[PMID: 31248646]

Kharel H et al. The efficacy of pralidoxime in the treatment of
organophosphate poisoning in humans: a systematic review
and meta-analysis of randomized controlled trials. Cureus.
2020;12:e7174. [PMID: 32257715]

PETROLEUM DISTILLATES & SOLVENTS

Petroleum distillate toxicity may occur from inhalation of
the vapor or as a result of pulmonary aspiration of the liq-
uid during or after ingestion. Acute manifestations of
aspiration pneumonitis are vomiting, coughing, and bron-
chopneumonia. Some hydrocarbons—ie, those with aro-
matic or halogenated subunits—can also cause severe
systemic poisoning after oral ingestion. Hydrocarbons can
also cause systemic intoxication by inhalation. Vertigo,
muscular incoordination, irregular pulse, myoclonus, and
seizures occur with serious poisoning and may be due to
hypoxemia or the systemic effects of the agents. Chlori-
nated and fluorinated hydrocarbons (trichloroethylene,
Freons, etc) and many other hydrocarbons can cause ven-
tricular arrhythmias due to increased sensitivity of the
myocardium to the effects of endogenous catecholamines.

» Treatment

Remove the patient to fresh air. For simple aliphatic hydro-
carbon ingestion, gastric emptying and activated charcoal
are not recommended, but these procedures may be indi-
cated if the preparation contains toxic solutes (eg, an insec-
ticide) or is an aromatic or halogenated product. Observe
the victim for 6–8 hours for signs of aspiration pneumoni-
tis (cough, localized crackles or rhonchi, tachypnea, and
infiltrates on chest radiograph). Corticosteroids are not
recommended. If fever occurs, give a specific antibiotic
only after identification of bacterial pathogens by labora-
tory studies. Because of the risk of arrhythmias, use bron-
chodilators with caution in patients with chlorinated or
fluorinated solvent intoxication. If tachyarrhythmias occur,
use esmolol intravenously 25–100 mcg/kg/min.

Forrester MB. Computer and electronic duster spray inhalation
(huffing) injuries managed at emergency departments. Am J
Drug Alcohol Abuse. 2020;46:180. [PMID: 31449429]

SALICYLATES

Salicylates (aspirin, methyl salicylate, bismuth subsalicy-
late, etc) are found in a variety of over-the-counter and
prescription medications. Salicylates uncouple cellular

oxidative phosphorylation, resulting in anaerobic metabo-
lism and excessive production of lactic acid and heat, and
they also interfere with several Krebs cycle enzymes. A
single ingestion of more than 200 mg/kg of salicylate is
likely to produce significant acute intoxication. Poisoning
may also occur as a result of chronic excessive dosing over
several days. Although the half-life of salicylate is 2–3 hours
after small doses, it may increase to 20 hours or more in
patients with intoxication.

» Clinical Findings

Acute ingestion often causes nausea and vomiting, occa-
sionally with gastritis. Moderate intoxication is character-
ized by hyperpnea (deep and rapid breathing), tachycardia,
tinnitus, and elevated anion gap metabolic acidosis. (A
normal anion gap sometimes occurs due to salicylate inter-
ference with the chemistry analyzer, falsely raising the
measured chloride.) Serious intoxication may result in
agitation, confusion, coma, seizures, cardiovascular col-
lapse, pulmonary edema, hyperthermia, and death. The
prothrombin time is often elevated owing to salicylate-
induced hypoprothrombinemia. Central nervous system
intracellular glucose depletion can occur despite normal
measured serum glucose levels.

Diagnosis of salicylate poisoning is suspected in any
patient with metabolic acidosis and is confirmed by measur-
ing the serum salicylate level. Patients with levels greater
than 100 mg/dL (1000 mg/L or 7.2 mcmol/L) after an acute
overdose are more likely to have severe poisoning. On the
other hand, patients with subacute or chronic intoxication
may suffer severe symptoms with levels of only 60–70 mg/dL
(4.3–5 mcmol/L). The arterial blood gas typically reveals a
respiratory alkalosis with an underlying metabolic
acidosis.

» Treatment

A. Emergency and Supportive Measures

Administer activated charcoal orally. Gastric lavage fol-
lowed by administration of extra doses of activated char-
coal may be needed in patients who ingest more than 10 g
of aspirin. The desired ratio of charcoal to aspirin is about
10:1 by weight; while this cannot always be given as a single
dose, it may be administered over the first 24 hours in
divided doses every 2–4 hours along with whole bowel
irrigation. Give glucose-containing fluids to reduce the risk
of cerebral hypoglycemia. Treat metabolic acidosis with
intravenous sodium bicarbonate. This is critical because
acidosis (especially acidemia, pH < 7.40) promotes greater
entry of salicylate into cells, worsening toxicity. Warning:
Sudden and severe deterioration can occur after rapid
sequence intubation and controlled ventilation if the pH is
allowed to fall due to hypercarbia during the apneic period.

B. Specific Treatment

Alkalinization of the urine enhances renal salicylate excre-
tion by trapping the salicylate anion in the urine. Add
100 mEq (two ampules) of sodium bicarbonate to 1 L of
5% dextrose in 0.2% saline, and infuse this solution
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Table 38–8. Common seafood poisonings (listed in alphabetical order).

Type of

Poisoning Mechanism Clinical Presentation

Ciguatera Reef fish ingest toxic dinoflagellates, whose toxins

accumulate in fish meat. Commonly implicated

fish in the United States are barracuda, jack,

snapper, and grouper.

1–6 hours after ingestion, victims develop abdominal pain,

vomiting, and diarrhea accompanied by a variety of neurologic

symptoms, including paresthesias, reversal of hot and cold

sensation, vertigo, headache, and intense itching. Autonomic

disturbances, including hypotension and bradycardia, may occur.

Paralytic shellfish

poisoning

Dinoflagellates produce saxitoxin, which is

concentrated by filter-feeding mussels and

clams. Saxitoxin blocks sodium conductance

and neuronal transmission in skeletal muscles.

Onset is usually within 30–60 minutes. Initial symptoms include

perioral and intraoral paresthesias. Other symptoms include

nausea and vomiting, headache, dizziness, dysphagia, dysar-

thria, ataxia, and rapidly progressive muscle weakness that may

result in respiratory arrest.

Puffer fish

poisoning

Tetrodotoxin is concentrated in liver, gonads, intes-

tine, and skin. Toxic effects are similar to those

of saxitoxin. Tetrodotoxin is also found in some

North American newts and Central American

frogs.

Onset is usually within 30–40 minutes but may be as short as

10 minutes. Initial perioral paresthesias are followed by

headache, diaphoresis, nausea, vomiting, ataxia, and rapidly

progressive muscle weakness that may result in respiratory

arrest.

Scombroid Improper preservation of large fish results in

bacterial degradation of histidine to histamine.

Commonly implicated fish include tuna,

mahimahi, bonita, mackerel, and kingfish.

Allergic-like (anaphylactoid) symptoms are due to histamine,

usually begin within 15–90 minutes, and include skin flushing,

itching, urticaria, angioedema, bronchospasm, and hypotension

as well as abdominal pain, vomiting, and diarrhea.

intravenously at a rate of about 150–200 mL/h. Unless the
patient is oliguric or hyperkalemic, add 20–30 mEq of
potassium chloride to each liter of intravenous fluid.
Patients who are volume-depleted often fail to produce an
alkaline urine (paradoxical aciduria) unless potassium is
given.

Hemodialysis may be lifesaving and is indicated for
patients with severe metabolic acidosis, markedly altered
mental status, or significantly elevated salicylate levels (eg,
greater than 100–120 mg/dL [1000–1200 mg/L or 7.2–8.6
mcmol/L] after acute overdose or greater than 60–70 mg/dL
[600–700 mg/L or 4.3–5 mcmol/L] with subacute or
chronic intoxication).

Bowers D et al. Managing acute salicylate toxicity in the emer-
gency department. Adv Emerg Nurs J. 2019;41:76. [PMID:
30702537]

Palmer BF et al. Salicylate toxicity. N Engl J Med. 2020;382:2544.
[PMID: 32579814]

SEAFOOD POISONINGS

A variety of intoxications may occur after eating certain
types of fish or other seafood. These include scombroid,
ciguatera, paralytic shellfish, and puffer fish poisoning. The
mechanisms of toxicity and clinical presentations are
described in Table 38–8. In the majority of cases, the sea-
food has a normal appearance and taste (scombroid may
have a peppery taste).

» Treatment

A. Emergency and Supportive Measures

Caution: Abrupt respiratory arrest may occur in patients
with acute paralytic shellfish and puffer fish poisoning.

Observe patients for at least 4–6 hours. Replace fluid and
electrolyte losses from gastroenteritis with intravenous
saline or other crystalloid solution.

For recent ingestions, it may be possible to adsorb
residual toxin in the gut with activated charcoal, 50–60 g
orally.

B. Specific Treatment

There is no specific antidote for paralytic shellfish or puffer
fish poisoning.

1. Ciguatera—There are anecdotal reports of successful
treatment of acute neurologic symptoms with mannitol, 1
g/kg intravenously, but this approach is not widely accepted.

2. Scombroid—Antihistamines such as diphenhydramine,
25–50 mg intravenously, and the H

2
-blocker cimetidine,

300 mg intravenously, are usually effective.

Chinain M et al. Ciguatera poisoning in French Polynesia:
insights into the novel trends of an ancient disease. New
Microbes New Infect. 2019;31:100565. [PMID: 31312457]

Colombo FM et al. Histamine food poisonings: a systematic
review and meta-analysis. Crit Rev Food Sci Nutr.
2018;58:1131. [PMID: 27791395]

Warrell DA. Venomous bites, stings, and poisoning: an update.
Infect Dis Clin North Am. 2019;33:17. [PMID: 30712761]

SNAKE BITES

The venom of poisonous snakes and lizards may be pre-
dominantly neurotoxic (coral snake) or predominantly
cytolytic (rattlesnakes, other pit vipers). Neurotoxins cause
respiratory paralysis; cytolytic venoms cause tissue destruc-
tion by digestion and hemorrhage due to hemolysis and
destruction of the endothelial lining of the blood vessels.
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The manifestations of rattlesnake envenomation are mostly
local pain, redness, swelling, and extravasation of blood.
Perioral tingling, metallic taste, nausea and vomiting,
hypotension, and coagulopathy may also occur. Thrombo-
cytopenia can persist for several days after a rattlesnake
bite. Neurotoxic envenomation may cause ptosis, dyspha-
gia, diplopia, and respiratory arrest.

» Treatment

A. Emergency Measures

Immobilize the patient and the bitten part in a neutral
position. Avoid manipulation of the bitten area. Transport
the patient to a medical facility for definitive treatment. Do
not give alcoholic beverages or stimulants; do not apply ice;
do not apply a tourniquet. The potential trauma to under-
lying tissues resulting from incision and suction performed
by unskilled people is probably not justified in view of the
small amount of venom that can be recovered.

B. Specific Antidote and General Measures

1. Pit viper eg, rattlesnake envenomation—There are
two commercially available antivenins for rattlesnake enven-
omation (CroFab and Anavip). Depending on the severity of
symptoms CroFab is administered in increments of 4–6 vials
by slow intravenous drip in 250–500 mL saline. For more
serious envenomation with marked local effects and sys-
temic toxicity (eg, hypotension, coagulopathy), higher doses
and additional vials may be required. The dosing of Anavip
is 10 vials by slow intravenous infusion over 60 minutes
initially followed by additional 10-vial increments as needed
for more serious envenomations or for progression of symp-
toms. Monitor vital signs and the blood coagulation profile.
Type and cross-match blood. The adequacy of venom neu-
tralization is indicated by improvement in symptoms and
signs, and the rate that swelling slows. Prophylactic antibiot-
ics are not indicated after a rattlesnake bite.

2. Elapid coral snake envenomation—Give 1–2 vials of
specific antivenom as soon as possible. Note: Pfizer/Wyeth
no longer makes coral snake antivenom in the United
States and remaining supplies are dwindling. To locate
antisera for this or exotic snakes, call a regional poison
control center (1-800-222-1222).

August JA et al. Prophylactic antibiotics are not needed follow-
ing rattlesnake bites. Am J Med. 2018;131:1367. [PMID:
30392637]

Mascarenas D et al. Comparison of F(ab’)
2

and Fab antivenoms
in rattlesnake envenomation: first year’s post-marketing expe-
rience with F(ab’)

2
in New Mexico. Toxicon. 2020;186:42.

[PMID: 32763251]
Waiddyanatha S et al. Long-term effects of snake envenoming.

Toxins (Basel). 2019;11:E193. [PMID: 30935096]
Warrell DA. Venomous bites, stings, and poisoning: an update.

Infect Dis Clin North Am. 2019;33:17. [PMID: 30712761]

SPIDER BITES & SCORPION STINGS

Envenomation from most species of spiders in the United
States causes only local pain, redness, and swelling. The
more venomous black widow spiders (Latrodectus mactans)

cause generalized muscular pains, muscle spasms, and
rigidity. The brown recluse spider (Loxosceles reclusa)
causes progressive local necrosis as well as hemolytic reac-
tions (rare).

Stings by most scorpions in the United States cause only
local pain. Stings by the more toxic Centruroides species
(found in the southwestern United States) may cause
muscle cramps, twitching and jerking, and occasionally
hypertension, convulsions, and pulmonary edema. Stings
by scorpions from other parts of the world are not dis-
cussed here.

» Treatment

A. Black Widow Spider Bites

Pain may be relieved with parenteral opioids or muscle
relaxants (eg, methocarbamol, 15 mg/kg). Calcium gluco-
nate 10%, 0.1–0.2 mL/kg intravenously, may transiently
relieve muscle rigidity, though its effectiveness is unproven.
Latrodectus antivenom is possibly more effective, but
because of concerns about acute hypersensitivity reactions
(horse serum–derived), it is often reserved for very young
or elderly patients or those who do not respond promptly
to the above measures. Horse serum sensitivity testing is
required. (Instruction and testing materials are included in
the antivenin kit.)

B. Brown Recluse Spider Bites

Because bites occasionally progress to extensive local
necrosis, some authorities recommend early excision of the
bite site, whereas others use oral corticosteroids. Anecdotal
reports have claimed success with dapsone and colchicine.
All of these treatments remain unproven.

C. Scorpion Stings

No specific treatment other than analgesics is required for
envenomations by most scorpions found in the United
States. An FDA-approved specific antivenom is available
for Centruroides stings.

Glatstein M et al. Treatment of pediatric black widow spider
envenomation: a national poison center’s experience. Am J
Emerg Med. 2018;36:998. [PMID: 29133072]

Warrell DA. Venomous bites, stings, and poisoning: an update.
Infect Dis Clin North Am. 2019;33:17. [PMID: 30712761]

THEOPHYLLINE & CAFFEINE

Methylxanthines, including theophylline and caffeine, are
nonselective adenosine receptor antagonists. In overdose,
toxicity results from the release of endogenous catechol-
amines with beta-1- and beta-2-adrenergic stimulation.
Theophylline may cause intoxication after an acute single
overdose, or intoxication may occur as a result of chronic
accidental repeated overmedication or reduced elimination
resulting from hepatic dysfunction or interacting drug (eg,
cimetidine, erythromycin). The usual serum half-life of
theophylline is 4–6 hours, but this may increase to more
than 20 hours after overdose. Caffeine in energy drinks or
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herbal or dietary supplement products can produce similar
toxicity.

» Clinical Findings

Mild intoxication causes nausea, vomiting, tachycardia,
and tremulousness. Severe intoxication is characterized by
ventricular and supraventricular tachyarrhythmias, hypo-
tension, and seizures. Status epilepticus is common and
often intractable to the usual anticonvulsants. After acute
overdose (but not chronic intoxication), hypokalemia,
hyperglycemia, and metabolic acidosis are common. Sei-
zures and other manifestations of toxicity may be delayed
for several hours after acute ingestion, especially if a
sustained-release preparation such as Theo-Dur was taken.

Diagnosis is based on measurement of the serum the-
ophylline concentration. Seizures and hypotension are
likely to develop in acute overdose patients with serum
levels greater than 100 mg/L (555 mcmol/L). Serious toxic-
ity may develop at lower levels (ie, 40–60 mg/L [222–333
mcmol/L]) in patients with chronic intoxication. Serum
caffeine levels are not routinely available in clinical prac-
tice, but in a study of 51 fatal cases the median level was
180 mg/L (range 33–567 mg/L).

» Treatment

A. Emergency and Supportive Measures

After acute ingestion, administer activated charcoal.
Repeated doses of activated charcoal may enhance theoph-
ylline elimination by “gut dialysis.” Addition of whole
bowel irrigation should be considered for large ingestions
involving sustained-release preparations.

Hemodialysis is effective in removing theophylline and
is indicated for patients with status epilepticus or markedly
elevated serum theophylline levels (eg, greater than 100 mg/L
[555 mcmol/L] after acute overdose or greater than
60 mg/L [333 mcmol/L] with chronic intoxication).

B. Specific Treatment

Treat seizures with benzodiazepines (lorazepam, 2–3 mg
intravenously, or diazepam, 5–10 mg intravenously) or
phenobarbital (10–15 mg/kg intravenously). Phenytoin is
not effective. Hypotension and tachycardia—which are
mediated through excessive beta-adrenergic stimulation—
may respond to beta-blocker therapy even in low doses.
Administer esmolol, 25–50 mcg/kg/min by intravenous
infusion, or propranolol, 0.5–1 mg intravenously.

Aggelopoulou E et al. Atrial fibrillation and shock: unmasking
theophylline toxicity. Med Princ Pract. 2018;27:387. [PMID:
29936503]

Carreon CC et al. How to recognize caffeine overdose. Nursing.
2019;49:52. [PMID: 30893206]

Kato Y et al. Extracorporeal membrane oxygenation for hypokale-
mia and refractory ventricular fibrillation associated with caf-
feine intoxication. J Emerg Med. 2020;58:59. [PMID: 31740156]

Kohl BA et al. Acute intentional caffeine overdose treated preemp-
tively with hemodialysis. Am J Emerg Med. 2020;38:692.e1.
[PMID: 31785982]

TRICYCLIC & OTHER ANTIDEPRESSANTS

Tricyclic and related cyclic antidepressants are among the
most dangerous drugs involved in suicidal overdose. These
drugs have anticholinergic and cardiac depressant proper-
ties (“quinidine-like” sodium channel blockade). Tricyclic
antidepressants produce more marked membrane-depressant
cardiotoxic effects than the phenothiazines.

Newer-generation antidepressants such as trazodone,
fluoxetine, citalopram, paroxetine, sertraline, bupropion,
venlafaxine, and fluvoxamine are not chemically related to
the tricyclic antidepressant agents and, with the exception
of bupropion, do not generally produce quinidine-like
cardiotoxic effects. However, they may cause seizures in
overdoses and they may cause serotonin syndrome.

» Clinical Findings

Signs of severe intoxication may occur abruptly and with-
out warning within 30–60 minutes after acute tricyclic
overdose. Anticholinergic effects include dilated pupils,
tachycardia, dry mouth, flushed skin, muscle twitching,
and decreased peristalsis. Quinidine-like cardiotoxic
effects include QRS interval widening (greater than 0.12 s;
Figure 38–2), ventricular arrhythmias, AV block, and
hypotension. Rightward-axis deviation of the terminal
40 ms of the QRS has also been described. Prolongation of
the QT interval and torsades de pointes have been reported
with several of the newer antidepressants. Seizures and
coma are common with severe intoxication. Life-threatening
hyperthermia may result from status epilepticus and anti-
cholinergic-induced impairment of sweating. Among newer
agents, bupropion and venlafaxine have been associated
with a greater risk of seizures.

A

B

C

▲ Figure 38–2. Cardiac arrhythmias resulting from tri-
cyclic antidepressant overdose. A: Delayed intraventric-
ular conduction results in prolonged QRS interval (0.18 s).
B and C: Supraventricular tachycardia with progressive
widening of QRS complexes mimics ventricular tachy-
cardia. (Reproduced, with permission, from Benowitz NL,
Goldschlager N. Cardiac disturbances in the toxicologic
patient. In: Haddad LM, Winchester JF [editors], Clinical
Management of Poisoning and Drug Overdose, 3rd edition.
Saunders/Elsevier, 1998. Copyright © Elsevier.)
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The diagnosis should be suspected in any overdose
patient with anticholinergic side effects, especially if there
is widening of the QRS interval or seizures. For intoxica-
tion by most tricyclic antidepressants, the QRS interval
correlates with the severity of intoxication more reliably
than the serum drug level.

Serotonin syndrome should be suspected if agitation,
delirium, diaphoresis, tremor, hyperreflexia, clonus (spon-
taneous, inducible, or ocular), and fever develop in a
patient taking serotonin reuptake inhibitors.

» Treatment

A. Emergency and Supportive Measures

Observe patients for at least 6 hours and admit all patients
with evidence of anticholinergic effects (eg, delirium,
dilated pupils, tachycardia) or signs of cardiotoxicity.

Administer activated charcoal and consider gastric
lavage after recent large ingestions. All of these drugs have
large volumes of distribution and are not effectively
removed by hemodialysis procedures.

B. Specific Treatment

Cardiotoxic sodium channel–depressant effects of tricy-
clic antidepressants may respond to boluses of sodium

bicarbonate (50–100 mEq intravenously). Sodium bicar-
bonate provides a large sodium load that alleviates depres-
sion of the sodium-dependent channel. Reversal of acidosis
may also have beneficial effects at this site. Maintain the
pH between 7.45 and 7.50. Alkalinization does not pro-
mote excretion of tricyclic antidepressants. Prolongation of
the QT interval or torsades de pointes is usually treated
with intravenous magnesium or overdrive pacing. Severe
cardiotoxicity in patients with overdoses of lipid-soluble
drugs (eg, amitriptyline, bupropion) has reportedly
responded to intravenous lipid emulsion (Intralipid),
1.5 mL/kg repeated one or two times if needed. Plasma
exchange using albumin and ECMO have been reported to
be successful in several cases.

Mild serotonin syndrome may be treated with benzo-
diazepines and withdrawal of the antidepressant. Moder-
ate cases may respond to cyproheptadine (4 mg orally or
via gastric tube hourly for three or four doses) or chlor-
promazine (25 mg intravenously). Severe hyperthermia
should be treated with neuromuscular paralysis and
endotracheal intubation in addition to external cooling
measures.

Butt K et al. A peculiar wide complex tachycardia. Circulation.
2019;139:1454. [PMID: 30856002]
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INTRODUCTION TO CANCER

Sunny Wang, MD

Tiffany O. Dea, PharmD, BCOP

» Etiology

Cancer is the second most common cause of death in the
United States. In 2020, an estimated 1,806,590 cases of
cancer were diagnosed, and 606,520 persons died of cancer.
Based on current statistics, almost 40% of Americans will
be diagnosed with cancer at some point during their life-
time. Table 39–1 lists the 10 leading cancer types in men
and women by site.

However, death rates from cancers are declining. Com-
pared to the 1991 overall cancer death rate of 215.1 per
100,000 population, the 2017 rate of 152.4 per 100,000
represents a 29% reduction in the overall cancer death rate.
Importantly, death rates have declined in all four of the
most common cancer types (lung, colorectum, breast, and
prostate). Reductions in cancer mortality reflect successful
implementation of a broad strategy of prevention, detec-
tion, and treatment. Due to these improvements, the num-
ber of cancer survivors is increasing. In 2015, an estimated
14.5 million people were alive in whom cancer had been
previously diagnosed; that number is projected to grow to
18.9 million in 2024.

» Modifiable Risk Factors

Tobacco is the most common preventable cause of cancer
death; at least 30% of all cancer deaths in the United States
are directly linked to tobacco. In 2014, an estimated
167,133 cancer deaths in the United States could be directly
attributed to tobacco. Clear evidence links tobacco use to at
least 15 cancers. The most dramatic link is with lung can-
cer; 80% of lung cancer deaths are attributable to smoking.
Remarkably, almost 10% of long-term survivors of a
tobacco-related cancer continue to use tobacco products,
increasing their risk of yet another cancer.

The prevalence of smoking for US adults based on the
2019 National Health Interview Survey is 14% for adults
aged 18 and older, which is a remarkable reduction from
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Cancer

the 1955 peak of 57% for males and the 1965 peak of 34%
for females. Cigarettes are the most common form of
tobacco used in the United States, though the use of non-
cigarette forms of tobacco and of electronic cigarettes is
increasing. Electronic cigarette aerosol can contain harm-
ful substances, including nicotine, heavy metals, volatile
organic compounds, and carcinogenic substances. The
use of flavoring compounds increases the attractiveness
of these devices to youth raising the concern that these
devices will encourage youth to transition to cigarettes. In
2020, the percent age of US high school students who used
e-cigarettes in the past 30 days was approximately 19.6%.

Tobacco cessation directed toward the individual
should start with clinician counseling. Simple, concise
advice from a clinician can yield cessation rates of 10–20%.
Additive strategies include more intensive counseling; nic-
otine replacement therapy with patches, gum, lozenges, or
inhalers; and prescription medication with bupropion or
varenicline (see Chapter 1).

For those Americans who do not use tobacco, the most
modifiable risk factors are nutrition and physical activity.
Prudent recommendations to reduce cancer risk are to (1)
avoid tobacco; (2) be physically active; (3) maintain a
healthy weight; (4) consume a diet rich in fruits, vegetables,
and whole grains; (5) lower consumption of saturated and
trans dietary fats; (6) limit alcohol use; and (7) avoid excess
sun exposure.

Another modifiable cancer risk factor is radiation from
radiographic studies. A 2009 study reported that the use of
computed tomography (CT) in diagnostic algorithms
exposes individuals to significant radiation doses that may
increase their lifetime risk of cancer. Both standardization
of CT radiation doses and limiting testing have been
important steps in minimizing this risk.

American Cancer Society. Cancer Facts & Figures 2021. https://
www.cancer.org/content/dam/cancer-org/research/cancer-
facts-and-statistics/annual-cancer-facts-and-figures/2021/
cancer-facts-and-figures-2021.pdf

Centers for Disease Control and Prevention (CDC). Smoking &
Tobacco Use: About Electronic Cigarettes (E-Cigarettes).
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/
index.htm
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Office of Disease Prevention and Health Promotion. Healthy
People 2030. Tobacco use objectives: reduce tobacco use in
adults. https://health.gov/healthypeople/objectives-and-data/
browse-objectives/tobacco-use/reduce-current-tobacco-
use-adults-tu-01

Table 39–1. Estimated 10 most common cancer cases
in the United States in males and females (all races).

Rank

Males Females

Total Cases

[N] = 970,250 (100 percent)

Total Cases

[N] = 927,910 (100 percent)

1 Prostate

248,530 (26)

Breast

281,550 (30)

2 Lung and bronchus

119,100 (12)

Lung and bronchus

116,660 (13)

3 Colon and rectum

79,520 (8)

Colon and rectum

69,980 (8)

4 Urinary bladder

64,280 (7)

Uterine corpus

66,570 (7)

5 Melanoma

62,260 (6)

Melanoma

43,850 (5)

6 Kidney and renal pelvis

48,780 (5)

Non-Hodgkin lymphoma

35,930 (4)

7 Non-Hodgkin lymphoma

45,630 (5)

Thyroid

32,130 (3)

8 Oral cavity and pharynx

38,800 (4)

Pancreas

28,480 (3)

9 Leukemia

35,530 (4)

Kidney and renal pelvis

27,300 (3)

10 Pancreas

31,950 (3)

Leukemia

25,560 (3)

Other sites

195,870 (20)

Other sites

199,900 (21)

Data from the American Cancer Society, 2021.

Klein WMP et al. Alcohol and cancer risk: clinical and research
implications. JAMA. 2020;323:23. [PMID: 31834355]

Siegel RL et al. Cancer statistics, 2021. CA Cancer J Clin. 2021;
71:7. [PMID: 33433946]

» Staging

The TNM system is the commonly used classification to
stage cancer. Staging is important not only because it cor-
relates with the patient’s long-term survival but also
because it is used to determine which patients should
receive adjuvant or neoadjuvant therapy.

Certain characteristics of cancers, not reflected in the
TNM stage, may be used to indicate prognosis and guide treat-
ment. Pathologic features seen on routine histologic examina-
tion for some cancers are very important; examples include the
Gleason score for prostate cancer, human papillomavirus
(HPV) status of oropharyngeal cancer, and grade of sarcomas.
Cancer specimens should also be sent for molecular diagnostic
testing and programmed death-ligand 1 (PD-L1) expression
testing when appropriate. Some examples of targeted molecu-
lar testing include HER2 in breast and gastric cancer, K-ras and
BRAF mutations in colorectal cancer and melanoma, and
epidermal growth factor receptor (EGFR) and fusion genes
(ALK and ROS1) in lung cancer.

Machczyński P et al. A review of the 8th edition of the AJCC
staging system for oropharyngeal cancer according to HPV
status. Eur Arch Otorhinolaryngol. 2020;277:2407. [PMID:
32342197]

» Treatment

See Primary Cancer Treatment section below. Table 39–2
outlines treatment choices by cancer type for those respon-
sive to systemic agents, and Table 39–3 provides a listing of
common chemotherapeutic agents.

Table 39–2. Treatment choices for cancers responsive to systemic agents.

Diagnosis Initial Treatment

Acute lymphoblastic leukemia

(ALL)

Induction combination cemoterapy (Piladelpia cromosome–positive): Cyclophosphamide,

vincristine, doxorubicin/daunorubicin, dexamethasone (hyper-CVAD) alternating with cytarabine,

methotrexate; add imatinib or dasatinib or nilotinib

Induction combination cemoterapy (Piladelpia cromosome–negative): Daunorubicin,

vincristine, prednisone, pegaspargase, cyclophosphamide; or hyper-CVAD alternating with

methotrexate and cytarabine

Maintenance cemoterapy: Methotrexate, 6-mercaptopurine, vincristine, prednisone

Acute myeloid leukemia (AML) Induction combination cemoterapy:

Cytarabine with daunorubicin or idarubicin,

with gemtuzumab ozogamicin (CD33-positive), or

with midostaurin (FLT3-mutated), or

with fludarabine

Alternative cemoterapy for ≥ 60 years old:

Azacitidine, decitabine, or low-dose cytarabine with or without venetoclax; or

Liposomal encapsulation of cytarabine and daunorubicin (therapy-related or myelodysplasia-related

changes)

Ivosidenib (IDH1 mutation); or

Enasidenib (IDH2 mutation)

(continued)
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Table 39–2. Treatment choices for cancers responsive to systemic agents.

Diagnosis Initial Treatment

Chronic myeloid leukemia

(CML)

Nilotinib or dasatinib or imatinib or bosutinib

Chronic lymphocytic leukemia

(CLL)

Venetoclax with obinutuzumab, or acalabrutinib with or without obinutuzumab, or ibrutinib

Hairy cell leukemia Cladribine with or without rituximab1 or pentostatin

Hodgkin lymphoma Combination cemoterapy: Doxorubicin, bleomycin, vinblastine, dacarbazine (ABVD), or

Bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, prednisone (BEACOPP)

Non-Hodgkin lymphoma

(intermediate and high

grade)

Combination cemoterapy: Cyclophosphamide, doxorubicin, vincristine, prednisone, rituximab1

(CHOP-R), or

Etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin, rituximab1 (dose-adjusted R-EPOCH)

(for double-/triple-hit)

Non-Hodgkin lymphoma

(low grade)

Combination cemoterapy:

Bendamustine plus obinutuzumab or rituximab1, or

Cyclophosphamide, vincristine, doxorubicin, prednisone, rituximab1 (CHOP-R), or

Cyclophosphamide, vincristine, prednisone, rituximab1 (CVP-R), or

Lenalidomide, rituximab1

Plasma cell myeloma Combination cemoterapy (transplant candidates):

Bortezomib, dexamethasone, cyclophosphamide, or

Bortezomib, dexamethasone, lenalidomide

Followed by autologous or mini-allogeneic stem cell transplantation

Combination cemoterapy (non-transplant candidates):

Bortezomib, lenalidomide, dexamethasone, or

Daratumumab, lenalidomide, dexamethasone, or

Lenalidomide, dexamethasone, or

Bortezomib, cyclophosphamide, dexamethasone

Waldenström

macroglobulinemia

Plasmaperesis alone or followed by combination cemoterapy:

Ibrutinib with or without rituximab1

Bortezomib, dexamethasone, rituximab1, or

Cyclophosphamide, dexamethasone, rituximab1, or

Bendamustine, rituximab1

Polycythemia vera Phlebotomy or hydroxyurea or aspirin

Non–small cell lung cancer Combination terapy:

Cisplatin, etoposide, or

Paclitaxel, carboplatin, or

Cisplatin, gemcitabine or docetaxel (squamous histology), or

Cisplatin, pemetrexed (nonsquamous histology), or

Carboplatin, albumin-bound paclitaxel, or

Dabrafenib/trametinib (BRAF V600F mutation), or

Carboplatin or cisplatin/pemetrexed/pembrolizumab (nonsquamous); carboplatin/paclitaxel or

albumin-bound paclitaxel/pembrolizumab (squamous)

Single-agent terapy:

Erlotinib, gefitinib, osimertinib, afatinib, or dacomitinib (EGFR mutation positive)

Crizotinib, alectinib, ceritinib, or brigatinib (ALK mutation positive)

Ceritinib, crizotinib, or entrectinib (ROS1 rearrangement)

Larotrectinib or entrectinib (NTRK gene fusion positive)

Pembrolizumab (PD-L1 ≥ 1%) or atezolizumab (PD-L1 ≥ 50%)

Small cell lung cancer Combination terapy:

Cisplatin, etoposide (limited stage), or

Cisplatin, etoposide, durvalumab (extensive stage), or

Carboplatin, etoposide, atezolizumab or durvalumab (extensive stage)

Mesothelioma Combination terapy:

Cisplatin or carboplatin/pemetrexed with or without bevacizumab, or

Nivolumab/ipilimumab

(continued)

(continued)
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Table 39–2. Treatment choices for cancers responsive to systemic agents.

Diagnosis Initial Treatment

Head and neck cancer Cisplatin with radiation therapy, or

Carboplatin with 5-fluorouracil with radiation therapy, or

Docetaxel, cisplatin, 5-fluorouracil, or

Cisplatin or carboplatin/5-fluorouracil/cetuximab, or

Pembrolizumab (PD-L1 ≥ 1%), or

Pembrolizumab/cisplatin or carboplatin/5-fluorouracil

Esophageal and esophagogastric

junction cancer

Combination terapy: Cisplatin, 5-fluorouracil or capecitabine, or

Paclitaxel, carboplatin, or

Oxaliplatin, 5-fluorouracil or capecitabine, or

5-Fluorouracil, leucovorin, oxaliplatin, docetaxel (FLOT)

Add trastuzumab for HER2-overexpressing metastatic adenocarcinoma

Uterine cancer hormone terapy: Progestins, tamoxifen, aromatase inhibitors, or fulvestrant

Combination cemoterapy:

Carboplatin, paclitaxel

Carboplatin, paclitaxel, trastuzumab (HER2 positive)

Ovarian cancer Combination cemoterapy:

Paclitaxel, carboplatin, with or without bevacizumab, or

5-Fluorouracil/leucovorin or capecitabine, oxaliplatin

Cervical cancer Wit radiation: Cisplatin or carboplatin

Combination cemoterapy: Cisplatin or carboplatin, paclitaxel with or without bevacizumab

Breast cancer Adjuvant ormone terapy: Premenopausal: Tamoxifen

Postmenopausal: Aromatase inhibitors (anastrozole, letrozole, exemestane)

Adjuvant cemoterapy (HER2 negative):

Doxorubicin, cyclophosphamide, followed by paclitaxel, or

Docetaxel, cyclophosphamide

Adjuvant cemoterapy (HER2 positive):

Doxorubicin, cyclophosphamide, followed by paclitaxel, trastuzumab with or without pertuzumab, or

Docetaxel, carboplatin, trastuzumab with or without pertuzumab, or

Paclitaxel, trastuzumab

Gestational trophoblastic

neoplasia

Single-agent cemoterapy: Methotrexate or dactinomycin for low-risk disease

Combination cemoterapy: Etoposide, methotrexate, dactinomycin, cyclophosphamide, vincristine

(EMA-CO) for high-risk disease

Testicular cancer Combination cemoterapy:

Cisplatin, etoposide (EP), or

Bleomycin, etoposide, cisplatin (BEP), or

Etoposide, mesna, ifosfamide, cisplatin (VIP)

Kidney (renal cell) cancer Clear cell istology: Axitinib plus pembrolizumab, ipilimumab plus nivolumab, pazopanib, sunitinib, or

cabozantinib

Non–clear cell istology: Sunitinib

Bladder cancer Combination cemoterapy: Gemcitabine, cisplatin, or

Methotrexate, vinblastine, doxorubicin, cisplatin (MVAC), or

Atezolizumab, or pembrolizumab, or gemcitabine plus carboplatin (cisplatin ineligible)

Prostate cancer hormone terapy: Luteinizing hormone–releasing agonist (leuprolide, goserelin, triptorelin, histrelin),

or degarelix with or without an antiandrogen (flutamide, bicalutamide, nilutamide, enzalutamide,

apalutamide) or abiraterone

Cemoterapy: Docetaxel or cabazitaxel or mitoxantrone with corticosteroid

Brain cancer (anaplastic astro-

cytoma and glioblastoma

multiforme)

Single-agent cemoterapy wit radiation terapy: Temozolomide

Neuroblastoma Combination cemoterapy: Cyclophosphamide, doxorubicin, cisplatin, etoposide

Thyroid cancer Single-agent terapy: Radioiodine (131I) or sorafenib, lenvatinib, vandetanib (medullary thyroid cancer) or

cabozantinib (medullary thyroid cancer)

Adrenal cancer Cisplatin or carboplatin with etoposide, with or without doxorubicin, with or without mitotane

(continued)

(continued)
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Table 39–2. Treatment choices for cancers responsive to systemic agents.

Diagnosis Initial Treatment

Stomach (gastric) cancer Combination cemoterapy:

5-Fluorouracil, leucovorin, oxaliplatin, docetaxel (FLOT) (perioperative)

5-Fluorouracil or capecitabine with oxaliplatin or cisplatin

Add trastuzumab for HER2-overexpressing adenocarcinomas

Pancreatic cancer Combination cemoterapy:

Gemcitabine, nab-paclitaxel, or

5-Fluorouracil, leucovorin, irinotecan, oxaliplatin (FOLFIRINOX), or

Gemcitabine, capecitabine, or

Gemcitabine, cisplatin (for BRCA1/2 or PALB2 mutation)

Single-agent cemoterapy: Gemcitabine

Colon cancer Combination cemoterapy:

5-Fluorouracil, leucovorin, oxaliplatin (FOLFOX) with or without bevacizumab, or

Capecitabine, oxaliplatin (CAPEOX) with or without bevacizumab, or

5-Fluorouracil, leucovorin, irinotecan (FOLFIRI) with or without bevacizumab

5-Fluorouracil, leucovorin, oxaliplatin, irinotecan (FOLFOXIRI) with or without bevacizumab

Cetuximab or panitumumab added to FOLFOX or FOLFIRI for KRAS/NRAS/BRAF wild-type and

left-sided tumors

Capecitabine or 5-fluorouracil/leucovorin with or without bevacizumab

Single-agent terapy: Nivolumab or pembrolizumab (deficient mismatch repair [dMMR]/high-level

microsatellite instability [MSI-H])

Rectal cancer 5-Fluorouracil or capecitabine or FOLFOX or CAPEOX

Anal cancer Mitomycin with 5-fluorouracil or capecitabine with radiation

Carboplatin, paclitaxel with or without radiation therapy

Carcinoid Octreotide LAR or lanreotide or everolimus or lutetium Lu 177-dotatate

Osteosarcoma Combination cemoterapy: Cisplatin, doxorubicin, or

Methotrexate, doxorubicin, cisplatin (MAP)

Soft tissue sarcomas Combination cemoterapy:

Doxorubicin, dacarbazine (AD), or

Doxorubicin, ifosfamide, mesna (AIM), or

Ifosfamide, epirubicin, mesna

Single-agent terapy:

Imatinib or sunitinib or regorafenib (gastrointestinal stromal tumors)

Doxorubicin or epirubicin or liposomal doxorubicin

Melanoma Pembrolizumab or nivolumab or nivolumab/ipilimumab (non-BRAF mutation)

Dabrafenib/trametinib or vemurafenib/cobimetinib or encorafenib/binimetinib (BRAF mutation)

Hepatocellular cancer Sorafenib or lenvatinib or atezolizumab with bevacizumab

Kaposi sarcoma Liposomal doxorubicin

1In patients with past hepatitis B virus (HBV) infection, rituximab should be used with anti-HBV agent (eg, entecavir) prophylaxis since HBV

reactivation, fulminant hepatitis, and, rarely, death can occur otherwise.

Table 39–3. Common cancer therapeutic agents.

Cemoterapeutic

Agent Usual Adult Dosage Adverse Effects

Alkylating Agents—Nitrogen Mustards

Bendamustine (Treanda) 100–120 mg/m2 intravenously every 3–4 weeks Acute: hypersensitivity, nausea, vomiting

Delayed: myelosuppression, rash, pyrexia, fatigue

Cyclophosphamide

(Cytoxan)

500–1000 mg/m2 intravenously every 3 weeks;

100 mg/m2/day orally for 14 days every

4 weeks; various doses

Acute: nausea and vomiting

Delayed: myelosuppression, alopecia, hemorrhagic cystitis,

cardiotoxicity (high dose)

Ifosfamide (Ifex) 1200 mg/m2 intravenously daily for 5 days every

3 weeks; various doses

Acute: nausea and vomiting

Delayed: alopecia, myelosuppression, hemorrhagic cystitis,

neurotoxicity

(continued)

(continued)
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Table 39–3. Common cancer therapeutic agents.

Cemoterapeutic

Agent Usual Adult Dosage Adverse Effects

Alkylating Agents—Platinum Analogs

Carboplatin (Paraplatin) Area under the curve (AUC)–based dosing use

Calvert equation

[Dose (mg) = AUC × (GFR + 25)]

AUC = 2–7 mg/mL/min every 2–4 weeks

Acute: nausea and vomiting

Delayed: myelosuppression, electrolyte disturbances,

peripheral neuropathy, nephrotoxicity, hypersensitivity

Cisplatin (Platinol) 50–100 mg/m2 intravenously every 3–4 weeks;

20 mg/m2/day intravenously for 5 days every

3 weeks; various doses

Acute: nausea and vomiting

Delayed: nephrotoxicity, ototoxicity, neurotoxicity,

myelosuppression, electrolyte disturbances

Oxaliplatin (Eloxatin) 85–130 mg/m2 intravenously every 2–3 weeks Acute: peripheral neuropathy exacerbated by cold, nausea,

vomiting, diarrhea

Delayed: myelosuppression, elevated transaminases

Alkylating Agents—Triazenes

Dacarbazine (DTIC-Dome) 375 mg/m2 intravenously on days 1 and 15

every 4 weeks; 900–1000 mg/m2 intrave-

nously over 3 to 4 days; various doses

Acute: nausea, vomiting, photosensitivity

Delayed: myelosuppression, anorexia, hypotension, flu-like

syndrome

Procarbazine (Matulane) 60–100 mg/m2 orally for 14 days every 4 weeks;

various doses

Acute: nausea and vomiting

Delayed: myelosuppression, disulfiram-like reaction, MAO

inhibition, rash

Temozolomide (Temodar) 75 mg/m2 orally daily during radiation for

42 days; 150–200 mg/m2 orally for 5 days

every 4 weeks

Acute: nausea, vomiting, constipation

Delayed: myelosuppression, fatigue

Antimetabolites—Folate Antagonists

Methotrexate (MTX;

Trexall)

Intratecal: 12 mg

hig dose: 1000–12,000 mg/m2 intravenously

every 2–3 weeks

Acute: nausea, vomiting, mucositis

Delayed: myelosuppression, nephrotoxicity, hepatotoxicity,

neurotoxicity, photosensitivity, pulmonary toxicity

Pemetrexed (Alimta) 500 mg/m2 intravenously every 3 weeks Acute: nausea, vomiting, diarrhea, rash

Delayed: myelosuppression, fatigue, mucositis

Antimetabolites—Purine Analogs

Fludarabine (Fludara) 25 mg/m2 intravenously for 5 days every

4 weeks

Acute: fever, nausea, vomiting

Delayed: asthenia, myelosuppression, immunosuppression,

neurotoxicity, anorexia

Mercaptopurine (6-MP;

Purinethol)

Induction: 2.5–5 mg/kg/day orally

Maintenance: 1.5–2.5 mg/kg/day orally

Acute: nausea, vomiting, diarrhea, rash

Delayed: myelosuppression, immunosuppression,

hepatotoxicity, mucositis

Antimetabolites—Pyrimidine Analogs

Azacitidine (Vidaza) 75–100 mg/m2 subcutaneously or intravenously

for 7 days every 4 weeks

Acute: injection site reaction (subcutaneously), nausea,

diarrhea, fever

Delayed: myelosuppression, dyspnea, arthralgia

Capecitabine (Xeloda) 1000–1250 mg/m2 orally twice a day for 14 days

every 3 weeks

Acute: nausea, vomiting, diarrhea

Delayed: hand-foot syndrome, mucositis, hyperbilirubinemia,

myelosuppression

Cytarabine

(Ara-C, Cytosar U)

Standard dose: 100 mg/m2/day intravenously

via continuous infusion for 7 days

hig dose: 1000–3000 mg/m2 intravenously

every 12 hours for 2–6 days

Acute: nausea, vomiting, rash, flu-like syndrome

Delayed: myelosuppression

High-dose: neurotoxicity, ocular toxicities

Decitabine (Dacogen) 15 mg/m2 intravenously every 8 hours for 3 days

every 8 weeks; 20 mg/m2 intravenously daily

for 5 days

Acute: nausea, vomiting, hyperglycemia

Delayed: myelosuppression, fever, fatigue, cough

Fluorouracil (Adrucil) 400 mg/m2 intravenous bolus followed by

2400 mg/m2 intravenously over 46 hours

every 2 weeks; 1000 mg/m2 intravenously

via continuous infusion for 4–5 days every

3–4 weeks; various doses

Acute: nausea, vomiting, diarrhea

Delayed: myelosuppression, hand-foot syndrome, mucositis,

photosensitivity, cardiotoxicity (rare)

(continued)
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Table 39–3. Common cancer therapeutic agents.

Cemoterapeutic

Agent Usual Adult Dosage Adverse Effects

Antimetabolites—Pyrimidine Analogs (cont.)

Gemcitabine (Gemzar) 1000–1250 mg/m2 intravenously on days 1 and

8 every 3 weeks or days 1, 8, 15 every 4 weeks

Acute: nausea, vomiting, rash, flu-like symptoms, fever,

diarrhea

Delayed: myelosuppression, edema, elevated transaminases

Antimicrotubules—Vinca Alkaloids

Vinblastine (Velban) 6 mg/m2 intravenously on days 1 and 15

every 4 weeks; various doses

Acute: constipation

Delayed: myelosuppression, alopecia, bone pain, malaise

Vincristine (Oncovin) 0.5–1.4 mg/m2 intravenously every 3 weeks;

various doses; maximum single dose usually

limited to 2 mg

Acute: constipation, nausea

Delayed: peripheral neuropathy, alopecia

Antimicrotubules—Taxanes

Docetaxel (Taxotere) 60–100 mg/m2 intravenously every 3 weeks Acute: nausea, vomiting, diarrhea, hypersensitivity, rash

Delayed: myelosuppression, asthenia, peripheral neuropathy,

alopecia, edema, mucositis

Paclitaxel (Taxol) 135–175 mg/m2 intravenously every 3 weeks;

50–80 mg/m2 intravenously weekly; various

doses

Acute: diarrhea, nausea, vomiting, hypersensitivity

Delayed: myelosuppression, peripheral neuropathy, alopecia,

mucositis, arthralgia

Paclitaxel protein-bound

(Abraxane)

100–125 mg/m2 on days 1, 8, 15 every

3–4 weeks; 260 mg/m2 intravenously

every 3 weeks

Acute: nausea, vomiting, diarrhea

Delayed: myelosuppression, peripheral neuropathy,

alopecia, asthenia

Enzyme Inibitors—Antracyclines

Daunorubicin (Cerubidine) 30–60 mg/m2 intravenously for 3 days Acute: nausea, vomiting, diarrhea, red/orange discoloration

of urine, infusion-related reactions (liposomal products)

Delayed: myelosuppression, mucositis, alopecia, hand-foot

syndrome (liposomal doxorubicin), cardiotoxicity (dose

related)

Doxorubicin (Adriamycin) 45–75 mg/m2 intravenously every 3 weeks;

various doses

Epirubicin (Ellence) 60–120 mg/m2 intravenously every 3–4 weeks

Idarubicin (Idamycin) 10–12 mg/m2 intravenously for 3 days

Liposomal doxorubicin

(Doxil, Lipodox)

20–50 mg/m2 intravenously every 3–4 weeks

Enzyme Inibitors—Topoisomerase Inibitors

Etoposide (Vepesid) 50–100 mg/m2 intravenously for 3–5 days every

3 weeks

Acute: nausea, vomiting, diarrhea, hypersensitivity, fever,

hypotension

Delayed: myelosuppression, alopecia, fatigue

Irinotecan (Camptosar) 180 mg/m2 intravenously every other week;

various doses

Acute: diarrhea, cholinergic syndrome, nausea, vomiting

Delayed: myelosuppression, alopecia, asthenia

Targeted Terapy—Monoclonal Antibodies

Atezolizumab (Tecentriq) 1200 mg intravenously every 3 weeks Acute: infusion-related reaction

Delayed: immune-mediated reactions, fatigue, decreased

appetite

Bevacizumab (Avastin) 5–15 mg/kg intravenously every 2–3 weeks Acute: infusion-related reaction

Delayed: hypertension, proteinuria, wound healing compli-

cations, gastrointestinal perforation, hemorrhage

Cetuximab (Erbitux) Loading dose 400 mg/m2 intravenously,

maintenance dose 250 mg/m2 intravenously

weekly

Acute: infusion-related reaction, nausea, diarrhea

Delayed: acneiform skin rash, hypomagnesemia, asthenia,

paronychial inflammation, dyspnea

Daratumumab (Darzalex) 16 mg/kg intravenously weekly for weeks

1–8, every 2 weeks for weeks 9–24, and every

4 weeks from week 25 until disease

progression

Acute: infusion-related reaction, nausea

Delayed: myelosuppression, fatigue, upper respiratory tract

infection

(continued)
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Table 39–3. Common cancer therapeutic agents.

Cemoterapeutic

Agent Usual Adult Dosage Adverse Effects

Targeted Terapy—Monoclonal Antibodies (cont.)

Ipilimumab (Yervoy) 1–10 mg/kg intravenously every 3 weeks for a

total of four doses

Acute: infusion-related reaction

Delayed: immune-related reactions, fatigue

Nivolumab (Opdivo) 240 mg intravenously every 2 weeks or 480 mg

every 4 weeks

Acute: vomiting

Delayed: fatigue, musculoskeletal pain, rash, pruritus, cough,

elevated transaminases

Obinutuzumab (Gazyva) Cycle 1: 100 mg intravenously on day 1, 900 mg

on day 2, 1000 mg on days 8 and 15 of a

28-day cycle; cycles 2–6: 1000 mg intrave-

nously on day 1

Acute: infusion-related reaction, tumor lysis syndrome

Delayed: myelosuppression, pyrexia, cough, musculoskeletal

disorder, potential hepatitis B reactivation

Panitumumab (Vectibix) 6 mg/kg intravenously every 2 weeks Acute: infusion-related reaction, nausea

Delayed: acneiform skin rash, hypomagnesemia, asthenia,

paronychia, fatigue, dyspnea

Pembrolizumab (Keytruda) 200 mg intravenously every 3 weeks or 400 mg

every 6 weeks

Acute: infusion-related reaction, nausea

Delayed: immune-mediated reactions, fatigue, cough

Pertuzumab (Perjeta) 840 mg intravenously once followed by 420 mg

intravenously every 3 weeks

Acute: infusion-related reaction, diarrhea, nausea

Delayed: fatigue, alopecia, neutropenia, rash, peripheral

neuropathy, cardiomyopathy

Rituximab (Rituxan) 375 mg/m2 intravenously weekly for 4 weeks, or

every 3–4 weeks

Acute: infusion-related reaction, tumor lysis syndrome

Delayed: lymphopenia, asthenia, rash, potential hepatitis B

reactivation

Trastuzumab (Herceptin) Initial dose 4 mg/kg intravenously, then 2 mg/kg

intravenously weekly; or initial dose 8 mg/kg,

then 6 mg/kg, intravenously every 3 weeks

Acute: headache, nausea, diarrhea, infusion-related reaction

Delayed: myelosuppression, pyrexia, cardiomyopathy,

pulmonary toxicity (rare)

Targeted Terapy—Kinase Inibitors

Acalabrutinib 100 mg orally twice daily Acute: diarrhea

Delayed: myelosuppression, upper respiratory infection,

musculoskeletal pain

Afatinib (Gilotrif ) 40 mg orally once daily without food Acute: diarrhea

Delayed: acneiform rash, stomatitis, paronychia

Alectinib (Alecensa) 600 mg orally twice daily with food Acute: none

Delayed: myelosuppression, fatigue, edema, myalgia, dyspnea,

elevated transaminases

Axitinib (Inlyta) 5–10 mg orally twice daily Acute: diarrhea, nausea, vomiting

Delayed: hypertension, fatigue, dysphonia, hand-foot

syndrome, elevated transaminases

Bosutinib (Bosulif ) 500–600 mg orally once daily with food Acute: diarrhea, nausea, vomiting

Delayed: myelosuppression, rash, abdominal pain,

hepatotoxicity, fluid retention

Ceritinib (Zykadia) 740 mg orally once daily Acute: diarrhea, nausea, vomiting

Delayed: elevated transaminases, abdominal pain, fatigue,

decreased appetite

Cobimetinib (Cotellic) 60 mg orally once daily on days 1–21 of a

28-day cycle

Acute: diarrhea, photosensitivity reaction, nausea, vomiting

Delayed: myelosuppression, hepatotoxicity, rash,

cardiomyopathy (with vemurafenib)

Crizotinib (Xalkori) 250 mg orally twice daily Acute: nausea, vomiting, diarrhea, constipation

Delayed: vision disorder, edema, elevated transaminases, fatigue

Dabrafenib (Tafinlar) 150 mg orally twice daily without food Acute: headache

Delayed: hyperkeratosis, fever, hand-foot syndrome,

hyperglycemia, hypophosphatemia

Dacomitinib (Vizimpro) 45 mg orally once daily Acute: diarrhea

Delayed: rash, paronychia, mucositis, cough, interstitial lung

disease

(continued)
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Table 39–3. Common cancer therapeutic agents.

Cemoterapeutic

Agent Usual Adult Dosage Adverse Effects

Targeted Terapy—Kinase Inibitors (cont.)

Dasatinib (Sprycel) 100–180 mg orally once daily Acute: diarrhea, nausea, vomiting

Delayed: myelosuppression, fluid retention, fatigue,

dyspnea, musculoskeletal pain, rash

Entrectinib (Rozlytrek) 600 mg orally daily Acute: nausea, vomiting, diarrhea

Delayed: fatigue, cognitive impairment, heart failure,

potential for birth defects, hepatotoxicity, vision disorder,

prolonged QT interval (rare)

Erlotinib (Tarceva) 100 or 150 mg orally once daily without food Acute: diarrhea, nausea, vomiting

Delayed: acneiform skin rash, fatigue, anorexia, dyspnea

Gefitinib (Iressa) 250 mg orally once daily Acute: diarrhea

Delayed: acneiform skin rash

Ibrutinib (Imbruvica) 420 or 560 mg orally once daily Acute: diarrhea, nausea

Delayed: myelosuppression, fatigue, edema, rash, elevated

serum creatinine, hemorrhage

Imatinib (Gleevec) 100–800 mg orally once daily with food Acute: nausea, vomiting, diarrhea

Delayed: edema, muscle cramps, rash, myelosuppression,

hepatotoxicity

Larotrectinib (Vitrakvi) 100 mg orally twice daily Acute: nausea, vomiting, diarrhea

Delayed: fatigue, cognitive impairment, potential for birth

defects, hepatotoxicity

Lenvatinib (Lenvima) 24 mg orally daily Acute: hypertension, nausea, vomiting, diarrhea

Delayed: fatigue, arthralgia/myalgia, stomatitis, hand-foot

syndrome

Nilotinib (Tasigna) 300 or 400 mg orally twice daily without food Acute: nausea, vomiting, diarrhea

Delayed: rash, fatigue, myelosuppression, prolonged QT

interval (rare)

Osimertinib (Tagrisso) 80 mg orally once daily Acute: diarrhea

Delayed: myelosuppression, rash, dry skin, nail toxicity,

cardiomyopathy (rare), QTc interval prolongation (rare)

Pazopanib (Votrient) 800 mg orally once daily without food Acute: diarrhea, nausea, vomiting

Delayed: hypertension, hair color changes, hepatotoxicity,

hemorrhage

Regorafenib (Stivarga) 160 mg orally once daily with food

(low-fat breakfast)

Acute: diarrhea

Delayed: asthenia, hand-foot syndrome, anorexia, hyperten-

sion, mucositis, myelosuppression, hepatotoxicity

Sorafenib (Nexavar) 400 mg orally twice daily without food Acute: diarrhea and nausea

Delayed: fatigue, hand-foot syndrome, rash, hypertension,

hemorrhage

Sunitinib (Sutent) 50 mg orally once daily for 4 weeks followed by

2 weeks rest; 37.5 mg orally daily

Acute: diarrhea and nausea

Delayed: hypertension, hand-foot syndrome, rash,

yellow discoloration of skin, fatigue, hypothyroidism,

mucositis, left ventricular dysfunction, bleeding,

hepatotoxicity

Trametinib (Mekinist) 2 mg orally once daily without food Acute: rash, diarrhea

Delayed: elevated transaminases, lymphedema,

cardiomyopathy

Vemurafenib (Zelboraf ) 960 mg orally twice daily Acute: nausea, hypersensitivity (rare)

Delayed: photosensitivity, rash, arthralgia, alopecia, fatigue,

prolonged QT interval, cutaneous squamous cell

carcinoma

(continued)
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Table 39–3. Common cancer therapeutic agents.

Cemoterapeutic

Agent Usual Adult Dosage Adverse Effects

Miscellaneous Agents

Abiraterone (Zytiga) 1000 mg orally once daily Acute: diarrhea, edema

Delayed: adrenal insufficiency, hepatotoxicity, joint pain,

hypokalemia

Bleomycin (Blenoxane) 10 units/m2 intravenously on days 1 and 15

every 28 days; 30 units intravenously on days

2, 9, and 16 every 21 days

Acute: hypersensitivity, fever

Delayed: skin reaction (rash, hyperpigmentation of skin,

striae), mucositis, pneumonitis

Bortezomib (Velcade) 1.3 mg/m2 intravenous bolus or subcutaneously

on days 1, 4, 8, 11 followed by a 10-day rest,

or weekly for 4 weeks followed by 13-day rest

Acute: nausea, vomiting, diarrhea

Delayed: peripheral neuropathy, fatigue, myelosuppression

Hydroxyurea (Hydrea) 20–30 mg/kg orally daily Acute: none

Delayed: myelosuppression

Lenalidomide (Revlimid) 5–25 mg orally once daily on days 1–21 of

28-day cycle; or continuously

Acute: diarrhea, rash

Delayed: myelosuppression, fatigue, venous

thromboembolism, potential for birth defects

Mitomycin (Mutamycin) 10–20 mg/m2 intravenously every 4–8 weeks;

20–40 mg intravesically

Acute: cystitis (intravesically), nausea, vomiting

Delayed: myelosuppression, mucositis, anorexia

Pegaspargase (Oncaspar) 2000–2500 international units/m2 intramuscu-

larly every 14 days

Acute: hypersensitivity

Delayed: febrile neutropenia, coagulation abnormalities,

hepatotoxicity, pancreatitis

Venetoclax (Venclexta) 20 mg orally daily during week 1; 50 mg daily

during week 2; 100 mg daily during week 3;

200 mg daily during week 4; then 400 mg

orally daily thereafter

Acute: diarrhea, nausea, vomiting, tumor lysis syndrome

Delayed: myelosuppression, upper respiratory infections,

fatigue

Antiandrogens

Apalutamide (Erleada) 240 mg orally daily Acute: fatigue, diarrhea

Delayed: arthralgia, hot flashes, falls, peripheral edema,

seizure (rare)

Bicalutamide (Casodex) 50 mg orally once daily Acute: none

Delayed: hot flashes, back pain, asthenia

Enzalutamide (Xtandi) 160 mg orally once daily Acute: asthenia, diarrhea

Delayed: hot flashes, arthralgia, peripheral edema,

seizure (rare)

Flutamide (Eulexin) 250 mg orally every 8 hours Acute: diarrhea

Delayed: hot flashes, hepatotoxicity

Nilutamide (Nilandron) 300 mg orally for 30 days, then 150 mg orally

once daily

Acute: none

Delayed: visual disturbances (impaired adaptation to dark),

hot flashes, disulfiram-like reaction

Selective Estrogen Receptor Modulators

Tamoxifen (Nolvadex) 20–40 mg orally once daily Acute: none

Delayed: hot flashes, vaginal discharge, menstrual

irregularities, arthralgia

Aromatase Inibitors

Anastrozole (Arimidex) 1 mg orally once daily Acute: nausea

Delayed: hot flashes, peripheral edema, asthenia,

hypercholesterolemia, arthralgia/myalgia, osteoporosis

Exemestane (Aromasin) 25 mg orally once daily

Letrozole (Femara) 2.5 mg orally once daily

(continued)
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Table 39–3. Common cancer therapeutic agents.

Cemoterapeutic

Agent Usual Adult Dosage Adverse Effects

Pure Estrogen Receptor Antagonist

Fulvestrant (Faslodex) 500 mg intramuscularly on days 1, 15, 29, then

monthly

Acute: injection site reaction, nausea

Delayed: hot flashes, bone pain, elevated transaminases

LhRh Analogs

Goserelin acetate

(Zoladex)

3.6 mg subcutaneously every month; 10.8 mg

subcutaneously every 3 months

Acute: injection site discomfort

Delayed: hot flashes, tumor flare, edema, decreased libido,

erectile dysfunction, osteoporosis

Leuprolide (Lupron) 7.5 mg intramuscularly or subcutaneously every

month; 22.5 mg intramuscularly or subcuta-

neously every 3 months; 30 mg intramuscu-

larly or subcutaneously every 4 months;

45 mg intramuscularly or subcutaneously

every 6 months

Triptorelin pamoate

(Trelstar)

3.75 mg intramuscularly every 4 weeks;

11.25 mg intramuscularly every 12 weeks;

22.5 mg intramuscularly every 24 weeks

LhRh Antagonist

Degarelix (Firmagon) 240 mg subcutaneously once, then 80 mg

subcutaneously every 28 days

Acute: injection site reaction

Delayed: hot flashes, weight gain, elevated transaminases,

QT prolongation

AV, atrioventricular; GFR, glomerular filtration rate; LHRH, luteinizing hormone–releasing hormone; MAO, monoamine oxidase; MCV, mean

corpuscular volume.

º
TYPES OF CANCER

LUNG CANCER

Sunny Wang, MD

BRONCHOGENIC CARCINOMA

E S S E N T I A L S  O F  D I A G N O S I S

» New cough or change in chronic cough.

» Dyspnea, hemoptysis, anorexia, weight loss.

» Enlarging lung nodule or mass; persistent opacity,
atelectasis, or pleural effusion on chest radiograph
or CT scan.

» Cytologic or histologic findings of lung cancer in
sputum, pleural fluid, or biopsy specimen.

» General Considerations

Lung cancer is the leading cause of cancer deaths in both
men and women. The American Cancer Society estimates
228,820 new diagnoses and 135,720 deaths from lung can-
cer in the United States in 2020, accounting for approxi-
mately 13% of new cancer diagnoses and 22% of all cancer
deaths. More Americans die of lung cancer than of colorec-
tal, breast, and prostate cancers combined.

Cigarette smoking causes 85–90% of cases of lung cancer.
The causal connection between cigarettes and lung cancer
is established not only epidemiologically but also through
identification of carcinogens in tobacco smoke and analysis
of the effect of these carcinogens on specific oncogenes
expressed in lung cancer.

Other environmental risk factors for the development
of lung cancer include exposure to environmental tobacco
smoke, radon, asbestos, diesel exhaust, ionizing radiation,
metals (arsenic, chromium, nickel, iron oxide), and indus-
trial carcinogens. A familial predisposition to lung cancer
is recognized. Certain diseases are associated with an
increased risk of lung cancer, including pulmonary fibrosis,
chronic obstructive pulmonary disease, and sarcoidosis.

The median age at diagnosis of lung cancer in the
United States is 70; it is unusual under the age of 40. The
combined relative 5-year survival rate for all stages of lung
cancer is currently 21%.

There are five main histologic categories of broncho-
genic carcinoma. Squamous cell carcinomas (23% of
cases, based on US SEER data 2013–2017) arise from the
bronchial epithelium and often present as intraluminal
masses. They are usually centrally located and can present
with hemoptysis. Adenocarcinomas (50% of cases) arise
from mucous glands or from any epithelial cell within or
distal to the terminal bronchioles. They usually present as
peripheral nodules or masses. Adenocarcinomas in situ
(formerly bronchioloalveolar cell carcinomas) spread
along preexisting alveolar structures (lepidic growth) with-
out evidence of invasion. Large cell carcinomas (1.3% of

(continued)
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cases) are a heterogeneous group of undifferentiated can-
cers that share large cells and do not fit into other catego-
ries. Large cell carcinomas are typically aggressive and have
rapid doubling times. They present as central or peripheral
masses. Cancers that are not better differentiated on patho-
logic review other than non–small cell carcinomas
(NSCLC) or carcinomas not otherwise specified make up
about 13% of cases. Small cell carcinomas (13% of cases)
are tumors of bronchial origin that typically begin cen-
trally, infiltrating submucosally to cause narrowing of the
bronchus without a discrete luminal mass. They are aggres-
sive cancers that often involve regional or distant metastasis
on presentation.

For purposes of staging and treatment, bronchogenic
carcinomas are divided into small cell lung cancer (SCLC)
and the other four types, labeled NSCLC. This practical
classification reflects different natural histories and differ-
ent treatment. SCLC is prone to early hematogenous
spread and has a more aggressive course with a median
survival (untreated) of 6–18 weeks.

» Clinical Findings

Lung cancer is symptomatic at diagnosis in a majority of
patients. The clinical presentation depends on the type and
location of the primary tumor, the extent of local spread,
and the presence of distant metastases and any paraneo-
plastic syndromes.

A. Symptoms and Signs

Anorexia, weight loss, or asthenia occurs in 55–90% of
patients presenting with a new diagnosis of lung cancer. Up
to 60% of patients have a new cough or a change in a
chronic cough; 6–31% have hemoptysis; and 25–40% com-
plain of pain, either nonspecific chest pain or pain from
bony metastases to the vertebrae, ribs, or pelvis. Local
spread may cause endobronchial obstruction with atelectasis
and postobstructive pneumonia, pleural effusion
(12–33%), change in voice (compromise of the recurrent
laryngeal nerve), superior vena cava syndrome (obstruc-
tion of the superior vena cava with supraclavicular venous
engorgement), and Horner syndrome (ipsilateral ptosis,
miosis, and anhidrosis from involvement of the inferior
cervical ganglion and the paravertebral sympathetic chain).
Distant metastases to the liver are associated with asthenia
and weight loss. Brain metastases (10% in NSCLC, more
common in adenocarcinoma, and 20–30% in SCLC) may
present with headache, nausea, vomiting, seizures, dizzi-
ness, or altered mental status.

Paraneoplastic syndromes are patterns of organ dys-
function related to immune-mediated or secretory effects
of neoplasms. These syndromes occur in 10–20% of lung
cancer patients. They may precede, accompany, or follow
the diagnosis of lung cancer. In patients with small cell
carcinoma, the syndrome of inappropriate antidiuretic
hormone (SIADH) can develop in 10–15%; in those with
squamous cell carcinoma, hypercalcemia can develop in
10%. Digital clubbing is seen in up to 20% of patients at
diagnosis (see Figure 6–42). Other common paraneoplastic
syndromes include increased ACTH production, anemia,

hypercoagulability, peripheral neuropathy, and the Lambert-
Eaton myasthenic syndrome. Their recognition is important
because treatment of the primary tumor may improve or
resolve symptoms even when the cancer is not curable.

B. Laboratory Findings

The diagnosis of lung cancer rests on examination of a tis-
sue or cytology specimen. Sputum cytology is highly spe-
cific but insensitive; the yield is highest when there are
lesions in the central airways. While the diagnostic yield of
CT-guided biopsy of peripheral nodules approaches
80–90%, the rates of pneumothorax are significant (15–30%),
especially in those with emphysema. Thoracentesis (sensi-
tivity 50–65%) can be used to establish a diagnosis of
lung cancer in patients with malignant pleural effusions.
Fine-needle aspiration (FNA) of palpable supraclavicular
or cervical lymph nodes is frequently diagnostic.

Fiberoptic bronchoscopy allows visualization of the
major airways, cytology brushing of visible lesions or
lavage of lung segments with cytologic evaluation of speci-
mens, direct biopsy of endobronchial abnormalities, blind
transbronchial biopsy of the pulmonary parenchyma or
peripheral nodules, and FNA biopsy of mediastinal lymph
nodes. The use of fluorescence bronchoscopy improves the
ability to identify early endobronchial lesions, and endo-
bronchial and transesophageal endoscopic ultrasound
enhance the direction and yield of FNA of mediastinal
nodes. Electromagnetic navigational bronchoscopy allows
bronchoscopic approaches to small peripheral nodules.
Mediastinoscopy, video-assisted thoracoscopic surgery
(VATS), and thoracotomy may be necessary in cases where
less invasive techniques fail to yield a diagnosis.

C. Imaging

Nearly all patients with lung cancer have abnormal find-
ings on chest radiography or CT scan (Figure 39–1). These
findings are rarely specific for a particular diagnosis. Inter-
pretation of characteristic findings in isolated nodules is
described in Chapter 9.

D. Special Examinations

1. Staging—Accurate staging is crucial (1) to provide the
clinician with information to guide treatment, (2) to pro-
vide the patient with accurate information regarding prog-
nosis, and (3) to standardize entry criteria for clinical trials
to allow interpretation of results.

Staging of NSCLC uses two integrated systems and is
continuously updated with the eighth edition of the AJCC/
Union for International Cancer Control (UICC) stage
classification for lung cancer in effect since January 2018.
The AJCC TNM international staging system attempts a
physical description of the neoplasm: T describes the size
and location of the primary tumor; N describes the pres-
ence and location of nodal metastases; and M refers to the
presence or absence of distant metastases. These TNM
stages are grouped into summary stages I–IV, and these
are used to guide therapy. Many patients with stage I and
stage II disease are cured through surgery. Patients with
stage IIIB and stage IV disease do not benefit from surgery
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▲ Figure 39–1. Squamous cell carcinoma of the right
lung on chest radiograph (A) and CT scan (B). (Repro-
duced, with permission, from Elsayes KM, Oldham SA.
Introduction to Diagnostic Radiology. McGraw-Hill, 2014.)

A

B

(Table 39–4). Patients with stage IIIA disease have locally
invasive disease that may benefit from surgery in selected
cases as part of multimodality therapy.

SCLC is traditionally divided into two categories:
limited disease (30%), when the tumor is limited to the
unilateral hemithorax (including contralateral mediastinal
nodes); or extensive disease (70%), when the tumor
extends beyond the hemithorax (including pleural effu-
sion). It is also recommended to stage SCLC according to
the TNM staging system.

For both SCLC and NSCLC, a complete examination is
essential to exclude obvious metastatic disease to lymph
nodes, skin, and bone. A detailed history is essential
because the patient’s performance status is a powerful pre-
dictor of disease course. All patients should have measure-
ment of a complete blood count (CBC), serum electrolytes,
calcium, creatinine, liver biochemical tests, lactate dehy-
drogenase, and albumin.

NSCLC patients being considered for surgery require
meticulous evaluation to identify those with resectable
disease. CT imaging is key for staging candidates for resec-
tion. The sensitivity and specificity of CT imaging for
identifying lung cancer metastatic to the mediastinal
lymph nodes are 57% (49–66%) and 82% (77–86%),
respectively. Therefore, chest CT imaging alone does not
provide definitive staging information. CT imaging helps
determine where to biopsy, and how the mediastinum
should be sampled.

Positron emission tomography (PET) using 2-[18F]
fluoro-2-deoxyglucose (FDG) is an important modality for
identifying metastatic foci in the mediastinum or distant
sites. The sensitivity and specificity of PET for detecting
mediastinal spread of primary lung cancer depend on the
size of mediastinal nodes or masses. When mediastinal
lymph nodes smaller than 1 cm are present, the sensitivity
and specificity of PET for tumor involvement of nodes are
74% and 96%, respectively. When CT shows lymph nodes
larger than 1 cm, the sensitivity and specificity are 95% and
76%, respectively.

The combination of PET and CT imaging has improved
preoperative staging compared with CT or PET alone.
Whole body fusion PET-CT imaging is most useful to

Table 39–4. Five-year survival rates for non–small cell
lung cancer, based on TNM staging.

Stage TNM Subset

5-Year Survival

for Clinical

TNM

5-Year

Survival

for Pato-

logic TNM

0 Carcinoma in situ

1A1 T1aN0M0 92% 90%

1A2 T1bN0M0 83% 85%

IA3 T1cN0M0 77% 80%

IB T2aN0M0 68% 73%

IIA T2bN0M0 60% 65%

IIB T1/T2, N1M0

T3N0M0

53% 56%

IIIA T1/T2, N2M0

T3N1M0

T4, N0/N1, M0

36% 41%

IIIB T1/T2, N3M0

T3/T4, N2M0

26% 24%

IIIC T3/T4, N3M0 13% 12%

IVA Any T, Any N,

M1a/M1b

10% —

IVB Any T, Any N, M1c 0% —

Data from multiple sources. Modified and reproduced, with per-

mission, from Detterbeck FC et al. The Eighth Edition Lung Cancer

Stage Classification. Chest. 2017;151:193. Copyright © Elsevier; and

data from Goldstraw P et al. The IASLC Lung Cancer Staging

Project: proposals for revision of the TNM stage groupings in the

forthcoming (eighth) edition of the TNM classification for lung

cancer. J Thorac Oncol. 2015;11:39.
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confirm lack of regional or metastatic disease in NSCLC
patients who are candidates for surgical resection.

Obtaining an MRI of the brain is important to rule out
brain metastases in patients with SCLC and in patients
with NSCLC with at least stage II disease or poorly differ-
entiated histologies.

2. Preoperative assessment—See Chapter 3.

3. Pulmonary function testing—Many patients with
NSCLC have moderate to severe chronic lung disease that
increases the risk of perioperative complications as well as
long-term pulmonary insufficiency following lung resec-
tion. All patients considered for surgery require spirome-
try. In the absence of other comorbidities, patients with
good lung function (preoperative FEV

1
2 L or more) are at

low risk for complications from lobectomy or pneumonec-
tomy. High-risk patients include those with a predicted
postoperative FEV

1
less than 700 mL (or less than 40% of

predicted FEV
1
).

4. Screening—Screening with low-dose helical CT scans
has been shown to improve mortality rates for lung cancer.
The National Lung Screening Trial, a multicenter random-
ized US trial involving over 53,000 current and former
heavy smokers, showed that screening annually with low-
dose helical CT for 3 years yielded a 20% relative reduction
in lung cancer mortality and 6.7% reduction in all-cause
mortality compared to chest radiography. Given these find-
ings, US professional organizations have recommended
annual screening with low-dose helical CT for lung cancer.
The 2021 US Preventive Services Task Force (USPSTF)
recommends annual low-dose CT for smokers aged 50–80
who have at least a 20 pack-year smoking history and who
either currently smoke or have quit within the last 15 years.
Smoking cessation policies and efforts should be integrated
with any screening program.

» Treatment

A. Non–Small Cell Lung Carcinoma

Surgical resection offers the best chance for cure of
NSCLC. Clinical features that preclude complete surgical
resection include extrathoracic metastases or a malignant
pleural effusion; or tumor involving the heart, pericar-
dium, great vessels, esophagus, recurrent laryngeal or
phrenic nerves, trachea, main carina, or contralateral
mediastinal lymph nodes. Accordingly, stage I and stage II
patients are treated with surgical resection where possible.
Stage II and select cases of stage IB are additionally recom-
mended to receive adjuvant chemotherapy. Stage IIIA
patients have poor outcomes if treated with resection
alone. They should undergo multimodality treatment that
includes chemotherapy or radiotherapy, or both. Inopera-
ble stage IIIA and stage IIIB patients treated with concur-
rent chemotherapy and radiation therapy have improved
survival. Stage IV patients are treated with systemic ther-
apy (targeted therapy, chemotherapy, or immunotherapy)
or symptom-based palliative therapy, or both.

Surgical approach affects outcome. In 1994, the North
American Lung Cancer Study Group conducted a prospec-
tive trial of stage IA patients randomized to lobectomy

versus limited resection. They reported a threefold increased
rate of local recurrence in the limited resection group
(P = 0.008) and a trend toward an increase in overall death
rate (increase of 30%, P = 0.08) and increase in cancer-
related death rate (increase of 50%, P = 0.09), compared
with patients receiving lobectomy. However, for patients
who cannot tolerate lobectomy, a sublobar resection (wedge
resection or segmentectomy) may be considered.

Patients with clinical stage I primary NSCLC, who are
not candidates for surgery because of significant comor-
bidity or other surgical contraindication, are candidates for
stereotactic body radiotherapy. Stereotactic body radio-
therapy, which is composed of multiple non-parallel radia-
tion beams that converge, allows the delivery of a relatively
large dose of radiation to a small, well-defined target. For
clinical stage I NSCLC, 3-year local control rates with ste-
reotactic body radiotherapy exceed 90%, and large meta-
analyses of nonrandomized data have shown 2-year
survival of 70% and 5-year survival of 40%. Patients with
locally advanced disease (stages IIIA and IIIB) who are not
surgical candidates have improved survival when treated
with concurrent chemotherapy and radiation therapy com-
pared with no therapy, radiation alone, or even sequential
chemotherapy and radiation.

Neoadjuvant chemotherapy consists of giving antineo-
plastic drugs in advance of surgery or radiation therapy.
Neoadjuvant therapy can be used in select patients with
stage IIIA or stage IIIB disease. Some studies suggest a
survival advantage.

Adjuvant chemotherapy consists of administering
antineoplastic drugs following surgery or radiation ther-
apy. Cisplatin-containing regimens have been shown to
confer an overall survival benefit in at least stage II disease
and a subset of stage IB disease where primary tumor size
exceeds 4 cm. The Lung Adjuvant Cisplatin Evaluation
Collaborative Group, a meta-analysis of the five largest
cisplatin-based adjuvant trials, reported a 5% absolute ben-
efit in 5-year overall survival with a cisplatin-containing
doublet regimen following surgery (P = 0.005) in patients
with at least stage II disease.

For stage IIIB and stage IV NSCLC, options for therapy
include targeted therapy, cytotoxic chemotherapy, and
immunotherapy (checkpoint inhibitors) (Tables 39–2 and
39–3). The approach to therapy is individualized based on
molecular profiling and PD-L1 testing. Molecular profiling
is offered as next-generation sequencing multi-gene assays.
The key driver mutations in lung cancer currently include
EGFR, ALK, BRAF, ROS1, NTRK, MET, and RET muta-
tions, but only a minority of all lung cancer cases harbor
these mutations. K-ras mutation is more commonly found
among smokers. Difficulties in testing may arise when only
small fine-needle aspirate biopsies are obtained; to have
sufficient tissue for analysis, it is recommended that clini-
cians obtain core biopsies. PD-L1 expression is a flawed but
actively used biomarker to assess possible response to
checkpoint inhibitor therapy (specifically, programmed
death-1 [PD-1] inhibitors).

Targeted therapy has played a pivotal role in advanced
NSCLC (Tables 39–2 and 39–3). Activating EGFR muta-
tions are found in approximately 10–20% of the White
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population and 30–48% of the Asian population and are
usually found among nonsmokers to light smokers, females,
and persons with nonsquamous histologies (particularly
adenocarcinomas). For patients with EGFR mutations, an
EGFR tyrosine kinase inhibitor (osimertinib, erlotinib, gefi-
tinib, afatinib, or dacomitinib) rather than platinum-based
chemotherapy is the first-line treatment. Response rates
with EGFR tyrosine kinase inhibitors in patients with EGFR
mutation are at least 70%, and median overall survival is
estimated to be 21–33 months. Osimertinib (a third-gener-
ation irreversible EGFR tyrosine kinase inhibitor) is recom-
mended as first-line treatment of EGFR-mutated lung
cancers. Phase 3 data show that osimertinib leads to a lon-
ger duration of response, longer progression-free survival,
and lower rates of severe adverse events compared to earlier
generation EGFR tyrosine kinase inhibitors.

Approximately 5% of all patients with NSCLC carry
translocations of ALK resulting in novel fusion gene prod-
ucts with oncogenic activity. For patients with ALK-
rearranged lung cancers, ALK tyrosine kinase inhibitors
(alectinib, ceritinib, crizotinib, brigatinib, and lorlatinib)
are recommended therapeutic agents. Alectinib and briga-
tinib are recommended as first-line agents in ALK-
rearranged lung cancers with response rates ranging from
74% to 83%. For patients who have developed resistance to
either first- or second-generation ALK inhibitors, lorlati-
nib (a third-generation ALK and ROS1 tyrosine kinase
inhibitor) has shown a response rate of 47%. Approxi-
mately 1–2% of NSCLC harbor ROS1 rearrangements and
they are usually lung adenocarcinomas found among non-
smokers or light smokers. ROS1-rearranged lung cancers
respond to crizotinib (ALK, cMET, and ROS1 tyrosine
kinase inhibitor) and entrectinib (multikinase inhibitor,
including ROS-1) with response rates over 70%. MET exon
14 (METex14) skipping mutations are found in 3% of lung
adenocarcinomas. Capmatinib (MET inhibitor) is recom-
mended as first-line treatment for patients with METex14
skipping mutation. BRAF mutations have been found in
2% of NSCLC patients. The combination of dabrafenib
(BRAF inhibitor) and trametinib (MEK inhibitor) has
shown response rates of over 60% in patients with BRAF
V600E mutations. Treatment with larotrectinib (TRKA/
B/C inhibitor) or entrectinib (multikinase inhibitor,
including TRKA/B/C) is recommended for patients whose
tumors reveal NTRK 1/2/3 gene fusion. Selpercatinib and
pralsetinib (RET inhibitors) are recommended first-line
treatments for RET fusion–positive NSCLC. Finally, K-ras
mutations are found among 30% of patients with adenocar-
cinomas, are associated with smoking, and indicate a poor
prognosis. Early clinical trials are already under way evalu-
ating the role of novel K-ras inhibitors, sotorasib (AMG
510) and adagrasib (MRTX849), in treating K-ras G12C
mutated lung cancers.

Immune checkpoint inhibition using PD-1 or PD-L1
inhibitors (nivolumab, pembrolizumab, atezolizumab, and
durvalumab) has an important role in the treatment of
NSCLC (Tables 39–2 and 39–3). Checkpoint inhibitors
release T cells from the inhibitory signals they receive from
tumor cells via the PD-1 pathway, restoring antitumor
immunity. For patients with tumors staining greater than

50% for PDL-1, pembrolizumab outperforms first-line
platinum-based chemotherapy, with response rates of 45%
vs 28% and median progression-free survival of 10 months
vs 6 months. Phase 3 trials have shown improved survival
outcomes with adding pembrolizumab to platinum-
doublet chemotherapy as first-line therapy for patients
with advanced NSCLC regardless of PD-L1 status. If patients
received chemotherapy alone as first-line treatment, PD-1
inhibitors are recommended as second-line treatment of
NSCLC, regardless of PD-L1 staining intensity. However,
significant side effects and toxicity have been reported with
checkpoint inhibitors, especially autoimmune manifesta-
tions such as hepatitis, thyroiditis, hypophysitis, colitis,
pneumonitis, and type 1 diabetes mellitus. Recently, a ran-
domized phase 3 trial has shown improved survival out-
comes by adding durvalumab as consolidation therapy
post-definitive chemoradiation for stage III NSCLCs.

If no targetable mutations are found and there is inad-
equate PD-L1 expression on tumor cells, patients are either
offered combination immunotherapy with cytotoxic che-
motherapy or cytotoxic chemotherapy alone (Table 39–2).
Although not curative, chemotherapy has been shown in
multiple clinical trials to provide a modest increase in over-
all survival in patients with stage IIIB and stage IV NSCLC
compared with supportive care alone, with the median
survival increased from 5 months to a range of 8–12 months
and 1-year survival rate of 30–40%. Palliative chemother-
apy also leads to improved quality of life and symptom
control, with first-line therapy involving a platinum-based
regimen.

B. Small Cell Lung Carcinoma

Response rates of SCLC to cisplatin and etoposide (Table
39–2) are excellent with 80–90% response in limited-stage
disease (50–60% complete response), and 60–80% response
in extensive-stage disease (15–20% complete response).
However, remissions tend to be short-lived with a median
duration of 6–8 months. Once the disease has recurred,
median survival is 3–4 months. Overall 2-year survival is
20–40% in limited-stage disease and 5% in extensive-stage
disease (Table 39–5). Modest improvement in survival has
been achieved with the addition of a checkpoint inhibitor
(atezolizumab or durvalumab) to cisplatin or carboplatin
and etoposide therapy in extensive stage disease. Thoracic
radiation therapy improves survival in patients with lim-
ited SCLC and is given concurrently with chemotherapy.
There is a high rate of brain metastasis in patients with
SCLC, even following a good response to chemotherapy.

Table 39–5. Median survival for small cell lung carci-
noma following treatment.

Stage

Mean 2-Year

Survival Median Survival

Limited 20–40% 15–20 months

Extensive 5% 8–13 months

Data from multiple sources, including Van Meerbeeck JP et al.

Small-cell lung cancer. Lancet. 2011;378:1741.
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Prophylactic cranial irradiation may be considered for
patients with limited-stage disease who respond to chemo-
therapy and in a subset of patients with extensive-stage
disease who have had an excellent response to
chemotherapy.

C. Palliative Therapy

Photoresection with the Nd:YAG laser is sometimes per-
formed on central tumors to relieve endobronchial obstruc-
tion, improve dyspnea, and control hemoptysis. External
beam radiation therapy is also used to control dyspnea,
hemoptysis, endobronchial obstruction, pain from bony
metastases, obstruction from superior vena cava syn-
drome, and symptomatic brain metastases. Resection of a
solitary brain metastasis improves quality of life and sur-
vival when combined with radiation therapy if there is no
evidence of other metastatic disease. Stereotactic radia-
tion therapy is offered for limited brain metastases.
Repeated thoracenteses, pleurodesis, and PleurX catheter
tube placement are key interventions for palliation of
symptomatic malignant pleural effusions. Pain is very
common in advanced disease. Meticulous efforts at pain
control are essential (see Chapter 5). In addition to standard
oncologic care, early referral to a palliative care specialist is
recommended in advanced disease to aid in pain and
other symptom management. Such palliative care can
modestly improve survival.

» Prognosis

The overall 5-year survival rate for lung cancer is approxi-
mately 20%. Predictors of survival include the tumor type
(SCLC versus NSCLC), molecular profiling, and stage, and
the patient’s performance status and weight loss in the prior
6 months. Patients with targetable mutations have better
overall survival when compared with those without muta-
tions due to superior efficacy of targeted drug therapy.

Camidge DR et al. Brigatinib versus crizotinib in advanced ALK
inhibitor-naïve ALK-positive non-small cell lung cancer: sec-
ond interim analysis of the phase III ALTA-1L trial. J Clin
Oncol. 2020;38:3592. [PMID: 32780660]

Drilon A et al. Entrectinib in ROS1 fusion-positive non-small-
cell lung cancer: integrated analysis of three phase 1-2 trials.
Lancet Oncol. 2020;21:262. [PMID: 31838015]

Ghimessy A et al. Current therapy of KRAS-mutant lung cancer.
Cancer Metastasis Rev. 2020;39:1159. [PMID: 32548736]

Ramalingam SS et al; FLAURA Investigators. Overall survival
with osimertinib in untreated EGFR-mutated advanced
NSCLC. N Engl J Med. 2020;382:41. [PMID: 31751012]

Siegel RL et al. Cancer statistics, 2021. CA Cancer J Clin.
2021;71:7. [PMID: 33433946]

US Preventive Services Task Force. Screening for lung cancer: US
Preventive Services Task Force Recommendation Statement.
JAMA. 2021;325:962. [PMID: 33687470]

PULMONARY METASTASIS

Pulmonary metastasis results from the spread of an extra-
pulmonary malignant tumor through vascular or lym-
phatic channels or by direct extension. Metastases usually
occur via the pulmonary artery and typically present as

multiple nodules or masses on chest radiography. The
radiographic differential diagnosis of multiple pulmonary
nodules also includes pulmonary arteriovenous malforma-
tion, infections (including abscesses, septic emboli, and
atypical infections), sarcoidosis, rheumatoid nodules, and
granulomatosis with polyangiitis. Metastases to the lungs
are found in 20–55% of patients with various metastatic
malignancies. Carcinomas of the kidney, breast, rectum,
colon, and cervix and malignant melanoma are the most
likely primary tumors.

Lymphangitic carcinomatosis denotes diffuse involve-
ment of the pulmonary lymphatic network by primary or
metastatic lung cancer, probably a result of extension of
tumor from lung capillaries to the lymphatics. Tumor
embolization from extrapulmonary cancer (renal cell car-
cinoma, hepatocellular carcinoma, choriocarcinoma) is an
uncommon route for tumor spread to the lungs. Metastatic
cancer may also present as a malignant pleural effusion.

» Clinical Findings

A. Symptoms and Signs

Symptoms are uncommon but include cough, hemoptysis
and, in advanced cases, dyspnea and hypoxemia. Symp-
toms are more often referable to the site of the primary
tumor.

B. Laboratory Findings

The diagnosis of metastatic cancer involving the lungs is
usually established by identifying a primary tumor. Appro-
priate studies should be ordered if there is a suspicion of
any primary cancer, such as breast, thyroid, testis, colorec-
tal, or prostate, for which specific treatment is available. If
the history, physical examination, and initial studies fail to
reveal the site of the primary tumor, attention is better
focused on the lung, where tissue samples obtained by
bronchoscopy, percutaneous needle biopsy, video-assisted
thoracoscopic surgery (VATS), or thoracotomy may estab-
lish the histologic diagnosis and suggest the most likely
primary cancer. Occasionally, cytologic studies of pleural
fluid or pleural biopsy reveals the diagnosis.

C. Imaging

Chest radiographs usually show multiple spherical densi-
ties with sharp margins. The lesions are usually bilateral,
pleural, or subpleural in location, and more common in
lower lung zones. Lymphangitic spread and solitary pul-
monary nodule are less common radiographic presenta-
tions of pulmonary metastasis. CT imaging of the chest,
abdomen, and pelvis may reveal the site of a primary tumor
and will help determine feasibility of surgical resection of
the metastatic lung tumors. FDG PET-CT scan is helpful in
identifying the site of a primary cancer and identifying
other areas of extrathoracic metastasis.

» Treatment

Once the diagnosis has been established, management
consists of treatment of the primary neoplasm and any
pulmonary complications. Surgical resection of a solitary
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pulmonary nodule is often prudent in the patient with
known current or previous extrapulmonary cancer. Local
resection of one or more pulmonary metastases is feasible
in a few carefully selected patients with various sarcomas
and carcinomas (such as testis, colorectal, and kidney).
About 15–25% of metastatic solid tumor patients have
metastases limited to the lungs and are surgical candidates.
Surgical resection should be considered only if (1) the pri-
mary tumor is under control, (2) the patient has adequate
cardiopulmonary reserve to tolerate resection, (3) all meta-
static tumor can be resected, (4) effective nonsurgical
approaches are not available, and (5) there is no evidence
of extrathoracic metastases that are not controlled. Unfa-
vorable prognostic factors also include shorter disease-free
interval from primary tumor treatment to presentation of
metastases and a larger number of metastases. Retrospec-
tive data from the International Registry of Lung Metasta-
ses report an overall 5-year survival rate of 36% and
10-year survival rate of 26% after complete resection of
pulmonary metastases. Patients who are not surgical can-
didates but have solitary or limited metastatic disease to
the lungs may be candidates for stereotactic radiotherapy,
radioablation, or cryotherapy. For patients with unresect-
able progressive disease, chemotherapy tailored to the pri-
mary tumor can be offered, and diligent attention to
palliative care is essential (see Chapter 5).

Handy JR et al. Expert consensus document on pulmonary
metastasectomy. Ann Thorac Surg. 2019;107:631. [PMID:
30476477]

Sudarshan M et al. Current indications for pulmonary metasta-
sectomy. Surg Oncol Clin N Am. 2020;29:673. [PMID:
32883466]

MESOTHELIOMA

E S S E N T I A L S  O F  D I A G N O S I S

» Unilateral, nonpleuritic chest pain and dyspnea.

» Distant (> 20 years earlier) history of exposure to
asbestos.

» Pleural effusion or pleural thickening or both on
chest radiographs.

» Malignant cells in pleural fluid or tissue biopsy.

» General Considerations

Mesotheliomas are primary tumors arising from the sur-
face lining of the pleura (80% of cases) or peritoneum (20%
of cases). Numerous studies have confirmed the associa-
tion of malignant pleural mesothelioma with exposure to
asbestos. The lifetime risk to asbestos workers of develop-
ing malignant pleural mesothelioma is as high as 10%. The
latent period between exposure and onset of symptoms
ranges from 20 to 40 years. The clinician should inquire
about asbestos exposure through mining, milling, manu-
facturing, shipyard work, insulation, brake linings,

building construction and demolition, roofing materials,
and other asbestos products (pipes, textiles, paints, tiles,
gaskets, panels).

» Clinical Findings

A. Symptoms and Signs

The average interval between onset of symptoms and
diagnosis is 2–3 months; the median age at diagnosis is
72–74 years in Western countries. Symptoms include the
insidious onset of shortness of breath, nonpleuritic chest
pain, and weight loss. Physical findings include dullness to
percussion, diminished breath sounds and, in some cases,
digital clubbing.

B. Laboratory Findings

Pleural fluid is exudative and often hemorrhagic. Cytologic
tests of pleural fluid are often negative. VATS biopsy is usu-
ally necessary to obtain an adequate specimen for histo-
logic diagnosis. The histologic variants of malignant
pleural mesothelioma are epithelial (50–60%), sarcomatoid
(10%), and biphasic (30–40%). Since distinction from
benign inflammatory conditions and metastatic adenocar-
cinoma may be difficult, immunohistochemical stains are
important to confirm the diagnosis.

C. Imaging

Radiographic abnormalities consist of nodular, irregular,
unilateral pleural thickening and varying degrees of unilat-
eral pleural effusion. Sixty percent of patients have right-
sided disease, while only 5% have bilateral involvement.
CT scans demonstrate the extent of pleural involvement.
PET-CT is used to help differentiate benign from malig-
nant pleural disease, improve staging accuracy, and iden-
tify candidates for aggressive surgical approaches.

» Complications

Malignant pleural mesothelioma progresses rapidly as the
tumor spreads along the pleural surface to involve the peri-
cardium, mediastinum, and contralateral pleura. The
tumor may eventually extend beyond the thorax to involve
abdominal lymph nodes and organs. Progressive pain and
dyspnea are characteristic. Local invasion of thoracic struc-
tures may cause superior vena cava syndrome, hoarseness,
Horner syndrome, arrhythmias, and dysphagia.

» Treatment

Chemotherapy is the mainstay of treatment (Tables 39–2
and 39–3), with cytoreductive surgery included in multi-
modality treatment only if there is localized disease that is
amenable to complete macroscopic surgical resection. The
optimal surgical approach is still under debate. For local-
ized disease, surgical options include pleurectomy and
decortication (surgical stripping of the pleura and pericar-
dium from apex of the lung to diaphragm) or extrapleural
pneumonectomy (a radical surgical procedure involving
removal of the ipsilateral lung, parietal and visceral pleura,
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pericardium, and most of the hemidiaphragm). Surgical
cytoreduction alone is not sufficient, and either chemo-
therapy or radiation therapy (or both) should be included
in a multimodality approach. In advanced unresectable
disease, palliative chemotherapy with cisplatin and peme-
trexed can achieve response rates of 30–40%, can extend
median overall survival to 12 months, and can improve
quality of life. Adding bevacizumab (a monoclonal anti-
body to vascular endothelial growth factor [VEGF]) to
cisplatin and pemetrexed has been shown to further
improve overall survival. Nivolumab and ipilimumab
(checkpoint inhibition therapy) can also be offered as first-
line treatment, with improved outcomes among those with
nonepithelioid tumors. Drainage of pleural effusions,
pleurodesis, radiation therapy, and even surgical resection
may offer palliative benefit to some patients.

» Prognosis

Most patients die of respiratory failure and complications
of local extension. Median survival time from diagnosis
ranges from 7 months to 17 months. Five-year survival is
5–10%. Tumors that are predominantly sarcomatoid are
more resistant to therapy and have a worse prognosis, with
median survivals less than 1 year. Poor prognostic features
include poor performance status, non-epithelioid histol-
ogy, male gender, nodal involvement, elevated lactate dehy-
drogenase, high white blood cell count, low hemoglobin,
and high platelet count.

Scherpereel A et al; French Cooperative Thoracic Intergroup.
Nivolumab or nivolumab plus ipilimumab in patients with
relapsed malignant pleural mesothelioma (IFCT-1501 MAPS2):
a multicentre, open-label, randomised, non-comparative,
phase 2 trial. Lancet Oncol. 2019;20:239. [PMID: 30660609]

Scherpereel A et al. ERS/ESTS/EACTS/ESTRO guidelines for the
management of malignant pleural mesothelioma. Eur Respir J.
2020;55:1900953. [PMID: 32451346]

Waller DA et al. Divided by an ocean of water but united in an
ocean of uncertainty: a transatlantic review of mesothelioma
surgery guidelines. J Thorac Cardiovasc Surg. 2020;S0022-5223
(20)32986-X . [PMID: 33223192]

hEPATOBILIARY CANCERS

Lawrence S. Friedman, MD

HEPATOCELLULAR CARCINOMA

E S S E N T I A L S  O F  D I A G N O S I S

» Usually a complication of cirrhosis.

» Characteristic CT and MRI features may obviate
the need for a confirmatory biopsy.

» General Considerations

Malignant neoplasms of the liver that arise from parenchy-
mal cells are called hepatocellular carcinomas (accounting

for 85% of liver cancers); those that originate in the ductu-
lar cells are called cholangiocarcinomas (15% or less). Rare
tumors of the liver include angiosarcoma and lymphoma.

Worldwide, hepatocellular carcinomas are the fourth
most common cause of cancer-related deaths and the sixth
most common in incidence. They are associated with cir-
rhosis in 85% of cases. In Africa and most of Asia, hepatitis
B virus (HBV) infection (including “occult” HBV infection;
see Chapter 16) is a major etiologic factor, and a family
history of hepatocellular carcinoma increases the risk syn-
ergistically. In the United States and other Western coun-
tries, incidence rates rose over twofold after 1978, with
slowing of the rate increase after 2006 except in men ages
55–64, presumably because of the increasing prevalence of
cirrhosis caused by chronic hepatitis C virus (HCV) infec-
tion and nonalcoholic fatty liver disease (NAFLD). Rates
appear to have plateaued since 2010 because of improved
treatment of viral hepatitis. In Western countries, risk fac-
tors for hepatocellular carcinoma in patients known to
have cirrhosis are male gender, age greater than 55 years
(although there has been an increase in the number of
younger cases), Hispanic or Asian ethnicity, family history
in a first-degree relative, overweight, obesity (especially in
early adulthood), alcohol use (especially in combination
with obesity), tobacco use, diabetes mellitus, hypothyroid-
ism (in women), a prolonged prothrombin time, a low
platelet count, and an elevated serum transferrin satura-
tion. The risk of hepatocellular carcinoma is higher in
persons with a viral rather than nonviral cause of cirrhosis
and may be increased in persons with autoimmune dis-
eases. Other associations include high levels of HBV repli-
cation; HBV genotype C; hepatitis D coinfection; elevated
serum ALT levels in persons with chronic hepatitis B (in
whom antiviral therapy to suppress HBV replication
appears to reduce the risk); HCV genotypes 1b and 3; lack
of response to antiviral therapy for HCV infection; hemo-
chromatosis (and possibly the C282Y carrier state); afla-
toxin exposure (associated with mutation of the TP53
gene); alpha-1-antiprotease (alpha-1-antitrypsin) defi-
ciency; tyrosinemia; and radiation exposure. In patients
with the metabolic syndrome and NAFLD, hepatocellular
carcinoma may rarely arise from nonalcoholic steatohepa-
titis in the absence of cirrhosis. Hepatocellular adenoma
may be a precursor for hepatocellular carcinoma (see
Chapter 16). Evidence for an association with long-term
use of oral contraceptives is inconclusive. Whereas sulfo-
nylurea and insulin use may increase the risk of hepatocel-
lular carcinoma, consumption of coffee, vegetables, white
meat, fish, and n-3 polyunsaturated fatty acids; use of
aspirin; and use of lipophilic HMG-CoA reductase inhibi-
tors (statins) (eg, atorvastatin, simvastatin) and, in diabetic
patients, metformin appear to be protective.

The fibrolamellar variant of hepatocellular carcinoma
generally occurs in young women and is characterized by a
distinctive histologic picture, absence of risk factors,
unique genomic profiles, and indolent course. Vinyl chlo-
ride exposure is associated with angiosarcoma of the liver.
Hepatoblastoma, the most common malignant liver cancer
in infants and young children, rarely occurs in adults.
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» Clinical Findings

A. Symptoms and Signs

The presence of a hepatocellular carcinoma may be unsus-
pected until there is deterioration in the condition of a
cirrhotic patient who was formerly stable. Cachexia, weak-
ness, and weight loss are associated symptoms. The sudden
appearance of ascites, which may be bloody, suggests portal
or hepatic vein thrombosis by cancer or bleeding from a
necrotic cancer.

Physical examination may show tender enlargement of
the liver, occasionally with a palpable mass. In Africa, the
typical presentation in young patients is a rapidly expand-
ing abdominal mass. Auscultation may reveal a bruit over
the tumor or a friction rub when the tumor has extended
to the surface of the liver.

B. Laboratory Findings

Laboratory tests may reveal leukocytosis, as opposed to the
leukopenia that is frequently encountered in cirrhotic
patients. Anemia is common, but a normal or elevated
hematocrit value may be found in up to one-third of
patients owing to elaboration of erythropoietin by the
tumor. Sudden and sustained elevation of the serum alka-
line phosphatase in a patient who was formerly stable is a
common finding. HBsAg is present in a majority of cases in
endemic areas, whereas in the United States anti-HCV is
found in up to 40% of cases. Serum alpha-fetoprotein
(AFP) levels are elevated in up to 70% of patients with hepa-
tocellular carcinoma in Western countries (although the
sensitivity is lower in Blacks and levels are not elevated in
patients with fibrolamellar hepatocellular carcinoma); how-
ever, mild elevations (10–200 ng/mL [10–200 mcg/L]) are
also often seen in patients with chronic hepatitis. Serum
levels of des-gamma-carboxy prothrombin are elevated in
up to 90% of patients with hepatocellular carcinoma, but
they may also be elevated in patients with vitamin K defi-
ciency, chronic hepatitis, and metastatic cancer. Cytologic
study of ascitic fluid rarely reveals malignant cells.

C. Imaging

Multiphasic helical CT and MRI with contrast enhance-
ment are the preferred imaging studies for determining the
location and vascularity of the tumor; MRI may be more
sensitive than CT, and imaging with gadoxetic acid
increases sensitivity. Lesions smaller than 1 cm may be dif-
ficult to characterize. Based on stringent criteria developed
by the American College of Radiology through its Liver
Imaging Reporting and Data System, the Organ Procure-
ment and Transplantation Network, and the American
Association for the Study of Liver Diseases, arterial phase
enhancement of a lesion that is greater than or equal to
1 cm in diameter followed by delayed hypointensity
(“washout”) has a 90% specificity for hepatocellular carci-
noma. Ultrasonography is less sensitive and more operator
dependent but is used to screen for hepatic nodules in
high-risk patients. Contrast-enhanced ultrasonography has
a sensitivity and specificity approaching those of arterial
phase helical CT but, unlike CT and MRI, cannot image the

entire liver during the short duration of the arterial phase
and is thus associated with false-positive results. In selected
cases, endoscopic ultrasonography (EUS) may be useful.
PET is under study and appears to improve detection of
extrahepatic metastases.

D. Liver Biopsy and Staging

Liver biopsy is diagnostic, although seeding of the needle
tract by cancer is a potential risk (1–3%). For lesions
smaller than 1 cm, ultrasonography may be repeated every
3 months followed by further investigation of enlarging
lesions. For lesions 1 cm or larger, biopsy can be deferred
when characteristic arterial hypervascularity and delayed
washout are demonstrated on either multiphasic helical CT
or MRI with contrast enhancement (or both) in a patient
with cirrhosis or if surgical resection is planned.

The TNM system is the commonly used classification
to stage hepatocellular carcinoma. Staging is important not
only because it correlates with the patient’s long-term sur-
vival but also because it is used to determine which patients
should receive adjuvant or neoadjuvant therapy.

The Barcelona Clinic Liver Cancer (BCLC) staging
system is preferred and includes the Child-Pugh class,
tumor stage, and liver function and has the advantage of
linking overall stage with preferred treatment modalities
and with an estimation of life expectancy.

» Screening & Prevention

Surveillance (screening) for the development of hepatocel-
lular carcinoma is recommended in patients with chronic
hepatitis B (beginning as early as age 20 in Africans, age 40
in Asian males or Asians with a family history of hepatocel-
lular carcinoma, and age 50 in others) or cirrhosis caused
by HCV, HBV, or alcohol. There is some evidence that
screening for hepatocellular carcinoma leads to a survival
advantage over clinical diagnosis, but only a minority of
cases are detected by screening. The standard screening
approach is performing ultrasonography and obtaining
serum AFP level every 6 months, although AFP testing has
low sensitivity. A serum AFP level of 20 ng/mL (20 mcg/L)
is generally the cutoff value that should trigger further
evaluation. CT and MRI are considered too expensive for
screening. The sensitivity of ultrasonography for detecting
early hepatocellular carcinoma is only 63%.

The risk of hepatocellular carcinoma developing in a
patient with cirrhosis is 3–5% a year. Among patients with
cirrhosis, over 60% of nodules smaller than 2 cm in diam-
eter detected on a screening ultrasonography prove to be
hepatocellular carcinoma. Patients with cancers detected
by surveillance have a less advanced stage on average and
greater likelihood that treatment will prolong survival than
those whose cancers were not detected by surveillance.
However, controversy persists about whether surveillance
reduces cancer-related mortality.

Mass vaccination programs against HBV in developing
countries are leading to reduced rates of hepatocellular
carcinoma. Successful treatment of hepatitis B and of
hepatitis C in patients with cirrhosis also reduces the
subsequent risk of hepatocellular carcinoma, and thus
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hepatocellular carcinoma is considered a preventable neo-
plasm. However, hepatocellular carcinoma may still occur
after clearance of hepatitis B surface antigen or cure of
HCV infection, thereby reducing the benefit of treatment
for HBV and HCV infection.

» Treatment

Surgical resection of a solitary hepatocellular carcinoma
may result in cure if liver function is preserved (Child-
Pugh class A or possibly B) and portal vein thrombosis is
not present. Laparoscopic liver resection has been per-
formed in selected cases. Treatment of underlying chronic
viral hepatitis, adjuvant chemotherapy, and adaptive
immunotherapy may lower postsurgical recurrence rates.

Liver transplantation may be appropriate for small unre-
sectable tumors in a patient with advanced cirrhosis, with
reported 5-year survival rates of up to 75%. The recurrence-
free survival may be better for liver transplantation than for
resection in patients with well-compensated cirrhosis and
small tumors (one tumor less than 5 cm or three or fewer
tumors each less than 3 cm in diameter [Milan criteria])
and in those with expanded (University of California, San
Francisco) criteria of one tumor less than or equal to 6.5 cm
or three or fewer tumors less than or equal to 4.5 cm (or a
combined tumor diameter of 8.5 cm) without vascular
invasion. The Extended Toronto criteria include tumor dif-
ferentiation, cancer-related symptoms, confinement of
tumor to the liver, and absence of vascular invasion, without
regard to tumor number or size, to determine candidacy for
liver transplantation and appear to predict outcomes as well
as the Milan criteria. After 6 months on the waiting list,
patients with stage 2 hepatocellular carcinoma meeting the
Milan criteria are awarded a fixed score of 3 points lower
than the median Model for End-Stage Liver Disease
(MELD) score for patients transplanted in the area where
the candidate is listed (see Chapter 16), thereby increasing
their chances of undergoing transplantation. However,
orthotopic liver transplantation is often impractical because
of donor organ shortage, so living donor liver transplanta-
tion may be considered in these cases. Patients with larger
tumors (3–5 cm), a serum AFP level of 1000 ng/mL (1000
mcg/L) or higher, or a MELD score of 20 or higher have
poor posttransplantation survival. In patients with a serum
AFP level greater than 1000 ng/mL (1000 mcg/L), down-
staging by locoregional therapy to an AFP level less than
500 ng/mL (500 mcg/L) improves survival following subse-
quent liver transplantation.

Chemotherapy, hormonal therapy with tamoxifen, and
long-acting octreotide have not been shown to prolong life,
but transarterial chemoembolization (TACE), TACE with
drug-eluting beads, transarterial chemoinfusion (TACI),
and transarterial radioembolization (TARE) via the hepatic
artery are not only palliative but may also prolong survival
in patients with a large or multifocal tumor in the absence
of extrahepatic spread. TACI and TARE are suitable for
patients with portal vein thrombosis. TARE with yttrium-90
has been shown to result in a longer time to progression
than TACE. Microwave ablation, radiofrequency ablation,
cryotherapy, or injection of absolute ethanol into tumors
smaller than 2 cm may prolong survival in patients who are

not candidates for resection and have tumors that are
accessible; these interventions, as well as stereotactic body
radiation therapy, may also provide a “bridge” to liver
transplantation. Microwave ablation is becoming the pre-
ferred approach because it allows shorter treatment times
and, like radiofrequency ablation, can be performed after
TACE in select cases. Cryoablation may result in slower
tumor progression than radiofrequency ablation for tumors
that are 3.1–4 cm in diameter. Stereotactic body radiation
therapy is also being used to treat unresectable hepatocel-
lular carcinoma and may be effective in treating lesions
larger than those treated with ablation techniques.

Sorafenib (an oral multikinase inhibitor of Raf kinase,
the VEGF receptor, and the platelet-derived growth factor
receptor [and others]) prolongs median survival as well as
the time to radiologic progression by 3 months in patients
with advanced hepatocellular carcinoma and until recently
was the standard care in these patients. Lenvatinib is
another oral multikinase inhibitor that is FDA approved
for the same indications as sorafenib. However, the combi-
nation of atezolizumab, an immune checkpoint inhibitor,
and bevacizumab, an antibody to the VEGF receptor, has
been shown to be superior to sorafenib and has become
standard first-line therapy. Regorafenib is an oral multiki-
nase inhibitor that provides a survival benefit for patients
whose disease progresses despite sorafenib therapy, and
nivolumab and pembrolizumab are immune checkpoint
inhibitors that have been approved for advanced hepatocel-
lular carcinoma. The combination of nivolumab and ipili-
mumab has been recommended as second-line therapy
after failure of sorafenib. Cabozantinib, another multiki-
nase inhibitor, has been approved by the FDA for the treat-
ment of hepatocellular carcinoma after prior treatment
with sorafenib, as has ramucirumab, an antibody to the
VEGF receptor, which is approved for patients with an AFP
level greater than or equal to 400 ng/mL (400 mcg/L) and
previous treatment with sorafenib. The modified Response
Evaluation Criteria in Solid Tumors (mRECIST) are used
to assess treatment response based on tumor shrinkage and
viability after locoregional and antiangiogenic treatment.
Meticulous efforts at palliative care are essential for patients
in whom disease progresses despite treatment or in whom
advanced tumors, vascular invasion, or extrahepatic spread
are present. Severe pain may develop in such patients due
to expansion of the liver capsule by the tumor and requires
concerted efforts at pain management, including the use of
opioids (see Chapter 5).

» Prognosis

In the United States, overall 1- and 5-year survival rates for
patients with hepatocellular carcinoma are 23% and 5%,
respectively. Five-year survival rates rise to 56% for patients
with localized resectable disease (T1, T2, selected T3 and
T4; N0; M0) but are virtually nil for those with locally
unresectable or advanced disease. In patients with HCV-
related hepatocellular carcinoma, the serum AFP level at
the time of diagnosis of cancer has been reported to be an
independent predictor of mortality. A serum AFP level
greater than or equal to 200 ng/mL (200 mcg/L) or
increases of greater than 15 ng/mL/month predict worse
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outcomes in patients awaiting liver transplantation. In
patients who are not eligible for surgery, an elevated serum
C-reactive protein level is associated with poor survival.
Contrary to traditional opinion, the fibrolamellar variant
does not have a better prognosis than conventional hepato-
cellular carcinoma without cirrhosis.

» When to Refer

All patients with hepatocellular carcinoma should be
referred to a specialist.

» When to Admit

• Complications of cirrhosis.

• Severe pain.

• For surgery and other interventions.

Bangaru S et al. Review article: new therapeutic interventions for
advanced hepatocellular carcinoma. Aliment Pharmacol
Ther. 2020;51:78. [PMID: 31747082]

Bruix J et al (editors). The growing burden of liver cancer. Semin
Liver Dis. 2020;40:101. [Full issue]

Fanwal F et al. Surveillance for hepatocellular carcinoma: cur-
rent best practice and future direction. Gastroenterology.
2019;157:54. [PMID: 30986389]

Shiels MS et al. Recent decline in hepatocellular carcinoma rates
in the United States. Gastroenterology. 2020;158:1503.
[PMID: 31962125]

Simon TG et al. Association of aspirin with hepatocellular carci-
noma and liver-related mortality. N Engl J Med. 2020;382:1018.
[PMID: 32160663]

CARCINOMA OF THE BILIARY TRACT

E S S E N T I A L S  O F  D I A G N O S I S

» Presents with obstructive jaundice, usually pain-
less, often with dilated biliary tract.

» Pain is more common in gallbladder carcinoma
than cholangiocarcinoma.

» A dilated gallbladder may be palpable (Cour-
voisier sign).

» Diagnosis by cholangiography with biopsy and
brushings for cytology.

» General Considerations

Carcinoma of the gallbladder occurs in approximately 2%
of all people operated on for biliary tract disease; the inci-
dence, like that of carcinoma of the bile ducts, had been
decreasing in the United States but may be increasing again
in some Western countries because of lifestyle changes. It is
notoriously insidious, and the diagnosis is often made
unexpectedly at surgery. Cholelithiasis (often large, symp-
tomatic stones) is usually present. Other risk factors are
chronic infection of the gallbladder with Salmonella typhi,
adenomatous gallbladder polyps over 1 cm in diameter
(particularly with hypoechoic foci on EUS), mucosal

calcification of the gallbladder (porcelain gallbladder),
anomalous pancreaticobiliary ductal junction, high parity
in women, and aflatoxin exposure. Genetic factors include
K-ras and TP53 mutations. Spread of the cancer—by direct
extension into the liver or to the peritoneal surface—may
be seen on initial presentation.

Carcinoma of the bile ducts (cholangiocarcinoma)
accounts for 10–25% of all hepatobiliary malignancies and
3% of all cancer deaths in the United States. It is more
prevalent in persons aged 50–70, with a slight male pre-
dominance, and more common in Asia. About 50% arise at
the confluence of the hepatic ducts (perihilar, or so-called
Klatskin, tumors), and 40% arise in the distal extrahepatic
bile duct (the incidence of which has risen since 1990); the
remainder are intrahepatic (the incidence of which rose
dramatically from the 1970s to the early 2000s). Mortality
from intrahepatic cholangiocarcinoma has been increas-
ing. The frequency of carcinoma in persons with a chole-
dochal cyst has been reported to be over 14% at 20 years,
and surgical excision is recommended. Most cases of chol-
angiocarcinoma are sporadic. There is an increased inci-
dence of cholangiocarcinoma in patients with bile duct
adenoma; Caroli disease; a biliary-enteric anastomosis;
ulcerative colitis, especially those with primary sclerosing
cholangitis; biliary cirrhosis; diabetes mellitus; hyperthy-
roidism; chronic pancreatitis; heavy alcohol consumption;
smoking; and past exposure to Thorotrast, a contrast agent.
Premalignant lesions of the bile duct include biliary
intraepithelial neoplasia and intraductal papillary neopla-
sia of the biliary system (biliary papillomatosis). Aspirin
use and statin use are associated with a reduced risk of
cholangiocarcinoma, and in diabetic patients, metformin
use is associated with a reduced risk of intrahepatic cholan-
giocarcinoma. In Southeast Asia, hepatolithiasis, chronic
typhoid carriage, and infection of the bile ducts with hel-
minths (Clonorchis sinensis, Opisthorchis viverrini) are
associated with an increased risk of cholangiocarcinoma.
Hepatitis C virus (and possibly hepatitis B virus) infection,
cirrhosis, HIV infection, nonalcoholic fatty liver disease,
diabetes mellitus, obesity, and tobacco smoking are risk
factors for intrahepatic cholangiocarcinoma.

The TNM system is the commonly used classification
to stage carcinoma of the biliary tract, including gallblad-
der carcinomas and perihilar and intrahepatic cholangio-
carcinomas. Staging is important not only because it
correlates with the patient’s long-term survival but also
because it is used to determine which patients should
receive adjuvant or neoadjuvant therapy.

Other staging systems consider the patient’s age, perfor-
mance status, tumor extent and form, perineural invasion,
vascular encasement, hepatic lobe atrophy, underlying liver
disease, and peritoneal metastasis.

» Clinical Findings

A. Symptoms and Signs

Progressive jaundice is the most common and usually the
first sign of obstruction of the extrahepatic biliary system.
Pain in the right upper abdomen with radiation into the
back is usually present early in the course of gallbladder
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carcinoma but occurs later in the course of bile duct carci-
noma. Anorexia and weight loss are common and may be
associated with fever and chills due to cholangitis. Rarely,
hematemesis or melena results from erosion of cancer into a
blood vessel (hemobilia). Fistula formation between the bili-
ary system and adjacent organs may also occur. The course
is usually one of rapid deterioration, with death occurring
within a few months.

Physical examination reveals profound jaundice. Pruritus
and skin excoriations are common. A palpable gallbladder
with obstructive jaundice usually is said to signify malignant
disease (Courvoisier sign); however, this clinical generaliza-
tion has been proven to be accurate only about 50% of the
time. Hepatomegaly due to hypertrophy of the unobstructed
liver lobe is usually present and is associated with liver ten-
derness. Ascites may occur with peritoneal implants.

B. Laboratory Findings

With biliary obstruction, laboratory examination reveals
predominantly conjugated hyperbilirubinemia, with total
serum bilirubin values ranging from 5 to 30 mg/dL. There is
usually concomitant elevation of the alkaline phosphatase
and serum cholesterol. AST is normal or minimally elevated.
The serum CA 19-9 level is elevated in up to 85% of patients
and may help distinguish cholangiocarcinoma from a
benign biliary stricture (in the absence of cholangitis), but
this test is neither sensitive nor specific.

C. Imaging

Ultrasonography and contrast-enhanced, triple-phase, heli-
cal CT may show a gallbladder mass in gallbladder carci-
noma and intrahepatic mass or biliary dilatation in
carcinoma of the bile ducts. CT may also show involved
regional lymph nodes and atrophy of a hepatic lobe because
of vascular encasement with compensatory hypertrophy of
the unaffected lobe. MRI with magnetic resonance cholan-
giopancreatography (MRCP) and gadolinium enhancement
permits visualization of the entire biliary tract and detection
of vascular invasion and obviates the need for angiography
and, in some cases, direct cholangiography; it is the imaging
procedure of choice but may understage malignant hilar
strictures. The sensitivity and image quality can be increased
with use of ferumoxide enhancement. The features of intra-
hepatic cholangiocarcinoma on MRI appear to differ from
those of hepatocellular carcinoma, with contrast washout in
the latter but not the former. In indeterminate cases, PET
can detect cholangiocarcinomas as small as 1 cm and lymph
node and distant metastases, but false-positive results occur.
The most helpful diagnostic studies before surgery are either
endoscopic retrograde cholangiography or percutaneous
transhepatic cholangiography with biopsy and cytologic
specimens, although false-negative biopsy and cytology
results are common. Digital image analysis and fluorescent
in situ hybridization of cytologic specimens for polysomy
improve sensitivity. EUS with FNA of tumors, peroral chol-
angioscopy, confocal laser endomicroscopy, and intraductal
ultrasonography may confirm a diagnosis of cholangiocarci-
noma in a patient with bile duct stricture and an otherwise
indeterminate evaluation, but FNA can result in cancer

seeding and should be avoided if the cancer is potentially
resectable.

» Treatment

In young and fit patients, curative surgery for gallbladder
carcinoma may be attempted if the cancer is well localized.
The 5-year survival rate for carcinoma of the gallbladder
invading the lamina propria or muscularis (stage 1, T1a or
1b, N0, M0) is as high as 85% with laparoscopic cholecys-
tectomy but drops to 60%, even with a more extended open
resection, if there is perimuscular invasion (T2). The role
of radical surgery for T3 and T4 tumors is debatable. If the
cancer is unresectable at laparotomy, biliary-enteric bypass
(eg, Roux-en-Y hepaticojejunostomy) can be performed.
Carcinoma of the bile ducts is curable by surgery in less
than 10% of cases. If resection margins are negative, the
5-year survival rate may be as high as 47% for intrahepatic
cholangiocarcinomas, 41% for hilar cholangiocarcinoma,
and 37% for distal cholangiocarcinomas, but the perioper-
ative mortality rate may be as high as 10%. Factors predicting
shorter survival for intrahepatic cholangiocarcinoma
include large cancer size, multiple cancers, lymph node
metastasis, and vascular invasion. Adjuvant chemotherapy
with capecitabine has been shown to result in superior
overall survival compared with no adjuvant therapy. Pallia-
tion can be achieved by placement of a self-expandable
metal stent via an endoscopic or percutaneous transhepatic
route. Covered metal stents may be more cost-effective
than uncovered metal stents because of a longer duration
of patency. However, they are associated with a higher rate
of stent migration and cholecystitis due to occlusion of the
cystic duct and are not associated with longer survival. For
perihilar cancers, insertion of a unilateral stent rather than
bilateral stents may suffice. Plastic stents are less expensive
initially, but not in the long term, because they are more
prone to occlude than metal ones; they may be considered
in patients expected to survive only a few months. Photo-
dynamic therapy in combination with stent placement
prolongs survival when compared with stent placement
alone in patients with nonresectable cholangiocarcinoma.
Endoscopic retrograde cholangiopancreatography (ERCP)–
directed radiofrequency ablation, TACE, and TARE are
additional emerging options. Radiotherapy may relieve
pain and contribute to biliary decompression. There is
limited response to chemotherapy with gemcitabine alone,
but the combination of cisplatin and gemcitabine or
capecitabine and gemcitabine prolongs survival in patients
with locally advanced or metastatic cholangiocarcinoma.
Few patients survive for more than 24 months. Although
cholangiocarcinoma is generally considered to be a contra-
indication to liver transplantation because of rapid cancer
recurrence, a 5-year survival rate of 75% has been reported
in patients with stage I and II perihilar cholangiocarcinoma
undergoing chemoradiation and exploratory laparotomy
followed by liver transplantation, and a 5-year survival rate
of 67% has been reported in those with intrahepatic
cholangiocarcinoma.

For those patients whose disease progresses despite
treatment, meticulous efforts at palliative care are essential
(see Chapter 5).
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» When to Refer

All patients with carcinoma of the biliary tract should be
referred to a specialist.

» When to Admit

• Biliary obstruction.

• Cholangitis.

Bertuccio P et al. Global trends in mortality from intrahepatic
and extrahepatic cholangiocarcinoma. J Hepatol. 2019;71:104.
[PMID: 30910538]

De Martin E et al. Analysis of liver resection versus liver trans-
plantation on outcome of small intrahepatic cholangiocarci-
noma and combined hepatocellular-cholangiocarcinoma in
the setting of cirrhosis. Liver Transpl. 2020;26:785. [PMID:
32090444]

Lavu S et al. Effect of statins on the risk of extrahepatic cholan-
giocarcinoma. Hepatology. 2020;72:1298. [PMID: 32119126]

CARCINOMA OF THE PANCREAS &
AMPULLA OF VATER

E S S E N T I A L S  O F  D I A G N O S I S

» Obstructive jaundice (may be painless).

» Enlarged gallbladder (may be painful).

» Upper abdominal pain with radiation to back,
weight loss, and thrombophlebitis are usually late
manifestations.

» General Considerations

Carcinoma is the most common neoplasm of the pancreas.
About 75% are in the head and 25% in the body and tail of
the organ. Pancreatic carcinomas account for 2% of all
cancers and 5% of cancer deaths. Ampullary carcinomas
are much less common. Risk factors for pancreatic cancer
include age, tobacco use (which is thought to cause
20–25% of cases), heavy alcohol use, obesity, chronic pan-
creatitis, diabetes mellitus, prior abdominal radiation, fam-
ily history, and possibly gastric ulcer and exposure to
arsenic and cadmium. New-onset diabetes mellitus after
age 45 years occasionally heralds the onset of pancreatic
cancer. In diabetic patients, metformin use and possibly
aspirin use may reduce the risk of pancreatic cancer
slightly, but insulin use and glucagon-like peptide-1–based
therapy (eg, sitagliptin) may increase the risk. About 7% of
patients with pancreatic cancer have a family history of
pancreatic cancer in a first-degree relative, compared with
0.6% of control subjects. The majority of pancreatic can-
cers originate from pancreatic intraepithelial neoplasias,
which measure less than 5 mm in diameter and can only be
seen with a microscope.

In 5–10% of cases, pancreatic cancer occurs as part of a
hereditary syndrome, including familial breast cancer (car-
riers of BRCA2 have a 7% lifetime risk of pancreatic can-
cer), hereditary pancreatitis (PSS1 mutation), familial

atypical multiple mole melanoma (p16/CDKN2A muta-
tion), Peutz-Jeghers syndrome (STK11/LKB1 mutation),
ataxia-telangiectasia (ATM mutation), and Lynch syn-
drome (hereditary nonpolyposis colorectal cancer [MLH1,
MSH2, MSH6 mutations]).

Neuroendocrine tumors account for 1–2% of pancreatic
neoplasms and may be functional (producing gastrin, insu-
lin, glucagon, vasoactive intestinal peptide, somatostatin,
growth hormone–releasing hormone, adrenocorticotropic
hormone, and others) or nonfunctional. Cystic neoplasms
account for only 1% of pancreatic cancers, but they are
important because pancreatic cysts are common and may
be mistaken for pseudocysts. A cystic neoplasm should be
suspected when a cystic lesion in the pancreas is found in
the absence of a history of pancreatitis. At least 15% of all
pancreatic cysts are neoplasms. Serous cystadenomas
(which account for 32–39% of cystic pancreatic neoplasms
and also occur in patients with von Hippel-Lindau disease)
are benign. However, mucinous cystic neoplasms (defined
by the presence of ovarian stroma and accounting for
10–45% of cystic pancreatic neoplasms), intraductal papil-
lary mucinous neoplasms (21–33% of cystic pancreatic
neoplasms), solid pseudopapillary tumors (less than 5%,
primarily in young women), and cystic islet cell tumors
(3–5%) may be malignant. Their prognoses are better than
the prognosis of pancreatic adenocarcinoma, unless the
cystic neoplasm is at least locally advanced. Mucinous cystic
neoplasms and intraductal papillary mucinous neoplasms
account for 15–30% of pancreatic cancers.

» Clinical Findings

A. Symptoms and Signs

Pain is present in over 70% of cases and is often vague, dif-
fuse, and located in the epigastrium or, when the lesion is
in the tail, located in the left upper quadrant of the abdo-
men. Radiation of pain into the back is common and some-
times predominates. Sitting up and leaning forward may
afford some relief, and this usually indicates that the lesion
has spread beyond the pancreas and is inoperable. Diar-
rhea, perhaps due to maldigestion, is an occasional early
symptom. Migratory thrombophlebitis is a rare sign.
Weight loss is a common but late finding and may be asso-
ciated with depression. Hyperglycemia and decreases in
subcutaneous abdominal fat and serum lipid levels have
been reported to precede a diagnosis of pancreatic cancer.
Occasional patients (often aged 40 years or older) present
with acute pancreatitis in the absence of an alternative
cause. Jaundice is usually due to biliary obstruction by a
cancer in the pancreatic head. A palpable gallbladder is
also indicative of obstruction by a neoplasm (Courvoisier
sign), but there are frequent exceptions. A hard, fixed,
occasionally tender mass may be present. In advanced
cases, a hard periumbilical (Sister Mary Joseph’s) nodule
may be palpable.

B. Laboratory Findings

There may be mild anemia. Glycosuria, hyperglycemia,
and impaired glucose tolerance or true diabetes mellitus
are found in 10–20% of cases. The serum amylase or lipase
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level is occasionally elevated. Liver biochemical tests may
suggest obstructive jaundice. Steatorrhea in the absence of
jaundice is uncommon. Occult blood in the stool is sugges-
tive of carcinoma of the ampulla of Vater (the combination
of biliary obstruction and bleeding may give the stools a
distinctive silver appearance). CA 19-9, with a sensitivity of
70% and a specificity of 87%, has not proven useful for
early detection of pancreatic cancer; increased values are
also found in acute and chronic pancreatitis and cholangi-
tis. Plasma chromogranin A levels are elevated in 88–100%
of patients with pancreatic neuroendocrine tumors (NETs).

C. Imaging

Multiphase thin-cut helical CT is generally the initial diag-
nostic procedure and detects a mass in over 80% of cases.
CT identifies metastases, delineates the extent of the
tumor, and allows percutaneous FNA for cytologic studies
and tumor markers. MRI is an alternative to CT. Ultraso-
nography is not reliable because of interference by intesti-
nal gas. PET is a sensitive technique for detecting pancreatic
cancer and metastases, but PET-CT is not a routine staging
procedure. Selective celiac and superior mesenteric arteri-
ography may demonstrate vessel invasion by cancer, a find-
ing that would preclude attempts at surgical resection, but
it is used uncommonly since the advent of multiphase
helical CT. EUS is more sensitive than CT for detecting
pancreatic cancer and is equivalent to CT for determining
nodal involvement and resectability; contrast-enhanced
EUS improves accuracy. A normal EUS excludes pancre-
atic cancer. EUS may also be used to guide FNA or biopsy
for tissue diagnosis, tumor markers, and DNA analysis.
ERCP may clarify an ambiguous CT or MRI study by
delineating the pancreatic duct system or confirming an
ampullary or biliary neoplasm. MRCP appears to be at
least as sensitive as ERCP in diagnosing pancreatic cancer.
In some centers, pancreatoscopy or intraductal ultrasonog-
raphy is used to evaluate filling defects in the pancreatic
duct and assess resectability of intraductal papillary muci-
nous cancers. With obstruction of the splenic vein, spleno-
megaly or gastric varices are present, the latter detected by
endoscopy, EUS, or angiography.

Cystic neoplasms can be distinguished by their appear-
ance on CT, EUS, and ERCP and features of the cyst fluid
on gross, cytologic, and genetic analysis. For example,
serous cystadenomas may have a central scar or honey-
comb appearance; mucinous cystadenomas are unilocular
or multilocular and contain mucin-rich fluid with high
carcinoembryonic antigen levels (greater than 200 ng/mL
[200 mcg/L]) and K-ras mutations; and intraductal papil-
lary mucinous neoplasms are associated with a dilated
pancreatic duct and extrusion of gelatinous material from
the ampulla.

» Staging

The TNM system is the commonly used classification to
stage pancreatic cancer. Staging is important not only
because it correlates with the patient’s long-term survival
but also because it is used to determine which patients
should receive adjuvant or neoadjuvant therapy.

» Treatment

Abdominal exploration is usually necessary when cytologic
diagnosis cannot be made or if resection is to be attempted
(in up to 30% of patients with pancreatic carcinoma). In a
patient with a localized mass in the head of the pancreas
and without jaundice, laparoscopy may detect tiny perito-
neal or liver metastases and thereby avoid resection in
4–13% of patients. Radical pancreaticoduodenal (Whipple)
resection is indicated for cancers strictly limited to the
head of the pancreas, periampullary area, and duodenum
(T1, N0, M0). Five-year survival rates are 20–25% in this
group and as high as 40% in those with negative resection
margins and without lymph node involvement. Preopera-
tive endoscopic decompression of an obstructed bile duct
is often achieved with a plastic stent or short metal stent
but does not reduce operative mortality and is associated
with complications.

The best surgical results are achieved at centers that
specialize in the multidisciplinary treatment of pancreatic
cancer. Adjuvant chemotherapy with gemcitabine, 5-fluo-
rouracil, or gemcitabine with capecitabine is superior to no
adjuvant therapy. Gemcitabine with capecitabine and a
modified FOLFIRINOX (5-fluorouracil, leucovorin, irino-
tecan, oxaliplatin) regimen have been found to be superior
to gemcitabine alone. The role of adjuvant chemoradiation
is controversial but often used in the United States. Neoad-
juvant chemotherapy with or without radiation is increas-
ingly being used to downstage patients and in those with
resectable cancer. Common chemotherapy regimens for
this purpose include FOLFIRINOX and gemcitabine with
nanoparticle albumin-bound (nab)-paclitaxel. Chemora-
diotherapy downstages about 30% of patients with locally
advanced disease to allow resection.

When resection is not feasible, endoscopic stenting of
the bile duct is performed to relieve jaundice. A plastic
stent is generally placed if the patient’s anticipated survival
is less than 6 months (or if surgery is planned). A metal
stent is preferred when anticipated survival is 6 months or
greater. Whether covered metal stents designed to prevent
cancer ingrowth offer an advantage over uncovered stents
is uncertain because covered stents are associated with
higher rates of migration and acute cholecystitis due to
occlusion of the cystic duct. Surgical biliary bypass may be
considered in patients expected to survive at least
6 months. Surgical duodenal bypass may be considered in
patients in whom duodenal obstruction is expected to
develop; alternatively, endoscopic placement of a self-
expandable duodenal stent may be feasible. Chemoradia-
tion may be used for palliation of unresectable cancer
confined to the pancreas.

Chemotherapy has been disappointing in metastatic
pancreatic cancer, although improved response rates have
been reported with FOLFIRINOX and with the combination
of gemcitabine and nab-paclitaxel. In patients who have
received prior chemotherapy, a regimen of 5-fluorouracil and
leucovorin in combination with nanoliposomal irinotecan has
resulted in improved survival compared with 5-fluorouracil
and leucovorin alone. Celiac plexus nerve block (under CT
or endoscopic ultrasound guidance) or thoracoscopic
splanchnicectomy may improve pain control.
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Surgical resection is the treatment of choice for NETs,
when feasible. Lesions that are less than 1 cm in diameter
and nonfunctioning without evidence of local invasion or
metastasis may be followed expectantly. Metastatic disease
may be controlled with long-acting somatostatin analogs,
interferon, chemotherapy, peptide-receptor radionuclide
therapy, and chemoembolization.

There is a consensus that asymptomatic incidental pan-
creatic cysts 2 cm or smaller are at low risk for harboring
invasive carcinoma. The cysts may be monitored by imag-
ing tests (MRI) in 1 year and then every 2 years for 5 years
and probably longer if no changes are observed, with EUS
and FNA performed if a cyst enlarges to 3 cm and another
high-risk feature (dilated main pancreatic duct, presence of
a solid component) develops. The optimal approach is
uncertain, however, and other guidelines have been pro-
posed. Surgical resection is indicated for mucinous cystic
neoplasms, symptomatic serous cystadenomas, solid pseu-
dopapillary tumors (which have a 15% risk of malignant
transformation), and cystic tumors larger than 2 cm in
diameter that remain undefined after helical CT, EUS, and
diagnostic aspiration. All intraductal papillary mucinous
neoplasms of the main pancreatic duct should be resected,
but those of branch ducts may be monitored with serial
imaging if they (1) are asymptomatic and exhibit benign
features; (2) have a diameter less than 3 cm (some authori-
ties recommend a diameter of 1.5 cm or smaller, but even
lesions 3 cm or larger may be monitored in elderly persons
with no other worrisome cyst features); and (3) lack non-
enhancing mural nodules, or thick wall, or abrupt change
in the caliber of the pancreatic duct with distal pancreatic
atrophy, or possibly bile duct dilatation and gallbladder
adenomyomatosis. Most lesions with such benign features
remain stable on follow-up, but a risk of malignancy per-
sists for more than 10 years. Moreover, the risk of pancre-
atic ductal carcinoma and of nonpancreatic cancers is also
increased in this group of patients. In the absence of locally
advanced disease, survival is higher for malignant cystic
neoplasms than for adenocarcinomas. The role of EUS-
guided ablative treatment of potentially premalignant
pancreatic cysts is under study. Endoscopic resection or
ablation, with temporary placement of a pancreatic duct
stent, may be feasible for ampullary adenomas, but patients
must be followed for recurrence.

» Prognosis

Carcinoma of the pancreas, especially in the body or tail,
has a poor prognosis; 80–85% of patients present with
advanced unresectable disease, and reported 5-year sur-
vival rates range from 2% to 5%. From 1980 to 2010, mor-
tality from pancreatic cancer did not decrease, but it has
since started to improve. Obesity may adversely affect
mortality in Western countries. Metformin may improve
survival in diabetic patients with pancreatic adenocarci-
noma, and use of statins preceding a diagnosis of pancre-
atic cancer may improve survival. Tumors of the ampulla
have a better prognosis, with reported 5-year survival rates
of 20–40% after resection; jaundice and lymph node
involvement are adverse prognostic factors. In carefully
selected patients, resection of cancer of the pancreatic head

is feasible and results in reasonable survival. In persons
with a family history of pancreatic cancer in at least two
first-degree relatives, or with a genetic syndrome associ-
ated with an increased risk of pancreatic cancer, screening
with EUS and helical CT or MRI/MRCP should be consid-
ered beginning at age 50 (age 40 in CKDN2A or PRSS1
mutation carriers and age 35 in those with Peutz-Jeghers
syndrome) or 10 years before the age at which pancreatic
cancer was first diagnosed in a family member.

For those patients whose disease progresses despite
treatment, meticulous efforts at palliative care are essential
(see Chapter 5).

» When to Refer

All patients with carcinoma involving the pancreas and the
ampulla of Vater should be referred to a specialist.

» When to Admit

Patients who require surgery and other interventions
should be hospitalized.

Aslanian HR et al. AGA Clinical Practice Update on pancreas
cancer screening in high-risk individuals: expert review. Gas-
troenterology. 2020;159:358. [PMID: 32416142]

Elta GH et al. ACG Clinical Guideline: diagnosis and manage-
ment of pancreatic cysts. Am J Gastroenterol. 2018;113:464.
[PMID: 29485131]

US Preventive Services Task Force; Owens DK et al. Screening
for pancreatic cancer: US Preventive Services Task Force reaf-
firmation recommendation statement. JAMA. 2019;322:438.
[PMID: 31386141]

ALIMENTARY TRACT CANCERS

Carling Ursem, MD

Kenneth R. McQuaid, MD

ESOPHAGEAL CANCER

E S S E N T I A L S  O F  D I A G N O S I S

» Progressive dysphagia to solid food.

» Weight loss common.

» Endoscopy with biopsy establishes diagnosis.

» General Considerations

Esophageal cancer usually develops in persons between 50
and 70 years of age. There were an estimated 18,440 new
cases of esophageal cancer in the United States in 2020. The
overall ratio of men to women is 3:1. There are two histo-
logic types: squamous cell carcinoma and adenocarcinoma,
and their incidence has significant geographic variation.
Squamous cell carcinoma is associated with smoking, alco-
hol, poor nutritional status, and drinking hot beverages. It
accounts for over 90% of cases of esophageal cancer in
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Eastern and Southeast Asia and sub-Saharan Africa. Ade-
nocarcinoma is associated with obesity and gastroesopha-
geal reflux disease, with the majority of cases developing as
a complication of Barrett metaplasia due to chronic gastro-
esophageal reflux. Adenocarcinomas make up the majority
of new cases of esophageal cancer in North America and
Northern and Western Europe.

» Clinical Findings

A. Symptoms and Signs

The majority (50–60%) of patients with esophageal cancer
present with advanced, incurable disease. While early
symptoms are nonspecific and subtle, over 90% eventually
have solid food dysphagia, which progresses over weeks to
months. Odynophagia is sometimes present. Significant
weight loss is common. Local tumor extension into the
tracheobronchial tree may result in a tracheo-esophageal
fistula, characterized by coughing on swallowing or by
pneumonia. Chest or back pain suggests mediastinal exten-
sion. Recurrent laryngeal nerve involvement may produce
hoarseness. Physical examination is often unrevealing. The
presence of supraclavicular or cervical lymphadenopathy or
of hepatomegaly implies metastatic disease.

B. Laboratory Findings

Laboratory findings are nonspecific. Anemia related to
chronic disease or occult blood loss is common. Elevated
aminotransferase or alkaline phosphatase concentrations
suggest hepatic or bony metastases. Hypoalbuminemia
may result from malnutrition.

C. Imaging

A barium esophagogram may be the first study obtained to
evaluate dysphagia. The appearance of a polypoid, obstruc-
tive, or ulcerative lesion is suggestive of carcinoma and
requires endoscopic evaluation. However, even lesions
believed to be benign by radiography warrant endoscopic
evaluation. Chest radiographs may show adenopathy, a
widened mediastinum, pulmonary or bony metastases, or
signs of tracheo-esophageal fistula such as pneumonia.

D. Upper Endoscopy

Endoscopy with biopsy establishes the diagnosis of esopha-
geal carcinoma with a high degree of reliability. In some
cases, significant submucosal spread of the tumor may
yield nondiagnostic mucosal biopsies. Repeat biopsy may
be necessary.

» Staging

After confirmation of the diagnosis of esophageal carci-
noma, the stage of the disease should be determined since
doing so influences the choice of therapy. Patients should
undergo evaluation with contrast CT of the chest and
abdomen to look for evidence of pulmonary or hepatic
metastases, lymphadenopathy, and local tumor extension.
If there is no evidence of distant metastases or extensive
local spread on CT, then EUS with guided FNA biopsy of
suspicious lymph nodes should be performed to evaluate

the locoregional stage. EUS is superior to CT in demon-
strating the level of local mediastinal extension and local
lymph node involvement. PET with fluorodeoxyglucose or
integrated PET-CT imaging is indicated to look for regional
or distant spread in patients thought to have localized dis-
ease after other diagnostic studies, prior to invasive sur-
gery. Bronchoscopy is sometimes required in esophageal
cancers above the carina to exclude tracheobronchial
extension. Laparoscopy to exclude occult peritoneal carci-
nomatosis should be considered in patients with tumors at
or near the gastroesophageal junction (see Gastric
Adenocarcinoma).

» Differential Diagnosis

Esophageal carcinoma must be distinguished from other
causes of progressive dysphagia, including peptic stricture,
achalasia, and adenocarcinoma of the gastric cardia with
esophageal involvement. Benign-appearing peptic stric-
tures should be biopsied at presentation to exclude occult
malignancy.

» Treatment

The approach to esophageal cancer depends on the tumor
stage, tumor location, patient preference and functional
status, and the expertise of the gastroenterologists, sur-
geons, oncologists, and radiation oncologists. It is helpful
to classify patients into two general categories: those with
early stage (curable) disease and those with advanced stage
(incurable) disease.

A. Therapy for “Curable” Disease

Superficial esophageal cancers confined to the epithelium
(high-grade dysplasia or carcinoma in situ [Tis]), lamina
propria (T1a), or submucosal (T1b) are increasingly recog-
nized in endoscopic screening and surveillance programs.
Esophagectomy achieves high cure rates for superficial
tumors but is associated with mortality (2%) and morbid-
ity. If performed by experienced clinicians, endoscopic
mucosal resection of Tis and T1a cancers achieves equiva-
lent long-term survival with less morbidity (see Barrett
Esophagus, Chapter 15). Esophagectomy is recommended
for superficial tumors that are invasive to the submucosa
(T1b) because of higher rates of lymph node metastasis.

1. Surgery with or without neoadjuvant chemoradiation
therapy—There are multiple surgical approaches to the
resection of invasive but potentially “curable” esophageal
cancers (stage Ib, II, IIIA, or IIIB). Accepted techniques
include en bloc transthoracic excision of the esophagus
with extended lymph node dissection, transhiatal esopha-
gogastrectomy (entailing laparotomy with cervical anasto-
mosis), and minimally invasive esophagectomy techniques.
Meta-analysis data suggest equivalent oncologic outcomes
from minimally invasive esophagectomy and conventional
open techniques, although there are fewer postoperative
complications and shorter hospital stays with the laparo-
scopic approach. Multiple meta-analyses have shown that
regardless of surgery type, surgery at a high-volume hospi-
tal is associated with decreased perioperative mortality.
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Patients with stage I tumors have high cure rates with
surgery alone and do not require radiation or chemother-
apy. Whether radiation or chemotherapy or both are
required in addition to surgery for T2N0 stage II tumors is
a subject of ongoing debate. If regional lymph node metas-
tases have occurred (stages IIB and III), the rate of cure
with surgery alone is reduced to less than 20%. Meta-
analysis of trials comparing neoadjuvant (preoperative)
therapy followed by surgery with surgery alone suggests a
13% absolute improvement in 2-year survival with com-
bined therapy. Preoperative (neoadjuvant) chemoradiation
therapy is recommended for stage IIB and III tumors in fit
patients. The preferred neoadjuvant chemotherapy regi-
men used with radiation is weekly carboplatin plus pacli-
taxel (Table 39–2). As an alternative, a combination of
cisplatin plus 5-fluorouracil may be used along with radia-
tion. When radiation therapy is considered, techniques
that are less toxic such as intensity-modulated radiation
therapy (IMRT) or proton beam therapy may be consid-
ered. Perioperative chemotherapy without radiation may
also be considered for tumors of the gastroesophageal
junction based on the randomized, multicenter, phase III
MAGIC trial.

2. Chemotherapy plus radiation therapy without
surgery—Combined treatment with chemotherapy and
radiation achieves long-term survival rates in up to 25% of
patients and is superior to radiation alone. Chemoradia-
tion alone should be considered in patients with localized
disease (stage II or IIIA) who are poor surgical candidates
due to serious medical illness or poor functional status
(Eastern Cooperative Oncology Group score greater than 2).
Patients with cervical esophageal cancers, which appear
similar biologically to head and neck cancers and in whom
surgery is highly morbid and typically not recommended,
also should be considered for chemoradiation.

3. Supportive care during definitive therapy—Patients
with significant tumor obstruction may require percutane-
ous gastric or jejunal tube placement to maintain adequate
hydration and nutrition during neoadjuvant chemoradia-
tion or chemotherapy. Multidisciplinary consultation is
required to determine the optimal procedure and to opti-
mize perioperative nutrition.

B. Therapy for Incurable Disease

More than half of patients have either locally extensive
tumor spread (T4b) that is unresectable or distant metasta-
ses (M1) at the time of diagnosis. Surgery is not warranted
in these patients. Since prolonged survival can be achieved
in few patients, the primary goal is to provide relief from
dysphagia and pain, optimize quality of life, and minimize
treatment side effects. The optimal palliative approach
depends on the presence or absence of metastatic disease,
expected survival, patient preference, and institutional
experience.

1. Chemotherapy or chemoradiation—Combined radia-
tion therapy and chemotherapy may achieve palliation in
two-thirds of patients but is associated with significant side
effects. It should be considered for patients with locally

advanced tumors without distant metastases who have
good functional status and no significant medical prob-
lems, in whom prolonged survival may be achieved. Com-
bination chemotherapy may be considered in patients with
metastatic disease who still have good functional status and
expected survival of at least several months.

The systemic therapy treatment options are the same
for metastatic esophageal, gastroesophageal junction, and
gastric cancers (Table 39–2). Choice of treatment is increas-
ingly influenced by the results of molecular testing, includ-
ing PD-L1 expression, mismatch repair/microsatellite
instability (MSI) and, for adenocarcinomas, HER2 amplifi-
cation testing. Because of the number of targetable altera-
tions, a next generation sequencing panel should be
considered. In patients with amplification of the HER2
gene (approximately 15% of cases), addition of the mono-
clonal antibody trastuzumab (see Chapter 17) to chemo-
therapy is associated with prolonged survival. For patients
without HER2 amplification who have increased PD-L1
expression, the addition of a PD-1 or PD-L1 targeted anti-
body to chemotherapy may improve overall survival.
Immunotherapy with pembrolizumab should be consid-
ered for tumors with either microsatellite instability-high
(MSI-H) or deficient mismatch repair protein expression
(dMMR). For patients with poor functional status, single-
agent therapy with a fluoropyrimidine, a taxane, or irinote-
can may be used.

2. Local therapy for esophageal obstruction—Patients
with advanced esophageal cancer often have a poor func-
tional and nutritional status. Radiation therapy alone to the
area of esophageal obstruction may afford short-term relief
of pain and dysphagia. Rapid palliation of dysphagia may
be achieved by peroral placement of permanent expand-
able wire stents (alone or followed by radiation). However,
placement of these stents is complicated by perforation,
migration, or tumor ingrowth in up to 40% of cases.

» Prognosis

The overall 5-year survival rate of esophageal carcinoma is
less than 20%. Apart from distant metastasis (M1b), the
two most important predictors of poor survival are adja-
cent mediastinal spread (T4) and lymph node involvement.
Whereas cure may be achieved in patients with regional
lymph node involvement (stages IIB and III), involvement
of nodes outside the chest (M1a) is indicative of metastatic
disease (stage IV) that is incurable. For those patients
whose disease progresses despite chemotherapy, meticu-
lous efforts at palliative care are essential (see Chapter 5).

» When to Refer

• Patients should be referred to a gastroenterologist for
evaluation and staging (endoscopy with biopsy, EUS)
and palliative endoscopic stenting.

• Patients with curable and resectable disease for whom
neoadjuvant therapy may be appropriate (stage IIB or
IIIA) should be referred to medical, radiation, and sur-
gical oncologists for consideration of neoadjuvant che-
motherapy, chemoradiotherapy, and surgical resection.
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• Patients with metastatic disease should be referred to
medical and radiation oncologists for consideration of
palliative chemotherapy or chemoradiation.

• Patients with metastatic disease and obstructive tumors
not amenable to or refractory to palliative radiation or
stenting may require referral to an interventional radi-
ologist, gastroenterologist, or surgeon for gastric or
jejunal tube placement for liquid artificial nutrition.
Early referral to palliative care services may improve
symptom management in patients with advanced or
metastatic disease.

» When to Admit

Patients with high-grade esophageal obstruction with inabil-
ity to manage oral secretions or maintain hydration should
be admitted. Acute complications such as perforation,
bleeding, aspiration, or fistula also may require admission.

Boku N et al. Safety and efficacy of nivolumab in combination
with S-1/capecitabine plus oxaliplatin in patients with previ-
ously untreated, unresectable, advanced, or recurrent gastric/
gastroesophageal junction cancer: interim results of a ran-
domized, phase II trial (ATTRACTION-4). Ann Oncol.
2019;30:250. [PMID: 30566590]

Gottlieb-Vedi E et al. Long-term survival in esophageal cancer
after minimally invasive compared to open esophagectomy: a
systematic review and meta-analysis. Ann Surg 2019;270:1005.
[PMID: 30817355]

Mariette C et al; Fédération de Recherche en Chirurgie
(FRENCH) and French Eso-Gastric Tumors (FREGAT)
Working Group. Hybrid minimally invasive esophagectomy
for esophageal cancer. N Engl J Med. 2019;380:152. [PMID:
30625052]

National Cancer Institute. SEER Cancer Statistics Factsheets:
Esophageal Cancer, 2020. https://seer.cancer.gov/statfacts/
html/esoph.html

National Comprehensive Cancer Network. Clinical Practice
Guidelines in Oncology. Esophageal and esophagogastric
junction cancers. Version5.2020. 2020 December 23. https://
www.nccn.org/professionals/physician_gls/pdf/esophageal.
pdf

GASTRIC ADENOCARCINOMA

E S S E N T I A L S  O F  D I A G N O S I S

» Dyspeptic symptoms with weight loss in patients
over age 40 years.

» Iron deficiency anemia: occult blood in stools.

» Abnormality detected on upper gastrointestinal
series or endoscopy.

» General Considerations

Gastric adenocarcinoma is the third most common cause
of cancer death worldwide. However, its incidence has
declined rapidly over the last 70 years, especially in Western
countries, which may be attributable to changes in diet
(more fruits and vegetables), food refrigeration (allowing

more fresh foods and reduced salted, smoked, and pre-
served foods), reduced toxic environmental exposures, and
a decline in Helicobacter pylori infections. The incidence of
gastric cancer remains high (62/100,000 males) in Japan
and many developing regions, including eastern Asia,
Eastern Europe, Chile, Colombia, and Central America. In
the United States, there were an estimated 27,600 new cases
and 11,010 deaths in 2020. The incidence is higher in
Asian Americans, Hispanics, African Americans, and
Native Americans (including Native Alaskans).

There are two main histologic variants of gastric cancer:
“intestinal-type” (which resembles intestinal cancers in
forming glandular structures) and “diffuse” (which is
poorly differentiated, has signet-ring cells, and lacks glan-
dular formation). The incidence of intestinal-type gastric
cancer has declined significantly, but it is still the more
common type (70–80%); it occurs twice as often in men as
women, primarily affects older people (mean age 68 years),
and is more strongly associated with environmental fac-
tors. It is believed to arise through a gradual, multi-step
progression from inflammation (most commonly due to
H pylori), to atrophic gastritis, to intestinal metaplasia, and
finally to dysplasia and cancer. Chronic H pylori gastritis is
the strongest risk factor for gastric carcinoma, increasing
the relative risk 3.5- to 20-fold. It is estimated that 60–90%
of cases of gastric carcinomas may be attributable to H
pylori. Other risk factors for intestinal-type gastric cancer
include pernicious anemia, a history of partial gastric
resection more than 15 years previously, smoking, and
diets that are high in nitrates or salt and low in vitamin C.
Diffuse gastric cancer accounts for 20–30% of gastric can-
cer cases. In contrast to intestinal-type cancer, it affects
men and women equally, occurs more commonly in young
people, is not as strongly related to H pylori infection, and
has a worse prognosis than intestinal-type cancer due to
early metastasis. Most diffuse gastric cancers are attribut-
able to acquired or hereditary mutations in the genes
regulating the E-cadherin cell adhesion protein. Hereditary
diffuse gastric cancer accounts for 1–3% of gastric cancers.
The cancer may arise at a young age, is often multifocal and
infiltrating with signet ring cell histology, and confers poor
prognosis. Many of these families have a germline muta-
tion of E-cadherin CDH1, which is inherited in an autoso-
mal dominant pattern and carries a greater than 60%
lifetime risk of gastric cancer. Prophylactic gastrectomy
should be considered in patients known to carry this
mutation.

Most gastric cancers arise in the body and antrum.
These may occur in a variety of morphologic types: (1)
polypoid or fungating intraluminal masses; (2) ulcerating
masses; (3) diffusely spreading (linitis plastica), in which
the tumor spreads through the submucosa, resulting in a
rigid, atonic stomach with thickened folds (prognosis dis-
mal); and (4) superficially spreading or “early” gastric
cancer—confined to the mucosa or submucosa (with or
without lymph node metastases) and associated with a
favorable prognosis. HER2 amplification and overexpres-
sion is seen in 10–25% of gastric adenocarcinoma cases
and is more commonly observed in intestinal histology and
moderately differentiated disease. Testing for MSI,
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deficiency in mismatch repair proteins (dMMR), and
PD-L1 is recommended in advanced disease to identify
tumors that may respond to immunotherapy. For gastric
adenocarcinoma, MSI-H/dMMR is found in 8–16% of
cases.

In contrast to the dramatic decline in cancers of the
distal stomach, a rise in incidence of tumors of the gastric
cardia has been noted. These tumors have demographic and
pathologic features that resemble Barrett-associated esoph-
ageal adenocarcinomas (see Esophageal Cancer).

» Clinical Findings

A. Symptoms and Signs

Gastric carcinoma is generally asymptomatic until the dis-
ease is quite advanced. Symptoms are nonspecific and are
determined in part by the location of the tumor. Dyspepsia,
vague epigastric pain, anorexia, early satiety, and weight loss
are the presenting symptoms in most patients. Patients may
derive initial symptomatic relief from over-the-counter rem-
edies, further delaying diagnosis. Ulcerating lesions can lead
to acute gastrointestinal bleeding with hematemesis or
melena. Pyloric obstruction results in postprandial vomiting.
Lower esophageal obstruction causes progressive dysphagia.
Physical examination is rarely helpful. Stools may be guaiac
positive.

B. Laboratory Findings

Iron deficiency anemia due to chronic blood loss or anemia
of chronic disease is common. Circulating tumor markers
do not have established clinical validity in screening or
diagnosis of gastric cancer. However, when checked serially,
tumor markers can assist in monitoring treatment response.

C. Endoscopy

Upper endoscopy should be obtained in all patients over age
60 years with new onset of epigastric symptoms (dyspepsia)
and young patients with “alarm” symptoms (dysphagia, recur-
rent vomiting, significant weight loss), especially in immi-
grants from countries with a high prevalence of gastric cancer.
Endoscopy with biopsies of suspicious lesions is highly sensi-
tive for detecting gastric carcinoma. It can be difficult to obtain
adequate biopsy specimens in diffuse type gastric cancer.

D. Imaging

Once a gastric cancer is diagnosed, preoperative evaluation
with contrast CT of chest, abdomen, and pelvis and EUS is
indicated to delineate the local extent of the primary tumor
as well as to evaluate for nodal or distant metastases. EUS
is superior to CT in determining the depth of tumor pen-
etration and is useful for evaluation of early gastric cancers
that may be removed by endoscopic mucosal resection.
PET or combined PET-CT imaging is recommended for
detection of distant metastasis.

» Screening

Because of its unproven efficacy and cost-effectiveness,
screening for H pylori infection and treating it to prevent

gastric cancer is not recommended for asymptomatic
adults in the general population but may be considered in
patients who have immigrated from regions with a high
incidence of gastric cancer or who have a family history of
gastric cancer. Because of the high incidence of gastric
carcinoma in Japan, screening upper endoscopy is per-
formed there to detect early gastric carcinoma. Approxi-
mately 40% of tumors detected by screening are early, with
a 5-year survival rate of almost 90%. Screening is not rec-
ommended in the United States.

» Staging

The TNM system is the commonly used classification to
stage gastric adenocarcinoma. Staging is important not
only because it correlates with the patient’s long-term sur-
vival but also because it is used to determine which patients
should receive adjuvant or neoadjuvant therapy.

A staging laparoscopy prior to definitive surgery to
exclude peritoneal carcinomatosis should be considered in
patients with stage T1b or greater disease without radio-
graphic evidence of distant metastases. Pathologic review
should include (1) grade of tumor, (2) histologic subtype, (3)
depth of invasion, (4) whether lymphatic or vascular inva-
sion is present, and (5) if there is known metastatic disease,
the status of HER2 protein expression by immunohisto-
chemistry or fluorescent in situ hybridization or both, along
with MMR or MSI testing and PD-L1 protein expression.

» Differential Diagnosis

Ulcerating gastric adenocarcinomas are distinguished
from benign gastric ulcers by biopsies. Approximately 3%
of gastric ulcers initially believed to be benign later prove
to be malignant. All gastric ulcers identified at endoscopy
should be biopsied to exclude malignancy. Ulcers that are
suspicious for malignancy to the endoscopist or that have
atypia or dysplasia on histologic examination warrant
repeat endoscopy in 2–3 months to verify healing and
exclude malignancy. Nonhealing ulcers should be consid-
ered for resection. Infiltrative carcinoma with thickened
gastric folds must be distinguished from lymphoma and
other hypertrophic gastropathies.

» Treatment

A. Curative Surgical Resection

Surgical resection is the only therapy with curative poten-
tial. Laparoscopic techniques achieve similar outcomes and
lower overall complication rates as open gastrectomy. In
Japan and in specialized centers in the United States, endo-
scopic mucosal resection is performed in select patients
with small (less than 1–2 cm), early (intramucosal or
T1aN0) gastric cancers after careful staging with EUS.
Approximately 25% of patients undergoing surgery will be
found to have locally unresectable tumors or peritoneal,
hepatic, or distant lymph node metastases that are incur-
able. The remaining patients with confirmed localized
disease should undergo radical surgical resection. For
adenocarcinoma localized to the distal two-thirds of the
stomach, a subtotal gastrectomy should be performed. For
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proximal gastric cancer or diffusely infiltrating disease,
total gastrectomy is necessary. The ultimate goal of surgery
is obtaining negative surgical margins. Vitamin B

12
supple-

mentation is required after gastrectomy. For patients with
localized gastric cancer that is resectable, current National
Comprehensive Cancer Network (NCCN) treatment
guidelines recommend gastrectomy with extended (D1), or
modified regional (D2), lymph node dissection and sam-
pling of 15 or more lymph nodes. D2 lymphadenectomy
has been shown to improve disease-specific survival but is
associated with increased postoperative mortality.

B. Perioperative Chemotherapy or Chemoradiation

The use of perioperative chemotherapy or adjuvant chemo-
radiation is associated with improved survival in patients
with localized or locoregional gastric adenocarcinoma who
undergo surgical resection. The choice of treatment
depends on the location and extent of tumor, type of sur-
gery, patient comorbidities and performance status, and
institutional experience. Tumors arising in the gastro-
esophageal junction are treated following algorithms for
esophageal primary tumors. Multidisciplinary treatment
decision making involving the surgeon, radiation oncolo-
gist, and medical oncologist is imperative.

C. Palliative Modalities

Many patients will be found either preoperatively or at the
time of surgical exploration to have advanced disease that
is not amenable to curative intent surgery due to peritoneal
or distant metastases or local invasion of other organs. In
some of these cases, palliative resection of the tumor none-
theless may be indicated to alleviate pain, bleeding, or
obstruction. For patients with unresectable disease, a surgi-
cal diversion with gastrojejunostomy may be indicated to
prevent obstruction. Alternatively, unresected tumors may
be treated with endoscopic stent therapy, radiation therapy,
or angiographic embolization to relieve bleeding or
obstruction. Systemic therapy may be considered in
patients with metastatic disease who still have good func-
tional status and expected survival of at least several
months. The regimens used are the same as those for
esophageal and gastroesophageal junction tumors dis-
cussed above (Table 39–2).

» Prognosis

The 5-year survival for gastric cancer varies greatly by stage,
location, and histologic features. The 5-year survival is
approximately 90% for early-stage cancer (T1b or less), 80%
for stage II after curative intent treatment, but less than 20%
for stage IIIC. Even with apparently localized disease, proxi-
mal tumors have a 5-year survival of less than 15%. For
those whose disease progresses despite therapy, meticulous
efforts at palliative care are essential (see Chapter 5).

» When to Refer

• Patients with dysphagia, weight loss, protracted vomit-
ing, iron deficiency anemia, melena, or new-onset dys-
pepsia (especially if aged 60 years or older or associated

with other alarm symptoms) in whom gastric cancer is
suspected should be referred for endoscopy.

• Patients should be referred to a surgeon for attempt at
curative resection in stage I, II, or III cancer, including
staging laparoscopy if indicated.

• Prior to surgery, patients should be referred to an oncolo-
gist to determine the role for perioperative chemother-
apy or adjuvant chemoradiation or chemotherapy.

• Patients who have undergone gastrectomy require con-
sultation with a nutritionist due to propensity for mal-
nutrition and complications, such as dumping syndrome
and vitamin B

12
deficiency, postoperatively.

• Patients with unresectable or metastatic disease should
be referred to an oncologist for consideration of pallia-
tive chemotherapy or chemoradiation. Early referral to
palliative care services may also be considered for
symptom management in patients with advanced and
metastatic disease.

» When to Admit

Patients with acute bleeding, protracted vomiting, or inabil-
ity to maintain hydration or nutrition.

Jang S et al. Superiority of gastrojejunostomy over endoscopic
stenting for palliation of malignant gastric outlet obstruction.
Clin Gastroenterol Hepatol. 2019;17:1295. [PMID: 30391433]

Katai H et al. Survival outcomes after laparoscopy-assisted distal
gastrectomy versus open-distal gastrectomy with nodal dis-
section for clinical stage IA or IB gastric cancer: a multicentre,
non-inferiority, phase 3, randomised controlled trial. Lancet
Gastroenterol Hepatol. 2020;5:142. [PMID: 31757656]

National Cancer Institute. SEER Cancer Stat Facts: Stomach
Cancer, 2020. https://seer.cancer.gov/statfacts/html/stomach.
html

National Comprehensive Cancer Network. Clinical Practice
Guidelines in Oncology. Gastric Cancer. Version 4.2020. 2020
December 23. https://www.nccn.org/professionals/physician_
gls/pdf/gastric.pdf

GASTRIC LYMPHOMA

E S S E N T I A L S  O F  D I A G N O S I S

» Symptoms of dyspepsia, weight loss, or anemia.

» Variable abnormalities on upper gastrointestinal
series or endoscopy including thickened folds,
ulcer, mass, or infiltrating lesions; diagnosis estab-
lished by endoscopic biopsy.

» Abdominal CT and EUS required for staging.

» General Considerations

Gastric lymphomas may be primary (arising from the gas-
tric mucosa) or may represent a site of secondary involve-
ment in patients with nodal lymphomas. Distinguishing
advanced primary gastric lymphoma with adjacent nodal
spread from advanced nodal lymphoma with secondary
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gastric spread is essential because the prognosis and treat-
ment of primary and secondary gastric lymphomas are
different. Primary gastric lymphoma is the second most
common gastric malignancy, accounting for 3–5% of gas-
tric cancers. More than 95% of these are non-Hodgkin
B-cell lymphomas mainly consisting of either mucosa-
associated lymphoid tissue (MALT)-type lymphoma and
diffuse large B-cell lymphoma. Over 90% of low-grade
primary gastric MALT-type lymphomas are associated
with H pylori infection. Gastric T-cell lymphoma, which is
associated with HTLV-1 infection, is rare and makes up 7%
of primary gastric lymphomas.

» Clinical Findings & Staging

The clinical presentation and endoscopic appearance of
gastric lymphoma are similar to those of adenocarcinoma.
Most patients have abdominal pain, weight loss, or bleed-
ing. Patients with diffuse large B-cell lymphoma are more
likely to have systemic symptoms and advanced tumor
stage. At endoscopy, lymphoma may appear as an ulcer,
mass, or diffusely infiltrating lesion. It tends to have hori-
zontal infiltration as opposed to the vertical extension seen
in adenocarcinoma. The diagnosis is established with
endoscopic biopsy; FNA is not adequate. Since the disease
can be multifocal, biopsies of both suspicious and normal-
appearing areas are recommended. Biopsy specimens
should be tested for H pylori and, if positive, for t(11;18) via
PCR or FISH. EUS is the most sensitive test for determin-
ing the level of invasion and presence of perigastric lymph-
adenopathy and should be performed for accurate staging,
if available. All patients should undergo staging with CT
scanning of chest, abdomen, and pelvis. For gastric MALT
lymphomas, the Lugano staging system is most frequently
used. Stage I is confined to the gastrointestinal tract,
stage II involves local or regional lymph nodes, stage IIE
has invasion of adjacent organs or tissues, and stage IV has
distant metastases. There is no stage III. For patients with
diffuse large B-cell lymphomas involving the stomach,
combination PET-CT imaging, bone marrow biopsy with
aspirate, tumor lysis laboratory tests, and hepatitis B and
HIV serologies also may be required for staging and treat-
ment planning (see Chapter 13).

» Treatment

Treatment of primary gastric lymphomas depends on the
tumor histology, grade, and stage. Marginal B-cell lympho-
mas of the MALT type that are low-grade and localized to
the stomach wall (stage I) or perigastric lymph nodes
(stage IIE

1
) have an excellent prognosis. Patients with pri-

mary gastric MALT-lymphoma should be tested for H
pylori infection and treated if positive. Complete lym-
phoma regression after successful H pylori eradication
occurs in approximately 75% of cases of stage I and approx-
imately 55% with stage IIE low-grade lymphoma. However,
95% of cancers positive for t(11;18) do not respond to
antibiotics. Remission may take as long as a year, and
relapse occurs in about 2% of cases per year. Many patients
with minimal disease after successful H pylori eradication
may be observed closely without further therapy. Restaging

with endoscopy and biopsy is recommended 3 months
after antibiotic treatment and 3–6 months following radia-
tion therapy. Ultimately, endoscopic surveillance after
treatment is recommended every 3–6 months for 5 years to
evaluate for recurrence.

In patients whose tumors harbor specific gene translo-
cations, including t(11;18) (API2-MALT1), t(1;14), or
t(14;18), rates of remission after H pylori eradication are
lower, and treatment with radiation is often required.

The long-term survival of low-grade MALT lymphoma
for stage I is over 90% and for stage II is 35–65%. Surgical
resection is not recommended. Diffuse large B-cell or other
higher-grade lymphomas with secondary gastrointestinal
involvement usually present at an advanced stage with
widely disseminated disease and are treated according to
stage and subtype of lymphoma (see Chapter 13).

Avilés A et al. Primary gastric diffuse large B-cell lymphoma: the
role of dose-dense chemotherapy. J Oncol Pharm Pract. 2019;
25:1682. [PMID: 30370804]

Juárez-Salcedo LM et al. Primary gastric lymphoma, epidemiol-
ogy, clinical diagnosis, and treatment. Cancer Control. 2018;25:
1073274818778256. [PMID: 29779412]

Lin JL et al. Dynamic prediction of long-term survival in patients
with primary gastric diffuse large B-cell lymphoma: a SEER
population-based study. BMC Cancer. 2019;19:873. [PMID:
31481021]

National Comprehensive Cancer Network. Clinical Practice
Guidelines in Oncology. B-Cell Lymphomas. Version 1.2020.
https://www.nccn.org/professionals/physician_gls/pdf/b-cell.
pdf” https://www.nccn.org/professionals/physician_gls/pdf/b-
cell.pdf

Tian C et al. A retrospective analysis of primary gastrointestinal
non-Hodgkin lymphomas: clinical features, prognostic fac-
tors and treatment outcomes. Onco Targets Ther. 2020;13:
5345. [PMID: 32606752]

GASTRIC NEUROENDOCRINE TUMORS

Gastric NETs make up less than 1% of gastric neoplasms.
They may occur sporadically or secondary to chronic
hypergastrinemia that results in hyperplasia and transfor-
mation of enterochromaffin cells in the gastric fundus. The
majority of NETs are caused by hypergastrinemia and
occur in association with either pernicious anemia (75%)
(type 1) or Zollinger-Ellison syndrome (5%) (type 2). Type 1
tumors are associated with chronic atrophic gastritis, gas-
tric achlorhydria, and secondary hypergastrinemia. Initial
diagnostic workup includes serum gastrin level, upper
endoscopy, and EUS. Gastrin level should be obtained
1 week after the patient has stopped taking protein pump
inhibitors. For low-grade tumors (Ki-67 less than 3% or
less than 2 mitoses/10 high-power fields [HPF]), soma-
tostatin receptor–based imaging (somatostatin receptor
scintigraphy or gallium-68 dotatate PET/CT) should be
performed. For high-grade tumors (Ki-67 greater than 20%
or greater than 20 mitoses/10 HPF), FDG-PET/CT is pre-
ferred to evaluate the extent of disease.

For patients with hypergastrinemia (suspected of type 1
or type 2 carcinoid), serum vitamin B

12
and intrinsic factor

antibody levels should be obtained to exclude pernicious
anemia. Gastric NETs associated with Zollinger-Ellison
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syndrome occur almost exclusively in patients with multi-
ple endocrine neoplasia type 1 (MEN 1), in which chromo-
somal loss of 11q13 has been reported. Gastric NETs caused
by hypergastrinemia tend to be multifocal, be smaller than
1 cm, have a low potential for metastatic spread, and thus
are unlikely to cause development of the carcinoid syn-
drome. Small lesions may be successfully treated with endo-
scopic resection followed by endoscopic surveillance every
6–12 months, or with observation. Antrectomy reduces
serum gastrin levels and may lead to regression of small
tumors. It can be considered in patients with type 1 gastric
NETs to reduce recurrence risk and frequency of post-
therapy monitoring. Octreotide therapy may be appropriate
for patients with underlying gastrinoma and Zollinger-
Ellison syndrome. Patients with tumors larger than 2 cm
should undergo endoscopic or surgical resection (see Small
Intestinal Adenocarcinomas below).

Type 3 gastric NETs arise sporadically, independent of
gastrin production, and account for up to 20% of gastric
NETs. Most sporadic gastric NETs are solitary, larger than
2 cm, and have a strong propensity for hepatic or pulmo-
nary metastases and thus the carcinoid syndrome at initial
presentation. CT or MRI should be obtained to evaluate for
metastatic disease. Localized sporadic NETs should be
treated with partial or total gastrectomy and regional
lymphadenectomy. Advanced, low-grade gastric NETs can
be monitored with serial scans, if asymptomatic. Soma-
tostatin analogs may provide symptomatic relief for
patients with functional gastric NETs. Advanced high-
grade gastric neuroendocrine carcinomas are treated in a
fashion similar to SCLCs.

Algashaamy K et al. Multifocal G1-G2 gastric neuroendocrine
tumors: differentiating between type I, II and III, a clinico-
pathologic review. World J Clin Cases. 2019;7:2413. [PMID:
31559277]

National Comprehensive Cancer Network. Clinical Practice
Guidelines in Oncology. Neuroendocrine and Adrenal
Tumors. Version 2.2020. 2020 July 24. https://www.nccn.org/
professionals/physician_gls/pdf/neuroendocrine.pdf

GASTROINTESTINAL
MESENCHYMAL TUMORS

» Pathobiology & Diagnosis

Gastrointestinal mesenchymal tumors (which include stro-
mal tumors, leiomyomas, and schwannomas) derive from
mesenchymal stem cells and have an epithelioid or spindle
cell histologic pattern, resembling smooth muscle. The
most common stromal tumors are gastrointestinal stromal
tumors (“GISTs”), which originate from interstitial cells of
Cajal. GISTs occur throughout the gastrointestinal tract,
but most commonly in the stomach (60%) and small intes-
tine (30%). Approximately 80% of GISTs have mutations in
KIT. A percentage of the KIT wild type tumors have a
mutation in PDGFRA, and only a minority of patients are
wild type for both genes. Mesenchymal tumors may be
discovered incidentally on imaging studies or endoscopy
or may cause symptoms (most commonly bleeding, pain,
or obstruction). At endoscopy, they appear as a submucosal

mass that may have central umbilication or ulceration. EUS
with guided FNA biopsy is the optimal study for diagnos-
ing gastric mesenchymal tumors and distinguishing them
from other submucosal lesions. Percutaneous biopsy may
confer risk of bleeding or intra-abdominal seeding. CT of
the abdomen and pelvis with contrast, MRI, and PET
imaging are useful in the diagnosis and staging. PET
imaging also may be useful to monitor response to
treatment.

While almost all GISTs have malignant potential, the risk
of developing metastasis is increased with tumor size greater
than 2 cm, nongastric location, and mitotic index greater
than 5 mitoses per 50 HPF. It is difficult to distinguish benign
from malignant tumors by EUS appearance or by FNA. But,
in general, lesions are more likely benign if they are smaller
than 2 cm, have a smooth border, and have a homogeneous
echo pattern on EUS. Resection settles the issue.

» Treatment

A. Localized Treatment

Surgery is recommended for all patients with tumors that are
2 cm or larger, increasing in size, have an EUS appearance
suspicious for malignancy, or are symptomatic. The man-
agement of asymptomatic gastric lesions 2 cm or smaller in
size depends on the EUS features. Tumors with high-risk
EUS features can be surgically resected. If no high-risk fea-
tures are noted, endoscopic surveillance can be performed.
Because of the low but real long-term risk of malignancy,
surgical resection should be considered in younger, other-
wise healthy patients. However, other patients may be moni-
tored with serial endoscopic ultrasonographic examinations
or, in select cases, endoscopic resections. After complete
surgical resection, the risk of GIST recurrence can be calcu-
lated based on tumor location, size, and mitotic index. The
majority of recurrences occur within the first 3 years.

B. Systemic Treatment

Because the majority of GISTs are driven by mutations in
KIT or PDGFRA, the tyrosine kinase inhibitor, imatinib,
which blocks signaling through this pathway, is used across
disease stages. Neoadjuvant therapy with imatinib may be
considered for patients with localized GIST tumors who
are deemed to be at high risk for resection because of
comorbidities, tumor size, or tumor location. A biopsy is
required to confirm the diagnosis of GIST prior to initia-
tion of neoadjuvant imatinib. Adjuvant therapy with ima-
tinib delays recurrence and prolongs survival, but it is not
likely to be curative.

Untreated metastatic GIST tumors are aggressive and
carry a poor prognosis. However, imatinib induces disease
control in up to 85% of patients with metastatic disease
with a progression-free survival of 20–24 months and
median overall survival of almost 5 years. Additionally,
imatinib is associated with long-term survival in some
patients. One study reported that 18% of patients contin-
ued treatment after a median follow-up of 9 years. For
patients with imatinib-resistant cancers, high-dose imatinib
or other approved tyrosine kinase inhibitors (eg, sunitinib
or regorafenib) are options.
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MALIGNANCIES OF THE SMALL INTESTINE

The frequency of different tumor types varies by location
within the small intestine. Adenocarcinomas are most
common in the duodenum and jejunum and neuroendo-
crine tumors, in the ileum. Lymphomas and sarcomas each
have similar incidences in the various segments of the
small intestine.

1. Small Intestinal Adenocarcinomas

These tumors often present with nonspecific symptoms
such as abdominal pain and nausea. The incidence is rare,
with 11,110 new diagnoses estimated in 2020 in the
United States. These adenocarcinomas are most often diag-
nosed at stage III or IV, but their prognosis is slightly worse
than for similar stage colon adenocarcinoma. The duode-
num is the most common site of small bowel adenocarci-
noma, specifically in the periampullary region. Ampullary
carcinoma may present with jaundice due to bile duct
obstruction or bleeding. Surgical resection of early lesions
is curative in up to 40% of patients.

The management of nonampullary small intestinal
adenocarcinoma is extrapolated from data available for the
management of colon adenocarcinoma.

2. Small Intestinal Lympomas

Lymphomas may arise primarily in the gastrointestinal
tract or may involve it secondarily in patients with dissemi-
nated disease. In Western countries, primary gastrointesti-
nal lymphomas account for 5% of lymphomas and 20% of
small bowel malignancies. There is an increased incidence
of small intestinal lymphomas in patients with AIDS,
Crohn disease, and those receiving immunosuppressive
therapy. The most common histologic subtype is non-
Hodgkin extranodal marginal zone (MALT) B-cell
lymphoma. That said, enteropathy-associated T-cell lym-
phomas appear to be increasing in incidence in the United
States. They are associated with the diagnosis of celiac
disease. In the Middle East, lymphomas may arise in the
setting of immunoproliferative small intestinal disease.
Other types of intestinal lymphomas include primary
intestinal follicular cell lymphoma, mantle cell lymphoma,
and Burkitt lymphoma (see Chapter 13).

Presenting symptoms or signs of primary small bowel
lymphoma include abdominal pain, weight loss, nausea
and vomiting, distention, anemia, and occult blood in the

stool. Fevers are unusual. Protein-losing enteropathy may
result in hypoalbuminemia, but other signs of malabsorption
are unusual. Barium radiography or CT enterography helps
localize the site of the lesion. The diagnosis requires endo-
scopic, percutaneous, or laparoscopic biopsy. Imaging and
possibly bone marrow biopsy are required to determine stage.

Treatment depends on the tumor histologic subtype and
stage of disease (see Chapter 13). If feasible, surgical resec-
tion of primary intestinal lymphoma, may be appropriate for
localized tumors. In patients with limited disease (stage IE)
in whom resection is performed with negative margins, the
role of adjuvant chemotherapy is unclear. Locoregional
radiation should be considered if surgical margins are posi-
tive. Patients with more extensive disease generally are
treated according to the tumor histology.

3. Intestinal Neuroendocrine Tumors

E S S E N T I A L S  O F  D I A G N O S I S

» Majority are asymptomatic and discovered inci-
dentally at endoscopy or surgery.

» Carcinoid syndrome occurs in < 10%; hepatic
metastases are generally present.

» Risk of metastasis is related to tumor size and
location.

» General Considerations

Neuroendocrine tumors are the most common type of
tumor arising in the small bowel. Gastrointestinal NETs
(also called carcinoids) most commonly occur in the small
intestine (45%) but are also found in the rectum (20%),
appendix (17%), and colon (11%), with the remainder
occurring in the stomach (less than 10%; see Gastric Neu-
roendocrine Tumors above). Carcinoid tumors are well-
differentiated neuroendocrine tumors that may secrete a
variety of hormones, including serotonin, somatostatin,
gastrin, and substance P.

Small intestinal carcinoids most commonly arise in the
distal ileum within 60 cm of the ileocecal valve. Up to 30%
are multicentric. The risk of metastatic spread increases
when the tumor is 1 cm or larger and when it is larger than
2 cm with invasion beyond the muscularis propria. Appen-
diceal carcinoids are identified in 0.3% of appendectomies,
usually as an incidental finding. Almost 80% of these
tumors are smaller than 1 cm, and 90% are smaller than
2 cm. However, in patients with appendiceal carcinoid
tumors larger than 2 cm, approximately 90% develop nodal
and distant metastases; right hemicolectomy is recom-
mended in these cases.

Rectal carcinoids are usually detected incidentally as
submucosal nodules during proctoscopic examination and
often locally excised by biopsy or snare polypectomy before
the histologic diagnosis is known. Rectal carcinoids smaller
than 1 cm virtually never metastasize and are treated effec-
tively with local endoscopic or transanal excision. Larger
tumors are associated with the development of metastasis
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in 10%. Hence, a more extensive cancer resection operation
is warranted in fit patients with rectal carcinoid tumors
larger than 1–2 cm or with high-risk features (such as inva-
sion of muscularis propria or evidence of nodal involve-
ment), or both.

» Clinical Findings

A. Symptoms and Signs

Most lesions smaller than 1–2 cm are asymptomatic and
difficult to detect by endoscopy or imaging studies. Small
intestinal carcinoids may present with intermittent abdom-
inal pain, bowel obstruction, bleeding, or bowel infarction.
Appendiceal and rectal carcinoids usually are small and
asymptomatic, but large lesions can cause bleeding,
obstruction, or altered bowel habits. Carcinoid syndrome
occurs in less than 10% of patients. More than 90% of
patients with carcinoid syndrome have hepatic metastases,
usually from carcinoids of small bowel origin. About 10%
of patients with carcinoid syndrome have primary bron-
chial or ovarian tumors without hepatic metastases. Carci-
noid syndrome is caused by tumor secretion of hormonal
mediators. The manifestations include facial flushing,
edema of the head and neck (especially with bronchial
carcinoid), abdominal cramps and diarrhea, broncho-
spasm, cardiac lesions (pulmonary or tricuspid stenosis or
regurgitation in 10–30%), and telangiectases.

B. Laboratory Findings

Serum chromogranin A is elevated in the majority of NETs,
although its sensitivity for small, localized carcinoid tumors
is unknown. Serum chromogranin A is elevated in almost
90% of patients with advanced small bowel carcinoid.
Urinary 5-hydroxyindoleacetic acid (5-HIAA) and platelet
serotonin levels are also elevated in patients with metastatic
carcinoid; however, these tests are less sensitive than serum
chromogranin A. There is increased urinary 5-HIAA in
carcinoid syndrome; symptomatic patients usually excrete
more than 25 mg of 5-HIAA per day in the urine. Because
certain foods and medications can interfere with 5-HIAA
levels, these should be withheld for 48 hours prior to a
24-hour urine collection.

C. Imaging

Abdominal CT may demonstrate a mesenteric mass with
tethering of the bowel, lymphadenopathy, and hepatic
metastasis. Abdominal CT or enterography may reveal
kinking of the bowel, but because the lesion is extralumi-
nal, the diagnosis may be overlooked for several years.
Gallium Ga-68 DOTATATE PET scan has replaced soma-
tostatin receptor scintigraphy as the standard of care for
staging; however, both may help identify disease that may
benefit from treatment with somatostatin analogs or pep-
tide receptor radionuclide therapy (PRRT).

» Treatment & Outcomes

Small intestinal carcinoids generally are indolent tumors
with slow spread. Patients with disease confined to the
small intestine should be treated with surgical excision.

There is no proven role for adjuvant therapy after complete
resection. Five-year survival rates for patients with stage I
and II disease are 96% and 87%, respectively. In patients
with resectable disease who have lymph node involvement
(stage III), the 5-year survival rate is 74%; however, by
25 years, less than 25% remain disease free. Across stages,
prognosis is strongly associated with histologic differentia-
tion and grade. Patients with grade 1 disease may not
require treatment for many years even with metastatic
disease. However, patients with a grade 3 neuroendocrine
tumor may have a clinical course more similar to a high-
grade neuroendocrine carcinoma.

In patients with advanced disease, therapy historically
has been deferred until the patient is symptomatic. Con-
ventional cytotoxic chemotherapy agents do not achieve
significant responses in carcinoid tumors and have not
been associated with improved outcomes. For patients who
are symptomatic either from tumor bulk or carcinoid syn-
drome, the cornerstone of therapy is typically a long-acting
somatostatin analog, which inhibits hormone secretion
from the carcinoid tumor. In 90% of patients, this results in
dramatic relief of symptoms of carcinoid syndrome, includ-
ing diarrhea or flushing, and may also control tumor
growth for a median period of 1 year. Options at disease
progression include octreotide dose escalation, or addition
of everolimus, a mammalian target of rapamycin (mTOR)
inhibitor. For patients with somatostatin receptor–positive
disease based on imaging, another option after progression
is treatment with PRRT. PRRT consists of a somatostatin
analog conjugated to a radioactive isotope such as
yttrium-90 or lutetium-177. Studies of anti-angiogenic
kinase inhibitors have shown some benefit; currently, suni-
tinib is approved in the United States for pancreatic neuro-
endocrine tumors.

In selected patients with hepatic-dominant disease,
resection of hepatic metastases may provide dramatic
improvement in carcinoid syndrome symptoms. Tumor
debulking with liver-directed chemoembolization or radio-
embolization may also provide symptomatic improvement
in some of these patients.

Patients with advanced, poorly differentiated intestinal
NETs are treated in a similar fashion to those with small
cell carcinomas. They have a poor prognosis.

4. Small Intestine Sarcoma

Sarcomas constitute approximately 10% of small bowel
neoplasms and are commonly found in the jejunum and
ileum (and in a Meckel diverticulum, if present). Most arise
from stromal tumors (GISTs) that stain positive for CD117;
a minority arise from smooth muscle tumors (leiomyosar-
comas) (see Gastrointestinal Mesenchymal Tumors above).
Common symptoms of small intestine sarcoma include
pain, weight loss, bleeding, and perforation. As the lesions
tend to enlarge extraluminally, obstruction is rare.

Kaposi sarcoma was at one time a common complica-
tion in AIDS, but the incidence is declining with antiretro-
viral therapy. It can also occur in the setting of
immunosuppression after organ transplantation. It is
caused by infection with human herpesvirus 8 (HHV8).
Lesions may be present anywhere in the intestinal tract.

CMDT22_Ch39_p1612-p1675.indd 1645 02/07/21 2:44 PM



ChAPTER 391646 CMDT 2022

Visceral involvement usually is associated with cutaneous
disease. Most lesions are clinically silent; however, large
lesions may be symptomatic. Widespread involvement may
be best treated by systemic chemotherapy using single-
agent therapy or combinations of pegylated-doxorubicin,
paclitaxel, vincristine, bleomycin, or etoposide. Surgery or
radiation may be indicated for isolated high-risk lesions.

Akce M et al. Clinical outcomes of small bowel adenocarcinoma.
Clin Colorectal Cancer. 2019;18:257. [PMID: 31606297]

Bonds M et al. Neuroendocrine tumors of the pancreaticobiliary
and gastrointestinal tracts. Surg Clin North Am. 2020;100:635.
[PMID: 32402306]

Lee MR et al. Incidence trends of gastroenteropancreatic neuro-
endocrine tumors in the United States. Clin Gastroenterol
Hepatol. 2019;17:2212. [PMID: 30580091]

National Comprehensive Cancer Network. Clinical Practice
Guidelines in Oncology. Small Bowel Adenocarcinoma. Ver-
sion 2.2020. 2020 May 6. https://www.nccn.org/professionals/
physician_gls/pdf/small_bowel.pdf

Scott AT et al. Management of small bowel neuroendocrine
tumors. J Oncol Pract. 2018;14:471. [PMID: 30096273]

COLORECTAL CANCER

E S S E N T I A L S  O F  D I A G N O S I S

» Personal or family history of adenomatous or ser-
rated polyps or colorectal cancer are important
risk factors.

» Symptoms or signs depend on tumor location.

» Proximal colon: fecal occult blood, anemia.

» Distal colon: change in bowel habits, hematochezia.

» Diagnosis established with colonoscopy.

» General Considerations

Colorectal cancer is the second leading cause of death due
to malignancy in the United States. Colorectal cancer will
develop in approximately 4.2% of Americans and has a
5-year survival rate of 65%. In 2020, there were an estimated
147,950 new cases of colorectal cancer in the United States,
with an estimated 53,200 deaths. Between 1996 and 2010,
its mortality rate decreased by 46%. A 2015 National Health
Interview Survey estimated that 62% of US adults have
undergone recommended screening. On average, new cases
have been falling 3.2% each year over the last 10 years.

Colorectal cancers are almost all adenocarcinomas,
which tend to form bulky exophytic masses or annular
constricting lesions. The majority of colorectal cancers are
thought to arise from malignant transformation of an
adenomatous polyp (tubular, tubulovillous, or villous ade-
noma) or serrated polyp (hyperplastic polyp, traditional
serrated adenoma, or sessile serrated adenoma). Polyps
that are “advanced” (ie, polyps at least 1 cm in size, adeno-
mas with villous features or high-grade dysplasia, or ser-
rated polyps with dysplasia) are associated with a greater

risk of cancer. Approximately 85% of sporadic colorectal
cancers arise from adenomatous polyps. They have loss of
function of one or more tumor suppressor genes (eg, p53,
APC, or DCC) due to a combination of spontaneous muta-
tion of one allele combined with chromosomal instability
and aneuploidy (abnormal DNA content) that leads to dele-
tion and loss of heterozygosity of the other allele (eg, 5q, 17q,
or 18p deletion). Activation of oncogenes such as KRAS and
BRAF is present in a subset of colorectal cancers with prog-
nostic and therapeutic implications discussed further below.

Approximately 10–20% of colorectal cancers arise from
serrated polyps, most of which have hypermethylation of
CpG-rich promoter regions that leads to inactivation of the
DNA mismatch repair gene MLH1, resulting in MSI, and
activation of mutations of the BRAF gene. Serrated colon
cancers have distinct clinical and pathologic characteris-
tics, including diploid DNA content, predominance in the
proximal colon, poor differentiation, and more favorable
prognosis.

Up to 5% of colorectal cancers are caused by inherited
germline mutations resulting in polyposis syndromes (eg,
familial adenomatous polyposis) or hereditary nonpolypo-
sis colorectal cancer (HNPCC or Lynch syndrome). These
conditions are discussed further in Chapter 15.

» Risk Factors

A number of factors increase the risk of developing colorec-
tal cancer. Some of these factors include smoking, consump-
tion of red and processed meats, alcohol intake, diabetes
mellitus, physical inactivity, obesity, and history of inflam-
matory bowel disease. Recognition of these factors has had
an impact on screening strategies. However, 75% of all cases
occur in people with no known predisposing factors.

A. Age

The incidence of colorectal cancer rises sharply after age
45 years, and 90% of cases occur in persons over the age of
50 years. The median age at diagnosis is 68 for men and
72 for women. Over the past two decades there has been a
20% decrease in incidence among adults over age 50 (likely
due to colorectal cancer screening programs) but a 50%
increase in incidence among adults under age 50 (espe-
cially in the distal colon and rectum). The incidence of
young adult–onset colorectal cancer is rising in all racial
and ethnic groups but is highest in Blacks. In the United States,
the colorectal cancer incidence rates in adults over age
50 is 40/100,000 and is 12.2/100,000 in adults younger than
age 50. It is estimated that by 2030, 10% of colon cancer
and 20% of rectal cancers will occur in patients under the
age of 50. The reason for the increase in colorectal cancer
incidence among adults under age 50 is uncertain.

B. Family History of Neoplasia

A family history of colorectal cancer is present in approxi-
mately 20% of patients with colon cancer. Hereditary fac-
tors are believed to contribute to 20–30% of colorectal
cancers; however, the genes responsible for most of these
cases have not yet been identified. Hereditary cancer
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syndromes (Lynch syndrome or polyposis syndromes)
account for approximately 3–4% of colorectal cancers in
patients 50 years or older but 10–15% of patients with
young adult–onset colorectal cancer (see Chapter 15).
Approximately 6% of the Ashkenazi Jewish population has
a missense mutation in the APC gene (APC I1307K) that
confers a modestly increased lifetime risk of developing
colorectal cancer (odds ratio [OR] 1.4–1.9) that phenotypi-
cally resembles sporadic colorectal cancer rather than
familial adenomatous polyposis. Genetic screening is avail-
able, and patients harboring the mutation merit more
intensive colorectal screening.

A family history of colorectal cancer or adenomatous
polyps is one of the most important risk factors for colorec-
tal cancer. The risk of colon cancer is proportionate to the
number and age of affected first-degree family members
with colon neoplasia. People with one first-degree family
member with colorectal cancer have an increased risk
approximately two times that of the general population;
however, the risk is almost four times if the family member
was younger than 45 years when the cancer was diagnosed.
Patients with two first-degree relatives have a fourfold
increased, or 25–30% lifetime, risk of developing colon can-
cer. First-degree relatives of patients with adenomatous pol-
yps also have a twofold increased risk for colorectal neoplasia,
especially if they were younger than 60 years when the polyp
was detected or if the polyp was 10 mm or larger.

C. Inflammatory Bowel Disease

The risk of adenocarcinoma of the colon begins to rise
8 years after disease onset in patients with ulcerative colitis
and Crohn colitis (see Chapter 15). For this reason, initia-
tion of surveillance with colonoscopy is recommended at
8–10 years after onset of inflammatory bowel disease
symptoms.

D. Dietary and Lifestyle Factors and
Chemoprevention

In epidemiologic studies, diets rich in fats and red meat are
associated with an increased risk of colorectal adenomas
and cancer, whereas diets high in fruits, vegetables, and
fiber are associated with a decreased risk. However, pro-
spective studies have not shown a reduction in colon can-
cer or recurrence of adenomatous polyps with diets that are
low in fat; that are high in fiber, fruits or vegetables; or that
include calcium, folate, beta-carotene, or vitamin A, C, D,
or E supplements.

Meta-analyses suggest that individuals with increased
physical activity are up to 27% less likely to develop colon
cancer. There also is a correlation between increasing body
mass index and cancer risk, such that for each increase of
5 kg/m2 in BMI, there is a 5% increased cancer risk. Patients
with higher levels of pre- and post-diagnosis physical activ-
ity experience reduced colorectal cancer–specific mortality
and all-cause mortality. Maintaining a healthy body weight,
a healthy diet, and a physically active lifestyle are recom-
mended in colorectal cancer survivors.

Low-dose aspirin has been associated with a reduced
risk of colorectal adenomas and cancer in multiple studies.

A 2016 USPSTF systematic review of controlled trials con-
cluded that prolonged regular use of low-dose aspirin (81
mg/day) is associated with a 40% reduction in colorectal
cancer incidence after 10 years and a 33% reduction in
colorectal cancer mortality after 20 years. Because long-
term aspirin use is associated with a low incidence of seri-
ous complications (gastrointestinal hemorrhage, stroke),
low-dose aspirin should not be routinely administered as a
chemopreventive agent without other medical indications.
Low-dose aspirin may also be considered in patients with a
personal or family history of colorectal cancer or advanced
adenomas; however, its administration does not obviate the
need for colonoscopy screening and surveillance.

E. Other Factors

The overall incidence of colorectal cancer is similar in men
and women; however, similar incidence rates are reached
in women about 4–6 years later than in men. A higher
proportion of cancers are located in the proximal colon in
women (46%) than men (37%). The incidence and mortal-
ity of colon adenocarcinoma is higher in Blacks and Native
Americans than in Whites. It is unclear whether this is due
to genetic or socioeconomic factors (eg, diet or reduced
access to medical care).

» Clinical Findings

A. Symptoms and Signs

Adenocarcinomas grow slowly and may be present for
several years before symptoms appear. However, some
asymptomatic tumors may be detected by the presence of
fecal occult blood (see Screening for Colorectal Neo-
plasms, below). Symptoms depend on the location of the
carcinoma. Chronic blood loss from right-sided colonic
cancers may cause iron deficiency anemia, manifested by
fatigue and weakness. Obstruction, however, is uncommon
because of the large diameter of the right colon and the
liquid consistency of the fecal material. Lesions of the left
colon often involve the bowel circumferentially. Because
the left colon has a smaller diameter and the fecal matter is
solid, obstructive symptoms may develop with colicky
abdominal pain and a change in bowel habits. Constipation
may alternate with periods of increased frequency and
loose stools. The stool may be streaked with blood, though
marked bleeding is unusual. With rectal cancers, patients
note tenesmus, urgency, and recurrent hematochezia.
Physical examination is usually normal except in advanced
disease. The liver should be examined for hepatomegaly,
suggesting metastatic spread. For cancers of the distal rec-
tum, digital examination is necessary to determine whether
there is extension into the anal sphincter or fixation, sug-
gesting extension to the pelvic floor.

B. Laboratory Findings

A CBC should be obtained to look for anemia. Elevated
liver biochemical tests raise suspicion of metastatic disease.
The serum carcinoembryonic antigen (CEA) should be
measured in all patients with proven colorectal cancer but
is not appropriate for screening. The CEA is not elevated in
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many patients with confirmed colorectal cancer; con-
versely, the CEA may be elevated in active smokers and
those with a variety of other nonmalignant conditions. A
preoperative CEA level greater than 5 ng/mL is a poor
prognostic indicator. After complete surgical resection,
CEA levels should normalize; persistently elevated levels
suggest the presence of persistent disease and warrant fur-
ther evaluation. CEA is routinely monitored at the time of
adjuvant therapy and during postoperative surveillance for
patients who had elevated levels before resection.

C. Colonoscopy

Colonoscopy is the required diagnostic procedure in patients
with a clinical history suggestive of colorectal cancer or in
patients with an abnormality suspicious for cancer detected
on radiographic imaging. Colonoscopy and upper endos-
copy should be considered in all adults with new-onset iron
deficiency anemia. Colonoscopy permits biopsy for patho-
logic confirmation of malignancy.

D. Imaging

Chest, abdominal, and pelvic CT scans with contrast are
required for preoperative staging. CT scans may demon-
strate distant metastases but are less accurate in the determi-
nation of the level of local tumor extension (T stage) or
lymphatic spread (N stage). Intraoperative assessment of the
liver by direct palpation and ultrasonography can be per-
formed to detect hepatic metastases (M stage). For rectal
cancers (generally defined as tumors arising 12 cm or less
proximal to the anal verge), pelvic MRI or endorectal ultra-
sonography is required to determine the depth of penetra-
tion of the cancer through the rectal wall (T stage) and
perirectal lymph nodes (N stage), informing decisions about
preoperative (neoadjuvant) chemoradiotherapy and opera-
tive management. PET is not routinely used for staging or
surveillance in colorectal cancers.

» Staging

The TNM system is the commonly used classification to
stage colorectal cancer. Staging is important not only because
it correlates with the patient’s long-term survival but also
because it is used to determine which patients should receive
adjuvant or neoadjuvant therapy.

» Differential Diagnosis

The nonspecific symptoms of colorectal cancer may be con-
fused with those of irritable bowel syndrome, diverticular
disease, ischemic colitis, inflammatory bowel disease, infec-
tious colitis, and hemorrhoids. Neoplasm must be excluded
in any patient over age 40 years who reports a change in
bowel habits or hematochezia or who has an unexplained
iron deficiency anemia or occult blood in stool samples.

» Treatment

A. Colon Cancer

Surgical resection of the colonic tumor is the treatment of
choice for almost all patients. It may be curative in patients

with stage I, II, and III disease and even some patients with
metastatic (stage IV) disease. Multiple studies demonstrate
that minimally invasive, laparoscopically assisted colec-
tomy results in similar outcomes and rates of recurrence to
open colectomy. Regional dissection of at least 12 lymph
nodes should be performed to determine staging, which
guides decisions about adjuvant therapy. Following com-
plete endoscopic removal of an adenomatous polyp (polyp-
ectomy) that is found on pathologic review to contain a
focus of cancer (malignant polyp), observation is a reason-
able alternative to further surgical resection in carefully
selected patients with invasion into the submucosa (T1
disease). Pathology review of colorectal cancers should
include testing for mismatch repair proteins for all patients.
Tumors of patients with metastatic colorectal cancer should
also be tested for extended RAS and BRAF mutations.

Following surgical resection, chemotherapy has been
demonstrated to improve overall and tumor-free survival
in select patients with colon cancer depending on stage
(Table 39–2).

1. Stage I—Because of the excellent 5-year survival rate
(approximately 92%), no adjuvant therapy is recommended
for stage I colon cancer.

2. Stage II node-negative disease—The 5-year survival
rate is approximately 87% for stage IIA disease and 63% for
stage IIB disease. A significant survival benefit from adju-
vant chemotherapy has not been demonstrated in most
randomized clinical trials for stage II colon cancer (see
discussion for stage III disease). However, otherwise
healthy patients with stage II disease who are at higher risk
for recurrence (perforation; obstruction; close or indeter-
minate margins; poorly differentiated histology; lymphatic,
vascular, or perineural invasion; T4 tumors; or fewer than
12 lymph nodes sampled) may benefit from adjuvant che-
motherapy. Patients whose tumors reveal MSI have a more
favorable prognosis and do not benefit from 5-fluorouracil-
based adjuvant therapy.

3. Stage III node-positive disease—With surgical resec-
tion alone, the expected 5-year survival rate is 30–50%.
Postoperative adjuvant chemotherapy significantly
increases disease-free survival as well as overall survival by
up to 30% and is recommended for all fit patients (Table 39–2).
Multiple large, well-designed studies of adjuvant therapy
for stage III colorectal cancer have reported a higher rate of
disease-free survival at 5 years for patients treated for
6 months postoperatively with a combination of oxalipla-
tin, 5-fluorouracil, and leucovorin (FOLFOX) (73.3%) than
with 5-fluorouracil and leucovorin (FL) alone (67.4%).
Similar benefit was reported for patients treated with oxali-
platin and capecitabine (orally active fluoropyrimidine).
A large international randomized controlled trial com-
paring 3 months with 6 months of adjuvant therapy for
colon cancer found that 3 months of adjuvant therapy
resulted in equivalent disease-free survival for patients
with earlier stage T1, T2, or T3, and N1 disease but not
with more advanced T4 or N2 disease. For patients with
high-risk disease (T4 or N2), 6 months of adjuvant che-
motherapy are still recommended. The addition of a
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biologic agent (bevacizumab or cetuximab) to adjuvant
chemotherapy does not improve outcomes.

4. Stage IV metastatic disease—Approximately 20% of
patients have metastatic disease at the time of initial diag-
nosis, and an additional 30% eventually develop metastasis.
A subset of these patients has limited disease that is poten-
tially curable with surgical resection. Surgery may also be
warranted to provide palliation of tumor bleeding or
obstruction. Resection of isolated liver metastases may
result in long-term (over 5 years) survival in 35–55% of
cases. For those with unresectable hepatic metastases, local
ablative techniques (cryosurgery, radiofrequency or micro-
wave coagulation, embolization, hepatic intra-arterial che-
motherapy) or radiation may provide long-term tumor
control. A subset of patients who have isolated pulmonary
metastases may undergo resection or radiation with poten-
tial cure. In the absence of other treatment, the median
survival is less than 12 months; however, with current
therapies, median survival approaches 30 months. Primary
cancer location has been found to have a potential prog-
nostic importance: median survival times are 33.3 months
for patients with left-sided colon cancers compared to
19.4 months for those with right-sided cancers.

The goals of therapy for patients with metastatic
colorectal cancer are to slow tumor progression while
maintaining a reasonable quality of life for as long as pos-
sible. Currently, either FOLFOX (the addition of oxalipla-
tin to 5-fluorouracil and folinic acid) or FOLFIRI (the
addition of irinotecan to 5-fluorouracil and folinic acid) is
the preferred first-line treatment regimen for fit patients.
For convenience, oral capecitabine (instead of intravenous
5-fluorouracil and leucovorin) can be used in combination
with oxaliplatin since it has similar efficacy to 5-fluorouracil;
however, combination with irinotecan is not recommended
due to increased toxicity (diarrhea). Addition of a biologic
agent to combination chemotherapy improves response
rates and overall survival and is recommended in the first
line of treatment in suitable patients. Bevacizumab is a
monoclonal antibody targeting VEGF. Combination of
bevacizumab with FOLFOX or FOLFIRI prolongs mean
survival by 2–5 months compared with either regimen
alone. Cetuximab and panitumumab are monoclonal anti-
bodies targeting EGFR. Activating K-ras gene mutations
downstream of EGFR are present in approximately 35% of
patients with metastatic colorectal cancer and are a bio-
marker for nonresponse to cetuximab and panitumumab,
for which reason the use of these agents is restricted to
patients with tumors wild-type for K-ras. Mutations in
N-ras and BRAF are also predictive of nonresponse to
EGFR inhibition alone. In stage IV patients with K-ras
wild-type cancers, the addition of panitumumab or cetux-
imab to FOLFOX or FOLFIRI prolongs survival by approx-
imately 4 months.

When disease progresses despite treatment either with
FOLFOX or with FOLFIRI (often in conjunction with
bevacizumab or an EGFR-targeted antibody), therapy is
switched to the alternate regimen. Although the ideal
sequence of agents is not known, patients do benefit from
exposure to all available therapies. Clinical trial participa-
tion should be considered for eligible patients who are

intolerant of or ineligible for standard therapies or in
whom disease has progressed.

B. Rectal Cancer

The treatment approach to rectal cancer is guided by
clinical staging as determined by colonoscopy and
endorectal ultrasound or MRI with endorectal coil. In
carefully selected patients with small (less than 4 cm),
mobile, well-differentiated T1 rectal cancers that are less
than 8 cm from the anal verge, transanal endoscopic or
surgical excision may be considered. All other patients
with rectal cancer require either a low anterior resection
with a colorectal anastomosis or an abdominoperineal
resection with a colostomy, depending on how far above
the anal verge the cancer is located and the extent of local
tumor spread.

For invasive rectal carcinoma, preoperative (neoadju-
vant) therapy with radiation or chemoradiation, with or
without postoperative (adjuvant) therapy with chemother-
apy or chemoradiation, is generally recommended in all
node-positive tumors and in T3 and greater tumors due to
increased risk of local recurrence. The choice and timing of
radiation and chemotherapy depend on a host of factors.
Neoadjuvant chemoradiation has become the preferred
standard in many centers because chemotherapy is more
tolerable prior to surgery, leads to improved local control,
and may result in improved long-term survival. For patients
with clinical node-positive disease, a bulky primary cancer
(T4), or a low-lying cancer that will require a permanent
colostomy, giving all chemotherapy in the neoadjuvant set-
ting (total neoadjuvant therapy) is now an option in NCCN
guidelines.

After neoadjuvant therapy, the operative approach (low
anterior resection versus abdominoperineal resection with
colostomy) depends on how far above the anal verge the
cancer is located, its size and depth of penetration, and the
patient’s overall condition. Careful dissection of the entire
mesorectum by either open or laparoscopic surgery reduces
local recurrence to 5%. Although low anterior resections
obviate a colostomy, they are associated with increased
immediate postsurgical complications (eg, leak, dehis-
cence, stricture) and long-term defecatory complaints (eg,
increased stool frequency, and incontinence). With unre-
sectable rectal cancer, the patient may be palliated with a
diverting colostomy.

» Follow-Up After Surgery

Colorectal cancer patients who have undergone resections
for cure are monitored closely to look for evidence of
symptomatic or asymptomatic tumor recurrence that may
occasionally be amenable to curative resection. Patients
should be evaluated every 3–6 months for 2 years and then
every 6 months for a total of 5 years with history, physical
examination, and laboratory surveillance, including serum
CEA levels if baseline levels are elevated. The NCCN and
ASCO guidelines recommend surveillance contrast CT
scans of chest, abdomen, and pelvis up to every 6–12 months
for up to 5 years post-resection in high-risk stage II
and all stage III patients. Patients who had a
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complete preoperative colonoscopy should undergo
another colonoscopy 1 year after surgical resection.
Patients who did not undergo full colonoscopy preopera-
tively also should undergo a full colonoscopy after comple-
tion of all adjuvant therapy to exclude other synchronous
colorectal neoplasms. If a colonoscopy does not detect new
adenomatous polyps 1 year postoperatively, surveillance
colonoscopy should be performed every 3–5 years thereaf-
ter to look for metachronous polyps or cancer. New onset
of symptoms or a rising CEA warrants investigation with
chest, abdominal, and pelvic CT and colonoscopy to look
for a new primary tumor or recurrence, or metachronous
metastatic disease that may be amenable to curative or pal-
liative therapy. The majority of colorectal cancer recur-
rences occur within 3 years of the conclusion of treatment,
and almost all (greater than 90%) occur within 5 years.

» Prognosis

The stage of disease at presentation remains the most
important determinant of 5-year survival in colorectal
cancer, which is estimated in older registries as: stage I,
greater than 90%; stage II, 70–85%; stage III with fewer
than 4 positive lymph nodes, 67%; stage III with more than
4 positive lymph nodes, 33%; and stage IV, 5–7%. Long-
term registry follow-up data from the modern chemo-
therapy era are not yet available. For each stage, rectal
cancers have a worse prognosis. For those patients whose
disease progresses despite therapy, meticulous efforts at
palliative care are essential (see Chapter 5).

» Screening for Colorectal Neoplasms

Colorectal cancer is ideal for screening because it is a com-
mon disease that is fatal in almost 50% of cases and yet is
curable if detected at an earlier stage. Furthermore, most
cases arise from benign adenomatous or serrated polyps
that progress over many years to cancer, and removal of
these polyps has been shown to prevent the majority of
cancers. Colorectal cancer screening is endorsed by the
USPSTF, the Agency for Health Care Policy and Research,
the American Cancer Society, and every professional gas-
troenterology and colorectal surgery society. Although
there is continued debate about the optimal cost-effective
means of providing population screening, there is now
almost unanimous consent that screening of some kind
should be offered to all adults ages 45–75 years. The 2018
American Cancer Society recommendations for screening
and 2020 USPSTF draft recommendations for screening
are listed in Table 39–6. Due to a rising incidence of
colorectal cancer in adults younger than 50 years, the 2020
USPSTF and 2018 American Cancer Society guidelines
both endorse consideration of screening in asymptomatic,
average-risk adults beginning at age 45; however, the cost-
effectiveness of this strategy is uncertain. It is important for
primary care providers to understand the relative merits of
various options and to discuss them with their patients.

The potential for harm from screening must be weighed
against the likelihood of benefit, especially in elderly
patients with comorbid illnesses and shorter life expec-
tancy. Although routine screening is not recommended in

adults above age 75, it may be considered on a case-by-case
basis in adults age 76 through 85 years who have excellent
health and functional status.

Patients with first-degree relatives with colorectal neo-
plasms (cancer or adenomatous polyps) are at increased
risk. Therefore, most guidelines recommend initiating
screening at age 40–50 years (or 10 years younger than the
familial diagnosis) in individuals with first-degree relatives
with colorectal cancer or with advanced adenomas. Rec-
ommendations for screening in families with inherited
cancer syndromes or inflammatory bowel disease are pro-
vided in Chapter 15.

Screening tests may be classified into two broad catego-
ries: stool-based tests and examinations that visualize the
structure of the colon by direct endoscopic inspection or
radiographic imaging.

A. Stool-Based Tests

1. Fecal occult blood test—Most colorectal cancers and
some large adenomas result in increased chronic blood
loss. A variety of tests for fecal occult blood are commer-
cially available that have varying sensitivities and specifici-
ties for colorectal neoplasia. These include guaiac-based
fecal occult blood tests (gFOBT) (eg, Hemoccult I and II
and Hemoccult SENSA) that detect the pseudoperoxidase
activity of heme or hemoglobin and fecal immunochemical
tests (FITs) that detect human globin. In clinical trials, FITs

Table 39–6. Recommendations for colorectal cancer
screening,1 based on updated draft 2020 US Preventive
Services Task Force and 2018 American Cancer Society
recommendations.2

Average-risk individuals ≥ 45 years old2

Annual fecal occult blood testing using higher sensitivity tests

(Hemoccult SENSA)

Annual fecal immunochemical test (FIT)

Fecal DNA test (interval uncertain)

Flexible sigmoidoscopy every 5 years

Colonoscopy every 10 years

CT colonography every 5 years

Individuals wit a family istory of a first-degree member wit

colorectal neoplasia3

Single first-degree relative wit colorectal cancer diagnosed

at age 60 years or older: Begin screening at age 40. Screen-

ing guidelines same as average-risk individual; however,

preferred method is colonoscopy every 10 years.

Single first-degree relative wit colorectal cancer or

advanced adenoma diagnosed before age 60 years, or

two first-degree relatives: Begin screening at age 40 or at

age 10 years younger than age at diagnosis of the youngest

affected relative, whichever is first in time. Recommended

screening: colonoscopy every 5 years.

1For recommendations for families with inherited polyposis syn-

dromes or hereditary nonpolyposis colon cancer, see Chapter 15.
2The American Cancer Society recommends screening of average-

risk adults from age 45 to 75; the US Preventive Services Task Force

recommends screening of all adults ages 50–75 (Grade A recom-

mendation) and ages 45–59 (Grade B). Both recommend screen-

ing in selected patients ages 76–85 based on life expectancy,

patient preferences, overall health, and prior screening results.

CMDT22_Ch39_p1612-p1675.indd 1650 02/07/21 2:44 PM



CANCER 1651CMDT 2022

have proven superior to gFOBT in sensitivity for detection
of colorectal cancer and advanced adenomas with similar
specificity. Because FITs are not affected by diet or medica-
tions and have superior accuracy, the USMSTF now rec-
ommends their use instead of gFOBT. In 19 clinical studies,
the pooled sensitivity and specificity of FIT for colorectal
cancer in average-risk patients were 79% and 94%,
respectively.

FIT testing is the preferred option for population-based
screening in various European and Australian programs. In
the United States, it is offered as the preferred option by
many health care plans. For health care systems in which
screening colonoscopy is readily available, FIT is a suitable
option for patients seeking a noninvasive screening test
who are willing to undertake annual fecal testing. The opti-
mal interval (yearly or every 2 years) and number of stool
samples (one or two) required for optimal FIT testing is as
yet undetermined, but currently annual testing is recom-
mended. Patients with a positive FIT test must undergo
further evaluation with colonoscopy.

2. Multitarget DNA assay—Stool DNA tests measure a
variety of mutated genes and methylated gene markers
from exfoliated tumor cells. A newer-generation assay
(Cologuard) combines a fecal DNA panel with a FIT. In a
prospective comparative trial conducted in persons at aver-
age risk for colorectal cancer undergoing colonoscopy, the
sensitivity for colorectal cancer for Cologuard was 92.3% vs
73.8% for FIT alone and the sensitivity for adenomas larger
than 1 cm or serrated polyps for Cologuard was 42.4% vs
23.8% for FIT alone. A positive stool DNA test requires
colonoscopy evaluation. Compared with FIT testing alone,
FIT-fecal DNA testing has disadvantages including higher
cost, lower specificity, lower cost-effectiveness, and cum-
bersome requirements for stool collection and mailing.

B. Endoscopic Examinations of the Colon

1. Colonoscopy—Colonoscopy permits examination of the
entire colon. In addition to detecting early cancers, colo-
noscopy allows removal of adenomatous polyps by biopsy
or polypectomy, which is believed to reduce the risk of
subsequent cancer. Over the past decade, there has been a
dramatic increase in screening colonoscopy, with over 60%
of US adults screened in the past 10 years. In asymptomatic
individuals between 50 and 75 years of age undergoing
screening colonoscopy, the prevalence of advanced colonic
neoplasia is 4–11% and of colon cancer is 0.1–1%.

Although colonoscopy is believed to be the most sensi-
tive test for detecting adenomas and cancer, it has several
disadvantages. Adequate visualization of the entire colonic
mucosa requires thorough bowel cleansing the evening and
morning prior to the examination. To alleviate discomfort
during the procedure, intravenous sedation is used for
most patients, necessitating a companion to transport the
patient home post-procedure. Serious complications occur
uncommonly; they include perforation (0.1%), bleeding
(0.25%), and death (2.9/100,000).

The skill of the operator has a major impact upon the
quality of the colonoscopy examination. In several studies,
the rate of colorectal cancer within 3 years of a screening

colonoscopy was 0.7–0.9%, ie, approximately 1 in 110
patients. Population-based case-control and cohort studies
suggest that colonoscopy is associated with greater reduc-
tion in colorectal cancer incidence and mortality in the
distal colon (80%) than the proximal colon (40–60%). This
may be attributable to incomplete examination of the
proximal colon, and differences between the proximal and
distal colon that include worse bowel preparation, subopti-
mal colonoscopic technique, and a higher prevalence of
serrated polyps and flat adenomas, which are more diffi-
cult to identify than raised (sessile or pedunculated)
polyps. To optimize diagnostic accuracy as well as patient
safety and comfort, colonoscopy should be performed after
optimal bowel preparation by a well-trained endoscopist
who spends sufficient time (at least 7 minutes) carefully
examining the colon (especially the proximal colon) while
withdrawing the endoscope.

2. Flexible sigmoidoscopy—Use of a 60-cm flexible sig-
moidoscope permits visualization of the rectosigmoid
and descending colon. Adenomatous polyps are identi-
fied in 10–20% and colorectal cancers in 1% of patients.
The finding at sigmoidoscopy of an adenomatous polyp
in the distal colon increases the likelihood at least twofold
that an advanced neoplasm is present in the proximal
colon.

The chief disadvantage of screening with flexible sig-
moidoscopy is that it requires some bowel cleansing, it may
be associated with some discomfort (since intravenous
sedation is not used), and it does not examine the proximal
colon. The prevalence of proximal versus distal neoplasia is
higher in persons older than age 65 years, in Blacks, and in
women.

C. Radiographic and Other Imaging of the Colon

1. CT colonography—CT colonography requires a similar
bowel cleansing regimen as colonoscopy as well as insuffla-
tion of air into the colon through a rectal tube, which may
be associated with discomfort. Using current imaging soft-
ware with multidetector helical scanners, the sensitivity is
greater than 95% for the detection of cancer and greater
than 84–92% for the detection of polyps 10 mm or larger.
CT colonography is less sensitive than colonoscopy for the
detection of polyps smaller than 1 cm, flat adenomas, and
serrated polyps.

The chief disadvantages of CT colonography are the
need for a bowel preparation, limited availability in many
health care systems, a possible increased risk of neoplasia
due to radiation exposure, and the potential for finding
incidental extracolonic findings that may lead to further
evaluations. CT colonography is an excellent screening
option in patients who do not wish to undergo or are
unsuitable for colonoscopy and in patients in whom colo-
noscopy could not be completed.

2. Capsule colonoscopy—Imaging of the colon can be
accomplished by oral ingestion of a capsule that captures
video images of the colon. Compared with colonoscopy,
the colon capsule has reduced sensitivity for polyps greater
than 6 mm (64% vs 84%) and for colorectal cancers (74%
vs 100%). At present, it is approved by the FDA for
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evaluation in patients who are not suitable candidates for
colonoscopy or in whom colonoscopy could not evaluate
the proximal colon. In addition to its suboptimal sensitivity
for neoplasia, the main disadvantages of capsule colonos-
copy are its cost, need for extensive bowel preparation, lack
of reimbursement by most insurance carriers, and small
risk of small bowel obstruction.

» When to Refer

• Patients with symptoms (change in bowel habits, hema-
tochezia), signs (mass on abdominal examination or
digital rectal examination), or laboratory tests (iron
deficiency anemia) suggestive of colorectal neoplasia
should be referred for colonoscopy.

• Patients with suspected colorectal cancer or adenoma-
tous polyps of any size should be referred for
colonoscopy.

• Virtually all patients with proven colorectal cancer
should be referred to a surgeon for resection. Patients
with clinical stage T3 or node-positive rectal tumors (or
both) also should be referred to medical and radiation
oncologists preoperatively for neoadjuvant therapy.
Patients with stage II, III, or IV colorectal tumors
should be referred to a medical oncologist.

» When to Admit

• Patients with complications of colorectal cancer
(obstruction, acute bleeding) requiring urgent evalua-
tion and intervention.

• Patients with advanced metastatic disease requiring
palliative care.
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CARCINOMA OF THE ANUS

The anal canal is lined from its proximal to distal extent by
columnar, transitional, and non-keratinized squamous epi-
thelium, which merges at the anal verge with the keratin-
ized perianal skin. Cancers arising from the mucosa of the
anal canal are relatively rare, comprising only 1–2% of all
cancers of the anus and large intestine. Squamous cancers
make up the majority of anal cancers. Anal cancer is
increased among people practicing receptive anal inter-
course and those with a history of anorectal warts. In over
80% of cases, HPV may be detected, suggesting that this
virus is a major causal factor. In a large controlled trial,
HPV vaccination of healthy men (16 to 26 years old) who
have sex with men decreased the incidence of anal intraepi-
thelial neoplasia by 50%. Women with anal cancer are at
increased risk for cervical cancer (which may be due to a
field effect of oncogenic HPV infection) and require gyne-
cologic screening and monitoring. Anal cancer is increased
in HIV-infected individuals, possibly due to interaction
with HPV. Nine-valent HPV (9vHPV) vaccine is recom-
mended for boys and girls starting at age 11 or 12 and for
individuals up to age 26 who have not been previously vac-
cinated. Thereafter, shared clinical decision-making regard-
ing HPV vaccination is recommended for some adults aged
27 through 45 years who are not adequately vaccinated.

Bleeding, pain, and local mass are the most common
symptoms. The lesion is often confused with hemorrhoids
or other common anal disorders. These tumors tend to
become annular, invade the sphincter, and spread upward
via the lymphatics into the perirectal mesenteric lymphatic
nodes. CT or MRI scans of the abdomen and pelvis are
required to identify regional lymphadenopathy or meta-
static disease at diagnosis. PET imaging may be used in
conjunction.

Treatment depends on the tumor location and histo-
logic stage. Well-differentiated and small (less than 2 cm)
superficial lesions of the perianal skin may be treated with
wide local excision.

Adenocarcinoma of the anal canal is treated in similar
fashion to rectal cancer (see above), commonly by abdomi-
noperineal resection with neoadjuvant chemoradiotherapy
and adjuvant chemotherapy. The more common squa-
mous cell cancer of the anal canal and large perianal
tumors invading the sphincter or rectum are treated with
combined-modality therapy that includes external radia-
tion with simultaneous chemotherapy (5-fluorouracil plus
mitomycin). Local control is achieved in approximately
80% of patients. Radical surgery (abdominoperineal resec-
tion) is reserved for patients who fail chemotherapy and
radiation therapy. Metastatic disease is generally treated
with carboplatin and paclitaxel. The 5-year survival rate is
81% for localized tumors and approximately 30% for meta-
static (stage IV) disease.

Mahal AR et al. An update to changing patterns of anal carci-
noma in the United States. Am J Clin Oncol. 2020;42:887.
[PMID: 31651454]

National Cancer Institute. SEER Cancer Stat Facts: Anal Cancer,
2020. https://seer.cancer.gov/statfacts/html/anus.html
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CANCERS OF ThE GENITOURINARY TRACT

George R. Schade, MD

PROSTATE CANCER

E S S E N T I A L S  O F  D I A G N O S I S

» Prostatic induration on digital rectal examination
(DRE) or elevation of PSA.

» Most often asymptomatic.

» Rarely: systemic symptoms (weight loss, bone pain).

» General Considerations

Prostate cancer is the most common noncutaneous cancer
and the second leading cause of cancer-related death in
American men with an estimated 191,930 new prostate
cancer diagnoses and 33,330 prostate cancer deaths in
2020. The clinical incidence, however, does not match the
prevalence of the disease. Autopsy studies have demon-
strated that more than 40% of men over age 50 years have
prostate cancer, and its prevalence increases with age with
30% of men aged 60–69 years and 67% of men aged
80–89 years harboring the disease at autopsy. Most of these
occult cancers are small indolent organ-confined cancers
with few representing regional or metastatic disease.
Although the global prevalence of prostatic cancer at autopsy
is relatively consistent, the clinical incidence varies consider-
ably (high in North America and European countries, inter-
mediate in South America, and low in the Far East). A
50-year-old American man has a lifetime risk of 40% for
latent cancer, a 16% risk for developing clinically apparent
cancer, and a 2.9% risk of death due to prostatic cancer.
Black race, family history of prostatic cancer, and history of
high dietary fat intake are risk factors for prostate cancer.

» Clinical Findings

A. Symptoms and Signs

Presently, most prostate cancers are asymptomatic and are
diagnosed because of elevations in serum PSA. However,
some men will be diagnosed based on discrete nodules or
areas of induration within the prostate on a DRE. Obstruc-
tive voiding symptoms are most often due to benign pros-
tatic hyperplasia, which occurs in the same age group.
Nevertheless, large or locally extensive prostatic cancers
can cause obstructive voiding symptoms, including urinary

retention. Lymph node metastases can lead to lower
extremity lymphedema. Because the axial skeleton is the
most common site of metastases, patients may present with
back pain, pathologic fractures, or rarely neurologic symp-
toms from epidural metastases and cord compression.

B. Laboratory Findings

1. Serum tumor markers—PSA is a glycoprotein produced
only by prostatic cells, either benign or malignant. The
serum level is typically low and correlates with the total
volume of prostate tissue and tends to increase with age.
Measurement of serum PSA is useful in detecting and stag-
ing prostate cancer, monitoring response to treatment, and
identifying recurrence before it becomes clinically evident.
As a screening test, PSA is elevated (greater than 4.0 ng/mL
[4.0 mcg/L]) in 10–15% of men. Prostate cancer will be
diagnosed in approximately 18–30% of men with PSA
4.1–10 ng/mL (4.1–10 mcg/L) and 50–70% of men with
PSA greater than 10 ng/mL (10 mcg/L). However, no PSA
threshold excludes the diagnosis of prostate cancer.

In untreated patients with prostate cancer, the level of
PSA correlates with the volume and stage of disease.
Patients with PSA levels less than 10 ng/mL (10 mcg/L)
usually have localized and therefore potentially curable
cancers, while those with PSA levels in excess of 40 ng/mL
(40 mcg/L) are more likely to have advanced disease (semi-
nal vesicle invasion, lymph node involvement, or occult
distant metastases). Approximately 98% of patients with
metastatic prostate cancer will have an elevated PSA level.
However, there are rare cancers that are localized despite
substantial elevations in PSA. Therefore, initial treatment
decisions cannot be made on the basis of PSA testing alone.
A rising PSA after therapy is usually consistent with pro-
gressive disease, either locally recurrent or metastatic.

2. Miscellaneous laboratory testing—Patients with uri-
nary retention or with ureteral obstruction due to loco-
regionally advanced prostate cancers may present with
elevations in blood urea nitrogen or serum creatinine.
Patients with bony metastases may have elevations in
serum alkaline phosphatase or calcium. Laboratory and
clinical evidence of disseminated intravascular coagulation
can occur in patients with advanced prostate cancers.

3. Prostate biopsy—Transrectal ultrasound-guided biopsy
is the standard method for detection of prostate cancer. The
use of a spring-loaded, 18-gauge biopsy needle has allowed
transrectal biopsy to be performed with minimal patient
discomfort and morbidity. Local anesthesia is standard and
increases the tolerability of the procedure. The specimen
preserves glandular architecture and permits accurate grad-
ing. Prostate biopsy specimens are taken from the apex,
mid-portion, and base in men who have an abnormal DRE
or an elevated serum PSA, or both. Extended-pattern biop-
sies, including a total of at least 10 biopsies, are associated
with improved cancer detection and risk stratification of
patients with newly diagnosed disease. In addition, suspi-
cious hypoechoic prostatic lesions seen on transrectal ultra-
sound may be targeted for biopsy. Patients with
abnormalities of the seminal vesicles can have these struc-
tures specifically biopsied to identify local tumor invasion.
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C. Imaging

Use of imaging for staging should be tailored to the likeli-
hood of advanced disease in newly diagnosed cases. CT of
the abdomen and pelvis and radionuclide (99-techne-
tium) bone scans are generally the first-line staging studies
performed, when indicated, to assess for nodal and bony
metastases, respectively.

MRI allows for evaluation of the prostate as well as
regional lymph nodes. The positive predictive value for detec-
tion of both capsular penetration and seminal vesicle invasion
is similar for transrectal ultrasound and MRI, although newer
multi-parametric MRI techniques may better stage patients
considering treatment or, alternatively, active surveillance.
Additionally, there is a growing role for multi-parametric
MRI in prostate cancer diagnosis, particularly among men
with previous negative prostate biopsies, to evaluate for suspi-
cious prostatic lesions. Such lesions may then be sampled via
MRI-guided needle biopsy or via MR Fusion (in which pros-
tate MRI images are fused in real-time with images from an
ultrasound-guided needle biopsy). Such an approach may
improve not only overall cancer detection but discovery of
clinically relevant disease, and its use in routine clinical prac-
tice has increased and continues to evolve.

Conventional radionuclide (99-technetium) bone
scans are superior to conventional plain skeletal radio-
graphs in detecting bony metastases. Prostate cancer bony
metastases tend to be multiple and most commonly occur
in the axial skeleton. Men with more advanced local
lesions, symptoms of metastases (eg, bone pain), high-
grade disease, or elevations in PSA greater than 20 ng/mL
(20 mcg/L) should undergo radionuclide bone scan. PET
(eg, 18F-sodium fluoride [18F-NaF] PET) and 18F-NaF
PET/CT hybrid imaging are more sensitive than con-
ventional bone scans. However, a high frequency of
abnormal scans with 18F-NaF PET/CT resulting from
degenerative joint disease has limited their usefulness.
Fluciclovine (Axumin) PET imaging has been approved
for suspected cancer recurrence based on elevated PSA
after prior treatment. PSMA (prostate-specific membrane
antigen) PET, using small-molecule radiotracers target-
ing PSMA (eg, 18F-DCFBC [N-[N-[(S)-1,3-dicarboxypro-
pyl]carbamoyl]-4-18F-fluorobenzyl-L-cysteine]) has shown
significant promise as a next-generation imaging method
and may replace traditional imaging modalities in the
future.

Despite application of modern, sophisticated tech-
niques, understaging of prostate cancer occurs in at least
20% of patients.

D. Genetic Testing

The role of genetics in prostate cancer diagnosis and man-
agement is evolving. A family history of prostate cancer
increases the risk of prostate cancer. Additionally, prostate
cancer has been associated with several hereditary cancer
syndromes (eg, Lynch syndrome, hereditary breast and
ovarian cancer syndrome, etc.) with approximately 11% of
prostate cancer patients with at least one additional primary
cancer carrying germline mutations. Consequently, some
patients with prostate cancer and their families may have

elevated risk for other cancers. Further, data suggest that
some germline mutations, such as BRCA1/2, are associated
with lower PSA at diagnosis and increased risk of progres-
sion and death; approximately 12% of patients with
metastatic prostate cancer have germline mutations in
homologous DNA repair genes. Finally, germline mutations
in DNA repair genes can have implications for treatment
and, as a result, play a role in personalized treatment.

Patients with prostate cancer should have a thorough
review of their family history and those with a concerning
family history should be referred for genetic counselling
and possible testing. Additionally, patients with high-risk
disease or metastatic disease should undergo genetic evalu-
ation as well.

» Screening for Prostate Cancer

The impact of prostate cancer screening on mortality
remains controversial. The screening tests currently avail-
able include DRE, PSA testing, and transrectal ultrasound.
Prostate cancer detection rates using DRE alone vary from
1.5% to 7%, but unfortunately, most of these cancers are
advanced (stage T3 or greater). Transrectal ultrasound
should not be used as a first-line screening tool due to its
expense, low specificity, and minimal improvement in detec-
tion rate versus the combined use of DRE and PSA testing.

PSA testing increases the detection rate of prostate can-
cers compared with DRE. Approximately 2–2.5% of men
older than 50 years of age will be found to have prostate
cancer using PSA testing compared with a rate of approxi-
mately 1.5% using DRE alone. The sensitivity, specificity,
and positive predictive value of PSA and DRE are listed in
Table 39–7. PSA-detected cancers are more likely to be
localized compared with those detected by DRE alone. The
Prostate Cancer Prevention Trial provided data demon-
strating a significant risk of prostate cancer even in men
with PSA less than 4.0 ng/mL (4.0 mcg/L) (Table 39–8) and
a web-based calculator has been developed to estimate the
risk of harboring both prostate cancer and high-grade
cancer (http://riskcalc.org/PBCG).

Table 39–7. Screening for prostatic cancer: test
performance.

Test Sensitivity Specificity

Positive Pre-

dictive Value

Abnormal PSA

(> 4 ng/mL

[mcg/L])

0.67 0.97 0.43

Abnormal DRE 0.50 0.94 0.24

Abnormal PSA

or DRE

0.84 0.92 0.28

Abnormal PSA

and DRE

0.34 0.995 0.49

DRE, digital rectal examination; PSA, prostate-specific antigen.

Modified, with permission, from Kramer BS et al. Prostate cancer

screening: what we know and what we need to know. Ann Intern

Med. 1993;119:914. Copyright © 1993 American College of Physicians.

All rights reserved.
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To improve the performance of PSA as a screening test,
several investigators have developed alternative methods
for its use. These include establishment of age- and race-
specific reference ranges, measurement of free serum and
protein-bound levels of PSA (percent free PSA), and cal-
culation of changes in PSA over time (PSA velocity). Gen-
erally, men with PSA free fractions exceeding 25% are
unlikely to have prostate cancer, whereas those with free
fractions less than 10% have an approximately 50% chance
of having prostate cancer. Newer tests, including the Pros-
tate Health Index (PHI) and 4kscore (https://4kscore.com),
may better identify not only men at greater risk for prostate
cancer but those with more aggressive disease.

The frequency of PSA testing also remains a matter of
debate. The traditional yearly screening approach may not
be the most efficient; rather, earlier PSA testing at younger
age may allow less frequent testing later as well as provide
information regarding PSA velocity. Men with PSA above
the age-based median when tested between 40 and 60 years
are at significantly increased risk for subsequent cancer
detection over 25 years. Men aged 40–50 with PSA below
0.6 ng/mL (0.6 mcg/L) and aged 50–60 with PSA below
0.71 ng/mL (0.71 mcg/L) may require less frequent PSA
tests. In addition, men with PSA velocity greater than 0.35
ng/mL (0.35 mcg/L) per year measured 10–15 years before
diagnosis had significantly worse cancer-specific survival
compared with those with lower PSA velocity. The NCCN
guidelines (https://www.nccn.org/professionals/physician_
gls/f_guidelines.asp) for prostate cancer early detection
incorporate many of these factors. The European Associa-
tion of Urology (EAU) recommends offering PSA screening
to men beginning at age 40–50 years, dependent on risk
factors, and subsequently initiating a risk-adapted strategy.

Two large, randomized trials have evaluated the benefit
of PSA screening for early detection of prostate cancer. In
the US Prostate, Lung, Colorectal, and Ovarian (PLCO)
Cancer Screening Trial, no mortality benefit was observed
after combined screening with PSA testing and DRE dur-
ing 15-year follow-up. Although screening resulted in a
12% increase in prostate cancer detection, the cancer-specific
mortality rate was similar in the screening and control

arms (2.55 and 2.44 deaths per 10,000 person-years,
respectively). However, an estimated 86% of control
patients received at least one screening PSA test and 46% of
control patients received yearly PSA screening during the
trial. Conversely, the European Randomized Study of
Screening for Prostate Cancer (ERSPC) trial demonstrated
a significant 20% reduction in prostate cancer mortality
with an absolute reduction of 1.75 deaths per 1000 men
screened at 16 years. The number of men needed to be
invited for screening to prevent one prostate cancer death
was 570 at 16 years compared with 742 at 13 years, while
the number of prostate cancers needing to be diagnosed to
prevent one prostate cancer death was reduced from 26 to
18, underscoring the importance of adequate long-term
follow-up for prostate cancer.

In 2018, the USPSTF issued a revised (Grade C) recom-
mendation for men aged 55 to 69 years that the decision to
undergo periodic PSA–based screening should be an indi-
vidual one. Before deciding about screening, men should
discuss its potential benefits and harms with their clinician,
incorporating their own values and preferences in the deci-
sion. The revised recommendation acknowledges that,
while screening offers some men a small potential benefit
of reducing the chance of dying from prostate cancer, many
other men will experience potential harms from screening.
These include false-positive results that require additional
testing and possible prostate biopsy; overdiagnosis and
overtreatment; and treatment complications, such as
incontinence and erectile dysfunction. In determining
whether screening is appropriate in individual cases, the
individual patient’s family history, race/ethnicity, comorbid
medical conditions, values about the benefits and harms of
screening and treatment-specific outcomes, and other
health needs should be considered. Clinicians should not
screen men who do not express a preference for screening.
For men age 70 years and older, the USPSTF recommends
against PSA-based screening (Grade D recommendation).

» Staging

The majority of prostate cancers are adenocarcinomas.
Most arise in the peripheral zone of the prostate, though a
small percentage arise in the central (5–10%) and transi-
tion zones (20%) of the gland. Pathologists utilize the
Gleason grading system whereby a “primary” grade is
applied to the architectural pattern of malignant glands
occupying the largest area of the specimen and a “second-
ary” grade is assigned to the next largest area of cancer.
Grading is based on architectural rather than histologic
criteria, and five “grades” are possible. Adding the score of
the primary and secondary grades gives a Gleason score
from 2 to 10. Gleason score correlates with tumor volume,
pathologic stage, and prognosis. A simplified five-grade
group system has been introduced by the International
Society of Urological Pathologists.

» Treatment

A. General Measures

The optimal management of localized prostate cancer
remains controversial owing to the plethora of treatment

Table 39–8. Risk of prostate cancer in men with PSA
≤ 4.0 ng/mL (or mcg/L).

PSA Level (ng/mL

[or mcg/L])

Percentage wit

Prostate Cancer

Percentage wit

hig-Grade1

Prostate Cancer

≤ 0.5 6.6 12.5

0.6–1.0 10.1 10.0

1.1–2.0 17.0 11.8

2.1–3.0 23.9 19.1

3.1–4.0 26.9 25.0

1High-grade cancer was defined as Gleason score ≥ 7.

Data from Thompson IM et al. Prevalence of prostate cancer

among men with a prostate-specific antigen level ≤ 4.0 ng per

milliliter. N Engl J Med. 2004;350:2239.
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options, side effects of the various options, and indolent
nature of many prostate cancers. These factors have contrib-
uted to uncertainty regarding a definitive survival benefit of
treating localized prostate cancer. To help guide treatment
decision making, patients are risk stratified according to
their PSA level at diagnosis, DRE, and prostate cancer grade
(Gleason score). Additionally, patients should have an
assessment of life expectancy prior to treatment decision-
making since all patients with low-risk disease and many
with intermediate-risk disease with less than 10-year life
expectancy will not benefit from treatment.

B. Active Surveillance

The goal of active surveillance is to avoid treatment in men
who may never require it while recognizing and definitively
treating men harboring higher-risk disease in order to bal-
ance cancer risk with the morbidity of treatment. Treatment
decisions are made based on stage, PSA, and cancer grade
(Gleason score) as well as the age and health of the patient.
Active surveillance alone may be effective management for
appropriately selected patients, typically those with low
PSA, small volume, well-differentiated cancers, and life
expectancy less than 10–15 years. For such patients, active
surveillance involves serial PSA levels, DREs, and periodic
prostate biopsies to reassess grade and extent of cancer.
Endpoints for intervention in patients on active surveil-
lance, particularly PSA changes, have not been clearly
defined and surveillance regimens remain an active area of
research. Nonetheless, they are increasingly accepted by
patients and clinicians with contemporary series demon-
strating freedom from definitive treatment in greater than
half of patients at 5 years, and risk of developing metastases
and suffering cancer-specific death in less than 3% and 2%,
respectively, at 10 years. Active surveillance, which is distin-
guished from mere observation (watchful waiting), is fea-
tured prominently in the NCCN and EAU guidelines and is
the preferred management in most men with very low risk
prostate cancer. This approach is increasingly accepted and
incorporated in routine clinical practice.

C. Radical Prostatectomy

During radical prostatectomy, the seminal vesicles, prostate,
and ampullae of the vas deferens are removed. Refinements
in technique have allowed preservation of urinary conti-
nence in most patients and erectile function in selected
patients. Radical prostatectomy can be performed via open
retropubic, transperineal, or laparoscopic (with or without
robotic assistance) surgery. Local recurrence is uncommon
after radical prostatectomy and related to pathologic stage.
Organ-confined cancers rarely recur; however, cancers with
adverse pathologic features (capsular penetration, seminal
vesicle invasion) are associated with higher local (10–25%)
and distant (20–50%) relapse rates.

Ideal candidates for radical prostatectomy include
healthy patients with stages T1 and T2 prostate cancers.
Patients with advanced local tumors (T4) or lymph node
metastases are rarely candidates for prostatectomy alone,
although surgery is sometimes used in combination with
hormonal therapy and postoperative radiation therapy for
select high-risk patients.

D. Radiation Therapy

Radiation can be delivered by a variety of techniques to the
prostate and, when clinically indicated, to the pelvic lymph
nodes. Conformal techniques, including three-dimensional
conformal radiation, intensity modulated radiotherapy, and
image-guided radiotherapy, have become the standard of
care for external photon-based radiotherapy, while proton
beam therapy has gained acceptance as an alternative exter-
nal beam therapy that theoretically may reduce toxicities.
Additionally, hypofractionated and ultra-hypofractionated
(ie, stereotactic radiotherapy) regimens have shown prom-
ising short- and intermediate-term outcomes vs conven-
tionally dosed regimens. Brachytherapy—the implantation
of permanent or temporary radioactive sources (palladium,
iodine, or iridium) into the prostate—can be used as mono-
therapy in those with low-grade or low-volume malignan-
cies or combined with external beam radiation in patients
with higher-grade or higher-volume disease. The PSA may
rise after brachytherapy because of prostate inflammation
and necrosis. This transient elevation (PSA bounce) should
not be mistaken for recurrence and may occur up to 20 months
after treatment. Patients with intermediate- and high-risk
disease benefit from concomitant androgen deprivation
therapy. As with surgery, the likelihood of local failure fol-
lowing radiation correlates with technique and cancer char-
acteristics. The likelihood of a positive prostate biopsy more
than 18 months after radiation varies between 20% and
60%. Patients with local recurrence are at an increased risk
of cancer progression and cancer death compared with
those who have negative biopsies. Survival of patients with
localized cancers (T1, T2, and selected T3) approaches 65%
at 10 years. Ambiguous target definitions, inadequate radia-
tion doses, and understaging of the cancer may be respon-
sible for the failure noted in some series.

E. Focal Therapy

To reduce the morbidity of localized prostate cancer treat-
ment, there has been a growing interest in focal therapy.
Focal therapy delivers energy to the prostate, destroying
the tumor(s) and a margin of normal prostate tissue while
avoiding collateral damage to the neurovascular bundles,
external urinary sphincter, bladder, and rectum. To date,
several energy sources (cryotherapy, high intensity focused
ultrasound, lasers, etc) have been evaluated and several
others are under development. The multifocal nature and
the difficulty of localizing the prostate cancer with contem-
porary imaging techniques combined with the prolonged
disease course, lack of clearly defined endpoints, and ran-
domized prospective data have limited the widespread
adoption of focal therapies as well as a clear understanding
of which are the ideal candidates.

F. Localized Disease

Although selected patients may be candidates for active
surveillance based on age or health and evidence of small-
volume or well-differentiated cancers, most men with an
anticipated life expectancy of longer than 10 years should
be considered for treatment. Newly introduced genomic
tests may provide important information to help guide
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treatment decisions. Both radiation therapy and radical pros-
tatectomy result in acceptable levels of local control. A large,
prospective, randomized trial compared watchful waiting
with radical prostatectomy in 695 men with clinically local-
ized and well-differentiated to moderately differentiated
cancers. Radical prostatectomy significantly reduced disease-
specific mortality, overall mortality, and risks of metastasis
and local progression. The relative reduction in the risk of
death at 23 years was 0.56 in the prostatectomy group, with
the number needed to treat to avert one death (NNT) = 8
patients; the benefit was largest in men younger than age
65 years (relative risk [RR] = 0.45) and with intermediate-
risk prostate cancer (RR = 0.38). Surgery also reduced the
risk of metastases in older men (RR = 0.68).

G. Locally and Regionally Advanced Disease

Patients with advanced pathologic stage or positive surgical
margins are at an increased risk for local and distant tumor
relapse. Due to these risks, such patients have been consid-
ered for adjuvant therapy (radiation for positive margins
and seminal vesicle invasion or androgen deprivation and/
or radiation for lymph node metastases). Two randomized
clinical trials (EORTC 22911 and SWOG 8794) demon-
strated improved progression-free and metastasis-free sur-
vival with early radiotherapy in these men, and subsequent
analysis of SWOG 8794 showed improved overall survival
in men receiving adjuvant radiation therapy. However, the
publication of two trials comparing adjuvant radiotherapy
with early-salvage therapy using contemporary radiother-
apy techniques (GETUG-AFU17 and RAVES) demon-
strated no difference in 5-year biochemical progression-free
survival casting doubt on the benefit of adjuvant radio-
therapy in the contemporary era.

H. Metastatic Disease

Since death due to prostate carcinoma is almost invariably
the result of failure to control metastatic disease, research
has emphasized efforts to improve control of distant dis-
ease. Most prostate carcinomas are hormone dependent
and approximately 70–80% of men with metastatic prostate
carcinoma will respond to various forms of androgen
deprivation. Androgen deprivation therapy may be effec-
tive at several levels along the pituitary–gonadal axis using
a variety of methods or agents (Table 39–9). Use of lutein-
izing hormone-releasing hormone (LHRH) agonists (leup-
rolide, goserelin) achieves medical castration without
orchiectomy and is the most common method of reducing
testosterone levels. A single LHRH antagonist (degarelix) is
FDA approved and has no short-term testosterone “flare”
associated with LHRH agonists. Because of its rapid onset
of action, ketoconazole should be considered in patients
with advanced prostate cancer who present with spinal
cord compression, bilateral ureteral obstruction, or dis-
seminated intravascular coagulation. Although testoster-
one is the major circulating androgen, the adrenal gland
secretes the androgens dehydroepiandrosterone, dehy-
droepiandrosterone sulfate, and androstenedione. This
led to the development of abiraterone acetate (an inhibi-
tor of CYP17, a key enzyme in androgen synthesis) to
block both testicular and adrenal androgens. Nonsteroidal

antiandrogen agents act by competitively binding the
receptor for dihydrotestosterone, the intracellular andro-
gen responsible for prostate cell growth and development.
In addition to immediate side effects of androgen depriva-
tion (sexual dysfunction and hot flashes), the chronic sup-
pression of testosterone leads to osteoporosis and risk of
fractures, cardiovascular disease and diabetes mellitus, and
decreased muscle and increased fat. Bisphosphonates can
prevent osteoporosis associated with androgen depriva-
tion, decrease bone pain from metastases, and reduce
skeletal-related events. Denosumab, a RANK ligand inhib-
itor, is approved for the prevention of skeletal-related
events in patients with bone metastases from prostate
cancer and also appears to delay the development of these
metastases in patients with castration-resistant prostate
cancer. In addition, enzalutamide definitively improves
metastasis-free survival in men with nonmetastatic castrate-
resistant prostate cancer and rapidly rising PSAs.

The management of advanced prostate cancer is rapidly
evolving. Contemporary management consists of initiating
androgen deprivation therapy with orchiectomy, LHRH
agonist, or LHRH antagonist. A meta-analysis compared
using an LHRH agonist or orchiectomy alone with an LHRH
agonist or orchiectomy plus an antiandrogen agent; results
showed little benefit of combination therapy. However,
patients at risk for disease-related symptoms (bone pain,
obstructive voiding symptoms) should receive concurrent
antiandrogens due to the initial elevation of serum testoster-
one that accompanies LHRH agonists. For patients with
elevated PSAs only (indicating recurrent, but nonmetastatic,
cancer), nonsteroidal antiandrogen agents may be useful.
Further androgen manipulations, initiation of cytotoxic
chemotherapy, and local therapy (eg, radiation) is defined by
the cancer’s androgen sensitivity status. For patients with
hormone-sensitive metastatic prostate cancer, the addition
of systemic cytotoxic chemotherapy with docetaxol to
androgen deprivation therapy results in improved survival
compared to androgen deprivation therapy alone. Similarly,
the addition, of abiraterone acetate plus prednisone to
androgen deprivation therapy, results in superior survival
compared to androgen deprivation therapy alone.

Patients with castrate-resistant disease or prostate can-
cer that demonstrates rising PSA or progression of disease
despite castrate levels of serum testosterone (less than
50 ng/dL) should continue their LHRH agonist/antagonist
regimen. Additional treatment options are stratified based
on the presence of metastatic disease. Patients with non-
metastatic castrate-resistant disease and long PSA doubling
time (longer than10 months) can simply be observed due
to their relatively indolent disease. Conversely, nonmeta-
static castrate-resistant patients with short doubling times
(10 months or less) have demonstrated improved metastasis-
free survival with the addition of the potent nonsteroidal
androgen receptor antagonists enzalutamide, apalu-
tamide, and darolutamide to androgen deprivation
therapy. For patients with metastatic castrate-resistant
prostate cancer, docetaxol was the first cytotoxic chemo-
therapy agent to improve survival. Enzalutamide and
abiraterone improve overall survival in men with meta-
static castrate prostate cancer in both the docetaxol naïve
and non-naïve setting. Cabazitaxel is a second-line taxane
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chemotherapy that improves overall survival in men who
have received docetaxel. Sipuleucel-T, an autologous cel-
lular immunotherapy, is FDA approved in asymptomatic or
minimally symptomatic men with metastatic castration-
resistant prostate cancer. Radium-223 dichloride is
approved for the treatment of men with castration-resistant,
symptomatic bone metastases, with significant improve-
ments in both overall survival and time to skeletal-related
events (eg, fractures and spinal cord compression). Finally,
patients who have undergone a genetics evaluation and are
found to have specific germline or somatic mutations may
benefit from personalized treatment strategies.

» Prognosis

The likelihood of success of active surveillance or treatment
can be predicted using risk assessment tools that usually

Table 39–9. Androgen deprivation for prostatic cancer.

Level Agent Dose Sequelae

Pituitary, hypothalamus Diethylstilbestrol 1–3 mg orally daily Gynecomastia, hot flushes, thromboembolic
disease, erectile dysfunction

LhRh agonists
Leuprolide
Goserelin
Triptorelin
Histrelin

Daily subcutaneous injection
Monthly to quarterly depot injection
Monthly depot injection
Annual subcutaneous implant

Erectile dysfunction, hot flushes, gynecomastia,
rarely anemia

LhRh antagonist
Degarelix 240 mg subcutaneously initial dose,

then 80 mg subcutaneously
monthly

Hot flushes, weight gain, erectile dysfunction,
increased liver tests

Adrenal Ketoconazole 400 mg three times orally daily Adrenal insufficiency, nausea, rash, ataxia

Aminoglutethimide 250 mg four times orally daily Adrenal insufficiency, nausea, rash, ataxia

Corticosteroid
Prednisone 20–40 mg orally daily Gastrointestinal bleeding, fluid retention

CYP17a1 inibitor
Abiraterone 1000 mg orally daily (with predni-

sone 5 mg orally twice daily)
Weight gain, fluid retention, hypokalemia,

hypertension

Testis Orchiectomy  Gynecomastia, hot flushes, erectile dysfunction

Prostate cell Antiandrogens

Flutamide 250 mg three times orally daily No erectile dysfunction when used alone;
nausea, diarrhea

Bicalutamide 50 mg orally daily Liver, cardiac, and pulmonary toxicity

Enzalutamide 160 mg orally daily Seizures, dizziness, asthenia

Apalutamide 240 mg orally daily Fatigue, leukopenia, hyperlipidemia,

hyperglycemia, hyperkalemia, seizures (rare)

Doralutamide 600 mg orally twice daily Fatigue, extremity pain, rash

Cytotoxic cemotera-
peutic agents

Bone marrow, skin, pulmonary, cardiac,
gastrointestinal, hepatic toxicities possible

Docetaxel 75 mg/m2 intravenously once on
day 1 of 21-day cycle (with
prednisone 10 mg orally daily)

Cabazitaxel 20 mg/m2 intravenously once on
day 1 of 21-day cycle (with
prednisone 10 mg orally daily)

LHRH, luteinizing hormone-releasing hormone.

combine stage, grade, PSA level, and number and extent of
positive prostate biopsies. Several web-based tools are avail-
able (eg, https://www.mskcc.org/nomograms/prostate).
Widely used nomograms include the Kattan nomogram and
the CAPRA nomogram. CAPRA uses serum PSA, Gleason
score, clinical stage, percent positive biopsies, and patient age
in a point system to risk stratify and predict the likelihood of
PSA recurrence 3 and 5 years after radical prostatectomy
(Tables 39–10 and 39–11) as well as metastasis and prostate
cancer-specific and overall survival. The CAPRA nomogram
has been validated on large multicenter and international
radical prostatectomy and radiation-treated cohorts.

The patterns of prostate cancer progression have been
well defined. Small and well-differentiated cancers (Gleason
grade 3) are usually confined within the prostate, whereas
large-volume (greater than 4 mL) or poorly differentiated
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Table 39–11. CAPRA: Probability of freedom from PSA
recurrence after radical prostatectomy by CAPRA point
total.

CAPRA Score

3-Year

Recurrence-Free

Survival (%) (95% CI)

5-Year

Recurrence-Free

Survival (%) (95% CI)

0–1 91 (85–95) 85 (73–92)

2 89 (83–94) 81 (69–89)

3 81 (73–87) 66 (54–76)

4 81 (69–89) 59 (40–74)

5 69 (51–82) 60 (37–77)

6 54 (27–75) 34 (12–57)

7+ 24 (9–43) 8 (0–28)

PSA, prostate-specific antigen.

Source: https://urology.ucsf.edu/research/cancer/prostate-cancer-

risk-assessment-and-the-ucsf-capra-score.

Table 39–10. The UCSF Cancer of the Prostate Risk
Assessment (CAPRA).

Variable Level Points

PSA (ng/mL [or mcg/L]) at diagnosis 0–6 0

6.1–10 1

10.1–20 2

20.1–30 3

> 30 4

Gleason grade, primary/secondary 1–3/1–3 0

1–3/4–5 1

4–5/1–5 3

T stage T1 or T2 0

T3a 1

% positive biopsies (biopsy cores posi-

tive divided by the number of biop-

sies obtained)

< 34% 0

≥ 34% 1

Age < 50 years 0

≥ 50 years 1

Source: https://urology.ucsf.edu/research/cancer/prostate-

cancer-risk-assessment-and-the-ucsf-capra-score.

(Gleason grades 4 and 5) cancers are more often locally exten-
sive or metastatic to regional lymph nodes or bone. Penetra-
tion of the prostate capsule by cancer is common and occurs
along perineural spaces. Seminal vesicle invasion is associ-
ated with a high likelihood of regional or distant disease and
disease recurrence. The most common sites of lymph node
metastases are the obturator and internal iliac lymph node
chains and of distant metastases, the axial skeleton.

» When to Refer

• Refer all patients to a urologist for management of
localized disease or for active surveillance.

• For metastatic disease, medical oncology should be
consulted for consideration of systemic treatments.

• Active surveillance may be appropriate in selected patients
with very low-volume, low-grade prostate cancer.

• Localized disease may be managed by active surveil-
lance, surgery, or radiation therapy.

• Locally extensive, regionally advanced, and metastatic
disease often require multimodal treatment strategies.

Bill-Axelson A et al. Radical prostatectomy or watchful waiting in
prostate cancer—29-year follow-up. N Engl J Med. 2018;379:
2319. [PMID: 30575473]

Gourd E. New advances in prostate cancer screening and moni-
toring. Lancet Oncol. 2020;21:887. [PMID: 32534632]

Hoffman KE et al. Patient-reported outcomes through 5 years for
active surveillance, surgery, brachytherapy, or external beam
radiation with or without androgen deprivation therapy for
localized prostate cancer. JAMA. 2020;323:149. [PMID:
31935027]

Hugosson J et al; ERSPC investigators. A 16-yr follow-up of the
European Randomized Study of Screening for Prostate
Cancer. Eur Urol. 2019;76:43. [PMID: 30824296]

Hussain M et al. Enzalutamide in men with nonmetastatic,
castration-resistant prostate cancer. N Engl J Med. 2018;
378:2465. [PMID: 29949494]

Kneebone A et al. Adjuvant radiotherapy versus early salvage
radiotherapy following radical prostatectomy (TROG 08.03/
ANZUP RAVES): a randomised, controlled, phase 3, non-
inferiority trial. Lancet Oncol. 2020;21:1331. [PMID: 33002437]

Parker CC et al. Radiotherapy to the primary tumour for newly
diagnosed, metastatic prostate cancer (STAMPEDE): a ran-
domised controlled phase 3 trial. Lancet. 2018;392:2353.
[PMID: 30355464]

Sargos P et al. Adjuvant radiotherapy versus early salvage radio-
therapy plus short-term androgen deprivation therapy in men
with localised prostate cancer after radical prostatectomy
(GETUG-AFU 17): a randomised, phase 3 trial. Lancet Oncol.
2020;21:1341. [PMID: 33002438]

Shoag JE et al. Reconsidering the trade-offs of prostate cancer
screening. N Engl J Med. 2020;382:2465. [PMID: 32558473]

BLADDER CANCER

E S S E N T I A L S  O F  D I A G N O S I S

» Gross or microscopic hematuria.

» Irritative voiding symptoms.

» Positive urinary cytology in most patients.

» Filling defect within bladder noted on imaging.

» General Considerations

Bladder cancer is the second most common urologic can-
cer; it occurs more commonly in men than women (3.1:1),
and the mean age at diagnosis is 73 years. Cigarette smok-
ing and exposure to industrial dyes or solvents are risk
factors for the disease and account for approximately 60%
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and 15% of new cases, respectively. In the United States,
almost all primary bladder cancers (98%) are epithelial
malignancies, usually urothelial cell carcinomas (90%).
Adenocarcinomas and squamous cell cancers account for
approximately 2% and 7%, respectively. The latter is often
associated with schistosomiasis, vesical calculi, or pro-
longed catheter use.

» Clinical Findings

A. Symptoms and Signs

Hematuria—gross or microscopic, chronic or intermittent—
is the presenting symptom in 85–90% of patients with
bladder cancer. Irritative voiding symptoms (urinary fre-
quency and urgency) occur in a small percentage of
patients as a result of the location or size of the cancer.
Most patients with bladder cancer do not have signs of the
disease because of its superficial nature. Abdominal masses
detected on bimanual examination may be present in
patients with large-volume or deeply infiltrating cancers.
Hepatomegaly or palpable lymphadenopathy may be pres-
ent in patients with metastatic disease, and lymphedema of
the lower extremities results from locally advanced cancers
or metastases to pelvic lymph nodes.

B. Laboratory Findings

Urinalysis reveals microscopic or gross hematuria in the
majority of cases. On occasion, hematuria is accompanied
by pyuria. Azotemia may be present in a small number of
cases associated with ureteral obstruction. Anemia may
occasionally be due to chronic blood loss or to bone mar-
row metastases. Exfoliated cells from normal and abnormal
urothelium can be readily detected in voided urine speci-
mens. Cytology can be useful to detect the disease initially
or to detect its recurrence. Cytology is sensitive in detect-
ing cancers of higher grade and stage (80–90%), but less so
in detecting superficial or well-differentiated lesions (50%).
There are numerous urinary tumor markers under investi-
gation for screening or assessing recurrence, progression,
prognosis, or response to therapy.

C. Imaging

Bladder cancers may be identified as masses within the
bladder using ultrasound, CT, or MRI. However, the pres-
ence of cancer is confirmed by cystoscopy and biopsy, with
imaging primarily used to evaluate the upper urinary tract
and to stage more advanced lesions.

D. Cystourethroscopy and Biopsy

The diagnosis and staging of bladder cancers are made by
cystoscopy and transurethral resection. If cystoscopy—
usually performed under local anesthesia—confirms the
presence of a bladder tumor, the patient is scheduled for
transurethral resection under general or regional anesthe-
sia. Random bladder and transurethral prostate biopsies
are occasionally performed to detect occult disease and
potentially identify patients at greater risk for cancer recur-
rence and progression.

» Pathology & Staging

Grading is based on cellular features: size, pleomorphism,
mitotic rate, and hyperchromatism. Bladder cancer staging
is based on the extent (depth) of bladder wall penetration
and the presence of regional or distant metastases. Both
cancer grade and stage influence the natural history of
bladder cancer including local recurrence within the blad-
der and progression to higher-stage disease.

» Treatment

Patients with superficial non–muscle invasive cancers (Tis,
Ta, T1) are treated with complete transurethral resection
with selective use of a single dose intravesical chemother-
apy immediately following resection. The subset of patients
with carcinoma in situ (Tis) and those undergoing resec-
tion of large, high-grade, recurrent Ta lesions or T1 cancers
(or both) are good candidates for additional intravesical
therapy.

Patients with muscle invasive (T2+) but still localized
cancers are at risk for both nodal metastases and progres-
sion and require more aggressive treatment. The gold
standard treatment is neoadjuvant chemotherapy followed
by radical cystectomy, which confers a survival advantage
versus cystectomy alone. This is particularly important for
higher-stage or bulky tumors to improve their surgical
resectability. Trimodal bladder preservation therapy con-
sisting of complete transurethral resection, sensitizing sys-
temic chemotherapy, and external beam radiotherapy can
offer similar outcomes in optimally selected patients.

A. Intravesical Therapy

Immunotherapeutic or chemotherapeutic agents delivered
directly into the bladder via a urethral catheter can reduce
the likelihood of recurrence in those who have undergone
complete transurethral resection. Most agents are adminis-
tered weekly for 6–12 weeks. Efficacy may be increased
by prolonging contact time to 2 hours. The use of main-
tenance therapy after the initial induction regimen is
beneficial. Common agents include gemcitabine, mito-
mycin, doxorubicin, valrubicin, and bacillus Calmette–
Guérin (BCG), with the last being the only agent
effective in reducing disease progression. Side effects of
intravesical chemotherapy include irritative voiding
symptoms and hemorrhagic cystitis. Patients in whom
symptoms or infection develop from BCG may require
antituberculous therapy.

B. Surgical Treatment

Although transurethral resection is the initial form of
treatment for all bladder tumors (since it is diagnostic,
allows for proper staging, and controls superficial cancers),
muscle-invasive cancers require more aggressive treat-
ment. Partial cystectomy can be considered in selected
patients with solitary lesions at the bladder dome or those
with cancer in a bladder diverticulum. Radical cystectomy
in men entails removal of the bladder, prostate, seminal
vesicles, and surrounding fat and peritoneal attachments
and in women removal of the bladder, uterus, cervix,
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urethra, anterior vaginal vault, and usually the ovaries. In
women with anterior tumors, vaginal and reproductive
organ-sparing surgery can be considered. Bilateral pelvic
lymph node dissection is performed in all patients. Urinary
diversion is performed in all. In most patients, it uses a
conduit of ileum or colon. However, continent forms of
diversion avoid the necessity of an external appliance; it
can be considered in a significant percentage of patients.

C. Radiotherapy

External beam radiotherapy delivered in fractions over a
6- to 8-week period is generally well tolerated, but approxi-
mately 10–15% of patients will develop bladder, bowel, or
rectal complications. Local recurrence is common after
radiotherapy alone (30–70%) and it is therefore combined
with radiosensitizing systemic chemotherapy to improve
complete response and to decrease recurrence rates. Bladder-
preserving chemoradiation can be offered to those patients
seeking to keep their bladder and is best suited for those
with solitary T2 or limited T3 tumors without ureteral
obstruction. Radiation with or without chemotherapy can
be offered to patients with localized cancers and to patients
who are poor candidates for radical cystectomy or to
patients with metastatic disease seeking palliation of local
symptoms.

D. Chemotherapy

Metastatic disease is present in 15% of patients with newly
diagnosed bladder cancer. Furthermore, metastases
develop in up to 40% of patients within 2 years of cystec-
tomy, including those patients who were believed to have
localized disease at the time of treatment. Cisplatin-based
combination chemotherapy results in partial or complete
responses in 15–45% of patients (see Table 39–2) and is the
preferred approach.

Combination chemotherapy has been used to decrease
recurrence rates in patients treated both with surgery and
with radiotherapy. Neoadjuvant chemotherapy appears to
benefit all patients with muscle-invasive disease prior to
planned cystectomy. Chemotherapy should also be consid-
ered before surgery in those with bulky lesions or those in
whom regional metastases are suspected. Alternatively,
adjuvant chemotherapy has been used after cystectomy in
patients at high risk for recurrence, such as those who have
lymph node involvement or extravesical local invasion.

E. Immunotherapy

The FDA has now approved several checkpoint inhibitors
as immunotherapy for metastatic urothelial cancer.
Approved anti–PDL-1 inhibitors include atezolizumab,
durvalumab, and avelumab (Table 39–2). Approved anti-
PD1 inhibitors include nivolumab and pembrolizumab.
All are approved for second-line treatment of locally
advanced or metastatic urothelial cancer that progressed
during or after platinum-based chemotherapy. Addition-
ally, atezolizumab and pembrolizumab are approved as
first-line therapy in cisplatin-ineligible patients whose
tumors express PD-L1 or in patients ineligible for any
platinum-based chemotherapy regardless of PD-L1

expression status. Overall response rates of these agents are
similar and range from 17% to 25% in locally advanced and
metastatic urothelial bladder cancer.

» Prognosis

The frequency of recurrence and progression are correlated
with grade. Whereas progression may be noted in few low-
grade cancers (19–37%), it is common with poorly differ-
entiated lesions (33–67%). Carcinoma in situ is most often
found in association with papillary bladder cancers. Its
presence identifies patients at increased risk for recurrence
and progression.

At initial presentation, approximately 50–80% of blad-
der cancers are superficial: stage Ta, Tis, or T1. When
properly treated, lymph node metastases and progression
are uncommon in such patients and survival is excellent
(81%). Five-year survival of patients with T2 and T3 dis-
ease ranges from 50% to 75% after radical cystectomy.
Long-term survival for patients with metastatic disease at
presentation is rare.

» When to Refer

• Refer all patients to a urologist. Hematuria often
deserves evaluation with both upper urinary tract
imaging and cystoscopy, particularly in a high-risk
group (eg, older men).

• Refer when histologic diagnosis and staging require
endoscopic resection of cancer.

• Metastatic urothelial cancer should be managed by a
medical oncologist.

Babjuk M et al. European Association of Urology guidelines on
non-muscle-invasive bladder cancer (TaT1 and carcinoma in
situ)–2019 update. Eur Urol. 2019;76:639. [PMID: 31443960]

Faba OR et al. Update of the ICUD-SIU International Consulta-
tion on Bladder Cancer 2018: urinary diversion. World J Urol.
2019;37:85. [PMID: 30238399]

Flaig TW et al. Bladder Cancer, Version 3.2020, NCCN Clinical
Practice Guidelines in Oncology. J Natl Compr Canc Netw.
2020;18:329. [PMID: 32135513]

Hussain SA et al. From clinical trials to real-life clinical practice:
the role of immunotherapy with PD-1/PD-L1 inhibitors in
advanced urothelial carcinoma. Eur Urol Oncol. 2018;1:486.
[PMID: 31158093]

Nadal R et al. Management of metastatic bladder cancer. Cancer
Treat Rev. 2019;76:10. [PMID: 31030123]

CANCERS OF THE URETER & RENAL PELVIS

Cancers of the ureter and renal pelvis are rare and occur
more commonly in patients who have bladder cancer, Bal-
kan nephropathy, or Lynch syndrome, who smoke, or who
have a long history of analgesic abuse. The majority are
urothelial cell carcinomas. Gross or microscopic hematuria
is present in most patients; flank pain secondary to bleed-
ing and obstruction occurs less commonly. As with bladder
cancers, urinary cytology is often positive in high-grade
cancers. The most common signs identified at the time of
CT or intravenous urography include an intraluminal fill-
ing defect, unilateral nonvisualization of the collecting
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system, and hydronephrosis. Ureteral and renal pelvic
tumors must be differentiated from calculi, blood clots,
papillary necrosis, or inflammatory and infectious lesions.
On occasion, upper urinary tract lesions are accessible for
biopsy, fulguration, or resection using a ureteroscope.
Treatment is based on the site, size, grade, depth of pene-
tration, and number of cancers present. Most are excised
with laparoscopic or open nephroureterectomy (renal pel-
vic and upper ureteral lesions) or segmental excision of the
ureter (distal ureteral lesions). Endoscopic resection may
be indicated in patients with limited renal function or
focal, low-grade, cancers. Similar to urothelial bladder
cancers, use of chemotherapy prior to surgery may improve
outcomes.

Kim HS et al. Immune checkpoint inhibitors for urothelial carci-
noma. Investig Clin Urol. 2018;59:285. [PMID: 30182073]

Leow JJ et al. Neoadjuvant and adjuvant chemotherapy for upper
tract urothelial carcinoma: a 2020 systematic review and
meta-analysis, and future perspectives on systemic therapy.
Eur Urol. 2021;79:635. [PMID: 32798146]

Scotland KB et al. Long term outcomes of ureteroscopic man-
agement of upper tract urothelial carcinoma. Urol Oncol.
2020;38:850.e17. [PMID: 32773230]

RENAL CELL CARCINOMA

E S S E N T I A L S  O F  D I A G N O S I S

» Gross or microscopic hematuria.

» Flank pain or mass in some patients.

» Systemic symptoms such as fever, weight loss may
be prominent.

» Solid renal mass on imaging.

» General Considerations

Kidney (renal cell) and renal pelvis carcinomas account for
3.8% of all adult cancers. In 2019 in the United States, it is
estimated that approximately 73,820 cases of renal cell car-
cinoma will be diagnosed and 14,770 deaths will result.
Renal cell carcinoma has a peak incidence in the sixth
decade of life and a male-to-female ratio of 2:1. It may be
associated with a number of paraneoplastic syndromes.

Risk factors include physical inactivity, obesity, and
diabetes mellitus. Cigarette smoking is the only known
significant environmental risk factor. Familial causes of
renal cell carcinoma have been identified (von Hippel–
Lindau syndrome, hereditary papillary renal cell carci-
noma, hereditary leiomyoma-renal cell carcinoma, and
Birt-Hogg-Dubé syndrome). There is an association with
dialysis-related acquired cystic disease and specific genetic
aberrations (eg, Xp11.2 translocation). But sporadic carci-
nomas are far more common.

Renal cell carcinoma originates from the proximal
tubule cells. Various histologic cell types are recognized
(clear cell, papillary, chromophobe, collecting duct, and
sarcomatoid).

» Clinical Findings

A. Symptoms and Signs

Historically, 60% of patients presented with gross or micro-
scopic hematuria. Flank pain or an abdominal mass was
detected in approximately 30% of cases. The triad of flank
pain, hematuria, and mass, found in only 10% of patients,
is often a sign of advanced disease. Fever can occur as a
paraneoplastic symptom. Symptoms of metastatic disease
(cough, bone pain) occur in 20–30% of patients at presenta-
tion. Due to the widespread use of ultrasound and cross-
sectional imaging, renal tumors are frequently detected
incidentally in individuals with no urologic symptoms.
Consequently, there has been profound stage migration
toward lower stages of disease over the last 20 years. How-
ever, population mortality rates have remained stable.

B. Laboratory Findings

Contemporary studies suggest hematuria is present in less
than 50% of patients. Erythrocytosis from increased eryth-
ropoietin production occurs in 5%, though anemia is more
common; hypercalcemia may be present in up to 10% of
patients. Stauffer syndrome is a reversible syndrome of
hepatic dysfunction (with elevated liver tests) in the absence
of metastatic disease.

C. Imaging

Solid renal masses are often first identified by abdominal
ultrasonography or CT. CT and MRI scanning are the most
valuable imaging tests for renal cell carcinoma. These scans
confirm the character of the mass and provide valuable stag-
ing information with respect to regional lymph nodes, renal
vein or vena cava tumor thrombus, and adrenal or liver
metastases. CT and MRI also provide valuable information
regarding the contralateral kidney (function, bilaterality of
neoplasm). Chest radiographs or CT exclude pulmonary
metastases. Bone scans should be performed for large
tumors and in patients with bone pain or elevated serum
alkaline phosphatase levels. Brain imaging should be
obtained in patients with high metastatic burden or in those
with neurologic deficits.

» Differential Diagnosis

Solid renal masses are renal cell carcinoma until proven
otherwise. Other solid masses include renal angiomyoli-
pomas (fat density usually detectable by CT), renal pelvis
urothelial cancers (more central location, involvement of
the collecting system, positive urinary cytology), renal
oncocytomas (indistinguishable from renal cell carcinoma
preoperatively), renal abscesses, and adrenal tumors
(superoanterior to the kidney).

» Treatment

Surgical extirpation is the primary treatment for localized
renal cell carcinoma. Patients with a single kidney, bilateral
lesions, or significant medical renal disease should be con-
sidered for partial nephrectomy. Patients harboring a small
tumor with a normal contralateral kidney and good kidney
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function are also candidates for partial nephrectomy, while
radical nephrectomy is indicated in patients with cancers
larger than 7 cm and those in whom partial nephrectomy is
not technically feasible. Radiofrequency and cryosurgical
ablation are alternative options instead of surgery in select
patients with tumors less than 3–4 cm with similar risk of
metastatic progression but higher risk of local recurrence.
Active surveillance is warranted in select patients (signifi-
cant comorbidity, short life expectancy) and appears safe
with low risk of 5-year systemic progression. Percutaneous
biopsy can provide tumor histology and grade to help guide
treatment decisions.

Cytotoxic chemotherapy has no role in the treatment of
metastatic renal cell carcinoma. Historically, cytokine-based
immunotherapies, such as interferon-alpha and interleukin-2,
produced partial response rates of 15–20% and 15–35%,
respectively (Table 39–2). Responders tended to have lower
tumor burden, metastatic disease confined to the lung, and a
high-performance status. Two randomized trials demonstrat-
ing a survival benefit of cytoreductive nephrectomy followed
by systemic interferon-alpha compared with the use of sys-
temic therapy alone led to the widespread adoption of cytore-
ductive nephrectomy. Patients most likely to benefit from
cytoreduction were those with good performance status,
lung only metastases, and good prognostic features.

Presently, management strategies are based on tumor
histology and patient risk (favorable, intermediate, or
poor). Several targeted medications, specifically VEGF, Raf-
kinase, and mTOR inhibitors, are effective (40–60%
response rates) in patients with advanced kidney cancer
(Table 39–2). These oral agents, which include sunitinib,
pazopanib, cabozantinib, axitinib, and sorafenib, are
generally well tolerated and particularly active for clear cell
carcinoma. The optimal timing and combination of these
agents remain to be determined. Sunitinib is approved for
adjuvant use after complete surgical resection in patients
with adverse pathologic features. The mTOR inhibitors
everolimus and temsirolimus are approved for use in
patients with prior anti-VEGF therapy, as is the combina-
tion of lenvatinib and everolimus. Nivolumab is an approved
anti-PD-1 immunotherapy for treating metastatic disease
that has progressed despite antiangiogenic therapy.
Nivolumab in combination with the anti-CTLA4 immuno-
therapy ipilimumab and pembrolizumab (anti-PD-1) in
combination with the VEGF inhibitor axitinib have proved
superior to sunitinib in previously untreated intermediate-
and poor-risk metastatic clear cell renal cell carcinoma and
are considered the standard first-line treatment for this
patient population (Table 39–2).

The utilization of cytoreductive nephrectomy in combi-
nation with contemporary agents has decreased in response
to the results of CARMENA and adoption of combination
immunotherapy regimens (nivolumab plus ipilimumab,
pembrolizumab plus axitinib). Still, there remains a role for
cytoreductive surgery in select patients with intermediate-
risk disease.

» Prognosis

After radical or partial nephrectomy, tumors confined to
the renal capsule (T1–T2) demonstrate 5-year disease-free

survivals of 90–100%. Tumors extending beyond the renal
capsule (T3 or T4) and node-positive tumors have 5-year
disease-free survivals of 50–60% and 0–15%, respectively.
One subgroup of patients with nonlocalized disease has
reasonable long-term survival, namely, those with solitary
resectable metastases. In this setting, radical nephrectomy
with resection of the solitary metastasis results in 5-year
disease-free survival rates of 15–30%.

» When to Refer

• Refer patients with solid renal masses or complex cysts
to a urologist for further evaluation.

• Refer patients with renal cell carcinoma to a urologic
surgeon for surgical excision.

• Refer patients with metastatic disease to an oncologist
and urologist.

Lalani AA et al. Systemic treatment of metastatic clear cell renal
cell carcinoma in 2018: current paradigms, use of immuno-
therapy, and future directions. Eur Urol. 2019;75:100. [PMID:
30327274]

Motzer RJ et al; CheckMate 214 Investigators. Nivolumab plus
ipilimumab versus sunitinib in advanced renal-cell carcinoma.
N Engl J Med. 2018;378:1277. [PMID: 29562145]

Rini BI et al; KEYNOTE-426 Investigators. Pembrolizumab plus
axitinib versus sunitinib for advanced renal-cell carcinoma. N
Engl J Med. 2019;380:1116. [PMID: 30779529]

Sanchez A et al. Current management of small renal masses,
including patient selection, renal tumor biopsy, active surveil-
lance, and thermal ablation. J Clin Oncol. 2018;36:3591.
[PMID: 30372390]

OTHER PRIMARY TUMORS OF THE KIDNEY

Oncocytomas account for 3–5% of renal tumors, are usu-
ally benign, and are indistinguishable from renal cell carci-
noma on preoperative imaging. These tumors are seen in
other organs, including the adrenals, salivary glands, and
thyroid and parathyroid glands.

Angiomyolipomas are rare benign tumors composed of
fat, smooth muscle, and blood vessels. They are most com-
monly seen in patients with tuberous sclerosis (often mul-
tiple and bilateral) or in young to middle-aged women. CT
scanning may identify the fat component, which is diagnos-
tic for angiomyolipoma. Asymptomatic lesions less than
5 cm in diameter usually do not require intervention; large
lesions can spontaneously bleed. Acute bleeding can be
treated by angiographic embolization or, in rare cases,
nephrectomy. Lesions over 5 cm are often prophylacti-
cally treated with angioembolization to reduce the risk of
bleeding.

SECONDARY CANCERS OF THE KIDNEY

The kidney is not an infrequent site for metastatic disease.
Of the solid tumors, lung cancer is the most common
(20%), followed by breast (10%), stomach (10%), and the
contralateral kidney (10%). Lymphoma, both Hodgkin and
non-Hodgkin, may also involve the kidney, although it
tends to appear as a diffusely infiltrative process resulting
in renal enlargement rather than a discrete mass.
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TESTICULAR CANCERS (Germ Cell Tumors)

E S S E N T I A L S  O F  D I A G N O S I S

» Most common neoplasm in men aged 20–35 years.

» Patient typically discovers a painless nodule.

» Orchiectomy necessary for diagnosis.

» General Considerations

Malignant tumors of the testis are rare, with approximately
five to six cases per 100,000 males reported in the United
States each year. Ninety to 95 percent of all primary testicu-
lar tumors are germ cell tumors and can be divided into
two major categories: nonseminomas, including embryo-
nal cell carcinoma (20%), teratoma (5%), choriocarcinoma
(less than 1%), and mixed cell types (40%); and semino-
mas (35%). The lifetime probability of developing testicu-
lar cancer is 0.3% for an American male.

Approximately 5% of testicular cancers develop in a
patient with a history of cryptorchism, with seminoma being
the most common. However, 5–10% of these tumors occur
in the contralateral, normally descended testis. The relative
risk of development of malignancy is higher for the intra-
abdominal testis (1:20) and lower for the inguinal testis
(1:80). Placement of the cryptorchid testis into the scrotum
(orchidopexy) does not alter its malignant potential but does
facilitate routine examination and cancer detection.

Testicular cancer is slightly more common on the right
than the left, paralleling the increased incidence of cryptor-
chidism on the right side. One to 2 percent of primary tes-
ticular cancers are bilateral and up to 50% of these men have
a history of unilateral or bilateral cryptorchidism. Primary
bilateral testicular cancers may occur synchronously or
asynchronously but tend to be of the same histology. Semi-
noma is the most common histologic finding in bilateral
primary testicular cancers, while malignant lymphoma is
the most common bilateral testicular tumor overall.

» Clinical Findings

A. Symptoms and Signs

The most common symptom of testicular cancer is painless
enlargement of the testis. Sensations of heaviness are not
unusual. Patients are usually the first to recognize an
abnormality, yet often delay in seeking medical attention
ranges from 3 to 6 months. Acute testicular pain resulting
from intratesticular hemorrhage occurs in approximately
10% of cases. Ten percent of patients are asymptomatic at
presentation, and 10% manifest symptoms relating to
metastatic disease such as back pain (retroperitoneal
metastases), cough (pulmonary metastases), or lower
extremity edema (vena cava obstruction).

A discrete mass or diffuse testicular enlargement is noted
in most cases. Secondary hydroceles may be present in
5–10% of cases. In advanced disease, supraclavicular adenop-
athy may be present, and abdominal examination may reveal
a mass. Gynecomastia is seen in 5% of germ cell tumors.

B. Laboratory Findings

Several serum markers are important in the diagnosis and
monitoring of testicular carcinoma, including human cho-
rionic gonadotropin (hCG), alpha-fetoprotein, and lactate
dehydrogenase. Alpha-fetoprotein is never elevated with
pure seminomas, and while hCG is occasionally elevated in
seminomas, levels tend to be lower than those seen with
nonseminomas. Lactate dehydrogenase may be elevated
with either type of tumor and is a marker for disease bur-
den. Liver tests may be elevated in the presence of hepatic
metastases, and anemia may be present in advanced
disease.

C. Imaging

Scrotal ultrasound can readily determine whether a mass is
intratesticular or extratesticular. Once the diagnosis of
testicular cancer has been established by inguinal orchiec-
tomy, clinical staging of the disease is accomplished by
chest, abdominal, and pelvic CT scanning.

» Staging

Testicular cancer is staged using the TNM system created
based on extent of cancer in the testis, status of regional
lymph nodes, the presence of metastases in distant lymph
nodes or other viscera, and serum levels of tumor markers.
Based on these features, germ cell tumors can be grouped
to assign an overall stage: stage I lesion is confined to the
testis; stage II demonstrates regional lymph node involve-
ment in the retroperitoneum; and stage III indicates distant
metastasis.

» Differential Diagnosis

An incorrect diagnosis is made at the initial examination in
up to 25% of patients with testicular tumors. Scrotal ultra-
sonography should be performed if any uncertainty exists
with respect to the diagnosis. Although most intratesticu-
lar masses are malignant, a benign lesion—epidermoid
cyst—may rarely be seen. Epidermoid cysts are usually
very small benign nodules located just underneath the
tunica albuginea; occasionally, however, they can be large.
Testicular lymphoma is discussed below.

» Treatment

Inguinal exploration with early vascular control of the sper-
matic cord structures is the initial intervention. If cancer
cannot be excluded by examination of the testis, radical
orchiectomy is warranted. Scrotal approaches and open tes-
ticular biopsies should be avoided. Further therapy depends
on the histology of the tumor as well as the clinical stage.

Patients with clinical stage I seminomas are candidates
for surveillance (preferred), single-agent carboplatin, or
adjuvant radiotherapy. Stage IIa and IIb seminomas (retro-
peritoneal disease less than 2 cm diameter in IIa and 2–5 cm
in IIb) are treated by radical orchiectomy plus retroperito-
neal irradiation or primary systemic chemotherapy
(etoposide and cisplatin or cisplatin, etoposide, and bleo-
mycin) (Table 39–2). Seminomas of stage IIc (greater than
5-cm-diameter retroperitoneal nodes) and stage III receive

CMDT22_Ch39_p1612-p1675.indd 1664 02/07/21 2:44 PM



CANCER 1665CMDT 2022

primary systemic chemotherapy. After chemotherapy, sur-
gical resection of residual retroperitoneal nodes is war-
ranted if the node is greater than 3 cm in diameter and
positive on PET scan, since 40% will harbor residual
carcinoma.

Up to 75% of clinical stage I nonseminomas are cured
by orchiectomy alone. Selected patients without specific
risk factors have low-risk of recurrence and are generally
offered surveillance after orchiectomy. These criteria
include (1) cancer is confined within the tunica albuginea;
(2) cancer does not demonstrate vascular invasion; (3)
tumor markers normalize after orchiectomy; (4) radio-
graphic imaging of the chest and abdomen shows no evi-
dence of disease; and (5) the patient is reliable. Patients
most likely to experience relapse on a surveillance regimen
include those with predominantly embryonal cancer and
those with vascular or lymphatic invasion identified in the
orchiectomy specimen. Alternatives to surveillance for
clinical stage I nonseminomas include adjuvant chemo-
therapy (bleomycin, etoposide, cisplatin) (see Table 39–2)
or retroperitoneal lymph node dissection.

Following orchiectomy, patients with bulky retroperito-
neal disease (greater than 5-cm nodes) or metastatic non-
seminomas are treated with combination chemotherapy
(cisplatin and etoposide or cisplatin, etoposide, and bleo-
mycin) (Table 39–2). If tumor markers normalize and a
residual mass greater than 1 cm persists on imaging stud-
ies, it is resected because 15–20% will harbor residual
cancer and 40% will harbor teratomas. Even if patients
have a complete response to chemotherapy, some clinicians
advocate retroperitoneal lymphadenectomy since 10% of
patients may harbor residual carcinoma and 10%, retro-
peritoneal teratoma. If tumor markers fail to normalize
following primary chemotherapy, salvage chemotherapy is
required (cisplatin, etoposide, and ifosfamide).

Postoperative active surveillance by the clinician and
patient means patients are followed up every 2–6 months
for the first 2 years and every 4–6 months in the third year.
For nonseminomas, tumor markers are obtained at each
visit, and chest radiographs and abdominal and pelvic CT
scans are obtained every 4–6 months. For seminomas,
serum tumor markers may be obtained (optional), chest
imaging is obtained only as clinically indicated, and
abdominal and pelvic CT scans are performed every
3–6 months. Follow-up continues beyond the initial
3 years; however, 80% of relapses will occur within the first
2 years. With rare exceptions, patients who relapse can be
cured by chemotherapy or surgery.

» Prognosis

The 5-year disease-free survival rates for stage I and IIa
seminomas (retroperitoneal disease less than 2 cm in
diameter) treated by radical orchiectomy and retroperito-
neal irradiation are 98% and 92–94%, respectively. Ninety-
five percent of patients with stage III disease attain a
complete response following orchiectomy and chemother-
apy. The 5-year disease-free survival for patients with stage I
nonseminomas (includes all treatments) ranges from 96%
to 100%. For low-volume stage II disease, a 5-year disease-
free survival of 90% is expected. Patients with

bulky retroperitoneal or disseminated disease treated with
primary chemotherapy followed by surgery have a 5-year
disease-free survival rate of 55–80%.

» When to Refer

Refer all patients with solid masses of the testis to a urologist
and a medical oncologist if metastatic disease is suspected.

Goldberg H et al. Germ cell testicular tumors—contemporary
diagnosis, staging and management of localized and advanced
disease. Urology. 2019;125:8. [PMID: 30597167]

King J et al. Management of residual disease after chemotherapy
in germ cell tumors. Curr Opin Oncol. 2020;32:250. [PMID:
32168037]

Pierorazio PM et al. Performance characteristics of clinical stag-
ing modalities for early stage testicular germ cell tumors: a
systematic review. J Urol. 2020;203:894. [PMID: 31609176]

SECONDARY CANCERS OF THE TESTIS

Secondary cancers of the testis are rare. In men over the age
of 50 years, lymphoma is the most common. Overall, it is
the most common secondary neoplasm of the testis,
accounting for 5% of all testicular cancers. It may be seen
in three clinical settings: (1) late manifestation of wide-
spread lymphoma, (2) the initial presentation of clinically
occult disease, and (3) primary extranodal disease. Radical
orchiectomy is indicated to make the diagnosis. Prognosis
is related to the stage of disease.

Metastasis to the testis is rare. The most common pri-
mary site of origin is the prostate, followed by the lung,
gastrointestinal tract, melanoma, and kidney.

CANCER COMPLICATIONS & EMERGENCIES

Sunny Wang, MD

Tiffany O. Dea, PharmD, BCOP

SPINAL CORD COMPRESSION

E S S E N T I A L S  O F  D I A G N O S I S

» Complication of metastatic solid tumor, lym-
phoma, or plasma cell myeloma.

» Back pain is most common presenting symptom.

» Prompt diagnosis is essential because once a
severe neurologic deficit develops, it is often
irreversible.

» Emergent treatment may prevent or potentially
reverse paresis and urinary and bowel
incontinence.

» General Considerations

Cancers that cause spinal cord compression most com-
monly metastasize to the vertebral bodies, resulting in
physical damage to the spinal cord from edema, hemorrhage,
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and pressure-induced ischemia to its vasculature. Persis-
tent compression can result in irreversible changes to the
myelin sheaths resulting in permanent neurologic
impairment.

Prompt diagnosis and therapeutic intervention are
essential, since the probability of reversing neurologic
symptoms largely depends on the duration of symptoms.
Patients who are treated promptly after symptoms appear
may have partial or complete return of function and,
depending on tumor sensitivity to specific treatment, may
respond favorably to subsequent anticancer therapy.

» Clinical Findings

A. Symptoms and Signs

Back pain at the level of the tumor mass occurs in over 80%
of cases and may be aggravated by lying down, weight bear-
ing, sneezing, or coughing; it usually precedes the develop-
ment of neurologic symptoms or signs. Since involvement
is usually epidural, a mixture of nerve root and spinal cord
symptoms often develops. Progressive weakness and sen-
sory changes commonly occur. Bowel and bladder symp-
toms progressing to incontinence are late findings.

The initial findings of impending cord compression
may be quite subtle, and there should be a high index of
suspicion when back pain or weakness of the lower extrem-
ities develops in a cancer patient.

B. Imaging

MRI is usually the initial imaging procedure of choice in a
cancer patient with new-onset back pain. If the back pain
symptom is nonspecific, a whole-body PET-CT scan with
18F-2-deoxyglucose may be a useful screening procedure.
Bone radiographs are neither sensitive nor specific for the
evaluation of a cancer patient with back pain. When neu-
rologic findings suggest spinal cord compression, an emer-
gent MRI should be obtained; the MRI should survey the
entire spine to define all areas of tumor involvement for
treatment planning purposes. MRI has a sensitivity of 93%
and a specificity of 97% for diagnosis of metastatic spinal
cord compression.

» Treatment

Patients with a known cancer diagnosis found to have epi-
dural impingement of the spinal cord should be given
corticosteroids immediately. The initial dexamethasone
dose is 10 mg intravenously followed by 4–6 mg every
6 hours intravenously or orally. Patients without a known
diagnosis of cancer should have emergent surgery to
relieve the impingement and obtain a pathologic speci-
men; preoperative corticosteroids should not be given
since they might compromise the pathology results.
Patients with solid tumors who have a single area of com-
pression and who are considered candidates for surgery
are best treated first with surgical decompression followed
by radiation therapy. Better outcomes (ie, improved ability
to ambulate and improved bladder and bowel function)
occur in patients who undergo surgery followed by

radiation therapy than in those who receive radiation
alone. If multiple vertebral body levels are involved with
cancer, fractionated radiation therapy is the preferred
treatment option. Corticosteroids are generally tapered
toward the end of radiation therapy. A scoring system
exists for patients presenting with spinal cord metastases to
identify those with poor survival times who would be best
managed with supportive care or single fraction palliative
radiation.

Boussios S et al. Metastatic spinal cord compression: unraveling
the diagnostic and therapeutic challenges. Anticancer Res.
2018;38:4987. [PMID: 30194142]

Hoskin PJ et al. Effect of single-fraction vs multifraction radio-
therapy on ambulatory status among patients with spinal
canal compression from metastatic cancer: the SCORAD
randomized clinical trial. JAMA. 2019;322:2084. [PMID:
31794625]

Lawton AJ et al. Assessment and management of patients with
metastatic spinal cord compression: a multidisciplinary
review. J Clin Oncol. 2019;37:61. [PMID: 30395488]

MALIGNANT EFFUSIONS

E S S E N T I A L S  O F  D I A G N O S I S

» Occur in pleural, pericardial, and peritoneal spaces.

» Caused by direct neoplastic involvement of serous
surface or obstruction of lymphatic drainage.

» Half of undiagnosed effusions in patients not
known to have cancer are malignant.

» General Considerations

The development of an effusion in the pleural, pericardial,
or peritoneal space may be the initial finding in a patient
with cancer, or an effusion may appear during the course of
disease progression. Direct involvement of the serous sur-
face with tumor is the most frequent initiating cause of the
accumulation of fluid. The most common malignancies
causing pleural and pericardial effusions are lung and
breast cancers; the most common malignancies associated
with malignant ascites are ovarian, colorectal, stomach,
and pancreatic cancers.

» Clinical Findings

A. Symptoms and Signs

Patients with pleural and pericardial effusions complain of
shortness of breath and orthopnea. Patients with ascites
complain of abdominal distention and discomfort. Cardiac
tamponade causing pressure equalization in the chambers
impairs both filling and cardiac output and can be life-
threatening. Signs of tamponade include tachycardia, muf-
fled heart sounds, pulsus paradoxus, and hypotension.
Signs of pleural effusions include decreased breath sounds,
egophony, and percussion dullness.
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B. Laboratory Findings

Malignancy is confirmed as the cause of an effusion when
analysis of the fluid specimen shows malignant cells in
either the cytology or cell block specimen.

C. Imaging

The presence of effusions can be confirmed with radio-
graphic studies or ultrasonography.

» Differential Diagnosis

The differential diagnosis of a malignant pleural or pericar-
dial effusion includes nonmalignant processes, such as
infection, pulmonary embolism, heart failure, and trauma.
The differential diagnosis of malignant ascites includes
similar benign processes, such as heart failure, cirrhosis,
peritonitis, and pancreatic ascites. Bloody effusions are
usually due to cancer, but a bloody pleural effusion can also
be due to pulmonary embolism, trauma and, occasionally,
infection. Chylous pleural or ascitic fluid is generally asso-
ciated with obstruction of lymphatic drainage as might
occur in lymphoma.

» Treatment

The development of a malignant effusion is a late-stage
manifestation of the cancer. Treatment is tailored to the
underlying cancer, whether with targeted therapy, chemo-
therapy, or immunotherapy, depending on tumor testing
results. Effective systemic treatment can lead to regression
of the effusion. Acute symptoms related to the effusion
often require urgent intervention with drainage of the effu-
sion. Decisions regarding palliative management of malig-
nant effusion are in large part dictated by the patient’s
symptoms and goals of care.

A. Pleural Effusion

A pleural effusion that is symptomatic may be managed
initially with a large volume thoracentesis. In some
patients, the effusion slowly reaccumulates, which allows
for periodic thoracentesis when the patient becomes symp-
tomatic. However, in many patients, the effusion reaccu-
mulates quickly, causing rapid return of shortness of
breath. For those patients, two other management options
exist: pleurodesis or indwelling pleural catheter (eg,
PleurX). Chest tube drainage followed by pleurodesis
involves placement of a chest tube that is connected to
closed water seal drainage. After lung expansion is con-
firmed on a chest radiograph, a sclerosing agent (such as
talc slurry or doxycycline) is injected into the catheter.
Patients should be premedicated with analgesics. Pleurode-
sis will not be successful if the lung cannot be reexpanded.
These patients are better managed with placement of an
indwelling catheter that can be drained by a family mem-
ber or a visiting nurse. This procedure is often preferable
for patients with short life expectancies or for those who do
not respond to pleurodesis. In a meta-analysis of random-
ized controlled trials comparing indwelling pleural cathe-
ter with pleurodesis, indwelling pleural catheters resulted

in shorter hospital stays and fewer repeat pleural interven-
tions, but increased rates of cellulitis.

B. Pericardial Effusion

Fluid may be removed by a needle aspiration or by place-
ment of a catheter for more thorough drainage. As with
pleural effusions, most pericardial effusions will reaccu-
mulate. Management options for recurrent, symptomatic
effusions include prolonged catheter drainage (for several
days until drainage has decreased to 20–30 mL/day) or
surgical intervention such as a pericardiotomy or
pericardiectomy.

C. Malignant Ascites

Patients with malignant ascites not responsive to chemo-
therapy are generally treated with repeated large-volume
paracenteses. Since the frequency of drainage to maintain
comfort can compromise the patient’s quality of life, other
alternatives include placement of a catheter or port so that
the patient, family member, or visiting nurse can drain
fluid as needed at home. For patients with portal hyper-
tension from large hepatic masses, diuretics (such as spi-
ronolactone 100 mg with furosemide 20–40 mg orally
daily) may be useful to decrease the need for repeated
paracentesis.

Asciak R et al. Malignant pleural effusion: from diagnostics to
therapeutics. Clin Chest Med. 2018;39:181. [PMID: 29433714]

Feller-Kopman DJ et al. Management of malignant pleural effu-
sions. An official ATS/STS/STR clinical practice guideline. Am
J Respir Crit Care Med. 2018;198:839. [PMID: 30272503]

Iyer NP et al. Indwelling pleural catheter versus pleurodesis for
malignant pleural effusions. A systematic review and meta-
analysis. Ann Am Thorac Soc. 2019;16:124. [PMID: 30272486]

Walker S et al. Malignant pleural effusion management: keeping
the flood gates shut. Lancet Respir Med. 2020;8:609. [PMID:
31669226]

HYPERCALCEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Most common paraneoplastic endocrine syndrome.

» Usually symptomatic and severe (≥ 15 mg/dL [3.75
mmol/L]); accounts for most inpatients with
hypercalcemia.

» The neoplasm is clinically apparent in nearly all
cases when hypercalcemia is detected.

» General Considerations

Hypercalcemia affects 20–30% of cancer patients at some
point during their illness. The most common cancers causing
hypercalcemia are myeloma, breast carcinoma, and NSCLC.
Hypercalcemia is caused by one of three mechanisms: sys-
temic effects of tumor-released proteins, direct osteolysis of
bone by tumor, or vitamin D–mediated osteoabsorption.
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» Clinical Findings

A. Symptoms and Signs

Symptoms and signs of hypercalcemia can be subtle; more
severe symptoms occur with higher levels of hypercalcemia
and with a rapidly rising calcium level. Early symptoms typi-
cally include anorexia, nausea, fatigue, constipation, and
polyuria; later findings may include muscular weakness and
hyporeflexia, confusion, psychosis, tremor, and lethargy.

B. Laboratory Findings

Symptoms and signs are caused by free calcium; as calcium
is bound by protein in the serum, the measured serum
calcium will underestimate the free or ionized calcium in
patients with low albumin levels. Free ionized calcium can
be measured. When the corrected serum calcium rises
above 12 mg/dL (3 mmol/L), especially if the rise occurs
rapidly, sudden death due to cardiac arrhythmia or asystole
may occur. Initial work-up for hypercalcemia includes
obtaining serum PTH, PTHrP, and calcitriol levels. The
presence of hypercalcemia does not invariably indicate a
dismal prognosis, especially in patients with breast cancer,
myeloma, or lymphoma.

C. ECG

Electrocardiography in hypercalcemia often shows a short-
ening of the QT interval.

» Treatment

Emergency management should begin with the initiation of
intravenous fluids with 0.9% saline at 100–300 mL/h to
ensure rehydration with brisk urinary output of the often
volume-depleted patient. If kidney function is normal or
only marginally impaired, a bisphosphonate should be given.
Choices include pamidronate, 60–90 mg intravenously over
2–4 hours, or zoledronic acid, 4 mg intravenously over
15 minutes. Zoledronic acid is more potent than pamidro-
nate and has the advantage of a shorter administration time
as well as a longer duration of effect. Once hypercalcemia is
controlled, treatment directed at the cancer should be initi-
ated if possible. In the event that the hypercalcemia becomes
refractory to repeated doses of bisphosphonates, other agents
that can help control hypercalcemia (at least temporarily)
include calcitonin and denosumab; corticosteroids can be
useful in patients with myeloma and lymphoma. Salmon
calcitonin, 4–8 international units/kg given subcutaneously
or intramuscularly every 12 hours, can be used in patients
with severe, symptomatic hypercalcemia; its onset of action is
within hours but its hypocalcemic effect wanes in 2–3 days.
Denosumab, 120 mg given subcutaneously weekly for
4 weeks followed by monthly administration, is a choice for
long-term management of bisphosphonate-refractory hyper-
calcemia or for patients with kidney dysfunction that pre-
cludes use of a bisphosphonate.

Asonitis N et al. Diagnosis, pathophysiology, and management
of hypercalcemia in malignancy: a review of the literature.
Horm Metab Res. 2019;51:770. [PMID: 31826272]

Zagzag J et al. Hypercalcemia and cancer: differential diagnosis
and treatment. CA Cancer J Clin. 2018;68:377. [PMID:
30240520]

HYPERURICEMIA & TUMOR LYSIS SYNDROME

E S S E N T I A L S  O F  D I A G N O S I S

» Complication of treatment-associated tumor
lysis of hematologic and rapidly proliferating
malignancies.

» May be worsened by thiazide diuretics.

» Rapid increase in serum uric acid can cause acute
urate nephropathy from uric acid crystallization.

» Reducing pre-chemotherapy serum uric acid is
fundamental to preventing urate nephropathy.

» General Considerations

Tumor lysis syndrome (TLS) is seen most commonly fol-
lowing treatment of hematologic malignancies, such as
acute lymphoblastic leukemia and Burkitt lymphoma.
However, TLS can develop from any tumor highly sensitive
to chemotherapy. TLS is caused by the massive release of
cellular material including nucleic acids, proteins, phos-
phorus, and potassium. If both the metabolism and excre-
tion of these breakdown products are impaired,
hyperuricemia, hyperphosphatemia, and hyperkalemia
will develop abruptly. Acute kidney injury may then
develop from the crystallization and deposition of uric acid
and calcium phosphate within the renal tubules, further
exacerbating the hyperphosphatemia and hyperkalemia.

» Clinical Findings

A. Symptoms and Signs

Symptoms of hyperphosphatemia include nausea, vomit-
ing, anorexia, muscle cramps, tetany, and seizures. High
levels of phosphorus and co-precipitation with calcium can
cause renal tubule blockage, further exacerbating the kid-
ney injury. Hyperkalemia, due to release of intracellular
potassium and impaired kidney excretion, can cause
arrhythmias and sudden death.

B. Laboratory Findings

The laboratory diagnosis of TLS include at least two of the
following criteria observed within a 24-hour period: uric
acid 8 mg/dL or higher (476 mcmol/L or higher), phos-
phate 4.5 mg/dL or higher (1.45 mmol/L or higher), potas-
sium 6.0 mEq/L or more (6 mmol/L or more) (or a 25%
increase from baseline for these parameters), and corrected
serum calcium 7 mg/dL or lower (1.75 mmol/L or lower).
A clinical diagnosis of TLS includes meeting the laboratory
criteria and at least one clinical criterion: acute kidney
injury (creatinine greater than or equal to 1.5 × upper limit
of normal or increase greater than 0.3 g/dL or urinary
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output greater than 0.5 mL/kg/h for 6 hours) or cardiac
arrhythmia, sudden cardiac death, or seizure.

» Treatment

Prevention is the most important factor in the manage-
ment of TLS. Aggressive hydration at least 24 hours prior to
chemotherapy as well as 24–48 hours after chemotherapy
completion helps keep urine flowing and facilitates excre-
tion of uric acid and phosphorus. It is recommended to
maintain a urinary output of at least 100 mL/h, and a daily
urine volume of at least 3 L/day. If evidence of volume over-
load or inadequate urinary output develops, loop diuretics
can be used. Thiazide diuretics are contraindicated because
they increase uric acid levels and can interact with allopuri-
nol. For patients at moderate risk of developing TLS, eg,
those with intermediate-grade lymphomas and acute leuke-
mias, allopurinol should be given before starting chemo-
therapy with dose reductions for impaired kidney function.
Rasburicase is given intravenously to patients at high risk
for developing TLS, eg, those with high-grade lymphomas
or acute leukemias with markedly elevated white blood cell
counts. Rasburicase may also be considered for patients
with baseline elevated uric acid who are being treated with
venetoclax (Bcl-2 inhibitor) for chronic lymphocytic leuke-
mia or in any patient in whom uric acid levels reach levels
greater than 8 mg/dL despite treatment with allopurinol.
Rasburicase cannot be given to patients with known glucose
6-phosphate dehydrogenase (G6PD) deficiency nor can it
be given to pregnant or lactating women.

» When to Refer

Should urinary output drop, serum creatinine or potas-
sium levels rise, or hyperphosphatemia persist, a nephrolo-
gist should be immediately consulted to evaluate the need
for dialysis.

Durani U et al. Emergencies in haematology: tumor lysis syn-
drome. Br J Haematol. 2020;188:494. [PMID: 31774551]

Matuszkiewicz-Rowinska J et al. Prevention and treatment of
tumor lysis syndrome in the era of onco-nephrology progress.
Kidney Blood Press Res. 2020;45:645. [PMID: 32998135]

INFECTIONS

Chapters 30 and 31 provide more detailed discussions of
infections in the immunocompromised patient.

E S S E N T I A L S  O F  D I A G N O S I S

» In patients with neutropenia, infection is a medi-
cal emergency.

» Although sometimes attributable to other causes,
the presence of fever, defined as a single tempera-
ture > 38.3°C (101°F) or a temperature of > 38°C
(100.4°F) for > 1 hour, must be assumed to be due
to an infection.

» General Considerations

Many patients with disseminated neoplasms have increased
susceptibility to infection. In some patients, this results from
impaired defense mechanisms (eg, acute leukemia, Hodgkin
lymphoma, plasma cell myeloma, chronic lymphocytic leu-
kemia); in others, it results from the myelosuppressive and
immunosuppressive effects of cancer chemotherapy or a
combination of these factors. Complicating impaired defense
mechanisms are the frequent presence of indwelling cathe-
ters, impaired mucosal surfaces, and colonization with more
virulent hospital-acquired pathogens.

The source of a neutropenic febrile episode is deter-
mined in about 30% of cases through blood, urine, or
sputum cultures. The bacterial organisms accounting for
the majority of infections in cancer patients include gram-
positive bacteria (coagulase-negative Staphylococcus,
Staphylococcus aureus, Streptococcus pneumoniae, Coryne-
bacterium, and streptococci) and gram-negative bacteria
(Escherichia coli, Klebsiella, Pseudomonas, Enterobacter).
Gram-positive organism infections are more common, but
gram-negative infections are more serious and life-
threatening. The risk of bacterial infections rises when the
neutrophil count is below 500/mcL (0.5 × 109/L); the risk
markedly increases when the count falls below 100/mcL
(0.1 × 109/L) or when there is a prolonged duration of neu-
tropenia, typically greater than 7 days.

» Clinical Findings

A thorough physical examination should be performed.
Appropriate cultures (eg, blood, sputum, urine and, if indi-
cated, cerebrospinal fluid) should always be obtained. Two
sets of blood cultures should be drawn before starting
antibiotics; if the patient has an indwelling catheter, one of
the cultures should be drawn from the line. A chest radio-
graph should also be obtained.

» Treatment

Empiric antibiotic therapy needs to be initiated within 1
hour of presentation and following the collection of blood
cultures in the febrile neutropenic patient. The choice of
antibiotics depends on a number of different factors includ-
ing the patient’s clinical status and any localizing source of
infection. If the patient is clinically well, monotherapy with
an intravenous beta-lactam with anti-Pseudomonas activity
(cefepime, ceftazidime, imipenem/cilastatin, piperacillin/
tazobactam) should be started (see Infections in the Immu-
nocompromised Patient, Chapter 30). If the patient is clini-
cally ill with hypotension or hypoxia, an intravenous
aminoglycoside or fluoroquinolone should be added for
“double” gram-negative bacteria coverage. If there is a
strong suspicion of a gram-positive organism, such as from
a S aureus catheter infection, intravenous vancomycin can
be given empirically. Low-risk patients may be treated with
oral antibiotics in the outpatient setting.

Antibiotics should be continued until the neutrophil
count is rising and greater than 500/mcL (0.5 × 109/L) for
at least 1 day and the patient has been afebrile for 2 days. If
an organism is identified through the cultures, the
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antibiotics should be adjusted to the antibiotic sensitivities
of the isolate; treatment should be continued for the appro-
priate period of time and at least until the neutrophil count
recovers and fever resolves.

For the neutropenic patient who is persistently febrile
despite broad-spectrum antibiotics, an empiric antifungal
drug should be added (amphotericin B, caspofungin, itra-
conazole, voriconazole, or liposomal amphotericin B).

Braga CC et al. Clinical implications of febrile neutropenia
guidelines in the cancer patient population. J Clin Oncol.
2019;15:25. [PMID: 30629901]

Taplitz A et al. Outpatient management of fever and neutropenia
in adults treated for malignancy: American Society of Clinical
Oncology and Infectious Diseases Society of America clinical
practice guideline update. J Clin Oncol. 2018;36:1443. [PMID:
29461916]
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PRIMARY CANCER TREATMENT

Sunny Wang, MD

Tiffany O. Dea, PharmD, BCOP

SYSTEMIC CANCER THERAPY

Detailed guidelines from the NCCN for cancer treatment
can be found at www.nccn.org.

Use of cytotoxic drugs, hormones, antihormones, and
biologic agents has become a highly specialized and
increasingly effective means of treating cancer, with therapy

administered and monitored by a medical oncologist or
hematologist. Selection of specific drugs or protocols for
various types of cancer is usually based on results of clini-
cal trials. Increasingly, newer agents are being identified
that target specific molecular pathways. Yet both initial and
acquired drug resistance remains a challenge. Described
mechanisms of drug resistance include impaired mem-
brane transport of drugs, enhanced drug metabolism,
mutated target proteins, and blockage of apoptosis due to
mutations in cellular proteins (see Table 39–2 for suggested
agents for various cancers).

TOXICITY & DOSE MODIFICATION OF
CHEMOTHERAPEUTIC AGENTS

Use of chemotherapy to treat cancer is generally guided by
results from clinical trials in individual tumor types. The
complexity of treating cancer has increased over the last
decade as more drugs, including those with targeted
mechanisms of action, have been approved by the US Food
and Drug Administration (FDA) and introduced into gen-
eral practice. Drug side effects and toxicities must be
anticipated and carefully monitored. The short- and long-
term toxicities of individual drugs are listed in Tables 39–3
and 39–12. Decisions on dose modifications for toxicities
should be guided by the intent of therapy. In the palliative
setting where the aim of therapy is to improve symptoms
and quality of life, lowering doses to minimize toxicity is
commonly done. However, when the goal of treatment is
cure, dosing frequency and intensity should be maintained
whenever possible.

Table 39–12. Commonly used supportive care agents.1

Agent Indication Usual Dose Adverse Effects

Allopurinol (Xyloprim) Prevent hyperuricemia from

tumor lysis syndrome

600–800 mg/day orally Acute: none

Delayed: rash

Dexrazoxane (Zinecard) Prevent cardiomyopathy second-

ary to doxorubicin; anthracy-

cline-induced injection site

extravasation

10 times the doxorubicin dose

intravenously before doxorubi-

cin; 1000 mg/m2 intravenously

on days 1 and 2, then 500 mg/m2

intravenously on day 3

Acute: nausea

Delayed: myelosuppression, elevated

transaminases

Leucovorin Rescue after high-dose metho-

trexate; in combination with

5-fluorouracil for colon cancer

10 mg/m2 intravenously or orally

every 6 hours; 20 mg/m2 or 200–

500 mg/m2 intravenously before

5-fluorouracil; various doses

Acute: nausea, vomiting, diarrhea

Delayed: stomatitis, fatigue

Mesna (Mesnex) Prevent ifosfamide-induced

hemorrhagic cystitis

20% of ifosfamide dose intrave-

nously at 0, 4, and 8 hours;

various doses

Acute: nausea, vomiting

Delayed: fatigue

Palifermin (Kepivance) Prevent mucositis following

chemotherapy

60 mcg/kg/day intravenously for

3 days before and 3 days after

chemotherapy

Acute: none

Delayed: rash, fever, elevated serum

amylase, erythema, edema

Radium (Ra)-223

dichloride (Xofigo)

Symptomatic bone metastases 50 kilobecquerel/kg

(1.35 microCurie/kg) intrave-

nously every 4 weeks for 6 cycles

Acute: nausea, vomiting, diarrhea,

peripheral edema

Delayed: myelosuppression

Rasburicase (Elitek) Prevent hyperuricemia from

tumor lysis syndrome

3–6 mg intravenously once Acute: hypersensitivity, nausea,

vomiting, diarrhea, fever, headache

Delayed: rash, peripheral edema

(continued)
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Table 39–12. Commonly used supportive care agents.1

Agent Indication Usual Dose Adverse Effects

Bone-Modifying Agents

Denosumab (Xgeva) Osteolytic bone metastasis 120 mg subcutaneously every

4 weeks

Acute: nausea

Delayed: hypocalcemia, hypophos-

phatemia, fatigue, osteonecrosis of

the jaw

Pamidronate (Aredia) Osteolytic bone metastasis,

hypercalcemia of malignancy

90 mg intravenously every

3–4 weeks; 60–90 mg intrave-

nously, may repeat after 7 days

Acute: nausea

Delayed: dyspnea, arthralgia, bone

pain, osteonecrosis of the jaw,

nephrotoxicity, hypocalcemia

Zoledronic acid (Zometa) Osteolytic bone metastasis,

hypercalcemia of malignancy

4 mg intravenously every

3–4 weeks; 4 mg intravenously

once, may repeat after 7 days

—

Growt Factors

Darbepoetin alfa

(Aranesp)

Chemotherapy-induced anemia 2.25 mcg/kg subcutaneously

weekly; 500 mcg subcutaneously

every 3 weeks

—

Epoetin alfa (Epogen,

Procrit)

Chemotherapy-induced anemia 40,000 units subcutaneously once

weekly; 150 units/kg subcutane-

ously three times a week

Acute: injection site reaction

Delayed: hypertension, thromboem-

bolic events, increased risk of tumor

progression or recurrence

Filgrastim (Neupogen) Febrile neutropenia prophylaxis,

mobilization of peripheral

stem cells

5–10 mcg/kg/day subcutaneously

or intravenously once daily, treat

past nadir

Acute: injection site reaction

Delayed: bone pain

Pegfilgrastim (Neulasta) Febrile neutropenia prophylaxis 6 mg subcutaneously once per

chemotherapy cycle

—

Sargramostim (Leukine) Myeloid reconstitution following

bone marrow transplant,

mobilization of peripheral

blood stem cells

250 mcg/m2 intravenously daily

until the absolute neutrophil

count is > 1500 cells/mcL

(1.5 × 109/L) for 3 consecutive

days

Acute: fever, rash, pruritus, nausea,

vomiting, diarrhea, injection site

reaction, dyspnea

Delayed: asthenia, bone pain, mucositis,

edema, arrhythmia

1For amifostine, levoleucovorin, pilocarpine, samarium, strontium, filgrastim-sndz, and tbo-filgrastim, see Table 39–12 in CMDT Online at

www.accessmedicine.com.

A CBC including a differential count, with absolute
neutrophil count and platelet count, and liver and kid-
ney tests should be obtained before the initiation of
chemotherapy. In patients with good performance sta-
tus, normal CBCs, as well as normal liver and kidney
function, drugs are started at their full dose. When the
intent of chemotherapy is cure, including treatment in
the adjuvant setting, every attempt should be made to
schedule chemotherapy on time and at full dose. A
CBC with differential may be checked at mid cycle (to
determine the nadir of the absolute neutrophil and
platelet counts), and liver and kidney function tests
should be obtained immediately before the next cycle of
chemotherapy.

Dose reductions may be necessary for patients with
impaired kidney or liver function depending on the clear-
ance mechanism of the drug. For patients receiving chemo-
therapy for palliation, bone marrow toxicity can be
managed with dose reductions or delaying the next treat-
ment cycle. A schema for dose modification is shown in
Table 39–13.

1. Bone Marrow Toxicity

A. Neutropenia

Granulocyte colony-stimulating factor (G-CSF), given as
either daily subcutaneous injections (eg, filgrastim, 300 mcg

Table 39–13. A common scheme for dose modifica-
tion of cancer chemotherapeutic agents.

Granulocyte

Count Platelet Count

Suggested Drug

Dosage (% of Full

Dose)

> 2000 cells/mcL

(2 × 109/L)

> 100,000/mcL

(100 × 109/L)

100%

1000–2000 cells/mcL

(1–2 × 109/L)

75,000–100,000/

mcL (75–100 ×

109/L)

50%

< 1000 cells/mcL

(1 × 109/L)

< 50,000/mcL

(50 × 109/L)

0%

(continued)
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or 480 mcg) or as a one-time dose (pegfilgrastim, 6 mg)
beginning 24 hours after cytotoxic chemotherapy is com-
pleted, reduces the duration and severity of granulocytope-
nia following cytotoxic chemotherapy (Table 39–12). The
American Society of Clinical Oncology and NCCN guide-
lines recommend primary prophylaxis with G-CSF when
there is at least a 20% risk of febrile neutropenia or when age,
medical history, and disease characteristics put the patient at
high risk for complications related to myelosuppression.

B. Anemia

Erythropoiesis-stimulating agents (ESAs) ameliorate the
anemia and its associated symptoms caused by cancer che-
motherapy but these drugs have untoward effects, includ-
ing an increased risk of thromboembolism, and possibly a
decreased survival due to cancer-related deaths as well as a
shortened time to tumor progression. The FDA recom-
mends that these drugs should not be used when the intent
of chemotherapy is curative. Administration of red blood
cell transfusions is an alternative for managing symptom-
atic anemia in chemotherapy patients.

ESAs can be an option in cancer patients with symptom-
atic anemia undergoing palliative treatment; patient prefer-
ence is important in determining when to use ESAs or
transfusions. When using ESAs, treatment should not be
initiated until the hemoglobin is less than 10 g/dL (100 g/L)
and the ESA held when the hemoglobin is greater than
12 g/dL (120 g/L). Epoetin alfa can be given subcutaneously
at a dose of 40,000 units weekly or 150 units/kg three times
weekly with a target hemoglobin of 11–12 g/dL (110–120 g/L).
Darbepoetin alfa is given subcutaneously at a dose of
300–500 mcg every 3 weeks or 2.25 mcg weekly with the
same target hemoglobin (see Table 39–12). To have maxi-
mum therapeutic effect, patients need to be iron replete.
Uncontrolled hypertension is a contraindication to the use
of ESAs; blood pressure must be controlled prior to initia-
tion of this therapy.

C. Thrombocytopenia

Drug management of chemotherapy-induced thrombocyto-
penia is more limited. Two drugs that activate the thrombo-
poietin receptor, romiplostim and eltrombopag, are FDA
approved for use in idiopathic thrombocytopenia, thrombo-
cytopenia related to interferon therapy of hepatitis C, and
thrombocytopenia in aplastic anemia. While these agents
have been used in selected cases of refractory chemotherapy-
related thrombocytopenia with some reports of success,
trials to date have not demonstrated convincing efficacy in
patients with chemotherapy-induced thrombocytopenia
and neither agent is FDA approved for this indication.

2. Cemoterapy-Induced Nausea & Vomiting

A number of cytotoxic anticancer drugs can induce nau-
sea and vomiting, which can be the most anticipated and
stressful side effects for patients. Chemotherapy-induced
nausea and vomiting is mediated in part by the stimulation
of at least two central nervous system receptors, 5-hydroxy-
tryptamine subtype 3 (5HT

3
) and neurokinin subtype 1

(NK
1
). Chemotherapy-induced nausea and vomiting can be

anticipatory, occurring even before chemotherapy adminis-
tration; acute, occurring within minutes to hours of chemo-
therapy administration; or delayed, lasting up to 7 days.
Chemotherapy drugs are classified into high, moderate, low,
and minimal likelihoods of causing emesis (90%, 30–90%,
10–30%, less than 10%, respectively). Highly emetogenic
chemotherapy drugs include carmustine, cisplatin, cyclo-
phosphamide (at doses over 1.5 g/m2), dacarbazine, and
streptozocin, or a combination of regularly dosed anthracy-
clines and cyclophosphamide. Moderately emetogenic che-
motherapy drugs include azacitadine, bendamustine,
carboplatin, crizotinib, cyclophosphamide, cytarabine, doxo-
rubicin, epirubicin, ifosfamide, irinotecan, oxaliplatin, and
temozolomide. Low emetogenic drugs include bortezomib,
capecitabine, dabrafenib, dasatinib, docetaxel, erlotinib, eto-
poside, 5-fluorouracil, gemcitabine, hydroxyurea, lenalido-
mide, methotrexate, mitomycin, paclitaxel, pemetrexed,
pomalidomide, and topotecan. Drugs with minimal risk of
emesis include bevacizumab, bleomycin, cetuximab,
decitabine, panitumumab, rituximab, trastuzumab, and
vincristine.

Major advances have occurred in the development of
highly effective antiemetic drugs. Antagonists to the
5HT

3
-receptor include alosetron, dolasetron, granisetron,

ondansetron, and palonosetron, as well as ramosetron and
tropisetron (neither yet available in the United States).
Ondansetron can be given either intravenously (8 mg or
0.15 mg/kg) or orally (24 mg once before highly emeto-
genic chemotherapy, 8 mg twice daily for moderately
emetogenic chemotherapy). Doses of 8 mg can be repeated
parenterally or orally every 8 hours. Dosing of granisetron
is 1 mg or 0.01 mg/kg intravenously or 1–2 mg orally. Dola-
setron is given once as an oral 100-mg dose. Palonosetron,
a long-acting 5HT

3
-receptor antagonist with high affinity for

the receptor, is given once at a dose of 0.25 mg intravenously,
both for acute and delayed emesis. As a class of drugs, the
5HT

3
-receptor antagonists have the potential to cause elec-

trocardiogram changes, including QT prolongation.
Antagonists to the NK

1
-receptor are aprepitant, fosa-

prepitant, and netupitant. Aprepitant is given as a 125-mg
oral dose followed by an 80-mg dose on the second and
third day along with a 5HT

3
-receptor antagonist and dexa-

methasone to increase its immediate and delayed protective
effect for highly emetogenic chemotherapy. Fosaprepitant,
the intravenous formulation of the prodrug to aprepitant,
can be given at a dose of 115 mg if followed by 2 days of
aprepitant or at a dose of 150 mg if given alone. NEPA is a
single-dose capsule consisting of a combination of netupitant
and palonosetron.

For highly emetogenic chemotherapy (eg, cisplatin),
patients should be offered a four-drug regimen (a 5HT

3
-

antagonist, dexamethasone, NK
1
-receptor antagonist, and

olanzapine), all given on the first day (and if used, aprepi-
tant given again on the second and third days with dexa-
methasone and olanzapine continued on days 2–4. For
moderately emetogenic chemotherapy, standard regimens
include both three-drug regimens (an NK

1
-antagonist, a

5HT
3
-antagonist, and dexamethasone) or a two-drug

combination (5HT
3
-antagonist and dexamethasone).

Palonosetron is the preferred 5HT
3
-blocker due to its greater
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affinity for the 5HT
3
-receptor and its longer half-life. For

low emetogenic chemotherapy drugs, a single agent such as
a 5HT

3
-antagonist or prochlorperazine or dexamethasone

can be given. A 25-mg suppository form of prochlorpera-
zine may be used for patients unable to swallow oral medi-
cations. Another medication that is helpful for anticipatory
or refractory nausea and vomiting is olanzapine, 10 mg
given orally once.

The importance of treating chemotherapy-induced nau-
sea and vomiting expectantly and aggressively beginning
with the first course of chemotherapy cannot be overem-
phasized. Patients being treated in the clinic setting should
always be given antiemetics for home use with written
instructions as well as contact numbers to call for advice.

3. Gastrointestinal Toxicity

Untoward effects of cancer chemotherapy include damage
to the more rapidly growing cells of the body such as the
mucosal lining from the mouth through the gastrointesti-
nal tract. Oral symptoms range from mild mouth soreness
to frank ulcerations. Not uncommonly, mouth ulcerations
will have superimposed candida or herpes simplex infec-
tions. In addition to receiving cytotoxic chemotherapy, a
significant risk factor for development of oral mucositis is
poor oral hygiene and existing caries or periodontal dis-
ease. Toxicity in the gastrointestinal tract usually manifests
as diarrhea. Gastrointestinal symptoms can range from
mild symptoms of loose stools to life-threatening diar-
rhea leading to dehydration and electrolyte imbalances.
Drugs most commonly associated with causing mucositis
in the mouth and the gastrointestinal tract are cytarabine,
5-fluorouracil, and methotrexate.

Patients undergoing treatment for head and neck can-
cer with concurrent chemotherapy and radiation therapy
have a very high risk of developing severe mucositis.

Preventive strategies for oral mucositis include pretreat-
ment dental care, particularly for all head and neck cancer
patients and any cancer patient with poor dental hygiene
who will be receiving chemotherapy. For patients receiving
5-fluorouracil, simple measures such as ice chips in the
mouth for 30 minutes during infusion can reduce the inci-
dence and severity of mucositis. Once mucositis is encoun-
tered, superimposed fungal infections should be treated
with topical antifungal medications (oral nystatin mouth
suspensions, or clotrimazole troches) or systemic therapy
(fluconazole 100–400 mg orally daily). Suspected herpetic
infections can be treated with acyclovir (up to 800 mg
orally five times daily) or valacyclovir (1 g orally twice
daily). Mucositis may also be managed with mouthwashes;
it is also important to provide adequate pain medication.

Another strategy for prevention of oral mucositis is the
use of palifermin, the recombinant keratinocyte growth
factor inhibitor. Prophylaxis with intravenous palifermin
(60 mcg/kg/day) for patients receiving high-dose chemo-
therapy can reduce the incidence and duration of mucositis
(Table 39–12).

Diarrhea is most associated with 5-fluorouracil,
capecitabine, and irinotecan as well as the tyrosine kinase
inhibitors (dasatinib, imatinib, nilotinib, regorafenib,
sorafenib, sunitinib) and epithelial growth factor inhibitors

(cetuximab, erlotinib, panitumumab). Mild to moderate
diarrhea can be managed with oral antidiarrheal medica-
tion (loperamide, 4 mg initially followed by 2 mg every
2–4 hours until bowel movements are formed). Occasion-
ally, severe diarrhea will cause dehydration, electrolyte
imbalances, and acute kidney injury; these patients require
inpatient management with aggressive intravenous hydra-
tion and electrolyte replacement. Octreotide, 100–150 mcg
subcutaneously three times daily, can be useful.

4. Skin Toxicity

Dermatologic complications from cancer chemotherapy
can include hyperpigmentation (busulfan, hydroxyurea,
liposomal doxorubicin), alopecia, photosensitivity, nail
changes, acral erythema, and generalized rashes. Acral
erythema (hand-foot syndrome), most commonly associ-
ated with administration of capecitabine, 5-fluorouracil,
and liposomal doxorubicin, manifests as painful palms or
soles accompanied by erythema, progressing to blistering,
desquamation, and ulceration in its worst forms. Strate-
gies for prevention of acral erythema include oral pyri-
doxine, 200 mg daily, and applying cold packs to the
extremities during chemotherapy administration. Agents
targeting the epidermal growth factor pathway can cause
an acne-like rash; the development of the rash may iden-
tify those who will respond to the drug. Inhibitors of the
tyrosine kinase pathway are also associated with a high
incidence of dermatologic complications, such as rash
and acral erythema.

5. Miscellaneous Drug-Specific Toxicities

The toxicities of individual drugs are summarized in Tables
39–3 and 39–12; however, several of these toxicities war-
rant additional mention, since they occur with frequently
administered agents, and special measures are often
indicated.

A. Hemorrhagic Cystitis Induced by
Cyclophosphamide or Ifosfamide

Patients receiving cyclophosphamide must maintain a high
fluid intake prior to and following the administration of
the drug and be counseled to empty their bladders fre-
quently. Early symptoms suggesting bladder toxicity
include dysuria and increased frequency of urination.
Should microscopic hematuria develop, it is advisable to
stop the drug temporarily or switch to a different alkylating
agent, to increase fluid intake, and to administer a urinary
analgesic such as phenazopyridine. The neutralizing agent,
mesna, can be used for patients in whom cystitis develops.
With severe cystitis, large segments of bladder mucosa may
be shed, resulting in prolonged gross hematuria. Such
patients should be observed for signs of urinary obstruc-
tion and may require cystoscopy for removal of obstructing
blood clots. The cyclophosphamide analog ifosfamide can
cause severe hemorrhagic cystitis when used alone. How-
ever, when its use is followed by a series of doses of the
neutralizing agent mesna, bladder toxicity can be pre-
vented (Table 39–12).
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B. Neuropathy Due to Vinca Alkaloids
and Other Chemotherapy Drugs

Neuropathy is caused by a number of different chemo-
therapy drugs, the most common being vincristine. The
peripheral neuropathy can be sensory, motor, autonomic,
or a combination of these types. In its mildest form, it con-
sists of paresthesias of the fingers and toes. Occasionally,
acute jaw or throat pain can develop as a form of trigeminal
or glossopharyngeal neuralgia. With continued vincristine
therapy, the paresthesias extend to the proximal interpha-
langeal joints, hyporeflexia appears in the lower extremi-
ties, and significant weakness can develop. Other drugs in
the vinca alkaloid class as well as the taxane drugs
(docetaxel and paclitaxel) and agents to treat myeloma
(bortezomib and thalidomide) cause similar toxicity.

Constipation is the most common symptom of auto-
nomic neuropathy associated with the vinca alkaloids.
Patients receiving these drugs should be started on mild
cathartics and other agents (Table 15–4); otherwise, severe
impaction may result from an atonic bowel. More serious
autonomic involvement can lead to acute intestinal
obstruction with signs indistinguishable from those of an
acute abdomen. Bladder neuropathies are uncommon but
may be severe. These two complications are absolute con-
traindications to continued vincristine therapy.

C. Methotrexate Toxicity

Methotrexate, a folate antagonist, is a commonly used
component of regimens to treat patients with leptomenin-
geal disease, acute lymphoblastic leukemia, and sarcomas.
Methotrexate is almost entirely eliminated by the kidney.
Methotrexate toxicity affects cells with rapid turnover,
including the bone marrow and mucosa resulting in
myelosuppression and mucositis. Methotrexate can also
damage the liver and kidney manifesting as elevated serum
liver enzymes and creatinine. High-dose methotrexate,
usually defined as a dose of 500 mg/m2 or more given over
4–36 hours, would be lethal without “rescue” of the normal
tissues. Leucovorin, a form of folate, will reverse the toxic
effects of methotrexate and is given until serum methotrex-
ate levels are in the safe range (less than 0.05 mmol/L). It is
crucial that high-dose methotrexate and leucovorin are
given precisely according to protocol as deviations of the
timing of methotrexate delivery or delay in rescue can
result in death. In a patient with kidney disease or an effu-
sion, prolonged rescue with leucovorin is necessary.

Vigorous hydration and bicarbonate loading can help
prevent crystallization of high-dose methotrexate in the
renal tubular epithelium and consequent nephrotoxicity.
Daily monitoring of the serum creatinine is mandatory.
If possible, drugs impairing methotrexate excretion, such
as aspirin, nonsteroidal anti-inflammatory drugs, amio-
darone, omeprazole, penicillin, phenytoin, and sulfa,
should be stopped before methotrexate administration.

D. Cardiotoxicity from Anthracyclines and Other
Chemotherapy Drugs

A number of cancer chemotherapy drugs are associated
with cardiovascular complications including traditional

drugs such as anthracyclines as well as new targeted
agents. The anthracycline drugs, including doxorubicin,
daunomycin, epirubicin, and idarubicin, can produce
acute (during administration), subacute (days to months
following administration), and delayed (years following
administration) cardiac toxicity. The most feared compli-
cation is the delayed development of heart failure. Risk
factors for this debilitating toxicity include the anthracy-
cline cumulative dose, age over 70, previous or concurrent
irradiation of the chest, preexisting cardiac disease, and
concurrent administration of chemotherapy drugs such as
trastuzumab. The problem is greatest with doxorubicin
because it is the most commonly administered anthracy-
cline due to its major role in the treatment of lymphomas,
sarcomas, breast cancer, and certain other solid tumors.
Patients receiving anthracyclines should have an assessment
of left ventricular ejection fraction (LVEF). If the LVEF is
greater than 50%, anthracyclines can be administered; if the
LVEF is less than 30%, these drugs should not be given. For
patients with intermediate values, anthracyclines can be
cautiously given, if necessary, at lower doses with LVEF
monitoring between doses. In general, patients should not
receive doses in excess of 450 mg/m2; the dose should be
lower if prior chest radiotherapy has been given. Unfortu-
nately, toxicity may be irreversible and frequently fatal at
total dosage levels above 550 mg/m2. At lower doses (eg,
350 mg/m2), the symptoms and signs of cardiac failure gen-
erally respond well to medical therapy and discontinuation
of the anthracycline. Doxorubicin and daunomycin have
been formulated as liposomal products; these drugs, approved
for use in patients with Kaposi sarcoma and sometimes in
other cancers as a substitute for the conventional anthracy-
clines, appear to have less potential for cardiac toxicity.

As molecular mechanisms for cancer have been increas-
ingly delineated, therapies have been developed that better
target these mechanisms. Therapies targeting oncogenic
pathways include (1) HER2 inhibitors (lapatinib, pertu-
zumab, trastuzumab, ado-trastuzumab emtansine); (2)
VEGF signaling pathway inhibitors (afilbercept, axitinib,
bevacizumab, cabozantinib, lenvatinib, pazopanib, ramuci-
rumab, regorafenib, sorafenib, sunitinib, vandetanib); (3)
multitargeted tyrosine kinase inhibitors (dasatinib, nilo-
tinib, ponatinib); (4) proteasome inhibitors (bortezomib,
carfilzomib); and (5) immune checkpoint inhibitors
(atezolizumab, durvalumab, ipilimumab, nivolumab, pem-
brolizumab). Many of the pathways targeted by these drugs
share a common biologic pathway in cardiac tissue. Untow-
ard cardiac events are being increasingly reported with
these agents, including arrhythmias, cardiac ischemia,
myocarditis, thrombosis, and heart failure.

E. Cisplatin Nephrotoxicity and Neurotoxicity

Cisplatin is effective in treating testicular, bladder, head
and neck, lung, and ovarian cancers. With cisplatin, the
serious side effects of nephrotoxicity and neurotoxicity
must be anticipated and aggressively managed. Patients
must be vigorously hydrated prior to, during, and after cis-
platin administration. Both kidney function and electro-
lytes must be monitored. Low serum magnesium, potassium,
and sodium levels can develop. The neurotoxicity is usually
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manifested as a peripheral neuropathy of mixed sensorimo-
tor type and may be associated with painful paresthesias.
Development of neuropathy typically occurs after cumula-
tive doses of 300 mg/m2. Ototoxicity is a potentially serious
manifestation of neurotoxicity and can progress to deafness.
The second-generation platinum analog, carboplatin, is
non-nephrotoxic, although it is myelosuppressive. In the
setting of preexisting kidney disease or neuropathy, carbo-
platin is occasionally substituted for cisplatin.

F. Bleomycin Toxicity

See online text at www.accessmedicine.com/cmdt.

PROGNOSIS

Patients receiving chemotherapy for curative intent will
often tolerate side effects with the knowledge that the treat-
ment may result in eradication of their cancer. Patients
receiving therapy for palliative intent often have their
therapy tailored to improve quality of life while minimizing

major side effects. A valuable sign of clinical improvement
is the general well-being of the patient. Although general
well-being is a combination of subjective factors (possibly
partly a placebo effect) and objective factors, it nonetheless
serves as a sign of clinical improvement along with improved
appetite and weight gain and increased “performance
status” (eg, ambulatory versus bedridden). Evaluation of
factors such as activity status enables the clinician to judge
whether the net effect of chemotherapy is worthwhile pal-
liation (see Chapter 5).

Babiker HM et al. Cardiotoxic effects of chemotherapy: a review
of both cytotoxic and molecular targeted oncology therapies
and their effect on the cardiovascular system. Crit Rev Oncol
Hematol. 2018;126:186. [PMID: 29759560]

Okada Y et al. One-day versus three-day dexamethasone in
combination with palonosetron for the prevention of chemo-
therapy-induced nausea and vomiting: a systematic review
and individual patient data-based meta-analysis. Oncologist.
2019;24:1593. [PMID: 31217343]
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ACUTE INTERMITTENT PORPHYRIA

E S S E N T I A L S  O F  D I A G N O S I S

» Unexplained abdominal crisis, generally in young
women.

» Acute peripheral or central nervous system dys-
function; recurrent psychiatric illnesses.

» Hyponatremia.

» Porphobilinogen in the urine during an attack.

» General Considerations

Though there are several different types of porphyrias, the
one with the most serious consequences and the one that
usually presents in adulthood is acute intermittent porphyria
(AIP), which is inherited as an autosomal dominant condi-
tion, though it remains clinically silent in most patients who
carry a mutation in HMBS. Clinical illness usually develops
in women. Symptoms begin in the teens or 20s, but onset can
begin after menopause in rare cases. The disorder is caused
by partial deficiency of hydroxymethylbilane synthase activ-
ity, leading to increased excretion of aminolevulinic acid and
porphobilinogen in the urine. The diagnosis may be elusive
if not specifically considered. The characteristic abdominal
pain may be due to abnormalities in autonomic innervation
in the gut. In contrast to other forms of porphyria, cutaneous
photosensitivity is absent in AIP. Attacks are precipitated by
numerous factors, including drugs and intercurrent infec-
tions. Harmful and relatively safe drugs for use in treatment
are listed in Table 40–1. Hyponatremia may be seen, due in
part to inappropriate release of antidiuretic hormone,
although gastrointestinal loss of sodium in some patients
may be a contributing factor.

» Clinical Findings

A. Symptoms and Signs

Patients show intermittent abdominal pain of varying
severity, and in some instances, it may so simulate an acute

abdomen as to lead to exploratory laparotomy. Because the
origin of the abdominal pain is neurologic, there is an
absence of fever and leukocytosis. Complete recovery
between attacks is usual. Any part of the nervous system
may be involved, with evidence for autonomic and periph-
eral neuropathy. Peripheral neuropathy may be symmetric
or asymmetric and mild or profound; in the latter instance,
it can even lead to quadriplegia with respiratory paralysis.
Other central nervous system manifestations include sei-
zures, altered consciousness, psychosis, and abnormalities
of the basal ganglia. Hyponatremia may further cause or
exacerbate central nervous system manifestations.

B. Laboratory Findings

Often there is profound hyponatremia. The diagnosis can
be confirmed by demonstrating an increased amount of
porphobilinogen in the urine during an acute attack.
Freshly voided urine is of normal color but may turn dark
upon standing in light and air.

Most families have different mutations in HMBS caus-
ing AIP. Mutations can be detected in 90% of patients and
used for presymptomatic and prenatal diagnosis.

» Prevention

Avoidance of factors known to precipitate attacks of AIP—
especially drugs—can reduce morbidity. Sulfonamides and
barbiturates are the most common culprits; others are
listed in Table 40–1 and on the Internet (www.drugs-
porphyria.org). Starvation diets and prolonged fasting also
cause attacks and so must be avoided. Hormonal changes
during pregnancy can precipitate crises.

» Treatment

Treatment with a high-carbohydrate diet diminishes the
number of attacks in some patients and is a reasonable
empiric gesture considering its benignity. Acute attacks
may be life-threatening and require prompt diagnosis,
withdrawal of the inciting agent (if possible), and treat-
ment with analgesics and intravenous glucose in saline and
hematin. A minimum of 300 g of carbohydrate per day
should be provided orally or intravenously. Electrolyte

40 Reed E. Pyeritz, MD, PhD
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balance requires close attention. Hematin therapy should
be undertaken with full recognition of adverse conse-
quences, especially phlebitis and coagulopathy. The intra-
venous dosage is up to 4 mg/kg once or twice daily. Liver
transplantation may provide an option for patients with
disease poorly controlled by medical therapy.

» When to Refer

• For management of severe abdominal pain, seizures, or
psychosis.

• For preventive management when a patient with por-
phyria contemplates pregnancy.

• For genetic counseling and molecular diagnosis.

» When to Admit

The patient should be hospitalized for an acute attack when
accompanied by mental status changes, seizure, or
hyponatremia.

Bissell DM et al. Porphyria. N Engl J Med. 2017;377:862. [PMID:
28854095]

O’Malley R et al. Porphyria: often discussed but too often
missed. Pract Neurol. 2018;18:352. [PMID: 29540448]

Table 40–1. Some of the “unsafe” and “probably safe”
drugs used in the treatment of acute porphyrias.

Unsfe Probbly Sfe

Alcohol

Alkylating agents

Barbiturates

Carbamazepine

Chloroquine

Chlorpropamide

Clonidine

Dapsone

Ergots

Erythromycin

Estrogens, synthetic

Food additives

Glutethimide

Griseofulvin

Hydralazine

Ketamine

Meprobamate

Methyldopa

Metoclopramide

Nortriptyline

Pentazocine

Phenytoin

Progestins

Pyrazinamide

Rifampin

Spironolactone

Succinimides

Sulfonamides

Theophylline

Tolazamide

Tolbutamide

Valproic acid

Acetaminophen

Amitriptyline

Aspirin

Atropine

Beta-adrenergic blockers

Chloral hydrate

Chlordiazepoxide

Corticosteroids

Diazepam

Digoxin

Diphenhydramine

Guanethidine

Hyoscine

Ibuprofen

Imipramine

Insulin

Lithium

Naproxen

Nitrofurantoin

Opioid analgesics

Penicillamine

Penicillin and derivatives

Phenothiazines

Procaine

Streptomycin

Succinylcholine

Tetracycline

Thiouracil

Pinto RJ et al. Porphyrias: a clinically based approach. Eur J
Intern Med. 2019;67:24. [PMID: 31257150]

Stölzel U et al. Clinical guide and update on porphyrias. Gastro-
enterology. 2019;157:365. [PMID: 31085196]

Zhao L et al. Therapeutic strategies for acute intermittent por-
phyria. Intractable Rare Dis Res. 2020;9:205. [PMID: 33139979]

DOWN SYNDROME

E S S E N T I A L S  O F  D I A G N O S I S

» Typical craniofacial features (flat occiput, epican-
thal folds, large tongue).

» Intellectual disability.

» Congenital heart disease (eg, atrioventricular
canal defects) in 50% of patients.

» Alzheimer dementia in early-to-mid adulthood.

» Three copies of chromosome 21 (trisomy 21) or a
chromosome rearrangement that results in three
copies of a region of the long arm of chromosome 21.

» General Considerations

Nearly 0.5% of all human conceptions are trisomic for chro-
mosome 21. Because of increased fetal mortality, birth
incidence of Down syndrome is 1 per 700 but varies from
1 per 1000 in young mothers to more than three times as
frequent in women of advanced maternal age. The presence
of a fetus with Down syndrome can be detected in many
pregnancies in the first or early second trimester through
screening maternal serum for alpha-fetoprotein and other
biomarkers (“multiple marker screening”) and by detecting
increased nuchal thickness and underdevelopment of the
nasal bone on ultrasonography. Prenatal diagnosis with
high sensitivity and specificity can be achieved by assaying
fetal DNA that is circulating in maternal blood. The chance
of bearing a child with Down syndrome increases exponen-
tially with the age of the mother at conception and begins a
marked rise after age 35. By age 45 years, the odds of having
an affected child are as high as 1 in 40. The risk of other
conditions associated with trisomy also increases, because
of the predisposition of older oocytes to nondisjunction
during meiosis. There is little risk of trisomy associated with
increased paternal age. However, older men do have an
increased risk of fathering a child with a new autosomal
dominant condition. Because there are so many distinct
conditions, though, the chance of fathering an offspring
with any given one is extremely small.

» Clinical Findings

A. Symptoms and Signs

Down syndrome is usually diagnosed at birth on the
basis of the typical craniofacial features, hypotonia, and
single palmar crease. Several serious problems that may
be evident at birth or may develop early in childhood
include duodenal atresia, congenital heart disease
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(especially atrioventricular canal defects), and hematologic
malignancy. The intestinal and cardiac anomalies usually
respond to surgery. A transient neonatal leukemia gener-
ally responds to conservative management. The incidences
of both acute lymphoblastic and myeloid leukemias are
increased in childhood. Intelligence varies across a wide
spectrum. Many people with Down syndrome do well in
sheltered workshops and group homes, but few achieve full
independence in adulthood. Other frequent complications
include atlanto-axial instability, celiac disease, frequent
infections due to immune deficiency, and hypothyroidism.
An Alzheimer-like dementia usually becomes evident in
the fourth or fifth decade. Patients with Down syndrome
who survive childhood and who develop dementia have a
reduced life expectancy; on average, they live to about age
55 years.

B. Laboratory Findings

Cytogenomic analysis should always be performed—even
though most patients will have simple trisomy for chromo-
some 21—to detect unbalanced translocations; such
patients may have a parent with a balanced translocation,
and there will be a substantial recurrence risk of Down
syndrome in future offspring of that parent and potentially
that parent’s relatives.

» Treatment

Duodenal atresia should be treated surgically. Congenital
heart disease should be treated as in any other patient.
Effective treatment does no long-term harm to neurode-
velopment. As yet, no medical treatment has been proven
to affect the neurodevelopmental or the neurodegenerative
aspects. Based on the glutamatergic hypothesis for
Alzheimer disease, studies have been initiated examining
the potential benefit of the N-methyl-D-aspartate receptor
antagonist memantine.

» When to Refer

• For comprehensive evaluation of infants to investigate
congenital heart disease, hematologic malignancy, and
duodenal atresia.

• For genetic counseling of the parents.

• For signs of dementia in an adult patient.

» When to Admit

A young patient should be hospitalized for failure to thrive,
regurgitation, or breathlessness.

Badeau M et al. Genomics-based non-invasive prenatal testing
for detection of fetal chromosomal aneuploidy in pregnant
women. Cochrane Database Syst Rev. 2017;11:CD011767.
[PMID: 29125628]

Coppedè F. Risk factors for Down syndrome. Arch Toxicol.
2016;90:2917. [PMID: 27600794]

Gandy KC et al. The relationship between chronic health condi-
tions and cognitive deficits in children, adolescents, and
young adults with Down syndrome: a systematic review. PLoS
One. 2020;15:e0239040. [PMID: 32915911]

Neil N et al. Communication intervention for individuals with
Down syndrome: systematic review and meta-analysis. Dev
Neurorehabil. 2018;21:1. [PMID: 27537068]

Ross WT et al. Care of the adult patient with Down syndrome.
South Med J. 2014;107:715. [PMID: 25365441]

FAMILIAL HYPERCHOLESTEROLEMIA

E S S E N T I A L S  O F  D I A G N O S I S

» Elevated serum total cholesterol and LDL
cholesterol.

» Autosomal dominant inheritance.

» Mutation in LRL, PCSK9, or APOB.

» General Considerations

Familial hypercholesterolemia (FH) is a group of autoso-
mal dominant conditions that result in elevated low-
density lipoprotein (LDL) levels in the blood. High LDL
predisposes to atherosclerosis, which in turn leads to prema-
ture myocardial infarction or stroke. The incidence of these
serious complications increases with age and when associ-
ated with the other common predispositions to atherosclero-
sis, such as smoking and hypertension. About 1 in 500
people in the United States have FH; worldwide, the preva-
lence is about 10 million. Only about 15% of people with FH
are diagnosed and even fewer are treated effectively.

» Clinical Findings

A. Symptoms and Signs

Yellow lipid deposits appear on tendons, especially the
Achilles (tendon xanthoma).

B. Laboratory Findings

Total serum cholesterol with the LDL component is particu-
larly high. A detailed family history and genetic testing should
be obtained when individuals are younger than 40 years with
an LDL level greater than 200 mg/mL and for individuals
older than 40 years with a level greater than 250 mg/mL.

» Prevention

In most instances, the elevated LDL is inherited as an auto-
somal dominant trait. An affected individual in all likeli-
hood inherited FH from one parent, and each of his or her
children has a 50/50 chance of inheriting FH. In uncommon
cases, both parents have a mutation in the LDL receptor and
one-quarter of their children, on average, will inherit two
mutant alleles and have homozygous FH, which is a much
more serious disease with manifestations in childhood.

Mutations in the following four genes can cause FH: (1)
LDLR, which encodes the LDL receptor located on the
surface of cells and responsible for moving LDL into the
cell for metabolism; the most common mutant gene in FH;
(2) APOB, which encodes a component of LDL and muta-
tions inhibit binding to LDL receptor; (3) PCSK9, which
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encodes a protein that normally reduces production of
LDL receptors, so mutations actually protect from hyper-
cholesterolemia; and (4) ARH, which requires mutations in
both alleles (autosomal recessive inheritance) to cause FH.

» Treatment

Statins, usually at high doses, can reduce LDL levels, occa-
sionally to acceptable levels (see Table 28–3). The earlier in
life that treatment is begun, the better the outcome in
reducing mortality from atherosclerosis. In homozygous
FH, if high-dose statins do not reduce LDL sufficiently,
treatment with a monoclonal antibody (eg, alirocumab and
evolocumab) that blocks the action of the PCSK9 enzyme
(which inactivates hepatic receptors that transport LDL
into the liver for metabolism) can be an expensive adjunct
to standard therapy (Chapter 28, Lipid Disorders). If all
else fails, then plasmapheresis is needed to reduce LDL.

Another important need in effective management is to
screen relatives who are at risk, certainly by measuring
LDL levels, but increasingly by identifying the mutation in
the family and utilizing that for screening.

» When to Refer

• For comprehensive evaluation of infants for their lipid
profile.

• For genetic counseling of the patient, his or her parents,
siblings, and offspring.

• For signs of atherosclerotic cardiovascular disease.

» When to Admit

For signs or symptoms of acute arterial occlusive events.

Kramer AI et al. Estimating the prevalence of familial hypercholes-
terolemia in acute coronary syndrome: systematic review and
meta-analysis. Can J Cardiol. 2019;35:1322. [PMID: 31500889]

Louter L et al. Cascade screening for familial hypercholesterol-
emia: practical consequences. Atheroscler Suppl. 2017;30:77.
[PMID: 29096865]

Rosenson RS. CETP inhibition improves the lipid profile but has
no effect on clinical cardiovascular outcomes in high-risk
patients. Evid Based Med. 2017;22:184. [PMID: 28844064]

Sabatine MS. PCSK9 inhibitors: clinical evidence and implemen-
tation. Nat Rev Cardiol. 2019;16:155. [PMID: 30420622]

FRAGILE X SYNDROME

E S S E N T I A L S  O F  D I A G N O S I S

» Expanded trinucleotide repeat (> 200) in the FMR1

gene.

» Mles: mental impairment and autism; large testes
after puberty.

» Femles: learning disabilities or mental impair-
ment; premature ovarian failure.

» Late-onset tremor and ataxia in males and females
with moderate trinucleotide repeat (55–200)
expansion (premutation carriers).

» Clinical Findings

A. Symptoms and Signs

This X-linked condition accounts for more cases of mental
impairment in males than any condition except Down syn-
drome; about 1 in 4000 males is affected. The central nervous
system phenotype includes autism spectrum, impulsivity and
aggressiveness, and repetitive behaviors. The condition also
affects intellectual function in females, although less severely
and about 50% less frequently than in males. Affected (het-
erozygous) young women show no physical signs other than
early menopause, but they may have learning difficulties,
anxiety, sensory issues, or frank impairment. Affected males
show macro-orchidism (enlarged testes) after puberty, large
ears and a prominent jaw, a high-pitched voice, autistic char-
acteristics, and mental impairment. Some males show evi-
dence of a mild connective tissue defect, with joint
hypermobility and mitral valve prolapse.

Women who are premutation carriers (55–200 CGG
repeats) are at increased risk for premature ovarian insuf-
ficiency (FXPOI) and mild cognitive abnormalities. Male
and female premutation carriers are at risk for mood and
anxiety disorders and the development of tremor and
ataxia beyond middle age (fragile-X tremor-ataxia syn-
drome, FXTAS). Changes in the cerebellar white matter
may be evident on MRI before symptoms appear. Because
of the relatively high prevalence of premutation carriers in
the general population (1/130–1/600), older people in
whom any of these behavioral or neurologic problems
develop should undergo testing of the FMR1 locus.

B. Laboratory Findings

The first marker for this condition was a small gap, or frag-
ile site, evident near the tip of the long arm of the X chro-
mosome. Subsequently, the condition was found to be due
to expansion of a trinucleotide repeat (CGG) near a gene
called FMR1. All individuals have some CGG repeats in
this location, but as the number increases beyond 52, the
chances of further expansion during spermatogenesis or
oogenesis increase.

Being born with one FMR1 allele with 200 or more
repeats results in mental impairment in most men and in
about 60% of women. The more repeats, the greater the
likelihood that further expansion will occur during game-
togenesis; this results in anticipation, in which the disorder
can worsen from one generation to the next.

» Prevention

DNA diagnosis for the number of repeats has supplanted
cytogenetic analysis for both clinical and prenatal diagno-
sis. This should be done on any male or female who has
unexplained mental impairment. Newborn screening
based on hypermethylation of the FMR1 gene is being
considered as a means of early detection and intervention.

» Treatment

Several treatments that address the imbalances in neuro-
transmission have been developed based on the mouse
model and are in clinical trials. Valproic acid may reduce
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symptoms of hyperactivity and attention deficit, but stan-
dard therapies should be tried first.

» When to Refer

• For otherwise unexplained mental impairment or
learning difficulties in boys and girls.

• For otherwise unexplained tremor or ataxia in middle-
aged individuals.

• For premature ovarian failure.

• For genetic counseling.

Fink DA et al. Fragile X associated primary ovarian insufficiency
(FXPOI): case report and literature review. Front Genet.
2018;9:529. [PMID: 30542367]

Huang G et al. Long noncoding RNA can be a probable mecha-
nism and novel target for diagnosis and therapy in fragile X
syndrome. Front Genet. 2019;10:466. [PMID: 31191598]

Niu M et al. Autism symptoms in fragile X syndrome. J Child
Neurol. 2017;32:903. [PMID: 28617074]

Salcedo-Arellano MJ et al. Fragile X syndrome and associated
disorders: clinical aspects and pathology. Neurobiol Dis. 2020;
136:104740. [PMID: 31927143]

GAUCHER DISEASE

E S S E N T I A L S  O F  D I A G N O S I S

» Deficiency of beta-glucocerebrosidase.

» Anemia and thrombocytopenia.

» Hepatosplenomegaly.

» Pathologic fractures.

» Clinical Findings

A. Symptoms and Signs

Gaucher disease has an autosomal recessive pattern of inheri-
tance. A deficiency of beta-glucocerebrosidase causes an
accumulation of sphingolipid within phagocytic cells
throughout the body. Anemia and thrombocytopenia are
common and may be symptomatic; both are due primarily to
hypersplenism, but marrow infiltration with Gaucher cells
may be a contributing factor. The abdomen can become pain-
fully distended due to enlargement of the liver and spleen.

Cortical erosions of bones, especially the vertebrae and
femur, are due to local infarctions, but the mechanism is
unclear. Episodes of bone pain (termed “crises”) are remi-
niscent of those in sickle cell disease. A hip fracture in a
patient of any age with a palpable spleen—especially in a
Jewish person of Eastern European origin—suggests the
possibility of Gaucher disease. Peripheral neuropathy may
develop in patients.

Patients with Gaucher disease and heterozygous carri-
ers of a mutation in GBA are at increased risk for early-
onset Parkinson disease and dementia with Lewy bodies.

Two uncommon forms of Gaucher disease, called
type II and type III, involve neurologic accumulation of

sphingolipid and a variety of neurologic problems. Type II
is of infantile onset and has a poor prognosis. Heterozy-
gotes for Gaucher disease are at increased risk for develop-
ing Parkinson disease.

B. Laboratory Findings

Bone marrow aspirates reveal typical Gaucher cells, which
have an eccentric nucleus and periodic acid–Schiff (PAS)-
positive inclusions, along with wrinkled cytoplasm and inclu-
sion bodies of a fibrillar type. In addition, the serum acid
phosphatase is elevated. Definitive diagnosis requires the
demonstration of deficient glucocerebrosidase activity in leu-
kocytes. Hundreds of mutations have been found to cause
Gaucher disease and some are highly predictive of the neu-
ronopathic forms. Thus, mutation detection, especially in a
young person, is of potential value. Only four mutations in
glucocerebrosidase account for more than 90% of the disease
among Ashkenazi Jews, in whom the carrier frequency is 1:15.

» Prevention

Gaucher disease is the most common lysosomal storage
disorder. Most clinical complications can be prevented by
early institution of enzyme replacement therapy. Carrier
screening, especially among Ashkenazi Jews, detects those
couples at 25% risk of having an affected child. Prenatal
diagnosis through mutation analysis is feasible. Because of
an increased risk of malignancy, especially plasma cell
myeloma and other hematologic cancers, regular screening
of adults with Gaucher disease is warranted.

» Treatment

A recombinant form of the enzyme glucocerebrosidase
(imiglucerase) for intravenous administration on a regular
basis reduces total body stores of glycolipid and improves
orthopedic and hematologic manifestations. Unfortunately,
the neurologic manifestations of types II and III have not
improved with enzyme replacement therapy. The major
drawback is the exceptional cost of imiglucerase, which can
exceed $300,000 per year for a severely affected adult
patient. Eliglustat tartrate is an oral inhibitor of glucosylce-
ramide synthase and reduces the compound that accumu-
lates; while still quite expensive, this approach eliminates
the need for frequent intravenous infusions. Early treat-
ment of affected children normalizes growth and bone
mineral density and improves liver and spleen size, anemia,
and thrombocytopenia. In adults with thrombocytopenia
due to splenic sequestration, enzyme replacement often
obviates the need for splenectomy.

Biegstraaten M et al. Management goals for type 1 Gaucher dis-
ease: an expert consensus document from the European work-
ing group on Gaucher disease. Blood Cells Mol Dis. 2018;68:
203. [PMID: 28274788]

Blumenreich S et al. Lysosomal storage disorders shed light on
lysosomal dysfunction in Parkinson’s disease. Int J Mol Sci.
2020;21:4966. [PMID: 32674335]

Nabizadeh A et al. The clinical efficacy of imiglucerase versus
eliglustat in patients with Gaucher’s disease type 1: a system-
atic review. J Res Pharm Pract. 2018;7:171. [PMID: 30622983]
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Roshan Lal T et al. The spectrum of neurological manifestations
associated with Gaucher disease. Diseases. 2017;5:E10. [PMID:
28933363]

Starosta RT et al. Liver involvement in patients with Gaucher
disease types I and III. Mol Genet Metab Rep. 2020;22:100564.
[PMID: 32099816]

DISORDERS OF HOMOCYSTEINE
METABOLISM

E S S E N T I A L S  O F  D I A G N O S I S

» Hyperhomocysteinemia: more vascular disease
but lowering homocysteine levels is not helpful.

» Homocystinuria: Marfan-like habitus, ectopia len-
tis, mental impairment, thromboses.

» Elevated homocysteine in the urine or plasma.

» General Considerations

Patients with clinical and angiographic evidence of coro-
nary artery disease and cerebrovascular and peripheral
vascular diseases tend to have higher levels of plasma
homocysteine than persons without these vascular dis-
eases. Although this effect was initially thought to be due at
least in part to heterozygotes for cystathionine beta-syn-
thase deficiency (see below), there is little supporting evi-
dence. Rather, an important factor leading to
hyperhomocysteinemia is folate deficiency. Pyridoxine
(vitamin B

6
) and vitamin B

12
are also important in the

metabolism of methionine, and deficiency of any of these
vitamins can lead to accumulation of homocysteine. A
number of genes influence utilization of these vitamins and
can predispose to deficiency. For example, having one
copy—and especially two copies—of an allele that causes
thermolability of methylene tetrahydrofolate reductase
predisposes people to elevated fasting homocysteine levels.
Both nutritional and most genetic deficiencies of these
vitamins can be corrected by dietary supplementation of
folic acid and, if serum levels are low, vitamins B

6
and B

12
.

In the United States, cereal grains are fortified with folic
acid. However, therapy with B vitamins and folate lowers
homocysteine levels significantly but does not reduce the
risk of either venous thromboembolism or complications
of coronary artery disease. The role of lowering homocys-
teine as primary prevention for cardiovascular disease has
received modest direct support in clinical trials. Hyperho-
mocysteinemia occurs with end-stage chronic kidney dis-
ease. In the general population, elevated homocysteine
correlates with cognitive impairment.

» Clinical Findings

A. Symptoms and Signs

Homocystinuria in its classic form is caused by cystathio-
nine beta-synthase deficiency and exhibits autosomal
recessive inheritance. This results in extreme elevations of
plasma and urinary homocystine levels, a basis for

diagnosis of this disorder. Homocystinuria is similar in
certain superficial aspects to Marfan syndrome, since
patients may have a similar body habitus and ectopia lentis
is almost always present. However, mental impairment is
often present in homocystinuria, and the cardiovascular
events are those of repeated venous and arterial thrombo-
ses whose precise cause remains obscure. Thus, the diagno-
sis should be suspected in patients in the second and third
decades of life who have arterial or venous thromboses
without other risk factors. Bone mineral density is reduced
in untreated patients. Life expectancy is reduced, especially
in untreated and pyridoxine-unresponsive patients; myo-
cardial infarction, stroke, and pulmonary embolism are the
most common causes of death. This condition is diagnosed
by newborn screening for hypermethioninemia; however,
pyridoxine-responsive infants may not be detected. In
addition, homozygotes for a common mutant allele,
p.I278T, show marked clinical variability, with some unaf-
fected as adults.

B. Laboratory Findings

Although many mutations have been identified in the
cystathionine beta-synthase gene, amino acid analysis of
plasma remains the most appropriate diagnostic test.
Patients should be studied after they have been off folate
or pyridoxine supplementation for at least 1 week. Rela-
tively few laboratories currently provide highly reliable
assays for homocysteine. Processing of the specimen is
crucial to obtain accurate results. The plasma must be
separated within 30 minutes; otherwise, blood cells release
the amino acid and the measurement will then be artifi-
cially elevated.

» Prevention

Prenatal diagnosis and termination of the affected preg-
nancy are the only current way to prevent the occurrence
of CBS-deficient homocystinuria.

» Treatment

About 50% of patients have a form of cystathionine beta-
synthase deficiency that improves biochemically and clinically
through pharmacologic doses of pyridoxine (50–500 mg
orally daily) and folate (5–10 mg orally daily). For these
patients, treatment that begins in infancy can prevent
impairment and the other clinical problems. Patients who
do not respond to pyridoxine must be treated with a dietary
reduction in methionine and supplementation of cysteine,
again beginning in infancy. The vitamin betaine is also use-
ful in reducing plasma methionine levels by facilitating a
metabolic pathway that bypasses the defective enzyme.

Patients with classic homocystinuria who have suffered
venous thrombosis receive anticoagulation therapy, but
there are no studies to support prophylactic use of warfarin
or antiplatelet agents.

Gales A et al. Adolescence/adult onset MTHFR deficiency may
manifest as isolated and treatable distinct neuro-psychiatric
syndromes. Orphanet J Rare Dis. 2018;13:29. [PMID:
29391032]
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Sacharow SJ et al. Homocystinuria Caused by Cystathionine
Beta-Synthase Deficiency. In: Adam MP et al (editors).
GeneReviews®. 2004 Jan 15 [Updated 2017]. [PMID: 20301697]

Weber Hoss GR et al. Classical homocystinuria: a common inborn
error of metabolism? An epidemiological study based on genetic
databases. Mol Genet Genomic Med. 2020;8:e1214. [PMID:
32232970]

KLINEFELTER SYNDROME

E S S E N T I A L S  O F  D I A G N O S I S

» Males with hypergonadotropic hypogonadism
and small testes.

» 47,XXY karyotype.

» Clinical Findings

A. Symptoms and Signs

Boys with an extra X chromosome are normal in appear-
ance before puberty; thereafter, they have disproportion-
ately long legs and arms, sparse body hair, a female
escutcheon, gynecomastia, and small testes. Infertility is
due to azoospermia; the seminiferous tubules are hyalin-
ized. The incidence is 1 in 660 newborn males, but the
diagnosis is often not made until a man is evaluated for
inability to conceive. Intellectual disability is somewhat
more common than in the general population. Many men
with Klinefelter syndrome have language-based learning
problems. However, their intelligence usually tests within
the broad range of normal. As adults, detailed psychometric
testing may reveal a deficiency in executive skills. The risk
of osteoporosis, breast cancer, and diabetes mellitus is
much higher in men with Klinefelter syndrome than in
46,XY men.

B. Laboratory Findings

Low serum testosterone is common. The karyotype is typi-
cally 47,XXY, but other sex chromosome anomalies cause
variations of Klinefelter syndrome.

» Prevention

Screening for cancer (especially of the breast), deep venous
thrombosis, and glucose intolerance is indicated.

» Treatment

Treatment with testosterone after puberty is advisable but
will not restore fertility. However, men with Klinefelter
syndrome have had mature sperm aspirated from their
testes and injected into oocytes, resulting in fertilization.
After the blastocysts have been implanted into the uterus of
a partner, conception has resulted. But, men with Klinefelter
syndrome do have an increased risk for aneuploidy in
sperm, and therefore, genomic analysis of a blastocyst should
be considered before implantation.

Akcan N et al. Klinefelter syndrome in childhood: variability in
clinical and molecular findings. J Clin Res Pediatr Endocrinol.
2018;10:100. [PMID: 29022558]

Ross JL et al. Androgen treatment effects on motor function,
cognition, and behavior in boys with Klinefelter syndrome.
J Pediatr. 2017;185:193. [PMID: 28285751]

Skakkebæk A et al. Quality of life in men with Klinefelter syn-
drome: the impact of genotype, health, socioeconomics, and
sexual function. Genet Med. 2018;20:214. [PMID: 28726803]

MARFAN SYNDROME

E S S E N T I A L S  O F  D I A G N O S I S

» Disproportionately tall stature, thoracic deformity,
and joint laxity or contractures.

» Ectopia lentis and myopia.

» Aortic root dilation and dissection; mitral valve
prolapse.

» Mutation in FBN1, the gene encoding fibrillin-1.

» General Considerations

Marfan syndrome, a systemic connective tissue disease, has
an autosomal dominant pattern of inheritance. It is charac-
terized by abnormalities of the skeletal, ocular, and cardio-
vascular systems; spontaneous pneumothorax; dural
ectasia; and striae atrophicae. Of most concern is disease of
the ascending aorta, which begins as a dilated aortic root.
Histology of the aorta shows diffuse medial degeneration.
Mitral valve leaflets are also abnormal and mitral prolapse
and regurgitation may be present, often with elongated
chordae tendineae, which on occasion may rupture.

» Clinical Findings

A. Symptoms and Signs

Affected patients are typically tall, with particularly long
arms, legs, and digits (arachnodactyly). However, there can
be wide variability in the clinical presentation. Commonly,
scoliosis and anterior chest deformity, such as pectus excava-
tum, are found. Ectopia lentis is present in about half of
patients; severe myopia is common and retinal detachment
can occur. Mitral valve prolapse is seen in about 85% of
patients. Aortic root dilation is common and leads to aortic
regurgitation or dissection with rupture. To diagnose Mar-
fan syndrome, people with an affected relative need features
in at least two systems. People with no family history need
features in the skeletal system, two other systems, and one of
the major criteria of ectopia lentis, dilation of the aortic root,
or aortic dissection. Patients with homocystinuria due to
cystathionine beta-synthase deficiency also have dislocated
lenses, tall, disproportionate stature, and thoracic deformity.
They tend to have below normal intelligence, stiff joints, and
a predisposition to arterial and venous occlusive disease.
Males with Klinefelter syndrome do not show the typical
ocular or cardiovascular features of Marfan syndrome and
are generally sporadic occurrences in the family.
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B. Laboratory Findings

Mutations in the fibrillin gene (FBN1) on chromosome 15
cause Marfan syndrome. Nonetheless, no simple labora-
tory test is available to support the diagnosis in question-
able cases because related conditions may also be due to
defects in fibrillin. The nature of the FBN1 mutation has
little predictive value in terms of prognosis. The pathogen-
esis of Marfan syndrome involves aberrant regulation of
transforming growth factor (TGF)-beta activity. Mutations
in either of two receptors for TGF-beta (TGFBR1 and
TGFBR2) can cause conditions that resemble Marfan syn-
drome in terms of aortic aneurysm and dissection and
autosomal dominant inheritance. Mutations in more than
two dozen other genes can predispose adults to thoracic
aortic aneurysm and dissection.

» Prevention

There is prenatal and presymptomatic diagnosis for patients
in whom the molecular defect in FBN1 has been found.

» Treatment

Children with Marfan syndrome require regular ophthal-
mologic surveillance to correct visual acuity and thus pre-
vent amblyopia, and annual orthopedic consultation for
diagnosis of scoliosis at an early enough stage so that bracing
might delay progression. Patients of all ages require echo-
cardiography at least annually to monitor aortic root diameter
and mitral valve function. Long-term beta-adrenergic
blockade, titrated to individual tolerance but enough to
produce a negative inotropic effect (atenolol, 1–2 mg/kg
orally daily), retards the rate of aortic dilation. While inhibi-
tion of the TGF-beta signaling pathway through angioten-
sin receptor blockade (ARB) in mice with Marfan syndrome
is highly effective, ARB treatment in humans is no more
effective than beta-adrenergic blockade. Calcium channel
blockers, once used as a substitute for beta-blockade, are
detrimental to the aorta. Restriction from vigorous physical
exertion protects from aortic dissection. Prophylactic
replacement of the aortic root with a composite graft when
the diameter reaches 45–50 mm in an adult (normal: less
than 40 mm) prolongs life. Earlier prophylactic surgery
should be considered when there is a strong family history
of aortic dissection or when the diameter of the aortic root
increases more than 3–4 mm per year. A valve-sparing pro-
cedure resuspends the patient’s native aortic valve inside a
graft that replaces the aneurysmal sinuses of Valsalva and
ascending aorta, thus avoiding the need for lifelong antico-
agulation. Women with Marfan syndrome are at heightened
risk for aortic dissection in the peripartum and postpartum
periods. Having an aortic root dimension greater than
40 mm should prompt consideration for prophylactic, valve-
sparing aortic repair before undertaking a pregnancy.

» Prognosis

People with Marfan syndrome who are untreated commonly
die in the fourth or fifth decade from aortic dissection or
heart failure secondary to aortic or mitral regurgitation.

However, because of earlier diagnosis, lifestyle modifica-
tions, beta-adrenergic blockade, and prophylactic aortic
and mitral valve surgery, life expectancy has increased by
several decades.

Prophylactic treatment of cardiovascular disease can
lead to a near-normal life expectancy. However, with the
longer life expectancy, serious comorbidities that were
previously infrequent are now more common. These
comorbidities include obstructive sleep apnea, cardiomy-
opathy, aneurysms and dissections of the abdominal aorta
and peripheral arteries, neurologic problems related to
dural ectasia, and degenerative arthritis.

» When to Refer

• For detailed ophthalmologic examination.

• For at least annual cardiologic evaluation.

• For moderate scoliosis.

• For pregnancy in a woman with Marfan syndrome.

• For genetic counseling.

» When to Admit

Any patient with Marfan syndrome in whom severe or
unusual chest pain develops should be hospitalized to
exclude pneumothorax and aortic dissection.

Pyeritz RE. Etiology and pathogenesis of the Marfan syndrome:
current understanding. Ann Cardiothorac Surg. 2017;6:595.
[PMID: 29270371]

Pyeritz RE. Improved clinical history results in expanded natural
history. Genet Med. 2019;21:1683. [PMID: 30573797]

Pyeritz RE. Recent progress in understanding the natural and
clinical histories of the Marfan syndrome. Trends Cardiovasc
Med. 2016;26:423. [PMID: 26908026]

Renner S et al. Next-generation sequencing of 32 genes associ-
ated with hereditary aortopathies and related disorders of
connective tissue in a cohort of 199 patients. Genet Med.
2019;21:1832. [PMID: 30675029]

von Kodolitsch Y et al. Features of the Marfan syndrome not
listed in the Ghent nosology—the dark side of the disease.
Expert Rev Cardiovasc Ther. 2019;17:883. [PMID: 31829751]

HEREDITARY HEMORRHAGIC
TELANGIECTASIA

E S S E N T I A L S  O F  D I A G N O S I S

» Recurrent epistaxis.

» Mucocutaneous telangiectases.

» Visceral arteriovenous malformations (especially
lung, liver, brain, bowel).

» Clinical Findings

A. Symptoms and Signs

Hereditary hemorrhagic telangiectasia (HHT), formerly
termed “Osler-Weber-Rendu syndrome,” is an autosomal
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dominant disorder of development of the vasculature. Epi-
staxis may begin in childhood or later in adolescence.
Punctate telangiectases of the lips, tongue, fingers, and skin
generally appear in later childhood and adolescence. Arte-
riovenous malformations (AVMs) can occur at any age in
the brain, lungs, and liver. Bleeding from the gastrointesti-
nal tract is due to mucosal vascular malformations and
usually is not a problem until mid-adult years or later.
Pulmonary AVMs can cause hypoxemia (with peripheral
cyanosis, dyspnea, and clubbing) and right-to-left shunting
(with embolic stroke or brain abscess). The criteria for
diagnosis require presence of three of the following four
features: (1) recurrent epistaxis, (2) visceral AVMs, (3)
mucocutaneous telangiectases, and (4) being the near rela-
tive of a clearly affected individual. Mutation analysis can
be used for presymptomatic diagnosis or exclusion of the
worry of HHT.

B. Laboratory Findings

MR or CT arteriography detects AVMs. Mutations in at
least five genes can cause HHT. Three have been identi-
fied, and molecular analysis to identify them is available;
these mutations in ENG, ALK1, and SMAD4 account for
about 87% of families with HHT. When the familial
mutation is known, molecular testing is far more cost
effective than repeated clinical screening of relatives who
are at risk.

» Prevention

Embolization of pulmonary AVMs with wire coils or other
occlusive devices reduces the risk of stroke and brain
abscess. Treatment of brain AVMs reduces the risk of hem-
orrhagic stroke. All patients with HHT with evidence of a
pulmonary shunt should practice routine endocarditis
prophylaxis (see Table 33–5). All intravenous lines (except
those for transfusion of red blood cells and radiographic
contrast) should have an air-filter to prevent embolization
of an air bubble. Prenatal diagnosis through mutation
detection is possible.

» Treatment

All patients in whom the diagnosis of HHT is considered
should have an MRI of the brain with contrast. A contrast
echocardiogram will detect most pulmonary AVMs when
“bubbles” appear on the left side of the heart after 3–6 car-
diac cycles. A positive contrast echocardiogram should be
followed by a high-resolution CT angiogram for localiza-
tion of pulmonary AVMs. Patients who have AVMs with a
feeding artery of 2 mm diameter or greater should undergo
embolization. After successful embolization of all treatable
pulmonary AVMs, the CT angiogram should be repeated
in 6 months and 3 years. A person with a negative contrast
echocardiogram should have the test repeated every
5 years. Any person with a pulmonary AVM, even an
embolized one, should utilize routine endocarditis prophy-
laxis. Several studies suggest that treatment with anti-
estrogenic agents (eg, tamoxifen), thalidomide or its
relatives, or anti-vascular endothelial growth factor agents
(eg, bevacizumab) can reduce epistaxis and gastrointestinal
bleeding and improve hepatic shunting. However, two ran-
domized, controlled clinical trials of intranasal bevaci-
zumab therapy failed to show an improvement in epistaxis.

Beckman JD et al. Integration of clinical parameters, genotype
and epistaxis severity score to guide treatment for hereditary
hemorrhagic telangiectasia associated bleeding. Orphanet J
Rare Dis. 2020;15:185. [PMID: 32660636]

Chick JFB et al. A survey of pulmonary arteriovenous malforma-
tion screening, management, and follow-up in Hereditary
Hemorrhagic Telangiectasia Centers of Excellence. Cardio-
vasc Intervent Radiol. 2017;40:1003. [PMID: 28188364]

Faughnan ME et al. Second international guidelines for the diag-
nosis and management of hereditary hemorrhagic telangiec-
tasia. Ann Intern Med. 2020;173:989. [PMID: 32894695]

Halderman AA et al. Bevacizumab for epistaxis in hereditary
hemorrhagic telangiectasia: an evidence-based review. Am J
Rhinol Allergy. 2018;32:258. [PMID: 29745243]

Jackson SB et al. Gastrointestinal manifestations of Hereditary
Hemorrhagic Telangiectasia (HHT): a systematic review of
the literature. Dig Dis Sci. 2017;62:2623. [PMID: 28836046]

McDonald J et al. Hereditary Hemorrhagic Telangiectasia. In:
Adam MP et al (editors). GeneReviews®. 2000 Jun 26 [Updated
2017]. [PMID: 20301525]
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Musculoskeletal problems account for about 10–20% of
outpatient primary care clinical visits. Orthopedic prob-
lems can be classified as traumatic (ie, injury-related) or
atraumatic (ie, degenerative or overuse syndromes) as well
as acute or chronic. The history and physical examination
are sufficient in most cases to establish the working diag-
nosis; the mechanism of injury is usually the most helpful
part of the history in determining the diagnosis.

SHOULDER

1. Subcomil Imingmn Syndom

E S S E N T I A L S  O F  D I A G N O S I S

» Shoulder pain with overhead motion.

» Night pain with sleeping on shoulder.

» Numbness and pain radiation below the elbow
are usually due to cervical spine disease.

» General Considerations

The shoulder is a ball and socket joint. The socket is very
shallow, however, which enables this joint to have the most
motion of any joint. The shoulder, therefore, relies heavily
on the surrounding muscles and ligaments to provide sta-
bility. The subacromial impingement syndrome describes a
collection of diagnoses that cause mechanical inflamma-
tion in the subacromial space. Causes of impingement
syndrome can be related to muscle strength imbalances,
poor scapula control, rotator cuff tears, subacromial bursi-
tis, and bone spurs.

With any shoulder problem, it is important to establish
the patient’s hand dominance, occupation, and recreational
activities because shoulder injuries may present differently
depending on the demands placed on the shoulder joint.
Baseball pitchers with impingement syndrome may com-
plain of pain while throwing, while older adults with even
full-thickness rotator cuff tears may not complain of any
pain because the demands on the joint are lower.

» Clinical Findings

A. Symptoms and Signs

Subacromial impingement syndrome classically presents
with one or more of the following: pain with overhead
activities, nocturnal pain with sleeping on the shoulder, or
pain on internal rotation (eg, putting on a jacket or bra).
On inspection, there may be appreciable atrophy in the
supraspinatus or infraspinatus fossa. The patient with
impingement syndrome can have mild scapula winging or
“dyskinesis.” The patient often has a rolled-forward shoul-
der posture or head-forward posture. On palpation, the
patient can have tenderness over the anterolateral shoulder
at the edge of the greater tuberosity. The patient may lack
full active range of motion (Table 41–1) but should have
preserved passive range of motion. Impingement symp-
toms can be elicited with the Neer and Hawkins impinge-
ment signs (Table 41–1).

B. Imaging

The following four radiographic views should be ordered
to evaluate subacromial impingement syndrome: the
anteroposterior (AP) scapula, the AP acromioclavicular
joint, the lateral scapula (scapular Y), and the axillary lat-
eral. The AP scapula view can rule out glenohumeral joint
arthritis. The AP acromioclavicular view evaluates the
acromioclavicular joint for inferior spurs. The scapula Y
view evaluates the acromial shape, and the axillary lateral
view visualizes the glenohumeral joint as well and for the
presence of os acromiale.

MRI of the shoulder may demonstrate full- or partial-
thickness tears or tendinosis. Ultrasound evaluation may
demonstrate thickening of the rotator cuff tendons and
tendinosis. Tears may also be visualized on ultrasound,
although it is more difficult to identify partial tears from
small full-thickness tears than on MRI.

» Treatment

A. Conservative

The first-line treatment for impingement syndrome is
usually a conservative approach with education,
activity modification, and physical therapy exercises.

41Anthony Luke, MD, MPH

C. Benjamin Ma, MD

Orthopedic Disorders &
Sports Medicine
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Table 41–1. Shoulder examination.

Mnuv Dsciion

Inscion Check the patient’s posture and “SEADS” (swelling,

erythema, atrophy, deformity, surgical scars).

plion Include important landmarks: acromioclavicular

(AC) joint, long head of biceps tendon, coracoid,

and greater tuberosity (supraspinatus insertion).

rng of Moion tsing: Check range of motion actively (patient performs) and passively (clinician performs).

Flxion Move the arm forward as high as possible in the

sagittal plane.

exnl oion Check with the patient’s elbow touching their body

so that external rotation occurs predominantly

at the glenohumeral joint.

(continued)
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Table 41–1. Shoulder examination.

Mnuv Dsciion

Innl oion The patient is asked to reach the thumbs as high as

possible behind the spine on each side. The clini-

cian can record the highest spinous process that

the individual can reach on each side (iliac crest

= L4, inferior angle of scapula = T8).

roo Cuff Sng tsing

Susinus (on cn) s Perform resisted shoulder abduction at 90 degrees

with slight forward flexion to around 45 degrees

to test for supraspinatus tendon strength (“open

can” test), or with shoulder abduction at 30

degrees and flexion to 30 degrees (“empty can”

test).

exnl oion The patient resists by externally rotating the arms

with elbows at his or her side.

(continued)

(continued)
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Table 41–1. Shoulder examination.

Mnuv Dsciion

Innl oion (lif-off s) The clinician pushes the patient’s hand toward the

back while the patient resists. A positive lift-off

indicates subscapularis tendon insufficiency.

posiiv s: Inability of the patient to hold his or

her hand away from the body when reaching

toward the small of the back.

Innl oion (blly-ss s) A positive belly-press test indicates subscapularis

tendon insufficiency.

posiiv s: Inability to hold the elbow in front of

the trunk while pressing down with the hand on

the belly.

Imingmn tsing

N imingmn sign Perform by having the clinician flex the shoulder

maximally in an overhead position.

posiiv s: Pain is reproduced with full passive

shoulder flexion. Sensitivity is 79%; specificity is

53%.

(continued)

(continued)
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Table 41–1. Shoulder examination.

Mnuv Dsciion

hwkins imingmn sign Perform with the shoulder forward flexed

90 degrees and the elbow flexed at 90 degrees.

The shoulder is then maximally internally

rotated to impinge the greater tuberosity on the

undersurface of the acromion.

posiiv s: Pain is reproduced by this maneuver.

Sensitivity is 79%; specificity is 59%.

Sbiliy tsing

ansion s With persistent anterior instability or a recent dislo-

cation, the patient feels pain or guards when the

shoulder is abducted and externally rotated at

90 degrees. With posterior instability, the patient

is apprehensive with the shoulder forward flexed

and internally rotated to 90 degrees with a pos-

teriorly directed force.

Lod nd sif s Perform to determine shoulder instability by man-

ually translating the humeral head anteriorly

and posteriorly in relation to the glenoid. How-

ever, this test can be difficult to perform when

the patient is not relaxed.

O’Bin s Performed to rule out labral cartilage tears that

often occur following a shoulder subluxation or

dislocation. The test involves flexing the patient’s

arm to 90 degrees, fully internally rotating the

arm so the thumb is facing down (palm down),

and adducting the arm to 10 degrees. Once posi-

tioned properly, the clinician applies downward

force and asks the patient to resist. The test is

then repeated in the same position except that

the patient has his arm fully supinated (palm up).

posiiv s: There is pain deep in the shoulder

with palm down more than the palm up.

The O’Brien test can also be used to identify AC

joint pathology. The patient would typically

complain equally of pain directly over the AC

joint with the palm down or up.

(continued)

CMDT22_Ch41_p1685-p1718.indd 1689 02/07/21 2:46 PM



Chapter 411690 CMDT 2022

Impingement syndrome can be caused by muscle weakness
or tear. Rotator cuff muscle strengthening can alleviate
weakness or pain, unless the tendons are seriously compro-
mised, in which case exercises may cause more symptoms.
Physical therapy is directed at rotator cuff muscle strength-
ening, scapula stabilization, and postural exercises. There
is no strong evidence supporting the effectiveness of ice
and nonsteroidal anti-inflammatory drugs (NSAIDs) as a
prolonged therapy. In a Cochrane review, corticosteroid
injections produced slightly better relief of symptoms in
the short term when compared with placebo. Most patients
respond well to conservative treatment.

B. Surgical

Procedures include arthroscopic acromioplasty with cora-
coacromial ligament release, bursectomy, or debridement
or repair of rotator cuff tears. However, the value of
acromioplasty alone for rotator cuff problems is not sup-
ported by evidence.

» When to Refer

• Failure of conservative treatment over 3 months.

• Young and active patients with impingement due to
full-thickness rotator cuff tears.

Consigliere P et al. Subacromial impingement syndrome: man-
agement challenges. Orthop Res Rev. 2018;10:83. [PMID:
30774463]

Lai CC et al. Effectiveness of stretching exercise versus kinesio-
taping in improving length of the pectoralis minor: a system-
atic review and network meta-analysis. Phys Ther Sport.
2019;40:19. [PMID: 31442850]

McFarland EG et al. Clinical faceoff: what is the role of acromio-
plasty in the treatment of rotator cuff disease? Clin Orthop
Relat Res. 2018;476:1707. [PMID: 30001291]

Saracoglu I et al. Does taping in addition to physiotherapy
improve the outcomes in subacromial impingement syn-
drome? A systematic review. Physiother Theory Pract. 2018;
34:251. [PMID: 29111849]

2. roo Cuff ts

E S S E N T I A L S  O F  D I A G N O S I S

» A common cause of shoulder impingement syn-
drome after age 40.

» Difficulty lifting the arm with limited active range
of motion.

» Weakness with resisted strength testing suggests
full-thickness tears.

» Tears can occur following trauma or can be more
degenerative.

» General Considerations

Rotator cuff tears can be caused by acute injuries related to
falls on an outstretched arm or to pulling on the shoulder.

They can also be related to chronic repetitive injuries with
overhead movement and lifting. Partial rotator cuff tears
are one of the most common reasons for impingement
syndrome. Full-thickness rotator cuff tears are usually
more symptomatic and may require surgical treatment.
The most commonly torn tendon is the supraspinatus.

» Clinical Findings

A. Symptoms and Signs

Most patients complain of weakness or pain with overhead
movement. Night pain is also a common complaint. The
clinical findings with rotator cuff tears include those of the
impingement syndrome except that with full-thickness
rotator cuff tears there may be more obvious weakness
noted with light resistance testing of specific rotator cuff
muscles. Supraspinatus tendon strength is tested with
resisted shoulder abduction at 90 degrees with slight for-
ward flexion to around 45 degrees (“open can” test). Infra-
spinatus/teres minor strength is tested with resisted
shoulder external rotation with shoulder at 0 degrees of
abduction and elbow by side. Subscapularis strength is
tested with the “lift-off ” or “belly-press” tests. The affected
patient usually also has positive Neer and Hawkins
impingement tests (Table 41–1).

B. Imaging

Recommended radiographs are similar to impingement
syndrome: AP scapula (glenohumeral), axillary lateral,
supraspinatus outlet, and AP acromioclavicular joint views.
The AP scapula view is useful in visualizing rotator cuff
tears because degenerative changes can appear between the
acromion and greater tuberosity of the shoulder. Axillary
lateral views show superior elevation of the humeral head
in relation to the center of the glenoid. Supraspinatus outlet
views allow evaluation of the shape of the acromion. High-
grade acromial spurs are associated with a higher incidence
of rotator cuff tears. The AP acromioclavicular joint view
evaluates for the presence of acromioclavicular joint arthri-
tis, which can mimic rotator cuff tears, and for spurs that
can cause rotator cuff injuries.

MRI is the best method for visualizing rotator cuff
tears. The MR arthrogram can show partial or small (less
than 1 cm) rotator cuff tears. For patients who cannot
undergo MRI testing or when postoperative artifacts limit
MRI evaluations, ultrasonography can be helpful.

» Treatment

Partial rotator cuff tears may heal with scarring. Most
partial rotator cuff tears can be treated with physical ther-
apy and scapular and rotator cuff muscle strengthening.
However, research suggests that 40% of the partial-
thickness tears progress to full-thickness tears in 2 years.
Physical therapy can strengthen the remaining muscles to
compensate for loss of strength and can have high rate of
success for chronic tears. Physical therapy is also an option
for older sedentary patients. Full-thickness rotator cuff
tears do not heal well and have a tendency to increase in
size with time; 49% of the tears get bigger over an average
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of 2.8 years. When tears get larger, they are also associated
with worsening pain. Fatty infiltration is a degenerative
process where muscle is replaced by fat following injury to
the rotator cuff tendons. Fatty infiltration progresses in
full-thickness rotator cuff tears and it is a negative prog-
nostic factor for successful surgical treatment. Fatty infil-
tration is an irreversible process so operative interventions
are usually performed when the degree of infiltration is
low. Most young active patients with acute, full-thickness
tears should be treated with operative fixation. Full-
thickness subscapularis tendon tears should undergo
surgical repair since untreated tears usually lead to prema-
ture osteoarthritis (OA) of the shoulder. Nonetheless,
physical therapy is indicated for atraumatic degenerative
rotator cuff tears and success can be as high as 70%. That
said, long-term (10-year) outcome studies show that surgi-
cal repair of rotator cuff tears can result in better outcomes
than physical therapy alone.

» When to Refer

• Young and active patients with full-thickness rotator
cuff tears.

• Partial tears with greater than 50% involvement and
with significant pain.

• Acute rotator cuff tears and loss of function.

• Older and sedentary patients with full-thickness rotator
cuff tears who have not responded to nonoperative
treatment.

• Full-thickness subscapularis tears.

Allen H et al. Overuse injuries of the shoulder. Radiol Clin North
Am. 2019;57:897. [PMID: 31351540]

Amoo-Achampong K et al. Evaluating strategies and outcomes
following rotator cuff tears. Shoulder Elbow. 2019;11:4.
[PMID: 31019557]

Katthagen JC et al. Improved outcomes with arthroscopic repair
of partial-thickness rotator cuff tears: a systematic review.
Knee Surg Sports Traumatol Arthrosc. 2018;26:113. [PMID:
28526996]

Moosmayer S et al. At a 10-year follow-up, tendon repair is supe-
rior to physical therapy in the treatment of small and medium-
sized rotator cuff tears. J Bone Joint Surg Am. 2019;101:1050.
[PMID: 31220021]

Piper CC et al. Operative versus nonoperative treatment for the
management of full-thickness rotator cuff tears: a systematic
review and meta-analysis. J Shoulder Elbow Surg. 2018;27:572.
[PMID: 29169957]

3. Sould Dislocion & Insbiliy

E S S E N T I A L S  O F  D I A G N O S I S

» Most dislocations (95%) are in the anterior direction.

» Pain and apprehension with an unstable shoulder
that is abducted and externally rotated.

» Acute shoulder dislocations should be reduced as
quickly as possible, using manual relocation tech-
niques if necessary.

» General Considerations

The shoulder is a ball and socket joint, similar to the hip.
However, the bony contours of the shoulder bones are
much different than the hip. Overall, the joint has much
less stability than the hip, allowing greater movement and
action. Stabilizing the shoulder joint relies heavily on rota-
tor cuff muscle strength and also scapular control. If
patients have poor scapular control or weak rotator cuff
tendons or tears, their shoulders are more likely to have
instability. Ninety-five percent of the shoulder dislocations/
instability occur in the anterior direction. Dislocations usu-
ally are caused by a fall on an outstretched and abducted
arm. Patients complain of pain and feeling of instability
when the arm is in the abducted and externally rotated
position. Posterior dislocations are usually caused by falls
from a height, epileptic seizures, or electric shocks. Trau-
matic shoulder dislocation can lead to instability. The rate
of repeated dislocation is directly related to the patient’s
age: patients aged 21 years or younger have a 70–90% risk
of redislocation, whereas patients aged 40 years or older
have a much lower rate (20–30%). However, once the
patient has a second dislocation, the recurrence rate is
extremely high, up to 95%, regardless of age. Other risks
include male gender and patients with hyperlaxity. Ninety
percent of young active individuals who had traumatic
shoulder dislocation have labral injuries often described as
Bankart lesions when the anterior inferior labrum is torn,
which can lead to continued instability. Older patients
(over age 55 years) are more likely to have rotator cuff tears
or fractures following dislocation. Atraumatic shoulder
dislocations are usually caused by intrinsic ligament laxity
or repetitive microtrauma leading to joint instability. This
is often seen in athletes involved in overhead and throwing
sports (eg, in swimmers, gymnasts, and pitchers).

» Clinical Findings

A. Symptoms and Signs

For acute traumatic dislocations, patients usually have an
obvious deformity with the humeral head dislocated ante-
riorly. The patient holds the shoulder and arm in an exter-
nally rotated position. The patient has acute pain and
deformity. Even after reduction, the patient will continue
to have limited range of motion and pain for 4–6 weeks,
especially following a first-time shoulder dislocation.

Patients with recurrent dislocations can have less pain
with subsequent dislocations. Posterior dislocations can be
easily missed because the patient usually holds the shoul-
der and arm in an internally rotated position, which makes
the shoulder deformity less obvious. Patients complain of
difficulty pushing open a door.

Atraumatic shoulder instability is usually well tolerated
with activities of daily living. Patients usually complain of a
“sliding” sensation during exercises or strenuous activities
such as throwing. Such dislocations may be less symptom-
atic and can often undergo spontaneous reduction of
the shoulder with pain resolving within days after onset.
The clinical examination for shoulder instability includes the
apprehension test, the load and shift test, and the O’Brien
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test (Table 41–1). Most patients with persistent shoulder
instability have preserved range of motion.

B. Imaging

Radiographs for acute dislocations should include a stan-
dard trauma series of AP and axillary lateral scapula (gle-
nohumeral) views to determine the relationship of the
humerus and the glenoid and to rule out fractures. Orthog-
onal views are used to identify a posterior shoulder disloca-
tion, which can be missed easily with one AP view of the
shoulder. An axillary lateral view of the shoulder can be
safely performed even in the acute setting of a patient with
a painful shoulder dislocation. A scapula Y view in the
acute setting is insufficient to diagnose dislocation. For
chronic injuries or symptomatic instability, these recom-
mended radiographic views are helpful to identify bony
injuries and Hill-Sachs lesions (indented compression
fractures at the posterior-superior part of the humeral head
associated with anterior shoulder dislocation). MRI is
commonly used to show soft tissue injuries to the labrum
and to visualize associated rotator cuff tears. MRI arthro-
grams better identify labral tears and ligamentous struc-
tures. Three-dimensional CT scans are used to determine
the significance of bone loss.

» Treatment

For acute dislocations, manual reductions are usually per-
formed in the emergency department. The shoulder should
be reduced as soon as possible. The Stimson procedure is
the least traumatic method and is quite effective. The
patient lies prone with the dislocated arm hanging off the
examination table with a weight applied to the wrist to
provide traction for 20–30 minutes. Afterward, gentle
medial mobilization can be applied manually to assist the
reduction. The shoulder can also be reduced with axial
“traction” on the arm with “counter-traction” along the
trunk. The patient should be sedated and relaxed. The
shoulder can then be gently internally and externally
rotated to guide it back into the socket.

Initial treatment of acute shoulder dislocations should
include sling immobilization for 2–4 weeks along with
pendulum exercises. Early physical therapy can be used to
maintain range of motion and strengthening of rotator cuff
muscles. Patients can also modify their activities to avoid
active and risky sports. For patients with a traumatic inci-
dent and unilateral shoulder dislocation, a Bankart lesion is
commonly present. Operative intervention is the only
treatment that has been shown to decrease recurrence once
a patient has a second dislocation. Open and arthroscopic
stabilization have very similar outcomes. Repeated disloca-
tions have been shown to increase the risk of arthritis and
further bony deterioration.

The treatment of atraumatic shoulder instability is dif-
ferent than that of traumatic shoulder instability. Patients
with chronic, recurrent shoulder dislocations should be
managed with physical therapy and a regular maintenance
program, consisting of scapular stabilization and postural
and rotator cuff strengthening exercises. Activities may
need to be modified. Surgical reconstructions are

less successful for atraumatic shoulder instability than for
traumatic shoulder instability. However, patients with
recurrent dislocations have much higher incidence of bone
loss or biceps pathology when compared to patients with
first-time dislocations. They are also more likely to require
open surgery with bone augmentation rather than
arthroscopic stabilization.

» When to Refer

• Patients who are at risk for second dislocation, such as
young patients and certain job holders (eg, police offi-
cers, firefighters, and rock climbers), to avoid recurrent
dislocation or dislocation while at work.

• Patients who have not responded to a conservative
approach or who have chronic instability.

Borbas P et al. Surgical management of chronic high-grade
acromioclavicular joint dislocations: a systematic review. J
Shoulder Elbow Surg. 2019;28:2031. [PMID: 31350107]

Gottlieb M et al. Point-of-care ultrasound for the diagnosis of
shoulder dislocation: a systematic review and meta-analysis.
Am J Emerg Med. 2019;37:757. [PMID: 30797607]

Hasebroock AW et al. Management of primary anterior shoulder
dislocations: a narrative review. Sports Med Open. 2019;5:31.
[PMID: 31297678]

Tamaoki MJ et al. Surgical versus conservative interventions for
treating acromioclavicular dislocation of the shoulder in
adults. Cochrane Database Syst Rev. 2019;10:CD007429.
[PMID: 31604007]

4. adsiv Csuliis (“Fozn Sould”)

E S S E N T I A L S  O F  D I A G N O S I S

» Very painful shoulder triggered by minimal or no
trauma.

» Pain out of proportion to clinical findings during
the inflammatory phase.

» Stiffness during the “freezing” phase and resolu-
tion during the “thawing” phase.

» General Considerations

Adhesive capsulitis (“frozen shoulder”) is caused by acute
inflammation of the shoulder capsule followed by scarring
and remodeling. Injury to the shoulder likely triggers mast
cell activation and release of growth factors and cytokines,
which lead to metaplasia of fibroblasts into myofibroblasts,
resulting in abnormal collagen deposition and fibrosis in the
shoulder capsule. Adhesive capsulitis is seen commonly in
patients aged 40–65 years old, and it occurs more often in
women than men, especially in perimenopausal women or
in patients with endocrine disorders, such as diabetes melli-
tus or thyroid disease. There is higher incidence of adhesive
capsulitis following shoulder trauma (such as surgery) or
breast cancer care (such as mastectomy), which may create a
pro-inflammatory condition in the shoulder. Adhesive cap-
sulitis is a self-limiting but very debilitating disease.
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» Clinical Findings

A. Symptoms and Signs

Patients usually present with a painful shoulder that has a
limited range of motion with both passive and active move-
ments. A useful clinical sign is limitation of movement of
external rotation with the elbow by the side of the trunk
(Table 41–1). Strength is usually normal but it can appear
diminished when the patient is in pain.

There are three phases: the inflammatory phase, the
freezing phase, and the thawing phase. During the inflam-
matory phase, which usually lasts 4–6 months, patients
complain of a very painful shoulder without obvious clini-
cal findings to suggest trauma, fracture, or rotator cuff
tear. During the “freezing” phase, which also usually lasts
4–6 months, the shoulder becomes stiffer and stiffer even
though the pain is improving. The “thawing” phase can
take up to a year as the shoulder slowly regains its motion.
The total duration of an idiopathic frozen shoulder is usu-
ally about 24 months; it can be much longer for patients
who have trauma or an endocrinopathy.

B. Imaging

Standard AP, axillary, and lateral glenohumeral radio-
graphs are useful to rule out glenohumeral arthritis, which
can also present with limited active and passive range of
motion. Imaging can also rule out calcific tendinitis, which
is an acute inflammatory process in which calcifications
are visible in the soft tissue. However, adhesive capsulitis is
usually a clinical diagnosis, and it does not need an exten-
sive diagnostic workup.

» Treatment

During the “acute inflammatory” and “freezing” phases,
NSAIDs and physical therapy are recommended to main-
tain motion. There is also evidence of short-term benefit
from intra-articular corticosteroid injection or oral pred-
nisone; a meta-analysis showed that intra-articular corti-
costeroid injection provided better pain relief than
NSAIDs in the first 8 weeks. However, no difference was
seen in range of motion or pain after 12 weeks, which is
similar to other noncontrolled studies. One study demon-
strated improvement at 6 weeks but not 12 weeks follow-
ing 30 mg of daily prednisone for 3 weeks. During the
“freezing” phase, the shoulder is less painful but remains
stiff. Anti-inflammatory medication is not as helpful dur-
ing the “thawing” phase as it is during the “freezing”
phase, and the shoulder symptoms usually resolve with
time. Surgical treatments, which are rarely indicated,
include manipulation under anesthesia and arthroscopic
release.

» When to Refer

• When the patient does not respond after more than
6 months of conservative treatment.

• When there is no progress in or worsening of range of
motion over 3 months.

Alsubheen SA et al. Effectiveness of nonsurgical interventions
for managing adhesive capsulitis in patients with diabetes: a
systematic review. Arch Phys Med Rehabil. 2019;100:350.
[PMID: 30268804]

Cho CH et al. Treatment strategy for frozen shoulder. Clin
Orthop Surg. 2019;11:249. [PMID: 31475043]

Fields BKK et al. Adhesive capsulitis: review of imaging findings,
pathophysiology, clinical presentation, and treatment options.
Skeletal Radiol. 2019;48:1171. [PMID: 30607455]

Jump CM et al. Frozen shoulder: a systematic review of cellular,
molecular, and metabolic findings. JBJS Rev. 2021;9:e19.00153.
[PMID: 33512972]

SPINE PROBLEMS

1. Low Bck pin

E S S E N T I A L S  O F  D I A G N O S I S

» Nerve root impingement is suspected when pain is
leg-dominant rather than back-dominant.

» Alarming symptoms include unexplained weight
loss, failure to improve with treatment, severe pain
for > 6 weeks, and night or rest pain.

» Cauda equina syndrome is an emergency; often
presents with bowel or bladder symptoms (or both).

» General Considerations

Low back pain remains the number one cause of disability
globally and is the second most common cause for primary
care visits. The annual prevalence of low back pain is
15–45%. Annual health care spending for low back and
neck pain is estimated to be $87.6 billion. Low back pain is
the condition associated with the highest years lived with
disability. Approximately 80% of episodes of low back pain
resolve within 2 weeks and 90% resolve within 6 weeks.
The exact cause of the low back pain is often difficult to
diagnose; its cause is often multifactorial. There are usually
degenerative changes in the lumbar spine involving the
disks, facet joints, and vertebral endplates (Modic changes).

» Clinical Findings

A. Symptoms and Signs

Aggravating factors of flexion and prolonged sitting com-
monly suggest anterior spine disk problems, while exten-
sion pain suggests facet joint, stenosis, or sacroiliac joint
problems. Alarming symptoms for back pain caused by
cancer include unexplained weight loss, failure to improve
with treatment, pain for more than 6 weeks, and pain at
night or rest. History of cancer and age older than 50 years
are other risk factors for malignancy. Alarming symptoms
for infection include fever, rest pain, recent infection (uri-
nary tract infection, cellulitis, pneumonia), or history of
immunocompromise or injection drug use. The cauda
equina syndrome is suggested by urinary retention or
incontinence, saddle anesthesia, decreased anal sphincter
tone or fecal incontinence, bilateral lower extremity
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weakness, and progressive neurologic deficits. Risk factors
for back pain due to vertebral fracture include use of corti-
costeroids, age over 70 years, history of osteoporosis, severe
trauma, and presence of a contusion or abrasion. Back pain
may also be the presenting symptom in other serious medi-
cal problems, including abdominal aortic aneurysm, peptic
ulcer disease, kidney stones, or pancreatitis. The patient’s
previous response to treatments and the results of risk pre-
diction tools can help guide management. The majority of
patients with persistent low back pain have co-occurring
areas of pain, especially axial pain (18–58%), extremity pain
(6–50%), and multisite musculoskeletal pain (10–89%).

The physical examination can be conducted with the
patient in the standing, sitting, supine, and finally prone
positions to avoid frequent repositioning of the patient. In
the standing position, the patient’s posture can be observed.
Commonly encountered spinal asymmetries include scoli-
osis, thoracic kyphosis, and lumbar hyperlordosis. The
active range of motion of the lumbar spine can be assessed
while standing. The common directions include flexion,
extension, rotation, and lateral bending. The one-leg
standing extension test assesses for pain as the patient
stands on one leg while extending the spine. A positive test
can be caused by pars interarticularis fractures (spondy-
lolysis or spondylolisthesis) or facet joint arthritis.

With the patient sitting, motor strength, reflexes, and
sensation can be tested (Table 41–2). The major muscles in
the lower extremities are assessed for weakness by eliciting
a resisted isometric contraction for about 5 seconds. Com-
paring the strength bilaterally to detect subtle muscle
weakness is important. Similarly, sensory testing to light
touch can be checked in specific dermatomes for corre-
sponding nerve root function. Knee, ankle, and Babinski
reflexes can be checked.

Table 41–2. Neurologic testing of lumbosacral nerve
disorders.

Nv

roo Moo rflx Snsoy a

L1 Hip flexion None Groin

L2 Hip flexion None Thigh

L3 Extension of

knee

Knee jerk Knee

L4 Dorsiflexion of

ankle

Knee jerk Medial calf

L5 Dorsiflexion of

first toe

Babinski

reflex

First dorsal web space

between first and

second toes

S1 Plantar flexion

of foot, knee

flexors, or

hamstrings

Ankle jerk Lateral foot

S2 Knee flexors or

hamstrings

Knee flexor Back of the thigh

S2–S4 External anal

sphincter

Anal reflex,

rectal

tone

Perianal area

Table 41–3. AHRQ criteria for lumbar radiographs in
patients with acute low back pain.

possibl fcu

Major trauma

Minor trauma in patients > 50 years of age

Long-term corticosteroid use

Osteoporosis

> 70 years of age

possibl umo o infcion

> 50 years of age

< 20 years of age

History of cancer

Constitutional symptoms

Recent bacterial infection

Injection drug use

Immunosuppression

Supine pain

Nocturnal pain

AHRQ, Agency for Healthcare Research and Quality.

Adapted from Bigos S et al. Acute Low Back Problems in Adults.

Clinical Practice Guideline Quick Reference Guide No. 14. AHCPR

Publication No. 95-0643. Rockville, MD: Agency for Health Care

Policy and Research, Public Health Service, U.S. Department of

Health and Human Services. December 1994.

In the supine position, the hip should be evaluated for
range of motion, particularly internal rotation. The straight
leg raise test puts traction and compression forces on the
lower lumbar nerve roots.

In the prone position, the clinician can carefully pal-
pate each vertebral level of the spine and sacroiliac joints for
tenderness. A rectal examination is required if the cauda
equina syndrome is suspected. Superficial skin tenderness
to a light touch over the lumbar spine, overreaction to
maneuvers in the regular back examination, low back pain
on axial loading of spine in standing, and inconsistency in
the straight leg raise test or on the neurologic examination
suggest nonorthopedic causes for the pain or malingering.

B. Imaging

In the absence of alarming “red flag” symptoms suggesting
infection, malignancy, or cauda equina syndrome, most
patients do not need diagnostic imaging, including radio-
graphs, in the first 6 weeks. The Agency for Healthcare
Research and Quality guidelines for obtaining lumbar
radiographs are summarized in Table 41–3. Most clinicians
obtain radiographs for new back pain in patients older than
50 years. If done, radiographs of the lumbar spine should
include AP and lateral views. Oblique views can be useful
if the neuroforamina or bone lesions need to be visualized.
MRI is the method of choice in the evaluation of symptoms
not responding to conservative treatment or in the pres-
ence of red flags of serious conditions.

C. Special Tests

Electromyography or nerve conduction studies may be
useful in assessing patients with possible nerve root symp-
toms lasting longer than 6 weeks; back pain may or may
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not also be present. These tests are usually not necessary if
the diagnosis of radiculopathy is clear.

» Treatment

A. Conservative

Nonpharmacologic treatments are key in the management
of low back pain. Education alone improves patient satis-
faction with recovery and recurrence. Patients require
information and reassurance, especially when serious
pathology is absent. Discussion must include reviewing
safe and effective methods of symptom control as well as
how to decrease the risk of recurrence with proper lifting
techniques, abdominal wall/core strengthening, weight
loss, and smoking cessation. Exercise, psychological thera-
pies (eg, cognitive behavioral therapy), and multidisci-
plinary rehabilitation have been shown to be modestly
effective for acute low back pain (strength of evidence, low).
Complementary therapies, such as Tai chi, mindfulness-
based stress reduction, and yoga, have shown benefit for
chronic low back pain patients.

Exercise, oral NSAIDs, and serotonin and norepineph-
rine reuptake inhibitors (duloxetine) were shown in a sys-
tematic review to produce a clinically meaningful reduction
in pain, with exercise being the only intervention that dem-
onstrated sustained benefit after the intervention ended.
Physical therapy exercise programs can be tailored to the
patient’s symptoms and pathology. A randomized controlled
trial demonstrated that individualized physical therapy was
clinically more beneficial than advice alone with sustained
improvements at 6 months and 12 months. Strengthening
and stabilization exercises effectively reduce pain and func-
tional limitation compared with usual care. Heat and cold
treatments have not shown any long-term benefits but may
be used for symptomatic treatment. The efficacy of transcu-
taneous electrical nerve stimulation (TENS), back braces,
and physical agents is unproven. Spinal manipulation, mas-
sage, and acupuncture have limited, low-strength evidence
for chronic low back pain. Improvements in posture includ-
ing chair ergonomics or standing desks, core stability
strengthening, physical conditioning, and modifications of
activities to decrease physical strain are keys for ongoing
management. Radiofrequency denervation of facet joints,
sacroiliac joints, or intervertebral disks did not result in
clinically important improvement in chronic low back even
when combined with a standardized exercise program in
randomized controlled trials. A multidisciplinary approach
to back pain care is beneficial to address the physical, psy-
chological, and social aspects of low back pain, especially
when pain is chronic, avoiding medication if possible.

If medications are needed, NSAIDs are effective in the
early treatment of low back pain (see Chapter 20 and
Table 5–5). Acetaminophen and oral corticosteroids are
relatively ineffective for chronic low back. There is limited
evidence that muscle relaxants provide short-term relief;
since these medications have addictive potential, they
should be used with care. Muscle relaxants are best used if
there is true muscle spasm that is painful rather than simply
a protective response. Opioids alleviate pain in the short
term, but have the usual side effects and concerns of

long-term opioid use (Chapter 5). Treatment of more
chronic neuropathic pain with alpha-2-delta ligands (eg,
gabapentin), serotonin-norepinephrine reuptake inhibitors
(eg, duloxetine), or tricyclic antidepressants (eg, nortripty-
line) may be helpful (Chapter 5). Epidural injections may
reduce pain in the short term and reduce the need for sur-
gery in some patients within a 1-year period but not longer.
Therefore, spinal injections are not recommended for initial
care of patients with low back pain without radiculopathy.

B. Surgical

Indications for back surgery include cauda equina syn-
drome, ongoing morbidity with no response to more than
6 months of conservative treatment, cancer, infection, or
severe spinal deformity. Prognosis is improved when there
is an anatomic lesion that can be corrected and symptoms
are neurologic. Spinal surgery has limitations. Patient
selection is very important and the specific surgery recom-
mended should have very clear indications. Patients should
understand that surgery can improve their pain but is
unlikely to cure it. Surgery is not generally indicated for
radiographic abnormalities alone when the patient is rela-
tively asymptomatic. Depending on the surgery performed,
possible complications include persistent pain; surgical site
pain, especially if bone grafting is needed; infection; neuro-
logic damage; non-union; cutaneous nerve damage;
implant failure; deep venous thrombosis; and death.

» When to Refer

• Patients with the cauda equina syndrome.

• Patients with cancer, infection, fracture, or severe spinal
deformity.

• Patients who have not responded to conservative
treatment.

Galliker G et al. Low back pain in the emergency department:
prevalence of serious spinal pathologies and diagnostic accu-
racy of red flags—a systematic review. Am J Med. 2020;133:60.
[PMID: 31278933]

Johnson SM et al. Imaging of acute low back pain. Radiol Clin
North Am. 2019;57:397. [PMID: 30709477]

Kolber MR et al. PEER systematic review of randomized con-
trolled trials: management of chronic low back pain in primary
care. Can Fam Physician. 2021;67:e20. [PMID: 33483410]

Tucker HR et al. Harms and benefits of opioids for management
of non-surgical acute and chronic low back pain: a systematic
review. Br J Sports Med. 2020;54:664. [PMID: 30902816]

2. Sinl Snosis

E S S E N T I A L S  O F  D I A G N O S I S

» Pain is usually worse with back extension and
relieved by sitting.

» Occurs in older patients.

» May present with neurogenic claudication symp-
toms with walking.
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» General Considerations

OA in the lumbar spine can cause narrowing of the spinal
canal. A large disk herniation can also cause stenosis and
compression of neural structures or the spinal artery
resulting in “claudication” symptoms with ambulation. The
condition usually affects patients aged 50 years or older.

» Clinical Findings

Patients report pain that worsens with extension. They
describe reproducible single or bilateral leg symptoms that
are worse after walking several minutes and that are
relieved by sitting (“neurogenic claudication”). On exami-
nation, patients often exhibit limited extension of the lum-
bar spine, which may reproduce the symptoms radiating
down the legs. A thorough neurovascular examination is
recommended (Table 41–2).

» Treatment

Exercises, usually flexion-based as demonstrated by a
physical therapist, can help relieve symptoms. Physical
therapy showed similar results as surgical decompression
in a randomized trial, though there was a 57% crossover
rate from physical therapy to surgery. Facet joint cortico-
steroid injections can also reduce pain symptoms. While
epidural corticosteroid injections have been shown to
provide immediate improvements in pain and function
for patients with radiculopathy, the benefits are small
and only short term. Consequently, there is limited evi-
dence to recommend epidural corticosteroids for spinal
stenosis.

Surgical treatments for spinal stenosis include spinal
decompression (widening the spinal canal or laminec-
tomy), nerve root decompression (freeing a single nerve),
and spinal fusion (joining the vertebra to eliminate
motion and diminish pain from the arthritic joints). How-
ever, the role of surgery for spinal stenosis is limited. In
one multicenter randomized trial, subgroups initially
improved significantly more with surgery than with non-
operative treatment. Variables associated with greater
treatment effects included lower baseline disability scores,
not smoking, neuroforaminal stenosis, predominant leg
pain rather than back pain, not lifting at work, and the
presence of a neurologic deficit. However, long-term fol-
low-up of the patients with symptomatic spinal stenosis
who received surgery in the multicenter randomized trial
showed less benefit of surgery between 4 and 8 years, sug-
gesting that the advantage of surgery for spinal stenosis
diminishes over time. A 2021 meta-analysis comparing
fusion and nonfusion surgeries for lumbar spinal stenosis
found no difference in clinical effects and complications,
highlighting the challenge of surgical intervention for lum-
bar spinal stenosis.

» When to Refer

• If a patient exhibits radicular or claudication symptoms
for longer than 12 weeks.

• MRI or CT confirmation of significant, symptomatic
spinal stenosis.

• However, surgery has not been shown to have clear benefit
over nonsurgical treatment for lumbar spinal stenosis.

Bagley C et al. Current concepts and recent advances in under-
standing and managing lumbar spine stenosis. F1000Res.
2019;8:137. [PMID: 30774933]

Cook CJ et al. Systematic review of diagnostic accuracy of
patient history, clinical findings, and physical tests in the
diagnosis of lumbar spinal stenosis. Eur Spine J. 2020;29:93.
[PMID: 31312914]

Shen J et al. Comparison between fusion and non-fusion surgery
for lumbar spinal stenosis: a meta-analysis. Adv Ther. 2021;
38:1404. [PMID: 33491158]

3. Lumb Disk hniion

E S S E N T I A L S  O F  D I A G N O S I S

» Pain with back flexion or prolonged sitting.

» Radicular pain into the leg due to compression of
neural structures.

» Lower extremity numbness and weakness.

» General Considerations

Lumbar disk herniation is usually due to bending or heavy
loading (eg, lifting) with the back in flexion, causing her-
niation or extrusion of disk contents (nucleus pulposus)
into the spinal cord area. However, there may not be an
inciting incident. Disk herniations usually occur from
degenerative disk disease (dessication of the annulus fibro-
sis) in patients between 30 and 50 years old. The L5–S1
disk is affected in 90% of cases. Compression of neural
structures, such as the sciatic nerve, causes radicular pain.
Severe compression of the spinal cord can cause the cauda
equina syndrome, a surgical emergency.

» Clinical Findings

A. Symptoms and Signs

Discogenic pain typically is localized in the low back at the
level of the affected disk and is worse with activity. “Sciat-
ica” causes electric shock-like pain radiating down the
posterior aspect of the leg often to below the knee. Symp-
toms usually worsen with back flexion such as bending or
sitting for long periods (eg, driving). A significant disk
herniation can cause numbness and weakness, including
weakness of plantar flexion of the foot (L5/S1) or dorsiflex-
ion of the toes (L4/L5). The cauda equina syndrome should
be ruled out if the patient complains of perianal numbness
or bowel or bladder incontinence.

B. Imaging

Plain radiographs are helpful to assess spinal alignment
(scoliosis, lordosis), disk space narrowing, and OA changes.
MRI is the best method to assess the level and morphology
of the herniation and is recommended if surgery is planned.
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» Treatment

For an acute exacerbation of pain symptoms, bed rest is
appropriate for up to 48 hours. Otherwise, first-line treat-
ments include modified activities; NSAIDs and other anal-
gesics; and physical therapy, including core stabilization
and McKenzie back exercises (https://sportsrehab.ucsf.
edu/sites/sportsrehab.ucsf.edu/files/Mckenzie%20
Back%20Protocol.pdf). The McKenzie Method identifies
the mechanical direction of motion in the back that causes
more or less pain, using careful history and physical exami-
nation to guide the treatment approach. An exercise proto-
col is carefully designed to centralize or alleviate the pain.
Following nonsurgical treatment for a lumbar disk for over
1 year, the incidence of low back pain recurrence is at least
40% and is predicted by longer time to initial resolution of
pain. In a randomized trial, oral prednisone caused a mod-
est improvement in function at 3 weeks, but there was no
significant improvement in pain in patients with acute
radiculopathy who were monitored for 1 year. The initial
dose for oral prednisone is approximately 1 mg/kg once
daily with tapering doses over 10–15 days. Analgesics for
neuropathic pain, such as the calcium channel alpha-2-
delta ligands (ie, gabapentin, pregabalin) or tricyclic anti-
depressants, may be helpful (see Chapter 5). Epidural and
transforaminal corticosteroid injections can be beneficial.
A 2020 Cochrane review of 25 placebo-controlled trials
provides moderate-quality evidence that epidural cortico-
steroid injections are effective, although the treatment
effects are small (mean difference less than 10%) and
short-term for improving radicular pain for individuals.
There is level I evidence for the use of transforaminal injec-
tions for radicular pain from disk herniation. Additionally,
epidural injections have not shown any change in long-
term surgery rates for disk herniations.

The severity of pain and disability as well as failure of
conservative therapy are the most important reasons for
surgery. A large trial has shown that patients who under-
went surgery for a lumbar disk herniation achieved greater
improvement than conservatively treated patients in all
primary and secondary outcomes except return to work
status after 8-year follow-up. Patients with sequestered
fragments, symptom duration greater than 6 months,
higher levels of low back pain, or who were neither work-
ing nor disabled at baseline showed greater surgical treat-
ment effects. Microdiskectomy is the standard method of
treatment with a low rate of complications and satisfactory
results in over 90% in the largest series. Minimally invasive
percutaneous endoscopic spine surgery uses an endoscope
to remove fragments of disk herniation (interlaminar or
transforaminal approaches) under local anesthesia for the
treatment of primary and recurrent disk disease. The most
commonly reported complications of endoscopic lumbar
surgery include dural tear, infection, and epidural hema-
toma. Percutaneous endoscopic diskectomy has promise,
though there is lack of randomized controlled trials com-
paring it with open microdiskectomy. Recurrent disk her-
niations are treated with decompression surgeries and
spinal fusion surgeries. Disk replacement surgery has
shown benefits in short-term pain relief, disability, and
quality of life compared with spine fusion surgery.

» When to Refer

• Cauda equina syndrome.

• Progressive worsening of neurologic symptoms.

• Loss of motor function (sensory losses can be followed
in the outpatient clinic).

Bailey CS et al. Surgery versus conservative care for persistent
sciatica lasting 4 to 12 months. N Engl J Med. 2020;382:1093.
[PMID: 32187469]

Butler AJ et al. Endoscopic lumbar surgery: the state of the art in
2019. Neurospine. 2019;16:15. [PMID: 30943703]

Carlson BB et al. Lumbar disc herniation: what has the Spine
Patient Outcomes Research Trial taught us? Int Orthop. 2019;
43:853. [PMID: 30767043]

Oliveira CB et al. Epidural corticosteroid injections for lumbosa-
cral radicular pain. Cochrane Database Syst Rev. 2020;4:
CD013577. [PMID: 32271952]

4. Nck pin

E S S E N T I A L S  O F  D I A G N O S I S

» Chronic neck pain is mostly caused by degenera-
tive joint disease; whiplash often follows a trau-
matic neck injury.

» Poor posture is often a factor for persistent neck
pain.

» General Considerations

Most neck pain, especially in older patients, is due to
mechanical degeneration involving the cervical disks, facet
joints, and ligamentous structures and may occur in the
setting of degenerative changes at other sites. Pain can also
come from the supporting neck musculature, which often
acts to protect the underlying neck structures. Posture is a
very important factor, especially in younger patients. Many
work-related neck symptoms are due to poor posture and
repetitive motions over time. Acute injuries can also occur
secondary to trauma. Whiplash occurs from rapid flexion
and extension of the neck and affects 15–40% of people in
motor vehicle accidents; chronic pain develops in 5–7%.
Neck fractures are serious traumatic injuries acutely and
can lead to OA in the long term. Ultimately, many degen-
erative conditions of the neck result in cervical canal steno-
sis or neural foraminal stenosis, sometimes affecting
underlying neural structures.

Cervical radiculopathy can cause neurologic symptoms
in the upper extremities usually involving the C5–C7 disks.
Patients with neck pain may report associated headaches
and shoulder pain. Both peripheral nerve entrapment and
cervical radiculopathy, known as a “double crush” injury,
may develop. Thoracic outlet syndrome, in which there is
mechanical compression of the brachial plexus and neuro-
vascular structures with overhead positioning of the arm,
should be considered in the differential diagnosis of neck
pain. Other causes of neck pain include rheumatoid arthri-
tis, fibromyalgia, osteomyelitis, neoplasms, polymyalgia
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rheumatica, compression fractures, pain referred from
visceral structures (eg, angina), and functional disorders.
Amyotrophic lateral sclerosis, multiple sclerosis, syringo-
myelia, spinal cord tumors, and Parsonage-Turner syn-
drome can mimic myelopathy from cervical arthritis.

» Clinical Findings

A. Symptoms and Signs

Neck pain may be limited to the posterior region or,
depending on the level of the symptomatic joint, may radi-
ate segmentally to the occiput, anterior chest, shoulder
girdle, arm, forearm, and hand. It may be intensified by
active or passive neck motions. The general distribution of
pain and paresthesias corresponds roughly to the involved
dermatome in the upper extremity.

The patient’s posture should be assessed, checking for
shoulder rolled forward or head forward posture as well as
scoliosis in the thoracolumbar spine. Patients with disco-
genic neck pain often complain of pain with flexion, which
causes cervical disks to herniate posteriorly. Extension of
the neck usually affects the neural foraminal and facet
joints of the neck. Rotation and lateral flexion of the cervi-
cal spine should be measured both to the left and the right.
Limitation of cervical movements is the most common
objective finding.

A detailed neurovascular examination of the upper
extremities should be performed, including sensory input
to light touch and temperature; motor strength testing,
especially the hand intrinsic muscles (thumb extension
strength [C6], opponens strength [thumb to pinky] [C7],
and finger abductors and adductors strength [C8–T1]);
and upper extremity reflexes (biceps, triceps, brachioradia-
lis). True cervical radiculopathy symptoms should match
an expected dermatomal or myotomal distribution. The
Spurling test involves asking the patient to rotate and
extend the neck to one side. The clinician can apply a
gentle axial load to the neck. Reproduction of the cervical
radiculopathy symptoms is a positive sign of nerve root
compression. Palpation of the neck is best performed with
the patient in the supine position where the clinician can
palpate each level of the cervical spine with the muscles of
the neck relaxed.

B. Imaging and Special Tests

Radiographs of the cervical spine include the AP and lat-
eral view of the cervical spine. The odontoid view is usually
added to rule out traumatic fractures and congenital
abnormalities. Oblique views of the cervical spine can pro-
vide further information about arthritis changes and assess
the neural foramina for narrowing. Plain radiographs can
be normal in patients who have suffered an acute cervical
strain. Comparative reduction in height of the involved
disk space and osteophytes are frequent findings when
there are degenerative changes in the cervical spine. Loss of
cervical lordosis is commonly seen but is nonspecific.

MRI is the best method to assess the cervical spine since
the soft tissue structures (such as the disks, spinal cord, and
nerve roots) can be evaluated. If the patient has signs of
cervical radiculopathy with motor weakness, these more

sensitive imaging modalities should be obtained urgently.
CT scanning is the most useful method if bony abnormali-
ties, such as fractures, are suspected.

EMG is useful in order to differentiate peripheral nerve
entrapment syndromes from cervical radiculopathy. How-
ever, sensitivity of electrodiagnostic testing for cervical
radiculopathy ranges from only 50% to 71%, so a negative
test does not rule out nerve root problems.

» Treatment

In the absence of trauma or evidence of infection, malig-
nancy, neurologic findings, or systemic inflammation, the
patient can be treated conservatively. More frequent obser-
vation of patients in whom very severe symptoms are pres-
ent early on after an injury is recommended because high
pain-related disability is a predictor of poor outcome at
1 year even if individuals decline care. Ergonomics should
be assessed at work and home. A course of neck stretching,
strengthening, and postural exercises in physical therapy
have demonstrated benefit in relieving symptoms. A soft
cervical collar can be useful for short-term use (up to
1–2 weeks) in acute neck injuries. Chiropractic manual
manipulation and mobilization can provide short-term
benefit for mechanical neck pain. Although the rate of
complications is low (5–10/million manipulations), care
should be taken whenever there are neurologic symptoms
present. Specific patients may respond to use of home cer-
vical traction. NSAIDs are commonly used and opioids
may be needed in cases of severe neck pain (Tables 5–5 and
5–6). Muscle relaxants (eg, cyclobenzaprine 5–10 mg orally
three times daily) can be used short term if there is muscle
spasm or as a sedative to aid in sleeping. Acute radicular
symptoms can be treated with neuropathic medications
(eg, gabapentin 300–1200 mg orally three times daily), and
a short course of oral prednisone (5–10 days) can be con-
sidered (starting at 1 mg/kg). Cervical foraminal or facet
joint injections can also reduce symptoms. Surgeries are
successful in reducing neurologic symptoms in 80–90% of
cases, but are still considered as treatments of last resort.
Common surgeries for cervical degenerative disk disease
include anterior cervical diskectomy with fusion and cervi-
cal disk arthroplasty. A 2020 meta-analysis of 11 random-
ized controlled trials showed that beyond 5 years, cervical
disk arthroplasty was superior to anterior diskectomy and
fusion for the treatment of symptomatic cervical disk dis-
ease, with better success, less reoperation rates, and supe-
rior longevity.

» When to Refer

• Patients with severe symptoms with motor weakness.

• Surgical decompression surgery if the symptoms are
severe and there is identifiable, correctable pathology.

Badhiwala JH et al. Cervical disc arthroplasty versus anterior
cervical discectomy and fusion: a meta-analysis of rates of
adjacent-level surgery to 7-year follow-up. J Spine Surg.
2020;6:217. [PMID: 32309660]

Martel JW et al. Evaluation and management of neck and back
pain. Semin Neurol. 2019;39:41. [PMID: 30743291]
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Sterling M. Best evidence rehabilitation for chronic pain part 4:
neck pain. J Clin Med. 2019;8:E1219. [PMID: 31443149]

Strudwick K et al. Review article: best practice management of
neck pain in the emergency department (part 6 of the muscu-
loskeletal injuries rapid review series). Emerg Med Australas.
2018;30:754. [PMID: 30168261]

UPPER EXTREMITY

1. Ll & Mdil eicondylosis
(tndinoy)

E S S E N T I A L S  O F  D I A G N O S I S

» Tenderness over the lateral or medial epicondyle.

» Diagnosis of tendinopathy is confirmed by pain
with resisted strength testing and passive stretch-
ing of the affected tendon and muscle unit.

» Physical therapy and activity modification are more
successful than anti-inflammatory treatments.

» General Considerations

Tendinopathies involving the wrist extensors, flexors, and
pronators are very common complaints. The underlying
mechanism is chronic repetitive overuse causing micro-
trauma at the tendon insertion, although acute injuries can
occur as well if the tendon is strained due to excessive load-
ing. The traditional term “epicondylitis” is a misnomer
because histologically tendinosis or degeneration in the
tendon is seen rather than acute inflammation. Therefore,
these entities should be referred to as “tendinopathy” or
“tendinosis.” Lateral epicondylosis involves the wrist exten-
sors, especially the extensor carpi radialis brevis. This is
usually caused be lifting with the wrist and the elbow
extended. Medial epicondylosis involves the wrist flexors
and most commonly the pronator teres tendon. Ulnar neu-
ropathy and cervical radiculopathy should be considered
in the differential diagnosis.

» Clinical Findings

A. Symptoms and Signs

For lateral epicondylosis, the patient describes pain with
the arm and wrist extended. For example, common com-
plaints include pain while shaking hands, lifting objects,
using a computer mouse, or hitting a backhand in tennis
(“tennis elbow”). Medial epicondylosis presents with pain
during motions in which the arm is repetitively pronated
or the wrist is flexed. This is also known as “golfer’s elbow”
due to the motion of turning the hands over during the golf
swing. For either, tenderness directly over the epicondyle is
present, especially over the posterior aspect where the ten-
don insertion occurs. The proximal tendon and musculo-
tendinous junction can also be sore. To confirm that the
pain is due to tendinopathy, pain can be reproduced over
the epicondyle with resisted wrist extension and third digit

extension for lateral epicondylosis and resisted wrist pro-
nation and wrist flexion for medial epicondylosis. The pain
is also often reproduced with passive stretching of the
affected muscle groups, which can be performed with
the arm in extension. It is useful to check the ulnar nerve
(located in a groove at the posteromedial elbow) for ten-
derness as well as to perform a Spurling test for cervical
radiculopathy.

B. Imaging

Radiographs are often normal, although a small traction
spur may be present in chronic cases (enthesopathy). Diag-
nostic investigations are usually unnecessary, unless the
patient does not improve after up to 3 months of conserva-
tive treatment. At that point, a patient who demonstrates
significant disability due to the pain should be assessed
with an MRI or ultrasound. Ultrasound and MRI can visu-
alize the tendon and confirm tendinosis or tears.

» Treatment

Treatment is usually conservative, including patient educa-
tion regarding activity modification and management of
symptoms. Ice and NSAIDs can help with pain (Table 5–5).
The mainstay of treatment is physical therapy exercises. The
most important steps are to begin a good stretching pro-
gram followed by strengthening exercises, particularly
eccentric ones. Counterforce elbow braces might provide
some symptomatic relief, although there is no published
evidence to support their use. If the patient has severe or
long-standing symptoms, injections can be considered. A
randomized trial showed improvement with corticosteroid
injection at 1 month as well as evidence of decreased tendon
thickness and Doppler changes but no improvement at
3 months. Percutaneous needle tenotomy showed some
positive results as an alternative to surgery but lacks demon-
strated efficacy in a randomized control study. Evidence
suggests that PRP and autologous blood injections both
have positive benefits in lateral epicondylitis. In a random-
ized controlled trial comparing PRP injection to controls
(n = 119), the PRP-treated patients reported 55.1% improve-
ment in their pain scores at 12 weeks compared to 47.4% in
the control patients (P = 0.163). More significant improve-
ment was seen at 24 weeks; 71.5% improvement in the pain
scores in the PRP-treated patients compared to 56.1% in the
control patients (P = 0.019). (A 25% improvement of pain
symptoms was considered to be clinically significant.) How-
ever, the varied methods of PRP preparations and varied
post-injection recommendations for rest and physiotherapy
make interpretation of various study results difficult to
summarize. Compared to ultrasound therapy, extracorpo-
real shock wave therapy has shown better efficacy for pain
relief (as measured with visual analog scales) and better grip
strength. However, it is used less commonly than injection
treatments and is still considered second-line therapy.

» When to Refer

Patients not responding to 6 months of conservative treat-
ment should be referred for an injection procedure (PRP or
tenotomy), surgical debridement, or repair of the tendon.
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Houck DA et al. Treatment of lateral epicondylitis with autolo-
gous blood, platelet-rich plasma, or corticosteroid injections:
a systematic review of overlapping meta-analyses. Orthop J
Sports Med. 2019;7:2325967119831052. [PMID: 30899764]

Kim GM et al. Current trends for treating lateral epicondylitis.
Clin Shoulder Elb. 2019;22:227. [PMID: 33330224]

Shergill R et al. Ultrasound-guided interventions in lateral epi-
condylitis. J Clin Rheumatol. 2019;25:e27. [PMID: 30074911]

Yan C et al. A comparative study of the efficacy of ultrasonics
and extracorporeal shock wave in the treatment of tennis
elbow: a meta-analysis of randomized controlled trials. J
Orthop Surg Res. 2019;14:248. [PMID: 31387611]

2. Cl tunnl Syndom

E S S E N T I A L S  O F  D I A G N O S I S

» Pain, burning, and tingling in the distribution of
the median nerve.

» Initially, most bothersome during sleep.

» Late weakness or atrophy of the thenar eminence.

» Can be caused by repetitive wrist activities.

» Commonly seen during pregnancy and in patients
with diabetes mellitus or rheumatoid arthritis.

» General Considerations

An entrapment neuropathy, carpal tunnel syndrome is a
painful disorder caused by compression of the median
nerve between the carpal ligament and other structures
within the carpal tunnel. The contents of the tunnel can be
compressed by synovitis of the tendon sheaths or carpal
joints, recent or malhealed fractures, tumors, tissue infil-
tration, and occasionally congenital syndromes (eg, muco-
polysaccharidoses). The disorder may occur in fluid
retention of pregnancy, in individuals with a history of
repetitive use of the hands, or following injuries of the
wrists. Carpal tunnel syndrome can also be a feature of
many systemic diseases, such as rheumatoid arthritis and
other rheumatic disorders (inflammatory tenosynovitis),
myxedema, amyloidosis, sarcoidosis, leukemia, acromeg-
aly, and hyperparathyroidism. There is a familial type of
carpal tunnel syndrome; the etiologic factor is unknown.

» Clinical Findings

A. Symptoms and Signs

The initial symptoms are pain, burning, and tingling in the
distribution of the median nerve (the palmar surfaces of
the thumb, the index and long fingers, and the radial half
of the ring finger). Aching pain may radiate proximally
into the forearm and occasionally proximally to the shoul-
der and over the neck and chest. Pain is exacerbated by
manual activity, particularly by extremes of volar flexion or
dorsiflexion of the wrist. It is most bothersome at night.
Impairment of sensation in the median nerve distribution
may or may not be demonstrable. Subtle disparity between

the affected and opposite sides can be shown by testing for
two-point discrimination or by requiring the patient to
identify different textures of cloth by rubbing them between
the tips of the thumb and the index finger. A Tinel or Pha-
len sign may be positive. A Tinel sign is tingling or shock-
like pain on volar wrist percussion. The Phalen sign is pain
or paresthesia in the distribution of the median nerve when
the patient flexes both wrists to 90 degrees for 60 seconds.
The carpal compression test, in which numbness and tin-
gling are induced by the direct application of pressure over
the carpal tunnel, may be more sensitive and specific than
the Tinel and Phalen tests. Muscle weakness or atrophy,
especially of the thenar eminence, can appear later than
sensory disturbances as compression of the nerve worsens.

B. Imaging

Ultrasound can demonstrate flattening of the median
nerve beneath the flexor retinaculum. Sensitivity of ultra-
sound for carpal tunnel syndrome is variable but estimated
between 54% and 98%.

C. Special Tests

Electromyography and nerve conduction studies show evi-
dence of sensory conduction delay before motor delay, which
can occur in severe cases. Electrodiagnosis can provide infor-
mation on focal median mononeuropathy at the wrist and
can classify carpal tunnel syndrome from mild to severe.

» Treatment

Treatment is directed toward relief of pressure on the
median nerve. When a causative lesion is discovered, it
should be treated appropriately. Otherwise, patients in
whom carpal tunnel syndrome is suspected should modify
their hand activities. The affected wrist can be splinted in
the neutral position for up to 3 months, but a series of
Cochrane reviews show limited evidence for splinting,
exercises, and ergonomic positioning. Moderate evidence
supported benefit from several physical therapy and elec-
trophysical modalities (eg, ultrasound therapy and radial
extracorporeal shockwave therapy). These modalities pro-
vided short-term and mid-term relief of carpal tunnel
syndrome symptoms in different studies. Oral corticoste-
roids or NSAIDs have also shown benefit for carpal tunnel
syndrome. Methylprednisolone injections were found to
have more effect at 10 weeks than placebo, but the benefits
diminished by 1 year.

Compared to trigger finger management, which usually
includes injections, as many as 71% of patients with carpal
tunnel directly undergo surgery without first getting injec-
tions. There is strong evidence that a steroid injection to
the carpal tunnel is more effective in the short term than
surgery. Knowledge of pertinent anatomy and consistent
technique are important to ensuring accurate needle place-
ment during carpal tunnel injection; the accuracy of injec-
tion was only 76% in a 2020 study, lower than previously
reported. A randomized, controlled trial showed both
corticosteroid injection and surgery resolved symptoms
but only decompressive surgery led to resolution of
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neurophysiologic changes. Carpal tunnel release surgery
can be beneficial if the patient has a positive electrodiag-
nostic test, at least moderate symptoms, high clinical prob-
ability, unsuccessful nonoperative treatment, and symptoms
lasting longer than 12 months. Surgery can be done with an
open approach or endoscopically, both yielding similar
good improvements.

» When to Refer

• If symptoms persist more than 3 months despite con-
servative treatment, including the use of a wrist splint.

• If thenar muscle (eg, abductor pollicis brevis) weakness
or atrophy develops.

Green DP et al. Accuracy of carpal tunnel injection: a prospective
evaluation of 756 patients. Hand (N Y). 2020;15:54. [PMID:
30003816]

Huisstede BM et al. Carpal tunnel syndrome: effectiveness of
physical therapy and electrophysical modalities. An updated
systematic review of randomized controlled trials. Arch Phys
Med Rehabil. 2018;99:1623. [PMID: 28942118]

Huisstede BM et al. Effectiveness of surgical and postsurgical
interventions for carpal tunnel syndrome—a systematic review.
Arch Phys Med Rehabil. 2018;99:1660. [PMID: 28577858]

Urits I et al. Recent advances in the understanding and manage-
ment of carpal tunnel syndrome: a comprehensive review. Curr
Pain Headache Rep. 2019;23:70. [PMID: 31372847]

3. Duuyn Concu

E S S E N T I A L S  O F  D I A G N O S I S

» Benign fibrosing disorder of the palmar fascia.

» Contracture of one or more fingers can lead to
limited hand function.

» General Considerations

This relatively common disorder is characterized by hyper-
plasia of the palmar fascia and related structures, with
nodule formation and contracture of the palmar fascia. The
cause is unknown, but the condition has a genetic predis-
position and occurs primarily in White men over 50 years
of age, particularly in those of Celtic descent. The inci-
dence is higher among patients with alcohol use disorder
and those with chronic systemic disorders (especially cir-
rhosis). It is also associated with systemic fibrosing syn-
drome, which includes plantar fibromatosis (10% of
patients), Peyronie disease (1–2%), mediastinal and retro-
peritoneal fibrosis, and Riedel struma. The onset may be
acute, but slowly progressive chronic disease is more
common.

» Clinical Findings

Dupuytren contracture manifests itself by nodular or
cord-like thickening of one or both hands, with the fourth
and fifth fingers most commonly affected. The patient

may complain of tightness of the involved digits, with
inability to satisfactorily extend the fingers, and on occa-
sion there is tenderness. The resulting cosmetic problems
may be unappealing, but in general the contracture is well
tolerated since it exaggerates the normal position of func-
tion of the hand.

» Treatment

Corticosteroid injections, percutaneous needle aponeurot-
omy, collagenase Clostridium histolyticum injections, and
open fasciectomy are common treatment options. If the
palmar nodule is growing rapidly, injections of triamcino-
lone or collagenase into the nodule may be of benefit, while
the injection of collagenase C histolyticum lyses collagen,
thereby disrupting the contracted cords. Surgical options
include open fasciectomy, partial fasciectomy, or percuta-
neous needle aponeurotomy and are indicated in patients
with more severe flexion contractures. Splinting after sur-
gery is beneficial. Recurrence and more adverse events are
more likely to occur after surgery than with nonoperative
treatments. Overall, treatment success is lower for PIP
joints than for MCP joints. Fasciectomies are more suc-
cessful for severe conditions involving multiple fingers,
while percutaneous needle aponeurotomy is cost-effective
and useful for milder cases and for single digit involve-
ment. C histolyticum injections are not currently cost effec-
tive due to high reintervention rates, regardless of severity.
Compared to placebo, tamoxifen therapy produced moder-
ate evidence of improvement before or after a fasciectomy.

» When to Refer

Referral can be considered when one or more digits are
affected by severe contractures, which interfere with every-
day activities and result in functional limitations.

Leafblad ND et al. Outcomes and direct costs of needle aponeu-
rotomy, collagenase injection, and fasciectomy in the treat-
ment of Dupuytren contracture. J Hand Surg Am. 2019;44:919.
[PMID: 31537401]

Soreide E et al. Treatment of Dupuytren’s contracture: a system-
atic review. Bone Joint J. 2018;100-B:1138. [PMID: 30168768]

Yoon AP et al. Cost-effectiveness of recurrent Dupuytren con-
tracture treatment. JAMA Netw Open. 2020;3:e2019861.
[PMID: 33030553]

4. Busiis

E S S E N T I A L S  O F  D I A G N O S I S

» Often occurs around bony prominences where it
is important to reduce friction.

» Typically presents with local swelling that is pain-
ful acutely.

» Septic bursitis can present without fever or sys-
temic signs.
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» General Considerations

Inflammation of bursae—the synovium-like cellular mem-
branes overlying bony prominences—may be secondary to
trauma, infection, or arthritic conditions such as gout,
rheumatoid arthritis, or OA. Bursitis can result from infec-
tion. The two common sites are the olecranon (Figure 41–1)
and prepatellar bursae; however, others include subdeltoid,
ischial, trochanteric, and semimembranosus-gastrocne-
mius (Baker cyst) bursae. The bursitis can be septic. Aseptic
bursitis is usually afebrile.

» Clinical Findings

A. Symptoms and Signs

Bursitis presents with focal tenderness and swelling and
is less likely to affect range of motion of the adjacent
joint. Olecranon or prepatellar bursitis, for example,
causes an oval (or, if chronic, bulbous) swelling at the tip
of the elbow or knee and does not affect joint motion.
Tenderness, erythema and warmth, cellulitis, a report of
trauma, and evidence of a skin lesion are more common
in septic bursitis but can be present in aseptic bursitis as
well. Patients with septic bursitis can be febrile but the
absence of fever does not exclude infection; one-third
of those with septic olecranon bursitis are afebrile.

A bursa can also become symptomatic when it ruptures.
This is particularly true for Baker cyst, the rupture of
which can cause calf pain and swelling that mimic
thrombophlebitis.

B. Imaging

Imaging is unnecessary unless there is concern for osteomy-
elitis, trauma, or other underlying pathology. Ruptured
Baker cysts are imaged easily by sonography or MRI; imag-
ing a presumed Baker cyst can exclude a deep venous throm-
bosis, which can be mimicked by a ruptured Baker cyst.

C. Special Tests

Acute swelling and redness at a bursal site call for aspira-
tion to rule out infection especially if the patient is either
febrile (temperature more than 37.8°C) or has prebursal
warmth (temperature difference greater than 2.2°C) or
both. A bursal fluid white blood cell count of greater than
1000/mcL (1 × 109/L) indicates inflammation from infec-
tion, rheumatoid arthritis, or gout. The bursal fluid of
septic bursitis characteristically contains a purulent aspi-
rate, fluid-to-serum glucose ratio less than 50%, white
blood cell count more than 3000 cells/mcL (3 × 109/L),
polymorphonuclear cells more than 50%, and a positive Gram
stain for bacteria. Most cases are caused by Staphylococcus
aureus; the Gram stain is positive in two-thirds.

» Treatment

In general, aspiration and corticosteroid injections in
mild, nonseptic bursitis should be avoided to reduce com-
plications of iatrogenic infection and skin atrophy. Bursi-
tis caused by trauma responds to local heat, rest, NSAIDs
(Table 5–5), and local corticosteroid injections. Repetitive
minor trauma to the olecranon bursa should be elimi-
nated by avoiding resting the elbow on a hard surface or
by wearing an elbow pad. For chronic aseptic bursitis or
when there are athletic or occupational demands, aspira-
tion with intrabursal steroid injection can be performed.
Ultrasound-guided aspiration and injection can
improve the accuracy of the procedures. Treatment of a
ruptured Baker cyst includes rest, leg elevation, and pos-
sibly injection of triamcinolone, 20–40 mg into the knee
anteriorly (the knee compartment communicates with
the cyst).

Treatment for septic bursitis involves incision and
drainage and antibiotics usually delivered intravenously,
especially against S aureus.

» When to Refer

• Surgical removal of the bursa is indicated only for cases
in which infections occur.

• Elective surgical removal can be considered for persis-
tent symptoms affecting activities of daily living.

Khodaee M. Common superficial bursitis. Am Fam Physician.
2017;95:224. [PMID: 28290630]

▲ Figure 41–1. Chronic aseptic olecranon bursitis
without erythema or tenderness. (Used, with permission,
from Richard P. Usatine, MD, in Usatine RP, Smith MA,
Mayeaux EJ Jr, Chumley HS. The Color Atlas and Synopsis of
Family Medicine, 3rd ed. McGraw-Hill, 2019.)
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HIP

1. hi Fcus

E S S E N T I A L S  O F  D I A G N O S I S

» Internal rotation of the hip is the best provocative
diagnostic maneuver.

» Hip fractures should be surgically repaired as soon
as possible (within 24 hours).

» Delayed treatment of hip fractures in older adults
leads to increased complications and mortality.

» General Considerations

Approximately 4% of the 7.9 million fractures that occur
each year in the United States are hip fractures. There is a
high mortality rate among older adult patients following
hip fracture, with death occurring in 8–9% within 30 days
and in approximately 25–30% within 1 year. Osteoporosis,
female sex, height greater than 5-feet 8-inches, and age
over 50 years are risk factors for hip fracture. Hip fractures
usually occur after a fall. High-velocity trauma is needed in
younger patients. Stress fractures can occur in athletes or
individuals with poor bone mineral density following
repetitive loading activities.

» Clinical Findings

A. Symptoms and Signs

Patients typically report pain in the groin, though pain
radiating to the lateral hip, buttock, or knee can also com-
monly occur. If a displaced fracture is present, the patient
will not be able to bear weight and the leg may be externally
rotated. Gentle logrolling of the leg with the patient supine
helps rule out a fracture. Examination of the hip demon-
strates pain with deep palpation in the area of the femoral
triangle (similar to palpating the femoral artery). Provided
the patient can tolerate it, the clinician can, with the patient
supine, flex the hip to 90 degrees with the knee flexed to
90 degrees. The leg can then be internally and externally
rotated to assess the range of motion on both sides. Pain
with internal rotation of the hip is the most sensitive test to
identify intra-articular hip pathology. Hip flexion, exten-
sion, abduction, and adduction strength can be tested.

Patients with hip stress fractures have less pain on
physical examination than described previously but typi-
cally have pain with weight bearing. The Trendelenburg
test can be performed to examine for weakness or instabil-
ity of the hip abductors, primarily the gluteus medius
muscle; the patient balances first on one leg, raising the
non-standing knee toward the chest. The clinician can
stand behind the patient and observe for dropping of the
pelvis and buttock on the non-stance side. Another func-
tional test is asking the patient to hop or jump during the
examination. If the patient has a compatible clinical history
of pain and is unable or unwilling to hop, then a stress

fracture should be ruled out. The back should be carefully
examined in patients with hip complaints, including exam-
ining for signs of sciatica.

Following displaced hip fractures, delay of operative
intervention leads to an increased risk of perioperative
morbidity and mortality. A thorough medical evaluation
and treatment should be done to maximize the patient’s
ability to undergo operative intervention. A patient who
was unable to get up after a fall may have been immobile
for hours or even days. Her clinician must exclude rhabdo-
myolysis, hypothermia, deep venous thrombosis, pulmo-
nary embolism, and other possible sequelae of prolonged
immobilization.

B. Imaging

Useful radiographic imaging of the hip includes AP views
of the pelvis and bilateral hips and frog-leg-lateral views of
the painful hip. A CT scan or MRI may be necessary to
identify the hip fracture pattern or to exclude non-
displaced fractures. Hip fractures are generally described
by location, including femoral neck, intertrochanteric, or
subtrochanteric.

» Treatment

Almost all patients with a hip fracture will require surgery
and may need to be admitted to the hospital for pain con-
trol while they await surgery. Surgery is recommended
within the first 24 hours because studies have shown that
delaying surgery 48 hours results in at least twice the rate
of major and minor medical complications, including
pneumonia, pressure injuries (formerly pressure ulcers),
and deep venous thrombosis. High-volume centers have
multidisciplinary teams (including orthopedic surgeons,
internists, social workers, and specialized physical thera-
pists) to comanage these patients, which improves periop-
erative medical care and expedites preoperative evaluation
leading to reduced costs. During the months of hip fracture
recovery, prevention of pneumonia and functional decline
and treatment of cardiac disease can reduce mortality.

Stress fractures in active patients require a period of
protected weight bearing and a gradual return to activities,
although it may take 4–6 months before a return to normal
activities. Femoral neck fractures are commonly treated
with hemiarthroplasty or total hip replacement. This
allows the patient to begin weight bearing immediately
postoperatively. Peritrochanteric hip fractures are treated
with open reduction internal fixation, where plate and
screw construct or intramedullary devices are used. The
choice of implant will depend on the fracture pattern. Since
fracture fixation requires the fracture to proceed to union,
the patient may need to have protected weight bearing dur-
ing the early postoperative period. Dislocation, peripros-
thetic fracture, and avascular necrosis of the hip are
common complications after surgery. Patients should be
mobilized as soon as possible postoperatively to avoid pul-
monary complications and pressure injuries. Supervised
physical therapy and rehabilitation are important for the
patient to regain as much function as possible. Unfortu-
nately, most patients following hip fractures will lose some
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degree of independence. Patients with hip fracture surgery
when compared with elective total hip replacement have
been shown to have higher risk of in-hospital mortality.

» Prevention

Bone density screening can identify patients at risk for
osteopenia or osteoporosis, and treatment can be planned
accordingly (see Chapter 26). There is strong evidence that
bisphosphonates, denosumab, and teriparatide reduce frac-
tures compared with placebo, with relative risk reductions
of 0.60–0.80 for nonvertebral fractures. There is an increase
in atypical femoral fractures with bisphosphonate use (rela-
tive risk 1.7), especially in patients of an Asian race in North
America, patients with femoral bowing, and patients who
had used glucocorticoids. Consensus is that there is benefit
in using bisphosphonates, particularly during the third
through fifth years of therapy, with considerations for drug
holidays. After 5 years of bisphosphonate use, there is an
increased risk for atypical femur fractures. Nutrition and
bone health (bone densitometry, serum calcium and 25-OH
vitamin D levels) should be reviewed with the patient. How-
ever, there is no evidence that increasing calcium intake
prevents hip fractures. For patients with decreased mobility,
systemic anticoagulation should be considered to avoid
deep venous thrombosis (see Table 14–14). Fall prevention
exercise programs are available for older adult patients at
risk for falls and hip fractures. Hip protectors are uncom-
fortable and have less use in preventing fractures.

» When to Refer

• All patients in whom hip fracture is suspected.

• All patients with hip fracture or in whom the diagnosis
is uncertain after radiographs.

Barceló M et al. Hip fracture and mortality: study of specific
causes of death and risk factors. Arch Osteoporos. 2021;16:15.
[PMID: 33452949]

Black DM et al. Atypical femur fracture risk versus fragility
fracture prevention with bisphosphonates. N Engl J Med.
2020;383:743. [PMID: 32813950]

Guyen O. Hemiarthroplasty or total hip arthroplasty in recent
femoral neck fractures? Orthop Traumatol Surg Res. 2019;
105:S95. [PMID: 30449680]

Sobolev B et al; Canadian Collaborative Study of Hip Fractures.
Mortality effects of timing alternatives for hip fracture sur-
gery. CMAJ. 2018;190:E923. [PMID: 30087128]

Stirton JB et al. Total hip arthroplasty for the management of hip
fracture: a review of the literature. J Orthop. 2019;16:141.
[PMID: 30886461]

2. hi Osoiis

E S S E N T I A L S  O F  D I A G N O S I S

» Pain deep in the groin on the affected side.

» Swelling.

» Degeneration of joint cartilage.

» Loss of active and passive range of motion in
severe OA.

» General Considerations

In the United States, the prevalence of OA will grow as the
number of persons over age 65 years doubles to more than
70 million by 2030. Cartilage loss and OA symptoms are
preceded by damage to the collagen-proteoglycan matrix.
The etiology of OA is often multifactorial, including previ-
ous trauma, prior high-impact activities, genetic factors,
obesity, and rheumatologic or metabolic conditions. Femo-
roacetabular impingement, which affects younger active
patients, is considered an early development of hip OA.

» Clinical Findings

A. Symptoms and Signs

OA usually causes pain in the affected joint with loading
of the joint or at the extremes of motion. Mechanical
symptoms—such as swelling, grinding, catching, and
locking—suggest internal derangement, which is indicated
by damaged cartilage or bone fragments that affect the
smooth range of motion expected at an articular joint. Pain
can also produce the sensation of “buckling” or “giving
way” due to muscle inhibition. As the joint degeneration
becomes more advanced, the patient loses active range of
motion and may lose passive range of motion as well.

Patients complain of pain deep in the groin on the affected
side and have problems with weight-bearing activities such as
walking, climbing stairs, and getting up from a chair. They
may limp and develop a lurch during their gait, leaning
toward the unaffected side as they walk to reduce pressure on
the arthritic hip. The most specific findings to identify hip
osteoarthritis were squat causing posterior pain, groin pain on
passive abduction or adduction, abductor weakness, and
decreased passive hip adduction or less passive internal rota-
tion compared with the contralateral leg. The presence of
normal passive hip adduction was most useful for suggesting
the absence of OA (LR–, 0.25 [95% CI, 0.11–0.54]).

B. Imaging

An anterior-posterior weight-bearing radiograph of the
pelvis with a lateral view of the symptomatic hip are pre-
ferred views for evaluation of hip OA. Joint space narrow-
ing and sclerosis suggest early OA. Findings of
femoroacetabular impingement are commonly reported on
radiograph reports with arthritic changes and anatomic
variations involving the acetabulum and femoral head neck
junction. After age 35, MRI of the hips already show labral
changes in almost 70% of asymptomatic patients. Osteo-
phytes near the femoral head or acetabulum and subchon-
dral bone cysts (advanced Kellgren and Lawrence grade),
superior or (supero) lateral femoral head migration, and
subchondral sclerosis suggest the patient will more likely
progress to total hip replacement. However, not all patients
with radiographic hip OA have hip or groin pain; the con-
verse is also true.

» Treatment

A. Conservative

Changes in the articular cartilage are irreversible. There-
fore, a cure for the diseased joint is not possible, although
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symptoms or structural issues can be managed to try to
maintain activity level. Conservative treatment for patients
with OA includes activity modification, proper footwear,
therapeutic exercises, weight loss, and use of assistive
devices (such as a cane). A 2014 randomized study found
that physical therapy did not lead to greater improvement
in pain or function compared with sham treatment in
patients with hip OA. Analgesics may be effective in some
cases. Corticosteroid injections can be considered for
short-term relief of pain; however, hip injections are best
performed under fluoroscopic, ultrasound, or CT guidance
to ensure accurate injection in the joint.

B. Surgical

Joint replacement surgeries are effective and cost-
effective for patients with significant symptoms and
functional limitations, providing improvements in pain,
function, and quality of life. Various surgical techniques
and computer-assisted navigation during operation con-
tinue to be investigated. A review of nine randomized
controlled trials concluded that a direct anterior approach
for hip replacement was associated with a shorter inci-
sion, lower blood loss, lower pain scores, and earlier
functional recovery. However, there was no significant
difference in complication rates between groups for the
direct anterior or posterior approaches nor were there
any differences in patient-reported postoperative out-
come measures at 1 year or beyond. There has not been
clear clinical benefit of minimally invasive surgery com-
pared to the standard invasive surgery, except for less
total blood loss, shorter duration of surgery, and a
shorter length of hospital stay.

Hip resurfacing surgery is an alternative for younger
patients. Rather than use a traditional artificial joint
implant of the whole neck and femur, only the femoral
head is removed and replaced. Evidence to date suggests
that hip resurfacing is comparable to total hip replace-
ment. The cumulative survival rate of this implant at
10 years is estimated to be 94%. Concerns following
resurfacing surgery include the risk of femoral neck
fracture and collapse of the head. In a systematic review
of national databases, the average time to revision was
3.0 years for metal-on-metal hip resurfacing versus
7.8 years for total hip arthroplasty. Dislocations were
more frequent with total hip arthroplasty than metal-
on-metal hip resurfacing: 4.4 vs 0.9 per 1000 person-years,
respectively.

Guidelines recommend prophylaxis for venous
thromboembolic disease for a minimum of 14 days after
arthroplasty of the hip or knee using warfarin, low-molecular-
weight heparin, fondaparinux, aspirin, rivaroxaban, dabi-
gatran, apixaban, or portable mechanical compression (see
Table 14–14). While bleeding risks are similar, patients
taking warfarin are more likely to experience DVT and PE
than patients taking rivaroxaban (see Chapter 14).

» When to Refer

Patients with sufficient disability, limited benefit from con-
servative therapy, and evidence of severe OA on imaging
can be referred for joint replacement surgery.

Table 41–4. Differential diagnosis of knee pain.

Mcnicl dysfuncion o disuion

Internal derangement of the knee: injury to the menisci or

ligaments

Degenerative changes caused by osteoarthritis

Dynamic dysfunction or misalignment of the patella

Fracture as a result of trauma

In-icul inflmmion o incsd ssu

Internal derangement of the knee: injury to the menisci or

ligaments

Inflammation or infection of the knee joint

Ruptured popliteal (Baker) cyst

pi-icul inflmmion

Internal derangement of the knee: injury to the menisci or

ligaments

Prepatellar or anserine bursitis

Ligamentous sprain

Hunter DJ et al. Osteoarthritis. Lancet. 2019;393:1745. [PMID:
31034380]

Metcalfe D et al. Does this patient have hip osteoarthritis? The
Rational Clinical Examination Systematic Review. JAMA.
2019;322:2323. [PMID: 31846019]

Sauder N et al. The AAHKS Clinical Research Award: no
evidence for superior patient-reported outcome scores after
total hip arthroplasty with the direct anterior approach at
1.5 months postoperatively, and through a 5-year follow-up.
J Arthroplasty. 2020;35:S15. [PMID: 32169382]

Teirlinck CH et al. Prognostic factors for progression of osteo-
arthritis of the hip: a systematic review. Arthritis Res Ther. 2019;
21:192. [PMID: 31443685]

KNEE

1. Kn pin

E S S E N T I A L S  O F  D I A G N O S I S

» Effusion can occur with intra-articular pathology
(eg, OA, meniscus and cruciate ligament tears).

» Acute knee swelling (due to hemarthrosis) within
2 hours may indicate ligament injuries or patellar
dislocation or fracture.

» General Considerations

The knee is the largest joint in the body and is susceptible
to injury from trauma, inflammation, infection, and degen-
erative changes. Table 41–4 shows the differential diagnosis
of knee pain. OA of the knees is common after 50 years of
age and can develop due to previous trauma, aging, activi-
ties, alignment issues, and genetic predisposition.

» Clinical Findings

A. Symptoms and Signs

Evaluation of knee pain should begin with questions
regarding duration and rapidity of symptom onset and the
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mechanism of injury or aggravating symptoms. Overuse
or degenerative problems can occur with stress or com-
pression from sports, hobbies, or occupation. A history
of trauma or previous orthopedic problems with, or
surgery to, the affected knee should also be specifically
queried. Symptoms of infection (fever, recent bacterial
infections, risk factors for sexually transmitted infec-
tions [such as gonorrhea] or other bacterial infections
[such as staphylococcal infection]) should always be
elicited.

Common symptom complaints include the following:

1. Grinding, clicking, or popping with bending may be
indicative of OA or the patellofemoral syndrome.

2. “Locking” or “catching” when walking suggests an
internal derangement, such as meniscal injury or a
loose body in the knee.

3. Intra-articular swelling of the knee or an effusion
indicates an internal derangement or a synovial
pathology. Large swelling may cause a popliteal
(Baker) cyst. Acute swelling within minutes to hours
suggests a hemarthrosis, most likely due to an anterior
cruciate ligament (ACL) injury, fracture, or patellar
dislocation, especially if trauma is involved.

4. Lateral “snapping” with flexion and extension of the
knee may indicate inflammation of the iliotibial band.

5. Pain that is worsened with bending and walking
downstairs suggests issues with the patellofemoral
joint, usually degenerative such as chondromalacia of
the patella or OA.

6. Pain that occurs when rising after prolonged sitting
suggests a problem with tracking of the patella.

When there is a knee joint effusion, physical examina-
tion will demonstrate swelling in the hollow or dimple
around the patella and distention of the suprapatellar
space.

The location of the knee pain combined with specific
tests for anatomic structures are frequently sufficient to
establish a diagnosis (Tables 41–5 and 41–6).

B. Laboratory Findings

Laboratory testing of aspirated joint fluid, when indicated,
can lead to a definitive diagnosis in most patients (see
Tables 20–2 and 20–3).

C. Imaging

Knee pain is evaluated with plain (weight-bearing) radio-
graphs and MRI most commonly, but CT and ultrasound
are sometimes useful.

An acute hemarthrosis represents bloody swelling that
usually occurs within the first 1–2 hours following trauma.
In situations where the trauma may be activity-related and
not a result of a fall or collision, the differential diagnosis
most commonly includes ACL tear (responsible for more
than 70% in adults), fracture (patella, tibial plateau, femo-
ral supracondylar, growth plate [physeal]), and patellar
dislocation. Meniscal tears are unlikely to cause large
hemarthrosis.

Table 41–5. Location of common causes of knee pain.

Mdil kn in

Medial compartment osteoarthritis

Medial collateral ligament strain

Medial meniscal injury

Anserine bursitis (pain over the proximal medial tibial plateau)

anio kn in

Patellofemoral syndrome (often bilateral)

Osteoarthritis

Prepatellar bursitis (associated with swelling anterior to the

patella)

“Jumper’s knee” (pain at the inferior pole of the patella)

Septic arthritis

Gout or other inflammatory disorder

Ll kn in

Lateral meniscal injury

Iliotibial band syndrome (pain superficially along the distal

iliotibial band near lateral femoral condyle or lateral tibial

insertion)

Lateral collateral ligament sprain (rare)

posio kn in

Popliteal (Baker) cyst

Osteoarthritis

Meniscal tears

Hamstring or calf tendinopathy

Bunt CW et al. Knee pain in adults and adolescents: the initial
evaluation. Am Fam Physician. 2018;98:576. [PMID:
30325638]

2. anio Cuci Ligmn Injuy

E S S E N T I A L S  O F  D I A G N O S I S

» An injury involving an audible pop when the knee
buckles.

» Acute swelling immediately (or within 2 hours).

» Instability occurs with lateral movement activities
and going down stairs.

» General Considerations

The ACL connects the posterior aspect of the lateral femo-
ral condyle to the anterior aspect of the tibia. Its main func-
tion is to control anterior translation of the tibia on the
femur. It also provides rotational stability of the tibia on the
femur. ACL tears are common with sporting injuries. They
can result from both contact (valgus blow to the knee) and
non-contact (jumping, pivoting, and deceleration) activi-
ties. The patient usually falls down following the injury, has
acute swelling and difficulty with weight bearing, and com-
plains of instability. ACL injuries are common in skiing,
soccer, football, and basketball among young adolescents
and middle-aged patients. Prepubertal and older patients
usually sustain fractures instead of ligamentous injuries.
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Table 41–6. Knee examination.

Mnuv Dsciion

Inscion Examine for the alignment of the lower extremities (varus, valgus,

knee recurvatum), ankle eversion and foot pronation, gait,

“SEADS” (swelling, erythema, atrophy, deformity, surgical scars).

plion Include important landmarks: patellofemoral joint, medial and

lateral joint lines (especially posterior aspects), pes anserine

bursa, distal iliotibial band and Gerdy tubercle (iliotibial band

insertion).

rng of moion sing Check range of motion actively (patient performs) and passively

(clinician performs), especially with flexion and extension of the

knee normally 0–10 degrees of extension and 120–150 degrees

of flexion.

Kn sng sing Test resisted knee extension and knee flexion strength manually.

Ligmn Sss tsing

Lcmn s Performed with the patient lying supine and the knee flexed to

20–30 degrees. The examiner grasps the distal femur from the

lateral side, and the proximal tibia with the other hand on the

medial side. With the knee in neutral position, stabilize the

femur, and pull the tibia anteriorly using a similar force to

lifting a 10- to 15-pound weight.

posiiv s: Excessive anterior translation of the tibia

compared with the other side indicates injury to the anterior

cruciate ligament.

anio dw Performed with the patient lying supine and the knee flexed to

90 degrees. The clinician stabilizes the patient’s foot by sitting

on it and grasps the proximal tibia with both hands around

the calf and pulls anteriorly.

posiiv s: There is anterior cruciate ligament laxity compared

with the unaffected side.

(continued)
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Table 41–6. Knee examination.

Mnuv Dsciion

pivo sif Used to determine the amount of rotational laxity of the knee.

The patient is examined while lying supine with the knee in

full extension. It is then slowly flexed while applying internal

rotation and a valgus stress.

posiiv s: The clinician feels for a subluxation at

20–40 degrees of knee flexion. (The patient must remain very

relaxed to have a positive test.)

Vlgus sss Performed with the patient lying supine. The clinician should

stand on the outside of the patient’s knee. With one hand, the

clinician should hold the ankle while the other hand is support-

ing the leg at the level of the knee joint. A valgus stress is

applied at the ankle to determine pain and laxity of the medial

collateral ligament. The test should be performed at both

30 degrees and 0 degrees of knee extension.

posiiv s: Pain and laxity of the medial collateral ligament

with valgus stress.

(continued)

(continued)
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Table 41–6. Knee examination.

Mnuv Dsciion

Varus stress Performed with the patient lying supine. For the right knee, the

clinician should be standing on the right side of the patient.

The left hand of the examiner should be holding the ankle

while the right hand is supporting the lateral thigh. A varus

stress is applied at the ankle to determine pain and laxity of

the lateral collateral ligament. The test should be performed at

both 30 degrees and 0 degrees of knee flexion.

posiiv s: Pain and laxity of the lateral collateral ligament

with varus stress.

Mniscl Signs

McMuy s Performed with the patient lying supine. The clinician flexes the

knee until the patient reports pain. For this test to be valid, it

must be flexed pain-free beyond 90 degrees.

posiiv s: The clinician externally rotates the patient’s foot

and then extends the knee while palpating the medial knee for

“click” in the medial compartment of the knee or pain repro-

ducing pain from a meniscus injury.

To test the lateral meniscus, the same maneuver is repeated

while rotating the foot internally (53% sensitivity and

59–97% specificity).

Modified McMurray Performed with the patient lying supine and the hip flexed to

90 degrees. The knee is then flexed maximally with internal or

external rotation of the lower leg. The knee can then be rotated

with the lower leg in internal or external rotation to capture

the torn meniscus underneath the condyles.

posiiv s: Pain over the joint line while the knee is being

flexed and internally or externally rotated.

(continued)

(continued)
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Table 41–6. Knee examination.

Mnuv Dsciion

Thessaly test Performed with the patient standing on one leg with knee

slightly flexed. The patient is asked to twist the knee while

standing on one leg.

posiiv s: Pain is elicited during twisting motion.

» Clinical Findings

A. Symptoms and Signs

Acute ACL injuries usually lead to acute swelling of the
knee, causing difficulty with motion. After the swelling has
resolved, the patient can walk with a “stiff-knee” gait or
quadriceps avoidance gait because of the instability.
Patients describe symptoms of instability while performing
side-to-side maneuvers or descending stairs. Stability tests

assess the amount of laxity of the knee while performing
these maneuvers. The Lachman test (84–87% sensitivity
and 93% specificity) is performed with the patient lying
supine and the knee flexed to 20–30 degrees (Table 41–6).
The clinician grasps the distal femur from the lateral side
and the proximal tibia with the other hand on the medial
side. With the knee in neutral position, stabilize the femur,
and pull the tibia anteriorly using a similar force to lifting
a 10- to 15-pound weight. Excessive anterior translation of

(continued)
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the tibia compared with the other side indicates injury to
the ACL. The anterior drawer test (48% sensitivity and 87%
specificity) is performed with the patient lying supine and
the knee flexed to 90 degrees (Table 41–6). The clinician
stabilizes the patient’s foot by sitting on it and grasps the
proximal tibia with both hands around the calf and pulls
anteriorly. A positive test finds ACL laxity compared with
the unaffected side. The pivot shift test is used to determine
the amount of rotational laxity of the knee (Table 41–6).
The patient is examined while lying supine with the knee
in full extension. It is then slowly flexed while applying
internal rotation and a valgus stress. The clinician feels for
a subluxation at 20–40 degrees of knee flexion. The patient
must remain very relaxed to have a positive test.

B. Imaging

Plain radiographs are usually negative in ACL tears but are
useful to rule out fractures. A small avulsion injury can
sometimes be seen over the lateral compartment of the
knee (“Segond” fracture) and is pathognomonic of an ACL
injury. An ACL injury that avulsed the tibial spine can be
seen in radiographs. MRI is the best tool to diagnose ACL
tears and associated articular and meniscal cartilage issues.
It has greater than 95% sensitivity and specificity for ACL
tears.

» Treatment

Most young and active patients will require surgical recon-
struction of the ACL. Some data suggest that reconstruc-
tion within 5 months of the tear has better outcomes.
However, a small randomized trial suggested that acute
ACL injuries can be treated nonoperatively and delayed
ACL reconstruction had similar outcomes to acute ACL
reconstructions. Patients for whom the reconstruction is
delayed, however, have more cartilage or meniscus prob-
lems at the time of surgery. Common surgical techniques
use the patient’s own tissue, usually the patellar or ham-
string tendons (autograft), or use a cadaver graft (allograft)
to arthroscopically reconstruct the torn ACL. Different
patient groups experienced improved results with specific
surgical graft choices. However, allografts do have a higher
failure rate when compared with autografts. Recovery from
surgery usually requires 6 months.

Nonoperative treatments are usually reserved for older
patients or those with a very sedentary lifestyle. Physical
therapy can focus on hamstring strengthening and core
stability. An ACL brace can help stability. Longitudinal
studies have demonstrated that nonoperative management
of an ACL tear can lead to a higher incidence of meniscus
tears. Cost-analysis studies have shown that early ACL
reconstruction can be more beneficial than nonoperative
treatment and delayed subsequent surgeries.

» When to Refer

• Almost all ACL tears should be referred to an orthope-
dic surgeon for evaluation.

• Individuals with instability in the setting of a chronic
ACL tear (greater than 6 months) should be considered
for surgical reconstruction.

• Patients with an ACL tear and associated meniscus or
articular injuries may benefit from surgery to address
the other injuries.

Filbay SR et al. Evidence-based recommendations for the man-
agement of anterior cruciate ligament (ACL) rupture. Best
Pract Res Clin Rheumatol. 2019;33:33. [PMID: 31431274]

Webster KE et al. What is the evidence for and validity of return-
to-sport testing after anterior cruciate ligament reconstruc-
tion surgery? A systematic review and meta-analysis. Sports
Med. 2019;49:917. [PMID: 30905035]

3. Colll Ligmn Injuy

E S S E N T I A L S  O F  D I A G N O S I S

» Caused by a valgus or varus blow or stress to the
knee.

» Pain and instability in the affected area.

» Limited range of motion.

» General Considerations

The medial collateral ligament (MCL) is the most com-
monly injured ligament in the knee. It is usually injured
with a valgus stress to the partially flexed knee. It can also
occur with a blow to the lateral leg. The MCL is commonly
injured with acute ACL injuries. The lateral collateral liga-
ment (LCL) is less commonly injured, but this can occur
with a medial blow to the knee. Since both collateral liga-
ments are extra-articular, injuries to these ligaments may
not lead to any intra-articular effusion. Affected patients
may have difficulty walking initially, but this can improve
when the swelling decreases.

» Clinical Findings

A. Symptoms and Signs

The main clinical findings for patients with collateral liga-
ment injuries are pain along the course of the ligaments.
The patient may have limited range of motion due to pain,
especially during the first 2 weeks following the injury. The
best tests to assess the collateral ligaments are the varus and
valgus stress tests (Table 41–6). The test results can be
graded from 1 to 3. Grade 1 is when the patient has pain
with varus/valgus stress test but no instability. With grade
2 injuries, the patient has pain, and the knee shows insta-
bility at 30 degrees of knee flexion. In grade 3 injuries, the
patient has marked instability but not much pain. The knee
is often unstable at both 30 degrees and 0 degrees of knee
flexion. The overall sensitivity of the tests is 86–96%.

B. Imaging

Radiographs are usually nondiagnostic except for avulsion
injuries. However, radiographs should be used to rule out
fractures that can occur with collateral ligament injuries.
Isolated MCL injuries usually do not require evaluation by
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MRI, but MRI should be used to evaluate possible associ-
ated cruciate ligament injuries. LCL or posterolateral cor-
ner injuries should have MRI evaluation to exclude
associated injuries and to determine their significance.

» Treatment

The majority of MCL injuries can be treated with protected
weight bearing and physical therapy. For grade 1 and 2
injuries, the patient can usually bear weight as tolerated
with full range of motion. A hinged knee brace can be
given to patients with grade 2 MCL tears to provide stabil-
ity. Early physical therapy is recommended to protect range
of motion and muscle strength. Grade 3 MCL injuries
require long leg braces to provide stability. Patients can
weight-bear, but only with the knee locked in extension
with a brace. The motion can then be increased with the
brace unlocked. Grade 3 injuries can take up to 6–8 weeks
to heal. MCL injuries rarely need surgery. LCL injuries are
less common but are usually associated with other ligament
injuries (such as ACL and posterior cruciate ligament
[PCL]). LCL injuries do not recover well with nonoperative
treatment and usually require urgent surgical repair or
reconstruction.

» When to Refer

• Symptomatic instability with chronic MCL tears or
acute MCL tears with other ligamentous injuries.

• LCL or posterolateral corner injuries require urgent
surgical repair or reconstruction (within 1 week).

Elkin JL et al. Combined anterior cruciate ligament and medial
collateral ligament knee injuries: anatomy, diagnosis, man-
agement recommendations, and return to sport. Curr Rev
Musculoskelet Med. 2019;12:239. [PMID: 30929138]

Grawe B et al. Lateral collateral ligament injury about the knee:
anatomy, evaluation, and management. J Am Acad Orthop
Surg. 2018;26:e120. [PMID: 29443704]

4. posio Cuci Ligmn Injuy

E S S E N T I A L S  O F  D I A G N O S I S

» Usually follows anterior trauma to the tibia, such
as a dashboard injury from a motor vehicle
accident.

» The knee may freely dislocate and reduce.

» One-third of multi-ligament injuries involving the
PCL have neurovascular injuries.

» General Considerations

The PCL is the strongest ligament in the knee. PCL injuries
usually represent significant trauma and are highly associ-
ated with multi-ligament injuries and knee dislocations.
More than 70–90% of PCL injuries have associated injuries
to the posterolateral corner, MCL, and ACL. Neurovascular
injuries occur in up to one-third of all knee dislocations or

PCL injuries. There should be high suspicion for neurovas-
cular injuries and a thorough neurovascular examination
of the limb should be performed.

» Clinical Findings

A. Symptoms and Signs

Most patients with acute injuries have difficulty with
ambulation. Patients with chronic PCL injuries can ambu-
late without gross instability but may complain of subjec-
tive “looseness” and often report pain and dysfunction,
especially with bending. Clinical examinations of PCL
injuries include the “sag sign”; the patient is placed supine
and both hips and knees are flexed to 90 degrees. Because
of gravity, the posterior cruciate ligament-injured knee
will have an obvious set-off at the anterior tibia that is
“sagging” posteriorly. The PCL ligament can also be exam-
ined using the posterior drawer test; the patient is placed
supine with the knee flexed to 90 degrees. In a normal
knee, the anterior tibia should be positioned about 10 mm
anterior to the femoral condyle. The clinician can grasp
the proximal tibia with both hands and push the tibia
posteriorly. The movement, indicating laxity and possible
tear of the PCL, is compared with the uninjured knee (90%
sensitivity and 99% specificity). A PCL injury is some-
times mistaken for an ACL injury during the anterior
drawer test since the tibia is subluxed posteriorly in a
sagged position and can be abnormally translated forward,
yielding a false-positive test for an ACL injury. Pain, swell-
ing, pallor, and numbness in the affected extremity may
suggest a knee dislocation with possible injury to the pop-
liteal artery. If the lateral knee is unstable with varus stress
testing (Table 41–6), the patient should be assessed for a
posterolateral corner injury, which consists of injuries to
the lateral collateral ligament, popliteus tendon, and pop-
liteofibular ligament. Injuries to the posterolateral corner
usually require urgent surgical treatment.

B. Imaging

Radiographs are often nondiagnostic but are required to
diagnose any fractures. MRI is used to diagnose PCL and
other associated injuries.

» Treatment

Isolated PCL injuries can be treated nonoperatively. Acute
injuries are usually immobilized using a knee brace with
the knee extension; the patient uses crutches for ambula-
tion. Physical therapy can help achieve increased range of
motion and improved ambulation. Many PCL injuries are
associated with other injuries and may require operative
reconstruction.

» When to Refer

• The patient should be seen urgently within 1–2 weeks.

• Posterolateral corner injury requires urgent surgical
reconstruction.

• Isolated PCL tears may require surgery if the tear is
complete (grade 3) and the patient is symptomatic.
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Badri A et al. Clinical and radiologic evaluation of the posterior
cruciate ligament-injured knee. Curr Rev Musculoskelet Med.
2018;11:515. [PMID: 29987531]

Devitt BM et al. Isolated posterior cruciate reconstruction results in
improved functional outcome but low rates of return to preinjury
level of sport: a systematic review and meta-analysis. Orthop J
Sports Med. 2018;6:2325967118804478. [PMID: 30386804]

5. Mniscus Injuis

E S S E N T I A L S  O F  D I A G N O S I S

» Patient may or may not report an injury.

» Joint line pain and pain with deep squatting are
the most sensitive signs.

» Difficulty with knee extension suggests an inter-
nal derangement that should be evaluated
urgently with MRI.

» General Considerations

The menisci act as shock absorbers within the knee. Inju-
ries to a meniscus can lead to pain, clicking, and locking
sensation. Most meniscus injuries occur with acute injuries
(usually in younger patients) or repeated microtrauma,
such as squatting or twisting (usually in older patients).

» Clinical Findings

A. Symptoms and Signs

The patient may have an antalgic (painful) gait and diffi-
culty with squatting. He or she may complain of catching
or locking of the meniscal fragment. Physical findings can
include effusion or joint line tenderness. Patients can usu-
ally point out the area of maximal tenderness along the
joint line. Swelling usually occurs during the first 24 hours
after the injury or later. Meniscus tears rarely lead to the
immediate swelling that is commonly seen with fractures
and ligament tears. Meniscus tears are commonly seen in
arthritic knees. However, it is often unclear whether the
pain is coming from the meniscus tear or the arthritis.

Provocative tests, including the McMurray test, the
modified McMurray test, and the Thessaly test, can be
performed to confirm the diagnosis (Table 41–6). Most
symptomatic meniscus tears cause pain with deep squat-
ting and when waddling (performing a “duck walk”).

B. Imaging

Radiographs are usually normal but may show joint space
narrowing, early OA changes, or loose bodies. MRI of the
knee is the best diagnostic tool for meniscal injuries (93%
sensitivity and 95% specificity). High signal through the
meniscus (bright on T2 images) represents a meniscal tear.

» Treatment

Conservative treatment can be used for degenerative tears
in older patients. The treatment is similar for patients with

mild knee OA, including analgesics and physical therapy for
strengthening and core stability. A randomized controlled
trial showed that physical therapy compared to arthroscopic
partial meniscectomy had similar outcomes at 6 months.
However, 30% of the patients who were assigned to physical
therapy alone underwent surgery within 6 months.

Randomized studies have shown that arthroscopic sur-
gery has no benefit over sham operations in patients who
have degenerative meniscal tears, especially with imaging
showing signs of osteoarthritis. Another randomized con-
trolled trial found that patients with degenerative meniscus
tears but no signs of arthritis on imaging treated conserva-
tively with supervised exercise therapy had similar outcomes
to those treated with arthroscopy at 2-year follow-up. There
is crossover between the groups; patients can be treated with
supervised exercise therapy first, and if they do not respond
to nonoperative treatment, they can undergo meniscus sur-
geries. Acute tears in young and active patients with clinical
signs of internal derangement (catching and swelling) and
without signs of arthritis on imaging or patients with acute
mechanical locking with a displaced meniscus can be best
treated arthroscopically with meniscus repair or debride-
ment. There is also growing evidence that untreated menis-
cus root tears can lead to accelerated osteoarthritic changes.
Surgical treatment before cartilage breakdown is recom-
mended for acute meniscus root injuries.

» When to Refer

• If the patient has symptoms of internal derangement
suspected as meniscus injury. The patient should
receive an MRI to confirm the injury.

• If the patient cannot extend the knee due to a mechani-
cal block, the patient should be evaluated as soon as
possible. Certain shaped tears on MRI, such as bucket
handle tears, meniscus root injuries, are amenable to
meniscal repair surgery.

• If the patient has not responded to physical therapy and
nonoperative treatment and continues to have symp-
toms related to the torn meniscus.

• If the patient has MRI confirmation of acute meniscus
root injuries.

Driban JB et al. Accelerated knee osteoarthritis is characterized by
destabilizing meniscal tears and pre-radiographic structural dis-
ease burden. Arthr Rheumatol. 2019;71:1089. [PMID: 30592385]

Karia M et al. Current concepts in the techniques, indications
and outcomes of meniscal repairs. Eur J Orthop Surg Trauma-
tol. 2019;29:509. [PMID: 30374643]

6. pllofmol pin

E S S E N T I A L S  O F  D I A G N O S I S

» Pain experienced with bending activities (kneel-
ing, squatting, climbing stairs).

» Lateral deviation or tilting of the patella in relation
to the femoral groove.
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» General Considerations

Patellofemoral pain, also known as anterior knee pain,
chondromalacia, or “runner’s knee,” describes any pain
involving the patellofemoral joint. The pain affects any or
all of the anterior knee structures, including the medial and
lateral aspects of the patella as well as the quadriceps and
patellar tendon insertions. The patella engages the femoral
trochlear groove with approximately 30 degrees of knee
flexion. Forces on the patellofemoral joint increase up to
three times body weight as the knee flexes to 90 degrees
(eg, climbing stairs), and five times body weight when
going into full knee flexion (eg, squatting). Abnormal
patellar tracking during flexion can lead to abnormal
articular cartilage wear and pain. When the patient has
ligamentous hyperlaxity, the patella can sublux out of the
groove, usually laterally. Patellofemoral pain is also associ-
ated with muscle strength and flexibility imbalances as well
as altered hip and ankle biomechanics.

» Clinical Findings

A. Symptoms and Signs

Patients usually complain of pain in the anterior knee with
bending movements and less commonly in full extension.
Pain from this condition is localized under the kneecap but
can sometimes be referred to the posterior knee or over the
medial or lateral inferior patella. Symptoms may begin
after a trauma or after repetitive physical activity, such as
running and jumping. When maltracking, palpable and
sometimes audible crepitus can occur.

Intra-articular swelling usually does not occur unless
there are articular cartilage defects or if OA changes
develop. On physical examination, it is important to pal-
pate the articular surfaces of the patella. For example, the
clinician can use one hand to move the patella laterally, and
use the fingertips of the other hand to palpate the lateral
undersurface of the patella. Patellar mobility can be
assessed by medially and laterally deviating the patella
(deviation by one-quarter of the diameter of the kneecap is
consider normal; greater than one-half the diameter sug-
gests excessive mobility). The apprehension sign suggests
instability of the patellofemoral joint and is positive when
the patient becomes apprehensive when the patella is devi-
ated laterally. The patellar grind test is performed by
grasping the knee superior to the patella and pushing it
downward with the patient supine and the knee extended,
pushing the patella inferiorly. The patient is asked to con-
tract the quadriceps muscle to oppose this downward
translation, with reproduction of pain or grinding being
the positive sign for chondromalacia of the patella. There
are two common presentations: (1) patients whose liga-
ments and patella are too loose (hypermobility); and (2)
patients who have soft tissues that are too tight, leading to
excessive pressure on the joint.

Evaluation of the quadriceps strength and hip stabiliz-
ers can be accomplished by having the patient perform a
one-leg squat without support. Normally, with a one-leg
squat, the knee should align over the second metatarsal ray
of the foot. Patients who are weak may display poor

balance, with dropping of the pelvis (similar to a positive
hip Trendelenburg sign) or excessive internal rotation of
the knee medially.

B. Imaging

Diagnostic imaging has limited use in younger patients and
is more helpful in older patients to assess for OA or to
evaluate patients who do not respond to conservative treat-
ment. Radiographs may show lateral deviation or tilting of
the patella in relation to the femoral groove. MRI may show
thinning of the articular cartilage but is not clinically neces-
sary, except prior to surgery or to exclude other pathology.

» Treatment

A. Conservative

For symptomatic relief, use of local modalities such as ice
and anti-inflammatory medications can be beneficial. If
the patient has signs of patellar hypermobility, physical
therapy exercises are useful to strengthen the quadriceps
(especially the vastus medialis obliquus muscle) to help
stabilize the patella and improve tracking. There is consis-
tent evidence that exercise therapy for patellofemoral pain
syndrome may result in clinically important reduction in
pain and improvement in functional ability. Lower quality
research supports that hip and knee exercises are better
than knee exercises alone. Strengthening the quadriceps
and the posterolateral hip muscles such as the hip abduc-
tors that control rotation at the knee should be recom-
mended. Support for the patellofemoral joint can be
provided by use of a patellar stabilizer brace or special
taping techniques (McConnell taping). Correcting lower
extremity alignment (with appropriate footwear or over-
the-counter orthotics) can help improve symptoms, espe-
cially if the patient has pronation or high-arched feet. If the
patient demonstrates tight peripatellar soft tissues, special
focus should be put on stretching the hamstrings, iliotibial
band, quadriceps, calves, and hip flexors.

B. Surgical

Surgery is rarely needed and is considered a last resort for
patellofemoral pain. Procedures performed include lateral
release or patellar realignment surgery.

» When to Refer

Patients with persistent symptoms despite a course of con-
servative therapy.

Bolgla LA et al. National Athletic Trainers’ Association Position
Statement: management of individuals with patellofemoral
pain. J Athl Train. 2018;53:820. [PMID: 30372640]

Crossley KM et al. Rethinking patellofemoral pain: prevention,
management and long-term consequences. Best Pract Res
Clin Rheumatol. 2019;33:48. [PMID: 31431275]

Saltychev M et al. Effectiveness of conservative treatment for
patellofemoral pain syndrome: a systematic review and meta-
analysis. J Rehabil Med. 2018;50:393. [PMID: 29392329]
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7. Kn Osoiis

E S S E N T I A L S  O F  D I A G N O S I S

» Degeneration of joint cartilage.

» Pain with bending or twisting activities.

» Swelling.

» Loss of active and passive range of motion in
severe OA.

» General Considerations

The incidence of knee OA in the United States is 240 per
100,000 person-years; the prevalence of OA will likely grow
to 70 million persons by 2030 as the number of persons
over age 65 increases.

Cartilage loss and OA symptoms are preceded by dam-
age to the collagen-proteoglycan matrix. The etiology of
OA is often multifactorial including previous trauma, prior
high-impact activities, genetic factors, obesity, and rheu-
matologic or metabolic conditions.

» Clinical Findings

A. Symptoms and Signs

OA usually causes pain in the affected joint with loading of the
joint or at the extremes of motion. Mechanical symptoms—
such as swelling, grinding, catching, and locking—suggest
internal derangement, which is indicated by damaged carti-
lage or bone fragments that affect the smooth range of motion
expected at an articular joint. Pain can also produce the sensa-
tion of “buckling” or “giving way” due to muscle inhibition
(Tables 41–4, 41–5, and 41–6). As the joint degeneration
becomes more advanced, the patient loses active range of
motion and may lose passive range of motion as well.

As the condition worsens, patients with knee OA have
an increasingly limited ability to walk. Symptoms include
pain with bending or twisting activities, and going up and
down stairs. Swelling, limping, and pain while sleeping are
common complaints with OA, especially as it progresses.

B. Imaging

The most commonly recommended radiographs include
bilateral weight-bearing 45-degree bent knee posteroante-
rior, lateral, and patellofemoral joint views (Merchant
view). Radiographic findings include diminished width of
the articular cartilage causing joint space narrowing, sub-
chondral sclerosis, presence of osteophytes, and cystic
changes in the subchondral bone. MRI of the knee is most
likely unnecessary unless other pathology is suspected,
such as ischemic osteonecrosis of the knee.

» Treatment

A. Conservative

Changes in the articular cartilage are irreversible. There-
fore, a cure for the diseased joint is not possible, although

symptoms or structural issues can be addressed to try to
maintain activity level. Conservative treatment for all
patients with OA includes activity modification, therapeutic
exercises, and weight loss. Lifestyle modifications also
include proper footwear and avoidance of high-impact
activities. Optimal exercise programs for knee OA should
focus on improving aerobic capacity, quadriceps muscle
strength, or lower extremity performance. Ideally, the pro-
gram should be supervised and carried out three times a
week.

Use of a cane in the hand opposite to the affected side is
mechanically advantageous. Knee sleeves or braces provide
some improvement in subjective pain symptoms most
likely due to improvements in neuromuscular function. If
patients have unicompartmental OA in the medial or lat-
eral compartment, joint unloader braces are available to
offload the degenerative compartment. Cushioning foot-
wear and appropriate orthotics or shoe adjustments are
useful for reducing impact to the lower extremities.

The first-line recommendation for pain management is
topical nonsteroidal medication. Alternatively, topical cap-
saicin may be effective. Oral medications that have been
shown to significantly improve pain include ibuprofen,
naproxen, diclofenac, and celecoxib. If a traditional NSAID
is indicated, the choice should be based on cost, side-effect
profile, and adherence (Table 5–5). For patients with
increased risk of gastrointestinal bleeding, a cyclooxygen-
ase (COX)-2 inhibitor (ie, celecoxib) or adding a proton
pump inhibitor to the NSAID is recommended. A COX-2
inhibitor is no more effective than traditional NSAIDs; it
may offer short-term, but probably not long-term, advan-
tage in preventing gastrointestinal complications. Acet-
aminophen has been shown to be less effective than
NSAIDs but can be used in patients when NSAID use is
contraindicated. Tramadol can be used appropriately in
patients with severe OA as alternative to NSAIDs, while
opioid use is now discouraged. Turmeric supplements have
shown some benefit for OA. Glucosamine and chondroitin
sulfate are supplements that have been widely used and
marketed for OA. Despite some initial promise, the best-
controlled studies indicate these supplements are ineffec-
tive as analgesics in OA. However, they have minimal side
effects and may be appropriate if the patient experiences
subjective benefit.

Knee joint corticosteroid injections are options to help
reduce pain and inflammation and can provide short-term
pain relief, usually lasting about 6–12 weeks. While intra-
articular triamcinolone is still commonly used in knee
arthritis, a randomized controlled trial showed that 2 years
of intra-articular triamcinolone every 3 months, compared
with intra-articular saline, resulted in significantly greater
quantitative cartilage volume loss by MRI and no signifi-
cant difference in knee pain. This finding suggests that
regular use of corticosteroid injections for long-term treat-
ment of knee osteoarthritis should be avoided.

Viscosupplementation using injections of hyaluronic
acid–based products is controversial. Because reviews sug-
gested that viscosupplementation has a questionably clini-
cally relevant effect size and an increased risk of
non-threatening adverse events, the American Academy of
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Orthopedic Surgeons recommended that viscosupplemen-
tation should not be used in the treatment of knee OA.
However, the American College of Rheumatology’s 2012
OA guidelines still recommend the use of intra-articular
hyaluronic acid injection for the treatment of OA of the
knee in adults.

Platelet-rich plasma injections contain high concentra-
tion of platelet-derived growth factors, which regulate
some biologic processes in tissue repair. A meta-analysis of
10 studies demonstrated that platelet-rich plasma injec-
tions reduced pain in patients with knee OA more effi-
ciently than placebo and hyaluronic acid injections.
However, 9 of the 10 studies had a high risk of bias, and the
underlying mechanism of biologic healing is unknown. An
FDA safety and efficacy study showed that leukocyte-poor
PRP autologous conditioned plasma improved overall
Western Ontario and McMaster Universities Arthritis
Index scores by 78% from the baseline score after 12 months,
compared to 7% for the placebo group, though the sample
size was small (30 patients).

B. Surgical

Two randomized trials demonstrated that arthroscopy
does not improve outcomes at 1 year over placebo or rou-
tine conservative treatment of OA. Joint replacement sur-
geries are effective and cost-effective for patients with
significant symptoms or functional limitations, providing
improvements in pain, function, and quality of life. Mini-
mally invasive surgeries and computer-assisted navigation
during operation are being investigated as methods to
improve techniques (eg, accurate placement of the hard-
ware implant) and to reduce complication rates; however,
major improvements have yet to be demonstrated.

Knee realignment surgery, such as high tibial osteotomy
or partial knee replacement surgery, is indicated in patients
younger than age 60 with unicompartmental OA, who
would benefit from delaying total knee replacement. Knee
joint replacement surgery has been very successful in
improving outcomes for patient with end-stage OA. Long-
term series describe more than 95% survival rate of the
implant at 15 years.

» When to Refer

Patients with sufficient disability, limited benefit from con-
servative therapy, and evidence of severe OA can be
referred for joint replacement surgery.

Bannuru RR et al. OARSI guidelines for the non-surgical man-
agement of knee, hip, and polyarticular osteoarthritis. Osteo-
arthritis Cartilage. 2019;27:1578 [PMID: 31278997]

Honvo G et al. Update on the role of pharmaceutical-grade chon-
droitin sulfate in the symptomatic management of knee osteo-
arthritis. Aging Clin Exp Res. 2019;31:1163. [PMID: 31243744]

Paultre K et al. Therapeutic effects of turmeric or curcumin
extract on pain and function for individuals with knee osteo-
arthritis: a systematic review. BMJ Open Sport Exerc Med.
2021;7:e000935. [PMID: 33500785]

Richardson C et al. Intra-articular hyaluronan therapy for symp-
tomatic knee osteoarthritis. Rheum Dis Clin North Am.
2019;45:439. [PMID: 31277754]

Sharma L. Osteoarthritis of the knee. N Engl J Med. 2021;384:51.
[PMID: 33406330]

Skou ST et al. Physical therapy for patients with knee and hip
osteoarthritis: supervised, active treatment is current best
practice. Clin Exp Rheumatol. 2019;37:112. [PMID: 31621559]

Vincent P. Intra-articular hyaluronic acid in the symptomatic
treatment of knee osteoarthritis: a meta-analysis of single-
injection products. Curr Ther Res Clin Exp. 2019;90:39.
[PMID: 31289603]

ANKLE INJURIES

1. Invsion ankl Sins

E S S E N T I A L S  O F  D I A G N O S I S

» Localized pain and swelling.

» The majority of ankle injuries involve inversion
injuries affecting the lateral ligaments.

» Consider chronic ankle instability or associated
injuries if pain persists for > 3 months following an
ankle sprain.

» General Considerations

Ankle sprains are the most common sports injuries seen in
outpatient clinics. Patients usually report “turning the
ankle” during a fall or after landing on an irregular surface
such as a hole or an opponent’s foot. The most common
mechanism of injury is an inversion and plantar flexion
sprain, which injures the anterior talofibular (ATF) liga-
ment rather than the calcaneofibular (CF) ligament. Other
injuries that can occur with inversion ankle injuries are
listed in Table 41–7. Women appear to sustain an inversion
injury more frequently than men. Chronic ankle instability

Table 41–7. Injuries associated with ankle sprains.

Ligmns

Subtalar joint sprain

Sinus tarsi syndrome (ongoing anterolateral post-traumatic

ankle pain)

Syndesmotic (distal tibiofibular ligamentous) sprain

Deltoid sprain

Lisfranc (tarsometatarsal bony or ligamentous) injury

tndons

Posterior tibial tendon strain

Peroneal tendon subluxation

Bons

Osteochondral talus injury

Lateral talar process fracture

Posterior impingement (os trigonum)

Fracture at the base of the fifth metatarsal

Jones fracture (between base and middle of fifth metatarsal)

Salter (growth plate) fracture (fibula)

Ankle fractures
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is defined as persistent complaints of pain, swelling, and
“giving way” in combination with recurrent sprains for at
least 12 months after the initial ankle sprain. Chronic ankle
instability can occur in up to 43% of ankle sprains despite
physical therapy, which makes appropriate attention to
acute ankle sprains important.

» Clinical Findings

A. Symptoms and Signs

Symptoms following a sprain include localized pain and
swelling over the lateral aspect of the ankle, difficulty
weight bearing, and limping. On examination, there may
be swelling or bruising over the lateral aspect of the ankle.
The anterior, inferior aspect below the lateral malleolus is
most often the point of maximal tenderness consistent with
ATF and CF ligament injuries. The swelling may limit
motion of the ankle.

Special stress tests for the ankle include the anterior
drawer test; the clinician keeps the foot and ankle in the
neutral position with the patient sitting, then uses one
hand to fix the tibia and the other to hold the patient’s heel
and draw the ankle forward. Normally, there may be
approximately 3 mm of translation until an endpoint is
felt. A positive test includes increased translation of one
foot compared to the other with loss of the endpoint of the
ATF ligament.

Another stress test is the subtalar tilt test, which is
performed with the foot in the neutral position with the
patient sitting. The clinician uses one hand to fix the tibia and
the other to hold and invert the calcaneus. Normal inversion
at the subtalar joint is approximately 30 degrees. A positive
test consists of increased subtalar joint inversion by greater
than 10 degrees on the affected side with loss of endpoint for
the CF ligament. In order to grade the severity of ankle
sprains, no laxity on stress tests is considered a grade 1 injury,
laxity of the ATF ligament on anterior drawer testing but a
negative tilt test is a grade 2 injury, and both positive drawer
and tilt tests signify a grade 3 injury. Difficulty jumping and
landing within 2 weeks from the acute ankle sprain, abnor-
mal postural or hip muscle control, or ligamentous laxity
noted 8 weeks after injury are poor prognostic signs.

B. Imaging

Routine ankle radiographic views include the AP, lateral,
and oblique (mortise) views. Less common views requested
include the calcaneal view and subtalar view. The Ottawa
Ankle Rules remain the best clinical prediction rules to
guide the need for radiographs and have an 86–99% sensi-
tivity and a 97–99% negative predictive value. If the patient
is unable to bear weight immediately in the office setting or
emergency department for four steps, then the clinician
should check for (1) bony tenderness at the posterior edge
of the medial or lateral malleolus and (2) bony tenderness
over the navicular (medial midfoot) or at the base of the
fifth metatarsal. If either malleolus demonstrates pain or
deformity, then ankle radiographs should be obtained. If
the foot has bony tenderness, obtain foot radiographs. An
MRI is helpful when considering the associated injuries.

» Treatment

Immediate treatment of an ankle sprain follows the MICE
mnemonic: modified activities, ice, compression, and
elevation. NSAIDs are useful in reducing pain and swelling
in the first 72 hours following the ankle sprain. Subsequent
treatment involves protected weight bearing with crutches
and use of an ankle stabilizer brace, especially for grade 2
and 3 injuries. Early motion is essential, and patients
should be encouraged to do a program of exercises or
physical therapy. Proprioception and balance exercises (eg,
“wobble board”) are useful to restore function to the ankle
and prevent future ankle sprains. There is strong evidence
for bracing and moderate evidence for neuromuscular
training in preventing recurrence of an ankle sprain.
Chronic instability can develop after acute ankle sprain in
10–20% of people and may require surgical stabilization
with ligament reconstruction surgery.

» When to Refer

• Ankle fractures.

• Recurrent ankle sprains or signs of chronic ligamentous
ankle instability.

• No response after more than 3 months of conservative
treatment.

• Suspicion of associated injuries.

Delahunt E et al. Risk factors for lateral ankle sprains and
chronic ankle instability. J Athl Train. 2019;54:611. [PMID:
31161942]

Kaminski TW et al. Prevention of lateral ankle sprains. J Athl
Train. 2019;54:650. [PMID: 31116041]

Mandegaran R et al. Beyond the bones and joints: a review of
ligamentous injuries of the foot and ankle on (99m)Tc-MDP-
SPECT/CT. Br J Radiol. 2019;92:20190506. [PMID: 31365277]

Vuurberg G et al. Diagnosis, treatment and prevention of ankle
sprains: update of an evidence-based clinical guideline. Br J
Sports Med. 2018;52:956. [PMID: 29514819]

2. evsion (“hig”) ankl Sins

E S S E N T I A L S  O F  D I A G N O S I S

» Severe and prolonged pain.

» Limited range of motion.

» Mild swelling.

» Difficulty with weight bearing.

» General Considerations

A syndesmotic injury or “high ankle” sprain involves the
anterior tibiofibular ligament in the anterolateral aspect of
the ankle, superior to the anterior talofibular (ATF) liga-
ment. The injury mechanism often involves the foot being
turned out or externally rotated and everted (eg, when
being tackled). This injury is commonly missed or misdi-
agnosed as an ATF ligament sprain on initial visit.
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» Clinical Findings

A. Symptoms and Signs

Symptoms of a high ankle sprain include severe and pro-
longed pain over the anterior ankle at the anterior tibio-
fibular ligament, worse with weight bearing. This is often
more painful than the typical ankle sprain. The point of
maximal tenderness involves the anterior tibiofibular liga-
ment, which is higher than the ATF ligament. It is also
important to palpate the proximal fibula to rule out any
proximal syndesmotic ligament injury and associated frac-
ture known as a “maisonneuve fracture.” There is often
some mild swelling in this area, and the patient may or may
not have an ankle effusion. The patient usually has limited
range of motion in all directions. To perform the external
rotation stress test, the clinician fixes the tibia with one
hand and grasps the foot in the other with the ankle in the
neutral position. The ankle is then dorsiflexed and exter-
nally rotated, reproducing the patient’s pain. (Note: The
patient’s foot should have an intact neurovascular examina-
tion before undertaking this test.)

B. Imaging

Radiographs of the ankle should include the AP, mortise,
and lateral views. The mortise view may demonstrate loss
of the normal overlap between the tibia and fibula, which
should be at least 1–2 mm. Asymmetry in the joint space
around the tibiotalar joint suggests disruption of the syn-
desmotic ligaments. If there is proximal tenderness in the
lower leg especially around the fibula, an AP and lateral
view of the tibia and fibula should be obtained to rule out

a proximal fibula fracture. Radiographs during an external
rotation stress test may visualize instability at the distal
tibiofibular joint. MRI is the best method to visualize
injury to the tibiofibular ligament and to assess status of the
other ligaments and the articular cartilage.

» Treatment

Whereas most ankle sprains are treated with early motion
and weight bearing, treatment for a high ankle sprain
should be conservative with a cast or walking boot for
4–6 weeks. Thereafter, protected weight bearing with
crutches is recommended until the patient can walk
pain-free. Physical therapy can start early to regain range
of motion and maintain strength with limited weight
bearing initially.

» When to Refer

If there is widening of the joint space and asymmetry at the
tibiotalar joint, the patient should be referred urgently to a
foot and ankle surgeon. Severe or prolonged persistent
cases that do not heal may require internal fixation to avoid
chronic instability at the tibiofibular joint. Screw fixation
remains the gold standard, although newer techniques with
bioabsorbable constructs are emerging.

Chen ET et al. Ankle sprains: evaluation, rehabilitation, and pre-
vention. Curr Sports Med Rep. 2019;18:217. [PMID: 31385837]

Nickless JT et al. High ankle sprains: easy to miss, so follow these
tips. J Fam Pract. 2019;68:E5. [PMID: 31039220]
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HEALTH CARE FOR SEXUAL & GENDER
MINORITY PATIENTS

» Definitions & Concepts

Gender identity is a person’s internal sense of gender,
which is independent from the sex assigned at birth. Gender
is also independent from sexual orientation, which refers
to one’s sexuality and encompasses three dimensions:
identity, behavior, and desire. The term sexual and gender
minorities (SGM) refers to a broad group including les-
bian women and gay men; bisexual, pansexual, and queer
people; and transgender and gender non-binary people—
also commonly referred to as “LGBTQ” or “LGBTQ+.” The
plus sign is inclusive of individuals of other identities such
as agender, genderqueer, and polysexual.

Transgender people have a gender identity that differs
from the sex which was assigned at birth, including those
who identify as non-binary and those who have a gender
identity that is neither man nor woman. Transmasculine
will refer to those who have a male or masculine-spectrum
gender identity but were assigned female at birth, and
transfeminine will refer to those who have a female or
feminine spectrum gender identity but were assigned male
at birth. Cisgender refers to people who have a gender
identity and birth assigned sex that are the same (ie, they
are not transgender). Transgender people may also be sex-
ual minorities (ie, lesbian, gay, bisexual, etc). For the sake
of expediency in this chapter, the sections on sexual minor-
ity men and women omit the term “cisgender”; however,
readers of these sections should take into consideration
that, for example, gay transmasculine persons may have
vaginal receptive sex with cisgender men as sexual part-
ners, and therefore should be screened for contraception
needs, and cisgender lesbian women may have transfemi-
nine partners who retain their penis. Sexual identities
include gay (those who are predominantly attracted to and/
or sexually active with members of the same gender),
bisexual (those who are attracted to and/or sexually active
with someone of the same gender and another gender (his-
torically men and women), and heterosexual or straight
(someone who is attracted to and/or sexually active with
people of another gender, historically the “opposite”

gender); however, several other terms may be used, and
terminology changes over time. A growing number of
people identify as pansexual, which describes an attraction
to people of any gender—man, woman, or on the spectrum
between the two. The term “queer” has been reclaimed by
many SGM people to represent someone with a sexual
orientation, gender identity, or gender expression (the
external manifestation of gender) that differs from that of a
cisgender, heterosexual person. Because of the historical
legacy of this term as derogatory, however, it should not be
used unless someone specifies this as their identity. Studies
have demonstrated that there is a broad diversity among
those who identify as SGM and that many people have
multiple gender identities and/or sexual orientations.

Population estimates of SGM adults in the United States
range from 4.5% to 6.8%, depending on definitions; reli-
able population estimates, however, are lacking because
there are no consistently applied federal and other admin-
istrative survey methodologies. Data about SGM demo-
graphics depend on sampling methods and study questions;
for example, individuals identify as SGM in higher rates
when asked about lifetime versus current SGM identity,
and when asked about attraction versus behavior. Popula-
tion estimates of SGM persons reach 20% if the definition
of SGM includes gay or bisexual identity, any same-sex
attraction, or same-sex sex in the last year.

The three dimensions of sexual orientation—identity,
behavior, and attraction—do not necessarily overlap.
Health risk factors (like smoking) and outcomes have been
found to be different among different dimensions. For
example, in one national, probability-based survey, less
than 50% of men who have sex with men (MSM) identified
as gay and bisexual older adults with identity-attraction
discordance were at higher risk for adverse smoking-
related health consequences. The incomplete overlap of
identity and behavior means that clinicians cannot rely
upon self-reported identity to infer sexual behavior, and
vice versa.

It is important to distinguish sexual orientation from
gender identity. Knowing someone’s gender identity does
not identify one’s sexual orientation. Just as cisgender
people may be sexually attracted to and have sex with
people of any gender, so too can transmasculine,
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transfeminine, and non-binary people have partners of any
gender. Routinely asking about sexual orientation, and
when relevant for the clinical issue at hand, sexual behav-
ior, helps build trust between the patient and clinician,
ensures appropriate medical care (for example, appropriate
screening tests for sexually transmitted infections [STIs]
and family planning), and contributes to better health out-
comes. To ensure that people feel welcomed, the clinician
can ask people for their correct name and pronouns by first
offering the clinician’s correct name and pronouns. For
example, the clinician may say “Hello, I’m Dr. (insert
name), I use they/them pronouns. What name and pro-
nouns would you like me to use for you?” Pronouns can
also be included on ID badges. To inquire about gender
identity and sex assigned at birth, the following questions
are recommended: “What is your current gender identity?”
and “What sex were you assigned at birth?” The clinician
needs to remember that name and pronouns may differ
from what one thinks may “match” what people say are
their gender identity or sex assigned at birth or what is on
“official” documentation, but the clinician must always use
the name and pronouns that people shared.

Sexual orientation and gender identity may also change
over time or be situational (such as during incarceration, in
educational settings, etc). People may also hide their sexual
orientation and gender identity from others, including cli-
nicians, in order to avoid stigma and discrimination.
Revealing one’s sexual orientation, gender identity, or both
is called “coming out.” This process may occur at any point
in life and may vary by context (for example, being “out” to
family but not to coworkers).

Sexual orientation and gender identity can be fluid
throughout a person’s lifetime, and the binary concept of
gender (that there are only girls and women or boys and
men) is not evidence based. Some legal policies are moving to
reflect this fluidity. In the United States, currently less than
half of the states have three genders on legal documents:
female, male, or non-binary (neither male nor female). These
experiences and policies have implications for health screen-
ing for patients who receive care in health systems with pop-
up reminders for sex-specific screening examinations such as
mammography or prostate examinations.

Lunn MR et al. Using mobile technology to engage sexual and
gender minorities in clinical research. PLoS One. 2019;14:
e0216282. [PMID: 31048870]

McCabe SE et al. Tobacco use and sexual orientation in a
national cross-sectional study: age, race/ethnicity, and sexual
identity-attraction differences. Am J Prev Med. 2018;54:736.
[PMID: 29656916]

Mishel E. Intersections between sexual identity, sexual attrac-
tion, and sexual behavior among a nationally representative
sample of American men and women. J Official Statist. 2019;
35:859–84. [doi:10.2478/jos-2019-0036]

» Health Disparities & The Minority
Stress Model

Providing compassionate and informed health care for
SGM patients, which include but are not limited to persons
who identify as lesbian, gay, bisexual, transgender, and

queer, involves the acknowledgment of the negative effects
on health caused by discrimination and stigma. Ilan Mey-
er’s theory of minority stress proposes that individuals who
identify as a sexual minority experience chronic, additive,
and unique stresses that stem from living in social condi-
tions that are characterized by prejudice and discrimina-
tion; stressors include experiences of prejudice, expectations
of rejection, the cognitive burden of deciding whether to
come out in different circumstances, and internalized
homophobia. SGM people are also underserved by the
medical community and under-studied, with worse health
outcomes compared to the heterosexual and cisgender
populations. These experiences differ also according to
racial and ethnic backgrounds; SGM people of color often
fare worse. One reason for these disparities is that a previ-
ous negative experience in a clinician’s office influences
whether the patient will repeat a visit even for an acute
medical event, which can delay care and result in advanced
disease. One in three transgender people report delays in
seeking care due to prior discrimination, and one in five
report being refused medical care due to their transgender
identity. SGM adults are twice as likely to delay care than
non-SGM adults. Some of the disparate health outcomes
are related to limited access to the health care system due
to financial issues and lack of federal anti-discrimination
protection at times compounded by multiple marginalized
identities. LGBT people have higher rates of poverty, lower
rates of home ownership, and higher rates of homelessness
than non-LGBT people. These structural issues will take
time to change. However, clinicians can impact the health
outcomes of SGM people by ensuring that the clinical
space is welcoming to people of all genders and sexual
orientations (see below), obtaining comprehensive data on
sexual orientation and gender identity, and being aware of
the specific health needs of SGM people in order to
advance the health of SGM patients. A study from Norway
found that sympathetic environments can counteract
minority stress and support overall health.

The vast majority of SGM patients would like to “come
out” to their clinician. Many clinicians, however, are con-
cerned that their patients would be offended if asked about
sexual orientation and gender identity. It is important that
clinicians overcome any discomfort and ask appropriate
questions of their patients. There are useful video resources
to help clinicians with these issues; one example is
“Acknowledging Sex and Gender” Online Training video
from the University of California San Francisco Center of
Excellence for Transgender Health https://prevention.ucsf.
edu/transhealth/education/acknowledging-gender-sex.
Specific populations have additional barriers to disclosure
and thus shared decision making, as shown in a study of
Latinx SGM patients and their health care providers; sug-
gestions for improvement include that professional inter-
preter services are SGM competent, that providers are
aware of patients’ varying social support from family mem-
bers and that there is significant diversity among the Latinx
SGM population. A study from South Africa found that
discriminatory and prejudicial attitudes by health care
providers, combined with their lack of competency and
knowledge, are key reasons for SGM health disparities.
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The SARS-CoV-2 pandemic most likely has dispropor-
tionately affected the SGM community; sexual orientation
and gender identity (SOGI) data, however, were not consid-
ered in reporting prevalence or outcomes. With the increased
homelessness and poverty, SGM people are a vulnerable
community in the pandemic. One study documented that
coincident with the pandemic, there is increased depression
and anxiety within the SGM community in persons who did
not have preexisting anxiety or depression. A significant
number of front-line clinicians are from the SGM commu-
nity, and their deaths have often been openly reported,
which would have been rare even 10 years ago.

Flentje A, Obedin-Maliver J et al. Depression and anxiety
changes among sexual and gender minority people coinciding
with onset of COVID-19 pandemic. J Gen Intern Med.
2020;35:2788. [PMID: 32556877]

Lunn MR et al. Sociodemographic characteristics and health
outcomes among lesbian, gay, and bisexual U.S. adults using
Healthy People 2020 leading health indicators. LGBT Health.
2017;4:283. [PMID: 28727950]

Müller A. Scrambling for access: availability, accessibility, accept-
ability and quality of healthcare for lesbian, gay, bisexual and
transgender people in South Africa. BMC Int Health Hum
Rights. 2017;17:16. [PMID: 28558693]

The Williams Institute, UCLA School of Law. LGBT People and
Housing Affordability, Discrimination and Homelessness.
2020 Apr. https://williamsinstitute.law.ucla.edu/publications/
lgbt-housing-instability/

» Making Clinical Environments
Welcoming to All SGM Patients

Part of serving SGM patients is to create a welcoming clini-
cal space where each person is cared for and respected for
all of who they are—including their sexual orientation,
gender identity, and gender expression while considering
other key aspects of their identities and lived experience
like race and ethnicity, age, educational level, geography
and geo-political context, and primary language. The use
of people’s correct names and pronouns throughout
encounters is critical (see above). Implementation of com-
prehensive care including acknowledging, respecting, and
specifying care as needed for someone based on their sex-
ual orientation, gender identity, gender expression, and
correct names and pronouns necessitates system change in
many clinical settings. This includes making sure that (1)
senior leadership is involved; (2) nondiscrimination poli-
cies are in place, are followed, and are prominently dis-
played; (3) open visitation policies are concordant with
patients’ choice of visitors; (4) outreach and engagement
efforts are made for SGM patients; (5) staff receive cultur-
ally affirming training in the care of SGM people; (6) pro-
cesses, forms, artwork, and reading materials reflect the
diversity of SGM people; (7) data are collected about both
sexual orientation and gender identity (including names
and pronouns) in an open and nonjudgmental manner; (8)
patients are routinely asked about their sexual health
histories; (9) clinical care and services include prevention
and wellness care with available family planning services
and behavioral health services; (10) SGM staff are recruited
and trained; (11) preventive care is concordant with

clinical practice guidelines, where applicable; and (12) if all
gender bathrooms are not available, a posting states that
patients are welcome to use either the women’s or men’s
bathroom and the patient can determine which bathroom
to use. One exercise is to look at clinic materials (ie, signs,
posters, brochures, magazines, intake forms, etc) and see if
materials presume heterosexual behavior and gender con-
formity (heteronormative). Often, materials discussing
anatomy, sex, family planning, conception, pregnancy, and
birth presume that everyone is cisgender, White, and pri-
marily English speaking. If so, find or create more broadly
inclusive materials to replace them.

National LGBT Cancer Network. Cultural competency in-
person trainings and on-line materials, updated 2017. https://
cancer-network.org/programs/cultural-competency-training

National LGBT Education Center. Ten things: creating inclusive
health care environments for LGBT people. July 2015. http://
www.lgbthealtheducation.org/wp-content/uploads/Ten-
Things-Brief-Final-WEB.pdf

» Obtaining Sexual History
From SGM Patients

The core history and physical examination is not different for
SGM in comparison to other patients. Clinicians should
approach each patient as an individual, using patients’ cor-
rect pronouns, using appropriate terminology, respecting the
diversity of gender identity as well as the differing desires for
gender affirming treatments, and performing a physical
examination noting anatomic changes from any prior gender
affirming treatment. As with all adolescent or adult patients,
a complete medical history should include a comprehensive
sexual history. Clinicians may wish to preface discussion of
the patient’s sexual history with a statement indicating that
this information is confidential and is important in order to
provide optimal health care. However, patients should not be
expected to discuss their gender identity or transition in
detail unless it is relevant to the current visit. In addition, it is
crucial that clinicians understand that transgender patients
may have physical appearances (gender expression), names,
and/or pronouns that do not reflect their legal names or sex
marker, as listed on identity documents. Staff members must
learn how to elicit patients’ names and correct pronouns so
that these can be used consistently.

Key data to gather in a relevant sexual history include
sexual function and satisfaction; number of partners if the
patient is sexually active; the gender(s) of the patient’s
sexual partner(s); and the potential to conceive an
unplanned pregnancy with the sexual partner(s). It should
be noted that “sex” means different things to different
people. Therefore, clinicians should determine the types of
sexual practices the patient engages in (for example, oral
sex, penile insertive anal sex, and/or receptive anal sex,
penis-in-vagina sex, fingers-in-anus sex) acknowledging
these may not line up with clinicians’ assumptions based
on someone’s sexual orientation. Additional key questions
include how often condoms are used, if at all, for the differ-
ent sexual practices the patient engages in; and whether or
not drugs and/or alcohol are consumed in conjunction
with sex. Clinicians should also establish whether there is a
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history of STIs because a positive history may have impli-
cations for medical follow-up and sexual risk assessment
(eg, frequency of screening, syphilis serologies, chlamydia
and gonorrhea testing, and discussion about HIV preexpo-
sure prophylaxis [PrEP]). For example, a recent diagnosis
of syphilis would indicate the need for rapid plasma reagin
(RPR) titer monitoring to ensure adequate treatment and
would prompt consideration of PrEP due to the association
of syphilis with HIV infection.

The Fenway Institute, which specializes in SGM health
and health care, proposes using the following statement
and follow-up questions:

“I am going to ask you some questions about your
sexual health and sexuality that I ask all my patients. The
answers to these questions are important for me to know
how to help keep you healthy. Like the rest of this visit,
this information is strictly confidential unless you tell me
you are planning to harm yourself or someone else or
describe someone else harming you.”

Evidence suggests that most individuals are ready and
willing to disclose to sensitive providers who make it clear
the intent behind their questions. Additional questions
include the following:

1. “Do you have a partner or a spouse?” or “Are you cur-
rently in a relationship?”

2. “When was the last time you had sex?”

3. “What is/are the gender(s) of your sexual partner(s)?”

4. “What body parts of yours touch which body parts of
your partners?”

5. “How many people have you had sex with during the
last year?”

6. “Do you have any desires regarding sexual intimacy that
you would like to discuss?”

Rather than considering this a one-time intervention, it
should be thought of as a process that is assessed over time
and at critical junctures and changes in health status.

The Association of American Medical Colleges
(AAMC) has created a series of online videos that high-
light gender and sexual history taking (https://www.aamc.
org/initiatives/diversity/450468/gender-and-sexual-his-
tory1.html and https://www.aamc.org/initiatives/diver-
sity/450470/gender-and-sexual-history2.html); and
ineffective history taking (https://www.aamc.org/initia-
tives/diversity/450472/ineffective-history-taking.html).

Centers for Disease Control and Prevention (CDC). A guide to
taking a sexual history. http://www.cdc.gov/std/treatment/
sexualhistory.pdf

Rossman K et al. “The doctor said I didn’t look gay”: young
adults’ experiences of disclosure and nondisclosure of LGBTQ
identity to health care providers. J Homosex. 2017;64:1390.
[PMID: 28459379]

» The Electronic Medical Record

Electronic medical record (EMR) systems should include
functionality for the recording of gender identity and sex

assigned at birth as well as chosen name and pronouns.
Chosen name and pronoun functionality should be dis-
played in all banners, schedules, and other viewing screens.
Transgender persons can be identified within the EMR that
supports the data collection of gender as separate from sex
assigned at birth, by identifying those individuals whose
entries for gender identity and birth sex differ. Collecting
gender identity and sex assigned at birth data are critical to
understanding the population of people in care within a
health system.

Assessment and documentation in the EMR of a
patient’s sexual orientation and gender identity has been
advocated in the United States by the National Academy of
Medicine, the Joint Commission, and the Health Resources
and Services Administration as fundamental to improving
access to and quality of care for SGM people. However,
there are risks for SGM people with having their sexual
orientation and gender identity documented in the EMR.
Examples of such risks include housing, child custody, and
adoption discrimination. As of June 2020, the US Supreme
Court determined that being fired on the basis of sexual
orientation and/or transgender identity violated Title VII
prohibition of discrimination on the basis of sex; however,
there are still no federal protections against discrimination
in housing, education, loans, or many other services. Further,
same-sex relations are criminalized in over 72 countries.
Gender identity is likewise insufficiently protected. There-
fore, although sexual orientation and gender identity are
critical to caring for the whole person, discussing with
patients before documenting in the EMR is best practice.

Deutsch MB et al. Electronic medical records and the transgen-
der patient: recommendations from the World Professional
Association for Transgender Health EMR Working Group.
J Am Med Inform Assoc. 2013;20:700. [PMID: 23631835]

Deutsch MB et al. Electronic health records and transgender
patients—practical recommendations for the collection of
gender identity data. J Gen Intern Med. 2015;30:843. [PMID:
25560316]

Grasso C et al. Planning and implementing sexual orientation and
gender identity data collection in electronic health records.
J Am Med Inform Assoc. 2019;26:66. [PMID: 30445621]

Polikoff ND. Neglected lesbian mothers. Family Law Quarterly.
2018;52:87.

» Family Planning

A. Pregnancy Prevention

Comprehensive family planning for SGM people is impor-
tant to address, so that all pregnancies are intended if at all
possible. Since one’s sexual orientation and gender identity
do not determine sexual partners, all individuals should be
asked about family building intentions as well as contra-
ception if pregnancy is undesired and their sexual activities
that put them at risk for pregnancy.

The majority of lesbian women have been sexually
active with men at some point in their lives (85–90%), and
30% of self-identified adult lesbians are currently sexually
active with men as well as with women. Compared to het-
erosexual female youth, fewer lesbian and bisexual youth
use highly reliable contraception. On multiple surveys, one
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of the reasons that lesbians do not access gynecologic care
is the assumption by clinicians that they are heterosexual,
and the (insensitive) advocacy of birth control in that
assumptive atmosphere about their sexuality (ie, hetero-
normative). On the other hand, multiple studies show that
the unintended pregnancy rate of self-identified lesbian
and bisexual youth is higher than that of the comparison
heterosexual female youth. Unintended pregnancy risk
continues into adulthood with one sample from the Chicago
Health and Life Experiences of Women survey reporting
24% of sexual minority women having had unintended
pregnancies. Sexual minority women also suffer higher
rates of sexual assault compared with heterosexual women.
If it has been determined that the patient self-identifies as
a lesbian woman and is having (penis-in-vagina) sex with
men, one suggested question might be, “Are you planning
to get pregnant this year?” If the answer is no, this is an
opportunity to explain that studies show a higher unin-
tended rate of pregnancy in lesbian youth and to review
effective contraception options. It is also a good time to
talk about protection from STIs when having sex with men
(ie, discuss condoms). As with any person engaging in
penis-in-vagina sex, experts recommend additional con-
traceptives to condoms. Condoms are only 80% reliable in
preventing pregnancy with typical use. Long-acting revers-
ible contraceptives, which are not patient or sexual act
dependent and function effectively despite alcohol or other
substance use, are especially important to consider. Long-
acting reversible contraceptives such as an etonorgestrel
subdermal implant in the arm (0.05% annual failure) or
either the copper (0.3% annual failure) or levonorgestrel
(0.2% annual failure) intrauterine devices are highly effec-
tive and typical use is generally equivalent to ideal use.

Anyone with a vagina, uterus, ovaries, and fallopian
tubes can potentially become pregnant if they engage in
penis-in-vagina sex. Transfeminine persons (women who
were assigned male sex at birth) and non-binary individu-
als who have a penis and testes may still produce sperm
capable of fertilizing an oocyte even if using gender affirm-
ing hormones. For transmasculine persons and non-binary
individuals who were assigned female sex at birth, contra-
ception is important even if there is testosterone-induced
amenorrhea; testosterone is not a reliable form of contra-
ceptive. To underscore the point, transmasculine persons
taking testosterone (even if amenorrheic) who have a
uterus and ovaries and are sexually active with sperm
involved should use any of the contraceptive methods
available for cisgender women if they want to avoid a preg-
nancy. There are multiple case reports of transmasculine
persons who have unintended pregnancies while taking
testosterone. Since testosterone is a teratogen and no stud-
ies have been done to assess children born to gestational
parents using testosterone, those who become pregnant
while taking testosterone should receive counseling early in
the pregnancy about their options. Little is known about
contraceptive preferences and use profiles among trans-
masculine persons and non-binary people who were female
sex assigned at birth.

A recent study evaluated pregnancy termination for
transgender, non-binary, and gender expansive people and

found that the majority preferred medication abortion, due
to their belief that it was the least invasive, although the
majority of the respondents had undergone a surgical
abortion. Respondents most frequently recommended that
abortion clinics adopt gender-neutral or gender-affirming
intake forms, that providers use gender-neutral language,
and that greater privacy be incorporated into the clinic.

The AAMC has produced a noteworthy video about
family counseling and coming out (https://www.aamc.org/
initiatives/diversity/450466/family-counseling.html).

Blunt-Vinti HD et al. Contraceptive use effectiveness and preg-
nancy prevention information preferences among heterosex-
ual and sexual minority college women. Womens Health
Issues. 2018;28:342. [PMID: 29666034]

Jones RK et al. Sexual orientation and exposure to violence
among U.S. patients undergoing abortion. Obstet Gynecol.
2018;132:605. [PMID: 30095763]

Light A et al. Family planning and contraception use in trans-
gender men. Contraception. 2018;98:266. [PMID: 29944875]

Moseson H et al. Abortion experiences and preferences of
transgender, nonbinary, and gender-expansive people in
the United States. Am J Obstet Gynecol. 2021;224:376.e1.
[PMID: 32986990]

Porsch L et al. Contraceptive use by women across multiple
components of sexual orientation: findings from the 2011–
2017 National Survey of Family Growth. LGBT Health.
2020;7:321. [PMID: 32808867]

B. Family Building

Family building should be discussed with all patients,
regardless of sexual orientation or gender identity. Options
include foster-parenting or adoption (in some countries
these options are not open to SGM persons), co-parenting
partners’ child/children, becoming pregnant, contracting
with a surrogate, or step-parenting. Some fertility practices
refuse to assist SGM people with conception even if it is
legal. The American College of Obstetricians and Gyne-
cologists published Committee Opinion No. 749 in 2018,
reaffirming their stance that no matter how a child comes
into a family, all children and parents deserve equitable
protections and access to available resources to maximize
the health of that family unit. “Obstetricians-gynecologists
should recognize the diversity in parenting desires that
exists in the lesbian, gay, bisexual, transgender, queer,
intersex, asexual and gender nonconforming communities
and should take steps to ensure that clinical spaces are
affirming and open to all parties, such that equitable and
comprehensive, reproductive health care can meet the
needs of these communities.”

It is estimated that approximately 30% of SGM people
are parents. The paths to parentage may differ broadly and
include dependence on personal desires, organs, and gam-
etes of the person and those of a partner(s) if any; any
biologic/medical constraints; and legal/political options for
adoption. Many options exist for conception; patients may
ask the clinician for an opinion and to guide them to
resources. Many patients may decide to have inseminations
with an unknown donor from a sperm bank (some
unknown donors sign a release so that the child may con-
tact the donor when the child reaches 18 years old), and
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some may decide to involve a known sperm donor. Most
sperm banks are regulated in regard to the administration of
medical history forms, the testing of sperm for STIs, and the
performance of genetic screening. Known donors may have
risk factors but are not routinely screened. It is important for
future parents to be as informed as they can be about the
legal implications of each option. In some states and coun-
tries, unless the insemination with known donor sperm
takes place in the office of a physician, the known donor has
full legal rights as well as financial responsibilities for the
offspring. In one study of 129 lesbian mothers with 77 index
offspring, 77.5% of the mothers were satisfied with the type
of donor chosen (36% had chosen known sperm donors,
25% open-identity donors, and 39% unknown donors).
Donor access and custody concerns were the primary
themes mentioned by lesbian mothers regarding their (dis)
satisfaction with the type of sperm donor they had selected.

Some lesbian women and couples in whom both part-
ners have a uterus and ovaries decide to do “co–in vitro fer-
tilization (IVF),” which is also known as “reciprocal IVF” or
in some cases “co-maternity” in which one partner provides
an egg, it is fertilized in the laboratory with sperm of a
known or unknown donor, and then the other partner car-
ries the pregnancy. Lactation for the nongestating parent can
sometimes be induced by using a protocol that stemmed
originally from the experiences of adoptive mothers who
were motivated to breastfeed. Lactation has been achieved
for transmasculine and transfeminine persons as well. Many
SGM people delay childbearing until later in life, which has
been demonstrated in lesbian women, and then the issues of
fertility, pregnancy loss, and birth defects increase. Preg-
nancy outcomes of bisexual and lesbian women compared to
heterosexually identified women include increased risk of
miscarriage (odds ratio [OR] 1.77) and stillbirth (OR 2.85),
as well as very preterm birth (OR 1.84).

There have been many studies on the overall outcomes
of children of lesbian women, all of which have been favor-
able when comparing their children to children raised by
heterosexual parents, despite the stigma the children may
experience of having same-sex parents. Using the 2011–
2012 National Survey of Children’s Health data set from the
United States, children with female same-sex parents and
different-sex parents demonstrated no differences in out-
comes (spouse-partner relationships, emotional difficul-
ties, coping behaviors, and learning behavior).

Biologic options for pregnancy for cisgender gay men
or transfeminine persons include conceiving with someone
who may or may not be interested in co-parenting with
them, or contracting with a friend, relative, or surrogate to
carry the pregnancy after the sperm and a donor egg are
fertilized and placed in the uterus of the surrogate. For
transgender people, there are other options based on the
organs they currently have. Prior to initiation of any gender
affirming hormones or gender affirming surgical proce-
dures, a consultation with either an obstetrician/gynecolo-
gist or a reproductive endocrinologist to discuss fertility
preservation and future genetic offspring is encouraged.
Reproductive planning is often not a priority for a transi-
tioning youth but may become a desire in the future and
may also be a priority for potential grandparents. Options

are limited for transgender youth who have not undergone
endogenous puberty before either starting gender affirm-
ing hormones (with estrogen or testosterone) or puberty
blockers and then going directly to estrogen or testoster-
one. The only future fertility option is either testicular or
ovarian tissue cryopreservation, which is considered
experimental. For transfeminine persons and gender non-
binary individuals who were male sex assigned at birth and
who have reached adulthood after endogenous puberty,
sperm can be stored ideally prior to the initiation of estro-
gen. Of note, though some transfeminine persons still
produce sperm even after long-term estrogen exposure, it
is recommended that sperm cryopreservation occur prior
to hormone start because the effect on fertility is hard to
quantify and coming off hormones can often be dysphoric.
For transmasculine persons and non-binary individuals
who were female sex assigned at birth and have gone
through endogenous puberty, next steps in genetic parent-
age will be based on the desire to carry a pregnancy and
whether or not they have started gender affirming hor-
mones. Options include penis-in-vagina sex, intravaginal
insemination, intrauterine insemination, and egg cryo-
preservation for the individual, a partner, or surrogate to
carry. If a hysterectomy is planned as part of gender affir-
mation, discussion of whether ovaries are left in place
should occur in light of consideration of future genetic
parentage as well as future hormone regulation versus the
risk of future ovarian cancer. In one study in Australia,
however, only 7% of transgender and non-binary adults
had undertaken fertility preservation yet 95% said that
fertility preservation should be offered to all transgender
and non-binary people. Participants who viewed genetic
relatedness as important were more likely to have under-
taken fertility preservation. Perinatal care providers should
also ensure that all components of perinatal care are wel-
coming to SGM people. A 2019 case study of a 32-year-old
man who came to the emergency department with abdom-
inal pain and hypertension illustrates the limits of classifi-
cation and gender that is taught to health professionals.
Even though the patient explained that he was a transman
and his human chorionic gonadotropic level was elevated,
he did not receive immediate care as indicated for possible
obstetrical complications, including preterm labor or pla-
cental abruption. He delivered a stillborn infant hours later.

All SGM persons planning a pregnancy should be
encouraged to consult with a family attorney prior to con-
ception, and if partnered, the partner needs to be aware of
their rights and responsibilities. The law has not kept up
with the variety of family constellations that are seen in
SGM families. Examples of these constellations include two
gay cisgender fathers parenting together, each using the
same egg donor so that their children are half-siblings bio-
logically; a lesbian couple composed of a transfeminine
person and cisgender woman where one partner provides
the sperm and another provides the egg and carries the
pregnancy; a straight cisgender father parenting with a
lesbian cisgender mother; a lesbian cisgender couple with
the sperm donor being the brother of the parent who did
not provide the egg so one mother is genetically related via
the egg and the other mother is genetically related to the
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sperm (her brother’s) thus being a biologic aunt; two cis-
gender lesbians each carrying a pregnancy conceived with
their own eggs and using the same sperm donor so that
their children are half-siblings; and two gay men where one
is a cisgender man and provides the sperm and one is a
transmasculine person and provides the egg and a surro-
gate carries the pregnancy.

Baiocco R et al. Same-sex and different-sex parent families in
Italy: is parents’ sexual orientation associated with child
health outcomes and parental dimensions? J Dev Behav
Pediatr. 2018;39:555. [PMID: 29781831]

Everett BG et al. Sexual orientation disparities in pregnancy and
infant outcomes. Matern Child Health J. 2019;23:72. [PMID:
30019158]

Hahn M et al. Providing patient-centered perinatal care for
transgender men and gender-diverse individuals: a collabora-
tive multidisciplinary team approach. Obstet Gynecol. 2019;
134:959. [PMID: 31599839]

Kim A et al. Lesbian women undergoing assisted reproduction:
diverse but not different. Obstet Gynecol. 2020;136:543.
[PMID: 32769644]

Reisman T et al. Case report: induced lactation in a transgender
woman. Transgend Health. 2018;3:24. [PMID: 29372185]

Stroumsa D et al. The power and limits of classification—a
32-year-old man with abdominal pain. N Engl J Med. 2019;
380:1885. [PMID: 31091369]

HEALTH CARE FOR LESBIAN &
BISEXUAL WOMEN

Patricia A. Robertson, MD

Nicole Rosendale, MD

Juno Obedin-Maliver, MD, MPH, MAS

Cisgender lesbian and bisexual women are addressed
together in this section since most medical literature does
not delineate clearly enough between lesbian and bisexual
cisgender women. Current medical literature also does not
consider the intersection of sexual orientation and gender
identity explicitly enough to evaluate the specific health
needs and concerns of lesbian and bisexual women who are
of transgender experience. In the United States, women in
same-sex couples are less likely to have primary care pro-
viders, get nonurgent medical care when needed, see a
specialist, and feel that doctors spent enough time with
them. This is true worldwide with variability depending on
the local sociopolitical climate. In countries with more
restrictive laws and policies, health disparities are likely
greater. A study in Lebanon noted that significantly more
sexual minority women reported having trouble accessing
health care than heterosexual women, and a meta-analysis
of southern African countries outlined the unique health
challenges faced by sexual minority women, including
social exclusion and invisibility, criminalization, and sys-
tematic homophobic sexual assault. Limited clinician
training likely exacerbates the lack of preparedness to care
for sexual minority women.

Gereige JD et al. The sexual health of women in Lebanon: are
there differences by sexual orientation? LGBT Health.
2018;5:45. [PMID: 29130791]

» Health Disparities Affecting Lesbian &
Bisexual Women

Health disparities exist across the life span for lesbian and
bisexual women compared to heterosexual women. The
following are increased among lesbian and bisexual
women: childhood physical abuse in the home, childhood
sexual abuse, substance use including alcohol and tobacco,
chlamydial infection as teens and young adults, sexual
assault, depression, disabilities, increased body mass index
(BMI), intimate partner violence, threats and violence out-
side the home, asthma, and cardiovascular disease (CVD).
Sexual dysfunction for lesbian and bisexual women is seen
less often or as often as heterosexual women but is under-
studied and likely assessed at rates lower than among het-
erosexual women. A high risk of sexual dysfunction can be
detected by a single question regarding sexual function:
“Do you have any questions or concerns about your sexual-
ity or sexual health?” Studies of Irish SGM elders reveal
concerns about residential care outside of their own home
as well as respect by health professionals; similarly, there
are concerns about home services for lesbian and bisexual
women in Canada and the United States. Lesbian and
bisexual women have fewer children available to help them
as they age compared to heterosexual women. Therefore, it
is critical that health care providers identify health decision
makers for all patients, including lesbian and bisexual
women, who may have more “family of choice” members
versus “family of origin” members who may be estranged.
This is especially important since same-sex/same-gender
marriage is not allowed in many countries and is still con-
sidered socially unacceptable in many areas of the United
States. To avoid conflict during critical decision-making
moments, the health decision maker needs to be identified
on the medical record after a private conversation with the
patient. In one survey, only about 50% of same-sex couples
who desired their partner to be the health decision maker
had appropriate forms, and even if married, advance direc-
tives should be completed given past visitation denials.
Many notable legal cases, including that of Sharon Kowalski
and Karen Thompson, have documented the struggles
that same-sex partners can face regarding visitation and
appropriate recognition during end-of-life care or critical
medical decision making when these documents have not
been completed. Elder abuse screening also needs to be
done, since the incidence is unknown in this population.

Kortes-Miller K et al. Dying in long-term care: perspectives from
sexual and gender minority older adults about their fears and
hopes for end of life. J Soc Work End Life Palliat Care.
2018;14:209. [PMID: 30457453]

Meads C et al. A systematic review of sexual minority women’s
experiences of health care in the UK. Int J Environ Res Public
Health. 2019;16:E3032. [PMID: 31438599]

» Prevention of Cardiovascular Disease

The risk of CVD appears to be higher in sexual minority
women compared with heterosexual peers; information on
cardiovascular disease outcomes is limited, however, and
many studies rely on self-report rather than objective
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measures. Studies suggest that CVD risk is most influenced
by psychosocial stress (ie, cumulative minority stress). In
one study, lesbian and bisexual women were 14% older in
vascular terms than their chronological age, which was 6%
greater than that of their heterosexual counterparts; the risk
was not fully explained by excessive smoking or alcohol use.
Data from the Behavioral Risk Factor Surveillance System
(2014–2016) showed that sexual minority women, com-
pared with their heterosexual counterparts, had increased
modifiable CVD risk factors of mental distress (lesbian
adjusted odds ratio [AOR] 1.37; bisexual AOR 2.33), cur-
rent smoking (lesbian AOR 1.65; bisexual AOR 1.29), heavy
drinking (lesbian AOR 2.01; bisexual AOR 2.04), and obe-
sity (lesbian AOR 1.50; bisexual AOR 1.29). Sexual minority
women may have higher prevalence of hypertension com-
pared with heterosexual counterparts. Sexual minorities,
particularly bisexuals, were less likely than heterosexual
peers to use statins for primary prevention but not second-
ary prevention, potentially highlighting a gap in access.
Data from the Chicago Health and Life Experiences of
Women study and the National Health Interview Survey
found cardiometabolic risk factors (hypertension, diabetes,
and obesity) and CVD outcomes, respectively, varied by
sexual orientation and race/ethnicity highlighting the
importance of intersectional assessments and interventions
that account for sexual orientation, race, and ethnicity.

Caceres BA et al. Cardiovascular disease disparities in sexual
minority adults: an examination of the Behavioral Risk Factor
Surveillance System (2014–2016). Am J Health Promot. 2019;
33:576. [PMID: 30392384]

Caceres BA et al. Lifetime trauma and cardiometabolic risk in
sexual minority women. J Womens Health (Larchmt). 2019;
28:1200. [PMID: 31099702]

Caceres BA et al. Racial/ethnic differences in cardiometabolic
risk in a community sample of sexual minority women.
Health Equity. 2019;3:350. [PMID: 31312782]

Caceres BA et al. Assessing and addressing cardiovascular
health in LGBTQ adults: a scientific statement from the
American Heart Association. Circulation. 2020;142:e321.
[PMID: 33028085]

Guo Y et al. Statin use for atherosclerotic cardiovascular disease
prevention among sexual minority adults. J Am Heart Assoc.
2020;9:e018233. [PMID: 33317368]

» Smoking

Cigarette smoking is more common among lesbian and
bisexual women than in heterosexual women. While esti-
mates vary, the National Adult Tobacco Survey noted 22%
of lesbian women and 32% of bisexual women smoke com-
pared with 13% of heterosexual women. Studies from
Australia and Ireland also show consistently higher smok-
ing rates for sexual minorities. The tobacco industry’s well-
documented targeted marketing to SGM groups and the
use of cigarette smoking to decrease social stress are con-
tributing factors. A 2019 study found that early initiation of
smoking (before age 15) accounts for 22–29% of the dis-
parities in adult smoking rates, and rates of cigarette smok-
ing and e-cigarette use in sexual minority high school
students are consistently higher than heterosexual peers,
particularly for bisexual youth. Protective factors against

smoking behaviors for young LGB women included con-
nections with other SGM people. Significant racial/ethnic
differences exist; Asian and Pacific Islander lesbian and
bisexual women have four times higher odds of smoking
than heterosexual Asian and Pacific Islander women.

Both traditional smoking cessation programs and
targeted SGM programs are effective for SGM people.
A review of smoking cessation programs for LGBTI
(I = intersex) people found that with cultural modifica-
tions for LGBTI people, 61% had quit at the end of interven-
tions and this stabilized to 39% at 3–6 months. In Canada,
24 focus groups in Toronto and Ottawa detailed eight over-
arching themes that would be important to them in a smok-
ing intervention: (1) be LGBTQ+ specific; (2) be accessible
in terms of location, time, availability, and cost; (3) be
inclusive, relatable, and highlight diversity; (4) incorporate
LGBTQ+ peer support and counseling services; (5) inte-
grate other activities beyond smoking; (6) be positive,
motivational, uplifting, and empowering; (7) provide con-
crete coping mechanisms; and (8) integrate rewards and
incentives. Other studies have corroborated that both
SGM-specific (such as relation to “coming out,” different
norms and acceptability of smoking among SGM commu-
nities, or SGM-related minority stress) and previously
identified factors seen in other populations (such as self-
efficacy around quitting) are important to support SGM
people in quitting smoking. Attention should be paid to
messaging about smoking warnings because not all mes-
sages are perceived as equally effective by sexual minorities
when compared with heterosexual people. Patients should
be encouraged to check with community or online
resources for smoking cessation programs and encourage
participation in SGM tailored programs, if available.

Azagba S et al. Cigarette smoking, e-cigarette use, and sexual
identity among high school students in the USA. Eur J Pediatr.
2019;178:1343. [PMID: 31292730]

Berger I et al. Smoking cessation programs for lesbian, gay,
bisexual, transgender, and intersex people: a content-based
systematic review. Nicotine Tob Res. 2017;19:1408. [PMID:
27613909]

» Body Weight

Most studies suggest higher prevalence of obesity and over-
weight in lesbians and bisexual women compared with het-
erosexual women. The prevalence of obesity may not be
uniform across racial and ethnic groups, and sexual minority
women of color may experience higher rates of obesity com-
pared with White sexual minority women, although data are
mixed. The reason for this difference is likely multifactorial
and complex. Obesity and overweight may start at a young
age in lesbian and bisexual youth, and they may conceptual-
ize their weight differently than heterosexual peers.

A 2019 study found significant differences between
bisexual women, lesbians, and heterosexual adults in body
perception and ideals. Studies of physical activity have found
that while there may be greater physical activity and fitness
among some sexual minority women, sedentary time is also
increased in some. The United States Nurses Health Study II
found higher diet quality among lesbian and bisexual
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women compared with heterosexual women. Psychosocial
stress also plays a role. Bullying has been associated with
high levels of unhealthy weight control behavior in sexual
minority youth. Lifetime trauma exposure has been associ-
ated with obesity in sexual minority women, and a 2019
study of lesbian women showed an association between
unhealthy eating patterns (binge eating, disordered eating
and hazardous alcohol use, disordered eating and high
exercise) with higher rates of general discrimination, sex-
ual minority stress, social anxiety, negative affect, and
lower social support.

Focus groups have identified themes related to weight
for lesbian and bisexual women: aging, physical and mental
health status, community norms, subgroup differences,
family and partner support, and awareness and tracking of
diet and physical activity. Participants expressed feeling
unprepared for age-related changes to their health and
voiced interest in interventions addressing these issues.
Findings from focus groups included (1) a preference for
interventions focusing on promoting health and full life
participation rather than on weight loss only, (2) cultural
norms within the lesbian community that were accepting
of larger body types, (3) an increased awareness in older
age that the larger body size may exacerbate chronic health
problems such as knee pain, and (4) the importance of
social support and group structures in initiating and main-
taining healthy behaviors.

Henn AT et al. Body image as well as eating disorder and body
dysmorphic disorder symptoms in heterosexual, homosexual,
and bisexual women. Front Psychiatry. 2019;10:531. [PMID:
31427996]

Ingraham N. Perceptions of body size and health among older
queer women of size following participation in a health pro-
gramme. Cult Health Sex. 2019;21:636. [PMID: 30295146]

Mason TB et al. Clustered patterns of behavioral and health-
related variables among young lesbian women. Behav Ther.
2019;50:683. [PMID: 31208679]

Pistella J et al. The role of peer victimization, sexual identity, and
gender on unhealthy weight control behaviors in a represen-
tative sample of Texas youth. Int J Eat Disord. 2019;52:597.
[PMID: 30805974]

» Prevention of Diabetes

There are limited studies examining diabetes and prediabe-
tes in sexual minority women and results are conflicting. In
the Nurse’s Health Study II, for example, lesbian and
bisexual women had a 27% higher risk of developing
type 2 diabetes than heterosexual women; however, this
association was mediated by BMI. Data from the Behav-
ioral Risk Factor Surveillance System (2014–2015) showed
reduced odds of diabetes in bisexual women and no differ-
ence in lesbians compared with heterosexual women,
although these findings differed by race/ethnicity. In this
study, Hispanic lesbian women had higher odds of diabetes
compared with White lesbian women (AOR 3.76) but not
Hispanic heterosexual women; Black bisexual women had
higher odds of diabetes compared with White bisexual
women (AOR 2.03) but Black lesbian and bisexual women
had lower odds of diabetes compared with Black hetero-
sexual women. Given the association between obesity and

diabetes, efforts to prevent obesity may also decrease dis-
parities in diabetes and prediabetes.

Corliss HL et al. Risk of type 2 diabetes among lesbian, bisexual,
and heterosexual women: findings from the Nurses’ Health
Study II. Diabetes Care. 2018;41:1448. [PMID: 29720541]

Liu H et al. Sexual orientation and diabetes during the transition
to adulthood. LGBT Health. 2019;6:227. [PMID: 31170023]

Newlin K et al. Prevalence of obesity, prediabetes and diabetes in
sexual minority women of diverse races/ethnicities: findings
from the 2014–2015 BRFSS surveys. Diabetes Educ. 2018;
44:348. [PMID: 29808733]

» Prevention of Pulmonary Disease

Pulmonary disease has not been rigorously studied in les-
bian or bisexual women; most of the data come from studies
of asthma, which generally find higher rates in sexual
minority women compared with heterosexual women.
Older lesbian women have a higher prevalence of lifetime
and current asthma, even when statistical models are used to
correct for current and past smoking and obesity. Increas-
ingly, as this field of research matures, other findings of
mediators on pulmonary health may help elucidate possible
causative factors of pulmonary health. For example, one
study of SGM persons found an association between shorter
duration of sleep and outcomes, such as COPD prevalence.
Further research is needed in this field, particularly consid-
ering disparate rates of smoking in sexual minority women
that may predispose to pulmonary disease.

Cabrera-Serrano A et al. Tobacco use and associated health con-
ditions and risk factors in the lesbian, gay, bisexual, transgen-
der, and transsexual populations of Puerto Rico, 2013–2015.
PR Health Sci J. 2019;38:46. [PMID: 30924915]

Fredriksen-Goldsen KI et al. Chronic health conditions and key
health indicators among lesbian, gay, and bisexual older US
adults, 2013–2014. Am J Public Health. 2017;107:1332.
[PMID: 28700299]

Veldhuis CB et al. Asthma status and risk among lesbian, gay, and
bisexual adults in the United States: a scoping review. Ann
Allergy Asthma Immunol. 2019;122:535. [PMID: 30721759]

Veliz P et al. LDCT lung cancer screening eligibility and use of
CT scans for lung cancer among sexual minorities. Cancer
Epidemiol. 2019;60:51. [PMID: 30909153]

» Prevention of Sexually Transmitted
Infections

STIs occur in lesbian and bisexual women, but little popu-
lation-based data are available to delineate precise risks.
Asking about sexual behaviors in addition to sexual identity
is key to identifying STI risk and advising appropriate test-
ing, since risk may vary by specific sexual practice (eg,
digital-vaginal, vaginal-vaginal, digital-anal, oral-vaginal,
oral-anal contact) and the specific pathogen. Often data are
mixed and inconsistent with respect to whether sources
speak to infection risk by identity group or behavior. Delin-
eating behavior-based risk and identity-based risk are
important for research, assessments, and interventions.
The CDC has found that women who have sex with
women (WSW is identity-based) have diverse sexual prac-
tices (sexual practices are behavior-based); the CDC also
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noted that use of barrier protection in examined studies
(eg, use of gloves, dental dams) was ubiquitously low.

Chlamydial infections were higher in 14- to 24-year-old
women who reported same-sex behavior when attending
family planning clinics in the US Pacific Northwest com-
pared to women who reported exclusively heterosexual
behavior. Possible explanations for this observation include
differences in these groups’ use of reproductive health care
services, infrequent use of barrier methods to prevent STI
transmission with female partners, trends toward higher-
risk behaviors, and different social network characteristics.
Regardless of sexual orientation, the CDC recommends
annual Chlamydia trachomatis (and Neisseria gonorrheae)
screening from the age of first sexual activity to the age of
25 years for all women.

It is important to ask lesbian and bisexual women about
specific sexual practices, as some practices may carry a
higher risk of STIs than others, although there has been
little research on sexual practices and the risk of STIs in
this population. Thus, inferences are drawn from hetero-
sexual prevention of these infections. “Safer Sex Kits” have
occasionally been distributed to WSW and women who
have sex with women and men (WSWM) to decrease the
risk of STIs, but intervention effectiveness has not been
studied. These kits often include dental dams to prevent
transmission of bacteria and viruses from oral sex, but the
efficacy of dental dams for this function has not been stud-
ied. Female latex condoms and latex gloves may provide
better protection against infectious transmission from oral
sex since latex has been studied as a barrier for prevention
of HIV and other STIs. Exchange of blood should be
avoided as much as possible, especially in HIV-discordant
lesbian couples, since viral genotype analysis has con-
firmed that HIV can be transmitted sexually between
women. The clinician should encourage both partners in
new lesbian couples to have comprehensive STI and HIV
screening prior to sexual contact and recommend barrier
protection for 6 months until the couple is again screened
to verify that their HIV status is still negative. If the couple
is consistently monogamous and HIV and other STI testing
are negative, barrier precautions do not need to be contin-
ued. However, lesbian and bisexual women may not follow
this advice, since many feel they are at low risk for HIV,
which may be correct, but data are lacking. About 20–50%
of lesbian women use sexual aids (eg, vibrators, dildos, or
other sexual toys); these should not be shared with partners
and should be cleaned after use. The human papillomavi-
rus (HPV) can remain on these sexual aids for up to
24 hours after use, even after standard cleaning. Some
lesbian and bisexual women are sex workers or have had
sexual relationships with high-risk male sexual partners
(sometimes gay male friends) and are at increased risk for
STIs. CDC guidelines recommend that all women should
be tested once in their lifetime for HIV, with testing
repeated according to risk factors.

The herpes simplex virus (HSV) can be transmitted
sexually between women. The same precautions regard-
ing the transmission of HSV should be provided to les-
bian, bisexual, and heterosexual women; there should be
no sexual contact during any prodromal symptoms that

may precede a genital herpes outbreak or during the
blister stage of the outbreak. Suppression of lesions can
usually be accomplished with antiviral medications, such
as acyclovir or valacyclovir, if the lesions are recurrent
(see Chapter 6).

There is evidence of HPV transmission between female
sexual partners. Certain strains of HPV are causally related
to many precancerous and cancerous lesions, including
cervical dysplasia and cervical cancer (see Chapter 18). Ten
percent of lesbian women have never had sex with men, yet
cervical dysplasia and cervical cancer develop in some of
these women. All women (including lesbian women) need
cervical cancer screening, which may include Papanico-
laou smears, high-risk HPV strain testing, or both, accord-
ing to timetables and risk factors provided by professional
society guidelines. The rate of HPV vaccination in Black
lesbian women was very low in one study; the OR for HPV
vaccination was 0.16 for Black lesbian women compared to
White heterosexual women, and 0.35 for White lesbian
women compared to White heterosexual women. Bisexual
women are vaccinated more frequently than either lesbian
or heterosexual women. However, the overall HPV vacci-
nation rate is low in adult women regardless of sexual ori-
entation, so improvement in all groups should be the goal.
Administration of the HPV vaccine is critical to the pre-
vention of cervical cancer; the CDC recommends HPV
vaccination for all persons through age 26 years; for unvac-
cinated adults ages 27 through 45 years, shared decision
making is recommended. Despite recommendations that
cervical cancer screening, usually Papanicolaou testing, be
performed regardless of sexual orientation, Papanicolaou
testing varies according to identity irrespective of behavior
and some studies modify screening according to identity
and behavior. In a national probability sample of who
underwent Papanicolaou testing, WSWM had the same
odds of testing as WSM only, whereas women with lifetime
female partners had lower odds of testing. Those who iden-
tified as bisexual also had lower odds of testing.

Trichomonas vaginalis can be transmitted easily between
female sexual partners. One study of women attending an
STI clinic in the United States noted that T vaginalis was
the most common curable STI found in this population
with a prevalence of 17% in WSW and 24% in WSWM.

Bacterial vaginosis is common among women and,
according to the CDC, even more common among WSW.
It is unknown whether bacterial vaginosis can be transmit-
ted between women. A study from Australia found a 27%
prevalence of bacterial vaginosis in women and their
female partners; risk factors for bacterial vaginosis were
four or more lifetime female sexual partners, a female part-
ner with bacterial vaginosis symptoms, and smoking at
least 30 cigarettes weekly. Routine screening for bacterial
vaginosis, though, is not currently recommended and test-
ing should be based on symptoms. One approach for a
WSW who has symptomatic bacterial vaginosis is to treat
her and not her female sexual partner. If symptoms recur,
her female sexual partner(s) should be evaluated and
treated with consideration of re-treating the index woman.
This strategy may also be used for treatment of recurrent or
hard to treat vulvovaginal candidiasis, which technically is
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not considered to be sexually transmitted, but anecdotally,
improvement has occurred with treatment of the index
patient and female partner.

Various strategies for making reproductive and sexual
health clinics and providers more amenable to serving
SGM people were studied by a group in the United States,
but the findings (such as ensuring counseling involves
inclusive safe sex discussions that are relevant to SGM
people) have broad face validity and relevance for other
regional and medical focus settings as well.

Agénor M et al. Human papillomavirus vaccination initiation
among sexual orientation identity and racial/ethnic sub-
groups of black and white U.S. women and girls: an intersec-
tional analysis. J Womens Health (Larchmt). 2018;27:1349.
[PMID: 29957092]

Everett BG et al. Do sexual minorities receive appropriate sexual
and reproductive health care and counseling? J Womens
Health (Larchmt). 2019;28:53. [PMID: 30372369]

McCune KC et al. Clinical care of lesbian and bisexual women
for the obstetrician gynecologist. Clin Obstet Gynecol.
2018;61:663. [PMID: 30285974]

Wingo E et al. Reproductive health care priorities and barriers to
effective care for LGBTQ people assigned female at birth: a
qualitative study. Womens Health Issues. 2018;28:350. [PMID:
29661698]

» Prevention of Substance Use

Substance use is higher in lesbian and bisexual women
compared to heterosexual women and is especially well-
documented for cigarette smoking and alcohol use. A sec-
ondary analysis of alcohol, tobacco, and other drug use
among lesbian and bisexual women in the American
College Health Association’s National College Health
Assessment revealed that bisexual women had greater odds
of using alcohol, tobacco, and marijuana than heterosexual
women and lesbian women. Lesbian women had greater
odds of using tobacco, marijuana, sedatives, hallucinogens,
and other illicit drugs and misusing prescription drugs
than heterosexual women. This increased rate of substance
use persists for bisexual women over the age of 25 but
decreases for lesbian women at that time.

Multiple interventions have been initiated to decrease
alcohol and other substance use in lesbian and bisexual
female youth. In Canada, there were significant lower odds.
A 2020 study showed that greater LGBT supportive factors
in a community (eg, PRIDE events) correlate with lower
lifetime odds of marijuana use and smoking for girls. Rec-
ommendations for improving substance use treatment for
sexual minority persons include providing interventionists
with training in SGM cultural sensitivity. Another approach
studied in the rural United States looked at training and
deploying SGM peer-advocates to support mental health
and substance use and “bridge the gap in culturally compe-
tent care.” Sexual minority women, compared to hetero-
sexual women, with lifetime alcohol use disorders are at
heightened risk for concomitant psychiatric and drug use
disorders, underscoring the need for substance abuse pro-
grams to provide access to individual counseling with
mental health professionals.

Israel T et al. Development and evaluation of training for rural
LGBTQ mental health peer advocates. Rural Ment Health.
2016;40:40. [PMID: 27516816]

Schuler MS et al. Substance use disparities at the intersection of
sexual identity and race/ethnicity: results from the 2015–2018
national survey on drug use and health. LGBT Health.
2020;7:283. [PMID: 32543315]

Watson RJ et al. Associations between community-level LGBTQ-
supportive factors and substance use among sexual minority
adolescents. LGBT Health. 2020;7:82. [PMID: 31985327]

» Cancer Risk, Prevention, & Treatment

Little is known about the incidence and prevalence of vari-
ous cancers in lesbian and bisexual women, since sexual
orientation has not been routinely included in cancer screen-
ing programs and cancer registries. However, some data
suggest that sexual minority women may be at a higher risk
for cancer-related mortality than heterosexual counterparts.
Investigators from the Women’s Health Study compared
sexual minority veterans and civilians to their heterosexual
counterparts and found that sexual minority women veter-
ans had a higher risk of cancer-specific mortality. A popula-
tion-based study from the United Kingdom found higher
rates of cancer among gay and bisexual men but no differ-
ence in cancer diagnoses between lesbian and bisexual
women and their heterosexual counterparts except for a
higher rates of oropharyngeal cancer (OR 3.2). Conversely,
the National Health Interview Survey found bisexual women
over age 65 were 7.6% more likely to be diagnosed with can-
cer than a heterosexual woman of the same age, but the dif-
ference was not seen between lesbian and heterosexual
women. Additionally, further analyses of US National Health
Interview Survey showed that lesbian and bisexual women
have higher prevalence of cancer risk factors, such as tobacco
use, underscoring the need for vigilant screening. Since les-
bian and bisexual women have barriers to accessing health
care and may not see a clinician on an annual basis, any visit
to a health care provider is an opportunity to check on cancer
screening status (eg, colonoscopy, mammography, cervical
cancer screening). There is also recognition that upon receiv-
ing a cancer diagnosis, SGM people face challenges in receiv-
ing equitable care throughout the cancer care continuum and
may experience cancer differently and have different needs
during their care; heterosexual and sexual minority cancer
survivors in the UK reported receiving different care. The US
National Cancer Care Network Guidelines do not address
how SGM status should be considered in site-specific guide-
lines. One qualitative study with SGM breast cancer survi-
vors underscored the challenges of disclosing sexual
orientation during cancer care and the importance of pro-
vider recognition that varying social networks are critical to
positive experiences of care provision. The 2017 American
Society for Clinical Oncology position statement recom-
mends five action steps to enhance SGM cancer care and
reduce disparities: (1) patient education and support, (2)
workforce development and diversity, (3) quality improve-
ment strategies, (4) policy solutions, and (5) research strate-
gies. All providers need to consider whether their prevention,
screening, diagnostic, treatment, and palliative approaches
will be equitably experienced by lesbian and bisexual women.
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Gonzales G et al. Cancer diagnoses among lesbian, gay, and
bisexual adults: results from the 2013–2016 National Health
Interview Survey. Cancer Causes Control. 2018;29:845.
[PMID: 30043193]

Hudson J et al. Sexual and gender minority issues across NCCN
Guidelines: results from a national survey. J Natl Compr Canc
Netw. 2017;15:1379. [PMID: 29118229]

Obedin-Maliver J. Time to change: supporting sexual and gender
minority people-an underserved, understudied cancer risk
population. J Natl Compr Canc Netw. 2017;15:1305. [PMID:
29118223]

Saunders CL et al. Associations between sexual orientation and
overall and site-specific diagnosis of cancer: evidence from
two national patient surveys in England. J Clin Oncol. 2017;
35:3654. [PMID: 2894550]

A. Breast Cancer

The literature has been mixed on whether lesbian and
bisexual women have a slight increased risk of breast cancer
compared to heterosexual women. A 2013 systemic review
found the few prevalence studies of breast cancer in lesbi-
ans unreliable; however, lesbian women do have an
increased prevalence of risk factors predisposing to breast
cancer, including nulliparity (and decreased breastfeeding),
alcohol use, obesity, and cigarette smoking. Vulnerability to
inadequate screening, the development of cancer, or delayed
diagnosis may further correlate with certain experiences
such as a masculine gender presentation and practices like
chest binding, as one study in China found. The literature is
also inconsistent regarding the rate of mammography
screening in lesbian women; however, a study done in Mas-
sachusetts showed that bisexual women were less likely
than heterosexual women and lesbian women to adhere to
mammography screening guidelines. Lesbian and bisexual
women who have breast cancer may not want reconstruc-
tion at the same rate as heterosexual women and often find
that breast cancer support groups focus on issues for het-
erosexual women (such as attractiveness to a male partner).
Resilience and recovery factors vary in some ways between
heterosexual and sexual minority women.

Bazzi AR et al. Resilience among breast cancer survivors of dif-
ferent sexual orientations. LGBT Health. 2018;5:295. [PMID:
29878863]

Liu PL et al. Breast health, risk factors, and cancer screening
among lesbian, bisexual, and queer/questioning women in
China. Health Care Women Int. 2019:1. [PMID: 30730783]

B. Cervical Cancer

Primary prevention of cervical cancer is essential. All per-
sons between the ages of 9 and 45 years (routine recom-
mended age is 11 to 12 years old) should receive the HPV
vaccine series. HPV can be transmitted sexually between
lesbian or heterosexual partners. Cervical cancer screen-
ing, with Papanicolaou smears, primary HPV testing, or
both, should be part of lesbian and bisexual women’s health
care at the same intervals as for heterosexual women
according to national and international guidelines. Lesbian
and bisexual women, however, receive Papanicolaou
smears at a lower rate than sexually active heterosexual
women, in part because many of the Papanicolaou smears

are done in reproductive health clinics; lesbians who are not
interested in becoming pregnant or avoiding pregnancy
may not access these clinical sites. In addition, some lesbian
patients as well as their health care providers mistakenly
think that lesbian women do not need Papanicolaou smears.
All lesbian and bisexual women need cervical cancer screen-
ing starting at the age of 21, consistent with recommendations
for cervical cancer screening for all women.

C. Lung Cancer

Compared to heterosexual women, the rate of lung cancer
is likely higher in lesbian and bisexual women due to their
increased rate of cigarette smoking. The incidence and
prevalence of lung cancer, however, have not been deter-
mined in this sexual minority population. Nonetheless, gay
men and lesbian women with significant use of cigarettes
are at increased risk for lung cancer and are underscreened
for early lung cancer detection with the use of low-dose
helical computed tomography.

D. Endometrial and Ovarian Cancer

Endometrial and ovarian cancers are increased among
those with nulliparity, which is more likely in sexual
minority women. Obesity, a known risk factor for both
cancers, appears to be more prevalent among sexual
minority women. Conversely, the use of oral contracep-
tives, which is protective against the development of both
of these cancers, is lower in lesbian women than in hetero-
sexual women. Vigilance toward and education about pre-
senting signs and symptoms (eg, postmenopausal bleeding,
early satiety, unintended weight loss) are important to
detect cancers as early as possible. Neither incidence nor
prevalence of endometrial or ovarian cancer has been
determined in this sexual minority population.

Bazzi AR et al. Adherence to mammography screening guide-
lines among transgender persons and sexual minority women.
Am J Public Health. 2015;105:2356. [PMID: 26378843]

Lunn MR et al. Sociodemographic characteristics and health
outcomes among lesbian, gay, and bisexual U.S. adults using
Healthy People 2020 leading health indicators. LGBT Health.
2017;4:283. [PMID: 28727950]

Simoni JM et al. Disparities in physical health conditions among
lesbian and bisexual women: a systematic review of popula-
tion-based studies. J Homosex. 2017;64:32. [PMID: 27074088]

» Prevention of Violence

Compared to heterosexual women, lesbian and bisexual
women have higher exposures to violence throughout their
lifetimes. Lifetime prevalence of sexual assault may be as
high as 85%. A 2019 study concluded that sexual orienta-
tion clearly plays a role in victimization when they found
that compared with heterosexual women, bisexual women
had 3.7 times the odds of initial victimization and 7.3 times
the odds of repeat victimization, and lesbian women had
3.2 times the odds of repeat victimization even after con-
trolling for other sociodemographic factors. In a study of
four countries in southern Africa, nearly one-third of les-
bian and bisexual women experienced forced sex and
assault including “corrective rape” by men as an attempt to
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change the women’s sexual orientation. In a study from
Brazil, qualitative interviews were done of youth coming
out to their families: The family reactions were often vio-
lent, with persecution and even expulsion from the home,
which impacted the youth’s health and quality of life.

The CDC reports that 61% of bisexual women and 44%
of lesbian women experience rape, physical violence, and
stalking by an intimate partner. These rates are higher than
similar trauma in heterosexual women (35%). Addition-
ally, approximately 20% of bisexual women compared
with 10% of heterosexual women have been raped by an
intimate partner in their lifetimes. The rate of stalking
experienced by bisexual women is twice that of hetero-
sexual women and a higher percentage of bisexual women
report being afraid of an intimate partner. A study of
United States armed services veterans found that compared
to heterosexual women veterans, lesbian, bisexual, and
queer women veterans were twice as likely to report emo-
tional mistreatment and physical intimate partner violence
and three times as likely to report sexual intimate partner
violence. Despite alarming rates for women of any identity,
lesbian and bisexual women survivors of sexual assault and
interpersonal violence may experience unique difficulties
when seeking assistance. These problems include a limited
understanding of interpersonal violence in the relation-
ships of lesbian and bisexual women, stigma, and systemic
inequities (such as shelters unwelcome to this population,
perpetrating partners being allowed into the same shelters
as the survivor of the domestic violence, “outing” someone
as a psychological threat, and staff lacking cultural sensitiv-
ity and appropriate training in working with lesbian and
bisexual women). Barriers to preventing SGM violence
include stigma, systemic discrimination, and a lack of
understanding of SGM intimate partner violence.

Community violence is experienced more frequently by
SGM persons. In-depth interviews of 19 Flemish sexual
minority victims of violence revealed the use of four coping
strategies: (1) avoidance, (2) assertiveness and confronta-
tion, (3) cognitive change, and (4) social support. Applying
these coping skills and actively attaching meaning to nega-
tive experiences helped victims of anti-SGM violence over-
come fear, embarrassment, or depressive feelings. The
presence of a supportive network was important in facili-
tating the positive outcomes.

Braga IF et al. Family violence against gay and lesbian adoles-
cents and young people: a qualitative study. Rev Bras Enferm.
2018;71:1220. [PMID: 29972518]

Canan SN et al. Differences in lesbian, bisexual, and heterosex-
ual women’s experiences of sexual assault and rape in a national
U.S. sample. J Interpers Violence. 2019:886260519863725.
[PMID: 31347442]

Dardis CM et al. Intimate partner violence among women
veterans by sexual orientation. Women Health. 2017;57:775.
[PMID: 27322372]

» Prevention of Mental Disorders

Lesbians and bisexual women have an increased risk of
depression. Many of the health disparities and health risks
faced by lesbians and bisexual women, such as depression

and cardiovascular risk, have been attributed to minority
stress. Therefore, rather than identifying mental health
problems as synonymous with a sexual minority identity or
stemming from in-born association with minority sexual
orientation, minority stress causes mental health chal-
lenges that stem from societal discrimination and stigma
borne by individuals with minority identities (and behav-
iors). An examination of lesbian and bisexual women vet-
erans from the United States Behavioral Risk Factor
Surveillance System found that sexual minority women
veterans were three times more likely than heterosexual
women to experience “mental distress.” Mortality risk from
suicide is also elevated among women with same-sex part-
ners. In the United States National Epidemiologic Survey
on Alcohol and Related Conditions–III, bisexual women
had greater rates of specific psychiatric disorders than les-
bians or heterosexual women. Resilience factors that are
protective for mental distress and poorer mental health
among lesbian, gay, bisexual, queer and questioning youth
and adults in Israel included family support as well as other
community-level factors, such as friends’ support, SGM
connectedness, and having a steady partner. How parents
react to an adolescent’s “coming out” has a profound effect
on their child’s health outcomes. For those adolescents
whose parents were supportive, there was less homeless-
ness, depression, substance use, and unprotected sex. Inter-
ventions for building resilience can be important in
achieving a reduction in anxiety and depression. There is
some evidence that online friends can serve as a buffer and
social support, especially for SGM youth, although in-
person social support appears to be more protective against
victimization. However, social media can also be a place
where SGM youth experience bullying.

There is evidence that being in a legally recognized
same-sex relationship, particularly in marriage, diminishes
mental health differences between heterosexual and les-
bian, gay, and bisexual persons. In contrast, psychiatric
disorders increased among lesbian, gay, and bisexual per-
sons who lived in states in the United States that enacted
constitutional amendments to ban same-sex marriage
compared to states that did not. One study examined the
mental health of individuals living in states before (wave 1,
2001–2002) and after (wave 2, 2004–2005) the enactment
of same-sex marriage bans in 2004–2005. Among LGB
respondents living in states that enacted the marriage bans,
the National Epidemiologic Survey on Alcohol and Related
Conditions (N = 34,653) revealed that there was a signifi-
cantly increased prevalence of any mood disorder (36%
increase), generalized anxiety disorder (248% increase),
any alcohol use disorder (42% increase), and psychiatric
comorbidity (36.3%) between wave 1 and wave 2 of the
survey, suggesting that living in sociopolitical environ-
ments that do not legally recognize same-sex relationships
can have deleterious effects on mental health.

Mental health inequities among bisexual and lesbian
women are well documented. Compared to heterosexual
women, bisexual and lesbian women are more likely to
report lifetime depressive disorders, with bisexual women
often faring the worst on mental health outcome. Risk fac-
tors for depression, such as victimization in childhood and
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adulthood, are more prevalent among bisexual women.
One Chicago Health and Life Experiences study (an
18-year, community-based longitudinal study of sexual
minority women’s health) compared Black bisexual and
Black lesbian women with White lesbian women. The
study found reports of victimization were higher in Black
bisexual and Black lesbian women but the odds of depres-
sion were significantly lower than in White lesbian women.

Internalized homophobia was significantly associated
with depressive symptoms in a study in South Korea of
LGB people. Only 22% had “come out” to their mother, and
11% to their father. Since the early 2000s, suicide rates in
South Korea are among the highest of the Organization for
Economic Co-operation and Development nations. The
conclusion was that mental health interventions were
needed for LGB adults who have high levels of internalized
homophobia, as well as greater efforts are needed to enact
protective legislation for sexual minority individuals in
South Korea.

Bostwick WB et al. Depression and victimization in a commu-
nity sample of bisexual and lesbian women: an intersectional
approach. Arch Sex Behav. 2019;48:131. [PMID: 29968037]

Jackman K et al. Nonsuicidal self-injury among lesbian, gay,
bisexual and transgender populations: an integrative review. J
Clin Nurs. 2016;25:3438. [PMID: 27272643]

Kerridge BT et al. Prevalence, sociodemographic correlates and
DSM-5 substance use disorders and other psychiatric disor-
ders among sexual minorities in the United States. Drug
Alcohol Depend. 2017;170:82. [PMID: 27883948]

Lee H et al. Internalized homophobia, depressive symptoms, and
suicidal ideation among lesbian, gay and bisexual adults in
South Korea: an age-stratified analysis. LGBT Health
2019;8:393. [PMID: 31746660]

McDermott E et al. The social determinants of lesbian, gay,
bisexual and transgender youth suicidality in England: a
mixed methods study. J Public Health (Oxf). 2018;40:e244.
[PMID: 29045707]

Schulman JK et al. Mental health in sexual minority and trans-
gender women. Med Clin North Am. 2019;103:723. [PMID:
31078203]

HEALTH CARE FOR GAY & BISEXUAL MEN

Kevin L. Ard, MD, MPH

Kenneth H. Mayer, MD

This section is devoted to the primary care of cisgender
(that is, non-transgender) gay, bisexual, and other MSM
regardless of their sexual identity. Most health-related
research that focuses on MSM categorizes men based on
their sexual behavior as MSM, rather than their self-
reported identification as gay, bisexual, or other identities.
Although sexual identity is not always congruent with
sexual behavior, identity is important to recognize in order
to optimize health and health care, especially when there is
a difference on the basis of sexual identity (for example,
gay- vs bisexual-identified men).

» Demographics

The size of the MSM population in the United States is not
known with certainty due to variability in the definition of

sexual orientation used in surveys and the possibility that
some survey respondents do not disclose gay or bisexual
orientations because of concerns about discrimination.
Nevertheless, based on available data, it is estimated that at
least 2.2% of American adult men identify as gay, and an
additional 1.4% of men identify as bisexual. The propor-
tion of men who engage in sex with other men or experi-
ence sexual attraction to other men is estimated to be
higher, with 7.3% and 6.2% of adult men reporting some
same-sex attraction and sexual behavior, respectively, in
one national survey.

» Health Disparities

Gay, bisexual, and other MSM face health disparities stem-
ming from the biologic aspects of their sexual behavior
and/or from minority stress. Because of these disparities,
MSM have been identified as a priority population for
health-related research and improvement in health care by
both the National Academy of Medicine and the federal
government’s Healthy People initiative. These health dis-
parities are exacerbated if young MSM have experienced
early life traumatic events, such as sexual abuse or familial
rejection.

Office of Disease Prevention and Health Promotion (ODPHP).
Healthy People 2020: lesbian, gay, bisexual, and transgender
health. 2016. https://www.healthypeople.gov/2020/topics-
objectives/topic/lesbian-gay-bisexual-and-transgender-
health

A. HIV and Other STIs

MSM account for approximately 70% of all new HIV infec-
tions in the United States, despite representing a small pro-
portion (less than 10% by any metric) of the country’s male
population. The high burden of HIV infection among MSM
stems in part from the efficient transmission of the virus
through receptive anal intercourse, which confers a higher
risk of HIV infection than other sexual activities, such as
penile-vaginal and oral intercourse. Role versatility can also
uniquely potentiate HIV spread among MSM, since the
same person can acquire HIV via receptive intercourse and
then transmit by engaging in insertive anal intercourse with
HIV-uninfected partners. The origin of disparate HIV rates
between MSM and other populations is not solely biologic
in origin, however, as societal stigma and psychosocial
problems also contribute to sexual risk behavior among
MSM. MSM of color face an increased risk of HIV; the CDC
estimates that the lifetime risk of HIV infection is 1 in 2 for
African American MSM and 1 in 4 for Latino MSM com-
pared to 1 in 11 for White MSM. Racial and ethnic dispari-
ties in HIV infections among MSM do not appear to be due
to differences in sexual behavior or substance use but rather
factors such as lack of access to medical care, lower rates of
recent HIV testing among non-White MSM, and assortative
mixing (ie, being more likely to have sex with partners from
one’s own racial or ethnic group).

Beyond HIV, some STIs are more common among
MSM. In 2018, 64% of primary and secondary syphilis
diagnoses occurred in MSM or men who have sex with
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both men and women. Syphilis is associated with a high
risk of subsequent HIV acquisition in MSM and may
serve as a marker for individuals who could benefit from
intensive HIV prevention efforts, such as the initiation of
PrEP. Increased cases of ocular syphilis, occasionally
resulting in blindness, have been reported, with a major-
ity of cases occurring in MSM. The incidence of gonor-
rhea among MSM exceeds that among men who have sex
with women (MSW) and has increased. MSM also are
more likely than MSW to be infected with antibiotic-
resistant gonorrhea. Most gonococcal infections in MSM
occur at extragenital sites (ie, the pharynx or the rectum)
where they may be asymptomatic, underscoring the
importance of eliciting a comprehensive sexual history,
including an inventory of potential anatomic exposures,
in order to provide optimal STI screening for MSM.

MSM face increased risks of viral hepatitis. Outbreaks
of hepatitis A infection have been documented in MSM,
likely due to anal sexual contact, including oral-anal
exposure (“rimming”) as well as insertive and receptive
practices. Likewise, hepatitis B is more common among
MSM than the general population; approximately 20% of
MSM have evidence of either current or prior infection
with hepatitis B by age 30. This highlights the importance
of universal hepatitis A and B vaccination for young
MSM, preferably prior to the initiation of sexual contact.
Finally, hepatitis C infection has been identified as
increasingly prevalent among HIV-infected and high-risk
HIV-uninfected MSM; although hepatitis C is generally
not efficiently transmitted via sexual contact, it is associ-
ated with condomless receptive anal sex, group sex,
manual insertion of fingers into the rectum (“fisting”),
and recent STIs, which make the rectal mucosa more
susceptible to hepatitis C acquisition and transmission.

HPV infection, which can cause anogenital warts, anal
dysplasia, and anal cancer, is more common among MSM
than MSW. A meta-analysis estimated the prevalence of
the oncogenic HPV type 16 in the anal canal to be 35.4%
among HIV-positive MSM and 12.5% among HIV-negative
MSM. Correspondingly, anal cancer incidence is higher
among HIV-positive versus HIV-negative MSM. Studies
are underway to determine the optimal frequency of screen-
ing for anal cellular atypia and follow-up high resolution
anoscopy for sexually active MSM.

Enteric infections may be sexually transmitted among
MSM engaging in anal sexual contact, especially oral-
anal sexual contact, and should be considered in the
differential diagnosis of gastrointestinal complaints.
These infections include giardiasis, amebiasis, and shig-
ellosis. In addition, Shigella infections are more likely to
be antibiotic resistant among MSM than among other
individuals.

Clusters of meningococcal disease among MSM in the
United States and Europe have also been reported, par-
ticularly those frequenting sexualized environments,
including saunas and bathhouses, prompting some juris-
dictions to recommend meningococcal vaccination for
high-risk MSM. Intimate contact with multiple partners
has been identified as a risk factor for infection in some
of these outbreaks.

Centers for Disease Control and Prevention (CDC). HIV among
African American gay and bisexual men. 2018. https://www.
cdc.gov/hiv/group/msm/bmsm.html

Centers for Disease Control and Prevention (CDC). HIV among
gay and bisexual men. 2017. https://www.cdc.gov/hiv/group/
msm/index.html

Nanduri S et al. Outbreak of serogroup C meningococcal disease
primarily affecting men who have sex with men—Southern
California, 2016. MMWR Morb Mortal Wkly Rep. 2016;
65:939. [PMID: 27606798]

Nyitray AG et al. Incidence, duration, persistence, and factors asso-
ciated with high-risk anal human papillomavirus persistence
among HIV-negative men who have sex with men: a multina-
tional study. Clin Infect Dis. 2016;62:1367. [PMID: 26962079]

B. Behavioral Health

Likely due to minority stress (ie, growing up in non-affirm-
ing societies), MSM experience mental health disorders
more commonly than other men. Whether defined by self-
reported identity as gay or bisexual or behaviorally by
report of sexual activity with other men, MSM have a
higher lifetime prevalence of depression and anxiety disor-
ders than men who identify as heterosexual and/or who
report sexual activity only with women. Behaviorally
bisexual men experience a higher burden of both depres-
sion and anxiety disorders, compared to men who engage
in only homosexual behavior, in part because bisexual men
may not have access to defined communities of choice, like
self-identified gay men. The increased prevalence of men-
tal health disorders among behaviorally bisexual men may
also stem from dual stigmatization by both the heterosex-
ual and gay male communities, as well as internalized
stigma. Among MSM overall, anti-gay violence, commu-
nity alienation, and dissatisfaction with an idealized body
image have all been associated with depression.

C. Substance Use

Compared to men with only female sexual partners, MSM
are more likely to report lifetime recreational drug use;
they are specifically more likely to have used cocaine, hal-
lucinogens, inhalants, analgesics, and tranquilizers. In
addition, men who identify as gay or bisexual are more
likely to smoke cigarettes than those who identify as het-
erosexual. Although it is not clear that MSM are more
likely than others to use methamphetamines, methamphet-
amine use in MSM communities has been linked to
increased sexual risk behavior and transmission of hepati-
tis C, HIV, and other STIs. Consistent with the minority
stress model, experiences of discrimination have been
independently associated with substance use among MSM.

Hoenigl M et al. Clear links between starting methamphetamine
and increasing sexual risk behavior: a cohort study among
men who have sex with men. J Acquir Immune Defic Syndr.
2016;71:551. [PMID: 26536321]

» Preventive Care & Clinical
Practice Guidelines

Clinicians can help address health disparities affecting
MSM by following clinical practice guidelines that pertain
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Table 42–1. Clinical practice guidelines pertaining to the care of MSM.

rcommndion Commns

Immunizions

Human papillomavirus (quadri- or nonavalent) Recommended up to age 26 years; the vaccine may be offered to those ages 27–45

Hepatitis A and B Consider prevaccination serologic testing if the immunization history is uncertain;

vaccinate if seronegative

Meningococcal Recommended by some jurisdictions due to outbreaks of meningococcal disease

among MSM

Mdicions

Preexposure prophylaxis for HIV For MSM at high, ongoing risk of HIV infection (eg, condomless anal sex, recent STI

diagnosis, HIV-infected sexual partner)

Postexposure prophylaxis for HIV Consists of 28 days of antiretroviral medication following a discrete exposure to HIV

Scning tss

HIV serology At least annually, more often if high risk

Syphilis serology At least annually, more often if high risk

Nucleic acid amplification test for gonorrhea and

chlamydia

At least annually, more often if high risk; all potentially exposed sites (oropharynx,

urethra, rectum) should be screened, as indicated by the sexual history

Hepatitis C serology Annually for HIV-infected MSM and HIV-uninfected MSM engaging in behaviors that

might expose them to blood (for example, injection drug use or traumatic anal

sexual practices)

Anal cytology For HIV-infected MSM; the appropriateness of anal cytology for HIV-uninfected MSM is

under study

Behavioral health (depression, substance use) At the first clinical encounter, with follow-up screening for those who report behavioral

health concerns

MSM, men who have sex with men; STI, sexually transmitted infection.

to this population (Table 42–1). The CDC recommends
that sexually active MSM undergo screening for HIV,
syphilis, gonorrhea, and chlamydia annually and more
often if the risk history warrants more frequent assessment.
An HIV antibody-antigen assay is preferred for HIV
screening because this test increases the sensitivity for
detection of acute or recent HIV infection. Nucleic acid
amplification testing (NAAT) provides optimal sensitivity
for diagnosis of gonorrhea and chlamydia and can be per-
formed on the oropharynx, rectum, urine, and urethra.
MSM should be screened for these infections at any of the
aforementioned sites that may have been exposed during
sex, regardless of condom use. First-catch urine and ure-
thral specimens for gonorrhea and chlamydia NAAT in
men provide comparable accuracy; thus, there is no advan-
tage to the urethral swab for routine screening. Rectal and
pharyngeal swabs for NAAT can be self-collected.

The CDC also recommends that MSM be screened for
chronic hepatitis B infection at least once in their lives and
that they be vaccinated against hepatitis A and B. Annual
hepatitis C screening with a hepatitis C antibody test is
recommended for HIV-infected MSM due to the elevated
incidence of this infection in this population and the avail-
ability of well-tolerated, curative therapy. HIV-uninfected
MSM engaging in sexual practices such as group sex, fist-
ing, and any other practice that may abrade the rectal
mucosa may also benefit from annual HCV screening.

The CDC, United States Preventive Services Task Force,
and the World Health Organization recommend preexpo-
sure prophylaxis for HIV with the fixed-dose combination
of tenofovir disoproxil fumarate–emtricitabine for MSM at
high risk for HIV infection. PrEP with tenofovir alafen-
amide-emtricitabine is also approved by the US FDA for
MSM. Individuals at high risk include those who engage in
condomless anal sex outside of a monogamous relationship
with an HIV-uninfected man; those who have recently
been diagnosed with a bacterial STI; and those whose sex-
ual partners are HIV-infected. However, the utility of PrEP
is likely low in the latter scenario if the relationship is
monogamous, the HIV-uninfected person does not inject
drug, and the HIV-infected partner is consistently virologi-
cally suppressed on antiretroviral therapy because antiret-
roviral therapy significantly reduces the likelihood of HIV
transmission through sexual contact. PrEP has been shown
in randomized controlled trials to prevent HIV infection in
MSM and is addressed in more detail in Chapter 31.

Clinicians who care for MSM should also be aware of
postexposure prophylaxis (PEP), which consists of anti-
retrovirals started within 72 hours of a discrete exposure to
HIV and taken for 28 days, and either provide PEP them-
selves or be able to rapidly link patients to PEP care (see
Chapter 31).

HPV immunization with the quadrivalent or nonava-
lent vaccines is recommended for all boys and young men
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up to age 26. For unvaccinated adults between the ages of
27 and 45, shared decision-making around HPV vaccina-
tion is recommended. The HIV Medicine Association
(HIVMA) recommends routinely screening HIV-infected
MSM for anal cancer with anal cytology; however, this
approach has not yet been proven to be beneficial in any
randomized controlled clinical trial. In addition, the opti-
mal screening interval (ages at which to initiate and cease
screening) and management of abnormal results are not
clearly defined. Patients with abnormal anal cytology are
typically referred for high-resolution anoscopy with biopsy.
Colonoscopy performed for colon cancer screening is not
considered a substitute for anal cytology or high-resolution
anoscopy because colonoscopy does not assess for cellular
abnormalities in the anal canal. Anal cytology screening of
HIV-uninfected MSM is not currently recommended in
any national consensus guidelines, although some clini-
cians perform this screening due to the elevated risk of
anal cancer in these men. Large prospective studies are
underway in the United States and Australia to attempt to
address the questions related to optimal timing of anal
HPV screening for MSM.

Finally, clinicians should ensure that MSM are offered
preventive care recommended for all individuals, including
smoking cessation counseling and pharmacotherapy,
screening for depression, and assessment for and counsel-
ing about alcohol misuse (see Lesbian and Bisexual Women’s
Health, above). Some studies have found that behavioral
health programs tailored specifically for MSM are more
effective in promoting healthy behaviors than those that
are not culturally sensitive.

Centers for Disease Control and Prevention (CDC). Updated
guidelines for antiretroviral postexposure prophylaxis after
sexual, injection-drug use, or other nonoccupational expo-
sure to HIV—United States, 2016. MMWR Morb Mortal
Wkly Rep. 2016;65:458. [PMID: 27149423]

Reback CJ et al. Development of an evidence-based, gay-specific
cognitive behavioral therapy intervention for methamphet-
amine-abusing gay and bisexual men. Addict Behav. 2014;
39:1286. [PMID: 22169619]

TRANSGENDER HEALTH & DISEASE
PREVENTION

Madeline B. Deutsch, MD, MPH

» Terminology

In everyday language “sex” and “gender” are used inter-
changeably; however, in the context of transgender people,
the meanings differ. Gender expression describes the
outward manner in which an individual expresses or dis-
plays gender, including choices in clothing and hairstyle,
speech, and mannerisms. Gender identity and gender
expression may differ; for example, a woman (transgender
or non-transgender) may have an androgynous appear-
ance, or a man (transgender or non-transgender) may have
a feminine form of self-expression. Transgender people
may not feel comfortable, or be unable to, outwardly
express their internal felt sense of gender due to societal,

work, or family pressures. Transgender people who have a
well documented and persistent gender identity that differs
from their sex assigned at birth and are experiencing dis-
tress as a result of this mismatch, meet the diagnostic crite-
ria for gender dysphoria as described in the Diagnostic and
Statistical Manual of Mental Disorders, 5th edition
(DSM-5).

For the purposes of this text, “transgender” is inclusive
of those who identify with the terms gender non-binary,
nonconforming, genderqueer, and transsexual. A non-
transgender person may be referred to as cisgender (Latin
root cis = near/next to), which refers to people whose gen-
der identity and birth sex are the same, ie, non-transgender.
Non-binary, gender nonconforming, or genderqueer
describes a person whose gender identity differs from that
assigned at birth but may be more complex, fluid, multifac-
eted, or otherwise less clearly defined than purely male or
female. Non-binary people may use neutral pronouns such
as “they,” “them,” or “their.” The term transsexual is an older
term that has fallen out of favor and referred specifically to
a transgender person who seeks medical interventions.
Other related terms include cross dresser, which describes
someone who may wear clothing of the opposite gender
without a clear identification with that gender, and drag,
which describes cross dressing for performance purposes.

Sexual orientation, which describes sexual attraction and
behaviors, is not directly related to gender identity. The
sexual orientation of transgender people should be described
based on the lived gender; a transfeminine person attracted
to other women would be a lesbian, and a transmasculine
person attracted to other men would be a gay man.

Transgender people may seek any one of a number of
gender affirming medical, surgical, or related interventions.
Based on research demonstrating positive effects on mul-
tiple psychosocial measures, such interventions are recog-
nized as medically necessary by the World Professional
Association for Transgender Health (WPATH), an interna-
tional, multidisciplinary professional organization that
publishes widely recognized standards of care. Not all
transgender people seek all interventions, and some may
seek none; the current standard of care is to allow each
transgender person to seek only those interventions they
desire to affirm their own gender identity.

Cahill SR et al. Inclusion of sexual orientation and gender
identity in stage 3 meaningful use guidelines: a huge step
forward for LGBT health. LGBT Health. 2016;3:100. [PMID:
26698386]

Coleman E et al. Standards of Care for the Health of Transsexual,
Transgender, and Gender-Nonconforming People, Version 7.
Int J Transgenderism. 2012;13:165.

Deutsch MB et al. Electronic medical records and the transgen-
der patient: recommendations from the World Professional
Association for Transgender Health EMR Working Group.
J Am Med Inform Assoc. 2013;20:700. [PMID: 23631835]

» Medical Interventions

Many, but not all, transgender people will seek gender
affirming hormone therapy and/or surgery (genitals, chest,
or face). Transfeminine persons commonly seek facial hair
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removal and may also seek voice feminization training.
Hormone therapy allows the acquisition of secondary sex
characteristics more aligned with an individual’s gender
identity. The WPATH Standards of Care recognize that
hormone therapy is within the scope of practice for pri-
mary care providers. The Standards also permit medical
providers to prescribe hormone therapy under an informed
consent approach without a mental health assessment if the
medical provider feels competent to make the diagnosis of
gender dysphoria.

A. Feminizing Hormone Therapy

The goal of feminizing hormone therapy is the develop-
ment of female secondary sex characteristics and suppres-
sion/minimization of male secondary sex characteristics.
The general approach of therapy is to obtain physiologic
premenopausal female range estrogen and testosterone
levels through the combined use of an estrogen with an
androgen blocker, and in some cases a progestagen. Clini-
cal endpoints include breast development (often maximum
Tanner stage 2/3), reduction of body hair, reduced muscle
mass, and female redistribution of body fat.

The most commonly used estrogen is 17-beta estradiol,
in pill, patch, or, less commonly, injected form. The choice
of route is based to some degree on patient preference
(Table 42–2). Transdermal estradiol has a well-established
safety profile based on studies in menopausal cisgender
women. Injected estradiol is the least studied route and can
be associated with both supratherapeutic levels as well as
cyclical levels over the dosing interval. Estrogens should be
continued after gonadectomy without reduction in dose.
There is no direct evidence to guide decision making
regarding the discontinuation of estrogen once a patient
arrives at a menopausal age, though most experts believe
initiating or continuing hormone therapy in transfeminine
persons after age 50 is appropriate. Ethinyl estradiol (found
in combined oral contraceptives) should be avoided due to
thrombogenicity and a lack of need for suppression of
ovulation.

The most commonly used anti-androgen is spironolac-
tone, a potassium-sparing diuretic that is frequently used
for female hirsutism or adult acne. Spironolactone inhibits
both the synthesis of and action of testosterone. In higher
doses (100–200 mg orally daily), spironolactone can lead to

Table 42–2. Feminizing hormone therapy.

Dosg

homon ty Iniil, Low1 Iniil, tyicl Mximum, tyicl2 Commns

esogn

Estradiol oral/sublingual 1 mg/day 2–4 mg/day 8 mg/day If > 2 mg is recommended, dose should

be divided and taken twice daily.

Estradiol transdermal 50 mcg 100 mcg 100–400 mcg Maximum available single patch dose is

100 mcg. Frequency of change is

brand and product dependent.

Patients may find that > 2 patches

at a time are cumbersome.

Estradiol valerate,

intramuscularly3

< 20 mg every

2 weeks

20 mg every

2 weeks

40 mg every 2 weeks May divide dose into weekly injections

for cyclical symptoms.

Estradiol cypionate,

intramuscularly

< 2 mg every

2 weeks

2 mg every 2 weeks 5 mg every 2 weeks May divide dose into weekly injections

for cyclical symptoms.

pogsgn

Medroxyprogesterone

acetate (Provera)

2.5 mg orally

each night at

bedtime

5–10 mg orally each night

at bedtime

Micronized progesterone  100–200 mg each night at

bedtime

andogn Block

Spironolactone 25 mg orally daily 50 mg orally twice

daily

200 mg orally twice daily

Finasteride 1 mg orally daily  5 mg orally daily

Dutasteride  0.5 mg orally daily

1Initial low dosing for those who desire (or require due to medical history) a low dose or slow upward titration.
2Maximal effect does not necessarily require maximal dosing, as maximal doses do not necessarily represent a target or ideal dose.

Dose increases should be based on patient response and monitored hormone levels.
3Available as standard US Pharmacopia (USP) as well as compounded products.
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suppression of androgen levels into the female physiologic
range. Common side effects include orthostasis and poly-
uria. Monitoring should include periodic assessment of
kidney function and serum potassium. Other options for
those who cannot tolerate spironolactone include a gonad-
otropin-releasing hormone (GnRH) analog, orchiectomy,
or the use of a progestagen. Finasteride and dutasteride
(5-alpha-reductase inhibitors) are sometimes used as an
alternative; however, they have limited effects. After gonad-
ectomy, anti-androgens can be discontinued.

No studies have been conducted on the role of proges-
tagens in transfeminine persons. Some believe there is
benefit to breast development, mood, or libido, and there is
no clear evidence to suggest any harm related to progesta-
gen use in transfeminine persons. Progestagens may be an
effective anti-androgen, particularly cyproterone acetate,
which is used widely outside the United States as the pri-
mary androgen blocker in feminizing regimens. If used,
progestagens should be initiated after at least several
months of estrogen plus anti-androgen.

The primary risk associated with estrogen therapy is
venous thromboembolism (VTE). However, when using
17-beta estradiol at physiologic estrogen dosing, the risk is
minimal. Prior studies showing 20- to 40-fold increased
risk of VTE involved the use of ethinyl estradiol at doses of
up to 200 mcg/day and did not control for tobacco use.
More recent data found no increased risk of VTE in trans-
feminine persons using transdermal 17-beta estradiol.
Thus, transdermal estradiol is the preferred route for those
who smoke or with risk factors for or a personal history of
VTE.

Arnold JD et al. Incidence of venous thromboembolism in trans-
gender women receiving oral estradiol. J Sex Med. 2016;
13:1773. [PMID: 27671969]

Deutsch MB. Guidelines for the Primary and Gender-Affirming
Care of Transgender and Gender Nonbinary People, 2nd ed.
2016. https://transcare.ucsf.edu/guidelines

Hembree WC et al. Endocrine treatment of gender-dysphoric/
gender-incongruent persons: an Endocrine Society clinical
practice guideline. J Clin Endocrinol Metab. 2017;102:3869.
[PMID: 28945902]

Rosenthal SM. Approach to the patient: transgender youth:
endocrine considerations. J Clin Endocrinol Metab. 2014;99:
4379. [PMID: 25140398]

B. Masculinizing Hormone Therapy

The goal of masculinizing hormone therapy is the devel-
opment of male secondary sex characteristics, and
suppression/minimization of female secondary sex charac-
teristics. The general approach involves the use of one of
several forms of parenteral testosterone using an approach
similar to that in hypogonadal or agonadal cisgender men
(Table 42–3). Blockade of estrogen is not needed.

Testosterone may be injected or applied as a topical gel
or patch. Two studies support the use of subcutaneous
(rather than intramuscular) injections, which allow the use
of a smaller needle. The use of topical testosterone or using
a weekly (vs biweekly) injection interval can help maintain
even hormone levels in those with cyclical mood symp-
toms or pelvic cramping. Clinical endpoints include the

development of facial hair, deepening of the voice, clitoral
growth, male body fat redistribution and muscle growth,
and induction of amenorrhea by 6 months.

Prior concerns of testosterone-induced hepatotoxicity
were based on the use of oral methyltestosterone. There is no
evidence to support a concern of hepatotoxicity in transmas-
culine persons using parenteral bio-identical testosterone.

Common side effects of testosterone therapy in trans-
masculine persons include acne and male pattern baldness,
both of which can be approached as in cisgender men.
Hemoglobin and hematocrit should be monitored, and if
the levels are elevated, consider reducing testosterone dose
or changing to a transdermal form or weekly injections to
maintain more even levels. It is important to use male ref-
erence ranges for hemoglobin and hematocrit due to the
erythropoietic effects of testosterone and frequent oligo- or
amenorrheic status of transmasculine people. Polycystic
ovarian syndrome and obesity have been found to be at an
increased prevalence in transmasculine persons prior to
beginning testosterone therapy. Testosterone is not contra-
indicated in the presence of these conditions; instead,
related metabolic disorders can be managed concurrently.

Olson J et al. Subcutaneous testosterone: an effective delivery
mechanism for masculinizing young transgender men. LGBT
Health. 2014;1:165. [PMID: 26789709]

C. Monitoring Therapy

Hormone effects should be monitored both by clinical
results as well as hormone levels, if available. Patients
should be reminded that results may vary and can take up
to 5 years to reach maximal effect; supraphysiologic hor-
mone levels are not likely to enhance results but may incur
risks. Note that reported laboratory reference range values
may differ depending on the sex of registration of the
patient; in general, clinicians should use the reference
ranges driven by the current hormonal status of the patient.
For example, female reference ranges will be included on
automated laboratory reports of a transmasculine person
taking testosterone while still legally registered as female.
The interpreting clinician should use the male reference
ranges for any tests run on this patient that have sexually
dimorphic reference ranges. Tables 42–4 and 42–5 describe
general monitoring recommendations, rationales, and
“sex-specific” laboratory values that may require individu-
alized interpretation.

SoRelle JA et al. Impact of hormone therapy on laboratory val-
ues in transgender patients. Clin Chem. 2019;65:170. [PMID:
30518663]

D. Long-Term Health Outcomes

Well-designed, large, long-term studies of health outcomes
in transgender people are lacking. The largest existing
study of mortality is a Dutch retrospective cohort of 966
transfeminine persons and 365 transmasculine persons
who were treated with cross-sex hormones, which did not
control for a number of risk factors. All-cause as well as
cardiovascular, cerebrovascular, and other disease-specific
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Table 42–4. Laboratory monitoring for feminizing hormone therapy.

Commns Bslin 3 Mons1 6 Mons1 12 Mons1 Yly as ndd

Blood urea nitrogen/

creatinine/potassium

Only if spironolactone

is used

X X X X X

Lipids  X (if clinically

indicated)

X X  X

Hemoglobin A
1C

X  X X X

Estradiol  X X  X

Total testosterone  X X X  X

Sex hormone binding

globulin (SHBG)2

X X X  X

Albumin2 X X X  X

Prolactin Only if symptomatic  X

1In first year of therapy only.
2Used to calculate bioavailable testosterone (http://www.issam.ch/freetesto.htm).

Table 42–3. Masculinizing hormone therapy.

Dosg

andogn Iniil, Low1 Iniil, tyicl Mximum, tyicl2 Commn

Testosterone cypionate3 20 mg/week

intramuscularly or

subcutaenously

50 mg/week

intramuscularly or

subcutaenously

100 mg/week

intramuscularly or

subcutaenously

Double the dose for

biweekly administration

Testosterone enthanate3 20 mg/week

intramuscularly or

subcutaenously

50 mg/week

intramuscularly or

subcutaenously

100 mg/week

intramuscularly or

subcutaenously

Testosterone topical gel

1%

12.5–25 mg every

morning

50 mg every morning 100 mg every morning May come in pump or

packet form.

Testosterone topical gel

1.62%4

20.25 mg every

morning

40.5–60.75 mg every

morning

103.25 mg every morning

Testosterone patch 1–2 mg every night 4 mg every night 8 mg every night Patches come in 2-mg and

4-mg size. For lower

doses, may cut patch.

Testosterone cream5 10 mg 50 mg 100 mg

Testosterone axillary gel

2%

30 mg every morning 60 mg every morning 90–120 mg every

morning

Comes in pump only; one

pump = 30 mg.

Testosterone

undecanoate6

N/A 750 mg intramuscularly,

repeat in 4 weeks, then

every 10 weeks

ongoing

N/A Requires participation in

manufacturer monitored

program.6

1Initial, low-dose regimen is recommended for genderqueer and non-binary persons.
2Maximum dosing does not mean maximal effect. Furthermore, these dosage ranges do not necessarily represent a target or ideal dose.

Dose increases or decreases should be based on patient response and monitored hormone levels.
3Available as standard US Pharmacopia (USP) as well as compounded products.
4Doses of less than 20.25 mg with 1.62% gel or less than 30 mg with 2% axillary gel may be difficult, since measuring one-half of a pump

or packet can present a challenge. Patients requiring doses lower than 20.25 mg and whose insurance does not cover 1% gel may require

prior authorization or an appeal.
5Testosterone creams are prepared by individual compounding pharmacies. Specific absorption and activity varies and consultation with

the individual compounding pharmacist is recommended.
6Testosterone undecanoate has been associated with rare cases of pulmonary oil microembolism and anaphylaxis; in the United States, the

drug is available only through the AVEED Risk Evaluation and Mitigation Strategy (REMS) Program (https://www.aveedrems.com/AveedUI/

rems/preHome.action). All injections must be administered in an office or hospital setting by a trained and registered health care provider

and monitored for 30 minutes afterward for adverse reactions.
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mortality among transmasculine persons did not differ
from the general Dutch population of cisgender women.
Among transfeminine persons, all-cause mortality was
51% higher than cisgender men in the general Dutch pop-
ulation, with the overwhelming majority of the difference
due to HIV, drug overdose, and suicide; a 64% increased
risk (95% CI 43–87%) in cardiovascular mortality was
seen; however, no significant difference was seen for cere-
brovascular mortality. It should be noted that this study did
not control for tobacco use. A retrospective cohort study of
several thousand transmasculine and transfeminine per-
sons enrolled in a large health plan in the United States
found modest increases in cardiovascular, cerebrovascular,
and venous thromboembolic events in transfeminine per-
sons compared to a matched control group. Outcomes
were not adjusted for dose or route of estrogen administra-
tion, however, and the absolute risk difference was low,
with numbers needed to harm in the 80 to 120 range for
various outcomes. No statistically significant difference
was found in any of these outcomes in transmasculine
persons compared to controls. Any decisions to provide
hormone therapy should include a detailed informed con-
sent discussion and consideration, including recognizing
the significant risks of withholding treatment on psycho-
logical well being which can have negative impacts on
physical health as well as suicidality or substance abuse.

Asscheman H et al. A long-term follow-up study of mortality in
transsexuals receiving treatment with cross-sex hormones.
Eur J Endocrinol. 2011;164:635. [PMID: 21266549]

Getahun D et al. Cross-sex hormones and acute cardiovascular
events in transgender persons: a cohort study. Ann Intern
Med. 2018;169:205. [PMID: 29987313]

Libman H et al. Caring for the transgender patient: grand rounds
discussion from Beth Israel Deaconess Medical Center. Ann
Intern Med. 2020;172:202. [PMID: 32016334]

» Surgical Interventions

A wide range of gender-affirming surgeries are available to
transgender people. These include surgeries specific to
gender affirmation as well as procedures commonly per-
formed in cisgender populations (Table 42–6).

» Cancer Risk & Screening

Several retrospective studies have not identified an
increased risk of cancer in transgender people compared to
birth-sex matched controls. However, because of the
numerous barriers to care as well as to identifying trans-
gender people in clinical databases, underscreening and
underreporting are likely. In general, an organ-based
approach to screening should be taken. There are no modi-
fications to screening recommendations (or recommenda-
tions not to screen) for ovarian, uterine, or cervical cancer
in transmasculine persons. Breast cancer screening for
transmasculine people who have not undergone mastec-
tomy should be performed based on guidelines for cisgen-
der women. The role of screening for breast cancer in
transmasculine people who have undergone mastectomy
is unknown and depends on the technique used as well
as technical limitations on screening small amounts of

Table 42–5. Laboratory monitoring for masculinizing hormone therapy.

Commns Bslin1 3 Mons2 6 Mons2 12 Mons2 Yly as Ndd

Lipids No evidence X  X X X X

Hemoglobin A
1c

or fasting

glucose

X  X X X

Estradiol  X

Total testosterone  X X X  X

Albumin3 X X X  X

Hemoglobin and

hematocrit

X X X X X X

1Based on United States Prevention Services Task Force guidelines.
2In first year of therapy only.
3Used to calculate bioavailable testosterone.

Table 42–6. Procedural interventions for gender
affirmation.

Sugis scific o nsgnd oulions

Voice surgery

Fminizing ocdus:

Facial feminization procedures

Reduction thyrochondroplasty (tracheal cartilage shave)

Vaginoplasty

Msculinizing ocdus:

Phalloplasty, scrotoplasty

Metaoidioplasty (clitoral release/enlargement, may include

urethral lengthening)

Masculinizing chest surgery (“top surgery”)

Sugis no scific o nsgnd oulions

Augmentation mammoplasty

Hysterectomy, oophorectomy

Orchiectomy

Vaginectomy

O invnions

Facial hair removal

Voice modification

Genital tucking and packing

Chest binding
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residual breast tissue. In transfeminine people, breast can-
cer screening using guidelines for cisgender women is
recommended, with the modifications starting at age 50
and only after a minimum of 5 years of lifetime estrogen
exposure. Screening for prostate cancer in transfeminine
people is complicated beyond the current debate over the
utility of prostate cancer screening in cisgender men by the
effects of feminizing hormones on prostatic hypertrophy
and interpretation of tests of prostate-specific antigen.

UCSF Center of Excellence for Transgender Health. Guidelines
for the Primary and Gender Affirming Care of Transgender
and Gender Nonconforming People. https://transcare.ucsf.
edu/guidelines

Wierckx K et al. Prevalence of cardiovascular disease and cancer
during cross-sex hormone therapy in a large cohort of trans
persons: a case-control study. Eur J Endocrinol. 2013;169:471.
[PMID: 23904280]

» HIV

Transfeminine persons in the United States are 34 times
more likely to be infected with HIV than the general popu-
lation. This disparity is driven by a number of factors,
including lack of both employment opportunities and legal
protections in the workplace and elsewhere, all of which

can result in survival transactional sex and sex work, and
an association between unaffirmed gender identity and
high-risk sexual behavior. Based on studies of hormonal
contraception, gender-affirming hormone therapy is not
believed to have negative interactions with antiretroviral
medications, although direct studies are lacking. A sub-
analysis of transfeminine persons within a larger study of
HIV PrEP with a daily fixed-dose combination of tenofovir
disoproxil fumarate 300 mg and emtricitabine 200 mg sug-
gested efficacy when taken as prescribed but demonstrated
poor adherence in comparison to control MSM. Such find-
ings support the notion that HIV services and programs
targeting transgender populations should be developed
and implemented distinctly from those targeting MSM,
and that bundling of HIV care with gender-affirming care
may improve HIV outcomes.

Deutsch MB et al; iPrEx investigators. HIV pre-exposure pro-
phylaxis in transgender women: a subgroup analysis of the
iPrEx trial. Lancet HIV. 2015;2:e512 [PMID: 26614965]

Poteat T et al. HIV risk and preventive interventions in transgender
women sex workers. Lancet. 2015;385:274. [PMID: 25059941]

Sevelius JM. Gender affirmation: a framework for conceptualiz-
ing risk behavior among transgender women of color. Sex
Roles. 2013;68:675. [PMID: 23729971]
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A3243G mutatin, 1214
AAAS, 1172
A antigen, 544
Abacavir, 1359t, 1362, 1364, 1369

fixed-dse cmbinatins, 1363t
initial ART regimens, 1370t

Abalparatide, 1165, 1210–1211
Abatacept, 837
ABCD, cma and pisning, 1582–1583
ABCD2, 995
ABCD2I, 995
ABCDE

skin cancer, 107, 107f
trauma assessment, 1573–1574

ABCD mnemnic, antihypertensive
medicatins, 467

Abdminal abscess/infectins, 1491–1493

actinmycsis, 1492–1493

anaerbic, 1491, 1491t
health care–assciated, 1295
sepsis treatment, initial antimicrbial, 1315t
slid rgan transplant recipients, 1291
surgery fr, 660, 667

Abdminal artic aneurysm, 4, 5t, 483–485

back pain, 602
ischemic clitis after surgery fr, 602
peripheral artery aneurysms and, 487
ppliteal aneurysms and, 487
pstperative cardiac cmplicatins, 41
shck, 497t

Abdminal cntractin, fr syncpe, 403
Abdminal fistula, Crhn disease, 657
Abdminal pain

abdminal artic aneurysm, 483
acute intermittent prphyria, 1676
acute kidney injury, 915
adrenal insufficiency, primary, 1171, 1172
after abrtin, 785
frm albendazle, 1547
alchl-assciated liver disease, 698
amebiasis, 1533
angistrngyliasis, 1549
Anisakis marina gastritis, 626
appendicitis, 645
arsenic pisning, 1595
ascites, 605, 606

ascites, pancreatic, 735
frm Azarcn, 1599t
babesisis, 1528
bacterial vergrwth, 640
belching, 591
frm bsutinib, 1619t
frm calcium channel blckers, 1596
Campylobacter gastrenteritis, 1486
candidiasis

hepatic, HIV, 1345
hepatsplenic, 1553

cannabinid hyperemesis syndrme, 586,
1603

carcinid tumrs, 1187
celiac disease, 639
frm ceritinib, 1619t
Chagas disease, 1517
Chikungunya virus, 1421
frm chlrquine, 1524
chlecystitis, acute, 725
chledchlithiasis & chlangitis, 727
chrnic, 79
frm ciguatera, 1608t
cirrhsis, 704
cllagenus clitis, 666
clnic pseud-bstructin, acute, 643
clrectal carcinma, 1647
cnstipatin, 588, 591
Crhn disease, 656, 658, 659
cryptspridisis, 1536
cyanide gas pisning, 1598
cystic fibrsis, 265
cytmegalvirus, GI/hepatbiliary, 1387
dengue fever, 1415
diabetic ketacidsis, 1244
diarrhea, 592–598, 593, 593t (See also

Diarrhea)
acute, 652
acute infectius, 1306, 1307t–1308t
enterhemrrhagic E. coli, 1307t
STEIC, 1307t
Yersinia enterocolitica, 1308t

diverticulitis, 666, 667
diverticulsis, 666
frm dravirine, 1359t
Ebla viral disease, 1410
ectpic pregnancy, ruptured, 646
endcrine shck, 498
enteric (typhid) fever, 1482, 1483
enterclitis, HIV, 1346
esinphilic esphagitis, 617
familial Mediterranean fever, 609
gastric lymphma, 1642
gastrenterpancreatic neurendcrine

tumrs, 1187
gastrparesis, 644
GI bleeding

lwer, 602
ccult, 604

frm ginkg, 1599t
glaucma, acute angle-clsure, 179
frm GLP-1 receptr agnists, 1227

hantavirus cardipulmnary syndrme, 1417
hepatitis A, 681
hereditary angiedema, 879t
hkwrm disease, 1546
H. pylori gastritis, 626
hypercalcemia, 1156
hypcalcemia, 897
IgA vasculitis, 862
inflammatry bwel disease, 602
irritable bwel syndrme, 647–650, 658
frm isavucnazle, 1556t
Kawasaki disease, 1457
lactase deficiency, 641
lead pisning, 1601
leptspirsis, anicteric, 1509
levamisle-assciated purpura, 861
frm liraglutide, 1272t
liver neplasms, benign, 722
malaria, 1521
frm malarne, 1528
frm maravirc, 1368
mastcytsis, 879t
frm mebendazle, 1547
frm meflquine, 1526
frm mercury pisning, 1603
Middle East respiratry syndrme, 1437
mittelschmerz, 646
nausea & vmiting, 584
nn-Hdgkin lymphma, 536
frm lmesartan, 455
nychmycsis, 163
phritis, 1393
varian neplasm, 798
pancreatic carcinma, 1634
pancreatitis

acute, 732
alchl-assciated, 733

paragnimiasis, 1542
pelvic inflammatry disease, 791
frm peritneal dialysis, 929
peritnitis, spntaneus bacterial, 607, 707
phechrmcytma, 1182, 1183, 1185
Pneumocystis jirovecii, 1338t
pneumnia, cmmunity-acquired, 268
pisning, 1598, 1603
plyarteritis ndsa, 856
prtal vein thrmbsis, acute, 720
frm psacnazle, 1556t
pstpartum metritis, 819
frm praziquantel, 1541, 1543
Q fever, 1454
Salmonella gastritis, 1483
schistsmiasis, 1540, 1541
scmbrid pisning, 1608t
shigellsis, 1484
small intestine adencarcinma, 1644
small intestine carcinids, 1645
frm squinavir, 1366
strngylidiasis, 1548
tapewrm, beef, 1542
frm terbinafine, 1557t
txplasmsis, 1338t

Index
NOTE: Page numbers in boldface type indicate a majr discussin. A t fllwing a page number indicates tabular material,

and f fllwing a page number indicates a figure. Drugs are listed under their generic names.
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papular r cystic inflammatry, 128–129
plycystic varian syndrme, 127, 776

Acnite pisning, arrhythmias frm, 1584,
1584t

Acustic neurinma (neurma), 201, 212t,
214–215, 1005–1008, 1007t

Acquired amegakarycytic thrmbcytpenia,
548–549

Acquired aplastic anemia, 548–549
Acquired disrders f platelet functin, 559

Acquired hyppituitarism, 1111
Acquired immundeficiency syndrme (AIDS).

See HIV infectin/AIDS
Acquired lng QT syndrme, 401–402

Acrmegaly, 1117–1118, 1198
Acrylamide, txic neurpathy frm, 1041
ACTH-secreting pituitary tumrs, ectpic,

1176, 1178, 1179
Actinic dermatitis, 156
Actinic keratitis, 196

Actinic keratses, 121

squamus cell carcinma, 145
vitilig, 160

Actinic prurig, phtdermatsis, 156
Actinobacillus actinomycetemcomitans

endcarditis, 1472, 1476
Actinomyces (actinmycsis), 1313t, 1492–1493

Actinomyces israelii, 1492–1493

Actinmycetma, 1564–1565

Activated charcal
fr decntaminatin, 1568t, 1586, 1587

(See also specific poisonings)
repeat-dse, 1587–1588

fr gas, 592
Activated partial thrmbplastin time, 47, 554,

556t
Activated prtein C, resistance, 297
Activated prthrmbin cmplex cncentrate,

560, 564, 1593
Active immunity, 1319
Activities f daily living, lder adults, 52
Acute angle-clsure crisis, 179
Acute angle-clsure glaucma, 175t–177t, 179,

180
Acute arterial limb cclusin, 479–480
Acute bacterial rhinsinusitis, 216–218

Acute cardigenic liver injury, 719
Acute cervical disk prtrusin, 1045,

1046f–1047f
Acute chest syndrme, sickle cell anemia, 514
Acute clnic pseud-bstructin, 643–644

Acute cnfusinal state, 1106
Acute crnary syndrmes

chest pain, 22–25
STEMI vs. NSTEMI, 368
withut ST-segment elevatin, 368–373,

370f, 372t
Acute demyelinating ptic neuritis, 192
Acute disseminated encephalmylelitis, ptic

neuritis, 192
Acute esinphilic pneumnia, 296
Acute fatty liver f pregnancy, 823

Acute flaccid myelitis, 1397–1398, 1445
Acute heart failure, 412

ECG and chest radigraphy, 405
multisystem crisis, 1183
pulmnary edema, 404, 413–414

vs. STEMI, 373
treatment

diuretics, 424
sdium restrictin, 420
valve replacement, 1476

trpnin, 405
ventricular septal defect, 329

physical, 1095
sexual, 787–788, 1095

Acanthamoeba keratitis, 178–179

Acanthsis nigricans, 1217, 1217f
Acarbse, 1222t, 1225–1226
Acarbse verdse/pisning, 1600
ACBC4, 731
Accelerated idiventricular rhythm, 399
Acceptance and cmmitment therapy, 1060
Accessry atriventricular pathways, 390–391

Accidental systemic hypthermia, 1568–1570,

1569f
ACE inhibitrs. See Angitensin-cnverting

enzyme (ACE) inhibitrs
Acesulfame ptassium, 1220
Acetaminphen

acute liver failure frm, 688
anin gap acidsis increase frm, 906
antidte, 1586t
hepattxicity, 700
medicatin-veruse headache, 982
verdse/pisning, 87t, 689, 904t, 1589,

1590–1591, 1590f
fr pain management, 81, 82t

tubulinterstitial disease frm, 946
Acetazlamide

prximal renal tubular acidsis frm, 907
urinary stnes frm, 963

Acetacetate, n urine smlal gap, 908
Acethexamide, 1221, 1222t
Acetylcysteine, hepattxicity f, 700
Acetylsalicylic acid. See Aspirin/acetylsalicylic

acid
Achalasia, 621–622

Achlrhydria
bacterial vergrwth, 640
gastric neurendcrine tumrs, 1642
giardiasis, 1538
pernicius anemia gastritis, 627
Turner syndrme, 1209t
VIPmas, 1187

Acid, crrsive, 1591

Acid-base disrders, 903–911. See also
specific types

analysis, step-by-step, 903–904
chrnic kidney disease, 928
cmpensatin, expected, 903, 904t
in gap, serum, 904
metablic acidsis, 904–908, 904t, 905t, 906t
metablic alkalsis, 908–910, 909t
mixed, 903, 906
respiratry acidsis, 910

respiratry alkalsis, 910–911, 910t
Acid-fast rds, 1313t. See also specific types
Acid maltase deficiency, 1052

Acidsis. See also specific types
anin gap, 904–906, 904t, 905t
diabetic ketacidsis (See Diabetic

ketacidsis)
hyperchlremic, frm diabetic ketacidsis

therapy, 1247
ketacidsis, 905–906, 905t
lactic, 905, 905t, 906, 1052, 1249–1250,

1345
metablic, 904–908, 904t, 905t, 906t
renal tubular, 851, 854–855, 893
respiratry, 910

uremic, 906
Acinetobacter, 1312t

health care–assciated infectins, 1295
pneumnia, nscmial, 273

Acne vulgaris, 127–129, 127f
antibitics fr, 102t
cmednal, 128

Abdminal pain (Cont.):
transgender, case study, 1724
Trichomonas vaginalis, 1536
tuberculsis, intestinal, 646
typhus, epidemic, 1446
ulcerative clitis, 661, 662
ulcer perfratin, 634
vaginitis, 25f
Vibrio parahaemolyticus, 1485
visceral artery insufficiency, pstprandial,

482
vitamin A txicity, 1279
weight lss, invluntary, 63
Whipple disease, 639

Abdminal paracentesis, 606
Abiraterne acetate

adrenal insufficiency frm, 1172
hypertensin and hypkalemia frm, 1181
fr prstate cancer, 1191, 1615t, 1621t, 1657,

1658t
abl, 526, 527
Abnrmal illness behavir, 1062–1063

Abnrmal sleep behavirs, 1095

Abnrmal uterine bleeding
anvulatin, 768
vulatry dysfunctin, 768
pstmenpausal, 770

premenpausal, 768–770, 769t
Abrtin, 785

cmplete, 803
incmplete, 803
induced, with breast cancer, 766
inevitable, 803
IUDs and, 782–783
missed, 803, 806
frm peritnitis, 824
recurrent, 804

septic, 1462, 1491
spntaneus, 802–803 (See also Spntaneus

abrtin)
STDs, 822
therapeutic, 817
threatened, 803
transgender, 1723
unintended pregnancies, 778–779

Abrtive plimyelitis, 1396
Abscess. See also specific types

abdminal, 1491–1493, 1491t
anal/perianal, 676

anrectal, 657
Barthlin duct, 788, 788f
biliary bstructin, 721
brain, 208, 1010, 1299–1300

antimicrbial therapy, initial, 1315t
bacterial, HIV/AIDS, 1342

breast, 744

epidural, 208
hepatic, pygenic, 721
lung, anaerbic, 267, 276–277

Mycobacterium abscessus, 286–287
neck, deep, 230–231

pancreatic, 735
peritnsillar, 230

skin & sft tissue, 1494
Zeis gland, 167

Absence seizure, 987
Absidia sinusitis, 219
Absrptive hypercalciuria, 965
Abuse

dmestic vilence, 1095
drug (See Injectin drug use; Substance use

disrders)
intimate partner vilence, 12
lesbian & bisexual wmen, 1730–1731
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Cushing syndrme frm, 1176, 1177,
1178, 1179

MEN 1, 1190
breast fibradenma, 742

“brnchial,” 290
hepatcellular, 722
Islets f Langerhans, 1251–1253, 1252t
pituitary, 1005–1008, 1006t, 1110

anvulatin, 776
macradenma, 1121–1122

MEN 1, 1189–1190
nnfunctining, 1121–1122

thyrid, 1190
Adenma sebaceum, 1013
Adenmatus plyps, cln

familial, 670

nnfamilial, 668–669

Adenmymatsis, biliary tract, 724t, 725
Adenmysis, pelvic pain frm, 774
Adensine, 385t
Adensine deaminase 2 mutatin, 856, 857
Adensine triphsphate citrate lyase, 1261,

1264
Adensylcbalamin, 509
Adenvirus infectins, 1438–1439

cnjunctivitis/keratcnjunctivitis, 169
enteric, 1442
infectins, 169
transplant recipients, hematpietic cell,

1291
traveler’s diarrhea, 1310–1311

Adherence
medicatin, lder adults, 65
patient, 1

Adhesive capsulitis, 1242, 1692–1693

Adhesive tape, cntact dermatitis frm, 125
Adjustment disrder, 1054–1055

Adjustment disrder with depressed md,
1078

Adrenal adenma, benign, 1178
21-hydrxylase deficiency, 1199
adrenal incidentalma, 1186
aldsternism, 1181
Cushing syndrme frm, 1176, 1177, 1178,

1179
MEN 1, 1190

Adrenal adenma, unilateral, Cnn syndrme,
1181

Adrenal carcinma, 1176
treatment, 1615t
virilizatin, 1198

Adrenal crtex disrders, 1171–1181

adrenal insufficiency, primary, 1171–1175

aldsternism, primary, 1179–1181

Cushing syndrme, 1175–1179

Adrenal crisis, acute
adrenal insufficiency, primary, 1172–1175
frm crticsterids, 1210
hyppituitarism, 1115
frm thyrid therapy, 1128
treatment, 1175

Adrenal gland
hemrrhagic infarctin, antiphsphlipid

syndrme, 843
infectins, adrenal insufficiency frm, 1172

Adrenal hyperplasia
amenrrhea, 1200
bilateral, 1180–1181
cngenital, 1172

anvulatin, 776
hirsutism & virilism, 1198, 1199, 1200

MEN 1, 1190
treatment, 1181

Adrenal hypplasia, X-linked cngenital, 1191

Acute myelid/myelgenus leukemia, 530,

1613t
central diabetes insipidus frm, 1115
frm myeldysplasia with excess blasts, 528

Acute mycardial infarctin. See Mycardial
infarctin (MI), acute

Acute nngranulmatus anterir uveitis,
181–182

Acute-n-chrnic liver failure, 685, 688–690,
698, 704, 705, 709–710, 718

Acute titis media, 205–206, 206f, 215
Acute pain, 78–79. See also Pain/pain disrders
Acute-phase reactants, 855

Behçet disease, 863
giant cell arteritis, 854
granulmatsis with plyangiitis, 858
micrscpic plyangiitis, 860
plyarteritis ndsa, 856
rheumatic disease, 855

Acute Physilgy and Chrnic Health
Evaluatin scre, 733

Acute prmyelcytic leukemia, 530

Acute pygenic stemyelitis, 871–872

Acute radiatin syndrme, 1576–1577
Acute renal failure. See Acute kidney injury
Acute respiratry distress syndrme, 320–322

COVID-19, 1426
crack ccaine inhalatin, 309, 310
drwning, 1572
ehrlichisis, 1453
gastric cntents aspiratin, 306
pancreatitis, 735
severity and risk factrs, 320

Acute respiratry failure, 317–319

causes, 318t
definitin, 317–318
pstperative, 45
respiratry supprt, 318–319

Acute rheumatic fever, 1459

Acute tubular necrsis, 913, 916t,
917–919

Acute upper gastrintestinal bleeding, 598–601,

624
Acute ventricular plymrphic tachycardia,

399, 401–402
Acute viral rhinsinusitis, 215–216

Acyclvir, acute tubular necrsis frm, 918
Adalimumab, pprtunistic infectins with,

1292
ADAMTS-13, 553
Adaptive capacity, 1055
Addictin, 91
Addisn disease, 1171–1175. See also Adrenal

insufficiency, primary
Addisnian crisis, 1114, 1128, 1172–1175,

1175, 1210
Adenitis, after measles, 1391
Adencarcinma

anal canal, 1652
cervix, 795
diabetes mellitus, 796
endmetrium, 796
esphageal, 1636–1639
gastric, 627, 1639–1641 (See also Gastric

adencarcinma)
lung, 1623–1627

small intestine, 604, 1644

Adencarcinmas in situ, lung,
1623–1627

Adenma
adrenal, 1178

21-hydrxylase deficiency, 1199
adrenal incidentalma, 1186
aldsternism, 1181

Acute hypxia, 1579–1580

Acute idipathic peripheral neurpathy, 1038,
1041–1042

dysautnmia, 992
hepatitis E, 688

Acute inflammatry pericarditis, 427–429, 427t
Acute infusin reactin, 878–880, 879t
Acute intermittent prphyria, 1039,

1676–1677, 1677t
Acute interstitial pneumnia, 292–294, 293t
Acute kidney disease

definitin, 912
hyperkalemia, 893
liver with, 719

Acute kidney injury, 915–922

acute tubular necrsis, 917–919

cardirenal syndrme, 922

classificatin, diagnsis, & etilgy, 915–917,
916t

intrinsic, 917
pstrenal causes, 916t, 917
prerenal causes, 916–917, 916t

clinical findings, 915
COVID-19, 922

definitin, 915
glmerulnephritis, 921–922

hspital/ICU admissins, 915
hyperkalemia, 893, 894
hypertensin treatment, 471, 472t
hypkalemia, 891
hyptnic hypnatremia, 886
interstitial nephritis, 920–921

periperative/pstperative, 49–50, 49t
rhabdmylysis, 919–920

stages, 915
Acute leukemia, 530–532

vs. chrnic myelgenus leukemia, 526
cnversin t

frm chrnic myelid leukemia, 528
frm essential thrmbcytsis, 525
frm myeldysplastic syndrmes, 52
frm plycythemia, 523

granulcytpenia, 1291
jint pains, 876
lymphblastic, 530–532, 1613t
mixed phentype, 530–531

neutrpenia, 521
pancytpenia, 519, 519t
prmyelcytic, 530

Acute liver failure, 688–690

autimmune hepatitis, 696, 697
cirrhsis, 710
drug-/txin-induced, 700
hepatitis A, 681, 682
hepatitis B, 683–685
hepatitis C, 687
hepatitis D, 688
herpes simplex virus, 1375
HHV-6, 1389
HIV, 686
liver transplantatin, 718
nnalchlic fatty liver disease, 702
prpylthiuracil, 1136
Wilsn disease, 716, 717

Acute lwer gastrintestinal bleeding, 601–603

Acute lung injury, E-cigarette/
vaping–assciated, 1603

Acute lymphblastic leukemia, 530–532, 1613t
Acute mesenteric ischemia, 482
Acute mesenteric vein cclusin, 482

Acute mtr and sensry axnal neurpathy,
1041

Acute mtr axnal neurpathy, 1041
Acute muntain sickness, 1579–1580
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Alanine amintransferase elevatin, 678, 679t,
680t

hepatitis A, 681f, 682, 683, 684f
Al-Ann, 1099
Albinism, 159–160
Albumin disrders, hypalbuminemia

anasarca, 606
ascites, 605t
Crhn disease, 656
diarrhea, chrnic, 597
hypcalcemia frm, 895
malabsrptin, 597
membranus nephrpathy, 943
nephrtic spectrum glmerular diseases, 941
prtein-lsing enterpathy, 639, 647
ulcerative clitis, 662

Alchl
sugar, 1220–1221
wd (See Methanl)

Alchlic Annymus, 1099
Alchlism. See Alchl use disrder

(alchlism)
Alchl use

adjustment disrders, 1054
bne marrw failure, 548
brain syndrmes, chrnic, 1098
n breast cancer risk, 745
cardimypathy & heart failure, 404, 418
cirrhsis, 697–699, 704–711

dyspepsia, 582
fatty liver disease, 703
gastritis, 625

hallucinsis, 1098, 1099, 1107
hepatitis, 605, 702 (See also Hepatitis)
hepattxicity, 700
hypertensin, 445, 449, 449t
hypglycemia, 1102, 1251, 1255
ketacidsis, 905t, 906
liver disease, 697–699

misuse, 1097
ral/rpharyngeal squamus cell

carcinma, 225, 226
pancreatitis

acute, 732, 733, 736, 737
chrnic, 737–739

pregnancy, 800
recmmendatins, 13
rsacea, 129–130, 130f
suicide, 1080
triglyceridemia, 1258
vilent deaths, 1095

Alchl use disrder (alchlism), 1097–1102,

1101f. See also Substance use
disrder; specific substances

atrial fibrillatin, 391
at-risk drinking, 1097
autimmune thrmbcytpenia, 551
brain syndrmes, chrnic alchlic, 1098
chlangicarcinma, 1632
Clinical Institute Withdrawal Assessment fr

Alchl-Revised, 698, 1100–1102,
1101f

clrectal cancer, 1646
cmplicatins, 1098
n DMARD hepattxicity, 836
drink, definitin, 1097
enabling behavir, 1098
fetal alchl syndrme, 1098
flic acid deficiency, 511
GI bleeding, acute upper, 599
guty arthritis, 829, 830, 831
hyperuricemia, 829, 830, 831
hypkalemia, 892
hypmagnesemia, 902

behavir disturbances, 55
benzdiazepines fr, 1088
frm caffeine, 1105
frm ccaine, 1592
delirium, 48, 70, 1023
dementia, 1023, 1025
depressin, severe, 1078, 1079
frm desmpressin, 1116
in elderly, 1025, 1073–1074, 1086
frm grwth hrmne elevatin, 1118
hepatic encephalpathy, 709
LSD & hallucingens, 1602
frm MAO inhibitrs, 1086, 1585
metablic encephalpathy, 1010
frm piid use disrder, 1103, 1605
palliative care, 68, 70

paradxical, panic disrder, 1059
persnality disrders, 1069
PTSD, 1056
frm salicylate intxicatin, 1607
schizphrenia, 1072, 1074
frm selective sertnin reuptake inhibitr

withdrawal, 1084
sertnin syndrme, 1611
frm thyrtxic crisis, 1132
frm tricyclic antidepressants, 1085

Agraphbia, 1057–1058, 1058t, 1059–1060

Agranulcytsis, frm antipsychtics, 1075
Aichi virus, 1442
AIDS. See HIV infectin/AIDS
AIDS enterpathy, 1347
Air, swallwed, gas frm, 591
Air pllutin, asthma, 244
Air travel, 1580–1581

bartrauma, 205
lwer extremity edema, 28
pregnancy, 1581
venus thrmbemblic disease, 28,

570t–571t, 1580, 1581
Airway bstructin/narrwing

asthma, 244
brnchial, 243

“café crnary,” 306

sleep apnea, 316, 1094

stridr, 233
tracheal, 242

trachestmy fr, 238

upper
acute, 242

chrnic, 242

Airways disrders, 242–266. See also specific
types

allergic brnchpulmnary aspergillsis,
264, 879t, 1562–1563

asthma, 243–257

brnchiectasis, 263–264

brnchilitis, 266

chrnic bstructive pulmnary disease,
257–263

cystic fibrsis, 264–266

dyspnea, 18–21
lwer

brnchial bstructin, 243

tracheal bstructin, 242

tracheal stensis, 242–243

upper
acute bstructin, 242

chrnic bstructin, 242

vcal fld dysfunctin syndrme, 242

Akathisia, drug-induced, 1020
antipsychtics, 1073, 1076
selective sertnin reuptake inhibitrs,

1084
Akinetic mutism, 1028, 1407

Adrenal incidentalmas, 1186

Adrenal insufficiency
central, 1111, 1112
hyptnic hypnatremia, 887
primary, 1171–1175

celiac disease, 638
clinical findings, 1172–1173
cngenital, 1172
differential diagnsis, 1173
etilgy, 1171–1172
hyperkalemia, 894
hyperpigmentatin, 159
mypathy, 1053
treatment, 1174–1175

shck, 501
distributive, 497
endcrine, 497, 498, 501

Adrenal mass/tumr. See also specific types
anvulatin frm, 776
incidentally discvered, 1186

Adrencrtical carcinma
Cushing syndrme frm, 1176, 1177,

1178–1179
hypglycemia frm, 1254

Adrencrtictrpic hrmne
Cushing disease, 1176
deficiency, 1111
suppressin, 1111

Adrenleukdystrphy, 1172
Adult Still disease, 837

Adult T-cell lymphma/leukemia, HTLV-1,
1409–1410, 1642

Advance care planning, 72
Advance directives, 72
Advance financial planning, with dementia, 55
Advisry Cmmittee n Immunizatin

Practices, 1319, 1320t–1325t
Adynamic bne disease, chrnic kidney

disease, 926
Adynamic ileus, 642–643

Aedes aegypti, 1416, 1419, 1421, 1550
Aedes albopictus, 1419
Aedes msquit

Dengue virus, 1414–1415, 1416
yellw fever, 1418
Zika virus, 1419

Aeromonas, traveler’s diarrhea, 1310–1311
African Burkitt lymphma, Epstein-Barr virus,

1385
African tick bite fever, 1448t, 1452
African trypansmiasis, 1515–1517, 1516t
Age-related hypgnadism, 1191
Age-related macular degeneratin, 65, 185–186

Aggregatibacter aphrophilus endcarditis, 1472,
1476

Aggressin disrders, 1095–1096

Aggressive lymphmas, 535–537
Aging. See also Older adults

hearing lss, presbycusis, 209
hypgnadism, 1191
macular degeneratin, 65, 185–186

menpause, 1202
presbypia, 65
visual impairment/lss, 65

weight, bdy, 32
Agitatin

alchl withdrawal syndrme, 1097, 1100,
1101f

amphetamines, 1592
frm antichlinergics, 1017
frm antidepressants, 1087t
antipsychtics fr, 1095

in elderly, 1073–1074
asthma, 252
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adverse effects, cular, 197
fr benign prstatic hyperplasia, 974, 974t
flppy iris syndrme frm, 183, 197, 198t
fr hypertensin, 461, 464t
n weight, 1270t

Alpha-gal, 878
hypersensitivity, 878

Alpha-glbin gene, 506, 506t, 507, 508
Alpha-glucsidase inhibitrs, 1222t, 1225–1226

verdse/pisning, 1600
5-Alpha reductase inhibitrs, 974–975, 974t
Alpha-thalassemia trait, 507, 508
Alphavirus, 1400–1401
ALPL, 1168
ALT-70, 139
Alteplase

fr pulmnary venus thrmbemblism,
300

fr STEMI, 375t, 376, 377
Alternaria, 1565
Alternating current (AC), 1575
Altitude disrders, 1577–1580

dysbarism & decmpressin sickness,
1577–1578

high-altitude illness, 1578–1579

Aluminum txicity, stemalacia frm, 1168
Alvelar hemrrhage syndrmes, 303–304

Alvelar hypventilatin
besity-hypventilatin syndrme,

262, 316

primary, 315
pulmnary hypertensin, 301

Alvelitis, 291
extrinsic allergic, 266, 286, 305, 306,

307–308, 308t
Alzheimer disease/dementia, 1022–1023,

1022t
after head trauma, 1030
Dwn syndrme, 1678
hypertensin and, 447
prgnsis, 55
seizures, 988

Amanita phalloides, 700, 788, 1583
Amantadine, fr Parkinsn disease, 1015
Amatxins, 1605
Amaursis fugax, 188, 480–481, 996
Amblyomma americanum, 1378t, 1413,

1453
Ambulatry ECG

mnitring, 362, 383
fr ventricular premature beats, 398

Amebiasis, 1533–1535, 1535t
clinical findings, 1533–1534, 1534f
gay & bisexual men, 1733
preventin & cntrl, 1535
sexually transmitted, 1303
treatment, 1534–1535, 1535t

Amegakarycytic thrmbcytpenia, bne
marrw failure, 548–549

Amenrrhea, 1200–1202

hyperprlactinemia, 1119
hypthalamic, functinal, 776
“hypthalamic,” 1201
primary, 1200–1201

secndary, 1201–1202

American trypansmiasis, 621–622,
1517–1518

dilated cardimypathy frm, 418
dysautnmia, 992
RBC transfusin, 546

Amilride, vltage dependent distal RTA frm,
907

Amincapric acid, txic mypathy frm,
1053

Aliskrein, 452t, 455

ALK1 mutatin, 1684
Alkali pisning, 1591–1592

ALK/ALK mutatin, 1613, 1614t, 1625, 1626,
1684

Alkalsis. See also specific types
metablic, 908–910, 909t

nausea & vmiting, 584
respiratry, 910–911, 910t

Alkjurma hemrrhagic fever, 1404
ALK tyrsine kinase inhibitr, 1626
Alkylating agents, 1616t–1617t

leukemia frm, 530
nitrgen mustards, 1616t
platinum analgs, 1617t
triazenes, 1617t

Allergic alvelitis, extrinsic, 266, 286, 305, 306,
307–308, 308t

Allergic asthma, 243
Allergic brnchpulmnary aspergillsis, 264,

879t, 1562–1563
Allergic cnjunctivitis, 171, 174t
Allergic cntact dermatitis, 125–127, 126f
Allergic eye disease, 171

Allergic & immunlgic disrders, 877–883

allergy testing, 880

delayed hypersensitivity, 880–881

drug exanthems, 165t, 880

drug-induced hypersensitivity syndrme,
881

pathphysilgy, 880
immediate hypersensitivity, 877–880

anaphylaxis, 877

aspirin (NSAID) exacerbated respiratry
disease, 880

drug allergy, 878

fd allergy, 877–878

pseudallergic reactins, 878–880, 879t
venm allergy, 878

primary immundeficiency, adult, 881–882,

882t
cmmn variable immundeficiency,

882–883, 882t
cmplement, 882t
granulcyte, 882t
IgA deficiency, selective, 881–882, 882t
specific (functinal) antibdy deficiency,

883

testing, 880

Allergic rhinitis, 219–221

Allergic vasculitis, 165t
Allimmunizatin

platelet, 544, 546
red bld cell, 515

Allpregnanlne, 1086
Allpurinl, 831–832

drug eruptin frm, 164
interstitial nephritis frm, 920

Allw Natural Death, 73
Algliptin, 1223t, 1227–1228
Alpecia, 161

andrgenic, 161
nnscarring, 161

scarring (cicatricial), 161

systemic lupus erythematsus,
838, 839t

Alpecia areata, 161
Alpecia ttalis, 161
Alpecia universalis, 161
Alpelisib, hyperglycemia frm, 1214
Alpha-1-antitrypsin clearance, 647
Alpha-adrenergic blckers/alpha-adrenceptr

antagnists, 461, 464t. See also
specific types

hypphsphatemia, 899
intxicatin, acute, 1097
ketacidsis, 905t, 906
labratry findings and differential

diagnsis, 1098
lesbian & bisexual wmen, 1729
luteinizing hrmne/fllicle stimulating

hrmne deficiency, 1111
Mallry-Weiss syndrme, 616
misuse, 1097
muscle weakness, prximal, 850
mypathy, txic, 1053
niacin deficiency, 1278
nngncccal acute bacterial arthritis, 868
stenecrsis, 876
pancreatitis, chrnic, 737–739
plyneurpathy, 1040

preventin, 13–14, 13t
n salivary gland, 233
screening, 13–14, 13t
thiamine deficiency, 1276–1277
thrmbcytpenia, 550
treatment

at-risk drinking, 1098–1099
CIWA-Ar guided, 698, 1100–1102, 1101f
hallucinsis, 1099
harm reductin mdel, 1099
severity assessment, 1100, 1101f
symptm-driven medicatin, 1100

Alchl Use Disrders Identificatin Test,
13–14, 13t, 697, 1097

Alchl withdrawal, 1097–1098

atrial fibrillatin, 391
hypkalemia, 892
seizures, 991
stress cardimypathy, 421
syndrme, 1097
treatment, 698, 1099–1102, 1101f

Aldicarb, 1606–1607
Aldsterne

hyperaldsternism, 1179–1181

diagnsis & wrkup, 446
hypertensin, 446

in resistant hypertensin, 471
Aldsterne receptr antagnists, 446, 456,

460t
hyperkalemia frm, 894
fr STEMI, 378

Aldsternism
hypertensin, 445, 448
primary, 1179–1181

Alemtuzumab, Gdpasture syndrme frm,
938

Alendrnate, pill-induced esphagitis frm, 616
Alfieri stitch, 423
Alimentary hypglycemia, functinal, 1254

Alimentary tract cancers, 1636–1652. See also
specific types

anal, 1652

clrectal, 1646–1652

esphageal, 1636–1639

gastric
adencarcinma, 1639–1641

lymphma, 1641–1642

neurendcrine tumrs, 1642–1643

gastrintestinal mesenchymal tumrs, 1643

small intestine, 1644–1646

adencarcinmas, 1644

lymphmas, 1644

neurendcrine tumrs, 1644–1645

sarcma, 1645–1646

Alircumab, 1262t, 1263
fr crnary heart disease preventin,

356–358
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Aminglycsides. See also specific types
acute tubular necrsis frm, 918
neurmuscular transmissin disrders frm,

1050

tubular prteinuria frm, 913
5-Aminsalicylic acid

fr inflammatry bwel disease, 653
fr ulcerative clitis, 662

Amintransferases, elevated, 678, 679t, 680t
acute liver failure, 689
alchl-assciated liver disease, 698
chlecystitis, acute, 725
chledchlithiasis & chlangitis, 727
drug-/txin-induced liver injury, 700
heart failure, 719
hepatic venus utflw bstructin, 717
hepatitis

A, acute, 681f, 682
autimmune, 696–697
B, 691, 692
B, acute, 683, 684f, 685
C, 686, 693
chrnic viral, 690–693
D, 691, 692

hepatbiliary disease, 678, 679t, 680t
nnalchlic fatty liver disease, 702, 703
pancreatitis, 73t

Amidarne, 384t
giter frm, 1126
hyperpigmentatin frm, 159
pstural tremr frm, 1020
thyrtxicsis frm, 1126, 1131, 1133–1134,

1138
txic mypathy frm, 1053
txic neurpathy frm, 1041

Amitriptyline
fr neurpathic pain, 93t, 94
n weight, 1270t

Amldipine verdse/pisning, 1596
Amnesia

frm benzdiazepines, 1059
cncussin, 1029, 1029t, 1031
Krsakff psychsis, 1026, 1098
Wernicke encephalpathy, 1277

Amnestic syndrme, 1107

Amdiaquine, fr malaria, 1523t, 1524
Amebic keratitis, 178–179

Amxicillin-clavulanic acid hepattxicity, in
elderly, 700

Amphetamines, 1104

aggressin, 1095
chrea frm, 1020
verdse/pisning, 1592–1593

arrhythmias, 1584, 1584t
hypertensin, 1584
hyperthermia, 1585
seizures, 1585, 1585t

pregnancy, 800
pulmnary hypertensin frm, 432

Amphtericin B, acute tubular necrsis frm,
918

Amprenavir, 1366
Ampulla f Vater cancer, 1634–1636

Amyl nitrate, 1105

Amyl nitrite, 1604–1605
Amylid

ATTR, 423
familial amylid plyneurpathy, 1039

kappa, 543
lambda, 543
prtein, 542–543

Amylidsis, 542–543

cardiac, 423–424
dialysis-related, 542

dilated cardimypathy frm, 418
entrapment neurpathy, 1040
glmerulnephritis, 934t
lcalized, 542–543
renal, 924t, 945

senile, 542
systemic, 542–543
transthyretin, 1039

Amytrphic lateral sclersis, 1036

after head trauma, 1030
dementia, age-related, 1022t
enterviruses in, 1445
head trauma and, 1030
rpharyngeal dysphagia, 609t

Anablic sterids, 1105

perfrmance-enhancing, risks, 1195
Anaerbic infectins, 1490–1492. See also

specific types
bacteremia & endcarditis, 1491

chest, 1490–1491

CNS, 1491

genital tract & pelvic, female, 1491

head & neck, 1490

intra-abdminal, 1491, 1491t
pneumnia, 267, 276–277

skin & sft tissue, 1492

Anal cancer, 1652

adencarcinma, anal canal, 1652
anal fissures, 675
screening, gay & bisexual men, 1734t, 1735
squamus cell, HIV/AIDS, 1350
treatment, 1616t

Anal fissures, 675–676

Crhn disease, 657
GI bleeding, acute lwer, 602

Analgesia. See also specific types
patient-cntrlled, 78

Analgesics. See also Pain; specific disorders
fr acute pain, 78–79
fr cancer pain, 79
fr chrnic nncancer pain, 79
hematuria frm, 952
mechanism f actin, 78
nephrpathy frm, 946
Oxfrd League Table f Analgesics, 78
Plyanalgesic Cnference Cnsensus, 96
rebund headache frm, 982

WHO Analgesic Ladder, 79
Anal/perianal fistulas, 657, 676

Crhn disease, 599, 657, 660
infectins, 674
lymphgranulma venereum, 1496

Anaphylactid reactins, 878–880, 879t
Anaphylaxis (anaphylactic shck), 496, 497t,

500, 545, 877

Anaplasma capra, 1453
Anaplasma phagocytophilum, 1448t, 1453
Anaplasmsis, 1448t, 1453–1454

Anaplastic astrcytma, 1615t
Anaplastic thyrid carcinma, 1144t, 1145,

1148, 1151
Anastrzle, fr breast cancer, 758
ANCA

anti-GBM–assciated glmerulnephritis,
938

glmerulnephritides, 921–922, 933t,
935f

pauci immune glmerulnephritis, 921, 933t,
937

rheumatic diseases, 841t
ANCA-assciated vasculitis, 303, 853t, 937

esinphilic granulmatsis with
plyangiitis, 861

granulmatsis with plyangiitis, 857–858

levamisle-assciated purpura, 861
micrscpic plyangiitis, 860

Ancylostoma braziliense, 1549
Ancylostoma caninum, 1549
Ancylostoma duodenale, 1545–1546
Andes virus, 1416
Andrgenic alpecia, 161
Andrgens. See also specific types

hyperandrgenism
acne, female, 127
amenrrhea frm, 1200, 1202
plycystic vary syndrme, 776
pstural rthstatic tachycardia syndrme,

993
insensitivity, 1192, 1196, 1196t, 1201

Anejaculatin, 968
epetin alfa fr, 1358

Anemia, 502–521

aplastic, 518–520, 518t, 519t
acquired, bne marrw failure, 518–520,

519t, 548–549
hepatitis E, 688

autimmune, 516–517

frm chemtherapy, 1672
f chrnic disease, 505–506

chrnic kidney disease, 912, 927
classificatin

mean red bld cell vlume, 502, 503t
red bld cell pathphysilgy, 502, 503t

cngenital, 502
Cley, 507–508
criteria, 502
Fancni, 548, 907
flic acid deficiency, 510–511, 511t, 814

Gaucher disease, 1680
general apprach, 502
hemlytic, 511–515

autimmune, 516–517

hepatsplenmegaly, 502
f inflammatin, 505
irn deficiency, 502–504, 503t, 604, 814

macrcytic, 502
megalblastic, 502, 511
micrcytic, 502
f lder adults, 505
f rgan failure, 505
pernicius, 509, 627 (See also Vitamin B

12
)

plasma cell myelma, 539
plyarteritis ndsa, 856
pregnancy, 813–814

definitin, 813
flic acid deficiency, 604, 814
irn deficiency, 814
ther, 814
sickle cell, 814

preperative evaluatin, 46
retinal/chridal hemrrhage, 191
sickle cell, 514–516, 515t

n BUN, 914, 914t
pregnancy, 814

thalassemias (hyperprliferative), 506–509

alpha, 507t
beta, 508t

vitamin B
12

deficiency, 509–510, 511t
Waldenström macrglbulinemia, 541–542

Anesthesia/anesthetics. See also specific types
and indications

cntact dermatitis frm, 125
intrathecal, 95–96
malignant hyperthermia, 30, 1296
pain management, 78–98 (See also Pain/pain

disrders)
Anesthetics/anesthesia

lcal, with cular disrders, 196
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Aneurysm
abdminal artic, 4, 5t, 483–485

back pain, 602
ischemic clitis after surgery fr, 602
peripheral artery aneurysms and, 487
ppliteal aneurysms and, 487
pstperative cardiac cmplicatins, 41
shck, 497t

artic
dissectin, 487–489

disseminated intravascular cagulatin,
556–557, 556t

artic arch, superir vena caval bstructin,
493

arterial, 483–489

crnary artery, Kawasaki disease, 1457
femral, 487
peripheral artery, 487

ppliteal, 487
varicella-zster virus, 1381

atrial septal, 327, 328
“berry,” 325, 1001, 1002

cerebral
autsmal dminant plycystic kidney

disease, 949
carctatin f arta, 325

false, 486
inflammatry, 484
intracranial, 1002

Kawasaki disease, 1379t, 1456–1458

left ventricular, after STEMI, 381
myctic, injectin drug abuse, 1305
pseudaneurysm, 381, 599
saccular, 1001
subarachnid hemrrhage, pituitary

hrmne deficiency after, 1111
syphilis, 486, 1504, 1504f
thracic, 485–486, 854
ventricular septal, 329

Aneustic breathing, 1027
Angiitis. See also Plyangiitis

CNS, primary, 863–864

thrmbangiitis bliterans, 483

Angina
intestinal, 482

Ludwig, 230–231

Vincent, 227

Angina pectris
acute crnary syndrmes, withut

ST-segment elevatin, 368, 369, 370f,
371–372, 372t

artic regurgitatin, 347
artic stensis, 343, 345
atrial tachycardia with, 398
cardimypathy

hypertrphic, 422
restrictive, 424
stress, 421

chest pain, 22–25
chrnic stable, 359–367, 364f, 367t

hypertensin, 363, 364f, 365
risk factr mdificatin, 365

crnary angigraphy fr, 406
crnary heart disease, 354
crnary vasspasm and, nrmal

arterigram, 368

intestinal, 482

jaw pain, 986
pstinfarctin, 379
precipitating/relieving, 359
Prinzmetal (variant), 366, 368
STEMI, 373
unstable, 358

cardiac risk assessment/reductin, 41

Angiectasias (angidysplasias),
gastrintestinal bleeding

acute lwer, 602
acute upper, 599

Angiedema, 134–135, 134f
hereditary, 135, 879t

Angima, upper gastrintestinaI bleeding, 599
Angimylipmas, 1663

Angiplasty, rescue, fr STEMI, 379
Angiostrongylus (angistrngyliasis),

1548–1549

Angiostrongylus cantonensis, 1548–1549
Angiostrongylus costaricensis, 1548–1549
Angitensin-cnverting enzyme (ACE)

inhibitrs, 451–455, 452t–453t
acute kidney injury frm, 916
n crnary heart disease risk, 359
fr heart failure

LVEF preserved, 412
LVEF reduced, 407f, 408, 408t

hyperkalemia frm, 894
hypglycemia frm, 1255
hypreninemic hypaldsternemic RTA

frm, 907
preperative evaluatin/periperative

management, 50
fr STEMI, 378, 382–383

Angitensin II receptr blckers, 453t–454t,
455

fr heart failure
LVEF preserved, 412
LVEF reduced, 407f, 408–409, 408t

preperative evaluatin/periperative
management, 50

fr STEMI, 378, 382
Angitensin receptr blckers

hyperkalemia frm, 894
hypreninemic hypaldsternemic RTA

frm, 907
Angitensin receptr-neprilysin inhibitr, fr

heart failure, 407f, 408t, 409–410
Angle-clsure crisis, 179
Angle-clsure glaucma, 175t–177t, 179, 180
Angular cheilitis, 226–227, 227f, 1345
Anhednia, 1078
Anicteric leptspirsis, 1509
Aniline, methemglbinemia frm, 1604–1605
Animal bite wunds, 152, 1301–1302

Anin gap
pisning, 1589
urine, 907–908

Anin gap acidsis, 904
increased, 904t, 905–906, 905t

ketacidsis, 905–906, 905t
lactic, 905, 905t, 1052, 1249–1250, 1345
txins, 905t, 906
uremic, 906

metablic acidsis, 904–905, 904t
nrmal, 904t, 906–908, 906t

hyperchlremic, nrmal anin gap
metablic acidsis, 906–907, 906t

Anisakis marina gastritis, 627
Anise, apparent mineralcrticid excess

syndrme frm, 1181
Ankle-brachial pressure index, lwer extremity

edema, 28
Ankle injuries, 1716–1718

sprains, 1716t
eversin, 1716t, 1717–1718

“high ankle,” 1717–1718
inversin, 1716–1717, 1716t

Ankylsing spndylitis, 864–865

Annulplasty
CHA

2
DS

2
-VASc scre, 354

fr mitral regurgitatin, 341f
fr mitral stensis, 338
fr tricuspid regurgitatin, 352

Angenital pruritus, 148–149, 149f
Angenital warts. See also specific types

gay & bisexual men, 1733
HPV, 141–143, 142f
HPV, cndylmata acuminata, 141–143,

142f, 674, 792

Anopheles, 1419, 1550
Anpheline msquites, 1521
Anrectal disrders, 672–676

abscess & fistula, anal/perianal, 657, 676

anal fissures, 675–676

hemrrhids, 672–673

incntinence, fecal, 674–675

pruritus, perianal, 676

Anrectal infectins, 674

Chlamydia trachomatis, 674
cndylmata acuminata, 674
herpes simplex type 2, 674
human papillmavirus, 141–143, 142f, 674,

792

Neisseria gonorrhoeae, 674
Treponema pallidum, 674

Anrexia-cachexia syndrme, 74
Anrexia nervsa, 1275–1276

hypkalemia, 892
luteinizing hrmne/fllicle stimulating

hrmne deficiency, 1111
Anrgasmia, 1066
Ansmia, 221

COVID-19, 216, 221, 1424
frntal lbe lesins, 1005
Kallmann syndrme, 1111
meningima, 1006t
Parkinsn disease, 1015
sarcidsis, 224
traumatic brain injury, 1030
frm zinc, 1599t

Anvulatin, 768
frm carcinma f endmetrium, 796
differential diagnsis, 776
frm fllicle stimulating hrmne, 778
frm human menpausal gnadtrpins, 778
pituitary adenma, 776
plycystic vary syndrme, 774
uterine bleeding

pstmenpausal, 770
premenpausal abnrmal, 768

Anterir cerebral artery cclusin, 996, 997t
Anterir chest wall syndrme, 362
Anterir cmpartment, 290
Anterir cruciate ligament injury, 1706,

1710–1711

Anterir drawer test, 1707t, 1711, 1717
Anterir hyppituitarism, 1110–1115. See also

Hyppituitarism, anterir
Anterir intersseus syndrme, 1043

Anterir ischemic ptic neurpathy, 191–192,

193
Anterir knee pain, 1706t, 1713–1714

Anterir mediastinal mass, 290

Anterir uveitis, 181–182

Anthracyclines, 1618t
fr breast cancer, 756–757
carditxicity, 1618t, 1674
leukemia frm, 530
mycarditis frm, 417

Anti-3-hydrxy-3-methylglutaryl cenzyme A
reductase autantibdies, 848, 849,
850

Antiandrgens, 1621t
Antianxiety agents, 1058t
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Antiarrhythmics, 383–386, 384t–385t
class Ia, 383
class Ib, 383
class Ic, 383
class II, 383
class III, 383–384
class IV, 384
fr heart failure, 411
verdse/pisning

arrhythmias frm, 1584, 1584t
hypertensin, 1584

fr supraventricular tachycardia, 384
Vaughan-Williams classificatin, 383

Antibitic lck therapy, 1297
Antibitics. See also specific infections and types

clitis frm, 651–653

diarrhea frm, 651
hepattxicity, 700
prphylactic, surgical site infectins, 50
tpical, fr dermatlgic disrders

acne, 102t, 128–129
drug eruptin frm, 164
impetig, 103t

Anti-cardilipin antibdy
antiphsphlipid syndrme, 843
systemic lupus erythematsus, 841t

Anti-CCP antibdies, 834, 835
Anti-CD3 antibdies, 1216
Anti-CD20 mnclnal antibdies, hepatitis B

frm, 536
Anticentrmere antibdies, 841t, 847
Antichlinergics. See also specific types

antiemetic, 586, 587t
fr asthma, 249t, 250t, 252
chrea frm, 1020
clnic pseud-bstructin frm, 643
verdse/pisning, 1595

antidte, 1586t
cma, 1582
hyperthermia, 1585
hyptensin, 1583

fr Parkinsn disease, 1017
syndrme, frm pisning, 1588

Antichlinesterases. See also specific types
antidtes, 1586t

Anticagulants/anticagulatin, 565–568.
See also specific types

fr acute crnary syndrmes withut
ST-segment elevatin, 370f, 371

fr atrial fibrillatin, 393–394, 393t, 394t
prsthetic heart valves, 353, 354

clinics, 394
direct-acting ral, 565–568, 565t–567t

fr endcarditis, 1477
fndaparinux, 565

fr heart failure, 411
verdse/pisning, 1593

periperative management, 46, 46t
with prsthetic heart valves, 353–354,

355t
reversal, 565, 568t
thrmbcytpenia frm, 557–558, 557t
unfractinated heparin & LMWHs, 565

fr venus thrmbemblic disease
preventin, 569, 570t
treatment, 572t–573t

vitamin K antagnist (warfarin), 565

Anticagulants/anticagulatin, fr venus
thrmbemblic disease, 572,
572t–573t

drug selectin, 574–575, 574t
Bva scre, 574
direct-acting ral, 566t–567t, 575
heparins, 574–575

principles, 574
warfarin, 575, 576t, 577t

duratin, 575–577, 578t, 579t
cancer-related VTE, 575–576
prvked vs. unprvked VTE, 575
risk scring systems, 575
thrmbphilia wrkup, 576–577, 579t
VTE recurrence rates, after

discntinuatin, 575
patient selectin, 574, 574t

Anticnvulsants. See also specific types
drug eruptin frm, 164
verdse/pisning, 1593–1594

Anti-D antibdies, 544
Antidepressants, 1058–1059, 1058t, 1081–1085,

1083f. See also specific types
atypical, 1081–1085, 1082t
fr dermatlgic disrders, 99, 104
verdse/pisning, 1595, 1610–1611, 1610f
tricyclic, 1085

fr neurpathic pain, 93t, 94
verdse/pisning, 1595, 1610–1611,

1610f
arrhythmias, 1584, 1584t, 1610–1611,

1610f
hyperthermia, 1585
hyptensin, 1583
seizures, 1585, 1585t

pstural tremr frm, 1020
sertnin syndrme frm, 30
n weight, 1269, 1270t

Antidiarrheal agents, 595. See also specific types
fr irritable bwel syndrme, 649–650

Antidiuretic hrmne
deficiency, central diabetes insipidus,

1115–1116
hyptnic hypnatremia, 885–888 (See also

Hyptnic hypnatremia)
Antidtes, 1586, 1586t
Antidrmic reentrant tachycardia, 390–391
Antiemetics, 586, 587t
Antifungals, tpical. See also specific types

fr dermatlgical disrders, 103t
imidazles, 103t

Antigenic drift, 1430, 1442
Antigenic shift, 1430
Anti-glmerular basement membrane

disease, kidney bipsy, 915
glmerulnephritis, 921, 933t, 938, 938

Antihistamines. See also specific types
abuse, 1105

antiemetic, 586, 587t
fr dermatlgic disrders, 99, 104
verdse/pisning, 1595

cma, 1582
hyptensin, 1583
seizures, 1585, 1585t
sympathlytics, 1597

n weight, 1269, 1270t
Anti-HMGCR antibdies, 848, 849, 850
Antihypertensives, 451–470. See also specific

agents and drug classes
ABCD mnemnic, 467
ACE inhibitrs, 451–455, 452t–453t
aldsterne receptr antagnists, 446, 456,

460t
alpha-adrenceptr antagnists,

461, 464t
angitensin II receptr blckers, 453t–454t,

455

arterilar dilatrs, 465t, 466

beta-adrenergic blckers, 456–461,

462t–463t
in blacks, 467, 469, 470t

calcium channel blckers, 455–456,

457t–458t
cancer risk, 466
central sympathlytic drugs, 461, 464t
classes, 467
cmbinatin prducts, ther, 454t
demgraphics, fr agent chice, 467, 468t
depressin frm, 1079
diuretics, 456, 459t–460t
evening dsing, 466
first-line, 466
inhibitrs, 452t–453t
nnadherence, 468
peripheral neurnal antagnists, 465t
peripheral sympathetic inhibitrs, 461, 465t,

466

regimen develpment, 466–468, 467t, 468t
renin inhibitrs, 452t, 455

step care apprach, 467t
in yung, 467

Antihypglycemic verdse/pisning, 1600

Anti-IL12/23 antibdy
fr Crhn disease, 660
fr inflammatry bwel disease, 655

Anti-integrins
fr Crhn disease, 660
fr inflammatry bwel disease, 655

Antilipidemic mnclnal antibdy agents, 8
Antimalarials, fr rheumatid arthritis, 836
Antimetablites, 1617t–1618t. See also specific

types
flate antagnists, 1617t
purine analgs, 1617t
pyrimidine analgs, 1617t–1618t

Antimicrbial therapy, 1311–1319,

1312t–1314t. See also specific types
acutely ill, hspitalized, 1315t
adverse reactins & txicity, 1317
“best guess,” 1311
clinical respnse, 1311
cst, 1318
drug susceptibility tests, 1311, 1314
duratin, 1317
etilgic diagnsis, 1311, 1315t–1317t
labratry cntrl, 1311
utpatient adult, empiric chices,

1315t–1316t
penicillin allergy, 1318–1319

principles, 1311–1318

respnse, prmptness, 1314, 1317
rute f administratin, 1318
stewardship, 1318

Antimicrtubules
taxanes, 1618t
vinca alkalids, 1618t

Antimitchndrial antibdies, 711
Antimuscarinic verdse/pisning, 1595
Anti-myctics, 1556t–1557t
Antineutrphil antibdies, 841t
Antineutrphil cytplasmic autantibdy

(ANCA). See also ANCA
glmerulnephritis, 921–922, 933t, 935f,

937

anti-GBM–assciated, 938
pauci immune, 921, 933t, 937

rheumatic diseases, 841t
vasculitis, 303, 853t, 857–858, 860–861

(See also ANCA-assciated vasculitis)
Anti-NMDA receptr–assciated encephalitis,

1011, 1012t
Antibesity medicatins, 1269, 1271t–1273t
Antixidants

cardivascular disease preventin, 9
n high LDL chlesterl, 1261
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Anti-PDL-L1 mnclnal antibdy, central
diabetes insipidus frm, 1115

Antiphsphlipid antibdies
factr II antibdies with, 563
systemic lupus nephritis, 840, 840t

Antiphsphlipid syndrme, 843–844

pregnancy, 814

transient mncular visual lss, 188
types, 843

Antiplatelet therapy. See also specific types
fr acute crnary syndrmes withut

ST-segment elevatin, 369–371, 370f
after drug-eluting stents, STEMI, 376
discntinuatin, fr prcedures, 371
fr peptic ulcer disease risk reductin, 632

Antipruritics
systemic, 99, 104
tpical, 99, 103t–104t

Antipsychtic agents, 1071–1077

atypical (secnd-generatin), 1071–1072,

1072t, 1073t, 1214
fr biplar disrder, 1088
clinical indicatins, 1073–1074
dsage frms & patterns, 1072t, 1074
neurleptic malignant syndrme frm, 1076
verdse/pisning, 1594

cma, 1582
hyptensin, 1583
seizures, 1585, 1585t

side effects, 1074–1077, 1075t
teratgenicity, 1075–1076
typical (first-generatin), 1071, 1072t, 1073t
n weight, 1269, 1270t

Antiretrvirals
pregnancy, 820–821
tubular prteinuria frm, 913

Antiretrvirals, fr HIV/AIDS, 1358–1373,

1359t–1362t. See also specific types
attachment inhibitr, fstemavir, 1362t,

1368

chsing, 1362–1369
entry and fusin inhibitrs, 1361t–1362t,

1368

enfuvirtide, 1361t, 1368
ibalizumab, 1362t, 1368
maravirc, 1361t, 1368

fixed-dse cmbinatins, 1362–1364, 1363t
impact, 1358
initial ART regimens, 1369, 1370t–1371t,

1371f
initial regimen, cnstructing, 1368–1369,

1370t
initiatin, rapid, 1358
integrase inhibitrs, 1361t, 1367–1368

bictegravir, 1358, 1361t, 1363t, 1368, 1369,
1370t

cabtegravir, 1361t, 1368
dlutegravir, 1358, 1361t, 1362, 1363t,

1365, 1367–1369, 1370t

elvitegravir, 1361t, 1367
raltegravir, 1354, 1361t, 1362, 1367, 1369,

1370t, 1372
mnitring, 1369–1372, 1371f

cmpliance challenge, 1369–1372
gals, 1369
medicatin resistance, 1372

nnnucleside reverse transcriptase
inhibitrs, 1359t–1360t, 1364–1365

delavirdine, 1359t, 1365
dravirine, 1359t, 1363t, 1364, 1365,

1371t

efavirenz, 1360t, 1362, 1363t, 1364, 1365,

1369, 1371t, 1372
etravirine, 1360t, 1365

nevirapine, 1360t, 1365
rilpivirine, 1360t, 1361t, 1362, 1363t,

1364, 1365, 1368, 1369, 1371t
nucleside reverse transcriptase inhibitrs,

1359t, 1362–1364

abacavir, 1359t, 1362, 1363t, 1364, 1369,
1370t

didansine, 1359t, 1364
emtricitabine, 1358, 1359t, 1362–1364,

1363t, 1368, 1369, 1370t–1371t, 1372,
1373

lamivudine, 1354, 1358, 1359t, 1362,

1363t, 1364, 1368–1369,
1370t–1371t, 1372

stavudine, 1359t, 1364, 1372, 1373
zidvudine, 1359t, 1364

nucletide reverse transcriptase inhibitrs,
1359t, 1362–1364

tenfvir, 1352, 1358, 1359t, 1362, 1363t,
1364, 1368–1369, 1370t, 1371t

tenfvir alafenamide/emtricitabine,
1352–1353, 1353t, 1358, 1359t,

1362–1364, 1363t, 1368,
1370t–1371t

with pprtunistic cinfectin, 1362
principles guiding, 1358
prtease inhibitrs, 1360t–1361t, 1365–1367

amprenavir, 1366
atazanavir, 1360t, 1367
atazanavir/cbicistat, 1360t, 1367
darunavir, 1360t, 1363t, 1365–1366, 1367,

1369, 1370t–1371t

fsamprenavir, 1360t, 1366
indinavir, 1360t, 1366
lpinavir/ritnavir, 1360t, 1366
nelfinavir, 1360t, 1366
ritnavir, 1360t, 1366
saquinavir, 1360t, 1366
tipranavir/ritnavir, 1360t, 1367

prtcl exceptins, 1358, 1362, 1363t
with resistance, 1372–1373

Antiscial persnality disrder, 1068–1069, 1068t
Antisynthetase syndrme, 849
Antithrmbtic therapy, 565–581. See also

specific types and disorders
anticagulant classes, 565–568

direct-acting ral, 565–568, 565t–567t

fndaparinux, 565

unfractinated heparin & LMWHs, 565

vitamin K antagnist, 565

anticagulant reversal, 565, 568t
lng-term, fr STEMI, acute, 378–379
platelet disrders frm, 565–581

fr venus thrmbemblic disease (See also
Venus thrmbemblic disease)

preventin, 568–572

treatment, 572–581

Anti-TNF therapies
fr Crhn disease, 659–660
fr inflammatry bwel disease, 654–655
fr ulcerative clitis, 663, 664

Anxiety
chest pain, 22, 23, 24
illness/hspitalizatin-assciated, 1108
irritable bwel syndrme, 648
n pain threshld, 1064
palpitatins, 26, 27
pstsurgical, 1107
presurgical, 1107

Anxiety disrders, 1057–1060, 1058t, 1060t
generalized anxiety disrder, 1057–1059, 1058t
panic disrder, 1057, 1058t, 1059, 1060t
phbic disrder, 1057–1058, 1058t,

1059–1060

Anxilytic abuse. See Anxiety disrders
Arta

aneurysm
abdminal, 4, 5t, 483–485 (See also

Abdminal artic aneurysm)
dissectin, 487–489

disseminated intravascular cagulatin,
556–557, 556t

thracic, 485–486, 854
athersclersis, 475–476

carctatin, 325–326, 342, 347, 446
dilatatin

ascending arta, 342
tetralgy f Fallt, 330

cclusive disease, 475–476

pregnancy, vascular abnrmalities, 438–439

Artic arch
aneurysm, superir vena caval bstructin,

493
tetralgy f Fallt, 331

Artic dissectin, 487–489

acute, hypertensin treatment, 472, 472t
chest pain, 22, 23
carctatin f arta, 326
hypertensin, 447
types, 488

Artic regurgitatin, 333t–335t, 347–350, 349f
giant cell arteritis, 854
hypertensin, 447
Marfan syndrme, 347, 348
ventricular septal defect, 329

Artic rt dilatin
Marfan syndrme, 439, 1682–1683
pregnancy, 817

Artic rt disrder
artic regurgitatin, 334t, 335t, 347,

348–350
artic stensis, 342, 344, 345, 347
pregnancy, 436, 438, 439
STEMI, 373
ventral septal defect, 329

Artic (valve) stensis, 333t–335t, 342–347,

343t, 344f, 346f
artic rt replacement, 345
chest pain, 23
carctatin f arta, 342
interventins n, 336t
pregnancy, 817
severe, anatmic syndrmes, 343, 343t

Artic valve
replacement, 342
sclersis, 342
tricuspid, carctatin f arta, 347

Artitis, syphilis, 1498, 1504, 1505
Artenteric fistula, upper gastrintestinaI

bleeding, 599
Artiliac disease, 475–476

Artpathy, pregnancy, 437t
Apallic state, 1028
Apathia, 1023
APC, 668, 670, 1646, 1647
Aphasia

Brca, 996
Wernicke, 996

Aphthus ulcers, 228, 1345
API2-MALT1 translcatin, 1642
Apical ballning syndrme, 373, 420–421

Apixaban, 565–568, 566t–567t. See also
Direct-acting ral anticagulants

fr atrial fibrillatin, 394, 394t
reversal, 565, 568t
fr venus thrmbemblic disease

preventin, 569, 570t
treatment, 573t
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Apixiban
verdse/pisning, 1593

Aplastic anemia, 518–520, 518t, 519t
acquired, bne marrw failure, 518–520,

519t, 548–549
hepatitis E, 688

Apnea
central, 316
mixed, 316
bstructive, 316
sleep, 316

central, 1094

bstructive, 231–232, 316–317, 1094

test, 1028
APOB mutatin, 1678
APOE-e4 gene, 53
APOL1, 447, 934t, 940, 942, 944
Aplipprtein

A1 gene, 1039
B, 1256, 1257, 1259t, 1263

Aptransferrin, 502
Apparent mineralcrticid excess syndrme,

1181
Appendectmy, n ulcerative clitis risk, 661
Appendicitis, 585t, 606, 645–646

pregnancy, 824

Apprehensin test, 1689t, 1691, 1714
Apraclnidine verdse/pisning, 1597
Apraxia, 1023
Aquablatin, 977
Aquaprin-4, 1033
Arachndactyly, Marfan syndrme, 1682
Arbvirus encephalitides, 1400–1402

Arenavirus, 1413
Arg133Trp mutatin, 1213
Argentinian hemrrhagic fever, 1413
Argyll Rbertsn pupil, neursyphilis,

1505
ARH mutatin, 1679
Aripiprazle

abnrmal mvements, 1020
verdse/pisning, 1594

Arnld-Chiari malfrmatin
cugh headache, primary, 981–982
syringmelia, 1035–1036

Armatase inhibitrs, 758, 1621t
Arrhenblastmas, hirsutism, 1198
Arrhythmias, 383–386, 384t–385t. See also

specific types
bigeminy, 398
branch retinal artery cclusins, 187
cardiac risk assessment/reductin, 41
cardigenic shck frm, 496
hypcalcemia, 897
inherited syndrmes, 401–402

palpitatins, 25
frm pisning, 1584–1585, 1584t
pregnancy, 817–818
preperative evaluatin/periperative

management, 44
sinus, 386–387

systemic lupus erythematsus, 840
tetralgy f Fallt, 330, 331
treatment, 383–386, 384t–385t

antiarrhythmics, 383–386, 384t–385t
catheter ablatin, 386

frm tricyclic antidepressants, 1610–1611,
1610f

trigeminy, 398
Arrhythmgenic right ventricular

cardimypathy, 401–402

athlete screening, 441t
sudden cardiac death, 400
ventricular tachycardia, 399

Arsenic pisning, 1594–1595

antidte, 1586t, 1595
arrhythmias, 1584, 1584t
txic neurpathy, 1041

Artemisinins, fr malaria, 1523t, 1524t, 1525t,
1527

cmbinatin therapies, 1523–1524, 1524t,
1525t

Arterial aneurysms, 483–489

abdminal artic, 4, 5t, 483–485

artic dissectin, 487–489

peripheral artery, 487

thracic artic, 485–486

varicella-zster virus, 1381
Arterial bld gases

acute respiratry failure, 317–318
asthma, 244, 256
COPD, 259, 260
cystic fibrsis, 265
dyspnea, 19, 20
pneumnia, cmmunity-acquired, 270
pneumthrax, 314
preperative value/periperative

management, 45
pulmnary venus thrmbemblism, 297
smke inhalatin, 304

Arterial limb cclusin, 479–480

Arterial pulse pressure, wide, 348
Arterilar dilatrs, fr hypertensin, 465t, 466

Arterisclersis, central & branch retinal vein
cclusins, 186

Arterivenus fistula, 489, 491
acquired, 1003
fr hemdialysis, 929
spinal dural, 1004–1005

Arterivenus malfrmatins, 984t–985t,
1003–1004

hereditary hemrrhagic telangiectasias,
1684

rupture, 1001
Arteritis

cranial, headache, 982

giant cell, 187–188, 194, 854–855

Kawasaki disease, 1379t, 1456–1458

plyarteritis ndsa, 856–857

Takayasu, 856

varicella-zster virus, 1381
Arthritis/arthralgia. See also specific types

crystal depsitin, 828–833

calcium pyrphsphate depsitin,
832–833

guty arthritis, 828–832, 829t, 830f
degenerative jint disease, 825–828, 827f
gncccal, 869–870

grup A Streptococcus, 1461

hepatitis E, 688
HIV, 870

infectius, 868–871

juvenile
rheumatid, selective IGA deficiency,

881
Still disease, 837
uveitis, 182

leukemic, 876
nngncccal acute bacterial,

868–869

pneumcccal, 1463
plyarthritis, rheumatic fever, 426
“pseudrheumatid,” 833
psriatic, 110–112, 866, 870
pygenic, 830, 868–869, 869
reactive, 866–867, 867f
rheumatid, 833–837, 834f
sarcidsis, 294, 294f

septic
initial antimicrbial therapy, 1315t
injectin drug abuse, 1305
nngncccal, 868–869

tuberculus, 873

viral, 871

Arthrcentesis, 825, 826t, 827t
Arthrpathy. See also specific types

neurgenic, 876

spndylarthrpathies, sernegative,
864–868 (See also Sernegative
spndylarthrpathies)

Arthrpd skin lesins, 152–153

Artificial inseminatin, 778
Artificial sweeteners, 1220

Artificial tears, 170
Asbests, malignant pleural mesthelima

frm, 1628
Asbestsis, 307, 307t, 308, 431
Asbe-Hansen sign, 140
Ascaris (ascariasis), 296, 1545–1546

Ascaris lumbricoides, 1545–1546
Ascending arta, dilated, 342
Ascites

cirrhsis, 704, 706–707
etilgy, 605, 605t
malignant, 605, 608, 1667

patient assessment, 605–606, 605t
pstperative risk reductin, 46

Ascrbic acid
deficiency, 1278–1279

txicity, 1279

Aseptic meningitis, 1298–1299
cxsackievirus, 1443
entervirus D68, 1445

Asherman syndrme, amenrrhea, 1202
Aspartame, 1220
Aspartate amintransferase, elevatin, 678,

679t, 680t, 682
Aspergillus (aspergillsis), 1562–1563

allergic brnchpulmnary, 264, 879t,
1562–1563

in immuncmprmised
preventin, 1293
pulmnary infiltrates, 277
transplant recipients, hematpietic cell,

1291
transplant recipients, slid rgan, 1291

titis, external, 203
tlgic, AIDS, 215
sinusitis, 219

Aspergillus fumigatus, 1562–1563

allergic brnchpulmnary, 264, 879t,
1562–1563

Aspiratin, fd, 306

Aspiratin pneumnia, 1305
antimicrbials fr, 1316t
injectin drug abuse, 1305
necrtizing, 276
pulmnary aspiratin syndrmes, 305–306

Aspirin, lw-dse
cardiac risk assessment/reductin with, 42
fr cardivascular disease preventin, 5t, 9
n clrectal cancer risk, 1647
n crnary heart disease risk, 358
fr venus thrmbemblic disease

preventin, 569, 571t
Aspirin/acetylsalicylic acid. See also Salicylates/

salicylic acid; specific types
fr acute crnary syndrmes withut

ST-segment elevatin, 369, 370f
fr angina, 365
anin gap acidsis increase frm, 905t, 906
fr clrectal cancer preventin, 1647
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n creatinine, 914
GI cmplicatins/bleeding, 628, 632
medicatin-veruse headache frm, 982
verdse/pisning, 1607–1608
fr pain, 81, 82t

respiratry alkalsis, 910
respiratry disease frm, 243, 880

fr STEMI, 374–375, 378–379
tubulinterstitial disease frm, 946

Assist-cntrl ventilatin, fr acute respiratry
failure, 319

Assisted reprductive technlgy, 778, 971
Asthma, 243–257

allergic, 243
frm aspirin/NSAIDs, 243
“cardiac,” 244
catamenial, 244
chrnic esinphilic pneumnia, 296
clinical findings, 244–245
cntrl, assessing, 244, 244t
cugh/cugh-variant, 15, 16–17, 17t, 244
definitin/classificatin, 243–244
dyspnea, 18
exercise-induced brnchcnstrictin, 244
“functinal,” 245
Global Strategy for Asthma Management and

Prevention, 243, 245
late-nset T2-high, 243
lesbian & bisexual wmen, 1727
medicatins causing, 244, 309t
ncturnal, aspiratin and necrtizing

pneumnia, 276
with besity, 244
ccupatinal, 244
paradxical vcal fld mtin, 244
with persistent airflw limitatin, 244
precipitants, 244
pregnancy, 818

T2-lw, 243
triad, 223, 880
upper airways bstructin, 244

Asthma, treatment, 246–257

apprach, 244t, 245–246
desensitizatin, 253
exacerbatins, 253–257

mild t mderate, 253–254, 254t, 255f
severe, 254–257, 254t, 256f

persnalized, 246, 247f
pharmaclgic, 246–253

add n therapies, 246
antichlinergics, 249t, 250t, 252
beta-adrenergic agnists, 246, 250t,

251–252
crticsterids, inhaled, 246, 250t–251t
crticsterids, systemic, 248t, 250t–251t,

252
leuktriene mdifiers, 249t, 252
lng-term cntrller medicatins, 246,

248t–249t
mediatr inhibitrs, 248t, 253
metered-dse inhalers, 246, 248t, 250t,

251–252, 254, 255f
mnclnal antibdy agents, 249t, 253
phsphdiesterase inhibitr, 249t,

252–253
reliever medicatins, 246, 250t–251t

referral, 257
spacer, 246
vaccinatin, 253

Astrcytma, 1005–1008, 1006t
anaplastic, 1615t

Astrviruses, 1442
ASXL1 mutatin, 526, 529, 530
Asymmetric septal hypertrphy, 421

“Asymptmatic” primary hyperparathyridism,
1156, 1157, 1158

Ataxia
alchl use disrder, 1097
frm antiseizure agents, 983t–985t
basilar artery cclusin, 998
frm benznidazle, 1518
frm benzdiazepines, 1059
brainstem lesins, 1007
frm carbamazepine, 1090
celiac disease, 637
cerebellar, 212t

varicella-zster virus, 1381
Wlfram syndrme, 1214

cerebellar artery cclusin, 998
cerebellar degeneratin, 1012t
cerebellar hemrrhage, 1000
cerebellar tumrs, 1007, 1007t
Creutzfeldt-Jakb disease, 1015
Dejerine-Sttas disease, 1039
dentatrubral-pallidluysian atrphy, 1018
D-lactic acidsis, 905
frm ethanl, 1599
frm flurazepam, 1094
fragile X syndrme, 1679
Friedreich, 1039

frm gabapentin, 92
high-altitude cerebral edema, 1579
high-altitude illness, 1579
HIV meningitis, 1343
ipsilateral, lacunar infarctin, 996
lateral medullary syndrme, 998
frm lithium, 1090, 1602
Lyme disease, 1511
frm marijuana, 1603
frm mercury, 1603
Miller Fisher syndrme, 1041
multiple sclersis, 1031
paralytic shellfish pisning, 1608t
frm phenytin, 1593
frm pregabalin, 92
puffer fish pisning, 1608t
sensry neurnpathy, 1012t
frm tpiramate, 980t
vitamin E deficiency, 1034
Wernicke encephalpathy, 1026, 1098,

1277
Wilsn disease, 716

Ataxia-telangiectasia (ATM) mutatin
breast carcinma, 744
chrnic lymphcytic leukemia, 533
pancreatic cancer, 1634

Ataxic breathing, 1027
Atazanavir, 1360t, 1367
Atazanavir/cbicistat, 1360t, 1367
Atelectasis

acute respiratry distress syndrme, 320
after near-drwning, 1572
brnchial bstructin, 243
brnchiectasis, 263
brnchgenic carcinma, 1622, 1623
cystic fibrsis, 265
freign bdy

aspirated, 304
tracheal/brnchial, 239

hepatpulmnary syndrme, 709
frm mechanical ventilatin, 319
pancreatitis, 734
pleural effusin, 311, 311t
pstperative, 30, 46, 1296
preventin, 1042
pulmnary emblism, 297
right middle lbe syndrme, 290
smke inhalatin, 304

slitary pulmnary ndule, 288
tuberculsis, pulmnary, 280

Atenll, n weight, 1270t
Athersclersis

ccaine in, 368
cmplicatins, 447
lipprtein(a), 1257
cclusive, 475–479

arta arteries, 475–476

cartid artery, transient mncular visual
lss, 188

femral artery, 476–477

iliac artery, 475–476

pedal artery, 478–479

ppliteal artery, 476–477

renal artery stensis, 930–931

tibial artery, 478–479

thracic artic aneurysm, 486
Athersclertic cardivascular disease

crnary artery disease, 354–414 (See also
Crnary heart disease)

genetics, 1256
heart disease, angina pectris, 359
“Lipid Hypthesis,” 1256

Athersclertic peripheral vascular disease,
475–483

acute mesenteric vein cclusin, 482

arterial limb cclusin, 479–480

cclusive diseases
arta & iliac arteries, 475–476

cerebrvascular, 480–481, 481f
femral & ppliteal arteries, 476–477

tibial & pedal arteries, 478–479

visceral artery insufficiency, 482

Athlete screening, fr heart disease, 439–442

AHA recmmendatins, 439, 440t
participatin and sudden cardiac death

causes, 440–442, 441t
Athlete’s ft, 116–117, 116f, 117f
Athletic hypertrphy, 422, 440
Atlanta classificatin, revised, 734
ATM mutatin

breast carcinma, 744
chrnic lymphcytic leukemia, 533
pancreatic cancer, 1634

Atnic seizure, 987
Atnic spasm, 987
Atpic dermatitis, 108–109

cataracts, 183
hyppigmentatin, 160

Atpic keratcnjunctivitis, 171
Atrvastatin, 358t
Atvaqune + prguanil, fr malaria, 1523t,

1527–1528, 1528t
ATP7B mutatin, 716
Atrial ectpy, palpitatins, 27
Atrial fibrillatin, 391–396

after STEMI, 379, 380
antithrmbtic therapy, lng-term, 378,

379
alchl excess/withdrawal, 391
asymptmatic/“subclinical,” 391
atrial flutter, 397
atrial septal defect & patent framen vale,

327–328
atrial tachycardia, 398
AV blck, 388
branch retinal artery cclusins, 187
cardiac thrmbus, 479
cardimypathy

dilated, 419–420
hypertrphic, 422, 423

chrnic kidney disease, 926
ECG mnitring, ambulatry, 383

CMDT22_Index_p1741-1840.indd 1751 02/07/21 2:49 PM



INDEX1752 CMDT 2022

Atrial fibrillatin (Cont.):
heart failure, 404
hyperthyridism, 1138
incidence and prevalence, 391
lne, 393
mitral regurgitatin, 333t, 339, 341f, 342
mitral stensis, 336, 337, 337f, 355t
in lder adults, 387
palpitatins, 26
parxysmal, 391
parxysmal supraventricular tachycardia, 389

accessry AV pathway, 390–391
pericarditis

acute inflammatry, 428
cnstrictive, 431

strke and, 391
tetralgy f Fallt, 332
thrmbemblism, 392, 393t
transient, 393
tricuspid regurgitatin, 333t, 351, 352

Atrial fibrillatin, treatment, 392–396, 393t,
394t

antiarrhythmics, 384t
anticagulatin, 393–394, 393t, 394t
anticagulatin, with prsthetic heart valves,

353, 354
artic valve replacement, 347
catheter ablatin, 386
CHA

2
DS

2
-VASc risk scre, 393, 393t

CHADS
2

scre, 393
digxin, 410, 423
initial, 392–393
rate vs. rhythm cntrl, 395–396
recurrent parxysmal, 396
refractry, 396
stable, hemdynamically, 392–393
unstable, hemdynamically, 392
vitamin K antagnist, 355t

Atrial flutter, 397

atrial tachycardia with, 398
catheter ablatin fr, 386, 397
COPD, 259
palpitatins, 11
thrmbemblism, 397
tricuspid regurgitatin, 351

Atrial gallp, STEMI, 374
Atrial myxma, palpitatins, 26
Atrial premature beats, slitary, 398
Atrial septum

aneurysm, 327, 328
defect, 326–328

with ventricular septal defect, 326
lipma, 435

Atrial tachycardia, 397–398

multifcal, 397–398
Atriventricular blck

atrial septal defect/patent framen vale, 327
crnary heart disease, 387–388

degrees, 387
STEMI, 379–380
treatment, 388

Atriventricular dissciatin, 387–388
Atriventricular ndal reentrant tachycardia,

26, 386, 389
Atriventricular pathways, accessry, 390–391

Atriventricular reciprcating tachycardia, 389
At-risk drinking, 1097, 1098–1099
Atrphic gastritis, celiac disease, 638
Atrphic urethritis, urinary incntinence, 61
Atrphie blanche, lwer extremity edema, 28
Atrpine verdse/pisning, 1585, 1595

Attachment inhibitr. See also specific types
fstemavir, 1362t, 1368
fr HIV/AIDS, 1362t, 1368

Attentin-deficit/hyperactivity disrder,
1091–1092

autism spectrum disrder, 1092
Gilles de la Turette syndrme, 1021

ATTR amylid, 423
Atypical absence seizure, 987
Atypical antidepressants, 1081–1085, 1082t
Atypical antipsychtics, 1071–1072, 1072t,

1073t. See also specific types
diabetic ketacidsis frm, 1214
glucse intlerance frm, 1214

Atypical facial pain, 986

Atypical hemlytic uremic syndrme, 553–554,

553t
Atypical nevi, 105, 105f
Atypical squamus cells f undetermined

significance, 12, 792t, 793
Audilgy, 201–202, 202t
Audivestibular disrders, central, 212t,

214–215

multiple sclersis, 215
vertebrbasilar insufficiency, 215
vestibular schwannma, 214–215

Auditry hallucinatins, 1070
Auer rd, 531
Augmented breast disrders, 744

Aura
brainstem, migraine with, 979
epilepsy, 988
migraine, 978

withut headache, 978
Auricle diseases, 202

Austin Flint murmur, 348
Austrian triad, 1463
Autism spectrum disrders, 1092

Autantibdies
anti-3-hydrxy-3-methylglutaryl cenzyme

A reductase, 848, 849, 850
antineutrphil cytplasmic (See

Antineutrphil cytplasmic
autantibdy (ANCA))

cryglbulinemia, 861
dermatmysitis, 849
granulmatsis with plyangiitis, 858
IgM, 517–518
insulin receptr, hypglycemia frm, 1255

levamisle-assciated purpura, 861
mixed cnnective tissue diseases, 851
mypathies

immune-mediated inflammatry, 848, 849
immune-mediated necrtizing, 849

mysitis-specific antibdies, 849t
rheumatic diseases, 841t
systemic lupus erythematsus, 839t–840t,

840, 841t
Auteczematizatin respnse, 123
Autimmune diseases, 833–853

Addisn disease, 1171–1172
anemia, 516–517

antiphsphlipid syndrme, 843–844

aplastic anemia, 518–519, 518t
celiac disease, 638
drug-induced lupus, 842

fever f unknwn rigin, 1289
hearing lss, 210
hemlytic anemia, 516–517

hepatitis, 695–697

HIV/AIDS, 1333–1334
hypglycemia, 1254–1255

hypparathyridism, 1152
IgA deficiency, selective, 881
IgG

4
-related disease, 852–853

limbic encephalitis, epilepsy, 988
membranus nephrpathy, 943

mixed cnnective tissue disease & verlap
syndrmes, 851

mycarditis, 415, 415t
mypathies

immune-mediated inflammatry,
848–850, 849f, 849t

necrtizing, 1011, 1012t
neutrpenia, 520
varian failure, 1200
pancreatitis, 737, 738
paraneplastic disrders, 1011, 1012t
Raynaud phenmenn, 844–845, 845f, 846t
rheumatid arthritis, 833–837, 834f
seizures, 988
Sjögren syndrme, 851–852

Still disease, adult, 837

systemic lupus erythematsus, 838–842,

838t, 839t–840t, 841t
systemic sclersis (sclerderma), 846–848

thyriditis, 1122–1125, 1131

HHV-6, 1389
urticaria, 134–135

Autimmune respnse, anti-CD3 antibdies,
1216

Autlgus packed red bld cells, 544
Autmatisms, 987
Autnmic nervus system

dysfunctin
autnmic failure, pure, 992
chrnic kidney disease, 928

mdulatin, fr hypertensin, 466
Autnmic neurpathy, 1011, 1012t

diabetic, 1240–1241
gastrintestinal system, 1240–1241
geniturinary system, 1241
rthstatic hyptensin, 1241

Autnmy, 75
Autphny, 214
Autpsy, 77
Autsmal dminant plycystic kidney disease,

948–949, 948f
Avascular necrsis f bne, 876

AV blck. See Atriventricular blck
AV dissciatin, 387–388
Avelumab, central diabetes insipidus frm,

1115
Avian influenza, 1433–1435

AV ndal reentrant tachycardia, 26, 386, 389
Avidant persnality disrder, 1068–1069,

1068t
AV synchrny, 388
Axillary temperature, 29
Axnal degeneratin, 1037
Axnal injury, diffuse, 1029t
Axnal neurpathy, 1037

txic, 1041

Azarcn, 1599t
Azathiprine, fr inflammatry bwel disease,

653–654
Azithrmycin, hepattxicity f, 700
Azspermia, 778, 970
Aztemia, 912

nausea & vmiting, 584
pstrenal, 916t, 917
prerenal, 915, 916–917, 916t

n BUN, 914, 914t
pancreatitis, acute, 734

B

Babesia (babesisis), 1530–1531, 1531f
Babesia divergens, 1530, 1530f
Babesia duncani, 1530, 1530f
Babesia microti, 1453, 1530, 1530f
Babesia venatorum, 1530, 1530f
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Bacillary angimatsis, 1348, 1489
Bacillary dysentery, 1306, 1484
Bacillus, 1313t
Bacillus Calmette-Guérin (BCG) vaccine, 285

tuberculin skin test, 281, 285–286
Bacillus cereus, fd pisning & diarrhea,

1306, 1307t
Bacitracin, cntact dermatitis frm, 125
“Backgrund” retinpathy, 189–190

Back pain
lw, 79, 1693–1695, 1694t
spinal crd cmpressin, cancer, 1665–1666

Bacteremia. See also specific types
anaerbic, 1491

Bartonella, 1490
Enterococcus, 1462
gram-negative, 1481–1482

infectin-related/nninfectius
glmerulnephritis, 934

Listeria monocytogenes, 1472
Salmonella, 1483

Staphylococcus aureus, 1467–1468

Bacterial infectins, 1459–1469. See also
specific types

actinmycsis, 1492–1493

arthritis, 867
brain abscess, 208, 1010, 1299–1300

antimicrbial therapy, initial, 1315t
HIV/AIDS, 1342

cnjunctivitis, 169–170
endcarditis, infective, 1472–1477

flliculitis, 130–132, 131f
gangrene, 1492, 1492f
glmerulnephritis, 934
gram-negative, 1477–1492

gram-psitive, 1459–1472

keratitis, 171, 172t–173t, 177

meningitis, 1298–1299, 1300, 1315t, 1443,
1445

mycbacteria, 1493–1495

ncardisis, 1493

pericarditis, 427
peritnitis, 605, 607–608, 707
pyelnephritis, 957
rhinsinusitis, 216–218

sinusitis, 216–218

skin & sft tissue infectins, 1494

small intestine, bacterial vergrwth, 640

Bacterial vergrwth, 640

Bacterial synergistic gangrene, 1492, 1492f
Bacterial vaginsis

lesbian & bisexual wmen, 1728–1729
sexually transmitted, 1303

Bacteriuria, asymptmatic, 40
Bacteroides, 1312t

bite wunds, 1302
deep neck infectins, 230
pneumnia

aspiratin and necrtizing, 276
nscmial, 273

Bacteroides fragilis, 1491
Bacteroides melaninogenicus, 1490
Bagasssis, 308, 308t
Baker cyst, 27, 1702, 1706
Balanitis

Candida, 133
circinate, reactive arthritis, 867, 867f

Balkan nephrpathy, 947, 1661
Balln angiplasty, 366
Balln tube tampnade, fr esphageal

varices, 619
B antigen, 544
Barbiturate verdse/pisning, hypthermia

frm, 1583

BARD1, 744
Bariatric surgery, 11, 1270, 1274, 1277
Baritsis, 307t
Barium esphaggraphy

fr esphageal diseases, 610
fr gastresphageal reflux disease, 612

Bartrauma, 205

Barrett esphagus, 612–613
Barthlin duct cysts/abscesses, 788, 788f
Bartonella, 240, 1489–1490

endcarditis, 1476
Bartonella henselae, 240, 1490

cat-scratch disease, neck masses, 240
HIV/AIDS, 1348
lymphadenitis, 495

Bartonella quintana, 151, 1348, 1490

Bartter syndrme
metablic alkalsis, 909, 909t
renal ptassium wasting & hypkalemia, 893

Basal cell carcinma, 144–145, 144f, 168
Basal energy expenditure, 1269, 1283
Basedw disease, 1131. See also Graves disease
Basilar artery

cclusin, 998
stensis, giant cell arteritis, 854

Bathing, 99
“Bath salts,” 1592
Bats, rabies frm, 1398
Battered wmen, 1096
Battle sign, 1030
B-cell lymphma, Epstein-Barr virus and, 1386
B cell tumr, pancreatic, 1251–1253, 1252t
BCL2, 535, 536
bcr/abl fusin gene, 524, 526, 527
Becker muscular dystrphy, 1051, 1051t
Beckwith Wiedemann syndrme, 1190
Bedbugs, 152
Bed rest

hypercalcemia frm, 1158
immbility and, elderly, 58

Bedside Index fr Severity in Acute
Pancreatitis, 733

Beef tapewrm, 1542

Beer ptmania, 886
Behçet disease, 862–863

erythema ndsum, 153
uveitis, 182

Belching, 591

Belladnna pisning, 1595
Bell palsy, 1044–1045, 1044f

herpesvirus 1, 1375, 1376
Belly-press test, 1688t, 1690
Bempedic acid, 1261, 1262t, 1264

Bence Jnes prteins, 913, 950
Beneficence, 75
Benign mle, 105, 105f
Benign mnclnal gammpathy,

plyneurpathy, 1040
Benign parxysmal psitining vertig,

213

Benign plyclnal hypergammaglbulinemia,
539, 541

Benign prstatic hyperplasia, 972–977, 974t,
976f

acute kidney injury frm, 917
clinical findings, 972–973, 973t
differential diagnsis, 973
incidence & etilgy, 972
treatment, 973–977

5-alpha-reductase inhibitrs, 974–975,
974t

alpha blckers, 974, 974t
decisin & utcmes, 973, 974t
medical therapy, 974–975, 974t

minimally invasive therapy, 974t, 975–976
phsphdiesterase-5 inhibitr fr, 974t,

975
prstatectmy, 974t, 977, 1656
transurethral surgical therapy, 974t, 975,

976f
watchful waiting, 973–974, 974t

Bentall prcedure, 342
Benzcaine

cntact dermatitis frm, 125
methemglbinemia frm, 1604–1605

Benzdiazepines, 1059
driving, 12
medicatin interactins, 1059, 1060t
verdse/pisning, 1599–1600

antidte, 1586t
cma, 1582
flamezenil fr, 1583
hyptensin, 1583–1584
hypthermia, 1583

withdrawal, 1059
Berger disease, 933t, 936

Beriberi, 1040, 1277
Bernard-Sulier syndrme, 559
“Berry” aneurysm, 325, 1001, 1002

Beryllisis, 308
Beta-2-agnists

lng-acting
fr asthma, 246, 250t, 251–252, 254
fr COPD, 260

shrt-acting
fr asthma, 246, 250t, 251–252, 254–257
fr COPD, 260

Beta-2-glycprtein
antiphsphlipid syndrme, 843
systemic lupus erythematsus, 840t, 841t

Beta-adrenergic agnists
fr acute crnary syndrmes withut

ST-segment elevatin, 371–372,
462t–463t

fr asthma, 246, 250t, 251–252
hypkalemia frm, 892

Beta-adrenergic blckers/beta-blckers, 384t.
See also specific types

fr angina, 363, 364f, 462t–463t
n diabetes risk, 1214
fr heart failure, 407f, 408t, 410
hyperkalemia frm, 894
fr hypertensin, 456–461, 462t–463t
hypglycemia frm, 1255
with intrinsic sympathmimetic activity, 363
lichenid drug eruptin frm, 146
mytnia frm, 1053
verdse/pisning, 1595–1596

arrhythmias frm, 1584, 1584t
verdse, hyptensin, 1583–1584

fr STEMI, 377–378
n weight, 1270t

Beta-cartene
fr cardivascular disease preventin, 9
fr leukplakia, 225
fr Vitamin A deficiency, 1279
Vitamin A txicity frm, 1279

Beta-glbin gene, 506, 507t
Beta-gluccerebrsidase deficiency, 1680
Beta-hemlytic streptcccus. See Grup A

(beta-hemlytic) streptcccus
Beta-hydrxybutyrate, urine smlal gap,

908
3-Beta-hydrxysterid dehydrgenase

deficiency, 1200
BetaS gene, 514
Beta-thalassemia intermedia, 508
Beta-thalassemia majr, 507–508

CMDT22_Index_p1741-1840.indd 1753 02/07/21 2:49 PM



INDEX1754 CMDT 2022

Beta-thalassemia minr, 508
Betrixaban, 565–568, 566t–567t. See also

Direct-acting ral anticagulants
verdse/pisning, 1593
fr venus thrmbemblic disease

preventin, 569, 570t
Bexartene, hyppituitarism frm, 1111
Bezafibrate, 1264
Bezld-Jarisch reflex, 360
Bicarbnate. See Sdium bicarbnate
Bicarbnaturia, 907, 909, 909t
Bictegravir, 1358, 1361t, 1368, 1369

fixed-dse cmbinatins, 1363t
initial ART regimens, 1370t

Bicuspid artic valve
artic regurgitatin, 347, 349–350
artic stensis, 333t, 335t, 342, 345, 347
carctatin f arta, 325
pregnancy, 437t
pulmnary valve regurgitatin, 352

Bicuspid pulmnary valve, tetralgy f Fallt,
331

Bigeminy, 398
Biguanides, 1222t, 1224–1225

Bilateral fld paralysis, 238
Bile acid–binding resins, 1264, 1261, 1262t
Bile duct carcinma, 1632–1634

Bile duct stnes, 724t, 727–729

Bilharziasis, 1538–1540

Biliary bstructin
extrahepatic, 677, 678, 678t
pygenic hepatic abscess, 721

Biliary pain, 723, 727
Biliary sludge, 723, 726, 732, 734, 736
Biliary stricture, 729–730

Biliary tract carcinma, 1632–1634

Biliary tract diseases, 723–732, 724t
biliary stricture, 729–730

chlecystitis, acute, 724–726, 724t
chledchlithiasis & chlangitis, 724t,

727–729

chlelithiasis, 723–724, 724t
dyspepsia, 583
HIV/AIDS, 1346
jaundice and abnrmal liver bichemical

tests, 677–680

pancreatitis, 732
pstchlecystectmy, 726–727

prechlecystectmy, 726

primary sclersing chlangitis, 730–732

Bilirubin, high. See Hyperbilirubinemia
Binge-eating/purging anrexia nervsa, 1275
Bifeedback, 1063, 1065
Bilgics. See also specific types

fr Crhn disease, 659–660
fr inflammatry bwel disease, 654–655
fr neurgenic arthrpathy, 876
pprtunistic infectins with, 1292
ptic neuritis frm, 192
fr psriasis, 112
fr ulcerative clitis, 663

Biterrrism
Clostridium botulinum, 1471
Coxiella burnetii, 1455
Francisella tularensis, 1486
nerve agents, 1597

Rickettsia prowazekii, 1446
smallpx, 1440
Yersinia pestis, 1486

Biplar disrder, 1079

cyclthymic disrder, 1079

mania, 1079

prgnsis, 1091
treatment, 1088–1091, 1090t

antipsychtics, 1088
carbamazepine, 1090
lamtrigine, 1090–1091
lithium, 1088–1090, 1090t
valpric acid, 1088

Bipolaris, 1565
Bird bites, 152
Bird fancier’s lung, 308, 308t
Birth. See also Obstetrics & bstetric

disrders
preterm, 810–811

Birt-Hgg-Dubé syndrme, 314, 1662
Bisexual, 1719. See also Sexual & gender

minrities, health
men, 1732–1735

wmen, 1725–1732

Bismuth. See also Heavy metals
tubulinterstitial disease frm, 946

Bismuth subsalicylate verdse/pisning,
1607–1608

Bisphsphnates
adverse effects, 9
fr bne pain, metastatic, 94
fr breast carcinma, 758
n fractures, crticsterid-induced,

1210
jaw stenecrsis frm, 876
fr steprsis, 1163–1164
side effects, 1164–1165

Bite abnrmalities, facial pain, 986
Bite wunds, 1301–1302

cat, 1301
dg, 1301
human, 1301

Biting flies, skin lesins, 152–153
Bivalirudin, fr acute crnary syndrmes

withut ST-segment elevatin, 370f,
371

Biventricular pacing, 411. See also
Resynchrnizatin

BK virus, 1407–1408
“Black eye,” 195, 222
“Black fever,” 1518–1520

Black-legged tick, 1453
Black mlds, 1565

Black widw spider bites, 152, 1609
Bladder

cancer, 1615t, 1659–1661

training, 62
Blalck shunt, 331
Blastomyces pneumnia, cmmunity-acquired,

268
Blastmycsis, 1556t, 1564

Bleeding. See also Cagulatin disrders
causes, 564
hemrrhids, 672
histry, cardiac risk assessment/reductin,

41, 41t
patient evaluatin, 548, 549t
platelet disrders, 548–581 (See also Platelet

disrders)
pregnancy, 3rd trimester, 811–812

risk assessment, preperative, 47, 47t
Bleeding, gastrintestinal, 598–604

lwer, acute, 601–603

ccult, 604

pathphysilgy, 618
small bwel, suspected, 603–604

upper
acute, 598–601, 624
peptic ulcer disease, 599

Blepharitis, 168, 1374
Blepharspasm, 1020
Blind lp syndrme, 509

Blindness
diabetic retinpathy, 65, 184, 189–190, 1238
“fleeting,” 188
giant cell arteritis, 854, 855
night, vitamin A deficiency, 1279
cular trauma, 194–196
river, 1551–1552

“snw,” 196
frm trachma, 170
transient mncular, 480
unilateral, 480

Blistering skin diseases, 100t, 139–141

bullus pemphigid, 141

pemphigus, 139–141, 140f
Blating, 591, 648
Bld

cntaminated, 545
fresh whle, 544

Bld disrders, 502–547. See also specific types
amylidsis, 542–543, 543
anemia, 502, 502–521, 503t, 504

acute hemlytic, 517
aplastic, 518–520, 519t, 548–549
f chrnic disease, 505
hemlytic, 511, 511–515

f inflammatin, 505
irn deficiency, 502
sickle cell & related syndrmes, 515–521

beta-thalassemias, 507
bld transfusins, 544–547

chrnic kidney disease, 927
dyscrasias, retinal disrders, 191

erythrid prductin, 511
essential thrmbcytsis, 524, 525
leukemias & ther myelprliferative

neplasms, 521–535

acute, 530, 531
chrnic lymphcytic, 532, 533
chrnic myelid, 526, 527
hairy cell, 534–536
myeldysplastic syndrmes, 528–529
myelfibrsis, primary, 525
neutrpenia, 520–521, 520t
plycythemia vera, 522

lymphma, 535–538

Hdgkin, 537
mnclnal gammpathy f undetermined

significance, 541

pancytpenia, 519t
parxysmal ncturnal hemglbinuria,

512
plasma cell myelma, 538–541

thalassemias, 506, 507, 508
vitamin B

12
deficiency, 510

Waldenström macrglbulinemia,
541–542

Bld flukes, 1538–1540

Bld glucse meters, 1219
Bld lss. See also Hemrrhage; specific types

hypvlemic shck frm, 496
placental abruptin, 812

Bld pressure
classificatin, 443, 444t
high (hypertensin), 443–449 (See also

Hypertensin)
lw (hyptensin) (See Hyptensin)
measurement & diagnsis, 443–445, 444f,

444t
measurement methd/setting n, 443, 444f,

444t
screening, 5t
sphygmmanmeter, 443

Bldstream infectin. See also specific types
health care–assciated, 1295
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Bld transfusins, 544–547

cryprecipitate, 546–547

fr GI bleeding, acute upper, 600
plasma cmpnents, 546–547

platelet, 546

red bld cell, 544–546

Bld typing, 544
Bld vessel & lymphatic disrders, 475–501

arterial aneurysms, 483–489

abdminal artic, 4, 5t, 483–485

artic dissectin, 487–489

peripheral artery, 487

thracic artic, 485–486

varicella-zster virus, 1381
athersclertic peripheral vascular, 475–483

arterial limb cclusin, 479–480

cclusive: arta & iliac arteries, 475–476

cclusive cerebrvascular disease,
480–481, 481f

cclusive: femral & ppliteal arteries,
476–477

cclusive: tibial & pedal arteries, 478–479

visceral artery insufficiency, 482

lymphatic channel, 494–496

lymphangitis & lymphadenitis, 494–495

lymphedema, 495–496, 496f
nnathersclertic vascular, 483

shck, 496–501

thrmbangiitis bliterans, 483

venus, 489–494

chrnic venus insufficiency, 491–493,

492f
superficial venus thrmbphlebitis,

490–491

superir vena caval bstructin, 493–494

varicse veins, 489–490, 492f
“Blwut fracture,” 195
Blue-black skin, 166t
“Blue blaters,” 258
Blue-gray skin disclratin, 165t–166t
Blue nevi, 106, 106f
BMPR1A, 671
Bdy dysmrphic disrder., 1061
Bdy lice, 151

Bdy mass index, 10
n ALT and AST, 678
n anticagulatin, 565
bdy weight, nrmal, 1
cardivascular risk, 449t, 450
clrectal cancer and, 1647
n COPD utcme, 262
death, preventable causes, 3t
hypertensin, 449t
measurement, 1268
nnalchlic fatty liver disease, 702
besity-hypventilatin syndrme, 262, 316

verweight (See Obesity; Overweight)
pancreatitis and, 733, 740
underweight (See Anrexia nervsa)
n venus thrmbemblism, 569t
n warfarin metablism, 575

Bils, 154–155, 1316t
Bne disrders. See also specific types

avascular necrsis f bne, 876

frm chemtherapy, 1671–1672
chrnic kidney disease, 926, 926f
depressin, frm antipsychtics, 1075
diabetes mellitus n, 1242–1243
infectins (See Ostemyelitis; specific types)
metablic, 1161–1171

stepenia, 1161

steprsis, 1162–1166, 1162t
Paget disease, 1169–1171

rickets & stemalacia, 1166–1169, 1167t

tuberculsis, 872–873

spinal, 872–873

tuberculus arthritis, 873

Bne marrw failure, 548–550

frm alchl use, 548
amegakarycytic thrmbcytpenia,

548–549
aplastic anemia, 518–520, 519t, 548–549
frm drugs, 548
dyskeratsis cngenita, 548
failure, 548–550

hematpietic (stem) cell transplantatin fr,
549

myeldysplastic syndrmes, 548
pancytpenia, 548
thrmbcytpenia, 548–550

thrmbcytpenia-absent radius syndrme,
548

Wisktt-Aldrich syndrme, 548
Bne marrw infiltratin, 550

Bne mineral density, 1160–1161
canaglifzin n, 1228
crticsterids n, 252
diabetes mellitus, 1242
emtricitabine n, 1353
n fracture risk, 1242
Gaucher disease, 1680
hip fractures, stress, 1703
HIV/AIDS, 1344, 1356t
hmcystinuria, 1681
hypercalciuria, renal, 965
hypparathyridism, 965
steprsis, 9
tamxifen n, 1166

Bne pain, Gaucher disease, 1680
Brderline persnality disrder, 1068–1069,

1068t
Bordetella bronchiseptica, 1478

Bordetella pertussis, 1477–1478

Brnhlm disease, 1443
Borrelia burgdorferi, 240, 1313t, 1453

Bell palsy, 1044–1045, 1044f
erythema migrans, 137, 137f
pericarditis, acute inflammatry,

427–429
Borrelia recurrentis, 1313t

relapsing fever, 1507–1508
Btulism, 1050, 1470

Buchard ndes, 826, 827f
Butnneuse fever, 1448t, 1452
Butnniére defrmity, rheumatid arthritis,

837
Bva scre, 574, 574t
Bvine factr V, 563
Bvine spngifrm encephalpathy,

1406–1407
Bwel bstructin

acute paralytic ileus, 642
carcinids, 1645
Crhn disease, 657
familial adenmatus plypsis, 670
nausea & vmiting, 69
frm nitrprusside, 473t
treatment, 586
vmiting, 69

Bwen disease, 121

Brachial plexus lesins, 1048

Bradycardia/bradyarrhythmias
acute respiratry failure, 318
frm adensine, 385t
frm alpha adrenceptr blckers, 465t
frm amidarne, 1131
anrexia nervsa, 1275
frm anticnvulsants, 1592

asthma, 254t
frm atenll, 801t
AV synchrny, 388
frm benzdiazepines, 1600
frm beta-blckers, 197, 384t, 1595–1596
Bezld-Jarisch reflex, 360
frm calcium channel blckers, 385t, 456,

457t, 461, 1596
frm cardiac glycsides, 1598
cardigenic shck, 497t
chlinergic syndrme, 1588
frm chlinesterase inhibitrs, 1606
frm ciguatera, 1608
frm clnidine & sympathlytic

antihypertensives, 1597
frm cld water, facial cntact, 389
dysautnmia, 992
enteric fever, 1482
frm esmll, 473t
frm ethanl, 1600
hypparathyridism, 1152
hypthermia, 1569, 1569f
hypthyridism & myxedema, 1126
frm ivabradine, 385t
frm labetll, 473t
Leginnaire’s disease, 1480
frm lithium, 1602
lng QT syndrme, 401
frm nestigmine, 643
frm nitrglycerin, 473t
bstructive sleep apnea, 76
frm piates/piids, 1605
palpitatins with, 11t
frm prpranll, 980t
reflex vagal parasympathetic stimulatin, 498
frm sedative-hypntics, 1600
sinus, 379, 386–387

frm stall, 385t
STEMI, 373
sympathmimetic syndrme, 1588
syncpe, 402, 403
transurethral resectin syndrme, 975
vagal-induced, 402

BRAF mutatin
cln cancer, 1616t
clrectal cancer, 1646, 1648, 1649
hairy cell leukemia, 534, 672
Lynch syndrme, 672
melanma, 108, 1616t
nn–small cell lung carcinma, 1625, 1626
serrated plyps, 668
targeted mlecular testing, 1613

BRAFV600E, 1148, 1614t, 1626
Brain

abscess, 208, 1010, 1299–1300

antimicrbial therapy, initial, 1315t
bacterial, HIV/AIDS, 1342

cancers (See also Intracranial & spinal mass
lesins)

glima, 1005–1008, 1006t
lymphma, HIV/AIDS, 1349
metastases, 1008–1009
treatment, 1615t

death, 1028
primary angiitis f CNS, 863–864

Brainstem
aura, migraine with, 979
lesin, 1007, 1027

sixth nerve palsy, 194
vmiting center, 584

Branchial cleft cysts, 239

Branch retinal artery cclusin, 187–188

Branch retinal vein cclusin, 186–187

Brazilian sptted fever, 1448t, 1450
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BRCA 1/2, 11
breast cancer, 744, 763
varian cancer, 797–798
pancreatic cancer, 1616t, 1634
prstate cancer, 1654

Breast
recnstructin, 765–766
self-examinatin, 747

Breast carcinma, female, 744–754

bilateral, 753
bimarkers & gene expressin prfiling,

753–754
differential diagnsis, 751
ductal carcinma in situ, 748, 751, 752t, 753,

765
early detectin, 746–747

clinical breast examinatin &
self-examinatin, 747

mammgraphy, 746–747
MRI, 747
screening, 11, 746

early detectin, bipsy, 748–750
cre needle, 749–750
cre needle with mammgraphic

guidance, 750
excisinal, 750
mammgraphic lcalizatin excisinal,

750
pen, 750
with ultrasund guidance, 750

early detectin, clinical findings
breast mass evaluatin, 749–751, 749f,

750f
cytlgy, 751
FNA cytlgy, 750
imaging, 748
MRI, 750–751
symptms & signs, 747–748, 747f, 748f

fllw-up care, 764–766
HER2, 753–754
hypercalcemia, 1667–1668
incidence & risk factrs, 744–745, 745t
inflammatry carcinma, 751
lesbian & bisexual, 1730
lbular carcinma in situ, 745, 753
MammaPrint, 754
MEN 1, 1190
nninvasive, 753
nctype DX, 754
Paget carcinma, 751
pathlgic types, 751, 753t
in pregnancy/lactatin, 751–753
preventin, 745
prgnsis, 764, 764t
recurrence, prgnstic factrs, 756, 756t
staging, 751, 752t
treatment, 1615t
triple-negative, 754, 755, 759–760, 763

Breast carcinma, male, 766–767

Breast carcinma, treatment, 754–766
breast recnstructin after, 765–766
fllw-up care, 764–766
hrmnal agents, 761–762, 761t
pregnancy risks, 766
prgnsis, 764, 764t
recurrence

lcal, 765
prgnstic factrs, 756, 756t

sentinel lymph nde bipsy, 753, 759–760,
765

survivrship issues, 765–766
Breast carcinma, treatment, curative, 754–760

adjuvant systemic, 756–759
bisphsphnates, 758

chemtherapy, 756–757
in lder wmen, 758–759
targeted therapy, endcrine, 758
targeted therapy, HER2 verexpressin,

757–758
chice and timing, 752t, 754–755
neadjuvant, 759–760

HER2-psitive, 759
hrmne receptr–psitive,

HER2-negative, 759
sentinel lymph nde bipsy, 759–760
triple-negative, 759

raditherapy, 755–756
surgical resectin

breast-cnserving, 755, 755f
mastectmy, 755

Breast carcinma, treatment, palliative,
760–763

chemtherapy, 763
raditherapy and bisphsphnates, 760
targeted, 760–764

targeted, HER2, 762–763
targeted, hrmnally based, 760–762, 761t

everlimus + endcrine, 762
fulvestrant + CDK4/6 inhibitr, 762
hrmnally target, 761, 761t
hrmnally targeted + CDK inhibitrs,

761–762
metastatic disease, 760–762, 761t
PI3K + endcrine, 762–763
secndary/tertiary, 762
triple-negative targeting, 763

targeted, PARP in BRCA1/2 mutatin, 763
Breast-cnserving therapy, 755, 755f
Breast disrders, 741–767

abscess, 744

augmented breast, 744

benign, 741–744

carcinma (See Breast carcinma)
fat necrsis, 743

fibradenma, 742

fibrcystic cnditin, 741–742

gynecmastia, male, 1195–1197, 1196t
nipple discharge, 743, 743t
Paget disease, 748, 748f

Breastfeeding, 1112. See also Lactatin
andrgen supplements and, 1207
antibitics, acceptable, 38
n breast cancer risk, 1730
COVID-19 transmissin risk, 1424
cytmegalvirus transmissin, 1386, 1387
n diabetes mellitus risk, 1213
dpamine agnists and, 1120
drugs, requiring assessment, 801t
Ebla viral disease, 1410
hepatitis B infectin, 821
hepatitis C transmissin, 686
HIV, 821, 1333, 1354
HTLV transmissin, 1034, 1409, 1410
hyperthyridism treatment, 1137–1138
hyppituitarism n, 1112
mastitis, 813
prgestin minipill, 781
radiistpe testing, 1134
transmasculine/transfeminine, 1724
tuberculsis, 284, 285, 820
yellw fever vaccine, 1419

Breathing/breathing disrders. See also specific
types

aneustic, 1027
ataxic, 1027
chrnic bstructive pulmnary disease,

257–263, 317–319

cma, 1027

exercises, pstperative risk reductin, 45–46
hyperventilatin, 315–316, 910, 1027
Kussmaul, 908
sleep disrders, 231–232, 316, 1094

Breath tests
13C-ctanic acid, 585
fr diarrhea, 598
hydrgen, 592, 641–642, 649

Brief psychtic disrders, 1070
Brill-Zinsser disease, 1446
Brimnidine verdse/pisning, 1597
Brad waxy casts, 912, 913t
Brca aphasia, 996
“Brken heart syndrme,” 373, 420–421

Brmcriptine, 1223t, 1229
chrea frm, 1020
dystnia frm, 1020
sertnin syndrme frm, 30

“Brnchial adenmas,” 290
Brnchiectasis, 263–264

aspiratin and necrtizing pneumnia, 276
cmmn variable immundeficiency, 882
cystic fibrsis, 263, 265
measles, 1391

Brnchilitis, 266

acute, 266
adenvirus, 1438
cnstrictive (bliterative), 266
cryptgenic rganizing pneumnitis, 266
diffuse panbrnchilitis, 266
fllicular, 266
measles, 1391
prliferative, 266
respiratry, 266
respiratry brnchilitis-assciated

interstitial lung disease, 266, 292–294,
293t

Brnchilitis bliterans, 266
Brnchilalvelar cell carcinmas.

See Adencarcinmas in situ, lung
Brnchdilatrs, inhaled

fr asthma, 246, 250t, 251–252
fr COPD, 260–261
fr cystic fibrsis, 265

Brnchgenic carcinma, 1622–1627

clinical findings, 1623
cugh, 16, 17
deaths frm, 1622
envirnmental risk factrs, 1622
hemptysis, 21
histlgic categries, 1622
paraneplastic syndrmes, 1623
prgnsis, 1627
pulmnary functin testing, 1625
screening, 1625
smking and, 1622
staging & survival, 1623–1624, 1624f, 1624t
treatment

nn–small cell lung carcinma, 1614t,
1625–1626

palliative, 1627
small cell lung carcinma, 1614t,

1626–1627, 1626t
Brnchprvcatin testing, 243, 245
Brnchpulmnary aspergillsis, allergic, 264,

879t, 1562–1563
Brnchspasm, RBC transfusin, 545
Brnchus

carcinid tumrs, 290

freign bdies, 239

bstructin, 243

Brwn nails, 166t
Brwn recluse spider bites, 152, 1609
Brwn-Séquard syndrme, 1035
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Brwn skin pigmentatin, 166t
Brucella (brucellsis), 1312t, 1476
Bruce prtcl, 360, 367
Brudzinski sign, 35, 1478
Brugada syndrme, 401–402

athlete screening, 440, 441t
sudden cardiac death, 400

Brugia malayi, 296, 1550
Brugia timori, 1550
B symptms, 535
B-type natriuretic peptide (BNP)

acute heart failure & pulmnary edema, 414
artic regurgitatin, 344
artic valve stensis, 344, 344f
cardiac risk assessment/reductin, 42, 43f
cardimypathy

dilated, 418
restrictive, 424

dyspnea, 34
heart failure, 348, 406
mitral regurgitatin, 339
mycarditis, 415, 415t

infectius, 416
nninfectius, 416

pregnancy, 424
Budd-Chiari syndrme, 717–719

antiphsphlipid syndrme, 843
ascites, 605

Buerger disease, 483, 844
Bulbar plimyelitis, 1396
Bulimia nervsa, 1272t, 1276

Bullectmy, fr COPD, 262
Bullus impetig, HIV/AIDS, 1348
Bullus pemphigid, 141

Bullus skin diseases, 100t, 139–141

bullus pemphigid, 141

pemphigus, 139–141, 140f
Bumetanide, urinary stnes frm, 963
BUN, 914, 914t
BUN:creatinine rati, 914
Bundle branch blck

atrial septal defect, 327
pulmnary valve regurgitatin, 353
tetralgy f Fallt, repaired, 331

Bundle-branch reentry ventricular tachycardia,
catheter ablatin f, 386

Bunyavirus hemrrhagic fevers, 1413
Buprenrphine, 84t, 88t, 90
Buprpin verdse/pisning

arrhythmias, 1584, 1584t
hyptensin, 1583–1584
seizures, 1585, 1585t

Burkholderia cenocepacia, 265
Burkholderia mallei, 1312t
Burkholderia pseudomallei, 1312t
Burkitt lymphma, 536–537

Epstein-Barr virus, 1385
thyrid, 1145

Burning muth syndrme, 227

Burns
disseminated intravascular cagulatin,

556–557, 556t
electrical, 1575–1576

stress gastritis frm, 624
thermal, 1573–1575

extent & depth, 1573
treatment & prgnsis, 1573–1574

Bursitis, 1701–1702, 1702f
diabetes mellitus, 1243
knee pain diagnsis, 1705t, 1706t
subacrmial, 1685

Buspirne, 1058t, 1059
Butalbital, medicatin-veruse headache frm,

982

Butterfly rash
dermatmysitis, 838
systemic lupus erythematsus, 835, 838, 839t

Butyrphennes, abnrmal mvements frm,
1020

Bypass tracts, 390–391

rate-dependent, palpitatins, 25

C

C3 glmerulpathies, 921, 938–939
13C-ctanic acid breath tests, 585
C282Y mutatin, 713–714, 715

hemchrmatsis, 713–715
hepatcellular carcinma, 699, 1629

Cabtegravir, 1361t, 1368
Cachexia

“cardiac,” 32
diabetic neurpathic, 1240
heart failure, 74

Cadmium. See also Heavy metals
tubulinterstitial disease frm, 946

“Café crnary,” 306

Caffeine, 1104–1105

verdse/txicity, 1609–1610

arrhythmias, 1584, 1584t
hypertensin, 1584

pstural tremr frm, 1020
Calcific artic stensis, 342
Calcineurin inhibitrs

acute tubular necrsis frm, 918
hyperkalemia frm, 894–895
renal vascnstrictin frm, 916

Calcitnin
fr steprsis, 1166
thyrid cancer, 1145

Calcitnin gene–related peptide antagnists, fr
migraine, 979

Calcium
crnary artery calcium scre, 1259
frm dairy prducts, 1282
deficiency, rickets frm, 1167
enteral requirements, 1284
high-calcium diets, 1281–1282

inized, 895
metablism, phsphrus and, 899
nrmal serum/plasma, 895
scre, crnary, 361

Calcium channel blckers
fr acute crnary syndrmes withut

ST-segment elevatin, 372, 462t–463t
fr angina, 363, 462t–463t
cardiac risk assessment/reductin, 42
crnary vasspasm respnse, nrmal

arterigram, 368
eczema and pruritus frm, 164
fr hypertensin, 455–456, 457t–458t
lwer extremity edema frm, 28
verdse/pisning, 1596

arrhythmias, 1584, 1584t
hyptensin, 1583

pruritus, 148
slw, 385t
fr STEMI, 378

Calcium cncentratin disrders, 895–899

hypercalcemia, 732, 897–899, 898t, 950,
1155–1158, 1183, 1623, 1667–1668

hypcalcemia, 895–897, 897t, 1153
nrmal calcium, 895

Calcium nephrlithiasis
hypercalciuria, 965
hyperxaluria, 965
hyperuricsuria, 965
hypcitraturia, 965–966
treatment & preventin, medical, 965–966

Calcium xalate
hyperxaluria, 965
urinary stnes, 963

Calcium phsphate
hypercalciuria, 965
urinary stnes, 963

Calcium pyrphsphate depsitin disease,
832–833

Calcium supplementatin/therapy
hypercalcemia frm, 1158
fr hypparathyridism, 1155
fr steprsis, 1163
steprsis preventin, 9

Calcivirus, 1442
diarrhea, 1308t

Calf strain/trauma, lwer extremity edema, 27
Calprtectin, fecal, 656
CALR mutatin

essential thrmbcytsis, 524
leukemia & myelprliferative neplasms, 522
myelfibrsis, primary, 525, 526

Calymmatobacterium granulomatis, 1489
Camphr pisning, seizures frm, 1585, 1585t
Campylobacter (campylbacterisis), 1486

diarrhea, acute, 1306, 1307t
HIV/AIDS

enterclitis, 1346
gastrpathy, 1347

reactive arthritis, 867
sexually transmitted, 1303

Campylobacter fetus, 1486

Campylobacter jejuni, 1312t, 1486

enteritis, Guillain-Barré syndrme, 1041
traveler’s diarrhea, 1310–1311

Campylobacter-like rganisms, 1486

Canagliflzin, 469, 1223t, 1228
Cancer, 1612–1675. See also specific types

alimentary tract, 1636–1652

antihypertensives and, 466
cmbined ral cntraceptives and, 779
cmmn, 1613t
cmplicatins & emergencies, 1665–1670

hypercalcemia, 1667–1668

hyperuricemia & tumr lysis syndrme,
1668–1669

infectins, 1669–1670

malignant effusins, 1666–1667

spinal crd cmpressin, 1665–1666

dermatmysitis, 875
disseminated intravascular cagulatin,

556–557, 556t
etilgy, 1612
fever f unknwn rigin, 1289
gastrintestinal bleeding, acute lwer, 602
geniturinary tract, 1653–1665

hepatbiliary, 1629–1636

HIV/AIDS and, 1349–1350
anal dysplasia & squamus cell carcinma,

1350
brain lymphma, primary, 1349
cervical carcinma, invasive, 1349, 1350
Hdgkin disease, 1350
Kapsi sarcma, 1349
nn-Hdgkin lymphma, 1349

hypertrphic pulmnary stearthrpathy,
875

immune-mediated inflammatry
mypathies, 848

lesbian & bisexual wmen, 1729–1730
breast, 1730
cervical, 1730
endmetrial & varian, 1730
epidemilgy, 1729–1730
lung, 1730
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Cancer (Cont.):
lung, 1622–1629

pain, 78
chrnic, 78, 79–80

piids, 83–92, 84t–89t (See also Opiids)
lng-acting, 90

palmar fasciitis, 875
peripheral neurpathies, 1041
plyarteritis, 875
preventin, 11–12

primary, 11
screening & early detectin, 11–12

prgnsis, 1675
rheumatlgic manifestatins, 875–876

risk factrs
antihypertensives, 466
mdifiable, 1612

seizures, frm tumrs, 988
staging, 1613
treatment, 1613–1622, 1613t–1622t

agents, cmmn, 1616t–1622t
chemtherapy, mycarditis frm, 417
chices, by cancer, 1613t–1616t

treatment, primary, 1670–1675
systemic cancer therapy, 1670,

1670t–1671t
txicity & dse mdificatin, 1670–1672,

1671t
venus thrmbemblic disease, preventin,

569
weight lss, invluntary, 32

Cancer antigen 125 (CA-125), serum, 12
Candida (candidiasis), 1553–1554. See also

Candida
catheter-assciated infectins, 1297
chriretinitis, 191
endcarditis, 1553–1554
esphageal, 615, 1339t, 1553, 1554

HIV/AIDS, 1339t, 1345
funguria, 1553, 1554
gastritis, 627
HIV/AIDS, 226–227, 227f, 1345
in immuncmprmised

preventin, 1293
pulmnary infiltrates, 277

invasive, 1553, 1554
muccutaneus, 132–134, 133f
ral, 226–227, 227f
skin, HIV/AIDS, 1348–1349
transplant recipients

hematpietic cell, 1291
slid rgan, 1291

vaginal, 132–134
HIV/AIDS, 1339t, 1350

vaginitis, 789, 789f
vulvvaginal, 789, 789f, 790, 1553, 1554,

1728–1729
Candida albicans, 1553–1554

esphagitis
HIV/AIDS, 1339t, 1345
infectius, 615

Candida auris, 1554
Canker sre, 228

Cannabidil (CBD)
antiemetic, 586
fr psychtic symptms, schizphrenia, 1073

Cannabinid hyperemesis syndrme, 586, 1603
Cannabinids

antiemetic, 586
seizures frm, 1585, 1585t
synthetic, 1585, 1585t, 1592, 1603

Cannabis sativa, 1103–1104

antiemetic, 586
driving, 12

Cannibalism, 1406
Cannn A waves, 25
Caplan syndrme, 306
Capnocytophaga bite wunds, 1302
CAPRA nmgram, 1658, 1659t
Caprini scre, 569
Captpril, membranus nephrpathy frm, 943
Carbamate insecticides, 1606–1607
Carbamazepine

fr biplar disrder, 1090
chrea frm, 1020
dystnia frm, 1020
verdse/pisning, 1593

arrhythmias, 1584, 1584t
hemdialysis fr, 1587, 1587t

n weight, 1269, 1270t
Carbaryl, 1606–1607
Carbhydrate-restricted diets, 1281

Carbn dixide disrders
hypercapnia, 910

hypcapnia, 899–900, 904t, 910–911, 910t
Carbn disulfide, txic neurpathy frm, 1041
Carbnic anhydrase inhibitrs, urinary stnes

frm, 963
Carbn mnxide, single-breath diffusing

capacity fr, 303, 433, 1337
Carbn mnxide pisning, 1596–1597

anin gap, elevated, 1589
antidte, 1586t
dyspnea, 18, 19, 20
fetal, frm cigarette smking, 800
headache, 34
hyptensin frm, 1583
hypxemia, arterial, 719
lactic acidsis frm, 905
parkinsnism frm, 1014
pulse ximetry, 1583
smke inhalatin, 304
treatment, 1589t, 1596–1597

Carbuncles, 154–155, 1460t, 1466
Carcinembrynic antigen (CEA)

breast cancer, 748
clrectal cancer, 1647–1648, 1649–1650
mucinus cystadenma, 1635
thyrid cancer, 1145, 1148

Carcinids/carcinid tumrs, 290,

1187–1188

heart disease, pulmnary valve regurgitatin/
replacement, 353

MEN 1, 1189
small intestine, 604, 1645–1646
treatment, 1616t

Carcinid syndrme, 290, 1187
Carcinma. See specific types
Carcinmatus meningitis, 1009

Cardiac. See also Heart
Cardiac amylidsis, 423–424
Cardiac arrest, sudden, 400
“Cardiac asthma,” 244
Cardiac bimarkers

acute crnary syndrme, 23
withut ST-segment elevatin, 368, 369

amylidsis, 543
angina pectris, 367
cardiac risk assessment/reductin, 42

chest pain, 24
heart failure, 413
MI enzymes, pstperative, 45
pulmnary emblism, 299
pulmnary venus thrmbemblism, 296
traumatic heart disease, 435
trpnin, 24
ventricular fibrillatin, 400

“Cardiac cachexia,” 32

Cardiac Disease in Pregnancy Investigatin,
436–437, 436f

Cardiac failure. See Heart failure
Cardiac glycside verdse/pisning,

1598–1599

Cardiac MRI, 361–362
Cardiac utput

acute kidney injury, 916
acute respiratry distress syndrme, 321
after MI, 380
artic regurgitatin, 348
artic stensis, severe, 343
beta-blckers n, 446, 461, 608
cardigenic shck, 496, 500
chrnic kidney disease, 708
COPD, 258t
dilated cardimypathy, 419t
distributive shck, 497, 500
dysautnmia, 993
Eisenmenger physilgy, 433
endcrine shck, 498
grwth hrmne deficiency, 1111
heart disease, in pregnancy, 817
heart failure, 403, 404
heart murmurs, 333t
heart rate & rhythm disrders, 383
heat stress, 1566
hypervlemic hypnatremia, 887
hypthyridism, hypnatremia frm, 887
immbility n, 58
liver, in heart failure, 719
lw, 916
mitral regurgitatin, 339
mitral stensis, 336

pregnancy, 337
nesiritide n, 414
besity, 445
bstructive shck, 496
pstural hyptensin, 993
pregnancy, 817
pulmnary emblism/deep venus

thrmbemblism, 297
pulmnary hypertensin, 301
shck, 498, 499
shck assessment, 498, 499
shck treatment, 500
sinus bradycardia, 379, 387
sinus tachycardia, 387
STEMI, 373
syncpe, 993

Cardiac risk assessment/reductin, nncardiac
surgery, 41–45

bleeding histry, directed, 41, 41t
cardiac bimarkers, 42
diabetes mellitus, 41
exercise capacity, 41
heart failure, arrhythmia, unstable angina,

41
ischemia testing, preperative nninvasive,

41–42, 43f
MI and cardiac death, 41
NSQIP risk predictin tl, 41, 43f, 45
pst-perative mycardial injury, 41
Revised Cardiac Risk Index, 41, 42, 42t,

43f
risk factrs, 41

Cardiac transplantatin, fr heart failure,
412

Cardiac tumrs, 434–435

primary, 434–435
secndary, 435

Cardiobacterium hominis, endcarditis, 1472,
1476

Cardigenic liver injury, 719
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Cardigenic shck, 496, 497t, 498
acute kidney injury, 916
vasactive therapy, 500
vlume replacement fr, 499

Cardigenic syncpe, 402
Cardimypathy, 414–417. See also specific

types
alchlic, 404, 418
arrhythmgenic right ventricular, 401–402

athlete screening, 441t
sudden cardiac death, 400
ventricular tachycardia, 399

cardigenic shck frm, 496
catechlamine-induced, 1183, 1184
frm ccaine, 417, 419t
cngestive, heart failure, 404
dilated, 418–420, 419t

heart failure, 404
HIV/AIDS, 418
palpitatins, 26
sudden cardiac death, 400

hypertrphic, 336t, 399, 404, 419t, 421–423

athlete, 439, 440, 441t
mitral regurgitatin, 339
in lder adults, 422
palpitatins, 26, 27
sudden cardiac death, 400, 439

ischemic, heart failure, 404
mitral regurgitatin, 339, 340, 342
peripartum, 438

f pregnancy, 438

restrictive, 404, 419t, 423–424

sarcidsis, 294, 294f
stress, 373, 420–421

tachycardia-induced, 398
ventricular tachycardia, 399, 418

Cardi-nclgy, 417
Cardipulmnary bypass, pancreatitis, 732
Cardirenal syndrme, 922

Carditmy, pericarditis after, 428–429
Cardivascular disease. See also specific types

chrnic kidney disease, 925–926
hypertensive, 447
“Lipid Hypthesis,” 1256
preventin, 4–9

abdminal artic aneurysm, 4, 5t
chempreventin, 5t, 9
hypertensin, 8–9
lesbian & bisexual wmen, 1725–1726
lipid disrders, 8
mrtality rates, 4
recmmendatins, 4, 5t
risk factrs, 4
smking, cigarette, 6–8, 6t, 7t

primary sclersing chlangitis, 730
Cardiversin, fr parxysmal supraventricular

tachycardia, 389
Cardiverter-defibrillatr

implantable
fr heart failure, 411
fr hypertrphic cardimypathy, 423
fr sudden cardiac death survivrs,

401
Cardiverter defibrillatr

wearable, 401
Carditis. See also Endcarditis; Mycarditis;

Pericarditis
reactive arthritis, 867
rheumatic, 425–427, 425t
rheumatid arthritis, 835

Carney cmplex, 1117, 1190
Carney syndrme, 1141
Carnitine deficiency, dilated cardimypathy,

418

Cartid artery
dissectin, central & branch retinal artery

cclusins, 187
cclusin, transient mncular visual lss, 188
stensis, 480–481

giant cell arteritis, 854
periperative, 48
strke risk, 480

surgery/prcedures
angiplasty and stenting, 481
endarterectmy, 481
endarterectmy, clsure, fr transient

ischemic attack, 995
revascularizatin, fr transient ischemic

attack, 995
Cartid circulatin bstructin, strke, 996, 997t
Cartid sinus

hypersensitivity, syncpe, 402
massage, fr parxysmal supraventricular

tachycardia, 389
Carpal cmpressin test, 1700
Carpal tunnel syndrme, 1700–1701

amylidsis, 1040
diabetes mellitus, 1242

CARPREG II, 436, 436f
Carvall sign, 351
CaSR activatrs, 1159
Castleman disease, multicentric, HHV-8, 1389
Catamenial asthma, 244
Cataplexy, 1094
Cataracts, 65, 183

crystalline lens insertin, 167
diabetic, 1238

Catastrphic antiphsphlipid syndrme, 843
Catatnia, 1070, 1071

malignant, 30

Cat bite wunds, 1301–1302
“Catcher’s mitt hand,” 875
Catechlamine-induced cardimypathy, 1183,

1184
Catechlamine-O-methyltransferase inhibitrs,

fr Parkinsn disease, 1016–1017
Catechlaminergic plymrphic ventricular

tachycardia, 401–402

athlete screening, 441t
sudden cardiac death, 400

Catechlamines. See also specific types
glucse intlerance frm, 1214, 1214t

Caterpillars, 152–153
Cat feces, txplasmsis, 1533
Cat-flea typhus, 1447, 1448t, 1452
Catheter ablatin

fr arrhythmias, 386

fr atrial fibrillatin, 386
fr atrial flutter, 386, 397
fr fascicular ventricular tachycardia, 386
fr parxysmal supraventricular tachycardia

accessry AV pathway, 391
preventin, 390

fr premature ventricular cntractins, 386,
398

fr ventricular arrhythmias, 386
fr ventricular tachycardia, 386, 400
fr Wlff-Parkinsn-White syndrme, 391

Catheter-assciated infectins, 1295–1297

Catheter-directed thrmblysis, fr venus
thrmbemblic disease, 578–579

Cathinnes, pisning
hyperthermia frm, 1585
seizures frm, 1585, 1585t

Cat hkwrm, 1549
Cat-scratch

disease, 240, 1490

fever, lymphadenitis, 495

Cauda equina syndrme, 1693–1695, 1696
Cauliflwer ear, 202
Caustic ingestin, ersive gastrpathy frm,

624
Cavernus hemangima

benign liver neplasms, 722

disseminated intravascular cagulatin,
556–557, 556t

Cavernus sinus thrmbsis, 218
CBS, 1681
CD3 cmplex, 1216
CD4 lymphcyte cunt

HIV/AIDS, 1, 191, 1331, 1332t, 1334, 1335,
1335t, 1506

ART therapy, 1362, 1365, 1368, 1369,
1371t, 1372

cryptcccal meningitis, 1343, 1562
cryptspridia risk, 1357
health care maintenance/mnitring,

1356t
hepatitis cinfectin, 693
histplasmsis, 1555, 1557
immunizatins, 682, 1319, 1323f–1325f,

1327t, 1329t, 1348, 1356
inflammatry reactins, 1351
medicatin resistance, 1372
Mycobacterium avium, disseminated, 1494
nephrpathy, 944
nn-Hdgkin lymphma, 1349
ral lesins, 1345
Pneumocystis pneumnia, 1337
pneumcystsis, 1559, 1560
pregnancy, 820
prphylaxis, fr cmplicatins, 1357, 1358
syphilis, 1355
tuberculsis, 1340, 1355

Kapsi sarcma, 147
lymphmas, cerebral meningitis, 1007t
pprtunistic infectins and, 1334, 1334f
sarcidsis, 295
tuberculsis, 279, 281

CDC73 mutatin, 1160
CDH1 mutatin, 1639
CDK4/6 inhibitr, fr breast cancer, 762
CDK inhibitrs, 761–762

fr breast cancer, 761–762
CDKN1B, 1190
CDKN2A, 1634
CEBPA mutatin, 530
Ceftriaxne, gallstnes frm, 723
Ceiling effect, COX inhibitrs, 78
Celiac disease, 636–639

dermatitis herpetifrmis, 637
esinphilic esphagitis, 617
IgA deficiency, selective, 881
irn deficiency, 503, 604
lactase deficiency, 641
micrscpic clitis and, 666
mycarditis, 417
small bwel bleeding, 604

Celiac plexus blck
definitin, 97
pain management, 97–98

Cellular immunity
Epstein-Barr virus n, 1386
in immuncmprmised, impaired, 1291

Cellulitis, 138–139, 138f, 194

ALT-70 predictive mdel, 139
antimicrbials fr, 1316t
auricle, 202
cryptcccal, 139
edema, lwer extremity, 27
lymphedema, 496
nn-clstridial crepitant, 1492, 1492f
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Cellulitis (Cont.):
peritnsillar, 230

superficial (erysipelas), 137–138, 138f
synergistic necrtizing, 1492, 1492f

Cenesthetic hallucinatins, 1070
Central artery cclusin, 187–188

Central auditry & vestibular system diseases,
212t, 214–215

multiple sclersis, 215
vertebrbasilar insufficiency, 215
vestibular schwannma, 214–215

Central crd syndrme, 1004
Central diabetes insipidus, 1115–1116

“Central” fever, 30
Central nervus system disease

angiitis, primary, 863–864

injury, stress gastritis frm, 624
lymphma

Ebstein-Barr virus and, 1386
HIV/AIDS, 1331, 1342
primary, 536

Central nervus system disease, HIV/AIDS,
1342–1343

dementia/neurcgnitive disrders,
1342–1343

lymphma, 1331, 1342
meningitis, 1343

cryptcccal, 1009, 1338t–1339t, 1343
meningcccal, 1343

myelpathy, 1343
prgressive multifcal leukencephalpathy,

1343
txplasmsis, 1342

Central nervus system infectins, 1298–1301

anaerbic, 1491

clinical findings, 1300
CSF culture, 1298t, 1300
etilgic classificatin, 1298–1300

abscess, 1299–1300
encephalitis, 1299
meningeal irritatin, nninfectius, 1299
meningitis, aseptic, 1298–1299, 1443, 1445
meningitis, chrnic, 1298
meningitis, health care–assciated, 1300
meningitis, partially treated bacterial, 1299
meningitis, purulent, 1298, 1299t
neighbrhd reactin, 1298t, 1299

titis media, suppurative, 208
treatment, 1300–1301

Central neurgenic hyperventilatin, 1027
Central pntine myelinlysis, 888
Central retinal artery cclusin, 996
Central sleep apnea, 1094

Central sympathlytics, 461, 464t
Central vein

nutritinal supprt, 1283
cclusin, 186–187, 186f

Central venus pressure
increased, pulmnary venus

thrmbemblism, 297
shck, 499

Centruroides, 1609
Cephalsprins

acute tubular necrsis frm, 918
drug eruptin frm, 164
interstitial nephritis frm, 920

Cercarial dermatitis, 1540
Cerclage, cervical, 803, 811
Cerebellar artery cclusin, 998
Cerebellar disrders

ataxia, varicella-zster virus, 1381
degeneratin, 1011, 1012t
hemangiblastma, 1005–1008, 1007t
hemrrhage, 999–1000

Cerebral disrders
aneurysms

autsmal dminant plycystic kidney
disease, 949

berry, carctatin f arta, 325
arterivenus malfrmatins, 984t–985t,

1003–1004

atrphy, substance use disrder, 1096
cntusin/laceratin, 1029t
edema

acute liver failure, 689–690
high-altitude, 1579–1580

hemrrhage, 999–1000, 1029t
carctatin f arta, 325
hypertensin treatment, 471–472, 472t

infarctin, 996–999, 997t
clinical findings, 996–998, 997t
prgnsis, 999
treatment, 989–990

lymphma, primary, 1009
metastases, 1008–1009

sinus vein thrmbsis, antiphsphlipid
syndrme, 843

txplasmsis, 1009
trauma, 1029, 1029t (See also Head injury)
vasculitis, herpes simplex virus-induced,

1375, 1376
vascnstrictin, headache, “thunderclap,” 34

Cerebral salt wasting, 887
subarachnid hemrrhage, 1002

Cerebral venus sinus cclusin, ptic disk
swelling, 193

Cerebrvascular disrders
athersclersis, 480–481, 481f
cmbined ral cntraceptives and, 779
headache, 982
hypertensive, 447
malignant disease neurlgic cmplicatins,

1011
Certlizumab pegl, pprtunistic infectins

with, 1292
Cerumen, 202

impactin
ear canal diseases, 202

hearing lss, 201
Cervical adenitis, after measles, 1391
Cervical cap, 783–784

Cervical disk
degeneratin, 1045, 1697, 1698
prtrusin, acute, 1045, 1046f–1047f

Cervical dysplasia, HIV/AIDS, 1350
Cervical dystnia, 1020
Cervical intraepithelial neplasia, 792–794,

792t, 793f
preinvasive, 795
preventin, HPV, 3, 11, 12

Cervical lymphadenpathy, reactive, 240

Cervical radiculpathy, 1697
Cervical rib syndrme, 1048

Cervical spine disease, 362
Cervical spndylsis, 1045–1047

Cervical vertig, 214

Cervicitis
Chlamydia trachomatis, 1496–1497

gncccal, 1488
HSV-2, 1374
Ureaplama urealyticum, 1496

Cervix (uterine)
cancer/carcinma, 794–795

HIV/AIDS, 795, 1350
invasive, 1349, 1350
lesbian & bisexual wmen, 1730
preventin, HPV vaccine, 3, 11, 12
screening, 11, 12

HPV testing, 12
Papaniclau smear, 2, 12, 792t, 793

treatment, 1615t
cerclage, 803, 811
cnizatin, 794, 795
dysplasia, 792–794, 792t, 793f
incmpetent, 802–803
plyps, 772

Cestdes
invasive, 1543–1545

cysticercsis, 1543–1544

echincccsis, 1544–1545

nninvasive, 1542–1543

beef tapewrm, 1542

dwarf tapewrm, 1543

fish tapewrm, 1543

prk tapewrm, 1542

CFTR, 265, 732, 737
CFTR mdulatrs, 265
CHA

2
DS

2
-VASc Risk Scre, 393, 393t

CHADS
2

scre, 393
Chagas disease, 621–622, 1517–1518

dilated cardimypathy frm, 418
dysautnmia, 992
RBC transfusin, 546

Chagma, 1517
Chalazin, 167–168

Chancres, 1498–1499, 1499f, 1499t, 1502
trypansmiasis, 1515

Chancrid, 1303, 1489

Channelpathies, 1053
Charcal, activated, fr decntaminatin, 1587,

568t, 1586, 1587. See also specific
poisonings

repeat-dse, 1587–1588
Charct arthrpathy, 1239
Charct jint, 876, 1505
Charct-Marie-Tth disease, 1038–1039

Charct triad, 727
Checkpint inhibitrs

adverse effects, 1292
autimmune disrders frm, 1213
diabetes mellitus frm, 1213

Cheilsis, cirrhsis, 704
CHEK2, 744
Chemical injuries/reactins

acids, 1591

alkalies, 1591–1592

cnjunctivitis, 196

cnjunctivitis/keratitis, 196

keratitis, 196

lung, aspiratin, 305–306

phtdermatitis, 156
pneumnia, aspiratin and necrtizing, 276
pneumnitis, ncturnal, 276

Chemical warfare
nerve agents, 1597, 1606
skin decntaminatin, 1586

Chemiluminescence assay, 1499t, 1500
Chempreventin

aspirin, lw-dse, 9
breast cancer, 753
lipid disrders, 5t, 9
malaria, 1527, 1528t
prstate cancer, 975

Chemtherapy, cancer, 1670–1675. See also
specific types and cancers

aplastic anemia frm, 518
platelets, decreased, 550

systemic & supprtive care agents, 1670,
1670t–1671t

thrmbcytpenia frm, 557–558, 557t
txicity & dse mdificatin, 1670–1672,

1671t
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anemia, 1672
bne marrw, 1671–1672
carditxicity, anthracyclines, 1618t, 1674
cisplatin, nephrtxicity & neurtxicity,

1617t, 1674–1675
gastrintestinal, 1673
hemrrhagic cystitis, frm

cyclphsphamide/ifsfamide, 1616t,
1673

methtrexate, 1617t, 1674
nausea & vmiting, 1672–1673
neurpathy, vinca alkalids, 590t, 1618t,

1673
neutrpenia, 1671–1672
skin, 1673
specific drug, 1616t–1622t, 1670t–1671t,

1673
thrmbcytpenia, 1672

Chest pain, 22–25. See also Angina pectris
achalasia, 621
acute, 18
acute crnary syndrme, 22–25, 369, 371,

372t
acute MI, 22–23

with STEMI, 373, 374
adrenal insufficiency, 1172
alchl/alchl withdrawal, 387
angina pectris, 22–25

chrnic stable, 359–366, 364f, 367t
artic dissectin, 487, 488
artic regurgitatin, 347
ascariasis, 1545
asthma, 244
frm bisphsphnates, 1164
blastmycsis, 1564
brnchiectasis, 263
chrnic, 18
chrnic kidney disease, 923
crnary artery disease, HIV, 1351
diagnstic studies, 23–24
drwning, 1572
dyspnea, 18

exertinal, 433
echincccsis, 1544
emphysema, 23
esphageal mtility disrders, 622–623
esphageal spasm, diffuse, 610t
esphagitis

esinphilic, 617
ersive reflux, 623
infectius, 615
pill-induced, 616

EVALI, 305
exertinal, 18, 439, 440t
gastresphageal reflux disease, 611
histplasmsis, 1555
Kapsi sarcma, 147
Leginnaires disease, 1480
lung cancer, 1623
malaria, 1521
Marfan syndrme, 1683
mediastinal mass, 290
mesthelima, 1628
mycardial infarctin, 369
mycarditis, 415
mycarditis, infectius, 414, 415, 416
“nncardiac,” 24
bservatin units, 369
palpitatins, 25
paragnimiasis, 1542
parxysmal supraventricular tachycardia, 389

AV accessry pathway, 390
pericarditis, 22, 23, 839t, 926, 1443
phechrmcytmas, 1182, 1185

pleural effusin, 310, 311
pleuritic, 18, 296, 923, 1463
pneumnia, pneumcccal, 1463
pneumthrax, 314, 315
precrdial

angina pectris, chrnic stable, 359
crnal vasspasm & angina/MI, nrmal

arterigrams, 368
pulmnary emblism, 22, 23
pulmnary hypertensin, 301, 433
pulmnic stensis, 324
respirphasic, 298t, 311
sickle cell anemia, 514
smatic symptm disrders, 1062
spntaneus pneumthrax, 18
substernal, 369
supraventricular tachycardia, 385t
frm teststerne injectins, 1194
thracic artic aneurysm, 485
traumatic heart disease, 435
typhus, epidemic, 1446
undetermined rigin, 623–624

chest wall and thracic spine disease, 623
esphageal dysmtility, 623
gastresphageal reflux, 623
psychlgical disrders, 623–624
visceral sensitivity, heightened, 623

Chest wall pain, 623
Cheyne-Stkes respiratin, 1027
Chickenpx. See Varicella (chickenpx)
Chiggers, 152
Chikungunya fever, 871, 1378t, 1421–1422

Chilblain, 1570

Child-Pugh scre, 46
Chimeric antigen receptr T, 1292
Chlamydia, 1496–1497

cnjunctivitis, 170
dysuria, 37–38
endcarditis, 1476
genital infectins, 1303
lesbian & bisexual wmen, 1728
treatment, 1314t
vaginitis, 789

Chlamydia pneumoniae, 1314t
Chlamydia psittaci, 1497

Chlamydia trachomatis, 1314t, 1496–1497

anrectal, 674
cervicitis, 1496–1497

epididymitis, 961
lesbian & bisexual wmen, 1728
pelvic inflammatry disease, 791
pharyngitis & tnsillitis, 229
pregnancy, 822

reactive arthritis, 867
urethritis, 1303, 1496–1497

Chlamydophila pneumoniae, 1497

asthma exacerbatins, 255
pneumnia, 267t, 268–271
primary biliary cirrhsis frm, 711

Chlamydophila psittaci, cmmunity-acquired
pneumnia, 268

Chlasma, hyperpigmentatin, 159
Chlride, dietary requirements, 1284
Chlride-respnsive metablic alkalsis, 909,

909t, 910
Chlride-unrespnsive metablic alkalsis, 909,

909t, 910
Chlrquine

hyperpigmentatin frm, 1519
fr malaria

prphylaxis, 1528, 1528t, 1529
treatment, 1523t, 1524, 1525t

cular effects, 197, 199t
txic mypathy frm, 1053

Chlrprmazine
hyperpigmentatin frm, 159
verdse/pisning, 1594

Chlrprpamide, 1221, 1222t
Chlangicarcinma, 722, 1632–1634

biliary bstructin, 678
primary sclersing chlangitis, 730, 731, 732

Chlangigraphy, percutaneus transhepatic, 680
Chlangipancreatgraphy

endscpic retrgrade, 680
magnetic resnance, 680

Chlangitis, 724t, 727–729

biliary stricture, 729
primary biliary, 711–713

with autimmune hepatitis, 696
pygenic hepatic abscess, 721
sclersing

HIV/AIDS, 1346
primary, 730–732

Chlecystectmy
biliary stricture, 729
chledchlithiasis & chlangitis, 727–729
chlelithiasis, 723–724, 724t, 725, 726
nnalchlic fatty liver disease, 702
pancreatitis, 735, 736
pstchlecystectmy disrders, 726–727

prechlecystectmy disrders, 726

primary sclersing chlangitis, 729
Chlecystitis

acalculus, 725
acute, 724–726, 724t
chrnic, 724t, 725
HIV/AIDS, 1346
pregnancy, 822–823

xanthgranulmatus, 725
Chlecystkinin-prducing tumrs

(CCKmas), 1187–1188

Chledchlithiasis, 724t, 727–729

Chlelithiasis, 723–724, 724t
chlecystitis, acute, 724–726, 724t
classificatin, 723
gallbladder cancer, 1632
pregnancy, 822–823

Chlera, 1485

Chlestasis
chlangitis, 729

primary biliary, 711, 712
primary sclersing, 730, 731

definitin, 677
drug-/txin-induced, 701
hepatitis A, 682
hepatitis B, 683
hyperbilirubinemic disrders, 677, 678, 678t
intrahepatic, f pregnancy, 677, 678t, 679t, 823

jaundice, 677, 1075
Chlestatic jaundice, 677, 1075
Chlesteatma, 207, 207f
Chlesterl. See also Lipid disrders

crnary heart disease, 356, 1257–1258
Friedewald equatin, 1257
high (See Hyperchlesterlemia)
high-density lipprtein

chlesterl-lwering therapy, 8, 1257–1258
crnary heart disease, 356
screening, 8

lipprtein(a), 1257
lw-density lipprtein, 1256–1257

chlesterl-lwering therapy, 8, 1257–1258
crnary heart disease, 356
familial hyperchlesterlemia, 1256–1257,

1264–1265, 1265f
Friedewald equatin, 1257
lipprtein(a), 1257
screening, 8
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Chlesterl (Cont.):
lwering, therapeutic effects, 8, 1257–1258
Martin/Hpkins equatin, 1257
nn-HDL, 1257
“nrmal” range, 1257
pericardial effusins

hypthyridism, 430
myxedema, 428

screening, 1258–1260

ttal, 1256
very-lw-density

familial chylmicrnemia, 1257
Friedewald equatin, 1257
Martin/Hpkins equatin, 1257

Chlesterlsis f gallbladder, 724t, 725
Chlestyramine, 1262t, 1264
Chlinergic rebund, 1085
Chlinergic syndrme, pisning, 1588
Chlinergic urticaria, 134
Chlinesterase inhibitrs

fr Alzheimer disease, 1024
dementia and, 1022t, 1024
diarrhea frm, 593f
nausea and vmiting frm, 585f
fr Parkinsn disease, 1017
pisning frm, 1606–1607

Chndrmalacia, 1706t, 1713–1714

Chrea
drug-induced, 426, 1018, 1020
Huntingtn disease, 1018, 1077, 1106t
frm levdpa, 1015
rheumatic fever, 425, 425t
streptcccal infectins, 1459
Sydenham, 426, 1018

Chriamninitis, 813

Chricarcinma, 805–807

Chrimeningitis, lymphcytic, 1405–1406

Chriretinitis
Candida, 191
Toxoplasma, 191
txplasmsis, 1531

“Christmas tree pattern,” 112, 113f
Chrmium, parenteral requirements, 1284
Chrnic autimmune urticaria, 134–135
Chrnic cluster headache, 981
Chrnic crnary syndrmes, 359–367, 364f,

367t
Chrnic cutaneus lupus erythematsus,

118–119

Chrnic disease, anemia f, 505
Chrnic esinphilic pneumnia, 296
Chrnic fatigue syndrme

parvvirus B19, 1439
Q fever (C. burnetii), 1454

Chrnic fibrtic mediastinitis, superir vena
caval bstructin, 493

Chrnic glaucma, 175t–177t, 180–181

Chrnic headache, 978
Chrnic heart failure, 403–406. See also Heart

failure
atrial fibrillatin, 391
cardirenal syndrme, 922
trpnin, 374
weight lss, invluntary, 63

Chrnic idipathic rthstatic hyptensin,
402

Chrnic inflammatry plyneurpathy,
1042

Chrnic intestinal pseud-bstructin,
644–645

Chrnic kidney disease, 922–930

anemia, 912, 927
causes, 923, 924t

reversible, 924, 924f

cmplicatins, 925–928, 925f
acid-base disrders, 928
cardivascular, 925–926
endcrine, 928
hematlgic, 927
metablic bne disease, 926–927, 926f
neurlgic, 928

creatinine, serum, 923
definitin, 912
glucse, urine, 1217
heart failure, 405
hyperkalemia, 893, 894, 927–928
hypermagnesemia, 903
hyperphsphatemia, 901
hypertensin, 469, 470t, 923, 925, 928
hypcalcemia, 895
hyptnic hypnatremia, 886
labratry findings, 924, 924f, 924t
metablic acidsis, 905, 905t, 928
metablic alkalsis, 909, 909t
mineral abnrmalities, 926, 926f
stages, 923, 923t
treatment, 928–930

dietary, 928–929
end-stage kidney disease, 929–930
medicatin, 929
slwing prgressin, 928

urate nephrpathy, 829–830
uremic syndrme, 923

Chrnic limb-threatening ischemia, 478
Chrnic lymphcytic leukemia, 532–534

autimmune hemlytic anemia, 516
treatment, 1614t

Chrnic lymphcytic thyriditis, 1122–1125
Chrnic mesenteric ischemia, 482
Chrnic myelid leukemia, 526–528

Philadelphia chrmsme, 521, 526
treatment, 1614t

Chrnic myelmncytic leukemia, 528
Chrnic bstructive pulmnary disease, 257–263

acute respiratry failure, 317–319

causes, 257
cugh, 15, 16, 17
definitin and terminlgy, 257
dyspnea, 18, 19, 20
fatigue, 33
hemptysis, 21
patterns, 258, 258t
pstperative pulmnary cmplicatins, 45
prgnsis, 262–263
pulmnary emblism, 22
respiratry acidsis, 910
treatment

ambulatry, 259–262, 260t
hspitalized, 262
surgery, 262

Chrnic titis media, 206–208

Chrnic pain. See also specific types
cancer, 78, 79–80

disrders, 1063–1066, 1064f
nncancer, 78, 79

piids, 83–92, 84t–89t (See also Opiids)
Chrnic prlymphcytic leukemia, 532
Chrnic scarring lupus erythematsus,

118–119

Chrnic stable angina pectris, 359–367, 364f,
367t

Chrnic traumatic encephalpathy, 1031
Chrnic tubulinterstitial diseases, 945–947

Chrnic (spntaneus/inducible) urticaria,
134–135

Chrnic venus insufficiency, 491–493, 492f
lwer extremity edema, 27–29

varicse veins, 489

Chrnic wasting disease, 1406
Chrntrpic incmpetence, 387
Churg-Strauss syndrme, 303, 861, 933t
Chvstek sign, 897, 902
Chylus pleural effusin, 311
Cicatricial alpecia, 161

Cigarette smking. See Smking
Ciguatera, 1608, 1608t
Ciliretinal artery, 996
Cimex lectularius, 152
Cinacalcet, 1159
Ciprfibrate, 1264
Circinate balanitis, reactive arthritis, 867, 867f
Circulatin disrders

bstructin (See also Mycardial infarctin;
Strke; Transient ischemic attacks;
specific types)

strke, cartid, 996, 997t
pulmnary, 296–304

alvelar hemrrhage syndrmes, 303–304

pulmnary hypertensin, 301–303,

432–434, 433t
pulmnary venus thrmbemblism,

296–300, 299, 299t
vasculitis, 303

Circumscribed neurdermatitis, 110, 110f
Cirrhsis, 704–711, 710t

alchl-assciated, 697–699

prphyria cutanea tarda, 124
biliary, primary, 696, 711–713

clinical findings, 704–705
cagulpathy f liver disease, 564
cmplicatins, 705
epidemilgy, 704
hepatitis D virus with, 688
hepatcellular carcinma and, 1629
hepatrenal syndrme, 707–708
hyperkalemia, 894
hypervlemic hypnatremia, 886f,

887
nnalchlic steathepatitis, 702
prtal hypertensin, 618
preperative evaluatin/periperative

management, 46
prgnsis, 710–711, 710t
prgressin, 704
treatment, 706–710

ascites and edema, 706–707
cagulpathy, 709
f cmplicatins, 706–709
general, 706
hepatic encephalpathy, 708–709, 710
hepatpulmnary syndrme, 709, 710
hepatrenal syndrme, 707–708
liver transplantatin, 709–710
peritnitis, spntaneus bacterial,

707
prtpulmnary hypertensin, 709

Cisgender, 1719. See also Sexual & gender
minrities, health

Cisplatin, nephrtxicity & neurtxicity,
1617t, 1674–1675

Citalpram
verdse/pisning

arrhythmias, 1584, 1584t
hyptensin, 1583–1584

n weight, 1269, 1270t
Citrate

hypcitraturia, 965–966
hypcitraturic calcium nephrlithiasis,

965–966
Citrobacter, health care–assciated infectins,

1295
CKDK4/6 inhibitr, 761–762
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CK-MB
acute crnary syndrmes, 369
STEMI, 374

Cladophialophora, 1565
Claudicatin

intermittent, 475–477, 483, 487, 490
jaw, 986
neurgenic, 1696

Clear liquid diet, 1280

Climacteric, 1202
Clindamycin, pill-induced esphagitis frm,

616
Clinical Institute Withdrawal Assessment fr

Alchl-Revised, 698, 1100–1102,
1101f

Clinically islated syndrme, 1032
Cldrnate, fr breast cancer, 758
Clfibrate, gallstnes frm, 723
Clmiphene citrate, 778
Clnal cytpenias f undetermined

significance, 505
Clnal hematpiesis f indeterminate

ptential, 528
Clnic seizure, 987
Clnidine

fr hypertensin, 461, 464t
verdse/pisning, 1584, 1584t, 1597

suppressin testing, 1183
Clonorchis sinensis (clnrchiasis), 41, 1541,

1632
Clpidgrel

fr acute crnary syndrmes withut
ST-segment elevatin, 369–371, 370f

fr angina, 365
fr cardivascular prphylaxis, GI

cmplicatins, 632
mechanism f actin, 632
fr STEMI, 375

Clsed glbe injury, 195
Clsed lp systems, insulin, 1232, 1235
Clstridial mynecrsis, 1305, 1461, 1469

Clostridioides difficile
clitis, health care–assciated, 1295
diarrhea, acute, 1306, 1307t

Clostridium, 1313t, 1469–1471

btulism, 1470

mynecrsis (gas gangrene), 1469

tetanus, 1469–1470

Clostridium bifermentans mynecrsis, 1306
Clostridium botulinum, 1050, 1313t, 1470

diarrhea, acute, 1307t
Clostridium difficile

antibitic-assciated clitis, 651–653

health care–assciated, 1296
TcdA/TcdB txins, 651

Clostridium histolyticum mynecrsis, 1306
Clostridium novyi mynecrsis, 1306
Clostridium perfringens

fd pisning & diarrhea, 1306
mynecrsis, 1306

Clostridium ramosum mynecrsis, 1306
Clostridium tetani, 1469–1471, 1470t
Clzapine

glucse intlerance frm, 1214
n weight, 1269, 1270t

Clubbing, nail, 162, 162f
lung cancer, 1623

Clue cells, 790, 790f
Cluster headache, 981

c-myc, 535
Cagulase-negative Staphylococcus, 1468–1469

Cagulatin disrders, 559–565

acquired, 563–565

cagulpathy f liver disease, 564

disseminated intravascular cagulatin,
556–557, 556t

factr II antibdies, 563

factr V antibdies, 563

factr VIII antibdies, 563–564

lupus anticagulants, 564–565

vitamin K deficiency, 564

warfarin, 564

cngenital, 559–563

factr II, V, VII, & X deficiencies, 563

factr XI deficiency, 563

factr XIII deficiency, 563

hemphilia A & B, 559–561, 561t
vn Willebrand disease, 562–563, 562t

ther causes, 565
Cagulpathy

acute liver failure, 688
chrnic kidney disease, 927
cirrhsis, 709
COVID-19, 572, 1424, 1426
hypthermia-induced, 499
f liver disease, 564

placental abruptin, 812
stress gastritis frm, 624

Cal wrker’s pneumcnises, 306, 307t
Carctatin f arta, 325–326, 342, 347, 446
Cbalt

dilated cardimypathy frm, 418
hard metal lung disease, 308

Ccaine, 1104

cardimypathy, 417, 419t
crack, 309, 1095, 1104
hypertensin treatment, 472t
levamisle in, 861
mycardial ischemia/infarctin frm, 368, 373
mycarditis frm, 415t, 417
verdse, 1592–1593

arrhythmias, 1584, 1584t
hypertensin, 1584
seizures, 1585, 1585t

pregnancy, 800
pulmnary hypertensin frm, 432
sertnin syndrme frm, 30
txic mypathy frm, 1053

Cca leaf, 1104
Coccidioides (cccidiidmycsis), 1558–1559

erythema ndsum, 153
HIV/AIDS, 1341
pneumnia, cmmunity-acquired, 268–271

Coccidioides immitis, 1558–1559
Coccidioides posadasii, 1558–1559
Cccidisis, 1535–1538

cryptspridisis, 1536, 1537
cyclspriasis, 1536, 1537
isspriasis, 1536, 1537
micrspridisis, 1536–1537
sarccystsis, 1536, 1537

Cchlear implants, 202
lder adults, 66
sensry hearing lss, 201

Cchlear tsclersis, 208
Cdeine, 86t, 88t

verdse/pisning, 1605–1606
Cffee

alchl-assciated cirrhsis, 699
n bld pressure measurements, 443
caffeine in, 1105
chlelithiasis, 723
cirrhsis, 704
dyspepsia, 582
esphagitis, 613
fecal incntinence, 675
fibrcystic cnditins, 742
n hepatitis C prgressin, 693

nnalchlic fatty liver disease, 702
nnbiliary pancreatitis, 732
perianal pruritus, 676
primary sclersing chlangitis, 730
sleep disturbance, 1093

“Cffee grunds” emesis
ersive gastritis, 624
GI bleeding, 633
GI bleeding, acute lwer, 602
peptic ulcer disease, 633

Cgan syndrme, hearing lss, 210
Cgnitive behaviral therapy, 1060
Cgnitive disrders

frm medicatins, 54
pstperative, 48

Cgnitive impairment. See also Dementia;
specific types

delirium and, 57
frm head injury, 1030
mild, 1022
lder adults, 53, 54

Cgnitive reserve, 1023
“Cin lesin,” 288
C–in vitr fertilizatin, 1724
Clchicine

fr guty arthritis, 830–831
txic mypathy frm, 1053

Cld, cmmn, 215–216, 1438
Cld agglutinin, 502, 517
Cld agglutinin disease, 517–518

Cld disrders, 1566

chilblain, 1570

frstbite, 1570–1571

frstnip, 1570

hypthermia (See also Hypthermia)
accidental systemic, 1568–1570, 1569f
extremities, 1570

immersin (trench) ft, 1570

Cld sre, 121–123, 122f
Cld urticaria, 134
Cld water, facial cntact, fr parxysmal

supraventricular tachycardia, 389
Clesevelam, 1223t, 1229, 1262t, 1264
Clestipl, 1262t, 1264
Clitis

antibitic-assciated, 651–653

cllagenus, 666
Crhn disease, 659
ischemic, 482, 602
left-sided, 661
lymphcytic, 665–666
micrscpic, 665–666

ulcerative, 653, 661–665, 661t
Cllage crss-linking, 167
Cllagenma, MEN 1, 1190
Cllagenus clitis, 666
Cllateral ligament injury, 1711–1712

Cln cancer
Crhn clitis and, 665
Crhn disease, 657
hereditary clrectal cancer & plypsis

syndrmes, 670–672, 1647
familial adenmatus plypsis, 670

hamartmatus plypsis syndrmes, 671

Lynch syndrme, 671–672, 1647
hereditary nnplypsis, 671–672

screening, 11
treatment, 1616t
ulcerative clitis and, 665

Clnic diverticulsis, 666–668

diverticular bleeding, 668

diverticula size, 666
diverticulitis, 666–668

uncmplicated, 666
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Clnic pseud-bstructin, 643–644

Clnizatin, 1295
Clnscpy, 11

capsule, 1651–1652
diagnstic, 1648
fr GI bleeding, acute lwer, 603
screening, 1651–1652

Cln plyps, 668

mucsal adenmatus, 668
mucsal nnneplastic, 668
mucsal serrated, 668–669
submucsal, 668

Cln & rectum diseases, 647–672

antibitic-assciated clitis, 651–653

diverticular disease f cln, 666–668

diverticular bleeding, 668

diverticulitis, 666–668

uncmplicated diverticulsis, 666

hereditary cancer & plypsis syndrmes,
670–672, 1647

familial adenmatus plypsis, 670

hamartmatus plypsis syndrmes, 671

Lynch syndrme, 671–672, 1647
inflammatry bwel disease, 653–666

Crhn disease, 653, 656–661

micrscpic clitis, 665–666

pharmaclgic therapy, 653–655
scial supprt, 655–656
ulcerative clitis, 653, 661–665, 661t

irritable bwel syndrme, 647–650

plyps
adenmatus & serrated, 668–669

cln, 668

familial, 670

Clrad tick fever, 1422

Clrectal cancer, 1646–1652

clinical findings, 1647–1648
incidence & types, 1646
Lynch syndrme and, 671
rigin & develpment, 1646
prgnsis, 1650
risk factrs, 1646–1647
screening, 11–12, 1650–1652, 1650t

endscpic examinatin, 1648, 1651
imaging, 1651–1652
stl-based, 1650–1651

staging & differential diagnsis, 1648
treatment, 1616t, 1648–1649

fllw-up, surgical, 1649–1650
Clpscpy, 12, 769t, 793
Clumbia-Suicide Severity Risk Scale, 1080
Cma, 1026–1028

apnea test, 1028
assessment & emergency measures,

1026–1027
causes, 1026
definitin, 1026
diabetic, 1244, 1244t
Glasgw Cma Scale, 1029, 1029t
hyperglycemic hypersmlar, 1216
frm metablic disturbances, 1027–1028
cular findings, 1026–1027
painful stimuli, respnse t, 1026
persistent vegetative state, 1028
frm pisning, 1582–1583
respiratry patterns, 1027
reversible, 1028
frm structural lesins, 1027

C-maternity, 1724
Cma vigil, 1028
Cmbined ral cntraceptives, 779–781, 780t

central & branch retinal vein cclusins, 186
cntraindicatins and adverse effect,

779–781, 781t

drug interactins, 779
efficacy & benefits, 779
headache frm, 781
prgestin minipill, 781

selectin, 779
Cmbustin prducts, asthma, 244
Cmednal acne, 127–129, 127f
Cmfrey, 1599t
Cmmn cld, 215–216

adenvirus, 1438
viral rhinsinusitis, 215–216

Cmmn femral artery, intermittent
claudicatin, 476

Cmmn perneal nerve palsies, 1044

Cmmn variable immundeficiency, 882–883,

882t
Cmmn warts, 141–143
Cmmunicatin, end f life, 71
Cmmunity-acquired methicillin-resistant S.

aureus (CA-mRSA) pneumnia, 268
Cmmunity-acquired pneumnia, 267t,

268–272, 269t
Cmpatibility testing, RBC transfusins, 544
Cmpensatry vascnstrictin, hypvlemic

shck, 496
Cmplement disrders, 882t
Cmplement-mediated hemlytic uremic

syndrme, 553–554, 553t
Cmplete abrtin, 803
Cmplex attentin, dementia, 52
Cmplex reginal pain syndrme, 875

Cmpund nevi, 105, 105f
Cmprehensive behaviral prgram, 1065
Cmpressin stckings, fr venus

thrmbemblic disease, 579
Cmpulsins, 1060–1061
Cncussin, 1028–1030, 1029t. See also Head

injury
labyrinthine, 213

Cndm, 784

Cnductin-based cling, 1568
Cnductin blck. See also specific types

after STEMI, 379–380
AV blck, 379–380, 387–388

intraventricular, 388
treatment, 388

Cnductive hearing lss, 201–202

hearing amplificatin fr, 202
middle ear trauma, 208
titis media

chrnic, 206
serus, 205

tsclersis, 208
superir semicircular canal dehiscence, 214
tinnitus, 210

Cnduct keratplasty, 167
Cndylma (cndylmata) acuminata,

141–143, 142f, 674, 792, 1303
Cndylmata lata, syphilis, 1502, 1503f
Cnfidentiality, 75
Cnfusinal state, 1106
Cnfusin assessment methd, 57
Cngenital adrenal hyperplasia, 1172

anvulatin, 776
hirsutism & virilism, 1198, 1199, 1200

Cngenital adrenal hypplasia, X-linked, 1191
Cngenital crnary artery anmalies. See also

specific types
athlete screening, 441t

Cngenital heart disease, 437
Dwn syndrme, 1677–1678
pregnancy, 437t, 817

Cngenital heart disease, adult, 323–332. See
also specific types

atrial septal defect & patent framen vale,
326–328

carctatin f arta, 325–326

prevalence, 323
pulmnary valve stensis, 323–325

tetralgy f Fallt, 330–332

ventricular septal defect, 329–330

Cngenital herpesvirus, 1374–1376
Cngenital hyppituitarism, 1110–1111
Cngenital lng QT syndrme, 401–402

Cngenitally crwded ptic disk, 193
Cngenital micrcephaly, 1420
Cngenital platelet functin disrders, 558–559

Cngenital Zika syndrme, 1420
Cngestive cardimypathy, heart failure, 404
Cnizatin, cervix, 794, 795
Cnjugate deviatin, 1027
Cnjugated hyperbilirubinemia, 677, 678t
Cnjunctiva

freign bdies, 195

Kapsi sarcma f, 191
laceratins, 196

Cnjunctivitis, 168–171, 169t
acute hemrrhagic, 169

entervirus 70, 1444, 1445
adenvirus, 169, 1438–1439
allergic, 171, 174t
bacterial, 169–170

blepharitis, 168
chemical, 196

chlamydial, 170
cxsackievirus A14, 169
dry eyes, 170

entervirus 70, 169
gncccal, 169–170, 1488
herpes simplex virus, 169
inclusin, 170
nchcerciasis, 1551
viral, 169

Cnnective tissue diseases. See also specific
types

cryglbulinemia, 861
Marfan syndrme, 1682–1683

mixed, 851, 943
pericarditis, 428

Cnn syndrme, aldsternism, 893, 1180,
1181

Cnsciusness, diabetes mellitus n, 1216
Cnstipatin, 588–591

causes, 588–589, 588t
diverticulitis, 667
fecal impactin, 591
in lder adults, 588
frm piids, 69, 91
palliative care, 69
pstperative, 46
prevalence, 588
treatment, 589–591, 590t
vmiting, 69

Cnstitutinal delay f grwth and puberty,
1200

Cnstrictive brnchilitis, 266
Cnstrictive pericarditis, superir vena caval

bstructin, 493
Cntact dermatitis, 125–127, 126f

pericular, 197, 197f
Cntact lenses, 167
Cntact phtsensitivity, 156
Cntact ulcers, laryngeal, 235

Cntagius acute hemrrhagic cnjunctivitis,
169

Cntagius pustular dermatitis, 1441
Cntinuus psitive airway pressure (CPAP)

fr acute respiratry failure, 319
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hypertensin treatment with, 445
fr bstructive sleep apnea, 317
pstperative risk reductin, 45–46

Cntinuus subcutaneus insulin infusin
pumps, 1232, 1234–1235

Cntraceptin & family planning, 778–785

abrtin, 785

cervical cap (with cntraceptive jelly),
783–784

cndm, 784

cntraceptin, fertile perid awareness, 784

cntraceptive fam, cream, film, spnge,
jelly, & suppsitry, 784

cntraceptive injectin & implants, 782

cntraceptive vaginal ring, 782

diaphragm, 783

emergency cntraceptin, 784

intrauterine devices, 782–783, 783t
ral cntraceptives, 779–781, 780t, 781t
pstcital cntraceptin, 783
sexual & gender minrities, 1722–1725

family building, 1723–1725
pregnancy preventin, 1722–1723

sterilizatin, 784–785

transdermal cntraceptive patch, 782

Cntraceptive cream, 784

Cntraceptive film, 784

Cntraceptive fam, 784

Cntraceptive injectin & implants, 782

Cntraceptive jelly, 783–784

Cntraceptives
ral (See Oral cntraceptives)
n weight, 1269, 1270t

Cntraceptive spnge, 784

Cntraceptive suppsitry, 784

Cntraceptive vaginal ring, 782

Cntrast agents, idinated, fr
hyperthyridism, 1135t, 1136

Cntrast media, radigraphic
acute tubular necrsis frm, 918
pseudallergic reactins, 878, 879t

Cntusin
cerebral, 1029t
cular, 195–196

Cnversin disrder, 1062

Cley anemia, 507–508
Cling

cnductin-based, 1568
evaprative, 1568

Cmbs test, 517
Cpeptin, 890
Cpper depsitin, Wilsn disease, 715–717,

716f
Cprlalia, 1021
Cral snake bike, 1608–1609
Crd cavitatin, 1035–1036

Cre-binding factr, 530
“Cre-binding factr” leukemias, 530
Crnea

abrasins, 195

edema, 195
freign bdies, 195

infectin, cntact lens, 167
laceratins, 196

ulcer, 171

Crneal reflex, cma, 1027
Crnary angigraphy, 362

fr acute crnary syndrmes withut
ST-segment elevatin, 372, 372t

indicatins, 372, 372t
fr STEMI, 379

Crnary anmaly. See also specific types
sudden death, athlete, 439

Crnary arterigraphy, 362

Crnary artery bypass grafting
fr angina, chrnic stable, 366–367
cardiac risk assessment/reductin,

nncardiac surgery, 42–43
fr STEMI, 383

Crnary artery disrders. See also Crnary
heart disease

aneurysm, Kawasaki disease, 1457
athersclertic, 354–356, 354–414, 357f, 358t

(See also Crnary heart disease)
calcium scre, 1259
chrnic kidney disease, 925
HIV/AIDS, 1350–1351
periperative management, 42–44

medicatins, 42, 43t
revascularizatin, crnary, 42–44

pregnancy, 438–439

risk factrs, 354–356
frm stavudine and prtease inhibitrs, 1345

Crnary calcium scre, 361
Crnary heart disease, 354–414. See also

Cardivascular disease; specific types
acute crnary syndrmes

chest pain, 22–25
STEMI vs. NSTEMI, 368
withut ST-segment elevatin, 368–373,

370f, 372t
acute heart failure & pulmnary edema, 412,

413–414

atrial fibrillatin, 391–396, 393t, 394t
atrial flutter, 397

atrial tachycardia, 397–398

AV blck, 387–388

calcium supplements in, 1282
chest pain, 22–25
chrnic stable angina pectris, 359–367,

364f, 367t
crnary vasspasm & angina/MI, nrmal

arterigram, 368

death rates, 343
heart failure, 403–413, 407f, 408t
hyperchlesterlemia, 356
inherited arrhythmia syndrmes,

401–402

lipid disrders and, 356 (See also Lipid
disrders)

lipid fractins and, 1256–1257
mycardial hibernatin & stunning, 356

parxysmal supraventricular tachycardia,
388–390

accessry AV pathway, 390–391

preventin, 4–9, 356–359, 357f, 358t
rate & rhythm disrder treatment, 383–386,

384t–385t
risk factrs, 4, 354–356, 357f, 358t
risk f, chlesterl lwering n, 1257
sinus arrhythmia, bradycardia & tachycardia,

379, 386–387

STEMI, 373–383, 375t
syncpe, 402–403

ventricular fibrillatin & sudden death,
400–401

ventricular premature beats, 398

ventricular tachycardia, 399–400

Crnary revascularizatin, fr heart failure,
412

Crnary syndrmes
acute

STEMI vs. NSTEMI, 368
withut ST-segment elevatin, 368–373,

370f, 372t
chest pain

acute crnary syndrmes, 22–25
chrnic, 359–367, 364f, 367t

Crnary syndrmes, chrnic, 359–367, 364f,
367t

Crnary vasspasm, with angina/MI,
crnary arterigram nrmal, 368

Crnavirus disease 2019. See COVID-19
Crnaviruses, 1442
Cr pulmnale, vs. heart failure, 404
Crrigan pulse, 348
Crrsive acids, 1591

Crticsterids. See also specific types and uses
ACTH suppressin frm, 1111
adverse effects, cular, 197, 199t
antiemetic, 586, 587t
fr asthma

inhaled, 246, 250t–251t
systemic, 248t, 250t–251t, 252, 254

cataracts frm, 183
clinical use, 1210–1211, 1211t
Cushing syndrme frm, 1175–1176
depressin frm, 1079
epidural, fr pain, 98
eye, cautins, 197
inhaled

fr asthma, 246, 250t–251t
fr COPD, 261

n insulin resistance, 1214
stenecrsis frm, 876

steprtic fractures frm, 1210
n phsphate reabsrptin, 899
in pregnancy, 1210
fr shck, adrenal insufficiency, 501
tpical

clinical use, 1210
fr dermatlgic disrders, 99, 100t–102t

txic mypathy frm, 1053
Crtisl

ADH feedback, 887
deficiency, HIV/AIDS, 1347
hypercrtislism, 1175–1179

Corynebacterium diphtheria, 229, 1313t
Corynebacterium haemolyticum, 229
Corynebacterium jeikeium, 1313t
Csmetics, acne vulgaris, 127–128
Cugh, 15–18, 16t, 17t

brnchiectasis, 263
COPD, 258
headache frm, primary, 981–982

pericardial effusin, 430
persistent, empiric therapy and definitive

testing, 17, 17t
Cugh-variant asthma, 15, 16–17, 17t, 244
Cunterpressure maneuvers, fr syncpe, 403
COVID-19 (SARS-CV-2), 216, 1341,

1422–1428

acute kidney injury, 922
acute respiratry distress syndrme, 320t
admissin, 1428
ansmia, 216, 221, 1424
aspergillsis, 1562
bld dnatins, 545
CDC guidelines, 1423
clinical epidemilgy & transmissin, 1423
clinical findings, 1424–1425
cagulpathy, 572, 1424, 1426
cmplicatins, 1425–1426
cugh, 17
deaths frm

bereavement challenges, 77
reprting, accurate, 77

deaths frm, 2020, 3
depressin, 1078
diarrhea, 592
differential diagnsis, 1425
dyspnea, 18, 20, 69
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COVID-19 (SARS-CV-2) (Cnt.):
emergence and pandemic, 1423
end-f-life

palliative care, 73
prgnsis, 70

enterclitis, HIV/AIDS, 1346
etilgy, 3
fatal utcme risk factrs, 1425–1426
fever & hyperthermia, 29
frnt-line wrkers, PTSD risk, 1055
HIV/AIDS, 1341, 1354
hypsmia and ansmia, 216, 221
imaging, 1425, 1425f
immunizatin, 3
interstitial pulmnary infiltrates, diffuse,

1336
ischemic hepatitis, 719
kidney and, 922

liver functin tests, 678
mechanic ventilatin, advance care planning,

72
mrtality rates, by ethnicity, 3
multisystem inflammatry syndrme in

children, 1426, 1456
mycarditis, 414–416
mycarditis/mypericarditis, 414, 415, 415t,

416
exercise guidelines, athlete, 416, 416t

mycarditis/pericarditis, return t play after,
440–441

mypericarditis, 415
nausea & vmiting, 584, 585t
pancreatitis, 732
pandemic, 216
pericarditis

athlete screening, 440, 441
pneumnia, 267t

cmmunity-acquired, 268
pst–acute COVID-19 syndrme, 1426
preventin, 1426
PTSD, 1055
public health cncerns, 1424
RBC transfusin, 545
referral, 1427–1428
severe disease and cytkine strm, 1423
sexual & gender minrities, 1721
thyriditis, painful subacute, 1123
travel n expsure t, 800
treatment, 1426–1427

remdesivir, 416, 1377t, 1426–1427
upper respiratry, 216
vaccines, 1319, 1322t, 1326t, 1426
venus thrmbemblic disease, 571–572

preventin, 571, 1427
vide telepsychiatry, 1056

Cwden disease, 671
Cwden syndrme, 1141
COX-2 inhibitrs/cxibs

cardivascular cmplicatins, 625, 628
dyspepsia frm, 625
GI bleeding frm, 628
mechanisms f actin, 628
fr pain management, 81, 82t–83t

selective, 628
fr stress gastritis, 625

Coxiella burnetii
pneumnia, cmmunity-acquired,

268, 1454
Q fever, 1448t, 1454–1455

Cxsackievirus infectins, 1443–1444, 1443f
A14, cntagius acute hemrrhagic

cnjunctivitis, 169
cnjunctivitis, epidemic, 1444
epidemic pleurdynia, 1443

hand, ft, and muth disease, 1443, 1443f,
1445

herpangina, 1443
meningitis, aseptic, 1443
mycarditis, 1443
neurlgic syndrmes, 1443
ther syndrmes, 1444
pericarditis, acute nnspecific, 1443
summer grippe, 1443

CPA1, 738
C-peptide, factitius hypglycemia, 1255

“Crabs,” 151–152

Crack ccaine, 309, 1095, 1104
Cramps, heat, 1567
Cranial arteritis headache, 982

Cranial nerve palsies, 193–194, 193f, 1040
Cranipharyngima, 1005–1008, 1006t
Cranipharyngima, amenrrhea, 1200
Craving, 1096
C-reactive prtein, rheumatid arthritis, 834
Creatinine, 914
Creatinine clearance, 914, 1599t
Creeping eruptin, 1549, 1549f
Crepitus, 826
CREST syndrme

autantibdies, 841t
systemic sclersis, 846–848

Cretinism, 1126, 1151
Creutzfeldt-Jakb disease, 1015, 1406–1407
Cricthyrtmy, 238

Crigler-Najjar syndrme, 677, 678t
Crimean Cng hemrrhagic fever, 1412

Critical illness
mypathy, 1053

neurpathy, 1040–1041

stress gastritis prphylaxis, 625
Crhn disease, 653, 656–661

abscess, anrectal, 657, 676
anal fissures, 675
anal/perianal fistulas, 599, 657, 660
ascending cln disease, 659
cln cancer and, 665
esinphilic esphagitis, 617
fistula in an, 675
gallstnes, 723
lactase deficiency, 641
small bwel bleeding, 604
surgery indicatins, 660
treatment, 658–660

mild/lw-risk disease, 658–659
mderate/severe-risk disease, 659–670

vitamin B
12

deficiency, 509
Crwned dens syndrme, 833
Cruciate ligament injury

anterir, 1706, 1710–1711

psterir, 1712

Crusted lesins, 100t, 124–127

cntact dermatitis, 125–127, 126f
impetig, 124–125, 125f

Cryglbulin-assciated glmerulnephritis,
933t, 939

Cryglbulinemia, 861–862

hepatitis C, 861, 939
HIV/AIDS, 861
interstitial nephritis frm, 920

Cryprecipitate transfusin, 547

Cryptococcus (cryptcccsis),
1561–1562

cellulitis, 139
meningitis

AIDS, 1009
HIV/AIDS, 1009, 1338t–1339t, 1343

pneumnia, HIV/AIDS, 1341
transplant recipients, slid rgan, 1291

Cryptococcus neoformans, 1561–1562
Cryptgenic rganizing pneumnia/

pneumnitis, 266, 292–294, 293t
Cryptgenic strke, 328
Cryptrchidism, 1195, 1664
Cryptosporidium (cryptspridisis), 1303,

1535–1538

HIV/AIDS
enterclitis, 1346
malabsrptin syndrme, 1347
papillary stensis, 1346

Cryptosporidium hominis, 1536
Cryptosporidium parvum, 1536
Crystal depsitin arthritis, 828–833

calcium pyrphsphate depsitin, 832–833

guty arthritis, 828–832, 829t, 830f
Crystalline lens insertin, 167
CSF3R mutatin, 522
CT clngraphy, 11
CT-FFR, 361
CTRC, 738
Culex, 1402, 1419, 1550
Cultural issues

chrnic pain syndrmes, 1065
decisin-making capacity, 53
end f life, 71, 73, 74, 80
hirsutism, 1197
pain management, 80
patient apprach, 1

Cunninghamella, mucrmycsis frm, 1563
Cup-disk rati, 180
Cupping, ptic disk, 180
Cupullithiasis, 213–214
Curvularia, 1565
Cushing disease

ACTH-independent, 1176, 1177
mypathy, 1053
treatment, 1177–1179

Cushing syndrme, 1175–1179

ACTH-dependent, 1176, 1177
amenrrhea, 1200
anvulatin, 776
definitin, 1175–1176
hirsutism, 1198
hypertensin, 446
luteinizing hrmne/fllicle stimulating

hrmne deficiency, 1111
mypathy, 1053
besity, 1268
phechrmcytma frm, 1183

Cutaneus larva migrans, 1549, 1549f
Cutaneus lupus erythematsus,

118–119

drug-related, 165t
Cutaneus T-cell lymphma, 119–120

Cutibacterium acnes, 127
Cyanide pisning, 1597–1598

antidtes, 1586t
dyspnea, 18, 19, 20
smke inhalatin, 304

Cyclic thrmbcytpenia, 550

Cyclphsphamide
fr breast cancer, 756–757
hematuria frm, 952
hemrrhagic cystitis frm, 1616t, 1673
leukemia frm, 530

Cyclospora (cyclspriasis), 1535–1538

diarrhea, acute, 1306
Cyclospora cayetanensis, 1536
Cyclsprine

n insulin secretin, 1214
txic mypathy frm, 1053
fr ulcerative clitis, 664–665

Cyclthymic disrder, 1079
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CYP2C9, 575
CYP2C19, 632
CYP2C19 inhibitrs, 633
CYP17a1 inhibitr, abiraterne acetate, 1191,

1615t, 1621t, 1657, 1658t
Cystathinine beta-synthase deficiency, 1681
Cystatin C, 914
Cystic diseases f kidney, autsmal dminant

plycystic kidney disease, 948–949,

948f
Cysticercsis, 1543–1544

Cystic fibrsis, 264–266

brnchiectasis, 263, 265
CFTR, 265
digital clubbing, 162f, 163, 265
quantitative pilcarpine intphresis sweat

test, 265
Cystic hydatid disease, 1543–1544
Cystic inflammatry acne, 128–129
Cystic kidney diseases, 947–950, 947t

medullary spnge kidney, 949–950

simple r slitary cysts, 948

Cystic neplasms, pancreatic, 1634
Cystine, urinary stnes, 963, 966
Cystinsis, prximal renal tubular acidsis, 907
Cystitis, 37–38

acute, 954–955

antimicrbials fr, 1316t
female, 37
hemrrhagic

adenvirus, 1438
frm cyclphsphamide/ifsfamide, 1616t,

1673
interstitial, 962–963

Cystcele, 774
Cystoisospora belli, 1536
Cyst(s)

branchial cleft, 239

epidermal inclusin, 155–156

thyrglssal duct, 239

vcal fld, 235

Cytchrme P450 CYP2C19 enzyme, 632
Cytkine release syndrme, 1292
Cytkines. See also specific types

fever, 29
Cytkine strm

COVID-19, 922, 1423
mycarditis, infectius, 415

Cytmegalvirus disease, 1386–1389

cataracts, 183
clinical findings, 1387–1388
encephalitis, 1387
esphagitis, 615–616, 1387
gastritis, 627, 1387
gastrintestinal, 1387
hepatbiliary, 1387
HIV/AIDS, 1341, 1343

enterclitis, 1346
hepatic, 1345–1346
papillary stensis, 1346

in immuncmpetent, 1386, 1387
in immuncmprmised, 1293,

1386–1388
immunsuppressive medicatins, 1289
inclusin disease, 1386–1388
interstitial nephritis frm, 920
pancreatitis, 732
perinatal/cngenital, 1386, 1387
pneumnitis, 1387
preventin/vaccinatin, 1293, 1388–1389
respiratry, 1387
retinitis, 191, 1387

HIV/AIDS, 1339t, 1344–1345, 1344f,
1387

syndrmes, 1386
transplant recipients

hematpietic cell, 1291
slid rgan, 1291

treatment & prgnsis, 1388

D

Dabigatran, 565–568, 566t–567t. See also
Direct-acting ral anticagulants

fr atrial fibrillatin, 394, 394t
periperative management, 46, 46t
reversal, 565, 568t
fr venus thrmbemblic disease

preventin, 569, 570t
treatment, 566t–567t, 573t, 575

Dacrcystitis, 168

Dairy prducts, 1282
Dalteparin. See also Lw-mlecular-weight

heparin (LMWH)
reversal, 568t
fr venus thrmbemblic disease

preventin, 569, 570t
treatment, 573t

D antigen, 544
Dapagliflzin, 1223t, 1228
Dapsne, methemglbinemia frm,

1604–1605
Daptmycin, txic mypathy frm, 1053
Darunavir, 1360t, 1365–1366, 1367, 1369

fixed-dse cmbinatins, 1363t
initial ART regimens, 1370t–1371t

DASH diet, fr hypertensin, 449, 449t
“Date-rape drug,” 1600
Datura stramonium, 1595
Daunrubicin, mycarditis frm, 417
Dawn phenmenn, 1235
DCC, 1646
D-dimer

dyspnea, 19
hemptysis, 21
lwer extremity edema, 28, 28t
pulmnary emblism, 24, 25
pulmnary venus thrmbemblism, 297,

298, 299, 300
Dean Ornish Diet, 1260
Death

brain, 1028
cardiac

cardiac risk assessment/reductin, 41
sudden, 400–401, 439

causes, 2, 2t
preventable, 2, 3t

physician-assisted, 74–75
prnuncement, 77
tasks after, 76–77

autpsy & rgan dnatin, 77
fllw-up & grieving, 77
prnuncement & death certificate, 77

vilent, alchl in, 1095
Death certificate, 77
“Death rattle,” 74
Death with dignity, 74–75
Decisin making

capacity, lder adults, 53
end f life, 72
piids, 83, 89
shared, 1259

Declaratin f Mntreal, 78
Decmpressin sickness, 1577–1578

Decntaminatin
eyes, 1586
gastrintestinal, 1586–1588

charcal, activated, 1587, 568t, 1586
charcal, repeat-dse, 1587–1588

hemdialysis, 1587, 1587t
urinary manipulatin, 1587
whle bwel irrigatin, 1587

skin, 1586

De-efferented state, 1028

Deep brain stimulatin, fr depressin, 1087
Deep breathing exercises, fr pstperative risk

reductin, 45–46
Deep inferir epigastric perfratr flap, 766
Deep neck infectins/abscesses, 230–231

Deep vein thrmbsis (DVT), 296–300. See
also Pulmnary venus
thrmbemblism

edema, lwer extremity, 27–29

risk stratificatin, ruling ut, 27, 28t
superficial venus thrmbphlebitis, 491
superir vena caval bstructin, 493
varicse veins, 490

Deep venus thrmbphlebitis (DVT), chrnic
venus insufficiency frm, 491

Degenerative and crystal-induced arthritis,
825–833

crystal depsitin arthritis, 828–833

calcium pyrphsphate depsitin,
832–833

guty arthritis, 828–832, 829t, 830f
degenerative jint disease, 825–828, 827f

Degenerative artic stensis, 342
Degenerative jint disease, 825–828, 827f

Buchard ndes, 826, 827f
Heberden ndes, 826, 827f
types and lcatins, 826

Delavirdine, 1359t, 1365
Delayed hypersensitivity, 880–881

drug exanthems, 165t, 880

drug-induced hypersensitivity syndrme,
881

pathphysilgy, 880
Delayed pressure urticaria, 134
Delirium, 1023, 1106, 1106t

agitated, 70
cgnitive impairment and, 57
cnfusin assessment methd, 57
definitin, 57
hyperactive, 57
hypactive, 57
frm medicatins, 54
lder adults, 53, 54, 57–58

palliative care, 70

plypharmacy, 57
pstperative, 47
systemic lupus erythematsus, 839t, 840
urinary incntinence, 61

Delirium tremens (DTs), 1097–1098
Delta gap, 904
Delta wave, 390
Delusinal disrder, 1070
Delusins, 1070
Dementia, 1022–1026, 1106–1107

agitatin, 1023, 1025
attentin, cmplex, 52
causes, pathlgy, & risk factrs, 1022–1023,

1022t
classificatin, 1022–1023, 1022t
clinical findings, 1023–1024
definitin, 52–53
differential diagnsis, 1024
dmains, 52–53
Dwn syndrme, 1678
driving and, 1025
HIV-assciated, 1342
Huntingtn disease, 1018
hypertensin, 447
with Lewy bdies, 992, 1022t
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Dementia (Cont.):
mild cgnitive impairment, 1022
pseuddementia, 1023, 1106–1107
rapidly prgressive, 1025
treatment, 1024–1025
weight lss, invluntary, 32

Dementia, lder adults, 52–56

advance financial planning, 55
age-related, 1022–1023, 1022t
cgnitive impairment, 53, 54
decisin-making capacity, 53
delirium and, 53, 54, 57–58

depressin and, 53, 54
driving, 55
life expectancy, 55
prgnsis, 55

Demdex flliculitis, 131–132
Demodex folliculorum, 131–132
Demyelinating diseases. See also specific types

acute disseminated encephalmylelitis, ptic
neuritis, 192

adrenleukdystrphy, 1172
multiple sclersis, 1031–1033, 1033t
neurmyelitis ptica, 192–193, 1033–1034

ptic neuritis, 192
transverse myelitis, 1387

Dengue (hemrrhagic) fever, 1414–1416

vaccine, 1416
Densumab

fr metastatic bne pain, 94
fr steprsis, 1165

Dense depsit disease, 938
Dental hygiene, aspiratin and necrtizing

pneumnia, 267t, 276
Dentatrubral-pallidluysian atrphy, 1018
Dentures, facial pain, 986
Dependence, 91
Dependency, 1096
Dependent persnality disrder, 1068–1069,

1068t
Depersnalizatin, 1071
Depigmentatin, 159–160, 159f
Deplarizing muscle relaxants, mytnia frm,

1053
Dept-medrxyprgesterne acetate, 782
Deprescribing, lder adults, 65
Depressants, 1080. See also Alchl;

Barbiturate; Benzdiazepines;
Opiids; Sedatives

adjustment disrders, 1054
kindling frm, 1096

Depressin
drug-induced, 1079–1080

end f life, 75–76
illness/hspitalizatin-assciated, 1108
irritable bwel syndrme, 648
milder frms, 1080
lder adults, 53, 56, 56–57

n pain threshld, 1064
Patient Health Questinnaire, 56
persistent depressive, 1079

premenstrual dysphric disrder, 1079

prgnsis, 1091
pseuddementia, 1106–1107
psychtic, 1080
schizphrenia spectrum disrders,

1070
suicide and, 1080
urinary incntinence, 61
weight lss, invluntary, 32

Depressin, majr, 1078–1079

with atypical features, 1079, 1080
melanchlic, 1079, 1080
with peripartum nset, 1079

psychtic, 1079
with seasnal nset, 1079, 1080

Depressin, treatment, 1081–1085, 1082t,
1083f

allpregnanlne, 1086
behaviral, 1088
deep brain stimulatin, 1087
dextramphetamine, 1086
drug interactins, 1086, 1087t
electrcnvulsive therapy, 1086–1087
maintenance & tapering, 1086
mnamine xidase inhibitrs, 1085–1086,

1085t
phttherapy, 1087
psychlgical, 1087–1088
repetitive transcranial magnetic stimulatin,

1087
scial, 1088
SSRIs, SNRI, and atypical antidepressants,

1081–1085, 1082t, 1083f
switching and cmbinatin therapy, 1086
tricyclic antidepressants, 1085
vagus nerve stimulatin, 1087

Dermacentor, 1448t, 1451
Dermacentor andersoni, 1422, 1450
Dermatitis. See also specific types

atpic, 108–109

cercarial, 1540
cntact, 125–127, 126f
cntagius pustular, 1441
exfliative, 120–121, 165t
sebrrheic, 113–114, 114f
stasis, 157

chrnic venus insufficiency, 492, 492f
lwer extremity edema, 28

Dermatitis herpetifrmis, 124, 637
Dermatitis medicamentsa, 164–166,

165t–166t
Dermatgraphism, 134
Dermatlgic disrders, 99–166. See also

specific types
alpecia, 161

blistering (bullus), 100t, 139–141

drug eruptin (dermatitis medicamentsa),
164–166, 165t–166t

epidermal inclusin cyst, 155–156

ersive, 100t
erythemas, 134–139

figurate, 100t
HIV/AIDS, 1347–1349

Candida, 1348–1349
fungal, 1348–1349
herpes simplex, 1347, 1347f
herpes zster, 1347–1348
mlluscum cntagisum, 143, 143f, 1348,

1348f
psriasis, 1349
sebrrheic dermatitis, 113, 1349
Staphylococcus, 1348
xersis, 1349

inflammatry ndules, 153–155

injectin drug abuse infectins, 1304–1305
mrbillifrm, 100t
mrphlgy, 100t
nail, 162–163

ndular, 100t
vilaceus t purple, 100t, 146–148

papules, 100t, 141–146

vilaceus t purple, 100t, 146–148

phtdermatitis, 100t, 156–157

pigmentary, 105–108, 159–160, 159f, 160f
pruritus, 100t, 148–153

pustular, 100t, 127–134

scaling, 100t, 108–121

therapeutic principles, 99–105

antihistamines and antidepressants, 99,
104

antipruritic drugs, systemic, 99, 104
bathing, 99
crticsterids, systemic (See

Crticsterids; specific agents and
disorders)

sunscreens, 104
ulcers, 100t, 157–159

vesicular dermatses, 100t, 121–124

weeping r crusted lesins, 100t, 124–127

Dermatlgic disrders, tpical therapy, 99,

100t–104t

antibitics
acne, 102t
impetig, 103t

antifungals
imidazles, 103t
ther, 103t

antipruritics, 99, 103t–104t
cmplicatins, 104–105
crticsterids, 99, 100t–102t
drying agents, 99
emllients, 99
NSAIDs, 102t

Dermatmysitis, 848–850, 849f, 849t, 1011,
1012t

autantibdies, 841t
cancer, 875
UV light, 156

Dermatses
phtdermatsis, 156
vesicular, 100t, 121–124

dermatitis herpetifrmis, 124

herpes simplex, 121–123, 122f
herpes zster (See Herpes zster)
pmphlyx, 123, 123f
prphyria cutanea tarda, 123–124, 124f

Desensitizatin, fr asthma, 253
Designer drugs, 1105

Desipramine
fr neurpathic pain, 93t, 94
n weight, 1270t

Desvenlafaxine, fr neurpathic pain, 94
Desynchrnizatin sleep disrder, 1092
Detergent wrker’s lung, 308, 308t
Determinant-based classificatin, 734
Detrusr veractivity, urinary incntinence, 61,

62
DeVega annulplasty, 352
Devic disease, 192–193, 1033–1034

Dexamethasne suppressin test, 1198
adrenal incidentalmas, 1186
Cushing syndrme/hypercrtislism,

1176–1177
besity, severe, 1177

Dexcm G6 sensr, 1232
Dexcm system, 1219
Dextramphetamine, 1086
Dextrmethrphan, sertnin syndrme frm,

30
Diabetes Cntrl and Cmplicatins Trial, 1215
Diabetes insipidus

central, 1115–1116

hypernatremia, 890
Diabetes mellitus, 1212–1244

acanthsis nigricans, 1217, 1217f
adencarcinma, 796
after pancreatitis, 735
frm antipsychtics, 1075, 1075t
atrial fibrillatin, 391
cardiac risk assessment/reductin, 41
celiac disease, 638
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central & branch retinal artery cclusins,
187

frm check pint inhibitrs, 1213
classificatin & pathgenesis

autsmal recessive syndrmes, 1214
maturity-nset diabetes f the yung,

1213–1214, 1213t
mitchndrial DNA mutatin, 1214
type 1, 1212–1213
type 1, idipathic, 1213
type 2, 1213
Wlfram syndrme, 1214

deep neck infectins, 230–231
dyslipidemia, 1219–1220
envirnmental factrs, 1212–1213
epidemilgy, 1212, 1213t
gallstnes, 723
gestatinal, 815–816, 816t
glucse cntrl, ptimum

type 1, 1215
type 2, 1215–1216

hematuria, 952
hspital management, 1243
hypertensin, treatment, 468–469, 470t
IgA deficiency, selective, 881
intensive care units, 1243
labratry findings, 1217–1220, 1218t

fructsamine, serum, 1218–1219
glucse, 1217–1219

glucse, cntinuus mnitring systems,
1219

glucse, plasma/serum, 1217
glucse, self-mnitring bld, 1219
glucse, urine, 1217
glycated hemglbin (HbA

1
/HbA

1c
), 1218,

1218t
ketnes, urine & bld, 1217
lipprteins, 1219–1220
ral glucse tlerance test, 1217–1218,

1218t
metablic (insulin resistance) syndrme, 1215
mutatins, 1213, 1214
nnalchlic fatty liver disease, 702
besity & insulin resistance, 1213
pancreatic infectin, entervirus, 1445
peripheral artery disease, 475
plyneurpathy, 1039

pregnancy, 815–816, 816t, 1243–1244
preperative evaluatin/periperative

management, 48–49
preventin

clinical trials
type 1, 1216
type 2, 1216

lesbian & bisexual wmen, 1727
primary sclersing chlangitis, 730
salivary gland disrders, 233
screening, 5t
secndary, 1214, 1214t
sixth nerve palsy, 194
symptms & signs

type 1, 1216
type 2, 1216–1217

thirst, 1216
tibial & pedal artery cclusive disease,

478–479
triglyceridemia, 1258

Diabetes mellitus, cmplicatins, chrnic,
1238–1243

bne & jint, 1242–1243
cardivascular

heart disease, 1241–1242
hypertensin, 1242
peripheral vascular disease, 1242

cataracts, 183
cheirarthrpathy, 1242
diffuse idipathic skeletal hyperstsis,

1242
nephrpathy, 934t, 943–944, 1239

hypreninemic hypaldsternemic RTA,
907, 944

neurpathy, 1239–1241, 1239f
cular, 1238–1239
retinpathy, 65, 184, 189–190, 1238
skin & mucus membrane, 1242

Diabetes mellitus, management steps,
1233–1238

glycemic cntrl, acceptable levels, 1236,
1237t

insulin therapy cmplicatins, 1237–1238
allergy, 1237
hypglycemia, 1237–1238
lipdystrphy, 1237

medicatins, 1234–1236
type 1, 1234–1235, 1234t
type 2, 1213t, 1235–1236, 1236f

patient educatin, 1234
types, distinguishing, 1233, 1234t

Diabetes mellitus, treatment, 1220–1233

diet, 1220–1221
medicatins, fr hyperglycemia, 1221–1229,

1222t–1223t
alpha-glucsidase inhibitrs, 1222t,

1225–1226
biguanides, 1222t, 1224–1225

brmcriptine, 1223t, 1229
clesevelam, 1223t, 1229
D-phenylalanine derivative, 1222t, 1224,

1236
DPP-4 inhibitrs, 1223t, 1227–1228, 1236,

1236f
GLP-1 receptr agnists, 1222t–1223t,

1226–1227, 1236, 1236f
incretins, 1222t–1223t, 1226–1227
meglitinide analgs, 1222t, 1224
metfrmin, 1215–1216, 1222t, 1224–1225,

1235–1236, 1236f, 1243, 1250
pramlintide, 1223t, 1229
SGLT2 inhibitrs, 1223t, 1228–1229, 1236,

1236f, 1239, 1243, 1245, 1254
sulfnylureas, 1215, 1221–1224, 1222t,

1236, 1236f
thiazlidinedines, 1222t, 1225, 1236,

1236f
medicatins, insulin, 1229–1233, 1229t,

1230t
transplantatin

islet, 1233
pancreas, 1233

Diabetes Preventin Prgram, 1216
Diabetic cma, 1244, 1244t
Diabetic ketacidsis, 905t, 906,

1244–1248

frm atypical antipsychtics, 1214
causes and incidence, 1244
clinical findings, 1244–1245
cmplicatins & prgnsis, 1247–1248
hyperchlremic acidsis, 1247
hyperphsphatemia, 901
treatment, 1245–1247

Diabetic neurpathy, 1239–1241

autnmic, 1240–1241
GI system, 1240–1241
GU system, 1241
rthstatic hyptensin, 1241

cachexia, 1240
dysautnmia, 992
neurgenic arthrpathy, 876

peripheral
Charct arthrpathy, 1239
distal symmetric plyneurpathy,

1239–1240, 1239f
islated, 1240

Dialysis patients
amylidsis, 542
preperative evaluatin/periperative

management, 50
renal cysts, 948

renal cell carcinma and, 1662
Diaphragm, 783

Diarrhea, 592–598

acute, 592–595

causes, 592, 592t
evaluatin, 594, 594f
inflammatry, 593–594
nninflammatry, 593

acute infectius, 1306–1309, 1307t–1308t
inflammatry, 1306
nninflammatry, 1306
pathgens, 1306, 1307t–1308t
treatment, 1306, 1309

after measles, 1391
frm Amanita phalloides pisning, 1583
antibitic-assciated, 651
bldy, ulcerative clitis, 661
chrnic, 595–598, 597f

causes, 593t, 595–596
clinical findings tests, 596–598, 597f
infectins, 596
inflammatry, 596
mtility disrders, 596
smtic, 596
secretry cnditins, 596
systemic cnditins, 596

definitin, 592
hyperchlremic metablic acidsis, 906t, 907

hypkalemia, 892
hypmagnesemia, 902
irritable bwel syndrme, 596
traveler’s, 1310–1311

Diarrhea, infectius
nrvirus, 1442–1443
rtavirus, 1442–1443

Diastlic rumble, 350
Diclfenac, 81, 82t

fr neurpathic pain, 93t, 94
Didansine, 1359t, 1364

lactic acidsis frm, 1345
peripheral neurpathy frm, 1343

DID-MOAD, 1214
Dietary supplements. See also specific types

verdse/pisning, 1598, 1599t
Diet/diet therapy, 1280–1282

fr chlesterl, high LDL, 1260–1261
cnsistency altering

liquid diet, clear, 1280

liquid diet, full, 1280

sft diets, 1280

fr cnstipatin, 589, 590t
cunseling, 5t
fr Crhn disease, 659
fr diabetes mellitus, 1220–1221
fr diarrhea, 594–595
fr heart failure, 411–412
high-prtein, n BUN, 914, 914t
hypertensin, 8
fr irritable bwel syndrme, 649
nutrient restrictins

carbhydrate, 1281

fat, 1281

prtein, 1281

sdium, 1280
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Diet/diet therapy (Cont.):
nutrient supplements

calcium, 1281–1282

fiber, 1281

ptassium, 1281

sympathmimetics in, 1592
Dieulafy lesin, 599
Differential time t psitivity, 1296
Differentiated squamus intraepithelial lesins,

vulvar, 797
Diffuse axnal injury, 1029t
Diffuse clitis, Crhn disease, 659
Diffuse idipathic skeletal hyperstsis,

diabetes mellitus, 1242
Diffuse interstitial pneumnias, 292–294, 293t,

294f
idipathic, 292, 293t, 294f

Diffuse large B-cell lymphma, 536
gastric, 1642
thyrid, 1145

Diffuse panbrnchilitis, 266
Diffuse parenchymal lung disease, 291–296.

See also Interstitial lung disease
Diffuse systemic sclersis, 846–848
Digital breast tmsynthesis, 11
Digital gangrene

cryglbulinemia, 861
plyarteritis ndsa, 856
vasculitis, 853t

Digital infarctin, antiphsphlipid syndrme,
843

Digitalis glycsides
fr heart failure, 410
verdse/pisning, 1598–1599

antidte, 1586t
arrhythmias, 1584, 1584t

Digxin, 385t
verdse/pisning, 1584, 1584t

Dihydrflate reductase inhibitrs, 1523t, 1527
Dihydrpterate synthase inhibitrs, 1523t,

1527
Dihydrpyridines, 363, 364f, 462t–463t
Dilated cardimypathy, 418–420, 419t

atrial fibrillatin, 419–420
B-type natriuretic peptide, 418
causes, 418
heart failure, 404
HIV/AIDS, 418
left ventricular ejectin fractin, 418–420
NT-prBNP, 418
palpitatins, 26
pregnancy, 437t
frm premature ventricular cntractins, 418
pulmnary hypertensin, 418
sudden cardiac death, 400
ventricular tachycardia, 399, 418

Dilatin & curettage (D&C), 769t
Diltiazem, 385t
Dimethyltryptamine, 1103
2,4-Dinitrphenl (2,4D) pisning,

hyperthermia, 1585
Diphenhydramine verdse/pisning

arrhythmias, 1584, 1584t
cma, 1582
seizures, 1585, 1585t

Diphtheria, 1313t
neurpathy, 1041
pharyngitis & tnsillitis, 229
vaccines, 3, 1325t, 1328t

Diphyllobothrium caninum, 1543
Diphyllobothrium latum, 509, 1543
Diplpia, 212

basilary artery cclusin, partial, 998
btulism, 1050, 1307t, 1471

frm carbamazepine, 983t
frm flurquinlnes, 199t
furth nerve palsy, 194
hypphsphatemia, 1168
idipathic intracranial hypertensin, 1011
frm lacsamide, 984t
Lambert Eatn syndrme, 1012t
frm lamtrigine, 1091
multiple sclersis, 1031
myasthenia gravis, 1012t, 1048
pancreatic B-cell tumr, 1251
peripheral neurpathy, islated, 1240
plymyalgia rheumatica, 854
recurrent painful phthalmplegic

neurpathy, 979
sixth nerve palsy, 194
snake bite, neurleptic envenmatin, 1609
thyrid eye disease, 1140
frm tpiramate, 980t, 984t
vertig, episdic, 212

Dipstick urinalysis, 912, 913
Direct-acting antivirals, fr hepatitis C,

693–694, 694t, 695t
Direct-acting ral anticagulants, 565–568,

565t–567t

cancer, 569
verdse/pisning, 1593
reversal, 565, 568t
fr venus thrmbemblic disease

preventin, 569, 570t
treatment, 566t–567t, 573t, 575

Direct current (DC), 1575
Direct factr Xa inhibitrs, fr angina, 365
Directly bserved therapy, fr tuberculsis,

pulmnary, 282
Direct ral anticagulants. See also specific types

fr atrial fibrillatin, 394–395, 394t
periperative management, 46, 46t
fr STEMI, 378

Direct thrmbin inhibitrs
fr acute crnary syndrmes withut

ST-segment elevatin, 370f, 371
verdse/pisning, 1593

Discgenic neck pain, 1045–1047, 1046f–1047f
acute cervical disk prtrusin, 1045,

1046f–1047f
causes, 1045
cervical spndylsis, 1045–1047

cutaneus innervatin, 1046f–1047f
Discid lupus erythematsus (DLE), 118–119,

838
hyppigmentatin, 160
scarring alpecia, 161

Disease-mdifying antirheumatic drugs
(DMARDs), 835–837

abatacept, 837
antimalarials, 836
bilgic, 836–837

cmbinatin, 837
Janus kinase inhibitrs, 836
leflunmide, 836
methtrexate, 835–836
rituximab, 837
sarilumab, 837
sulfasalazine, 836
synthetic, 835–836

tcilizumab, 837
tumr necrsis factr inhibitrs, 836–837

Disk
cervical

degeneratin, 1045, 1697, 1698
prtrusin, acute, 1045, 1046f–1047f

lumbar, herniatin, 1696–1697
Dispyramide, 384t

Dissecting cellulitis f the scalp, 161
Disseminated intravascular cagulatin,

556–557, 556t, 1011
Distal interphalangeal jints

diseases, 825, 826t
stearthritis, 825–828, 827f

Distal muscular dystrphy, 1052
Distal renal tubular acidsis, 906t, 907

Distal symmetric plyneurpathy, diabetic,
1239–1240, 1239f

Distributive justice, 75
Distributive shck, 496–498, 497t, 498

endcrine, 498
neurgenic, 497–498
septic, 497, 498
vasactive therapy, 500

Disulfiram–ethanl interactin, hyptensin
frm, 1583

Diuretics
fr acute heart failure & pulmnary edema,

414
fr cirrhsis, 706
fr heart failure

LVEF preserved, 412
LVEF reduced, 406–408

fr hypertensin, 456, 459t–460t
hypmagnesemia frm, 902
mytnia frm, 1053
preperative/periperative, 44, 45
sulfnamide, interstitial nephritis frm, 920
urinary stnes frm, 963

Diverticular disease f cln, 666–668

bleeding, 668

diverticula size, 666
diverticulitis, 153, 666–668

uncmplicated diverticulsis, 666

Diverticulitis, 153, 666–668

Diverticulsis
fiber intake and, 666
GI bleeding, acute lwer, 602
uncmplicated, 666

Diving, bartrauma, 205
Dix-Hallpike testing, 211–212
D-lactic acidsis, 905, 905t
DMP1 mutatin, 1168
DNMT3A mutatin, 529
Dbrava-Belgrade virus, 1416
Dfetilide, 385t
Dg bite wunds, 1301–1302
Dg hkwrm, 1549
Dg tapewrm, 1543
Dlutegravir, 1358, 1361t, 1362, 1365,

1367–1369

n creatinine, 914
fixed-dse cmbinatins, 1363t
initial ART regimens, 1370t

Dmestic vilence
elder abuse, 12, 66–67, 66t
incidence, 1095

D nt attempt resuscitatin (DNAR) rders,
72–73

D nt resuscitate (DNR) rders, 72–73

Dpamine agnists
fr Parkinsn disease, 1016
withdrawal syndrme, 1016

Dpamine antagnists
antiemetic, 586, 587t
renal vascnstrictin frm, 916

Dravirine, 1359t, 1364, 1365

fixed-dse cmbinatins, 1363t
initial ART regimens, 1371t

“Duble crush” injury, 1697
“Duble effect,” 68
“Duble-hit lymphma,” 536
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Duble utlet right ventricle, 331
“Duble-prtein expressrs,” 536
Dwn syndrme, 1677–1678

Dxazsin, fr hypertensin, 461, 464t
Dxepin, n weight, 1270t
Dxrubicin, mycarditis frm, 417
Dxycycline

fr malaria
prphylaxis, 1528t, 1529
treatment, 1523t, 1528

pill-induced esphagitis frm, 616
D-phenylalanine derivative, 1222t, 1224, 1236
DPP-4 inhibitrs, 1223t, 1227–1228, 1236, 1236f
DQB1, 711
DRB1*03, 697
DRB1*04, 697
DRB1*08, 711
Dreaming, 1092
Dream sleep, 1092
Dressler syndrme, 382, 427–429
Drink, defined, 1097
Drinking. See also Alchl use disrder

at-risk, 1097
Driving, lder adults, 55
Drnedarne, 385t
Drperidl verdse/pisning, 1584, 1584t,

1594
Drwning, 1571–1572

Drug abuse. See Substance use disrder; specific
drugs

Drug-eluting stents, fr acute MI, 376
Drug eruptin, 164–166, 165t–166t
Drug exanthems, 165t, 880

Drug-induced disrders. See also specific drugs
depressin, 1079–1080

falls frm, lder adults, 60
hypersensitivity syndrme, 164, 165t, 881,

1389
hyperthyridism, 1131

hypglycemia, 1255

interstitial nephritis, 913, 920–921

liver injury, 700–701

lung disease, 308–309, 309t
lupus, 842

mvement disrders, 1020

neutrpenia, 520–521, 520t
parkinsnism, 1076
pemphigus, 139–141, 140f
pericarditis, 428
phtdermatitis, 156
phttxicity, 156
prgressive multifcal leukencephalpathy,

1408
subacute cutaneus lupus erythematsus, 165t
thrmbcytpenia, 557–558, 557t
urinary incntinence, 61
urinary stnes, 963

Drug injectin infectins, 1304–1305. See also
Injectin drug use

Drug verdse. See Pisning; specific drugs
Drug reactin with esinphilia and systemic

symptms, 30, 164, 700, 881

Drug-resistant rganisms, 1295
Drugs. See also specific drugs

adherence, 1–2
allergy, 878 (See also specific drugs)
asthma frm, 244
autimmune thrmbcytpenia, 550
bne marrw failure, 548
dyspepsia, 582
lactatin, 800, 801t
lder adults

prescriptin, 64–65

recnciliatin, 65

verdse (See Pisning/drug verdse;
specific drugs)

pancreatitis frm, 732
pregnancy, 800, 800t, 801t

Drusen
ptic disk, 193
retinal, 185

“Dry” age-related macular degeneratin, 185
Dry beriberi, 1277
Dry eyes, 170

Drying agents, 99
Dry muth. See Xerstmia
Dry pwder inhalers, 246
Dry skin, pruritus, 148
Dual antiplatelet therapy, after drug-eluting

stents, STEMI, 376
Dual-chamber pacemaker, fr AV blck, 388
Dubin-Jhnsn syndrme, 677, 678t, 679t
Duchenne-type muscular dystrphy,

1051–1052, 1051t
Ductal carcinma in situ, 748, 751, 752t, 753,

765
Ductgram, 743
Duke Treadmill Scre, chrnic stable angina

prgnsis, 367, 367t
Dulaglutide, 1222t, 1222t–1223t, 1226–1227,

1236, 1236f
Dulxetine

fr neurpathic pain, 93, 93t
n weight, 1269, 1270t

Dudenal diseases, 627–636

peptic ulcer disease, 627–633

peptic ulcer disease cmplicatins, 633–635

Zllinger-Ellisn syndrme, 635–636

Dupuytren cntracture, 1701

cirrhsis, 704
diabetes mellitus, 1242

Durable pwer f attrney fr finance matters,
55, 72

Durziez sign, 348
Dutasteride, 974–975
Dwarf tapewrm, 1543

DXA (dual energy x-ray absrptimetry) bne
densitmetry

bne mineral density, 1160–1161
crticsterid use, 1211t
hyperparathyridism, 1157
stemalacia, 1168
stepenia, 1161
steprsis, 1162, 1163, 1164, 1168

Dyes
hair, primary biliary cirrhsis frm, 711
industrial, bladder cancer and, 1659–1660

Dynamic Internatinal Prgnstic Scring
system-plus risk disease, 526

Dysautnmia, 992–993, 1012t
acute idipathic plyneurpathy, 1041
myasthenic syndrme, 1050

Dysbarism, 1577–1578

Dyscnjugate cular deviatin, 1027
Dysentery, Shigella, 1484
Dysgerminmas, hirsutism, 1198
Dysgeusia, 227

Dyshidrsis, 123, 123f
Dyshidrtic eczema, 123, 123f
Dyskeratsis cngenita

aplastic anemia, 518–519
bne marrw failure, 548

Dyskinesia, lev-dpa induced, 1015
Dyslipidemia, diabetic, 1219–1220
Dysmenrrhea, primary, 772

Dyspareunia, 786
Dyspepsia, 582–584

chrnic, 582

frm COX-2 selective NSAIDs, 625
epigastric pain, 582
fd/drug intlerance, 582
functinal, 582–584
heartburn, 582
luminal GI tract dysfunctin, 582
frm NSAIDs, 625
peptic ulcer disease, 582, 629

Dysphagia, 609, 610t
esphageal, 609, 610t
irn deficiency anemia, 503
rpharyngeal, 609, 609t

Dysphnia, 233

Dysplasia f cervix, 792–794, 792t, 793f
Dysplastic nevus, 105, 105f
Dyspnea, 15, 18–21

acute respiratry distress syndrme, 320
COPD, 258
exertinal

artic regurgitatin, 347
atrial septal defect, 327
mitral regurgitatin, 338

palliative care, 69
pericardial effusin, 430
pulmnary alvelar prteinsis, 295

Dysthymia, 1079

Dystnia
drug-induced, 1020

antipsychtics, 1076, 1594
levdpa-induced dyskinesias, 1015
selective sertnin reuptake inhibitrs,

1084
fcal trsin, 1019–1020

Huntingtn disease, 1018
idipathic trsin, 1019

prgressive supranuclear palsy, 1015
Wilsn disease, 716
writer’s cramp, 1020

Dysuria, 37–40

HSV-2, 1374
urinalysis, 38
urine culture, 38

E

Earache, 209

Ear canal diseases, 202–204

cerumen impactin, 202

exstses & stemas, 204

external titis, 203–204, 203f
freign bdies, 202–203

neplasia, 204

pruritus, 204

Ear disrders, 201–215. See also Hearing
auricle, 202

central auditry & vestibular systems, 212t,
214–215

earache, 209

ear canal, 202–204

eustachian tube, 204–205

hearing lss, 201–202, 202t
HIV/AIDS, 215

inner, 209–214

hyperacusis, 211

sensry hearing lss, 209–210

tinnitus, 210–211

vertig, 211–214, 212t
middle, 205–209

acute titis media, 205–206, 206f
chrnic titis media, 206–208

effusin, hearing lss, 201
neplasia, 200

tsclersis, 208

trauma, 208, 208f
titis media, 205–208, 215
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Ear infectins, facial pain, 986
Early gal-directed therapy, fr shck, 499–500
East African trypansmiasis, 1515–1517,

1516t
Eastern equine encephalitis, 1400–1402
Eating disrders, 1275–1276

anrexia nervsa, 1275–1276

bulimia nervsa, 1272t, 1276

Eating plans, persnalized, 10
Ebla viral disease, 1410–1412

pstexpsure prphylaxis, 1412
sexually transmissin, 1303
vaccines, 1412

Ebstein anmaly, tricuspid regurgitatin, 362
Ecchymsis, eye, 195
Echincccsis, 1544–1545

Echinococcus granulosus, 1544–1545

Echinococcus multilocularis, 1544–1545

Echcardigraphy, stress, 361
Echlalia, 1070
Echpraxia, 1021
Echviruses, 1444

E-cigarette/vaping prduct–assciated lung
injury, 305, 1603

Eclampsia, 807–809, 808t
hypertensin treatment, 471, 472t

Eclampsia-preeclampsia, magnesium treatment,
hypermagnesemia frm, 903

E. coli O157:H7, 1484

Ecstasy. See MDMA
Ecthyma cntagisa, 1441
Ectpia lentis, 1682
Ectpic pregnancy, 799, 804–805

Ectrpin, 168

Eculizumab, pprtunistic infectins with,
1292

Eczema, 108–109

frm calcium channel blckers, 164
dyshidrtic, 123, 123f

Eczema herpeticum, 1378t, 1441
Edema. See also specific types

cerebral, acute liver failure, 689–690
cirrhsis, 706–707
crnea, 195
high-altitude cerebral, 1579–1580

lwer extremity, 27–29

nephrtic spectrum glmerular diseases, 941
pulmnary (See Pulmnary edema)
refeeding, 1268
Reinke, 235

Edxaban, 565–568, 566t–567t. See also
Direct-acting ral anticagulants

fr atrial fibrillatin, 394, 394t
verdse/pisning, 1593
fr venus thrmbemblic disease,

566t–567t, 573t, 575
Edwards SAPIEN valve, 324, 332, 347, 353
Efavirenz, 1360t, 1362, 1364, 1365, 1369, 1372

fixed-dse cmbinatins, 1363t
initial ART regimens, 1371t

Effusive-cnstrictive pericarditis, 431
EGFR

clrectal cancer, 1649
lung cancer, 1614t, 1625–1626

Egg allergy, 877
Ehlers-Danls syndrme

pregnancy, 438–439
thracic artic aneurysm, 486

Ehrlichia chaffeensis, 1448t, 1453
Ehrlichia ewingii, 1448t, 1453
Ehrlichia muris eauclairensis, 1448t, 1453
Ehrlichisis, 1448t, 1453–1454

EIF2AK3, 1214
Eight cranial nerve schwannma, 214–215

Eikenella corrodens
bite wunds, 1302
endcarditis, 1472, 1476

Eisenmenger physilgy
atrial septal defect, 326–328
pulmnary hypertensin, 433
ventricular septal defect, 329, 330

Eisenmenger syndrme
pregnancy, 817
pulmnary hypertensin, 432, 434
ventricular septal defect, 329, 330

Ejaculatin, 971
anejaculatin, 968, 1358
disturbances, 1066
pain, 960
premature, 968
retrgrade, 968, 1084

Ejaculatry duct bstructin, 970, 971
Ejectin fractin, left ventricular. See Left

ventricular ejectin fractin
Elder abuse/mistreatment, 12, 66–67, 66t
Elderly. See Older adults
Electrical alternans, 430
Electrical injury, 1575–1576

Electrcardigram (ECG)
ambulatry, 362, 383
exercise, 360–361

Electrcnvulsive therapy, 1086–1087
Electrlyte disrders, 884–903. See also specific

types
calcium, 895–899

fractinal excretin, electrlyte, 884
magnesium, 901–903

smlality, serum, 884–885
patient assessment, 884–885
phsphrus, 899–901

ptassium, 891–895

serum electrlytes, 884
sdium, 885–891

urine cncentratin, 884
Electrlyte free water clearance, calculatin,

890
Electrlytes. See also specific electrolytes

requirements, 1284
Electrn beam CT, 361
Electrnic medical recrd, sexual and gender

minrities, 1722
Elephantiasis, filariasis, 1550, 1550f
11q23, 530
Elvitegravir, 1361t, 1367
Emblism. See also Thrmbemblism

arterial limb cclusin, 479
paradxical, 327, 328, 994
pulmnary, 296–300 (See also Pulmnary

emblism)
transient mncular visual lss, 188
tumr emblizatin, 1627
venus thrmbemblic disease (See also

Venus thrmbemblic disease)
preventin, 568–572

treatment, 572–581

Emeprnium brmide, pill-induced esphagitis
frm, 616

Emergencies. See also specific types
cancer, 1665–1670

cma assessment, 1026–1027
envirnmental, 1566–1581

hypertensive, 471–474, 472t–473t
pisning management, 1582–1583

Emergency cntraceptin, 784

Emery-Dreifuss muscular dystrphy, 1052
Emesis. See Nausea & vmiting
Emetine, txic mypathy frm, 1053
Emllients, 99

Emtinal stress, cardimypathy frm, 373,
420–421

Empagliflzin, 1223t, 1228
Emphysema, chest pain frm, 23
Empyema, 277, 313

grup A Streptococcus, 1461

Emtricitabine, 1358, 1359t, 1362–1364, 1368,
1369, 1372, 1373

fixed-dse cmbinatins, 1363t
initial ART regimens, 1370t–1371t

Emtricitabine/tenfvir disprxil fumarate
cntraindicatins, 1353
fr HIV prphylaxis

pstexpsure, 1354
preexpsure, 1352–1353, 1353t

Enabling behavir, alchl use disrder, 1098
Encephalitis

anti-NMDA receptr–assciated, 1011, 1012t
arbvirus, 1400–1402

cytmegalvirus, 1387
entervirus 70, 1445
entervirus 71, 1445
herpes simplex, 1375, 1376
HHV-6, 1389
Japanese, 1402–1403

limbic, 1011, 1012t
msquit-brn, 1400–1401
parechvirus, 1445
pst-encephalitic syndrme, 1404
rabies, 1398–1399
tick-brne, 1401, 1403–1405

txplasma, 1531, 1532
varicella-zster virus, 1381

Encephalitozoon intestinalis, 1536
Encephalmyelitis, 1011, 1012t, 1391
Encephalpathy

bvine spngifrm, 1406–1407
chrnic traumatic, 1031
Coxiella burnetii, 1454
hepatic (See Hepatic encephalpathy)
hypertensive, 448
metablic, neurlgic cmplicatins, 1010
uremic, 928
Wernicke, 1023, 1026, 1098, 1100

Endemic Burkitt lymphma, Epstein-Barr
virus, 1385

Endemic giter, 1151–1152

Endemic Kapsi sarcma, 147
Endemic typhus, 1447–1449, 1448t
Endcarditis

Libman-Sacks, systemic lupus
erythematsus, 840

prphylaxis
prsthetic heart valves, 338
pulmnary valve stensis, 324–325
pulmnary valve surgery, 324–325
tetralgy f Fallt surgery, 332
valvular surgery, 338

Endcarditis, infective, 1472–1477

anaerbic, 1491

antimicrbial therapy, initial, 1315t
artic regurgitatin, 347, 348
Bartonella, 1490
Candida, 1553–1554
cardiac tumrs, primary, 434
Chlamydia psittaci, 1497
clinical findings, 1472–1473, 1472f
cmplicatins, 1473
Coxiella burnetii, 1454–1455
cryglbulinemia, 861
Duke criteria, mdified, 1473
Enterococcus, 1462
etilgy and risk factrs, 1472–1473
grup A Streptococcus, 1461
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infectin-related/nninfectius
glmerulnephritis, 934

injectin drug abuse, 1305, 1472
membranus nephrpathy, 943
mitral regurgitatin, 339
native valve, 1472
pneumcccal, 1463
pregnancy, 817–818
preventin, 1474, 1474t, 1475t
prsthetic valve, 338, 1472
pulmnary valve stensis, 324–325
Rth spts, 191
stented valve, 332
treatment, 1473–1477

anticagulatin, 1477
culture-negative, 1476
grup D streptccci (enterccci), 1476
HACEK, 1476
ther streptccci, 1475
staphylccci, 1476
surgery, 1476
therapy respnse, 1477
viridans streptccci, 1475

tricuspid regurgitatin, 351, 352
tricuspid valve, 352, 1473, 1474
valvular regurgitatin, heart failure, 404
ventricular septal defect, 330
vitamin K antagnist therapy, 355t

Endcervical curettage, 769t
Endcrine disrders, 1110–1211. See also

Diabetes mellitus; Hypglycemia;
specific types

adrenal crtex, 1171–1181

adrenal insufficiency, primary (Addisn
disease), 1171–1175

aldsternism, primary, 1179–1181

Cushing syndrme (hypercrtislism),
1175–1179

amenrrhea, 1200–1202

primary, 1200–1201

secndary, 1201–1202

chrnic kidney disease, 928
crticsterid use, clinical, 1210–1211, 1211t
gastrenterpancreatic neurendcrine

tumrs & carcinid tumrs,
1187–1188

gland failure, anemia f rgan failure, 505
hirsutism & virilizatin, 1197–1200

HIV/AIDS, 1347
crtisl deficiency, 1347
hypgnadism, 1347
thyrid deficiencies, 1347

hypthalamus & pituitary gland, 1110–1122

acrmegaly & gigantism, 1117–1118

central diabetes insipidus, 1115–1116

hyperprlactinemia, 1119–1121, 1119t
hyppituitarism, anterir, 1110–1115

pituitary adenmas, nnfunctining,
1121–1122

incidentally discvered adrenal mass, 1186

menpause, nrmal, 1202–1207

metablic bne disease, 1161–1171

stepenia, 1161

steprsis, 1162–1166, 1162t
Paget disease f bne (steitis defrmans),

1169–1171

rickets & stemalacia, 1166–1169,

1167t
multiple endcrine neplasia, 1189–1190

mypathies, 1053

parathyrids, 1152–1161

hyperparathyridism, 1155–1161

hypparathyridism, 1152–1155, 1154t
pseudhypparathyridism, 1153

phechrmcytma & paraganglima,
1182–1186

preperative evaluatin/periperative
management, 48–49

diabetes mellitus, 48–49
gluccrticid replacement, 49
thyrid disease, 49

shck, 498
testes & male breast, 1191–1197

cryptrchidism, 1195

gynecmastia, 1195–1197, 1196t
hypgnadism, 1191–1195

thyrid gland, 1122–1152

hyperthyridism (thyrtxicsis),
1130–1139

hypthyridism & myxedema, 1126–1130,

1127t, 1128t
idine deficiency disrder & endemic

giter, 1151–1152

thyrid cancer, 1144–1151

thyrid eye disease, 1140–1141

thyriditis, 1122–1125

thyrid ndules & multindular giter,
1127t, 1131, 1137, 1141–1143, 1141t,
1190

Turner syndrme (gnadal dysgenesis),
1208–1210, 1209t

End f life care, 71–77

advance care planning, 72
advance directives, 72
Allw Natural Death, 73
clinician self-care, 71–72
cmmunicatin, 71
cultural issues, 73
death, tasks after, 76–77
decisin making, 72
DNR & DNAR rders, 72–73

ethical & legal issues, 75
expectatins, 70–71
family, 71
hspice & palliative care, 73 (See also

Palliative care)
nutritin & hydratin, 73–74
piids, 83–92, 84t–89t (See also Opiids)
pain at, 78, 80

patient, 71
physician-assisted death, 74–75
prgnsis, 70
psychlgical challenges, 75–76
scial challenges, 76, 76t
spiritual challenges, 76, 76t
withdrawal f curative effrts, 74

Endlymphatic hydrps, 213

Endmetrial bipsy, 769t
Endmetrial cancer, 796

lesbian & bisexual wmen, 1730
Endmetrisis, 772–773

Endmetritis, 790–792

amenrrhea, 1202
Endphthalmitis, 183
Endscpic retrgrade

chlangipancreatgraphy, 680
fr biliary stricture, 729
fr chledchlithiasis, 726, 727–729
fr pancreatitis

acute, 732, 736
chrnic, 729, 738

pancreatitis after, 680, 732, 736
fr primary sclersing chlangitis, 730, 731

Endscpy, upper
fr dyspepsia, 583
fr esphageal diseases, 610
fr esphageal varices, 619
fr gastritis & gastrpathy, 624

fr gastresphageal reflux disease, 611–612
fr GI bleeding, acute upper, 600–601
fr upper esphageal diseases, 610

Endvascular mechanical emblectmy, 999
End-stage kidney disease

cystatin C, 914
diabetic, 1239
dilated cardimypathy frm, 418
hypertensin, 447
prgnsis, 930
treatment, 929–930

Energy
deficiency, prtein–energy malnutritin,

1267–1268 (See also Prtein–energy
malnutritin)

dietary requirements, 1283
Enfuvirtide, 1361t, 1368
ENG mutatin, 1684
Enhanced liver fibrsis assay, 711
Enxaparin. See also Lw-mlecular-weight

heparin (LMWH)
reversal, 568t
fr venus thrmbemblic disease

preventin, 569, 570t
treatment, 573t

Entamoeba dispar, 1533–1534
Entamoeba histolytica, 1533–1535, 1535t

clinical findings, 1533–1534, 1534f
diarrhea, acute, 1306
enterclitis, HIV/AIDS, 1346
preventin & cntrl, 1535
traveler’s diarrhea, 1310–1311
treatment, 1534–1535, 1535t

Entamoeba moshkovskii, 1533
Enteral nutritinal supprt

cmplicatins, 1285

slutins, 1284–1285, 1284t
Enteric fever, 1482–1483

Enteritis. See also Gastrenteritis
Campylobacter jejuni, 1486

Enterobacter, 1312t
endcarditis, treatment, 1476
flliculitis, 130–132
health care–assciated infectins, 1295
pneumnia, nscmial, 273
pyelnephritis, acute, 957

Enterobacter aerogenes, pygenic hepatic
abscess, 721

Enterbacteriaceae, carbapenem-resistant, 1295
Enterobius vermicularis (enterbiasis), 1548

Entercele, 774
Enterococcus, 1462

cystitis, acute, 954
peritnitis, spntaneus bacterial, 607
pyelnephritis, chrnic bacterial, 957

Enterococcus faecalis, 1312t, 1462

pyelnephritis, acute, 957
Enterococcus faecium, 1312t, 1462

health care–assciated infectins, 1295
Enterclitis

HIV/AIDS, 1346–1347
Salmonella, 1483

Enterocytozoon bieneusi, 1536
Enterinvasive E coli (EIEC), 1484

Enterpathy
AIDS, 1347
prtein-lsing, 639, 647, 931, 1391
T-cell lymphma, small intestine, 1645

Enterstmies, tube, 1283
Entertxigenic E coli (ETEC), 1484

Entervirus 68, 1378t, 1444–1445

Entervirus 70, 1378t, 1445

Entervirus 71, 1378t, 1445

Entervirus 72, 1378t, 1445
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Entervirus 762. See Hepatitis A
Entervirus A71, acute flaccid myelitis,

1397–1398
Entervirus D68, 1444–1445

acute flaccid myelitis, 1397, 1445
Entervirus infectins, 1443–1446. See also

Plimyelitis; specific types
cnjunctivitis, epidemic, 1444
cxsackievirus, 1443–1444, 1443f
diagnstic features, 1378t
echviruses, 1444

entervirus 70, cntagius acute
hemrrhagic cnjunctivitis, 169

enterviruses 68, 70, 71 & related,
1444–1445

hand, ft, and muth disease, 1443, 1443f,
1445

human parechvirus, 1445–1446

nnpli, 1397
Enthespathy, 1699
Entrapment neurpathy, 1042–1043

amylidsis, 1040
carpal tunnel syndrme, 1700–1701

rheumatid arthritis, 1040
Entrpin, 168

Entry and fusin inhibitrs, 1361t–1362t, 1368
enfuvirtide, 1361t, 1368
fr HIV/AIDS, 1361t–1362t, 1368
ibalizumab, 1362t, 1368
maravirc, 1361t, 1368

Enuresis, 1095
Envirnmental emergencies, 1566–1581

air travel, 1580–1581

altitude disrders, 1577–1580

acute muntain sickness, 1579–1580

dysbarism & decmpressin sickness,
1577–1578

high-altitude sickness, 1578–1579

cld disrders, 1566, 1570–1571

chilblain, 1570

frstbite, 1570–1571

frstnip, 1570

immersin (trench) ft, 1570

drwning, 1571–1572

electrical injury, 1575–1576

heat disrders, 1566–1568

hypthermia
accidental systemic, 1568–1570, 1569f
extremities, 1570

radiatin expsure, 1576–1577

thermal burns, 1573–1575, 1573f
Envirnmental & ccupatinal lung disrders,

304–310

e-cigarette/vaping prduct–assciated lung
injury, 305

medicatin-induced lung disease, 308–309,

309t
ccupatinal pulmnary diseases, 306–308,

307t, 308
pulmnary aspiratin syndrmes, 305–306

radiatin lung injury, 309–310

smke inhalatin, 304–305

Enzyme inhibitrs
anthracyclines, 1618t
tpismerase inhibitrs, 1618t

Esinphilia
drug reactin with esinphilia and systemic

symptms, 30, 164, 700, 881

trpical pulmnary, 1550
Esinphilic esphagitis, 617

Esinphilic flliculitis, 131–132
Esinphilic granulmatsis with plyangiitis,

303, 861, 933t
Esinphilic mycarditis, 417

Esinphilic pneumnia, 296
Esinphilic pulmnary syndrmes, 296

EPCAM mutatin, 671
Ependymma, 1005–1008, 1006t

spinal crd, 1009–1010
Ephedrine

in nutritinal supplements, 1592
verdse/pisning, 1592

arrhythmias, 1584, 1584t
hypertensin, 1584

urinary stnes frm, 963
Ephelides, 106, 159
Epicndylitis, 1699
Epicndylsis, lateral & medial, 1699

Epidemic pleurdynia, 1443
Epidemic typhus, 1446–1447, 1448t
Epidemilgy f Diabetes Interventins and

Cmplicatins study, 1215
Epidermal inclusin cyst, 155–156

Epididymitis, 961–962, 1317t
Epidural abscess, 208
Epidural hemrrhage, 1004, 1029t
Epigastric pain. See Dyspepsia
Epiglttitis, 235, 1480
Epilepsia partialis cntinua, 1020
Epilepsy, 984t–985t, 986–991. See also Seizure

after traumatic brain injury, 1030
aura, 988
classificatin

epilepsy syndrmes, 988
epilepsy types, 988
seizure types, 986–987

clinical findings, 988–989
definitin, 986
differential diagnsis, 989–990

fcal seizures, 989
generalized seizures, 989–990

etilgy, 988
genetics, 988
mesial tempral sclersis, 988, 1389
phtsensitivity, 989
prdrmal symptms, 988
terminlgy, 987
treatment, 990–991

alchl withdrawal seizures, 991
medicatin, 984t–985t, 990
medicatin, discntinuance, 990
mnitring, 990
nncnvulsive status epilepticus, 991
slitary seizures, 990–991
surgical, 990
tnic-clnic status epilepticus, 991

vide electrencephalgraphic mnitring,
990

Epileptic drp attacks, 987
Epileptic spasms, 987
Epinephrine

pstural tremr frm, 1020
renal vascnstrictin frm, 916

Epirubicin, mycarditis frm, 417
“Episdic gallbladder,” 723
Epistaxis, 221–222, 1683
Eplerenne, 446

fr heart failure, 407f, 408t, 409
fr hypertensin, 456, 460t

Epetin alfa (erythrpietin), fr anemia in
HIV/AIDS, 1358

Epstein-Barr virus, 1379t, 1384–1385

B-cell lymphma, 1386
n cellular immunity, 1386
clinical findings, 1379t, 1384
hairy leukplakia, 225, 225f
hemphagcytic lymphhisticytsis, 1386
lymphmas, 1385

naspharyngeal carcinma, 223–224
pharyngitis & tnsillitis, 229
psttransplantatin, prphylaxis, 1385
psttransplant lymphprliferative disrders,

1386
thipurines and, 654
thrmbcytpenia, 558
transmissin, 1384

Eptifibatide, fr acute crnary syndrmes
withut ST-segment elevatin, 370f,
371

Equianalgesic dsing, 90
Erb muscular dystrphy, 1052
Erectile dysfunctin, 967–969, 1066

chrnic kidney disease, 928
hyperprlactinemia, 1119
frm selective sertnin reuptake inhibitrs,

1084
Ergtamines

medicatin-veruse headache, 982
fr migraine, 979

Ersive esphagitis, gastrintestinaI bleeding,
599

Ersive gastrpathy, 624–625

GI bleeding, acute upper, 599
Ersive skin disrders, 100t
Ertugliflzin, 1223t, 1228
Eructatin, 591
Eruptive psriasis, 110
Eruptive xanthmas, 1258, 1258f
Erysipelas, 137–138, 138f, 1316t, 1459–1460,

1460f, 1460t
Erythema infectisum, 1379t, 1439
Erythema marginatum, 426
Erythema migrans, 137, 137f
Erythema multifrme, 135–137, 136f

herpes-assciated, 1375, 1376
Erythema ndsum, 153–154, 154f, 165t

sarcidsis, 294, 294f, 295
Erythema perni, 1570

Erythemas, 134–139

figurate, 100t
infectius, 137–139

cellulitis, 138–139, 138f
erysipelas, 137–138, 138f

reactive, 134–137

erythema migrans, 137, 137f
erythema multifrme, 135–137, 136f
Stevens-Jhnsn syndrme/txic

epidermal necrlysis, 135–137, 136f
urticaria & angiedema, 134–135, 134f

Erythrasma, angenital pruritus, 148–149, 149f
Erythrcytsis, true vs. spurius, 522
Erythrderma, 120, 165t

circulating T cells, 119
exfliative, 120–121

Erythrdermic psriasis, 110
Erythrmelalgia, 524
Erythroparvovirus, 1379t, 1439–1440

Erythrplakia, 224, 225

Erythrpiesis
irn-restricted, 505
lder adults, 505

ESC algrithm, 24
Escherichia coli, 1312t

arthritis, nngncccal acute bacterial, 867
cystitis, 954
diarrhea, 1306
EBSL-prducing, 1295
enterhemrrhagic, 1306, 1307t
entertxigenic

acute diarrhea, 1306, 1307t
traveler’s diarrhea, 1310–1311

flliculitis, 130–132
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gastrenteritis, 1484

hemlytic uremic syndrme, 553, 553t
hepatic abscess, pygenic, 721
peritnitis, spntaneus bacterial, 607, 707
pneumnia, 267t, 273
primary biliary cirrhsis frm, 711
prstatitis, acute bacterial, 958
pyelnephritis, acute, 957
Shiga-txin-prducing, 1306, 1307t

Escherichia coli O157:H7, 1484

Esmll, 384t
Esphageal clearance, abnrmal, 611
Esphageal disrders, 609–623

cancer, 1636–1639

frm Barrett esphagus, 612
dyspepsia, 582
epidemilgy & types, 1636–1637
treatment, 1615t, 1637–1638

candidiasis, 1339t, 1553, 1554
diagnstic studies, 610

barium esphaggraphy, 610
endscpy, upper, 610
impedance testing, 610
manmetry, 610
pH, 610
videesphaggraphy, 610

dysmtility, chest pain, 623
dysphagia

esphageal, 609, 610t
rpharyngeal, 609, 609t

esphagitis
candidal, HIV/AIDS, 1339t, 1345
cytmegalvirus, 615–616, 1387
esinphilic, 617

GI bleeding, acute upper, 599
herpesvirus 1, 1375–1376
infectius, 615–616

pill-induced, 616

familial Mediterranean fever, 609

freign bdies, 239

gastresphageal reflux disease, 610–615

heartburn, 609
lesins, benign, 616–621

esinphilic esphagitis, 617

esphageal varices, 618–621

esphageal webs & rings, 617–618

Mallry-Weiss syndrme, 586, 600, 601,
616–617, 619, 624

Zenker diverticulum, 618

malignant ascites, 608

manmetry fr, 610
mesthelima (See Cancer; Mesthelima)
mtility disrders, 609, 621–623

achalasia, 621–622

ther primary (dysphagia), 622–623
dynphagia, 609
perfratin, chest pain, 22
symptms, 609, 609t, 610t
varices, 618–621

webs & rings, 617–618

Esphaggastric junctin cancer, 1615t
Espundia, 1519, 1520
Essential cryglbulinemia, glmerulnephritis,

939
Essential fatty acids, dietary requirements,

1284
Essential ils, cntact dermatitis frm, 125
Essential thrmbcytsis, 522t, 523, 524–525

Essential tremr, 1014

Essure, 785
Estimated glmerular filtratin rate, 914
Estrgen + prgesterne, breast cancer risk,

745
Estrgen receptr antagnist, pure, 1622t

Estrgen replacement therapy
fr menpause, 1203–1204
risks, 1204–1205

Estrgen therapy
central & branch retinal vein cclusins, 186
fibrcystic cnditin, 741
hypertensin, 447
prphyria cutanea tarda, 124

Etanercept, pprtunistic infectins with, 1292
Ethanl

hypglycemia frm, 1255

verdse/pisning, 1599–1600

cma, 1582
hypthermia, 1582

Ethical decisins, 2, 75
Ethical principles, 2
Ethmiditis, 217
Ethmid sinusitis, 218
Ethylenediaminetetraacetic acid (EDTA),

pseudthrmbcytpenia frm, 558
Ethylene glycl pisning, 1604

anin gap acidsis, increased, 905t, 906
antidtes, 1586t
hemdialysis fr, 1587, 1587t

Etdlac, 81, 82t

Etngestrel, 782
Etpside, leukemia frm, 530
Etravirine, 1360t, 1365
ETV6 mutatin, 548
Eumycetma, 1564–1565

Eurpean Sciety f Cardilgy (ESC) 0/1-h
algrithm, 24

Eustachian tube, 204
Eustachian tube disrders, 204–205

dysfunctin, 204–205

patulus eustachian tube, 204–205
serus titis media, 205, 215

Euthyrid sick syndrme, 1127–1128
EV-A104, 1445
EVALI, 305, 1603

Evaprative cling, 1568
Everlimus, fr breast cancer, 762
Eversin ankle sprains, 1716t, 1717–1718

Evlcumab, 356–358, 1262t, 1263
Exanthema subitum, 1379t, 1389
Exanthems, 1378t–1379t. See also specific types
Excriatin disrder, 1061
Executive functin

dementia, 52
dysfunctin, 1023

Exemestane, fr breast cancer, 758
Exenatide, 1222t–1223t, 1226–1227, 1236,

1236f
verdse/pisning, 1600

Exercise, 9–10. See also Physical activity
fr cnstipatin, 589
fr dementia, 1024
fr fall preventin, elderly, 59t, 60
fr femral & ppliteal athersclertic

cclusin, 476
fr heart failure, 411–412
n heart murmurs, 336t
fr hypertensin, 449, 449t
fr steprsis preventin, 9
fr peripheral artery disease, 475–476
rsacea frm, 129–130, 130f

Exercise capacity, 41
Exercise ECG, 360–361
Exercise-induced asthma, 244
Exercise-induced brnchcnstrictin, 244
Exercise-induced hypnatremia, 887
Exercise pressr respnse, 449
Exertinal chest pain, 18, 439, 440t
Exfliative dermatitis, 120–121, 165t

Exfliative erythrderma, 120–121

Exhaustin, heat, 1567
Existential review f systems, 76, 76t
Excrine pancreatic insufficiency, 735, 737,

738–739
Exophiala, 1565
Exphthalmmetry, 1140
Exstses, ear canal, 204

Expsure and respnse preventin, 1061
External titis, 203–204, 203f
External rtatin stress test, 1718
External rtatin test, 1686t, 1687t, 1693
Extracellular vlume, assessing, 884
Extracrpreal cunterpulsatin, fr angina,

366–367
Extracrpreal shck wave lithtripsy, 961,

966–967
Extramammary Paget disease, 121

Extremities
acute arterial limb cclusin, 479–480
athersclersis, 475
hypthermia f, 1570

lwer
edema, 27–29

venus pressure, nrmal, 27
upper, disrders, 1699–1702

bursitis, 1701–1702, 1702f
carpal tunnel syndrme, 1700–1701

Dupuytren cntracture, 1701

epicndylsis, lateral & medial, 1699

Extrinsic allergic alvelitis, 266, 286, 305, 306,
307–308, 308t

Exudates, pleural, 310, 311–312, 311t, 312t
Eye and lid disrders, 167–200

age-related macular degeneratin, 65,
185–186

branch retinal artery cclusin, 187–188

branch retinal vein cclusin, 186–187

cataract, 183

central artery cclusin, 187–188

central vein cclusin, 186–187, 186f
cnjunctivitis, 168–171, 169t

chemical, 196

crneal ulcer, 171

cranial nerve palsies, 193–194, 193f
drug effects, 197–200, 198t–200t

glaucma
acute angle-clsure, 175t–177t, 179, 180
chrnic, 175t–177t, 180–181

HIV/AIDS
cytmegalvirus retinitis, 1339t
infectin, 182
retinal, 191

retinitis, cytmegalvirus, 1344–1345,
1344f, 1387

hypertensin, cular, 180
inflammatin, differential diagnsis, 169t
ischemia, cular, transient mncular visual

lss, 188
ischemic ptic neurpathy, 191–192

keratitis
chemical, 196

infectius, 171–179

ultravilet, 196

management, precautins, 196–197, 197f
melanma, 107
cular trauma, 194–196

phthalmic agents fr
cntaminated, 197
systemic effects, 197–200, 198t–200t
tpical, 172t–177t

txic & hypersensitivity reactins, 197,
197f

ptic disk swelling, 193
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Eye and lid disrders (Cont.):
ptic neuritis, 192–193

rbital cellulitis, 194

pinguecula, 171

pterygium, 171

refractive errrs, 167

retinal, systemic diseases, 189–191

bld dyscrasias, 191

diabetic retinpathy, 65, 184, 189–190,

1238
HIV/AIDS, 191

hypertensive retinchridpathy, 190,

448f
retinal detachment, 183–184, 184f
thyrid eye disease (See Graves

phthalmpathy; Hyperthyridism)
transient ischemic attack, cular, 188–189
transient mncular visual lss, 188–189

trauma, 194–196

cnjunctival & crneal freign bdies, 195

cntusins, 195–196

crneal abrasins, 195

intracular freign bdies, 195

laceratins, 196

uveitis after, 182
uveitis, 181–182

vitreus hemrrhage, 185

Eyelid & lacrimal apparatus disrders, 167–168

blepharitis, 168

chalazin, 167–168

dacrcystitis, 168

differential diagnsis, 169t
entrpin & ectrpin, 168

hrdelum, 167

laceratins, 196

sebrrheic dermatitis, 114
trachma, 170
tumrs, 168

Eyes
decntaminatin, 1586
mvements, cma, 1027
squint, sixth nerve palsy, 194

Ezetimibe, 1260, 1261, 1262t, 1263, 1265, 1265f
EZH2 mutatin, 529

F

Face
cld water n, fr parxysmal

supraventricular tachycardia, 389
sebrrheic dermatitis, 114, 114f

Facial pain, 982–986

atypical, 986

glsspharyngeal neuralgia, 986

ther causes, 986

pstherpetic neuralgia, 986

trigeminal neuralgia, 982–986, 983t–984t
Facial palsy/paralysis

Bell palsy, 1044–1045, 1044f
HIV/AIDS, 215
titis media, 207–208
sarcidsis, 1040

Faciscapulhumeral muscular dystrphy, 1052
Factitius disrders, 1062

Factitius hypglycemia, 1255

Factr II (prthrmbin)
acquired antibdies t, 563
decreased (hypprthrmbinemia), 563, 709,

727, 1087t, 1136, 1607
deficiency, 563

des-gamma-carbxy, 1630
gene mutatin, 56, 297, 433, 579t, 720, 998

Factr V
antibdies, acquired, 563

deficiency, 563

Factr V Leiden mutatin, 297, 433, 579t, 717,
720, 804, 843, 998

Factr VII deficiency, 563

Factr VIII
antibdies, acquired, 563–564

deficiency, 559–561, 561t
inhibitrs, 560–561, 561t
prducts, 560, 561t

Factr IX
deficiency, 559–561, 561t
inhibitrs, 560–561, 561t
prducts, 560, 561t

Factr X deficiency, 563

Factr XI deficiency, 563

Factr XIII deficiency, 563

“Failed back surgery syndrme,” 79
Faint, cmmn, 402–403
Fallt, tetralgy f, 330–332

Falls, lder adults, 58–60, 59t
exercise, 59t, 60
fractures, 60

False aneurysms, 486
False beliefs, 1070
False lcalizing signs, 1007
Familial adenmatus plypsis, 670

Familial amylid plyneurpathy, 1039

Familial chylmicrnemia syndrme, 1256
Familial hemiplegic migraine, 978
Familial hyperchlesterlemia, 1256–1257,

1264–1265, 1265f, 1678–1679

Familial hypcalciuric hypercalcemia, 898,
1158

Familial juvenile plypsis, 671
Familial Mediterranean fever, 609

Familial plypsis, 1141
Familial renal glycsuria, 1217
Familial tremr, 1014

Family
building, sexual & gender minrities,

1723–1725
care, end f life, 71
planning, 778–785 (See also Cntraceptin

& family planning)
sexual & gender minrities, 1722–1725

script, 1064–1065
Fancni anemia, 548, 907

aplastic anemia, 518–519
Fancni syndrme

glucse, urine, 1217
hypphsphatemia, 900
n phsphate reabsrptin, 899
tubular prteinuria, 913

Farmer’s lung, 308, 308t
Fascicular ventricular tachycardia, 386
Fasciolopsis buski, 1542
Fasting ketacidsis, 905t, 906
Fat

malabsrptin syndrmes, diets fr, 1281
necrsis, breast, 743

restricted diets, 1281

Fatal familial insmnia, 1406
Fatigue, 33–34. See also specific disorders

palliative care, 69–70, 69–70

Fatty acids
essential, dietary requirements, 1284
mega-3, 1261, 1262t, 1263–1264

Fatty liver disease
alchl use, 703
drug-txin-induced, 701
nnalchlic, 46, 702–704

f pregnancy, acute, 823

FBN1, 1682, 1683
Febrile nnhemlytic transfusin reactin, 30
Febuxstat, 831–832

Fecal calprtectin, 656
Fecal immunchemical tests, 11
Fecal impactin, 61, 591
Fecal incntinence, 674–675

Fecal micrbita transplantatin, fr antibitic-
assciated clitis, 652–653

Feet. See Ft/feet
FEIBA (factr eight inhibitr bypassing

activity), 560
Felbamate verdse/pisning, 1594
Feldipine verdse/pisning, 1596
Felty syndrme, 493

neutrpenia, 521
rheumatid arthritis, 834

Female. See also Wmen
Female sexual dysfunctin, 786–787

Feminizing hrmne therapy, 1736–1737,
1736t, 1738t

Femral artery
aneurysm, 487
cclusive disease, 476–477

pseudaneurysm, 487
superficial, 476

Femral cutaneus nerve
entrapment, 1043–1044
meralgia paresthetica, 1043–1044

neurpathy, 1043

Fenfibrate, 1262t, 1264
Fenterl, mytnia frm, 1053
Fentanyl, 84t–85t, 88t

frmulatins, 90
verdse/pisning, 1605–1606

Ferric pyrphsphate citrate, 504
Ferritin

L-chain mutatin, 714
restless legs syndrme, 1020

Ferrprtin, 502
Ferrus sulfate, 504
Fertile perid awareness cntraceptin, 784

Fetal alchl syndrme, 800, 1098
Fever, 29–31. See also Hyperthermia

“central,” 30
in children vs. adults, 30
cytkines, 29
episdic/recurrent, 1289
ICU patient, 1297
neutrpenic patient, initial antimicrbial

therapy, 1315t
pstperative, 1295–1296
in pregnancy, 30
prlnged, 1289
trauma, 30

Fever f unknwn rigin, 1288–1290

causes, 1289
clinical findings, 1289–1290
cnsideratins, 1288–1289
duratin, 1288–1289
giant cell arteritis, 854
HIV/AIDS, 1288
hspital-assciated, 1288
neutrpenic, 1288
transplant patients, slid rgan, 1288
traveler, returning, 1288
treatment, 1290

Fever sre, 121–123, 122f
FFP:PRBC rati, 546–547
FGF23, 899, 900, 900t, 1167, 1168,

1169
Fiber, dietary, 1281

fr cnstipatin, 589, 590t
fr diabetes mellitus, 1220
diverticulsis and, 666
fr hemrrhids, 673
high-fiber, 1281
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fr high LDL chlesterl, 1261
n hypertensin, 449

Fibrates, 1264, 1262t
txic mypathy frm, 1053

Fibric acid derivatives, 1262t, 1264

Fibrinlytics, fr STEMI, 375t, 376–377
Fibradenma f breast, 742

Fibrblast grwth factr-23 (FGF23), 899, 900,
900t, 1167, 1168, 1169

chrnic kidney disease, 926
hypphsphatemia, 899, 900

Fibrcystic breast, 741–742, 745
Fibrgenesis imperfecta ssium, 1168
Fibrid tumr, 770–771, 774
Fibrmuscular dysplasia, renal artery stensis,

930
Fibrmyalgia, 873–874

Fibrtic mediastinitis, superir vena caval
bstructin, 493

Fibular nerve palsies, 1044

Fifth disease, 1439
Figurate erythema, 100t
Filariasis, 1549–1552

lymphatic, 1549–1551, 1550f
nchcerciasis, 1551–1552

Film, cntraceptive, 784

Filviruses, 1410–1411, 1413
Finasteride, 974–975, 974t
Fire ant venm allergy, 878
Firearm deaths, 12
Fish

allergy, 877
pisnings, 1608, 1608t
raw, gastritis, 627

Fish il supplements, 358
Fish tapewrm, 509, 1543

Fistula
anal/perianal, 599, 657, 660, 676

Crhn’s disease, 599, 657, 660
infectins, 674
lymphgranulma venereum, 1496

in an, 675, 676
artenteric, 599
arterial-prtal vein, 719
arterivenus, 489, 491

acquired, 1003
fr hemdialysis, 929
spinal dural, 1004–1005

atri-esphageal, 386
biliary

carcinma, 1633
parenteral nutritin fr, 1286t

bwel/small intestine
Crhn’s disease, 656, 657
parenteral nutritin fr, 1286t

brnchpleural, 36
cerebrspinal, cancer, 1011
clenteric, 640
cngenital pyrifrm sinus, thyriditis, 1123
Crhn’s disease, 656–660

abdminal/small intestine, 656, 657
enterclnic, 657
perianal, 599, 657, 660
rectvaginal, 657

diverticulitis, 667, 668
dural cartid-cavernus sinus, thyrid eye

disease, 1140
esphageal/trache-esphageal, 1637
fecal incntinence, 675
graft enteric, after artic surgery, 485
hemrrhid, 673
intestinal, tuberculsis, 646
malabsrptin syndrmes, 583t, 657
nasal, dacrcystitis, 168

pancreatic duct, 735, 737
pancreaticpleural, 739
perilymphatic, 214

serus titis media, 205
vestibular disrders, 212t

thyrglssal duct cysts, 239

tracheesphageal, frm radiatin therapy,
69

vaginal, cervical cancer, 795
Fitz-Hugh-Curtis syndrme, 791
5HT

3
-receptr antagnists, 1672–1673

5q lss, islated, 528
Fixed drug eruptins, 165t
“Fixed” splitting, secnd heart sund, 327
Flail leaflet, mitral regurgitatin, 339
Flamezenil fr benzdiazepine verdse,

1583
Flatus, 591–592

Flat warts, 141
Flaviviruses, 1413. See also specific types

Alkhurma hemrrhagic fever, 1404
arbvirus encephalitides, 1400–1401
dengue fever, 1414
Japanese encephalitis, 1402
Pwassan virus, 1401
yellw fever, 1418
Zika, 1419–1420

Flea-brne typhus, 1447–1449, 1448t
cat-flea, 1447, 1448t, 1452

Fleas, 152
Flecainide, 384t
“Fleeting blindness,” 188
Flexin, 1686t
FLI1 mutatin, 548
Flck wrker’s lung, 308
Flppy iris syndrme, 183

frm tamsulsin, 183, 197, 198t
FLT3 mutatin, 530
Fluid and electrlyte disrders, 884–903.

See also Electrlyte disrders; specific
types

Fluids
distributin, bdy water and, 884, 884t
management, 911

replacement, fr hypernatremia, 890
Flukes

clnrchiasis & pisthrchiasis, 1541

intestinal, 1542
liver, 1541

Chinese, 1542
lung, 1542
paragnimiasis, 1542

schistsmiasis, 1538–1540

Flurescent trepnemal antibdy absrptin
test, 1499t, 1500

Flurquinlnes, hypglycemia frm,
1255

Fluxetine verdse/pisning, hyperthermia
frm, 1585

Fluphenazine, neurleptic malignant syndrme
frm, 30

Flushing, menpausal, 129–130, 130f, 1203
Flying squirrels, 1446
FMR1, 1679
F. necrophorum, 1490
Fam, cntraceptive, 784

Fcal ndular hyperplasia, 722
Fcal nset seizures, 987

aware vs. impaired awareness, 987
fcal t bilateral tnic-clnic, 987
mtr vs. nnmtr nset, 987

Fcal segmental glmerulsclersis, 924t, 931,
934t, 942

COVID-19, 922

Fcal trsin dystnia, 1019–1020

FODMAPs, 591–592
irritable bwel syndrme, 649

Flate antagnists, 1617t
Flate deficiency

hyperhmcysteinemia frm, 1681
thrmbcytpenia, 550

Flic acid, 510
deficiency

anrexia, 511
vitamin B

12
deficiency, 511

deficiency anemia, 510–511, 511t, 814

dietary, 502
Fllicle-stimulating hrmne

deficiency, 1112
recmbinant, 778

Fllicular brnchilitis, 266
Fllicular lymphma, 536, 1145
Fllicular thyrid carcinma, 1144–1146, 1144t,

1150
Flliculitis, 130–132, 131f

HIV/AIDS, 1348
Staphylococcus aureus, 1460t, 1465–1466

Flliculitis decalvans, 161
Flstein Mini Mental State Exam, 1023
Fndaparinux, 565

fr acute crnary syndrmes withut
ST-segment elevatin, 370f, 371

fr venus thrmbemblic disease
preventin, 569, 570t
treatment, 573t, 575

Fd
allergy, 877–878

aspiratin, 306

challenge, ral, 877–878
dyspepsia, 582
pisning, 1306

btulism, 1050, 1470

seafd, 1608, 1608t
Ft/feet

athlete’s, 116–117, 116f, 117f
gangrene, diabetes, 1242
hand, ft, and muth disease, 1443, 1443f,

1445
immersin (trench), 1570

Freign bdies
aspirated, retentin, 306

cnjunctiva, 195

crnea, 195

ear canal, 202–203

esphagus, 239

intracular, 195

trachea & brnchi, 239

upper aerdigestive tract, 239–241

Frmic acid, 906
45,XO/46,XX msaicism, 1210
45,XO/46,XY msaicism, 1210
45,XO gnadal dysgenesis, 1208–1210,

1209t
47,XXY, 1682
46,XY disrders f sexual develpment,

1201
Fsamprenavir, 1360t, 1366
Fstemavir, 1362t, 1368
Fur factr prthrmbin cmplex, 600
Fur factr prthrmbin cmplex cncentrate,

600
Furnier gangrene, 1461
Furth nerve palsy, 194

Fractinal excretin, electrlyte, 884
phsphate, 900

Fractinal excretin f sdium,
916–917

Fractinal flw reserve, 362
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Fracture
“blwut,” 195
chrnic kidney disease, 926
crticsterid-induced, bisphsphnates n,

1210
diabetes mellitus, 1242
falls, lder adults, 60
hip, 60, 1703–1704

Maisnneuve, 1718
nasal pyramid, 222–223
neck, 1697
steprtic, frm crticsterids, 1210
“Segnd,” 1711
skull, 1030

Fracture Risk Assessment Tl, 1161
Fractures

steprsis, frm crticsterids, 1210
Fragile X syndrme, 1679–1680

Frailty, lder adults, 52
Francisella tularensis, 268, 1486–1487
Frataxin gene, 1039
Freckles, 106, 159
Freestyle Libre system, 1219
Frenzel gggle, 212
Fresh frzen plasma transfusin, 546–547

Fresh whle bld, 544
Frictin rub, pericardial, 23, 374, 381, 415, 428

chest pain, 23
mycarditis, 415
pericardial effusin & tampnade, 23, 374,

381, 415, 428
pericarditis, 23, 428
STEMI, 374, 381

Friedewald equatin, 1257
Friedreich ataxia, 1039

Frntal fibrsing alpecia, 161
Frntal lbe lesins/tumrs, 1005
Frntal sinusitis, 217
Frnttempral dementia, 1022t
Frstbite, 1570–1571

Frstnip, 1570

Frzen shulder, 1242, 1692–1693

Fructsamine, serum, 1218
Fructse, 1220
FTL, 714
Fukuda test, 212
Full liquid diet, 1280

Fulvestrant, fr breast cancer, 762
Functinal alimentary hypglycemia, 1254

Functinal antibdy deficiency, 883

Functinal Assessment f Chrnic Illness
Therapy-Fatigue scale, 33

“Functinal” asthma, 245
Functinal disrders

dyspepsia, 582–584
heartburn, 614
hyppituitarism, 1111
irritable bwel syndrme, 598, 649
neurlgic symptm, 1062

prteinuria, 913
Functinal screening, lder adults, 52
Fundus abnrmalities, hypertensive crisis with

retinpathy, 190
Fungal infectins. See also specific types

in immuncmprmised, preventin, 1293
immunsuppressive medicatins, 1289
keratitis, 173t, 178

sinusitis, 219

skin, 114–118

antifungals fr, tpical, 103t
diagnsis, 114, 114f
general measures, 115
KOH evaluatin, 114, 114f
preventin, 115

tinea crpris (circinata), 115

tinea cruris, 115–116

tinea manum, 116–117

tinea pedis, 116–117, 116f, 117f
tinea versiclr, 117–118

treatment principles, 114
Funguria, candidal, 1553, 1554
Fursemide stress test, 919

urinary stnes frm, 963
Furuncles/furunculsis, 154–155, 1316t

HIV/AIDS, 1348
Fusarium, 1293, 1565
Fusobacterium

bite wunds, 1302
deep neck infectins, 230–231

Fusobacterium necrophorum, 231, 1490
Fusobacterium nucleatum, 276
FXPOI, 1679

G

G6PD isenzymes, 513
G20210A mutatin, 717, 720
Gabapentin

fr neurpathic pain, 92–93, 93t
verdse/pisning, 1594
n weight, 1269, 1270t

Gadlinium
cntrast MRI, 374
necrtizing systemic fibrsis, 361

Gait disrders, 58–60, 59t
Galactrrhea, 1119
Galactse-alpha-1,3-galactse hypersensitivity,

878
Gallavardin phenmenn, 343
Gallbladder

carcinma, 1632–1634

chlesterlsis, 724t, 725
gangrene, 725
hydrps, 725
prcelain, 724t, 725

Gallstnes, 723–724, 724t
chlecystitis, 724–726, 724t
classificatin, 723
gallbladder cancer, 1632
pregnancy, 822–823

Gammaglbulin, high
IgM, Waldenström macrglbulinemia, 541
pseudhypnatremia, 885
reactive (benign) plyclnal, 539, 541

Gamma-hydrxybutyrate (GHB) verdse/
pisning, 1600

Ganglineurma, 290, 1189, 1189t, 1190
Gangrene, 1492, 1492f

digital
cryglbulinemia, 861
plyarteritis ndsa, 856
vasculitis, 853t

ft, diabetes, 1242
gallbladder, 725
Raynaud phenmenn, 844
systemic sclersis, 845
thracic utlet syndrmes, 874

Gardnerella, bacterial vaginsis, 789–790,
790f

Gas, gastrintestinal, 591–592

belching, 591

blating, 591

flatus, 591–592

irritable bwel syndrme, 648
Gas gangrene, 1469

Gas sniffing, 1105

Gastrectmy, vitamin B
12

deficiency, 509
Gastric acid, nscmial pneumnia

prtectin, 273

Gastric adencarcinma, 627, 1639–1641

H. pylori and, 1639, 1640
incidence & trends, 1639
pernicius anemia gastritis and, 627
types and lcatins, 1639–1640

Gastric band, laparscpic adjustable, 1274
Gastric cancer. See Stmach cancer
Gastric cntents

aspiratin, 306

acute, 305–306, 1296
chrnic, 306

nscmial pneumnia prtectin, 273
Gastric emptying, delayed, 611
Gastric lymphma, 1641–1642

Gastric metaplasia, 626
Gastric neurendcrine tumrs, 1642–1643

Gastric utlet bstructin, 585
frm peptic ulcer disease, 634–635

vmiting, 69
Gastric surgery, pstprandial hypglycemia

after, 1254

Gastrinma, 635–636, 1187–1188, 1189
“Gastrinma triangle,” 635
Gastritis, 624–627

alchlic, 625

cytmegalvirus, 1387
definitin and uses, 624
ersive & hemrrhagic, 624–625

GI bleeding, acute upper, 599
HIV/AIDS, 627
H. pylori, 626–627

infectius, 627

necrtizing, 627
nnersive, nnspecific, intestinal metaplasia

and, 626–627

NSAID, 625

pernicius anemia, 627

phlegmnus, 627
prphylaxis, antithrmblytic therapy, 377
stress, 624–625

Gastrcnemius tear/rupture, 27
Gastrenteritis

antimicrbials fr, 1316t
E. coli, 1484

parechvirus, 1445
Salmonella, 1483

viral, 1441–1443

lactase deficiency, 641
nrviruses, 1441–1442

rtaviruses, 1441–1442

Gastrenterpancreatic neurendcrine
tumrs, 1187–1188

Gastresphageal junctin
dysfunctin, 611
laceratin

GI bleeding, acute upper, 599
mucsal, 616–617

Gastresphageal reflux disease, 234, 610–615

Barrett esphagus frm, 612–613
chest pain, 623
cugh, 15, 16, 17, 17t
dyspepsia, 582
esinphil esphagitis, 617
esphageal clearance, abnrmal, 611
gastric cntent aspiratin, 306
gastric emptying, delayed, 611
gastresphageal junctin dysfunctin, 611
peptic strictures frm, 613
refluxate, irritant effects, 611

Gastrintestinal bleeding, 598–604

acute
lwer, 601–603

upper, 598–601, 624
ccult, 604
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pathphysilgy, 618
frm peptic ulcer disease, 633–634

small bwel, suspected, 603–604

Gastrintestinal decntaminatin, 1586–1588
charcal

activated, 1587, 568t, 1586
repeat-dse, 1587–1588

hemdialysis, 1587, 1587t
urinary manipulatin, 1587
whle bwel irrigatin, 1587

Gastrintestinal disrders, 582–676. See also
Stmach cancer

anrectal diseases, 672–676

cancer (See also Stmach cancer)
mesenchymal tumrs, 1643

strmal tumrs, 1126, 1616t, 1643, 1645
chest pain f undetermined rigin, 623–624

cln & rectum diseases, 647–672

esphageal diseases, 609–623

fluid lsses, fluid replacement, 911, 911t
gas, 591–592, 648
HIV/AIDS, 1345–1347

AIDS enterpathy, 1347
biliary disease, 1346
enterclitis, 1346–1347
esphageal candidiasis, 1339t
esphagitis, candidal/ther, 1339t, 1345
gastritis, 627
gastrpathy, 1347
hepatic disease, 1345–1346
malabsrptin syndrme, 1347

peritneal diseases, 605–609

small intestine diseases, 636–647

stmach & dudenal diseases, 624–636

symptms & signs, 582–605

bleeding, GI, 598–604

cnstipatin, 588–591, 588t, 590t
diarrhea, 592–598

acute, 592–595, 592t, 593t, 594f
chrnic, 595–598, 597f

dyspepsia, 582–584

gas, GI, 591–592, 648
belching, 591

blating, 591

flatus, 591–592

hiccups, 587–588

nausea & vmiting, 584–586, 585t, 587t
weight lss, invluntary, 32

Gastrintestinal strmal tumrs, 1126, 1616t,
1643, 1645

Gastrparesis, 69, 585, 644–645

Gastrpathy
definitin, 624
ersive & hemrrhagic, 624–625

HIV/AIDS, 1347
prtal hypertensive, 625

GATA1 mutatin, 548
Gatiflxacin, hypglycemia frm, 1255
Gaucher disease, 1680

Gay, 1719
Gay & bisexual men’s health care, 1732–1735.

See also Sexual & gender minrities,
health

behaviral/mental health, 1733
demgraphics, 1732
health disparities, 1732
HIV and STIs, 1732–1733
immunizatins, 1733–1734, 1734t
preventive care & clinical practice guidelines,

1733–1735, 1734t
substance use, 1733

GBA, 1680
Gelslin gene, 1039
Gemcitabine, txic mypathy frm, 1053

Gemfibrzil, 1262t, 1264
Gender

dysphria, 1066, 1067

hypertensin and, 468
identity, 1719–1720
nn-binary, 1719
surgery affirming, 1739, 1739t

Generalized anxiety disrder, 1057–1059,

1058t
Generalized nset seizure, 987–988

mtr, 987–988
nnmtr (absence), 987

Generalized pustular psriasis, 110
General myclnus, 1020
Gene therapy

adenvirus vectrs, 1438
fr degenerative mtr neurn disease, 1037
fr hemphilia A/B, 561
fr Parkinsn disease, 1015, 1017
fr thalassemia majr, 508

Genetic & genmic disrders, 1676–1684.
See also specific types

acute intermittent prphyria, 1676–1677,

1677t
Dwn syndrme, 1677–1678

familial hyperchlesterlemia, 1678–1679

fragile X syndrme, 1679–1680

Gaucher disease, 1680

hereditary hemrrhagic telangiectasia,
1683–1684

hmcysteine metablism disrders, 1681

Klinefelter syndrme, 1682

Marfan syndrme, 1682–1683

Genital herpes, 121–123, 122f
Genital tract infectins, female, anaerbic, 1491

Genital ulcers, 1303
herpesvirus 1/2, 1374–1377
frm nnxynl-9, 1351

Genital warts, 141–143, 142f
Geniturinary syndrme f menpause, 1203
Geniturinary tract cancers, 1653–1665

angimylipmas, 1663

bladder cancer, 1659–1661

kidney cancers, secndary, 1663

nccytmas, 1663

prstate cancer, 1653–1659

renal cell carcinma, 1662–1663

testicular cancers, 1664–1665

ureter and renal pelvis cancers, 1661–1662

Geniturinary tract infectins, 954–962

cystitis, acute, 954–955

epididymitis, acute, 961–962

pelvic pain syndrme, chrnic, 960–961

prstatitis
acute bacterial, 958–959

chrnic bacterial, 959–960

chrnic nnbacterial, 960–961

clinical findings, 958–959, 959t
pyelnephritis, acute, 955–958

therapy, empiric, 956t–957t
Geniturinary ulcers, adenvirus, 1438
Genmic disrders, 1676–1684

Geriatric disrders, 51–67. See also Older
adults; specific disorders

advance financial planning, 55
assessment, cmprehensive, 51–52, 52f

frailty, 52
functin, 51–52
prgnsis, 51, 52f
values & preferences, 51

delirium, 53, 54, 57–58

dementia, 52–56

depressin, 53, 56–57

elder mistreatment & self-neglect, 66–67, 66t

falls & gait, 58–60, 59t
general principles, 51
hearing impairment, 65–66

immbility, 58
pharmactherapy & plypharmacy, 64–65

pressure injury, 63–64, 64t
urinary incntinence, 60–62

visin impairment, 65

weight lss, invluntary, 62–63
Germ cell tumrs, 1005–1008, 1007t, 1210

testicular, 1664–1665

Germline mutatin
breast cancer, 744, 763
clrectal cancer, 1646
gastric adencarcinma, 1639
hepatcellular adenma, 722
Lynch syndrme, 671, 672
multiple endcrine neplasia, 1189, 1190
phechrmcytma & paraganglima, 1182,

1183, 1184, 1185
plypsis syndrmes, 1646
prstate cancer, 1654

Gerstmann-Sträussler-Scheinker syndrme,
1406

Gestatinal diabetes mellitus, 815–816, 816t
Gestatinal thrmbcytpenia, 558

Gestatinal trphblastic disease/neplasia,
805–807, 1615t

“Geste antagniste,” 1020
Giant cell arteritis, 854–855

branch retinal artery cclusin, 187–188
headache, 982

jaw claudicatin, 986
sixth nerve palsy, 194
third nerve palsy, 194
transient mncular visual lss, 188

Giant cell mycarditis, 417
Giardia (giardiasis), 1538–1539

enterclitis, HIV/AIDS, 1346
gay & bisexual men, 1733
lactase deficiency, 641
sexually transmitted, 1303

Giardia duodenalis, 1538–1539

Giardia intestinalis, 1538–1539

Giardia lamblia, 1538–1539

diarrhea, acute, 1306
traveler’s diarrhea, 1310–1311

Gigantism, 1117–1118

Gilbert syndrme, 677, 678t, 679t, 701
Gilles de la Turette syndrme, 1021–1022,

1073
Gingivitis

herpes, 228, 1374
HIV/AIDS, 1345
necrtizing ulcerative, 227

Gingivstmatitis, herpes, 228, 1374
Ginkg, 1599t
Ginseng, 1599t
Gitelman syndrme, 893, 909
Glanders, 1312t
Glanzmann thrmbasthenia, 559
Glasgw Cma Scale, 1029, 1029t
Glaucma, 1238–1239

acute angle-clsure, 175t–177t, 179, 180
frm antipsychtics, 1075
central & branch retinal vein cclusins,

186
chrnic, 175t–177t, 180–181

facial pain, 986
nrmal-tensin, 180
lder adults, 65

Glaucoma volans, 1446
Gliclazide, 1221–1224, 1222t
Glimepiride, 1221, 1222t, 1225
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Gliblastma multifrme, 1005–1008, 1006t,
1615t

Glipizide, 1221, 1222t
GLIS3 mutatin, 1214
GLI-similar 3 (GLIS3), 1214
Glbal Registry f Acute Cardiac Events Risk

Scre, 24
Global Strategy for Asthma Management and

Prevention, 243
Glbe index, 713
Glbe injury, 195
Glmerular diseases, 931–941

classificatin and findings, 931, 932f, 933t
glmerulus injuries, 931
nephritic spectrum, 932–940, 932f, 933t
nephrtic spectrum, 931, 932f, 934t, 940–944

serlgic testing, 932–933, 935f
Glmerular filtratin rate, 913–914

estimated, 914
Glmerular prteinuria, 913
Glmerulnephritis, 916t, 921–922, 932. See

also Nephritic spectrum glmerular
diseases

acute, 916t
ANCA-assciated, 937

anti-GBM–assciated acute, 921, 933t
C3 glmerulpathy, 921
cryglbulinemia, 861, 862
definitin, 932
develpment, 932
esinphilic granulmatsis with

plyangiitis, 861
granulmatsis with plyangiitis, 857, 858,

859
grup A streptcccus, 1459
hematuria, 952
hepatitis E, 688
idipathic crescentic, 937
IgA vasculitis, 862
immune cmplex depsitin disease, 921
infectin-related, 934–936

levamisle-assciated purpura, 861
markers, 921
membranprliferative, 936, 938–939

chrnic kidney disease frm, 924t
classificatins and findings

nephritic spectrum, 933t
nephrtic spectrum, 934t
serlgical analysis, 935f

hepatitis C virus, 687
micrscpic plyangiitis, 860
mnclnal immunglbulin–mediated,

921
pauci-immune, 921, 933t, 937

pstinfectius, 933t, 934–936

red cell casts, 916t, 921
relapsing plychndritis, 862
systemic lupus erythematsus, 835, 840, 840t,

841, 842
vasculitis, 853t

Glmerulsclersis
fcal segmental, 924t, 931, 934t, 942

segmental, 934t
Glmerulus, 931

injuries, 931
Glmus jugulare, 200
Glmus tympanicum, 200
Glssitis, 227, 704
Glssdynia, 227

Glsspharyngeal neuralgia, 986

GLP-1
receptr agnists, 1222t–1223t, 1226–1227,

1236, 1236f
tumrs secreting, 1254

Glucagn
fr beta-blcker verdse, 1583, 1596
excess, diabetic ketacidsis, 905, 905t, 1245
glucse intlerance frm, 1214, 1214t
hyperglucagnemia

diabetes mellitus type 1, 48, 1212, 1214,
1214t, 1226, 1246

hyperglycemic hypersmlar state, 1248
hypertensive crisis frm, with

phechrmcytma, 1183
fr hyptensin frm pisning, 1583
incretins n, 1226
frm infectins, 1234
pancreatitis n secretin f, 1214
pramlintide n, 1229

Glucagn emergency kit, 1238
Glucagnma, 1187–1188

Glucagn respnse, 1237
Glucagn stimulatin test, 1113
Gluccrticids. See also specific types

glucse intlerance frm, 1214, 1214t
replacement, preperative/periperative, 49
n weight, 1269, 1270t

Gluckinase gene, 1213
Glucse

agents lwering, 1235–1236, 1236f
high (See Hyperglycemia)
intlerance, gallstnes, 723
lw (See Hypglycemia)
mnitring, diabetes mellitus

cntinuus mnitring systems, 1218
labratry tests, 1217–1218
ral glucse tlerance test, 1217–1218,

1218t
plasma/serum glucse, 1217
self-mnitring, 1218
urine glucse, 1217

translcatinal hypnatremia frm, 888
Glucse-6-phsphate dehydrgenase (G6PD)

deficiency, 513

Glucse-dehydrgenase pyrrlquinline, 1219
Glucse xidase–based ampermetric systems,

1219
Glucse tlerance test, ral, 1217–1218, 1218t
Glue sniffing, vltage dependent distal RTA

frm, 907
Gluten

celiac disease
dietary, 638–639
intlerance, 636–639

dermatitis herpetifrmis, 124
enterpathy, 636–639 (See also Celiac

disease)
Gluten-sensitive enterpathy, 124
Glyburide, 1221, 1222t
Glycated hemglbin, 1218
Glycemic cntrl, diabetes mellitus, 1236, 1237t
Glycemic index, 1220

lw glycemic index diets, 1220, 1269, 1281
Glyclic acid, 906
Glycprtein IIb/IIIa, 559

inhibitrs, fr acute crnary syndrmes
withut ST-segment elevatin, 370f, 371

Glycsuria
familial renal, 1217
nndiabetic (renal), 1217

Glycyrrhizic acid, apparent mineralcrticid
excess syndrme frm, 1181

Gblet cells, 626
Giter, 1126

endemic, 1151–1152

multindular, 1137, 1141–1143, 1141t
hyperthyridism, 1131

MEN 1, 1190

Gldman Risk Scre, 24
GOLDMARK, 905
“Glfer’s elbw,” 1699
Glimumab, pprtunistic infectins with, 1292
Gnadal dysgenesis, 1200, 1208–1210, 1209t.

See also Turner syndrme
Gnadblastma, 1210
Gnadtrpin hrmne

deficiency
acquired, 1110–1111
cngenital, 1110, 1111
hyppituitarism, anterir, 1110
frm piid use disrder, 1111
in Prader-Willi syndrme, 1111

replacement, 1114
Gnadtrpin-releasing hrmne

agnists, hypergnadtrpic hypthyridism
frm, 1111

genetic deficiency, 1200
Gnadtrpins. See also specific types

human chrinic
pregnancy test, 799
trphblastic tumrs secreting, 1131–1132
TSH receptr binding, 1131

human menpausal, 778
Gncccal infectins/gnrrhea, 1303–1304,

1487–1489. See also Neisseria
gonorrhoeae

gay & bisexual men, 1733
lesbian & bisexual wmen, 1728

Gdpasture syndrme, 921, 933t, 938

hematuria, 938
immune alvelar hemrrhage, 303, 304

Gttrn papule, 848, 849f
Gttrn sign, 848
Gut, 829

kidney and, 950–951

tphaceus, 829, 830
diabetes mellitus, 1242

in transplant patient, 832
Guty arthritis, 828–832, 829t, 830f

pdagra, 830, 830f
tphi, 829, 830

GRACE Risk Scre, 24, 372
Gradenig syndrme, 207
Graduated cmpressin stckings, fr venus

thrmbemblic disease, 579
Graft enteric fistula, abdminal artic

aneurysm, 485
Graft-versus-hst disease

cytmegalvirus infectin, 1386
dry eyes, 170
esphageal webs, 617
hematpietic stem cell transplant recipients,

1319
HHV-6 reactivatin, 1386
transfusin, 546
treatment, immunsuppressin & infectin

after, 1291, 1293
Graham Steell murmur, 352
Gram-negative bacterial infectins, 1477–1492.

See also specific types
anaerbic, 1490–1492

bacteremia & sepsis, 1481–1482

Bartonella, 1489–1490

Bordetella bronchiseptica, 1478

Bordetella pertussis, 1477–1478

Campylobacter, 1486

chancrid, 1489

chlera, 1485

E. coli gastrenteritis, 1484

gncccal, 1487–1489

granulma inguinale, 1489

Haemophilus, 1479–1480
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Legionella (Leginnaire’s disease), 1480–1481

medicatins f chice, ccci, 1312t
meningcccal meningitis, 1478–1479

Moraxella catarrhalis, 1480

plague, 1487
rds, 1312t–1313t
salmnellsis, 1482–1483

shigellsis, 1484

tularemia, 1486–1487
Vibrio aliginolyticus, 1485

Vibrio parahaemolyticus, 1485

Vibrio vulnificus, 1485

Gram-psitive bacterial infectins, 1459–1472.
See also specific types

clstridial, 1469–1471

entercccal, 1462

listerisis, 1471–1472

pneumcccal, 1463–1465

Staphylococcus, cagulase-negative, 1468–1469

Staphylococcus aureus, 1465–1468

streptcccal, 1459–1462

Gram-psitive ccci, 1312t
Gram-psitive rds, 1313t
Granular casts, 912, 913t

acute tubular necrsis, 916t, 917, 918
Granulcyte disrders, 882t
Granulcytpenia, 1291
Granulma

laryngeal, 235

lethal midline, 224
“swimming pl,” 1494

Granulma inguinale, 1303, 1489

Granulmatsis infantisepticum, 1472
Granulmatsis with plyangiitis, 224, 303,

857–860, 858f
autantibdies, 841t
esinphilic, 303, 861

glmerulnephritis, 933t
hearing lss, autimmune, 210
kidney bipsy, 915
mycarditis, 417
sarcidsis and, sinnasal, 224

Granulmatus disease
anterir uveitis, 181–182

hypercalcemia, 898
neck masses, 240

Graves dermpathy, 1132, 1139
Graves disease, 1130–1131

celiac disease, 638
IgA deficiency, selective, 881

Graves phthalmpathy, 194, 1140–1141

Gray skin disclratin, 165t–166t
Grieving, 77
Grippe, summer, 1443
Grup A (beta-hemlytic) streptcccus,

1459–1462

acute rheumatic fever & scarlet fever, 1459

arthritis, 1461

cellulitis, 138–139, 138f
empyema, 1461

endcarditis, 1475
erysipelas, 137–138, 138f, 1316t, 1459–1460,

1460f, 1460t
erythrgenic txin, 1459
infectin-related/pstinfectius

glmerulnephritis, 934
necrtizing fasciitis, 1460–1461, 1460t
pharyngitis, 228–229, 1459

pneumnia, 1461

skin infectins, 1459–1460, 1460f, 1460t
tnsillitis, 228–229
txic shck syndrme, 1461–1462

Grup B streptcccus, pregnancy, 819

Grup therapy, 1060

Grwth delay, cnstitutinal, 1200
Grwth hrmne, 1117

deficiency, 1112–1113
hyppituitarism, anterir, 1110
luteinizing hrmne/fllicle stimulating

hrmne deficiency, 1111
replacement, 1114
tumrs secreting, glucse intlerance frm,

1214, 1214t
Guaiac-based fecal ccult bld tests, 11
Guaifenesin, urinary stnes frm, 963
Guanabenz

fr hypertensin, 461, 464t
verdse/pisning, 1597

Guanfacine
fr hypertensin, 461, 464t
verdse/pisning, 1597

Guarana, 1599t
Guillain-Barré syndrme, 1038, 1041–1042

dysautnmia, 992
hepatitis E, 688
Zika virus, 1420

Gumma
syphilis, 1498, 1499t, 1504, 1505
yaws, 1507

Gun deaths, 12
Guttate psriasis, 110
Gyneclgic disrders, 768–798. See also

specific types
Barthlin duct cysts & abscesses, 788, 788f
carcinma f cervix, 794–795

carcinma f endmetrium, 796

carcinma f vulva, 796–797

cervical intraepithelial neplasia, 792–794,

792t, 793f
cervical plyps, 772

cndylmata acuminata, 792

cntraceptin & family planning, 778–785

(See also Cntraceptin & family
planning)

diagnstic prcedures, 769t

female sexual dysfunctin, 786–787

HIV/AIDS, 1350
cervical cancer, 795
cervical dysplasia/carcinma, 1350
pelvic inflammatry disease, 1350
vaginal candidiasis, 1339t, 1350

infertility, 777–778

leimyma f uterus, 770–771

menpausal syndrme (See Endcrine
disrders)

varian cancer & varian tumrs, 797–798

pelvic inflammatry disease, 790–792

pelvic rgan prlapse, 774–775

pelvic pain, 772–774

dysmenrrhea, primary, 772

endmetrisis, 772–773

ther causes, 774
plycystic varian syndrme, 776

premenstrual syndrme, 775–776

sexual vilence, 787–788

uterine bleeding
pstmenpausal, 770

premenpausal abnrmal, 768–770, 769t
vaginitis, 279f, 789–790, 790f

Gynecmastia, 1195–1197, 1196t
Gyromitra, 1605

H

H
2
-receptr antagnist
fr gastritis prphylaxis, antithrmblytic

therapy, 377
fr nscmial pneumnia prtectin, 273
fr peptic ulcer disease, mechanism, 630

H5N1 influenza, 1434–1435
H7N9 influenza, 1434
H9N2 influenza, 1434
H63D mutatin, 714
H1069Q mutatin, 715–716
“Habit cugh,” 17
HACEK endcarditis, 1472, 1476
Haemaphysalis longicornis, 1413
Haemophilus, 1312t, 1479–1480

bite wunds, 1302
cnjunctivitis, 169
pygenic hepatic abscess, 721

Haemophilus ducreyi, 1489
Haemophilus influenzae, 1479–1480

acute titis media, 206
brnchiectasis, 263
cystic fibrsis, 265
epiglttitis, 235
laryngitis, acute, 233
mastiditis, 207
rbital cellulitis, 194
tgenic meningitis, 208
pelvic inflammatry disease, 791
pneumnia, 267t

cmmunity-acquired, 268–271
pneumnia, HIV/AIDS, 1340
primary immundeficiency disrders, 881
rhinsinusitis, 208
vaccine, 1327t

Hair lss, 161

Hair pulling, 1061
Hairy cell leukemia, 534–535

treatment, 1614t
vasculitis, 876

Hairy leukplakia, 225–226, 225f
HIV/AIDS, 225f, 1345

Hallucinatins
alchlic hallucinsis, 1098, 1099
auditry, 1070
cenesthetic, 1070
hypnaggic, 1094
visual, 1070

Hallucingens, 1103, 1602–1603

Hallucinsis
alchlic, 1107
substance-induced, 1107

Halperidl
neurleptic malignant syndrme frm, 30
verdse/pisning, 1594
n weight, 1269, 1270t

Hamartmatus plypsis syndrmes, 671

Hamiltn rating scale, 1080
HAMP mutatin, 714
Hand

eczema, 123, 123f
immersin, 1570
stearthritis, 825–828, 827f

Hand, ft, and muth disease, 1443, 1443f,
1445

Handgrip, n heart murmurs, 336t
Hantaan virus, 1416
Hantavirus, 1416–1417

cardipulmnary syndrme, 1416
pulmnary syndrme, 268, 1416–1417

Haptglbin, 511
Hard metal lung disease, 308
Harmless acute pancreatitis scre, 733–734
Harm reductin mdel, 1099
Harris-Benedict equatin, 1283
Hashimt thyriditis, 1122–1125

HHV-6, 1389
relapsing plychndritis, 862

Hawkins impingement sign, 1688, 1689t, 1690
Hay fever, 219–221
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HBeAg-negative chrnic hepatitis B, 691
HBeAg-psitive chrnic hepatitis B, 691
HBsAG-negative phase, 691
Headache, 978–982. See also specific types

acute, 34–37, 35t, 36t
analgesic rebund, 982

carbn mnxide pisning, 34
cerebrvascular disease, 982
chrnic, 978
cluster, 981

frm cmbined ral cntraceptives, 781
cugh, primary, 981–982

giant cell (tempral/cranial) arteritis, 982

hypertensin, 34, 35
intracranial mass lesin, 982

lumbar puncture, 34, 35–36, 982
malignant hypertensin, 34
medicatin veruse, 982

meningitis, 35
migraine, 37–40, 978–981, 980t
neurimaging, 35, 35t
neurlgical causes, ther, 982

phthalmplegia, 35, 979
phechrmcytma, 37
psttraumatic, 981

preeclampsia, 34
prevalence, 34
primary, 978
secndary, 978
SNNOOP 10 list, 35, 36t
sudden-nset, 34
tensin-type, 981

“thunderclap,” 34, 35t, 36, 982, 1001
with visual impairment/lss, 35

Head injury, 1028–1031, 1029t
Battle sign, 1030
causes & severity, 1028
cerebral trauma, 1029, 1029t
cncussin, 213, 1028–1029, 1029t
definitin, 1028–1029
Glasgw Cma Scale, 1029, 1029t
raccn sign, 1030
secnd impact syndrme, 1030
treatment & prgnsis, 1030–1031

Head lice, 151

Head & neck cancer
human papillmavirus, 226
lymphmas, 241

treatment, 1615t
Head & neck infectins

anaerbic, 1490

Bartonella henselae, 240
Lyme disease, 240

mycbacterial, 240
neck, deep, 230–231

Health care–assciated infectins, 1295–1297

differential time t psitivity, 1296
drug-resistant rganisms, 1295
general principles, 1295
Mendelsn syndrme, 1296
preventin, 1296–1297
scabies, 150
symptms and signs, 1295–1296
treatment

catheter-assciated infectins, 1297
f fever, ICU patient, 1297

Health disparities
gay & bisexual men, 1732
lesbian & bisexual wmen, 1725
sexual & gender minrity health, 1720

Health maintenance and disease preventin,
1–14. See also Preventive medicine;
specific diseases

adherence, 1–2

guiding principles f care, 2
preventive medicine, 2–14 (See also

Preventive medicine)
Hearing aids, 66, 202
Hearing amplificatin, 66, 202
Hearing impairment, 65–66

Hearing lss, 201–202, 202t. See also specific
types

AIDS, 215
autimmune, 210
cnductive, 201–202, 205, 206, 208, 210,

214
evaluatin & classificatin, 201–202, 202t
hearing amplificatin, 202
multiple sclersis, 215
nise trauma, 209
ttxicity, 209–210
physical trauma, 209
presbycusis, 201, 209

sensrineural, 201–202, 215
sensry, 209–210

sudden, 210
tinnitus, 210–211

Heart. See also Cardiac
anmaly, athlete sudden death, 439

Heart blck
atrial septal defect/patent framen vale, 327
crnary heart disease, 387–388

Heartburn, 582, 609
Heart disease, 323–442. See also specific types

athlete screening, 439–442

AHA recmmendatins, 439, 440t
participatin and sudden cardiac death

causes, 440–442, 441t
cardimypathies, 414–417

cngenital heart disease, adult, 323–332

atrial septal defect & patent framen vale,
326–328

carctatin f arta, 325–326

pulmnary valve stensis, 323–325

tetralgy f Fallt, 330–332

ventricular septal defect, 329–330

crnary heart disease, 354–414

acute crnary syndrmes, withut
ST-segment elevatin, 368–373, 370f,
372t

acute heart failure & pulmnary edema,
413–414

athersclertic CAD, risk factrs, 354–

356, 357f, 358t
atrial fibrillatin, 391–396, 393t, 394t
atrial flutter, 397

atrial tachycardia, 397–398

AV blck, 387–388

chrnic stable angina pectris, 359–367,

364f, 367t
crnary vasspasm & angina r MI,

nrmal arterigram, 368

heart failure, 403–413, 407f, 408t
inherited arrhythmia syndrmes, 401–402

mycardial hibernatin & stunning, 356

parxysmal supraventricular tachycardia,
388–390

parxysmal supraventricular tachycardia,
accessry AV pathway, 390–391

preventin, 356–359

rate & rhythm disrder treatment, 383–

386, 384t–385t
sinus arrhythmia, bradycardia &

tachycardia, 379, 386–387

STEMI, 373–383, 375t
syncpe, 402–403

ventricular fibrillatin & sudden death,
400–401

ventricular premature beats, 398

ventricular tachycardia, 399–400

diabetes mellitus, 1241–1242
mycarditis, infectius, 414–417, 415t, 416t
mycarditis, nninfectius, 417–427

cardimypathy, dilated, 418–420, 419t
cardimypathy, hypertrphic, 419t,

421–423

cardimypathy, restrictive, 404, 419t,
423–424

cardimypathy, stress, 373, 420–421

classificatin, 418, 419t
fundamentals, 417
referral, 417–418
rheumatic fever, 425–427, 425t

neplastic diseases, 434–435

cardiac tumrs, primary, 434–435

cardiac tumrs, secndary, 435

pericardial diseases, 427–434

acute inflammatry pericarditis, 427–429,

427t
pericardial effusin & tampnade,

430–431

pulmnary hypertensin, 432–434, 433t
restrictive pericarditis, 431–432

pregnancy, 436–439, 817–818

Cardiac Disease in Pregnancy
Investigatin, 436–437, 436f

cardivascular cmplicatins, 438–440

cardimypathy f pregnancy, 438

crnary artery & artic vascular
abnrmalities, 438–439

labr, management, 439

cngenital heart disease, 437
medicatin use, 437–438, 437t
valve disease, 437, 437t

traumatic, 435–436

valvular, 332–354

anticagulatin, with prsthetic valves,
353–354, 355t

artic regurgitatin, 333t–335t, 347–350,

349f
artic stensis, 333t–335t, 342–347, 343t,

344f, 346f
interventins n, 336t

classificatin & differential diagnsis, 332,
333t–335t

mitral regurgitatin, 333t–335t, 338–342,

340f, 341f
interventins n, 336t

mitral stensis, 333t–335t, 336–338, 337f
pulmnary valve regurgitatin, 352–353

tricuspid regurgitatin, 333t–335t,
351–352

tricuspid stensis, 333t–335t, 350–351

Heart failure, 403–406. See also specific causes
and types

acute, 412, 413–414

pulmnary edema and, 413–414

acute kidney injury, 916
anticagulatin, fr prsthetic heart valves,

354
artic regurgitatin, 348
artic stensis, 345
atrial fibrillatin, 391
atrial septal defect, 327, 328
atrial tachycardia, 398
B-type natriuretic peptide, 348
cachexia, 74
frm cancer chemtherapy, 417
cardiac risk assessment/reductin, 41
cardigenic shck frm, 496
cardimypathy

alchlic, 404
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cngestive, 404
dilated, 404
hypertrphic, 404
ischemic, 404
restrictive, 404

cardirenal syndrme, 922
chrnic

atrial fibrillatin, 391
trpnin, 374

chrnic kidney disease, 405, 925–926
classificatin, NYHA, 404
carctatin f arta, 325–326
vs. cr pulmnale, 404
cugh, 33
diastlic dysfunctin, 404
epidemilgy, 403–404
fatigue, 33
hyperkalemia, 894
hypertensin treatment, 469, 470t
hypertensive cardivascular disease, 447
hyperthyridism, 1139
hypervlemic hypnatremia, 886f, 887
left, 404
liver in, 719

mitral regurgitatin, 338, 341, 341f
mitral stensis, 336
muscle wasting, exercise training n, 32
mycarditis, viral, 404
NT-prBNP, 348, 406
pleural transudates, 310, 311
pstperative pulmnary cmplicatins, 45
pregnancy, 817–818
preperative evaluatin/periperative

management, 44
preserved left ventricular systlic functin,

404
preventin, 404
prgnsis, 412
pulmnary edema and, 413–414

right-sided, 404
atrial septal defect & patent framen vale,

327, 328
diuretics fr, 434
hepatic venus utflw bstructin,

717
jugular venus pressure, 605
liver disease, 719
mitral regurgitatin, 338
passive cngestin f liver, 719
pulmnary valve stensis, 323, 324
tricuspid stensis, 350

stages, 404
systemic lupus erythematsus, 840
tetralgy f Fallt, 331
tricuspid regurgitatin, 351
tricuspid stensis, 330
valvular heart disease, 404
ventricular septal defect, 329, 330
frm ventricular tachycardia, 400
weight lss, invluntary, 63

Heart failure, treatment, 406–413

fr hypertensin, 469, 470t
LVEF preserved, 412–413

nnpharmaclgic, 412
pharmaclgic, 412
reversible causes, crrectin, 412

LVEF reduced, 406–412
nnpharmaclgic, 411–412

biventricular pacing
(resynchrnizatin), 411

cardiac transplantatin, 412
case management, diet, exercise,

411–412
crnary revascularizatin, 412

implantable cardiverter defibrillatrs, 411
palliative care, 412
ventricular assist devices, 412

pharmaclgic, 406–411
ACE inhibitrs, 407f, 408, 408t
angitensin II receptr blckers, 407f,

408–409, 408t
antiarrhythmics, 411
anticagulatin, 411
beta-blckers, 407f, 408t, 410
cmbinatin therapies, 411
digitalis glycsides, 410
diuretics, 406–408
hydralazine, 410
ivabradine, 407f, 408t, 410
nitrates, 410
sacubitril/valsartan, 407f, 408t, 409–410
SLG2 inhibitrs, 410
spirnlactne and eplerenne, 407f,

408t, 409
statins, 411
treatments causing harm, 411
vericiguat, 410–411

reversible causes, crrectin, 406
Heartland virus, 1413–1414

Heart murmurs. See also specific types
after STEMI, 374, 381
angina pectris, chrnic stable, 360
artic regurgitatin, 333t–334t, 347
artic stensis, 333t–334t, 336t, 342–343
bedside maneuvers/interventins affecting, 336t
carctatin f arta, 325
hypertrphic cardimypathy, 336t, 422
mitral regurgitatin, 333t–334t, 336t, 339
mitral stensis, 333t–334t
mitral valve prlapse, 347t
pulmnary valve regurgitatin, 352
pulmnary valve stensis, 324
systlic, bedside maneuver, 335t
tricuspid regurgitatin, 333t–334t, 351
tricuspid stensis, 333t–334t, 350
valvular heart disease, 333t–334t, 336t
ventricular septal defect, 329

Heart sunds
artic regurgitatin, 333t
artic stensis, 333t, 342–343
atrial septal defect, 327
hypertrphic cardimypathy, 422
LVEDP, increased, 19
mitral regurgitatin, 333t, 339
mitral stensis, 333t, 336
mycardial infarctin, 23
pulmnary emblism, 19
pulmnary hypertensin, 19
pulmnary valve regurgitatin, 352
pulmnary valve stensis, 324
STEMI, 374
tricuspid regurgitatin, 333t
tricuspid stensis, 333t, 350
valvular heart disease, 333t

Heart transplantatin, 412
Heart valves

disease, 332–354 (See also Valvular heart
disease; specific valves)

prsthetic/mechanical
anticagulatin with, 353–354, 355t
endcarditis, 338, 1472
pregnancy, 353, 355t

prsthetic/mechanical, thrmbemblism
risk

anticagulants fr, 353–354
vitamin K antagnists fr, 355t

replacement (See Valve replacement)
team apprach, artic stensis, 342

Heat disrders, 1566–1568. See also
Hyperthermia

cramps, 1567
exhaustin, 1567
rash, 132

rsacea, 129–130, 130f
stress, 1566–1567
strke, 1566–1568

classic (nnexertinal), 1567
exertinal, 1567

syncpe, 1567
urticaria, 135

Heavy metals. See also specific types
antidtes, 1586t
prximal renal tubular acidsis frm, 907
tubulinterstitial disease, chrnic, 946–947

Heberden ndes, 826, 827f
Heinz bdies, 513
Helicobacter pylori, 1312t

autimmune thrmbcytpenia, 550
dyspepsia, 582, 583
eradicatin therapy, 630
gastric adencarcinma and, 1639, 1640
gastritis, 626–627

gastrpathy, HIV/AIDS, 1347
irn deficiency, 503
nnersive, nnspecific gastritis & intestinal

metaplasia, 626
peptic ulcer disease, 627–633, 631t
testing fr, 627

Helitrpe, 848, 849f
Heller cardimytmy, fr achalasia, 622
HELLP syndrme, 557
Helmets, safety, 12
Helminthic infectins, 1540–1552. See also

specific types
cestdes, invasive, 1543–1545

cysticercsis, 1543–1544

echincccsis, 1544–1545

cestdes, nninvasive, 1542–1543

beef tapewrm, 1542

dwarf tapewrm, 1543

fish tapewrm, 1543

prk tapewrm, 1542

filariasis, 1549–1552

lymphatic, 1549–1551, 1550f
nchcerciasis, 1551–1552

flukes, schistsmiasis, 1538–1540

flukes: liver, lung, & intestinal, 1541–1542

clnrchiasis & pisthrchiasis, 1541

intestinal, 1542

paragnimiasis, 1542

nematdes, intestinal, 1545–1548

ascariasis, 1545–1546

enterbiasis, 1548

hkwrm, 1546–1547

strngylidiasis, 1547–1548

trichuriasis, 1546

nematdes, invasive, 1548–1549

angistrngyliasis, 1548–1549

cutaneus larva migrans, 1549, 1549f
Helvella, 1605
Hemarthrsis, knee, 1706
Hematemesis, 599, 602

cirrhsis, 704
dyspepsia, 583
gastritis

alchlic, 625
ersive, 624
ersive & hemrrhagic, 65, 624

GI bleeding, acute upper, 599
Mallry-Weiss syndrme, 616
peptic ulcer disease, 633
prtal hypertensive gastrpathy, 625
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Hematchezia, 599
adenmatus & serrated plyps, nnfamilial,

669
anal fissures, 675
cnstipatin, 588, 589
diarrhea, chrnic, 593t, 596
diverticulitis, 667
GI bleeding, acute

lwer, 601–603
upper, 599

hemrrhids, 673
irritable bwel syndrme, 648
peptic ulcer disease, 624, 633

Hematgenus stemyelitis, 871
Hematlgic disrders, 502–547. See also

Bld disrders
Hematlgy, preperative evaluatin, 46–47,

47t
Hematpietic (stem) cell transplantatin

cytmegalvirus pneumnia after, 1388
immunizatin, 1319
infectins, 1291

Hematpietic (stem) cell transplantatin,
allgeneic

fr aplastic anemia, 550
basal cell carcinma after, 144
fr bne marrw failure, 549
fr parxysmal ncturnal hemglbinuria,

512
fr sickle cell syndrmes, 515
n skin cancer risk, 145

Hematuria, 37, 39f, 913, 952–954

analgesics, 952
anti-GBM glmerulnephritis &

Gdpasture syndrme, 938
autsmal dminant plycystic kidney

disease, 949
autsmal plycystic kidney disease, 947t,

948, 948f, 949
causes, 952
clinical findings, 952–954, 953f
COVID-19, 922
cystic kidney diseases, 947t
diabetes mellitus, 952
dysuria with, 37
fllw-up, 954
glmerular, 931
glmerulnephritis, 921, 952
with hemptysis, 21
Hench-Schönlein purpura, 937
IgA nephrpathy, 936
infectin-related & pstinfectin

glmerulnephritis, 934, 936
interstitial nephritis, 913, 920
lwer tract surce, 952
medullary spnge kidney, 947t, 949, 952
membranprliferative glmerulnephritis,

938
minimal change disease, 942
nephritic spectrum glmerular diseases, 931,

932, 932t, 933t
nephrtic spectrum glmerular diseases, 941
papillary necrsis, 952
pauci-immune glmerulnephritis, 937
plasma cell myelma, 950
risk stratificatin, 952, 953f
sickle cell trait/disease, 950, 952
systemic lupus erythematsus, 939
tuberculsis, 950
tubulinterstitial disease, chrnic, 946
upper tract surce, 952
urinary tract infectin, 39f

Heme metablism, jaundice, 677
Hembilia, upper gastrintestinaI bleeding, 599

Hemchrmatsis, 713–715

hyperpigmentatin, 159
prphyria cutanea tarda, 124

Hemdialysis
fr decntaminatin, 1587, 1587t
fr end-stage kidney disease, 929

Hemglbin A, 506, 507, 507t
Hemglbin A

1
, 1218

Hemglbin A
1c

, 1218, 1218t
Hemglbin A

2
, 506, 507, 507t

Hemglbin F, 506, 507, 507t, 514
Hemglbin H disease, 507, 508
Hemglbinpathies. See also specific types

pregnancy, 814
Hemglbin S, 514, 515t, 516
Hemglbin SC, sickle cell retinpathy, 191,

514
Hemglbin SS, 514, 515t
Hemglbinuria, 511–512

hemlysis, 913
irn deficiency, 503
parxysmal ncturnal, 512–513

Hemlysis, 502, 913
massive

hyperkalemia, 894
hyperphsphatemia, 901

traumatic, irn deficiency, 503
Hemlytic anemias, 511–521

aplastic anemia, 518–520, 518t, 519t
autimmune, 516–517

classificatin, 511, 512t
cld agglutinin disease, 517–518

crises, 514
glucse-6-phsphate dehydrgenase

deficiency, 513

haptglbin, 511
hemglbinuria, 511–512
hyperprliferative, 506 (See also

Thalassemias)
intravascular hemlysis, 511–512
intrinsic defects, 511
labratry features, 511–512
neutrpenia, 520–521, 520t
parxysmal ncturnal hemglbinuria,

512–513

pathphysilgy, 511
sickle cell anemia & related syndrmes,

514–516, 515t
sickle cell trait, 516

Hemlytic transfusin reactins, 544–545
Hemlytic uremic syndrme, 552–554, 553t
Hemphagcytic lymphhisticytsis

Epstein-Barr virus, 1386
hepatitis E, 688

Hemphagcytsis, 558
Hemphilia A, 559–561, 561t
Hemphilia B, 559–561, 561t
Hemphilia C, 563

Hemptysis, 20–22

Hemrrhage. See Bleeding; Cagulatin
disrders; specific types and disorders

Hemrrhagic cystitis
adenvirus, 1438
frm cyclphsphamide/ifsfamide, 1616t,

1673
Hemrrhagic fevers, viral, 1410–1419

Crimean Cng hemrrhagic fever,
1412

dengue fever, 1414–1416

Ebla viral disease, 1410–1412

hantaviruses, 1416–1417

Heartland virus, 1413–1414

Lassa fever, 1413–1414

Rift Valley fever, 1413–1414

severe fever with thrmbcytpenia
syndrme, 1413–1414

yellw fever, 1418–1419

Hemrrhagic fever with renal syndrme,
1416–1417

Hemrrhagic “gastritis,” 624–625

Hemrrhagic pleural effusin, 311
Hemrrhids, 672–673

GI bleeding, acute lwer, 602
thrmbsed external, 673

Hemsiderin
depsitin, hyperpigmentatin, 159
hemlytic disrders, 511–512

Hemsidersis, idipathic pulmnary, 304
Hemstasis disrders, 548–581. See also

Bleeding; Platelet disrders
Hemthrax, 310, 311, 313–314
Hench-Schönlein purpura, 862, 933t, 937

Hepacivirus, 686
Hepadnavirus, 683
Heparin. See also Lw-mlecular-weight

heparin (LMWH); Unfractinated
heparin

hyperkalemia frm, 894
lw-mlecular-weight, 565

heparin-induced thrmbcytpenia frm,
554–555, 555t

periperative management, 46, 46t
prsthetic heart valve patients, 354
reversal, 568t
fr STEMI, 377
fr venus thrmbemblic disease

preventin, 569, 570t
treatment, 573t, 574–575

reversal, 568t
thrmbcytpenia frm, 554–555, 555t
unfractinated, 565

prsthetic heart valve patients, 354
reversal, 568t
fr STEMI, 377
fr venus thrmbemblic disease

preventin, 569, 570t–571t
treatment, 572t, 574–575

Heparin-platelet factr 4 cmplexes, 554
Hepatic. See also Liver
Hepatic abscess, pygenic, 721–722

Hepatic encephalpathy
acute liver failure, 688, 690
alchl-assciated liver disease, 698, 699
autimmune hepatitis, 697
cirrhsis, 708–709, 710
hepatic venus utflw bstructin, 718
nncirrhtic prtal hypertensin, 720
primary biliary chlangitis, 713
prtein-restricted diets, 1281
Wilsn disease, 717

Hepatic imindiacetic acid scan, 725
Hepatic nuclear factr 1 alpha mutatin,

1213–1214, 1213t
Hepatic venus utflw bstructin, 717–719

Hepatitis, 683–688, 690–697

acute, 683–688

adenvirus, 1438
alchl-assciated, 697–699, 702
ascites, 605
autimmune, 695–697

chrnic
acute HBA superimpsed n chrnic

HBV, 691
causes, 690
classificatin, 690–691
definitin, 690
mrtality, 690
viral, 690–695
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Coxiella burnetii, 1454
cytmegalvirus, 1387
drug-/txin-induced, 701
gay & bisexual men, 1733
general cnsideratins, 690–691
herpes simplex virus, fulminant, 1375
hypxic, 719
ischemic, 719

preperative evaluatin/periperative
management, 46

varicella-zster virus, 1381
Hepatitis A, 681–683, 681f

acute, superimpsed n chrnic HBV, 691
injectin drug abuse, 1305
pstexpsure prphylaxis, 682
sexually transmitted, 1303

Hepatitis A vaccine, 681, 682, 1322t
adverse effects & cntraindicatins, 1327t
gay & bisexual men, 1734, 1734t
pregnancy, 800

Hepatitis B
acute, 683–685, 684f, 684t

frm anti-CD20 mnclnal antibdies,
536

curse and serlgic patterns, 683–684,
684f, 684t

epidemilgy, 683
incubatin perid, 683
virus and gentypes, 683

autimmune thrmbcytpenia, 550–551
carrier state, pregnancy, 821

chrnic, 691–693

with acute HAV, 691
cryglbulinemia, 861
gay & bisexual men, 1733
HIV/AIDS, 1345–1346
injectin drug abuse, 1305
membranus nephrpathy, 943
plyarteritis ndsa, 856
plyarthritis, self-limited, 871
sexually transmitted, 1303

Hepatitis B immune glbulin, 685
Hepatitis B vaccine, 3, 11, 685, 1322t–1323t

adverse effects & cntraindicatins, 1327t
gay & bisexual men, 1734, 1734t
with HIV/AIDS, 1356

Hepatitis C
acute, 686–687, 687f
autimmune thrmbcytpenia,

550–551
chlangicarcinma and, 1632
chrnic, 693–695, 694t, 695t
cryglbulinemia, 861, 939
gay & bisexual men, 1733
glmerulnephritis, 933t
hepatcellular carcinma and, 1629
HIV/AIDS, 686, 1345–1346
injectin drug abuse, 1305
kidney disease, 939

lichen planus, 146
maternal carrier state, pregnancy, 821

membranprliferative glmerulnephritis,
938

membranus nephrpathy, 943
plyarthritis, self-limited, 871
prphyria cutanea tarda, 124
RBC transfusin, 546
screening & preventin, 11
sexually transmitted, 1303
transfusin-assciated, 685, 687, 697

Hepatitis D
acute, 686, 687–688

chrnic, 691–693

injectin drug abuse, 1305

Hepatitis E
acute, 686, 688

pancreatitis, 732
Hepatitis G, 686
Hepatbiliary cancers, 1629–1636. See also

specific types
ampulla f Vater, 1634–1636

biliary tract, 1632–1634

hepatcellular, 1629–1632

pancreatic, 1634–1636

Hepatcellular adenma, 722
Hepatcellular carcinma, 1629–1632

cirrhsis and, 1629
cirrhsis + hepatitis D virus, 688
fibrlamellar variant, 1629
hepatitis C virus and, 1629
hypglycemia frm, 1254
prevalence, 1629
risk factrs, 1629
screening & preventin, 1630–1631

hepatitis B vaccine, 11
treatment & prgnsis, 1616t, 1630–1631

Hepatcellular jaundice, liver tests, 678, 679t
Hepatjugular reflex, heart failure, 405
Hepatlenticular degeneratin, 715–717, 716f
Hepatpulmnary syndrme

cirrhsis, 709, 710
heart failure, liver in, 719
hepatic venus utflw bstructin, 718

Hepatrenal syndrme
alchl-assciated hepatitis, 699
cirrhsis, 707–708

Hepatsplenmegaly
anemia, 502
primary biliary chlangitis, 712
primary sclersing chlangitis, 731
thalassemias, 507, 508
Waldenström macrglbulinemia, 541

Hepcidin, 502, 505
HER2, 1639–1640

breast cancer
female, 750, 751, 752, 753–755, 756, 756t,

757–760, 762–763, 1214, 1613, 1615t
male, 766
metastases, 1110

esphageal/esphaggastric junctin cancer,
1615t, 1638

gastric adencarcinma, 1639–1640
verexpressin, targeted therapy, 757–758
stmach cancer, 1616t
targeted mlecular testing, 1613
uterine cancer, 1615t

“Herald patch,” 113
Herbal preparatins, txicity, 1584, 1584t,

1598, 1599t
Herbicides

methemglbinemia frm, 1604
parkinsnism frm, 1014

HERDOO2, 575
Hereditary amylidsis, 542–543
Hereditary angiedema, 135, 879t
Hereditary cln cancer, 670–672, 1647
Hereditary disrders. See specific types
Hereditary hemrrhagic telangiectasia,

1683–1684

Hereditary hepatcanalicular transprt defects,
jaundice, 677

Hereditary leimyma-renal cell carcinma,
1662

Hereditary mtr and sensry neurpathy
type I, 1038–1039

type II, 1039

type III, 1039

type IV, 1039

Hereditary nnplypsis cln cancer, 671–672

Hereditary varian cancer syndrme, 797–798
Hereditary papillary renal cell carcinma, 1662
Hereditary syndrme neurfibrmatsis type 2,

vestibular schwannma, 214–215
Hernia, vaginal, 774–775

Herniatin syndrmes, brain, 1007
Herin

nalxne, 92
verdse/pisning, 1605–1606

Herpangina, 1443, 1445
Herpes-assciated erythema multifrme, 136,

1375, 1376
Herpes genitalis, pregnancy, 821–822

Herpes gingivstmatitis, 228
Herpes gladiatrum, 1374
Herpes labialis, 1374
Herpes simplex virus

cerebral vasculitis, 1375, 1376
cnjunctivitis, 169
crneal disease, 177
dermatlgic, 121–123, 122f
encephalitis, 1343, 1375, 1376
esphagitis, infectius, 615–616
genital ulcers, 1303
HIV/AIDS, 1339t, 1347, 1347f
in immuncmprmised, preventin, 1293
keratitis, 173t–174t, 177–178, 1374–1376
lesbian & bisexual wmen, 1728
meningitis, 1375, 1376
retinitis, 182, 191
stmatitis, 228

in transplant recipients, slid rgan, 1291
uveitis, 182, 1374–1376
vaccine, 1378

Herpesvirus, human, 1374–1390. See also
Human herpesvirus; specific types

Herpes zster phthalmicus, 1380, 1381
HIV/AIDS, 191
Hutchinsn sign, 1380, 1381
keratitis, 173t, 178, 1380, 1381

Herpes zster ticus, 209, 1380
Herpes zster virus, 1378–1383

clinical findings, 1379t, 1380, 1380f
cmplicatins, 1381
HIV/AIDS, 1339t, 1347–1348
pstherpetic neuralgia, 986, 1381, 1382
preventin, 1383
prgnsis, 1382
retinitis, 182, 191
scarring alpecia, 161
sixth nerve palsy, 194
treatment, 1381, 1382
uveitis, 182

Herpes zster virus vaccine, 4, 986, 1325t,
1329t

with HIV/AIDS, 1356
Herpetic whitlw, 1374, 1375f
Heterophyes, 1542
Hetersexual, 1719
Hexacarbn slvents, txic neurpathy frm,

1041
HFE, 713, 714
Hibernatin, mycardial, 356

Hiccups, 587–588

HIF2A mutatin, 1190
High-altitude cerebral edema, 1579–1580

High-altitude illness, 1578–1579

High-altitude pulmnary edema, 1579–1580

“High ankle” sprain, 1717–1718
High-density lipprtein chlesterl

chlesterl-lwering therapy, 8, 1257–1258
crnary heart disease, 356
screening, 8
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High-grade lymphma, 536
High-grade squamus intraepithelial lesins,

792t, 793, 797
High-prtein diets, n BUN, 914, 914t
High vltage electrical injuries, 1575
Hilar cell tumrs, hirsutism, 1198
Hill-Sachs lesins, 1690
Hill sign, 348
Hip disrders, 1703–1705

fractures, 60, 1703–1704

stearthritis, 1704–1705

Hippcampal sclersis, epilepsy, 988
Hirschsprung disease, 1190
Hirsutism, 1197–1200

acrmegaly, 1198
Cushing syndrme, 1198
idipathic/familial, 1197
neplastic disrders, 1198
plycystic vary syndrme, 1197
steridgenic enzyme defects, 1197–1198
treatment, 1198–1200

HISORt criteria, 738
Histoplasma (histplasmsis), 1554–1556

HIV/AIDS, 1341
interstitial nephritis frm, 920
pneumnia, cmmunity-acquired, 268
prgressive disseminated, 1555
pulmnary, 1555

Histoplasma capsulatum, 1555–1557
Histrinic persnality disrder, 1068–1069,

1068t
HIV/AIDS

COVID-19, 1341, 1354
Hives. See Urticaria
HIV infectin/AIDS, 1331–1336

anal cancer, 1652
anal fissures, 675
autimmune thrmbcytpenia, 550–551
bld transfusin, 1333
case definitin, CDC, 1331, 1332t
CD4 cunt, pprtunistic infectins and,

1334, 1334f
clinical findings, 1559–1560
dementia/neurcgnitive disrders,

1342–1343
differential diagnsis, 1336
enterpathy, 1347
esphagitis, herpesvirus 1, 1375–1376
fatigue, 33
gay & bisexual men, 1732–1733
herpesvirus 2 and, 1374
human bite wunds, 1302
immune recnstitutin inflammatry

syndrme, 1351
immunizatin, 1319
immundeficiency, 1333
inflammatry reactins, 1351
injectin drug abuse, 1305
labratry findings, 1334–1336, 1335t
leishmaniasis with, 1519
lymphadenpathy, 239
meningitis, 1343
myelpathy, 1343
nephrpathy, 934t, 944–945

neurretinal disrder, 191
neursyphilis with, 1506
pathphysilgy

autimmunity/allergic & hypersensitivity
reactins, 1333–1334

immundeficiency, 1333
Pneumocystis jirovecii pneumnia,

1559–1560

pstexpsure prphylaxis, 4, 1353–1354
preexpsure prphylaxis, 4

in pregnancy, 820–821

preventin, 1560
frm RBC transfusin, 545–546
retinpathy, 191

screening, 4
sexually transmitted, 1303, 1304
symptms & signs, 1334
syphilis with, 1506
systemic

nausea, 1337
weight lss and wasting syndrme,

1336–1337
transfeminine, 1740
transmissin mdes, 1331
transmissin risk, 1331–1333
treatment & prgnsis, 1560
vaccines, cntraindicatin, 4
viral lad test, 1335–1336

HIV infectin/AIDS, cmplicatins,
1336–1351

cardivascular
crnary artery disease, 1350–1351
dilated cardimypathy, 418

CNS disease, 1342–1343
CNS lymphma, 1342
cryptcccal meningitis, 1009, 1338t,

1339t, 1343
meningitis, 1343
meningcccal meningitis, 1343

cryglbulinemia, 861
cytmegalvirus, 1386–1388
dementia/neurcgnitive disrders,

1342–1343
endcrinlgic, 1347

crtisl deficiency, 1347
hypgnadism, 1347
thyrid deficiencies, 1347

facial palsy/paralysis, 215
fever f unknwn rigin, 1288
gastrintestinal, 1345–1347

AIDS enterpathy, 1347
biliary disease, 1346
enterclitis, 1346–1347
esphageal candidiasis, 1339t, 1345
gastritis, 627
gastrpathy, 1347
malabsrptin syndrme, 1347

gyneclgic, 1350
cervical cancer, 795
cervical dysplasia/carcinma, 1350
pelvic inflammatry disease, 1350
vaginal candidiasis, 1339t, 1350

hepatic, 1345–1346
hepatitis C virus, 686

herpes simplex, 1339t
herpes zster, 1339t, 1347–1348

phthalmicus, 191
retinitis, 191

intracranial mass lesins, 1009

malignancies, 1349–1350
anal dysplasia & squamus cell carcinma,

1350
brain lymphma, primary, 1349
cervical carcinma, invasive, 1349, 1350
CNS lymphma, 1342
Hdgkin disease, 1350
Kapsi sarcma, 147–148, 1339t, 1349
lymphma, 1331
nn-Hdgkin lymphma, 1338t, 1349

Mycobacterium avium cmplex, 1338t
myelpathy, 1343
mypathy, 1344
cular

cytmegalvirus retinitis, 1339t

infectin, 182
retinal disrders, 191

retinitis, cytmegalvirus, 1344–1345,
1344f, 1387

pprtunistic infectins, 1338t–1339t
(See also specific types)

ral lesins, 1345
angular cheilitis, 1345
aphthus ulcers, 1345
candidiasis, 226–227, 227f, 1345
gingival disease, 1345
hairy leukplakia, 225f, 1345
Kapsi sarcma, 1345
warts, 1345

titis media, 215
tlgic, 215

peripheral nervus system disease,
1343–1344

inflammatry demyelinating
plyneurpathy, 1343

neurpathies, 1040
peripheral neurpathy, 1343–1344

prgressive multifcal leukencephalpathy,
1343

prphylaxis, 1357–1358
Mycobacterium avium cmplex, 1357
Pneumocystis pneumnia, 1357t, 1358
txplasmsis, 1358

pulmnary, 1337–1342
bacterial, 1340
cccidiidmycsis, 1341
COVID-19, 1341
cryptcccus, 1341
cytmegalvirus, 1341
histplasmsis, 1341
interstitial pneumnitis, 1341
Kapsi sarcma, 1341
lung cancer, 1341
mycbacterial, 1340, 1340f
nn-Hdgkin lymphma, 1341
Pneumocystis jirovecii pneumnia,

1337–1340, 1337f, 1338t
Pneumocystis pneumnia, 1331
sinusitis, 1341–1342
sinusitis, invasive fungal, 219
tuberculsis, treatment, 282–283

rheumatlgic & bne, 870, 1344
psriatic arthritis, 870
rheumatid arthritis, 870
spndylarthritis, 870

skin, 1347–1349
Candida, 1348–1349
fungal rashes, 1348–1349
herpes simplex, 1347, 1347f
herpes zster, 1347–1348
mlluscum cntagisum, 143, 143f, 1348,

1348f
psriasis, 1349
sebrrheic dermatitis, 113, 1349
Staphylococcus, 1348
xersis, 1349

txplasmsis, 1338t, 1342
treatment, 1358

HIV infectin/AIDS, preventin, 1351–1357,

1560
primary, 1351–1355

bld/bld prducts, 1355
health care settings, 1354
HIV vaccine, ptential, 1355
perinatal transmissin, 1354
pstexpsure prphylaxis, 4, 1353–1354
preexpsure prphylaxis, 4, 1352–1353, 1353t
testing & cunseling, 1351–1352
treatment as preventin, 1352

CMDT22_Index_p1741-1840.indd 1786 02/07/21 2:49 PM



INDEX 1787CMDT 2022

secndary, 1355–1357, 1356t
immunizatins, 4, 1355, 1356
safe sex cunseling, 1357
syphilis, 1355–1356
tuberculsis, 1355

HIV infectin/AIDS, treatment, 1357–1373

adherence, patient, 1
antiretrviral therapy, 1358–1373 (See also

Antiretrvirals, fr HIV/AIDS;
specific types)

cmplicatins, 1338t–1339t, 1358
cmplicatins prphylaxis

Mycobacterium avium cmplex, 1357
Pneumocystis pneumnia, 1357t, 1358
txplasmsis, 1358

curse & prgnsis, 1373
mnitring, 1369–1372, 1371f

HJV, 714
HLA-B27, 182, 864
HLA-DR3, 1048
HMBS mutatin, 1676
HMG-CA reductase inhibitrs

fr acute crnary syndrme, 372
withut ST-segment elevatin, 372

cardiac risk assessment/reductin, 42
fr crnary heart disease preventin,

356–359, 357f, 358t
effectiveness, 8
fr heart failure, 411
fr high LDL chlesterl, 1261–1263, 1261t,

1262t
HNF1alpha mutatin, 722
Harding, 1061
Harseness, 233

Hdgkin disease/lymphma, 537–538

Epstein-Barr virus, 1385
HIV/AIDS, 1350

CNS, 1342
thyrid, 1145
treatment, 1614t

Hliday heart, 391
Hlmium laser enucleatin f the prstate, 976
Hme safety evaluatin, 60
Hmicide, 12
Hmcysteine metablism disrders, 1681

Hmcystinuria, 1681
Hmphbia, internalized, 1732
Hneybee venm allergy, 878
Hkwrm

cat, 1549
disease, 1546–1547

dg, 1549
esinphilic pulmnary syndrmes, 296

Hrdelum, 167

Hrmne replacement therapy
gallstnes frm, 723
gnadtrpin hrmne, 1114
grwth hrmne, 1114
fr menpause, 1205–1207
primary biliary cirrhsis frm, 711
thyrid, 1113

Hrmne therapy. See also specific types
feminizing, 1736–1737, 1736t, 1738t
masculinizing, 1737, 1737t, 1739t
ral cntraceptives, 779–781, 780t, 781t
sex, retinal vein cclusin frm, 199t
transdermal cntraceptive patch, 782

Hrner syndrme, 35, 981, 998, 1026
Hrnet venm allergy, 878
Hspice, 73
Hspital-assciated/acquired infectins

pneumnia, 267t, 273–276, 274t, 275t
scabies, 150
sinusitis, 217

Hspital-assciated fever f unknwn rigin,
1288

Hspitalizatin, pressure injury, 63–64, 64t
Hspitalizatin-assciated psychiatric

disrders, 1107–1109

acute prblems, 1107
intermediate prblems, 1107, 1108
recuperative prblems, 1107, 1108
treatment & prgnsis, 1108–1109

Ht drinks, rsacea frm, 129–130, 130f
Ht flushes, 1203
Ht tub flliculitis, 130–132
HPV. See Human papillmavirus (HPV)
HTLV. See Human T-cell lymphtrpic/

leukemia virus
Human bite wunds, 1301
Human chrinic gnadtrpin

pregnancy test, 799
trphblastic tumrs secreting, 1131–1132
TSH receptr binding, 1131

Human grwth hrmne. See Grwth hrmne
Human herpesvirus, 1374–1390. See also

specific types
cytmegalvirus disease, 1386–1389

Epstein-Barr virus, 1379t, 1384–1385

genital infectins, 1303
herpes zster, 1378–1383

HHV-1 & 2, 1374–1378

HHV-3, 1378–1383

HHV-4 (See Epstein-Barr virus)
HHV-6, 1389

aphthus ulcer, 228
diagnstic features, 1379t

HHV-7, 1389

HHV-8, 147, 1390

Kapsi sarcma, 1333
small intestine sarcma, 1645

infectius mnnuclesis, 1379t, 1384–1385

ther EBV-assciated syndrmes, 1385–1386

varicella, 1378–1383, 1379t
Human herpesvirus 1 & 2, 121–122,

1374–1378

anrectal, 674
Bell palsy, 1375, 1376
CNS, 1375, 1376
disseminated, 1375, 1376
epidemilgy, 1374
esphagitis & prctitis, 1375–1376
HIV and, 1374
muccutaneus, 1374, 1315f
nenatal and cngenital, 1374–1376
cular, 1374, 1375, 1376
pneumnia, 1375, 1376
preventin, 1376–1378
treatment, 1376, 1377t

Human immundeficiency virus. See HIV
infectin/AIDS

Human menpausal gnadtrpin, 778
Human metapneumniavirus, 1428–1429

Human papillmavirus
anal cancer, 1652
cancer and, 1613
cervical dysplasia, frm thipurines, 654
cervical intraepithelial neplasia, 3, 11, 12,

792–794, 792t, 793f
cndylmata acuminata, 141–143, 142f, 674,

792

gay & bisexual men, 1733
head & neck cancers, 226
HIV/AIDS

anal dysplasia, 1350
squamus cell carcinma, 1350

inverted papillmas, 223
laryngeal cancer, 236

lesbian & bisexual wmen, 1728
rpharyngeal squamus cell carcinma, 226
recurrent respiratry papillmatsis, 233
sexually transmitted, 1303–1304

vulvar carcinma, 797
warts, 141–143, 142f

Human papillmavirus vaccine, 3, 11, 12, 141,
793–794, 1323t

adverse effects & cntraindicatins, 1327t
gay & bisexual men, 1734–1735, 1734t

Human parainfluenza viruses, 1428–1429

Human parechvirus, 1445–1446

Human pegvirus, 686
Human rabies immune glbulin, 1399–1400
Human T-cell lymphtrpic/leukemia virus,

1408–1410

HTLV-1
adult T-cell lymphma/leukemia,

1409–1410, 1642
myelpathy/trpical spastic paraparesis,

1409–1410, 1642
myelpathy, 1034

prevalence, 1408–1409
RBC transfusin, 546

“Humidifier” lung, 308, 308t
Humral immunity, impaired, 1291
Huntingtin gene, 1018
Huntingtn disease, 1018–1019

Huntingtn disease-like disrders, 1018
Hürthle cell carcinma, 1142, 1144–1145,

1150
Hutchinsn sign, 1380, 1381
Hyaline casts, 912, 913t, 916t
Hydatidifrm mle, 805–807

Hydralazine
fr heart failure, 410
fr hypertensin, 465t, 466

Hydratin
fr diarrhea, 595
end f life, 73–74

Hydrcarbn slvents
Gdpasture syndrme frm, 938
pisning, 1607

Hydrcephalus
nrmal pressure, after head trauma,

1030
subarachnid hemrrhage, 1002

Hydrchlrthiazide, lichenid drug eruptins
frm, 146

Hydrcdne, 85t, 86t, 88t, 89t
Hydrgenated starch hydrlysates, 1221
Hydrgen breath test, 592, 641–642, 649
Hydrgen cyanide pisning, 1597–1598
Hydrmrphne, 85t, 88t

verdse/pisning, 1605–1606
Hydrnephrsis, 38, 449

acute kidney injury, 917
cervical cancer, 795
kidney bipsy, 915
bstructive urpathy, 946
pyelnephritis, 957
schistsmiasis, urinary, 1540
treatment, 947
ureterhydrnephrsis, 957
urthelial cell carcinma, 1662
vesicureteral reflux, 946
Wlfram syndrme, 1214

Hydrps, gallbladder, 725
Hydrps fetalis, 507
Hydrxychlrquine, adverse cular effects,

197, 199t
Hydrxychlrquine sulfate, fr rheumatid

arthritis, 836
21-Hydrxylase deficiency, 1172, 1198
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Hydrxymethylglutaryl cenzyme A
(HMG-CA) reductase inhibitrs.
See HMG-CA reductase inhibitrs

Hymenolepis nana, 1543
Hyoscyamus niger, 1595
Hyperacusis, 211, 1110–1114
Hyperadrenergic pstural rthstatic

tachycardia syndrme, 993
Hyperaldsternism, 1179–1181

diagnsis & wrkup, 446
hypertensin, 446

Hyperandrgenism
acne, female, 127
amenrrhea frm, 1200, 1202
plycystic vary syndrme, 776
pstural rthstatic tachycardia syndrme,

993
Hyperbaric xygen, fr carbn mnxide

pisning, 1597
Hyperbilirubinemia, 677

chlestasis, 677, 678, 678t
cnjugated, 677, 678t
Dubin-Jhnsn syndrme, 677, 678t, 679t
Gilbert syndrme, 677, 678t, 679t, 701
intrahepatic chlestasis f pregnancy, 677,

678t, 679t
intrahepatic chlestasis syndrme, recurrent/

prgressive, 677, 678t, 679t
liver bichemical tests, abnrmal, 677–679,

678t, 679t
rtr syndrme, 678t, 679t
uncnjugated, 677, 678t

Hypercalcemia, 897–899, 898t
artefactual, 1157
frm calcium supplementatin, excess, 1158
frm cancer, 1667–1668

familial hypcalciuric, 1158
frm hyperparathyridism, 897–899, 898t,

1155–1158
frm immbilizatin, 1158
lung cancer, 1623
f malignancy, 1157–1158
pancreatitis, 732
phechrmcytma frm, 1183
plasma cell myelma, 950
sarcidsis, 1158

Hypercalciuria
absrptive, 965
calcium nephrlithiasis, 965
renal, 965
resrptive, 965

Hypercapnia, 910

Hypercartensis, 1279
Hyperchlremia, 906–907
Hyperchlremic metablic acidsis, 892, 905

chrnic tubulinterstitial diseases, 946
diabetic ketacidsis therapy, 1247
nrmal anin gap, 906–907, 906t
frm parenteral nutritin, 1286t
renal tubular acidsis, 907–908

Hyperchlesterlemia
crnary heart disease, 356
familial, 1256–1257, 1264–1265, 1265f,

1678–1679

nephrtic spectrum glmerular diseases, 941
screening & treatment, 1258–1260, 1259t

ezetimibe & PCSK9 inhibitrs, 1260, 1261,

1262t, 1263, 1265, 1265f
shared decisin making, 1259
statins, 356–359, 357f, 358t, 1259–1260

Hypercagulability
COVID-19, 571
lung cancer, 1623
pulmnary venus thrmbemblism, 297

Hypercagulable state
nephrtic spectrum glmerular diseases, 941
transient mncular visual lss, 188

Hypercrtislism, 1175–1179. See also Cushing
syndrme

Hyperemesis, cannabinid, 586, 1603
Hyperemesis gravidarum, 801–802

Hyperemic stage, 1570
Hyperesinphilic syndrmes, 879t
Hypergammaglbulinemia

IgM, Waldenström macrglbulinemia, 541
pseudhypnatremia, 885
reactive (benign) plyclnal, 539, 541

Hypergastrinemia
pernicius anemia gastritis, 627
Zllinger-Ellisn syndrme, 635–636

Hyperglucagnemia
diabetes mellitus type 1, 48, 1212, 1214,

1214t, 1226, 1246
hyperglycemic hypersmlar state, 1248

Hyperglycemia
frm alpelisib, 1214
diabetes mellitus, 1219
hyperkalemia frm, 894
hyptnic hypnatremia, 885
prebreakfast, diabetes, 1235
treatment, medicatin, 1221–1229,

1222t–1223t
alpha-glucsidase inhibitrs (acarbse &

miglitl), 1222t, 1225–1226
biguanides, 1222t, 1224–1225

brmcriptine, 1223t, 1229
clesevelam, 1223t, 1229
D-phenylalanine derivative (nateglinide),

1222t, 1224, 1236
DPP-4 inhibitrs, 1223t, 1227–1228, 1236,

1236f
GLP-1 receptr agnists (dulaglutide &

exenatide), 1222t–1223t, 1226–1227,
1236, 1236f

incretins, 1222t–1223t, 1226–1227
melitinide analgs, 1222t, 1224
metfrmin, 1215–1216, 1222t, 1224–1225,

1235–1236, 1236f, 1243, 1250
pramlintide, 1223t, 1229
SGLT2 inhibitrs, 1223t, 1228–1229, 1236,

1236f, 1239, 1243, 1245, 1254
sulfnylureas, 1215, 1221–1224, 1222t,

1236, 1236f
thiazlidinedines (rsiglitazne &

piglitazne), 1222t, 1225, 1236,
1236f

Hyperglycemic hypersmlar cma, 1216
Hyperglycemic hypersmlar state, 1248–1249

Hypergnadtrpic hypgnadism. See under
Hypgnadism, male

Klinefelter syndrme, 1682
Hyperhmcysteinemia, 1681
Hyperinfectin syndrme, Strongyloides

stercoralis, 1547
Hyperinsulinemia

acne vulgaris, 128
hypglycemia frm, 1251

Hyperkalemia, 893–895, 896t
acute kidney injury, 893, 894
causes, 893, 893t
chrnic kidney disease, 893, 894, 927–928
diabetic ketacidsis, 1245
frm medicatins, 894–895
mineralcrticid deficiency, 887
persistent, 893
pstperative, 50
frm ptassium release, increased, 894
frm renal excretin, impaired, 894

transient, 894
treatment, 895, 896t

Hyperkalemic peridic paralysis, 894, 1053
Hyperkinetic seizure, 987
Hyperlactatemia, 1250
Hyperlipidemia

frm antipsychtics, 1075, 1075t
central & branch retinal artery cclusins,

187
membranus nephrpathy, 943
nephrtic spectrum glmerular diseases, 941
pancreatitis, 732
treatment, drug, 8

Hypermagnesemia, 903

hypparathyridism frm, 1152
n parathyrid hrmne, 901–902

Hypernatremia, 889–891

definitin, 889
diabetes insipidus, 890, 1115–1116
fluid replacement fr, 890
nnliguric patient, 890
liguric patient, 889–890
pathphysilgy, 889
water deficit calculatin, 890

Hypersmlar nnkettic dehydratin, 1286t
Hyperxaluric calcium nephrlithiasis, 965
Hyperparathyridism, 1155–1161

clinical findings, 1156–1157
cmplicatins, 1157
hypercalcemia, 897–899, 898t, 1155–1158
hypcalcemia, 895
MEN 1, 1189
metablic bne disease, 927
mypathy, 1053
nrmcalcemic, 1156, 1157, 1158
primary, 1155
secndary and tertiary, 1155–1156
treatment, 1158–1160

Hyperphsphatemia, 901, 901t
acute kidney injury, 915
metablic bne disease, 926–927

Hyperpigmentatin, 159–160, 160f
frm antipsychtics, 1075
lwer extremity edema, 28
nail, 162

Hyperprlactinemia, 1119–1121

causes, 1119, 1119t
luteinizing hrmne/fllicle stimulating

hrmne deficiency, 1111
Hyperprliferative anemia, 506. See also

Thalassemias
Hyperprteinemia

hepatic venus utflw bstructin, 717
pseudhypnatremia, 888

Hyperprthrmbinemia, 563, 717
Hyperreacti luteinalis, virilizatin, 1198
Hypersensitivity

delayed, 880–881

drug exanthems, 165t, 880

drug-induced hypersensitivity syndrme,
881

pathphysilgy, 880
immediate, 877–880

anaphylaxis, 877

aspirin (NSAID) exacerbated respiratry
disease, 880

drug allergy, 878

fd allergy, 877–878

pseudallergic reactins, 878–880, 879t
venm allergy, 878

penicillin, 1318–1319
pneumnitis, 266, 286, 305, 306, 307–308,

308t
reactins/syndrmes
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HHV-6, 1389
HIV/AIDS, 1333–1334
RBC transfusins, 545

Hypersmnias, 1094–1095

breathing-related sleep disrders, 231–232,
316, 1094

Kleine-Levin syndrme, 1094

narclepsy syndrme, 1094
peridic limb mvement disrder, 1094

shift wrk sleep disrder, 1094

Hypertensin, 443–449

acute kidney injury, 915
angina, chrnic stable, 363, 364f, 365
atrial fibrillatin, 391
autsmal dminant plycystic kidney

disease, 949
bld pressure measurement/diagnsis,

443–445, 444f, 444t (See also Bld
pressure)

branch retinal artery cclusins, 187
cardivascular disease risk, 8
central & branch retinal artery cclusins,

187
chrnic kidney disease, 469, 470t, 923, 925,

928
clinical findings, 447–449, 448f
carctatin f arta, 325
frm cmbined ral cntraceptives, 781
crnary artery disease, 354, 360
crnary heart disease, 356
diabetes mellitus, 1217, 1242
etilgy & classificatin

primary essential, 445
secndary, 445–447, 446t

genetics, 445
headache, 34, 35
hyperaldsternism, 1180
hypertensive retinchridpathy, 190, 448f
hypertensive urgencies & emergencies,

471–474, 472t–473t
idipathic intracranial, 1011–1013

intracerebral hemrrhage, 999–1000
masked, 443
metablic syndrme, 356
ncturnal dip, 443, 466–467
cular, 180
phechrmcytma/paraganglima,

1182–1186
n phsphate reabsrptin, 899
placental abruptin, 812
frm pisning, 1584
prtal (See Prtal hypertensin)
prtpulmnary, cirrhsis, 709
pregnancy, 817

preperative evaluatin/periperative
management, 44–45

prevalence, 8
preventin, 8–9
pulmnary, 301–303, 432–434, 433t

(See also Pulmnary hypertensin)
pulmnary venus, 21, 291t, 301, 302, 405,

416
renal artery stensis, 445–446, 446t, 449, 469
renal vascular, 445–446
renin-mediated, plyarteritis ndsa, 856
resistant, 470–471, 471t
sixth nerve palsy, 194
spntaneus subarachnid hemrrhage,

1001–1002
systemic lupus erythematsus, 840
treatment, 8, 365
untreated, cmplicatins, 447
varicse veins, 489
“white cat,” 443, 470

Hypertensin, treatment
ACCORD study, 451
after MI, 470t
autnmic nervus system mdulatin, 466
in blacks, 469, 470t
cerebrvascular risk factrs, 451
chrnic kidney disease, 469, 470t
diabetes, 468–469, 470t
drug therapy, antihypertensives, 451–470

(See also Antihypertensives; specific
agents and drug classes)

fllw-up, patient, 470
gender, 468
gals, 449–451
heart failure, 469, 470t
HOPE3 study, 451
indicatins and risk factrs, 449, 450t
lwering level, 451
nnpharmaclgic, 449, 449t
in lder adults, 467, 469–470
ONTARGET study, 451
SPRINT study, 450–451
supine hypertensin, with rthstatic

hyptensin, 470
TRANSCEND study, 451

Hypertensive cardivascular disease, 447
Hypertensive cerebrvascular disease, 447
Hypertensive crisis with retinpathy, 190
Hypertensive emergencies, 448, 471–474,

472t–473t
Hypertensive encephalpathy, 448
Hypertensive hemrrhage, 999–1000
Hypertensive kidney disease, 447
Hypertensive left ventricular hypertrphy, 447
Hypertensive retinchridpathy, 190, 193,

448f
Hypertensive retinpathy, 448, 448f
Hypertensive urgencies, 471–474, 472t–473t
Hyperthecsis, 1197
Hyperthermia, 30–31, 1570

malignant catatnia, 30

malignant hyperthermia f anesthesia, 30,
1296

neurleptic malignant syndrme, 30

pathphysilgy, 30
frm pisning, 1585–1586
sertnin syndrme, 30

Hyperthyridism, 1130–1139, 1135t
acute adrenal crisis, 1171
adrenal insufficiency, primary, 1171
after parathyrid surgery, 1160
frm amidarne, 1126, 1131, 1133–1134,

1138
anvulatin, 776
autimmune thyriditis, 1131

clinical findings, 1132–1134
cmplicatins, 1134
dyspnea, 19
endcrine shck, 498
fatigue, 33, 34
Graves disease, 1130–1131

gynecmastia, male, 1196t
hCG-secreting trphblastic tumrs,

1131–1132

hypercalcemia, 1158
hyperparathyridism, 1156
hypgnadism, male, 1191t
hypkalemic peridic paralysis, 1133, 1139
frm immune checkpint inhibitrs, 1131
idine-induced, 1131, 1151, 1152
labratry test aberratins, 1133, 1133t
medicatin-induced, 1131

multiple endcrine neplasia, 1190
myasthenia gravis, 1048

mypathy, 1053
vert, pregnancy, 815
palpitatins, 26
pituitary thyrtrphe tumr, 1132
pstpartum thyriditis, 1123–1124, 1125,

1131, 1139
pregnancy, 1131–1132, 1132–1133,

1137–1138
preperative evaluatin/periperative

management, 49
prgnsis, 1139
stress cardimypathy, 421
struma varii, 1132
subclinical, 1133, 1139
testicular chricarcinma, 1131–1132
thyrid cancer, 1132, 1146, 1148
thyriditis, 1123–1125, 1126
thyrid ndules, 1131, 1137, 1141–1143,

1141t
thyrid tests, 1127t
thyrtxicsis factitia, 1132, 1133
txic multindular giter, 1131

treatment, 1135t
cmplicatins, 1138–1139
Graves disease, 1134–1137, 1135t
thyriditis, 1137
txic ndular giter, 1137
txic slitary thyrid ndules, 1137

frm tyrsine kinase inhibitrs, 1131
Hypertnic hypnatremia, 885, 886
Hypertrichsis lanuginsa, 1198
Hypertriglyceridemia, 1266

nephrtic spectrum glmerular diseases, 941
nnalchlic fatty liver disease, 702
pseudhypnatremia, 885, 888

Hypertrphic cardimypathy, 419t, 421–423

asymmetric septal hypertrphy, 421
athlete/athlete screening, 439, 440, 441t
heart failure, 404
interventins n, 336t
mitral regurgitatin, 339
in lder adults, 422
palpitatins, 26, 27
sudden cardiac death, 400, 439
ventricular tachycardia, 399, 418

Hypertrphic pulmnary stearthrpathy, 875
Hyperuricemia

alchl use disrder, 829, 830, 831
cancer, 1668–1669

diabetes mellitus, 1242
guty arthritis, 829–830, 830f
nephrtxins, endgenus, 918
plasma cell myelma, 950

Hyperuricsuric calcium nephrlithiasis, 965
Hyperventilatin

acute, 315–316
central neurgenic, 1027
chrnic, 316
respiratry alkalsis, 910
syndrmes, 315–316

Hyperviscsity syndrme
plasma cell myelma, 539
transient mncular visual lss, 188
Waldenström macrglbulinemia, 541–542

Hypervlemic hypnatremia, 886f, 887
Hyphema, 195
Hypnaggic hallucinatins, 1094
Hypnsis, 1065
Hypntic agents, 1058t
Hypalbuminemia

anasarca, 606
ascites, 605t
Crhn disease, 656
diarrhea, chrnic, 597
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Hypalbuminemia (Cont.):
hypcalcemia frm, 895
malabsrptin, 597
membranus nephrpathy, 943
nephrtic spectrum glmerular diseases, 941
prtein-lsing enterpathy, 639, 647
ulcerative clitis, 662

Hypbaric hypxia, air travel, 1580
Hypcalcemia, 895–897, 897t

etilgy, 895–897
pstperative, prphylaxis, 1153

Hypcapnia, 899–900, 904t, 910–911, 910t
Hypcitraturia, 965–966
Hypcitraturic calcium nephrlithiasis,

965–966
Hypglssal nerve stimulatin, bstructive

sleep apnea, 317
Hypglycemia, 1250–1255

alchlic, 1102, 1251
alimentary, functinal, 1254

causes, 1251t
differential diagnsis, 1250–1251, 1251t
disulfiram interactin, 1583
frm ethanl, 1255

factitius, 1255

fasting, 1250–1251
immunpathlgic, 1251
insulin receptr antibdy, 1255

frm insulin therapy, 1237–1238
medicatin- & ethanl-induced, 1255

nnislet cell tumr, 1254

pancreatic B cell tumr, 1251–1253,

1252t
frm pisning, 1583
pstprandial (reactive), 1251, 1254–1255

Hypglycemic agents. See also specific types
ral preperative evaluatin/periperative

management, 48
verdse/pisning, 1600

antidtes, 1586t
hypthermia, 1583

Hypgnadism, 971
age-related, 1191
HIV/AIDS, 1347
male, 1191–1195

age-related, 1191
hypergnadtrpic, 971, 1191–1195,

1191t
hyperprlactinemia, 1119
hypgnadtrpic, 1110–1111, 1112,

1191–1195, 1191t
acquired, 1111
cngenital, 1111
frm piid use disrder, 1111
in Prader-Willi syndrme, 1111

Hypgnadtrpic hypgnadism. See under
Hypgnadism, male

Hypkalemia, 584, 891–893

causes, 891, 891t, 892f
hyperaldsternism, 1180, 1181

Hypkalemic peridic paralysis, 892, 1053,
1133, 1139

Hypmagnesemia, 902, 902t
n parathyrid hrmne, 901–902

Hypnatremia, 885–889

acute, 888
acute intermittent prphyria, 1676
chrnic, 885, 888, 889
clinical findings, 888
crrectin rate, ptimal, 888–889
definitin, 885
diagnsis, 886f
hypertnic, 885, 886
hypthyridism and, 1129

hyptnic, 885–888 (See also Hyptnic
hypnatremia)

ADH-dependent causes, 886–888
ADH-independent causes, 885–886

istnic, 885
smtic demyelinatin and crrectin rate,

888–889
pathphysilgy, 885, 886f
symptmatic, 888
translcatinal, 888
treatment, 888–889

Hypparathyridism, 1152–1155, 1154t
acquired, 1152
autimmune, 1152
cngenital, 1152
mypathy, 1053
pseud-, 1153

Hypphsphatasia, 1168
Hypphsphatemia, 899–901

causes, 1167
etilgy, 899–900, 900t
rickets & stemalacia, 1166–1169
starvatin, refeeding after/recvery, 900t,

1167
tumral, 1167, 1168

Hypphysitis, lymphcytic
central diabetes insipidus, 1115
hypgnadism, male, 1191t
hyppituitarism, anterir, 1110–1114

Hyppigmentatin, 159–160, 159f
Hyppituitarism, 1111

subarachnid hemrrhage, 1002
Hyppituitarism, anterir, 1110–1115

acquired, 1111
ACTH deficiency, 1111
cngenital, 1110–1111
functinal, 1111
gnadtrpin deficiency

acquired, 1110–1111
cngenital, 1110

grwth hrmne deficiency, 1110
hypthalamic damage, 1111
lymphcytic hypphysitis, 1110–1114
with mass lesins, 1110
panhyppituitarism, 1111
pituitary adenma, nnfunctining, 1121
pituitary metastases, 1110
pituitary neurendcrine tumrs, 1110
Prader-Willi syndrme, 1110
prlactin deficiency, 1111
thyrid-stimulating hrmne deficiency,

1111
withut mass lesins, 1110–1111

Hyppnea, sleep, 316
Hypprthrmbinemia, 1136

frm antidepressants, 1087t
chledchlithiasis & chlangitis, 727
cirrhsis, 709
factr II, acquired antibdies, 563

frm petrleum distillates/slvents, 1607
frm prpylthiuracil, 1136

Hyppyn, 177, 178, 182
Hypreninemic hypaldsternemic renal

tubular acidsis
anin gap acidsis, nrmal, 906t, 907

diabetic nephrpathy, 907, 944
Hypsmia, 221

COVID-19, 216, 221
Kallmann syndrme, 1111
sarcidsis, 224

Hyptensin
after STEMI, 380–381
rthstatic

chrnic idipathic, 402

diabetes mellitus, 1241
supine hypertensin, 470
syncpe, 402

frm pisning, 1583–1584
shck, 498
frm ventricular tachycardia, 400

Hypthalamus & pituitary gland disrders,
1110–1122

acrmegaly & gigantism, 1117–1118

amenrrhea, 1201
central diabetes insipidus, 1115–1116

hyperprlactinemia, 1119–1121, 1119t
hyppituitarism, anterir, 1110–1115, 1111
pituitary adenmas, nnfunctining,

1121–1122

Hypthermia, 1568
accidental systemic, 1568–1570, 1569f
frm benzdiazepines, 1583
cagulpathy frm, 499
with drwning, 1571, 1572
frm ethanl, 1582
extremities, 1570

frm fluid resuscitatin, unwarmed
large-vlume, 499

frm hypglycemic agents, 1583
Osbrn waves, 1569, 1569f
frm phenthiazines, 1583
frm pisning, 1583
rewarming fr, 1569
frm sedative-hypntics, 1583
stages, 1569
systemic, 1568
treatment, 1569

Hypthyridism, 1126–1130, 1127t, 1128t
amenrrhea, 1200
anvulatin, 776
causes, 1126
central, 1112
clinical findings, 1126–1127, 1127t, 1128t
cmplicatins, 1128
endcrine shck, 498
fatigue, 33, 34
fibrmyalgia, 874
hypnatremia and, 887, 1129
hyptnic hypnatremia, 887
labratry test aberratins, 1127, 1128t
LDL, high, 1258
mypathy, 1053
pregnancy, 1129

vert, 814–815
subclinical, 815

preperative evaluatin/periperative
management, 49

prgnsis, 1130
subclinical, 1127
thyrid tests, 1127t
treatment

initial, 1128–1129
mnitring & ptimizing, 1129–1130

frm tyrsine kinase inhibitrs, 1131
Hypthyrid tetany, 1153–1154
Hyptnic hypnatremia, 885–888

acute kidney injury, 886
ADH-dependent causes, 886–888

adrenal insufficiency and hypthyridism,
887

hypervlemic hypnatremia, 886f, 887
hypvlemic hypnatremia, 886–887,

886f
MDMA, 888
mucsa-assciated hypnatremia, 887
nausea, pain, and surgery, 887
NSAIDs, 887
reset smstat, 887
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syndrme f inapprpriate ADH secretin,
887, 887t

thiazide diuretics, 887
ADH-independent causes, 885–886

beer ptmania and “tea and tast” diet,
886

psychgenic plydipsia, 885–886
renal impairment, 886

apprpriate/inapprpriate, 886
Hypventilatin

alvelar
besity-hypventilatin syndrme, 316

primary, 315
pulmnary hypertensin, 301

fr besity-hypventilatin syndrme, 262
respiratry acidsis, 910
sleep-related, 1094

Hypvlemia, prerenal aztemia, 915
Hypvlemic hypnatremia, 886–887, 886f
Hypvlemic shck, 496, 497t, 498, 499
Hypxemia

air travel, 1580
carbn mnxide pisning, 719

Hypxia
acute, 1579–1580

hypbaric, air travel, 1580
Hypxia inducible factr 2A germline

mutatins, 1190
Hypxic hepatitis, 719
Hy’s law, 700
Hysterical persnality disrder, 1068–1069,

1068t
Hystersalpinggraphy, 769t
Hystscpy, 769t

I

Iatrgenic Kapsi sarcma, 147
Iatrgenic smtic demyelinatin syndrme,

888
Iatrgenic pneumthrax, 314
Ibalizumab, 1362t, 1368
Ibuprfen, 81, 82t

Ibutilide, 385t
“Ice,” 1104
Icsapent ethyl, 358, 1263–1264
Icteric leptspirsis, 1509
Icterus, 677–680. See also Jaundice
Idarubicin, mycarditis frm, 417
IDH1 mutatin, 1613t
IDH2 mutatin, 531, 1613t
Idipathic aplastic anemia, 518
Idipathic crescentic glmerulnephritis, 933t,

937
Idipathic duct-centric chrnic pancreatitis,

737
Idipathic interstitial pneumnia, 292, 293t
Idipathic intracranial hypertensin,

1011–1013

Idipathic midline destructive disease, 224
Idipathic Parkinsn disease, 992
Idipathic pulmnary fibrsis, 292, 293t,

294f
Idipathic pulmnary hemsidersis, 304
Idipathic subglttic stensis, 243
Idipathic trsin dystnia, 1019

IFNL3 (IL28B), 686
Ifsfamide

hemrrhagic cystitis frm, 1616t, 1673
prximal renal tubular acidsis frm,

907
IgA deficiency, selective, 881–882, 882t
IgA nephrpathy, 933t, 934, 936

IgA vasculitis, 862

IgE-dependent anaphylaxis, 877

IgG
4

disease, 852–853

thyriditis, 1123
IgM autantibdy, 517–518
IgM hypergammaglbulinemia,

macrglbulinemia, 541
IgM paraprtein, 533
IgVH mutatin, 533
IL28B (IFNL3), 686
Ileum, terminal

antibitic-assciated clitis, 652
Crhn disease, 656, 657, 658, 659
inflammatry bwel disease, 653
shrt bwel syndrme, resectin, 640–641

Ileus, 642
acute paralytic, 642–643

Iliac artery, cclusive disease, 475–476

Iliac vein cmpressin, 27
Illicit drugs. See Substance use disrder
Illness-assciated psychiatric disrders,

1107–1109

acute prblems, 1107
intermediate prblems, 1107, 1108
recuperative prblems, 1107, 1108
treatment & prgnsis, 1108–1109

Imidazles, 103t
Imipramine, n weight, 1270t
Immediate hypersensitivity, 877–880. See also

Hypersensitivity, immediate
Immersin

ft, 1570

hand, 1570
Immbility

hypercalcemia frm, 1158
lder adults, 58
pressure injury, 63–64, 64t
urinary incntinence, 61

Immune alvelar hemrrhage, 303
Immune checkpint inhibitrs

hyperthyridism frm, 1131
interstitial nephritis frm, 920

Immune cmplex depsitin disease, 921
Immune-mediated inflammatry mypathies,

848–850, 849f, 849t
Immune-mediated necrtizing mypathy,

848–850, 849f, 849t
Immune recnstitutin inflammatry

syndrme
cytmegalvirus retinitis treatment, 191
medicatin-assciated prgressive multifcal

leukencephalpathy, 1408
Immune recvery uveitis, 191
Immune suppressin, malignant disease

neurlgic cmplicatins, 1011
Immune thrmbcytpenia, 550–552, 552f
Immunity

active, 1319
in immuncmprmised, 1291
passive, 1319

Immunizatin. See Vaccines (vaccinatin)
Immuncmprmised/immundeficiency.

See also specific types
cytmegalvirus disease, 1386–1388
pulmnary infiltrates, 277

txplasmsis, 1531, 1532
vaccines, cntraindicated, 4

Immuncmprmised/immundeficiency,
infectins in, 1290–1294. See also
HIV infectin/AIDS

antimicrbial therapy fr, 1294
bilgics, 1292
cellular immunity, impaired, 1291
clinical findings, 1292
cmmn variable, 882–883, 882t

empiric therapy fr, 1294
esphagitis, 615
granulcytpenia, 1291
humral immunity, impaired, 1291
with neutrpenia, 1294
ther states, 1292
preemptive therapy, 1293
preventin, 1292–1294

cytmegalvirus, 1293
fungal infectins, 1293
Pneumocystis & herpes simplex,

1292–1293
tuberculsis and latent tuberculsis

infectin, 1293–1294
primary, adult, 881–882, 882t

cmmn variable immundeficiency,
882–883, 882t

cmplement, 882t
granulcyte, 882t
IgA deficiency, selective, 881–882, 882t
specific (functinal) antibdy deficiency,

883

risk factrs, 1290–1291
transplant recipients

hematpietic cell, 1291
slid rgan, 1291–1292

universal prphylaxis, 1293
Immunlgical disrders. See also

Autantibdies; specific types
autimmune, 833–853 (See also

Autimmune diseases)
Immunparesis, 539
Immunpathlgic hypglycemia, 1251
Impairment syndrme, 1096
Impedance testing

fr esphageal diseases, 610
fr gastresphageal reflux disease, 612

Impetig, 124–125, 125f, 1460, 1460t
antibitics fr, 103t
antimicrbials fr, 1316t
bullus, HIV/AIDS, 1348
infectin-related/pstinfectius

glmerulnephritis, 934
Impingement

nerve rt, 1693–1695

shulder
subacrmial impingement syndrme,

1685–1690

testing, 1688t–1689t
Impingement sign

Hawkins, 1688, 1689t, 1690
Neer, 1685, 1688t, 1690

Implantable cardiverter-defibrillatr
fr heart failure, 411
fr hypertrphic cardimypathy, 423
fr sudden cardiac death survivrs,

401
Inactivated vaccines, 1319
Inactivity, physical. See Physical activity
Inbrn errrs f metablism

cataracts, 183
seizures, 988

Incapacitated passenger, 1580–1581
Incentive spirmetry, pstperative risk

reductin, 45–46
Incidentally discvered adrenal mass, 1186

Incidentalma, adrenal, 1186

Inclusin bdy mysitis, 848–850, 849f, 849t,
1052–1053, 1391

Inclusin cnjunctivitis, 170
Inclusin cyst, epidermal, 155–156

Incmpetence, chrntrpic, 387
Incmpetent cervix, 802–803
Incmplete abrtin, 803

CMDT22_Index_p1741-1840.indd 1791 02/07/21 2:49 PM



INDEX1792 CMDT 2022

Incntinence
fecal, 674–675

urinary, 60–62

Increased anin gap acidsis, 904t, 905–906,
905t

ketacidsis, 905–906, 905t
lactic, 905, 905t
txins, 905t, 906
uremic, 906

Incretins, 1222t–1223t, 1226–1227
“Indigestin,” 582
Indinavir, 1360t, 1366

urinary stnes frm, 963
Indlent lymphmas, 535–537
Indmethacin, 82, 82t

Inevitable abrtin, 803
Infant. See Newbrn/infant
Infected pseudcyst, pancreatic, 735
Infectin-related glmerulnephritis, 934–936

Infectins/infectius diseases, 1288–1311. See
also specific pathogens and types

arthritis, 868–871 (See also Arthritis,
infectius)

bite wunds, animal & human, 1301–1302

cancer-related, 1669–1670

CNS infectins, 1298–1301, 1298t, 1299t
diarrhea, acute infectius, 1306–1309,

1307t–1308t
drug injectin, 1304–1305

endcarditis (See Endcarditis, infective)
erythemas

cellulitis, 138–139, 138f
erysipelas, 137–138, 138f

esphagitis, 615–616

fever f unknwn rigin, 1288–1290, 1289
gastritis, 627

health care–assciated infectins,
1295–1297

in immuncmprmised, 1290–1294

mnnuclesis, 1379t, 1384–1385

mycarditis, 414–417, 415t, 416t
preventin, 3–4
sexually transmitted diseases, 1303–1304

thyriditis, 1123–1125
traveler, returning, 1309–1310

traveler’s diarrhea, 1310–1311

Inferir vena cava filters, fr venus
thrmbemblic disease, 579–580

Infertility
definitin, 969
female, 777–778

hyperprlactinemia, 1119
male, 969–971, 970f

Inflammatin. See also specific disorders
anemia f, 505
intestinal, irritable bwel syndrme, 647

Inflammatry aneurysm, 484
Inflammatry bwel disease, 653–666

anemia f inflammatin, 505
clrectal cancer and, 1647
Crhn disease, 653, 656–661

erythema ndsum, 153
GI bleeding, acute lwer, 602
micrscpic clitis, 665–666

pharmaclgical therapy, 653–655
primary sclersing chlangitis, 730–732
scial supprt, 655–656
spndylarthritis, 867–868

ulcerative clitis, 653, 661–665, 661t
Inflammatry carcinma, breast, 751
Inflammatry mypathies

demyelinating plyneurpathy, HIV/AIDS,
1343

immune-mediated, 848–850, 849f, 849t

Inflammatry ndules, 153–155

erythema ndsum, 153–154, 154f
furunculsis & carbuncles, 154–155, 1460t,

1466
Inflammatry peel, 484
Inflammatry pericarditis, acute, 427–429, 427t
Inflammatry plyneurpathy

chrnic, 1042

demyelinating, 1343
Infliximab, pprtunistic infectins with, 1292
Influenza

avian, 1433–1435

cugh, 16, 17
H5N1, 1434–1435
H7N9, 1434
H9N2, 1434
seasnal, 1429–1433

antigenic drift & shift, 1430
cmplicatins, 1430–1431
epidemilgy, 1430
pstexpsure prphylaxis, 1433
preventin, 1432–1433
treatment & prgnsis, 1431–1432
vaccine, 3, 1432

zntic, 1433
Influenza vaccines, 1323t, 1432

adverse effects & cntraindicatins, 1327t
pregnancy, 801, 801t
seasnal flu, 3, 1432

Ingrwn nail, 163
Inherited arrhythmia syndrmes, 401–402

Inherited disrders, 1676–1684. See also
Genetic & genmic disrders; specific
types

Injectin drug use
ascites, 605
dermatlgic disrders, 1304–1305
endcarditis, 1305, 1472
infectins, 1304–1305

Injuries, preventin, 12
Inkspt lentigines, 106
Inner ear disrders, 209–214

hyperacusis, 211

sensry hearing lss, 209–210

tinnitus, 210–211

vertig, 211–214, 212t
Intrpic agents, fr shck, 500
Insect bites, 134–135
Insecticides, 1606–1607

chlrinated, txicity, 1585, 1585t
Insmnia, 1093–1094

fatal familial, 1406
Instrumental activities f daily living

dementia n, 53
lder adults, 52

Insulin
deficiency, hyperphsphatemia, 901
high

acne vulgaris, 128
hypglycemia frm, 1251

verdse/pisning, 1600
receptr autantibdies, hypglycemia frm,

1255

resistance (See also Diabetes mellitus;
Metablic syndrme)

gallstnes, 723
frm insulin therapy, 1238
nnalchlic fatty liver disease, 702, 703
besity and, 1213 (See also Diabetes

mellitus)
syndrme, 1215

secretaggues (See also specific types)
verdse/pisning, 1600

secretin, reduced, 1214, 1214t

tissue insensitivity t, 1214, 1214t
n weight, 1269, 1270t

Insulin, therapy fr diabetes mellitus,
1229–1233

administratin, 1231–1233
clsed lp systems, 1232, 1235
inhaled, 1232–1233
injectin sites, 1231–1232
pen injectr devices, 1232
pumps, 1232
syringes and needles, 1231

characteristics, 1229–1230
cmplicatins, 1237–1238

allergy, 1237
hypglycemia, 1237–1238
lipdystrphy, 1237

lng-acting preparatins, 1230–1231
mixed preparatins, 1230, 1230t
NPH, 1230–1231, 1230t, 1236
pen/pen injectr devices, 1232
preperative evaluatin/periperative

management, 48–49
rapidly acting analgs, 1230, 1230t
regular, 1230, 1230t
shrt-acting preparatins, 1230, 1230t

Insulin degludec, 1230t, 1231, 1234, 1234t,
1235

Insulin detemir, 1230t, 1231, 1234, 1234t, 1235
Insulin glargine, 1230t, 1231, 1234, 1234t, 1235
Insulin icdec, 1231
Insulin-like grwth factr 2, nnislet cell tumr

hypglycemia, 1254

Insulinma, 892, 1187–1188, 1251–1253, 1252t
MEN 1, 1189

Integrase inhibitrs, 1361t, 1367–1368
bictegravir, 1358, 1361t, 1363t, 1368, 1369,

1370t
cabtegravir, 1361t, 1368
dlutegravir, 1358, 1361t, 1362, 1363t, 1365,

1367–1369, 1370t

elvitegravir, 1361t, 1367
fixed-dse cmbinatins, 1363t
fr HIV/AIDS, 1361t, 1367–1368
raltegravir, 1354, 1361t, 1362, 1367, 1369,

1370t, 1372
Integrative therapies. See also specific types

fr pain, 94
Intensive care unit

diabetes mellitus, 1243
fever, 1295, 1297
psychsis, 1107

Interfern-alpha, giter frm, 1126
Interfern-beta, giter frm, 1126
Interfern gamma release assay, 281, 1340
Interleukin-2, giter frm, 1126
Intermittent claudicatin

arterial limb cclusin, 476–477
cmmn femral artery, 476
extremity athersclersis, 475
femral & ppliteal artery cclusive disease,

476–477
peripheral artery aneurysm, 487
peripheral artery disease, 475
thrmbangiitis bliterans, 483
tibial & pedal artery cclusive disease, 477
varicse veins, 490

Intermittent psitive-pressure breathing,
pstperative risk reductin, 45–46

Internal cartid artery dissectin, central &
branch retinal artery cclusins, 187

Internalized hmphbia, 1732
Internal rtatin test, 1687t, 1688t
Internatinal Prgnstic Index, 537
Intersseus nerve, 1043
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Interstitial cystitis, 962–963

Interstitial kidney disease, hyperkalemia, 894
Interstitial lung disease, 291–296

differential diagnsis and cause, 291–292,
291t

diffuse interstitial pneumnias, 292–294,

293t, 294f
esinphilic pulmnary syndrmes, 296

pathphysilgy, 291
pulmnary alvelar prteinsis, 295–296

rheumatid arthritis, 834
sarcidsis, 294–295, 294f

Interstitial nephritis, 916t, 920–921

diabetic nephrpathy, 944
drug-induced, 913, 920–921

hematuria, 913, 920
prteinuria, 912
white cell casts, 916t

Interstitial pneumnia/pneumnitis
acute, 292–294, 293t
diffuse, 292–294, 293t, 294f

idipathic, 292, 293t, 294f
HIV/AIDS, 1341
nnspecific, 292–294, 293t
usual, 292–294, 293t
varicella-zster virus, 1381

Intertriginus areas, sebrrheic dermatitis, 114
Intertrig, 121

Intestinal, sarcma, 1645–1646

Intestinal angina, 482

Intestinal flukes, 1542

Intestinal inflammatin, irritable bwel
syndrme, 647

Intestinal lymphma, 1644

Intestinal metaplasia, 626
Barrett esphagus, 626
H. pylori gastritis, 626
pernicius anemia gastritis, 627

Intestinal mtility disrders, 642–645

clnic pseud-bstructin, acute, 643–644

gastrparesis, 644–645

intestinal pseud-bstructin, chrnic,
644–645

paralytic ileus, acute, 642–643

Intestinal nematdes, 1545–1548. See also
specific types

Intestinal neurendcrine tumrs, 1644–1645

Intestinal neurma, 1189, 1189t, 1190
Intestinal pseud-bstructin, 644–645

Intestinal tuberculsis, 646

Intimate partner vilence, 12, 1095
Intra-arterial balln pump, fr hyptensin/

shck after STEMI, 380–381
Intracellular vlume, assessing, 884
Intracerebral hemrrhage, 999–1000, 1029t

carctatin f arta, 325
hypertensin treatment, 471–472, 472t

Intracranial aneurysm, 1002

Intracranial hypertensin
headache, 34
idipathic, 1011–1013

Intracranial pressure, increased
ptic disk swelling, 193
papilledema, 193
sixth nerve palsy, 194
transient mncular visual lss, 188
vmiting, 69

Intracranial & spinal mass lesins, 1003–1010.
See also Brain, cancers; specific types

AIDS patients, 1009

brain abscess, 208, 1010, 1299–1300, 1315t,
1342

headache, 34, 982

HIV/AIDS, 1009

metastatic tumrs, 1008–1009

cerebral, 1008–1009

leptmeningeal, 1009

ptic disk swelling, 193
primary intracranial tumrs, 1003–1008,

1006t–1007t
Intracranial venus thrmbsis, 984t–985t,

1004

Intraepidermal squamus cell carcinma, 121

Intrahepatic chlestasis
f pregnancy, 677, 678t, 679t, 823

recurrent/prgressive/familial, 677, 678t,
679t

Intracular freign bdies, 195

Intracular pressure, elevatin
chrnic glaucma, 180
glaucma, acute angle-clsure, 175t–177t,

179, 180
nrmal, 180

Intrastrmal crneal ring segments, 167
Intrathecal drug delivery system, 95–96
Intrauterine devices, 782–783, 783t

malpsitined, pelvic pain frm, 774
Intravascular ultrasund, 362
Intraventricular cnductin blck, 388
Intrinsic acute kidney injury, 916t, 917
Intrinsic renal disease

acute tubular necrsis, 916t, 917–919

glmerulnephritis, acute, 916t, 921–922,

932
interstitial nephritis, 916t, 920–921

intrinsic acute kidney injury, 917
Invasive candidiasis, 1553, 1554
Invasive cestdes, 1543–1545

cysticercsis, 1543–1544

echincccsis, 1544–1545

Invasive fungal sinusitis, 219

Invasive mle, 806
Inverse pityriasis rsea, 112
“Inverse psriasis,” 111, 116
Inversin ankle sprains, 1716–1717, 1716t
Inverted papillmas, 223

In vitr fertilizatin c-/reciprcal, 1724
Idide, giter frm, 1126
“Idide mumps,” 1393
Idinated cntrast agents, fr hyperthyridism,

1135t, 1136
Idine

deficiency disrder, 1151–1152

hyperthyridism frm, 1131
Idine, radiactive (131I)

diagnstic
fr idine deficiency disrder & endemic

giter, 1150
fr thyrid cancer, 1146
fr thyriditis, 1124, 1125

pregnancy and, 1136
side effects, 1148
therapeutic

fr hyperthyridism, 1135t, 1136
fr thyrid cancer fllw-up, 1149–1150
fr thyrid cancer treatment, 1147–1148

In gap, serum, 904
Inized calcium, 895
Inizing radiatin, 1576
Ipilimumab, diabetes mellitus frm, 1213
Iriddialysis, 195
Iritis, 1499t, 1502, 1504, 1505
Irn

cnjunctival/crneal freign bdy, 195

deficiency, 502, 503t
celiac disease, 503
GI bld lss, 502–503
hemglbinuria, 503

hemlysis, traumatic, 503
refractriness, 503
thrmbcytsis, 524
TMPRSS6, 503
zinc deficiency, 503

dietary, 502
metablism

bld lss, menstrual/GI, 502–503
pregnancy and lactatin, 502

nutritin, 1284
verdse/pisning

antidte, 1586t
hyptensin, 1583

verlad, dilated cardimypathy frm, 418
parenteral, 504
pill-induced esphagitis frm, 616

Irn deficiency anemia, 502–504, 503t, 604
in celiac disease, 604
frm GI bleeding, 502–503, 604
frm menstrual bld lss, 502–503, 604
in pregnancy, 604, 814

Irn-refractry irn deficiency anemia, 503
Irn-restricted erythrpiesis, 505
Irritable bwel syndrme, 647–650

definitin, 647
diarrhea, 596
pathgenesis, 647–648
treatment

dietary therapy, 649
general, 649
pharmaclgical, 649–650
psychlgical, 650

Irritant cntact dermatitis, 125–127, 126f
Ischemia

ersive gastrpathy frm, 624
mycardial (See Mycardial ischemia)
pstinfarctin, 379
testing, preperative nninvasive, cardiac

risk assessment/reductin, 41–42, 43f
Ischemic acute tubular necrsis, 917–918
Ischemic cardimypathy, heart failure, 404
Ischemic cerebrvascular disease, 480–481,

481f
Ischemic clitis, 482, 602
Ischemic heart disease, 354–414. See also

Crnary heart disease
pregnancy, 817

Ischemic hepatitis, 719, 719

Ischemic hepatpathy, 719
Ischemic ptic neurpathy, 191–192

giant cell arteritis, 854, 855
“Ischemic” priapism, 968
Ischemic strke, 480

after varicella-zster virus, 1381
cerebral infarctin, 996–999, 997t
hypertensin treatment, 471, 472t
hypertensive, 447
hypertensive emergency treatment, 471, 472t
lacunar infarctin, 996, 997t
pituitary hrmne deficiency after, 1111

Islets f Langerhans adenma, 1251–1253,

1252t
Islet transplantatin, 1233
Isagglutinins, 544
Isbutyl nitrite, 1604–1605
Ismalt, 1221
Isniazid

hepattxicity, in elderly, 700
verdse/pisning, 1601

antidtes, 1586t
seizures, 1585, 1585t

txic neurpathy frm, 1041
Isphane insulin, 1230–1231, 1230t, 1236
Isprpanl, 906
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Isprterenl, pstural tremr frm, 1020
Isospora (isspriasis), 1535–1538

diarrhea, acute, 1306
enterclitis, HIV/AIDS, 1346

Isthenuria, 950
Istnic hypnatremia, 885
Istretinin flliculitis, 131–132
Isradipine verdse/pisning, 1596
Istradefylline, fr Parkinsn disease, 1017
Ivabradine, 385t

fr angina, 363–365
fr heart failure, 407f, 408t, 410

Ixodes, 1530
Ixodes pacificus, 1510
Ixodes persulcatus, 1403, 1510
Ixodes ricinus, 1403, 1510
Ixodes scapularis, 1453, 1510, 1530

J

JAK2 mutatin
essential thrmbcytsis, 524
hepatic venus utflw bstructin, 717
mesenteric vein cclusin, 483
myelfibrsis, primary, 525, 526
myelprliferative disrders, 522, 523
nncirrhtic prtal hypertensin, 720
plycythemic vera, 522

Janeway lesins, 1473
Janus kinase (JAK) inhibitrs, 654, 836
Japanese encephalitis, 1402–1403

Japanese encephalitis vaccine, 1403
Jarisch–Herxheimer reactin, 1501
Jaundice. See also Hepatitis; Liver disrders

biliary bstructin, 677, 678, 678t
chledchlithiasis, 727, 728
chlestatic, 677
cirrhsis, 704
classificatin, 677, 678t
cnjugated hyperbilirubinemia, 677, 678t
Crigler-Najjar syndrme, 677, 678t
Gilbert syndrme, 677, 678t, 679t, 701
hereditary hepatcanalicular transprt

defects, 677
liver bichemical tests, abnrmal, 678, 679t
pathphysilgy, 677
uncnjugated hyperbilirubinemia, 677, 678t

Jaw
stenecrsis, 876

JC virus, prgressive multifcal
leukencephalpathy, 1407–1408

Jelly, cntraceptive, 783–784

Jewelry, cntact dermatitis frm, 125
Jck itch, 115–116

Jin disrders
tuberculsis, 872–873

spinal, 872–873

tuberculus arthritis, 873

Jints. See also Bne disrders; specific joints
Charct, 876, 1505
degenerative disease, 825–828, 827f

Buchard ndes, 826, 827f
Heberden ndes, 826, 827f
types and lcatins, 826

diabetes mellitus n, 1242–1243
fluid examinatin, 825, 826t, 827t

differential diagnsis, by grups, 825, 827t
prsthetic

infectin, nngncccal acute bacterial
arthritis, 867–869

replacement, stemyelitis after, 871
rheumatid arthritis, 833, 834f

Jnes criteria, 425–426, 425t, 1459
Jugular venus distentin, STEMI, 374
Jugular venus pressure

heart failure, 405
hypertrphic cardimypathy, 422
tampnade, 430
tricuspid regurgitatin, 351

Jugular venus pulsatins, tetralgy f Fallt,
331

Junctinal nevi, 105
Junin virus, 1413
Justice, prcedural and distributive, 75
Juvenile arthritis

rheumatid, selective IGA deficiency, 881
Still disease, 837
uveitis, 182

K

K103N mutatin, 1365, 1369, 1371t
Kala azar, 1518–1520

Kallmann syndrme, 1111, 1191, 1200
Kalin pneumcnisis, 307t
Kapsi sarcma, 147–148

cause, 1333
cnjunctiva, 191
HHV-8, 1389
HIV/AIDS, 147–148, 1339t, 1345, 1349

pulmnary, 1341
tlgic, 215
pulmnary, 147
small intestine sarcma and, 1645
treatment, 1616t

Kapsi sarcma-immune recnstitutin
inflammatry syndrme, 147

Kapsi-Stemmer sign, 28
Kappa amylid, 543
Katayama syndrme, 1540
Kattan nmgram, 1658
Kava, 1599t
Kawasaki disease, 1379t, 1456–1458

Kayser-Fleischer ring, 716, 716f
Kegel exercises, 62, 774–775
Keratic precipitates, 182
Keratitis

actinic, 196

chemical, 196

immune-mediated, 169
ultravilet, 196

Keratitis, infectius, 172–179

Acanthamoeba, 178–179

adenvirus, 1438
amebic, 178–179

bacterial, 171, 172t–173t, 177

fungal, 173t, 178

herpes simplex, 173t–174t, 177–178,

1374–1376
herpes zster phthalmicus, 173t, 178, 1380,

1381
Moraxella, 177
MRSA, 171
Pseudomonas aeruginosa, 177
Staphylococcus, 171
Streptococcus, 171

Keratcnjunctivitis, 169
adenvirus, 169, 1438
after measles, 1391
atpic, 171
herpes simplex virus, 1374, 1376
mlluscum cntagisum, 1440–1441
vernal, 171

Keratcnjunctivitis sicca, 169, 170
Sjögren syndrme, 851, 852
systemic lupus erythematsus, 840

Keratses
actinic, 121, 145, 160
sebrrheic, 106, 106f

Kernig sign, 35, 1478

Ketamine, central diabetes insipidus frm, 1115
Ketacidemia, 1245
Ketacidsis

alchlic, 905t, 906
anin gap metablic acidsis, 905–906
diabetic, 905t, 906, 1244–1248

frm atypical antipsychtics, 1214
causes and incidence, 1244
clinical findings, 1244–1245
cmplicatins & prgnsis, 1247–1248
hyperchlremic acidsis, 1248
hyperphsphatemia, 901
treatment, 1245–1247

fasting, 905t, 906
starvatin, 904t, 905t, 906, 911

Ketnuria, diabetes mellitus, 1217
Ketrlac, 82, 82t
Ketsis, diabetes mellitus type 1, 1212
17-Ketsterid reductase deficiency, 1191
Khat, chrnic liver disease, 700
Khrana risk scre, 569
Kidney. See also Renal

functin, periperative management, 46
Kidney disease/injury, 912–951. See also specific

types
acute disease

definitin, 912
hyperkalemia, 893

acute kidney injury, 915–922, 916t (See also
Acute kidney injury)

acute tubular necrsis, 917–919

cardirenal syndrme, 922

COVID-19, 922

glmerulnephritis, 921–922

interstitial nephritis, 920–921

rhabdmylysis, 919–920

anemia f rgan failure, 505
assessment, 912–915, 913t, 914t

bipsy, 914–915

BUN, 914, 914t
disease duratin, 912
glmerular filtratin rate, 913–914

urinalysis, 912, 913t
hematuria, 913
prteinuria, 912–913

cancers, 1662–1663

angimylipmas, 1663
nccytmas, 1663
secndary, 1663, 1663

treatment, 1615t
chrnic kidney disease, 922–930

cystic, 947–950, 947t
autsmal dminant plycystic, 948–949,

948f
medullary spnge kidney, 949–950

simple r slitary cysts, 948

dilated cardimypathy frm, 418
glmerular, 931–941

glmerular, nephritic spectrum, 932–940

glmerular, nephrtic spectrum, 940–944

primary renal, 941–943

fcal segmental glmerulsclersis,
924t, 931, 934t, 942

membranus nephrpathy, 943

minimal change disease, 941–942

systemic, 944–945

diabetic nephrpathy, 943–944

HIV-assciated nephrpathy, 944–945

renal amylidsis, 945

hypertensive, 447
multisystem, with variable kidney

invlvement
gut, 950–951

nephrgenic systemic fibrsis, 951
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plasma cell myelma, 950

sickle cell disease, 950

tuberculsis, 950

preperative evaluatin/periperative
management, 49–50, 49t

renal artery stensis, 930–931

stnes
medical expulsin & surgical treatment,

967
xalate, 1279
uric acid, 829–830

stress gastritis frm, 624
systemic sclersis-assciated renal crisis, 846
tubulinterstitial diseases, 945–947

causes, 945, 945t
chrnic tubulinterstitial diseases,

945–947

Kidney transplantatin
fr end-stage kidney disease, 929–930
HHV-7, 1389
kidney bipsy, 915

Kiesselbach plexus, 221
Killed vaccines, 1319
Killip classificatin, 373
Kimmelstiel-Wilsn ndules, 944
Kinase inhibitrs, 1619t–1620t
Kindling, 1096
Kingella, endcarditis, 1472, 1476
KIT mutatin, 1643
Klatskin tumrs, 1632
Klebsiella, 1313t

deep neck infectins, 231
EBSL-prducing, health care–assciated

infectins, 1295
flliculitis, 130–132
pyelnephritis, acute, 957
struvite calculi, 966

Klebsiella granulomatis, 1303, 1489
Klebsiella pneumoniae

peritnitis, spntaneus bacterial, 607
pneumnia, 267t

cmmunity-acquired, 268–271
nscmial, 273

pygenic hepatic abscess, 721
Kleine-Levin syndrme, 1094

Klinefelter syndrme, 1191, 1682

Knee, 1705
examinatin, 1707t–1710t

Knee disrders, 1705–1716

anterir cruciate ligament injury, 1706,

1710–1711

knee examinatin, 1707t–1710t
medial/lateral cllateral ligament injury,

1708t–1709t, 1711–1712

meniscal injuries, 1706, 1713

meniscus injuries, 1713

stearthritis, 1715–1716

pain, 1705–1706, 1705t, 1706t
patellfemral, 1706t, 1713–1714

psterir cruciate ligament injury, 1712

valgus defrmity, rheumatid arthritis, 837
Knee pain, 1705–1706, 1705t, 1706t

anterir (patellfemral), 1706t,
1713–1714

Kebner phenmenn
lichen planus, 146
psriasis, 110

Kilnychia, irn deficiency anemia, 503
Kplik spts, 1390, 1390f
Krsakff psychsis/syndrme, 1026, 1098,

1100
K-ras (KRAS) mutatin

biliary tract cancer, 1632
clrectal cancer, 1613, 1616t, 1646, 1649

lung cancer, 1625, 1626
melanma, 1613
nn–small cell lung cancers, 1625
pancreatic cancer, 1635
serrated plyps, 668

Kratm, 1605–1606
Kübler-Rss, Elisabeth, 75
Kuru, 1406
Kussmaul breathing, 908
Kwashirkr, 1267–1268
Kwashirkr-like secndary prtein–energy

malnutritin, 1267
Kyphsclisis

frm hypcalcemia, 1166
syringmelia, 1035

L

Labr. See also Obstetrics & bstetric disrders
with cardiac disrders, 439

preterm, 810–811

Labyrinthine cncussin, 213
Labyrinthitis, 213

Laceratin
cerebral, 1029t
gastresphageal junctin, 616–617

scalp, 1030
Lachman test, 1707t, 1710–1711
Lacrimal apparatus disrders, 167–168. See also

Eyelid & lacrimal apparatus disrders
Lacrimal gland hypfunctin, 170
Lacrimal sac, dacrcystitis, 168

Lactase, 641
Lactase deficiency, 641–642

Lactatin. See also Breastfeeding
antipsychtics n, 1075
breast cancer in, 751–753
cmbined ral cntraceptives n, 781
hyperthyridism treatment, 1137–1138
irn metablism, 502
tuberculsis treatment, 284

Lactic acid, 1250
Lactic acidsis, 905, 1249–1250

anin gap acidsis increase frm, 905t,
906

frm didansine + stavudine, 1345
MELAS, 1052
frm metfrmin, 1250

Lactitl, 1221
Lactobacillus delbrueckii, 711
Lactobacillus vaginitis, 789
Lactse intlerance, 591–592, 877
Lacunar infarctin, 996, 997t
Lambda amylid, 543
Lambert-Eatn (myasthenic) syndrme, 1011,

1012t, 1050

lung cancer, 1623
Lamivudine, 1354, 1358, 1359t, 1362, 1364,

1368–1369, 1372
fixed-dse cmbinatins, 1363t
initial ART regimens, 1370t–1371t

Lamtrigine
fr biplar disrder, 1090–1091
verdse/pisning, 1584, 1584t, 1594

Language, dementia, 53
Laparscpic adjustable gastric band, 1274
Laparscpy, 769t
Large bwel. See also Cln; Clrectal

bstructin, 591
Large cell carcinmas (lung), 1622–1627

Large-vlume paracentesis, fr cirrhsis,
706

Laryngeal disrders, 233–238

dysphnia, 233

epiglttitis, 235

harseness, 233

laryngitis, acute, 233–234

laryngpharyngeal reflux, 234

masses
leukplakia, 235–236

squamus cell carcinma, 236–237

vcal flds, traumatic lesins, 235

recurrent respiratry papillmatsis, 234

stridr, 233

trachestmy & cricthyrtmy, 238

vcal fld paralysis, 237–238

Laryngeal height, maximum, 16, 19
Laryngeal nerve

lesin, vcal fld paralysis, 237–238
unilateral recurrent, 237–238

Laryngitis, 233–234

Laryngmalacia, 242
Laryngpharyngeal reflux, 234

Laser therapy/surgery
fr benign prstatic hyperplasia, 975–976
crneal refractive, 167
thermal keratplasty, 167

Lassa fever, 1413–1414

Lassitude. See Fatigue
Latent autimmune diabetes f adulthd,

1212
Latent tuberculsis infectin, 278, 280–281,

281t, 283t, 285–286
in immuncmprmised, 1293–1294

Late-nset T2-high asthma, 243
Late preterm birth, 810
Lateral cllateral ligament injury, 1711–1712

Lateral epicndylsis, 1699

Lateral femral cutaneus nerve, 1043
entrapment, 1043–1044

Lateral knee pain, 1706t
Lateral medullary syndrme, 998
Latrodectus mactans, 152, 1609
Laxatives, 589, 590t

abuse, 1105

phsphate, hyperphsphatemia frm,
901

urinary stnes frm, 963
LDLR mutatin, 1678
Lead. See also Heavy metals

pisning, 1601–1602

antidte, 1586t
txic neurpathy frm, 1041
tubular prteinuria, 913
tubulinterstitial disease frm, 946

Learning, dementia, 52–53
LECT2 amylidsis, 542
LEEP (lp electrsurgical excisin prcedure),

794, 795
Leflunmide, 836
Left cmmn iliac vein cmpressin, lwer

extremity edema, 27
Left heart failure, 404. See also Heart failure
Left-t-right shunt

atrial septal defect, 327
ventricular septal defect, 329

Left ventricle
aneurysm, after acute MI, 381
angigraphy, 362
end-diastlic pressure, dyspnea, 18
failure/dysfunctin

after STEMI, 380
artic regurgitatin, 348
frm atrial fibrillatin, 391
preperative evaluatin/periperative

management, 44
hypertrphy

athlete screening, 440
hypertensive, 447, 448

CMDT22_Index_p1741-1840.indd 1795 02/07/21 2:49 PM



INDEX1796 CMDT 2022

Left ventricular ejectin fractin
angina pectris, chrnic stable, 361, 367
anthracyclines n, 1674
anticagulatin, with prsthetic heart valves,

354
artic regurgitatin, 348, 349f
artic valve stensis, 343, 343t, 344, 344f,

345, 346f
cardimypathy

dilated, 418–420
restrictive, 424
stress, 421

CHA
2
DS

2
-VASc Risk Scre, 393t

heart failure, 407f, 408t
heart failure, treatment

acute, 416
LVEF preserved, 412–413
LVEF reduced, 406–412, 407f, 408t

mitral regurgitatin, 338, 339, 340, 340f,
341f, 342

mycarditis, nninfectius, 417, 418
pregnancy, heart disease, 436, 437t, 438
pulmnary hypertensin, 433t
STEMI, 378, 382

Legal issues, end f life care, 75
Leg-crssing, fr syncpe, 403
Legionella (Leginnaire’s disease), 1313t,

1480–1481

in immuncmprmised, pulmnary
infiltrates, 277

pneumnia, 267t
cmmunity-acquired, 268–271

Legionella pneumophila, 1480–1481

Leg ulcers
lwer extremity edema, 28
venus insufficiency, 157–159, 157f, 158f

Leimyma f uterus, 770–771

Leishmania (Leishmaniasis), 1518–1520

with AIDS, 1519
cutaneus, 1518–1520, 1519f
muccutaneus, 1519, 1520
visceral, 1518–1520

Leishmania aethiopica, 1518
Leishmania amazonensis, 1518
Leishmania braziliensis, 1518, 1519
Leishmania chagasi, 1518
Leishmania donovani, 1518
Leishmania infantum, 1518
Leishmania major, 1518
Leishmania mexicana, 1518
Leishmania panamensis, 1518
Leishmania peruviana, 1518
Leishmania tropica, 1518–1519
Lemierre syndrme, 231, 1490
Lentigines, 106, 159
Lentig maligna melanma, 107
Lenvatinib, adrenal insufficiency frm, 1172
Lepidic grwth, 1622
Leprsy

hypercalcemia, 1158
hypgnadism, male, 1191t, 1192
neurpathy, 1040

peripheral neurpathy, 992, 1040
plyneurpathy, 1038

Leptmeningeal metastases, 1009

Leptospira (leptspirsis), 1508–1509

anicteric, 1509
icteric, 1509
interstitial nephritis, 920
treatment, 1314t

Lesbian & bisexual wmen’s health care,
1725–1732. See also Sexual & gender
minrities, health

bdy weight, 1726–1727

cancer, 1729–1730
breast, 1730
cervical, 1730
endmetrial & varian, 1730
epidemilgy, 1729
lung, 1730

health disparities, 1725
preventin

cardivascular disease, 1725–1726
diabetes, 1727
mental disrders, 1731–1732
pulmnary disease, 1727
substance use disrder, 1729
vilence, 1730–1731

sexually transmitted infectins,
1727–1729

smking, 1726
Lesinurad, 832
Lethal midline granulma, 224
Letrzle, 758, 778
Leukemia, 530–535. See also specific types

acute, 530–532

arthritis, 876
chrnic lymphcytic, 532–534

chrnic myelid, 521, 526–528, 1614t
“cre-binding factr,” 530
hairy cell, 534–535

ptic disk swelling, 193
Rth spts, 191

Leukagglutinin reactins, 545
Leukcytclastic vasculitis, palpable purpura,

875–876
Leukcytsis

diverticulitis, 667
hyperkalemia, 893t, 894

Leukencephalpathy
nn-determined, 1408
prgressive multifcal, 1407–1408

Leukplakia, 224–225, 225f
hairy, 225–226, 225f
laryngeal, 235–236

Leuktriene mdifiers, fr asthma, 249t, 252
Leuprlide, hypergnadtrpic hypthyridism

frm, 1111
Levamisle-assciated purpura, 861

Levetiracetam verdse/pisning, 1594
Levdpa

chrea frm, 1020
dyskinesias frm, 1015
dystnia frm, 1020
fr Parkinsn disease, 1015–1016

Levflxacin, hypglycemia frm, 1255
Levrphanl, 85t, 88t
Levthyrxine suppressin therapy, 1143, 1147,

1149
Lewy bdies, dementia with, 992, 1022t
Leydig cell hyperplasia, diffuse strmal, 1198
LGBTQ/LGBTQ+, 1719. See also Sexual &

gender minrities, health
Libid

chrnic kidney disease n, 928
decreased, hyperprlactinemia, 1119

Libid lss, male, 967
Libman-Sacks endcarditis, 840
Lice

bdy, 151–152

head, 151

pubic, 151–152

sexually transmitted, 1303
Lichenid eruptins, 165t

drug, 146
Lichen planpilaris, 161
Lichen planus, 146–147, 146f

hyppigmentatin, 160

ral, 224, 225

squamus cell carcinma and, 146
Lichen planus–like eruptins, 165t
Lichen simplex chrnicus, 110, 110f, 160
Lichtheimia, 1563
Licrice, apparent mineralcrticid excess

syndrme frm, 1181
Liddle syndrme, 1181
Lidcaine, 93t, 94, 384t
Lids. See Eye and lid disrders
Life expectancy, dementia, 55
Lift-ff test, 1688t, 1690
Light-headedness, 25
Lightning injury, 1575
Limb-girdle muscular dystrphy, 1052
Limbic encephalitis, 1011, 1012t
Limb cclusin, arterial, 479–480

Limb-threatening ischemia, 478
Linagliptin, 1223t, 1227, 1228
Linitis plastica, 1639
Linleic acid, 1284
Lipedema, 492
Lipemia retinalis, 1258
Lipid disrders, 1256–1260. See also

Chlesterl; Hyperchlesterlemia;
specific types

aplipprtein B, 1256, 1257
cardivascular disease preventin, 8
clinical presentatins, 1258
crnary heart disease, 356
familial chylmicrnemia syndrme, 1256
familial hyperchlesterlemia, 1256–1257,

1264–1265, 1265f
genetics, 1256
hyperlipidemia

frm antipsychtics, 1075, 1075t
central & branch retinal artery cclusins,

187
membranus nephrpathy, 943
nephrtic spectrum glmerular diseases,

941
pancreatitis, 732
treatment, drug, 8

lipemia retinalis, 1258
screening, 1258–1260
triglycerides, high bld, 1266

xanthmas
eruptive, 1258, 1258f
tendinus, 1258, 1678

Lipid disrders, treatment, 1260–1266

chlesterl lwering, therapeutic effects, 8,
1257–1258

high chlesterl, 1258–1260, 1259t
ezetimibe & PCSK9 inhibitrs, 1260
lder adults, 1260
shared decisin making, 1259
statins, 1259–1260, 1261t

high LDL chlesterl, 1260–1265
algrithms, 1264–1265, 1265f
diet, 1260–1261

pharmaclgic, 1261–1264
bempedic acid, 1261, 1262t, 1264

bile acid–binding resins, 1261, 1262t,
1264

classes, 1261
ezetimibe, 1261, 1262t, 1263, 1265,

1265f
fibric acid derivatives, 1262t, 1264

niacin, 1262t, 1264

mega-3 fatty acids, 1261, 1262t,
1263–1264

PCSK9 inhibitrs, 1261, 1262t, 1263

statins, 356–359, 357f, 358t, 1261–1264,

1261t, 1262t, 1265f
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lipid fractins & crnary heart disease risk,
1256–1257

“Lipid Hypthesis,” 1256
lipprtein(a), 1257
Martin/Hpkins equatin, 1257
nn-HDL chlesterl, 1257
preventin studies, 1257–1258
prprtein cnvertase subtilisin/kexin type 9,

1256
risk-enhancing factrs, 1259, 1259t
secndary cnditins, 1258

“Lipid Hypthesis,” cardivascular disease,
1256

Lipid-lwering therapy. See also specific types
n crnary heart disease, 1257
identifying patients fr, 1259, 1259t
n mrtality, 1257–1258

Lipids/lipprteins. See also
Hyperchlesterlemia; specific types

diabetes mellitus, 1219–1220
fractins, crnary heart disease risk and,

1256–1257
metablism

disrders, 1256
genetic abnrmalities, 1256, 1266
LDL, 1256
secndary cnditins affecting, 1258

screening, 5t
Lipdermatsclersis, lwer extremity edema,

28
Lipdystrphy, frm insulin therapy, 1237
Lipid nephrsis, 934t
Lipma

angimylipma, 1663

atrial septal, 435
Liponyssoides sanguineus, 1452
Lipprtein(a), 1257
Lipprtein lipase, 1256
Liquid artificial nutritin, 1283
Liquid diet

clear, 1280

full, 1280

Liraglutide, 1223t, 1226, 1270, 1272t
Lisch ndules, 1013
Listeria, 1313t

pygenic hepatic abscess, 721
Listeria monocytogenes (listerisis),

1471–1472

hemchrmatsis, 714
transplant recipients, slid rgan, 1291

LITH, 723
Lithium (carbnate)

fr biplar disrder, 1088–1090, 1090t
chrea frm, 1020
dystnia frm, 1020
giter frm, 1126
fr hyperthyridism, 1135t, 1136
verdse/pisning, 1602

arrhythmias, 1584, 1584t
hemdialysis fr, 1587, 1587t
seizures, 1585, 1585t

pstural tremr frm, 1020
sertnin syndrme frm, 30
vltage dependent distal RTA frm, 907
n weight, 1269, 1270t

Live attenuated vaccines, 1319
Lived racemsa, 864

Lived reticularis, 864

antiphsphlipid syndrme, 843
plyarteritis ndsa, 856
vasculitis, 853t

Liver. See also Hepatic
vegans/vegetarians, 509
vitamin B

12
, 509

Liver bichemical tests
abnrmal, 677–680

amintransferase elevatins, serum, 678,
679t, 680t

hepatcellular and bstructive jaundice,
678, 679t

hyperbilirubinemic syndrmes, 677–679,
678t, 679t

nrmal, 679t
Liver disrders, 681–722

abscess, pygenic, 721–722

alchl-assciated, 697–699

bipsy, 680
n BUN, 914, 914t
chrnic, ascites, 605
cirrhsis, 704–711, 710t
cagulpathy f, 564

drug- and txin-induced liver injury,
700–701

heart failure, 719

hemchrmatsis, 713–715

hepatic venus utflw bstructin, 717–719

hepatitis, 683–688, 690–697

hepatitis C, 686
HIV/AIDS, 686, 1345–1346
jaundice, 677–680

neplasms, benign, 722

nnalchlic fatty liver disease, 702–704

nncirrhtic prtal hypertensin, 719–720

passive cngestin, 719
patient evaluatin, 46
preperative evaluatin, 46
primary biliary chlangitis, 711–713

pygenic hepatic abscess, 721–722

risk assessment, surgical patients, 46
Wilsn disease, 715–717, 716f

Liver failure
acute, 688–690

anemia f rgan failure, 505
stress gastritis frm, 624

Liver flukes, 1541–1542

Liver transplantatin
fr cirrhsis, 709–710
fr esphageal varices, 620
HIV/AIDS, 1346

Lixisenatide, 1223t, 1227
LKB1 mutatin, 1634
Lad and shift test, 1689t, 1691
Loa loa, 1550–1551
Lbular carcinma in situ, 745, 753
Lcal anesthetics. See also specific types

cular disrders, precautins, 196
Lcalized amylidsis, 542–543
Lcked-in syndrme, 1028
Leys-Dietz syndrme, 438–439
Löffler syndrme, 296
Lne Star tick, 1378t, 1413, 1453
Lng-acting beta-2-agnists

fr asthma, 246, 250t, 252
fr COPD, 260

Lng-acting muscarinic agents
fr asthma, 249t, 252
fr COPD, 260

Lng-acting prgestins, 782

Lng-chain acyl cenzyme A dehydrgenase,
823

Lng QT syndrme
athlete screening, 440, 441t
cngenital/acquired, 401–402

sudden cardiac death, 400
Lng-term cntrller medicatins, fr asthma,

246, 248t–249t
“Lp,” 1232, 1234–1235
Lp diuretics, hypkalemia, 891

Lp electrsurgical excisin prcedure, 794, 795
Lpinavir/ritnavir, 1360t, 1366
Luse-brne relapsing fever, 1507–1508
Luse-brne typhus, 1446–1447, 1448t
Lw back pain, 79, 1693–1695, 1694t
Lw-density lipprtein chlesterl, 1256–1257

chlesterl-lwering therapy, 8, 1257–1258
crnary heart disease, 356
familial hyperchlesterlemia, 1256–1257,

1264–1265, 1265f
Friedewald equatin, 1257
lipprtein(a), 1257
screening, 8

Lwer airways disrders
brnchial bstructin, 243

tracheal bstructin, 242

tracheal stensis, 242–243

Lwer extremities. See also specific regions
edema, 27–29

venus pressure, nrmal, 27
Lwer gastrintestinal bleeding, 601–603

Lw glycemic index diets, 1220, 1269, 1281
Lw-grade squamus intraepithelial lesins,

792t, 793, 797
Lw-mlecular-weight heparin, 565

heparin-induced thrmbcytpenia frm,
554–555, 555t

periperative management, 46, 46t
prsthetic heart valve patients, 354
reversal, 568t
fr STEMI, 377
fr venus thrmbemblic disease

preventin, 569, 570t
treatment, 573t, 574–575

Lw-saturated-fat diets, 1281

Loxosceles laeta, 152
Loxosceles reclusa, 152, 1609
Lxscelism, 152
LSD, 1103, 1602–1603

Ludwig angina, 230–231

Luj virus, 1413
Lumbar puncture headache, 34, 35–36, 982
Lumbar spine

disk herniatin, 1696–1697

lrdsis, 1166
lumbar plexus lesins, 1048

sympathectmy, fr hypertensin, 466
Lumbsacral plexus

lesins, 1048

pain, 795
Lumefantrine, fr malaria, 1523t, 1528
Lung. See also Pulmnary

abscess, anaerbic, 267, 276–277

E-cigarette–assciated acute lung injury, 305,
1603

neurendcrine tumrs, 1190
ccupatinal disrders, 304–310

transfusin-related injury, 546
Lung cancer, 287–290, 1622–1629. See also

specific types
adencarcinma in situ, 1623–1627

brnchial carcinid tumrs, 290

brnchgenic carcinma, 1622–1627

deaths frm, 1622
hemptysis, 21
HIV/AIDS, 1341
lesbian & bisexual wmen, 1730
mediastinal masses, 290

mesthelima, 1614t, 1628–1629

pulmnary metastasis, 1627–1628

right middle lbe syndrme, 290

screening, 12, 287–288

frm smking, 1622
slitary pulmnary ndule, 288–289, 1627
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Lung flukes, 1542
Lung transplantatin, 322

fr COPD, 262
fr cystic fibrsis, 265

Lung vlume reductin surgery, fr COPD, 262
Lupus. See also specific types

drug-induced, 842

Lupus anticagulants, 564–565

antiphsphlipid syndrme, 843
Lupus erythematsus, cutaneus, 118–119

Lupus nephritis, 839t–840t, 840, 841, 842
Lupus perni, sarcidsis, 294, 294f
Lupus prfundus, 838
Luteinizing hrmne deficiency, 1112
Luteinizing hrmne-releasing hrmne

analgs, 1622t
antagnist, 1622t

Lutema f pregnancy, 1198
Lutzomyia, 1518
Lyme disease (brrelisis), 1510–1514

Bell palsy, 1044–1045, 1044f
cinfectins, 1512
epidemilgy and vectrs, 1510
erythema migrans, 137, 137f
infectin transmissin, 1510
labratry findings/case definitin,

1511–1512
neck masses, 240

neurpathies, 1040
pst-Lyme syndrme/chrnic disease, 1512
in pregnancy, 1512
preventin, 1512
stages, 1510–1511
treatment & prgnsis, 1512–1514, 1513t

Lymphadenitis, 494–495

cat-scratch fever, 495
filariasis, 1550, 1550f
HHV-6, 1389
mycbacterial, 240, 1494

Lymphadenpathy, 239
reactive cervical, 240

Lymphangitic carcinmatsis, 1627
Lymphangitis, 494–495

antimicrbials fr, 1316t
filariasis, 1550, 1550f

Lymphatic channel diseases, 494–496

lymphangitis & lymphadenitis, 494–495

lymphedema, 495–496, 496f
Lymphatic filariasis, 1549–1551, 1550f
Lymphedema, 495–496, 496f
Lymphblastic lymphma, 536–537

fllicular, 536
marginal zne, 536
small lymphcytic, 536

Lymphcytic chrimeningitis, 1405–1406

Lymphcytic clitis, 665–666
Lymphcytic hypphysitis

central diabetes insipidus, 1115
hypgnadism, male, 1191t
hyppituitarism, anterir, 1110–1114

Lymphcytic meningitis, 1375, 1376
Lymphgranulma inguinale, 1303
Lymphgranulma venereum

Chlamydia trachomatis, 1496

fistula in an, 675
sexually transmitted, 1303

Lymphma, 535–538. See also specific types
autimmune hemlytic anemia, 516
autimmune thrmbcytpenia, 550
Burkitt, 536–537
cerebral, primary, 1005–1008, 1007t, 1009
classificatin, 535, 535t
CNS, primary, 536
diffuse large B-cell, 536

gastric, 1641–1642

head & neck, 241

high-grade, 536
highly aggressive, 536–537
HIV/AIDS, 1331
Hdgkin, 537–538

lymphblastic, 536–537
mantle cell, 536
neck mass, 239

nn-Hdgkin, 535–537

ptic disk swelling, 193
rbital, 191
peripheral T-cell, 537
small bwel bleeding, 604
small intestine cancers, 1644

testes, 1665
thyrid, 1144, 1145

Lymphplasmacytic sclersing pancreatitis, 737
Lymphprliferative disease. See also specific

types
autimmune thrmbcytpenia, 550

Lynch syndrme, 671–672, 1647
ureter & renal pelvis cancers and, 1661

Lysergic acid diethylamide, 1103, 1602–1603

Lyssmal strage disrders, 1680

M

M184V mutatin, 1372
M918T mutatin, 1150–1151
Macrcytic anemia, 502
Macrglbulinemia, Waldenström,

541–542, 1614t
Macular degeneratin, age-related, 65, 185–186

“Mad cw disease,” 1406–1407
MADH4, 671
Madurmycsis, 1564–1565

Magnesium
cncentratin disrders, 901–903

hypermagnesemia, 901–902, 903, 1152
hypmagnesemia, 902, 902t
nrmal, 901

deficiency, functinal hypparathyridism
frm, 1152

enteral requirements, 1284
hypcalcemia and, 895
n nervus system, 901
nrmal plasma, 901
ptassium handling, 891

Magnesium ammnium phsphate, urinary
stnes, 963

Magnesium salicylate, 82, 82t

Magnetic resnance chlangipancreatgraphy,
680

fr biliary stricture, 729
fr pancreatitis

acute, 734, 736
chrnic, 738

fr primary sclersing chlangitis, 730, 731
Ma huang, 1599t
Maisnneuve fracture, 1718
Majr depressin

with atypical features, 1079, 1080
melanchlic, 1079, 1080
with peripartum nset, 1079
psychtic, 1079
with seasnal nset, 1079, 1080

Majr depressive disrder, 1078–1079

lder adults, 53, 56–57
suicide, 1080

Malabsrptin, 636–642, 637t
bacterial vergrwth, 640

celiac disease, 636–639

clinical & labratry manifestatins, 637t
Crhn disease, 657

definitin, 636
irn deficiency anemia, 604
lactase deficiency, 641–642

shrt bwel syndrme, 640–641

syndrme, HIV/AIDS, 1347
thiamine deficiency, 1277
Whipple disease, 639–640

Malaria, 1521–1529

cerebral, 1522
cngenital, 1521
epidemilgy, 1521
labratry findings, 1522f, 1523
preventin, 1527, 1528–1529, 1528t
prgnsis, 1529
prphylaxis, pregnancy, 800, 1529
severe, 1521–1522
symptms & signs, 1521–1522
treatment

drugs, 1523, 1523t–1525t, 1524–1528
nn-falciparum, 1523–1524
severe disease, 1524
uncmplicated falciparum, 1524, 1524t,

1525t
Malarne, fr malaria

prphylaxis, 1528, 1528t, 1529
treatment, 1523t, 1527–1528

Malar rash
dermatmysitis, 838
systemic lupus erythematsus, 835, 838, 839t

Malassezia
flliculitis, 131–132
sebrrheic dermatitis, 113
tinea versiclr, 117–118

Malassezia furfur, 1349
Malathin, 1606–1607
Male breast

carcinma, 766–767

gynecmastia, 1195–1197, 1196t
Male sexual dysfunctin, 967–969

ejaculatin, 960, 968, 971, 1066, 1084, 1358
Malignancy. See Cancer; specific types
Malignant ascites, 608, 1667

Malignant catatnia, 30

Malignant effusins, 1666–1667

Malignant external titis, 203–204, 203f
Malignant hypertensin, headache, 34
Malignant hyperthermia f anesthesia, 30, 1296
Malignant melanma, 107–108, 107f, 1616t

eyelid, 168
lentig, 107

Malignant pleural effusin, 312, 313
Malignant pleural mesthelima, 1628
Mallry-Weiss syndrme, 586, 600, 601,

616–617, 619, 624
Malnutritin

n BUN, 914, 914t
lactase deficiency, 641
luteinizing hrmne/fllicle stimulating

hrmne deficiency, 1111
prtein–energy, 1267–1268

Malcclusin, facial pain, 986
Maltitl, 1221
MammaPrint, 754
Mammary Paget disease, 121
Mammgraphic lcalizatin excisinal bipsy,

750
Mammgraphy, fr breast cancer

3D, 11
diagnsis, 746–747
screening, 746
screening, digital, 11

Manganese, parenteral requirements, 1284
Mania, 1079, 1091
Mannitl, 1221

CMDT22_Index_p1741-1840.indd 1798 02/07/21 2:49 PM



INDEX 1799CMDT 2022

infusin
hyptnic hypnatremia, 885
translcatinal hypnatremia frm, 888

Mansoni, 1550
Mantle cell lymphma, 536
Mantux test, 280–281
Maple bark stripper’s disease, 308, 308t
Marasmus, 1267–1268
Marasmus-like secndary prtein–energy

malnutritin, 1267
Maravirc, 1361t, 1368
Marfan syndrme, 1681, 1682–1683

artic regurgitatin, 347, 348
artic rt dilatatin

pregnancy, 817
artic rt dilatin, 439
athlete screening and deaths, 439, 440t
pregnancy, 437t, 438–439
pregnancy, cardivascular cmplicatins,

437t, 438
sudden death, athlete, 439
thracic artic aneurysm, 486

Marginal blepharitis, 114
Marginal zne lymphmas, 536
Marijuana, 1103–1104, 1603

antiemetic, 586
driving, 12

Marrw, bne. See Bne disrders; Bne
marrw failure

Marshall scring system, mdified, 733
Martin/Hpkins equatin, 1257
MASCC scre, 31
Masculinizing hrmne therapy, 1737, 1737t,

1739t
Masked hypertensin, 443
Mastectmy, 755
Masticatry claudicatin, 986
Mastitis

Candida, 133
puerperal, 812–813

Mastcytsis, 879t
Mastiditis, acute titis media, 207
Match test, 16
Maternally inherited diabetes and deafness,

1214
Maternal md disrder, 1084
Maturity-nset diabetes f the yung,

1213–1214, 1213t
M. avium intracellulare cmplex pancreatitis,

732
Maxillary sinusitis, 217
Mayer-Rkitansky-Küster-Hauser syndrme,

1200
May-Thurner syndrme, 27–28
Maze prcedure, 338
McCune-Albright syndrme, 1117
McKenzie methd, 1697
McMurray test, 1709t, 1713

mdified, 1709t–1710t, 1713
MDMA, 1105

hyptnic hypnatremia frm, 888
verdse, seizures frm, 1585, 1585t
sertnin syndrme frm, 30

Measles, 1379t, 1390–1392

atypical, 1378t
Kplik spts, 1390, 1390f

Measles, mumps, and rubella (MMR) vaccine,
1324t, 1327t, 1356, 1391–1393,
1395

Measles, mumps, rubella, and varicella
(MMRV) vaccine, 1356, 1382,
1391–1392, 1395

Meat cnsumptin, clrectal cancer, 1646
Meatus, pruritus, 204

Mechanical extracrpreal cunterpulsatin,
fr angina, 366–367

Mechanical ventilatin. See Ventilatin,
mechanical

Meckel diverticulum
small bwel bleeding, 604
small intestine sarcma, 1645

Medial cllateral ligament injury, 1711–1712

Medial epicndylsis, 1699

Medial knee pain, 1706t
Mediastinal masses, 290

Mediastinitis, chrnic fibrtic, 493
Mediatr inhibitrs, fr asthma, 248t, 253
Medical interview, 1
Medical Orders fr Life-Sustaining Treatment,

72
Medical Orders fr Scpe f Treatment, 72
Medical turism, 1291
Medicatin-veruse headache, 982

Medicatins. See Drug-induced disrders;
specific types and indications

Medicinal herbs, txicity, 1584, 1584t, 1598,

1599t
Meditatin

n hypertensin, 449, 449t
fr insmnia, 1093
mindfulness, 1060, 1088

Mediterranean diet, 1220

fr cardivascular risk, 1269
fr hyperchlesterlemia, 1260–1261
fr besity, 1269
mega-3 fatty acids, 1263

Mediterranean fever, familial, 609

Mediterranean sptted fever, 1448t, 1452
Medrxyprgesterne acetate, n weight, 1269,

1270t
Medtrnic MiniMed, 1219, 1232
Medullary spnge kidney, 949–950, 952
Medullary thyrid carcinma, 1144t, 1145,

1148, 1150–1151, 1190
Medullblastma, 1005–1008, 1006t
Meflquine, fr malaria

prphylaxis, 1526, 1528t, 1529
treatment, 1523t, 1526

Megalblastic anemia, 502, 511
Megesterl acetate, ACTH suppressin frm,

1111
Meglitinides, n weight, 1269, 1270t
Meibmian gland

blepharitis, 168
carcinma, 168
chalazin, 167–168

hrdelum, 167

MEK inhibitrs, cular effects, 200, 200t
Melanchlic depressin, 1080
Melanchlic majr depressin, 1079
Melancytic nevi, 105, 105f
Melanma, malignant, 107–108, 107f,

1616t
eyelid, 168
lentig, 107

MELAS, 1052
Melasma, 159
MELD scre. See Mdel fr End-Stage Liver

Disease (MELD) scre
Melena

angiectasias, 602
dyspepsia, 583
ersive gastrpathy, 624
GI bleeding, acute upper, 599
Mallry-Weiss syndrme, 616
peptic ulcer disease, 633
small bwel bleeding, vert, 603

Meliidsis, 1312t

Melitinide analgs, 1222t, 1224
Meldy valve, 324, 325, 332, 353
Melxicam, 82, 82t

Melphalan, leukemia frm, 530
Memantine, fr dementia, 1022t, 1025
Membranprliferative glmerulnephritis,

936, 938–939

chrnic kidney disease frm, 924t
classificatins and findings

nephritic spectrum, 933t
nephrtic spectrum, 934t
serlgical analysis, 935f

hepatitis C virus, 687
Membranus nephrpathy, 934t, 943

Memry
dementia, 52–53
lss, shrt-term, 1023

Menarche, 1200
Mendelsn syndrme, 305–306, 1296
Ménière syndrme, 213

menin, 1189
Meningima, 1005–1008, 1006t
Meningitis

aseptic, 1298–1299
cxsackievirus, 1443
entervirus D68, 1445

carcinmatus, 1009

cccidiidmycsis, 1558–1559
cryptcccal, 1561–1562

HIV/AIDS, 1009, 1338t–1339t, 1343
echvirus, 1444
Haemophilus influenza, 1480
headache, 35
herpes simplex, 1375, 1376
histplasmsis, 1555
HIV/AIDS, 1343
Listeria monocytogenes, 1472
lymphcytic (Mllaret), 1375, 1376
meningcccal, 1478–1479

gay & bisexual men, 1733
HIV/AIDS, 1343

tgenic, 208
parechvirus, 1445
plague, 1487
pneumcccal, 1465
frm sinusitis, 218
sprtrichsis, 1564
Staphylococcus pneumoniae, 1465
therapy, initial

cmmunity-acquired bacterial, 1315t
pstperative/psttraumatic, 1315t

tuberculus, 1495

Meningcccal meningitis, 1343, 1478–1479,

1733
Meningcccal vaccines, 1324t

adverse effects & cntraindicatins,
1328t

gay & bisexual men, 1734, 1734t
Meningcccemia, 1379t
Meningcccus. See Neisseria meningitides
Meningencephalitis

angistrngyliasis, 1531
txplasmsis, 1531
trypansmiasis

African, 1515–1516
American, 1517

Meningvascular syphilis, 1505
Meniscus injuries, 1706, 1713

Menpausal flushing, 129–130, 130f,
1203

Menpause
definitin, 770
early, 1202
geniturinary syndrme f, 1203
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Menpause (Cont.):
nrmal, 1202–1207

age and characteristics, 1202
clinical findings, 1202–1203
treatment, 1203–1207

estrgen replacement therapy,
1203–1205

hrmne replacement therapy agents,
1205–1207

nn-estrgen, 1203
surgical menpause, 1207

premature, 1202
vasmtr symptms, 1203

Menstruatin
antipsychtics, irregularities frm, 1075
bleeding

n irn metablism, 502–503
nrmal, 768

irn deficiency anemia, 604
Mental health disrders. See Psychiatric

disrders
Mesamerican nephrpathy, 946, 947
Meperidine, 85t, 88t

sertnin syndrme frm, 30
Meralgia paresthetica, 1043–1044

Mercaptpurine, fr inflammatry bwel
disease, 653–654

Mercury. See also Heavy metals
antidte, 1586t
pisning, 1603–1604

txic neurpathy frm, 1041
tubulinterstitial disease frm, 946

merlin gene, 1013
MERRF, 1052
MERS/MERS-CV, 1436–1438

Mesalamine
fr inflammatry bwel disease, 653
fr ulcerative clitis, 662

Mescaline, 1103, 1602–1603

Mesenchymal tumrs, hypglycemia frm,
1254

Mesenteric ischemia
acute, 482
chrnic, 482
nncclusive, 482

Mesenteric vein cclusin, 482

Mesial tempral sclersis, epilepsy, 988, 1389
Mesthelima, 1614t, 1628–1629

MET, lung cancer, 1625, 1626
Metablic acidsis, 904–908. See also specific

types
anin gap acidsis

increased, 904t, 905–906, 905t
nrmal, 904t, 906–908, 906t

chrnic kidney disease, 905, 905t,
928

cmpensatin, expected, 904t
hyperchlremic, 892
hyperkalemia, 894
ketacidsis, 905–906, 905t
lactic acidsis, 905, 905t
mineralcrticid deficiency, 887
n phsphate reabsrptin, 899
psthypercapneic, 909, 909t
txins, 905t, 906
uremic acidsis, 906

Metablic alkalsis, 908–910

causes, 908, 909t
chlride-respnsive, 909, 909t, 910
chlride-unrespnsive, 909, 909t, 910
cmpensatin, expected, 904t
hypercalcemia, 898
nausea & vmiting, 584

Metablically bese, 1213

Metablic-assciated fatty liver disease,
702–704

Metablic bne disease, 1161–1171

chrnic kidney disease, 926–927, 926f
stepenia, 1161

steprsis, 1162–1166, 1162t
Paget disease f bne, 1169–1171

rickets & stemalacia, 1166–1169, 1167t
Metablic disrders. See also specific types

encephalpathy, 1010
neurpathy, 992
neurpathy, dysautnmia, 992
stupr & cma frm, 1027–1028

Metablic syndrme, 356, 1215

angina pectris, chrnic stable, 365
cardivascular disease risk, 450t
crnary heart/artery disease, 356
diabetes mellitus risk, statin therapy, 1263
hirsutism and, 1199
hypertensin and, 445
lipid-lwering therapy with, 1259t
Mediterranean diet with, 1260
nnalchlic fatty liver disease, 702
plycystic varian syndrme, 776
psriasis, 112
schizphrenia, 1071

Metacarpphalangeal rheumatid arthritis, 827
Metagonimus, 1542
Metals, heavy. See also specific types

antidtes, 1586t
prximal renal tubular acidsis frm, 907
tubulinterstitial disease, chrnic, 946–947

Metapneumniavirus, human, 1428–1429

Metered-dse inhalers
asthma, 246, 248t, 250t, 251–252, 254, 255f
COPD, 260, 262

Metfrmin, 1222t, 1224–1225, 1235–1236,
1236f

clinical trials, 1215–1216
fr diabetes type 2 preventin, 1216
in hspital use, 1243
lactic acidsis frm, 1250
verdse/pisning, 1600

Methadne
frmulatins, 90
hypglycemia frm, 1255
maintenance prgrams, 1103
verdse/pisning, 1584, 1584t
fr pain, 85t, 88t

Methamphetamines, 1104
verdse/pisning, 1592
sertnin syndrme frm, 30
txic mypathy frm, 1053

Methanl
anin gap acidsis increase frm, 905t, 906
verdse/pisning, 1604

antidtes, 1586t
hemdialysis fr, 1587, 1587t

Methcathinne, 1592
Methemblinemia-inducing agents, 1604–1605

Methemglbinemia
dyspnea, 18, 19, 20
frm phenazpyridine, 39

Methicillin-resistant Staphylococcus aureus
(MRSA), 1312t

cnjunctivitis, 169
health care–assciated, 1295
HIV/AIDS, 1348
keratitis, 171
mastitis, 813
multidrug-resistant pathgens, risk factrs,

274, 274t
nasal clnizatin, 218–219

nngncccal acute bacterial arthritis, 867

rbital cellulitis, 194
pneumnias, nscmial, 273
rapid screening fr, 1297
skin & sft tissue infectins, 1460t,

1465–1466, 1466f
Methimazle, 1135–1136, 1135t

autimmune hypglycemia frm, 1255
giter frm, 1126

Methinine, metablism f, 1681
Methtrexate, 835–836

fr inflammatry bwel disease, 654
txicity, 1617t, 1674

Methyl brmide, txic neurpathy frm, 1041
Methylcbalamin, 509
Methyldpa

fr hypertensin, 461, 464t
verdse/pisning, 1597

Methylenedixymethamphetamine (MDMA).
See MDMA

3,4-Methylenedixymethamphetamine
(MDMA), 1105

hyptnic hypnatremia frm, 888
verdse, seizures frm, 1585, 1585t
sertnin syndrme frm, 30

Methylenedixypyrvalerne, 1592
Methyl salicylate verdse/pisning,

1607–1608
Methylxanthines verdse/pisning,

1609–1610
Metclpramide, abnrmal mvements frm,

1020
Metprll, 384t, 1270t
Metritis, 813, 819
Mexiletine, 384t
Micrangipathy, thrmbtic, 552–554, 553t
Micrbita, intestinal

n hypertensin, 449
irritable bwel syndrme, 648

Micrcephaly, cngenital, 1420
Micrcytic anemia

pathphysilgy, 502 (See also specific types)
pregnancy, 814

Micrfilariae
lymphatic filariasis, 1550–1551
nchcerciasis, 1551–1552

Micrlithiasis, 723, 726, 732, 734, 736
Micrprlactinma, hyperprlactinemia,

1119–1121
Micrscpic clitis, 665–666

Micrscpic plyangiitis, 303, 860–864

Behçet disease, 862–863

clinical findings, 860
cryglbulinemia, 861–862

differential diagnsis, 860
esinphilic granulmatsis with

plyangiitis, 861

general cnsideratins, 860
IgA vasculitis, 862

levamisle-assciated purpura, 861

lived racemsa, 864

lived reticularis, 864

primary angiitis f CNS, 863–864

prgnsis, 860–861
relapsing plychndritis, 862

treatment, 860
Micrspridisis, 1535–1538

HIV/AIDS
enterclitis, 1346
malabsrptin syndrme, 1347
papillary stensis, 1346

Microsporum, 115
Micrvesicular steatsis, 701, 702
Middle cerebral artery cclusin, 996, 997t
Middle cmpartment, 290
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Middle ear disrders, 205–209

acute titis media, 205–206, 206f
chrnic titis media, 206–208

effusin, hearing lss, 201
neplasia, 200

tsclersis, 208

trauma, 208, 208f
Middle East respiratry syndrme (MERS),

1436–1438

Middle East respiratry syndrme–crnavirus
(MERS-CV), 1436–1438

Middle mediastinal mass, 290

Midline malignant reticulsis, 224
Mifepristne, 785
Miglitl, 1222t, 1225–1226

verdse/pisning, 1600
Migraine aura withut headache, 978
Migraine headache, 37–40, 978–981

aura, 978
aura withut headache, 978
with brainstem aura, 979
familial hemiplegic, 978
family histry, 978–979
likelihd ratis, 35, 35t
mitchndrial mypathies, 1052
pathphysilgy, 978
phtpsia, 978
sctma/scintillating sctma, 37
treatment, 979–981

preventive, 980–981, 980t
symptmatic, 979

Migrainus vertig, 214

Mild cgnitive impairment, 1022
lder adults, 53, 54

Miliaria, 132

Miliaria crystallina, 132
Miliaria prfunda, 132
Miliaria rubra, 132
Milk-alkali syndrme, 898, 909, 909t
Milk allergy, 877. See also Lactse intlerance
Milker’s ndules, 1441
Miller Fisher syndrme, 1041
Mindfulness, 1065, 1068

n hypertensin, 449, 449t
meditatin, 1060, 1088

Mindfulness-based stress reductin, 1055,
1065, 1088

Mineralcrticids. See also specific types and
uses

deficiency
hyperkalemia, 887, 894
hyptnic hypnatremia, 887

excess
chlride-unrespnsive alkalsis, 909, 909t
syndrme, apparent, 1181

resistance, hyperkalemia, 894
Minerals. See also specific types

requirements, 1284
Minilapartmy, 785
Minimal change disease, 934t, 941–942

Minimal change pancreatitis, 738
Minimally cnscius state, 1028
Minimally invasive crnary artery bypass

grafting, 366
MiniMed

670 G, 1232
system, 1219

Mincycline hyperpigmentatin, 159–160,
160f

Minrity stress mdel, 1720–1721, 1726, 1727,
1731–1732, 1733

Minxidil, fr hypertensin, 465t, 466

Mirizzi syndrme, 725
Mirtazapine, n weight, 1269, 1270t

Miscarriage, 802–803. See also Spntaneus
abrtin

Mismatch repair genes
clrectal cancer, 1646
Lynch syndrme, 671
serrated plyps, 668

Missed abrtin, 803, 806
Mistreatment, elder, 66–67, 66t
Mitchell-Riley syndrme, 1214
Mites, 131–132, 152
Mitchndrial DNA

maternal, 1214
mutatin, diabetes mellitus, 1213t, 1214

Mitchndrial mypathies, 1051, 1052

Mittane
adrenal insufficiency frm, 1172
pituitary insufficiency & hypthyridism

frm, 1111
Mitxantrne, mycarditis frm, 417
Mitragyna speciosa, 1605–1606
Mitral clip (MitraClip), 340–341
Mitral regurgitatin, 333t–335t, 338–342, 340f,

341f
interventins n, 336t
mycardial disease, 339–341
STEMI, 374
systemic lupus erythematsus, 840

Mitral stensis, 333t–335t, 336–338, 337f
pregnancy, 817
rheumatic fever, 334t–335t, 336–337, 337f

Mitral valve
“parachute,” 336
repair/replacement, 337f, 338

Mitral valve prlapse, 27, 334t–335t, 339, 360,
362

autsmal dminant plycystic kidney
disease, 949

endcarditis, 1472
fragile X syndrme, 1679
interventins n, 336t
Marfan syndrme, 1679, 1682–1683
pstural rthstatic tachycardia syndrme,

993
supraventricular arrhythmia, 26

Mittelschmerz, 646
Mixed acid-base disrders, 903, 906
Mixed cnnective tissue disease, 851, 943
Mixed cryglbulinemia, glmerulnephritis,

939
Mixed phentype acute leukemia, 530–531

Mixed venus xygen saturatin, shck, 499
MLH1, 668, 671, 672, 1634, 1646
Mbility limitatins, lder adults, 58
Mbitz AV blck

type I, 380, 387
type II, 380, 387

Mdel fr End-Stage Liver Disease scre
acute liver failure, 689, 690
alchl-assciated liver disease, 699
autimmune hepatitis, 697
cirrhsis, 707, 708, 710–711, 710t
drug-/txin-induced liver injury, 700
heart failure, liver in, 719
hepatic venus utflw bstructin, 718
primary biliary chlangitis, 713
surgical risk assessment, 46

Mdified Marshall scring system, 733
Mdified McMurray test, 1709t–1710t, 1713
MOG-IgG antibdies, 1033
“Misturizers,” 99
Mlds, 1565

Mle
atypical, 105, 105f
hydatidifrm, 805–807

invasive, 806
nrmal (benign), 105, 105f
partial, 806

Mllaret meningitis, 1375, 1376
Mlluscipx virus, 1440–1441
Mlluscum cntagisum, 143, 143f, 1440–1441

HIV/AIDS, 143, 143f, 1348, 1348f
Mnkeypx, 1441
Mnamine xidase (MAO) inhibitrs,

1085–1086
dietary restrictins, 1085, 1085t, 1086
verdse/pisning, hypertensin frm,

1584
selective, fr Parkinsn disease, 1016–1017
sertnin syndrme frm, 30
n weight, 1269, 1270t

Mnclnal antibdy agents. See also specific
types

fr asthma, 249t, 253
fr cancer, 1618t–1620t

Mnclnal gammpathy
benign, plyneurpathy, 1040
hepatitis E, 688

Mnclnal immunglbulin–mediated
glmerulnephritis, 921

Mncular visual lss, transient, 188–189

Mnneuritis multiplex, 1039–1042, 1040
Mnneurpathies, 1042–1044

entrapment neurpathies, 1042–1043
femral neurpathy, 1043

meralgia paresthetica, 1043–1044

prnatr teres/anterir intersseus
syndrme, 1043

radial nerve lesins, 1043

Saturday night palsy, 1042
sciatic & cmmn perneal nerve palsies,

1044

tarsal tunnel syndrme, 1044

ulnar nerve lesins, 1043

Mnneurpathy multiplex, 1038
Mnnuclesis, infectius, 1379t,

1384–1385

Mntenegr skin test, 1519
Mntgmery-Asberg rating scale, 1080
Mntreal Cgnitive Assessment, 53, 1023
Md disrders, 1078–1091. See also specific

types
adjustment disrder with depressed md,

1078

biplar disrder, 1079

cyclthymic, 1079

mania, 1079

cmplicatins, 1080–1081
depressive disrders

majr, 1078–1079

persistent, 1079

premenstrual dysphric, 1079

differential diagnsis, 1080
frm illness/medicatins/hspitalizatin,

1079–1080, 1108
prgnsis, 1091
treatment, 1081–1091

biplar disrder, manic & depressive
episdes, 1088–1091, 1090t

depressin, 1081–1085, 1082t, 1083f (See
also Antidepressants)

dietary restrictins, 1085t
drug interactins, antidepressant, 1087t
drug interactins, lithium, 1090t
medicatins, 1082t, 1083f

Moraxella
bite wunds, 1302
cnjunctivitis, 169
keratitis, 177
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Moraxella catarrhalis, 1312t, 1480

laryngitis, acute, 233
pneumnia, 267t
pneumnia, cmmunity-acquired, 268–271
rhinsinusitis, 208

Mrbidly adherent placenta, 812

Mrbillifrm disrders, 100t
Morganella, 1313t
Mrphine, 85t, 88t

intrathecal, 95
verdse/pisning, 1605–1606

Msaic hyperpigmentatin, 159
Msquites. See also specific types

anpheline, malaria frm, 1521
pathgens brne by, 1400–1401
skin lesins, 152

Mtility disrders
diarrhea, 596
esphageal, 621–623

achalasia, 621–622

ther primary (dysphagia), 622–623
intestinal, 642–645

clnic pseud-bstructin, acute,
643–644

gastrparesis, 644–645

intestinal pseud-bstructin, chrnic,
644–645

paralytic ileus, acute, 642–643

Mtr neurn diseases, degenerative,
1036–1037

amytrphic lateral sclersis, 1036

primary lateral sclersis, 1036

prgressive bulbar palsy, 1036

prgressive spinal muscular atrphy, 1036

pseudbulbar palsy, 1036

Mtr tics, 1021
Mtr vehicle accidents, 12
Murits clinical activity scre, 1140
Muse, lymphcytic chrimeningitis frm,

1405
Mvement disrders, 1014–1022

drug-induced abnrmal mvements, 1020

essential tremr, 1014

fcal trsin dystnia, 1019–1020

Gilles de la Turette syndrme, 1021–1022,

1073
Huntingtn disease, 1018–1019

idipathic trsin dystnia, 1019

myclnus, 1020

Parkinsn disease, 1014–1017

restless legs syndrme, 1020–1021

Wilsn disease, 1020

MPL mutatin
essential thrmbcytsis, 525
myelfibrsis, primary, 526
myelprliferative neplasms, 522

MPO-ANCA, 858, 859, 860, 937
MS2 mutatin, 671
MSH2 mutatin, 671, 1634
MSH6 mutatin, 671
Mucinus cystic neplasms, pancreatic, 1634
Muccutaneus candidiasis, 132–134, 133f
Muccutaneus lymph nde syndrme, 1379t,

1456–1458

Mucor (mucrmycsis), 219, 1563–1564

gastritis, 627
in immuncmprmised, preventin, 1293
mucrmycsis frm, 1563
sinusitis, 219

Mucsa-assciated hypnatremia, 887
Mucsa-assciated lymphid tissue (MALT)

lymphma
gastric, 1642
thyrid, 1145

Mucsa-assciated lymphid tissue (MALT)
tumrs

spleen, 536
stmach, 536

Mucsal adenmatus plyps, 668
Mucsal laceratin f gastresphageal

junctin, 616–617

Mucsal neurma, 1182, 1189, 1190
Mucsal nnneplastic plyps, 668
Mucsal serrated plyps, 668–669
Mucus membranes

diabetes mellitus n, 1242
malignant melanma, 107

Muddy brwn casts, 912, 913t
acute tubular necrsis, 916t, 917, 918

Müllerian agenesis, 1200
Multidrug-resistant pathgens, 1295. See also

specific types
Candida auris, 1554
chlera, 1485
enteric fever, 1483
HIV, 1368, 1372
Mycobacterium, 1495
Plasmodium falciparum, 1527, 1528t
pneumnia, nscmial, 273, 274t
Pseudomonas aeruginosa, 1314t
Salmonella typhi, 1483
septic shck, 497
spntaneus bacterial peritnitis, 707
tuberculsis, pulmnary, 278, 279, 284, 285,

1340
Multifcal atrial tachycardia, 397–398
Multifcal encephalitis, varicella-zster virus,

1381
Multifcal myclnus, 1020
Multigated acquisitin scan, 361
Multinatinal Assciatin fr Supprtive Care

in Cancer scre, Talctt rules, 31
Multindular giter, 1127t, 1137, 1141–1143,

1141t
hyperthyridism, 1131

MEN 1, 1190
txic, 1131

Multirgan failure
alchl-assciated hepatitis, 699
arsenic cntaminatin, anablic sterids,

1195
burn patients, 1574
chlecystitis, acalculus, 725
critical illness neurpathy, 1040
hyperthermia, 1585
necrtizing fasciitis, 1461
pancreatitis, necrtizing, 736, 737
Sequential Organ Failure Assessment scre,

497, 689, 733
splanchnic vascnstrictin, 498
stress gastritis frm, 624

Multiple endcrine neplasia (MEN),
1189–1190

acrmegaly, 1117
Islets f Langerhans adenma, 1251
ther syndrmes, 1190
syndrmes and incidence, 1189, 1189t
type 1, 1189–1190, 1189t
type 2, 1141, 1182, 1189t, 1190
type 3, 1182, 1189t, 1190
type 4, 1189t, 1190

Multiple myelma. See Plasma cell myelma
Multiple sclersis, 1031–1033, 1033t

clinically islated syndrme, 1032
disseminatin, in space/time, 1032
hearing lss, 215
ptic neuritis, 192
primary prgressive, 1031

relapsing-remitting, 1031
secndary prgressive, 1031
vertig, 215

Multislice CT angigraphy, fr angina pectris,
361

Multisystem atrphy, 992
Multisystem crisis, 1183, 1184
Multisystem inflammatry syndrme in

children, COVID-19, 1426, 1456
Mumps, 1392–1394, 1393f

idide, 1393
pancreatitis, 732

Munchausen by prxy, 1062

Munchausen syndrme, 1062

Mural thrmbus, after STEMI, 382, 1595
Murder, family, 1095
Murine typhus, 1447–1449, 1448t
Murmurs, heart. See Heart murmurs; specific types
Muscarinic agents. See also specific types

lng-acting
fr asthma, 249t, 252
fr COPD, 260

shrt-acting
fr asthma, 250t, 252
fr COPD, 260

Muscular dystrphies, 1051–1052, 1051t
Musculskeletal disrders. See Orthpedic

disrders & sprts medicine
Mushrm picker’s disease, 308, 308t
Mushrm pisning, 1605

Mus musculus, lymphcytic chrimeningitis
frm, 1405

Musset sign, 348
Mutatin, 530. See also specific types
MUTHY, 670
Mutism, 1070, 1090t, 1404

akinetic, 1028, 1407
Myasthenia gravis, 1011, 1012t, 1048–1049

celiac disease, 638
extracular mvement disrders, 194

Myasthenic crisis, 1049
Myasthenic syndrme, 1050

MYC, high-grade lymphma, 536
Mycetma, 1564–1565

Mycbacterial infectins, 1493–1495

adenitis, granulmatus neck masses, 240
HIV/AIDS

atypical, 1340
hepatic, 1345–1346

immunsuppressive medicatins, 1289
lymphadenitis, 240, 1494

Mycobacterium avium cmplex,
disseminated, 1494–1495

pneumnia, HIV/AIDS, 1340, 1340f
pulmnary, 1494

nntuberculus, 286

tuberculsis, 278–286

skin & sft tissue, 1494

Mycobacterium abscessus, 286–287, 1494
Mycobacterium avium cmplex (MAC), 1313t

disseminated, 1494–1495

HIV/AIDS, 1338t
malabsrptin syndrme, 1347
preventin, 1357
treatment, 1358

nntuberculus mycbacteria pulmnary
disease, 286–287

pulmnary, 1494
Mycobacterium bovis, 646
Mycobacterium chelonae, 1494
Mycobacterium fortuitum, 1494
Mycobacterium fortuitum-chelonei, 1313t
Mycobacterium kansasii, 286–287, 1313t

pulmnary, 1494
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Mycobacterium leprae, 1313t
Mycobacterium malmoense, 286–287
Mycobacterium marinum, 1494
Mycobacterium tuberculosis, 278–286, 1313t,

1495

HIV/AIDS, 1340, 1340f
intestinal tuberculsis, 646
lymphadenitis, 1494
spinal tuberculsis, 872–873

tuberculus arthritis, 873

Mycobacterium ulcerans, 1494
Mycobacterium xenopi, 286–287
Mycoplasma

pharyngitis & tnsillitis, 229
struvite calculi, 966
treatment, 1314t

Mycoplasma genitalium, 1303, 1496
Mycoplasma pneumoniae

asthma exacerbatins, 255
muccutaneus reactin, 136
pneumnia, 267t

cmmunity-acquired, 268–271
Mycsis fungides, 119–120

Myctic infectins (mycses), 1553–1565

agents fr, 1556t–1557t
allergic brnchpulmnary aspergillsis,

264, 879t, 1562–1563
aneurysms, injectin drug abuse, 1305
aspergillsis, 1562–1563

black mlds, 1565

blastmycsis, 1564

candidiasis, 1553–1554

cccidiidmycsis, 1558–1559

cryptcccsis, 1561–1562

histplasmsis, 1554–1556

husehld mlds, 1565

mucrmycsis, 1563–1564

mycetma, 1564–1565

ther pprtunistic mlds, 1565

pneumcystsis, 1559–1560 (See also
Pneumocystis jirovecii pneumnia)

sprtrichsis, 1564

MYD88 mutatin, 542
Myelin-assciated glycprtein antibdies,

1040
Myelin ligdendrcyte glycprtein, serum

antibdies t, ptic neuritis, 192–193
Myelitis, 1011, 1012t. See also specific types

acute flaccid, 1397–1398, 1445
transverse, cytmegalvirus, 1387

Myeldysplasia, 528–529
with excess blasts, 528

Myeldysplastic syndrmes, 528–529

bne marrw failure, 548
lder adults, 505
relapsing plychndritis, 862
rheumatic manifestatins, 876

Myelfibrsis, primary, 525–526

Myelma, hypercalcemia, 1667–1668
Myelma kidney, 950
Myelpathy. See also specific types

HIV/AIDS, 1034, 1343
human T-cell leukemia virus, 1034

Myelprliferative neplasms, 521–529. See
also Leukemia; specific types

causes, 521
classificatin, 521, 521t
essential thrmbcytsis, 524–525

genetics, 521–522
labratry features, 521, 522t
myeldysplastic syndrmes, 528–529

myelfibrsis, primary, 525–526

plycythemia vera, 522–523, 522t, 523t
Myelradiculitis, varicella-zster virus, 1381

Myersn sign, 1015
MYH9 mutatin, 548
Mycardial fibrsis, 361–362
Mycardial hibernatin, 356

Mycardial infarctin
abdminal artic aneurysm, 485
antiphsphlipid syndrme, 843
cardiac risk assessment/reductin, 41
cardigenic shck frm, 496
frm ccaine, 368, 373
cmbined ral cntraceptives and, 779
crnary vasspasm with, crnary

arterigram nrmal, 368

hypertensin treatment after, 470t, 471, 472t
palpitatins, 26
patent framen vale, 328
pericarditis after, 427–429
pst-MI (Dressler) syndrme, 382, 427–429
pstperative, preperative evaluatin/

periperative management, 44
silent, dyspnea, 18

Mycardial infarctin (MI), acute
chest pain, 22–23
gender differences, 22–23
with ST-segment elevatin, 373–379, 375t

cmplicatins, 379–382
pstinfarctin management, 382–383
pstinfarctin medicatins, 382–383
risk stratificatin, 382
secndary preventin, 382

ventricular tachycardia, 399
Mycardial injury, pst-perative, 41
Mycardial ischemia

frm atrial fibrillatin, 391
chest pain, 22
frm ccaine, 368, 373
crnary vasspasm and, nrmal

arterigram, 368
hypertensin treatment, 471, 472t
frm ventricular tachycardia, 400

Mycardial perfusin scintigraphy, 361
Mycardial rupture, 381
Mycardial stress testing, 361
Mycardial stunning, 356

Mycarditis
autimmune, 415, 415t
definitin, 415
esinphilic, 417
genetics, 415
pericarditis with, 428
systemic lupus erythematsus, 840
ventricular tachycardia, 399

Mycarditis, infectius, 404, 414–417

causes, 415, 415t
COVID-19, 414–416, 416t
cxsackievirus, 1443
entervirus, 1445
fulminant/subclinical/chrnic, 415
hepatitis E, 688
HHV-6, 1389
txplasmsis, 1531
trypansmiasis

African, 1515
American, 1517

Mycarditis, nninfectius, 417–427

cardimypathy
dilated, 418–420, 419t
hypertrphic, 419t, 421–423

restrictive, 404, 419t, 423–424

stress, 373, 420–421

causes, 415, 415t, 417
classificatin, 418, 419t
ccaine, 415t, 417
fundamentals, 417

hypersensitivity reactins
medicatin, 415t, 417
venms, 415t

referral, 417–418
rheumatic fever, 425–427, 425t
systemic disrders, 415t, 417

Myclnic-atnic seizure, 987
Myclnic epilepsy, ragged red fiber syndrme,

1052
Myclnic seizure, 987
Myclnic-tnic-clnic seizure, 987
Myclnus, 1011, 1012t, 1020

Myglbin, acute crnary syndrmes, 369
Myglbinuria, 913, 919
Myma

hereditary leimyma-renal cell carcinma,
1662

uterine leimyma, 770–771

Mynecrsis, clstridial, 1305, 1461, 1469

Mypathic disrders, 1050–1053. See also
Anti synthetase syndrme;
Dermatmysitis; Plymysitis

acid maltase deficiency, 1052

acquired, 1050
causes, 1050
clinical presentatin, 1050–1051
critical illness mypathy, 1053

endcrine mypathies, 1053

examinatin & testing, 1050–1051
HIV/AIDS, 1344
immune-mediated inflammatry, 848–850,

849f, 849t
inclusin bdy mysitis, 1052–1053

inherited, 1050
initial testing, 1051
mitchndrial mypathies, 1051, 1052

muscular dystrphies, 1051–1052, 1051t
mytnia cngenita, 1052

mytnic dystrphy, 1051t, 1052

txic mypathies, 1053

Mypathy, encephalpathy, lactic acidsis, and
strke-like episdes (MELAS), 1052

Mypericarditis, COVID-19, 415
Mysitis, necrtizing, 1461
Mytnia cngenita, 1052

Mytnic dystrphy, 183, 1051t, 1052

Myringtmy
acute titis media, 206
fr bartrauma, 205

Myxedema, 1126–1130, 1127t, 1128t
cma, 498, 887
crisis, 1128, 1128t, 1129
pericarditis, 428
pretibial, 1132

Myxma, 434–435

N

Nabumetne, 82, 82t

Nadll, n weight, 1270t
Nail disrders, 162–163

brwn, 166t
Candida, 133
clubbing, 162f, 163, 265
hyperpigmentatin, 162
ingrwn nail, 163
lcal, 162
mrphlgic, 162–163, 162f
parnychia, 162, 162f
pitting, psriasis, 111, 111f, 162
splinter hemrrhages, endcarditis, 1473, 1473f
spning, irn deficiency anemia, 503
stippling/pitting, 111, 111f, 162
systemic/generalized disease, 162
tinea unguium, 163
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Nailfld capillary abnrmalities
dermatmysitis, 848
Raynaud phenmenn, 844, 845f, 846t

Nalxne, 92, 1583
Naltrexne + buprpin, 1270, 1272t
Naphazline verdse/pisning, 1597
Naprxen, 82, 82t

Narcissistic persnality disrder, 1068–1069,
1068t

Narclepsy syndrme, 1094

Narctics, 1102. See also Substance use
disrders; specific types and uses

Narctics Annymus, 1103
Nasal, 218–219

Nasal plyps, 220, 223

Nasal pyramid fracture, 222–223
Nasal trauma, 222–223

Nasal vestibulitis, 218–219

Naslacrimal duct bstructin, cngenital, 168
Naspharyngeal carcinma, 223–224, 1385
Naspharyngeal tumrs, 223–224

Natalizumab, pprtunistic infectins with,
1292

Nateglinide, 1222t, 1224, 1236
Natinal Glychemglbin Standardizatin

Prgram, 1218
Natinal Institutes f Health Chrnic Prstatitis

Symptm Index, 960
Natinal Lung Screening Trial, 288
Native valve endcarditis, 1472
Nausea & vmiting, 584–586, 585t, 587t

antiemetics fr, 586, 587t
brainstem vmiting center & input, 584
causes, 584, 585t
diverticulitis, 667
hyperemesis, cannabinid, 586, 1603
hyperemesis gravidarum, 801–802

hyptnic hypnatremia frm, 887
migraine, 35, 35t
frm piids, 69, 91
palliative care, 69
pregnancy, 801–802, 822
special examinatins, 584–586

Nearsightedness
prgressin rate, reductin, 167
retinal detachment, 184

Necator americanus, 1545–1546
Neck fractures, 1697
Neck infectins, deep, 230–231

Neck masses
cngenital lesins

branchial cleft cysts, 239

thyrglssal duct cysts, 239

differential diagnsis, 239
granulmatus, 240
infectius & inflammatry

deep infectins, 230–231

mycbacterial lymphadenitis, 240

reactive cervical lymphadenpathy, 240

Lyme disease, 240

tumr metastases, 240

Neck pain, 1697–1698

discgenic, 1045–1047, 1046f–1047f
acute cervical disk prtrusin, 1045,

1046f–1047f
causes, 1045
cervical spndylsis, 1045–1047

Neck punding, palpitatins, 25, 26
Necrbisis lipidica diabeticrum, 1242
Necrtizing arthritis, rheumatid, 834
Necrtizing fasciitis, 139, 1492, 1492f

Staphylococcus aureus, 1460t, 1466
streptcccal, 1460–1461, 1460t

Necrtizing gastritis, 627

Necrtizing mysitis, 1461
Necrtizing pneumnia, 276–277
Necrtizing systemic fibrsis, gadlinium, 361
Necrtizing ulcerative gingivitis, 227

Neer impingement sign, 1685, 1688t, 1690
Negative symptms, 1070
Neglect, elder, 66–67, 66t
Neisseria gonorrhoeae, 1312t, 1487–1489

anrectal, 674
arthritis, 869–870

bite wunds, 1302
cervicitis, 1488
cnjunctivitis, 169–170, 1488
epididymitis, 961
gay & bisexual men, 1732–1733
gnrrhea, 1303–1304

lesbian & bisexual wmen, 1728
pelvic inflammatry disease, 791
pharyngitis & tnsillitis, 229
in pregnancy, 822

urethritis, 1303, 1488
vaginitis, 1488

Neisseria meningitides, 1312t
meningitis, 1343, 1478–1479, 1733
meningcccal meningitis, 1343, 1478–1479,

1733
primary immundeficiency disrders, 881
vaccine, 1479

Nelfinavir, 1360t, 1366
Nematdes, 1545–1549

intestinal
ascariasis, 1545–1546

enterbiasis, 1548

hkwrm, 1546–1547

strngylidiasis, 1547–1548

trichuriasis, 1546

invasive, 1548–1549

angistrngyliasis, 1548–1549

cutaneus larva migrans, 1549, 1549f
Nebladder, 907
Nelgisms, 1070
Nemycin, cntact dermatitis frm, 125
Nenatal herpesvirus, 1374–1376
Neplasms. See Cancer; specific types
Neplastic pericarditis, 427–429
Neorickettsia sennetsu, 1448t
Nephritic spectrum glmerular diseases, 931,

932–940, 932f. See also specific types
anti-glmerular basement membrane

glmerulnephritis, 938

C3 glmerulpathies, 938–939

clinical findings, 932–933, 933t
cryglbulin-assciated glmerulnephritis,

939

general cnsideratins, 932
Gdpasture syndrme, 938

Hench-Schönlein purpura, 937

hepatitis C virus–assciated kidney disease,
939

IgA nephrpathy, 933t, 934, 936

infectin-related & pstinfectius
glmerulnephritis, 933t, 934–936

membranprliferative glmerulnephritis,
687, 924t, 933t, 934t, 935f, 936, 938–

939

pauci-immune necrtizing
glmerulnephritis, 937

systemic lupus erythematsis, 939–940

treatment, 933
Nephritic syndrme, 931, 932f
Nephritis. See also Glmerulnephritis

interstitial, 916t, 920–921

lupus, 839t–840t, 840, 841, 842
Nephrgenic systemic fibrsis, 951

Nephrlithiasis
autsmal dminant plycystic kidney

disease, 949
calcium

hypercalciuria, 965
hyperxaluria, 965
hyperuricsuria, 965
hypcitraturia, 965–966
medical treatment & preventin,

965–966
medullary spnge kidney, 949
uric acid, 951

Nephrpathia epidemica, 1416, 1417
Nephrpathy

analgesic, 946
Balkan, 947, 1661
diabetic, 934t, 943–944, 1239
HIV-assciated, 934t, 944–945

hypreninemic hypaldsternemic RTA,
907, 944

IgA, 933t, 934, 936

membranus, 934t, 943

Mesamerican, 946, 947
pigment, 918
uric acid/urate, 829–830, 951

Nephrsclersis, hypertensin, 447
Nephrsis. See also Hydrnephrsis

amylidsis, primary, 543
edema treatment, 28. See also Kidney disease
lipid, 934t
mrtality, 2t

Nephrtic-range prteinuria, 931, 940
Nephrtic spectrum glmerular diseases,

940–944. See also specific types
causes, 940
clinical findings, 940–941
diabetic nephrpathy, 943–944

fcal segmental glmerulsclersis, 924t,
931, 934t, 942

HIV-assciated nephrpathy, 944–945

membranus nephrpathy, 943

minimal change disease, 941–942

primary renal disrders, 941–943

renal amylidsis, 945

systemic disrders, 943–944

treatment, 941
Nephrtic syndrme, 931, 932f
Nephrtxins

endgenus, 918
exgenus, 918

Nerve agents, chemical warfare, 1597, 1606
Nerve rt impingement, 1693–1695

Nerve sheath meningima, ptic disk swelling,
193

Nervus system disrders, 978–1053. See also
specific types

autimmune paraneplastic, 1011, 1012t
cerebrvascular, 1011
chrnic kidney disease, 928
delirium, 1023
dementia, 1022–1026

disseminated intravascular cagulatin, 1011
dysautnmia, 992–993

epilepsy, 984t–985t, 986–991

facial pain, 982–986

headache, 978–982

head injury, 1028–1031, 1029t
idipathic intracranial hypertensin,

1011–1013

immune suppressin, 1011
infectins, seizures, 988
intracranial & spinal mass lesins,

1003–1010 (See also Intracranial &
spinal mass lesins)
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Krsakff syndrme, 1026, 1098, 1100
malignant disease, nnmetastatic

cmplicatins, 1010–1011

metablic encephalpathy, 1010
mtr neurn diseases, degenerative,

1036–1037

mvement, 1014–1022

multiple sclersis, 1031–1033, 1033t
myelpathy

AIDS, 1034

human T-cell leukemia virus, 1034

neurcutaneus diseases
neurfibrmatsis, 1013

Sturge-Weber syndrme, 984t–985t, 1013

tuberus sclersis, 1013

neurmyelitis ptica, 1033–1034

peripheral neurpathies, 1037–1052 (See
also Peripheral neurpathies; specific
types)

pstural rthstatic tachycardia syndrme,
993

pseuddementia, 1023
spasticity, 1034

spinal degeneratin, subacute cmbined,
1034

spinal trauma, 1035

strke, 996–1005, 997t
stupr & cma, 1026–1028

syringmyelia, 1035–1036

transient ischemic attacks, 993–995

venus sinus thrmbsis, 1011
vitamin E deficiency, 1034

Wernicke encephalpathy, 1023, 1026, 1098,
1100

Nesiritide, 414
Neuralgia. See also specific types

glsspharyngeal, 986

pstherpetic, 4, 986, 1381
trigeminal, 982–986, 983t–984t

Neuralgic amytrphy, 688, 1048
Neural hearing lss, 201
Neurally mediated syncpe, 402
Neuritis

mnneuritis multiplex, 1039–1042

ptic, 192–193, 1381
Neurblastma, 1615t
Neurcgnitive disrders, 1105–1107, 1106t

amnestic syndrme, 1107

causes, 1106t
delirium, 1106, 1106t
dementia, 1106–1107

HIV-assciated, 1342–1343
substance-induced hallucinsis, 1107

Neurcutaneus diseases
neurfibrmatsis, 1013

Sturge-Weber syndrme, 984t–985t, 1013

tuberus sclersis, 1013

Neurcysticercsis, 1543–1544
Neurdegenerative disease. See also Alzheimer

disease/dementia; Parkinsn disease;
specific types

after head trauma, 1030
Neurdermatitis, circumscribed, 110, 110f
Neurendcrine tumrs. See also specific

types
diarrhea, 598
gastric, 1642–1643

gastrenterpancreatic, 1187–1188

intestinal, 1644–1645

pituitary, 1110
small intestine, 1644–1645

Neurfibrmatsis, 1013, 1190
NEUROG3, 1214
Neurgenic arthrpathy, 876, 1505

Neurgenic bladder, acute kidney injury frm,
917

Neurgenic claudicatin, 1696
Neurgenic shck, 497–498
Neurkinin receptr antagnists, antiemetic,

586, 587t
Neurleptic malignant syndrme, 30, 1076,

1594
Neurlgic evaluatin, preperative, 48
Neurlysis

celiac plexus, 95t, 97–98
chemical, 95t, 97–98
thermal, 95t

Neurma
acustic, 201, 212t, 214–215, 1005–1008,

1007t
bile duct, 726
ganglineurma, 290, 1189, 1189t, 1190
intestinal, 1189, 1189t, 1190
mucsal, 1182, 1189, 1190
plexifrm, 1013

Neurmdulatin. See also Transcranial
magnetic stimulatin

agents, in pain management, 95t
fr angina, chrnic stable, 366–367
fr migraine, 979

Neurmuscular transmissin disrders,
1048–1050

frm aminglycsides, 1050

btulism, 1050

myasthenia gravis, 1048–1049

myasthenic syndrme, 1050

Neurmyelitis ptica, 192–193, 1033–1034

Neurnal neurpathy, 1037
Neurnitis, vestibular, 213

Neurnpathy, sensry, 1011, 1012t
Neurpathic pain, 79, 97
Neurpathic pstural rthstatic tachycardia

syndrme, 993
Neurpathies. See also specific types

alchlism, 1040

amylidsis, 1040
autnmic, 1011, 1012t
diabetic, 1239–1241 (See also Diabetic

neurpathy)
diphtheritic, 1041
entrapment, 1040, 1042–1043
femral, 1043

HIV/AIDS, 1040
peripheral, 1037–1052 (See also Peripheral

neurpathies)
recurrent painful phthalmplegic,

979
sensrimtr, 1011, 1012t
frm vinca alkalids, 590t, 1618t, 1673

Neurstimulatin, 95t, 96–97
Neursyphilis, 1501t, 1505–1506

in HIV-infected, 1506
tabes drsalis, 1505

Neurtxicity
cancer chemtherapy, 1617t, 1674–1675
cisplatin, 1617t, 1674–1675
piids, 91

Neurtrpic viruses, 1398–1410

arbvirus encephalitides, 1400–1402

human T-cell lymphtrpic virus, 1408–

1410

Japanese encephalitis, 1402–1403

lymphcytic chrimeningitis, 1405–1406

prin diseases, 1406–1407

prgressive multifcal leukencephalpathy,
1407–1408

rabies, 1398–1400

tick-brne encephalitis, 1401, 1403–1405

Neutral prtamine Hagedrn, 1230–1231,
1230t, 1236

Neutrpenia, 520–521, 520t
classificatin, 520
definitin, 520
in immuncmprmised, 1291
infectin risk, 520

Neutrpenic fever f unknwn rigin, 1288
Nevi

atypical, 105, 105f
blue, 106, 106f
cmpund, 105, 105f
junctinal, 105
melancytic, 105, 105f
pigmented, 159

Nevirapine, 1360t, 1365
Newbrn/infant

calcium channel blckers n, 1596
Chlamydia trachomatis, 822
herpes genitalis, 821
maternal effects

cytmegalvirus, 1386, 1387
HBsAg-psitive mthers, 685
hepatitis B transmissin, prphylaxis, 821
hyperparathyridism, 1156
hypparathyridism, 1155
influenza vaccines, 1432
intrapartum fever, 30
lymphcytic chrimeningitis virus, 1405
urinary tract infectin transmissin, 819
varicella zster virus, 1381
Zika virus, 1420

persistent pulmnary hypertensin f, 433t
selenium n, 1125
smatrpin deficiency, 1111
tetanus risk, 1469
txplasmsis in, 1532
tuberculsis medicine, 43, 820

New Wrld Hantaviruses, 1416–1417
NF1/NF2, 1013
Niacin, 1262t, 1264

deficiency, 1277–1278

txicity, 1278

Niacinamide, 1278
Nicardipine verdse/pisning, 1596
Nickel, cntact dermatitis frm, 125
Nictinamide adenine dinucletide, 1277
Nictinamide adenine dinucletide phsphate,

1277
Nictine. See also Smking

e-cigarrete/vaping, 305
Nictinic acid, 1262t, 1264

Nifedipine verdse/pisning, 1596
Night blindness, vitamin A deficiency, 1279
Nightmares, 1095
Nil disease, 934t, 941–942

Nimdipine verdse/pisning, 1596
Nipah virus, 1429

Nipple discharge, 743, 743t
Nisldipine verdse/pisning, 1596
Nitrates

fr acute crnary syndrmes withut
ST-segment elevatin, 371

fr acute heart failure & pulmnary edema,
414

cardiac risk assessment/reductin, 42
crnary vasspasms respnding t, nrmal

arterigram, 368
fr heart failure, 410
lng-acting

fr angina, 363
tlerance, 363

fr STEMI, 377, 378
Nitrites, methemglbinemia frm, 1604–1605
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Nitrbenzene, methemglbinemia frm,
1604–1605

Nitrfurantin
hepattxicity, in elderly, 700
txic neurpathy frm, 1041

Nitrgen balance, 1287
Nitrgen mustards, 1616t
Nitrgen xide gases, methemglbinemia

frm, 1604–1605
Nitrglycerin

fr acute crnary syndrmes withut
ST-segment elevatin, 371

fr angina, 360, 362–363
crnary vasspasms respnding t, nrmal

arterigram, 368
fr STEMI, 377, 378

Nits, 151
Nivlumab, diabetes mellitus frm, 1213
NK-cell lymphma, 224
NMO-IgG, 1033
Nocardia (ncardisis), 1493

immunsuppressive medicatins, 1289
pulmnary alvelar prteinsis, 296
transplant recipients, slid rgan, 1291

Nocardia asteroides, 1493
Nocardia brasiliensis, 1493
Nceb effect, 1261
Ndular malignant melanma, 107
Ndular regenerative hyperplasia, 701
Ndule, 100t

inflammatry, 153–155

erythema ndsum, 153–154, 154f
furunculsis & carbuncles, 154–155,

1460t, 1466
Kimmelstiel-Wilsn, 944
Lisch, 1013
milker’s, 1441
rheumatid, 833, 834f
“screamer’s/singer’s,” 235
slitary pulmnary, 288–289

thyrid, 1131, 1137, 1141–1143, 1141t
incidentally discvered, 1142
thyrid tests, 1127t

vilaceus t purple, 100t, 146–148

vcal fld, 235

Nise trauma, sensry hearing lss, 209
Nnalchlic fatty liver disease, 46, 702–704

Nnalchlic steathepatitis, 702
Nn-binary, gender, 1719, 1720
Nncirrhtic prtal hypertensin, 719–720

Nn-clstridial crepitant cellulitis, 1492, 1492f
Nn-determined leukencephalpathy, 1408
Nndiabetic glycsuria, 1217
Nnersive, nnspecific gastritis & intestinal

metaplasia, 626–627

H. pylori gastritis, 626–627

pernicius anemia gastritis, 627

Nnfamilial adenmatus & serrated plyps,
668–669

Nngncccal acute bacterial arthritis,
868–869

Nn-HDL chlesterl, 1257
Nn-Hdgkin B-cell lymphma, 1642
Nn-Hdgkin extrandal marginal zne B-cell

lymphma, 1645
Nn-Hdgkin lymphmas, 535–537

aggressive, 535, 536
classificatin, 535, 535t
HIV/AIDS, 1338t, 1341, 1349
indlent, 535, 536
pulmnary, 1341
frm thipurines, 654
treatment, 1614t
Waldenström macrglbulinemia, 541

Nninvasive psitive-pressure ventilatin
fr acute respiratry failure, 318–319
fr COPD, 262
fr besity-hypventilatin syndrme, 262

Nninizing radiatin, 1576
Nnislet cell tumr hypglycemia, 1254

Nnkettic hyperglycemic state, 1249
Nnmaleficence, 75
Nnmtr seizure, 987
Nnnucleside reverse transcriptase inhibitrs,

1359t–1360t, 1364–1365
delavirdine, 1359t, 1365
dravirine, 1359t, 1363t, 1364, 1365, 1371t

efavirenz, 1360t, 1362, 1363t, 1364, 1365,

1369, 1371t, 1372
etravirine, 1360t, 1365
fixed-dse cmbinatins, 1363t
fr HIV/AIDS, 1359t–1360t, 1364–1365
nevirapine, 1360t, 1365
rilpivirine, 1360t, 1361t, 1362, 1363t, 1364,

1365, 1368, 1369, 1371t
Nncclusive mesenteric ischemia, 482
Nnxynl-9, 784, 1351
Nnprliferative retinpathy, 189–190

Nn–Q wave infarctins, 374
Nnscarring alpecia, 161

Nnseminmas, 1664–1665
Nn–small cell lung cancer, 1622–1626

hypercalcemia, 1667–1668
treatment & survival, 1614t, 1625–1626

Nnspecific interstitial pneumnia, 292–294,
293t

Nnsteridal antiinflammatry drugs
(NSAIDs)

acute kidney injury frm, 916
adverse effects vs. preventin benefits, 9
aspirin/NSAID-assciated respiratry

disease, 243
fr dermatlgical disrders, 102t
drug eruptin frm, 164
gastritis frm, 625

GI bleeding frm, 628
hepattxicity, 700
hyperkalemia frm, 894
hyperpigmentatin frm, 159
hypertensin, 445
hypreninemic hypaldsternemic RTA

frm, 907
hyptnic hypnatremia frm, 887
interstitial nephritis frm, 920
lichenid drug eruptins frm, 146
mechanisms f actin, 628
medicatin-veruse headache, 982
membranus nephrpathy frm, 943
fr metastatic bne pain, 94
fr pain management, 81, 82t–83t

peptic ulcer disease frm, 627–633, 631t
pill-induced esphagitis frm, 616
respiratry disease exacerbatin frm, 243
tubulinterstitial disease frm, 946

Nntuberculus mycbacteria
lymphadenitis, 240

pulmnary disease, 286–287

Nrepinephrine, renal vascnstrictin frm,
916

Nrmal anin gap acidsis, 904t, 906–908, 906t
bicarbnate lss, GI, 906, 906t, 907

hyperchlremic, nrmal anin gap metablic
acidsis, 906–907, 906t

renal tubular acidsis, 906, 906t, 907

urine anin gap, 907–908
urine smlal gap, 908

Nrmal-tensin glaucma, 180
Nrmkalemic peridic paralysis, 1053

Nrvirus
diarrhea, 1308t
gastrenteritis, 1441–1442

Nrth Asian tick typhus, 1448t, 1452
Nrtriptyline

fr neurpathic pain, 93t, 94
n weight, 1270t

Nrwalk virus, 1442
Nse & paranasal sinus infectins, 215–219

allergic rhinitis, 219–221

epistaxis, 221–222

fungal sinusitis, invasive, 219

inverted papillmas, 223

nasal plyps, 220, 223

nasal trauma, 222–223

nasal vestibulitis, 218–219

lfactry dysfunctin, 221

rhinsinusitis, acute
bacterial, 216–218

viral, 215–216

sinnasal inflammatry disease, 224
Staphylococcus aureus clnizatin, 218–219

Nse & paranasal sinus tumrs, 223–224

benign, 223
malignant, 223–224

Nscmial pneumnia, 273–276. See also
specific types

antimicrbitic therapy, initial, 275t, 1315t
characteristics, 267t
multidrug-resistant pathgens, risk factrs,

274t
respiratry disease, exacerbated by, 880

Novosphingobium aromaticivorans, 711
NPH, 1230–1231, 1230t, 1236
NPM1 mutatin, 530
N-ras mutatin, 1649
NREM sleep, 1092
NSQIP risk predictin tl, 41, 43f, 45
N-terminal fragment f prBNP (NT-prBNP)

cardiac risk assessment/reductin, 42, 43f
dilated cardimypathy, 418
heart failure, 348, 406
mitral regurgitatin, 339
mycarditis, 348, 415, 415t

NTRK, lung cancer, 1614t, 1625, 1626
Nuclear bleeding scans, 603
Nucleside reverse transcriptase inhibitrs,

1359t, 1362–1364
abacavir, 1359t, 1362, 1363t, 1364, 1369,

1370t
didansine, 1359t, 1364
emtricitabine, 1358, 1359t, 1362–1364,

1363t, 1368, 1369, 1370t–1371t,

1372, 1373
fixed-dse cmbinatins, 1363t
fr HIV/AIDS, 1359t, 1362–1364
initial ART regimens, 1370t–1371t
lamivudine, 1354, 1358, 1359t, 1362, 1363t,

1364, 1368–1369, 1370t–1371t, 1372
stavudine, 1359t, 1364, 1372, 1373
txic mypathy frm, 1053
zidvudine, 1359t, 1364

Nucletide reverse transcriptase inhibitrs,
1359t, 1362–1364

fixed-dse cmbinatins, 1363t
fr HIV/AIDS, 1359t, 1362–1364
initial ART regimens, 1370t–1371t
tenfvir, 1352, 1358, 1359t, 1362, 1363t,

1364, 1368–1369, 1370t, 1371t
tenfvir alafenamide/emtricitabine, 1352–

1353, 1353t, 1358, 1359t, 1362–1364,

1363t, 1368, 1370t–1371t

Nucleus pulpsus, 1696
Nulliparity, endmetrial adencarcinma, 796
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Nut allergy, 877
“Nutmeg liver,” 719
Nutrient supplements. See also Diet/diet

therapy
calcium, 1281–1282

fiber, 1281

ptassium, 1281

sympathmimetics in, 1592
Nutritin

cunseling, 5t
end f life, 73–74

Nutritinal disrders, 1267–1274. See also
specific types

Kwashirkr, 1267–1268
marasmus, 1267–1268
besity, 1268–1274

platelets, decreased, 550

plyneurpathy, 1040

prtein–energy malnutritin, 1267–1268

thrmbcytpenia, 550

Nutritinal supprt, 1282–1287

central vein, 1283
decisin tree, 1282, 1282f
definitin and administratin, 1282
enteral

cmplicatins, 1285

slutins, 1284–1285, 1284t
indicatins, 1282
liquid artificial nutritin, 1283
methds, 1282–1283
ral supplements, 1283
parenteral, 1283

cmplicatins, 1286, 1286t
slutins, 1285–1286, 1285t

patient mnitring, 1287
peripheral vein, 1283
tube enterstmies, 1283

Nutritin requirements, 1283–1284

electrlytes & minerals, 1284
energy, 1283
essential fatty acids, 1284
prtein, 1284
water, 1283

Nystagmus
nnfatigable, 212
tinnitus, 211–212

O

Obesity-hypventilatin syndrme, 262, 316

Obesity/verweight, 1268

asthma with, 244
chrnic venus insufficiency, 491
classes, 1268
clrectal cancer and, 1647
cmbined ral cntraceptives and, 781
Cushing syndrme, 1268
definitin & measurement, 10, 1269
diabetes mellitus and, 1217
endmetrial adencarcinma, 796
etilgy, 1268
gallstnes, 723
hypertensin, 445
insulin resistance, 1213 (See also Diabetes

mellitus)
lesbian & bisexual wmen, 1726–1727
lwer bdy, 1268
medical evaluatin, 1268
medicatins and, 1269, 1270t
metablic, 1213
nnalchlic fatty liver disease, 702
stearthritis, knee, 826
pancreatic steatsis, 737
preventin, 10–11
psriasis, 110

risk assessment, 10
upper bdy, 1268
visceral, diabetes mellitus, 1213

Obesity/verweight, treatment, 1268–1274

antibesity medicatins, 1269–1270,
1271t–1273t

liraglutide, 1270, 1272t
naltrexne + buprpin, 1270, 1272t
rlistat, 1269, 1271t
phentermine, 1269, 1271t
phentermine + tpiramate, 1269–1270,

1271t
behavir mdificatin, 1269
dietary strategies, 1269
multidisciplinary apprach, 1269
physical activity, 1269
surgical

bariatric surgery, 11, 1270, 1274
laparscpic adjustable gastric band, 1274
Rux-en-Y gastric bypass, 1274
sleeve gastrectmy, 1274

Obetichlic acid, hepattxicity f, 700
Obliterative brnchilitis, 266
Obliterative prtal venpathy, 720
O’Brien test, 1689t, 1691–1692
Obsessins, 1060
Obsessive-cmpulsive disrder, 1021,

1060–1061

Obsessive cmpulsive persnality disrder,
1068–1069, 1068t

Obstetrics & bstetric disrders, 799–824

1st & 2nd trimester cmplicatins, 801–807

abrtin, recurrent, 804

abrtin, spntaneus, 802–803 (See also
Spntaneus abrtin)

ectpic pregnancy, 799, 804–805

gestatinal trphblastic disease, 805–807

hyperemesis gravidarum, 801–802

nausea and vmiting f pregnancy, 801–802

2nd & 3rd trimester cmplicatins, 807–812

bleeding, 3rd trimester, 811–812

mrbidly adherent placenta, 812

placental abruptin, 812

placenta previa, 812

preeclampsia-eclampsia, 807–809, 808t
preterm labr, 810–811

acute fatty liver f pregnancy, 823

appendicitis, 824

breast cancer, 751–753
cardiac valve disease, 437, 437t
chlelithiasis & chlecystitis, 822–823

diagnsis, 799

disseminated intravascular cagulatin,
556–557, 556t

erythema ndsum, 153
fever, 30
flic acid deficiency anemia, 814

headache, 34
hepatitis A virus vaccine, 800
hyperpigmentatin, 159
hypertensin, 445, 446–447
hypertrphic cardimypathy, 423
infectins, 819–822

Chlamydia trachomatis, 822

gnrrhea, 822

grup B streptcccal, 819

hepatitis B/C carrier state, maternal, 821

herpes genitalis, 821–822

HIV/AIDS, 820–821

syphilis, 822

tuberculsis, 820

urinary tract, 819

varicella, 819–820

intrahepatic chlestasis, 677, 678t, 679t, 823

irn deficiency anemia, 604, 814

irn metablism, 502
lactatin, 800, 801t
malaria prphylaxis, 800, 1529
medical cnditins, 813–818

anemia, 813–814

antiphsphlipid syndrme, 814

asthma, 818

diabetes mellitus, 815–816, 816t
heart disease, 817–818

hypertensin, chrnic, 817

seizure disrders, 818

thyrid disease, 814–815

mitral stensis, 337
nausea & vmiting, 822
peripartum cmplicatins, 812–813

chriamninitis, 813

metritis, 813

puerperal mastitis, 812–813

pregnancy, diagnsis, 799

differential diagnsis, 799
manifestatins, 799
tests, 799

prenatal care, 799–800, 800t
alchl & smking, 800
drugs, 800, 801t
medicatins, 799, 800t
radigraphs & nxius expsures, 800

prsthetic heart valves, 353, 355t
seizure, 818

sickle cell anemia, 814

superficial venus thrmbphlebitis, 491
TB treatment, 284
thrmbcytpenia, 558

thyrid disease, 814–815

travel & immunizatins, 800–801, 801t
urinary tract infectin, 38
varicse veins, 489

Obstructive jaundice, 678, 679t
Obstructive shck, 496, 497t, 498
Obstructive sleep apnea, 316–317, 1094

cntinuus psitive airway pressure fr, 317
besity-hypventilatin syndrme, 316

plysmngraphy, 317
snring, 231–232

Obstructive urpathy, 907, 946
Obturatr sign, 645
Occipital lbe lesins/tumrs, 1005–1007
Occlusive cerebrvascular disease, 480–481, 481f
Occult diabetes, 1254

Occult gastrintestinal bleeding, 604

Occupatinal disrders
asthma, 244
lung, 304–310 (See also Envirnmental

& ccupatinal lung disrders)
pulmnary, 306–308, 307t

asbests and talc, 308
hypersensitivity pneumnitis, 307, 308t
pneumcnises, 306–307, 307t

OCD spectrum, 1061
13C-Octanic acid breath tests, 585
Octretide

gallstnes frm, 723
fr GI bleeding, acute upper, 601

Ocular disrders. See Eye and lid disrders
Ocular hypertensin, 180
Ocular transient ischemic attack, 188–189
Ocular trauma, 194–196

cnjunctival & crneal freign bdies, 195

cntusins, 195–196

crneal abrasins, 195

intracular freign bdies, 195

laceratins, 196

uveitis after, 182
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Oculcephalic reflex, 1027
Oculpharyngeal muscular dystrphy, 1052
Oculvestibular reflex, 1027
Odynphagia, 609
Ogilvie syndrme, 643–644

Oils, essential, cntact dermatitis frm, 125
Olanzapine

glucse intlerance frm, 1214
neurleptic malignant syndrme frm, 30
verdse/pisning, 1594
n weight, 1269, 1270t

Older adults. See also Geriatric disrders
adherence, medicatin, 65
anemia f, 505
assessment, cmprehensive, 51–52, 52f
behaviral prblems, 54–55
cnstipatin, 588
driving, 55
geriatrics, 51–67 (See also Geriatric

disrders)
hearing lss, 201, 209

hme safety evaluatin, 60
hypertensin treatment, 467, 469–470
life expectancy, 51, 52f
medicatin recnciliatin, 65
stearthritis, 825–828, 827f
physical activity, 58
pruritus, 148
scabies, 149–151, 150f
weight lss, invluntary, 32–34

Old Wrld hantaviruses, 1416
Olfactry dysfunctin, 221

COVID-19, 216, 221
Oligdendrglima, 1005–1008, 1006t
Oligmenrrhea, hyperprlactinemia, 1119
Oligzspermia, 970
Oliguria, 912
Omega-3 fatty acids, 1261, 1262t, 1263–1264

Onchocerca volvulus, 1551–1552

Onchcerciasis, 1551–1552

Onccytmas, 1663

Onctype DX, 754
On-ff phenmenn, 1015–1016
Onychlysis, 162
Onychmycsis, 163

Open can test, 1687t, 1690
Opening snap, rheumatic mitral stensis,

336
Open lp devices, 1232, 1234–1235
Ophthalmic agents. See also Eye and lid

disrders; specific types
cntaminated, 197
systemic effects, 197–200, 198t–200t
tpical, 172t–177t

txic & hypersensitivity reactins, 197, 197f
Ophthalmic artery cclusin, 996
Ophthalmplegia, headache, 35, 979
Opiates verdse/pisning, 1605–1606

nalxne fr, 1583
Opiid infusin, red man syndrme frm,

878–880, 879t
Opiid-receptr antagnist, 590
Opiids, 83–92, 84t–89t. See also specific types

benefits, assessing, 89
clnic pseud-bstructin frm, 643
cnstipatin frm, 69, 91, 590
definitin & terminlgy, 1102
equianalgesic dsing, 90
frmulatins and regimens, 86t–88t,

89–91
hypglycemia frm, 1255
intrathecal, 95, 95t
medicatin-veruse headache, 982
nausea & vmiting frm, 69, 91

verdse/pisning, 1605–1606

cma, 1582
nalxne fr, 1583

risks, limiting, 91–92
shared decisin-making apprach, 83, 89
side effects, 91
tlerance, dependence, & addictin, 91

Opiid use disrder, 91, 1102–1103

epidemic, 14
functinal hyppituitarism frm, 1111
hepatic encephalpathy, 708
hepatitis, 686
nalxne, 92
pancreatitis, chrnic, 738, 739, 740
preventing, 78–79
risk mitigatin, 14
risks, limiting, 91–92
tlerance, dependence, & addictin, 91
treatment, 14, 1103
withdrawal, 1102–1103

Opisthrchiasis, 1541

Opisthorchis felineus, 1541
Opisthorchis viverrini, 1541, 1632
Opprtunistic infectins. See also specific types

CD4 cunt and, 1334, 1334f
HIV/AIDS, 1338t–1339t (See also specific

types)
Opsclnus, 1011, 1012t
Optic disk

cngenitally crwded, 193
cupping, 180
swelling, 193

transient mncular visual lss, 188
Optic nerve

neuritis, 192–193

ptic disk swelling, 193
varicella-zster virus, 1381

neurpathy, ischemic, 191–192, 193
giant cell arteritis, 854, 855

sheath meningima, 193
Oral allergy syndrme, 878
Oral cancer, 224, 225

Oral candidiasis, 226–227, 227f
Oral cavity & pharynx, 224–232

burning muth syndrme, 227

cancer, 224, 225

candidiasis, ral, 226–227, 227f
dysgeusia, 227

erythrplakia, 224, 225

glssitis, 227

glssdynia, 227

hairy leukplakia, 225–226, 225f
leukplakia, 224–225, 225f
lichen planus, 224, 225

neck infectins, deep, 230–231

rpharyngeal squamus cell carcinma,
225, 226f

peritnsillar abscess & cellulitis, 230

pharyngitis & tnsillitis, 228–230, 229f
snring, 231–232

squamus cell carcinma, 225, 226f
Oral cntraceptives

n aldsterne secretin, 1181
breast cancer risk, 745
central & branch retinal vein cclusins, 186
chrea frm, 1020
erythema ndsum, 153
hypphsphatemia frm, 1168

Oral cntraceptives, cmbined, 779–781, 780t
central & branch retinal vein cclusins, 186
cntraindicatins and adverse effect, 779–

781, 781t
drug interactins, 779
efficacy & benefits, 779

headache frm, 781
prgestin minipill, 781

selectin, 779
Oral glucse tlerance test, 1217–1218, 1218t
Oral lesins

HIV/AIDS, 1345
angular cheilitis, 1345
aphthus ulcers, 1345
candidiasis, 226–227, 227f, 1345
gingival disease, 1345
hairy leukplakia, 225f, 1345
Kapsi sarcma, 1345
warts, 1345

ulcerative
aphthus ulcer, 228

herpes stmatitis, 228

herpesvirus 1/2, 1374–1377
necrtizing ulcerative gingivitis, 227

Oral lichen planus, 224, 225

Oral supplements, 1283
Orbital apex lesins, 194
Orbital cellulitis, 194

Orbital nerve lesin, ptic disk swelling, 193
Orchidpexy, 1195, 1664
Orf, 1441
Organ dnatin, 77
Organ failure. See also Multirgan failure;

specific disorders; specific organs
amylidsis, 542, 543
anemia f, 505
multirgan, stress gastritis frm, 624
pancreatitis, 733–734, 733t, 735, 737
sepsis/septic shck, 497
Sequential Organ Failure Assessment scre,

497, 689, 733
Organic hallucinsis, 1098, 1099
Organphsphrus cmpunds/

rganphsphates
insecticides, 1606–1607
verdse/pisning, 1606–1607

antidtes, 1586t
arrhythmias, 1584, 1584t
seizures, 1585, 1585t

txic neurpathy frm, 1041
Orgasmic disrders, 786, 787, 1066. See also

Sexual dysfunctin
Oriental sptted fever, 1448t, 1452
Orientia tsutsugamushi, 1448t, 1449
Orlistat, 1269, 1271t
Ornithsis, 1497

Ormandibular dystnia, 1020
Orpharyngeal dysphagia, 609, 609t
Orpharyngeal squamus cell carcinma, 225

Orpharynx cancer, 224, 225

Orthdrmic reentrant tachycardia, 390–391
Orthkeratlgy, 167
Orthpedic disrders & sprts medicine,

1685–1718

ankle, 1716–1718

hip, 1703–1705

knee, 1705–1716

shulder, 1685–1693

spine, 1693–1698

upper extremity, 1699–1702

Orthpxviruses. See also specific types
nvel, 1441

Orthstatic hyptensin
chrnic idipathic, 402
diabetes mellitus, 1241
supine hypertensin, 470
syncpe, 402

Orthstatic prteinuria, 913
Osbrn waves, 1569, 1569f
Osildrstat, 1179
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Osler ndes, 1473
Osler triad, 1463
Osler-Weber-Rendu syndrme, 1683–1684
Osmlal gap

pisning n, 1588–1589, 1588t
urine, 908

Osmlality
plasma, 884
serum, 884–885, 1245
urine, hypernatremia, 890

Osmstat, reset, hypnatremia, 887
Osmtic demyelinatin syndrme, iatrgenic,

888
Osmtic diarrhea, 596
Osmtic laxatives, 589, 590t
Ossicular disruptin, hearing lss, 201
Osteitis defrmans, 1169–1171

Ostearthritis, 825–828, 827f. See also
Degenerative jint disease

hip, 1704–1705

knee, 1706, 1715–1716

lumbar spine, 1696
Ostema, ear canal, 204

Ostemalacia, 1166–1169, 1167t
causes, 1167, 1167t
chrnic kidney disease, 926
tumr-induced, 1167, 1168

Ostemyelitis, 218
antimicrbial therapy, initial, 1315t
cntiguus fcus f infectin, 871–872
cryglbulinemia, 861
hematgenus, 871
injectin drug abuse, 1305
pygenic, acute, 871–872

Staphylococcus aureus, 1466–1467

vascular insufficiency, 872
Ostenecrsis, 876

Ostepenia, 1161

Osteprsis, 1162–1166, 1162t
causes, 1162, 1162t
fractures, frm crticsterids, 1210
preventin & treatment, 9, 1163–1166
prgnsis, 1166
screening, 9

Ostesarcma, 1616t
Ostium primum/secundum defects, 326
Otalgia, 209

Otelixizumab, 1216
Otitis externa, 203–204, 203f
Otitis media

acute, 205–206, 206f, 215
after measles, 1391
AIDS, 215
antimicrbials fr, 1316t
bartrauma, 205

central nervus system infectin, 208
chlesteatma, 207, 207f
chrnic, 206–208

CNS infectin, 208
cmplicatins, 207–208

facial palsy, 207–208
HIV/AIDS, 215
mastiditis, 207
tsclersis, 208
petrus apicitis, 207
serus, 205, 215
sigmid sinus thrmbsis, 208

Otcnia, 213–214
Otgenic meningitis, 208
Otsclersis, 201, 208

Ottxicity, sensry hearing lss, 209–210
Ottawa Ankle Rules, 1717
Ottawa subarachnid hemrrhage clinical

decisin rule, 36

Ovarian cancer, 797–798

lesbian & bisexual wmen, 1730
treatment, 1615t

Ovarian failure
autimmune, 1200
premature, 776

Ovarian reserve, 777
Overflw incntinence, 61, 62
Overlap syndrme, 73t, 851

Overlad prteinuria, 913
Overweight. See also Obesity

definitin, 10, 1268
diabetes mellitus type 2, 1217
lesbian & bisexual wmen, 1726–1727
preventin, 10–11
risk assessment, 10

Ovulatin inductin, 778
Ovulatry dysfunctin abnrmal uterine

bleeding, 768
Oxalate kidney stnes, 1279
Oxalic acid, 906
Oxfrd League Table f Analgesics, 78
Oximetry

COPD, 260
smke inhalatin, 304

5-Oxprline, 905t
Oxybenzne, phtallergic dermatitis frm,

156
Oxycdne, 86t, 88t, 89t

verdse/pisning, 1605–1606
Oxygen therapy

fr asthma, severe, 254
fr COPD, 259–260, 260t
hyperbaric, fr carbn mnxide pisning,

1597
Oxymetazline verdse/pisning, 1597
Oxymrphne, 86t, 88t

P

P2Y
12

inhibitrs
fr acute crnary syndrmes withut

ST-segment elevatin, 369–371, 370f
fr angina, 365
fr STEMI, 375

p16
human papillmavirus and, 226
rpharyngeal cancer, 226

p16/CDKN2A, 1634
p53, 744, 1646
P450c11 deficiency, 1200
P450c17 deficiency, 1200
P450c21, 1172
P450c21 deficiency, 1200
Pacemakers

fr AV blck, 388
CRT-P, 388
dual-chamber, 388
nmenclature, 388

Pacing
biventricular, 411
right ventricular, dilated cardimypathy

frm, 418
fr sinus arrhythmia, bradycardia, &

tachycardia, 387
tumrs, 223–224

Packed red bld cells, 544
Padua Risk Assessment Mdel, 569, 569t
Paecilomyces, 1565
PAGE-B hepatitis risk scre, 693
Paget carcinma, breast, 751
Paget disease, 121

f bne, 1169–1171

f breast, 748, 748f
Painful bladder syndrme, 962–963

Painful subacute thyriditis, 1123–1125
Painless spradic subacute thyriditis, 1123
Pain/pain disrders

acute, 78–79

aggressin disrders, 1095
assessment scale, 80–81, 80t
cancer, 78
chrnic, 1063–1066, 1064f

cancer, 78, 79–80

disrders, 1063–1066, 1064f
nncancer, 78, 79

piids, 83–92, 84t–89t (See also Opiids)
chrnificatin, 78
cmplex reginal pain syndrme, 875

definitin, 78
at end f life, 78, 80

hyptnic hypnatremia frm, 887
lw-back, chrnic, 79
neurpathic, 79
nncancer, chrnic, 78, 79

paraneplastic syndrme, 79
smatic, 79
taxnmy, 78
visceral, 79

Pain/pain disrders, management, 78–98

adjuvant treatments, 94

aim, 81
assessment scale, 80–81, 80t
barriers t gd care, 81
integrative therapies, 94
interventinal mdalities, 94–98

by anatmic lcatin, 95t
celiac plexus blck & neurlysis, 97–98
epidural crticsterid injectin, 98
intrathecal drug delivery system, 95–96
neurmdulatry agents, 95t
pain management specialists, 94
spinal stimulatin, 95t, 96–97

ther therapies, 94
pharmaclgic, 81–94 (See also specific

agents)
acetaminphen, aspirin, celecxib, &

NSAIDs (COX inhibitrs), 81,

82t–83t

adjuvant, 94

neurpathic pain, 92–94, 93t

piids, 83–92, 84t–89t

principles, 80–81, 80f
rute f administratin, 81
specialists, 94

PALB2, 744
Palilalia, 1021
Palindrmic rheumatism, 876

Palliative care, 68–77, 73
cnstipatin, 69
definitin & scpe, 68
delirium & agitatin, 70
“duble effect,” 68
dyspnea, 69
end f life, 71–77 (See also End f life care)
fatigue, 69–70
fr heart failure, 412
nausea & vmiting, 69
pain management, 78–98 (See also Pain/pain

disrders)
PALM-COEIN, 768
Palms

angiedema, 134
erythema, 704
erythema multifrme, 135
fasciitis, 875
malignant melanma, 107
medicatin reactins, psriasifrm, 166t
pmphlyx, 123, 123f
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Palms (Cont.):
psriasis, 111, 117
scabies, 150
syphilis, 1502, 1502f
tinea, 116

vesiculbullus dermatitis, 123, 123f
Palpable purpura

cancer, rheumatlgic manifestatins,
875–876

cryglbulinemia, 861
IgA vasculitis, 862
leukcytclastic vasculitis, 875–876
micrscpic plyangiitis, 843

Palpitatins, 25–27, 25t
Palsies. See also Neurpathies; Peripheral

neurpathies
Bell, 1044–1045, 1044f, 1375, 1376
cmmn perneal nerve, 1044

cranial nerve, 193–194, 193f, 1040
facial

Bell, 1044–1045, 1044f
HIV/AIDS, 215
titis media, 207–208
sarcidsis, 1040

fibular nerve, 1044

furth nerve, 194

perneal nerve, 1044

prgressive bulbar, 1036

pseudbulbar, 1036

Saturday night, 1042
sciatic nerve, 1044

sixth nerve, 194

third nerve, 193–194, 193f, 979
Pamidrnate, fr metastatic bne pain, 94
pANCA, 696, 730
Pancreas disrders, 732–740. See also

Pancreatitis
abscess, 735
cancer/carcinma, 678, 680, 720, 1634–1636

dyspepsia, 582–583
GI bleeding, acute upper, 599
pancreatitis and, 737–740 (See also

Pancreatitis)
treatment, 1616t

insufficiency, 714, 739
celiac disease, 638
excrine, 735, 737, 738–739
vitamin B

12
deficiency, 509

jaundice and abnrmal liver bichemical
tests, 677–680

steatsis, 737
Pancreas transplantatin, 1233
Pancreatic dudenal hmebx 1, 1214
Pancreatic enzyme preparatins, 739, 739t
Pancreatic islet B cell

diabetes mellitus
type 1, 1212
type 2, 1213

tumr, 1251–1253, 1252t
Pancreaticlithiasis, 738
Pancreatic transcriptin factr mutatins, 1214
Pancreatitis

acute, 732–737

ARDS, 735
clinical findings, 732–733
cmplicatins, 734–735
epidemilgy, 732
pancreatic cancer and, 737
pathgenesis & etilgy, 732
prerenal aztemia, 735
prgnsis, 737
severity, 733–734, 733t, 734t
treatment, 735–737

autimmune, 737, 738

chrnic, 737–740, 739t
n glucagn secretin, 1214
idipathic duct-centric, 737
bstructive, 737
pancreatic cancer and, 737–740
tumefactive, 738

dyspepsia, 582–583
hepatitis E, 688
hypercalcemia, 898
hypcalcemia, 895
lymphplasmacytic sclersing, 737
medicatin-induced, 732
minimal change, 738
rgan failure, 733–734, 733t, 735, 737
trpical, 737

Pancytpenia
acute leukemia, 530, 531
aplastic anemia, 518–519, 519t
bne marrw failure, 548
causes, 519, 519t
definitin, 548
hairy cell leukemia, 534
neutrpenia, 520
parxysmal ncturnal hemglbinuria, 512
transfusin graft-versus hst disease, 546

Paneth cells, 626
Panhyppituitarism, 1111
Panic disrder, 1057, 1059

benzdiazepine medicatin interactins and,
1060t

medicatins fr, 1058t
palpitatins, 26, 27

Panniculitis
erythema ndsum, 153
systemic lupus erythematsus, 838

Pansexual, 1719
Panuveitis, 181–182

Papaniclau smear, 2, 12, 793

atypical endmetrial cells, 796
cervical cancer screening, 794
classificatin systems, 792, 792t
lesbian & bisexual wmen, 1730
psitive, steps after, 795

Papillary fibrelastma, valvular, 435
Papillary muscle dysfunctin/rupture

after STEMI, 381
mitral regurgitatin, 339–340
mitral stensis, 336

Papillary necrsis
diabetic nephrpathy, 944
hematuria, 952

Papillary stensis, HIV/AIDS, 1346
Papillary thyrid carcinma, 240, 1144–1147,

1144t, 1147t, 1150
Papilledema, 193
Papillma

inverted, 223

recurrent respiratry papillmatsis, 223

Papular acne, 128–129
Papular urticaria, 134–135
Papule, 100t, 141–146

basal cell carcinma, 144–145, 144f
Gttrn, 848, 849f
mlluscum cntagisum, 143, 143f
squamus cell carcinma, 145, 145f
vilaceus t purple, 100t, 146–148

Kapsi sarcma, 147–148

lichen planus, 146–147, 146f
warts, 141–143, 142f

Paracentesis
abdminal, 606
large-vlume, fr cirrhsis, 706

Paracetaml, tubulinterstitial disease frm,
946

“Parachute” mitral valve, 336
Paradxical emblism, 327, 328, 994
Paradxical vcal fld mtin, asthma, 244
Paraganglima, 1182–1186

clinical manifestatins, 1182–1184
cmplicatins, 1184
hypertensin, 1182–1186
incidence and assciatins, 1182
metastatic, 1185–1186
palpitatins, 26
prgnsis, 1186
treatment, 1184–1186

Paragnimiasis, 1542

Paragonimus kellicotti, 1542
Paragonimus westermani, 1542
Parainfluenza viruses, human, 1428–1429

Paralysis. See also Palsies; specific types
bilateral fld, 238
facial (See Facial palsy/paralysis)
peridic

hyperkalemic, 894, 1053
hypkalemic, 892, 1053, 1133, 1139
nrmkalemic, 1053
syndrmes, 1053

sleep, 1094
vcal fld, 237–238

Paralytic ileus, 642–643

Paralytic plimyelitis, 1396
Paralytic shellfish pisning, 1608, 1608t
Paramalignant pleural effusin, 312
Paranasal sinuses, 215–224. See also Nse &

paranasal sinus
Paraneplastic disrders, autimmune, 1011,

1012t
Paraneplastic endcrine syndrme, 898
Paraneplastic pemphigus, 140–141
Paraneplastic syndrmes, 1623

exfliative dermatitis, 120
pain, 79

Parandal demyelinatin, 1037
Paranid ideatin, 1070
Paranid persnality disrder, 1068–1069,

1068t
Paranid psychsis, alchlic hallucinsis,

1098, 1099
Paraparesis, 1012t
Paraparesis, spastic

Borellia garinii (Lyme disease), 1511
cervical disk prtrusin, 1045
discgenic neck pain, 1045
HIV myelpathy, 1343
HTLV-1 assciated-myelpathy/trpical

spastic paraparesis, 1409
multiple sclersis, 1031
Rcky Muntain sptted fever, 1451

Paraphilias, 1066, 1067

Paraplegia, 1035
Parapneumnic pleural effusin, 311, 313
Paraprteins

amylidsis, 542–543
chrnic lymphcytic leukemia, 533
mnclnal gammpathy f undetermined

significance, 541
nephrtxins, endgenus, 918
plasma cell myelma, 538–540, 918
plasmacytmas, 539
Waldenström macrglbulinemia, 518,

541–542
Parasmnias, 1095

Parasternal lift
heart failure, 405
right ventricular hypertrphy, pulmnary

valve stensis, 405
Parathin, 1606–1607
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Parathyrid carcinma, hyperparathyridism
frm, 1155, 1156, 1160

Parathyrid gland disrders, 1152–1161

hyperparathyridism, 895, 897–899, 898t,
927, 1053, 1155–1161, 1189

hypparathyridism, 1053, 1152–1155,

1154t
pseudhypparathyridism, 1153

Parathyrid glands, 1155
hyperplasia, 1160

Parathyrid hrmne
hyp/hypermagnesemia n, 901–902
fr hypparathyridism, 1155–1156
fr steprsis, 1165

Paravaccinia, 1441
Parechvirus, human, 1445–1446

Parenteral nutritinal supprt, 1283
cmplicatins, 1286, 1286t
slutins, 1285–1286, 1285t

Paresthesia
alchl use disrder, 1040
Angiostrongylus cantonensis, 1549
anxiety disrders, 1057
frm aprenavir, 1366
beriberi, 1277
breathing with, asthma, 244
carpal tunnel syndrme, 1700
chilblains/erythema perni, 1570
ciguatera pisning, 1608t
frm cisplatin, 1675
diabetes mellitus type 1, 1216
epilepsy/seizures, 987
essential thrmbcytsis, 524
frstbite, 1570
frstnip, 1570
Guillain-Barré syndrme, 1041, 1396
heat exhaustin, 1567
frm human grwth hrmne, 1114
frm human parathyrid hrmne, 1155
hypercalcemia, 1156
hyperventilatin syndrmes, 316
hypcalcemia, 897, 1168
hypkalemia, aldsternism, 1180
hypparathyridism, 1152
hypphsphatemia, 900
hypthyridism, 1126
Lyme disease, 1511
meralgia paresthetica, 1043
migraine, 978, 979, 980t
mnneurpathies, 1042
neck pain, 1698
nutrient malabsrptin, 637t
panic disrder, 1057
paralytic shellfish pisning, 1608t
peripheral artery aneurysms, 487
frm phentermine/tpiramate, 121, 1271t
phechrmcytma, 1182, 1183
plyneurpathies, 1038
puffer fish pisning, 1608t
rabies, 1398
Raynaud phenmenn, 844
respiratry alkalsis, 911
frm ritnavir, 1360t, 1366
seizures, fcal, 994
frm spinal stimulatin, 96–97
spinal tumrs, 1009
syphilis, late, 1504, 1505
tabes drsalis, 1505
tarsal tunnel syndrme, 1044
thiamine deficiency, 1276, 1277
thracic utlet syndrmes, 874
frm vinca alkalids/chemtherapy, 1674
vitamin B

12
deficiency, 509

Parietal lbe lesins/tumrs, 1005

Parkinsn disease, 922, 1014–1017

after head trauma, 1030
clinical findings, 1014–1015
etilgy, 1014
idipathic, 922, 1022t
sebrrheic dermatitis, 113
treatment, 1015–1017
weight lss, invluntary, 32

Parkinsnism, 1014
drug-induced, frm antipsychtics, 1076
pstencephalitis, 1014
reversible, 1014

Parkland frmula, 1574
Parnychia, 162, 162f

Candida, 133
Partid gland

swelling, mumps, 1392–1394, 1393f
tumrs, 233

Parxetine
verdse/pisning, hyperthermia, 1585
n weight, 1269, 1270t

Parxysmal atrial tachycardia, catheter ablatin
fr, 386

Parxysmal ncturnal hemglbinuria, 503,
512–513

Parxysmal supraventricular tachycardia,
388–390

accessry AV pathway, 390–391

PARP targeting, in breast cancer treatment,
763

Parvvirus B19, 871, 1439–1440

Parvvirus B19 gene, 1439
Passive cngestin f liver, 719
Passive immunity, 1319
Pasteurella bite wunds, 1301–1302
Patch, transdermal cntraceptive, 782
Patellar grind test, 1714
Patellfemral pain/syndrme, 1706, 1706t,

1713–1714

Patent framen vale, 326–328, 328, 995
Pathergy phenmenn, 862
Patient-cntrlled analgesia, 78
Patient Health Questinnaire, 56
Patulus eustachian tube, 204–205
Pauci-immune glmerulnephritis, 921, 933t,

937

necrtizing, 937

PAX-4 mutatin, 1213
PCo

2
, ventilatin cntrl, 315

PCP, 1095, 1103, 1602–1603

PCSK9, 8, 1256
PCSK9 inhibitrs, 8, 356–358, 359, 1260, 1261,

1262t, 1263

PCSK9 mutatin, 1678–1679
PDGFRA mutatin, 879t, 1643
PDX1, 1214
Peak expiratry flw meters, 245
Peanut allergy, 877
Pedal artery, cclusive disease, 478–479

Pediculsis, 151–152

Pediculsis capitis, 151

Pediculsis crpris, 151

Pediculsis pubis, 151–152

Pediculus humanus, 1446
Pediculus humanus var capitis, 151
Pediculus humanus var corporis, 151
PEEP, fr acute respiratry failure, 319
PEG, piid use, 89
Peglticase, 832
Pegvirus, human, 686
Pelger-Huët abnrmality, 528
Pelisis hepatitis, 701, 1490
Pellagra, phttxic dermatsis, 156
Pelvic flr muscle exercises, 62, 774–775

Pelvic infectins, female, 1491

peripartum, 813

Pelvic inflammatry disease, 790–792

antimicrbials fr, 1316t
gncccal, 1488
HIV/AIDS, 1350
pelvic pain frm, 774

Pelvic muscle training, 774–775
Pelvic rgan prlapse, 774–775

Pelvic pain, 772–774

chrnic, 960
dysmenrrhea, primary, 772

endmetrisis, 772–773

ther causes, 774
syndrme, 959t, 960–961

Pembrlizumab, diabetes mellitus frm, 1213
Pemphigid, bullus, 141

Pemphigus, 139–141, 140f, 617
Pemphigus erythematsus, 139–141
Pemphigus fliaceus, 139–141
Pemphigus vegetans, 139–141
Pemphigus vulgaris, 139–141, 140f
Penicillamine, inflammatry mypathy frm,

1053
Penicillins

allergy, 1318–1319
drug eruptin frm, 164
interstitial nephritis frm, 920

Penicillium, 1565
Pentalgy f Fallt, 330
Pentamidine

hypglycemia frm, 1255
verdse/pisning, arrhythmias frm, 1584,

1584t
Pentsan plysulfate, cular effects, 197,

198t
Peptic ulcer disease, 627–633

cmplicatins, 633–635

gastric utlet bstructin, 634–635

hemrrhage, GI, 633–634

ulcer perfratin, 634

dyspepsia, 582
epidemilgy, 627–628
frm gastrinma, 635
GI bleeding, acute upper, 599
H. pylori–assciated, 627–633, 631t
lcatin, 627–628
NSAID-induced, 627–633, 631t

preventin, 632–633
refractry, 633
treatment, medical, 630–633

H. pylori–assciated ulcers, 630–631
NSAID–assciated ulcers, 631–632
refractry ulcers, 633

treatment, pharmaclgic, 629–630, 631t
H

2
-receptr antagnists, 630, 631t

H. pylori eradicatin therapy, 630
mucsal defense mdifiers, 630
prtn pump inhibitrs, 629–630, 631t

Peptostreptococcus, aspiratin and necrtizing
pneumnia, 276

PERC (Pulmnary Emblism Rule-Out
Criteria), hemptysis, 21

Perceptual distrtins, 1070. See also specific
types and disorders

Perceptual-mtr functin, dementia, 53
Percutaneus crnary interventins

fr angina, chrnic stable, 366
cardiac risk assessment/reductin, 42–43
“facilitated,” 376
fr STEMI, 375–376, 383

Percutaneus dilatinal trachestmy, 238
Percutaneus transcatheter stented valves, 332,

341, 350
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Percutaneus transhepatic chlangigraphy,
680, 728

Perfrmance anxiety, 1057–1058, 1058t,
1059–1060

Perfrmance-enhancing prducts, 1195. See
also Anablic sterids; specific types

hypertensin frm, 1584
Perfumes

essential ils, cntact dermatitis frm, 125
phtsensitivity, 156

Perhexiline, txic neurpathy frm, 1041
Periampullary cancer, 1634–1636, 1644
Periampullary plyps, 670
Perianal abscess, 657, 676

Perianal disrders
abscess, 676

fistulas, 657, 676

Crhn disease, 599, 657, 660
infectins, 674
lymphgranulma venereum, 1496

pruritus, 676

Perianal fistula, 657, 676

Pericardial diseases, 427–434

effusin, 430–431

acute kidney injury, 915
malignant, 1666–1667

speed f accumulatin, 430
pericarditis

acute inflammatry, 427–429, 427t
restrictive, 431–432

pulmnary hypertensin, 432–434, 433t
restrictive pericarditis, 431–432

rheumatid arthritis, 834
tampnade, 430–431 (See also Pericardial

tampnade)
Pericardial frictin rub, 23, 374, 381, 415, 428
Pericardial stretch, 430
Pericardial tampnade. See Tampnade,

pericardial
Pericardial windw, 429
Pericarditis

acute inflammatry, 427–429, 427t
acute kidney injury, 915
acute nnspecific, cxsackievirus, 1443
after STEMI, 381–382
bacterial, 427
Borrelia burgdorferi, 427–429
chest pain, 22, 23
chrnic kidney disease, 926
cnstrictive, superir vena caval bstructin,

493
drug-induced, 428
frictin rub, 23, 428
mycarditis with, 428
neplastic, 427–429
pneumcccal, 427, 1463
pstcarditmy, 428–429
pst-MI, 427–429
radiatin, 428
restrictive, 431–432

systemic lupus erythematsus, 839t, 840
tuberculus, 427–429
uremia, 427–429

Perihilar tumrs, 1632
Perilymphatic fistula, 214

Perindpril, n crnary heart disease risk, 359
Perineal pain, 960
Perinuclear antineutrphil cytplasmic

antibdies (pANCA), 696, 730
Peridic limb mvement disrder, 1094

Peridic limb mvements f sleep, 1020
Peridic lwer leg mvements, 1094
Peridic paralysis

hyperkalemic, 894, 1053

hypkalemic, 892, 1053, 1133, 1139
nrmkalemic, 1053
syndrmes, 1053

Peridntal disease
aspiratin and necrtizing pneumnia, 276
peridntitis, sialadenitis, 232

Peripartum cardimypathy, 438

Peripheral artery
aneurysm, 487

disease, 475–476

Peripheral lesin syndrmes, vertig, 213–214
Peripherally inserted central catheter (PICC)

lines, superficial venus
thrmbphlebitis frm, 490

Peripheral neurnal antagnists, fr
hypertensin, 465t

Peripheral neurpathic pain, 92–94, 93t
Peripheral neurpathies, 1037–1052

acute idipathic, 1041–1042

Bell palsy, 1044–1045, 1044f
brachial & lumbar plexus lesins, 1048

chrnic inflammatry plyneurpathy, 1042

chrnic kidney disease, 928
classificatin, 1037
critical illness, 1040–1041

diabetic, distal symmetric plyneurpathy,
1239–1240, 1239f

discgenic neck pain, 1045–1047,

1046f–1047f
acute cervical disk prtrusin, 1045,

1046f–1047f
causes, 1045
cervical spndylsis, 1045–1047

Guillain-Barré syndrme, 1041–1042

HIV/AIDS, 1343–1344
inflammatry demyelinating

plyneurpathy, 1343
peripheral neurpathy, 1343–1344

infectius & inflammatry diseases
HIV/AIDS, 1040, 1343–1344
leprsy, 1040
Lyme brrelisis, 1040
plyarteritis, 1040
rheumatid arthritis, 1040
sarcidsis, 1040

inherited
Charct-Marie-Tth disease, 1038–1039

clinical findings, 1038
Dejerine-Sttas disease, 1039

familial amylid plyneurpathy, 1039

Friedreich ataxia, 1039

prphyria, 1039

Refsum disease, 1039

treatment, 1038
lung cancer, 1623
malignant disease, 1041
mnneurpathies, 1042–1044 (See also

Carpal tunnel syndrme)
entrapment neurpathies, 1042–1043
femral neurpathy, 1043

meralgia paresthetica, 1043–1044

prnatr teres/anterir intersseus
syndrme, 1043

radial nerve lesins, 1043

Saturday night palsy, 1042
sciatic & cmmn perneal nerve palsies,

1044

tarsal tunnel syndrme, 1044

ulnar nerve lesins, 1043

mypathic disrders, 1050–1053 (See also
Anti synthetase syndrme;
Dermatmysitis; Immune-mediated
inflammatry mypathies; Mypathic
disrders; Plymysitis)

neurmuscular transmissin disrders,
1048–1050

frm aminglycsides, 1050

btulism, 1050

myasthenia gravis, 1048–1049

myasthenic syndrme, 1050

peridic paralysis syndrmes, 1053

plyneurpathies & mnneuritis multiplex,
1039–1042

sarcidsis, 294, 294f
frm stavudine, 1343
systemic & metablic disrders

alchlism & nutritinal deficiency, 1040

diabetes mellitus, 1039

paraprteinemias, 1040

uremia, 1039

txic, 1041

Peripheral sympathetic inhibitrs, 461, 465t, 466

fr hypertensin, 461, 465t, 466

Peripheral T-cell lymphmas, 537
Peripheral vascular disease

athersclertic, 475–483

diabetes mellitus, 1242
Peripheral vein nutritinal supprt, 1283
Peripheral vestibular disease, 211–212
Peritneal carcinmatsis. See also specific types

malignant ascites, 608
Peritneal dialysis, fr end-stage kidney

disease, 929
Peritneal diseases, 605–609

ascites, patient assessment, 605–606, 605t
peritnitis, spntaneus bacterial, 607–608,

707
Peritneal effusin, malignant, 1666–1667

Peritnitis, bacterial
ascites, 605
spntaneus, 607–608, 707

Peritnsillar abscess & cellulitis, 230

Periungual warts, 141
PERK, 1214
Pernicius anemia, 509. See also Vitamin B

12

gastritis, 627

Perneal nerve palsies, 1044

Per ral endscpic mytmy, fr achalasia,
622

Perxisme prliferative-activated receptr-
alpha agnists, 1262t, 1264

Persistent depressive disrder, 1079

Persistent vegetative state, 1028
Persnality disrders, 1068–1069, 1068t. See

also specific types
Pertussis, 15, 16, 17, 1477–1478

PE Severity Scre Index, 299
Pessaries, 62
Pesticide pisning, 1606–1607

Pestivirus, 1442
“Petit mal” seizure, 987
Petrleum distillates, pisning, 1607

Petrus apicitis, 207
Peutz-Jeghers syndrme, 671, 1634
Peyrnie disease, 968–969
pH, esphageal

fr esphageal diseases, 610
fr gastresphageal reflux disease, 612

pH, ventilatin cntrl, 315
Phakic intracular lens, 167
Phalen sign, 1700
Pharmactherapy, lder adults, 64–65

Pharyngitis, 228–230, 229f
adenvirus, 1438
antimicrbials fr, 1316t
grup A Streptococcus, 1459

infectin-related/pstinfectius
glmerulnephritis, 934
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Pharyngcnjunctival fever, adenvirus, 1438
Phenacetin, tubulinterstitial disease frm, 946
Phenazpyridine, methemglbinemia frm,

1604–1605
Phencyclidine (PCP), 1095, 1103, 1602–1603

Phenbarbital verdse/pisning treatment,
1587, 1587t

Phenlphthalein
drug eruptin frm, 164
hyperpigmentatin frm, 159

Phenthiazines
abnrmal mvements frm, 1020
verdse/pisning, 1594

arrhythmias frm, 1584, 1584t
hypertensin, 1584
hypthermia, 1583

Phentermine, 1269, 1271t
Phentermine + tpiramate, 1269–1270, 1271t
Phenytin

chrea frm, 1020
n flic acid absrptin, 511
verdse/pisning, 1593
txic neurpathy frm, 1041
vitamin D deficiency frm, 1168–1169

Phechrmcytma, 1182–1186, 1190
clinical manifestatins, 1182–1184
cmplicatins, 1184
headache, 37
hypertensin, 446, 448, 1182–1186
incidence and assciatins, 1182
metastatic, 1185–1186
palpitatins, 26
in pregnancy, 1185
prgnsis, 1186
treatment, 1184–1186

PHEX, 1168
Philadelphia chrmsme, 521, 524, 526, 527
Phlebotomus, 1518
Phlegmnus gastritis, 627
Phbic disrder, 1057–1058

treatment, 1058t, 1059–1060
Phnic tics, 1021
Phnphbia, migraine, 35, 35t
Phsphate

absrptin, vitamin D n, 899
deficiency, rickets frm, 1167
fr diabetic ketacidsis, 1247
fr hyperglycemic hypersmlar state, 1249
kidney n, 899
plasma, 899

Phsphdiesterase-5 inhibitr, 974t, 975
Phsphdiesterase inhibitr

fr asthma, 249t, 252–253
fr COPD, 261, 262

Phsphrus
calcium metablism and, 899
enteral requirements, 1284
plasma, 899

Phsphrus cncentratin disrders, 899–901

hyperphsphatemia, 901, 901t, 915, 926–927
hypphsphatemia, 899–901, 900t,

1166–1169
Phtallergy, 156
Phtdermatitis, 100t, 156, 156–157

Phtphbia
migraine, 35, 35t
ultravilet (actinic) keratitis, 196

Phtpsia, 978
Phtsensitive epilepsy, 989
Phtsensitivity, 165t, 1075
Phttherapy, fr depressin, 1087
Phttxicity, 156
Phtvaprizain f the prstate, 976–977
Phthirus pubis, 151

Phylldes tumr, 742
Physical abuse, 1095
Physical activity. See also Exercise

cunseling, 5t
fr disease preventin, 9–10
hypertensin, 8
fr besity, 1269
lder adults, 58
preventing inactivity, 9–10

Physician-assisted death, 74–75
Physician Orders fr Life-Sustaining Treatment,

72
Physician Orders fr Scpe f Treatment, 72
Physilgical dependence, 1096
Phytnadine therapy, 564
PI3K, fr breast cancer, 762–763
Pica, irn deficiency anemia, 503
Pickwickian syndrme, 316

Picrnaviruses, 681, 1442, 1444–1445. See also
Entervirus

Piebaldism, 159–160
Pigmentary changes, drug-related, 165t–166t
Pigmentary skin disrders, 159–160

hyperpigmentatin, 28, 159–160, 160f, 162,
1075

hyppigmentatin, 159–160, 159f
Pigmented nevi, 159
Pigmented skin lesins, 105–108

atypical nevi, 105, 105f
blue nevi, 106, 106f
freckles & lentigines, 106

malignant melanma, 107–108, 107f
melancytic nevi, 105, 105f
sebrrheic keratses, 106, 106f

Pigment nephrpathy, 918
PIK3CA mutatin, 762, 1214
Pill-induced esphagitis, 616

Pineal gland
calcificatin, tardive dyskinesia, 1076
tumr, 1005–1008, 1006t

Pinguecula, 171

Pingueculitis, 171
“Pink puffers,” 258
Pinwrm, 1548

Piglitazne, 1222t, 1225, 1236, 1236f
verdse/pisning, 1600

Piperaquine, fr malaria, 1523t, 1524
Piperazine verdse/pisning

hyperthermia, 1585
seizures frm, 1585, 1585t

Pituitary applexy
hyppituitarism, anterir, 1113, 1118
pituitary adenma, nnfunctining, 1121
third nerve palsy, 194
thunderclap headache, 982

Pituitary gland
disrders, 1110–1122 (See also specific types)
hrmnes, anterir, 1110
stalk thickening, 1110

Pituitary gland cancer
ACTH-secreting tumrs, ectpic, 1176, 1178,

1179
adenma, 1005–1008, 1006t, 1110

anvulatin, 776
MEN 1, 1189–1190
nnfunctining, 1121–1122

macradenma, 1121–1122

metastases, 1110
neurendcrine tumrs, 1110
thyrtrphe tumr, 1132

Pit viper bike, 1608–1609
Pityriasis rsea, 112–113, 113f
Pityriasis rsea–like reactins, 166t
Pityriasis versiclr, 117–118

Pityrosporum. See Malassezia
Pityrosporum ovale. See Malassezia furfur
Pivt shift test, 1708t, 1711
PKD1 mutatin, 948
PKD2 mutatin, 948
PKR-like ER kinase, 1214
Placenta. See also Obstetrics & bstetric

disrders
mrbidly adherent, 812

trphblastic tumr, 806
Placenta accreta, 812
Placenta increta, 812
Placental abruptin, 812

Placenta percreta, 812
Placenta previa, 812

Plague, 1313t, 1487
Plan B, 784
Plantar warts, 141–143
Plants. See also specific types

dermatitis, urticaria, 135
phtsensitivity, 156

Plasma cell myelma, 538–540, 541
kidney disease, 950

verlad prteinuria, 913
paraprteins, 538–540, 918
plyneurpathy, 1040
prximal renal tubular acidsis, 907
relapsing plychndritis, 862
treatment, 1614t
vltage dependent distal RTA, 907

Plasmacytmas, 538–539
Plasma transfusin

cmpnents, 546–547

fresh frzen, 546–547

Plasmodium falciparum, 1521–1529, 1522f.
See also Malaria

Plasmodium knowlesi, 1521, 1523–1524
Plasmodium malariae, 1521, 1522f,

1523–1524
Plasmodium ovale, 1521, 1522f, 1523–1524
Plasmodium vivax, 1521, 1522f, 1523–1524
Platelet cunts, desired ranges, 548, 549t
Platelet-derived grwth factr, primary

myelfibrsis, 525
Platelet disrders, 548–581. See also Bleeding;

specific types
allimmunizatin, 544, 546
frm antithrmbtic therapy, 565–581

cagulatin, 559–565

destructin, increased, 550–557

disseminated intravascular cagulatin,
556–557, 556t

heparin-induced thrmbcytpenia,
554–555, 555t

immune thrmbcytpenia, 550–552,

552f
thrmbtic micrangipathy, 552–554,

553t
prductin, decreased, 548–550

bne marrw failure, 548–550

bne marrw infiltratin, 550

chemtherapy & irradiatin, 550

cyclic thrmbcytpenia, 550

nutritinal deficiency, 550

qualitative, 558–559

acquired, 559

cngenital, 558–559

sequestratin, 558

thrmbcytpenia, 548–558

Platelet-inhibiting agents, fr angina, 365
Platelet transfusin, 546

Platinum analgs, 1617t
Platypnea rthdexia, 327
Platypnea-rthdexia syndrme, 19
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Pleural diseases, 310–315. See also specific types
pleural effusin, 310–314

pleuritis, 310

pneumthrax, 314–315

rheumatid arthritis, 834
Pleural effusin, 310–314

causes and classificatin, 310, 311t
exudates, 310, 311–312, 311t, 312t
hemrrhagic, 311
hemthrax, 310, 311, 313–314
imaging, 312–313, 313f
malignant, 312, 313, 1666–1667

paramalignant, 312
parapneumnic, 311, 313
systemic lupus erythematsus, 839t, 840
transudates, 310, 311, 311t, 313
tuberculus, 311–312

Pleurisy
blastmycsis, 1564
Leginnaires disease, 1480
pneumnia, cmmunity-acquired, 268
respiratry tract infectin, viral, 18
systemic lupus erythematsus, 839t, 840

Pleuritis, 310

Pleurdynia, epidemic, 1443
Plexifrm neurma, 1013
Plummer disease, 1131

Plummer-Vinsn syndrme, irn deficiency
anemia, 503

PML-RAR-alpha fusin gene, 530
Pneumatic dilatin, fr achalasia, 622
Pneumcccal cnjugate vaccine (PCV13), 3
Pneumcccal cnjugate vaccine (PCV23), 253,

272
Pneumcccal infectins. See Streptococcus

pneumoniae
Pneumcccal plysaccharide vaccine

(PPSV23), 3
Pneumcccal vaccines, 1320t, 1324t–1325t,

1328t
Pneumococcus, 1463–1465

arthritis, 1463
endcarditis, 1463
meningitis, 1465
penicillin-resistant, 1464
pericarditis, 427, 1463
pneumnia, 1463–1464

Pneumcnises, 306–307, 307t
asbestsis, 307, 307t
cal wrker’s, 306, 307t
kalin, 307t
silicsis, 306–307, 307t

Pneumocystis jirovecii pneumnia, 267t, 1559–

1560

HIV/AIDS, 1289, 1331, 1337–1340, 1337f,
1338t

prphylaxis, 1357, 1357t
treatment, 1358

in immuncmprmised, pulmnary
infiltrates, 277

immunsuppressive medicatins, 1289
transplant recipients, hematpietic cell,

1291
Pneumocystis pneumnia (pneumcystsis)

HIV/AIDS, 1331
preventin

HIV/AIDS, 1357, 1357t
immuncmprmised, 1292–1293

transplant recipients, slid rgan, 1291
Pneumnia, 267–277

adenvirus, 1438
after measles, 1391
anaerbic, 267, 276–277

antimicrbials fr, 1316t

aspiratin
antimicrbials fr, 1316t
injectin drug abuse, 1305

chest pain, 22
Chlamydia psittaci, 1497
Chlamydophila pneumoniae, 1497

classificatin, 267, 267t
cmmunity-acquired, 267t, 268–272, 269t

Coxiella burnetii, 268, 1454
initial antimicrbial therapy, 1315t
Legionella, 1480–1481

vaccinatin, 272
cugh, 16, 16t
cryptgenic rganizing, 292–294, 293t
cytmegalvirus, hematpietic stem cell

transplant, 1388
diagnsis & likelihd ratis, 16, 16t
dyspnea, 19
esinphilic, 296
glmerulnephritis, infectin-related/

pstinfectius, 934
grup A Streptococcus, 1461

health care–assciated, 1295
hemptysis, 21
hspital-acquired, 267t, 273–276, 274t, 275t
HSV-1, 1375, 1376
interstitial

acute, 292–294, 293t
diffuse, 292–294, 293t, 294f
diffuse, idipathic, 292, 293t, 294f
HIV/AIDS, 1341
nnspecific, 292–294, 293t
usual, 292–294, 293t
varicella-zster virus, 1381

measles, 1391
necrtizing, 276–277

nscmial, 267t, 273–276, 274t
antimicrbial therapy, initial, 275t, 1315t
respiratry disease, exacerbated by, 880

rganisms, 267t
plague, 1487
pneumcccal, 1463–1464

pstperative, 45
initial antimicrbial therapy, 1315t

severity index, 272
ventilatr-assciated, 267t, 273–276, 274t,

275t
Pneumnitis

Coxiella burnetii, 1454
cytmegalvirus, 1387
hypersensitivity, 266, 286, 305, 306, 307–308,

308t
radiatin, 309–310

txplasmsis, 1531
Pneumncccus. See Streptococcus

pneumoniae
Pneumthrax, 314–315

cugh, 18
dyspnea, 18, 19, 20
iatrgenic, 314
spntaneus, 314
tensin, 314
traumatic, 314

PNPLA3, 702, 703
Po

2
, pH, 315

Pdagra, 830, 830f
Pisn cntrl center, 1582
Pisning/drug verdse, 1582–1611

acetaminphen, 1590–1591, 1590f
acids, crrsive, 1591

alkalies, 1591–1592

amphetamines & ccaine, 1592–1593

anticagulants, 1593

anticnvulsants, 1593–1594

antidepressants, tricyclic & ther,
1610–1611, 1610f

antipsychtics, 1594

arrhythmias, 1584–1585, 1584t
arsenic, 1594–1595

atrpine & antichlinergics, 1595

benzdiazepines, 1599–1600

beta-adrenergic blckers, 1595–1596

caffeine, 1609–1610

calcium channel blckers, 1596

carbn mnxide, 1596–1597

clnidine, 1597

cma, 1582–1583
cyanide, 1597–1598

decntaminatin, 1586–1588

(See also Decntaminatin)
diagnsis, 1588–1589

abdminal imaging, 1589
anin gap, 1589
antichlinergic syndrme, 1588
chlinergic syndrme, 1588
smll gap, 1588–1589, 1588t
sympathlytic syndrme, 1588
sympathmimetic syndrme, 1588
txiclgy lab testing, 1589, 1589t

dietary supplements & herbal prducts,
1598, 1599t

digitalis & cardiac glycsides, 1598–1599

ethanl, 1599–1600

gamma-hydrxybutyrate, 1600

hypertensin, 1584
hyperthermia, 1585–1586
hypglycemic drugs, 1600

hyptensin, 1583–1584
hypthermia, 1583
initial evaluatin, 1582
isniazid, 1601

lead, 1601–1602

lithium, 1602

LSD & hallucingens, 1602–1603

marijuana & synthetic cannabinids, 1603

mercury, 1603–1604

methanl & ethylene glycl, 1604

methemglbinemia-inducing agents, 1604–
1605

mushrms, 1605

nerve agents, 1597

piates & piids, 1605–1606

vs. verdse, initial evaluatin, 1582
pesticides/chlinesterase inhibitrs,

1606–1607

petrleum distillates & slvents, 1607

salicylates, 1607–1608

scrpin stings, 1609

seafd pisnings, 1608, 1608t
sedative-hypntics, 1599–1600

seizures, 1585, 1585t
snake bites, 556–557, 556t, 1608–1609

spider bites, 152, 1609

sympathlytic antihypertensives, 1597

symptmatic patient, 1582–1586
thephylline, 1609–1610

treatment, 1586–1588
antidtes, 1586, 1586t

Pisn ak/ivy/sumac
cntact dermatitis, 125–127, 126f
urticaria, 135

Plimyelitis, 1395–1397

vaccine-derived, 1396–1397
Pllen-assciated fd allergy syndrme,

878
Plyalchl, 1220–1221
Plyanalgesic Cnference Cnsensus, 96
Plyangiitis
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granulmatsis with, 224, 303, 857–860,

858f
autantibdies, 841t
esinphilic, 303, 861

glmerulnephritis, 933t
hearing lss, autimmune, 210
kidney bipsy, 915
mycarditis, 417

micrscpic, 303, 860–864 (See also
Micrscpic plyangiitis)

Behçet disease, 862–863

clinical findings, 860
cryglbulinemia, 861–862

differential diagnsis, 860
esinphilic granulmatsis with

plyangiitis, 861

general cnsideratins, 860
IgA vasculitis, 862

levamisle-assciated purpura, 861

lived racemsa, 864

lived reticularis, 864

primary angiitis f CNS, 863–864

prgnsis, 860–861
relapsing plychndritis, 862

treatment, 860
Plyarteritis

cancer, 875
glmerulnephritis, 933t
neurpathies, 1040

Plyarteritis ndsa, 856–857

Plyarthritis
hepatitis B/C, self-limited, 871
rheumatic fever, 426

Plychndritis, relapsing, 202, 862

Plycystic kidney disease, autsmal dminant,
948–949, 948f

Plycystic vary syndrme, 127, 776, 1197

amenrrhea, 1200
anvulatin, 774
endmetrial adencarcinma, 796
hirsutism, 1197
hyperandrgenism, 776

Plycythemia
hypertensin, 445
pulmnary venus thrmbemblism,

297
Plycythemia vera, 522–523, 522t, 523t

myelfibrsis after, 525
treatment, 1614t

Plycythemic, spurius, 523
Plydipsia, 885–886, 1071

hypkalemia, 891
psychgenic, 885–886
schizphrenia, 1071

Plymrphic light eruptin, 156
Plymrphic reticulsis, 224
Plymyalgia rheumatica, 854–855

Plymysitis, 848–850, 849f, 849t
autantibdies, 841t
treatment-resistant, 849

Plyneurpathies, 1039–1042

Plyls, 1220–1221
Plypectmy

clnscpic, 669
surveillance, 669

Plypharmacy, lder adults, 64–65

delirium, 57
falls, 60

Plypid crditis, 235

Plypsis syndrmes, hereditary, 670–672,

1647
familial adenmatus plypsis, 670

hamartmatus plypsis syndrmes, 671

Lynch syndrme, 671–672, 1647

Plyps
cervical, 772

cln, 668–669 (See also Cln plyps)
familial adenmatus, 670

nasal, 220, 223

nnfamilial adenmatus & serrated,
668–669

periampullary, 670
serrated

BRAF mutatin, 668
K-ras mutatin, 668

vcal fld, 235

Plysmngraphy, bstructive sleep apnea, 317
Plyuria, 917. See also Diuretics; specific

disorders
benign prstatic hyperplasia, 972–977, 974t,

976f
diabetes insipidus, 890, 1115–1116

diabetes mellitus, 1212–1244

hypkalemia, 891
Pmpe disease, 1052

Pmphlyx, 123, 123f
Pntine hemrrhage, 999–1000
“Ppcrn-wrker’s lung,” 308
Ppliteal artery

aneurysm, 487
cclusive disease, 476–477

Ppliteal cyst, 27, 1702, 1706
“Pppers,” 1604–1605
Prcelain gallbladder, 724t, 725
Prk tapewrm, 1542

Prphbilingen, 1676
Prphyria, 1039

acute intermittent, 1676–1677, 1677t
Prphyria cutanea tarda, 123–124, 124f

hemchrmatsis, 714
hirsutism, 1198
phttxic dermatsis, 156

Porphyromonas bite wunds, 1302
Prtal hypertensin

ascites, 605
cirrhsis, 618
esphageal varices, 618
etilgy, 618
gastrpathy, 625

GI bleeding, acute upper, 599
nncirrhtic, 719–720

pathphysilgy, 618
Prtal vein thrmbsis, 719–720
Prtpulmnary hypertensin, cirrhsis, 709
Prtsplenmesenteric venus thrmbsis, 735
Prtsystemic shunts, fr esphageal varices,

620
Psacnazle, pseudhyperaldsternism frm,

1181
Psitive symptms, 1070
Pst–acute COVID-19 syndrme, 1426
Pstcarditmy pericarditis, 428–429
Pstchlecystectmy disrders, 726–727

Pstcital cntraceptin, 783
Pst-encephalitic syndrme, 1404
Pstencephalitis parkinsnism, 1014
Pstepileptic autmatism, 987
Psterir cerebral artery cclusin, 997, 997t
Psterir cmpartment, 290
Psterir cruciate ligament injury, 1712

Psterir drawer test, 1712
Psterir inferir cerebellar artery bstructin,

997, 997t
Psterir ischemic ptic neurpathy,

191–192
Psterir knee pain, 1706t
Psterir mediastinal mass, 290

Psterir uveitis, 181–182

Pstexpsure prphylaxis
avian influenza, 1434
Crimean Cng hemrrhagic fever, 1414
Ebla viral disease, 1412
hepatitis A, 682
fr HIV, 1353–1354
influenza, seasnal, 1433
Lassa fever, 1414
MERS-CV, 1437
Q fever, 1455
rabies, 1398, 1399–1400
fr relapsing fever, 1508
Rift Valley fever, 1414
syphilis, 1506
varicella-zster virus, 1383

Pstexpsure prphylaxis, fr HIV, 4, 1353–1354
Pstherpetic neuralgia, 4, 986, 1381, 1382
Psthspital adjustment, 1108
Psthypercapneic metablic acidsis, 909, 909t
Pstinfarctin ischemia, 379
Pstinfectius encephalmyelitis, after measles,

1391
Pstinfectius glmerulnephritis, 933t,

934–936

Pst-laminectmy syndrme, spinal stimulatin
fr, 97

Pst-Lyme syndrme, 1512
Pstmenpausal uterine bleeding, 770

Pstmicturitin syncpe, 402
Pst-MI syndrme, 382, 427–429
Pstnasal drip, cugh, 15, 16, 17, 17t
Pstperative patient

fever, 1295–1296
meningitis, initial antimicrbial therapy, 1315t
strke, 47

Pstpartum disrders
depressin, 1079
mastitis, 133, 812–813

metritis, 819
thyriditis, 1123–1124, 1125, 1131, 1139

Pstphlebitic syndrme, 27
Pst-plimyelitis syndrme, 1396
Pstprandial hypglycemia, 1251, 1254–1255

after gastric surgery, 1254

autimmune, 1254–1255

functinal alimentary, 1254

ccult diabetes, 1254

Pstrenal aztemia, 916t, 917
Psttransfusin purpura, 558

Psttransplant lymphprliferative disrders
Epstein-Barr virus, 1386
fever f unknwn rigin, 1289, 1292

Psttraumatic headache, 981

Psttraumatic patient, meningitis antimicrbial
therapy fr, 1315t

Psttraumatic stress disrder, 1055–1056

after sexual assault, 788
aggressin disrders, 1095
substance use disrder and, 1096

Pstural hyptensin
dysautnmia, 992, 992–993

syncpe, 402
Pstural rthstatic tachycardia syndrme, 992,

993

Pstural tremr, 1020
Ptassium

fr diabetic ketacidsis, 1247
dietary requirements, 1284
high-ptassium diets, 1281

fr hyperglycemic hypersmlar state, 1249
hypertensin and

intake, lw, 445
supplementatin, 8

pisning, arrhythmias frm, 1584, 1584t
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Ptassium chlride, pill-induced esphagitis,
616

Ptassium cncentratin disrders, 891–895

hyperkalemia, 50, 887, 893–895, 893t, 896t,
927–928, 1245

hypkalemia, 584, 891–893, 891t, 892f, 1180,
1181

Ptt disease, 872–873

Ptt puffy tumr, 218
Pwassan virus, 1401, 1404
Pxvirus, 1440–1441

mlluscum cntagisum, 143, 143f,
1440–1441

mnkeypx, 1441
Orf and paravaccinia, 1441
rthpxviruses, nvel, 1441
varila/vaccinia, 1440

PR3-ANCA, 858, 860, 937
Prader-Willi syndrme, 1110, 1111, 1191
Pralidxime, 1606–1607
Pramlintide, 1223t, 1229

verdse/pisning, 1600
Prasugrel

fr acute crnary syndrmes withut
ST-segment elevatin, 369, 370–371,
370f

fr STEMI, 375
Prazsin, fr hypertensin, 461, 464t
Preclsure, 348
Preeclampsia

headache, 34
hypertensin treatment, 471, 472t

Preeclampsia-eclampsia, 807–809, 808t
Preemptive therapy, 1293
Preexcitatin syndrmes, 390–391

Preexpsure prphylaxis
gay & bisexual men, 1734, 1734t
HIV/AIDS, 4, 1352–1353, 1353t

Pregabalin
chrnic kidney disease and, 928
HHV-7, 1389
fr neurpathic pain, 92–93, 93t
n weight, 1269, 1270t

Pregnancy, 799–824. See also Obstetrics &
bstetric disrders

after breast cancer treatment, 766
air travel, 1581
antiphsphlipid syndrme, 570t–571t, 573t,

843
antiretrviral therapy, 820–821
crticsterids, 1210
COVID-19, 1424
diabetes mellitus, 1217, 1243–1244
ectpic, 799, 804–805

glucse, urine, 1217
HHV-6, 1389
hyperparathyridism, 1156
hyperthyridism, 1131–1132, 1132–1133,

1137–1138
hyp-smlality and reset smstat, 887
hypparathyridism, 1155
hypthyridism and, 1129
immunizatin, 1319
intrahepatic chlestasis f, 677, 678t, 679t,

823

listerisis, 1472
lutema f, 1198
Lyme disease in, 1512
majr depressin with peripartum nset,

1079
maternal md disrder, 1084
phechrmcytma/paraganglima

treatment, 1185
pseudhyperparathyridism f, 1158

respiratry alkalsis, 910
syphilis in, 1501t, 1506
txplasmsis in, 1532, 1533
travel and, 800–801, 801t, 1581
f unknwn lcatin, tests, 799
varicella-zster immune glbulin, 820

Pregnancy, heart disease and, 436–439

cardivascular cmplicatins, 438–440

cardimypathy f pregnancy, 438

crnary artery & artic vascular
abnrmalities, 438–439

labr, management, 439

CARPREG I/II, 436–437, 436f
cngenital, 817
ischemic, 817
medicatin use, 437–438, 437t
valve disease, 437, 437t

Premature ejaculatin, 968
Premature varian failure, 776
Premature ventricular cntractins, 398–399

catheter ablatin, 386, 398
dilated cardimypathy frm, 418

Premenpausal abnrmal uterine bleeding,
768–770, 769t

Premenstrual dysphric disrder, 775, 1079

Premenstrual syndrme, 775–776

PREMM5 mdel, 671–672
Preccupatins, bsessive-cmpulsive disrder,

1060–1061
Preperative evaluatin & periperative

management, 41–50

arrhythmias, 44
asymptmatic patient evaluatin, 41
cardiac risk assessment/reductin,

nncardiac surgery, 41–45 (See also
Cardiac risk assessment/reductin,
nncardiac surgery)

crnary artery disease, 42–44, 43t
endcrine disease, 48–49
heart failure & left ventricular dysfunctin,

44
hematlgical evaluatin, 46–47, 47t
hypertensin, 44–45
kidney disease, 49–50, 49t
liver disease, 46
mycardial infarctin, pstperative, 44
neurlgic, 48
pulmnary, nn–lung resectin surgery,

45–46, 45t
surgical site infectins, antibitic

prphylaxis, 50
valvular heart disease, 44

Prerenal aztemia, 915, 916–917, 916t
n BUN, 914, 914t
pancreatitis, acute, 734

Presbycusis, 201, 209

Presbypia, 65
Preservatives, cntact dermatitis frm, 125
Pressure, urticaria frm, 135
Pressure cntrl ventilatin, 319
Pressure injury (ulcer), 63–64, 64t

acute pygenic stemyelitis, 871
hip fractures, 1703
preventin

acute respiratry failure, 319
Pressure supprt ventilatin, 319
Preterm labr/birth, 810–811

Pretibial myxedema, 1132
Preventin bundles, 1297
Preventive medicine, 2–14. See also specific

disorders
cancer, 11–12
cardivascular disease, 4–9
categries, 2

death, causes, 2, 2t
preventable, 2, 3t

immunizatin, 3
infectius diseases, 3–4
injuries & vilence, 12
steprsis, 9
verweight & besity, 10–11
physical inactivity, 9–10
substance use disrder, 13–14, 13t
underutilizatin, 2–3

Prevotella, 1313t
bite wunds, 1302
brain abscess, 1300

Prevotella melaninogenica, 276, 1490
Priapism, 968
Primaquine, fr malaria

prphylaxis, 1526, 1528t, 1529
treatment, 1523t, 1526–1527

Primary adrenal insufficiency, 1171–1175. See
also Adrenal insufficiency, primary

Primary angiitis f central nervus system,
863–864

Primary biliary chlangitis/cirrhsis, 711–713

with autimmune hepatitis, 696
Primary Care-PTSD Screen, 1056
Primary cerebral lymphma, 1005–1008,

1007t, 1009
Primary cugh headache, 981–982

Primary effusin lymphma, HHV-8, 1389
Primary hypgnadism, 971
Primary immundeficiency disrders, adult,

881–882, 882t
cmmn variable immundeficiency,

882–883, 882t
cmplement, 882t
granulcyte, 882t
IgA deficiency, selective, 881–882, 882t

Primary myelfibrsis, 525–526

Primary sclersing chlangitis, 730–732

with autimmune hepatitis, 696
Primate erythrparvvirus 1, 1439–1440

Principles f care, guiding, 2
Prinzmetal angina, 366, 368
Prin diseases, 1406–1407

bvine spngifrm encephalpathy,
1406–1407

chrnic wasting disease, 1406
Creutzfeldt-Jakb disease, 1025
Creutzfeldt-Jakb disease, spradic,

1406–1407
rapidly prgressive dementia, 1025

PRKAR1A mutatin, 1178
PRNP, 1025
Prbenecid, 832

n creatinine, 914
urinary stnes frm, 963

Prbitics
fr cnstipatin, 589
fr irritable bwel syndrme, 650
fr ulcerative clitis, 664

Prcainamide, 384t
Prcalcitnin, 1464

COVID-19, 1425, 1456
fever, 30
pneumnia, 16, 19, 270, 274, 1464

Prcedural justice, 75
Prctitis

herpesvirus 1, 1375–1376
radiatin-induced, acute lwer GI bleeding,

602
Prctsigmiditis, 661
Prdrmal symptms, epilepsy, 988
Prgesterne + estrgen, breast cancer risk,

745
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Prgestins
lng-acting, 782

minipill, 781

Prgrammed death-1 inhibitrs, inflammatry
mypathy frm, 1053

Prgressive disseminated histplasmsis, 1555
Prgressive familial intrahepatic chlestasis

syndrme, 677, 678t, 679t
“Prgressive massive fibrsis,” 306
Prgressive multifcal leukencephalpathy,

1407–1408

BK virus, 1407–1408
HIV/AIDS, 1343
JC virus, 1407–1408
medicatin-assciated, 1408

Prgressive supranuclear palsy, 1015
PROKR2 mutatin, 1191
Prlactin

deficiency, 1111
excess, 1119

Prlactin disrders
hyperprlactinemia, 1119–1121

causes, 1119, 1119t
luteinizing hrmne/fllicle stimulating

hrmne deficiency, 1111
Prlactinma, 1119–1121
Prliferative brnchilitis, 266
Prnatr teres syndrme, 1043

Prnuncement, death, 77
Prnuns, 1720, 1721, 1722, 1735
Prpafenne, 384t
Prpanil, methemglbinemia frm,

1604–1605
Prphylaxis. See also specific types

universal, 1293
Prpfl, txic mypathy frm, 1053
Prplis (bee), cntact dermatitis frm, 125
Prpranll, 384t, 1134, 1135t

mytnia frm, 1053
verdse/pisning, arrhythmias, 1584,

1584t
n weight, 1270t

Prprtein cnvertase subtilisin/kexin type 9
(PCSK9), 8

familial hyperchlesterlemia, 1256
functins, 1256
statins n, 1679

Prprtein cnvertase subtilisin/kexin type 9
(PCSK9) inhibitrs

fr athersclertic cardivascular disease,
1265f

fr crnary heart disease preventin,
356–358

fr familial hyperchlesterlemia, 1265,
1678–1679

fr high LDL chlesterl, 1262t, 1263

fr hyperchlesterlemia, 1260, 1261
Prpylthiuracil, 1135t, 1136

giter frm, 1126
Prstate, Lung, Clrectal and Ovarian

Randmized Trial, 287–288
Prstate cancer, 1653–1659

clinical findings, 1653–1654
genetics, 1654
incidence & prevalence, 1653
prgnsis, 1658–1659, 1659t
PSA, 11, 1653, 1654–1655, 1654t, 1655t,

1656, 1657, 1658, 1659t
screening, 11, 1654–1655, 1654t, 1655t
staging, 1655
treatment, 1615t, 1655–1658

andrgen deprivatin, 1657–1658, 1658t
fcal, 1656
general measures, 1655–1656

lcalized disease, 1656–1657
lcally/reginally advanced, 1657
metastatic, 1657–1658, 1658t
prstatectmy, 974t, 977, 1656
radiatin, 1656
surveillance, active, 1656

Prstatectmy, 974t, 977, 1656
Prstate gland, benign hyperplasia, 972–977,

974t, 976f
acute kidney injury frm, 917

treatment, 973–977
Prstate-specific antigen (PSA), 11, 1653,

1654–1655, 1654t, 1655t, 1656, 1657,
1658, 1659t

Prstatic urethra pening implant, 977
Prstatitis

bacterial
acute, 958–959

chrnic, 959–960

clinical findings, 958–959, 959t
nnbacterial, chrnic, 960–961

Prsthetic heart valves. See also Valvular heart
disease

anticagulatin with, 353–354, 355t
endcarditis, 338, 1472
pregnancy, 353, 355t
thrmbemblism risk

anticagulatin fr, 353–354
vitamin K antagnists fr, 355t

Prsthetic jints
infectin, nngncccal acute bacterial

arthritis, 867–869
replacement, stemyelitis after, 871

Prtease-activated receptr-1 inhibitr, fr
angina, 365

Prtease inhibitrs, 1360t–1361t, 1365–1367
amprenavir, 1366
atazanavir, 1360t, 1367
atazanavir/cbicistat, 1360t, 1367
crnary artery disease frm, 1345
darunavir, 1360t, 1363t, 1365–1366, 1367,

1369, 1370t–1371t

fsamprenavir, 1360t, 1366
fr HIV/AIDS, 1360t–1361t, 1365–1367
indinavir, 1360t, 1366
lpinavir/ritnavir, 1360t, 1366
nelfinavir, 1360t, 1366
ritnavir, 1360t, 1366
saquinavir, 1360t, 1366
tipranavir/ritnavir, 1360t, 1367
urinary stnes frm, 963

Prtein
dietary

high, n BUN, 914, 914t
requirements, 1284
restrictin, 1281

lss, nephrtic spectrum glmerular
diseases, 941

Prteinaceus infectius particles, 1406. See
also Prin diseases

Prtein disrders
hyperprteinemia

hepatic venus utflw bstructin, 717
pseudhypnatremia, 888

paraprteinemias
membranprliferative

glmerulnephritis, 938
plyneurpathy, 1040

Prtein–energy malnutritin, 1267–1268

Kwashirkr, 1267–1268
Kwashirkr-like secndary, 1267
marasmus, 1267–1268
marasmus-like secndary, 1267

Prtein-lsing enterpathy, 639, 647

after measles, 1391
subnephrtic, 931

Prtein-t-creatinine cncentratin, urine, 913
Prteinuria, 912–913

anti-GBM glmerulnephritis, 938
autsmal dminant plycystic kidney

disease, 948
chrnic kidney disease, 923, 924, 925, 928
definitin, 912
diabetic nephrpathy, 944
fcal segmental glmerulsclersis, 924t,

931, 934t, 942

functinal, 913
glmerular, 913
glmerular diseases, 931, 932f
glmerulnephritis, 921
Gdpasture syndrme, 938
Hench-Schönlein purpura, 937
HIV-assciated nephrpathy, 944
IgA nephrpathy, 934
infectin-related/pstinfectius

glmerulnephritis, 934
interstitial nephritis, 920
kidney disease, 912–913
membranus nephrpathy, 943
minimal change disease, 932f, 934t, 940, 941,

942
nephritic spectrum glmerular diseases,

932f, 933, 934
nephrtic-range, 931, 940
nephrtic spectrum glmerular diseases,

932f, 934t, 940, 941
rthstatic, 913
verlad, 913
plasma cell myelma, 950
renal amylidsis, 945
sickle cell disease, 950
systemic lupus erythematsus, 938, 940
tubular, 913
tubulinterstitial disease, chrnic, 946, 947

Proteus
chrnic titis media, 206
flliculitis, 130–132
titis, external, 203
pyelnephritis, acute, 957
struvite calculi, 966

Proteus mirabilis, 1313t
Proteus vulgaris, 721, 1313t
Prthrmbin (factr II)

acquired antibdies t, 563
decreased (hypprthrmbinemia), 563, 709,

727, 1087t, 1136, 1607
des-gamma-carbxy, 1630
excess (hyperprthrmbinemia), 563, 717
gene mutatin, 56, 297, 433, 579t, 720, 998

Prthrmbin cmplex cncentrate, 354, 385,
560, 563, 564, 566t–567t, 568t, 578t,
600, 619, 1000, 1593

Prthrmbin time, 679t, 683, 689, 698–699
Prtn pump inhibitrs

fr gastritis prphylaxis, antithrmblytic
therapy, 377

fr GI bleeding, acute upper, 601
hypmagnesemia frm, 902
interstitial nephritis frm, 920
mechanism f actin, 629, 633
nscmial pneumnia prtectin, 273
fr peptic ulcer disease, 629–630, 632
vitamin B

12
deficiency, 509

Prtzal infectins, 1515–1539. See also
specific types

amebiasis, 1533–1535, 1534f, 1535t
babesisis, 1530–1531, 1531f
cccidisis & micrspridisis, 1535–1538
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Prtzal infectins (Cont.):
giardiasis, 1538–1539

leishmaniasis, 1518–1520, 1519f
malaria, 1521–1529

txplasmsis, 1531–1533

trichmniasis, 1539

trypansmiasis
African, 1515–1517, 1516t
American, 621–622, 1517–1518

Providencia, 966, 1313t
Prximal interphalangeal jints, stearthritis,

825–828, 827f
Prximal renal tubular acidsis, nrmal anin

gap acidsis, 906t, 907

Prximal tubular dysfunctin
hypphsphatemia, 900
n phsphate reabsrptin, 899

Przne phenmenn, 1500
PrP(C), 1406
PrP(Sc), 1406
PRSS1, 738, 1636
Pruritus, 100t, 148–153

angenital, 148–149, 149f
arthrpd skin lesins, 152–153

biliary bstructin, 678
frm calcium channel blckers, 164
chlestasis, 677
cnjugated hyperbilirubinemia, 677
external auditry canal, 204

fundamentals, 148

pediculsis, 151–152

perianal, 676

primary biliary chlangitis, 712
primary sclersing chlangitis, 729, 731
scabies, 149–151, 150f

Pruritus ani, 148–149, 149f
Pruritus vulvae, 148–149, 149f
Pseudallescheria boydii, 1565
Pseudachalasia, 622
Pseudallergic reactins, 878–880, 879t

radicntrast media reactins, 878, 879t
red man syndrme, 878–880, 879t

Pseudaneurysm
femral artery, 487
GI bleeding, acute upper, 599
mycardial, after STEMI, 381

Pseudbacteremia, 1296
Pseudcellulitis, 139
Pseudcysts, 735
Pseuddementia, 1023, 1106–1107
Pseudflliculitis, 131
Pseudgut, 832–833

Pseudhermaphrditism, 1201
Pseudhyperaldsternism, frm psacnazle,

1181
Pseudhyperkalemia, 894
Pseudhyperparathyridism f pregnancy, 1158
Pseudhypnatremia, 885, 888
Pseudhypparathyridism, 1153

Pseudomonas
cnjunctivitis, 169
health care–assciated infectins, 1295
titis, external, 203
prstatitis, acute bacterial, 958
pyelnephritis, acute, 957
struvite calculi, 966

Pseudomonas aeruginosa, 1313t
brnchiectasis, 263
COPD, 261
cystic fibrsis, 265
flliculitis, 130–132
HIV/AIDS, 1340
keratitis, 177
nngncccal acute bacterial arthritis, 867

titis, external, 203
titis media, chrnic, 206
pneumnia, 267t

cmmunity-acquired, 269–271
nscmial, 273

risk factrs, 274, 274t
Pseud-bstructin

clnic, 643–645

intestinal, chrnic, 644–645

“Pseudrheumatid arthritis,” 833
Pseudthrmbcytpenia, 558

Pseudthrmbphlebitis, 27
Pseudtumr cerebri, 1011–1013

Psilcybin, 1103
Psittacsis, 1497

Psas sign, 645
Psriasifrm eruptins, 166t
Psriasis, 108, 110–112, 111f

HIV/AIDS, 1349
hyppigmentatin, 160
inverse, 111, 116

Psriatic arthritis, 110–112, 866, 870
PSS1 mutatin, 1634
PSTI, 737, 738
Psychedelics, 1103, 1602–1603

Psychiatric disrders, 1054–1109

adjustment, 1054–1055

aggressin, 1095–1096

anxiety, 1057–1060, 1058t, 1060t
attentin-deficit/hyperactivity, 1091–1092

autism spectrum, 1092

chest pain, 623–624
chrnic pain, 1063–1066, 1064f
end f life, 75–76
gay & bisexual men, 1733
hspitalizatin- & illness-assciated,

1107–1109

lesbian & bisexual wmen, preventin,
1731–1732

md, 1078–1091, 1082t, 1083f, 1085t,
1087t, 1090t

neurcgnitive, 1105–1107, 1106t
bsessive-cmpulsive & related, 1060–1061

persnality, 1068–1069, 1068t
psychsexual, 1066–1068

schizphrenia spectrum, 1069–1077, 1072t,
1073t, 1075t

sleep-wake, 1092–1095

smatic symptm, 33, 1062–1063

substance use, 1096–1105

trauma & stressr-related, 1055–1056

“Psychgenic cugh,” 17
Psychgenic nnepileptic seizure, 989–990
Psychgenic plydipsia, 885–886
Psychlgical dependence, 1096
Psychlgical disrders. See Psychiatric

disrders; specific types
Psychsexual disrders, 1066–1068

gender dysphria, 1066, 1067

paraphilias, 1066, 1067

sexual dysfunctins, 1066–1068

Psychsis, 1070
alchlic hallucinsis, 1098, 1099
delirium tremens, 1097–1098
intensive care unit, 1107
Krsakff, 1026, 1098, 1100
systemic lupus erythematsus, 839t, 840

Psychstimulants, sertnin syndrme frm, 30
Psychtic depressin, 1080
Psychtic majr depressin, 1079
Psychtic reslutin, 1071
Psyllium, fr cnstipatin, 589, 590t
PTEN multiple hamartma syndrme, 671
Pterylmnglutamic acid, 510

Pterygium, 171

PTF1A mutatin, 1214
PTH-related prteins (PTHrP)

analgs, fr steprsis, 1165
tumr prductin, hypercalcemia, 898

Ptsis, third nerve palsy, 193, 193f
PTSD Checklist, 1056
Puberty

acne vulgaris, 127–129, 127f
cervical intraepithelial neplasia, 792
delay

cnstitutinal, 1113, 1200
hypgnadtrpic hypgnadism, 1191,

1191t, 1192, 1193
MEN 2, 1190
MEN 3, 1189
sickle cell anemia, 514

fragile X syndrme, 1679
Klinefelter syndrme, 1191, 1682
preccius/premature, 1007t, 1122, 1190

Puberty blckers, 724
Pubic lice, 151–152

Puerperal mastitis, 812–813

Puffer fish pisning, 1608, 1608t
Pulmnary. See also Lung
Pulmnary alvelar prteinsis, 295–296

Pulmnary arterial hypertensin, 432–434
Pulmnary aspiratin syndrmes, 305–306

“café crnary,” 306

freign bdy retentin, aspirated, 306

gastric cntents aspiratin
acute, 305–306, 1296
chrnic, 306

Pulmnary capillary wedge pressure, shck,
499

Pulmnary circulatin disrders, 296–304

alvelar hemrrhage syndrmes, 303–304

pulmnary hypertensin, 301–303, 432–434,

433t
pulmnary venus thrmbemblism,

296–300, 299, 299t
vasculitis, 303

Pulmnary disrders, 242–322. See also specific
types

acute respiratry distress syndrme, 320–322

acute respiratry failure, 317–319

airways, 242–266

circulatin, 296–304

envirnmental & ccupatin lung, 304–310

HIV/AIDS, 1337–1342
bacterial, 1340
cccidiidmycsis, 1341
COVID-19, 1341
cryptcccus, 1341
cytmegalvirus, 1341
histplasmsis, 1341
interstitial pneumnitis, 1341
Kapsi sarcma, 1341
lung cancer, 1341
mycbacterial, 1340, 1340f
nn-Hdgkin lymphma, 1341
Pneumocystis jirovecii pneumnia,

1337–1340, 1337f, 1338t
Pneumocystis pneumnia, 1331
sinusitis, 1341–1342
sinusitis, invasive fungal, 219
tuberculsis, treatment, 282–283

interstitial lung disease, 291–296

Kapsi sarcma, 147–148
lesbian & bisexual wmen, preventin, 1727
lung transplantatin, 322

neplasms, 287–290 (See also Lung cancer)
pleural, 310–315

ventilatin cntrl, 315–317
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Pulmnary edema
acute

cardigenic, 413–414
heart failure and, 413–414

hypertensin treatment, 471, 472t
entervirus 70, 1445
high-altitude, 1579–1580

mitral stensis, 336
nncardiac causes, 413

Pulmnary emblism, 296–300. See also
Pulmnary venus
thrmbemblism; Venus
thrmbemblic disease

acute kidney injury, 916
chest pain, 22, 23
diagnsis, 299
dyspnea, 18
high-risk, massive, 578–580, 580t
massive, bstructive shck, 496
predictin rule, 299, 299t
thrmblytic therapy fr, 578–579, 580t

cntraindicatins, 578, 580t
Pulmnary Emblism Rule-Out Criteria, 299,

299t
hemptysis, 21

Pulmnary Emblism Severity Index, 574, 574t
Pulmnary esinphilia, trpical, 1550
Pulmnary evaluatin, preperative, nn–lung

resectin surgery, 45–46
pulmnary functin testing & labratry

studies, 45
risk reductin

pstperative, 45
preperative, 45

Pulmnary fibrsis
idipathic, 292, 293t, 294f
radiatin, 310

Pulmnary functin testing, preperative
value/periperative management, 45

Pulmnary hemsidersis, idipathic, 304
Pulmnary histplasmsis, 1555
Pulmnary hypertensin, 301–303, 432–434,

433t
frm amphetamines, 432
atrial septal defect, 326–328
cardimypathy

dilated, 418
restrictive, 423

classificatins, 432–433, 433t
frm ccaine, 432
cmbined pre- and pst-, 432
definitin, 432
diagnstic studies, 433–434
heart failure, 405
idipathic, 433
islated pst-capillary, 432
mitral regurgitatin, 339, 342
mitral stensis, 333t–335t, 336–338
parasternal lift, 405
pericardial effusin, 431
precapillary, 432
pregnancy, 436, 436f, 437t, 817
pulmnary arterial, 432–433
pulmnary valve regurgitatin, 352, 353
sickle cell anemia, 514
syncpe, cardigenic, 402
treatment & prgnsis, 434
tricuspid regurgitatin, 351, 352
ventricular septal defect, 329–330

Pulmnary infectins, 267–287. See also
specific types

brnchiectasis, 263
in immuncmprmised, pulmnary

infiltrates, 277

nntuberculus mycbacteria, 286

pneumnia, 267–277

tuberculsis, 278–286

Pulmnary infiltrates, in
immuncmprmised, 277

Pulmnary metastasis, 1627–1628

Pulmnary ndule, slitary, 288–289

Pulmnary radiatin fibrsis, 309, 310

Pulmnary-renal syndrmes
granulmatsis with plyangiitis, 859
micrscpic plyangiitis, 860

Pulmnary septic embli, injectin drug abuse,
1305

Pulmnary tuberculsis, 278–286. See also
Tuberculsis, pulmnary

Pulmnary valve
percutaneus, 324, 325, 332, 353
regurgitatin, 352–353

tetralgy f Fallt, 331–332
ventricular septal defect, 329

repair/replacement, 324–325, 332
stensis, 323–325, 331

Pulmnary vasculitis, 303

Pulmnary venus hypertensin, 21, 291t, 301,
302, 405, 416

Pulmnary venus thrmbemblism,
296–300

classificatin and risk stratificatin, 299, 299t
cugh, 18
D-dimer, 297, 298, 299, 300
diagnsis, 299
dyspnea, 19
heart failure, 21
hemptysis, 21
imaging and special study, 297–298
preventin, 299, 299t
prgnsis, 300
risk factrs, 297
substances emblized, 296–297
symptms, signs & labratry findings, 297,

298t
treatment, 299–302

Pulsatile tinnitus, 210–211
Pulse ximetry, dyspnea, 20
Pulsus paradxus, 23, 430, 431
Pupillary dilatin

epilepsy, 987
glaucma, acute angle-clsure, 179
ipsilateral

herniatin syndrmes, 1007
stupr & cma, 1027

uveitis, 182
Pupils

cma, 1026–1027
dilatin, cautins, 196

Pure autnmic failure, 992
Pure estrgen receptr antagnist, 1622t
Purified prtein derivative, 281
Purine analgs, 1617t
Purpura

Hench-Schönlein, 862, 933t, 937

levamisle-assciated, 861

palpable
cancer, rheumatlgic manifestatins,

875–876
cryglbulinemia, 861
IgA vasculitis, 862
leukcytclastic vasculitis, 875–876
micrscpic plyangiitis, 843

psttransfusin, 558

thrmbtic thrmbcytpenic, 552–554,

553t
Purulent mnarthritis, gncccal arthritis,

870

Pustular skin disrders, 100t, 127–134

acne vulgaris, 127–129, 127f
flliculitis, 130–132, 131f
miliaria, 132

muccutaneus candidiasis, 132–134, 133f
rsacea, 129–130, 130f

Puumala virus, 1416–1417
Pyelnephritis

acute, 955–958

antimicrbials fr, 1316t
initial, 1315t

dysuria, 38
prteinuria, 912

Pyelphlebitis, 720, 721
Pyderma, pediculsis, 151
Pygenic arthritis, 830, 868–869, 869
Pygenic hepatic abscess, 721–722

Pygenic stemyelitis, 871–872

Pyrazlne derivatives, drug eruptins frm,
164

Pyridxine (vitamin B
6
)

in methinine metablism, 1681
txicity, 1278

Pyrimidine analgs, 1617t–1618t
Pyrglutamic acid, 905t
Pyrnaridine, fr malaria, 1523t, 1525–1526,

1527
Pyrsis, 582, 609
Pyuria, 912

interstitial nephritis, 920
bstructive urpathy, 946
tuberculsis, 950
tubulinterstitial diseases, chrnic, 946

Q

Q fever, 1448t, 1454–1455

QRISK, 1259
QRS cmplexes

trsades des pints, 399
ventricular premature beats, 398

QTc prlngatin, frm antipsychtics, 1075,
1075t

QT prlngatin, ranlazine, 363
Quadriplegia, 1035
Qualitative platelet disrders, 558–559

acquired, 559

cngenital, 558–559

Quantitative pilcarpine intphresis sweat
test, 265

“Quebec beer-drinkers cardimypathy,” 418
Queensland tick typhus, 1448t, 1452
“Queer,” 1719
Quetiapine

verdse/pisning, 1583, 1594
n weight, 1269, 1270t

Quick Inventry f Depressive
Symptmatlgy, 1080

Quincke pulses, 348
Quinidine, 384t

lichenid drug eruptin frm, 146
fr malaria, 1523t, 1526
verdse/pisning, arrhythmias frm, 1584,

1584t
pill-induced esphagitis frm, 616

Quinine
hypglycemia frm, 1255
fr malaria, 1523t, 1525t, 1526

Quinsy, 230

R

Rabies, 1398–1400

pstexpsure immunizatin, 1399
pstexpsure prphylaxis, 1398, 1399, 1400

Raccns, rabies frm, 1398
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Raccn sign, 1030
RAD51D, 744
Radial nerve lesins, 1043

Radiatin expsure, 310, 1576–1577

aplastic anemia frm, 518
cataracts frm, 183
ersive gastrpathy frm, 624
inizing, 1576
nninizing, 1576
platelets, decreased, 550

prctitis, lwer GI bleeding, 602
pulmnary fibrsis, 310

scarring alpecia, 161
Radiatin lung injury, 309–310

pneumnitis, 309–310

pulmnary radiatin fibrsis, 310

Radiatin pericarditis, 428
Radiatin pneumnitis, 309–310

Radiatin therapy
childhd head & neck, n thyrid cancer

risk, 1144
cmplicatins, 309–310

Radiactive idine. See Idine, radiactive (131I)
Radicntrast media

acute tubular necrsis frm, 918
pseudallergic reactins, 878, 879t

Radifrequency ablatin. See Catheter ablatin
Radinuclide imaging, 361
Rai classificatin, 532
Raltegravir, 1354, 1361t, 1362, 1367, 1369,

1370t, 1372
fr HIV prphylaxis

health care settings, 1354
pstexpsure, 1354

Rambling, 1070
Ramipril, n crnary heart disease risk, 359
Ramsay Hunt syndrme, 1380

AIDS, 215
varicella-zster virus, 1381

Range-f-mtin testing
knee, 1707t
shulder, 1686t–1687t

Ranlazine, fr angina, 363
Ransn criteria, 733, 733t
Rape, 787–788

incidence, 1095
lesbian & bisexual wmen, 1730–1731

Rape trauma syndrme, 788
Rapidly prgressive glmerulnephritides, 931
Rapid plasma reagin (RPR) syphilis test, 1499t,

1500
RAS, 1648
Rash. See also Dermatlgic disrders

drug eruptin frm, 164, 165t–166t
fungal, HIV/AIDS, 1348–1349
heat, 132

malar (butterfly)
dermatmysitis, 838
systemic lupus erythematsus, 835, 838,

839t
phtdermatitis, 100t, 156, 156–157

varicella-zster virus, 1378
Rat-bite fever, 1508

Rate-dependent bypass tract, palpitatins, 25
Rate & rhythm disrders, heart, 383–386,

384t–385t. See also Arrhythmias;
specific types

Rat pisns, 1593
Rattlesnake bike, 1608–1609
Raynaud phenmenn, 844–845, 845f, 846t

antisynthetase syndrme, 849
systemic lupus erythematsus, 838, 839t
systemic sclersis, 846, 847

Reactive arthritis, 866–867, 867f

Reactive cervical lymphadenpathy, 240

Reactive erythemas, 134–137

erythema migrans, 137, 137f
erythema multifrme, 135–137, 136f, 1375,

1376
Stevens-Jhnsn syndrme/txic epidermal

necrlysis, 135–137, 136f
urticaria & angiedema, 134–135, 134f

Reactive hypglycemia, 1251, 1254–1255

after gastric surgery, 1254

autimmune, 1254–1255

functinal alimentary, 1254

ccult diabetes, 1254

Reactive plyclnal hypergammaglbulinemia,
539, 541

Rebiana, 1220
Rebund headache, analgesic, 982

Receptr activatr f NF-kappa-B (RANK), 539
Receptr activatr f NF-kappa-B ligand

(RANKL) inhibitrs, 94
Reciprcal in vitr fertilizatin, 1724
Recklinghausen disease, 1013
Recmbinant fllicle-stimulating hrmne,

anvulatin frm, 778
Recmbinant human thyrid-stimulating

hrmne, hyperthyridism frm,
1132

Recmbinant tissue plasmingen activatr
(rt-PA)

fr pulmnary venus thrmbemblism,
300

fr STEMI, 375t, 377
Recmbinant zster vaccine, 986
Recreatinal drugs. See Substance use disrder
Rectcele, 774
Rectvaginal fistula, Crhn disease, 657
Rectum diseases, 647–672

cancer (See Clrectal cancer)
ulcers, GI bleeding, 602

Recurrent abrtin, 804

Recurrent familial intrahepatic chlestasis
syndrme, 677, 678t, 679t

Recurrent intrahepatic chlestasis syndrme,
677, 678t, 679t

Recurrent painful phthalmplegic neurpathy,
979

Recurrent respiratry papillmatsis, 234

Red bld cell allimmunizatin, 515
Red bld cell transfusin, 544–546

autlgus packed red bld cells, 544
bld typing, 544
cmpatibility testing, 544
cntaminated bld, 545
fresh whle bld, 544
graft-versus-hst disease, transfusin, 546
hemlytic transfusin reactins, 544–545
hypersensitivity reactins, 545
infectius disease transmissin, 545
leukagglutinin reactins, 545
packed red bld cells, 544
transfusin-related acute lung injury, 546

Red bugs, 152
Red cell casts, 912, 913t

acute glmerulnephritis, 916t
acute tubular necrsis, 916t
glmerulnephritis, 916t, 921

Red man syndrme, 878–880, 879t
Reduviid bugs, 1517
Reed-Sternberg cells, 537
Refeeding edema, 1268
Refeeding syndrme, hypphsphatemia, 899
Reflex sympathetic dystrphy, 875

Reflex syncpe, 402
Refluxate, irritant effects, 611

Reflux therapy, surgical, varicse veins, 490
Refractive errrs, 167

cntact lenses, 167
nearsightedness rate f prgressin,

reductin, 167
surgery, 167

Refractriness, 503
Refsum disease, 1039

Rehydratin, fr diarrhea, 595
Reinke edema, 235

Relapsing fever, 1507–1508

Relapsing plychndritis, 202, 862

Reliever medicatins, fr asthma, 246,
250t–251t

Remdesivir
fr COVID-19, 416, 1377t, 1426–1427
fr Ebla viral disease, 1411

Remitting sernegative synvitis with
nn-pitting edema, 875

REM sleep, 1092
Renal. See also Kidney
Renal amylidsis, 924t, 945

Renal artery stensis, 930–931

acute kidney injury frm, 916
bilateral, 455
chrnic kidney disease frm, 469, 924t
n glmerular filtratin rate, 914
hypertensin, 445–446, 446t, 449, 469
hypkalemia, 891t, 892f

Renal bipsy, 914–915

Renal calculi
medical expulsin & surgical treatment, 967
xalate, 1279
uric acid, 829–830

Renal cancer. See Kidney disease/injury, cancer
Renal cell carcinma, 1662–1663

Renal clearance, 913–914

Renal cysts, 947–950, 947t
autsmal dminant plycystic kidney

disease, 948–949, 948f
medullary spnge kidney, 949–950

simple r slitary cysts, 948

Renal failure
acute, 893, 912, 915–922 (See also Acute

kidney injury)
chrnic, 922–930 (See also Chrnic kidney

disease)
Renal glycsuria, 1217
Renal hypercalciuria, 965
Renal impairment, hyptnic hypnatremia,

886
Renal stedystrphy, 926, 926f
Renal parenchymal disease, hypertensin and,

445
Renal pelvis cancers, 1661–1662

Renal tuberculsis, 950

Renal tubular acidsis, 854–855

anin gap acidsis, nrmal, 906, 906t, 907

diabetic nephrpathy, 944
hyperchlremic metablic acidsis, 906, 906t
renal ptassium wasting & hypkalemia, 893
Sjögren syndrme, 851

Renal tubular casts, 912, 913t
Renal vascular hypertensin, 445–446
Renal wasting, ptassium, 892, 893

hypmagnesemia, 902
Renin-angitensin system

activatin, hypnatremia in, 408
carctatin f arta, 325, 326
heart failure, 405
hypertensin, 445
inhibitin risk, in diabetics, 944
vlume dysregulatin pstural rthstatic

tachycardia syndrme, 993
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Renin inhibitrs, fr hypertensin, 452t, 455

Renin-mediated hypertensin, plyarteritis
ndsa, 856

Repaglinide, 1236
Reperfusin therapy, fr STEMI, 375–377

fibrinlytics, 375t, 376–377
percutaneus crnary interventin,

375–376
Repetitive transcranial magnetic stimulatin,

fr depressin, 1087
Rescue angiplasty, fr STEMI, 379
Reserpine, 461, 465t, 466

parkinsnism frm, 1020
Reset smstat, hyptnic hypnatremia, 887
Resistant hypertensin, 470–471, 471t
Resrptive hypercalciuria, 965
Respiratry acidsis, 910

Respiratry alkalsis, 910–911, 910t
cmpensatin, expected, 904t
hypphsphatemia, 899–900

Respiratry brnchilitis, 266
Respiratry brnchilitis–assciated interstitial

lung disease, 266, 292–294, 293t
Respiratry depressin, frm piids, 91
Respiratry failure, acute, 317–319. See also

specific types
causes, 318t
definitin, 317–318
pstperative, 45
respiratry supprt, 318–319

Respiratry papillmatsis, recurrent, 234

Respiratry syncytial virus, 1428–1429

Respiratry tract infectins, 15. See also specific
types

upper, acute titis media, 205–206, 206f
Respiratry tract infectins, viral, 1422–1438

avian influenza, 1433–1435

cugh, acute, 15
human metapneumniavirus, 1428–1429

human parainfluenza viruses, 1428–1429

Middle East respiratry syndrme–
crnavirus, 1436–1438

Nipah virus, 1429

pleurisy, 18
respiratry syncytial virus, 1428–1429

SARS-CV-2, 1422–1428

seasnal influenza, 1429–1433

severe acute respiratry syndrme,
1435–1436

Restensis, percutaneus crnary
interventins, 366

Restless legs syndrme, 928, 1020–1021, 1094

Restlessness. See also Agitatin
terminal, 70

Restricting anrexia nervsa, 1275
Restrictive cardimypathy, 404, 419t, 423–424

Restrictive pericarditis, 431–432

Resynchrnizatin, fr heart failure, 411
ret, 1190
RET

lung cancer, 1625
medullary thyrid cancer, 1150

Retained prducts f cnceptin, 785
Reteplase, fr STEMI, 375t, 376
Reticulcytsis, 502
Reticulsis, plymrphic, 224
Retinal artery cclusin, 996

central & branch, 187–188

Retinal detachment, 183–184, 184f, 195
Retinal disrders, systemic diseases, 189–191

bld dyscrasias, 191

diabetic retinpathy, 65, 184, 189–190, 1238
HIV/AIDS, 191

hypertensive retinchridpathy, 190, 448f

Retinal hemrrhage, 195
Retinal necrsis, 191
Retinal vasculitis, 182
Retinal vasculpathy, systemic lupus

erythematsus, 840
Retinal vein engrgement

plycythemia vera, 522
Waldenström macrglbulinemia, 522

Retinal vein cclusin, 182, 184
central & branch, 186–187

frm chemtherapy, 200, 200t
hypertensive retinchridpathy, 190
frm MEK inhibitrs, 200, 200t
ptic disk swelling, 193
frm sex hrmne therapy, 199t

Retinitis
Bartonella, 1490
cytmegalvirus, 191, 1387

HIV/AIDS, 191, 1339t, 1344–1345, 1344f,
1387

herpes simplex, 191
herpes zster, 191

Retinchriditis, txplasmsis, 1531
Retinchridpathy, hypertensive, 190, 448f
Retinids, depressin frm, 1079
Retinpathy, 1011, 1012t, 1238

frm antipsychtics, 1075
diabetic, 65, 184, 189–190, 1238
HIV, 191
nnprliferative, 189–190

prliferative, 189–190

sickle cell, 191, 514
Retrgrade ejaculatin, 968, 1084
Retrperitneal sarcmas, hypglycemia frm,

1254
Retrsternal burning, 582
Revascularizatin. See also specific types

fr angina, chrnic stable, 365–367
fr STEMI, pstinfarctin management, 382

Revised Atlanta classificatin, 734
Rewarming

active external, 1569
fr frstbite, 1571
fr hypthermia, 1569

Reye syndrme, varicella-zster virus,
1381

Reynlds pentad, 727
Rezūm, 974t, 977
RFX6 mutatin, 1214
Rhabdmylysis, 919–920

hyperkalemia, 894
hyperphsphatemia, 901
hypkalemia, 891
myglbinuria, 913
pigment nephrpathy, 918

Rhegmatus retinal detachment, 184, 184f
Rheumatic artic regurgitatin, 347
Rheumatic carditis, 425–427, 425t
Rheumatic diseases. See also specific types

autantibdies, 841t
Rheumatic fever, 425–427

acute, 1459

classificatin, 425
Jnes criteria, 425–426, 425t
mitral stensis, 334t–335t, 336–337, 337f
plyarthritis, 426
recurrence preventin, 426–427

Rheumatic heart disease, tricuspid stensis,
350

Rheumatid arthritis, 833–837, 834f
autantibdies, 841t
fibrmyalgia, 874
genetics, 833
HIV/AIDS, 870

jint symptms, 833, 834f
labratry findings & imaging, 834
lcatin, 827
neurpathies, 1040
ndules, 833, 834f
cular symptms, 833
prevalence and susceptibility, 833
relapsing plychndritis, 862
“sernegative,” 875

Rheumatid factr, 835t, 841t
cryglbulinemia, 861
dermatmysitis, 849
hepatitis C infectin, 871
plyarteritis ndsa, 856
rheumatid arthritis, 833, 834, 835, 835t
Sjögren syndrme, 851

Rheumatlgic disrders, 825–833. See also
specific types

anemia f inflammatin, 505
arthrcentesis & jint fluid examinatin, 825,

826t, 827t
autimmune hemlytic anemia, 516
cancer manifestatins, 875–876

cmplex reginal pain syndrme, 875

degenerative and crystal-induced arthritis,
825–833

calcium pyrphsphate depsitin,
832–833

crystal depsitin arthritis, 828–833

degenerative jint disease, 825–828, 827f
guty arthritis, 828–832, 829t, 830f

diagnsis & evaluatin, 825, 826t
dilated cardimypathy frm, 418
fibrmyalgia, 873–874

HIV/AIDS, 870, 1344
psriatic arthritis, 110–112, 866, 870
rheumatid arthritis, 870
spndylarthritis, 870

jint pattern, diagnstic value, 825, 826t
neurgenic arthrpathy, 876

stenecrsis, 876

palindrmic rheumatism, 876

patient examinatin, 825, 826t
thracic utlet syndrmes, 874–875

Rhinitis
allergic, 219–221

senile, 219–220
vasmtr, 219–220

Rhinitis medicamentsa, 216
Rhinsinusitis, acute

bacterial, 216–218

viral, 215–216

Rhinvirus, asthma exacerbatins, 255
Rhipicephalus sanguineus, 1450
Rhizopus

mucrmycsis, 1563
sinusitis, 219

Rhodococcus equii, HIV/AIDS, 1340
Rib ntching, carctatin f arta, 325
Ribflavin deficiency, 1277

Richter syndrme, 532
Rickets, 1166–1169, 1167t
Rickettsia 364D, 1451
Rickettsia aeschlimannii, 1448t, 1452
Rickettsia africae, 1448t, 1452
Rickettsia akari, 1448t, 1452–1453
Rickettsia autralis, 1448t, 1452
Rickettsia candidatus, 1448t, 1451, 1452
Rickettsia conorii, 1448t, 1452
Rickettsia felis, 1447, 1448t, 1452
Rickettsia helvetica, 1451
Rickettsia japonica, 1451
Rickettsial fever, 1452

Rickettsialpx, 1452–1453
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Rickettsial & rickettsial-like diseases,
1446–1455, 1448t

anaplasmsis, 1448t, 1453–1454

ehrlichisis, 1448t, 1453–1454

Q fever, 1448t, 1454–1455

sptted fevers, 1451–1453

rickettsialpx, 1452–1453

Rcky Muntain sptted fever, 1379t,
1450–1451, 1451f

tick typhus, 1452

typhus grup, 1446–1450

endemic, 1447–1449, 1448t
epidemic typhus, 1446–1447, 1448t
scrub typhus, 1448t, 1449–1450

Rickettsia massiiliae, 1448t, 1452
Rickettsia monacensis, 1451
Rickettsia parkeri, 1451
Rickettsia prowazekii, 1446, 1448t
Rickettsia raoultii, 1448t, 1452
Rickettsia rickettsii, 1448t, 1450
Rickettsia rioja, 1448t, 1451
Rickettsia sibirica, 1448t, 1451
Rickettsia sibirica monolitimonae, 1448t, 1451
Rickettsia slovaca, 1448t, 1451
Rickettsia typhi, 1447, 1448t
Riedel thyriditis, 1124–1125
Rifampin, interstitial nephritis frm, 920
Rift Valley fever, 1413–1414

Right bundle branch blck
atrial septal defect, 327
pulmnary valve regurgitatin, 353
tetralgy f Fallt, repaired, 331

Right middle lbe syndrme, 290

Right-sided heart failure, 404. See also Heart
failure

atrial septal defect & patent framen vale,
327, 328

diuretics fr, 434
hepatic venus utflw bstructin, 717
jugular venus pressure, 605
liver disease, 719
mitral regurgitatin, 338
passive cngestin f liver, 719
pulmnary valve stensis, 323, 324
tricuspid stensis, 350

Right-t-left shunt
patent framen vale, 327
ventricular septal defect, 329, 330

Right ventricle
cardimypathy, arrhythmgenic, 401–402

ventricular tachycardia, 399
hypertrphy

pulmnary valve stensis, 324, 405
tetralgy f Fallt, 330

infarctin, after STEMI, 381
infundibulum stensis, 323

Rilpivirine, 1360t, 1361t, 1362, 1364, 1365,

1368, 1369

fixed-dse cmbinatins, 1363t
initial ART regimens, 1371t

Ringed siderblasts, 528, 529
Rings, esphageal, 617–618

Rinne test, 201
Risedrnate, pill-induced esphagitis, 616
Risperidne

neurleptic malignant syndrme frm, 30
verdse/pisning, 1594
n weight, 1269, 1270t

Ritnavir, 1360t, 1366
Rituals, bsessive-cmpulsive disrder,

1060–1061
Rituximab

frm anti-CD20 mnclnal antibdies, 536
fr rheumatid arthritis, 837

Rivarxaban, 565–568, 566t–567t. See also
Direct-acting ral anticagulants

fr angina, 365
fr atrial fibrillatin, 394, 394t
n crnary heart disease risk, 358–359
verdse/pisning, 1593
reversal, 565, 568t
fr venus thrmbemblic disease

preventin, 569, 570t
treatment, 566t–567t, 573t, 575

River blindness, 1551–1552

RNA hepatvirus, 681
RNA herpesvirus, 688
Rcky Muntain sptted fever, 1379t,

1450–1451, 1451f
interstitial nephritis frm, 920
ticks, 153

Rdents
bites, 152
hantaviruses, 1416
muse, lymphcytic chrimeningitis frm,

1405
rat-bite fever, 1508

Rfecxib, 628
Rmaña sign, 1517
Rmberg testing, 211
Rmszumab, fr steprsis, 1166
ROS1, lung cancer, 1613, 1614t, 1625, 1626
ROS1 tyrsine kinase inhibitr, 1626
Rsacea, 129–130, 130f
Rsemnt criteria, 738
Rsela infantum (HHV-6), 1389

aphthus ulcer, 228
diagnstic features, 1379t

Rsiglitazne, 1222t, 1225, 1236, 1236f
verdse/pisning, 1600

Rss prcedure
artic stensis, 342
percutaneus pulmnary valve, 353
pulmnary valve/artery stensis after, 323–324

Rsuvastatin, 358t
Rtatr cuff

tears, 1690–1691

testing, 1687t–1688t
Rtavirus

gastrenteritis, 1441–1442

traveler’s diarrhea, 1310–1311
vaccine, 1442

Rth spts, 191, 1473
Rtr syndrme, 678t, 679t
Rundwrms, 1545–1546

ascariasis, 1545–1546

enterbiasis, 1548

hkwrm, 1546–1547

strngylidiasis, 1547–1548

trichuriasis, 1546

Rux-en-Y gastric bypass, 1274
RS3PE, 875
RU 486, 785
Rubber, cntact dermatitis frm, 125
Rubella, 1394–1395

cataracts, 183
diagnstic features, 1379t

Rubela, 1379t, 1390–1392

atypical, 1378t
Kplik spts, 1390, 1390f

“Runner’s knee,” 1706t, 1713–1714

RUNX1 mutatin, 529
RUNX1/ RUNX1T1 prtein, 530

S

S65C mutatin, 714
Saccharin, 1220
Saccular aneurysm, 1001, 1002

Sacubitril/valsartan, fr heart failure, 407f, 408t,
409–410

Safer Sex Kits, 1728
“Sag sign,” 1712
Salicylates/salicylic acid. See also Aspirin

anin gap acidsis increase frm, 905t, 906
hypglycemia frm, 1255
verdse/pisning, 1607–1608

hemdialysis fr, 1587, 1587t
hyperthermia, 1585

respiratry alkalsis, 910
Saline infusin snhystergraphy, 769t
Salivary gland disease

stnes, 232

Salivary gland diseases
inflammatry, acute, 232–233

sialadenitis, 232

siallithiasis, 232

inflammatry, chrnic, 233

tumrs, 233

Salmonella (salmnellsis), 1313t, 1482–1483

bacteremia, 1483

diarrhea, acute, 1306, 1308t
enteric (typhid) fever, 1482–1483

gastrenteritis, 1483

HIV/AIDS
enterclitis, 1346
gastrpathy, 1347

pygenic hepatic abscess, 721
reactive arthritis, 867
sexually transmitted, 1303
traveler’s diarrhea, 1310–1311

Salmonella enterica, 1482
Salmonella enterica subsp enterica, 1482–1483

Salmonella paratyphi, 1482–1483

Salmonella typhi, 1482–1483, 1632
Salpingectmy, 785
Salpingitis, 790–792, 1488
Salt. See Sdium
Salvia divinorum, 1602–1603

Samter triad, 880
Sand fly bite, leishmaniasis, 1518, 1519,

1520
SAPIEN valve, 324, 332, 347, 353
Saquinavir, 1360t, 1366
Sarcocystis, 1536
Sarcocystis bovihominis, 1536
Sarcocystis suihominis, 1536
Sarccystsis, 1535–1538

Sarcidsis, 294–295, 294f
arthritis, 294, 294f
cardimypathy, 294, 294f, 295

dilated, 418
cnstrictive pericarditis, 431
erythema ndsum, 153, 294, 294f,

295
granulmatus neck masses, 240
hypercalcemia, 1158
interstitial nephritis frm, 920
lupus perni, 294, 294f
mycarditis, 417
neurpathies, 1040
ptic disk swelling, 193
ptic neuritis, 192
paranasal sinuses, 224
salivary gland disrders, chrnic, 233
uveitis, 182

Sarcoptes scabiei, 150
Sarilumab, fr rheumatid arthritis, 837
SARS-CV-1, 1435–1436

SARS-CV-2. See COVID-19 (SARS-CV-2)
Saturated fat, lw dietary, 1281

Saturday night palsy, 1042
Saxagliptin, 1223t, 1227, 1228
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Scabies, 149–151, 150f
exfliative dermatitis, 120
health care–assciated/nursing hmes, 150
sexually transmitted, 1303

Scaling skin disrders, 100t, 108–121. See also
specific types

actinic keratses, 121, 145, 160
atpic dermatitis, 108–109

Bwen disease, 121

dyskeratsis cngenita, 518–519, 548
exfliative dermatitis, 120–121

fungal infectins, 114–118 (See also Fungal
infectins, skin)

intertrig, 121

lichen simplex chrnicus, 110, 110f
lupus erythematsus, cutaneus, 118–119

Paget disease, 121

pityriasis rsea, 112–113, 113f
psriasis, 110–112, 111f
sebrrheic dermatitis, 113–114, 114f
T-cell lymphma, cutaneus, 119–120

Scalp
dissecting cellulitis, 161
laceratins, 1030
sebrrheic dermatitis, 113

Scarlatina, 1459
Scarlet fever, 1379t, 1459, 1462
Scarring alpecia, 161

Scedosporium apiospermum, 1565
Scedosporium prolificans, 1565
“Schatzki” rings, 617
Schistosoma (schistsmiasis), 1538–1540

Schistosoma guineensis, 1540–1541
Schistosoma haematobium, 1540–1541
Schistosoma intercalatum, 1540–1541
Schistosoma japonica, 1540–1541
Schistosoma mansoni, 1540–1541
Schistosoma mekongi, 1540–1541
Schizaffective disrder, 1070
Schizid persnality disrder, 1068–1069, 1068t
Schizphrenia, 1070, 1080
Schizphrenia spectrum disrders, 1069–1077

cause, 1069
classificatin, 1070
clinical findings, 1070–1071
plydipsia and water intxicatin, 1071
prgnsis, 1077
psychtic reslutin, 1071
treatment, 1071–1077, 1072t, 1073t, 1075t

(See also Antipsychtic agents)
Schizphrenifrm disrder, 1070
Schiztypal persnality disrder, 1068–1069,

1068t
Schneiderian papillmas, 223
Schwannma, vestibular, 211, 212t, 214–215

Sciatica, 1696
Sciatic nerve palsies, 1044

Scintillating sctma, 37
Sclera, laceratins, 196

Sclerderma, 846–848

autantibdies, 841t
celiac disease, 638
scarring alpecia, 161

Sclersing chlangitis
HIV/AIDS, 1346
primary, 730–732

Sclersing panencephalitis, after measles, 1391
Sclertherapy, fr varicse veins, 490
Scmbrid pisning, 1608, 1608t
Scplamine pisning, 1595
SCORE, 1259
Scrpin stings, 1609

Sctma, 37
“Screamer’s ndules,” 235

Scrub typhus, 1448t, 1449–1450

Scurvy, 1278–1279
SDHB germline mutatin, 1184, 1185
Seafd pisnings, 1608, 1608t
Seasnal affective disrder, 1079, 1080
Seasnal influenza, 1429–1433. See also

Influenza, seasnal
antigenic drift & shift, 1430
cmplicatins, 1430–1431
epidemilgy, 1430
pstexpsure prphylaxis, 1433
preventin, 1432–1433
treatment & prgnsis, 1431–1432
vaccine, 3, 1432

Seat belts, 12
Sebrrheic dermatitis, 113–114, 114f

HIV/AIDS, 113, 1349
Sebrrheic keratses, 106, 106f
Secndary generalizatin, 987
Secnd heart sund splitting, pulmnary

hypertensin, 301
Secnd impact syndrme, 1030
Secretaggues, fr cnstipatin, 589
Secretry diarrhea, 596
Sedatin, frm piids, 91
Sedative-hypntic verdse/pisning,

1599–1600

cma, 1582
hypthermia, 1583

Sedatives, 1080. See also Antianxiety agents;
Barbiturate; Benzdiazepines; specific
types

Segmental demyelinatin, 1037
Segmental glmerulsclersis, 934t
Segmental myclnus, 1020
“Segnd” fracture, 1711
Seizures. See also Epilepsy

alchl withdrawal, 991, 1097
autimmune diseases, 988
definitin, 986, 987
degenerative diseases, 988
fcal nset, 987
generalized nset, 987–988
inbrn errrs f metablism, 988
nervus system infectins, 988
frm pisning, 1585, 1585t
pregnancy, 818

reversible causes, 987
secndary generalizatin, 987
serial, 987
space-ccupying lesins, 988
systemic lupus erythematsus, 839t, 840
trauma, 988
treatment, 983t–985t
types, 987–988

Selective estrgen receptr mdulatrs, 1621t
fr breast cancer preventin, 745
fr steprsis, 1165–1166

Selective IgA deficiency, 881–882, 882t
Selective sertnin reuptake inhibitrs (SSRIs),

1081–1084, 1082t
Selenium

deficiency, dilated cardimypathy, 418
parenteral requirements, 1284

Self-care, clinical, patient end f life, 71–72
Self-examinatin, breast, 747
Self-neglect, elder, 66–67, 66t
Semaglutide, 1223t, 1227
Seminma, 1210, 1664–1665
Senile amylidsis, 542
Senile freckles, 159
Senile rhinitis, 219–220
Sensrimtr neurpathy, 1011, 1012t
Sensrineural hearing lss, 201–202

AIDS, 215
inner ear lesin, 209
Ménière syndrme, 213
titis media, serus, 205

Sensry hearing lss, 209–210

Sensry neurnpathy, 1011, 1012t
Sentinel lymph nde bipsy, 753, 759–760,

765
SEN-V, 686
Seul virus, 1416
Sepsis

distributive shck, 496
gram-negative, 1481–1482

intra-abdminal, initial antimicrbial
therapy, 1315t

stress gastritis frm, 624
thrmbcytpenia, 558

Sepsis syndrme, acute respiratry distress
syndrme, 320

Septal hematma, 223
Septic abrtin, 1462, 1491
Septic arthritis

initial antimicrbial therapy, 1315t
injectin drug abuse, 1305
nngncccal, 868–869

Septic shck, 497, 498, 499
Septic thrmbphlebitis

initial antimicrbial therapy, 1315t
injectin drug abuse, 1305
superficial, 490–491

Sequential Organ Failure Assessment scre,
497, 733

Sequisis, 308, 308t
Serial seizures, 987
Serius illness, 68
Sernegative spndylarthrpathies, 864–868

ankylsing spndylitis, 864–865

inflammatry bwel disease–assciated
spndylarthritis, 867–868

psriatic arthritis, 110–112, 866, 870
reactive arthritis, 866–867, 867f

Sertnin 5-HT1
b/1d

receptr agnists, fr
migraine, 979

Sertnin 5-HT
4

receptr drugs
agnists, fr cnstipatin, 589–590, 590t
antagnists, 586, 587t

fr irritable bwel syndrme, 650
Sertnin nrepinephrine reuptake inhibitrs,

1081–1084, 1082t
n weight, 1269, 1270t

Sertnin reuptake inhibitrs
verdse/pisning, hyperthermia frm,

1585
sertnin syndrme frm, 30

Sertnin syndrme, 30, 1084, 1609–1610,
1611

Serus titis media, 205, 215
Serrated plyps, cln, 668–669

Serratia, 1313t
Sertli-Leydig cell tumrs, hirsutism, 1198
Sertraline verdse/pisning

arrhythmias, 1584, 1584t
verdse/pisning, 1585

Serum sickness, 879t
Serum sickness–like syndrmes, 879t
17-ketsterid reductase deficiency, 1191
Severe acute respiratry syndrme

(SARS-CV-1), 1435–1436

Severe acute respiratry syndrme crnavirus
2019 (SARS-CV-2). See COVID-19
(SARS-CV-2)

Severe fever with thrmbcytpenia syndrme,
1413–1414

Sexual abuse, 787–788, 1095
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Sexual and gender minrities
definitin, 1719
ppulatin and demgraphics, 1719
prnuns, 1720, 1721, 1722, 1735

Sexual arusal disrders, 786
Sexual assault, 787–788

sexually transmitted disease frm,
1303–1304

Sexual desire disrders, 786
Sexual develpment disrders. See also specific

types
46,XY, 1201

Sexual dysfunctin, 1066–1068

dysautnmia, 992
female, 786–787

male, 967–969

Sexual & gender minrities, health, 1719–1740

definitins cncepts, 1719–1720

electrnic medical recrd, 1722
family planning, 1722–1725

family building, 1723–1725
pregnancy preventin, 1722–1723

gay & bisexual men, 1732–1735

health disparities, 1720

lesbian & bisexual wmen, 1725–1732

minrity stress mdel, 1720–1721, 1726,
1727, 1731–1732, 1733

sexual histry, 1721–1722
transgender, 1735–1740

welcming clinical envirnments, 1721
Sexual identities, 1719–1720
Sexually transmitted diseases, 1303–1304

bacterial vaginsis, 795
behaviral cunseling, 3–4
cervical cancer, 795
epididymitis, acute, 961
gay & bisexual men, 1732–1733
genital ulcers, 1303
injectin drug abuse, 1305
lesbian & bisexual wmen, 1727–1729
screening & preventin, 1303–1304
frm sexual assault, 1303–1304
Trichomonas vaginalis vaginitis, 795
types, 1303
urethritis with/withut discharge, 1303

Sexual rientatin, 1719–1720
change and fluidity, 1720
vs. gender identity, 1719–1720

Sexual pain disrders, 786, 787
Sexual vilence, 787–788

Sézary syndrme, mycsis fungides and,
119–120

SF3B1 mutatin, 529
SGLT2, 410, 469, 1217
SGLT2 inhibitrs, 410, 926, 928, 1600

fr diabetes mellitus, 1223t, 1228–1229,
1236, 1236f, 1239, 1243, 1245, 1254

steprsis frm, 1162t
verdse/pisning, 1600
weight lss frm, 1270t

Shared decisin making, 1259
Shaver disease, 307t
“Shawl sign,” 848
Sheehan syndrme, 1111
Shellfish allergy, 877
Shellfish pisning, 1608, 1608t
Shift wrk sleep disrder, 1094

Shiga txin–mediated hemlytic uremic
syndrme, 553–554, 553t

Shiga-txin–prducing E. coli (STEC), 1484

Shigella (shigellsis), 1313t, 1484

diarrhea, acute, 1306, 1308t
enterclitis, HIV/AIDS, 1346
gay & bisexual men, 1733

reactive arthritis, 867
sexually transmitted, 1303
traveler’s diarrhea, 1310–1311

Shigella dysenteriae, 1484
Shigella flexneri, 1484
Shigella sonnei, 1484
Shingles. See Herpes zster virus
“Shin spts,” 1242
Shck, 496–501

after STEMI, 380–381
anaphylactic, 496, 497t, 500, 545, 877

cardigenic, 496, 497t, 498, 500, 916
distributive, 496–498, 497t, 498

endcrine, 498
neurgenic, 497–498
septic, 497, 498, 499
vasactive therapy, 500

hemrrhagic, vlume replacement fr, 499
hyptensin, 498
hypvlemic, 496, 497t, 498, 499
bstructive, 496, 497t, 498
pathphysilgy, 496
septic, 497, 498, 499
stress gastritis frm, 624
treatment, 498–501

early gal-directed therapy, 499–500
general, 498
hemdynamic measurements, 499
vasactive therapy, 500
vlume replacement, 499

Shck liver, 719
Shck wave lithtripsy, 961, 966–967
Shrt-acting beta-2-agnists

fr asthma, 246, 250t, 251–252, 254–257
fr COPD, 260

Shrt-acting muscarinic agents
fr asthma, 250t, 252
fr COPD, 260

Shrt bwel syndrme, 640–641

Shrt-term memry lss, 1023
Shulder disrders/injuries, 1685–1693

adhesive capsulitis, 1692–1693

dislcatin & instability, 1691–1692

examinatin, 1686t–1689t
impingement testing, 1688t–1689t
range-f-mtin testing, 1686t–1687t
rtatr cuff testing, 1687t–1688t
stability testing, 1689t

rtatr cuff tears, 1690–1691

subacrmial impingement syndrme,
1685–1690

“Shulder-hand” syndrme, 875
Shulder rtatin tests, 1686t–1688t
Shy-Drager syndrme, 992
Sialadenitis, 232

Siallithiasis, 232

Siberian tick typhus, 1448t, 1452
Sickle cell anemia/disease, 514–516, 515t

n BUN, 914, 914t
hematuria, 950, 952
kidney disease, 950

pregnancy, 814

vltage-dependent distal RTA, 907
Sickle cell retinpathy, 191, 514
Sickle cell trait, 516

hematuria, 950, 952
Sickle thalassemia, 515t, 516

Sick sinus syndrme, 386–387

Siderblasts, ringed, 528, 529
Sidersis, 307t
Sigmidscpy

fr antibitic-assciated clitis, 652
fr GI bleeding, acute lwer, 603

Sigmid sinus thrmbsis, 208

Silent spradic subacute thyriditis, 1123
Silent thyriditis, 1131

Silicsis, 306–307, 307t
Simple cysts, kidney, 948

Simple phbia, 1057–1058, 1058t, 1059–1060

Simple renal cysts, 948

“Singer’s ndules,” 235
Single-breath diffusing capacity fr carbn

mnxide, 303, 433, 1337
Sin Nmbre virus, 1416–1417

pneumnia, cmmunity-acquired, 268
Sinnasal inflammatry disease, 224
Sinus arrhythmia, 386–387

Sinus bradycardia, 379, 386–387

Sinusitis
antimicrbials fr, 1316t
bacterial, acute, 216–218

ethmid, 218
facial pain, 986
frntal, acute, 217
fungal, invasive, 219

HIV/AIDS, 219, 1341–1342
hspital-assciated, 217
maxillary, acute, 217
sphenid, 217

Sinusidal bstructin syndrme, 701, 717
Sinus tachycardia, 386–387, 1138
Sinus tumrs, paranasal, 223–224

Sinus vensus defects, 326, 327
Sipple syndrme, 1190
Sirlimus, n insulin secretin, 1214
Sitagliptin, 1223t, 1227–1228

verdse/pisning, 1600
Sixth disease, 1389. See also Human

herpesvirus, HHV-6
Sixth nerve palsy, 194

Sjögren syndrme, 851–852

autantibdies, 841t
celiac disease, 638
cryglbulinemia, 861
dry eyes, 170
interstitial nephritis frm, 920
ptic neuritis, 192
prximal renal tubular acidsis, 907
salivary gland disrders, chrnic, 233
sialadenitis, 232
vltage dependent distal RTA, 907

Skin
decntaminatin, 1586
innervatin, 1045, 1046f–1047f

Skin cancer
ABCDE rule, 107
basal cell carcinma, 144–145, 144f
malignant melanma, 107–108, 107f
vitilig, 160

Skin disrders. See Dermatlgic disrders;
specific types

Skin picking, 1061
Skin & sft tissue infectins, 1460t. See also

Dermatlgic disrders; specific types
anaerbic, 1492, 1492f
mycbacterial, 1494

Skin ulcers, 100t, 157–159

leg, venus insufficiency, 157–159, 157f, 158f
lwer extremity edema, 28
pressure injury, 63–64, 64t

Skull fractures, 1030
Skunks, rabies frm, 1398
Slate-gray skin, 166t
SLC40A1 mutatin, 714
Sleep apnea, 316

central, 1094

dilated cardimypathy frm, 418
fibrmyalgia, 874
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hypertensin, 445
bstructive, 316–317, 1094

cntinuus psitive airway pressure fr,
317

besity-hypventilatin syndrme, 316

plysmngraphy, 317
snring, 231–232

Sleep attacks, 1094
Sleeping sickness, 1515–1517, 1516t
Sleep paralysis, 1094
Sleep-related breathing disrders, 316, 1094

hypventilatin, 1094

snring, 231–232
Sleep/sleep disrders

abnrmal behavirs, 1095

stages, 1092
Sleep terrr, 1095
Sleep-wake disrders, 1092–1095

hypersmnias, 1094–1095

breathing-related sleep disrders, 231–232,
316, 1094

Kleine-Levin syndrme, 1094

narclepsy syndrme, 1094
peridic limb mvement disrder, 1094

shift wrk sleep disrder, 1094

insmnia, 1093–1094, 1406
parasmnias, 1095

Sleepwalking, 1095
Sleeve gastrectmy, 1274
SLG2 inhibitrs, fr heart failure, 410
Sludge, biliary, 723, 726, 732, 734, 736
SMAD4 mutatin, 1684
Small bwel/intestine disrders, 636–647

appendicitis, 645–646

bleeding, suspected, 603–604
cancers, 1644–1646

adencarcinmas, 604, 1644

carcinids, 604, 1645–1646
lymphmas, 1644

myasthenic syndrme, 1050
neurendcrine tumrs, 1644–1645

sarcma, 1645–1646

malabsrptin, 636–642, 637t
bacterial vergrwth, 640

celiac disease, 636–639

lactase deficiency, 641–642

shrt bwel syndrme, 640–641

Whipple disease, 639–640

mtility, 642–645

clnic pseud-bstructin, acute,
643–644

gastrparesis, 644–645

intestinal pseud-bstructin, chrnic,
644–645

paralytic ileus, acute, 642–643

bstructin
acute paralytic ileus, 642
carcinids, 1645
Crhn disease, 657
treatment, 586

prtein-lsing enterpathy, 647

tuberculsis, intestinal, 646

Small cell lung cancer, 1614t, 1626–1627, 1626t
survival, 1626, 1626t
treatment, 1614t, 1626–1627

Small lymphcytic lymphma, 536, 1145
Smallpx, 1379t, 1440–1441

Small vessel vasculitis, rheumatid arthritis,
834

Smell disrders
COVID-19, 216
lfactry dysfunctin, 221

SMN1, 1036
SMN2, 1036

Smke
envirnmental, pregnancy, 800
inhalatin, 304–305

Smking cessatin, 475
cardivascular disease preventin, 6–8, 6t, 7t
COPD, 259
crnary heart disease preventin, 356
crnary vasspasm & angina/MI, nrmal

arterigrams, 368
gay & bisexual men, 1735
medicatins, 6–7, 7t
preperative, 45
prmtin, 5t, 6–7, 6t

Smking-related disrders. See also Tbacc
use

Barrett esphagus, 612
belching, 591
Buerger disease, 483
cancers

bladder, 1659
cervical, 795
clrectal, 1646
larynx, squamus cell carcinma, 236–237
lung, 1622
lung, screening, 12, 287–288
renal cell carcinma, 1662
ureter & renal pelvis, 1661

cataracts, 183
COPD, 257
crnary heart disease, 354–356
Crhn disease, 656
hypertensin, 445
laryngeal leukplakia, 235–236
lesbian & bisexual wmen, 1726, 1729
steprsis, 1162, 1162t
pancreatitis, chrnic, 737
peptic ulcer disease, 630
peripheral artery disease, 475
plypid crditis, 235
pregnancy, 800
primary biliary cirrhsis, 711
Raynaud phenmenn, 845
retinal vein cclusins central & branch, 186
screening, 5t
subarachnid hemrrhage, 1001
ulcerative clitis, 661

Snake bites, 556–557, 556t, 1608–1609

Sneddn syndrme, 864
SNNOOP10 list, 35, 36t
Snring, 231–232

“Snw blindness,” 196
Scial cgnitin, dementia, 53
Scial distancing, 1426
Scial phbias, 1057–1058, 1058t, 1059–1060

Sdium
crrectin, rate f, 890
dietary

n hypertensin, 445, 449, 449t
requirements, 1284
restrictin, 1280

fractinal excretin, 916–917
Sdium bicarbnate

fr acid-base disrders, 928
after limb cclusin surgery, 480
fr diabetic ketacidsis, 1246–1247

fr D-lactic acidsis, 905t
GI lss, hyperchlremic metablic acidsis,

906, 906t, 907

fr hyperkalemia, 896t
fr kidney failure, 905t
fr lactic acidsis, 1250
lithium interactins, 1090t
fr pisning/verdse

antidepressants, 1611

arrhythmias, 1584
beta-adrenergic blckers, 1596
hyptensin in, 1583
hyptensin in, frm antipsychtics, 1594
pesticide, 1607
salicylates, 1607
urine alkalinizatin, 1587

fr pyrglutamic acid ingestin, 905t
fr rehydratin

after diarrhea, 595
salivary, 611
n steatrrhea, 739
fr uric acid calculi, 966

Sdium channel blckers, 384t
hyperkalemia frm, 894
verdse/pisning, 1583

Sdium cncentratin disrders, 885–891

hypernatremia, 889–891, 1115–1116
hypnatremia, 885–889, 886f, 887t, 1129,

1676
Sdium glucse ctransprter 2, 410, 469

inhibitrs (See SGLT2 inhibitrs)
Sft diets, 1280

Sft tissue
infectins, 1460t, 1492, 1492f, 1494 (See also

Dermatlgic disrders; specific
types)

anaerbic, 1492, 1492f
mycbacterial, 1494

sarcmas, treatment, 1616t
Slar urticaria, 134
Sles (feet)

angiedema, 134
erythema multifrme, 135
malignant melanma, 107
medicatin reactins, psriasifrm, 166t
pmphlyx, 123
psriasis, 111, 117
syphilis, 1502, 1502f
tinea pedis, 116–117, 116f, 117f
vesiculbullus dermatitis, 123, 123f

Slitary atrial premature beats, 398
Slitary cysts, kidney, 948

Slitary pulmnary ndule, 288–289

Slitary renal cysts, 948

Slvents
bladder cancer and, 1659–1660
pisning, 1607

sniffing, 1105

Sman, 1597
Smatic cugh syndrme, 17
Smatic delusins, 1070
Smatic pain, 79
Smatic symptm disrders, 33, 1062–1063

Smatizatin disrder, 33, 648
Smatizatin symptms, 1095
Smatstatin, glucse intlerance frm, 1214,

1214t
Smatstatinma, 1187–1188

Smattrpin. See Grwth hrmne
Smgyi effect, 1235
Srbitl, 1221
Stall, 385t

verdse/pisning, arrhythmias, 1584,
1584t

Sy allergy, 877
Space-ccupying lesins, seizures, 988
Spasmdic trticllis, 1020
Spasticity, 1034

Spastic paraparesis. See Paraparesis, spastic
Specific antibdy deficiency, 883

Speech discriminatin, 201–202
“Speed,” 1104
Spermatgenesis, 969
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Sperm mtility, antipsychtics n, 1075
Sphenid sinusitis, 217
Sphincter disturbances, dysautnmia, 992
Sphincter f Oddi

chlecystitis, 725
pancreatitis

acute, 732, 734, 735
chrnic, 740
pst-ERCP, 680

pstchlecystectmy syndrme, 726–727
prechlecystectmy syndrme, 726

Sphygmmanmeter, 443
Spicy fds, rsacea frm, 129–130, 130f
Spiders

bites, 152, 1609

skin lesins, 152
Spider telangiectasias, 704
Spinal crd

cmpressin, cancer-related, 1665–1666

infarctin, 1004
stimulatin, fr angina, 366–367
vascular disease, 1004–1005

Spinal crd injury
fever, 30
traumatic

distributive shck, 496
neurgenic shck, 497–498

Spine prblems, 1693–1698. See also specific
types

degeneratin, subacute cmbined, 1034

dural arterivenus fistula, 1004–1005
lw back pain, 1693–1695, 1694t
lumbar disk herniatin, 1696–1697

muscular atrphies, 1036–1037

neck pain, 1697–1698

plimyelitis, 1396
spinal stensis, 1695–1696

stensis, 1695–1696

stimulatin, fr pain, 95t, 96–97
trauma, 1035

tuberculsis, 872–873

tumrs, 1009–1010

SPINK1, 737
Spirillum minus, 1508
Spiritual challenges, end f life, 76, 76t
Spirchetal infectins, 1498–1514. See also

specific types
leptspirsis, 1508–1509

Lyme disease, 1510–1514

nn-sexually transmitted trepnematses,
1506–1507

rat-bite fever, 1508

relapsing fever, 1507–1508

syphilis, 1498–1506

treatment, 1313t–1314t
yaws, 1314t, 1507

Spirmetry
asthma, 244–245
COPD, 258

Spirnlactne, 446, 456, 460t
fr heart failure, 407f, 408t, 409
hypreninemic hypaldsternemic RTA

frm, 907
fr STEMI, 378

Spirulina, 1599t
Spleen

mucsa-assciated lymphid tissue tumrs
f, 536

platelet sequestratin, 522, 558

Splenmegaly
alchl-assciated liver disease, 698
anemia, 502
biliary chlangitis, primary, 713
chrnic myelid leukemia, 526–527

cirrhsis, 704
essential thrmbcytsis, 524, 525
Felty syndrme, 521
hairy cell leukemia, 519, 534
hepatic venus utflw bstructin, 718
hepatitis A, acute, 682
hyperbilirubinemia, uncnjugated, 677
myeldysplastic syndrmes, 528
myelfibrsis, primary, 525, 526
nncirrhtic prtal hypertensin, 720
platelet sequestratin, 522
plycythemia vera, 522
sickle cell anemia, 514
sickle thalassemia, 516
thalassemias, 507, 508
Waldenström macrglbulinemia, 541
Wilsn disease, 716

Splinter hemrrhages, endcarditis, 1473, 1473f
Spndylitis, ankylsing, 864–865

Spndylarthritis, HIV/AIDS, 870
Spndylarthrpathies. See also specific types

sernegative, 864–868

ankylsing spndylitis, 864–865

inflammatry bwel disease–assciated
spndylarthritis, 867–868

psriatic arthritis, 110–112, 866, 870
reactive arthritis, 866–867, 867f

Spndylsis, cervical, 1045–1047

Spnge, cntraceptive, 784

Spngifrm encephalpathy, bvine, 1406–1407
Spntaneus abrtin, 802–803

autimmune thyriditis, 1125
ccaine use and, 1104
Clrad tick fever, 1420
diabetes mellitus, 816, 1243
frm flucnazle, 1339t, 1350
hypertensin, chrnic, 817
hypthyridism, 815
listerisis, 1472
Q fever, 1454
Rcky Muntain sptted fever, 1451
seasnal influenza, 1430
Toxoplasma gondii, 1531
Turner syndrme, 1208
Zika virus, 1420

Spntaneus bacterial peritnitis, 607–608, 707
Spntaneus pneumthrax, 314

air travel, 1580
dyspnea, 18

Spntaneus subarachnid hemrrhage,
984t–985t, 1001–1002

Spradic Creutzfeldt-Jakb disease, 1406–1407
Sporothrix schenckii, 1564
Sprtrichsis, 1564

Sprts medicine, 1685–1718. See also
Orthpedic disrders & sprts
medicine

Sptted fevers, 1451–1453

rickettsialpx, 1452–1453

Rcky Muntain sptted fever, 1379t,
1450–1451, 1451f

tick typhus, 1452

Sprains, ankle
eversin, 1716t, 1717–1718

“high ankle,” 1717–1718
inversin, 1716–1717, 1716t
sprains, 1716t

Sprue, 636–639. See also Celiac disease
Spurling test, 1699
Sputum/sputum examinatin

asthma, 17
bld, 21
purulent, 16

Squamus cell carcinma, 145, 145f

anal canal, 1652
cervical, 795
esphageal, 1636–1639
eyelids, 168
intraepidermal, 121
inverted papillmas, 223
larynx, 236–237

lichen planus and, 146
lung, 1623–1627, 1624f
nasal & paranasal, 223
neck mass, 239
ral cavity, 225, 226f
rpharyngeal, 225

Squamus cells, atypical, f undetermined
significance, 12, 792t, 793

Squamus intraepithelial lesins, 792t, 793, 797
“Square-rt” sign, 432
Squatting

n heart murmurs, 336t
fr syncpe, 403

Squirrels, flying, 1446
SRSF2 mutatin, 526, 529
SRY, 1192
S stage sleep, 1092
Stability testing, shulder, 1689t
Stage S sleep, 1092
Stannsis, 307t
Stanls, plant, 1261
Staphylococcus, 1312t

cagulase-negative, 1468–1469

deep neck infectins, 230
diarrhea, acute, 1306, 1308t
endcarditis, treatment, 1476
erysipelas, 137–138, 138f
flliculitis, 130–132
fd pisning, 1306
keratitis, 171
skin infectin, HIV/AIDS, 1348
struvite calculi, 966

Staphylococcus aureus, 1465–1468

ANCA-assciated glmerulnephritis, 937
bacteremia, 1467–1468

brain abscess, 1299
breast abscess, 744
brnchiectasis, 263
catheter-assciated infectins, 1297
cellulitis, 138–139, 138f
chrnic titis media, 206
cystic fibrsis, 265
dacrcystitis, 168

endcarditis, 1473, 1476
furuncle, 154
health care–assciated infectins, 1295
hrdelum, 167

infectin-related/pstinfectius
glmerulnephritis, 934

lymphangitis & lymphadenitis, 494–495
mastitis, 812–813

methicillin-resistant (See Methicillin-
resistant Staphylococcus aureus
(MRSA))

nasal clnizatin, 218–219, 218–219

nngncccal acute bacterial arthritis, 867
rbital cellulitis, 194
stemyelitis, 1466–1467

pneumnia, 267t
cmmunity-acquired, 268–271
nscmial, 273

pulmnary infiltrates, in
immuncmprmised, 277

pyelnephritis, acute, 957
rhinsinusitis, 208
scabies and, 150
septal hematma, 223
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sialadenitis, 232
skin & sft tissue infectins, 1460t,

1465–1466, 1466f
superficial venus thrmbphlebitis,

490–491
txic shck syndrme, 1468, 1468f
with varicella infectin, 1380

Staphylococcus cohnii, 1468
Staphylococcus epidermidis, 1468

dacrcystitis, 168

health care–assciated infectins, 1295, 1296
Staphylococcus haemolyticus, 1468
Staphylococcus hominis, 1468
Staphylococcus pneumoniae

meningitis, 1465
pneumnia, 1463–1464

Staphylococcus saccharolyticus, 1468
Staphylococcus saprophyticus, 1468
Staphylococcus warnerii, 1468
Starvatin

acute intermittent prphyria, 1676
anrexia nervsa, 892, 1111, 1275–1276

bulimia nervsa, 1276

gynecmastia, 1196t
hypglycemia, 1255
hypphsphatemia, 900t, 1167
ketacidsis, 904t, 905t, 906, 911

Stasis dermatitis, 157
chrnic venus insufficiency, 492, 492f
lwer extremity edema, 28

Statin-Assciated Muscle Symptm Clinical
Index, 1263

Statins. See also HMG-CA reductase
inhibitrs; specific drugs

anti-3-hydrxy-3-methylglutaryl cenzyme
A reductase autantibdies, 848

n crnary heart disease, 1257
high-/mderate-/lw-intensity therapy, 356,

358t
fr hyperchlesterlemia/athersclertic

cardivascular disease preventin.,
356–359, 357f, 358t, 1261–1263

dsing and effects, 1262t
high-/mderate-intensity, indicatins fr,

1261t
treatment algrithm, 1265f

n mrtality, 1257–1258
nceb effect, 1261
txic mypathy frm, 1053

Status epilepticus, 987
treatment

nncnvulsive, 991
tnic-clnic, 991

Stauffer syndrme, 1662
Stavudine, 1359t, 1364, 1372, 1373

crnary artery disease frm, 1345
lactic acidsis frm, 1345
peripheral neurpathy frm, 1343

Stein-Leventhal syndrme, 1197
Stem cell, hematpietic, 521
Stem cell transplantatin, hematpietic

allgeneic
basal cell carcinma after, 144
fr bne marrw failure, 549
fr parxysmal ncturnal hemglbinuria,

512
fr sickle cell syndrmes, 515
n skin cancer risk, 145

cytmegalvirus pneumnia after, 1388
immunizatin, 1319
infectins, 1291

STEMI equivalent, 374
Stenotrophomonas maltophila

cystic fibrsis, 265

health care–assciated infectins, 1295
pneumnias, nscmial, 273

Stensen duct, stnes, 232
Stented valves

endcarditis, 332
percutaneus transcatheter, 332, 341, 350

Stenting
fr angina, chrnic stable, 366
percutaneus crnary interventins with,

STEMI, 376
fr STEMI, 383

Steretactic bipsy, breast cancer, 750
Sterilizatin, 784–785

Steridgenic enzyme defects, 1197–1198
Sterids, anablic, 1105

perfrmance-enhancing, risks, 1195
Sterls, plant, 1261
Stevens-Jhnsn syndrme/txic epidermal

necrlysis, 100t, 135–137, 136f, 166t
CD8 T lymphcytes, activated cyttxic, 881
drugs, 880

allpurinl, 831
carbamazepine, 983t
clbazam, 983t
DPP-4 inhibitrs, 1227
etravirine, 1365
lamtrigine, 1091
rufinamide, 984t
trimethprim-sulfamethxazle, 1357t
vigabatrin, 984t

dry eyes, 170
infectins

herpes simplex, 1375
Pneumocystis jirovecii, 1338t
txplasmsis, 1338t

MHS genetic plymrphisms, 164
shck, hypvlemic, 497t

Stiff persn syndrme, 1011, 1012t
Still disease, adult, 837

Stimulant abuse/txicity. See also specific stimulants
aggressin, 1095
amphetamines, 1104, 1592–1593

caffeine, 1104–1105, 1609–1610

ccaine, 1104, 1592–1593
delirium, 1106t
depressive syndrme, 1080, 1081
synthetic stimulants

hypertensin, 1584
hyperthermia, 1585

Stimulant laxatives, 589, 590t
Stimulants, 1104. See also specific types

fr attentin-deficit/hyperactivity disrder,
1091–1092

kindling frm, 1096
sertnin syndrme frm, 30

Stings, 152
STK11 mutatin, 1634
St. Luis encephalitis, 1400–1402
Stmach, mucsa-assciated lymphid tissue

tumrs f, 536
Stmach cancer

adencarcinma, 1639–1641 (See also
Gastric adencarcinma)

dyspepsia, 582
gastrenterpancreatic neurendcrine

tumrs, 1187–1188

gastrintestinal mesenchymal tumrs, 1643

GI bleeding, acute upper, 599
lymphma, 1641–1642

metaplasia, 626
neurendcrine tumrs, 1642–1643

treatment, 1616t
Stmach diseases, 624–627. See also Dudenal

diseases; specific types

gastritis & gastrpathy, 624–627

peptic ulcer disease, 627–633

cmplicatins, 633–635

Zllinger-Ellisn syndrme, 635–636

Stmatitis
herpes, 228

herpes gingivstmatitis, 228
neutrpenia, 521
ulcerative, 228

Stne disease, urinary, 963–967. See also
Urinary stne disease

Strage pl disease, 559
Straight, 1719
“Strawberry cervix,” 789, 789f, 790
“Strawberry gallbladder,” 724t, 725
Streptobacillus moniliformis, 1508
Streptococcus, 1312t

arthritis/arthralgia, 1461

bite wunds, 1302
cellulitis, 138–139, 138f
cnjunctivitis, 169
dacrcystitis, 168

deep neck infectins, 230
empyema, 1461

endcarditis, 1461

erysipelas, 137–138, 138f
erythema ndsum, 153
glmerulnephritis, 1459
grup B, 1462

impetig, 125

interstitial nephritis frm, 920
keratitis, 171
nngncccal acute bacterial arthritis, 867
rbital cellulitis, 194
peritnitis, spntaneus bacterial, 707
with varicella infectin, 1380
viridans, 607, 1312t, 1462

Streptococcus, grup A (beta-hemlytic),
1459–1462

acute rheumatic fever & scarlet fever, 1459

arthritis, 1461

cellulitis, 138–139, 138f
empyema, 1461

endcarditis, 1475
erysipelas, 137–138, 138f, 1316t, 1459–1460,

1460f, 1460t
erythrgenic txin, 1459
infectin-related/pstinfectius

glmerulnephritis, 934
necrtizing fasciitis, 1460–1461, 1460t
pharyngitis, 228–229, 1459

pneumnia, 1461

skin infectins, 1459–1460, 1460f, 1460t
tnsillitis, 228–229
txic shck syndrme, 1461–1462

Streptococcus, nn–grup A, 1462

Streptococcus anginosus (S. milleri), 721
Streptococcus gallolyticus (bovis), 1462, 1475
Streptococcus pneumoniae, 1312t

acute titis media, 206
brain abscess, 208
brnchiectasis, 263
cnjunctivitis, 169
endcarditis, 1475
mastiditis, 207
rbital cellulitis, 194
tgenic meningitis, 208
peritnitis, spntaneus bacterial, 607
pharyngitis & tnsillitis, 228–229
pneumnia, 267t

cmmunity-acquired, 268–271
primary immundeficiency disrders,

881
rhinsinusitis, 208
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Streptococcus pyogenes
acute titis media, 206, 207
acute rheumatic fever & scarlet fever, 1459

brain abscess, 208
endcarditis, 1475

Streptococcus viridans, 1462
endcarditis, 1315t, 1475
granulcytpenia, 1291
in immuncmprmised, 1294
peritnitis, spntaneus bacterial, 607, 608
treatment f chice, 1312t, 1314

Streptkinase
fr pulmnary venus thrmbemblism, 300
fr STEMI, 375t, 377

Stress
cardimypathy, 373, 420–421

causes, 1055
definitin, subjective, 1055
disrders related t, 1055–1056

dysphagia, 623
echcardigraphy, 361
gastritis, 624–625

heat, 1566–1567
incntinence, 61, 62
minrity stress mdel, 1720–1721, 1726,

1727, 1731–1732, 1733

reductin, mindfulness-based, 1055, 1065,
1088

syncpe, 439–440
Stress testing

cardiac risk assessment/reductin, 42, 43f
mycardial, 361

Stridr, 233

Strke, 996–1005, 997t
arterivenus malfrmatins, 984t–985t,

1003–1004

atrial fibrillatin, untreated, 391
cartid artery

stensis, 480
classificatin, 996
cryptgenic, 328
heat, 1566–1568
hemrrhagic

intracerebral, 999–1000

spntaneus subarachnid hemrrhage,
984t–985t, 997t, 1001–1002

intracranial aneurysm, 1002

intracranial venus thrmbsis, 984t–985t,
1004

ischemic/infarcts/cclusin, 480
after varicella-zster virus, 1381
cerebral infarctin, 996–999, 997t
hypertensin treatment, 471, 472t
hypertensive, 447
hypertensive emergency treatment, 471,

472t
lacunar infarctin, 996, 997t

patent framen vale, 328
pstperative, 47
spinal crd vascular disease, 1004–1005

transient ischemic attacks and, 993–994
vas-cclusin and sickle cell anemia, 514

Strmal tumrs
gastrintestinal, 1126, 1616t, 1643, 1645
small bwel bleeding, 604

Strongyloides (strngylidiasis), 296, 1547–

1548

Strongyloides fuelleborni, 1547
Strongyloides stercoralis, 1547–1548
Struma varii, 1132
Struvite, urinary stnes, 963, 966
Strychnine pisning

hyperthermia, 1585
seizures frm, 1585, 1585t

ST-segment elevatin mycardial infarctin
(STEMI), 373–383

acute crnary syndrmes withut, 368–373,

370f, 372t
cmplicatins, 379–382
pstinfarctin

management, 382–383
medicatins, 382–383

risk stratificatin, 382
secndary preventin, 382

Stunning, mycardial, 356

Stupr & cma, 1026–1028

assessment & emergency measures,
1026–1027

brain death, 1028
general cnsideratins, 1026
lcked-in syndrme, 1028
frm metablic disturbances, 1027–1028
minimally cnscius state, 1028
persistent vegetative state, 1028
frm structural lesins, 1027

Sturge-Weber syndrme, 984t–985t, 1013

Subacrmial impingement syndrme,
1685–1690

Subacute cmbined degeneratin f spinal
crd, 1034

Subacute cutaneus lupus erythematsus,
118–119, 165t

Subacute sclersing panencephalitis, 1391
Subarachnid hemrrhage, 997t

arterivenus malfrmatin, 1003–1004

clnic pseud-bstructin, 643
cma, 1026, 1027
delirium, 1106t
fever, 30
headache, acute/sentinel/thunderclap, 34, 35,

36, 36t, 982, 1001
hypertensive urgencies/emergencies, 471
hyppituitarism after, 1111
intracranial aneurysm, 1002

nausea & vmiting, 585t
Ottawa subarachnid hemrrhage clinical

decisin rule, 36
pituitary hrmne deficiency after, 1111
pituitary neurendcrine tumrs, 1110
prgnsis, 999
spinal dural arterivenus fistulae,

1004–1005
spntaneus (strke), 984t–985t, 997t,

1001–1002

vitreus hemrrhage, 185
Subclavian artery stensis, giant cell arteritis,

854
Subclavian steal syndrme, 994
Subcnjunctival hemrrhage, 195
Subcutaneus insulin infusin, 1247

cntinuus subcutaneus insulin infusin
pumps, 1232, 1234–1235

Subdural hematma, 60, 1030
Subdural hemrrhage, 1004, 1029t
Subglttic stensis, idipathic, 243
Submersin injury, 1571–1572

Submucsal plyps, 668
Subscapularis strength testing, 1688t, 1690
Substance-induced hallucinsis, 1107

Substance use disrders, 1096–1105

alchl use disrder, 1097–1102, 1101f
amphetamines & ccaine, 1104

amyl nitrate, 1105

anablic sterids, 1105, 1195
antihistamines, 1105

caffeine, 1104–1105

craving, 1096
dependency, 1096

designer drugs/MDMA, 1105

detectin, urinalysis, 1096
gay & bisexual men, 1733
impairment syndrme, 1096
kindling, 1096
laxatives, 1105

marijuana, 1103–1104

piids, 1102–1103

phencyclidine, 1103

pregnancy, 799
preventin, 13–14, 13t, 1729
psychedelics, 1103

sedatives (See Anxiety disrders)
slvent/gas sniffing, 1105

tlerance, 1096
Subtalar tilt test, 1717
Subtentrial lesin, 1027
Sucralse, 1220
Sudden death/sudden cardiac arrest, 400–401

athlete, 416, 439, 440
atrial fibrillatin, 420
beta-blckers n risk f, 382, 411
COVID-19, 1426
driving restrictin, 403
family histry, 25t, 26
hypercalcemia, 1668
hyperkalemia, 1668
hypertensive cardivascular disease, 447
hypertrphic cardimypathy, 421, 422
Kawasaki disease, 1457
McCune-Albright syndrme, 1190
mycarditis, acute, 416
phechrmcytma & paraganglima, 1184
preventin, 382, 411, 420
pulmnary valve regurgitatin, 353
pulmnic stensis, 324
seasnal influenza + cardiac disease, 1431
STEMI, 373
tetralgy f Fallt, 330, 331
trimethprim + spirnlactne, 1199
ventricular fibrillatin, 400–401

ventricular tachycardia, 399, 400
Sudden sensry hearing lss, 210
Sugar

“artificial,” 1220
“natural,” 1220

Sugar alchls, 1220–1221
“Sugar free,” 1221
Suicide, 12, 1080–1081

anrexia nervsa, 1275
attempt, 1080–1081

acetaminphen and liver failure, 688
alchl use, 1080, 1097
depressin and, 1080–1081
rape trauma syndrme, 788

brderline persnality disrder, 1068t
Cushing disease, 1179
depressin and, 56, 1080
desmpressin n risk f, 1116
gender dysphria, 1066, 1067
hspitalizatin & illness, 1109
LGBT, 1731, 1732, 1739
lithium and, 1089
n mrtality rates, 2, 2t
panic disrder, 1057
physician-assisted, 74–75

pisning, 1582, 1589
schizphrenia, 1080
traumatic brain injury, 12

Sulfadxine-pyrimethamine + artesunate, fr
malaria, 1523t, 1527

Sulfasalazine, 836
n flic acid absrptin, 511

Sulfnamides
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“Swimming pl granulma,” 1494
Sycsis, 130–132

Sydenham chrea, 426, 1018
Sympathetic phthalmia, uveitis, 182
Sympathlytics

antihypertensives, 461, 464t
verdse/pisning, 1597

Sympathlytic syndrme, 1588
Sympathmimetic syndrme, 1588
Synchrnized intermittent mandatry

ventilatin, fr acute respiratry
failure, 319

Syncpe/near syncpe, 402–403

anxiety disrders, 1057
arrhythmias, 383, 402
athlete screening, 439, 440t
cardigenic, 402
heat, 1567
neurally mediated, 402
rthstatic hyptensin, 402
palpitatins, 25, 25t, 26, 27
pstmicturitin, 402
pulmnary hypertensin, 301
reflex, 402
stress-induced, 439–440
vasvagal, 402

Syndesmtic injury, 1717–1718
Syndrme f inapprpriate ADH secretin

n BUN, 914, 914t
hyptnic hypnatremia, 887, 887t
lung cancer, 1623

Synergistic necrtizing cellulitis, 1492, 1492f
Synvial fluid

analysis, 825, 827t
cell cunt, 825

Syphilis, 1303–1304, 1498–1506. See also
Treponema pallidum

anal fissures, 675
antimicrbials fr, 1317t
artitis, 1498, 1504, 1505
cardivascular lesins & aneurysms, 1504,

1504f
chancres & lesins, 1498–1499, 1499f, 1499t,

1502
cndylmata lata, 1502, 1503f
curse & prgnsis, 1498
diagnsis & treatment principles, 1498
early infectius, 1498
erythema ndsum, 153
gay & bisexual men, 1732–1733
gummas, 1498, 1499t, 1504, 1505
HIV/AIDS, 1343, 1506
iritis, uveitis, and cular symptms, 1499t,

1502, 1504, 1505
Jarisch–Herxheimer reactin, 1501
labratry findings & diagnsis, 1499–1500,

1499t
chemiluminescence assay, 1499t, 1500
enzyme immunassay, 1499t, 1500
flurescent trepnemal antibdy

absrptin test, 1499t, 1500
T pallidum particle agglutinatin test,

1499t, 1500
latent, 1501t, 1503
late/tertiary, 1498, 1501t
membranus nephrpathy, 943
meningvascular, 1505
mucus patches, 1502, 1503f
natural histry, 1498
neursyphilis, 1501t, 1505–1506
palms and sles, papular squamus eruptin,

1502, 1502f
pstexpsure prphylaxis, 1506
in pregnancy, 822, 1501t, 1506

preventin & screening, 1500–1501
with HIV/AIDS, 1355–1356

primary, 1498–1502, 1499f, 1499t, 1501t
przne phenmenn, 1500
public health measures, 1502
secndary, 1499t, 1501t, 1502–1503, 1502f,

1503f, 1503t
tertiary (late), 1501t, 1504
thracic artic aneurysm, 486
treatment & fllw-up, 1501–1502, 1501t
uveitis, 182, 1503, 1505

Syringbulbia, 1035
Syringmyelia, 876, 1035–1036

Systemic amylidsis, 542–543
Systemic fibrsis

necrtizing, 361
nephrgenic, 951

Systemic hypertensin, 443–474. See also
Hypertensin, systemic

Systemic hypthermia, 1568
Systemic IgA vasculitis, glmerulnephritis,

933t
Systemic inflammatry respnses syndrme,

497
Systemic lupus erythematsus, 838–842

acute kidney injury, 915
autantibdies, 841t
autimmune hemlytic anemia, 516
autimmune thrmbcytpenia, 550
diagnsis & classificatin, 838, 838t, 839t
glmerulnephritis, 933t, 939–940

hearing lss, 210
IgA deficiency, selective, 881
incidence, 838
interstitial nephritis, 920
kidney bipsy, 915
labratry findings, 839t–840t, 840–841,

841t
lupus nephritis, 839t–840t, 840, 841, 842
membranprliferative glmerulnephritis,

938
membranus nephrpathy, 943
ptic neuritis, 192
relapsing plychndritis, 862
seizures, 988
symptms and signs, 838–841, 839t–840t
UV light, 156
vltage dependent distal RTA, 907

Systemic sclersis, 846–848

frms, 846
Raynaud phenmenn, 846

Systemic sclersis-assciated renal crisis, 846
Systlic bld pressure, mrtality predictin, 8

T

T2-high asthma, late-nset, 243
T2-lw asthma, 243–244
T315I mutatin, 527
T372R mutatin, 1251
Tabes drsalis, 1505
Tabun, 1597
“Tachy-brady syndrme,” 387
Tachycardia/tachyarrhythmia, 383

accessry AV pathway, catheter ablatin fr,
386

antidrmic reentrant tachycardia, 390–391
atrial, 397–398

multifcal, 397–398
atriventricular ndal reentry, 26, 386, 389
atriventricular reciprcating, 389
dilated cardimypathy frm, 399, 418
rthdrmic reentrant tachycardia,

390–391
sinus, 386–387, 1138

drug eruptin frm, 164
giter frm, 1126
interstitial nephritis frm, 920
lichenid drug eruptin frm, 146

Sulfnylureas, 1221–1224

drugs, dsing, and duratin f actin,
1222t

first-generatin, 1221, 1222t
glucse cntrl, ptimum, 1215
mechanism f actin, 1221
verdse/pisning, antidtes, 1586t
secnd-generatin, 1221–1222, 1222t
treatment algrithm, 1236, 1236f
n weight, 1269, 1270t

Summer grippe, 1443
Sundwning, 1106
Sunlight

rsacea frm, 129–130, 130f
urticaria frm, 135

Sun prtective factr (SPF), 104
Sunscreens, 104

phtsensitivity, 156
Superficial femral artery, 476
Superficial spreading melanma, 107
Superficial venus thrmbphlebitis,

490–491

Superir semicircular canal dehiscence, 214

Superir vena cava
bstructin, 493–494

sinus vensus defect, 326
Superwarfarin pisning, 1593
Supine psitin

hypertensin, with rthstatic hyptensin,
470

legs elevated, n heart murmurs, 336t
Supplements. See also Diet/diet therapy;

Nutritinal supprt; specific types
nutrient, 1281–1282

ral, 1283
sympathmimetics in, 1592

Suppsitry, cntraceptive, 784

Suppurative pseudcyst, pancreatic, 735
Suppurative thyriditis, 1123–1125
Supraglttitis, 235, 1480
Suprapubic pain, 960
Supraspinatus tendn strength, 1690
Supraspinatus test, 1687t, 1690
Supratentrial lesin, 1027
Supraventricular tachycardia/tachyarrhythmias

after STEMI, 379
antiarrhythmic medicatins fr, 384
atrial tachycardia, 397–398

medicatins, 385t
palpitatins, 25, 26
parxysmal, 388–390

accessry AV pathway, 390–391

syncpe, 403
“Surfer’s ear,” 204
Surgery. See also specific disorders and types

antibitic prphylaxis, 50
anxiety states pre/pst, 1107
hyptnic hypnatremia frm, 887
prneness, 1107
wund infectins, 50, 1295

Surgical site infectins, 50, 1295
Sushi, gastritis, 627
Suxamethnium, mytnia frm, 1053
Swallwed air, 591
Swan-neck defrmities

rheumatid arthritis, 837
systemic lupus erythematsus, 838

Sweat lsses, fluid replacement, 911, 911t
Sweeteners, artificial, 1220

Swimmer’s ear, 203
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Tachycardia/tachyarrhythmia (Cont.):
supraventricular

after STEMI, 379
antiarrhythmic medicatins fr, 384
medicatins, 385t
palpitatins, 25, 26
parxysmal, 388–390

accessry AV pathway, 390–391

syncpe, 403
treatment, antiarrhythmic medicatins,

383–386, 384t–385t
ventricular, 399–400 (See also Trsades

de pintes; Ventricular tachycardia)
Tacrlimus, n insulin secretin, 1214
Tadalafil, 974t, 975
Taenia saginata, 1542
Taenia solium, 1542, 1543–1544
Tafenquine, fr malaria prphylaxis, 1527,

1528t, 1529
Takayasu arteritis, 856

Taktsub syndrme, 373, 420–421

Talc, ccupatinal pulmnary disease, 308
Talcsis, 307t
Talctt rules, 31
Tamm-Hrsfall mucprtein, 912
Tamxifen

fr breast cancer, 758
fr endmetrial adencarcinma, 796

Tampnade, balln tube, 619
Tampnade, pericardial, 430–431

acute kidney injury, 915, 916
artic dissectin, 435
cardiac tumrs, 435
frm catheter ablatin, 386, 391
Dressler syndrme, 428
frictin rub, 23, 374, 381, 415, 428
jugular venus pressure, 430
malignant effusins, 1666
neplasia, 428
pericarditis, 23, 380, 427, 429, 430, 431, 926,

1463, 1464
shck, bstructive, 496, 497t, 498
stress cardimypathy, 421
traumatic heart disease, 435

TAMs, 1372
Tamsulsin, flppy iris syndrme frm, 183,

197, 198t
Tandem, 1232
Tandem Cntrl-IQ, 1232
Tape, cntact dermatitis frm, 125
Tapentadl, 86t, 89t
Tapewrm

beef, 1542

dg, 1543
dwarf, 1543

fish, 1543

prk, 1542

Tardive dyskinesia, 1076–1077

drug-induced, 1020
antipsychtics, 1021
metclpramide, 584, 644, 1240

rpharyngeal dysphagia, 609t
Tardive dystnia, 1020, 1076
Targeted temperature management prtcl,

401
Targeted therapy, cancer, 1618t–1619t

kinase inhibitrs, 1619t–1620t
mnclnal antibdies, 1618t–1619t

Tarsal tunnel syndrme, 1044

Tatts
ascites, 605
hepatitis C, 686
pigmentary disrders, 159

tax, 1409

Taxanes, 757, 1618t
TcdA/TcdB txins, 651
T-cell gene arrangement test, 120
T-cell lymphma

classificatin, 535t
cutaneus, 119–120

enterpathy-assciated, 1644
Epstein-Barr virus, 386, 661
exfliative dermatitis, 120
hepatsplenic, 660
HTLV adult, 1409–1410, 1642
pathgenesis, 535
peripheral, 537
plymrphic reticulsis, 224
frm tacrlimus and pimecrlimus, 109

T-cell lymphtrpic virus, HHV-7, 1389
T cell–mediated hypersensitivity, 165t, 880–881.

See also Delayed hypersensitivity
TCF7L2, 1213
“Tea and tast” diet, 886
Technetium-99m pyrphsphate scintigraphy,

fr STEMI, 374
Technsphere insulin, 1232–1233
Telangiectasia

GI bleeding, acute upper, 599
hereditary hemrrhagic, 1683–1684

spider, 704
Telepsychiatry, vide, 1056
Telgen effluvium, 161
Temzlmide, central diabetes insipidus frm,

1115
Temperature, bdy

fever, new setpint, 29
measurement

ral, 29
peripheral thermmeter, 29
rectal, 29

nrmal, 29
targeted temperature management prtcl,

401
Tempral arteritis. See Giant cell arteritis
Tempral artery temperature, 29
Tempral lbe lesins/tumrs, 1005
Temprmandibular jint dysfunctin, 209,

986
Tendinpathy, 1699

Tendinsis, 1699

Tendinus xanthmas, 1258, 1678
Tenecteplast, fr STEMI, 375t, 377
“Tennis elbw,” 1699
Tenfvir, 1352, 1358, 1359t, 1362, 1364,

1368–1369
fixed-dse cmbinatins, 1363t
fr HIV prphylaxis

health care setting, 1354
preexpsure, 1352–1353, 1353t

initial ART regimens, 1370t–1371t
prximal renal tubular acidsis frm, 907

Tenfvir alafenamide/emtricitabine, 1358,
1359t, 1362–1364, 1368

fixed-dse cmbinatins, 1363t
fr HIV, preexpsure prphylaxis,

1352–1353, 1353t
initial ART regimens, 1370t–1371t

as pre-expsure prphylaxis, 1352–1353,
1353t

Tensynvitis
gncccal arthritis, 870
tuberculus arthritis, 873

Tensin pneumthrax, 314, 496
Tensin-type headache, 981

Teplizumab, 1216
Terazsin, fr hypertensin, 461, 464t
Teriparatide, 1165, 1210–1211

Terminal ileum disease
antibitic-assciated clitis, 652
Crhn disease, 656, 657, 658, 659
inflammatry bwel disease, 653
shrt bwel syndrme, resectin, 640–641

Terminal restlessness, 70
Testes disrders, 1191–1200

cryptrchidism, 1195, 1664
hypgnadism, male, 1191–1195

Testicular cancers, 1664–1665

screening, 11
secndary, 1665

treatment, 1615t
Testicular chricarcinma, hyperthyridism,

1131–1132
Testicular neplasia, cryptrchidism, 1195
Teststerne

deficiency, hypgnadism, male, 1191–1194
replacement therapy, 1194–1195

TET2 mutatin, 529
Tetanus, 1469–1470

Tetanus, diphtheria, and pertussis vaccine
(DTP, Tdap), 3, 1325t, 1328t

Tetanus and diphtheria vaccine (Td), 3, 1328t
with HIV/AIDS, 1356

Tetanus vaccines, 1470, 1470t
Tetany

hypcalcemia, 897
hypthyrid, 1153–1154

Tetrabenazine, parkinsnism frm, 1020
Tetracyclines

n BUN, 914, 914t
drug eruptin frm, 164
hyperpigmentatin frm, 159
lichenid drug eruptin frm, 146
pill-induced esphagitis frm, 616

Tetrahydrcannabinl (THC), 12
antiemetic, 586
e-cigarrete/vaping, 305, 1603

Tetrahydrzline verdse/pisning, 1597
Tetralgy f Fallt, 330–332

TFR2 mutatin, 714
TGFBR1 mutatin, 1683
TGFBR2 mutatin, 1683
Thalamic hemrrhage, 999–1000
Thalassemias, 506–509

alpha, 506–507, 507t
beta, 507, 508t
intermedia, 506, 508–509
majr, 506, 507–509
minr, 508
pathphysilgy, 506
pregnancy, 814
sickle, 515t, 516

trait, 506
Thallium, txic neurpathy frm, 1041
Thallium-201 scintigraphy, fr STEMI, 374
THC, 12, 305, 586, 1603
Thephylline

fr asthma, 249t, 252–253
fr COPD, 261
verdse/pisning, 1609–1610

arrhythmias, 1584, 1584t
hemdialysis fr, 1587, 1587t
seizures, 1585, 1585t

pstural tremr frm, 1020
Therapeutic abrtin, 817
Therapeutic diets, 1280–1282. See also Diet/

diet therapy
Thermal burns/injury, 304, 1573–1575, 1573f
Thermal neurlysis, 95t
Thermmeter, peripheral, 29
Thessaly test, 1710t, 1713
Thiamine deficiency, 1276–1277
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alchl use disrder, 1276–1277
dilated cardimypathy, 418
plyneurpathy, 1040
Wernicke encephalpathy, 1023, 1026, 1098,

1100
Wernicke-Krsakff syndrme, 1098

Thiazide diuretics
n diabetes risk, 1214
fr hypertensin, 456, 459t–460t
hyptnic hypnatremia frm, 887

Thiazlidinedines, 1222t, 1225, 1236, 1236f
verdse/pisning, 1600
n weight, 1269, 1270t

Thipurine methyltransferase enzyme
mutatin, 654

Thipurines
Epstein-Barr virus infectin with, 654
HPV-related cervical dysplasia frm, 654
fr inflammatry bwel disease, 653–654
nn-Hdgkin lymphmas frm, 654

Thiurea drugs, 1134–1136, 1135t
Third Internatinal Cnsensus Definitins fr

Sepsis and Septic Shck (SEPSIS-3), 497
Third nerve palsy, 193–194, 193f, 979
Third-trimester bleeding, 811–812
Thirst, diabetes mellitus, 1216
Thracic artic aneurysm, 485–486, 854
Thracic kyphsclisis, syringmelia, 1035
Thracic utlet syndrmes, 874–875

Thracic spine disease, 362, 623
Threatened abrtin, 803
“3” sign, carctatin f arta, 325
“Three-test,” 311
“Thrifty” genes, 723
Thrat disrders/symptms

candidiasis, ral, 226–227, 227f
cugh, 15
Cxsackievirus, 1443
Crimean Cng hemrrhagic fever, 1413
epiglttitis, 235

erythrplakia/leukplakia, 225
glsspharyngeal neuralgia, 986
infectius mnnuclesis, 1379t, 1384–1385

laryngeal disrders, 233–238 (See also
Laryngeal disrders)

laryngpharyngeal reflux, 234

measles, 1390
rpharynx cancer, 224, 226

peritnsillar abscess & cellulitis, 230

pharyngitis & tnsillitis, 228–230, 229f
pneumnia, 267t
plimyelitis, 1395–1396
rhinsinusitis, acute viral, 215–216

SARS-CV-1, 1435
scarlet fever, 1379t
Still disease, adult, 837
Zenker diverticulum, 618

Thrmbangiitis bliterans, 483, 844
Thrmbcytpenia, 548–558

antiphsphlipid syndrme, 843
causes, 548, 549t
cyclic, 550

drug-induced, 557–558, 557t
evaluatin, 548, 549t
Gaucher disease, 1680
gestatinal, 558

heparin-induced, 554–555, 555t
hepatitis E, 688
immune, 550–552, 552f
infectin/sepsis, 558

patient evaluatin, 548, 549t
platelet cunt

ranges, desired, 548, 549t
risk and, 548, 549t

platelet destructin, increased, 550–557

disseminated intravascular cagulatin,
556–557, 556t

heparin-induced thrmbcytpenia,
554–555, 555t

immune thrmbcytpenia, 550–552,

552f
thrmbtic micrangipathy, 552–554,

553t
platelet prductin, decreased, 548–550

bne marrw failure, 548–550

bne marrw infiltratin, 550

chemtherapy & irradiatin, 550

cyclic thrmbcytpenia, 550

nutritinal deficiency, 550

platelet sequestratin, 558

psttransfusin purpura, 558

pregnancy, 558

pseudthrmbcytpenia, 558

retinal/chridal hemrrhage, 191
vn Willebrand disease, 558, 562

Thrmbcytpenia-absent radius syndrme,
bne marrw failure, 548

Thrmbcytsis
essential, 522t, 523, 524–525, 525
giant cell arteritis, 855
HTLV-1, 1409
hyperkalemia, 893t, 894
irn deficiency, 524
Kawasaki disease, 1379t, 1458
reactive, 514

Thrmbemblism
air travel, 28, 570t–571t, 1580, 1581
antiphsphlipid syndrme, 843–844

arterial bld gases, 297
atrial fibrillatin, 392, 393t
atrial flutter, 397
cancer, preventin f, 569
central venus pressure, increased, 297
cmbined ral cntraceptives and, 779
COVID-19, 571–572

granulmatsis with plyangiitis, 857
heart valves, prsthetic/mechanical

anticagulants, 353–354
vitamin K antagnists, 355t

hypercagulability, 297
limb cclusin, arterial, 479–480

plycythemia, 297
preventin, antithrmbtic therapy, 568–572

pulmnary venus, 296–300, 299, 299t (See
also Pulmnary venus
thrmbemblism)

treatment
anticagulants/anticagulatin, 569, 570t,

572t–573t, 574–577, 574t, 578t, 579t
antithrmbtic therapy, 572–581 (See also

Venus thrmbemblic disease)
catheter-directed thrmblysis, 578–579

ventricular assist devices, 412
Thrmblytic therapy. See also Anticagulants;

specific types
fr venus thrmbemblic disease,

578–579, 580t
Thrmbphilias, 297

labratry evaluatin, 577, 579t
wrkup candidates, 577, 579t

Thrmbphlebitis
pseud-, 27
septic

initial antimicrbial therapy, 1315t
injectin drug abuse, 1305

superficial venus, 490–491

Thrmbplastin, in placental abruptin, 812
Thrmbsed external hemrrhids, 673

Thrmbsis/thrmbus
arterial limb cclusin, 479
atrial fibrillatin, 391
ccaine in, 368
essential thrmbcytsis, 524
mural, after STEMI, 382
plycythemia vera, 522
venus sinus, 1011

Thrmbtic micrangipathy, 552–554, 553t
Thrmbtic thrmbcytpenic purpura,

552–554, 553t
Thrush, 226–227, 227f
“Thunderclap” headache, 34, 35t, 36, 982, 1001
Thymic neurendcrine tumrs, MEN 1, 1190
Thymic tumr (thymma), 1048
Thymidine analg mutatins, 1372
Thyrglbulin

antibdies
hyperthyridism, 1127t
hypthyridism, 1127t, 1128
thyriditis, 1122
thyrtxicsis factitia, 1133

serum
idine deficiency disrder, 1151
thyrid cancer, 1145, 1146, 1147, 1148–1150

Thyrglssal duct cysts, 239

Thyrid gland disrders, 1122–1152. See also
specific types

acrpachy, 1132, 1139
cancer, 1144–1151

adenma, benign, 1190
anaplastic, 1144t, 1145, 1148, 1151
characteristics, 1144, 1144t
cmplicatins, 1146
fllicular, 1144–1146, 1144t, 1150
fllw-up, 1149–1150
Hürthle cell, 1142, 1144–1145, 1150
hyperthyridism, 1132, 1146, 1148
incidence, 1144, 1144t
medullary, 1144t, 1145, 1148, 1150–1151
neck mass, 239
papillary, 1144–1147, 1144t, 1147t, 1150
prgnsis, 1150–1151
thyrid mucsa-assciated lymphid

tissue lymphmas, 1148–1149,
1613t–1616t

treatment, 1615t
treatment, differentiated carcinma,

1146–1148
active surveillance, 1147
levthyrxine suppressin therapy,

1143, 1147, 1149
ther therapies, 1148
radiactive idine therapy, 1147–1148
surgical, 1146–1147

treatment, ther malignancies, 1148–1149
eye disease, 194, 1140–1141 (See also

Hyperthyridism)
hyperthyridism, 1130–1139

hypthyridism & myxedema, 1126–1130,

1127t, 1128t
idine deficiency disrder & endemic giter,

1151–1152

LDL, high, 1258
lymphma

lcalized, 1151
primary thyrid, 1145

micrpapillary carcinma, 1144
ndules & multindular giter, 1127t, 1131,

1137, 1141–1143, 1141t, 1190
pregnancy, 814–815

preperative evaluatin/periperative
management, 49

thyriditis, 1122–1125
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Thyrid hrmne
deficiencies, HIV/AIDS, 1347
pstural tremr frm, 1020
replacement therapy, 1113
tests, apprpriate use, 1127t

Thyriditis, 1122–1125

autimmune, 1131

chrnic lymphcytic, 1122–1125
hepatitis E, 688
hyperthyridism treatment in, 1137
IgG

4
-related, 1123

infectius, 1123–1125
membranus nephrpathy, 943
painful subacute, 1123–1125
painless spradic subacute, 1123
pstpartum, 1123–1124, 1125, 1131, 1139
Riedel, 1124–1125
silent, 1131

subacute, 1133
Thyrid mucsa-assciated lymphid tissue

lymphmas, 1148–1149, 1613t–1616t
Thyrid ndules, 1131, 1137, 1141–1143,

1141t
incidentally discvered, 1142
thyrid tests, 1127t

Thyrid-stimulating hrmne
deficiency, anterir hyppituitarism, 1111
recmbinant human, hyperthyridism frm,

1132
suppressin, 1133, 1143, 1144, 1147, 1149

Thyrid strm, 1132, 1139
Thyrtxic crisis, 1132, 1138
Thyrtxicsis, 1130–1139. See also

Hyperthyridism
frm amidarne, 1126, 1131, 1133–1134,

1138
definitin, 1130

Thyrtxicsis factitia, 1132, 1133
Tiagabine verdse/pisning, 1594
Tibial artery, cclusive disease, 478–479

Tibial nerve, tarsal tunnel syndrme, 1044

Ticagrelr
fr acute crnary syndrmes withut

ST-segment elevatin, 369–371, 370f
fr angina, 365
mechanism f actin, 633
fr STEMI, 375

Tic cugh, 17
“Tic dulureux,” 982–986, 983t–984t. See also

Trigeminal neuralgia
Tick-brne encephalitis, 1401, 1403–1405

Tick-brne relapsing fever, 1507–1508
Ticks, 152

Clrad tick fever, 1422

pathgens brne by, 1401
Tick typhus, 1452

Tics, 1061
mtr, 1021
phnic, 1021

Tietze syndrme, 362
TIGAR-O, 738
Tilt-table testing, fr syncpe, 403
TIMI Risk Scre, 24, 372
Tinea crpris (circinata), 115

Tinea cruris, 115–116

Tinea manum, 116–117

Tinea pedis, 116–117, 116f, 117f
Tinea rubrum, 163
Tinea unguium, 163

Tinea versiclr, 117–118

Tinel sign, 1700
Tinnitus, 200, 210–211

Tipranavir/ritnavir, 1360t, 1367
Tirfiban, fr SEMI, 370f, 371

Tissue breakdwn, hyperkalemia frm, 894
Tizanidine verdse/pisning, 1597
TMPRSS6, 503
TNM system, 1613
Tbacc use. See also Smking-related

disrders
cessatin, 5t, 6–7, 6t

medicatins, 6–7, 7t
glssdynia, 227
Gdpasture syndrme, 938
ral squamus cell carcinma, 225
rpharyngeal squamus cell carcinma, 226
peripheral artery disease, 475
preventin, 5t, 6–7
squamus cell carcinma f larynx, 236–237

Tcilizumab, fr rheumatid arthritis, 837
Tclytic agents, 810–811
Tlazamide, 1221, 1225
Tlbutamide, 1221, 1222t
Tlerance, 91, 1096

nitrate therapy, 363
Tluene

anin gap acidsis increase frm, 906
urine smlal gap, 908
vltage dependent distal RTA frm, 907

Tmsynthesis, digital breast, 11
Tngue disrders

glssitis, 227, 704
glssdynia, 227

Tnic-clnic seizure, 987
Tnic-clnic status epilepticus, 987, 991
Tnic seizure, 987
Tnsillitis, 228–230, 229f
Tphaceus gut, 829, 830, 1242
Tphi, 829, 830
Tpiramate

verdse/pisning, 1594
prximal renal tubular acidsis frm, 907
urinary stnes frm, 963

Tpismerase inhibitrs, 1618t
Trviruses, 1442
Trsades de pintes, 399, 401–402
Trsemide, urinary stnes frm, 963
Trsin dystnia

fcal, 1019–1020

idipathic, 1019

Trticllis, spasmdic, 1020
Ttal bdy surface area, 1573, 1573f
Ttal bdy water, 884, 884t

calculatin, 890
hypernatremia and, 890
hypnatremia and, 885

Ttal chlesterl, 1256–1257
Turette syndrme, 1021–1022, 1073
Txic epidermal necrlysis, 135–137, 136f, 164
Txic multindular (ndular) giter, 1131,

1137, 1141–1143, 1141t, 1190
Txic mypathies, 1053

Txic neurpathies, 1041

Txic shck syndrme
Staphylococcus aureus, 1468, 1468f
streptcccal, 1461–1462

Txic slitary thyrid ndules, 1137
Txin-induced liver injury, 700–701

Toxoplasma (txplasmsis), 1531–1533

cerebral, 1009
chriretinitis, 191
cngenital, 1531
epidemilgy, 1531
HIV/AIDS, 1338t, 1342
in immuncmprmised, 1531, 1532
preventin, 1532
primary, 1531
prphylaxis, HIV/AIDS, 1358

retinchriditis, 1531
transplant recipients, slid rgan, 1291
treatment, 1532
uveitis, 182

Toxoplasma gondii, 1009, 1531–1533

Txplasmsis
in pregnancy and newbrns, 1532
pregnancy screening, 1533

TP53 mutatin, 1632
acute leukemia, 530
acute myelid leukemia, 530
aflatxin and, 1629
biliary tract carcinma, 1629
chrnic lymphcytic leukemia, 533
hepatbiliary cancer, 1629
myeldysplastic syndrmes, 529
plasma cell myelma, 540

T pallidum particle agglutinatin test, 1499t,
1500

TPMT enzyme mutatin, 654
Trachea

freign bdies, 239

bstructin, 242

stensis, 242–243

Trachestmy, 238

percutaneus dilatinal, 238
Trachma, 170
Tractinal retinal detachment, 184, 184f
Tramadl, 87t, 89t

hypglycemia frm, 1255
fr neurpathic pain, 93t, 94
verdse/pisning, 1585, 1585t
sertnin syndrme frm, 30

Transcatheter artic valve implantatin, 342
Transcatheter artic valve replacement

anticagulatin after, 353, 355t
artic regurgitatin, 348–349
artic stensis, 342
mitral regurgitatin, 341–342

Transcatheter valve replacement. See also
specific types

fr tricuspid regurgitatin, 352
fr tricuspid stensis, 350–351

Trans-cervical sterilizatin, 785
Transcranial magnetic stimulatin

fr depressin, 1087
fr migraine, 979

Transcutaneus electrical nerve stimulatin, 97
Transdermal cntraceptive patch, 782

Transesphageal echcardigram, 498
Transfeminine, 1719–1720, 1740
Transfrmatin zne, 792
Transfusin, 544–547. See also specific types

acute lung injury frm, 546
ascites, 605
bld, 544–547

cryprecipitate, 547

fresh frzen plasma, 546–547

hepatitis frm
hepatitis C, 685, 687, 697
nn-ABCDE, 686

plasma cmpnents, 546–547

platelet, 546

reactins
hemlytic, 544–545
leukagglutinin, 545

red bld cell, 544–546

Transgender health & disease preventin,
1735–1740

cancer risk & screening, 1739–1740, 1739t
HIV, 1740
medical interventins, 1735–1739

feminizing hrmne therapy, 1736–1737,
1736t, 1738t
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lng-term health utcmes, 1737–1739
masculinizing hrmne therapy, 1737,

1737t, 1739t
mnitring, 1737, 1738t, 1739t

surgical interventins, 1739, 1739t
terminlgy, 1735

Transgender peple, 1719
Transient ischemic attacks, 480–481, 481f,

993–995

characteristics, 993
clinical findings & differential diagnsis, 994
cryptgenic, 328
etilgy, 994
paradxical embli, 994
patent framen vale, 328
strke risk, 993–994
subclavian steal syndrme, 994
treatment, 994–995

Transient mncular visual lss, 188–189

Transient vertebrbasilar ischemia, 994
Transjugular intrahepatic prtsystemic shunt

fr cirrhsis, 706–707, 708, 709
fr hepatic venus utflw bstructin, 718
fr nncirrhtic prtal hypertensin, 720

Translcatinal hypnatremia, 888
Transmasculine, 1719–1720
Transmissible spngifrm encephalpathies,

1406–1407. See also Prin diseases
Transplantatin

fecal micrbita, 652–653
fever f unknwn rigin after, 1288
gut after, 832
heart, 412
hematpietic (stem) cell

allgeneic (See Hematpietic (stem) cell
transplantatin, allgeneic)

cytmegalvirus pneumnia after, 1388
immunizatin, 1319
infectins, 1291

infectins after, 1291–1292
hematpietic cell, 1291

islet, 1233
kidney

fr end-stage kidney disease, 929–930
HHV-7, 1389
kidney bipsy, 915

liver
fr cirrhsis, 709–710
fr esphageal varices, 620
HIV/AIDS, 1346

lung, 322

fr COPD, 262
fr cystic fibrsis, 265

rgan dnatin, 77
pancreas, 1233
squamus cell carcinma after, 145
vaccinatin, 1326

Transrectus abdminis muscle flap, 766
Transthracic echcardigram, fr shck, 498,

499
Transthyretin amylidsis, 1039
Transthyretin gene, 1039
Transudates, pleural, 310, 311, 311t, 313

heart failure, 311
Transurethral electrvaprizatin f the

prstate, 975
Transurethral incisin f the prstate, 974t, 975
Transurethral micrwave therapy, 977
Transurethral resectin f the prstate, 974t,

975
Transurethral resectin syndrme, 975
Transvenus intrahepatic prtsystemic shunts

fr esphageal varices, 620
fr GI bleeding, acute upper, 601

Transverse myelitis, cytmegalvirus, 1387
Transverse venus sinus thrmbsis, 1011
Trastuzumab, fr breast cancer, 757–758
Trauma. See also specific types

bartrauma, 205

calf, 27
disrders related t, 1055–1056

fever, 30
head, 1030

cerebral, 1029, 1029t
encephalpathy, chrnic traumatic, 1031

heart disease, 435–436

hemlysis, irn deficiency, 503
hyperkalemia, 894
meningitis after, 1315t
nasal, 222–223

nise, sensry hearing lss, 209
cular, 194–196

auricular hematma, 202
blindness, 194–196
cnjunctival & crneal freign bdies,

195

cntusins, 195–196

crneal abrasins, 195

intracular freign bdies, 195

laceratins, 196

middle ear, 208, 208f
uveitis after, 182

pneumthrax, 314
preventin, 12

psychiatric disrders, 1055–1056

seizures, 988
spinal, 1035

stress gastritis frm, 624
vertig, 213–214

vcal fld masses, 235

Traumatic brain injury, 1028–1030, 1029t. See
also Headache

pituitary hrmne deficiency after, 1111
Traveler’s diarrhea, 1310–1311

Travel/traveler
air, 1580–1581 (See also Air travel)
fever f unknwn rigin after, 1288
immunizatins, 1326

incapacitated, 1580–1581
infectius diseases after, 1309–1310

pregnancy
immunizatins, 800–801, 801t
risks, 1581

Trazdne verdse/pisning, 1583
Treatment as preventin, HIV/AIDS, 1352
Tree nut allergy, 877
Trematdes, 1538–1540. See also Flukes
Tremr

Charct-Marie-Tth disease, 1038
drug-induced, 1020
essential (familial), 1014

fragile X syndrme, 1679
metablic encephalpathy, 1010
Parkinsn disease/parkinsnism, 1014–1015,

1017
pstural, 1020
frm seizure medicatins, 980t, 984t–985t

Trench fever, 151, 1490

Trench ft, 1570

Trench muth, 227

Treponema (trepnematses), 1506–1507
antibdy tests, 1499t, 1500
nn-sexually transmitted, 1506–1507

syphilis, 1498–1506 (See also Syphilis)
treatment, 1314t

Treponema pallidum, 1303–1304, 1498,
1498–1507. See also Syphilis

anrectal, 674

antimicrbials fr, 1317t
treatment, 1314t

Treponema pertenue, 1314t, 1507
Treponema whipplei, 1492
TRF2, 714
Triad asthma, 223, 880
Triamterene, urinary stnes frm, 963
Triatmine bugs, 1517
Triazenes, 1617t
Trichoderma longibrachiatium, 1565
Trichomonas vaginalis (trichmniasis), 1539

lesbian & bisexual wmen, 1728
urethritis, 1303
vaginitis, 789, 789f, 790, 1303

Trichophyton, 116
Trichophyton rubrum, 115
Trichosporon, 1565
Trichtillmania, 161, 1061
Trichuris trichiura (trichuriasis), 1546

Tricuspid valve
artic, carctatin f arta, 347
atrial septal defect, 326, 327
clsed, cannn A waves, 11
echcardigraphic abnrmalities, 335t
endcarditis, 352, 1473, 1474
regurgitatin, 333t–335t, 351–352 (See also

Valvular heart disease)
pulmnary hypertensin, 433
tetralgy f Fallt, 331
ventricular septal defect, 329

replacement, 350–351
stensis, 333t–335t, 350–351 (See also

Valvular heart disease)
tetralgy f Fallt, 331
ventricular septal defect, 329

Tricyclic antidepressants, 1085
fr neurpathic pain, 93t, 94
verdse/pisning, 1595, 1610–1611, 1610f

arrhythmias, 1584, 1584t, 1610–1611,
1610f

hyperthermia, 1585
hyptensin, 1583
seizures, 1585, 1585t

pstural tremr frm, 1020
sertnin syndrme frm, 30
n weight, 1269, 1270t

Trigeminal autnmic cephalgias, 981
Trigeminal nerve, herpes zster phthalmicus,

178

Trigeminal neuralgia, 982–986

clinical findings, 982–983
treatment, 983–986, 983t–985t

Trigeminy, 398
Triglyceridemia

familial chylmicrnemia syndrme, 1256
secndary cnditins, 1258

Triglycerides
high (hypertriglyceridemia), 702, 885, 888,

941, 1266

metablism, genetic abnrmalities, 1266
Trimethprim, n creatinine, 914
Trimethprim-sulfamethxazle

n flic acid absrptin, 511
hyperpigmentatin frm, 159
pill-induced esphagitis frm, 616

Triple-negative breast cancer, 754, 755,
759–760, 763

Triple therapy
after crnary stenting, 378
fr H. pylori, 630

Triptans
medicatin-veruse headache, 982
fr migraine, 979

Trismy 21, 1678
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Tropheryma whipplei, 639, 1476
Trphblastic tumr, 806
Trpical pancreatitis, 737
Trpical pulmnary esinphilia, 1550
Trpical spastic paraparesis, 1409
Trpnin assays, STEMI, 374
Trpnin I

acute crnary syndrmes, 369
STEMI, 374

Trpnin T
acute crnary syndrmes, 369
STEMI, 374

Trusseau sign, 897, 902
Truth-telling, 75
Trypanosoma (trypansmiasis)

African, 1515–1517, 1516t
American, 621–622, 1517–1518

dilated cardimypathy frm, 418
dysautnmia, 992
RBC transfusin, 546

Trypanosoma brucei gambiense, 1515–1517,
1516t

Trypanosoma brucei rhodesiense, 1515–1517,
1516t

Trypanosoma cruzi, 546, 1517
Trypsingen gene mutatins, 738
T scre, 1161
Tsetse flies, 1515
Tsutsugamushi fever, 1448t, 1449–1450

TT677 mutatin, 717, 720
TT virus, 686
Tubal ligatin, 785
Tube enterstmies, 1283
Tube feedings, 1283
Tuberculin skin test, 280–281, 281t

BCG vaccine, 281, 285–286
Tuberculsis

anal fissures, 675
bnes & jints, 872–873

spinal tuberculsis, 872–873

tuberculus arthritis, 873

erythema ndsum, 153
fistula in an, 675
HIV/AIDS with, 282–283, 1362
injectin drug abuse, 1305
intestinal, 646

pregnancy, 820

preventin
with HIV/AIDS, 1355
in immuncmprmised, 1293–1294

renal, 950

spinal, 872–873

uveitis, 182
Tuberculsis, pulmnary, 278–286

active, 278
classificatin, 278
drug-resistant, 278, 283–284

extensively, 278, 283–284
multidrug-resistant, 278, 283–284

imaging, 280, 280f
interfern gamma release assays, 281
labratry tests, 278–280, 279t
latent, 278, 280–281, 281t, 283t, 285–286
pleural effusin, 311–312
primary, 278
prgnsis, 286

drug-resistant, 283–284
prgressive primary, 278
symptms and signs, 278
treatment, 282–286

directly bserved therapy, 282, 284
extrapulmnary, 284
general measures, 282
HIV-negative, 282

HIV-psitive, 282–283
initial, 282, 284t
latent, 285–286
medicatins, 283t
mnitring, 284–285
pregnant/lactating, 284

tuberculin skin test, 280–281, 281t
Tuberculus arthritis, 873

Tuberculus meningitis, 1495

Tuberculus mycbacterial lymphadenitis, 240

Tuberculus pericarditis, 427–429
Tuberus sclersis, 1013

Tubular maximum, 907
Tubular necrsis, acute, 913, 916t, 917–919

Tubular prteinuria, 913
Tubulinterstitial diseases, 945–947

causes, 945, 945t
chrnic, 945–947

analgesic nephrpathy, 946
heavy metals, 946–947
Mesamerican nephrpathy, 946, 947
bstructive urpathy, 946
vesicureteral reflux, 946

renal, hypreninemic hypaldsternemic
RTA, 907

Tularemia, 268, 1486–1487
Tumefactive chrnic pancreatitis, 738
Tumr emblizatin, 1627
Tumr lysis syndrme, 1668–1669

hyperkalemia, 894
hyperphsphatemia, 901

Tumr necrsis factr inhibitrs
pprtunistic infectins with, 1292
fr rheumatid arthritis, 836–837

Tunga penetrans, 153
Tungiasis, 153
Turner syndrme, 1200, 1208–1210,

1209t
45,XO/46,XX, 1210
45,XO/46,XY, 1210
classic (45,XO gnadal dysgenesis),

1208–1210, 1209t
carctatin f arta, 325
manifestatins, 1208, 1209t
pregnancy, 437t

21-hydrxylase deficiency, hirsutism,
1198

2,4-dinitrphenl (2,4D) pisning,
hyperthermia, 1585

“Tw-test,” 311
Tympanic membrane

acute titis media, 206, 206f
cerumen impactin, 202
chlesteatma, 207, 207f
chrnic titis media, 206–207
eustachian tube, 204
exstses, 204
external titis, 203
freign bdies, 202
perfratin, 208, 208f

bartrauma, 205

diving, 205
ttxic ear drps, 210

serus titis media, 205
temperature, 29
vascular mass, 209

Typhid fever, 1482–1483

chlangicarcinma and, 1632
Typhid vaccine, 1483
Typhus, 1446–1450

endemic, 1447–1449, 1448t
epidemic, 1446–1447, 1448t
scrub, 1448t, 1449–1450

tick, 1452

Tyrsine kinase inhibitrs
adrenal insufficiency frm, 1172
hyperthyridism frm, 1131
hypthyridism frm, 1131

U

U2AF1 mutatin, 529
UGT1A7, 738
Ulcer

cntact, laryngeal, 235

crneal, 171, 177
intraral

aphthus ulcer, 228

herpes stmatitis, 228

necrtizing ulcerative gingivitis, 227

leg
lwer extremity edema, 28
venus insufficiency, 157–159, 157f, 158f

peptic ulcer disease, 627–633 (See also Peptic
ulcer disease)

pressure, 63–64, 64t
skin, 100t, 157–159

venus, 27
Ulcerative clitis, 653, 661–665, 661t

appendectmy n risk f, 661
clinical findings, 661–662, 661t
cln cancer risk, 665
differential diagnsis, 662
primary sclersing chlangitis, 730–732
surgery in, 665
treatment, 662–665

mild t mderate, 663
mild t mderate, distal, 662–663
mderate t severe, distal, 663–664
severe and fulminant, distal, 664–665

Ulcerative stmatitis, 228

Ulnar nerve lesins, 1043

Ultravilet keratitis, 196

Ultravilet light/sunlight
basal cell carcinma, 144, 144f
dermatmysitis, 156
keratitis, 196

phtdermatitis, 156
squamus cell carcinma, 145, 145f
system lupus erythematsus, 156

Uncmplicated diverticulsis, 666

Uncnjugated hyperbilirubinemia, 677, 678t
Unfractinated heparin, 565

prsthetic heart valve patients, 354
reversal, 568t
fr STEMI, 377
fr venus thrmbemblic disease

preventin, 569, 570t–571t
treatment, 572t, 574–575

Unicuspid artic valve, 342
Unilateral recurrent laryngeal nerve, 237–238
Unilateral vcal crd paralysis, 237–238
United Kingdm Prspective Diabetes Study,

1215–1216
Universal precautins, 1296
Universal prphylaxis, 1293
University f Pennsylvania Smell Identificatin

Test, 221
“Up and G Test,” 58
Upper aerdigestive tract, freign bdies,

239–241

Upper airways bstructin
acute, 242

asthma, 244
chrnic, 242

Upper endscpy
dyspepsia, 583
fr gastresphageal reflux disease,

611–612
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fr GI bleeding, acute upper, 600–601
fr upper esphageal diseases, 610

Upper extremity disrders, 1699–1702

bursitis, 1701–1702, 1702f
carpal tunnel syndrme, 1700–1701

Dupuytren cntracture, 1701

epicndylsis, lateral & medial, 1699

Upper gastrintestinaI bleeding, 598–601, 624
Upper respiratry tract infectin, acute titis

media, 205–206, 206f
Urate depsitin, 829
Urate nephrpathy, 829–830, 951
Urea, 914
Urea nitrgen, 912
Ureaplasma urealyticum

reactive arthritis, 867
urethritis, 1303
urethritis & cervicitis, 1496

Uremia, 915
cnstrictive pericarditis, 431
pericarditis, 427–429, 915
plyneurpathy, 1039

Uremic acidsis, 906
Uremic encephalpathy, 928
Uremic neurpathy, dysautnmia, 992
Uremic pericarditis, 427–429
Uremic syndrme, 923
Ureteral stnes

acute kidney injury frm, 917
medical expulsin & surgical treatment, 966–

967
Ureter cancers, 1661–1662

Ureterhydrnephrsis, 1214
Uretersigmidstmy, hyperchlremic

metablic acidsis frm, 906t, 907

Urethral bstructin, 917
Urethral stnes, 917
Urethral strictures, 917
Urethritis

adenvirus, 1438
antimicrbials fr, 1317t
Chlamydia trachomatis, 1496–1497

gncccal, 1488
HSV-2, 1374
sexually transmitted, with/withut discharge,

1303
Trichomonas vaginalis, 1539
Ureaplama urealyticum, 1496
urinary incntinence, 61

Urethrcele, 774
Urge incntinence, 61, 62
Uric acid

gut, 830
kidney stnes, 829–830
nephrlithiasis, 951
urinary stnes, 963, 965, 966

Uricase, fr guty arthritis, 832
Uricsuric drugs, fr guty arthritis, 832
Uridine diphsphate glucurnyl transferase, 677
Urinalysis

dipstick, 912, 913
dysuria, 38
fr kidney disease, 912, 913t

hematuria, 913
prteinuria, 912–913

substance use disrder, 1096
Urinary casts, 912, 913t
Urinary incntinence

lder adults, 60–62

verflw, 61, 62
stress, 61, 62
urge, 61, 62

Urinary manipulatin, fr decntaminatin,
1587

Urinary retentin, HSV-2, 1374
Urinary stne disease, 963–967

clinical findings, 964
etilgy, 963
medical expulsin & surgical treatment

renal calculi, 967
ureteral stnes, 966–967

medical treatment & preventin, 964–966
calcium nephrlithiasis, 965–966
cystine calculi, 966
dietary, 964–965
struvite calculi, 966
uric acid calculi, 966

types, 963
Urinary tract infectins, 954–962. See also

Geniturinary tract infectins
dysuria, 37–38
Enterococcus, 1462
health care–assciated, 1295
peripartum, 819

in pregnancy, 38
treatment

algrithm, 38–39, 39f
empiric, 956t–957t
initial antimicrbial, fr recurrent UTIs,

1315t
Urinary tract bstructin, hyperkalemia, 894
Urinatin, painful, 37–40. See also Dysuria
Urine anin gap, 907–908
Urine cncentratin, electrlyte, 884
Urine culture, dysuria, 38
Urine smlal gap, 908
Urine prtein-t-creatinine cncentratin, 913
Urkinase

fr pulmnary venus thrmbemblism,
300

fr STEMI, 375t, 377
UrLift, 977
Urlgic disrders, 952–977. See also specific

types
benign prstatic hyperplasia, 972–977, 973t,

974t, 976f
erectile dysfunctin, 967–969

geniturinary tract infectins, 954–962

cystitis, acute, 954–955

epididymitis, acute, 961–962

pelvic pain syndrme, chrnic, 960–961

prstatitis, acute bacterial, 958–959

prstatitis, chrnic bacterial, 959–960

prstatitis, chrnic nnbacterial, 960–961

prstatitis, clinical findings, 958–959,
959t

pyelnephritis, acute, 955–958

therapy, empiric, 956t–957t
hematuria, 952–954

infertility, male, 969–971, 970f
interstitial cystitis, 962–963

sexual dysfunctin, male, 967–969

urinary stne disease, 963–967

Urticaria, 134–135, 134f, 166t, 545
Urticarial vasculitis, 135
Ustekinumab

fr Crhn disease, 660
fr inflammatry bwel disease, 655

Usual interstitial pneumnia, 292–294, 293t
Uterine bleeding

abnrmal
anvulatin, 768
vulatry dysfunctin, 768
pstmenpausal, 770

premenpausal, 768–770, 769t
Uterine cancer

leimyma, 770–771

treatment, 1615t

Uterus infectin
amenrrhea, 1202
peripartum, 813

Uveitis, 181–182

anterir, 865
cataracts frm, 183
herpes simplex virus, 1374–1376
immune recvery, 191
leptspirsis, 1509
syphilis, 1503, 1505

Uvulpalatpharyngplasty, 317

V

V617F (JAK2) mutatin
essential thrmbcytsis, 524
hepatic venus utflw bstructin, 717
mesenteric vein cclusin, 483
myelfibrsis, primary, 525, 526
myelprliferative disrders, 522, 523
nncirrhtic prtal hypertensin, 720
plycythemic vera, 522

Vaccine-preventable viral diseases,
1390–1398

acute flaccid myelitis, 1397–1398

measles, 1379t, 1390–1392

atypical, 1378t
mumps, 1392–1394, 1393f
plimyelitis, 1395–1397

rubella, 1379t, 1394–1395

Vaccines/vaccinatin, 3
active immunity, 1319
adenvirus vectrs, 1438
adverse effects & cntraindicatins,

1327t–1329t
with asthma, 253
Bacillus Calmette-Guérin, 285

tuberculin skin test, 281, 285–286
Chikungunya, 1422
COVID-19, 3, 1319, 1322t, 1326t, 1426
cytmegalvirus, 1293, 1388–1389
dengue fever, 1416
diphtheria, 3, 1325t, 1328t
Ebla, 1411, 1412
entervirus A71, 1398
gay & bisexual men, 1733–1734, 1734t
Haemophilus influenzae, 1327t
hepatitis A, 681, 682, 800, 1322t, 1327t, 1734,

1734t
hepatitis B, 3, 11, 685, 1322t–1323t, 1327t,

1356, 1734, 1734t
with HIV/AIDS, 1356

herpes simplex virus, 1378
herpes zster virus, 4, 986, 1325t, 1329t

with HIV/AIDS, 1356
HIV, ptential, 4, 1355
with HIV/AIDS, 1356
human papillmavirus, 3, 11, 12, 141,

793–794, 1323t, 1327t, 1734–1735, 1734t
human papillmavirus virus-like particle, 3
immuncmprmised/immundeficiency,

cntraindicated, 4
inactivated, 1319
inactivated/killed, 1319
infectius disease, 1319–1329

headache, 34
healthy adults, 1319, 1320t–1325t
hematpietic cell transplant recipients,

1319
HIV-infected adults, 1319
pregnancy, 1319
thrmbcytpenia, 558

fr travelers, 1326

vaccine safety, adverse effects, &
cntraindicatins, 1326, 1327t–1329t
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Vaccines/vaccinatin (Cont.):
influenza, 801, 801f, 1323t, 1327t, 1432

adverse effects & cntraindicatins, 1327t
annual/seasnal, 3, 1432
newbrn/infant, 1432
pregnancy, 801, 801t
seasnal, 3, 1432

Japanese encephalitis, 1403
killed, 1319
live attenuated, 1319
measles, mumps, and rubella (MMR), 1324t,

1327t, 1356, 1391–1393, 1395
measles, mumps, rubella, and varicella

(MMRV), 1356, 1382, 1391–1392,
1395

measles, with HIV/AIDS, 1356
meningcccal, 1324t, 1328t, 1479, 1734,

1734t
Neisseria meningitides, 1479
passive immunity, 1319
pneumcccal, 1320t, 1324t–1325t, 1328t

cnjugate (PCV13), 3
cnjugate (PCV23), 253, 272
plysaccharide (PPSV23), 3

pneumnia, cmmunity-acquired, 272
pl, plimyelitis frm, 1396–1397
pregnancy and, 800–801, 801t
rabies, 1399–1400
Rift Valley fever, 1414
rtavirus, 1442
safety, 1326, 1327t–1329t
seasnal influenza, 3, 1432
slid rgan transplant recipients, 1326
tetanus, 1470, 1470t
tetanus, diphtheria, and pertussis (DTP,

Tdap), 3, 1325t, 1328t
tetanus and diphtheria (Td), 3, 1328t, 1470,

1470t
with HIV/AIDS, 1356

befre transplantatin, 1326
typhid, 1483
varicella-zster virus, 1325t, 1328t,

1382–1383
yellw fever, 1418–1419
Zika virus, 1420
zster, 986, 1325t, 1329t

recmbinant, 986
Vaccinia, 1440
Vagal maneuver. See Valsalva maneuver
Vaginal bleeding

cervical plyps, 772
pelvic rgan prlapse, 774–775
pregnancy, 803, 805

gestatinal trphblastic disease, 803,
805–807

preterm labr, 811
third-trimester, 811–812

Vaginal candidiasis, 132–134
HIV/AIDS, 1339t, 1350

Vaginal cnes, 62
Vaginal hernia, 774–775

Vaginal ring, cntraceptive, 782

Vaginismus, 786
Vaginitis/vulvvaginitis, 789–790, 789f,

790f
bacterial vaginsis, 789–790, 790f
diabetes mellitus type 2, 1217
dysuria, 37, 38, 39f
gncccal, 1488
Trichomonas vaginalis, 789, 789f, 790, 1303,

1539
urinary incntinence, 61
vulvvaginal candidiasis, 789, 789f, 790,

1553, 1554, 1728–1729

Vagus nerve
lesin, vcal fld paralysis, 237–238
stimulatin, fr depressin, 1087

Valdecxib, 628
Valgus defrmity f knee, rheumatid arthritis,

837
Valgus stress test, 1708t, 1711
Valpric acid

fr biplar disrder, 1088
mypathy frm, 1053
verdse/pisning, hemdialysis fr, 1587,

1587t
pstural tremr frm, 1020
n weight, 1269, 1270t

Valsalva maneuver, 389
n heart murmurs, 336t
hypertrphic cardimypathy, 422
fr parxysmal supraventricular tachycardia,

388
pulmnary valve regurgitatin, 352

Valsartan, fr heart failure, 407f, 408t, 409–410
Values, lder adults, 51
Valve replacement

anticagulatin after, 347, 353–354, 355t
artic regurgitatin, 348–349
artic valve stensis, 344–347, 344f, 346f
mitral regurgitatin, 339–340, 341f
mitral stensis, 337f, 338
pulmnary valve regurgitatin, –332
pulmnary valve stensis, 324–325
team apprach, artic stensis, 342
tetralgy f Fallt, 332
fr tricuspid regurgitatin, 352
fr tricuspid stensis, 350

Valvular heart disease, 332–354. See also
specific valves

anticagulatin, with prsthetic valves,
353–354, 355t

artic regurgitatin, 333t–335t, 347–350, 349f
artic stensis, 333t–335t, 342–347, 343t,

344f, 346f
interventins n, 336t

bedside maneuver, systlic murmurs, 335t
branch retinal artery cclusins, 187
cardiac thrmbus, 479
classificatin & differential diagnsis, 332,

333t–335t
endcarditis and, 324–325
heart failure, 404
mitral regurgitatin, 333t–335t, 338–342,

340f, 341f
interventins n, 336t

mitral stensis, 333t–335t, 336–338, 337f
pregnancy, 437t
preperative value/periperative

management, 44
pulmnary valve regurgitatin, 352–353

tetralgy f Fallt, 331–332
stages, 332
tricuspid regurgitatin, 333t–335t, 351–352

tricuspid stensis, 333t–335t, 350–351

Valvular papillary fibrelastmas, 435
Valvulplasty

mitral stensis, 337f, 338
pulmnary valve stensis, 324

Vancmycin
acute tubular necrsis frm, 918
red man syndrme frm, 878–880, 879t

Vancuver Chest Pain Rule, 24
Vandetanib, adrenal insufficiency frm, 1172
Vaping

lung disease, 7
THC, 12

Vaping-assciated acute lung injury, 305, 1603

Variant angina, 366, 368
Varicella-zster immune glbulin, 820, 1383
Varicella-zster virus, 1291, 1378–1383

clinical findings, 1378–1380, 1379t, 1380f
cmplicatins, 1380–1381
diagnstic features, 1379t
epidemilgy, 1291
hematpietic cell transplant recipients, 1291
in lder & immuncmprmised, 1380
ptic neuritis, 192
pneumnia, interstitial, 1381
pregnancy, 819–820, 1381
preventin, 1382–1383
prgnsis, 1382
rash, 1378
symptms & signs, 1378–1381, 1379t, 1380f
transplant recipients, slid rgan, 1291
treatment, 1381–1382
vaccinatin, 1325t, 1328t, 1382–1383

Variccele, 970, 971
Varicse veins (varicsities/varices), 489–490,

492, 492f
chrnic venus insufficiency, 489
deep vein thrmbsis risk, 27, 569t
superficial thrmbphlebitis, 491

Variegate prphyria, 1039
Varila, 1440
Varus stress test, 1709t, 1711
Vasa nervrum, 1040
Vascular dementia, 447, 1022t
Vascular disrders. See also Venus diseases

arterial aneurysms, 483–489

athersclersis, cclusive, 475–479

athersclertic peripheral vascular disease,
475–483

GI bleeding, acute upper, 599
hepatic vein, Budd-Chiari syndrme, 605,

717–719, 843
seizures, 988
spinal crd, 1004–1005

Vascular events. See also Strke; specific types
headache, 34

Vascular insufficiency, stemyelitis, 872
Vasculitis (syndrmes), 853–860

allergic, 165t
antineutrphil cytplasmic autantibdy-

assciated, 303
classificatin, 853–854, 853t
clinical manifestatins, 853, 853t
cryglbulinemia, 861
giant cell arteritis, 187–188, 194, 854–855

granulmatsis with plyangiitis, 857–860,

858f
hairy cell leukemia, 876
IgA, 862

Kawasaki disease, 1379t, 1456–1458

plyarteritis ndsa, 856–857

plymyalgia rheumatica, 854–855

pulmnary, 303

retinal, 182
Takayasu arteritis, 856

urticarial, 135
Vas deferens bstructin, 970, 971
Vasectmy, 785
Vascnstrictin, cmpensatry, hypvlemic

shck, 496
Vasdilatry shck, 496–498, 497t, 500. See also

Distributive shck
Vasmtr rhinitis, 219–220
Vas-cclusin, sickle cell anemia, 514
Vaspressin challenge test, 1115
Vaspressrs, fr shck, 500
Vasspasm, crnary

angina, chrnic stable, 359
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with angina r MI, crnary arterigram
nrmal, 368

MI frm, 373
Vasspastic angina, 22
Vasvagal syncpe, 402
Vaughan-Williams classificatin, 383
Vedli, fr Crhn disease, 660
Vegan diet, vitamin B

12
, 509

Vegetarian diet, 509, 1260
Vegetative state, 1028
Vena cava

inferir, filters, 579–580
superir

bstructin, 493–494

sinus vensus defect, 326
Venereal Disease Research Labratry (VDRL)

test, 1499t, 1500
Venereal warts, 141–143, 142f
Venlafaxine

fr neurpathic pain, 93–94, 93t
verdse/pisning, 1585, 1585t
n weight, 1269, 1270t

Venlizumab, fr inflammatry bwel disease,
655

Venm allergy, 878

Venmus snake bites, 556–557, 556t, 1608–
1609

Venmus stings, 152
Ven-cclusive disease. See also specific types

drug-txin-induced, 701
hepatic, Budd-Chiari syndrme, 605, 717–

719, 843
Venus bld gas testing, dyspnea, 19
Venus diseases, 489–494. See also specific types

chrnic venus insufficiency, 491–493, 492f
superficial venus thrmbphlebitis, 490–

491

superir vena caval bstructin, 493–494

varicse veins, 489–490, 492f
Venus insufficiency/stasis, 297

chrnic, 491–493, 492f
lwer extremity edema, 27–29

ulcers, 157–159, 157f, 158f
Venus sinus thrmbsis, 1011
Venus thrmbemblic disease

air travel, 28, 570t–571t, 1580, 1581
antiphsphlipid syndrme, 843
Behçet disease, 863
chest pain, 22
with COVID-19, severe, 571–572

frequency, in hspitalized, 568
granulmatsis with plyangiitis, 858
hmcystinuria, 1681
lwer extremity edema, 27–29

preventin, 568–572, 570t
cancer, 569
cntraindicatins, 569, 571t
COVID-19, 571, 1427
Khrana risk scre, 569
pharmaclgical prphylaxis, 569,

570t–571t
risk stratificatin/assessment, 569, 569t
secndary, 577

pulmnary, 296–300 (See also Pulmnary
venus thrmbemblism)

referral, 581
thrmbphilia wrkup candidates, 577, 579t

Venus thrmbemblic disease, treatment,
572–581

anticagulant, selectin, 574–575, 574t
Bva scre, 574
direct-acting ral anticagulants,

566t–567t, 575
heparins, 574–575

principles, 574
warfarin, 575, 576t, 577t

anticagulants, 572
duratin, 575–577, 578t, 579t
initial, 572, 572t–573t

nnpharmaclgic, 579–580
graduated cmpressin stckings, 579
inferir vena cava filters, 579–580

Pulmnary Emblism Severity Index (PESI),
574, 574t

thrmblytics, 578–579, 580t
Venus thrmbsis

essential thrmbcytsis, 524
intracranial, 984t–985t, 1004

prtsplenmesenteric, 735
Venus ulceratin, 27
Ventilatin, mechanical

acute interstitial pneumnia, 293t
fr acute respiratry distress syndrme, 321
fr acute respiratry failure, 318–319
advance care planning, 72
fr asthma, 244, 257
fr COPD, 262
fr besity-hypventilatin syndrme, 262
fr pneumnia

cmmunity-acquired, 271, 272
nscmial, 273, 274

fr pneumthrax, 314, 315
fr pulmnary venus thrmbemblism, 297
stress gastritis frm, 624

Ventilatin cntrl, 315
Ventilatin cntrl disrders, 315–317

hyperventilatin syndrmes, 315–316

besity-hypventilatin syndrme, 316

bstructive sleep apnea, 316–317, 1094

sleep-related breathing, 316

Ventilatin-perfusin (V
⋅
/Q

⋅
)

matching, smke inhalatin, 304
scanning, pulmnary venus

thrmbemblism, 304
Ventilatr-assciated pneumnia, 267t,

273–276, 274t, 275t
Ventricle. See Left ventricle; Right ventricle
Ventricular arrhythmias

after STEMI, 379
catheter ablatin, 386
tetralgy f Fallt, 331

Ventricular assist devices, fr heart failure,
412

Ventricular ectpy, palpitatins, 26, 27
Ventricular extrasystles, 398

Ventricular fibrillatin, 400–401

Ventricular gallp, STEMI, 374
Ventricular hypertrphy, 23

left
athlete screening, 440
hypertensive, 447, 448

right
pulmnary valve stensis, 324, 405
tetralgy f Fallt, 330

Ventricular plymrphic tachycardia.
See Trsades de pintes

Ventricular premature beats, 398

Ventricular septal “aneurysm,” 329
Ventricular septal defect, 329–330

atrial septal defect with, 326
tetralgy f Fallt, 331

Ventricular tachycardia, 399–400

acute ventricular plymrphic (See Trsades
de pintes)

bundle-branch reentry, catheter ablatin f,
386

catechlaminergic plymrphic, 401–402

athlete screening, 441t

catheter ablatin, 386, 400
dilated cardimypathy frm, 399, 418
fascicular, 386
rigins, ventricular/supraventricular, 399
palpitatins, 25, 26, 27
plymrphic, acute, 399, 401–402
sustained/nnsustained, 399
trsades des pints, 399, 401–402

Ventriculitis, varicella-zster virus, 1381
Ventriculencephalitis, cytmegalvirus, 1387
Verapamil, 385t

verdse/pisning, 1583–1584
Verbigeratin, 1070
Vericiguat, fr heart failure, 410–411
Vernal keratcnjunctivitis, 171
Verner-Mrrisn syndrme, 1183, 1187
Verrucae, 141–143, 142f. See also Warts
Vertebral artery cclusin, 997–998, 997t
Vertebrbasilar insufficiency, 215
Vertebrbasilar cclusin, 997–998, 997t
Vertig, 211–214

benign parxysmal psitining, 213

causes, 212t
central lesin syndrmes, 212t, 214

cervical, 214

endlymphatic hydrps (Ménière syndrme),
213

episdic, 212, 213
labyrinthitis, 213

migrainus, 214

multiple sclersis, 215
perilymphatic fistula, 214

peripheral lesin syndrmes, 213–214
superir semicircular canal dehiscence, 214

traumatic, 213–214

vestibular neurnitis, 213

Very-lw-density chlesterl
familial chylmicrnemia, 1257
Friedewald equatin, 1257
Martin/Hpkins equatin, 1257

Vesicureteral reflux, 946
Vesicular dermatses, 100t, 121–124

dermatitis herpetifrmis, 124

herpes simplex, 121–123, 122f
herpes zster (See Herpes zster)
pmphlyx, 123, 123f
prphyria cutanea tarda, 123–124, 124f

Vesiculbullus dermatitis, palms and sles,
123, 123f

Vestibular apparatus, vmiting, 69
Vestibular disease, peripheral, 211–212, 212t
Vestibular neurnitis, 213

Vestibular schwannma, 211, 212t, 214–215

Vestibular system, 214–215

Vestibulitis, nasal, 218–219

Vibrio aliginolyticus, 1485

Vibrio cholerae, 1313t, 1485

diarrhea, acute, 1306, 1308t
Vibrio parahaemolyticus, 1485

diarrhea, acute, 1306, 1308t
Vibrio vulnificus, 1485

hemchrmatsis, 714
Vide electrencephalgraphic mnitring, 990
Videesphaggraphy, fr esphageal diseases,

610
Vide telepsychiatry, 1056
Vidian nerve, 220
Vienna Predictin Mdel, 575
Vigabatrin verdse/pisning, 1594
Vildagliptin, 1223t, 1227, 1228
Vinca alkalids, 1618t
Vinca alkalids, neurpathy frm, 590t, 1618t,

1673
Vincent angina, 227
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Vincristine, txic neurpathy frm, 1041
Vilaceus t purple papules, 100t, 146–148

Kapsi sarcma, 147–148

lichen planus, 146–147, 146f
Vilence, 1095–1096

dmestic, 1095
lesbian & bisexual wmen, 1730–1731
preventin, 12, 1730–1731
sexual, 787–788

VIPma, 1187–1188

Viral arthritis, 871

Viral diseases, 1374–1446. See also specific types
adenvirus, 1438–1439

Chikungunya fever, 1378t, 1421–1422

Clrad tick fever, 1422

cnjunctivitis, 169
enterviruses prducing several syndrmes,

1378t, 1443–1446

cxsackievirus, 1443–1444, 1443f
echviruses, 1444

enterviruses 68, 70, 71 & related,
1444–1445

human parechvirus, 1445–1446

exanthematus, ther, 1439–1441

Erythroparvovirus, 1439–1440

pxvirus, 1440–1441

gastrenteritis, 1441–1443

nrviruses, 1441–1442

rtaviruses, 1441–1442

hemrrhagic fevers, 1410–1419

Crimean Cng, 1412

Dengue, 1414–1416

Ebla viral disease, 1410–1412

hantaviruses, 1416–1417

Heartland virus, 1413–1414

Lassa fever, 1413–1414

Rift Valley fever, 1413–1414

severe fever with thrmbcytpenia
syndrme, 1413–1414

yellw fever, 1418–1419

human herpesviruses, 1374–1390

cytmegalvirus disease, 1386–1389

Epstein-Barr virus & infectius
mnnuclesis, 1379t, 1384–1385

herpesvirus 1 & 2, 1374–1378

herpes zster (shingles), 1378–1383

HHV-6 & HHV-7, 1389

human herpesvirus 8, 1390

ther EBV-assciated syndrmes,
1385–1386

varicella, 1378–1383, 1379t
neurtrpic viruses, ther, 1398–1410

arbvirus encephalitides, 1400–1402

human T-cell lymphtrpic virus,
1408–1410

Japanese encephalitis, 1402–1403

lymphcytic chrimeningitis, 1405–1406

prin diseases, 1406–1407

prgressive multifcal
leukencephalpathy, 1407–1408

rabies, 1398–1400

tick-brne encephalitis, 1401, 1403–1405

respiratry, 15, 1422–1438

avian influenza, 1433–1435

COVID-19, 1422–1428

human metapneumniavirus, 1428–1429

human parainfluenza viruses, 1428–1429

Middle East respiratry syndrme–
crnavirus, 1436–1438

Nipah virus, 1429

respiratry syncytial virus, 1428–1429

seasnal influenza, 1429–1433

severe acute respiratry syndrme
(SARS-CV-1), 1435–1436

treatment
agents, 1377t

vaccine-preventable, 1390–1398

acute flaccid myelitis, 1397–1398

measles, 1379t, 1390–1392

measles, atypical, 1378t
mumps, 1392–1394, 1393f
plimyelitis, 1395–1397

rubella, 1379t, 1394–1395

Zika virus, 1419–1420

Virchw triad, 297
Viridans streptccci, 607, 1312t, 1462, 1462

endcarditis, 1315t, 1475
granulcytpenia, 1291
in immuncmprmised, 1294
peritnitis, spntaneus bacterial, 607, 608
treatment f chice, 1312t, 1314

Virilizatin, 1197–1200

Visceral artery insufficiency, 482

Visceral pain, 79
Visceral (hyper)sensitivity

heightened, chest pain, 623
irritable bwel syndrme, 647

Visin blurring, diabetes mellitus type 1, 1216
Visual hallucinatins, 1070
Visual impairment/lss. See also specific types

age-related macular degeneratin, 65,
185–186

cataract, 65, 183

diabetic retinpathy, 65, 184, 189–190, 1238
glaucma, 175t–177t, 179–181

headache with, 35
ischemic ptic neurpathy, 191–192

cular trauma, 194–196
lder adults, 65

ptic neuritis, 192–193

refractive errrs, 167

retinal detachment, 183–184, 184f
retinal vein cclusin, central & branch,

186–187, 186f
sickle cell retinpathy, 191, 514
“snw blindness,” 196
trachma, 170
transient mncular, 188–189

ultravilet (actinic) keratitis, 196
vitreus hemrrhage, 185

Visuspatial dysfunctin, 1023
Vitamin A

deficiency, 170, 1279

txicity, 1279

Vitamin B
1

deficiency, 1276–1277

alchl use disrder, 1276–1277
dilated cardimypathy, 418
plyneurpathy, 1040
Wernicke encephalpathy, 1023, 1026, 1098,

1100
Wernicke-Krsakff syndrme, 1098

Vitamin B
2

deficiency, 1277

Vitamin B
3
, 1262t, 1264

deficiency, 1277–1278

txicity, 1278

Vitamin B
6

in methinine metablism, 1681
txicity, 1278

Vitamin B
12

, 509
deficiency

anemia, 509–510, 511t
flic acid deficiency, 511
hyperpigmentatin, 159
pernicius anemia, 627
plyneurpathy, 1040
subacute cmbined degeneratin f spinal

crd frm, 1034

thrmbcytpenia, 550

elevatin, plycythemia vera, 522
liver, 509
in methinine metablism, 1681

Vitamin C
cardivascular disease preventin, 9
deficiency, 1278–1279

pill-induced esphagitis frm, 616
txicity, 1278

Vitamin D
analgues, fr hyperparathyridism, 1159
deficiency

hypcalcemia, 895–897
hypphsphatemia, 900
multiple sclersis, 1032
mypathy, 1053
rickets, 1167
treatment, 1032–1033, 1033t

fr hyperparathyridism, 1159
hypmagnesemia, 902
fr hypparathyridism, 1154, 1154t
fr steprsis, 1163
n phsphate absrptin, 899
supplementatin

excess, hypercalcemia frm, 1158
lder adults, 60
steprsis preventin, 9

Vitamin E
fr cardivascular disease preventin, 9
cntact dermatitis frm, 125
deficiency, 1034, 1279

fr dementia, 1024
txicity, 1280

Vitamin K
antagnists, 565

fr atrial fibrillatin, 395
prsthetic heart valve patients, 353–354,

355t
deficiency, cagulatin disrders, 564

Vitamin K
1

therapy, 564
Vitamin metablism disrders, 1276–1280. See

also Flate; Vitamin B
12

; Vitamin D;
Vitamin K

1
therapy

niacin
deficiency, 1277–1278

txicity, 1278

vitamin A
deficiency, 1279

txicity, 1279

vitamin B
1

(thiamine) deficiency, 1276–1277

vitamin B
2

(ribflavin) deficiency, 1277

vitamin B
6

deficiency, 1278

txicity, 1278

vitamin C
deficiency, 1278–1279

txicity, 1279

vitamin E
deficiency, 1279

txicity, 1280

Vitaminsis D, chrnic kidney disease, 926,
926f

Vitilig, 159–160, 159f, 182
Vitreus hemrrhage, 185, 195
VKORC1, 575
Vcal fld

cysts, 235

dysfunctin syndrme, 242

ndules, 235

paradxical mtin, asthma, 244
paralysis, 237–238

plyps, 235

traumatic lesins, 235

Vglibse, 1222t, 1225–1226
Vgt-Kyanagi-Harada disease, uveitis, 182
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Viding, painful, 37–40. See also Dysuria
Vltage dependent distal RTA, 907
Vlume

replacement, fr shck, 499
Vlume dysregulatin pstural rthstatic

tachycardia syndrme, 993
Vmiting, 584–586, 585t, 587t. See also Nausea

& vmiting
brainstem center, 584
cnstipatin, 69
GI tract assciated, 69
hypkalemia, 892
frm piids, 69, 91
vestibular apparatus, 69

vn Hippel-Lindau disease/syndrme
cystadenmas and pancreatic cancer, 1634
renal cell carcinma and, 1662
type 2, 1181, 1187, 1190

vn Recklinghausen neurfibrmatsis type 1
(NF-1), phechrmcytma/
paraganglima, 1182

Vn Willebrand disease, 562–563, 562t
type, 562
type 2B, 558, 562

Vrapaxar, fr angina, 365
Vulva

carcinma, 796–797

pruritus, 148–149, 149f
Vulvdynia, 786
Vulvvaginal candidiasis, 789, 789f, 790, 1553,

1554
lesbian & bisexual wmen, 1728–1729

VX, 1597

W

Waist circumference, diabetes mellitus type 2,
1217

Waldenström macrglbulinemia, 541–542,

1614t
Warfarin, 565, 1597

dsing adjustment guidelines
initiatin, 575, 576t

cagulatin disrders, 564

individualized dsing, 575
periperative management, 46, 46t
fr prsthetic heart valve patients,

353–354, 355t
fr venus thrmbemblic disease,

preventin, 569, 571t
fr venus thrmbemblic disease,

treatment, 575, 576t, 577t
lng-term therapy, 575, 577t
subtherapeutic INR management, 575,

578t
verdse/pisning, 1593

Warm autimmune hemlytic anemia, 516
Warthin tumrs, 233
Warts, 141–143, 142f. See also specific types

angenital, gay & bisexual men, 1733
anrectal, 674
ral, HIV/AIDS, 1345

Wasp venm allergy, 878
Water

deficit
calculatin, 890
definitin, 890

dietary requirements, 1283
nnrenal lsses, hypernatremia, 890
reduced intake, hypernatremia, 889
urticaria frm, 135

Water, bdy
fluid distributin and, 884
ttal, 884t

Water-hammer pulse, 348

Waterhuse-Friderichsen syndrme, 1172
Water intxicatin, schizphrenia, 1071
Water vapr thermal therapy, 974t, 977
Wearable cardiverter defibrillatr, 401
Wearing ff effect, 1015–1016
Weber test, 201
Webs, esphageal, 617–618

Weeping/crusted lesins, 100t, 124–127

cntact dermatitis, 125–127, 126f
impetig, 124–125, 125f

Weight, bdy. See also Anrexia nervsa;
Obesity; Overweight

age n, 32
antiepileptics n, 1269, 1270t
antipsychtics n, 1075, 1075t
factrs, 31
lesbian & bisexual wmen, 1726–1727
peak, 33

Weight lss
bariatric surgery, 11, 1270, 1274
n basal energy expenditure, 1269
behavir mdificatin, 1269
cmmercial prgrams, 10
diabetes mellitus type 1, 1216
fr diabetes mellitus type 2, 1235
dietary strategies, 1269
fr hypertensin, 449, 449t
invluntary, 31–33

lder adults, 32–34, 62–63
physical activity fr, 1269
strategies, 10–11

Weil syndrme, 1509
Wells scre (“predictin rule”), 28, 299, 299t

hemptysis, 21
lwer extremity edema, 28

Wenckebach AV blck, 387
after STEMI, 380

Wermer syndrme, 1189–1190, 1189t
Wernicke aphasia, 996
Wernicke encephalpathy, 1023, 1026, 1098,

1100
Wernicke-Krsakff syndrme, 1098, 1277
West African trypansmiasis, 1515–1517, 1516t
Western equine encephalitis, 1400–1402
West Nile virus, 1400–1402

RBC transfusin, 546
“Wet” age-related macular degeneratin, 185
Wet beriberi, 1277
WFS1 mutatin, 1214
Whartn duct, stnes, 232
Wheat allergy, 877
Wheat prcedure, 342, 349
Wheezing

asthma, 244
pulmnary edema, heart failure, 244

Whiplash injury, spinal crd, 1035, 1697
Whipple disease, 639, 639–640, 1492
Whipple triad, 1251
Whipwrm, 1546

Whispered vice test, 66
White cell casts, 912, 913t, 916t, 920
“White cat” hypertensin, 443, 470
Whitlw, 1374, 1375f
WHO Analgesic Ladder, 79
Whle bwel irrigatin, fr decntaminatin,

1587
Whping cugh, 15, 16, 17, 1477–1478

Wickham striae, 146
Wilsn disease, 715–717, 716f

hyperpigmentatin, 159
nervus system disrders, 1020

prximal renal tubular acidsis, 907
tubular prteinuria, 913
vltage dependent distal RTA, 907

Winterbttm sign, 1515
Wisktt-Aldrich syndrme, bne marrw

failure, 548
Withdrawal

alchl, 698, 1097–1102, 1101f
benzdiazepines, 1059
f curative effrts, 74
f life-sustaining interventins, 74
piids, 1102–1103

Wolbachia pipientis, 1416
Wlctt-Rallisn syndrme, 1214
Wlff-Parkinsn-White syndrme,

390–391

athlete screening, 440
Wlfram syndrme, diabetes mellitus, 1214
Wmen. See also Female

battered, 1096 (See also Intimate partner
vilence)

Wd alchl. See Methanl
Wrd-finding, difficult, 1023
Wund care, pressure injury, 63–64, 64t
Wund infectins

clstridial mynecrsis, 1305, 1461, 1469

Enterococcus, 1462
gas gangrene, 1469

surgical/surgical site, 50, 1295
WPW pattern, 390
Wrists, rheumatid arthritis, 827
Writer’s cramp, 1020
Wuchereria bancrofti, 1550

esinphilic pulmnary syndrmes, 296

X

Xanthine xidase inhibitrs, fr guty arthritis,
831–832

Xanthgranulmatus chlecystitis, 725
Xanthma

eruptive, 1258, 1258f
tendinus, 1258, 1678

Xersis, HIV/AIDS, 1349
Xerstmia, Sjögren syndrme, 851, 852
X-linked cngenital adrenal hypplasia,

1191
XY gnadal dysgenesis, 1192
Xylitl, 1221

Y

Yaws, 1314t, 1507

Yellw fever, 1418–1419

Yellw jacket venm allergy, 878
Yersinia

pygenic hepatic abscess, 721
reactive arthritis, 867

Yersinia enterocolitica
diarrhea, acute, 1306, 1308t
erythema ndsum, 153
hemchrmatsis, 714

Yersinia pestis, 1313t, 1487
Yersinia pseudotuberculosis, 153
Yhimbine, 1599t

in nutritinal supplements, 1592
pisning, hypertensin frm,

1584
YY1 mutatin, 1251

Z

Zaire eblavirus, 1410
Zalcitabine, pill-induced esphagitis,

616
ZAP-70, 533
Zeis gland abscess, 167
Zenker diverticulum, 618

Zeta-assciated prtein, 533
Zicntide, intrathecal, 95
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Zidvudine, 1359t, 1364
pill-induced esphagitis frm,

616
Zika virus, 1419–1420

RBC transfusin, 546
sexually transmitted, 1303

Zinc
deficiency, n irn absrptin, 503

parenteral requirements, 1284
pisning, 1599t

Ziprasidne verdse/pisning,
1594

Zledrnic acid
fr breast cancer, 758
fr metastatic bne pain, 94
fr Paget disease f bne, 1170–1171

Zllinger-Ellisn syndrme, 635–636, 1187, 1188
gastric neurendcrine tumr, 1642–1643

Znisamide
verdse/pisning, 1594
urinary stnes frm, 963

Zster phthalmicus, 173t, 178, 191, 1380, 1381
Zster vaccine, 986, 1325t, 1329t
Z scre, 1160–1161
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YEAR IN REVIEW: KEY CLINICAL UPDATES IN CMDT 2022

Topic New Advances Afecting Clinical Practice*

WARTS
Page 143

• Sinecatechins (10% or 15%) is FDA approved for the treatment of anogenital warts.

• Application three times daily for 16 weeks achieves clearance rates from 40% to 81%, with the 15%

formulation resulting in higher efficacy.

Jung JM et al. Br J Dermatol. [PMID: 31675442]

AGE-RELATED MACULAR

DEGENERATION
Page 185

• Brolucizumab, an inhibitor of vascular endothelial growth factor, has been associated with intraocular

inflammation and occlusive retinal vasculitis, resulting in irreversible vision loss in some patients.

Baumal CR et al. Ophthalmology. [PMID: 32344075]

ADVERSE OCULAR

EFFECTS OF SYSTEMIC

DRUGS
Page 197

• Pentosan polysulfate (used to treat interstitial cystitis) has been associated with progressive vision loss due

to maculopathy.

• Patients who receive pentosan polysulfate should be monitored with annual eye examinations.

Pearce WA et al. Ophthalmology. [PMID: 29801663]

ASTHMA
Page 243

• The pathophysiology of asthma is heterogeneous, but a division into T2-high and T2-low endotypes

(marked by high and low levels of classic Th2 cytokines, including IL-4, IL-5, and IL-13, respectively) has

been shown to be important regarding the selection of therapies.

Schoettler N et al. Chest. [PMID: 31678077]

ASTHMA
Pages 243

• Allergic asthma falls into the T2-high endotype, as do late-onset T2-high asthma and aspirin/NSAID-

associated respiratory disease.

• T2-low asthma phenotypes include nonallergic asthma, which tends to occur in adults and be marked by

neutrophilic inflammation and variable response to standard therapies.

Schoettler N et al. Chest. [PMID: 31678077]

BRONCHIOLITIS
Page 266

• Azithromycin may be used to treat diffuse panbronchiolitis; it may also slow down the progression of

bronchiolitis obliterans syndrome in lung transplant recipients.

Gan CT et al. BMJ Open Respir Res. [PMID: 31673366]

COMMUNITY-ACQUIRED

PNEUMONIA
Page 270

• Procalcitonin is not recommended as a “rule-out” test for bacterial pneumonia; studies have not found

a threshold at which bacterial pneumonia can be reliably distinguished from viral pneumonia based on

procalcitonin levels.

• Empiric antibacterial agents are recommended regardless of procalcitonin level at time of presentation.

Ebell MH et al. Acad Emerg Med. [PMID: 32100377]

COMMUNITY-ACQUIRED

PNEUMONIA
Page 272

• Based on limited data and because of the potential for complications (eg, hyperglycemia), the Infectious

Diseases Society of America/American Thoracic Society guidelines recommend against corticosteroids in

the treatment community-acquired pneumonia (CAP) of any severity.

• Corticosteroids are recommended for patients with CAP who may also have severe septic shock, acute

exacerbation of asthma or chronic obstructive pulmonary disease, or adrenal insufficiency.

Metlay JP et al. Am J Respir Crit Care Med. [PMID: 31573350]

PULMONARY

TUBERCULOSIS
Page 280

• In view of the rapidity of rifampin resistance identification, the World Health Organization issued

continued guidance in 2020 that rapid molecular testing is the ideal initial test for diagnosis and resistance

profiling in persons in whom pulmonary or extrapulmonary tuberculosis is suspected.

https://www.who.int/health-topics/tuberculosis/” https://www.who.int/health-topics/tuberculosis/

PULMONARY VENOUS

THROMBOEMBOLISM
Page 300

• Direct-acting oral anticoagulants are recommended as first-line anticoagulation for most patients.

Konstantinides SV et al. Eur Heart J. [PMID: 31473594]

PULMONARY VENOUS

THROMBOEMBOLISM
Page 300

• Discontinuation of anticoagulation may be considered after 3 months for patients

– With major transient/reversible risk factors (such as fracture of lower limb; hip or knee surgery)

– Who were hospitalized because of heart failure, atrial fibrillation, or myocardial infarction.

Kearon C et al. Blood. [PMID: 31917402]

*See chapter for further details and references. (continued on following page)
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Topic New Advances Afecting Clinical Practice*

PULMONARY VENOUS

THROMBOEMBOLISM
Page 300

• Guidelines support systemic thrombolysis for high-risk or massive pulmonary embolism (PE)

(hemodynamically unstable) with low risk of bleeding.

• Intermediate-risk or submassive PE patients have a significant decrease in incidence of hemo-

dynamic collapse but do not have a mortality benefit with thrombolytic therapy.

• They do, however, have an increase in major hemorrhagic complications, including intracranial

hemorrhage.

Konstantinides SV et al. Eur Heart J. [PMID: 31473594]

PULMONARY

HYPERTENSION
Page 302

• A 2020 expert consensus survey has provided recommendations for treatment using oral

prostacyclin analogs.

McLaughlin VV et al. Chest. [PMID: 31738929]

RADIATION

PNEUMONITIS
Page 309

• Months to years after radiation therapy, an occasional patient will experience “radiation recall,”

an inflammatory reaction in the radiated region after treatment with immune checkpoint

inhibitors.

Teng F et al. BMC Med. [PMID: 32943072]

PNEUMOTHORAX
Page 315

• A 2020 study demonstrated that a moderate to large pneumothorax in a stable patient (no

oxygen requirement, no limitation to ambulation, and no increase in size of pneumothorax

over 4 hours of monitoring) who is reliable can be managed without intervention.

Brown SGA et al; PSP Investigators. N Engl J Med. [PMID: 31995686]

COARCTATION OF THE

AORTA
Page 325

• The 2020 European Society of Cardiology guidelines suggest that stenting is appropriate if the

patient is normotensive but has a peak gradient of > 20 mm Hg (class IIa) or if angiography

shows stenosis is > 50% (class IIb).

Baumgartner H et al. Eur Heart J. [PMID: 32860028]

ATRIAL SEPTAL DEFECT &

PATENT FORAMEN OVALE
Page 328

• The 2020 European Society of Cardiology (ESC) guidelines add the pulmonary vascular resis-

tance (PVR) to their criteria and consider it a class IIa indication if the PVR is between 3 Wood

units and 5 Wood units; the guidelines preclude the use of closure if the PVR is ≥ 5 Wood units.

• Rather than using acute testing, ESC guidelines favor bringing the patient back to the cath-

eterization laboratory for retesting while on pulmonary vasodilators to see if the PVR can be

reduced to < 5 Wood units.

• The ESC guidelines also suggest considering fenestrated closure in the face of pulmonary

hypertension.

• The use of bosentan or sildenafil is recommended if the PVR is > 5 Wood units and there is a

right to left shunt.

Baumgartner H et al. Eur Heart J. [PMID: 32860028]

ATRIAL SEPTAL DEFECT &

PATENT FORAMEN OVALE
Page 328

• A 2020 update from the American Academy of Neurology guideline subcommittee reaffirms no

change in the policy that states patients < 55 years with cryptogenic stroke/transient ischemic

attack (TIA) and no other identifiable cause except for the presence of a patent foramen ovale

(PFO) should still be considered for PFO closure.

• The presence of a “floppy atrial septum - atrial septal aneurysm”has been associated with a

higher risk of recurrent stroke/TIA in patients with cryptogenic stroke/TIA.

Messé SR et al. Neurology. [PMID: 32350058]

MITRAL REGURGITATION
Page 338

• Transcatheter edge-to-edge repair is an option in symptomatic patients at higher surgical risk

regardless of whether the mitral regurgitation is primary or secondary.

• Patients with functional chronic mitral regurgitation may improve with biventricular pacing

and guideline-directed management and therapy.

Otto CM et al. J Am Coll Cardiol. [PMID: 33342587]

AORTIC STENOSIS
Page 345

• Surgery is recommended for patients < 65 years or with a life expectancy of > 20 years.

• Transcatheter aortic valve replacement (AVR) is recommended for all patients > 80 years.

• Either surgical AVR or transcatheter AVR can be considered for all patients 65–80 years old.

Otto CM et al. J Am Coll Cardiol. [PMID: 33342587]

ATRIAL FIBRILLATION
Page 395

• In patients with recent-onset atrial fibrillation (< 1 year), the EAST-AFNET 4 trial found that

rhythm control with antiarrhythmic medication or catheter ablation is associated with a lower

risk of death from cardiovascular causes, stroke, or hospitalization for heart failure.

Kirchhof P et al; EAST-AFNET 4 Trial Investigators. N Engl J Med. [PMID: 32865375]

*See chapter for further details and references.
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HEART FAILURE
Page 410

• Two large clinical trials of patients with type 2 diabetes have shown that inhibitors of sodium-glucose
linked transporter 2 (SGLT2) substantially reduce the risk of cardiovascular death and hospitalization for
heart failure for patients with reduced ejection fraction (EF), with or without diabetes.

• Dapagliflozin also reduced all-cause mortality and has been approved for treating heart failure with
reduced EF. Empagliflozin is under FDA review.

• While SGLT2 inhibitors also reduced kidney disease progression, patients with severe kidney impairment
were not included in these trials.

Packer M et al. N Engl J Med. [PMID: 32865377]

HEART FAILURE
Page 410

• In 2021, the FDA approved vericiguat to reduce the risk of cardiovascular death and heart failure
hospitalization following hospitalization for heart failure in patients with chronic heart failure and
ejection fraction < 45%.

• The VICTORIA trial showed a modest but significant reduction in cardiovascular death and heart failure
hospitalization with vericiguat, concommitant with other effective therapies, in this high-risk population.

Armstrong PW et al; VICTORIA Study Group. N Engl J Med. [PMID: 32222134]

INFECTIOUS

MYOCARDITIS
Page 414

• COVID-19 myocarditis has been reported between 3% and 58% of infected people based on underlying
myocardial risk and imaging.

Puntmann VO et al. JAMA Cardiol. [PMID: 32730619]

INFECTIOUS

MYOCARDITIS
Page 416

• For COVID-19–related myocarditis, treatment is generally supportive.
• A 2020 review noted that of the attempted therapies, such as remdesivir, glucocorticoids, IL-6 inhibitors

(tocilizumab), intravenous immunoglobulin, and colchicine, only corticosteroids appeared to have any
favorable effect on outcomes.

Siripanthong B et al. Heart Rhythm. [PMID: 32387246]

HYPERTROPHIC

CARDIOMYOPATHY
Page 423

• The following classes detail the 2020 American Heart Association/American College of Cardiology guide-
lines for a preventive implantable cardioverter defibrillator (ICD):
– Class I: Patients with documented cardiac arrest or sustained ventricular tachycardia.
– Class IIa: (1) sudden death in ≥ 1 first-degree or close relative ≤ 50 years of age, (2) any left ventricular

(LV) wall ≥ 30 mm, (3) any recent syncope likely to have been arrhythmogenic, (4) LV apical aneurysm, or
(5) LV systolic dysfunction (ejection fraction < 50%).

– Class IIb: Presence of a significant (> 15%) late gadolinium enhancement on cardiac MRI. In those who
receive an ICD, antitachycardia pacing should be programmed to minimize shocks.

• The use of an ICD is contraindicated, though, if the purpose is simply to allow for the patient to play com-
petitive sports.

Ommen SR. Circulation. [PMID: 33215938]

RESTRICTIVE

CARDIOMYOPATHY
Page 424

• Tafamidis helps prevent the misfolding of the TTR tetramer and is approved for treatment.
• Patisirin is also available, and it inhibits both variant and wild type TTR production.
• For the variant TTR polyneuropathy, subcutaneous inotesin is available (it binds to TTR mRNA preventing

transcription).
Marques N et al. J Am Heart Assoc. [PMID: 32969287]

SYSTEMIC HYPERTENSION
Page 466

• The SPYRAL HTN-OFF MED study used a controlled ablation strategy to perform renal sympathetic dener-
vation; clinically meaningful blood pressure reductions occurred in the intervention group compared to
the control group.

• Although not yet accepted in general clinical practice, renal sympathetic nerve ablation may emerge as an
alternative or adjunctive modality in the treatment of hypertension and may become useful in managing
resistant hypertension and drug intolerance.

Böhm M et al. Lancet. [PMID: 32234534]

SYSTEMIC HYPERTENSION
Page 466

• The HYGIA trial compared the effect of nighttime dosing of at least one antihypertensive medication with
morning dosing of all antihypertensive medications in 19,000 participants with median follow up 6.3 years
and demonstrated improved ambulatory blood pressure and a significant decline in major cardiovascular
events in the nighttime dosing group.

• Participants in the HYGIA were monitored via ambulatory blood pressure measurement, and the incidence
of nocturnal hypotension was very low. However, profound nocturnal hypotension might not be detected
in the absence of ambulatory blood pressure monitoring, and ischemic optic neuropathy or other low per-
fusion complications would be a concern.

Hermida RC et al; Hygia Project Investigators. Eur Heart J. [PMID: 31641769]

SYSTEMIC HYPERTENSION
Page 469

• Canagliflozin generally lowers blood pressure by 3–4 mm Hg in addition to providing better glycemic control
through inhibition of the sodium-glucose linked transporter 2 (SGLT2) glucose transporter in patients with diabetes.

• This drug was associated with improved renal outcomes and reduced cardiovascular risk in the CREDENCE
trial of patients with diabetic nephropathy and can be considered when additional blood pressure control
is needed in patients with type 2 diabetes.

Perkovic V et al; CREDENCE Trial Investigators. N Engl J Med. [PMID: 30990260]

*See chapter for further details and references. (continued on following page)
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OCCLUSIVE DISEASE:

AORTA & ILIAC ARTERIES
Page 476

• Low-dose rivaroxaban (2.5 mg orally twice daily) with aspirin 100 mg orally daily reduces both
major cardiovascular and limb-related adverse events in symptomatic patients.

Bonaca M P et al. N Engl J Med. [PMID: 32222135]

OCCLUSIVE DISEASE:

FEMORAL & POPLITEAL

ARTERIES
Page 477

• When a meta-analysis of clinical trial data showed increased mortality at 3–5 years after treat-
ment with paclitaxel-coated devices, the FDA performed an independent review and recom-
mends judicious use of the devices. Ongoing trials, such as SWEDEPAD, are expected to provide
additional data on the risks and benefits of paclitaxel devices.

Nordanstig J et al. N Engl J Med. [PMID: 33296560]

THE THALASSEMIAS
Page 508

• Luspatercept has been FDA approved for transfusion-dependent beta-thalassemia.
• It is a TGF-beta ligand trap that promotes erythroid maturation and reduces transfusion needs.
Cappellini MD et al. N Engl J Med. [PMID: 32212518]

SICKLE CELL ANEMIA &

RELATED SYNDROMES
Page 515

• Voxelotor inhibits the polymerization of deoxygenated sickle red blood cells and increases the
hemoglobin in SS patients age 12 years or older.

Vichinsky E et al. N Engl J Med. [PMID: 31199090]

POLYCYTHEMIA VERA
Page 523

• Ropeginterferon alfa-2b was approved by the European Medicines Agency as first-line therapy
for patients with polycythemia vera without symptomatic splenomegaly.

Gisslinger H et al; PROUD-PV Study Group. Lancet Haematol. [PMID: 32014125]

ESSENTIAL

THROMBOCYTHEMIA
Page 524

• A study found that low-dose aspirin (81 mg/day orally) was not as effective as an every 12-hour
regimen in reducing the risk of thrombotic complications in low-risk patients.

Rocca B et al. Blood. [PMID: 32266380]

MYELODYSPLASTIC

SYNDROMES
Page 529

• A novel agent, luspatercept, has been developed to target signaling via the SMAD2–SMAD3
pathway which is constitutively increased in the bone marrow cells of patients with myelodys-
plastic syndrome (MDS) and ineffective erythropoiesis.

• In a randomized study, luspatercept induced transfusion independence in 38% of lower-risk
MDS patients who did not respond to growth factor therapy compared to 13% in the placebo arm.

Fenaux P et al. N Engl J Med. [PMID: 31914241]

ACUTE MYELOID

LEUKEMIA
Page 531

• Patients with a FLT3 mutation benefit from the addition of the FLT3 kinase inhibitor midostau-
rin to their regimen.

• Patients with secondary acute myeloid leukemia (AML) (evolved from prior myelodysplastic or
myeloproliferative disorders) or treatment-associated AML should receive the medication Vyxeos
(a liposomal formulation of daunorubicin and cytarabine).

DiNardo CD et al. Blood. [PMID: 31765470]

ACUTE MYELOID

LEUKEMIA
Page 531

• Patients > 75 years of age who are not treated with initial curative intent can derive benefit
from newer targeted agents, including the bcl2 inhibitor venetoclax added to a hypomethylat-
ing agent or low-dose cytarabine, enasidenib (targeting IDH2 mutations), ivosidenib (targeting
IDH2 mutations), or glasdegib.

Sekeres MA et al. Blood Adv. [PMID: 32761235]

HODGKIN LYMPHOMA
Page 537

• ABVD (doxorubicin, bleomycin, vinblastine, dacarbazine) chemotherapy remains the standard
first-line regimen. The substitution of the antibody-drug conjugate brentuximab vedotin for
bleomycin (AAVD) has demonstrated superior progression-free survival to ABV but no change
in overall survival.

Huntington SF. Hematology Am Soc Hematol Educ Program. [PMID: 31808838]

PLASMA CELL MYELOMA
Page 540

• Belantamab mafodotin (an anti-BCMA antibody conjugated to a cytotoxic agent) is as effective
as salvage therapy after relapse.

Lonial S et al. Lancet Oncol. [PMID: 31859245]

AMYLOIDOSIS
Page 543

• Therapy for AA amyloid is treatment of the underlying cause of inflammation.
• Treatment of familial TTR is liver transplantation and of acquired TTR is tafamidis or inotersen.
Gertz MA et al. JAMA. [PMID: 32633805]

THROMBOTIC

MICROANGIOPATHY
Page 554

• The role of caplacizumab in the treatment of thrombotic thrombocytopenic purpura remains
controversial given its high cost and limited benefit, despite its inclusion in 2020 guidelines.

Zheng XL et al. J Thromb Haemost. [PMID: 32914526]

*See chapter for further details and references.
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THROMBOTIC

MICROANGIOPATHY
Page 554

• Careful monitoring of the ADAMTS-13 activity and inhibitor status and use of rituximab can prevent dan-

gerous relapses.

Zheng XL et al. J Thromb Haemost. [PMID: 32914526]

NAUSEA & VOMITING
Page 584

• A 2020 American Gastroenterological Association meta-analysis reported a pooled prevalence of nausea

or vomiting (usually mild) in 7.8% of patients with acute COVID-19.

• Up to 16% of patients with acute COVID-19 may present with gastrointestinal symptoms (anorexia, nausea,

diarrhea) in the absence of respiratory symptoms.

Sultan S et al. Gastroenterology. [PMID: 32407808]

ACUTE UPPER

GASTROINTESTINAL

BLEEDING
Page 601

• Compared with surgical intervention for recurrent or refractory bleeding, embolization achieves equiva-

lent clinical success rates with lower mortality.

Mullady DK et al. Gastroenterology. [PMID: 32574620]

OCCULT

GASTROINTESTINAL

BLEEDING
Page 604

• A 2020 American Gastroenterological Association guidelines recommends an initial trial of empiric iron

therapy for patients with iron deficiency anemia who have no significant findings on upper endoscopy or

colonoscopy and who are without symptoms of small intestinal disease.

• A sustained rise in ferritin and hemoglobin with 1–2 months of iron therapy may obviate the need for

further studies.

• Further investigation of the small intestine is recommended in patients who have anemia that responds

poorly to empiric iron supplementation, who have signs of ongoing bleeding (fecal occult blood) or who

have worrisome symptoms (abdominal pain, weight loss).

• Capsule endoscopy is recommended as the initial study in most patients to look for vascular ectasias and

to exclude a small intestinal neoplasia or inflammatory bowel disease.

Ko CW et al. Gastroenterology. [PMID: 32810434]

ACHALASIA
Page 622

• Pneumatic dilation, Heller cardiomyotomy, and peroral endoscopic myotomy (POEM) provide comparable

short- and long-term symptomatic improvement in achalasia types I or II.

• For type III (spastic) achalasia, POEM with a long distal myotomy may be preferred to Heller cardiomy-

otomy where expertise is available.

Carlson DA et al. Am J Gastroenterol. [PMID: 32558688]

Khashab M et al. Gastrointest Endosc. [PMID: 31839408]

Vaezi MF et al. Am J Gastroenterol. [PMID: 32773454]

ULCERATIVE COLITIS
Page 663

• For patients who require more than one course of corticosteroid therapy every 1–2 years for symptomatic

relapse, treatment should be ‘stepped up’ to include a thiopurine (azathioprine or mercaptopurine) or a

biologic agent.

Singh S et al. Clin Gastroenterol Hepatol. [PMID: 31945470]

ULCERATIVE COLITIS
Page 663

• A 2020 American Gastroenterological Association guideline recommends either infliximab or vedolizumab

as first-line therapies for moderate to severe colitis based on their efficacy and safety profiles.

• These two agents had the highest rankings of all biologic agents for induction of clinical remission in a

2020 network meta-analysis.

• Although infliximab may be the more effective agent (especially for severe disease), vedolizumab may be

the preferred first-line therapy in patients who are elderly or have increased medical comorbidities due to

its significantly lower incidence of infectious complications.

Feuerstein JD et al. Gastroenterology. [PMID: 30576644]

NONFAMILIAL

ADENOMATOUS &

SERRATED POLYPS
Page 669

• The US Multi-Society Task Force Guideline provides the following recommendations for repeat colonos-

copy that depend on the findings at baseline colonoscopy:

• 10 years: normal colonoscopy or fewer than 20 hyperplastic polyps < 10 mm in the distal colon

or rectum

– 7–10 years: 1–2 adenomas < 10 mm

– 5–10 years: 1–2 sessile serrated polyps < 10 mm

– 3–5 years: 3–4 adenomas or sessile serrated polyps < 10 mm

– 3 years: 5–10 adenomas or sessile serrated polyps < 10 mm; or 1 or more adenomas or sessile serrated

polyp ≥ 10 mm or an adenoma containing villous features or high-grade dysplasia or a sessile serrated

polyp with dysplasia.

Gupta S et al. Gastroenterology. [PMID: 32039982]

*See chapter for further details and references. (continued on following page)
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HEPATIC VENOUS

OUTFLOW OBSTRUCTION

(BUDD-CHIARI

SYNDROME)
Page 718

• When transjugular intrahepatic portosystemic shunt is technically not feasible because of com-
plete hepatic vein obstruction, ultrasound-guided direct intrahepatic portosystemic shunt is an
alternative approach.

Simonetto DA et al. Am J Gastroenterol. [PMID: 31895720]

THE LIVER IN HEART

FAILURE
Page 719

• Rare cases of ischemic hepatitis, also called ischemic hepatopathy, hypoxic hepatitis, shock
liver, or acute cardiogenic liver injury, have occurred in patients with COVID-19.

Kudaravalli P et al. Eur J Gastroenterol Hepatol. [PMID: 32568805]

NONCIRRHOTIC PORTAL

HYPERTENSION
Page 720

• Contrast-enhanced computed tomography or magnetic resonance angiography of the portal
system can assess extension of thrombus into the mesenteric veins and exclude tumor throm-
bus in patients with cirrhosis.

Valla DC. Liver Int. [PMID: 32077611]

NONCIRRHOTIC PORTAL

HYPERTENSION
Page 720

• The decision to give an anticoagulant to a patient with cirrhosis and portal vein thrombosis
depends on the presence of ascites, the patient’s fall risk, and the patient’s candidacy for liver
transplantation.

• Moreover, partial portal vein thrombosis may resolve in 30–50% of cases.
• Data on the use of direct-acting oral anticoagulants in patients with cirrhosis and portal vein

thrombosis are lacking.
Valla DC. Liver Int. [PMID: 32077611]

CARCINOMA OF THE

FEMALE BREAST
Page 762

• In 2020, the FDA approved neratinib (in combination with capecitabine) and margetuximab, a
monoclonal antibody similar to trastuzumab that is designed to improve the antibody depen-
dent cellular cytotoxicity mechanism of action when used with chemotherapy.

Saura C et al. J Clin Oncol. [PMID: 32678716]

CARCINOMA OF THE

FEMALE BREAST
Page 763

• In 2020, pembrolizumab, a second immune checkpoint inhibitor, was FDA approved for
use in patients with PD-L1 positive disease in combination with chemotherapy (taxane or
gemcitabine/carboplatin) based on results from the KEYNOTE 355 trial showing an improved
median progression-free survival with the addition of this antibody to standard chemotherapy.

Cortes J et al. Lancet. 2020;396:1817. [PMID: 33278935]

CARCINOMA OF THE

FEMALE BREAST
Page 763

• Sacituzumab govitecan (TRODELVY) is the first antibody drug conjugate approved for triple
negative breast cancer.

• The phase 3 confirmatory trial, ASCENT, demonstrated that sacituzumab govitecan is associ-
ated with a statistically significant improvement in progression-free and overall survival when
compared to single-agent chemotherapy in patients with triple negative breast cancer who
had received at least two prior lines of standard chemotherapy for metastatic disease.

Bardia A, Hurvitz SA et al. N Engl J Med. 2021;384:1529. [PMID: 33882206]

CONTRACEPTIVE FOAM,

CREAM, FILM, SPONGE,

JELLY, & SUPPOSITORY
Page 784

• A different on-demand vaginal contraceptive, a vaginal pH regulator gel containing lactic acid-
citric acid-potassium bitartrate (Phexxi), was FDA approved for use in the United States in 2020.

• In a clinical study of the efficacy of Phexxi, the 7-cycle cumulative pregnancy risk was 7% when
used as directed and 14% with typical use.

Phexxi—a nonhormonal contraceptive gel. Med Lett Drugs Ther. [PMID: 32970042]

PREECLAMPSIA-

ECLAMPSIA
Page 807

• Gestational hypertension is defined as blood pressure of ≥ 140/90 mm Hg systolic or > 90 mm
Hg diastolic after 20 weeks of gestation.

• Gestational hypertension may be present in the absence of proteinuria.
American College of Obstetricians and Gynecologists. Obstet Gynecol. [PMID: 32443079]

PREECLAMPSIA-

ECLAMPSIA
Page 808

• Like preeclampsia-eclampsia without severe features, gestational hypertension is managed by
delivery.

American College of Obstetricians and Gynecologists. Obstet Gynecol. [PMID: 32443079]

MATERNAL HEPATITIS B &

C CARRIER STATE
Page 821

• There is one open-label, phase 1 study of pregnant women with hepatitis C treated with
ledipasvir-sofosbuvir for 12 weeks starting in the second trimester.

• Although the study was small (nine participants), ledipasvir-sofosbuvir was safe and effective
at the standard dose.

Chappell CA et al. Lancet Microbe. [PMID: 32939459]

*See chapter for further details and references.
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INTRAHEPATIC

CHOLESTASIS OF

PREGNANCY
Page 823

• The use of ursodeoxycholic acid is not recommended for the treatment of intrahepatic cholestasis of

pregnancy; a randomized controlled trial did not find that ursodeoxycholic acid reduced symptoms and

morbidity for intrahepatic cholestasis of pregnancy.

Chappell LC et al; PITCHES study group. Lancet. [PMID: 31378395]

DEGENERATIVE

JOINT DISEASE

(OSTEOARTHRITIS)
Page 827

• A randomized, controlled trial of 156 individuals with knee osteoarthritis found that physical therapy was

more effective at reducing pain and disability at 1 year than intra-articular glucocorticoid injections.

Deyle GD et al. N Engl J Med. [PMID: 32268027]

CRYSTAL DEPOSITION

ARTHRITIS
Page 829

• In a 2020 randomized, controlled trial in patients with chronic kidney disease and a high risk of its progres-

sion, urate-lowering treatment with allopurinol did not slow the decline in estimated glomerular filtration

rate when compared to placebo.

Badve SV et al; CKD-FIX Study Investigators. N Engl J Med. [PMID: 32579811]

CRYSTAL DEPOSITION

ARTHRITIS
Page 831

• In patients with concomitant coronary artery disease, long-term colchicine use can reduce major cardio-

vascular events.

Nidorf SM et al; LoDoCo2 Trial Investigators. N Engl J Med. [PMID: 32865380]

CRYSTAL DEPOSITION

ARTHRITIS
Page 832

• Despite initial concern that febuxostat was associated with more cardiovascular events than allopurinol,

a large, randomized, controlled trial in 2020 showed that the two medications have similar cardiovascular

safety.

Mackenzie IS et al; FAST Study Group. Lancet. [PMID: 33181081]

IMMUNE-MEDIATED

INFLAMMATORY

MYOPATHIES
Page 849

• Idiopathic inflammatory myopathies

– Include polymyositis, dermatomyositis, myositis resulting from a rheumatic disease or overlap syndrome,

inclusion body myositis (IBM), and immune-mediated necrotizing myopathy.

– These disorders are characterized by progressive muscle weakness, and all but IBM demonstrate an inflam-

matory infiltrate in muscle tissue.

– Inclusion body myositis is associated with antibodies to cytoplasmic 5’-nucleotidase 1A (cN1A)

– Immune-mediated necrotizing myopathy is associated with anti-SRP antibodies and anti-HMGCR

antibodies

Allenbach Y et al. Nat Rev Rheumatol. [PMID: 33093664]

GRANULOMATOSIS WITH

POLYANGIITIS
Page 859

• Plasma exchange does not reduce the incidence of end-stage kidney disease or death in severe ANCA-

associated vasculitis.

Walsh M et al. N Engl J Med. [PMID: 32053298]

LEVAMISOLE-

ASSOCIATED PURPURA
Page 861

• There may be long-term sequelae of levamisole exposure, such as deforming cutaneous lesions, arthral-

gias, and arthritis.

Emil NS et al. J Clin Rheumatol. [PMID: 30273264]

RELAPSING

POLYCHONDRITIS
Page 862

• Large vessel vasculitis is a frequently overlooked but potentially catastrophic complication.

Tomelleri A et al. J Rheumatol. [PMID: 31839593]

ACUTE PYOGENIC

OSTEOMYELITIS
Page 872

• Combined with surgical debridement, a 3-week course of antibiotics (compared to 6 weeks) may be

sufficient.

Gariani K et al. Clin Infect Dis. [PMID: 33242083]

*See chapter for further details and references. (continued on following page)
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COVID-19 & THE KIDNEY
Page 922

• Nearly half of patients hospitalized with COVID-19 present with or develop acute kidney injury

(AKI), which is associated with poorer prognosis.

• The most common cause of AKI in patients with COVID-19 is acute tubular necrosis related to a

high inflammatory state (termed “cytokine storm”).

• Treatment of COVID-19–related AKI is largely supportive.

Chan L et al; Mount Sinai COVID Informatics Center (MSCIC). J Am Soc Nephrol. [PMID: 32883700]

Ronco C et al. Lancet Respir Med. [PMID: 32416769]

COVID-19 & THE KIDNEY
Page 922

• Urinalysis may reveal hematuria, reflecting endothelial injury and fibrin thrombi that are com-

monly observed on biopsy.

Shetty AA et al. J Am Soc Nephrol. [PMID: 33214201]

COVID-19 & THE KIDNEY
Page 922

• COVID-19-associated collapsing glomerulopathy is a type of focal segmental

glomerulosclerosis.

• The role of corticosteroids in COVID-19–associated collapsing glomerulopathy is under

investigation.

Nasr SH et al. Kidney Int Rep. [PMID: 32368701]

Ronco C et al. Lancet Respir Med. [PMID: 32416769]

IGA NEPHROPATHY
Page 936

• Prior trials suggested that corticosteroids reduced proteinuria when administered to patients

with glomerular filtration rate (GFR) > 50 mL/min/1.73 m2 and persistent proteinuria > 1 g.

However, more recent data failed to demonstrate slowing of GFR loss with corticosteroid

therapy compared with use of angiotensin-converting enzyme inhibitor or angiotensin recep-

tor blocker alone; enthusiasm for glucocorticoid therapy therefore has waned.

Rauen T et al. Kidney Int. [PMID: 32450154]

PAUCI-IMMUNE

GLOMERULONEPHRITIS

(ANCA-ASSOCIATED)
Page 937

• Trials using the complement inhibitor avacopan in place of glucocorticoids in cyclophospha-

mide- or rituximab-based regimens are ongoing and appear promising.

Serling-Boyd N et al. Curr Opin Rheumatol. [PMID: 33164993]

HEMATURIA
Page 952

• Evaluation of the microscopic hematuria is guided by the risk stratification for a urothelial

malignancy.

• The American Urological Association released guidelines for microscopic hematuria workup;

patients are categorized as low-, intermediate-, or high-risk for a urothelial malignancy.

Barocas DA et al. J Urol. [PMID: 32698717]

POSTURAL ORTHOSTATIC

TACHYCARDIA

SYNDROME
Page 993

• Management may involve volume repletion, a high salt diet and copious fluids, postural and

psychophysiologic training, and a graduated exercise program.

• Medication treatment may include a beta-blocking agent (eg, propranolol), phenobarbital, or

clonidine for patients with hyperadrenergic postural orthostatic tachycardia syndrome; and

midodrine or fludrocortisone if the blood pressure is low.

Gibbons CH et al. Heart Rhythm. [PMID: 33482385]

DEGENERATIVE MOTOR

NEURON DISEASES
Page 1037

• Risdiplam (5 mg orally daily for patients ≥ 2 years of age weighing > 20 kg) is approved for use

in infants and adults.

Norris SP et al. Curr Opin Neurol. [PMID: 32868602]

ANTERIOR

HYPOPITUITARISM
Page 1111

• Opioid use disorder has become a common cause of functional hypopituitarism.

• About 63% of long-term opioid (including methadone) users develop partial hypogonado-

tropic hypogonadism.

• Opioid use also causes secondary adrenal insufficiency in about 15% of patients but is less

likely to cause growth hormone or thyroid deficiency.

de Vries F et al. J Clin Endocrinol Metab. [PMID: 31511863]

THYROID CANCER
Page 1148

• In patients with BRAFV600E mutant anaplastic thyroid cancer, combined BRAF and MEK inhibi-

tion with dabrafenib and trametinib has induced durable responses.

Tiedje V et al. Nat Rev Endocrinol. [PMID: 31819229]

OSTEOPOROSIS
Page 1163

• Doses of vitamin D
3

> 4000 international units daily in adults are generally not advised (except

in patients with intestinal malabsorption), since gastrointestinal side effects or hypercalcemia

may occur.

• Vitamin D should not be taken with topical calcipotriene to avoid hypercalcemia.

Camacho PM et al. Endocr Pract. [PMID: 32427503]

*See chapter for further details and references.
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OSTEOPOROSIS
Page 1165

• The effects of denosumab on bone wane quickly after 6 months and patients can experience a dramatic
increased risk of multiple vertebral fractures within 1–2 years following discontinuation of denosumab.

• Therefore, denosumab must be given on-schedule without drug holidays.
• Denosumab should not be discontinued without substituting another anti-resorptive agent (bisphospho-

nate, estradiol, or selective estrogen receptor modulator [SERM]) or other therapy.
Deal CL. Cleve Clin J Med. [PMID: 32487553]
Diker-Cohen T et al. J Clin Endocrinol Metab. [PMID: 31899506]

RICKETS &

OSTEOMALACIA
Page 1168

• Patients with high fibroblast growth factor 23 (FGF-23) levels can have genetic testing for X-linked hypo-
phosphatemic rickets (PHEX), autosomal dominant hypophosphatemic rickets (FGF23), and autosomal
recessive hypophosphatemic rickets (DMP1).

• In hypophosphatemic patients without such mutations, searching for a tumor causing tumor-induced
osteomalacia is reasonable, particularly in patients with bone pain or fractures.

• Such tumors are typically small and may be located anywhere, so they are best localized using a whole-
body DOTATATE-PET/CT scan.

Wang P et al. Clin Nucl Med. [PMID: 33351512]

RICKETS &

OSTEOMALACIA
Page 1169

• For patients with tumoral hypophosphatemia, resection of the tumor normalizes serum phosphate levels,
but about 20% experience recurrence, usually in the same location.

• With both tumoral and genetic fibroblast growth factor 23 (FGF-23)–related hypophosphatemia, therapy
with burosumab improves osteomalacia.

• For patients who cannot take burosumab or who continue to have hypophosphatemia, oral phosphate
supplements must be given long-term; oral phosphate causes diarrhea at higher doses, however, so many
patients do not achieve normal serum phosphate levels. Calcitriol, 0.25–0.5 mcg daily is given to improve
the impaired calcium absorption caused by the oral phosphate.

• Patients with hypophosphatasia may be treated with asfotase alfa (Strensiq). Teriparatide can improve
bone pain and fracture healing. Bisphosphonates are contraindicated.

Lecoq AL et al. Metabolism. [PMID: 31863781]
Insogna KL et al. J Bone Miner Res. [PMID: 31369697]

MALE HYPOGONADISM
Page 1194

• An oral preparation of testosterone undeconoate (Jatenzo) is available in capsules of 158 mg, 198 mg, and
237 mg and should be taken with food.

• Serum testosterone falls to low levels by 12 hours after an oral dose; dosing every 8 hours may produce
more consistent serum testosterone levels.

Swerdloff RS et al. J Clin Endocrinol Metab. [PMID: 32382745]

MALE HYPOGONADISM
Page 1194

• Testosterone replacement has not been considered to significantly increase the risk of thromboembolic
events in most hypogonadal men.

• However, one large medical database study has found a correlation between testosterone therapy and
thromboembolic events, particularly in men with a prior history of vascular events and in men being pre-
scribed testosterone without proper documentation of hypogonadism.

Walker RF et al. JAMA Intern Med. [PMID: 31710339]

DIABETES MELLITUS
Page 1228

• Dapagliflozin reduced the risk of end-stage kidney disease or death from renal and cardiovascular causes
in a 2020 multinational study of 4304 patients with chronic kidney disease.

• The drug was safe and beneficial in patients with estimated glomerular filtration rate as low as 25 mL/
min/1.73 m2.

• A third of the patients in the study did not have diabetes and had benefit.
Heerspink HJL et al. N Engl J Med. [PMID: 32970396]

TREATMENT OF HIGH LDL

CHOLESTEROL
Page 1264

• There remains controversy about the efficacy of omega-3 therapies, since the 2020 STRENGTH trial showed
no cardiovascular disease benefit of omega-3 carboxylic acids; it remains unclear if this result was due to a
different omega-3 fatty acid preparation, chance, or a much smaller benefit of omega-3 fatty acids prepa-
rations than originally demonstrated.

Nicholls SJ et al. JAMA. [PMID: 33190147]

TREATMENT OF HIGH LDL

CHOLESTEROL
Page 1264

• Bempedoic acid lowers low-density lipoprotein (LDL) approximately 17–20% on top of moderate to high
intensity statins. Similar to statins, bempedoic acid targets cholesterol synthesis in the liver; bempedoic
acid inhibits adenosine triphosphate citrate lyase, an enzyme that is upstream of the mechanism of statins
(inhibition of HMG-CoA reductase).

• Bempedoic acid is also marketed in combination with ezetimibe; this combination provides approximately
38% LDL reduction on top of background lipid-lowering therapy.

• Treatment with bempedoic acid may mildly decrease both high sensitivity C-reactive protein (hsCRP) and
the risk of diabetes.

• Bemepdoic acid also appears to modestly increase the risk of tendon rupture.
• Bemepdoic acid should not be used with more than 20 mg of simvastatin daily or 40 mg of pravastatin daily.
Di Minno A et al. J Am Heart Assoc. [PMID: 32689862]

*See chapter for further details and references. (continued on following page)
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OBESITY
Page 1274

• The five FDA-approved devices for the treatment of obesity include two intragastric balloons

(Orbera and Obalon), the AspireAssist aspiration device, superabsorbent hydrogel capsules

(Plenity), and the TransPyloric Shuttle device.

Tchang BG et al. Med Clin North Am. [PMID: 33246516]

OBESITY
Page 1274

• The endoscopic sleeve gastroplasty is a newer option for surgical treatment of obesity that has

gained popularity.

• It uses an endoscopic suturing device to reduce the cavity of the stomach, mimicking the surgi-

cal sleeve gastrectomy without the need for surgical resection.

Hedjoudje A et al. Clin Gastroenterol Hepatol. [PMID: 31442601]

HIV & AIDS
Page 1368

• Cabotegravir is an integrase inhibitor that has been approved for use in the United States,

Canada, and in the European Union.

• It is intended to be given with rilpivirine. The advantage of this combination is that it is com-

plete therapy for patients in whom the viral load is stable and suppressed (< 50 copies) on their

current regimen, which is then stopped in favor of cabotegravir/rilpivirine.

Swindells S et al. N Engl J Med. [PMID: 32130809]

HIV & AIDS
Page 1372

• Fostemsavir, an attachment inhibitor, and ibalizumab, a monoclonal antibody, are FDA

approved specifically for heavily treated adults with multidrug-resistant HIV who are not

responding to their existing regimen.

Kozal M et al. N Engl J Med. [PMID: 32212519]

SEVERE ACUTE

RESPIRATORY

SYNDROME—

CORONAVIRUS 2019

(SARS-COV-2)
Page 1422

• CMDT updates the ever-evolving knowledge of SARS-CoV-2 and the related disease online at

www.accessmedicine.com.

BRONCHOGENIC

CARCINOMA
Page 1626

• ROS1-rearranged lung cancers respond to crizotinib (ALK, cMET, and ROS1 tyrosine kinase

inhibitor) and entrectinib (multikinase inhibitor, including ROS-1) with response rates over 70%.

Drilon A et al. Lancet Oncol. [PMID: 31838015]

BRONCHOGENIC

CARCINOMA
Page 1626

• For patients whose non-small cell lung cancer (NSCLC) reveals NTRK 1/2/3 gene fusion, treat-

ment with larotrectinib (TRKA/B/C inhibitor) or entrectinib (multikinase inhibitor, including

TRKA/B/C) is recommended.

• Selpercatinib and pralsetinib (RET inhibitors) are recommended first-line treatments for RET

fusion-positive NSCLC.

Drilon A et al. Lancet Oncol. [PMID: 31838015]

HEPATOCELLULAR

CARCINOMA
Page 1631

• The combination of atezolizumab, an immune checkpoint inhibitor, and bevacizumab, an

antibody to the vascular endothelial growth factor receptor, has been shown to be superior to

sorafenib and is now standard first-line therapy.

Bangaru S et al. Aliment Pharmacol Ther. [PMID: 31747082]

HEPATOCELLULAR

CARCINOMA
Page 1631

• The combination of nivolumab and ipilimumab has been recommended as second-line ther-

apy after failure of sorafenib.

Bangaru S et al. Aliment Pharmacol Ther. [PMID: 31747082]

MALIGNANT EFFUSIONS
Page 1667

• In a meta-analysis of randomized controlled trials comparing indwelling pleural catheter with

pleurodesis for malignant pleural effusions, indwelling pleural catheters resulted in shorter

hospital stays and fewer repeat pleural interventions but increased rates of cellulitis.

Iyer NP et al. Ann Am Thorac Soc. [PMID: 30272486]

HYPERURICEMIA &

TUMOR LYSIS SYNDROME
Page 1669

• It is recommended to maintain a urinary output of at least 100 mL/hour, and a daily urine vol-

ume of at least 3 L/day.

• If evidence of volume overload or inadequate urinary output develop, loop diuretics can be used.

• Thiazide diuretics are contraindicated because they increase uric acid levels and can interact

with allopurinol.

Matuszkiewicz-Rowinska J et al. Kidney Blood Press Res. [PMID: 32998135]

*See chapter for further details and references.
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LOW BACK PAIN
Page 1695

• Exercise, oral NSAIDs, and serotonin and norepinephrine reuptake inhibitors (duloxetine) were shown in a

systematic review to produce a clinically meaningful reduction in pain, with exercise being the only inter-

vention that demonstrated sustained benefit after the intervention ended.

Kolber MR et al. Can Fam Physician. [PMID: 33483410]

SPINAL STENOSIS
Page 1696

• A 2021 meta-analysis comparing fusion and nonfusion surgeries for lumbar spinal stenosis found no dif-

ference in clinical effects and complications, highlighting the challenge of surgical intervention for lumbar

spinal stenosis.

Shen J et al. Adv Ther. [PMID: 33491158]

LUMBAR DISK

HERNIATION
Page 1697

• A 2020 Cochrane review of 25 placebo-controlled trials provides moderate-quality evidence that epidural

corticosteroid injections are effective, although the treatment effects are small (mean difference < 10%)

and short-term for improving radicular pain for individuals.

• There is level I evidence for the use of transforaminal injections for radicular pain from disk herniation.

Oliveira CB et al. Cochrane Database Syst Rev. [PMID: 32271952]

KNEE OSTEOARTHRITIS
Page 1715

• The first-line recommendation for pain management is topical nonsteroidal medication.

• Alternatively, topical capsaicin may be effective.

• Acetaminophen has been shown to be less effective than NSAIDs but can be used in patients when NSAID

use is contraindicated.

• Tramadol can be used appropriately in patients with severe osteoarthritis as alternative to NSAIDs, while

opioid use is discouraged.

Sharma L. N Engl J Med. [PMID: 33406330]

HEALTH DISPARITIES &

THE MINORITY STRESS

MODEL
Page 1721

• The SARS-CoV-2 pandemic most likely has disproportionately affected the sexual gender minority (SGM)

community; sexual orientation and gender identity data, however, were not considered in reporting preva-

lence or outcomes.

• One study documented that coincident with the pandemic, there is increased depression and anxiety

within the SGM community in persons who did not have preexisting anxiety or depression.

Flentje A, Obedin-Maliver J et al. J Gen Intern Med. [PMID: 32556877]

FAMILY PLANNING
Page 1723

• A recent study evaluated pregnancy termination for transgender, nonbinary, and gender expansive people

and found that the majority preferred medication abortion due to their belief that it was the least invasive,

although the majority of the respondents had undergone a surgical abortion.

Moseson H et al. Am J Obstet Gynecol. [PMID: 32986990]

ANTIVIRAL

CHEMOTHERAPY
Part e124

• Remdesivir is approved for the treatment of SARS-CoV-2 in hospitalized patients.

• In a multinational, randomized trial, hospitalized patients infected with SARS-CoV-2 who received rem-

desivir showed a significant reduction in the time to recovery compared to those who received placebo;

those requiring supplemental oxygen benefited the most from remdesivir treatment.

Beigel JH et al. N Engl J Med. [PMID: 32445440]

TELEMEDICINE
Part e309

• The SARS-CoV-2 pandemic has produced an explosion in the use of telehealth. In the United States, video

visits that had previously not been reimbursed by government-sponsored payment programs became

reimbursable.

• In addition to the obvious need to be “in person” for a phlebotomy, electrocardiogram, or other procedure,

concerns have arisen about whether some diagnostic testing (eg, cancer screening) or another vital health

care maintenance procedure (eg, scheduled vaccination) may now be underutilized because it is now

comparatively inconvenient.

• Other aspects of practice management, such as completion of forms, scheduling, and follow-up, are being

moved to “virtual”platforms, which will gradually make remote care more complete and sustainable.

• It remains to be seen whether the changes to policy and to reimbursement implemented during the pan-

demic will be reversed with return to a post-pandemic “new normal”or will be made permanent,

Kichloo A et al. Fam Med Community Health. [PMID: 32816942]

MEDITATION
Part e407

• A 2020 meta-analysis over 3000 patients found that mindfulness-based interventions were associated

reductions in anxiety for at least 6 months after the intervention in adults with a cancer diagnosis.

Oberoi S et al. JAMA Netw Open. [PMID: 32766801]

TAI CHI
Part e412

• A 2020 review synthesized evidence from more than 200 meta-analyses of randomized controlled trials

with over 100 unique health outcomes found evidence supporting tai chi in the improvement of physical

and mental health among adults with cancer, neurological disorders such as Parkinson disease, metabolic

diseases, cardiopulmonary diseases including heart failure and coronary artery disease, musculoskeletal

diseases such as fibromyalgia, and psychological disorders.

Zou L et al. Am J Med. [PMID: 32946848]

*See chapter for further details and references. (continued on following page)
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CHRONIC PELVIC PAIN IN

WOMEN
Part e613

• A large, randomized controlled trial of women with chronic pelvic pain demonstrated that side

effects of gabapentin—dizziness, drowsiness, and visual disturbances—were common while

pain control in the gabapentin group was no better than in the placebo group.

Horne AW et al; GaPP2 collaborative. Lancet. [PMID: 32979978]

ASYMPTOMATIC OVARIAN

MASSES
Part e616

• In 2020, the American College of Radiology developed the Ovarian-Adnexal Reporting and

Data System (O-RADS), which applied the International Ovarian Tumor Analysis criteria to

standardize the reporting of ovarian findings in US imaging reports and the process of commu-

nicating risk of malignancy to providers.

Stein EB et al. Abdom Radiol (NY). [PMID: 33079254]

ANCA, antineutrophil cytoplasmic antibodies; COVID-19, coronavirus disease 2019; FDA, Food and Drug Administration;
MRI, magnetic resonance imaging; NSAIDs, nonsteroidal anti-inflammatory drugs; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2.
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